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by the Govern i ng Boar d  of the Nat ional Research Counc il , whose member s 
a r e  drawn from the Councils of the Nat ional Academy of Sc i ences , the 
Nat ional Academy of Eng ineer ing , and the I n s t i tute of Med ic ine . The 

member s  of the Commi ttee respon s i ble for the r epor t were chosen for 
the i r  special competences and w i th r egard for appropr iate balance . 

Th is repor t has been r ev i ewed by a g roup other than the authors 

accord i ng to procedures approved by a Repor t Rev iew Comm ittee 

cons ist ing of member s  of the Nat ional Academy of Sc iences , the 
Nat iona l Academy of Eng ineer ing , and the Ins t i tute of Medicine . 

The Nat ional Research Counc il was es tabl ished by the Nat ional Academy 

of Sc iences i n  1916 to associate the broad commun i ty of science and 

technology with the Academy ' s  purposes of fur ther ing knowledge and of 
adv i s ing the federal government .  The Council operates i n  accordance 

w i th general pol icies determined by the Academy under the author i ty of 

i ts congress ional cha r ter  of 186 3 , wh ich es tabl ishes the Academy as a 
pr ivate , non-prof i t ,  self-governing membership corporat ion . The 

Counc i l  has become the pr inc ipal operating agency of both the Nat iona l 

Academy of Sc iences and the Nat ional Academy of Eng ineer ing i n  the 
conduct of the i r  serv ices to the gover nment ,  the publ ic , and the 
s c ien t ific and eng ineer ing commun i t ies . I t  is administered jointly by 

both academies and the Inst i tute of Medic ine . The Nat ional Academy of 
Eng ineer ing and the Institute of Med ic ine were es tabl i shed in 1964 and 
1970 , r espect ively , under the char ter of the Nat ional Academy of 
Sc iences . 
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EXI!X:t1I'IVE SUMMARY 

BACKGROUND OF THE REPORT 

The Publ ic Rangelands Improvement Act of 1978 (PL 9 5-514 ) and 
contract AA 551-cT9-16 between the Bureau of Land Managment (BLM) and 
the National Academy of Sciences (NAS )  direct NAS to impanel a 
committee to assess the state of knowledge on wild horses and bur ros , 
r ecommend research to f ill gaps in knowledge , oversee the research 
during its conduct ,  and compile all relevant informat ion at the end o f  
a 2-year research e f for t .  The state-of-knowledge assessment and the 
research design wer e  des ignated Phase I of the total under taking , and 
this document is the f inal report of Phase I .  I t  reviews knowledge 
about a wide array of topics , recommends 18 research proj ects , and 
d iscusses information relat ive to pol icy questions without , itself ,  
advocating pol icy . 

The Committee on Wild and Free-Roaming Horses and Burros was 
impaneled in June 1979 . I t  div ided its task  among three subcommittee s 
with respons ibil ity for horse and burro biology , effects on other 
ecosystem components , and soc iopol itical and economic 
considerations . Following the introductory statement in Chapter 1 ,  
the main body o f  th is repor t i s  divided into four major sections . 
Chapters 2 ,  3 ,  and 4 cor respond to the subj ect matter investigated by 
the thr ee subcommittees , and Chapter 5 is  concerned with research and 
management methodology .  There are  also three appendixes . 

BIOLOGY OF HORSES AND BURROS 

History and Paleontology of Equ ids in Nor th Amer ica 

The mainstream of equ id evolution occurred in North America . 
Fossil evidence shows the presence of a large horae and an ass , 
structurally ind istingu ishable from the modern hor se and donkey , a s  
r ecently a s  11 , 000 years ago . The ir extinction occurred at that time 
along with the demise of a number of other species of large mammals . 
Modern wild horses and asses were reintroduced into Nor th America by 
the Span iards in the late 15th century .  Some observers bel ieve that 
the vegetation in the West was vulnerable to the introduct ion of 
domest ic herbivores because it  had exper ienced l ittle grazing pressur e 
since the late Pleistocene per iod . These observers cons ider equids to 
be par t icular ly disrupt ive to the ecosystem because they are alien to 

1 
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the r eg ion . However , the v i ew may need to be tempered by a knowledge 
o f  the paleohistory of equ ids in Nor th Amer ica . The possibility 
exists that there are vacant n iches into wh ich these an imals could f i t . 

Soc ial Organization 

Two types of social organ i zat ion have been repor ted in w i ld 
equ ids : ( 1 )  the harem or s table family group , wi th a dominant male : 
and ( 2 )  the ter r itor ial form , in wh ich stable bonds occur only between 
mother and offspr ing . These may const i tute the extremes of a 
continuum along wh ich different species--and d i fferen t  populat ion s  
w i th in a species--occur , depend ing on environmental , soc ial , and 
population factors . For example , feral asses (burros ) in the ar id 
southwestern Un i ted States have l i ttle soc ial structure except for the 
mother-young relat ionship,  exist  at low dens i t ies , and display 
cons iderable aggress ive behavior . In constrast , asses on humid 
Ossabaw Island , Georg ia form stable groups and d isplay l i ttle 
aggress ive behavior . 

Under condit ions of dry-season water stress in ar id areas , asses 
concentrate with in 3 km of water sources , and lactat ing females 
commonly threaten and rej ect the ir  own young when they attempt to 
nurse . Concentration of the an imals around water ing areas has a heavy 
impact on local vegetation . Ar id-land bur ros are browsers and may 
spend up to hal f the i r  t ime feed ing . On Ossabaw Island , however ,  
burros are grazers and spend only about a th ird of the ir  t ime 
feeding . Male asses in the Southwest display greeting behavior among 
themselves , but rarely are social grooming or social play seen among 
the young . Ossabaw Island animals exh ibi t  the reverse of these 
patterns . 

The bas ic social organ i za tion among wild horses is  that of a 
family group w i th a dominant male , subdominant males , and females and 
the i r  young , but some var iat ions on th is pattern occur , as do 
exchanges between groups . In ar id areas , d istr ibution of horses i s  
or iented around water dur ing the dry season , but i n  areas more to the 
north , d istr ibution seems to be or iented around ava ilabil ity of forage . 

Equ id Demography 

Horses 

Although conf ined domest ic f ill ies beg in ovulat ing and breeding at  
1 year of age , only one 2-year-old mare has been observed to bear a 
foal in seven wild horse stud ies spanning 1 to 5 years ' durat ion . A 
small percentage (mean of 13 in the studied herds ) breed at 2 and foal 
a t  3 each year (gestation per iod is about 11 months ) .  Ev idence 
suggests an increas ing percentage of mares foal ing in each older ag e 
class , as occurs in domestic hor ses , w i th around two-th irds of 
5-year-old and older an imals bear ing young . Whether the percentag e 
decl ines after ages 10 to 12 , as in domest ics , is not known . Wild 
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horse breeding is  h ighly seasonal , with most foals born from Apr il to 
June . 

Only crude approximat ions ex ist of f irst-year surv ival rates in 
wild horses 1 the ava ilable values range from SO to 86  percent . Mean 
annual adult survival rates are also poor ly known , but most estimates 
fall between 7 5  to 95 percent . Age compos it ions of 8 , 764  animals 
rounded up dur ing herd reduct ions show that the greatest numbers are 
in the youngest age classes (40  to 4 5 percent of all animals are in 
the foal through 2-year-old classes ) , w i th progress ively fewer in each 
older age group . Males sl ightly outnumber females at birth ,  decl ine 
to 39 percent of an imals at 4 to 6 years of age , and then may increase 
aga in sl ightly in the older age classes . Total herd sex rat ios 
approximate 55 percent female . 

Populat ion increase rates calculated from BLM and u . s .  �rest 
Serv ice (USFS ) census data average 15 to 20 percent annually for 
western u . s .  horse herds , rates s imilar to those quoted by these 
agenc ies and cited in a number of earl ier publ ications . In some 
cases , these may be magn i f ied by ( a )  increas ing commitment to and 
prof iciency at census ing , (b )  increas ing visibil ity as herd  s i zes 
increase , and ( c )  change from f ixed-w ing to hel icopter censuses in the 
1970s . But in others ,  the exper ience of observers , low-stature 
vegetation and moderate topography , and fencing wh ich prevents ingress 
or egress would seem to preclude these biases . 

In  contras t ,  two authors have proj ected increase rates w i th 
population models that incorporate bir th and death rates s imilar to 
those publ ished for several herds , and concluded that annual herd 
increase rates well below 10 percent are  probable . S imilar 
calculat ions with l i fe tables in th is repor t indicate that 15 to 20 
percent increase rates can only occur in populations with geometr ic 
age d istr ibut ions w i th (a ) very high reproductive rates , and 
( b )  vir tually no mor tal i ty .  Such demograph ic conservatism is produced 
in populat ions with hal f  the ir numbers in pre-breeding or low-breed ing 
(3-year ) age classes , only about two-th irds of older mares foal ing 
each year on the average , and some mortal ity . 

The question of increase rates is  central to hor se management , and 
the d isagreement cannot be resolved w i th presently available 
informat ion . Research is needed to settle the question . 

Burros 

A small percentage of 2-year-old burros foal 1 year earl ier than 
hor ses . The percentage of 2-year-old and older j enn ies foal ing 
exceeds 60 percent per year , on average , w i th the 2- , 3- ,  and 
4-year-old percentages probably exceed ing those for hor ses of the same 
ages . 

Some populations breed year-round , albeit  with spr ing-summer 
emphasis  in some . Survival rates are less well known in burros than 
in  horses , but some evidence suggests h igh f irst-year loss in some 
areas and years ,  low in other s .  Age compos it ions are roughly s imila r 
in the two species , but some bur ro populat ions have h igher percentages 
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of foals . The ear l ier breed ing and h igher fer t i l i ty rates potent ially 
enable burro populat ions to increase faster than horses , but repor ted 
rates of 20 percent per year and higher press the biot ic potential of 
the species , g iven geometr ic age distr ibut ions . Some populations have 
been repor ted to increase very slowly or not at all , as in the case o f  
several Death Valley populat ions . In  general , bur ro demography 
appears more var iable than tha t of horses , suggest ing some sens itivity 
to dens ity and the plastic i ty of a species adapted to the deser t .  

Fecundi ty rates o f  females rounded up dur ing herd reduction could 
be determined read ily through rectal palpat ion . 

Genetic Polymorphism 

A knowledge of genet ic polymorph ism in horses and burros could 
g ive some idea of the minimum herd s ize needed to surv ive through 
per iods of envi ronmental change , and could del ineate the racial 
lineage of wild hor ses , including the ir  relat ionship to Spanish 
mustangs .  Wh ile some wor k has been done on the genet ics of domestic 
horses , none has been done on wild animals . Modern techniques of 
blood-group genetics provide a power ful tool for address ing these two 
biolog ical questions . 

Nutr i t ion 

While bur ros apparently prefer green grasses and forbs ,  they a r e  
h ighly opportun istic , broad-spectrum feeders ,  and are capable o f  
surviving o n  h igh-fiber , low-n itrogen diets , including coarse shrub 
branches , yucca , and cholla cacti . Studies conducted so far show 
grasses rang ing from 0 to 79 . 6  percent , forbs from 8 . 0  to 77 . 4  
percent , and browse from 5 . 7  to 8 3 . 8  percent o f  bur ro d iets a t 
different seasons and in d i f ferent areas . Horses are much mor e 
selective feeders . Some use of forbs and browse has been repor ted , 
but in 29 publ ished diet analyses , consumpt ion of grasses ranged from 
36 to 100 percent of total diet , averaged 89 . 4 , and made up 8 5 percent 
or more in 24 of the studies . Th is dietary preference coincides 
closely with that of cattle , and over laps to some degree and in some 
seasons with those of elk , bighorn sheep , bison , and pronghorn 
antelope . Most d ietary stud ies have not related animal data to 
vegetation compos it ion , nor have they descr ibed spatial and habi ta t  
overlap with sympatr ic ungulates or lack thereof . 

There is some reason to bel ieve that equ ids have h igher forage 
i ntake rates per un it  of body we ight than ruminants because food can 
pass more rapidly through the equid ' s  cecal d igestive system . The 
r uminant is l imited in i ts throughput rate by the capacity of the 
rumen and the fermentation rate that occurs there . As a result ,  the 
equ id may have an advantage when only h igh-f iber forages are 
available , s ince it can compensate for the low nutr ient content by 
increasing its intake . 
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Essentially no data exist  on the nutr i tional responses of 
free-rang ing equids in western Nor th Amer ica to the well-studied and 
well-documented seasonal changes in nutr itional content of 
vegetation . In the Southwest , forage qual i ty is  h ighest in late 
winter and early spr ing in the Moj ave Deser t ,  with ita winter rain fal l 
season , in late summer and fall in the Chihuahuan Desert , with its 
late-summer season , and at  both times in the Sonoran Deser t ,  with its 
b imodal rainfall pattern .  In the Great-Bas in-Intermountain region , 
forage quality is h ighest in spr ing and ear ly summer . If  equida can 
compensate for low-quality forage by increas ing intake , then quantity 
rather than qual i ty may be the factor that l imits food J thus equids 
may be less subj ect to seasonal nutr itional stress than are ruminants . 

Habi tat Preferences 

Understanding habitat preferences and uses is impor tant to 
detecting competit ion between equids and other herbivores , wild or  
domestiC J to mak ing forage-allocation decis ions J and to es tabl ishing 
s i te-sui tabil ity cr iter ia for equ ids , domestic an imals , and wildlife . 
Competition occurs when two species use a common resource and reduce 
it to the point where the numbers of one or both species are l imited . 
I f  the resource is not reduced to this point , the two species can both 
use it without competing . It is conce ivable that two or more species 
of  herbivores ( a )  may choose and occupy d i fferent habitats and thus 
not compete , ( b )  may have overlapping habitat preferences but 
segregate through behavioral interact ion , thus competing only if food 
becomes l imiting ; ( c )  may occur in the same hab itat but eat different 
foods , in which case they will not compete; and (d )  may co-occur and 
eat s imilar foods , compet ing only when food becomes limiting . 

Recommended Research 

Seven research proj ects on the biology of horses and bur ros a r e  
r ecommended : 

• Project 1 :  Habitat Preference and Use 

• Proj ect 2: Food Consumption Rates and Nutr i tion 

• Proj ect 3 :  Nutr itional Plane , Cond ition Measures , and 
Reproductive Per formance 

• Proj ect 4 :  Blood Assays 

• Proj ect 5t Demography 

• Proj ect 6 :  Social Structure , Feeding Ecology , and 
Population Dynamics 
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• Proj ect 7 :  Genetic Polymorph ism . 

The proj ected 2-year span for the research is  unreal istic . Because of 
the extreme year-to-year var iabi l i ty of environmental conditions and 
equ id per formance ,  no comprehens ive picture can be developed in less 
then 6 to 10 year s .  Proj ect 1 should be conducted in areas not less 
than 5 to 6 square miles per exper imental treatment . Proj ects 2--and 
8 and 9 to be l isted later--can be car r ied out in paddocks of 100 to 
3 00 acres . All exper iments should be conducted in treatments 
involving horses only , cattle only , and horses and cattle , each a t  
moderate and heavy graz ing intens i ties . Horses and cattle are 
emphasi zed here because the poss ibil i ty of the ir  competition , both for 
space and for food , seems to be greatest .  If funds permit , the 
research could be repeated with bur ros and with domestic sheep . 
Proj ects 2 and 9 should conta in control areas wi thout graz ing . 

EFFECTS OF EQUIDS ON OTHER ECOSYSTEM COMPONENTS 

Impacts on Rangeland 

Although it is widely alleged that horses and bur ros have sever e  
g raz ing impacts on western rangelands , there a r e  few publ ished stud ies 
about the nature and extent of these impacts . Most of the existing 
s tudies are on graz ing effects of bur ros . Studies along the lower 
Colorado River and in Death Valley National Monument showed heavy 
impacts on vegetation from graz ing burros within a radius of 2 to 2 . 5  
km from water areas . Studies in the Grand Canyon National Par k  showed 
heavy impacts at the Colorado River elevation and moderate to l ight 
effects at progress ively higher elevat ions . Range in Bandelier 
National Monument was degraded over 4 , 000 ha by 107 to 120 burros . A 
study in the Lake Mead Nat ional Recreation Area , however ,  revealed no 
major impacts . Little controlled research has been done on impacts of 
graz ing hor ses , the extens ive management of horse range apparently 
proceeds largely from management-level inventor ies , exper ience , and 
j udgment .  

The range-ecology conceptual framewor k used in l ivestock 
management can at least be used as a starting hypothes is for , if i t  
cannot be appl ied d irectly to , equ id management .  I n  this scheme , 
plant-communi ty success ional trends are roughly propor t ional to 
graz ing intens ity .  Proper ly managed graz ing--wh ich takes into account 
the species , number of animals , season , and distr ibution of 
graz ing--can be harmon ious w i th most resource needs and values . The 
spec i f ics of manag ing range vegetation vary geograph ically and 
seasonally with climate and vegetat ional type . Year-to-year var iat ion 
in prec ipitat ion can be a more influential factor in alter ing 
plant-commun ity compos it ion than season and intens i ty of graz ing . 
Annual forage product ion is strongly correlated with that same 
var iation , and herb ivore numbers properly should be adjusted to the 
changes . 
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Inter spec ies Competi t ion 

Because competition only exists where a population is l imited to 
some degree , i t  is best demonstrated exper imentally by manipulating 
the numbers of one suspected competitor and observing whether or not 
the other responds . If the population cannot be man ipulated , a 
prel iminary ind icat ion can be gained by calculating the resource need 
of each spec ies , measur ing the amount of resource ava ilable , and 
determining whether the need exceeds that available . Ideally , such 
calculations should be combined with population-l imitat ion exper iments . 

Burros are widely cla imed to compete with deser t bighorn sheep for 
water , forage , and space . Reports on water are confl icting and may 
depend on abundance . Competit ion for forage could occur near water 
holes . Two authors ind icate that sheep avoid areas occupied by 
burros . While all of this evidence is equivocal , several authors 
point to negative correlations between burro and bighorn distr ibution 
in space and t ime . The poss ibility of burro competition with mule 
deer has been repor ted for Bandelier National Monument ,  and ther e  is 
ev idence of competition w i th small mammals in Grand Canyon , Death 
Valley , and Bandel ier . 

Less work has been done on horse competition . Dietary overlap has 
been repor ted for some seasons and some areas between horses , cattle , 
elk , mule deer , pronghorn antelope , and b ighorn sheep , with joint 
occupat ion of the same habitat in some cases . 

E ffects of Equids on Soils 

There are numerous anecdotal or local ized repor ts of equ ids , 
mostly burros , compact ing soil sur face , forming trails in steep 
terrain that accelerate eros ion , and polluting water holes . Equ id s 
are potentially capable of the same types of impacts as are created by 
l ivestock . The latter have been thoroughly stud ied . 

OVergraz ing (a ) reduces protect ive cover and increases the impact 
of raindrops , (b) reduces soil  organic matter and soil aggregates , 
( c )  increases sur face ves icular crusts , ( d )  reduces infiltrat ion 
rates , and ( e )  increases erosion . OVergraz ing reduces vegetation 
mulch , increases the propor tion of bare ground and rock cover , 
increases soi l  bulk dens i ty ,  and reduces moisture infiltration rates . 

Heavy graz ing increases the sed iment load of watershed runoff ,  an 
effect caused mostly by vegetative r educt ion , but also par tly by 
trampl ing . Ser ious problems of sediment production in the r ipar ian 
zone are often assoc iated with bank instability .  Total and fecal 
coli form counts generally increase with the presence of l ivestock , 
especially dur ing runoffs . In some cases , bacter ia are stored in the 
bottoms and banks of streams . 
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Recommended Research 

The following research proj ects are recommended : 

• Proj ect 8 :  Graz ing Impacts on Range-Plant commun ities 

• Proj ect 9 :  Hydrolog ic Impacts 

• Proj ect 10 : Ripar ian-Zone Impacts 

Horse-cattle studies are again accorded pr ior ity because horses are 
more widespread than burros , potentially more ser ious competitors with 
l ivestock , and more l ikely to compete with cattle than w ith sheep . 
Horse-sheep studies should be in i tiated i f  resources permi t . 

Stud ies of equids in relation to wildl i fe are not recommended at  
th is time because the poss ible combinat ions (horse-elk , horse-deer , 
horse-antelope , horse-bighorn ,  bur ro-deser t  bighor n )  are so numerous , 
and because controlled exper iments with wild ungulates are so 
d if f icult . But we urge that federal and state agencies watch for 
oppor tun ities to take before-and-after censuses of wildl i fe 
populations in areas slated for horse or burro herd reductions . 
Census ing 1 or 2 years before and several years after herd reduction s  
could g ive clues to the existence of competition , espec ially i f  
censusing were repl icated in several areas . I f  nearby populat ions in 
areas with no equ id reductions could also be censused in the same 
years , the results could be compared to create a roughly controlled 
exper iment . 

SOCIOECONOMIC AND POLITICAL I SSUES 

In the Committee ' s  opin ion , several k inds of socioeconomic and 
pol itical information are needed to facilitate decis ion mak ing in 
horse and bur ro management .  While there is abundant information on 
r ange and ranch economics in the western Un ited States , there i s 
l i ttle economic l iterature spec i f ic to wild , free-roaming horses and 
burros , and development of market and nonmarket valuation techn iques 
is l imited . Areas in wh ich inquiry is needed include : ( a )  the value 
of and demand for wild horses and bur ros ; (b )  evaluation of adoption 
procedures ; ( c )  evaluation of control and managment techniques ; 
( d )  analys is of optimal numbers for wild equids and management 

alternatives ; and (e)  evaluation of the costs of existing legal 
regulations and restr ictions . 

The legal-pol i t ical l i terature on wild horse and bur ro matters is 
extens ive , particularly in terms of providing a perspective on the 
publ ic agencies ' overall land-management respons ibilit ies--the context 
in wh ich pol icies concerning wild horses and burros should be 
cons idered . Review of c ivil cases under the Wild and Free-roaming 
Horse and Burro Act of 19 71  shows that most lawsuits fall into two 
categor ies : ( 1 )  those challeng ing the need for roundups , and ( 2 )  
those quest ioning the adequacy o f  the environmental impact statements 
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rel ied upon both by the government and by those challeng ing 

federal--as opposed to state--government author i ty over the animals . 
Concern has been expressed over protection of the animals , 

preservation of state control , impacts on rangeland , and the validity 
of information and views on population character istics and impacts on 
other wildl i fe as well as the range resources . 

There are almost no data on sociolog ical aspects of the wild horse 
and bur ro issue . 

Recommended Research 

S ix research projects , one of which is des igned at three levels of 
intensity ,  are recommended . They will provide a base of socioeconomic 
and pol itical data that will facilitate dec ision making in equid 
management .  The projects are organized into three groups in 

descending pr ior ity in terms of impor tance of information and urgency 
of funding : 

Group 1 includes : 

• Project llA :  

• Project 13 : 

• Project 14 : 

Group 2 includes : 

• Project llB : 

• Project 12 : 

• Project 15 : 

Taxonomy of values and Benefits 

Management Costs of Alternatives 

Economic Cons iderations for Management 

Alternatives Drawn from Proposed Research 
Programs 

Publ ic Preferences for Alternative 

Management and Control Strategies 

Analys is and Evaluation of Demands for 

Excess Wild Squ ids 

Nonmarket Values 

Group 3 includes Groups 1 and 2 and adds the following 

investigations to provide socioeconomic data necessary to a 
systems-level understanding of wild-equid management :  

• Project llC : 

• Project 16: 

Publ ic Attitudes , Preferences , and 

Knowledge 

Conceptual Development of Publ ic 

Rangeland Management Models 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http: / /www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


10  

RESEARCH AND MANAGEMENT METHODOLOGY 

Methodology for cenauaing animal populations falls into three 
bas ic categor ies : ( 1 ) indices , ( 2 ) complete counts , and ( 3 )  var ious 
k inds of estimates baaed on sampl ing . Indices do not appear to have 
much potential in equ id census , because they do not provide the 
estimates of actual numbers needed for forage allocation unless 
calibrated to total numbers .  Current agency census effor ts attempt 
complete counts from the air . The completeness of these--as well as 
the effects of such factors as vegetation type , topography , a ir speed , 
altitude , type of a ircraft , and observer exper ience--rema in largely 
unstud ied . One study showed exper ienced observers to be more 
e ff ic ient at spotting horses than inexper ienced ones . 

The accuracy of existing censuses must be tested and cor rection 
factors devised for deviations from total accuracy . Several 
approaches can be taken . Complete counts are most l i kely to er r on 
the conservative s ide , but the Committee ' s impress ion is that current 
horse censuses , especially in open terrain , are reasonably accurate . 
On the other hand , one test of accuracy of a burro census in Ar izona 
showed that only about a th ird of the burros had been counted . Some 
es timation techn iques--especially mar k-res ight methods--may be useful 
with bur ros , and plot sampl ing may be poss ible for horses . These 
methods should be coupled with others , preferably complete counts , so 
that accuracy can be checked . Accuracy of an equ id census can be 
a ffected by relative vis ibility ,  which may increase as group s ize 
increases r by observers ' exper ience , as mentioned above , and by 
cer ta in approaches to random sampl ing . 

Prel iminary analys is of BLM and USFS census data showed : ( a )  a 
failure to standardize the season of census , which raised the problem 
of a seasonal change in number s due to foal ing , (b )  an abrupt 88 
percent mean increase in horae numbers in the years when hel icopter 
census replaced f ixed-wing-aircraft cenau& J and (c ) less var iability 
i n  the hel icopter counts . 

The •Soil-Vegetat ion Inventory Method • is commonly used in 
contemporary range-survey work  and for a number of other purposes , 
including compl iance with the wild horse and bur ro mandates of recent 
leg islation . The Committee rev iewed 10 BLM and joint BLM/USFS wild 
horse capture plans with their accompanying environmental analys is 
repor ts (EARs ) . Eight reduct ions were proposed because of problems 
perceived in range condi tions . However , few provided much informat ion 
on range condition and the techn iques used to determine it , or on 
wh ich herbivores (horses , cattle , wildl i fe )  caused the problem . The 
most recent EAR prov ided deta iled supporting data . The Committee 
concluded that , while range stud ies have not always been properly used 
to suppor t adj ustments in numbers of wild equ ids , the technology 
exists and appears adequate . 

Fecal analys is , the most widely used technique for analyz ing 
d iets , is currently subj ect to question in ungulate studies . Not only 
do some consumed plant spec ies fail to appear in feces , but  the 
proport ions of food items consumed and those showing up in fecal 
r emains differ . The equid digest ive tract may be less subj ect to 
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these problema , a poss ibil ity that is supported by stud ies on zebr a 

d iets . However , conclus ions baaed on equ id fecal analys is should be 
drawn with caution until the method has undergone fur ther study , 
preferably with the use of f iatulation . 

A more intractable problem is  that of the time lag between 
consumpt ion of forage and fecal depos i tion in h ighly mobi le species 

such as equ ids . Defeca tion may not occur unt il 37 hours after 
ingestion , mak ing i t  diff icult to relate diets to the vegetation and 

habitat from which they were taken . Statist ical problema and lack of 
m icrohistolog ical reference mater ial may pose other diff iculties . 

The in-vitro techn iques widely used for studying ruminant 
nutr ition should not be rel ied upon until they have been proven for 
equida . In-vivo compar isons , the use of ind icators ,  and regress ion 
procedures should all be tr ied .  

Assays o f  a number of chemical constituents i n  the blood may have 
potential for (a ) evaluating nutr itional condition of individual 
animals , and (b)  us ing an an imal's cond ition to indicate the 
nutr i tional adequacy of the range it occupies . Blood samples could be 
taken eas ily from horses and bur ros brought in from herd roundups , and 

from an imals used in the research proj ects . 
A number of the research proj ects outl ined in th is repor t can use 

conf ined animals , domest ic ones , or both . Questions will ar ise as to 
the degree to which the results from the two categor ies can be 
extrapolated to wild and free-roaming animals . Observations of the 
behavior of the two former groups and of wild and free-roaming an imals 

can be used to assess the comparability of results and to facilitate 
extrapolation from one group to another . 

A set of observat ions of behavior is  set for th to assist in cros s 
compar isons . The set includes cons iderations in select ing the animals 
to be observed , statist ical aspects , behavior s to be recorded , and 
schedules of observation . In addition , recommendat ions are set for th 

for observations of behav ior to be made within the spec i f ic research . 
proj ects outl ined in th is repor t ,  including an extens ive reper toire of 

social and ma intenance behav ior . The rationale for each 
r ecommendation is included . 

I f  fer t i l i ty control is deemed a des irable method for l imiting 
population , a range of contraceptive agents is ava ilable that could be 
implanted and might be ef fective for up to 5 year s .  Cons iderations of 
population and behavior point to attempts at reduc ing fer til ity in 
mares rather than stall ions . The techn ique needs to be researched , 

however , initially in captive animals . 
Chemical immobil i zat ion is not deemed an effic ient pr imary capture 

techn ique for wild hor ses , but i t  can be used to qu iet captured 
an imals for purposes of research and handl ing . The preferred drug for 
this use is etorph ine (also known as M9 9 or Immobilon ) . 

Two methodolog ical research proj ects are recommended : 

• Project 17: Census Methods 

• Proj ect 18 : Contraception Stud ies 
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Proj ect 1 7  should invest igate the val idity of two or three 
a l ternative census techniques , including "complete "  counts . The 
proj ect should beg in with a pilot effor t on horses , later extended to 
burros . Proj ect 18 should evaluate contraceptive methods . 
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CHAPTER 1 

IN'l'ROJX.X:TION 

THE COMMITTEE'S CHARGE 

Th is repor t is submitted in par tial compl iance with the Publ ic 

Rangelands Improvement Act of 19 78  (PL 95-514 ) , which directs in 
Section 14 (b )  ( 3 )  tha t :  

ror the purpose o f  fur ther ing knowledge o f  wild horse and burro 

population dynamics and the ir interrelationship with wildl i fe , 
forage and water resources , and ass isting him in mak ing h is 

determination as to what constitutes excess an imals , the Secretary 

shall contract for a research study of such animals with such 
indiv iduals independent of Federal and State government as may be 
r ecommended by the Nat ional Academy of Sc iences . The terms and 
outl ines of such research study shall be determined by a research 
des ign panel to be appointed by the Pres ident of the National 
Academy of Sciences . 

The first step in carrying out these provis ions was the creation 

of a contract in May 1979 between the Bureau of Land Management ( BLM) 
and the National Academy of Sciences (NAS ) . The contract charged the 
Academy with the respons ibility to develop a research program that 
would : 

A .  Develop data on the biology of wild hor ses and bur ros , 

including the populat ion dynamics of wild horse and bur r o  
herds1 

B .  Identify pr inc iples and procedures for manag ing populations 

of wild horses and bur ros in accordance with the pol icies and 
obj ectives of th is Act7 

c. Develop informa tion concern ing the ava ilability and use of 

forage and water resources , d ietary and habitat over laps , and· 
other factors relevant to the determination of the number of 
wild freeroaming horses and burros that a herd area can 
susta in7 and 

1 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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D .  Prov ide the Secretar ies of Inter ior and Agr iculture w i th 
scientific information upon which to make the determination 
as to excess an imals requ ired by this Act .  

Both the Act and the contract d irect NAS to impanel a committee to 
assess the sta te of knowledge relevant to the management of wi ld and 
f ree-roaming horses and bur ros , to design a research program that will 
provide information now lacking but essential to guide sound 
management , to rev iew and oversee the 2-year research effor t ,  and then 
to prepare a f inal repo r t  summar iz ing knowledge relevant to a sound 
management program for wild and free-roaming horses and bur ros . The 
NAS Committee on Wild and Free-roaming Horses and Bur ros (WFRHB) was 
impaneled in June 1979 . 

Phase I of the total undertak ing involved the init ial 
state-of-knowledge assessment and research des ign . The present 
document is the f inal repo r t  for Phase 1. The state-of-knowledge 
assessment is a compilation of information in four general 
categor ies : ( 1 )  equ id biology , ( 2 )  the effects of equids on var ious 
ecosystem components , ( 3 ) soc ioeconomic aspects of the subj ect , and 
( 4 ) research and management methodology . The research program 

consists of 18 proj ects des igned to enhance knowledge in these fou r 
s ubj ect areas . While the repor t d iscusses information in terms of its 
relevance and adequacy with regard to var ious pol icy questions , the 
Committee has taken an analytical approach without advocat ing policy 
on any issues . PL 95-514  makes it clear that the role of the 
Committee and the research i t  recommends is  to provide informat ion to 
h�lp the Secretar ies of Inter ior and Agr iculture ar r ive at managemen t 
dec is ions . 

The Committee is  now moving into Phase I I  by offer ing i ts 
serv ices , as needed , to the BLM and the Forest Service (USFS ) in the 
contracting procedures needed to br ing the research program into 
operation . Once contracts are let and the research is under way , the 
Committee will assume i ts advisory respons ibil i ty on the research . 

SUBDIVISION AND TIMING OF THE TASK 

The BLM/NAS contract spec i f ies the areas of knowledge cons idered 
impor tant to the development of a sound horse-and-burro management 
program . Cons iderat ion of these areas was also vital in prepar ing the 
state-of-knowledge assessment and the research design . The contract 
identifies them as follows : 

a .  Inventory--populat ion es t imates , techniques , indexes . 

b .  Wild horse and bur ro population dynamics--herd s i ze , sex and 
age classes , reproduct ion rates , survival mor tal ity for 
adults and foals , natural controls , and other populat ion 
controls . 

c .  Forage requ i rements--compar i sons to wildl i fe and l ivestock . 
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d .  Impact of wild hor ses and bur ros on the publ ic 
rangelands--interrelationships of wild horses and bur ros with 
other resource uses and activities , hab ita t ,  f i sh ,  wildl i fe ,  
r ecreation , water and soil conservat ion , and domest ic 
l ivestock graz ing . 

e .  Socio-economic relationships of populat ion control and 
management .  

A t  its f irst meeting in Salt Lake C i ty on June 28 -29 , 1979 , the 
Committee outl ined subtopics encompassed by the four subj ect areas 
descr ibed in the previous section . The subtopics fell into three 
general categor ies : 

1 .  Biology of horses and bur ros , with pr imary attention to 
demography , behavior , genetics , nutr ition , and physiology , and to 
environmental influences , both physical and biotic , that affect these 
equ ids . 

2 .  Effects of horses and burros on var ious components of the 
ecosystems of wh ich they are a par t ,  especially vegetation ,  domestic 
animals , wildlife ,  and watersheds . 

3 .  Legal ,  economic , and sociopoli t ical issues sur rounding horse 
and bur ro management . 

These three categor ies were assigned as the purview of the three 
following subcommittees , respectively : Subcommittee 1 :  Walter Conley 
(Cha irman ) , Franc isco Ayala , Lee Eberhardt , Patr icia Moehlman , and 
Ulysses Seal, Subcommittee 2 :  John Malechek (Chairman ) , John Artz , 
Wilber t  Blackburn , Gerald Gifford , J .W.  Swan , and Freder ic B. Wagner 
(Gifford served on the Committee from September to December 1979 , and 

when he resigned , Blackburn took his place ) J Subcommittee 3: Walter 
Johnston (Cha irman ) , Ga il Achterman , Sally Fair fax (NAS Board on 
Agr iculture and Renewable Resources Liaison to the Committee ) ,  and 
Stephen Kellert . 

Each subcomm i ttee then set about the task of gather ing 
state-of-knowledge information from a var iety of sources and designing 
the needed research . 

The entire Committee met f ive t imes : 

June 28-29 , 19 79 at Salt Lake C i ty ,  Utah 

July 6-7 , 1979 ( including a 1-day publ ic hear ing ) at Reno , Nevada 

September 6-8 , 1979 ( including attendance at A Symposium :  The 
Ecology and Behavior of Feral Equ ids , conducted at Laramie , 
wyoming ) 

October 27-28 , 1979 at Las Cruces , New Mexico 

January 26-27 , 1980 at Davis , Cal i forn ia  
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In addition , several subcommittee o r  par tial subcommittee meetings 
were held at var ious s i tes . On December 6 , 1979 , the committee 
Chai rman and representat ives of Subcommi ttees 1 and 2 met with BLM and 
USFS off icials in Logan , Utah to beg in developing requests for 
proposals (RFPs ) on census research and on proj ects to study equi d  
habitat selection , food preferences and consumption rates , vegetation 
and watershed impacts , and blood assays as nutr itional ind ices . On 
Apr i l  7 ,  the Chai rman and two other Committee members met with BLM and 
USFS officials in Denver to review proposals generated by the RFPs . 

The Phase I tasks were to be completed by October 31 , 1979 . In 
July , the Commi ttee requested an extens ion of the due date spec if ied 
in  the contract . I t  proposed to submit an inter im state-of-knowledge 
assessment on October 31 along with the des ign of that portion of the 
research that must span two horse-breeding seasons , and a completed 
Phase I repor t on December 3 1 , 1979 . NAS granted the extens ion . The 
inter im report was duly submitted and has been reproduced and 
d istr ibuted by NAS .  

By December 1979 , it  was clear that still more t ime was needed to 
prepare the f inal repor t ,  and another extens ion was requested and 
g ranted . As noted above , this repor t is the culmination of Phase I . 

STROCTURE AND BASI S  OF THE REPORT 

The repor t cons ists of four major chapters and three appendixes . 
Following this  introductory discuss ion , Chapters 2 ,  3 ,  and 4 descr ibe 
essentially the subject matter of the three subcommittees . Chapter s, 
on research and management methodology , is a joint effort of 
Subcommittees 1 and 2 .  Append ix A is a lengthy review of equ ine cecal 
d igestion J Append ixes B and C are annotated bibl iograph ies on graz ing 
hydrology and economic and sociopolitical issues , respectively . 

Bach of
'

..the four major chapters is d iv ided into two par ts .  The 
f irst  is a state-of-knowledge assessment .  The second is a description 
of research proj ects that are needed both to fill  gaps in knowledge 
r evealed by the s tate-of-knowledge assessment and to prov ide a data 
base for a sound management program . The state-of-knowledge 
assessment surveyed the publ ished l i terature thoroughly . Mimeographed 
mater ial , intradepartmental and other unpubl ished repor ts , as well as 
theses and d issertations were reviewed , but less completely . The 
great store of unanalyzed , unpubl ished data in the f iles of agencies , 
organ izations , and individual observers was consulted to some degree , 
but the Committee thus far has not had enough time to make thorough or 
far-reaching analyses and interpretations of them . Still another 
cons iderable store of knowledge lies in the unrecorded exper ience o f  
hundreds o f  range managers ,  wildl i fe ecolog ists , and lay devotees o f  
horses and bur ros . Th is source has hardly been tapped by the 
Committee , aga in because of time l imitations . 

I t  is the scientis t ' s  respons ibility to gather and weigh ev idence , 
r egardless of its source , and to asses both i ts qual ity and the manner 
in which it  was procured . The current review could not avoid a heavy 
concentration on the publ ished l i terature and a less thorough 
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treatment of raw data and information based on exper ience . Published 
l i terature tends to lag behind the accumulated s tore of knowledge , and 
heavy reliance upon publ icat ions may produce inadequate or biased 
understanding . The state of the ar t will not be fully assessed until 
the Committee has an oppor tunity to go af ield with range manager s , 
w i ldli fe biolog ists , and amateur horse and burro observers .  The 
members began to do thi s  in the summer of 198 0 , but until  that wor k i s  
completed , the Committee mus t  continue to rely heavily on the 
publ ished l i terature . 

The 18 recommended research proj ects are l isted below in an order 
that deviates somewhat from that in the inter im repor t .  

1 .  Habi tat Preference and use by co-occur r ing and Separately 
Occurr ing Feral Equ ids and Cattle 

2 .  Pood Consumption Rates and Nutr i t ion of Wild and Free-Roaming 
Horses and Burros and Thei r  Assoc iated Species 

3 .  Nutr i t ional Plane , Condition Measures , and Reproductive 
Per formance in Domestic Mares 

4 .  Blood Assay of Exper imental Squids and Livestock in Proj ects 
1, 2 ,  3 ,  s, and 8 

s. Demography of Wild Horses and Bur ros 

6 .  Social Structure , Feeding Ecology , and Population Dynamics o f  
Wild and Free-Roaming Horses and Burros 

7 .  Genetic Polymorphism 

8 .  Graz ing Impacts of Squ ids and Cattle on Range-Plant 
Commun ities 

9 . Hydrologic Impacts 

10 . Ripar ian- Zone Impacts 

1 1 . Publ ic Attitudes 

1 2 . Analys is and Evaluat ion of Demands for Excess WFRHB 

13 . Management Costs of WFRHB Al ternat ives 

14 . Economic Cons iderations for Management Alternatives Drawn 
from Proposed Research Programs 

1 5 . Nonmarket Values for WFRHB 

1 6 .  Conceptual Development of Publ ic Rangeland Management Model s  
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1 7 . Census Methods for Wild Horses and Bur ros 

1 8 .  Contracept ion Studies 

The proj ects are discussed more fully in the following chapters of 
th is report . 
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CHAPTER 2 

BIOLOGY OF HORSES AND BURROS 

INFORMATION NEEDS 

The passages quoted from PL 9 5-514 and the BLM/NAS contract in 
Chapter 1 itemi ze in some deta il  the categor ies of desired information 
on horse and burro biology : population dynamics , food and habi tat 
requ irements , use of forage and water resources , and population 
controls . PL 95-514 s tates fur ther , in Section 14  (b ) ( l ) , that :  

The Secretary shall ma inta in a current inventory of wild 
free-roaming horses and burros on g iven areas of the publ ic 
lands . The purpose of such inventory shall be to : make 
determinations as to whether and where an overpopulation exists 
and whether action should be taken to remove excess animals1 
determine appropr iate management levels of wild free-roaming 
horses and burros on these areas of the publ ic lands1 and 
determine whether appropr iate management levels should be achieved 
by the removal or destruction of excess animals , or other options 
( such as ster ilization ,  or natural controls on population 
levels ) • • • •  Where the Secretary determines • • •  that an 
overpopulat ion exists on a g iven area of the publ ic lands , and 
that action is necessary to remove excess animals , he shall 
immediately remove excess an imals from the range so as to achieve 
appropr iate management levels • • • •  

Th is heavy emphasis  on the def inition of •excess •  animals , and the 
fact that the Committee was invested with the responsibil ity for 
helping the Secretar ies of Inter ior and Agr iculture make that 
determination , necess itate a clar i f ication of  the term •excess , •  and 
of i ts impl ications for informat ional needs . 

The term has a t  least thr ee connotations : •excess • can have the 
sense that ( 1 )  the number of animals is detr imental to their own 
condition and wel fare ,  ( 2 )  the number of equ ids adversely affects the 
condition and welfare of the other components of their ecosystems , and 
( 3 ) the number of equids inter feres with other management obj ectives 
for the publ ic rangelands . The latter two connotations will be 
cons idered in Chapters 3 and 41 the f i r s t  is addressed in this section . 

An excess of animals threatening to their  own welfare will occur 
when a population has r i sen to dens ities at wh ich its members ' 

19  
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behav ior , demography , and state of health fall below some specified 
levels or standards . Es tabl ishment of such standards , and hence the 
determination of •excess , •  requ ires knowledge of the an imals ' social
and maintenance-behav ior reper toire , their  demographic 
character istics , and facts about thei r  nutr ition and other health 
conditions . It must be determined how these vary with population 
s i ze , adequacy of forage , weather cond itions , competitors , and othe r 
environmental var iables . Phys iology , as well as food preferences and 
consumption , must  also be understood . The sections that follow 
explore what is known about these subj ects . 

STATE OF KNOWLEDGE 

In formation Sources 

Committee members conducted prel iminary literature searches by 
examining published research repor ts ,  unpublished theses , impact 
s tatements ,  and the popular l i terature . Bibl iograph ies in these 
documents were  then traced and cross-r eferenced . The information 
ava ilable �n the biology of wild equids was found to be incomplete and 
super f icial in some subj ect areas , irrelevant to the Committee ' s  
purpose in some aspects , and quite complete in others .  

Wildl ife Rev iew ( from 19 3 6  to the present ) ,  the Denver Library ( in 
cooperat ion with the u . s .  Fish and Wildl i fe Serv ice ) , and BIOSIS 
(Biolog ical Abstracts ) were also consulted . BIOSIS alone produced 
over 15 , 000 citations and associated codes ( 1969 to 1979 ) that were 
flagged on the s ingle keyword •Equ idae . •  These citations were 
obta ined and screened . (Broad subj ect categor ies were created and all 
c itations wer e placed in appropr iate sect ions . These files are 
available at New Mexico State University . ) Other computer-based 
reference sources that were searched included Medline ( Index Medicus ) 
and Dialog ( through the Lockheed system) . Science Citation Index and 
the bibl iograph ies of indiv idual ar ticles were also consulted . 

Since BLM and USFS files conta in cons iderable amounts of f ield 
data , representative samples were sought by attempting to identi fy 
management units tha t :  ( a )  had a h istory of intense horse and/or bur ro 
activity , and (b )  contained information concerning economic and social 
cons iderations . Other factors appl ied to the selection of units 
included the existence of reg ional collection cor rals , intense publ i c  
interest , general completeness o f  available records , duration o f  
available records , history o f  research programs , adequacy o f  land-use 
plans , etc . 

Management units thus identif ied were visited , appropr iate 
personnel were interv iewed , and available records were copied and 
centralized for catalog ing and evaluation . These units included : 
Phoen ix , Ar izona (BLM) ; Palomino , Nevada (BLM) J Susanv i lle , Cal i fornia  
( BLM) ; Vale , Oregon (BLM) J Lakeview , Oregon (BLM) J Burns , Oregon 
(BLM) J Salt  Lake City ;  Utah (BLM) ; Pryor Mounta ins , Montana (BLM) J 
Rock Spr ings , Wyoming (BLM) J Modoc , Cal i fornia (USFS ) ; and Jicar illa , 
New Mexico (USFS ) . Interviews were conducted dur ing late August and 
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early September 1979 . Because Committee member Walter Conley 
conducted a 2-year research project from 1976 to 1978 at J icar illa and 
the r ecords were  already complete , no interviews were  r equired there . 
In  addition , the entire records f ile of the BLM (previously located at 
the Denver Center ) was obtained , reviewed , copied where per tinen t ,  and 
r eturned . Data from this review are filed at New Mexico State 
Un ivers i ty .  

Personal contacts were made with three r ecogn i zed author ities in 
the field of equine nutr ition : Drs . P .  v. Fonnesbeck and L. M. Slade 
of Utah State University and Dr . H .  F .  Hintz of Cornell University .  
They were  asked for ideas and sources of information . Mr .  Montague 
Demment , Univers i ty of Wiscons in Zoology Depar tmen t ,  prepared the 
detai led rev iew included as Append ix A .  

H istory and Paleontology of Equids in Nor th Amer ica 

The horse (Eguus caballus ) and the Afr ican ass <!· as inus ) wer e  
introduced to North Amer ica by the Spanish i n  1 4 9 5  dur ing Columbus • 
second expedition to the New World (Denhardt 1951 ,  Brookshire 1974 ) . 
Horses and asses were an integral part of Spanish exploration and 
colonization and feral populations took hold throughout the Southwes t 
in the 16th and 17 th centur ies . Native Amer icans incorporated equids 
into thei r  cultures and horse and ass populations--both wild and 
domesticated--spread rapidly throughout the western states . Feral 
populations increased when an imals escaped and were  released from 
r anching and min ing activities in the 19th and 20th centur ies . Thus 
horses and asses have a long history in Nor th Amer ica and may have 
been feral in the western Uni ted States s ince the 1600s (McKnight 
195 7 , 19 58 ) . 

The mainstream of equid evolut ion occurred in Nor th Amer ica r only 
a few types wandered into the Old Wor ld in the Ter tiary (Romer 1966 ) . 
Nat ive equ ids were present from the lower Eocene , 5 5  mill ion years ago 
(Colbe r t  19 69 ) , and r ema ined abundant until  11 , 000  years ago . Late 
Pleistocene mammal s i tes in Ar i zona (Lindsay and Tessman 1974 ) reveal 
that Eguus was second in abundance only to Mammuthus and was twice as 
abundant as Bison . 

-----

The d isappearance of equ ids 11 , 00 0  years ago coinc ided with the 
extinction of three genera of large mammals , and the immigration of a 
new predator , Paleolithic man . Martin (1973 ) has formulated a 
bl itzkr ieg model that postulates a spread of Paleol ithic hunters so 
r apid that it  resulted in the mass extinct ion of large mammals with in 
1 , 000 years . 

Dating of fossil rema ins of type Eguus (large ) , as well as other 
Eguus species includ ing !· as inus , has establ ished the ir ages at 
between 11 , 000  ± 100 and 13 , 3 10 ± 210 . These r emains came from 
s i tes in Nevada , Ar izona , and Cal i fornia (Haynes 1967 , Mawby 1967 , 
Hemmings 1970 , Havry 197 5 , Cole and others 1979 ) .  

Sk inner ( 197 2 )  ma intains that cer tain species groups of squus have 
existed for 3 to 5 mill ion year s .  He presents evidence that there i s  
a h igh degree of s imilar i ty between extinct Pleistocene and l iving 
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equ ids . Sk inner lists the type spec ies o f  the subgenus Dol ichoh ippus 
a s  be ing !quus grevyi Oustalet ,  188 2 , d istr ibuted as follows : 
•extinct in Pleistocene , Nor th Amer ica , l iving , Eth iopia and Northern 
Kenya . •  He  descr ibes the type spec ies of subgenus !quus (Heminous ) as 
being Eguus hemionus Pallas , 1 7 7 5 , with the following distr ibution : 
• Pleistocene , Nor th Amer ica , and l iving , As ia . • Ple istocene depos its 
show specimens rang ing from Texas to Alaska , and Kansas to Ar izona . 
Spec imens referred to as !quus (As inus ) cumminsi i  Cope were found in 
Pleistocene depos its at Blanco , Texas and Deer Park , Kansas . Equ id 
foss il rema ins are rarely identified to the spec ies level . However 
there were ass , horse , and zebra types present in Pleistocene North 
Amer ica , and the skeletal morpholog ies of the fossil and the 
reintroduced equ ids are anatomically ind istinguishable (Cole and 
others 1979 ) . 

Thus although feral horses and asses are cons idered al ien or 
' exot ic ' today , they represent lineages that have a long paleohistor y 
in  Nor th Amer ica . Th is is par t icularly impor tant to the 
interpr etation of their  role in modern ecosystems . The concern on the 
par t  of some people that feral horses and asses are detr imental to 
the ir habitat is  par t ially based on the assumption that s ince they ar e 
exotic they are par ticularly disruptive to vegetational communities 
with wh ich they have not coevolved . However ,  modern-day equ ids in 
Nor th Amer ica are not typical exot ics . A long per iod of coevolution 
between thei r  evolutionary predecessor s and the vegetation was broken 
for 11 , 000 years , which is  a br ief interval in geolog ic time . 

Whether or not the vegetation today r etains the same antiherbivor e 
adaptations i t  had developed by the t ime equ ids became extinct at the 
end of the Pleistocene is a moot question .  Paleobotanical evidence 
shows d istr ibutional changes in the vegetat ional zones , which were 
depressed from 600 to 1 , 000 m (Martin and Mehr inger 1965 , Van Devende r 
and Spauld ing 1979 ) . But to our knowledge , no one has produced any 
ev idence that· native plant species have lost adaptations to graz ing 
and/or brows ing pressures ( e . g . , oily fol iage , spiny or thorny 
branches , sil iceous stems , or tox ic alkaloids ) that are the result o f  
selective pressure exer ted dur ing mill ions of years of coevolution 
with equ ids . 

However , several author s (Young and others  1976 , 1979 ) have 
postulated that the marked changes in vegetation structure in the 
Great Basin following the 19th-century introduction of sheep and 
cattle wer e  due to the lack of heavy , post-Pleistocene pressur e from 
large herbivores . Without such pressures the vegetation had lost 
defenses , according to this theory , and was vulnerable to the 
introduction . Some plant spec ies are known to be h ighly plastic , and 
to respond to select ive pressures in shor t per iods of time (Dyer 
1968 ) , including graz ing ( Stapledon 1928 , Lodge 196 2 ) . I f species 
optimi ze traits over an array of selective pressures , as modern 
evolutionary theory holds , then it  is reasonable to postulate that 
some species may have evolved away from antiherb ivore defenses in the 
absence of grazing pressures . 

Of course , there is no way to determine d i fferences and/or 
s imilar ities in behavioral ecology between the equids present in Nor th 
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Amer ica 11 , 00 0  years  ago and the r ecently introduced species . 
However ,  it  is an overs impl i f ication s imply to dismiss feral asses and 
horses as •exotics . • The poss ibil i ty of their  filling an •open niche " 
r ema ins (Mar t in 1970 ) . 

Behavioral Ecology of Equids 

Genus Equus contains s ix l iving species . They are Equus caballus 
( horse ) , ! ·  burchell i (plains zebra ) ,  ! • zebra (Har tman ' s  or mountain 
zebra ) , !· asinus (Afr ican ass ) , !• hemionus (As ian ass ) , and !· 
grevyi (Grevy ' s  zebra ) .  The genus is character i zed by two distinct 
types of social organ ization . The harem or stable family group with a 
dominant male has been descr ibed for the plains zebra ( Kl ingel 1967 , 
197 2 ) , Har tman ' s  zebra (Lingel 1968 1 Jouber t 1972a , b ) , and the feral 
horse ( Feist and McCullough 1975 , 1976 1 Green and Green 1977 ) . The 
ter r itor ial form of social organ ization , in wh ich stable bonds occur 
only between mother and offspr ing , has been descr ibed for Grevy ' s  
zebra ( Kl ingel 19 69 ) , the As ian ass ( Kl ingel 1977 ) , the Afr ican ass 
( Kl ingel 197 2 , 19 77 ) , and the feral ass (E . asinus ) in Nor th Amer ica 
(Moehlman 1974 , 1979 J Woodward 1976 , 1979). These two types of soc ial 
organization appear to be the extremes of a continuum that ranges from 
a system in which terr itor ial i ty plays an impor tant role and social 
bonding is l imited , to the more socially organized and cohes ive fami ly 
groups . 

The interrelationship of soc ial organization and envi ronmental 
parameters has been the focus of review and interpretation by Crook 
( 1970 ) , Jarman ( 1974 ) ,  Kaufman ( 1974 ) , Klingel (197 4 ) , and Fisler 
(1979 ) . Many factors appear to be impor tant in the establ ishment 
and/or re inforcement of a social system . In par ticular , resource 
availabi l ity ,  feeding ecology , daily activity patterns , and demography 
are  cr itical in determin ing social behavior , social bonding , and the 
type of social organ i zation maintained . Most rev iews of social 
organization and ecology have been on the interspecies level . 
However ,  an examinat ion of available data on feral equids does reveal 
intraspecific behavioral plast icity .  

Feral Asses 

S ince the early 1970s , f ield studies have been done on several 
feral ass populations in the southwestern United States . Table 2 . 1  
l ists the study populations , researchers , and some per tinent facts 
from each study . 

The basic pattern of social organization and demography was the 
same in all southwestern study s i tes . The only stable uni t  was mother 
and offspr ing . Some typical temporary groups were females and 
offspr ing , bachelor males , and mixed groups . Adult males were  often 
solitary . Statistical treatment of group s i ze and compos i tion is only 
available for two studies (Moehlman 197 4 , WOodward 1979a ) . There was 
evidence of terr itor ial i ty by a small percentage of the males on all 
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TABLE 2 . 1 Feral Ass Field S tudies 

Territory Home Sex 
Peak Males Ranqe Ratio 

Study Site Study Period S tudy S tudy Area Pop . Present X M : F  

california 

Death Valley l9 7Q-74 Moehlman ( 1974) no a? 
!!! 178 X 10 . 8  l : l  

Nat' l .  Monua.nt 1975-76 Norment 5 Douglas ( 1977) 6oo a? 
!!! 131 X 68 . 1  2 . 1 : 1  

Oa-.huevi Mta . 1974-75 Woodward 5 Ohmart ( 1976) 1so a? 
!!! 83 X 32 . 0  1 : 1  

Arizona 

Bill Williams Mts . 19 74-75 Seegmi ller 5 Ohmart ( 1976) 90 a? 
E!! 92 X 19 . 2  1 : 1  

Black Mts . 1976-77 Walker 5 Ohmart ( 1978) 165 u
2 

450 

Lake Mead Nat • 1 

178 a? Recreation Area 1977-78 O ' Farrell ( 1978) 115 

AliiiiiD Lalte State Park 1972-73 Farrell ( 1973) 19 �a�
2 

Grand canyon 1974- 75 carother 5 coworkers ( 1976 )  --- !!! 300 

H&vuu Re80urce Area 1974- 75 Hanley 5 Brady ( 1977) --- 2! 50 

1\J 
New Mexico ,. 

Bandelier Nat ' l  Monument Morqart ( 1978) 72 . 8  �a�
2 

!!! 140 X 2 . 86 

Georqia 

Ossabaw Island 1973 Moehlman ( 1974 )  

1978-79 McCort ( 1979) , Johanos 
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study s i tes , but only the Wildrose population in Death Valley ( 1970  to 
1974 ) and the Bandel ier population exh ibited strongly expressed 
ter r itor ial ity . There  appear s  to be some confus ion in Woodward ' s  
( 19 79a ) discuss ion of ter r i tor ial ity .  Terr itor ial behavior in both 

Grevy ' s  zebra and the Afr ican ass (Moehlman 197 4 , Kl ingel 1979 ) does 
not involve boundary mark ing and defense against all conspeci f ics , but 
rather the dominat ion of a particular area by a s ingle male who has 
sole access to estrous females with in that ter r i tory . 

Shor t-term observations ( 1  month ) wer e  made on a population o f  
f eral asses i n  a very different habitat : Ossabaw Island , Georgia 
(Moehlman 1979 ) . Th is island is  character ized by lush vegetation and 
a warm , humid cl imate . There  were approximately 40 feral asses on the 
island , with a dens ity greater than l/km 1 •  Although the Ossabaw 
observations were l imited , they do illustrate the plasticity possible 
in the social behavior and organi zation of feral asses . Contrary to 
the situation in Death Valley , stable groups existed . At the south 
end of the island there was a stable group that exhibited all the 
character istics of a harem .  A group o f  13 asses a t  the north end o f  
the island were  associated i n  6 3 . 6  percent o f  the observations . I n  
this group the dominant male d id all the cour ting and copulating . 
These observations have s ince been substantiated by MCCor t ( 1979 ) . 

Feral asses have potentially large home ranges over which they 
move in a seasonal pattern . Recorded individual home ranges , wh ich 
probably reflect a minimum, range in mean s ize per population from 
2 . 86  to 68 . 1  km 1 •  The largest home range observed was 103 . 6  km 1 
in Death Valley National Monument . Except for the stable group of 
mother-offspr ing (X  • 2 )  all g roups are temporary and their 
compos i tion can be as follows : (a)  all male , (b )  two or more females 
and offspr ing , ( c )  mixed adult males and females and subadults , and 
( d )  yearlings . Males are often soli tary , and in the Death Valley 
study (Moehlman 1974 , 1979 ) 2 3 . 9  percent of the observations (N  • 

1 , 158 ) on population grouping patterns involved sol i tary males . The 
general trend was toward small groups , and 57 . 8  percent of the groups 
contained 2 to 4 ind ividuals . Large aggregat ions (8 to 21 ) occurred 
rarely ( 3 . 3  percent)  and were associated with scarce resources such a s  
water and/or estrous females . The Chemehuevi population followed this 
general pattern (Woodward 197 6 , 1979a ) . Data for group s i zes are not 
ava ilable from the other studies . 

I n formation on spacing between individuals is  ava ilable from Death 
Valley (Moehlman 1974 ) . Data taken at 5-minute intervals (N • 2 , 915 ) 
r evealed that adults (male and/or female ) spent most of their time 
separated by distances greater than 10 m .  Individuals that spent mos t 
of the ir time with in 4 m of one another were usually genetically 
related . However , adult females allowed the yearl ing offspr ing of 
other females to come closer to them than they would permit thei r  own 
yearl ings . Thus , an observer lacking knowledge of individual 
relatedness could easily mis interpret how many offspr ing a female had 
and how often she was reproduc ing . Th is presents obvious problema in 
present census techniques .  Distances between males and females 
decreased only when the female was in estrus . 
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Dur ing the hot summer months asses tend to dr ink once every 2 4  
hours and water is a cr itical factor in the ir  distr ibution . In most 
study areas , asses were concentrated with in 3 km of water sources 
dur ing the summer months . From September through the winter months , 
they were  less dependent on water and were  found 8 . 0  to 9 . 6  km away 
from it . Animals also moved to lower elevat ions dur ing the winter 
months . 

Asses are phys iolog ically well adapted to l i fe in an ar id 
habitat . They can susta in a water loss of up to 30 percent body 
we ight and can dr ink enough water in 2 to 5 m inutes to restore fluid 
loss (Maloiy 1970 , Maloiy and Soarer 1971 ) . A recent study 
( Tomk iewicz 1979 ) on heterothermy and water turnover us ing 
temperature-sensitive implan ts revealed that body temperature  could 
vary from 34 . 0  to 4 1 . 6 ° C  and was dependent on air  temperature .  In the 
summer males had a lower mean body temperature ( 36 . 5°C ) than females 
( 38 . 2 °C ) . 

Mother asses in Death Valley (Moehlman 1974 ) showed a h igh threat 
and rej ection rate when foals attempted to nurse , presumably because 
of  flu id stress . Nurs ing rejections began on the f irst day and 
increased in intens ity as the foal grew older . Rarely did a foal 
a ttempt to nurse without be ing threatened by its mother . Until the 
foal was a month old its nur s ing success ,  calculated by observing each 
a ttempt , was 8 2  percent . By the t ime i t  was 3 to 4 months old the 
success rate had d iminished to 35 percent . Th is rejection is s imila r  
t o  wean ing behavior in other equ ids 1 it  di ffers ma inly in that it  
commenced when the foal was so young . 

Lactating females are under more severe flu id s tress than other 
adults in the population . These animals watered more frequently 
dur ing the hot months (2 to 3 times per day , in compar ison with once a 
day for other adults ) . Foals ate vegetation , but they did not dr ink 
water until they were  about 3 months old J the mother prov ided her foal 
with most of its fluid intake dur ing that per iod . Nur s ing prov ides 
cer tain safeguards for the foal , s ince it does not have to compete for 
water at the spr ings . However , it may increase the fluid stress on 
the female in what is  already an ar id and d i f f icult environment . 
Thus , the female may need to r egulate the interval of nursing so as to 
moderate flu id stress . Th is phys iolog ically based behav ior might in 
turn stimulate independent and aggress ive behavior on the par t of the 
foals , and the entire mechanism may contr ibute to the lack of bond ing 
between adults in th is populat ion . Two-day-old foals were  already 
threatening conspec i f ics , par t icularly when they saw their mothers 
be ing approached by others . 

In all populat ions studied in the Southwest , asses tended to 
congregate near scarce water sources dur ing the hot months (June 
through August ) .  Such a h igh dens ity dur ing one por tion of the year 
results in a more severe  impact on the vegetation in the immediate 
v icinity of the water source ( Fisher and others 197 3 , Hanley and Brady 
19 77 , Woodward and Ohmar t  197 6 , Norment and Douglas 1977 ) . This 
phenomenon will be discussed in greater detail under 
•Range-Plant-commun i ty Impacts • in Chapter 3 . 
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Hanley and Brady (197 7 ) studied precipitat ion , soil  texture , soi l  
moisture , and browse utilization patterns on sites at increasing 
distances from the water source . They found that : •Browse 
utilization ranged from heavy to l ight with increasing distance from 
the Colorado River . Overgraz ing occur red near the Colorado River but 
decreased to l ight or moderate use at d istances greater than 2 . 5  km 
from water . •  Burro impact was greates t in the secondary wash 
communities (Cercid ium-Larrea ) . Apparently no species were acting as 
increaser s  or invader s  under heavy bur ro utilization pressure in thi s  
locale . There is  no informat ion i n  this study on burro dens ities . 
Hanley and Brady also point out that assessment of impact is  
compl icated by the need for data concerning the amount of time and the 
bur ro densities required to mod i fy the commun ity structure . 

The same general trend of heavy impact near water sources in the 
Panamint Range was evident in a repor t by Fisher and others ( 197 3 ) . 
However , at an exclosure approximately 2 km from the water source , 
measurement of vegetative species density and volume showed h igher 
b iomass outs ide than inside the exclosure . Annual densi ties and 
species d iversity were h igher outs ide the exclosure , but a bunch 
g rass , Stipa sp . , was more abundant ins ide the exclosure . Secondary 
production was h igher in the area used by feral asses . 

Two studies in the Grand Canyon (Carothers and coworkers 1976 , 
Cole 1979 ) analyzed canopy cover of predominant spec ies . However , 
the ir results disagr ee and have d i f ferent impl ications . Cole 
suggested that the degree of burro impact on vegetation is compl icated 
and changes over shor t distances on the same slope and substrate . 
Ne ither study indicated distances from water or ass dens i ties . 

O ' Farrell ( 1978 ) , studying feral asses in the Lake Mead National 
Recr eation Area , also descr ibed the general trend of ass populations 
to clump near water dur ing the hot summer months . Maximum dens ity 
values were X • 0 . 9 3  per km2 , and the greatest effect on vegetation 
was observed within a quarter  mile of the water source . 

All of these stud ies prov ide interesting information on 
modif ication of vegetation by asses . However , all of the data wer e 
generated by indirect methodology . There i s  a distinct need for 
direct observations of ass feeding ecology and spec ies utilization as 
they are related to ava ilab ility ,  terrain , season , and climatic 
conditions .  

The movement of ass populations i s  restr icted in the hot summer 
months because water i s  l imited . The i r  seasonal movements and 
rotational utilization of vegetation with in their home ranges has not 
been examined directly . Car rying-capaci ty f igures alone are 
insuff ic ient for assess ing the relationsh ip of ass populations to the 
vegetational commun ity .  

Information on daily activity patterns is available from two 
studies : one conducted at  Death Valley , Cal i fornia and the other a t  
Ossabaw Island , Georg ia (Moehlman 1974 , 1979 ) . Death Valley is  
character ized by a hot , dry climate wi th low and sporadic rainfall . 
The vegetation in the study areas was pr imar ily browse . Death Valley 
offered a relatively unstable habi tat in which water sources were of 
pr ime impor tance dur ing the summer months . The feral asses combined 
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in small groups , had large home ranges , were  distr ibuted for most of  
the  year at a low dens ity , and character ically exhibited 
terr itor ial ity and a low degree of soc iab i l i ty . In hot weather the 
population tended to clump around water sources . At these times 
ter r itor ial males res ided next to the water source , thus enhancing 
the ir chances of copulat ing with estrous females . 

On hot , humid Ossabaw Island , vegetation is lush and wate r 
s uppl ies plenti ful . The populat ion was denser , had a smaller home 
range , and exhibited greater sociability and group cohes ion . One 
group of f ive inter related as a harem . 

A basic element of the daily activity pattern--percentage of t ime 
s pent feeding--was qu ite d i f ferent in the two populat ions . The Death 
Valley asses were  pr imar ily browser s and spent 51 . 0  percent of thei r  
t ime feed ing ,  Ossabaw Island asses were pr imar ily grazers and spent 
38 . 1  percent of the i r  time feed ing . Jarman has emphas i zed the 
importance of feeding ecology in the determination of ungulate social 
organization . Brows ing spec ies tend to be less sociable , and grazer s 
occupy the more soc ial end of the continuum (Jarman 1974 ) . 
Determining factor s in this trend may be the propor tion of time 
r equ ired for feeding and the qual i ty of forage . 

The Ossabaw Island populat ion exh ibited almost no aggress ive 
behavior . In par t icular , females rarely threatened their  foals ,  whose 
nurs ing success rate was much h igher than tha t of the ir Death Valley 
counterparts (88 percent at 3 to 4 months ) .  Th is lack of reject ion 
was probably directly related to the fact that lactating females 
exper ience l ittle water stress in the Georg ian environment . 

Three categor ies of behavioral interactions that might affec t 
soc ial bonding and grouping in the two areas are greeting , mutual 
grooming , and social play . In Death Valley , greeting behavior 
occurred ma inly between adult males ( 6 0 . 2  percent)  and often ( i . e . , 
6 3 . 3  percent of the time ) involved aggress ive behavior . 
Female-to-female greetings were  rare ( 1 . 7  percent ) .  Foals were 
involved in 34 . 0  percent of the greet ings , of wh ich they initiated 
1 5 . 6  percent . Greeting behavior was rare on Ossabaw I sland , wh ich may 
s imply be another ind ication that individuals were  well known to each 
other and relationships were clearly establ ished . 

Social grooming is  usually cons idered to be impor tant for group 
cohes ion (Sparks 1967 ) . In Death valley the general pattern of low 
soc iability was also reflected in the rar ity of mutual grooming (0 . 3  
observation per hour ) .  Ossabaw Island asses per formed grooming much 
more frequently ( 1 . 5  observat ions per hour ) .  Fur thermore , three 
categor ies of grooming par tners were seen in Georg ia that were not 
observed in Death Valley , namely : male-female , female-nonoffspr ing 
foal , male-foal . Th is behavior is cons istent with the general pattern 
of a cohes ive group , relatively close spacing of individuals , and a 
low level of agress ive behavior . 

Social play is  the third behavioral category that may influence 
social bond ing . Th is  type of interact ion was not observed between 
foals in the Death Valley population . These foals only exhibited 
sol itary play , which cons isted of such activi ties as us ing the mouth 
to  pick up  and drop obj ects , r unning in spur ts ,  stopping quickly in 
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front of adults , pivoting and runn ing away , and biting and mounting 
the ir mothers .  In a more soc ial equ id population , i . e . , New FOrest 
ponies (Tyler 197 2 ) , 3-week-old foals were observed with other foals 
and/or year l ings , and by the t ime they were 6 weeks old , social play 
constituted 55 percent of thei r  play . On Ossabaw Island two male 
foals spent many hours engaged in social play , wh ich usually consisted 
of play-fighting . These foals were the same age and associated 
r egularly . 

There appears to be an upper l imit on the s i ze of an equid group 
in wh ich indiv iduals can express and ma intain stable relationships and 
bonds . The maximum s i ze of permanent groups in Har tmann ' s  zebra 
(Jouber t  197 2  a , b )  is about 13 1 65 . 2  percent of the groups have 
between 4 and 7 animals . Kl ingel (1967 ) repor ted an average group 
s ize of 4 . 5  to 7 . 5  for this  zebra . The average size  of a feral hors e  
harem ( Feist 197 1 )  is 5 ,  with a maximum o f  21 . Thus , when feral asses 
did form permanent groups they followed the pattern for Equidae . 

Behavioral and ecolog ical information on the two feral populations 
of asses indicates that although Equus as inus normally d isplays low 
soc iabil i ty ,  this species does have the behavioral plasticity ,  g iven a 
favorable environment ,  to form h ighly soc ial and stable harem groups . 

Feral Horses 

Feral horse f ield stud ies have been conducted in Nevada , Ar i zona , 
New Mex ico , Montana , and Wyoming . Comparative studies are also 
ava ilable from Canada and islands off eastern North Amer ica . Table 
2 . 2  l ists f ield stud ies for wh ich information was avai lable . 

The bas ic pattern of social organi zation is a family group 
composed of a dominant male , subordinate adult males , females , and 
the ir offspr ing ( Feist 1971 , Pell igr ini 1971 , Feist and McCullough 
197 5 , Ball and Kir kpatr ick 197 5 , Welsh 19 7 5 , Clutton-Brock and other s 
1976 , Keiper 1976 a ,  Berger 1977 , Green and Green 1977 , Rubenstein 
1978 , Salter 1978 , Nelson 1979 ) . Some family bands are single-male 
harems , but several author s repor t multi-male groups ( Feist 1971 , 
Ke iper 19 76  a ,  Green and Green 1977 , Miller 1979 , Nelson 1979 ) . 
Kl ingel ( 1967 ) descr ibed a dominant male in a plains zebra family 
group who actively searched for a 4-year-old male member that had 
wandered off . Jouber t  ( 1972a )  exper imented with the effect of 
removing the dominant male from a band . The females appeared to be 
very closely bonded and act ively searched for the miss ing male . They 
rejoined h im when he was released a month later . The bas ic pattern of 
s trong bonding between females pers ists in semi-feral s i tuations where 
adult males are removed ( Imanish i 195 0 , Tyler 19 7 2 ) . 

However ,  bands are not completely stable and changes do occur . 
Feist (1971 ) found that immature females accounted for most of the 
changes between bands , and that these occurred dur ing the breeding 
season . Kl ingel ' s ( 1969b)  study of pla ins zebras recorded that young 
females undergoing estrus for the first time had a di fferent and more 
distinctive stand ing posture than older females . Be felt that this 
served as a strong advertisement of their  reproductive status and 
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S tudy S i te  

Honun&-Wyolllinq 

Pryor Mte . 

Wyolllinq 

Red Desert 

Nevada 

S tudy Period 

Hay-Nov 19 70 

1971-72 

1 9 78- 79 

S tone cab in Va l ley 1 9 7 5 - 76 

Wassuk Ranqe 1 969- 70 

N- Mexico 
Carson Na t ' 1 .  

Fores t 1 9 76- 77 

Ar i zona 

Grand CAnyon Nat ' l .  
Park Ma r-Auq 1 9 7 4  

No r th  carol ina 

Shak l e ford I s land 

Hary land-Virqinia 

As s a teaque Is land 1 9 7 5 - 79 

Nova Scotia 

Sable I s land 19 70- 72 

Canada 

Wes tern Alberta 1975-77 

•TWrritorie• • J km2 

TABLE 2.  2 Feral Horse Field Studies 

S tudy Study Area Population Dens i ty 

Fe i s t  ( 19 7 1 )  1 3 2  u? 2 2 5 - 2 70 2 . 0/kll2 

Hall � Kirkpa tri ck ( 19 7 5 )  --- 1 3 0  1 . 0/km
2 

Mi l ler ' Dennis ton ( 19 7 9 ) , 6 20 km
2 

- 4 50 0 . 7/km
2 

Boyd ( 1 9 79 ) 

Green ' Green ( 19 7 7 )  1 3 78 km
2 

5 38- 786 0 . 6/kll
2 

Pe l l i qrin i ( 19 7 1 )  

lle l son ( 1 9 7 9 )  14 2 km
2 

- 2 26 1 . 6/km
2 

Berqer ( 19 7 7 )  3 9 0  km
2 

- 78 0 . 2/km
2 

Rubens tein ( 19 7 8 )  - - - --- l l . O/km
2 

l<a i pe r , Ze rvanos ( 1 9 79 )  --- - 200 ---

Welsh ( 1 9 7 5 )  50 km
2 

1 50- 300 6 - 2 7 . 7!km2 

Sal ter , Hudson ( 1978) 200 km
2 

- 206 -- -

Ho.,. 
Band Ranqe Sex Ratio 

S i ze ii Foali nq M : F  

2- 2 1  x-s - 2 5 km
2 

APr-.June 1 :  l 

i- 3 . 4  - - - Har-.July - 3 : 2 

2 - 1 6  i- 8  - - - Apr-.J une 

--- 1 1- 78 . 5  km
2 

Har-JWle 1 : 1  

1 - 1 5  X•6 . 8  - - - Apr-Aug 0 . 4 : 1  

w 0 

3-6 i•4 . s  - 20 km2 

- - - 6 km
2 • 

3-26 x•l l . 6  4 . 3- 6 . 5  km
2 

2- 2 0 i-s . s  Peak i n  
1 : 1  

Apr-.June 

i-1 .  1 15 km
2 

Apr-.June 
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increased the poss ibil ity o f  thei r  abduction from the family band . 
Nelson ( 1979 ) observed that 61  percent of the females moved away from 
thei r  pr imary band . Mature females accounted for 7 8  percent of these 
movements . 

When strange individuals attempt to join a band , not only the 
dominant male , but also subordinant males and females will dr ive them 
away . 

All-male (bachelor ) groups commonly occur , but tend to be unstable 
in compos ition . Adult males are rarely sol itary . Dominance 
h ierarchies have been recorded in bachelor groups ( Feist 19 71 , Fe ist 
and McCullough 19 75 ) and appear to be impor tant in determining which 
males are most l ikely to acquire females . 

Miller and Denniston (1979 ) have reported a fur ther level of 
social organization in horses . By analyz ing 1 22 encounters among 16 
bands , they found a nearly l inear interband dominance h ierarchy in 
terms of access to a scarce resource--water . Berger ( 1977 ) reported a 
s imilar hierarchy among four bands in his  study in Grand canyon . 
Miller and Denniston propose the des ignation of the term •herd • for a 
structured social un it of bands that recognize each other and form a 
dominance h ierarchy . 

Although horses have a typical soc ial organization character ized 
by a lack of terr itor ial behavior , thi s  pattern can change under 
unusual environmental condit ions . Rubenstein ' s  ( 19 7 8 ) study of the 
Shakleford Banks horses clearly illustrates this point . Two-thirds of 
the harems ma intain clearly defined and stable ter r i tor ies . The 
island is narrow and vis ibil ity is good , so the energetic costs of 
defending a ter r i tory are correspondingly low . In add ition ,  water and 
vegetation zones are evenly distr ibuted along the island • Ter r itor ial 
harems are larger than those harems that util i ze overlapping home 
ranges . Thus the structure of the island and the pattern of available 
r esources has clearly influenced soc ial organization in this 
population . The only other repor t of ter r itor ial behavior is for a 
feral population in the Wassuk Range , Nevada (Pell igr ini 1971 ) . 
However , ter r itor ial behavior in that repor t was not adequately 
documented . 

I n  hotter , dr ier habi tats , both water and forage availability are 
major determinants of horse movements (Berger 19 7 7 , Green and Green 
197 7 ) . Dur ing the summer months the animals tend to concentrate the ir 
activities within 3 to 7 miles of available water . In Grand Canyon , 
Berger ( 197 7 )  found that home-range s ize decreased in successive warm 
months and that the time spent in dr ink ing and resting increased , 
while feeding time decreased . Time spent feeding va r ied from 
approximately 50 percent to 30 percent . Green and Green ( 1977 ) 
observed seasonal migrations by par t of the population from Stone 
Cabin Valley south to the Tonopah Nuclear Test Range .  The pla ins 
z ebra in the Serengeti will migrate up to 150 km to get to dry-season 
forag ing ranges ( Kl ingel 197 2 ) . Feral horses might also be capable of 
such long-range movements , but are probably restr icted by topography 
and fencing . Anecdotal accounts of As iatic wild horses (Mohr 19 71 ) 
suggest that their home ranges are centered around water sources 
dur ing spr ing foal ing and the summer dry season , but that they greatly 
increase their range dur ing the winter when snow is  available . 
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Stud ies i n  Alber ta ( Salte r 1978 : Salter and Hudson 19 7 8 , 1979 ) and 

B r i tish Columb ia ( Stor rar and others 1977 ) found that hab itat 
uti l i zation was determined pr ima r i ly by forage availabi l i ty and tha t 
other factor s were of secondary impor tance . Hor ses spent 75  percent 
of the i r  dayl ight hou r s  feed ing in winter , and the authors sugges ted 
that there was a decrease in d iurnal feed ing dur ing the summer . Diet 
quality peaked in June and was low in January . Meadow and shrubland 
habitats were ma inly u t i l ized in spr ing , with a shift to forested 
habitats in summer and fall-early winter . Compared with deer , moose , 
and elk , horses were more ub iqu i tously distr ibuted . 

Skelton (1978 ) , using fecal-sample analys is of horses in the 
Camargue , found d i f fer ences in d iets accord ing to season , age class , 
and herd membership . Th is las t factor appeared to be important to the 
surv ival of Sable I sland hor ses (Welsh 197 5 ) . Bands that lost the i r  
stall ion in the winter of 19 7 2  and wer e  taken over b y  another and 
presumably less exper ienced male had the h ighest mor tal ity .  Th is 
outcome was attr ibuted to bands moving to areas with poor shelter or 
food resources dur ing a s torm . 

S tud ies of feral horses on Assateague I sland ( Ke iper 1976a , 1977b ; 
Zervanos and Keiper 1979 ) invest iga ted social organ i zation ,  act iv ity 
pa tterns , and feed ing behavior . These are the only s tud ies that 
directly examined vegetation consumpt ion by individuals in terms of  
t ime spent graz ing per plant spec ies . Watch ing d ifferent bands dur ing 
summer and winter months , the author s determined that util ization of 
s tand ing crop biomass by bands ranged from 5 . 1  to 20 . 1  percent in 
summer , and from 2 . 6  to 31 . 0  percent in winter . These f igures do 
r elate to d i fferences in band s ize . The observers also recorded 
seasona l d i fferences in home range s ize ( summer , 6 . 4 8  km 1 : winter , 
4 . 3 2  km 1 ) .  Horses rema ined active throughout the n ight , spending 
49 . 7  per cent of the nocturnal hou r s· feed ing . 

Seasonal d istr ibut ion of Sable I sland hor ses (Welsh 19 7 5 )  was 
af fected by plant-commun ity type , shelter , and sur face water . Wels h  
calculated that 3 0 0  horses (peak populat ion ) would eat 13 percent of 
the annual forage product ion . 

In spi te of all these s tud ies , there is  still a dear th of cr itical 
information spec i f ically examin ing hor se energetics and feed ing 
ecology . I t  is readily apparent that horses are selective feeders but 
that they can still get by on low-qual i ty forage . However , there are 
no data on the d iver s i ty and abundance of vegetat ional species or on 
wha t type of forage is be ing selected seasonally by horses per sex and 
age class . Such data are cr i t ical to understand ing reproductive 
potential (Clegg and Ganong 1969 , Hall 19 7 2 ) . 

A great deal of data is ava ilable on equ id soc ial organ i zation ,  
demography , seasonal distr ibution and feed ing ecology ,  da ily activity 
pattern , and reproduction . FOr the mos t par t ,  however ,  the 
information is of a sporad ic and shor t-term nature .  As yet no 
long-term (5  to 10 years ) s tudy has been per formed , nor has any s tudy 
cor related data on population s ize and demography , behavior , and 
feed ing selectivity with seasonal ava i labi l i ty and qual i ty of forage 
and water . Act ivity-budget data are cr it ical to determining the 
energetic requ irements of feral horses and bur ros . The result ing 
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interpretation of nutritional status i s  particularly critical to 
under standing the lifetime productivity of females .  

Equi d  Demography 

The reproductive performance and longevity of an individual animal 

is partly a function of its genetic make-up , and partly its 
environment oper ating through its nutr ition, physiology, and 
behavior. The collective perfor mance of numer ous individual s 
considered together as a population is expressed as a natality or 
fecundity r ate , and as a survival rate . Such rates can be expected t o  
vary annually to some degree within a population as yearly 
environmental conditions vary , and between populations as genetic 
make-up and environments differ . 

These rates , in tur n,  i nteract to produce more syntheti c 
population traits like age and sex composition , and r ates of 
population chang e .  The l atter parameter alone discloses much about a 
species ' ecolog ical and evolutionary characteristics. I t  provides an 
indication of the demographic cushion with which it can absorb such 
environmental pressures as predation and competit i on, or human 
expl oitation . Such related par ameters as the net reproductive r ate 
( aver age number of female young produced by the average female in her 
lifetime ) ,  mean generation length, and aver age reproductive value of 
an. individual female at a given age all provide insights into the 
species ' potential evolutionary plast icity . 

From the practical standpoint of equid management, estimates of 
herd increase rates disclose the rates at which animals must be 
r emoved in order to hold them at some decided-upon level . Or 
alternatively , such rates make it possible to predict rates of her d  
growth i n  the absence o f  any artificial controls. They may also 
provide check s on the validity of census methods. Since this has bee n 
a controversial subj ect in North American equid management, we devote 
consider able attenti on to the subj ect in the sections below .  

The Wild Hor se 

J!l Fecundity. considerable work has , of course , been done on 
reproductive patter ns in domestic horses . But very little information 
is available on natality rates in free-roaming wild hor•es. The rate• 
that char acterize well-managed, confined domestic• may constitute the 

maxima of which the species is capable under optimum nutr itional and 
breeding conditions , and under protection from the elements . The 
available data from wild herds indicate lower rates, doubtle•s the 
coat of field br eeding , less-than-optimum nutr ition, and the rigor s o f  
r ange life . 

J!l Age at first female breeding .  Although ovulation and 
conception begin at 1 year of age i n  domestic fillie• , there appear s 
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to b e  a h igh fetal loss i n  mother s o f  th is age .  In  one s tudy (Ginther 
1 9 79 ) of mares conf ined to pens or small pastures and fed 
supplementary d iets , 69  percent of the yearl ing females conce ived bu t 
only 4 4  percent del ivered at age 2 .  

In all the publ ished mater ial we examined , we found only one 
i nstance of concept ion at 1 year of age and foal ing at 2 in wild 
horses . Th is was repor ted by Tyler ( 1 9 7 2 ) who , in a study of New 
Forest pon ies in Br i tain , observed one such case in 107 2-year -old 
mares over a 3-year per iod .  Elsewhere , no 2-year foal ing was observed 
in the following s tud ies : 

( i )  Boyd ( 19 8 0 ) in a 2-year s tudy of a 400-horse herd in 
Wyoming . 

( i i )  Keiper ( 1979 ) in a 5-year s tudy of Shetland pon ies on 
Assateague Island (Maryland-Virginia ) , the populat ion averag ing abou t 
3 0 0  animals . 

( i i i )  Welsh ( 19 7 5 )  in a 3-year study of 227  to 306  wild horses on 
Sable I sland , Nova Scotia . Younges t mare  seen copulating was 26 
months of age . 

( iv )  Feist and McCullough ( 197 5 )  in a 1-year s tudy of 270 horses 
on the Pryor Mounta in Wild Horse Range , Montana . 

( v )  Nelson ( 1979 ) in a 1-year study of 116 horses in the 
J icar illa Distr ict of the Car son Nat ional For es t , New Mex ico . 

JBi Age-speci f ic and herd fecund i ty .  I n one study of conf ined 
and well-fed domestics (Ginther 19 79 ) , the percentages of mares 
foal ing rose from around 6 5  percent in the younger an imals to values 
of 81 to 89 percent in ages approaching 12 , then decl ined to 50 at age 
2 0 . In  total , about 80 percent of a mixed-age herd became pregnant , 
while about 7 0  percent bore young . Since the ges tation per iod is 
approx imately a year , and mares experience post-par tum ovulation and 
conception , these percentages approximate the percentage of mares in a 
mixed-age herd that could be expected to produce young each year . 
Removal of the younger an imals , and keeping the herd stocked with the 
more fecund , 8 to 12-year -old an imals could increase the expected 
annual foal ing rate . 

An impor tant paper by Speelman and others ( 19 4 4 ) summar i zes 
reproductive rates of domestic mares raised under western range 
cond i tions near Miles C i ty ,  Montana . These authors repor ted the 
foal ing rates of 209 mares , each observed through several breed ing 
seasons , so that a total of 9 5 3  ind ividual breed ing cycles was 
observed over a 15-year per iod .  Range forage was the pr imary food 
source , and foals ran with mares until wean ing , when they were g iven 
grain and hay unt i l  1 year of age . From 1 year to matur ity ,  and 
thereafter , pastures provided most of the food . No supplemental food 
was g iven except dur ing per iods of except ionally severe weather or 
dur ing wor k per iods . 
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The 9 5 3  matings produced 5 6 7  pr egnanc ies ( 59 . 6 percen t )  and 5 6 8  
. foals (one set o f  twins was born ) . Age-spec i f ic fecund i ty o f  these 
an imals is shown in Table 2 . 3 .  Here , as in the study repor ted by 
G inther (1979 ) , fecund ity r ises as the mares age from 3 to 7 years , 
reaches a maximum in about the 8- to-ll-year class , then decl ines 
somewhat in the older ages . But the foal ing rates are generally lower 
in these range-reared animals . 

These authors c i ted comparable stat istics from other stud ies with 
percentages varying from 4 2 . 3  to 7 2 . 0  for herd means . In the ir  own 
s tud ies , annual mean percentages for the entire herd var ied from 4 3 . 5  
to 7 3 . 7 . 

Statist ics of comparable volume and detail are not ava ilable for 
wild horse herds , but 3-year-old , 4-year-old , and herd foaling rates 
have var iously been reported in the s tud ies c i ted above . The manner 
of reporting has not been un i form among the stud ies , mak ing comparison 
somewhat d i f f icult in places . But it seems wor thwh ile deta il ing these 
results , recalculating where poss ible some of the authors ' data in 
order to allow max imum compar ison : 

( i )  Tyler (197 2 )  deta iled the age compos i t ion of the mares on 
her study area in  each of the 3 years of her study (see her Table 1 ) . 
The number of mares 3 years and older totaled 19 8 ,  211 , and 219 in 
1966 , 1967 , and 19 68 , respectively . She also repor ted the number o f  
foals bo r n  i n  each o f  these years at 99 , 109 , and 84 . These values 
produce annual foal ing rates for 3-year -olds and older of so , 5 2 , and 
38 percent .  She states that •Most mares foaled for the first t ime 
when 3 or 4 year s  old , but some not unt i l  they were 5 years old . • Bu t 
s ince the foal ing per formance of these d i f ferent age classes was not 
g iven , no other rates can be calculated . I t  should be pointed out 
that the colt foals were removed each year from this populat ion , 
somewhat s imilar to the s i tuation on Ch incoteague Nat ional Wildl ife 
Refuge , as d iscussed below . 

( i i )  Boyd (1980 ) repor ted that 11 percent (N • 9 )  of the 
3-year -old mares under observation in 19 7 8  foaled , 33 percent (N • 12 ) 
i n  1979 . In these years the percentage of 3-year -old and older mares 
foal ing was 7 8  and 53 ; of the 4-year-olds and older , 86 and 55 . 

( i i i )  Keiper ( 1979 ) observed two populations on Assateague 
Island : ( 1 ) Those on the Assateague Island National Seashore (AINS , 
nor thern por tion of island ) which were unmanaged and allowed to pursue 
the ir  own demographic structure and per formance ; ( 2 )  those of the 
C h incoteague National Wildl i fe Refuge (CNWR , southern por tion of 
island ) which were  pr ivately owned , mixed around each year presumably 
for husbandry purposes , and from wh ich the foals were removed at the 
end of each summer for sale . 
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Table 2 . 3 .  Age-spec i f ic Percentages of Mares Bear ing Foals Each Year in 
Range-Reared Domest ic Horses ( data from Speelman and others 194 4 ) . 

No .  ' No . ' No .  
Age1 Mares Bear ing Age 1 Mares Bear ing Age 1 Mares 

3 4 25 . 0  9 78  6 5 . 4  1 5 24 
4 99  56 . 6  10 6 7  67 . 2  16 18 
5 1 25 5 7 . 6  11 56 6 9 . 6  1 7  12 
6 lO S 58 . 1  1 2  4 7  5 7 . 4  18  7 
7 9 6  60 . 4  1 3 40  50 . 0  19 2 
8 9 4  70 . 2  1 4  29 58 . 6  20 2 

? 4 8  

!Th is is  the age a t  foal ing . The foals were s i red 1 year earlier . 

Ke iper repor ted foal ing rates and numbers of  mares for the two 
populations in his Table 4 as follows : 

!!!!. AINS CNWR 
1 9 7 5  5 8 . 8 ( 1 7 ) 7 0 . 9 ( 38 )  
1976 64 . 3 (14 ) 8 1 . 0  ( 37 ) 
1 9 7 7  7 0 . 5 ( 1 7 ) 7 5 . 0 ( 3 7 ) 
197 8 7 0 . 0 ( 20 )  
1979  4 3 . 5 ( 2 3 )  7 0 . 8 ( 24 )  
Mean 61 . 4  7 4 . 4  

He attributed the d i f ferences between the two populations to the foal 
removal on CNWR , and resulting relaxat ion on the mares ' phys iolog ical 
r esources of not hav ing foals suckl ing through the subsequent 
pregnancy . One migh t also speculate tha t the annual foal remova l 
could have produced an older mare populat ion with h igher fecund ity . 
The CNWR age compos i tion was not given , and hence i t  is  imposs ible to 
calculate age-speci f ic fecund ity rates for the population . 

Such rates can be approx imated for AINS , although we have 
encounter ed some diff iculty in discern ing the consistency between 
Keiper ' s  Tables 1 and 4 .  He states in the footnote to Table 1 tha t 
all foals on AINS were from •matu r e •  ( 4  and older ) mares except for 
three born to 3-year-olds . The 5-year summary in th is table lists 8 5  
mature mares and 5 2  foals ,  for a foal ing rate o f  6 1 percent , the same 
mean as in Table 4 ( see above ) . But Table 4 shows a 5-year total of 
91 mares and 55 foals . S ince the 5-year total of • immature • mares was 
74 (h is Table 1 ) , and somewhere between a th ird and a hal f of these 
were probably 3-year-olds , the 9 1  in Table 4 cannot have been the 
combined 3-year-olds and older . 

S ince the 91 is close to the 85  •matures • in Table 1 ,  we assume 
the fecundi ty rates in Table 4 and above are those for 4-year -olds and 
older , and are so r ecorded in � Table 2 . 4 . I f  we assume 
conservat ively that a third ( 2 5 ) of the 5-year total of 7 4  • immatures • 

' 
Bear ing 

50 . 0  
61 . 1  
4 1 . 7  

0 
0 

so . o  
54 . 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W i l d  a n d  F r e e - R o a m i n g  H o r s e s  a n d  B u r r o s :  C u r r e n t  K n o w l e d g e  a n d  R e c o m m e n d e d  R e s e a r c h .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 2
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in his Table 1 wer e  3-year-olds and add these t o  the 8 5  •matures , • 
then the 52  foals const i tuted approximately a 4 7  percent 5-year
average foal ing rate for the 3-year-olds and older ( 5 2/110 X 110 ) . 
Th is would also imply a 3-year average 3-year -old foaling rate of 
somewhere around 12 percent ( 3/25 x 100 ) . 

( iv )  Welsh (1975 ) provided the most detailed analys is of the 
fecund ity of a wild horse herd , summar iz ing foal ing rates over a 
3-year per iod for 3-year -old mares , 4 ' s ,  and the 5 ' s and older which 
he called •adults . •  The results are as follows , the sample sizes 
g iven parenthetically a fter each rate : 

Age 
3 
4 
5 +  

197 0  
0 ( 6 ) 
0 (1 )  

6 3 ( 7 6 ) 

% Foal ing 
1971 
19 ( 16 )  

50 ( 6 ) 
84 ( 7 6 ) 

By Yea r 
19 7 2  
0 ( 6 )  

25 ( 8 ) 
52 (4 5 )  

� 
11 (28 ) 
3 3 ( 15 ) 

6 9 ( 19 7 ) 

In order to compare these with the results of other stud ies , wh ich 
have combined results in sl ightly d i f ferent ways , it is of interest to 
calculate the rates for 4-year-olds and older , and for 3-year-olds and 
older . We have done so as follows for the above columns & 

3+ 58 ( 8 3 ) 
4 + 6 2  ( 7 7 ) 

7 1 (98 ) 
8 2 ( 8 2 ) 

4 2 ( 5 9 ) 
4 7 (53 ) 

60 ( 240 ) 
6 6 (212 ) 

( v )  Feist and McCullough (1975 ) cons idered all mares 4 and 
older to be •adults , •  the 2- and 3-year -olds to be • immatures . •  In 
the year they observed the Pryor Mounta in herd , 78 adult mares bore 3 3  
foals , a foal ing rate of 4 2  percent . I n  add it ion , two foals were 
produced by 3-year-olds . Although the 3-year-olds were not 
enumerated , the immature age class numbered 27 and we can hypothes ize 
conservatively that about 10 of these were  3-year -olds . On this 
assumption , the 3-year -old foal ing rate was somewhere near 20 percent , 
and the rate for all mares 3 year s and older would be approximately 
3 5/88 x • 40 percent . 

( v i ) Nelson ( 19 79 ) observed 21 foals born to 38  •mature • (4 
yea r s  and older ) mares , a rate of 55 percent . Apparently no foals 
were born to younger mares . • Immature•  animals numbered 14 , and if as 
many as 5 of these were 3-year-olds , then the rate for all mares 3 
years and older would be on the order of 21/4 3 x 100 • 49  percent . 

(vi i )  Hall (n . d . ) presented sex and age compos ition on the Pryor 
Mountain herd in 19 71 , and repor ted that 18 foals were seen in the 
area . Mares made up 40 percent of the herd of 80 . Of the 80 , 9 wer e  
10 years o r  older , 4 2  were  4 to 9 . Since 3-year-olds made up 9 
percent of the herd , they numbered 80 x . 09 • 7 .  I f  we apply the 4 0  
percent female percentage , then the number of mares i n  each o f  these 
age classes approximated 4 ,  17 , and 3 , and totaled 24 . The foal ing 
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r ate for 3-year-olds and older therefore was o n  the order of 18/24 x 
100 • 7 5  percent . There is no way to subd ivide the rates any fur ther . 

All of these s tatistics are  summar i zed in Table 2 . 4 ,  and several 
g eneral izations seem j us t i f ied . Firs t ,  fecund ity rates in wild horses 
appea r to increase w i th age , at least in the f i r s t  hal f to two-th i rds 
of  l i fe ,  as we have seen is  the case in confined and range-reared 
domest ics . In the s tud ies summar i zed in Table 2 . 4 , the percentage of 
3 -year-olds foal ing has var ied between years and areas from 0 to 3 3 
percent , and has averaged 13 percent . Mos t of the stud ies have not 
r epor ted the rates for 4-year -olds , and the three values c ited in 
Table 2 . 4  may or may not be typical . Judg ing by the abundant 
r epresentat ion of rates for 4-year-olds and older , and for 5-year -olds 
and older , the rates in thi s  latter class commonly r ise above 60 
percen t ,  in ind iv idual years exceed ing 80 . 

Because of these age-spec i f ic d i fferences in fecund ity ,  the rate 
one uses to express the per formance of a g iven herd depends on the age 
classes included . The rate for the 5-year -olds and older an imals can 
be expected to be h igher than that for the 4-year-olds and older ( the 
•adults • or •matu r e •  an imals of several author s ) , and in turn the rate 
for the 3-year-olds and older will be lower than that for the 
•matures . •  Th i s  is evident in Table 2 . 4 . Fur thermore , the rate for a 
herd will depend on its age compos i t ion :  a herd with a large number 
of 3- and 4-year-olds is l ikely to have a lower rate than one with 
fewer of these ages and a g reater number of older an imals , other 
things being equal . Compar ison between herds and years  can only be 
precise when these var iables are standardi zed . 

With in these constr a ints , herd fecund ity rates for the areas and 
years covered by the stud ies in Table 2 . 4  vary between 38 and 78  
percent for the 3-year-olds and older an imals , and aver age 54 . The 
r ates for the 4-year-old and older segments of the population vary 
between 42 and 86 , and average 61 . 

Why fecund i ty in wild horses should be lower than that of conf ined 
domest ics , and should vary markedly between years in some herds (cf . 
Welsh 19 75 , Boyd 1980 ) , has been the subj ect of cons iderable 
speculation in the l i terature . 

Several authors surmise that the ma in source of var iat ion is  not 
fer t i l i ty ,  but the abi l ity of the mare to carry a viable fetus to 
par tur ition .  Th is abil i ty ,  in the speculat i�n of some , var ies with 
weather cond i tions , food suppl ies , and perhaps the age of the mare . 
One gets the impress ion from read ing the l i terature that reproduction 
is a heavy drain on the mare ' s  phys iolog ical resources , and that added 
s tress can result in abor t ion . 

Thus Boyd (1980 ) , c i t ing publ ished abor t ion rates of 10 percent in 
domestic horses , suspected the d i fference in foal ing rates between he r 
2 years of study to have been due to var iat ions in abor tions and 
stillb i r ths result ing from the mild winter preceding the first study 
year , and a severe winter pr ior to the second . Keiper ' s  ( 1979 ) 
suggestion that the h igher foal ing rate on CNWR was due to the remova l 
of foals and release of mares from lactation , and consequent lower 
abor tion rate was mentioned ear l ier . To Tyler (197 2 ) , abor tions 
seemed •common •  among New Forest pon ies dur ing late autumn , winter , 
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� 2 . 4  Age-Specific and Herd Percentag .. of Mares Bearing �la i n  Sevan Wild Horae Studies . 
(See text for discussion of each and derivation of statistics . )  

Locat ion 

and Year 

\ ( and No . )  of Mare s Foa l ing by Age Cla s s  
Source 3 YO 3 YO + � YO �YO+ 5 Y0 ? 

Fe i s t  & McCul lough ( 1 9 7 5 ) 

Hall ( n . d . ) 

Boyd ( 1 9 8 0 ) 

Wel sh ( 1 9 7 5 ) 

Ke iper ( 1 9 7 9 )  

Ne lson ( 1 9 7 9 ) 

Tyler ( 1 9 7 2 ) 

Unwe ighted Means 

Mon t ana , 1 9 7 0  

Mon tana , 1 9 7 1  

Wyoming 
1 9 7 8  
1 9 7 9  

Nova Scotia 
1 9 7 0 
1 9 7 1  
1 9 7 2  

Maryland 
1 9 7 5  
1 9 7 6  
1 9 7 7  
1 9 7 8  
1 9 7 9  

5 - y ear me an 

New Mex i co , 1 9 7 7  

Br i ta i n  
1 9 6 6  
1 9 6 7  
1 9 6 8  

2 0 ( 1 0 ) 1 3 8 ( 8 8 ) 1 . 

7 5 ( 2 � ) 1 

1 1 ( 9 )  7 8 2 

3 3 ( 1 2 )  5 3 2 

0 ( 6 )  
1 9 ( 1 6 ) 
1 1 ( 6 )  

5 8 ( 8 3 ) 
7 1  ( 9 8 ) 
� 2 ( 5 9 )  

1 2 � 2 5 > 1 � 7�lio > 1 

0 ( 5 ) 1 � 9 ( � 3 ) 1 

1 3  

5 0 ( 1 7 1 )  
5 2 ( 1 6 7 ) 
3 8 ( 1 8 6 )  

5 4  

0 ( 1 )  
5 0 ( 6 )  
2 5 ( 8 )  

2 5  

� 2 ( 7 9 )  

8 6 2 

5 5 2 

6 2 ( 7 7 )  
8 2 ( 8 2 )  
� 7 ( 5 3 )  

5 9 ( 1 7 ) 
6 � ( 1 � )  
7 1 ( 1 7 )  
7 0 ( 2 0 )  
� � ( 2 3 )  

5 5 ( 3 8 )  

6 1  

1
The se va lue s  were c a l c ul ate d on the ba s i s  of certain a s sumption s . See text for 
derivat ion . 

2No sampl e  s i z e s  g iven . The ent ire herd n umbere d 3 7 3  and 3 9 8  in the 2 �ears . 

6 3 ( 7 6 )  
8 �  ( 7 6 )  
51.( � 5 )  

6 6  

w 1.0 
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and early spr ing and could have been the major factor contr ibuting to 
the low foal ing rate . She actually saw n ine abor ted foals . 

Welsh (197 5 ) surmised that the di fferences in foal ing rates 
between his  3 years of study (Table 2 . 4 )  were due to d i fferences in 
abort ion , these in turn resulting from poor nutr ition and d i f ferences 
in  sever i ty of the three winters . The first  was severe at the 
beg inn ing but then eased , the second was mi ld throughout , and the 
th i rd was long and severe throughout . Nelson ( 1979 ) observed 
d i f ferences in foaling between females that d id and d id not have 
access to revegetation areas . Females with access to these foaled a 
month earl ier . They compr ised 64  percent of the mature female 
population but contr ibuted 7 3  percent of the foals . 

Indications of a tenuous balance between the mare and he r 
r esources and the foal and i ts viab i l i ty are suggested from several 
observations by these authors .  In Welsh ' s  study , the postnatal 
mor tal i ty of foals born to 3- and 4-year-old mares was h igher than 
that for foals born to older females . In the first  and third years o f  
h is s tudy , abor tion rates were h igher and foal mor tal i ty lower , 
suggesting that the weak foals were lost before bir th . In the second 
year , the abortion rate was lower , fecundity h igher , but postnatal 
foal loss was the h ighest of the 3 years . In the middle year , half of  
the  mares that foaled died ,  but  only 18 percent of  those that did not 
foal d i ed .  

While not endor s ing the idea for her s tudy , Boyd ( 1980 ) c ites 
several authors ( Kl ingel 1969c , Tyler 197 2 , Moehlman 1974 , Nelson 
1979 ) who have suggested that wild equid mares may commonly foal in 
alternate years . The phenomenon might reflect their inability to 
r ecover reserves suf f iciently to bear a foal each year . She noted 
that older mares that foaled in May 19 78  d id not foal again until late 
1979 . One veter inar ian has told us that if range-reared domest ic 
mares are bred at 2 years of age and foal at 3 ,  they are not l ikely to 
foal again at 4 .  I t  is not known whether these tendencies expla in the 
fact that none of the herds summar i zed in Table 2 . 4  continued to foal 
dur ing each year of observation at  rates markedly above or below the 
means for the age classes . 

Techn iques are available for assess ing pregnancy status of freshly 
captured wild mares and hence to allow estimates of probable natal i ty 
rates . Appropr iate data could be collected , in par t ,  in connection 
with the adopt-a-horse program and with the proj ected burro removal 
operat ions . A s ingle trained person with the capture teams could 
accomplish requis ite sample collection and examination of the 
females .  This could also be made a par t  of a capture program for 
mar k ing purposes . I t  would . be an essential part of f ield-testing 
contraceptives , s ince implanted pregnant an imals would continue a 
normal pregnancy , delivery , and lactation but not return to heat . The 
effects of the contraceptive would not be evident until  the following 
year in such animals . 

J£l Foal ing season . In captivi ty ,  some female domestic horses 
ovulate year-round with a cycle length of 21  to 22 days , but most tend 
to be seasonal depending on lat i tude . In the wild , this seasonal i ty 
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becomes strongly pronounced (Table 2 . 5 ) , with May the ma jor foaling 
month and over three-four ths of the foals commonly born in the 3-month 
per iod Apr il  to June . Even in the exceptional case of Sable Island , 
where young were born in all months of the year but January (Table 
2 . 5 ) , 77 percent were born dur ing these 3 months . 

In add i tion to the studies summar ized in Table 2 . 5 ,  Hall (n . d . ) 
reported that the •major i ty •  of mares had foaled in the Pryor Mountai n  
herd (Montana ) by mid-July . And Feist and McCullough ( 1975 ) found all 
of the foals born between 15 Apr i l  and 30 June dur ing their year of 
s tudy on Pryor Mountain . 

l£l Age Compos i t ion . In large areas where emigration and 
immigration are not important var iables , the age compos i tion of an 
animal population--numbers and percentages of animals in each age 
class--is produced by the interaction of its reproductive and 
mor tality rates . Hence , in a general way i t  is indicative of the 
demographic character istics of a population . More precisely , the age 
composi tion can be used to measure mortal i ty or survival rates , 
provided that cer tain conditions hold with in the population . These 
aspects will be explored shor tly in the section on mortality .  

At this point i n  our discuss ion , the subject of age compos ition i s  
r elevant to the question o f  herd fecundity .  FOr as we have seen , 
fecundi ty appears to vary with the mare ' s  age , and hence a herd ' s 
r eproduct ive output and growth rate will depend on its age 
compos ition , or at least that of i ts mares . 

For these reasons , we devote a substantial amount 
analys is of available information on age compos ition . 
covers the topic with respect to horses . Burros will 
later section . 

of space to an 
This section 

be treated in a 

The BLM routinely determines the ages of horses brought in from 
herd roundups . Over the past few years , thousands of an imals have 
been aged by the familiar tooth-aging method , and recorda are kept in 
BLM files on all of these animals . With BLM cooperation , we have 
obtained a large por t ion of this information and have summar ized it in 
Table 2 . 6 .  These include animals gathered dur ing 22  different per iods 
and/or areas in four s tates . They total 4 , 825 females and 3 , 939  
males , a sample equ ivalent to 15  percent of the 60 , 000 wild horses 
repor ted to occur in the western s tates . 

In a normal age d istr ibution , the numbers of animals in each age 
class should exceed the numbers in the next older class . The 
predominance of the 2-year-old class in these data (Table 2 . 7 )  
ind icates e ither that the foals and yearlings are not sampled in 
propor t ion to thei r  abundance , or that the ag ing techniques are 
unrel iable . Since there should be no problem with ag ing the foals , we 
are incl ined toward the former explanat ion .  

WOlfe ( 1980 ) used s imilar BLM roundup data to calculate survival 
rates from age structure . He , too, found the 0- and 1-year-old 
classes less numerous than the 2-year-olds . 

A deficiency of foals and yearl ings could occur in a localized 
population following 2 years of reproductive failure and/or low foal 
survival due to exceptional weather . But the fact that the data in 
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TABLE 2 . 5 Monthly Dis tribution of Foals Born i n  Five Studies 
of Wi ld Horse Herds 

Percent o f  Foal s Born by Locat ion an d Source 

Mon t h  

January 

Fe br uary 

March 

Ap r il 

May 

J u n e  

J u l y  

A u g u s t  

S e p t embe r 

O c to b e r  

November 

De cembe r 

No . i n 
Samp l e  

Wyoming Md . - Va . 
( Boyd

1 
( Ke i per 

1 9 8 0 ) 1 9 7 9 ) 2 

0 

0 

0 

9 

4 7 

3 3  

7 

4 

1 

0 

0 

0 

1 0 7  

0 

0 

0 

1 7  

4 7 

1 9  

1 1  

4 

3 

0 

0 

0 

1 4 2 

NewMe x i c o  
( Ne l so n  
1 9 7 9 )  

0 

0 

0 

3 3  

3 8  

1 4 

1 0  

5 

0 

0 

0 

0 

2 1  

Nova S c o t i a 
( We l s� 
1 9 7 5 ) 

0 

1 

1 

2 0 

3 5  

2 2  

1 0  

6 

1 

2 

1 

1 

1 4 3 

Br i ta i n 
( Ty l e� 
1 9 7 2 ) 

0 

0 

2 

T 
9 6  

1 
. 2  

1 

0 

0 

0 

0 

2 9 4.  

1
1 9 7 9  o n l y . 1 9 7 8  not u s e d  be c au s e o b s ervat i on s e a son d e l a ye d . 

2 
5 -year average . 

3
3 - y ear a ve rage . 

4
Ave ra g e  for thre e s tu d ie d  bre e d in g  s e a s on s . W in t e r  b ir t h s  
h a v e  be e n  ob s e rv e d  i n N e w  Fore s t  p on i e s . 
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Tables 2 . 6  and 2 . 7  were taken over a 3 -year per iod and a wide 
geographic range , the fact that 2-year-old predominance recurs in 
about two-thirds of the individual population samples , and Wolfe ' s  
s imilar result for other areas and years strongly indicates that it  i s 
a sampl ing artifact . 

Beyond this , there is a strong predominance of an imals in the 
younger age classes (Table 2 . 7 )  and a gradual decline in number s in 
each success ively older class . The sequence is not per fectly smooth , 
as there are sl ight  divergences from the expected geometr ic r ate of 
decl ine . But these could be due in par t to sampling er ror and/or 
imper fections in the ag ing techniques . Overall , a gradual shr inkag e 
occurs to the point where the number of animals in each age class 1 3  
years of age and older constitute less than 1 percent o f  the total . 

While the trends are more var iable in the individual samples of 
Table 2 . 6 ,  doubtless in par t  because the samples are smaller and more 
subj ect to sampling er ror , the general pattern shown in Table 2 . 7  
tends to preva il  in each of these smal ler data sets . One can 
therefore infer that the pattern in Table 2 . 7  occurs widely over 
western hor se herds . 

Age compos ition from the avai lable wild horse studies in the 
l i terature is based both on smaller samples and a failure to divide 
the data by each age class , as in Tables 2 . 6 and 2 . 7 .  But despite 
these def iciencies , they are of comparative interest and are 
summar i zed in Table 2 . 8 . 

Several general izations may be drawn from this  table , the first  
about the percentage of foals in the herds . Wher e  the number of foal s  
born i s  calculated a s  a percentage o f  a herd , it constitutes one 
measure of the reproductive output of that herd in that year .  The 
values in Table 2 . 8  range from 13  to 23  percent , and average 17 . 1 .  

Secondly , this percentage can be used to calculate the percentage 
by which a g iven herd in a g iven year increases through reproduction 
from its numbers just before the foal ing per iod to that immediately 
a f terwards . The calculation is made by : 

% Foals x 100 • t Increase 
100 - % Foals 

The calculated increase rate is a real property of a herd only i f  
there is no mor tal i ty o f  adults dur ing the foal ing season , and i f all 
foals survive . I f  there is mortal ity , then the percentage is  only the 
potential by which the herd could have increased , and it overest imates 
the actual increase . 

Furthermore , the percentages are potential annual r ates of 
increase from herd s ize j ust before foal ing to herd s ize at that point 
in the following year , aga in on the cond ition that no mortal ity occurs 
dur ing the year . They therefore set upper l imits on potent ial 
increase rates in the herds and years for which they are calculated . 
Bear ing these cond itions in mind , we can use the above equation to 
calculate potential increase rates for the herds in Table 2 . 8 ,  
recogn iz ing that they overestimate the actual increase rates i f  there 
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State Dt•trt� 

MLES 
IIY Jloc:ll Spri "911 
CA Susanvi l le 
OR Burna 
OR Burns 
OR BUl'NI 
OR Burns 
OR Bul'NI 
OR LAkev,l
OR Vale 
OR Va le 
NV 
NV Ely 
1111 

NV 
1111 
1111 
NV 

AZ Phoenix 
CA Susanvi lle 

Area 

s .  StHns 
S. StHns 
S. StHns 
Pel.aino Butte 
Stinking Ve ter 

Buffalo HUb 
Monte Cri • to  

Gi lbert Creek 
Manhattan 

Pal.aino Val ley 
P i ne  Nut 
Battle Mt . 
Go•ttute Ante . 

Valley 
Burros 
Burro• 

nMALBS 
IIY lloc:lt Spci ll91l 
CA Susanvi lle 
OR Burna 
OR Burna 
OR Bum• 

OR Burna 
OR Burn• 

OR Lakevi
OR Vale 
OR Vale 
1111 
IIII o' Ely 
1111 

NV 
NV 
1111 
1111 

AZ Phoenix 
CA Susanv i l le 

S .  StHns 
s .  Steens 

s .  Steena 
Palaaino Butte 
Stinking Water 

Buf felo Hi lls 
Monte Cri•to 

Gilbert Creek 
Manhattan 

Palf'Mno Val ley 
Pine Nut 

Battle Mt . 
Goe ttute Ante . 

Velley 
Burros 
Burros 

TABLE 2 . 6  Age CollpOtl i tion of Hones Rounded Up Durinq BLM Herd Reductiona 

Dete 

1977 77-79 1977 
l97B 
l97B 1977 
1 9 78 
l97B 
197B 
1 9 79 1979 
1979 

1979 1977 78-79 78-79 
7B- 79 19 79 1979 

1977 1978 1978 

1978 1979 1979 
1979 
1979 1977 7B-7'i 78-79 
78-79 

0 2 

2 1  1 1  l7 
143 1 16 165 76 lB 39 

1 8  2 9  2 3  
4 8 1 7  
2 0 1 

20 1 2 5  
5 2 1  3 7  4 1  16 5 1  

l l  4 1  37 
5 2 1 1  1 5 14 

24 
174 

3 
5 

3 
50 

6 

2 5  74 70 
2 8  0 

5 
19 
1 4  
4 7  
3 9  
l l  

2 

24 
146 

3 
5 

2 
5 1  9 

3 
79 
1 2  
2 4  

0 
34 

3 

8 
1 2 5  

1 5  
2 4  

3 
1 
8 10 

1 3  
30 

1 

6 

6 
102 

4 
25 

0 
38 

3 

l l  
162 

19 
45 

5 
5 3  

5 

35 
174 

47 26 
18 

5 
2 7  
1 6  
4 4  
4 7  

7 

1 3  

4 5 
2 4 3  8 78 

6 
B l  

5 

3 

l l  
80 
39 
18 

4 
3 7 

1 7  
20 
1B 

J 
1 

2 3  
129 

9 
15 

1 
2B 

5 

9 14 1 
57 
30 7 

2 
7 

1 2  
39 
l 2  
1 4  

l l  

4 4  
1 5 7  9 

26 

3 
44 

5 

4 

1 2  
56 
l l  
1 1  0 

3 
5 
2 

19 
2 2  

1 
2 

6 
88 

4 
16 

1 
2 l  

8 

1 8  106 
40 
18 

6 
4 

10 
9 

2 7  
28 

2 

2 

1 1  
98 

5 
10 

1 
l4 

l 

Aqe Structure (Raw) 
5 6 7 8 9 10 1 1  1 2  1 3  14 15 16 1 7  lB 19 20 

12 37 1 1  
20 32 6 1  
29 l 7  26 
19 16 25 

4 l 7 
4 2 1 
4 4 2 
4 7 8 
8 10 8 

10 5 2 1  
0 1 10 
1 1 1 

1 2  6 
lO 47 0 l 

3 l 

0 2 
16 1 1  

2 2 

2 
4 7  
4 1  
2 7  

4 
4 
l 
B 
7 
9 0 
1 
2 

85 
l 
6 

10 
9 3  
44 
2 2  

5 
5 
4 
6 

1 7  
15 7 

2 

27 
74 9 17  

1 5  
5 2  

5 7 
1 

l l  
2 

1B 
94 
19 
24 

1 
1 
6 
6 

19 
24 1 

8 

29 
80 

5 19 

l 4 1 
l5 lO 20 
35 0 10 

8 4 8 0 1 0 
1 0 0 
1 1 0 
3 5 7 
3 1 2 

10 8 6 
12 4 3 

5 0 2 

1 1  B 
50 42 

6 2 
5 10 

2 
4 2 0 1 

1 
4 5  
l 7  
1 1  

2 6 
1 
2 
2 
4 

1 0  
9 

7 
75 

4 
20 

9 
34 1 

1 0 
0 
l 
3 
1 8 0 3 
B 

29 
1 
5 

7 
24 

4 
2 

0 
4 
0 

2 
20 
34 
14 1 

2 3 
0 
2 7 
0 

2 

5 
14 

4 
5 

1 1 3 3 4 0 
38 3 3  27 15 

4 2 3 1 7 14 
0 0 

2 2 
B 26 0 3 7 8 
1 2 0 0 
5 0 
3 0 7 3 7 2 0 4 
2 0 
0 

2 1  0 
2 

0 
2 0 

0 
1 1  0 

3 
2 
0 
6 
4 
6 

22 0 
0 

0 
15 

0 
2 

2 
9 0 
2 

0 
9 0 

3 
18  
1 2  8 0 1 

0 1 
0 9 
0 

0 

1 
10 1 

2 

0 0 
4 10 1 0 

0 0 0 
2 JB 18 0 0 0 0 0 9 
1 0 0 0 0 0 0 0 0 
1 0 0 
1 0 1 
1 0 6 0 0 0 0 0 0 
0 1 0 
0 

0 
1 
0 

2 
2 0 
1 0 0 0 0 
0 
4 0 
0 

0 0 
1 0 
0 
3 
0 

0 
1 0 0 
0 1 1 

0 
19 1 0 

0 0 
0 
0 0 
0 0 
0 

0 0 0 0 
0 
1 1 

0 0 0 
0 

0 
4 0 

0 7 1 
2 
0 1 
3 
6 
6 7 
0 

0 

1 
0 
0 
0 

0 
4 
0 

0 
1 0 0 0 
0 0 0 0 0 0 0 
0 0 
1 0 
0 0 
0 

0 
1 0 0 0 
0 
0 
1 0 0 0 
0 

0 
0 0 0 
0 1 
0 

0 
1 0 0 0 0 
0 
0 
0 0 0 0 
0 0 0 0 
0 
0 0 

1 0 0 0 
0 
0 0 0 0 0 0 0 
0 0 0 
0 

0 0 0 

0 
5 0 0 
0 0 0 
0 
0 0 0 0 
0 
0 0 0 
0 
1 
0 

1 
4 0 
0 
0 0 0 
1 0 
0 
0 

0 

0 
0 
0 
0 

0 0 
0 

0 0 0 11  0 1 0 1 
0 0 
0 0 0 0 
0 0 
0 9 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 
0 0 

0 0 0 0 
0 
1 

1 

0 
0 0 0 0 0 
1 
1 
3 
1 0 
0 
0 0 
0 
0 

0 
4 
2 

,c. 
,c. 
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TABLE 2 .  7 Summary of Wi ld Horse Age Composition Shown in Table 2 . 6  

Males Females Males Females 

Aqe No .  ' No . ' Aqe No .  ' No .  ' 

ol 6 32 16 . 0  575 11 . 9  11 67 1 . 7  76 1 . 6  

1 4 2 3  10 . 7  4 22 8 . 8  12 72 1 . 8  76 1 . 6  

2 777 19 . 7  925 19 . 2  13 8 0 . 2  13 0 . 3  

3 4 3 3  11 . 0  649 1 3 . 5  14 4 1  1 . 0  2 2  0 . 5  

4 3 10 7 . 9  4 34 9 . 0  15 38 1 . 0  38 0 . 8  

5 1 78 4 . 5  292 . 6 . 1  16 2 0 . 1  3 0 . 1  
� c.n 

6 229 5 . 8  393 8 . 2  1 7  1 o . o  1 o . o 

7 2 76 7 . 0  387 8 . 0  18 6 0 . 2  6 0 . 1  

8 195 5 . 0  255 5 . 3  19 0 o . o 0 o . o 

9 125 3 . 2  117 2 . 4  20 26 0 . 7  1 2  0 . 3  

10 100 2 . 5  129 2 . 7  

lAqe 0 are foals . 
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TABLB 2 .  8 Age OOII!pOai tion of Wild Horae Herda 

So urce 

Fe i s t  & M c Cu l lough , 1 9 7 5  

Hal l , n . d . 

Boyd , 1979 

Wel sh , 1 9 7 5  

Ke iper , 1 9 7 9  

Ne l s on , 1 9 7 9  

Tyler , 1 9 7 2  

Wolfe , 1 9 8 0  . 
BLN 

Loca t ion 

and Ye a r  

Montana , 
1 9 7 0 

Montana , 
1 9 7 1  

Wyomi ng , 
1 9 7 8  
1 9 7 9  

No va S cot i a ,
3 1 9 7 0 - 7 2  

Marylan d ,  
1 9 7 5 - 7 9  

New Mex i co , 
1 9 7 7  

Br ita in , 
4 

1 9 6 6
4 

1 9 6 7
4 

1 9 6 8  
We s tern u . s . S 

We s tern U . s . 6 

Percent in Each Age C l a s s  

r . A . B . l r . s . / r . 2 Yrlg . 2 s  3 s  

2 3  
1 8  

1 6  

1 7  

1 8  

1 5  
1 7  
1 3  

1 3  

1 9  

1 6  
1 5  

1 8  
1 4  

1 1  t- 1 8 -I 

t---- 1 8  --i 

1 2  

1 6  

1 4 

1 1  
9 

1 0  

1 0  

9 8 

t- 3 1 --l 
t- 2 0 --l 
1 5  8 
1 0  1 3  

7 1 1  

1 9  1 2  

4 +  

5 8 

6 5  

3 7  

4 7  

5 1  
5 1  
6 0  

4 5  

Means 1 7 . 1  1 5 . 8 1 1 . 6  1 2 . 0  1 0 . 4  5 1 . 8  

._ 3 3 . 0 � 

1
N umber o f  fo a l s born a s  pe rce n tag e o f  tota l herd . 

2
N umber of fo a l s  in l a te s ummer or fa l l  pop u l a t io n  a s  p e r c e n t age o f  tota l herd . 

3 
Thre e - ye a r  avera ges calcul ated from We l sh ' s  Ta b l e s  5 4  and 5 5 . 

4
The numbe r  o f  · fo a l s born e a c h  y e a r wa s h a l ve d  to e s t ima t e  the number o f  fema l e s  born . 
were a d d e d  to the fema l e  age compo s i t io n s  in Tyl er ' s  Tab l e  1 to c a l c u l ate the above 
percen tage s .  

5
unwe i ghte d  mean o f  p e rce ntage s o f  1 9 ,  annual aer i a l  c o un t s  in s i x  s ta te s . 

6rrom Table 2 . i in thia report .  

To t a l  

Samp le 

2 7 0  

8 0  

3 7 3  
3 9 8  

1 2 , 6 7 8  

3 1 5  

1 1 6  

3 3 8  
3 2 9  
3 1 2  

8 , 7 6 4  

The s e  

,c:. 0\ 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


4 7  

is any mortal ity . Por the extremes (1 3 and 23 ) , the potential 
increase rates are 15 and 30  percent . The average is 21 . 

A second point to be gleaned from Table 2 . 8  is that the 
percentages of late summer or fall herds which the foals constitute 
are lower , on the average (15 . 8  with a range of 13 to 19 ) , than the 
percentages which the newly born foals compr ise of the herds . This is 
doubtless due to mor tality between bir th and fall . Several authors 
( Tyler 197 2 , Welsh 1975 , Keiper 1979 ) stress that most foal mortal i ty 

occurs in the f irst month , indeed sometimes the first few days , of 
l ife . Thus ,  the fall foal percentage is only a rough indicator of 
herd natal ity . In some areas when foal mor tal ity is especially high , 
the percentage may be more a reflection of foal mor tal ity than of foal 
birth .  I n  add ition , any loss of older horses between the foal ing 
season and fall is an add i tional var iable affecting this statistic , 
tending to inflate it . 

A third inference to draw from Table 2 . 8  is that the nonfoaling 
females of the herds ( foals , yearl ings , and 2-year-olds ) average 
somewhere near 40 percent of the females , the exact f igure depending 
on whether one uses the at-birth foal percentage or the late-summer/ 
fall percentage . If the low-foal ing 3-year-old females (Table 2 . 4 )  
are added to this group , the new total makes up roughly half of the 
females and one-four th of the herds . On average , therefore , the fully 
breeding 4-year-olds and older females ( the •matures • of several 
authors ) compr ise only about one-four th of most wild-horse herds . 

J!L Survival . I t  is useful to consider two categor ies of 
survival data : those cover ing the f irst year and those cover ing all 
subsequent years . 

J!l First-year survival . Appeal ,  once again , to data on domest ic 
horses may suggest the maximum survival rates that could be expected 
of wild herds , with the actual values poss ibly lower . In the confined 
domestic herds cited above , where about 70 percent of bred mares bear 
young , foal mor tal ity reduces the ratio to about 55  foals per 100 
mares by the end of the foal ' s  f irst year . This is a loss of about 2 1 
percent , and a f irst-year survival rate of 79 percent . Speelman et 
al . (194 4 ) report foal survival from birth to weaning in range-fed 
domestic herds at 87  percent . 

I n formation on survival rates in wild herds comes from two 
sources , the f i rst of which is direct observation of known ind ividuals 
and/or herd segments in the intens ively stud ied populations cited 
above : 

( i )  Wh i le not repor ting total foal losses , Tyler (197 2 )  
concluded that most loss occurred i n  the f irst  day o f  l ife . 

( i i )  Boyd (1979 ) repor ted the first-year survival rate of foals 
in 1978 to be 8 2 . 4  percent . Field wor k on the 1979 foal crop was not 
completed when she published , but survival to 2 months of age was 97 . 7  
percent in that year . 
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( i i i )  Ke iper (1979 ) also d id not repor t total foal loss , but 
r epor ted that 6 of 7 known foal deaths occurred in the f irst 3 weeks 
of l i fe . 

( iv )  Welsh (197 5 )  prov ides some of the most complete 
observations on foal loss , as follows : 

Foals 1970 1971 1972 
No .  born 48  70  2 5  
' dying , 0-4 months 1 3  3 3  2 4  
' dying , 4-16 months 10  5 1  1 1  
' dying , 0-16 months 21 6 7  3 2  

Means 

25 
24  
40  

Except for what may be  unusual 4 to  16-month losses in  197 1 , the 
loss rate in the early par t of l i fe is heavier than that after 4 
months , although the latter is not insubs tantial . 

( v )  Nelson (1979 ) observed no foal mor tal i ty between birth and 
September 1 among the 21 foals he observed in the J icar illa herd in 
1979 . 

(vi ) Fe ist and MCCullough ( 197 5 )  recorded four foal deaths 
between birth and November 1 among the 35 foals he observed in the 
Pryor Mounta in herd , a loss of 11 percent . 

(vi i )  Hall (n . d . ) had observed 18  foals on the Pryors in summer 
1 9 7 1 . But at a November roundup of the entire herd , foals numbered 
1 5 , a number suggesting a loss of 3 (17  percen t )  dur ing the per iod 
from July to November . 

· 

A second means of calculating survival rates is with 
age-compos ition measurements . In wild populations , the difference 
between number of foals at bir th and the number of yearl ings at the 
same date can be used to estimate f ir st-year survival rate provided 
the population is a long unchang ing one that has assumed a stationary 
age distr ibution from constant natality and mor tal ity rates over a 
preceding per iod of several years . Few populations meet these 
cr i ter ia , and the ones from which we have cited age compos i tion data 
do not . Thus Nelson ' s  (1979 ) Jicar illa herd contained 21 foals and 16  
yearl ings , suggesting a 7 6  percent first-year survival rate (16/21 x 
100  • 76 ) . But his  herd was increas ing , a fact that would make this 
estimate conservative , and the number s  are small . The Pryor Mountain 
herd (Feist and MCCullough 197 5 )  conta ined 3 5  foals and 30 yearl ings , 
implying an 8 6  percent f irst-year surv ival rate . The above 
r eservations also apply here . 

Ke iper ( 1979 ) l ists a 5-year total of 52 foals and 49 year l ings in 
the AINS population , implying a 9 4  percent first-year survival rate . 
Yet he observed 7 foal deaths , which would be 13 percent of the 
compos ite 5-year foal population , and he did not assume that he had 
seen all of the animals that d ied . ( Note : annual survival rate 
s • 1 - a ,  the annual mortal ity rate . Both s and a are expressed as  
dec imal fractions . Both can be multipl ied by 100 to conver t  into 
percentages . )  
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Because of the apparent bias against foals and yearlings i n  the 
BLM roundup data (Tables 2 . 6  and 2 . 7 ) , they cannot be used for 
calculating f irst-year survival . However ,  Wolfe (1980 ) used similar 
BLM roundup data to calculate survival rates from age structure . He , 
too , found the 0- and 1-year-old classes less numerous than the . 
2-year-olds , and for this reason we are reluctant to accept h is low 
first-year survival estimates (see his  Table 4 with a range of 28 to 
7 0  percent , and a mean of 46 ) . 

But in his  Table 2 ,  Wolfe l isted foal percentages based on 
herd-structure observat ions made in the f ield without round ing up the 
animals . The observations were made on 16 d i fferent populations in 6 
states , some counted over a 3-year per iod and in many cases more than 
once a year . I t  would seem reasonable to assume that changes in those 
percentages between late summer a fter foal ing , and the following late 
w inter and spr ing , result at  least in par t  from foal mor tality . In  1 5 
August counts ,  the mean foal percentage was 18 . 3  percent . In 17 
January to March counts , the percentage declined to 13 . 3 ,  and a 
reduction of 27 percent below the August mean . To what extent thi s  
could leg it imately be taken a s  a 7 3  percent August-to-March survival 
rate is not known . 

I t  is d i f f icult to gain any balanced and prec ise overview of the 
magn itude of f irst-year survival from these disparate results . They 
are der ived in many cases from small samples , span per iods of time 
that vary from 2 months (Boyd in 1979 ) to 16 months (Welsh 197 5 ) , and 
in some cases involve assumpt ions that cannot be met or are of 
uncer tain val idity . Given these uncer tainties , the 7 9  to 87  percen t 
f irs t-year surv ival rates in conf ined and range-reared domest ics , 
Boyd ' s  82 . 4  percent f irst-year rate , Welsh ' s  7 9  to 3 3  percent 16-month 
rates , and the 7 3  percent rate calculated above from Wolfe ' s  data 
suggest that 20 to 25 percent f irst-year mor tal ity and 7 5  to 80  
percent surv ival rates might not be uncommon .  

I t  seems poss ible that this is a var iable parameter , sens itive to 
a var iety of var iables includ ing weather and range cond it ions , and 
respond ing to climatic and vegetative d i fferences between areas . 

Tyler ( 197 2 ) , emphas i z ing the impor tance of loss in the f irst day 
of l i fe , observed congenital weaknesses and rej ection by the mare as 
the main natural causes of early loss . Shooting and accidents were 
the more impor tant human-related causes . She observed 6 foals older 
than one day that she believed were k illed by stall ions . 

Boyd (1980 ) repor ted that 30  percent of known foal deaths occurred 
w i thin the f irst week of l i fe ,  SO percent within the f irst month . 
Causes of 19 known foal deaths in 197 8  were inexper ienced mare ( 3 7  
percent ) ,  congen i tal weakness ( 16 percent ) ,  mir ing i n  mud and 
accidents (26  percent ) ,  and winter debilitation (21  percent ) .  Wels h 
( 197 5 )  repor ted lower survival of young in small and/or unstable 
herds , sugges ting the role of social factors . 

Boyd ( 1980 ) observed that some deser t ion occurs in summer when 
herds concentrate around water holes . Poals may get separated from 
the ir dams dur ing the confus ion and mill ing about , and the mares may 
leave the young behind when they disperse . She suggests that this 
tendency could increase as population size increases , thereby serv ing 
as one dens ity dependent source of attr ition . 
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The relationship descr ibed above between the mare ' s  phys ical 
condi tion , her abi l i ty to carry a foal to b i r th ,  and herd natal i ty may 
also be cor related with survival of foals brought to par tur ition . 
Thus , Welsh (197 5 ) points out that Sable I sland horses exper ienced 
d i f ferent bir th rates in the 3 years he observed them , attr ibuting the 
d if ferences to different abor t ion rates . In these same years , there 
was a rough inverse cor relation between early foal survival and 
natal i ty :  

1970  1971  1972  

% 3 yr . + mares 
foal ing 5 8  7 1  4 2  

% foals surviving , 
0 -4 months 8 7  67  76  

In Welsh ' s  surmise , the weak foals were abor ted in year s with low 
natal i ty , ult imately resulting in h igher postnatal survival rates of 
the foals ultimately born . A somewha t s imilar pattern may be seen in 
Boyd ' s  data : 

1978  1979 

% 3 yr . + mares 
foal ing 7 8  5 3  

% foals surviving , 
0 -2 months 8 2  9 8  

Hence there appears  to be some ev idence that nata l i ty rates and foal 
s urv ival rates may be inverse to each other , at least in some cases . 

Welsh fur ther repor ted that the survival of foals born to 3- and 
4 -year-old mares is lower than that of foals from older mares . In 
th is case , age-spec i f ic fecundi ty and subsequent foal survival are 
pos i t ively correlated , once again reflecting the dependency of the 
parameters on the mares ' resour ces . 

Establ ish ing the magnitude of foal mor tal i ty more precisely , and 
i ts range of var iation under different env ironmental pressures , would 
r equire lengthy and costly research . The most promis ing approach 
would probably be to capture large numbers  of mares pr ior to foal ing 
and determine which are pregnant .  These would need to be marked or 
individually recognized by the i r  color and structural character istics , 
and then observed in the year after the foals are born in order to 
document birth and foal surv ival rates . I t  might be advantageous to 
telemeter the mares so that they could be readily located . A sample 
of 200 foals would not be large enough to provide very h igh 
s tatistical precis ion , s ince the conf idence intervals around an 
estimated 80 percent survival r ate at  0 . 0 2 5  probability level would be 
74 and 8 5  (Mainland 1948 ) . Yet , i f  only half of the mares foaled each 
year , 400  would need to be captured and tested in order to provide a 
sample of 200 foals . 
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An operation o f  this magn itude would provide an estimate o f  
f irst-year foal survival for one population for 1 year . Ga ining some 
v iew of the extent of year-to-year var iation would require s imilar 
e f for ts for each of several years , and determining the extent of 
var iation between areas would require such effor t at numerous s ites 
a round the West . 

J21 Survival of year l ings and older an imals . Surv ival in older 
animals can be estimated with the two approaches used above for 
f irst-year survival estimates : d irect observation of known individual 
or herd segments and analys is of age structure . Information from the 
f irst  source is fragmentary , but is of some value : 

( i )  Dur ing her 3 years of observation , Tyler (197 2 ) detected 
the death of 40 •older • ponies while she captured and saved 3 that 
were in dire stra its . This is  4 3  out of a 3-year compos i te population 
of 979 , a mor tality rate of 4 percent ( 4 3/979  x 100 ) , and an annual 
survival rate of 96 percent . 

( i i )  In Keiper ' s  ( 1979 ) s tudy , he observed 11  ponies 1 year and 
older that d ied over a 4-year observation per iod .  This constituted a 
known mor tal i ty of 3 percent in the compos ite population of 315 for 
that t ime per iod , and a ' maximum survival estimate of 9 7  percent . 

( i i i )  Welsh (1975 ) constructed time-speci f ic li fe tables to 
calculate mor tal ity rates in the Sable Island herd . We have 
calculated mean annual mortal i ty rates from these by dividing the 
number of 0- to 4 -month animals in his  K lx columns by the total 
numbers  in those columns . The results suggest 16 . 2  percent mean 
annual mor tality for mares ( from his Table 54 ) ,  11 . 2  percent for males 
( from his  Table 55 ) , and 13 . 4  percen t for the entire population . The 
cor respond ing survival rates are 8 3 . 8 ,  88 . 8 ,  and 86 . 6  percent . 

( iv )  Feist  and McCullough (1975 ) observed the death of one mare 
between May 1 and November 1,  1970 , out of the Pryor Mounta in herd of 
270 animals . 

( v )  Nelson ( 1979 ) observed the death of 3 older animals in the 
J icar illa herd of 116 , while 3 more disappeared dur ing his  spr ing and 
s ummer observations . Th is could imply 5 percent loss through less 
than half of the year , and a max imum survival rate of 95 percent 
d ur ing this per iod . 

I n  a stat ionary (constant)  population with stable age 
distr ibution , the percentage of 1-year -olds in that por tion of the 
population 1 year and older is equivalent to the mean annual mortal ity 
rate for that por t ion of the populat ion . While nei ther of these 
condit ions may be precisely true of the Pryor Mountain (Feist and 
McCullough 197 5 ) and Jicar illa herds (Nelson 1979 ) , the yearl ing 
percentages may g ive rough approximations of the mean annual mor tal i ty 
rates (Table 2 . 9 ) . These are small samples , and i f  they were taken 
f rom increas ing populations (and the J icar illa was increasing ) they 
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overestimate the mortal i ty rates . Hence the mean , annual adu lt 
survival rates for those animals 1 year of age and older appears to be 
around 80 to 9 0  percent or h igher . 

Table 2 . 9 Percentage of Yearl ings Among Yearl ings and Older 
Horses , Pryor Mountain and Jica r i lla Herds . 

No . No . Yr lg . 0 . 25 
Area Sex 1 Yr . +  Yrlgs . ' Conf .  Intl . 

Pryor Mounta in! Females 125 19 15 9-22 
Males 110 11 10 5-17 

J icar i lla2 Females 61 9 1 5  7-27 
Males 3 4  7 21  9-38 

lFrom Feist and McCullough ( 19 7 5 ) .  

2 From Nelson ( 1979 ) .  

S imilar calculations cannot be made with the data in Table 2 . 7  
because of the inadequate representation of yearl ings descr ibed 
above . But adult survival rates can be crudely calculated for those 
age classes from 2 through 1 2  years by trans forming the number s of 
an imals in each class to loga r i thmic form, and regress ing these values 
on age . The slope of the l ine estimates the mean , annual 
instantaneous mor tali ty rate . conver ting back to ant i-loga r i thmic 
form prov ides the mean , annual finite surv ival rate for the 2 to 1 2  
age classes . The regression for the mares produces a n  r 2 o f  0 . 91 9  
and a calculated , annual survival rate o f  78  percen t .  The same values 
for the s tall ions are  r2 • 0 . 926 and an 80 percent annual survival 
rate . These .values will be underestimates if the populations ar e 
increas ing , and are not stat istically different . 

WOlfe (1980 ) used the Chapman-Robson method ( Robson and Chapman 
1961 ) to calculate similar rates in 2- to 9-year-old animals from 6 
herds in 4 states . His  results average 7 5 percent for 3 mare samples , 
6 7  percent for 2 groups of stall ions , and 7 4  percent for 3 herds of 
mixed sex . 

These results collectively suggest adult surv ival rates of 67 to 
80 percent per year . I f  the herds are increasing , these are 
underestimates . The degree of underestimation to be expected for 
survival rates calculated from age data when the population is 
increas ing can be calculated as : 

S* • s e-r  
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where S *  • apparent survival , S • true annual survival , and r • annual 
rate of  increase . For example ,  i f  s • 0 . 98 and r • 0 . 20 ,  then the 
apparent survival rate is o. a o .  I f  s • 0 . 9 0  and r • 0 . 15 ,  then the 
apparent rate is 0 . 11 . 

I n  sum , the evidence on mortal ity of yearl ings and older animals 
is more equivocal than that on foals , and more elus ive to generalize . 
At the least , one can say unequivocally that some loss has been 
detected in every herd that has been studied . With the exception of  
Fe ist and McCullough ' s  s ingle loss in  a 7-month per iod , values of  3 to 
5 percent known losses over per iods of several months to a year recur 
in several studies and constitute the lowest in a range of available 
values . Estimates of 11 to 25 percent annual mor tal ity and h igher 
have been der ived from several analyses , but depend on var ious 
assumptions of uncer tain val idity . 

Mortality of these older animals , l ike the f i rst-year rates , are 
doubtless subj ect to some between-year and between-area var iation 
associated with weather , cl imate , and forage differences . However ,  we 
suspect that they are less sens itive to these environmental var iables 
than the f irst-year rates , and are themselves less var iable . 
Elucidating thei r  magnitudes and ranges of var iation more precisely 
would again require lengthy and costly research , probably most 
effectively carr ied out with rad io telemetry . Once aga in , large 
sample s i zes would be needed to provide estimates with narrow 
conf idence intervals , and repeated annual studies in a number of areas 
would be needed to d isclose the patterns of temporal and spatial 
var iat ion . 

J!l Sex Compos i tion . The sex ratio of wild horses shows a slight 
prepondetance of males in the first  year of l i fe (Table 2 . 10 ) . As the 
animals age , the percentage of males gradually decl ines , reaching a 
low point somewhere around 4 to 6 year s of age ( see BLM data in Table 
2 . 10 ) . Th is shift  suggests higher mor tal ity and/or dispersal of males 
dur ing this ser ies of years . After the 4 to 6 ages , the percentage of 
males appears once again to increase progress ively through l i fe (BLM 
data in  Table 2 . 10 ) . 

Welsh (197 5 )  emphas ized the reproduct ive hazards to which the 
mares are SUQj ect , suggesting that the costs of pregnancy and 
lactation may increase female mor tal i ty rates . I t  may be no 
coincidence that the shift toward males in the sex ratios begins after 
the 4 to 6 age classes . It is at age 5 that hal f  or more of the mares 
begin to bear colts (Table 2 . 4 ) . 

Welsh ( 19 7 5 ) observed that almost half the Sable Island mares that 
foaled in 197 1  died ,  whi le 18 percent of those that d id not foal 
d ied .  Final cause of death was attr ibuted to heat loss and 
starvation . Autopsies on 32 dead adults and 15 foals revealed tha t 
all but one had l ittle body fat , and bone marrow fat levels ranged 
between 2 . 4  and 41 . 6  percent . Many had contracted spleens that lacked 
lymphoid foll icles and had large amounts of hemos ider in . However , 
Welsh emphasized that food qual i ty was s imilar between years and was 
rarely i f  ever l imited in quantity .  Be attr ibutes the susceptibil ity 
to starvation to the cl imatic d i fferences between the mild winter of 
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TABLE 2 . 10 Age-Speci fic Sex Compos ition in Wild Horse Herds 

Pe rce nt Mal e s :!: 

So urce Foal s Yrl g s . 

BLM Data
l 

5 2 . 4 ± 4  5 0 . 1 ± 4  
( No .  Animals )  ( 1 2 0 7 ) ( 8 4 5 ) 

2 Pr:ior M t n . 5 4 . 3 ± 1 6  3 6 . 7 ± 1 6  
( No . Anima l s ) ( 3 5 )  ( 3 0 )  

J i car i l l a 3 
5 7 . 1± 2 1 4 3 . 8 ± 2 5  

( No . Anima l s ) ( 2 1 )  ( 1 6 )  

lFrom Table 2 . 7 . 

2 rrom Fe i s t  and McCul lo ugh ( 1 9 7 5 ) . 

3
rrom Ne l son ( 1 9 7 9 ) .  

0 . 0 2 5  Con f ide nce Limi t s  by Age 

2 - 3 4 - 6  7 - 1 0  1 1  + 

4 3 . 5 ± 3  3 9 . 1 ± 2  4 3 . 9 ± 3  4 9 . 4 ± 5  

( 2 7 8 4 ) ( 1 8 3 6 ) ( 1·5 8 4- )  ( 4 4 5 )  

4 3 . 8 ± 1 5  t--- 4 9 . 7 ± 8 - - 1 ( 4 8 ) ( 1 5 7 ) 

4 1 . 7 ± 1 6  t-- 3 0 . 9 ± 1 3  --4 
( 2 4 )  ( 5 5 )  

U1 .a:. 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


5 5  

1971 and the severe winter o f  197 2 , and the number and intens ity o f  
spr ing storms . 

Whatever the mortality cauaea contr ibuting to the aex-ratio 
changea in Table 2 . 10 , the aex ratio for the entire aample in Tablea 
2 . 6 , 2 . 7 ,  and 2 . 10 ia ss . o  percent female . A preponderance of females 
ia common in a wide range of mammal ian specie• and indicate• h igher 
male mortality ratea . 

The nearly balanced sex ratio in the older age claaaea in Table 
2 . 10 auggests that unweighted mean , age-specific mortality ratea for 
the two sexes and all age classes would be similar . Th is was already 
suggested by the s imilar slopes computed from regress ion analyses 
descr ibed above . But because such a large fraction (76  percent in 
Table 2 . 10 )  of the population is concentrated in the foal to 
6 -year-old age classes when the male-speci f ic mor tal ity appears higher 
and the sex ratio increas ingly favors females , the we ighted mean , 
annual mor tal ity rate for the population would appear to be h igher in 
the males than in the females . But Welsh ' s  (19 7 5 ) l ife-table analyses 
c i ted above in section ( 3 )  (b ) ( i i i )  contrad ict this conclus ion . 

� Population Trend . As mentioned above , the question of the 
r ates at which horse herds increase has been one of the more disputed 
ones in the controversy surrounding the wild horse issue . Annual 
increase rates of 20 percent or more ,  apparently or ig inating from the 
management agencies , have been cited fa irly widely , but their or ig in 
and bas is have been diff icult to track down . Some are based on census 
results . Ryden ( 1978 : 294 ) descr ibes one BLM estimate based on 
censuses of 20 percent increase between 197 4  and 197 5 . Cook (1975 ) 
and Heady and Bartolome (197 7 ) cite annual increase rates of 20 to 3 0  
percent . Wolfe (1980 ) calculated f inite , annual increase rates ( A ) 
from BLM census data on 12 populations in 6 states which ranged from 
1 . 08 ( 8  percent )  to 1 . 30 ( 30  percent ) , and averaged 1 . 22 (22  percent ) 
per year , but he was cr itical of the results . 

In order to invest igate fur ther what prel iminary inferences could 
be drawn from the agency censuses , we obta ined data from 10 BLM 
distr icts and one national forest .  These data include censuses of 6 7  
horse herds , 3 burro herds , and 2 areas which contained both species 
(Table 2 . 11 ) . The distr icts involved are Susanville and Rivers ide , 

Cal ifornia , Burns , Vale , and Lakeview , Oregon , Salmon , Idaho , 
Billings , Montana , Rock Spr ings , Wyoming , Salt Lake City ,  Utah 1 and 
Ely , Nevada . The national forest is the Humboldt in Nevada . These 
were selected on the recommendation of BLM off icials as being 
r epresentative and among the ones with the more complete data ser ies . 

The number of years through wh ich each herd was censused var ied 
between 1 and 11 , and between 1 and 18 counts were taken of each 
herd . Most of the herds had been counted over 4 to 7 years . 

Analyses disclosed several biases and uncontrolled var iables that 
will be discussed in some deta il  in a later section on census . 
However , the two ma in problems need to be mentioned here : 

1!l Incons istent counting seasons . The first  is a problem 
already detected by Ryden (1978 : 294 ) . In a seasonally breeding an imal 
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TABLE 2 . 11 Cens us Data on 72 Wi ld Horse and Burro Herds Ob tained from BLM and Fo re s t  Servi ce Fi les . 
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6 4  

populat ion , numbers  increase dur ing the breed ing season and decl ine 
dur ing the remainder of the year due to mor tal ity . Compar isons 
between year s mus t  be made at the same stage of the l i fe cycle in 
order to avoid bias from th is seasonal cycle in number s .  The count ing 
season has not been standardi zed in much of the agency census wor k ,  
counts be ing made ear ly in some years pr ior to foal ing , in other years 
be ing made afte r foal ing . 

j£1 Var iation in aircraft used . some herds were censused in the 
ear ly years w i th f ixed-wing a i rcraf t ,  and in later years  with 
hel icopters . I n  some of the censuses in Table 2 . 11 ,  the method was 
not spec i f ied . Analys is in the later sect ion on census shows an 
abrupt increase in the years in wh ich hel icopter counts replaced 
f ixed-wing counts , indicating that th is method is cons iderably mor e 
e ff icient at detect ing horses . 

V iewed uncr i t ically , about half  of the census ser ies in Table 2 . 11 
tended to increase du r ing the census year s , about a fourth wer e  
r oughly s tat ionary , and about a fou r th tended downwards . In  the last 
two cases , a number of the decl ines wer e  caused by sudden , 1-year 
r eductions , and one wonders whether a number of these were due to 
actual removals that we re not recorded in the f i les we saw . The 
general impress ion is that the census values tend to increase , and 
Ryden ( 1978 : 29 5 ) concedes tha t the preva i l ing ev idence points to 
i ncreases in horse herds s ince 1971 despite her suspic ions about the 
prec ise val id i ty of the agency censuses . 

In  the 7 2  herds shown in Table 2 . 11 ,  there are 25 sets of 
consecut ive census years  that ( a )  span 3 or more years ,  ( b )  were taken 
w i th either fixed-wing aircraft 2£ helicopters throughou t ,  and (c )  in 
which the census season was held reasonably constant ( i . e . , prefoal ing 
or  postfoal ing ) .  These 25  sets are as follows , labeled by the BLM 
distr ict and herd name : 

SUSANVI LLE 
Tuledad : 7 3-7 5 
Shafter Mtn . : 7 3 -75 
New Years Lake : 7 3 -7 5  
Massacre Lake : 7 3-7 5 

BURNS 
Smyth Creek : 7 4 -76  
Riddle Mtn . : :  7 4 -7 6  
S .  Steens : 7 4 -7 7  
Catlow : 7 2-7 6 

LAKEVIEW 
Beaty Butte : 7 4 -7 7 
Bluejoint : 7 4 -7 6  
Wes t  Hogback : 7 3 -7 5  

SALMON 
Chal l is : 71-7 4 

V�E 
Three Fingers : 72-74  
Three Fingers : 7 6 -7 8  
Cottonwood Creek 74-7 8 
Jackies Butte , 72-7 4  
Stockade : 74-78 
Hog Cr eek : 7 4-7 8 
Cold Spr ings : 74-7 6  
Pot Holes : 7 4 -7 8  
Basque : 74 -78 
Lake Ridge : 74-7 7  

BILLINGS 
P ryor Mtn . : 69-7 1  

ROC K  SPRI NGS 
Deser t :  7 6 -7 8  
Cont inental Peak : 77-7 9 

We conver ted the ind iv idual census values for each of the 25 sets 
( 1 5  3 -year , 4 4 -year , and 6 5-year sets ) to loga r i thmic form and 
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6 5  

regressed them over t ime t o  calculate 2 5  slopes (and therefore 2 5  
instantaneous rates of change ) .  Both a slope coefficient (b ) and its 
var iance were calculated for each set . A weighted average slope (b)  
was calculated by 

-
b = I where 

1 
w = i var (6) 

The var iance of the we ighted mean b was then calculated by 

var (b) • i: wi (bi - b) 2 I ( (n-1 )  t vi ) 
� 1  � �1 

This enables calculation of 9 5  percent conf idence intervals about 
the mean rate of change . Finally , the mean rate of change , its 
conf idence intervals , and the individual rates were taken to calculate 
f in i te rates of change and confidence intervals . 

Of the 25 calculated rates of change , 2 2  were  pos itive while 3 
were negative . The weighted , mean annual f inite rate of change ( A ) 
for the 25 sets and 0 . 0 5  conf idence interval is 1 . 16 2 ± . 0 0 1 , 
suggesting a 16 percent mean , annual rate of  increase . 

The 2 5  sets were subdivided into the f ixed-wing and helicopter 
censuses , and the unwe ighted means for these two groups were +2 2 
percent (9  sets ) and +1 5 percent (16  sets ) , respectively . The group 
was also subdivided into a group censused in the ear l ier years 
( 1971-7 5 ) , the intermediate years ( 1974-76 ) ,  and recent years 
( 1975-79 ) .  These showed increase rates of +25 percent (4 sets ) , +1 8 
percent ( 6  sets ) , and +15 percent ( 1 5  sets ) . 

These two subtests are confounded because of  the prevalence of 
f ixed-wing censuses in the earl ier years , and helicopters in the 
later . Bence it is difficult to say whether this apparent 
chronolog ical trend is a function of chang ing techn iques or actually 
decl in ing increase rates . 

While hel icopter counts appear to be more eff icient at f inding 
animals , and a change from f ixed-wing to hel icopter censuses obviously 
increases the number of animals seen , no such change is involved in 
the 25 testa . They were restr icted to sets of f ixed-wing-only or 
hel icopter-only counts . Bence the decl ining increase rates would 
appear to be attr ibutable to other causes . At least three factors ar e 
conceivable : 

l!l Increased counting sk ill . I t  seems poss ible that census ing 
proficiency increased in the early years when agency personnel were  
f irst conducting the counts . Bence , the h igher apparent increase 
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6 6  

rates o f  the ear ly years  could resul t from increasing census 
e f ficiency , herd growth , or both . Fre i  and others ( 1979 ) have 
previously presented evidence to show tha t observers exper ienced i n  
horse census see a larger fract ion of the an imals than inexper ienced 
observers . 

J£1 Increased v i s ib i l i ty of large herds . 
d iscussed later in the section on census could 
propor t ion of horses seen . I f  the populat ions 
herd s i zes may have grown and the i r  v i s ibil ity 

The herd-s ize b ias 
be increas ing the 
have increased , the 
increased . 

l£1 Increased herd dens i ty .  There ma y  b e  a n  actual 
dens i ty-dependent reduct ion in herd  growth . As they increase and 
beg in to press the l imits of the i r  food resources , the ir  reproductive 
and survival rates may be ebbing somewhat .  

All o f  th is is fraught with uncerta inties . There are  many 
unknowns about the accuracy , pr ec is ion , and val id ity of the census 
r esults . But one might th ink that more we ight could be given to the 
trends impl ied by the counts , wh ich thereby would serve the function 
o f  indices , than the absolute accuracy of census values themselves . 
This  would acknowledge that ther e  may be biases in the counts , bu t 
would assume that those b iases are relatively constant .  

However ,  these results and the ear l ier views on rates of increase 
contrast sharply with the f ind ings of Nelson (197 9 ) , Conley ( 19 79 ) , 
and WOl fe ( 1980 ) , who used a more deduct ive , less empir ical approach . 
They calculated rates of horse populat ion increase us ing Lotka method 
and Leslie  matr ix techn iques , respect ively . These author s used 
fecundity rates like those c i ted above , g iv ing most credence to 
l imi ted , first  production of young a t  3 yea r s  of age , and about 5 0  
percent of all older mares bear ing young each year . They then 
calculated the increase r ates that would occur from the interaction o f  
these fecundity rates with a range of survival rates . 

Both authors found the increase rates resulting from •probable • 
f ecundi ty and survival rates to fall in a range well below 10 percent 
per year . Only with unrealist ically h igh fecundi ty rates in WOlfe ' s  
calculations , and survival rates approaching 100 percent in Conley ' s  
case , could annual increase rates well above 10 percent be attained . 
They concluded that rates of herd growth as h igh as 20 percent per 
year , like  those suggested by both agency personnel and a number of 
author s , were beyond the biolog ical capability of large , establ ished 
herds which had assumed remote approximat ions of geometr ic age 
s tructures . 

I n  a fur ther effort to determine what increase rates may be for 
large segments of the western horse populations , we per formed 
l i fe-table calculations from the age-spec i f ic fecundity and survival 
schedules d iscussed above . The goal was to calculate r ,  the 
instantaneous rate of change , and from it A r  the f inite rate of 
change . Calculations were per formed as follows : 
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r • ( loge Ro) /T where 
R0 , the net reproductive rate • 

20 
� lxmx where 

X • �e x �  

lx • probabil ity of surv ival to age x 
mx • number Of female young produced by a female of age X 

20 E �� E �  T ,  the mean generat ion length , 

A • ant ilog et x=o 

Thr ee sets of fecund i ty schedules were used in these exploratory 

analyses , in descend ing order of fecund i ty rates : (a ) a •maximum • 
schedule involving rates that seemed , on the basis of repor ts reviewed 
above , as high as could be expected from any horse herd , namely 25 
percent of 3-year-olds foal ing , 60  percent of 4 -year-olds , and 80 
percent of 5-year and older an imals 1 ( b )  the fecund ity schedule of 
range-reared domestics summa r i zed in Table 2 . 3 ,  and the average of the 
seven wild-hor se studies repor ted in Table 2 . 4 . In the latter case , 

the 13 percent of 3-year-olds and the 66  percent of 5-year and older 
mares were used . But the mean ( 25 percent ) in Table 2 . 4  for 
4 -year-olds was based only on three measurements of small numbers of 
animals , and thought perhaps to be too low by chance . Bence a 

SO-percent rate was used for th is age class . These schedules would 

seem to be in the high range for repor ted wi ld-hor se fecund ity ,  and 
h igher than that used by Conley ( 1979 ) in his analyses . 

A range of survival rates was used that appeared to fall in the 
h igher range of values reviewed above . Nine combinations of rates 
were used with each of the three fecund ity schedules : ( a )  annual 
•adult • survival rate of 1 . 0 and f irst-year rates for foals of 1 . 0 ,  
0 . 95 ,  0 . 90 , o . ao , ( b )  annual •adult • survival rate of 0 . 9 5  and 
f irst-year rates of 0 . 9 5 ,  0 . 90 ,  o . ao , and ( c )  annual •adult • surv ival 
rate of 0 . 9 0  and f i r s t-year rates of 0 . 9 0  and 0 . 80 .  

In total , f in ite increase rates ( A ) were calculated for 27 

combinations of fecund ity and survival rates (see Table 2 . 12 ) . 
The results are s imilar to those of Conley (1979 ) and Wol fe (1980 ) 

who used s imilar rates , and l ike the irs must be cons idered somewhat 
abstract . The second and th ird columns of rates are based on observed 
fecund ity schedules but ,  because surv ival rates are imper fectly known , 

are based on somewhat hypothet ical or • tor instance • survival rates . 
The values also apply to hypothetical populat ions that have age 

distr ibutions resulting from the fecund ity and survival rates used i n  
each test . And f inally , population students w i l l  r�cogn ize that our 
equation for r produces only an approx imation of th is parameter .  With 
the somewhat problematic precis ion of . the fecund ity and survival rates 

we have used , we d id not engage in the more t ime-consuming iterat ion 
of the r values in the discrete-time form of the Leonhard Euler 
equat ion . 

To what extent do these rates s imulate increase rates of 
real-wor ld herds? They do so to the extent that the fecundity and 
survival rates in real herds are s imilar to those . in Table 2 . 12 ,  and 
age structures in the herds approximate the exponential ser ies 
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TABLE � . 12 Annual Fini te Ra tes o f  Population Increase ( � .)  Possible 

Under Di f fering Ra te s  o f  FecWldi ty and Survival 

-
Annua l Survi va l  Ra tes An n u a l  ). V a l ue s  b:i Fe c un d i t:i Ra t e s  

1 

Ma x . 
2 

Ran g e  
3 

Th i s  
4 

1 Yr . +  Fo a l  Fe c und . Dom . S t udy 

1 . 0  

. S 5 

� "  . - .. . 

" 

1 . 0  
. 9 5 

. 9 0 

. s o 

. s s 

. 9 �  
� �  . .. ..  

.. , - !: ..... 

S "'  . ... 

1 . 1 7  1 . 1 6  1 . 1 6 

1 . 1 7 1 . 1 5 1 . 1 5  

1 . 1 6  1 . 1 4 1 . 1 4 

1 . 1 5  1 . 1 3  1 . 1 3 

1 . 1 3  1 . 1 1 1 . 1 1 

l . C 3 1 . 0 7 1 . 0 7 

1 . C J . 9 6 . 9 7 

! . C �  1 . 0 6 1 . G 6 

. s s . 5 6 . s � 

· �  u-. � �t:.��es !:-y �.i� � ��l:.latic� vo\U.d L"lCrea.Se each year .  
� �..&.�""'it e<Ht � a-- �  perc-e:..U.;Je i �  • S�tract 1 . 0 and aultiFly 
t..� ��r �- :x . 
... 
- � �  ��=-� �-= 3-�.....a..��.i aL-es !-.:-.a:i� . 6-.:- percoe:� of -1-)""eU'-'lds . And 
�' ���� �! s-�.:.:s � c:.=.er . 

� �� � ;  ·�� s=:,....,..-: i=. �:e : . -' .  A �  perce::.� rate ¥aS 
....:. !.:-:: -4-��.:.::s -
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produced b y  those rates . As we have said , the fecund ity schedules a r e  
approximately those o f  the herd repor ted by Speelman and others 

(1944 ) , the averages of seven wild-horse studies , and a hypothetically 
h igh set . We have reviewed the ava ilable data on herd surv ival rates 
above , and the range of values shown in Table 2 . 12 would appear to 

r epresent the higher , more conservative rates . The age distr ibutions 
in Tables 2 . 6 and 2 . 7 ,  and those repor ted in Table 2 . 8 ,  while not 
exactly smooth , geometr ic ser ies and subj ect to the foal and yearling 

biases , still const itute shr ink ing frequency distr ibut ions that 
c r udely resemble exponential or geometr ic ser ies . 

I f  one were to select the fecundi ty and survival rates that seem 
to be ind icated by the field data on wild horses discussed above and 
general exper ience with wild animal populat ions , one would probably 
select the r ight-hand fecundity schedule in Table 2 . 12 .  All studied 
herds have been found to exper ience some mor tal i ty ,  and a 0 . 9 5 
survival rate for the older animals and 0 . 9  or 0 . 8  for foals would 
seem justified , i f  not conservat ive , from the available stud ies . 

Yet these combinat ions produce increase rates well below 10 
percent ( A  • 1 . 10 )  per year , and cons iderably below the rates 
impl ied by the censuses . Rates s imilar to those indicated by the 

censuses are produced only in Table 2 . 12 combinations of virtually no 
mor tal ity .  A 20 percent per year increase rate requi res that no 

mor tal ity occur , and that hal f  of the 3-year-olds and 100 percent o f  

mares 4 years and older produce young each year . S ince even domest ic 
herds susta in some mor tality and less than 100 percent fecundity , i t  
i s  d i f f icult to reconcile the di fferences between the Table 2 . 12 
results and the census rates . 

In general , wild horses have rather conservative demography by the 
standards of most mammal ian species . Th is  conservatism is imposed by 
the following character istics : only one foal is normally borne , not 
all •mature • females produce one foal each year , and the age of sexual 
matur ity is delayed , with only a small fract ion of 3-year-olds bear ing 

young and the 4 -year-olds being the f i r s t  ef fect ive breed ing age . 
S ince some young are produced each year , any herd that has been in 
existence for 4 years or more will have foal , yearl ing , and 2-year-old 

components , which are included in the total from which herd increase 
rates are calculated , but wh ich contr ibute noth ing to the immediate 

increase . As Tables 2 . 6 and 2 . 7 have shown , these become s izeable 

components of wild herds . In part icular , the late matu r i ty date is a 
s trong determinant of the increase rate , as Cole ( 1954 ) has shown . 
And Conley ' s  ( 1979 ) calculations that the reproductive output of 

females older than 11 years of age is an ins ign i f icant contr ibut ion to 
the increase rate also match with Cole ' s  f ind ings .  

We are not able at this stage to explain the d i fference between 

the herd increase rates pred icted in Table 2 . 12 , and in Conley ' s  
( 1979 ) and WOlfe ' s  ( 1980 ) proj ections on the one hand , and those 
impl ied by the censuses on the other . The problem will only be 

resolved by more intens ive research both on horse demography and the 
census methods . But it needs resolution because it bears on several 
important management issues . 
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One such issue is the size  of the 1971  horse population .  Some 
observers have been advocat ing that horse herds be reduced to the 
levels tha t preva iled in the year when the Wi ld and Free-roaming Hors e  
and Bur ro Act was passed . That populat ion s i ze could be  approximated 
by proj ecting backward from a known 1979 popula tion , us ing the 
appropr ia te rate of population increase . The BLM has been repor t ing 
that wild horses in the western Un i ted States increased from a total 
of  about 17 , 000 an imals in 1971 to a total of 58 , 000 in 1978 or 1979 . 
Proj ecting backwards from a 19 7 9  population of 58 , 00 0  horses with an 
annual increase rate of 16 percent produces a 1971 population of 
17 , 116 . I f  the more conservative increase rate of 15 percent der ived 
from recent , hel icopter counts is used , the 1971 populat ion would have 

been 18 , 960 . I f  the 1979 census is conservative ,  as it is l ikely to 
be to an unknown degree , the 1971 proj ections are s imilarly 
conservat ive . 

But i f  an annual increase rate of 7 percent is  more real istic , 
then the 19 71  population was someth ing approaching twice that 
proj ected by a 16 percent increase rate . Ryden (1978 : 29 5 )  has already 
suggested that the 19 7 1  populat ion estimates may be conservative .  

A second way in wh ich increase rates are relevant to management is 

the rates at wh ich herds mus t  be reduced in order to maintain them at 
dec ided-upon levels . I f  a pol icy decis ion determines that a g iven 
herd mus t  be ma inta ined at some spec i f ied level by removing the annual 
increment , the number of animals to be removed annually and the 
assoc iated cost will obviously be very d i f ferent depending on whethe r 
the herd increases by 7 percen t or 16 percent each year . 

We conclude that research on both demography and census are needed 
to resolve this quest ion . In  the case of demograph ic s tud ies , data on 
reproductive rates can be obta ined qu ite read i ly as indicated below . 
Determin ing survival rates will be more expens ive and will requ ire 
more t ime .  

Feral Asses 

As with horses , there is abundant information on the demographic 

character istics of domestic donkeys . But the evidence on wild herds 
is more fragmentary than that on wild horses and cons iderably less 
exists than is needed to develop f i rm general izat ions on the ir  
demography .  Most of the information on wi ld populations is based on 
studies in six areas . Wh i le thorough and intens ive , these have 
necessar i ly dealt wi th small numbers ( in most of the cases , less than 
200 an imals ) ,  and for shor t per iods of 1 to 3 years . Th is data 
shor tage is all the more tantaliz ing in l ight of intr iguing h ints of 
fundamental differences between burro and hor se demography wh ich , i f  
r eal , may reflect the di fferent ecogeograph ic or ig ins of these two 
spec i es .  
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( 1 )  Fecundi ty :  

l!l Age at f irst female breeding . Bur ro mares commonly beg in 
sexual activi ty at  about 1 year of age . Moehlman ( 1974 ) observed 
sexual activities in j ennies at 11 months of age in Death Valley , as 
d id Woodward (1976 ) at 10 to 12 months in the Chemehuevi Mountains of 
Cal i fornia , and Morgart  (1978 ) at 1 . 5  years in Bandel ier National 
Monument ,  New Mexico . S ince gestation is approxima tely a year , as i n  
the horse , the potential age o f  f i r s t  foaling i s  between 2 and 2 . 5  
years , 1 year younger than that in wi ld horses , and this potential has 
been real i zed to some degree in most cases so far studied . 

Although Moehlman ( 1974 ) found typical age of first  foal ing to be 
3 . 5  to 4 years dur ing her s tudy in Death Valley--a situation once 
again s imilar to the horse--other authors have observed jennies 
foal ing at 2 years of age . Woodward ( 1976 ) cons idered 2 years (N  • 4 )  
to be the f irst  age of foaling in a young population where 75  percent 
of a sample of 20 •adult-s ized • animals were 3 years old or younger . 
Douglas and Norment ( 1977 ) found one j enny foaling at less than 3 
years of age in Death Valley . In Seegmiller ' s  s tudy ( in l itt . ) ,  a 
female that had been captured and aged 5 months ear l ier was seen with 
a newborn foal when she was about 25  months old . Ruffner and 
Carothers  ( 1977 ) found •reproductively active • (pregnant or lactating ) 
j ennies between 1 and 2 years of age . And among 666 burros rounded up 
on the BLM Phoen ix Distr ict , which we will detail later (Table 2 . 16 ) , 
8 of 81 j ennies j udged to be 2 years old were followed by foals . 
Since a third of the foals in the herd had become separated from the i r  
dams , and foals were underrepresented i n  the sample , it  is poss ible 
that more of the 81 2-year-olds had borne young . 

lEi Age-specific and herd fecundity . Shor ter per iods of study , 
smaller samples ,  and fa ilure of most stud ies to subdivide the mares 
into as many age classes as have the horse invest igators make the 
discernment of age-spec i f ic fecundi ty schedules in bur ros more 
d ifficult . But fur ther analys is of the different authors ' data 
permits a fragmentary and tentative picture : 

( i )  Moehlman (1974 : 56-58 ) found no foaling by 2-year-olds , as 
mentioned above . Only in the third year of her study (1972 ) , and that 
a part ial year , did she observe foal ing by 3-year-olds ( two j ennies ) . 
In 1970 , 6 3  percent of •adult •  ( i . e . , 4 -year-olds and older ) j ennies 
bore young . In 1971 , this percentage dropped to 47 , and when 2- and 
3-year-olds were included , the percentage was 41 .  While fragmentary , 
these results suggest the same pattern we observed in horses : an . 
increase in fecund i ty as mares advance through the ear ly age classes . 
Thus , Moehlman found no foal ing in 2-year-olds , l imited reproduction 
in 3-year-olds , and somewher e around hal f of 4•year-olds and older 
mares bear ing foals . 

( i i )  WOOdward ( 19 7 6 : 4 2 )  observed 14 j ennies of •coltbear ing age • 
( 2  years old and older ) ,  of wh ich 79 percent were accompanied by foals 
in  the Chemehuevi Mountains (Cal i fornia ) population she s tudied . 
Elsewhere , she generalized that j ennies produced foals on the average 
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o f  every 16 . 2  months , and th i s  produced an annual natal ity rate o f  7 5  
percent foal ing (Woodward 1979b ) . 

( i i i )  Douglass and Norment (1977 : 30 )  concluded that 56 . 8  percent 
of females foaled in the 12-month per iod 1 November 1975  to 31 October 
1 9 7 6  in the Wildrose-Emigrant popula t ion of Death Valley . Since he 
observed one mare foal ing before 3 yea rs of age , we assume the rate 
appl ies to all 2-year-olds and older females . In a r adio-collared 
sample of 10 females in 1976 , 9 (90  percen t )  foaled . 

( iv )  Morga r t  (1978 : 33 )  repor ted 77  percent of the •adult•  
females on h i s  study area bear ing foals . S ince 2 3  young were dropped 
( p .  29 ) th is impl ies a sample of 30  j enn ies . S ince three 2-year-olds 
foaled , we assume the term •adult • appl ies to 2-year-old and older 
females . Of a sample of 11 •potentially reproductive • marked females , 
8 (73  percent ) foaled in 1975 . 

( v )  Seegmiller (1977 : 24 )  repor ted an •adult•  ( 2 years+) 
population of 58  bur ros on his  study area in the Bill Williams 
Mounta ins of western Ar izona . S ince 57 percent of these were females , 
the •adult •  j enny population was 3 3 . While he studied the population 
for 14 months and 20 foals were born in the per iod , 16 were born in 
the 12-month per iod June 1974 through May 1975 . Hence the 1-year  
natal i ty rate was 16/3 3 x 100  • 4 8  percent for 2-year-olds and older 
jenn ies . 

Seegmi ller did not age all of , or determine the number of , 
2-year-olds in the population . But he d id ascertain the yearl ing 
population at about 15 . I f  we make some allowance for mor tal ity and 
herd growth , there could have been abut 10 or 12 2-year-olds . Hence , 
the three 2-year-olds producing foals probably const ituted a mater ial 
fraction of that age class . 

( v i ) McCor t ( 1980 : 24 )  repor ted a 1975  populat ion of 27 
2-year-old and older female bur ros on Ossabaw Island (Georgia ) . 
Between May 1975  and May 1976 , these animals bore 16 foals . Hence the 
natal i ty rate was 16/27  X 100 • 59 percen t for the year . 

(vi i )  The 8 1  2-year -old j ennies accompained by 8 foals in the BLM 
roundup data cited above sugges t a minimum of 10 percent foaling in 
that age class of that Ar izona population . S ince some mortality 
between birth and the roundup may have occur red , and s ince some of the 
unaccompanied foals may have been borne by the 2-year-olds , the 
percentage is conservative in all probabi l i ty .  

(vi i i ) Ruffner and Carothers (1977 ) repor ted 89  percent and 78 
percent of the jenn ies collected from two Grand Canyon herds to be 
• reproductively active , • a term that impl ies pregnant and/or 
lactating . Th is manner of repor ting the data does not prov ide a clea r 
estimate of annual fecundity rates because i t  lumps the present year ' s  
l ive foals with the fetuses in utero . Us ing the ir data , we have been 
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able to calculate the range o f  poss ible pregnancy rates i n  these herds 
as follows , f irst for Bedrock Canyon . 

( 1 )  Nine females were collected at  Bedrock Canyon , 
a lthough the ages are not g iven . 

(2 ) Eight of these ( 8 9  percent ) were pregnant or 
lactating , indicating that they were at least 1 year old . 

( 3 ) Six embryos were recovered from them . 
( 4 ) I f  all nine females were yearl ings and older , the 

pregnancy rate was 6/9 X 100 • 67 percent . 
( 5 )  I f  only the e ight were yearlings and older , the 

pregnancy rate was 6/8 X 100 • 7 5  percent . 

For the Lower Canyon Herd : 

( 1 )  Twenty-two females were collected , age not g iven . 
( 2 ) Of these , 16 ( 73  percent ) were pregnant or 

l actating , and hence were the minimum number of yearl ings and 
older . 

( 3 ) FOur teen embryos were recovered from them . 
(4 ) I f  al l 2 2  females were yearl ings and older , the 

pregnancy rate was 14/2 2 X 100 • 64 percent . 
( 5 )  I f  only the 16  were yearl ings and older , the 

pregnancy rate was 14/16 x 100 • 88 percent . 

Since some prenatal loss in the form of resorption and/or abortion 
is possible , these percentages cannot necessar ily be taken as natali ty 
rates . Furthermore , whatever natality rates they do imply cannot be 
ascr ibed to any g iven age group in the population except that ,  at the 
birth of the foals , they would be the 2-year-olds and older animals of 
the population . 

The above fecundi ty estimates , except for those of Ruffner and 
Carothers , are summa r ized in Table 2 . 1 3 . Wh i le they are disjunct and 
based on small samples , some tentative generalizations can be explored . 

The first is  the clear ind ication that some fraction of 
2 -year-olds foal in most populations so far studied . Thus , wild asses 
begin bear ing foals a year younger than do wild horses . The BLM data 
and speculat ive analyses on Morgar t ' s  results suggest that the 
fraction of 2-year -old j ennies foal ing may be of a magn itude s imila r 
to that in 3-year-old wild mares (Table 2 . 4 ) . 

There is some evidence that the percentage of jennies foaling 
increases in each age class between the 2- and 4-year olds . I t  seems 
reasonable to suspect that this is pa r t  of an age-spec ific increase in 
fecundi ty up to some opt imum age class or range , as discussed above 
for hor ses . 

Although the data are too few to compare fecundi ty rates of the 
older age classes in bur ros and horses , the net effect of the earl ier 
burro reproduction appears to result in higher rates in two or more of 
the younger age classes . This  can be seen by compar ing the means from 
Table 2 . 4 and 2 . 13 in Table 2 . 14 .  
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TABLE 2 . 13 Age-Specific and Herd Percentages of Jennies Bearing Foals in Seven Wi ld Ass Herds 
( See text for discussion o f  each and derivation of s tatis tics . )  

Lo c a t io n % ( an d  No . )  o f  Mare s Foa l i ng b� A�e C l a s s 
S o ur ce 

Moehlman ( 1974 ) 

Woodward ( 1976 ) 

Douglas & Norment ( 1977 )  

Morgart ( 1978)  

Seegmiller ( 1977 )  

McCort ( 1980 ) 

BLM 

Unwe i gh t e d  Me a n s  

• 

a nd Ye a r  

De a th V a l l ey , Ca l i f . 
1 9 7 0 
1 9 7 1  

So . Ca l i f . 1 9 7 4  

Death V a l l ey , Ca l i f . 
1 9 7 6 

No . N e w  Me x i c o , l 9 7 5  

W .  Ar i z o n a , . 1 9 7 4 - 7 5  

G e o r g i a , 1 9 7 5  

Ar i z ona , 1 9 7 9  

2 Y O  2 Y O +  3 Y O +  4 Y O +  

0 - - 6 3 
0 4 1 - 4 7  
- 7 9 ( 1 4 )  

- 5 7 ( 4 2 )  

- 7 7 ( 3 0 )  

- 4 8 ( 3 3 )  

- 5 9 ( 2 7 )  

1 0 ( 8 1 ) 

1 0  6 0  - 5 5  

-...1 
.1::> 
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Table 2 . 14 .  Compa r i son of  Annual Age-Spec ific  Fecund ity Rates in Wi ld 
Asses and Wild Horses . 

Annual Percentage Foa l ing By Age Class 1 

Species 
2YO 2YO+ 3YO 3YO+ 4YO 4YO+ 5YO+ 

Hor ses 0 1 3  5 4  61 6 6  ( 50 > 2  
Bur ros 10 60 ( )60 ) 3 ( )60 ) 3 ( )60 ) 3 ( )60 ) 4 {:160 ) 3 

lNonparenthet ical percentages are from Tables 2 . 4  and 2 . 13 .  

2 The 25  percent obtained for this age class (Table 2 . 4 )  was based on 
3 year s '  data from a s ingle study and seems low as an average for wild 
horses . The 50  percent is  a speculat ive value wh ich seems more l ikely . 

3 I f  60 percent of 2-year -olds and older j enn ies bear young on the 
average , and 2-year-olds bear at a mar k edly lower r ate , then the 
propor tion of 3-year -olds bear ing should be grea ter than 60 .  The 
value may increase progress ively through each age class i f  there is a 
progress ive r i se in fecund i ty with each advanc ing year . 

4 s ince Moehlman ' s  herd was demonstrably less fecund than the other 
heros studied , we have used th is  value as more nearly approach ing a 
norm for the spec ies than the 5 5  percent shown in Table 2 . 4 . 

Th i s  compar ison suggests that  fecund ity rates , at  least in age 
c lasses 2 through 4 ,  may be h igher in bur ros than in horses . The age 
structure of those port ions of the herds that are 2-year-olds and 
older appear s imilar in horses and bur ros , as we will see shor tly . 
Unless the foal ing r ates of 5-year-old and older j enn ies are lower 
than that of mares , the co�par i son in Table 2 . 14 impl ies that total 
herd fecundity in bur ros tends to be higher than that of wild hor ses , 
on the average . 

l£l Foaling season . In one study of captive donkey mares , Kohli 
and Sur i ( 1957 ) kept records on the outcome of 1 , 1 9 2  services by j acks 
occurr ing throughout the year . They found no statistically 
s ign i f icant va r iation in fer tility rates , the monthly values varying 
between 4 2 . 5  and 5 1 . 3  percent pregnancy from the services . 

Feral asses in some populat ions s imilarly reproduce year-round , as 
r eported by Moehlman ( 1974 ) ,  Woodward (1976 ) for the Chemehuevi 
Mounta ins in southeastern Cal i forn ia , Seegmiller ( 19 7 7 ) for the Bil l 
Williams Mounta ins in western Ar i zona , and McCor t ( 1980 ) for Ossabaw 
Island , Georgia (Table 2 . 15 ) . However , a degree of seasonal ity has 
evolved in some populat ions . Thus Moehlman found most foals born in 
May , June , and July . Ruffner and Carother s (1977 ) repor ted nearly all 
foal ing in the 5-month per iod March to July , with one fetus proj ected 
to a November b i r th .  
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TABLE 2 . 15 Monthly Dis tribution of Foals Born in Two S tudies of Burro Herds 

Pe r c e n t  Fo a l s B o r n  by Lo c a t i o n  a n d  S o u r c e  

Mo n t h  G e o rg i a  De a t h  V a l l e y  
1 

G r a n d  C a n y o n  
( M c C o r t  1 9 8 0 )  ( Mo e h l m a n  1 9 7 4 ) ( R u f f n e r  & 

Ja n u a ry 2 1  

Fe b r u a r y  0 

M a rc h  7 

Ap r i l 7 

May 1 4  

J u n e 7 

J u l y  7 

A u g u s t  0 

S e p t e mbe r 2 1  

O c t o b e r 7 

N o v e mb e r  7 

De c e mbe r 0 

No . i n  S a mp l e s  1 4  

1
comb i n e d t o t a l s f o r  

4 

l 

1 

7 

1 5  

1 9  

2 6  

6 

6 

7 

3 

3 

6 8  

1 9 7 0  a n d  1 9 7 1 . 

C a ro th e r s  
1 9 7 7 ) 

0 

0 

4 0  

2 5  

0 

2 0  

1 0  

0 

0 

0 

5 

0 

2 0 
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Morgar t (1978 ) r epor ted tha t all b i r ths occurred between June and 
November dur ing his  per iod of observat ion on Band ieler Nat ional 
Monument ,  New Mex ico . But he d id not beg in those observations unt i l 
May 20 , 1978 . Ohmar t and Bicknell ( 19 7 5 ) had collected 15 j ennies in 
Bandel ier in February of  that same year , ana among the pregnant ones 
they found fetuses rang ing in age from 90 days to near term . They 
concluded that colts wer e  dropped •at any time of year • in the area . 

( 2 )  Age Compos i t ion . We have obtained in format ion from BLM files 
on burro roundups in the Phoen ix , Ar i zona Distr ict . Th is has provided 
age-compos it ion data on bur ro populat ions s imilar to that on wild 
horses reviewed in Table 2 . 7 , and is  shown in  Table 2 . 16 . These data 
show fewer foals and yearl ings than 2-year -olds , a pattern also 
evident in the horse data . We attr ibuted the latter to sampl ing bias , 
and are incl ined to assume the same for the bur ros . 

Beyond the irregular i ty ,  the burro age distr ibut ion is s imilar to 
that  of horses in having a predominance of an imals in the younger age 
classes and a progress ive decl ine in each older group . The trend is 
not per fectly smooth , due no doubt in large measure to sampl ing 
error . But the general trend is clea r . And once aga in , a large 
f ract ion of the population is  concentrated in the young age groups 
that bea r few or no foals : over 4 0  percent of j ennies are in the 
foal , yearl ing , and 2-year-old classes . 

Table 2 . 16 . Age Compos i t ion of Feral Asses Rounde� Up in the Phoen ix 
BLM Distr ict in 1979  

Males Females Males Females 
Age No .  ' No .  ' Age No .  ' No . 

0 so 19 . 3  5 1  12 . 5  1 1 2 0 . 8 4 
1 34  13 . 1  3 8  9 . 3  1 2 9 3 . 5  10 
2 5 3  20 . 5  8 1  19 . 8  1 3  1 0 . 4 3 
3 2 8  10 . 8  4 4  10 . 8  14 1 0 . 4  1 
4 2 3  8 . 9  34 8 . 3  1 5  4 1 . 5  4 
5 16  6 . 2 3 8  9 . 3  16  0 0 1 
6 11 4 . 3 3 3  8 . 1  1 7  0 0 0 
7 13  s . o 27 6 . 6  18 1 0 . 4  0 
8 4 1 . 5  15  3 . 7 1 9  0 0 0 
9 2 0 . 8  7 1 . 7  20 1 0 . 4  4 

10 4 1 . 5  14 3 . 4 

Some addit ional informa tion on age compos i t ion can be obtained by 
summa r i z ing publ ished data from the var ious s tud ies (Table 2 . 17 ) . 
While these are generally subdivided into only three age classes , they 
g ive some ins ight not only into age compos i t ion , but also into herd 
dynamics as we discussed above for horses . We have listed separately 
the foals-at-bi r th percentages and the percentages of the late-summer 
or fall populat ions accounted for by foals , as we d id with horses 

' 

1 . 0 
2 . 4  
0 . 7 
0 . 2  
1 . 0  
0 . 2  

0 
0 
0 

1 . 0  
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TABLE 2 . 1 7 Age Caapos i tion of Wild Burro Herds 

Percent in Each Age Class 
Source Location and Year FABl FS/F2 Yrlg .  

Moehlman ( 19 7 4 1  De a th  Valley 
1 9 70 2 2 1 3 

1 9 7 1  14 1 4  

Woodward ( 19761  S .E .  Cal i f .  
1974 2 3 

Seegmi l ler ( 19 7 7 1  w .  Ari zona 
1974 1 9  19 

Morgart ( 19 7 8 )  N .  New Mexico 
1 9 7 5  2 2  2 1  

Douglas & No � n t  ( 19 7 7 )  De a th  Val ley 
1 9 7 5

3 
1 5  6 

1976
3 

15 5 

Ruffner & Carothers ( 19 7 7 1  Grand Canyon 
1 9 76

4 ll  1 7  

1976
5 

9 ll 
Walker & Ohmart ( 19 7 8 )  Lake Havasu 

Ari z . -Cal i f .  
1 9 766 2 3  7 

McCort ( 19 80 )  Georgia 
1 9 7 5  1 4  1 2  

White ( 1980 1 Death Valley 
1 9 7 8

7 
1 5  1 0  

1 9 7 9
7 

1 8  4 

BLM Ari zona 
1979

8 
1 5  ll  

Unveighted Means 19 . 7  16 . 0  ll . S  

lNumber of foals born as percentage of total herd . 
2Number of foals in late s�r or fall populations as percentage of total herd . 
3ectober percentages from Douglas and Non.nt ( 19 7 7 )  , Table 1 .' 
4

Bedrock Canyon Herd. 
5Lower Canyon Herd. 
6september-Novembar counts . 
7AUCJUSt-Novembar counts . 
8Prca Table 2 . 16 of this report . 

2YO 3YO 4YO+ 

1--- 64 -----; 

- 6 7 -----; 

-

1--- 62 -----; 

1--- 57 -----; 

t--- 79 ----; 

t--- 80 -----; 

o-- 7 2 ----; 

o-- 70 ----; 

- 70 -----; 

1--- 74 -----; 

,__ 7 s ----; 

1--- 78 ----t 

1--- 76 . ----t 

7 1 . 1  

Total SAJ11Ple 

174 

20 2 

8 3  

88-92 

90-100 

66 

102 

1 8  

4 5  

" 
QO 

268 

73 

774 

1 76 

666 
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(Table 2 . 8 ) . The rationale for th is separat ion , and the meaning of 
d i fferences between the two sets of values , were d iscussed above . 

The means for both sets of burro values are h igher than the 
analogous means for horses , as would be expected of a species wi th a 
h igher r eproductive rate , although the d i fferences are not 
s tatist ically sign i f icant . But 4 of 14 individual burro values exceed 
20 percent , wh ile only 1 of 14 hor se values does so . 

The burro  means are not stat istically greater than the horae 
means , at least in par t  because of the greater var iabil i ty in the 
burro values . Thus , the late-summer/fall values for the latter r ange 
between 9 and 2 3 , those for hor ses between 13 and 19 . The respective 
coeff icients of var iation are 26 . 8  and 15 . 6  percent . This var iation 
is probably the r esult of between-year and between-area var iation in  
natal i ty or  foal survival , or  both . 

JlL Survival . As with the hor se data , survival information on 
bur ros is cons idered in terms of first-year surv ival and survival of 
older animals . 

J!l First-year survival . There is evidence from field 
observat ions that survival rates are qu i te var iable in bur ro foals . 
Thus , Carothers (1976 ) observed the h igh rate of •reproductively 
act ive • (pregnant or lactat ing ) females in two areas of Grand Canyon 
descr ibed above , but found very few foals in the same areas dur ing the 
months of July , August , and September . He suspected that this might 
be due to h igh pre- or postpar tum mor tal ity . 

Mor e  specifically , the data or Ru f fner and Carothers (197 7 ) showed 
8 9 percent of "all females • (N • 9 )  pregnant or lactating in the 
Bedrock Canyon herd . With s ix embryos found on autopsy , th is is a 6 7 
percent pregnancy rate for all females i r respective of age . Yet this 
herd only had two foals (11  percent of 18 an imals ) .  In the Lower 
Canyon herd , 73 percent of 2 2  females were pregnant or lactating and 
car r ied 14 embryos ( 6 4  percent pregnancy ) . This  sample conta ined 4 
foals (9  percent of the 4 5  animals sampled ) .  

Moehlman (1974 ) observed three pregnant j ennies dur ing her study 
o f  the Wildrose-Emigrant Canyon population in Death Valley . These 
animals were not accompained by foals at a later date , suggesting tha t 
they had abor ted or lost thei r  young . She counted the number of foals 
and yearlings each year in her popula tion between 19 7 0  and 197 2 . Thi s  
a llows first-year survival estimates based on the shr inkage o f  two 
cohor ts . These results are as follows : 

Year : 
Foals : 
Yearl ings : 
Impl ied survival (yr lg ./foal ) : 

1970 .!!!.! .!!!£ 
39 --- 29 -----._ --
-- � 28 23 

• 7 2 • 79 

Three years after Moehlman ' s  s tudy , Douglas and Normen t ( 197 7 )  
observed high foal ing rates i n  the same population . The large 
d iscrepancy that they observed (Table 2 . 17 )  between the percentages of 
foals in the populat ion and the percentages of yearl ings could reflect 
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the foal mor tal i ty tha t they sugges ted was occu r r ing .  Whi te ( 19 8 0 ) 

c alcula ted a f irs t-year surv ival r ate of 0 . 66 between 19 7 7  and 1 9 7 8  
for the Butte Val ley populat ion in Death Valley . 

Dead foals are occas iona lly found . Nat ional Par k  Service (NPS)  

officials  found a l ive foal be ing fed upon by coyotes in Death Valley 
and gave i t  to Moeh lman ( 19 7 4 ) .  Norment and Doug las found two at 
Death Va lley in a l i ttle over a year ' s  obse rvat ions , a n d  Norment 
( Normen t and Douglas 19 7 7 ) found a s t i l l-born fetus along the Colorado 

River in Grand Canyon . 

I n  contrast to the above f ind ings , Ohma r t  and others ( 19 7 5 )  and 
Seegmiller ( 19 7 7 ) found no ev idence of foa l mor tal i ty in Ar i zona ,  nor 
d id Morga r t  ( 1 9 7 8 ) in  the Bandel ier Monumen t herd . 

I n  sum , these va r ied sources of ev idence sugge s ted tha t foa l 

mor ta l i ty in bu r ros may vary between ar eas from very low rates ( Ohmar t 
and other s  19 7 5 , Seegmiller  1 9 7 7 ) , Morga r t  19 7 8 ) , th rough the moderate 
ones calculated from Moehlman ' s  ( 19 7 4 ) data , to the h igh ones impl i ed 

by Douglas and Normen t ' s  ( 19 7 7 ) Dea th Va l ley yea r l ing percen tages and 
Carother • s  ( 1 9 7 8 ) observat ions i n  Gr and Canyon . The great range of 

yea r l ing percen tages i n  Table 2 . 17 fu r ther suggests th i s  var iabi l i ty , 

w i th a 4 4  percent coe f f icient  of var iat ion about the mean year ling 
percentage be ing mor e  than hal f aga i n  as la rge as the coef f icien t for 
the foal per centage . Year -to-year var iat ion w i th i n  a r eas probably 
adds fur the r to the var iab i l i ty . 

J£1 Year l ing and older surv ival . We a t tempted prel iminary 

est ima tes of surviva l  rates in the 2 -year -old and older an imals i n  
Table 2 . 16 b y  regress ing logar i thms of the number of an imals i n  each 
age class on age , as we d id above w i th hor ses . (We d id not extend the 
r egress ion through the year l ings because of the apparen t  sampling bias 
aga inst the i r  number s . )  The calculated f i n ite , annua l survival rates 
are  0 . 7 8 for j enn ies , 0 . 7 0  for jacks . If the populat ion was 

increas ing at the t ime of the roundup , these r ates underestimate the 
t r ue populat ion values , as d i scussed above . The s lopes for the two 
sexes are not stat i s t ica lly d i f feren t , and a r e  roughly comparable with 
those calculated above for horses . 

Ver y  l i ttle adu l t  morta l ity has been observed by any 

i nves t igators . Both Moehlman ( 19 7 4 ) and Douglas and Norment ( 197 7 ) 
saw only occas iona l dead an ima l s . The latter author s observed fou r 
natural deaths out of  a populat ion of 8 6  2-year-olds and older animals 
i n  a l i ttle more than a year ' s  observat ions , an observed loss of abou t  
5 percen t . One of the deaths was a j enny tha t  d ied foaling . 
Seegmi ller ( 1977 ) saw only one natural dea th of older an imals in the 
Bill Williams herd , although he saw 1 1  carcasses of an imals which 
apparently had been s hot . Most author s agree tha t pr edatory loss i s  
a lmost nonexisten t .  

These var ied sources suggest that adul t mor tal i ty has beeen l ight  
in a l l  of t h e  a r e a s  in wh ich i t  h a s  been stud ied . 

J!l Sex Compos i t ion . The studies r epor t ing sex compos i t ion do 
not present a consisten t pictu r e . Woodward ( 1 9 7 6 ) , Douglas and 
Norment ( 1 9 7 7 ) , G . A .  Ru f fner (as  c i ted in Douglas and Norment 1977 ) , 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


8 1  

and Walker and Ohmar t (19 7 8 ) a l l  repor t appreciable excesses o f  males 
r ang ing from 53  percent (Ruffner ) to 68  percent ( Douglas and Norment ) .  
Woodwar d  also concluded that j acks survive longer than j ennies . 

To the contrary , Seegmiller ( 1977 ) repor ted 4 6  percent males in 
the Bill Williams herd while Morgar t ( 19 7 8 ) repor ted 4 3  percent in  
Bandel ier Monument . And the percentage of males in the Phoenix 
Distr ict roundup is 39  (Table 2 . 16 ) . This  preponderance of female s  
also parallels the sex compos it ion in horses d iscussed above . 
Fur thermor e there i s  a suggest ion (Table 2 . 18 ) of the same 
age-speci f ic changes in sex ratios that were observed in the horae 
(Table 2 . 10 ) : a balanced ratio at b i r th ,  increas ing distor tion towar d 
females in ear ly and mid-li fe ,  and a par t ial restoration of balance in 
the older ages . 

Table 2 . 18 . Age-Specific Sex Ratios in Bur ros Rounded Up in the BLM 
Phoen ix Distr ict , 1979 . 1 

A e 
Foals 1-3 4 -6 7 -10 11-20 

' Males ± 0 . 0 25 C . L .  50+10 41±6 3 3±7 27±9 4 1+15 
Sample Size 101 2 7 8  157  86  46  

!Data from Table 2 . 16 . 

Whether these sex-ratio discrepanc ies reflect real di fferences 
between populat ions or sampl ing bias is not known . Douglas and 
Norment ( 197 7 ) suggest that there may be a tendency to see males more 
readily when they display pa r t ially turgid pen ises or announce the i r 
presence by braying . 

Ji1 Population Trend . Because the demograph ic parameters we have 
been rev iewing are both more var iable and less precisely known than 
those for horses analyzed above , li fe-table calculat ion of increase 
rates becomes more problemat ical . In review , we have seen that : 

( a )  Fecundity rates vary over a wide range . The low end , as 
repor ted by Moehlman (1974 ) , i s  comparable with that of horses , with 
the 4 -year-old j ennies the youngest effective breeders and foaling 
rates of adult females 4 1  to 6 3  percent . At the h igh end , some 
fraction of 2-year-olda foal ; and annual foaling rates as h igh as 79 
percent (Table 2 . 13 ) , and in one small sample as h igh as 90  percent , 
have been repor ted . 

( b )  First-year survival rates appear s imilar ly var iable , with 
some values conceivably below o. s, and others approach ing 1 . 0 . 

( c )  Adult survival rates appear h igh and comparable with those of 
horses , probably fall ing somewhere in the range between 0 . 7  and 1 . 0 . 
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On e  o f  the f i r s t  que s t ions we can address i s  the advantage bur r os 

g a i n  over horses by the fact tha t they br eed 1 year ear l ier . Cole 
( 1 9 5 4 ) has shown tha t  populat ion increase r a tes a r e  extr emely 
s ens i t ive to the age of f i r s t  br eed ing , mor e  so than to moderate 

var iat ions in  total number of young produced . We have per formed 
l i fe-table calculat ions on annual incr ease r a tes of both hor ses and 

bur ros , using a hypothet ical rate of f i r s t  foal ing in 3 -year -old 
horses and in 2 -year-old bur ros of 25 percent . All older age classes 
wer e  ass igned 50  percen t foal ing r ates . All age classes wer e ass igned 
a 0 . 9  mean annual surv ivor sh i p .  The r esults produced a potent ial , 
annua l increase r ate of 4 per cen t in hor ses and 1 3 percent i n  bur ros . 
C l ear ly , the d i f fer ence in th is var iable alone prov ides the bur ros 

w i t h  a mater ially h igher potent ia l  rate of increase , prov ided tha t 
s ur v ival r a tes are  s imi lar . 

A s  in hor ses , some h igh r a tes of increase have been repor ted for 

bur r o  populat i ons : 

( a )  Douglas and Norment ( 1 9 7 7 ) calculated a n  1 8  percent 

( A = 1 . 18 ) annua l increase rate for Death Valley bur ros in the mid 
1 9 7 0 s  following herd r educ t ion . 

( b )  Ohma r t  and others ( 19 7 5 ) est ima ted 2 0  to 2 5  percen t for the 

Havasu Resource Area in Cal i forn ia-Ar i zona over  an 18 -month per iod , 
doubtless u t i l i z ing the wor k of Woodwa r d  ( 19 7 6 ) and Seegmi ller ( 1977 ) 
who a r r ived at  s imilar  conclus ions for the same locale . 

( c )  Morgar t ( 1 9 7 8 ) infer red a 29 percent ( A  = 1 . 2 9 ) annual 

i ncrease r ate for Bandel ier Monument .  

We can now calculate what demograph i c  pa tterns  wou ld be r equ i r ed 

( and we do not sugges t tha t they necessar i ly occur in natur e )  to 
attain r a tes of these magn i tudes . We per formed calculat ions based on 
the fol lowing three hypothet ical cond i t ions : 

( i )  Ha lf of 2-year-olds and 6 0  per cent o f  all older ages 
foal ing each year . 

( i i )  Hal f  of 2 -year -olds and 8 0  percent of all older ages 
foal ing each year . 

( i i i )  Hal f  of 2-year -olds and 100 per cent o f  all older ages 
foa l ing each year . 

G iven these schedules and 1 . 0  surv ival rates , bur ro herds could 

increase at the following thr ee , respect ive r a tes :  

( i )  

( i i )  

( i i i ) 

A = 1 . 16 ( 16  percent per year ) 
A • 1 . 2 0  (20  per cen t per year ) 

A a 1 . 2 2  ( 2 2  percen t per year ) 

One add i t ional impl i c i t  assumpt ion i s  an age d istr ibut ion 

approx imating a geometr ic ser ies . 
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Obviously , the three publ ished rates o f  increase r eported above 
r each or exceed the biolog ical l imits of the species . In populations 
with age distr ibutions l ike that in Table 2 . 16 ,  they could only obtain 
w i th no mor tal ity and maximum poss ible reproduct ive rates . But since 
several of the values are based on intens ive observations of small 
herds over per iods of time , one hes i tates to question their  val id ity .  

Not all bur ro herds have been repor ted to increase a t  these high 
r ates . The Bedrock canyon Herd in Grand Canyon had exper ienced 
per iodic reduction , and Ruf fner and Carothers ( 197 7 ) found h igh 
r eproductive rates , a h igh propor t ion of young animals (78  percent 
between 1 month and 4 years of age ) , excellent phys ical condition , and 
presumed population increase pr ior to their  removal effor t .  But the 
Lower Canyon Herd had not been subj ect to human inter ference , had only 
49 percent of its individuals in the f irst 4 age classes , was not in 
as good phys ical condition , and was presumed to be roughly stationary 
or growing only sl ightly . S imilar ly , Moehlman ' s  ( 1974 ) Death valley 
herd had not been exploited for some years , exhibited a low 
r eproductive rate ,  and appeared to increase at 4 . 8 and 9 . 7 percent 
from 19 7 0  to 1971 and from 19 7 1  to 1972 . 

While observing substantial fractions of foals in the Butte Valley 
population of Death Valley (Table 2 . 17 ) , White ( 1980 ) measured almost 
no population change from 1976 to 1979 . He concluded that the 
population was stabili zed by emigration and perhaps the low first-yea r 
survival descr ibed above . He fur ther concluded that dens i t ies were  
roughly 5 to 6 t imes Moehlman ' s  (1974 ) , 7 to 9 times those of Douglas 
and Norment ( 1977 ) , and some of the h ighest ever repor ted . 

What ecological patterns can now be inferred from the disparate 
r esults that we have reviewed in the past several pages? No 
def init ive answers are poss ible , but we suggest some hypotheses tha t 
might serve as leads for future research . I t  seems instructive to 
cons ider asses in  comparison w i th hor ses . 

The domestic , and now feral or •wild , "  horse is der ived from the 
wild Przewals k i ' s  horse (Equus caballus prezewalsk i i ) . I ts or iginal 
d istr ibution was the h igh-latitude As ian and European steppes with 
thei r  strong summer-winter contrasts , and a semi-ar id to mes ic 
prec ipitation pattern . Such a cl imatic reg ime placed survival value 
on a warm-season foal ing per iod and mar ked reproductive seasonal i ty . 
With a moisture reg ime of intermed iate dependabi l i ty ,  probably made 
less r isky by strong nomad ic habits , r elat ively f ixed and unvarying 
r eproductive rates could evolve and endure .  we cannot speculate on 
why those rates are so conserva tive . 

The Nor th Amer ican wild horse is now settled in the New wor ld 
ecogeographic analog of its ancestral range : the western Great Plains 
and the Intermountain sagebrush and salt-deser t-shrub steppes . I ts 
reproductive pattern is  h ighly seasonal (Table 2 . 5 )  and of l imited 
var iation (Tables 2 . 4  and 2 . 8 ) . 

The domestic donkey , and now feral burro , is descended from the 
Afr ican wild ass (Eguus as inus ) . I ts native range is the low-lat itude 
( 10 °N) , ar id reg ions of nor theast Afr ica . A combination of minor , 

seasonal changes in temperatures and photoperiod permitted the 
evolution of a year-round reproductive capability as it has in so many 
low-lat itude spec ies . 
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Similar ly , the Nor th Amer ican feral  bur ro is largely a deni zen o f  
t he continent ' s •hot • deser ts , par t icular ly the Moj ave and Sonoran . 
At the souther ly extremes of its u . s .  distr ibution in southern  

Cal i forn ia and Ar i zona ( lat itude ca  3 4  to 3 4 . 5 ° N ) , and on Ossabaw 
Island , Georg ia (ca 3 1 ° N ) , there is no statist ically demonstrable 
seasonal i ty to its breed ing . But at the sl ightly h igher latitudes 
and/or alti tudes of Bandel ier Monument (ca 3 6 ° N ) , Grand Canyon 
( ca 3 6 ° N ) , and Death Valley (ca 3 6 . 5 ° N ) , a degree of seasonal i ty has 
developed (Table 2 . 15 ) , although i t  is  not as mar ked as that in hor ses 
(Table 2 . 5 ) . 

One tra i t  that has definite surv ival value in ar id reg ions is 
demograph ic flexibil i ty .  Deser ts are  the mos t var iable of all 
ter restr ial systems in terms of prec ipitat ion and pr imary production . 
Many deser t animal species the wor ld over , rang ing from sna ils and 
insects to birds and mammals , possess great flex ib i i ty in a var iety of 
demographic pa rameters . They reproduce and increase rapidly dur ing 
per iods of above-average ra infall , and take advantage of temporar i ly 
favorable cond it ions . But they cur ta i l  r eproduct ive act iv ities dur ing 
drought per iods . Some species have abandoned all reproductive 
seasonal i ty and developed the abil ity to breed at any t ime of yea r 
when capr ic ious rain occurs . 

I t  seems poss ible that the var iabi l i ty in the burro data we have 
reviewed may re flec t the demograph i c  flexibi l i ty of a deser t spec ies . 
I ts population processes may adj ust to such v iciss itudes as subnormal 
ra infall , inadequa te forage , and populat ion dens ity . Several 
observers whom we contacted dur ing the course of this study expressed 
the view that bur ro foal ing rates are h igher dur ing year s  of 
above-average prec ipi tat ion and abundant forage than in years when 
rainfall is below . 

Several authors have suggested that observed var iations in 
reproductive and/or surv ival rates are due to var iations in dens i ty .  
Douglas and Norment ( 197 7 ) postulated that the d i fferences between the 
foaling rates they observed and those of Moehlman ( 1974 ) were a 
f unction of the d i f fer ing population dens it ies ( Figure 2 . 1 ) . The 
herds studied by Douglas and Norment (1977 ) and Woodwar d  ( 197 6 ) had 
been lowered by herd reduction pr ior to the s tud ies , and thei r  h igh 
increase r ates and h igh propor t ions of young animals were  thought to 
be responses to reduced dens ity . 

Ru ffner and Carothers ( 1977 ) proposed a s imilar hypothesis for the 
two Grand Canyon populat ions , the Bedr ock Canyon herd having a lower 
dens ity ,  a h igher reproduct ive rate , a larger propor t ion of young 
an imals in the population , and a presumed h igher increase rate than 
the Lower Canyon herd . Wh ite ' s  ( 1980 ) repor t of h igh emigration and 
low foal survival rates assoc iated wi th except ionally h igh density may 
f i t this same pattern . 

I f  these hypotheses are cor rect , they may have impor tant 
management impl ications . Bur ros appear to have mater ially h ighe r 
potential increase rates than horses , and to be capable of populating 
an area rapidly . Indeed , Woodward (1976 ) called it • [ t ] he epi tome of 
a success ful colon i z ing species • • • •  • If  the management goal for a 
g iven area is  to mainta in bur ros at low to moderate numbers , or as i n  
the national par ks to el iminate them and prevent the i r  repopulation , 
i t  may r equire  dil igence and cont inuous ef fort .  
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Figure 2 . 1 Relationship of the percentage of j ennies foaling 
to population dens i ty  in Wi ldrose-Emi grant population 
of Death Val ley (after Douglas and Norment 1977 ) • 
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However ,  burros may also have cons iderable abi l i ty to l imit  the i r 
own dens i ty , once the ir  numbers beg in to we igh on the i r  own 
populations and the i r  env ironments . Conceivably th is  phenomenon could 
r educe the need for herd control . The impor tant ques tion is whether 
that l imitation is effected at  dens ities below wh ich vegetation 
impacts and conflicts with other values are excess ive in terms of 
speci f ied management goals . Our later discuss ions on the effects o f  
bur ros on other ecosystem components bear on this question . 

All of th is  is  speculat ive and suppor ted by a th in data base . The 
s ubject of demography needs cons iderable research a imed at measur ing 
mor e fully the reproductive , foal-survival , and adult-survival rates , 
and their  var iation due to d i f ferent env ironmen tal pressures . They 
will need to be measured in a number of areas to disclose the basis 
for d i f ferences cited above , and for several years in each area to 
r ecord the range of var iation and its causat ion . 

Foal ing rates should be fa irly access ible a t  nominal expense by 
examin ing animals at roundups . But as with hor ses , research on 
surv ival rates will be cons iderably more demand ing of time , log istics , 
and funds . In all probabi l i ty ,  telemetry will be an indispensible 
tool . 

One other problem that concerns some observers is  uncer tainty 
abou t accurately determining burro ages . Many of the hypotheses abou t 
burro demography developed above--f ir s t  breed ing age , age-specific 
fecund i ty ,  and surv ival rates--presume that the author s cited wer e 
able to age the an imals accurately . In  fact , age c r i ter ia have not 
been spec if ically worked ou t for bur ros . Burro invest igators use the 
tooth-eruption and wear pattern worked out for horses ( see Welsh 1975  
for review ) . Th is has  been justified by  Woodward ( 19 76 ) , Ruf fner and 
Carothers ( 1977 ) , and McCor t ( 1980 ) on the grounds that the pattern 
has been found s imilar in three different spec ies of Eguus : the 
pla ins zebra <!· burchell i ) , the mounta in zebra <! · zebra ) , and ! ·  
caballus itsel f .  The assumption is  tha t the same pattern holds for E .  
a s inus . Woodward ( 1976 ) was able to make l imited tests on the 
assumpt ion by check ing dent ition of an imals she had ear l ier captured 
and mar ked while they were foals . She found no d iscrepancies . But 
addi tional research would g ive mor e con f idence in the val idi ty of the 
assumpt ion . 

Demography-Related Character istics 
of the Mare Reproduct ive Cycle 

The domestic mare beg ins ovulating at about 1 year of age--that 
is , the f irst  season after the year of bir th . The adult mare is 
seasonally polyestrous , with a cycle length of 21  to 22  days between 
ovulat ions . Spontaneous prolongation of luteal activity is common in 
the mare and can extend the cycle length to 2 months . Horse mares can 
cycle year-round J however ,  they tend to be seasonal depending upon 
latitude , with perhaps 2 to 6 months of anestrus dur ing the winter . 
The pony mar e is more str ictly seasonal (as are the Pryor Mounta in 
w i ld horses ) ,  with all animals cycl ing by May and none after September . 
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Multiple ovulations are common i n  the mare and may occur in 10 to 
2 5  percent of cycles . Multiple ovulat ions and the mult iple 
concept ions that can occur from them may r epresent a s ign ificant par t 
o f  the apparent early pregnancy failure rate . Mult iple ovulations 
will not make a sign i f icant demograph ic contr ibution ( less than 0 . 1  
percent of thoroughbred foals are survivors of twin pregnancies ) ,  
s ince twins are rarely car r ied to term in domestic mares and have 
s igni f icantly lower birth weights and reduced rates of surv ival . 
Multiple ovulat ions and twinning very r arely occur in pon ies . I t  i s  
unknown whether multiple ovulat ions and mul tiple implantations occur 
in the wild horse . 

Another cur ious feature of the horse is that unfer t i l i zed ova do 
not leave the fallopian tubes and persist  over a per iod of months 
while degenerating . Thus , the recent ovulatory h istory of the mare 
can be ascer tained by flush ing and examining tubal washings for ova . 

The onset of estrus , as well as the occur rence and frequency of 
ovulation , have been shown to be modulated by nutr ition . Fur thermore , 
embryon ic survival is reduced by poor nutr ition . Thus nutr itional 
status in late winter and ear ly spr ing may affect age of first  
breed ing and time of  onset of  estrus and success ful establ ishment of  
pregnancy , even i f  ovulation and breeding occur . The seasonal 
cessation of estrus in the fall may be a function of genetics and 
nutr ition and also of l igh t ,  s ince time of reproduction in the mar e 
and pony has been shown to be modulated by ar t i f icial changes in 
photoper iod . 

Sexual recept ivi ty in the hor se mare is said to average 5 . 7  days , 
whereas the pony mare responds for about 8 days--5 . 7  days before 
ovulation and 2 . 3  days after . Mares can exh ibi t  estrous behavior 
without ovulating and an imals can ovulate while exhibiting very low 
levels of estrous behavior (Asa 1979 ) . OCcasional an imals can exh ibit 
more or less continuous estrous behavior and will ingness to copulate 
r egardless of ovulatory s tatus . 

The sequence of endocr ine and gonadal events af ter conception have 
been conc isely r epresented in Figure 10 of Stabenfeldt and Hughes 
( 197 7 ) . Gestation length is about 340 days in hor ses . These events 

prov ide the rationale for a ser ies of tes ts for pregnancy , the 
usefulness of which is related to the s tage of pregnancy and viability 
of the fetus . Some of these tests are  summa r i zed in Ginther (1979 ) . 
They include rectal palpation of the reproductive tract (days 24 to 
45 ) , pregnan t mare serum gonadotropin (PMSG ) (days 4 5  to 120 ) , 
progesterone (days 45  to 130 ) , and estrogens (days 120 to 3 40 ) . An 
elevated PMSG test combined with a low progesterone resul t indicate a 
dead or resorbing embryo . The level of progesterone in milk can be 
used to detect pregnancy in a lactating mare . Ur inary estrogens are 
useful beg inning about 100 to 110 days past  conception . Ultrasound 
detection of fetal hear tbeat can be used from 45 to 90 days 
( approximately 100 percent effective after 90 days ) to term.  

Del ivery usually occurs  at n ight and lasts about 10 to  15  minutes 
in uncompl icated births . Premature del ivery can be induced by 
administration of exogenous cor ticosteroids (100 mg of dexamethasone 
a round days 3 21-3 24 with del ivery on day 328 ) . These foals survive . 
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Since captur e  and handl ing of late pregnan t mares often results in  
early  par tur i t ion ,  del ivery could be  induced in  a controlled manner by 
means of these drugs . The whole issue of pr emature del ivery might be 
avoided with dr ug-capture techniques that use tranqui l izers rather 
than succ inylchol ine , wh ich does not alter the an imal ' s  awareness of 
environmental events and produces symptoms of "stress " in whi te-tai led 
deer (Wesson and other s  1979 ) . 

A " foal heat"  (estrus and ovulat ion ) , occurs over about 7 to 9 
days and within 13  days after foal ing in domestic mares . Successful 
breed ing is poss ible at th is t ime and is commonly done in domestic 
an imals .  Foal heat is l ikely to occur in wild horses , but its 
modulat ion by nutr ition has not been stud ied . Thus , it  is impor tant 
to tes t  captur ed mar es that have accompanying foals or are lactating 
for pregnancy (milk progesterone , PMSG , serum progesterone ) to 
establ ish the frequency of th is  annual r ebreed ing in wild populations 
and i ts relat ionsh ip to age . Th is test ing could be in itiated in the 
adopt-a-horse program , espec ially with an imals captured in the fall , 
u s ing the combined techn iques of PMSG and progesterone from blood 
samples and ultrasound detection of fetal hear tbeat . 

Live foals are produced by about 70 out of 100 well-managed 
domestic mares bred . About 80 mares in 100 are estimated to become 
pregnan t r  thus fa ilure to conceive is about 20 percent . This  failure 
rate may be due to frequent use of hand-breeding or to inbreeding 
depress ion , s ince 90 to 100 percent of pasture-bred quar ter hor se 
mares are repor ted to become pr egnan t .  The death rate of l ive foal s 
var ies widely depend ing upon season of birth and source of data : 
about 5 5  percen t  of  mares br ed may have foals that survive to 1 yea r 
of  age . Th is f igure is close to that repor ted for wild hor ses , but 
tha t fact may only be coinc idental g iven the mult iple uncer tainties o f  
the domestic animal data . We cannot safely conclude that mares breed 
each year on the average in the wild ( i . e . , breed a t foal heat i f  
previously pregnant )  rather than i n  alternate years .  Direct study 
will be necessary . 

Although 1-year-old domest ic fillies do ovulate and can become 
pregnant ,  many of them lose the ir fetuses : 69  percent conce ived and 
4 4  percent del ivered in one study (Mitchell and Allen 1975 ) . I t  is 
unl ikely that animals of th is age conce ive in the wild . However , the 
actual year of first  breed ing will requ ire direct study . I t  has been 
suggested tha t  first  breeding is delayed unt i l  the age of 3 or 4 year s 
in the wild and that it  is modulated by nutr ition .  

Age-speci f ic fer t i l i ty in domestic mares has been reported to vary 
between 6 5  and 79  percent up to age 7 ,  between 81  and 89  percent to 
age 12 , and then to decl ine gradually to 50 percent at age 20 (Ginthe r 
1 9 79 ) . Age-speci f ic mor tal ity rates useful to wild hor se demographic 
studies cannot be infer r ed from domestic data , except that j uvenile 
mor tal i ty can be high and strongly dependent upon managemen� 
conditions . 

In conclus ion , i f  age-spec ific fer tility and mor tal i ty da ta of 
wild mares are  necessary for managemen t purposes , then they will have 
to be collected from studies of wild populat ions . The techniques are 
available for assess ing pregnancy states of freshly captur ed wild 
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mares  and hence to  allow estimates of fer t il i ty and probable natal i ty 
rates . Methods for applying these techn iques to captured wild horses 
are discussed under •Feral Hor ses : Fecund ity •  in the sect ion on •Equid 
Demography . • 

Genet ic Polymorph ism 

A knowledge of equ id genet ics can contr ibute to management in a t  
l east two sign i f icant ways . First , a n  an imal population must embody a 
cer ta in amount of genet ic divers ity in order to be able to adapt to 
marked environmental changes and surv ive . The genet ic compos i tion of 
a population is  presumably adj usted to render i t  mos t f i t  for i ts 
contemporary environment . However , a large population will contain 
cons iderable divers i ty ,  the extremes of which may not necessar ily be 
the most fit individuals for that env ironment .  But g iven a profound 
environmental change , such as cl imatic oscillation , some of the 
previously marg inal genotypes may now be the best adapted and serve as 
a breeding source for a new , better-adjusted population . 

In  order for a population to have a suff icient probabil i ty of 
survival , it must be large enough to con ta in enough genetic 
var iab i l i ty to meet l i kely environmental contingenc ies . A management 
program could well determine what this  size  i s , and set as an 
objective the maintenance of ind iv idual populat ions at or above this 
level . If forage allocat ion or other cons iderations prohibited 
populations of min imum size in cer tain areas , th is s i tuat ion might be 

the bas i s  for deciding to remove entire , small herds from such areas . 
A second management impl icat ion relates to the contentious issue 

of the l ineage of w i ld hor se herds . Many of the indiv iduals and 
g roups who strongly suppor t wild horse management (e . g . , Ryden 1978 ) 
contend that many of these extant herds are der ived from prev iously 
abundant Span ish mustangs . Oppos i t ion groups , such as l ivestock and 
wildli fe interests , argue that most wild hor ses today stem from 
escaped or released draft  horses , cavalry mounts , and saddle animals . 

Th is dispute could be settled by genet ic stud ies . The biophys ical 
character istics of blood enzymes and proteins have been found to be so 
closely assoc iated with genetic make-up that these serum constituents 
can be used as del icate and prec ise genet ic markers . I t  is qu i te 
likely that the serum prote ins of the Span i sh barbs and the Arabian 
breed ( the apparent  progen i tors of the Span ish mustangs ) ,  as well as 
those of the dif feren t domest ic breeds , could be pr ecisely identi f ied 
and descr ibed in contemporary , captive animals and then sought in wild 
herds . In  all probabi l i ty ,  the complex l ineage of wild an imals could 
be wor ked out with cons iderable prec is ion . 

At present , information on equ id populat ion genetics is  scarce . 
There are apparently no systematic s tudies of the levels of genetic 
var iation in wild equids . Data , however ,  do exist  with respect to 
some domest ic breeds . The genetics of coat color of the horse has 
been under intensive study for mor e than hal f  a century . Because the 
genet ics of color var iants is fairly well-known in many cases , i t  
seems that  the coat color information ava ilable from the B LM  census 
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s tudies could be used to obta in some information on gene frequencies . 
Never theless , for the reasons advanced in the section on •Needed 
Research • (below ) , i t  seems that such informat ion by itself is not 
suff ic ient to obta in es timates of genetic var iat ion in wild equ id 
populations comparable to the estimates that exist for many other 
k inds of organ isms . The study of blood enzymes and other prote ins is , 
at  present , the best  method for obta in ing such estimates . 

An impor tant study of the genetics of blood systems was publ ished 
by Stormont and Suzuk i in 1964 . These author s studied 16 blood 
factors in equ ine blood and establ ished that a min imum of e ight gene 
loc i are respons ible for the control of blood groups in horses . 
Extens ive polymorph isms ex ist in at least four of the e ight loci : the 
min imum number of alleles is s ix at one locus , f ive at another , and 
three at each of two other loci (Stormont and Suzuk i 1964 ) . Allelic 
frequenc ies at  the var ious loc i wer e  found to be d i f ferent in 
d i f ferent breeds ; two breeds in par t icular ( Shetland ponies and 
thoroughbreds ) are  markedly d i f ferent with respect to those 
f requenc ies , as shown in Table 2 . 19 . 

A practica l extens ion of the genetic analys is of blood groups was 
presented by the same authors in 1965 . In  cases when a mare had mated 
with two d i f ferent  stall ions , it became poss ible to exclude one of the 
two stall ions from patern ity in about 65  percent of the cases 
(Stormont and Suzuk i 1965 ) . The genet ics of blood groups has also 
been used to conf irm the inher itance of coat color in equ ids 
(Trommershausen-Smi th and other s 1976 ) . The chestnut rule in 
coat-color genet ics asser ts that matings between chestnut horses never 
produce bay , black , brown , or grey offspr ing ; the gr ey rule asser ts 
that grey offspr ing must have at least one grey paren t .  The authors 
stud ied n ine alleged exceptions to the chestnut rule , and e ight 
a lleged except ions to the grey rule . Study of the blood groups of the 
an imals involved demonstrated that the •except ions • were due to 
i ncor rect parentage ass ignat ion . These two appl icat ions of 
blood-group genetics illustrate the resolv ing power of genetic studies . 

An early investigat ion of genetic var iation in hor se prote ins 
other than those involved in blood-group determination was also 
publ ished by Stormont and Suzuk i ( 1963 ) ;  it involved var iat ion in 
albumin phenotypes . Gahne (1966 ) studied var iation in four blood 
prote ins , each encoded at a d i fferent gene locus , by means of gel 
electrophoresis . The number of alleles found at each of the four loc i 
was : albumin , 2 J  prealbumin , 4 J  esterase , 4 J  and transfer r in ,  6 . 

Stormon t  ( 1979 ) has recently reviewed the genetic stud ies of blood 
prote ins in horses . Table 2 . 20 ,  adapted from h is publ icat ions , g ives 
the number of alleles known at each of the e ight loci respons ible for 
the polymorph ism& observed in each of the cor respond ing prote ins . 
( FOr an addi tional rev iew , see Kamins k i  1979 ) . 

Other genet ically determined proteins stud ied in horses are : 
a-galactos idase (Beutler and Kuhl 197 2 ) , butylchol inesterase (Chi u  
and others 1972 ) , l iver alcohol dehydrogenase ( Ryzewsk i  and P ietruszco 
19 77 ) , and hemoglobin ( Sandberg and Bengtsson 19 72 ) .  

Several of the prote in polymorph ism& stud ied in horses have also 
been invest igated in bur ros : trans fer r in (Niece and Kracht 1967 ) , 
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TABLE 2 . 19 Es timates of the Frequencies of Alleles of Eiqht 
Blood-qroup Loci in Shetland Ponies and 'ftlorouqhbreds 

Fr!9U111ncies in 
Loci Alleles Shetlands 'ftlorouqhbreds 

a
Al 0 . 3107 0 . 7050 
A '  0 . 2852 0 . 0290 .! 

A H 0 . 0358 0 . 00 36 .! 
A ' H  0 . 0601 0 . 0000 .! 

.! o .  3082 0 . 2624 

d
o 0 . 1392 0 . 0000 

D d
J 0 . 1215 0 . 1503 

d 0 . 7 394 0 . 849 7 
Pl 2. 0 . 3415 0 . 2058 

p P ' 
2. 0 . 0483 0 . 0910 

2. 0 . 6102 0 . 7031 

'i.
Q 0 . 1519 0 . 5082 
R 0 . 3869 0 . 0000 'i. 

s 0 . 0103 0 . 1038 'i. 

Q QR 
!i 0 . 1306 0 . 0756 

RS 0 . 1893 0 . 3125 'i. 

'i. 0 . 1 3 10 0 . 0000 

C* 
c 0 . 65 2 1  0 . 7 3 1 7  .£ 

X* kx 0 . 1796 0 . 0635 

T* tT 0 . 4505 0 . 6594 

U* u 0 . 3 174 0 . 1485 � 

*'lhe freqUIIIncy of the alternative allele at each of these loci is 
simply 1 minus the fiqure shown . 

SOURCE : Data from Stor110nt and Suzuki ( 1964) . 
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TABLE 2 . 20 Number o f  Alleles As sociated wi th 

Various Blood Pro tei ns in Hors es 

Pro tei n 

Serum protei ns 

Albumin 

Prea lbumin 

Pos talbumi n  

Es teras e 

Trans ferri n  

Red-b lood- cel l prote i ns 

Carboni c anhydras e 

Ca talase 

6-Phosphogluconate 

dehydrogenase 

Numbe r o f  

Alle les 

2 

8 

2 

4 

6 

3 

2 

2 

Re ferences 

S tormont and Suzuki ( 19 6 3 ) ; 

Gahne ( 1 9 6 6 )  

Gahne ( 1 9 6 6 ) ; Braend ( 19 7 0 ) ; 

Trommershausen-Smi th and 

Suzuki ( 1 9 78a)  

Braend ( 19 7 0 ) ; Stormont ( 19 7 2 ) ; 

Trommershaus en-Srni th and 

Suzuki ( 1 9 7 8a ) 

Gahne ( 1 9 6 6 )  ; S cott ( 19 7 0 )  

Gahne ( 1 9 6 6 ) ; Braend and 

S tormont ( 19 74 )  

Sandberg ( 1 9 6 8 ) ; Deuts ch and 
a 

others ( 19 7 2 a , b! : Deuts ch 

and Bray ( 19 7 5 )  

Kelly and others ( 1 9 7 1 )  

S andberg and Bengtasson ( 19 7 2 )  

a
Re ference s not i ncluded in S tormont ' s  review . 
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hemoglobin (Truj illo and others 1967 , I saacs 1970 ) , esterase ( Kaminsk i 
1970 ) , 6-phosphogluconate dehydrogenase (Bergman and Gustavsson 19 71 , 
Hof and Osterhof f 1973 ) ,  and albumin (Blake and Douglas 1978 ) . 
Esterase (Kaminsk i  1970 , Kamins k i  and others 1978 ) and 
6-phosphogluconate dehydrogenase (Hof and Osterhoff 1973 ) have been 
s tudied in other equids as well . 

The present s tate of knowledge concern ing the gene tics of natural 
populations of wild and free-roaming horses and bur ros may be 
summar ized as follows : 

1 .  No informat ion exists about these populations concern ing any 
of the relevant genetic quest ions , such as the amount of genetic 
var iation with in populations , the amount of genet ic d i fferentiation 
between populations , and the pattern of genet ic relatedness 
( •phylogeny • )  of the wild populat ions and the domestic breeds . 

2 .  No studies exis t of domestic horses or donkeys that would g ive 
valid estimates of the amount of genetic var iation w i th in a breed , the 
amount of genetic differentiation between breeds , or the pattern of 
genetic relatedness among breeds . To obtain these estimates would 
requ ire the systematic study of a random sample of genes ( i . e . , random 
w i th respect to the degree of var iation ) . The existing studies 
concentrate on one or another gene ( respons ible for a g iven coat 
color , blood group , or protein )  and , in general , pay par ticular 
attention to genes known to be polymorph ic . 

3 .  Genetic information exists , par t icularly for domestic horses , 
with respect to coat color s ,  blood groups , and var ious prote ins , 
polymorphism appears to be pervas ive (and , it  would seem , as extens ive 
at least as in other ver tebrates ) .  The successful appl icat ion of the 
techn iques of gel electrophores is to the study of a number of protein 
polymorph ism& indicates that such techniques could be used to obtain 
the k ind of population genetic information needed ( see the two 
prev ious par agraphs ) .  

Food Habits of Horses and Burros 

Since Nor th Amer ican wild burros and horses occupy rather 
d ifferent  b iomes--bur ros in the hot or southern deser ts , and horses 
largely in the pla ins , steppes , and cold or nor thern deser ts--marked 
d i fferences in food habits are to be expected , and possibly in 
nutr itional char acter istics as well . At leas t par t  of the burro ' s  
abil i ty to adapt to the harsh environmental condit ions of the deser t 
Southwest probably relates to the broad spectrum of plant spec ies i t  
w i l l  accept a s  food . Most studies show that bur ros are h ighly 
oppor tunistic feeders ,  and can greatly alter thei r  diets in respons e 
to forage availability and phenology (Brown ing 1960 , Hansen and Mar t in 
19 73 , Koehler 1974 , Woodward and Ohmart 19 76 , Jordan and others 1979a , 
Seegmiller and Ohmart 1980 ) . They apparently pre fer green grasses and 
forbs when these are ava ilable (Hansen and Mar t in 1973 , Woodward and 
Ohmar t 1976 ) . However ,  vir tually all researchers have remarked that , 
dur ing dry seasons or per iods when forage is scarce , burros utilize 
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plants and plant par ts not usually cons ider ed forage for domestic  
r uminants . For example , Ohmar t  ( 19 7 5 )  observed bur ros consuming large 
palo verde (Cercidium microphyllum )  branches , and Koehler ( 1974 ) 
r epor ted them eating yucca (Yucca spp . ) plants and bar k  from cholla 
cactus (apuntia imbr icata ) . In thei r  comprehens ive rev iew of 
l i terature on equine nutr i tion , Robinson and Slade (1974 ) observed 
that domestic donkeys may have a h igher capac i ty for d igesting crude 
f iber than either horses or cattle , and that feral equ ids of both 
spec ies can surv ive on d iets def icient in total n itrogen as well as 
spec i f ic amino ac ids . These phys iolog ical capac i t ies might well 
contr ibu te to the bur ro ' s  adaptabi l i ty to such low-qual i ty forages . 

Table 2 . 21 d isplays a representative , though not exhaust ive , 
summary of food-habi t  studies conducted on bur ro populations in 
several env ironments . Var iations in the grass component , compared 
with that of horses (see Table 2 . 22  and later sections of this report ) 
further emphas ize the plastic nature of burro feed ing habits . 

In contrast to the dear th of information on graz ing impacts , 
cons iderable research e f for t has been devoted to studying the diets of 
horses over a wide range of cond it ions in the West . Much of th is 
research has been suppor ted either directly or indirectly by the BLM. 
I n  some cases , diets of sympatr ic ungulates have also been studied to 
a scer ta in the degree of dietary overlap . Results of several of these 
s tudies are summa r i zed in Table 2 . 22 . 

Wh ile some studies have repor ted that forbs ( Smith 1949 , Archer 
1973 , Hansen 1976 , Wagner 1978 , BLM 1979c ) and browse ( Fr ischknech t 
1975 , Hansen 1976 ) are per iod ically impor tant in hor se diets , most 
studies (Hubbard and Hansen 1976 , Hansen and others  1977 , Olsen and 
Hansen 1977 , Salter 1978 , Vavra and Sneva 1978 , Salter and Hudson 
1979 ) have emphas i zed that gramineous spec ies constitute the major 
propor t ion of the annual d iet . Th is s tate of af fairs  is emphas i zed 
by the low var iabil i ty associated with the grass component in Table 
2 . 2 2 ,  which is based on stud ies conducted over all seasons and under 
many different environmental cond it ions . In a parallel s ituat ion , 
Casebeer and Koss (1970 ) found that zebra d iets more closely matched 
the grass compos i tion of the vegetat ion type where they grazed than 
d id those of three species of ruminants : cattle , wildbeest ,  and 
har tebeest . 

Archer (1977 ) and P .  v .  Fonnesbeck (Utah State Un ivers ity , 
per sonal communication , 1979 ) both found that horses can be h ighly 
selective feeder s ,  even showing pre ferences for shor t ,  new growth in a 
sward whi le reject ing the older growth of grasses present there . 
S todda r t  and others (1975 ) noted that horses are the mos t selective 
grazers of domestic l ivestock and , under cond itions of for age scarc ity 
where heavy utilization has been forced , no other an imal matches the 
horse ' s  abi l i ty to crop the vegetation closely . Arnold and Dudz insk i 
( 1978 ) have made s imilar observat ions . 

Several author s reported that horses and cattle often consume very  
s imilar d iets in  sympatr ic s i tuations (Olsen and Hansen 197 7 , Salter 
1978 , Vavra and Sneva 1978 ) . Vavra and Sneva (1978 ) found that 
s imilar i ty of diets was greatest in dry years and dur ing seasons of 
dormancy when forage is least available . Some potential 
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TABLE 2 .  21 Dieta of P'ne-aoaming Bur:roe OVer a Range of Vegetation Type• and 
Seuone , ae Detez:mined by Fecal and Sto.ach-oontent Anal.yeie 

Month/ Dieta!I Co�ei tion 
Study Vegetation Type Seaeon ( e )  Graeeee P'oxbe 

Woodward and Clmlart Mojave Deeert Jan . 0 . 0  2 2 . 7  
( 1976) ( lower Colorado River-

Ch�uevi Mta . P'eb . 1 . 2  46 . 9  

Mar .  2 . 2  77 . 4  

Apr . 7 . 7  58 . 2  

May 0 . 2  51 . 9  

June o . o  37 . 2  

July 2 . 0  12 . 1  

Auq . 2 . 4  13 . 9  

Sept. 2 . 3  8 . 4  

Oct . 12 . 6 8 . 0  

Nov. 2 . 9  10 . 9  

Dec . 14 . 3  ll . 2  

Annual -an 3 . 9  30 . 1  

Haneen and Martin Mohave Deeert Mar . 79 . 6  15 . 8  
( 1973)  ( i n  lower Grand 

Annual -an 68 . 6  1 3 . 1  Canyon) 

Jordon and othere Mohave Deeert July 47 . 8  17 . 4 

( 1979 )  (Grand Canyon 
Aug . 34 . 4  15 . 2  Nat ' 1 .  Park ) 
Sept . 2 3 . 3 10 . 1  

Annual -an 35 . 2  14 . 2  

Seegailler and at.art Colorado Deeert Jan . -Mar . 1 . 8  56 . 5  
( 1976 ) ( lower Colorado River- Apr. -June 30 . 1  34 . 5  Bill Willi ... Mta . )  

July-oct .  3 3 . 1 ll . 2  

Annual -an 2 2 . 0  3 3 . 0  

Browninq ( 1960 ) Mohave Deeert Spring and fall 10 . 0  39 . 0  
(etomach contenta ) ( Death Valley) 

Mean and coefficient of variation ( \ )  
ove r  a l l  five etudiee 27 . 3  2 2 . 6  

(84 . 2 )  (46 . 0 )  

( \ )  
Browee 

73 . 8  

36 . 0  

19 . 5  

34 . 1  

38 . 1  

58 . 0  

82 . 3  

78 . 8  

83 . 8  

74 . 0  

82 . 9  

7 3 . 1 

61 . 1  

5 . 7  

13 . 7  

31 . 8  

48 . 7  

64 . 2  

48 . 2  

39 . 6  

30 . 4  

48 . 6  

40 . 0  

50 . 0  

40 . 8  
( 49 . 0 )  
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TABI.E 2 . 22 Diets of Wi ld , Free-lloudng Horaes OVer a Range of Vegeta tion 
Typaa and Seaaona , aa Determined by Fecal Anal ya h 

Di ata!l: Co!J12a i tion < • l  
Study Vegetation Typa ( a )  Seaaon ( a )  Gruaea Forb a Browaa 

llanaen ( 1976)  Deaert grua l and Spring 58 28 9 

s-r 58 13 28 

Fal l  36 3 1  28 

Winter 36 42 2 1  

Annual 47 2 8 . 5 2 1 . 5 

Hubbard and Mountain ahrub Annual 85 1 1 2  

Hanaen ( 1976) Pinyon- juniper Annual 89 0 7 

Ecotone Annual 97 0 2 

Hanaan and others Saqebruah-qraaa and Annual 94 0 5 

( 19 7 7 ) pinyon-j uniper 

Olaen and Hansen Sagebrush-grass Annua l 9 1  8 l 
( 19 7 7 )  a n d  aal tbruah 

Salter and Hudson Upper footh i l h  Jan-Mar 87 . 5  0 . 6 5 . 9  

( 1979)  of boreal forest 
Apr-May 9 2 . 5 0 . 8  3 . 0  

June-Aug 98 . 5  0 . 8  2 . 3  

sept-Oct 9 5 . 2 1 . 9  1 . 5  

Nov-Dec 89 . 3  0 . 4  5 . 1  

Annual 9 2 . 6  0 . 8  3 . 6  

Vavra and Sneva Desert-forest Hor111Bl Year 
( 19 78) fringe o f  the 

Spri ng 99 
cold deaert 

Fal l  98 

Winter 100 

Annual 99 

!2!X Year 

Spring 9 5  

s - r  100 

Fall 100 

Winter 9 7  

Annual 9 8  

Vavra and Sneva Sa9ebruah-gra .. Annua l 9 2 . 8  7 . 0  0 . 2  
(1978) (4 locations 

Annual varying in aa9e- 9 5 . 9  3 . 6  0 . 5  

brush doainanca) Annual 85 . 8  12 . 9  1 . 2  

Annua l  9 5 . 2  2 . 5  2 . 4  

Mean and coefficient o f  variation < • l  
o,.r all ae,.n atudiea 89 . 4  5 . 8  5 . 1  

( 1 5 . 1 )  ( 146 . 7 )  ( 1 2 5 .  7 )  
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food-compet i t ion relationsh ips a r e  also reported to exist between 
horses and elk dur ing winter and spr ing ( Salter and Hudson 1979 ) , and 
par ticularly between horses and such cl imax species as bison , b ighorn 
sheep , and pronghorn antelope (Wagner 1978 ) , wh ich apparently have 
more restr ictive d ietary niches . 

Some caution is necessary , however ,  in interpret ing d ietary 
over lap as a strong indication of competition . Mere dietary overlap 
does not directly translate into exploitative competition unless 
shared forage resources are in shor t supply . In th is  connection , 
Salter and Hudson ( 1979 ) noted that horses were ubiqu i tous in their  
distr ibution over several major plant-commun ity types . There was 
l ittle contemporaneous spatial over lap between horses and cattle , even 
though fecal analys is showed 67 percent over lap in their  summer diets . 

Noticeably absent from most studies on horse d iets is any type of 
quant itative descr iption of food ava ilability .  Li kewise , few studies 
have adequately descr ibed the spatial relationships of horses and 
sympatr ic ungulates . Hence , very l i ttle , i f anything , can 
leg i t imately be sa id about competition for food between horses and 
domestic or wild ruminants . Certainly , no populations of horses and 
sympatr ic species have been moni tored for purposes of identifying 
competitive exclus ion resulting from exploi tat ion of the food supply . 

Equid Forage Requirements and Nutr ition 

Knowledge of forage requirements and nutr ition i s  important to 
e ffective management of horse and bur ro populations and the ranges 
they occupy . From the standpoint of animal welfare , the horse or 
burro b iolog ist must understand the animals ' nutr it ional needs for 
ma intenance and reproduction in relation to the nutr itional plane tha t 
the range is capable of providing seasonally . From the standpoint of 
range wel fare ,  the manager must have reasonably good estimates of the 
quant ities of forage consumed da ily by a g iven animal population in 
order to establ ish stock ing rates and , if  necessary , allocate forage 
to other herbivores occupying the range . The two needs are not 
distinct and call for close collaboration between the range manage r 
and the horse or burro biolog ist . The following discuss ion will first 
address factors affecting forage requirements and then discuss equid 
nutr i t ion in the rangeland setting . 

Theoretically , the configuration of the equ id digestive tract 
makes these animals less l imited than ruminants by the quantity of 
forage dry matter they can turn over per uni t  of time (Bell 1969 , 
Janis 1976 ) . The implication to the range manager is that horses may 
be able to consume more forage per un it of body weight than cows can . 
Hence the an imal un i t  (AU) requirement for forage might be more for 
horses than for equivalent-s ized cows , espec ially on ranges where 
�orage is  of poor nutr i tional qual ity .  (An animal un i t  is  cons idered 
to be a 454-kg ( 1 , 000-lb ) cow or her equivalent by Stoddar t  and others 
( 1975 ) . )  Apparently , some graz ing-capacity assessments conducted by 
the BLM for cows and horses have gone forward on the assumpt ion that a 
mature horse is roughly equivalent to 1 . 25 AU .  
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Heady (1975 ) ,  in speak ing o f  exchange rat ios for var ious animal 
s pecies on rangelands , states that • • • •  i f the food eaten is 
reasonably the same for both spec ies be ing compared , the rat io o f  
metabol ic weights g ives the exchange . •  He used the widely accepted 
inter spec ies mean of body we ight raised to the fractional power of 
0 . 75 to def ine metabol ic body we ight . Thus , us ing th is procedure , a 
4 54-kg horse and a 454-kg cow both have metabol ic body we ights of 9 8  
k g  and both a r e  equivalent to 1 . 0  AU . In pract ice , however , such 
exchange rat ios are profoundly a ffected by the k ind of range , the age 
and phys iolog ical status of the animals , and the k inds of forage 
consumed . Hence they appear to offer l i ttle bas i s  for compar ing 
animals as dissimilar as cattle and horses . 

Another poss ible approach in compar ing ruminant  spec ies i s  the use 
o f recommended nutr ient s tandards , such as those assembled by the 
National Research Counc i l  for sheep (NAS 1968 ) and cattle (NAS 1976 ) . 
Such a comparison could be based on either d igest ible or metabol izable 
energy requ irements . However ,  direct compar isons of such energy 
s tandards between horses (NAS 19 76 ) and ruminants are not advisable 
because of d ifferences in digestible-energy util ization by equines and 
r uminants . Cons iderable energy from eas ily digest ible foods is 
absorbed as glucose in the foregut of the equ id . Und igested mater ial , 
cons isting largely of plant cell walls , is subsequently fermented in 
the cecum , yielding volatile fatty acids (VFA ) that are absorbed and 
u t i l i zed as energy substrates by the an imal . In r uminant d igest ion , 
however , fermentat ion occu r s  in the foregut , and consequently there i s  
a major dependence on VFAs a s  energy subs trates , with l ittle o r  no 
di rect uti l i zat ion of glucose . 

As forage matures and becomes less digest ible , fermentation in the 
cecum becomes relat ively more impor tant to the equ id (Hintz and other s 
1 9 79 ) . Under such cond it ions , decreas ing amounts of energy are 
absorbed as glucose in the for egut and increas ing amounts are der ived 
as  VFAs in the h indgut . More metabol izable energy is ava ilable from 
foregut utilizat ion of glucose than from hindgut utilization of VFAs , 
because the ferment ion process is attended by losses of methane and 
heat that do not occur in foregut gastr ic digest ion . Hence , the equi d  
obtains less metabol izable energy from each un it of digest ible energy 
as the digestibi lity of its food decl ines . Th is sh ift is not as much 
of  a problem in ruminants , s ince the propor tion of food that is 
fermented remains relatively constan t over the entire  range of forag e 
d igest ibil i ty .  Moe and Tyrrell ( 1976 ) found that for ruminants , 
metaboli zable energy expressed as  a percentage of d igestible energ y 
r anged from 80  percent for forage diets to about 88 percent for 
h igh-concentrate d iets . The relat ionsh ip of d igestibil i ty , d ietar y 
f iber , and energy nutr ition of the equ id are discussed in detail  (with 
numerous appropr iate reference sources ) in Appendix A .  

Estimates of da ily forage requirements for horses , based on 
required total d iges tible nutr ients (TDN) , have occas ionally been 
suggested . Data on TDN requ irements are readily ava ilable for both 
horses (NAS 1973 ) and cattle (NAS 1976 ) and would , as first  
approximations , appear to offer a s imple method for equat ing forage 
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requirements o f  the two spec ies . However , such compar isons must be 
interpreted wi th caution . An example follows . 

For a 400-kg mare and a 400-kg cow , both in  the last 90  days of 
g estation , recommended TDN levels are 3 . 7 2  kg daily for the mare (NAS 
197 3 )  and 4 . 00  kg dai ly for the cow (NAS 1976 ) . Forage diets are 
assumed to supply 4 , 000  kcal of d igest ible energy per kg of TDN for 
horses ( FOnnesbeck 1968 ) . Thus , according to this  approach , cows 
would require some 7 . 5  percent more TDN than mares of equivalent size 
and phys iolog ical status . The difference of 0 . 28 kg TDN per day 
( 4 . 00 - 3 . 72  • 0 . 28 )  can presumably be attr ibuted to the less 
eff icient utilization of d igestible energy by the ruminant , which i s  
the result o f  ferment ive losses d iscussed earl ier . 

The ma in deficiency in this approach is  that there is  no direct 
way of translating TDN to quantities of forage dry matter actually 
consumed . The latter quant ity is  of most interest to the range 
manager who must allocate a fixed forage resource to one or more 
grazing an imal populat ions . Presumably , i f  equ ids d igest highly 
f ibrous forage d iets less thoroughly than do ruminants , and the rate 
at which d igested mater ial is passed through the equ id is  not l imited 
by the configuration of the d igest ive tract as it is in ruminants , a 
horse might consume more forage in order to extract its required 
quantity of TDN (or energy) than would an equivalent-s i zed ruminant . 

Demment (Appendix  A )  approached this question on a theoretical 
basis and , us ing publ ished data and some assumpt ions , constructed a 
family of curves compar ing intake of s imilar-s ized horses and cattle 
as  a function of dietary crude-f iber content .  At dietary crude-f iber 
levels lower than 40 percent , horses would consume less dry matter per 
day than would cows ; however , above about 45 percent d ietary crude 
fiber , horses would consume more dry matter per uni t of body weight 
than cows , and the difference would increase at an increas ing rate . 
In this connection , Stoddar t  and Greaves (194 2 ) reported that native 
g rass species ( including Agropyron , Bromus , St ipa , and � spp . ) from 
nor thern Utah mountains contained about 28 percent crude f iber in 
spr ing and 36  percent in fall . Crude-f iber values h igher than 40  
percent of dry matter are uncommon in native range forages (NAS 197 1 )  • 

Although the accounts are few and some of the data are 
questionable , the publ ished l i terature seems to suppor t the contention 
that equids may , in fact , have relatively higher rates of forage 

· 

intake than do ruminants of equivalent s ize . After extens ive review 
of the l i terature , Cordova and others (197 7 )  concluded that real istic 
estimates �f intake for �roz ing ruminants fall in the range of 40 to 
90 g/kg swu · 7 5 ,  where sWU · 75 is the metabolic body weight of an 
animal . Intake rates at the lower end of the range were associated 
w i th mature and cured forages and those at the upper end with . 
immature , eas ily d igest ible forages . Thus , forage intake by horse s 
and bur ros should approach or exceed 90  g/kg sw0

•
75 before being 

accepted as evidence that their intake requ irements are h igher than 
those of ruminants . 

Koehler (1974 ) , citing an obscure "U . S .  Forest Service personal 
commun icat ions " reference , stated that dai ly intake by burros on 
Bandel ier Nat ional Monument was approx imately 11 lbs ( 5 kg ) , but he 
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did not g ive the average we ight of the animals . The NPS ( 19 7 9 ) 
assumed that the da ily intake by Grand Canyon bur ros was 5 . 1  kg of 
forage per 167-kg an imal , ver sus 1 . 6  kg of forage per 64-kg sympatr i c  
bighorn sheep . These values conver t  t o  1 1 0  and 7 1  g/kg sw

0
• 75 

for 
bur ros and bighorns , respectively , but the d i fference is compl icated 
by d i f ferences in body size  of the two spec ies . Apparently , the NPS 
used the same est imates of intake requ irement for burros in both 
Bandel ier Nat ional Monument and Grand Canyon Nat ional Par k . This 
value was taken from work done by Maloiy (1970 ) with the Somali  wild 
ass . Dar l ington and Hershberger ( 1968 ) found that pon ies voluntar ily 
consumed t imothy hay at 82 g DM/kg sw0 • 7 5  per day ( DM • dr y 
matter ) . Intake levels of orchard grass and alfalfa were 6 5 to 90 and 
8 0  to 83 g DM/kg aW0 - 7 5 , respectively . The fact that the intake 
rates of con fined pon ies approached or equaled 90  g/kg aw0 - 7 5  

ind icates that under free-rang ing cond it ions the ir  intake requ irement 
may ,  in fact , be higher than that of ruminants . Recalculat ion of 
intake data presented by Ngethe ( 1976 ) suggests that zebras are 
caeable of daily forage-intake rates of at least 157  to 165  g/kg 
sWU · 7 5

• Ngethe ' s  zebras were fed a cafeter ia-style diet of cut 
grasses , but apparently the pens he used allowed the an imals to 
exerc ise . Both of the foregoing stud ies measured intake in the h ighly 
controlled pen s i tuat ion , and thus there is no reason to question the 
accuracy of the data . However ,  they probably underest imate intake by 
free-rang ing animals ,  s ince the latter presumably have somewhat h igher 
ma intenance energy costs . Obviously th is quest ion requ ires research , 
particular ly in terms of the mid- and low-qual ity nat ive forages that 
character ize rangeland dur ing much of the year . 

Janis  (1976 ) suggested that , due to the ir presumed greater intake 
r ates , equids are super ior to ruminants in deal ing with h igh-fiber 
forages , providing that intake is not l imi ted by the actual quantity 
of  forage ava ilable . In other words , equ ids might have a competitive 
advantage over ruminants in situat ions where a cr i t ical nutr ient such 
as n i trogen is present in low concentrat ions in the ava ilable forage . 
This is not to say that equ ids d igest prote in any more effic iently 
than ruminants (Vander Noot and Gilbreath 1970 ) , but they poss ibly 
have •access • to a greater amount of the nutr ient by the fact that 
they can process a larger quantity of food (Robinson and Slade 1974 , 
Hintz and others 1978 ) . The ruminant ' s  throughput rate is  l imited by 
the capac ity of the rumen and the fermentat ion rate there . 

The question of equ id digestive phys iology is of cons iderabl e 
t heoretical , as well as practical , interest . Several recent reviews 
of equ ine nutr ition (Slade and Robinson 1970 , Mehren and Phillips 
1972 , Robinson and Slade 1974 , Hintz and Schryver 197 8 )  have covered 
var ious aspects of the topic . Jan is (1976 ) discussed the evolutionary 
a spects of equid d igestion and poss ible ramif icat ions regard ing 
interact ions with other sympatr ic ungulates . The reader is �efer red 
to these papers , as well as to Appendix A , for more deta iled 
discussions of diges tive phys iology and poss ible ecolog ica l 
r elationsh ips . 
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Nutr it ional Value of Diets Consumed on Rangelands 

Cook ( 1975 ) expressed the widely held bel ief that most western 
ranges lack suitable year -round forage resources to sustain res ident 
populations of horses and burros , and that eventually this lack will 
l imit the i r  populations by foster ing poor reproduction , d isease , and 
s tarvation . Although we are not aware of any documented evidence 
( i . e . , demographic studies ) that such l imitations presently exist , 
an imals in poor body condi tion have per iod ically been observed on some 
horse ranges . Young and others (1976 ) suggested that Great Bas in 
plant communit ies have not evolved in association with equids s ince 
thei r  Ple istocene extinct ion , and that feral horses were only able to 
expand the i r  ranges into the Bas in after the advent of Europeans . At 
any r ate , now that wild horses and burros are establ ished on many 
r anges , i t  must be determined whether the seasonal qual i ty and 
quantity of the i r  food are cur rently creat ing l imitations . 

Generally , forage ava ilability and nutr itional qual ity are 
greatest dur ing the season ( s )  of active plant growth . As plants 
mature ,  crude f iber , l ignin , and cellulose increase . Par t of the 
change in nutr itional compos it ion is the result of decreases in 
leaf-to-stem ratios , changes in chemical const ituents wi th in plant 
structures , and some leaching . These lead to lower d igestibil ity in 
most cases . After maturat ion , leaching of soluble carbohydrates , 
proteins , and certa in minerals and v itamins greatly accelerates and 
continues throughout the per iod of dormancy . Some species are more 
suscept ible to leaching than others , and it is more severe among 
herbaceous plants than among shrubs . Shrubs ma inta in protein and 
vitamin levels better than do herbs , but they do not prov ide enough 
metabol izable energy to susta in weights in domestic l ivestock (Cook 
1975 ) . Lea f drop and shatter also contr ibute to qualitative , as well 
as  quantitative , losses dur ing dormancy . 

The areas in which the major horse and bur ro herds roam d i ffer in 
c l imate , and thus suppor t somewhat d ifferent reg imes of plant growth . 
In  southwestern reg ions , rainfall patterns range from a s ingle winter 
mode in southern Cal i fornia , through a bimodal precipitation pattern 
in Ar izona , to a s ingle summer mode in New Mexico . In areas where the 
b imodal pattern holds , two annual peaks in forage qual i ty are often 
observed : one in late winter and ear ly spr ing (prov ided winter rains 
occur ) ,  and one in late summer (Cable and Shumway 1966 ) . Grasses 
mature dur ing the latter per iod . In the Great Bas in reg ion and 
adjacent h igh pla ins areas of Wyoming and Colorado , precipitation 
occurs mainly from September to Apr il ,  much of i t  as snow . Mos t plan t 
g rowth occurs  dur ing spr ing and ear ly summer , with the vegetat ion 
becoming dormant by mid- to late summer and remain ing so throughout 
the ensu ing fall and winter . Moderate temperatures and adequate 
prec ipitat ion in fall may sometimes result in some •greenup• of 
vegetation (pr imar ily gramineous spec ies ) at that t ime . Thus , forage 
qual i ty is generally h ighest dur ing late winter and ear ly spr ing--and 
aga in in late summer--in the southwestern reg ion , and dur ing spr ing 
and early summer in the Great Bas in-Intermountain reg ion . Drought 
cond it ions in either reg ion can reduce the ava ilability of forage 
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dur ing growing seasons and dur ing per iods of dormancy .  Snows often 
greatly reduce forage availabil i ty dur ing the winter in the Great 
Bas in-Intermounta in reg ion . 

Rale igh (1970 ) , work ing in the sagebr ush-bunchgrass reg ion of 
Southeastern Oregon , repor ted that n itrogen in the d iets of graz ing 
cattle decl ined from 3 . 0 1  percent ( 18 . 8  percent cr ude protei n )  in 
ear ly May to 0 . 4 6  percent ( 2 . 9  percent crude protein ) in 
mid-September . Further decl ines into the fall and winter may have 
been observed if the study had cont inued pas t September . In the same 
s tudy ,  d igest ible nitrogen ava ilable from forage had fallen below 
recommended levels for cows nurs ing calves (NAS 197 6 ) as ear ly as late 
June . Digestible energy reached levels def icient to cows with calves 
in mid-July . 

I f  one substitutes recommended levels of crude prote in and 
d igest ible energy for lactating mares (NAS 19 7 3 ) into Rale igh ' s  (1970 ) 
curves for forage qual ity ,  d igestible protein (or digest ible n i trogen 
x 6 . 2 5 )  would appear to become defic ient in ear ly June , but a 
deficiency of d igestible energy would appear unl ikely , even into 
September . Th is exercise assumes that horses would consume diets 
s imilar to those of cattle , and--on the bas is of horse-diet data 
publ ished by Vavr a  and Sneva ( 19 7 8 ) for the same general ar ea--thi s 
may not be an unreasonable assumption . But it  does not cons ider the 
poss ibi l i ty that horses may compensate for low-quality for age by 
eating more of it (Jan is 1976 ) . 

Cook and Har r i s ( 1968 ) and Rittenhouse and Vavra ( 19 79 ) provide a 
comprehens ive summary of nutr itional data for domestic an imals in 
salt-desert  shrub and sagebrush vegetat ion areas of the Great Bas in . 
In  addit ion , Mur r ay and others ( 1978 ) have r ecently published a 
deta i led account of nutr it ional values for some 20 impor tant forage 
species common to the Gr eat Bas in area . The ir  data were  presented in 
such a way that the effects of plant phenology or stage of matur i ty 
can be clearly ascer ta ined . 

The stud ies mentioned above , as well as numerous others 
(Vallentine 19 7 8  l ists some 7 1 5  bibl iogr aph ic entr ies on range-an ima l 
nutr i t ion spec i fic to the western un ited States ) ,  have focused 
entirely on the nutr it ional value of range forage for domestic cattl e 
and sheep . Fewer stud ies (e . g . , Smi th 1952 , 1954 , 1957 J Dietz and 
others 1 9 6 2 J Shor t and others 1966 J Urness and other s  197 5 )  have 
cons idered wildl ife spec ies . But vir tually all stud ies , whether 
concerned with wild or domestic creatures , have been car r ied out on 
r uminants . Essentially no data exist on the nutr ition of the 
free-rang ing equ id in the western Un ited States . Moreover , the 
s tudies on domestic an imals have generally been done from the 
perspect ive of economically effect ive levels of an imal product ion . I t  
i s  conceivable that , in the case of wild horses and burros , the 
question of mere survival may occas ionally be the impor tant one . 

Studies with ruminants have shown that nutr it ional def iciencies in 
an imals cannot necessar i ly be determined by compar ing the nutr itional 
value of hand-harvested forage plants with an imal requ irements . By 
selectively feeding on spec i f ic plant parts , the grazing an imal 
usually ingests food that is of cons iderably h igher qual ity than that 
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o f  the plan t a s  a whole .  The deta iled data presented by McCul loch and 
Urness ( 19 7 3 )  on white-ta i led and mule deer in Ar izona chapar ral show 
that by selectively feed ing , deer ma inta ined a relat ively un i form 
level of protein intake all year long , even though the gross amount of 
protein ava i lable in the vegetation fluctuated markedly from season to 
season . S imilar f ind ings are repor ted for cattle (Hardison and others 
1954 ) and sheep (Arnold 19 64 ) . 

Langlands and Sanson ( 1976 ) , however , us ing cattle and sheep as 
exper imental subj ects , demonstrated that there are l imits to what can 
be ga ined by selective feeding . As forage ava ilability decl ined 
dur ing the course of thei r  study , a point was reached at which the 
most nutr i t ious forage became too difficult to obtain in sufficient 
quantities to make seek ing i t  wor thwhile . I f  util ization becomes 
heavy enough and an imals can no longer afford to select j ust  the most 
nutr itious food , the nutr itive value and d igestibi l i ty of the ir  intake 
w ill eventually decrease . The util ization level at which animal 
selectivity no longer meets nutr itional requirements becomes a pr imary 
concern . Th is type of information is scarce for domestic ruminants 
(Pieper and others 1959 , Cook and others 196 2 ) and is  totally lack ing 
for wild horses and burros . 

When cons ider ing poss ible nutr it ional def icienc ies in equids , it 
is impor tant to recogn ize that the recycl ing and storage of some 
nutr ients may buffer some apparent deficienc ies in the d iet . Ni trogen 
recycling in horses (Robinson and Slade 1974 ) may lower the 
ma intenance requirement dur ing seasons of plant dormancy when 
crude-protein ava ilab i l ity is low . Church and Pond (1976 ) repor ted 
that ruminants can store reserves of v itamin A in the l iver for 90 to 
120 days . Recycl ing and storage are perhaps more impor tant to horses 
than bur ros , however , because the latter typically have year-round 
access to evergreen plants in the types of habitats they occupy . 
Furthermore , parts of the Great Bas in-Intermounta in reg ion suppor t 
palatable shrubs that conta in good sources of vitamin A all year (Cook 
and Har r is 1968 ) . 

I f ,  as Jan is (1976 ) and Hintz and others (1978 ) suggest ,  equids do 
compensate for a low availability of cr itical nutr ients by process ing 
larger volumes of forage , then the most impor tant nutr i tional 
cons iderat ion to wild horses and burros may be the guantity rathe r 
than the quality of forage . On horse and bur ro ranges , forage 
availability is mos t often l imited by the degree of current annua l 
production ,  uti l i zation , and somet imes snow cover . Th is last 
l imitation may not be as impor tant for horses , s ince they are often  
r epor ted to be capable of pawing through snow for forage . Salter and 
Hudson ( 1979 ) repor ted that horses were •adept • at obtain ing forage 
beneath snow as deep as 0 . 6  m, and that they foraged in snow-covered 
areas even when south slopes were bar e . In the same study , winter 
d iets reached a low of 6 percent crude prote in and a h igh of 52 
percent ac id detergent f iber , probably acceptable levels for 
maintenance . 

P robably the most cr itical cr iter ion for evaluating horse and 
bur ro forage suppl ies is the extent to which energy is available and 
the degree to wh ich ava ilability coincides with requirements . As is 
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true for most mammals , the nutr itional demands of horses and bur ros 
are h ighest dur ing the last tr imester of gestat ion (when 90 percent of 
fetal growth occurs ) ,  and dur ing lactation and growth ( see NAS 197 3 
for spec i f ic values ) .  Energy requ ired for thermoregulat ion may also 
be substantial at t imes dur ing winter months , but data inadequac ies 
prevent evaluat ion of th is topic . Some of these per iods of h igh 
requ irement coincide with the per iod ( s )  of  peak forage nutr itional 
values . Energy for ma intenance of body temperature in winter is a 
notable exception , but such a demand is generally not as endur ing or 
as great as those for reproduction and lactat ion . 

Wi ld and free-roaming-horses generally foal  in the spr ing when 
forage is generally nutr i t ious . Thus , nutr ient requ irements of 
lactat ing mares and foals are probably met except when droughts ar e 
extreme or ranges severely depleted . Although it  is not documented , 
fetal development may somet imes be inhibited , espec ially on ranges 
where forage is scarce in winter . Year l ings may also suffer 
insuff icient intak e for growth on depleted ranges and dur ing harsh 
w inters . 

Bur ros , by contrast , foal year-round , with a peak in spr ing and 
summer , as discussed above under "Equ id Demography . "  Consequently , 
per formance of j ennies , surv ival of foals , and growth of colts are 
likely to be less dependent on seasonal greenup than on annual 
productivity of the range . Greenup will cer tainly favor reproduct ive 
success , but th is event coinc ides with the peak requirements of only a 
por t ion of some herds . In other herds foal ing is vir tually as 
seasonal as it is in horses . 

Bas ically , we assume that wild horses and bur ros are l imited by 
the same constraints in food supply as are graz ing ruminants , the mai n  
d ifference be ing that horses and burros may be more res istant to 
depleted forage suppl ies than are r uminants . This presumption , 
however ,  must  be ver i f ied . 

Habitat Pre ference and Use ,  and Interspec i f ic Competit ion 

Forage preferences and consumpt ion rates alone do not prov ide 
enough information to suppor t dec is ions for a g iven land un it on the 
amount of forage to be allocated to horses and/or bur ros , l ivestock , 
and wildl i fe ,  and on the number s  of each type of an imal to be car r ied 
on the un i t . Several d i f ferent patterns of interaction could be 
envisaged between these categor ies of spec ies--patterns that would 
influence dec is ion mak ing . 

1 .  The different groups might select mutually exclus ive habitat 
types , and whether forage preferences were s imilar or not , would not 
a ffect each other ' s  populations . No interspec i f ic competit ion would 
occu r in this s i tuat ion . 

2 .  The different groups might have over lapping habitat 
preferences but through behavioral interact ion , segregate into 
d iscrete por tions of the habitat . I f  competition here is  gauged by 
what a species is capable of in the absence of the other , this exampl e 
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could be classed as competit ion if forage in one (or more )  of the 
habitats became l imiting to the spec ies occupy ing it ( them) . 

3 .  The d ifferen t  groups might have over lapping habita t  
preferences and rema in sympatr ic . I f  they had d i f ferent forage 
requ i rements , they would not compete . I f  they had over lapping forag e 
requ irements , but were not present in sufficient numbers  to deplete 
the forage to l imiting amounts , they would not compete . But i f  the 
forage were reduced to the point of affecting the welfare of one or 
more of the groups , then competition would occur . 

C learly , when developing cr iter ia for s ite suitab i l i ty it is 
impor tant to understand habitat preferences and uses , and whether 
competition is  a poss ibi l i ty or a real i ty .  Poss ible competition 
between wild hor ses and cattle was reviewed before the following 
comments were made . 

Broadly viewed , habitat analys is and evaluat ion--the techniques of 
which are rev iewed in deVos and Mosby (197 1 ) --address two 
complementary sets of questions . One set involves the structural 
character istics of the habitat in terms of vegetation , topography , 
soils , and water . Extens ive l i terature exists on the measurement of 
habitat in such diverse organisms as small mammals (Rosenzwe ig and 
Winakur 1969 J M 'Closkey 1972 , 197 5 , 1976 , 1978 ; Rosenzwe ig 19 7 3 ; 
M ' Closkey and Lajoie 197 5 ; M ' Closkey and Fieldwick 197 5 ; Conley 1976 J 
Lemen and Rosenzweig 1978 ) , medium-s ized mammals (Conley and Southward 
unpubl ished ) , molluscs (Green 1971 ) , a var i ety of birds and other taxa 
( Shugar t  and Patton 197 2 ) , and elk (Cervus elaphus )  and mule deer 
(Odocoi leus hemionus ) ( S ivins k i  19 79 ) . 

A second set of questions involves the behavioral responses of 
an imals to the hab itat . These questions ar e concerned with the 
hab i tat aspects that are requ ired for such activ it ies as feeding , 
breed ing , par tur ition , escape , and protect ion from weather , and 
collect ively are subsumed under the term "hab itat selection . • 

In  establ ishing suitabi l i ty cr iter ia for horses and burros , it i s  
impor tant to recognize that wh ile there i s  some opt imum for them that 
might appropr iately be termed the "prefer red habita t , •  the animals may 
be forced to occupy suboptimum cond itions due to habitat degradation , 
competitive displacement by other species , or s imply the absence of 
the opt imum . Th is type of habitat may be called the •subs istence 
habi tat . •  The parallel terms of an imal response are •habitat 
preference • and •habitat use . • The dist inct ion is made here because 
it cannot be automatically assumed that an an imal ' s  presence in a 
g iven type necessar ily impl ies that that type is optimum . 

Since interspec i f ic competition can profoundly affect a species '  
habitat-use patterns , and must be taken into account in allocating 
forage among the several species groups deal t  with here , it should be 
cons idered in some detail . By most definit ions , interspeci f ic 
competition is  j udged on the bas is of two cr iter ia  (Milne 1961 , Conley 
1976 ) : ( 1 )  two spec ies compete when they both use some resource that 
is present in shor t supply , and ( 2 ) in using the resource , each 
species reduces the other ' s  populat ion per formance , and ultimately 
fitness , to levels below what these measures would be in the absence 
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of the other species . The impor tant impl icat ion i s  that  two spec ies 
can use the same resource , but if the ir  joint use does not reduce it 
to the point where each l imits the other ' s  demograph ic per formance , 
they are not competing . 

Th is  point seems to have escaped the wr i ters of much of the 
l i terature on compet ition . The extens ive wr i t ing on dietary 
s imilar i t ies among wild equ ids , l ivestock , and wi ldl i fe often infers 
competit ion without ev idence of resource l imi tat ion or populat ion 
e f fect . These repor ts (Cole 19 54 , Tueller and Lesperance 1970 , Hansen 
and others  1973 , Hansen and Re id 19 75 , Hubbard and Hansen 1976 , Hansen 
and others 19 77 , Hansen and Clar k 1977 , Olsen and Hansen 1977 , 
unpubl ished data obtained from BLM files ) prov ide impor tant data for 
descr ibing the biology of each spec ies , assuming the efficiency of the 
techn iques used (Hansen and other s 197 3 , Todd and Hansen 1974 , Deardon 
and others 197 5 ;  but see Ke iss 1977 , Smith and Shandr uk 1979 , Vavra 
and others 1978 ) . But such information is not suff icient to 
demonstrate competit ion among the spec ies involved even when the 
vegetat ion is surveyed (e . g . , Jordon and others 1979 ) , much less when 
i t  is not ( e . g . , Hansen 1976 ) . 

Two spec ies may use more than one common resource , and they may 
conce ivably compete for one withou t competing for the other ( s ) . I t  
was ment ioned ear l ier that two spec ies may segregate into separate 
areas of the habitat as the result of behav ioral interactions , and 
thus may el iminate competition for food . There are  reports in the 
l i terature of thi s  s ituation occurr ing between domestic an imals and 
wildl i fe .  Jeffery (1963 ) and Mack ie ( 1970 ) repor ted that when cattle 
were present elk vacated areas that they otherwise occupied . 

These flexible patterns of resource use are expla ined in 
Hutchinson ' s  ( 1958 ) construct of the n iche occupied by a spec ies . I n  
the absence o f  competit ion , a species occupies some broad por t ion of 
the resource spectr um for which it has tolerance : Hutchinson terms 
this por tion the • fundamental • n iche . In  the presence of competitors , 
the species may constr ict its d istr ibution into some subset of the 
f undamental niche for which it is best  adapted , and this subset is 
called the •realized • niche . 

I f  a species expands its use or occupancy of resources upon the 
r emoval of another spec ies , circumstantial evidence of compet i t ion has 
been established . This expans ion has been termed •ecolog ical release • 
(Rick lefs 197 3 , Pianka 1974 ) . The concept has been used by var ious 
workers to infer competit ive pressures (Ayala 1970 : Kopl in and 
Hoffmann 1968 ; Peter son 1973 ; Ne ill 1974 , 197 5 :  Rosenzwe ig 197 3 : 
Schroder and Rosenzweig 1975 : Davis 1973 : Simon 1975 ; Grant 1969 , 
1971 ; Morr i s  and Grant 197 2 ; Grant 1975 ; Crowell 197 3 ; Crowell and 
P imm 1976 ) . Avoidance is more generally the response between 
competing species than outr ight aggress ion (Andr zej ews k i  and Olszewak i 
1 9 6 3 , Kikkawa 1964 , Colv in 197 3 , Grant 19 78 ) , but except ions exist , 
par t icularly under exper imental conditions (Conley 1976 ) . I t  has long 
been recognized that •n iche space • is a h ighly complex phenomenon , and 
that in any g iven circumstance only a por tion of such a theoretical 
construct can actually be measured . This process , called •a partial 
analys is of n iche • by Magu ire  (19 67 ) , has been followed by a number 
of  recent workers . 
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All of th is discuss ion comes down to the point of d i scerning and 
measur ing competit ion between wild equids , l ivestock , and other 
wildli fe so that i t  can be provided for in management plans . Since an 

essential cr i ter ion of competition is the creation of a population 
effect , its ex istence cannot absolutely be established without 
exper imentally manipulating one species and ascertain ing whether the 
other responds . 

I f  equ ids are compet ing with other spec ies for food , the effect is 
presumably on nutr i t ion and ult imately demograph ic per formance . Since 
equ id demography is so conservative , a demograph ic change following 
exper imental reduction in a suspected compet i tor would be d i f f icult to 
measure in the t ime available for this proj ect .  I t i s  hoped that a 
nutr it ional change could be detected through blood analysis  (descr ibed 
below under •Needed Research • ) , and that the demograph ic results could 
then be assumed . Research on poss ible nutr itional response is 
outl ined in Chapter 5 .  

I f  equids par tition the habitat with other spec ies through 
behavioral interaction , this  state of affairs  can be ident i f ied 
readily through exper iment . Habi tat use can be measured in the 
presence and absence of suspected compet itors . Such exper iments ar e 
outl ined in Chapter 5 of this repor t . 

NEEDED RESEABCH 

OVerview 

Rationale for Proj ects 1 Through 7 

I t  is clear from the •state of Knowledge • sect ions in this  and 
later chapters that there is not enough of the information needed to 
formulate effective horse/burro management plans . Broad gaps in 
understanding exist in nearly all aspects of management .  In order to 
f ill these gaps , the Committee is advocating the 18 research proj ects 
l isted in Chapter 1 of this repor t . We believe that the data base 
provided by these proj ects will help develop the more effective equid 
management programs toward which the BLM and USFS are moving , and 
which PL 9 5-514 prescr ibes . The proj ects are divided into four 
groups , wh ich cor respond to the four main chapters of this report . 
The f irst three groups also cor respond roughly to the areas of concern 
of the three subcommittees and to the three connotat ions , discussed 
above , of the term •excess • used in PL 95-514 . 

In cons ider ing what is impl ied by the term •excess , •  we have 
approached the matter from the following perspective . Any g iven tract 
of land has a certain ecolog ical potential to suppor t herbivores in an 
equil ibr ium state . That potential is determined by the s i te ' s  
cl imate , topography , soils , water , and vegetative character istics , a s  
well a s  by the nature o f  the collective herbivores themselves . Pol icy 
decis ions based on biolog ical , sociopol it ical , and economic 
cons iderations can allocate some por t ion of that potential to equids . 
As brought forth in our discuss ion at the beg inn ing of Chapter 2 ,  
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equ ids reach excess numbers when they increase to population levels 
that ( a )  threaten the ir own health and wel fare , ( b )  threaten other 
components of the ecosystem they occupy , and/or ( c )  inter fere with 
other management goals for that area . 

In order to allocate a por t ion of the area ' s  potential to equids , 
t he manner in wh ich they use it  in terms of habitat select ion , food 
consumption , and interact ion with other an imals mus t  be understood . 
Once the allocation is made , their biolog ical per formance--in terms of 
nutr i t ion , demography , behavior , and genet ics--must be mon itored to 
detect when the an imals are approach ing excess numbers  in the first 
sense , and are  threaten ing to exceed the por tion of the area ' s 
potential allocated to them . 

Accord ingly , the seven research proj ects tha t are discussed in 
th is chapter are des igned to ass ist in mak ing the allocation 
decis ions , and to mon itor the wel fare and biolog ical per formance of 
the animals . These are : 

Project 1 .  

P roj ect 2 .  

P r oj ect 3 .  

P roj ect 4 .  

P roj ect 5 .  
Proj ect 6 .  

Proj ect 7 .  

Habi tat Pr eference and Use by Co-occur r ing and 
Separately Occurr ing Feral Equ ids and Cattle 
Food Consumpt ion Rates and Nutr it ion of Wild and 
Free-Roaming Horses and Burros and Thei r Associated 
Species 
Nutrit ional Plane , Condi tion Measures , and 
Reproductive Per formance in Domestic Mares 
Blood Assay of Exper imental Equ ids and Livestock in 
Proj ects 1 ,  2 ,  3 ,  5 ,  and 8 
Demography of Wild Horses and Bur ros 
Social Structure , Feeding Ecology , and Populat ion 
Dynamics of Wild and Fr ee-Roaming Hor ses and Burros 
Genetic Polymorph ism .  

The proj ects set forth in Chapter 3 address the wel fare o f  other 
ecosystem components and the second connotat ion of what constitutes 
• excess • numbers ,  while those in Chapter 4 address the third 
connotat ion . 

Time Constra ints 

There is one aspect of the research on wh ich the Committee 
strongly and unan imously concurs , and we believe that we must declar e 
our view on the matter forcefully . PL 95-514 and the BLM/NAS contract 
decree that the research shall be carr ied out essentially in the 
2 -year per iod cover ing 1980 and 1981 , and that the Commi ttee is to 
marshall the evidence and complete a f inal repor t in 198 2 . I t  is  the 
Commi ttee ' s  opin ion that much of the informat ion needed to prov ide a 
sound base for management programs cannot be generated in a 2-year 
per iod . The area in quest ion encompasses semi-ar id and ar id reg ions . 
Such cl imat ic types are the most var iable on earth . Rainfall , varying 
from year to year in a largely random and unpredictable fashion , may 
di ffer by a factor of 10 between 2 success ive years . Vegetative 
production is equally var iable . 
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Consequently , the compos ition and quantity of forage available to 
horses and burros , as well as to other herbivores , var ies mar kedly 
between year s .  Any hope of ascertaining the overall patterns of food 
preference , nutr itional condition (and therefor e behavioral and 
demographic per formance ) ,  competition wi th other herbivores , and 
impacts on vegetation and water sheds depends on long-term research 
that cover s  the full  range of cl imatic var iability . At the very leas t 
this work would take 6 to 10 years .  

The research program that we propose in the following pages will  
i ncrease our cur rent knowledge of horses and burros substantially . 
But we wish to make i t  clear that a 2-year effor t would fall 
cons iderably shor t of supplying the informational needs that have been 
discussed in the foregoing pages .  In a number of cases , a 2-year 
e f for t would add so l ittle to what we now know that one could quest ion 
the wisdom of mak ing the commitment to it . 

Integration , Scale , and Geographic Distr ibution 

Proj ect 1 should be conducted with study plots no smaller than 5 
to 6 square miles per exper imental treatment ( to  be outl ined shor tly ) , 
and possibly much larger . The types of sc ientific observations to be 
made will include equid behavior and habitat measurement .  Proj ect 2 
(and Proj ects 8 and 9 ,  to be outlined later ) should be conducted in 
s tudy plots rang ing in size from about 100 to 300 acres per 
exper imental treatment .  The scientific observations to be made 
include range ecology , feed ing behavior and nutr it ion , and measurement 
of var ious watershed parameters . Thus several discipl ines will be 
needed , and the location and des ign of exper iments will need to 
cons ider the availability of these capabilities . In add ition , Projec t  
4 should b e  car r ied out i n  conj unction with Proj ects 1 , 2 ,  and 8 ,  and 
therefore should be planned and des igned in coord ination with them . 
Proj ect 10 (discussed later ) is l ikely to need a study area of about 
the same s i ze as that needed for Proj ect 1 ,  but will require  the 
presence of a r ipar ian zone . Therefore , where poss ible ( i . e . , where 
scientists of both discipl ines are available ) both Projects 1 and 10 
should be car r ied out in the same sample plots . 

The ideal integration of these proj ects can be seen below in the 
scheme for a s ingle replicat ion . 

Graz ing Intensity 

Class of An imals Moderate Heavy 

Hor ses Proj ects 1 ,  4 ,  10 Proj ects 1 , 4 ,  10 
Proj . 2 , 4 , 8 , 9 Proj . 2 *  4 , 8 ,  

Cattle Proj ects 1 ,  4 , 7 Proj ects 1 ,  4 ,  10 
Proj . 2 ,  4 ,  8 ,  9 Proj 2 ,  4 ,  8 ,  9 

Hor ses and Cattle Proj ects 1 ,  4 ,  10 Proj ects 1 ,  4 ,  10 
Proj . 2 ,  4 ,  a ,  9 Proj . 2 ,  4 ,  8 ,  

Ne ither Proj . 2 ,  9 Proj . 2 ,  9 

9 

9 
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Each of these exper iments should be repl icated three or fou r  
t imes , perhaps once i n  each of three o r  four s tates . I t is not 
essential that the large-scale ( 1 ,  10 ) and small-scale ( 2 , 4 ,  8 )  
s tud ies be combined at a s ingle s i te as shown here . I f  expe r t ise for 
Proj ect 1--but not for Proj ects 2 , 8 , and 9--ex ists in a s ingle area , 
then a repl icat ion of Proj ect 1 could be carr ied out in one area , and 
a repl ication of 2 ,  8 , and 9 elsewhere . But if the combined expertise 
can be brought together in a single area , then integrat ion is 
desirable and efficiency is  gained . 

First pr ior i ty is g iven here to horses and cattle because the 
poss ibil ity of competition ,  both behavioral and nutr itional , seems to 
be greatest . However ,  if funds permit , sheep could be included , 
although their  add i t ion to the above scheme would double the number o f  
exper imental treatments i n  each repl ication . A s imilar rate of 
increase could be anticipated with the add ition of each additiona l 
wild ruminant species . The scheme could also be repeated us ing bur ros 
ins tead of hor ses . 

Deta ils of the ind ividual proj ects follow . 

Rationale 

Project 1 .  Hab itat Prefer ence and Use by Co-occurr ing 
and Separately Occurr ing Feral Equids and Cattle 

As discussed above , befor e proper resource allocat ion and 
development of s i te-su i tability cr iter ia can be car r ied ou t ,  i t i s  
n ecessary to unders tand the hab i tat preferences of equ ids and other 
large herbivores on the range , and how the ir  use of prefer red habi tat 
m ight be mod i fied by interspec i f ic competition .  S ince prefer ences--as 
well  as the presence and distr ibution of the different species--may 
vary seasonally , it is des irable to init iate studies on this phase as 
ear ly as poss ible . They should be conducted year-round throughout the 
per iod of this program .  

Obj ect ives 

1 .  Determine utilization patterns in relation to habitat 
structure (vegetation , topography , soil , and water ) demonstrated by 
feral equ ids and domestic bovids in  the presence of , and the absence 
of , potential compet itor s ( i . e . , equ ids alone , equ ids and cattle , 
cattle alone ) . 

2 .  Develop an appropr iate mult ivar iate stat ist ical model that 
allows tes ting of the null hypothesis : • there is no d i f ference in 
util ization patterns between equ ids and bovids . •  

3 .  Use the stat istical model in ( 2 ) , above , to descr ibe 
probabil i t ies of hab itat utilization patterns that can be used to 
develop s i te-su itability cr iter ia for both equ ids and cattle . 
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4 .  Synthes ize the results from ( 1 )  through ( 3 ) above with the 
nutr ition program ,  and evaluate the existence of , and potential for ,  
compet ition between the two spec ies . 

Methodology 

1 .  A s ingle exper imental block should be a large area conta in ing 
wild horses or bur ros . 

2 .  Such a block should be subdivided into s ix treatment cells 
about 5 to 6 square  miles each , and conta in ing adequate hab itat and 
topographic divers i ty .  

a .  Cattle stocked at proper , long-term car rying capacity 
levels . 

b .  · cattle stocked at levels cons idered to be excess ive wi th 
regard to long-term health of the vegetation . 

c .  Equ ids stocked at levels descr ibed in a .  
d .  Equids stocked at levels descr ibed in b .  
e .  Equ ids and cattle stocked as in a .  
f .  Equids and cattle stocked as in b .  

These cells must be large and diverse enough to allow natural 
segregation of habitat use patterns i f  d i fferences exist , and to allow 
for suff ic ient numbers of individuals to ensure statistical 
rel iabil ity .  

3 .  To el iminate bias , the sampl ing program should be a suitable 
random or strat i fied-random des ign , and should concentrate on 
activities related to (a ) feed ing and water ing , (b )  escape ( from pests 
or disturbance ) , and (c ) par tur ition and car e of newborn .  Por each of 
these categor ies , multivar iable vectors representing character istics 
of habitat structur e are to be obtained . var iables chosen for 
measurement should reflect local conditions and incorporate 
cons ideration of vegetative structure , aspect ( topography ) , edaph ic 
s tructure ( in the broad sense ) , and availability of water and/or other 
special requ irements . I t  is des irable to use telemetered individuals 
to facil itate location for observat ion . In keeping with the nutr i t ion 
exper iments , the use of br eeding-age females should be emphas ized in 
order to max imize the potential for detecting demograph ic effects if 
they ex ist . 

4 .  Preliminary measurements should be evaluated for var iat ion , 
and sample s izes computed ( e . g . , Cochran 1977 ) for stated levels o f  
precis ion . Statistical procedures should follow the example of 
workers c i ted above ( e . g . , M ' Closkey 1975 , Shugar t  and Patton 197 2 , 
S ivins k i  1979 ) . Multivar iate analyses that allow test ing of null and 
alternate hypotheses and proj ections to group membersh ip should be 
emphasized . Su itable d ivis ions of data sets should be included to 
maximize pr edictability .  

5 .  This entire exper iment should be repl icated three or four 
t imes in as many states so that generalized statements can eventually 
be made about equ id and bovid habitat preferences and use patterns , 
and poss ible effects of competition . 
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6 .  Blood assays shou ld be taken ( see Proj ec t 5 ) , and the 

r eproduct ive cond i t ion of mares s hould be checked i n  the appropr iate 
season . 

Ra t ionale 

Proj ect 2 .  Food consumption Rates and Nu tr i t ion of 
Wild and Fr ee-Roaming Hor ses and Bur r os 

and The ir  Assoc iated Spec ies 

Knowledge of an imal impacts on plan t commun i t ies addresses only 
hal f of the complex quest ion of graz ing an imal management .  The r ange 

manager mus t  also understand the autecolog ical l imitat ions on an imal 

product ion . S tud ies of th i s  natu r e  prov ide the c r i t ical l in k  between 
the plant commu n i ty and the demog r aph ic r esponse of the a n imal 

populat ion in ques t ion . Cons iderable research has been conducted on 
the nutr i t ion and feed ing ecology o f s heep and cattle ( e . g . , Cook and 

Har r i s 1 9 6 8 � Cook and othe r s  1 9 5 3 , 1 9 6 2 , 1 9 6 7 ) , mu le deer ( e . g . , Dietz 

and Nagy 1 9 7 6 , Smi th 1 9 5 2 ,  Smith 1 9 5 9 , Hansen and Re id 1 9 7 5 ) , and 
pronghorn antelope ( e . g . , Beale and Smith 1 9 7 0 , Mi tche l l  and Smol ia k 
1 9 7 1 , Seve rson a nd May 1 9 6 7 , Sever son and others 1 9 6 8 ) . However , 

l i ttle compar abl e wor k has been done on e i ther the hor se or bur r o  
under r ange cond i t ions . 

V i r tually no i n format ion ex i s ts on d a i ly forage intake by hor ses . 

Th i s  informat ion i s  cr i t ica l i n  that i t  ente r s  into calculat ion of 

g r a z ing capac i t ies under the BLM ' s  for age a l locat ion sys tem , and i t 

suppl ies the quan t i ta t ive per spect ive for any nutr i t ional evaluation 
of hab i tat . 

From an exper imental and techn ical point of view ,  s tud ies on 
nutr i t ional value ( i . e . , chemical compos it ion ) of range forage 

i nges ted by g raz ing horses and s tud ies on forage intake can log ically 
be integ r ated and can proceed s imu l taneously . However , the d ietary 
c hemical compos i t ion has secondary pr ior i ty and could be delayed or 

deleted if necessary . Stud ies on food hab i ts can also be integrated 

i nto such an i nqu iry , and the data can be eas i ly obta ined in 
conj unct ion w i th wor k on nutr it ion and intake . All of these 

components are presented as obj ect ives on the a ssumpt ion that they 

w i l l  proceed s imultaneously under a s i ngle exper imental des ign . 

Obj ect ives 

1 .  Determine seasona l  botan ical compos i t ion o f  d iets in relat ion 

to k inds and amounts of available forage . 
2 .  De termine d a i ly forage intake as related to an imal s ize and 

phys iolog ical s tatus ( i . e . , ma intenance , gestat ion , l actation ) and to 
k ind and amounts of ava ilable for age . 

3 .  Determine nutr i t ional value of the diet  as related to 

a n imals ' nutr i t ional demands and as a f fected by sea$On and k inds and 

amounts of ava i lable forage . Major attent ion should be g iven to 
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dietary n itrogen , phosphorus , d igest ible energy content , and f iber 
components according to the system of van Soest ( 196 7 ) . 

Methodology 

1 .  Obj ectives in this s tudy can be met by us ing domest ic hor ses 
and tractable l ivestock (cows or sheep) as exper imental subj ects . 

2 .  Diets should be determined by a techn ique other than fecal 
analys is . use of an imals f itted with esophageal fistulae and 
cannulae , w i th subsequent microscopic analys is  of f istular extrusa 
( reviewed by Theurer and others 1976 ) is a val id technique that is 
probably feas ible under the constraints of the present des ign . 
Alternat ively , a bite-count technique (Wallmo and Nef f  1970 ) or a 
suitable modi f icat ion thereof would be appropr iate i f  carefully 
controlled and val idated with a proven procedure , such as the 
f istulated animal technique . These spec i f icat ions do not preclude the 
use of the fecal-analysis technique . Indeed , thi s  study would provide 
an oppor tuni ty to val idate it under f ield cond i t ions . However ,  i t 
should not be rel ied upon as the sole procedure , s ince i ts accuracy 
and prec is ion are presently subj ect to quest ion ( Smith and Shandruck 
1979 , Vavra and other s 1978 ) . 

3 .  D iets should be sampled on at least a monthly basis dur ing 
t imes when animals inhabi t  the par t icular range being studied . 
Deta iled information on forage ava ilable ( such as that der ived from 
Proj ect 8 ,  the •graz ing impacts • study ) should be obta ined in 
conj unct ion w i th d ietary sampl ing . 

4 . Nutr itional value of d iets should also be studied on a 
monthly bas is , and such s tudies could be l inked with d iet-analys is 
stud ies , as outl ined under obj ect ive 1 above . Laboratory analys i s  of  
samples obtained e ither from animals (via  f istulae ) or  by hand 
pluck ing should include as a minimum : dry matter , n i trogen (crude 
prote in ) , phosphorus , gross energy , cell walls , cellular const ituents , 
and l ignin . 

s. In add ition ,  estimates of forage d iyestibil i ty should be 
obtained for ruminant species graz ing with hor ses . In-v i tro 
techniques are recommended , preferably those of Tilley and Terry 
(196 3 ) . However , since in-vitro procedures have apparently not been 
per fected for equ id species , a l imited number of in-vivo d igest ion 
tr ials wi th horses will be required .  Such tr ials should employ 
class ical techn iques in which penned an imals are fed controlled 
quant ities and total feces are collected . The major forage spec ies 
constituting the seasonal d iets of hor ses should be fed in mixtures 
approximating the proport ions normally ingested by the animals (as 
determined under obj ect ive 1 ,  above ) . Th i s  approach is  l imited by the 
logistics of harvesting suitable quantities of native forages for 
feeding tr ials . However , alternat ive methods such as the l ignin-rat io 
method appear undependable .  These tr ials will  offer the oppor tun i ty 
for development of in-vitro procedures d irectly appl icable to equ id 
species . This  technique development should be pur sued , as the 
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potential  payof f  i s  large in  relat ion to t h e  small marg inal inves tment 
of r esearch t ime and funds . 

6 .  For age intake by the g r a z ing an imal should be measu red by the 
procedu r e  of Gar r igu s and Rus k  ( 1 9 3 9 ) , descr ibed by the equat ion : 

Dry matter = ( Fecal outpu t - % dry matter ) x 1 0 0  
intake 1 0 0  d iges t i b i l i ty 

7 .  Fecal ou tput shou ld be measured us i ng total collect ion 
procedures  w i th anima l s  wear ing fecal collect ion bags . Alternat ively , 

i nd icator s of ind igestibi l i ty ( e . g . , cr 2o3 or appropr iate 
rar e-ear th compounds )  can be used to e s t imate fecal output i f  
adequately val idated and quan t i tated . 

8 .  Intake studies  on hor ses should focus on the reproduc t ive 
f emale and the f ield expe r iments shou ld be phased so that they cover 
the three maj or phys iolog ical phases : ma intenance , gestat ion 

( espec ially the last t r imester  of pregnancy ) , and lactat ion . 

Rat ionale 

Project 3 .  Nu tr i t ional Plane , Cond i t ion Measures , and 

Reproduc tive Per formance in Domestic Mares 

The nutr i t ional cond i t ion of the female i s  cons idered to be of 

pr imary impor tance to estrus , ovulat ion , and ear ly surv ival of the 
of fspr ing from concept ion to wean i ng . The r ate at which of fspr ing are 

produced is a cr i t ical demograph ic par ameter when est imat ing r ates of 
populat ion i ncrease . I f  levels of energy and n i trogen intake can be 
success fully l inked w i th reproduc tive success ,  and these levels of 

r esponse c an be pred ic ted by measures of cond i t ion of the an imal , then 
the abil i ty to est imate reproduct ive rate from r ange cond i tion or 
nutr i t ional cond i t ion of the an imals is g r ea tly enhanced . 

Obj ectives 

1 . Determine the relat ionsh ip between the nutr i t ional plane of a 
mar e  and the probabil i ty tha t she w i l l  produce a foal . 

2 .  As sess cond ition measures for the ir abil i ty to pred ic t the 

relat ionsh ip between nutr i t ion level and r eproduct ive success . Should 
some cond i t ion measures prove to be successful pred ictor s of 

reproduct ive r ate , they could be used to est imate these rates i n  wild 
populat ions . 

Methodology 

1 .  con f ine g roups of 10 domest ic mares for 2 years (or 15 to 20 
i f  conducted in 1 year ) i n  each of the n ine blocks to be descr ibed 
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below . Do not use pon ies . Ideally , the study should run for 2 years , 
s ince the g iven nutr i tional plane may have a cumulative e f fect .  
Reproduction i n  one year often reflects nutr i t ion from a previous 
year , although acute nutr i t ional depr ivation can delay onset of estrus 
or perhaps inh ibit  i t  completely if  there i s  no improvement in food 
supply . The mares should r ange in age f rom 4 to 10 years .  The age of 
onset of estrus is a separate quest ion . 

2 .  The n ine feeding blocks are all the poss ible combinat ions of 
three levels of energy and three levels of nitrogen intake . This  
n ine-block design can be ach ieved in  several ways : 

a .  Levels  are set in  absolute intake values for energy and 
n itrogen and not var ied throughout the exper iment .  Th i s  method is 
the s imples t  to conduct .  The constant feeding system has the 
advantage that a par t icular level of energy and n itrogen intake 
can be related directly to success in  a par t icular stage of 
r eproduct ion . 

b .  Three levels of energy are fed , s imulating var ious winter 
condit ions . After •winter , • each of these three groups is d ivided 
into three groups and fed at h igh , medium , and low spr ing 
cond i t ions . This  des ign examines the nine poss ible condi t ions of 
a poor - , med ium- , or h igh-qual i ty winter be ing followed by a 
poor - ,  med ium- , or h igh-quality spr ing . The advantage of thi s  
design i s  that i t  s imulates the real sequence of events i n  wi ld 
populations more accurately than would a constant ration . 
However ,  the exper iment will contain 81 cells i f  the des ign 
includes nitrogen as well  as energy , and hence is too large to 
accompl ish w i th a reasonable e f for t .  

c .  Nutr itional levels a r e  fed a s  some percentage o f  the NRC 
r equirements for ma intenance , gesta t ion ,  and lactation . In this  
case nutr i t ional intake at a par t icular level would increase 
dur ing gestat ion and lactation according to some percentage of the 
increment suggested by the NRC . The d i f f icult aspect is to 
establ ish the levels for feed ing the nutr ients . Investigators 
might choose to employ cond i t ions existing on very good and very 
poor ranges and to include an intermediate level . 

d .  Nutr it ional levels are set as a percentage of dry we ight 
and hor ses are fed ad l ibitum . Th i s  technique allows the horse to 
respond naturally to poor food by increas ing its intake . The 
percentage of dry matter as a measure of nutr i t ional level is more 
easily translated into range cond it ions than other measures used 
in  the three previous des igns . The hor ses w il l  not be on a 
constant plane of nutr ition and the establishment of high , medium ,  
and low nutr itional levels will  be d i f f icul t .  However , some 
prel iminary feeding tr ials might establ ish the capabi l i ty .  

3 .  The following reproduct ive parameters should be measured to 
establish quantitat ive relationships between nutr i t ional plane and 
reproduct ive success ,  which may then be used for demograph ic models of 
spec i f ic ranges : 
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a .  Estrus (onset and behavior ) 
b .  Ovulat ion r ate ( r ectal palpa t ion ) 
c .  Number of estrus cycles before pregnancy ( behavior and 

progesterone ) ,  extended cycles { prolonged corpora-lutea 
life ) . 

d .  Concept ion 
e .  Implantation rate ( r ectal palpat ion , PMSG , progesterone ) 
f .  Embryon ic loss (PMSG , progesterone , ur inary estrogens ) 
g .  Foal ing rate ( count l ive abor t ions and s tillbir ths ) 
h .  Length of gestation (dates of breed ing )  
i .  Par tur it ion ( independent or requir ing ass istance , 

durat ion of bir th )  
j .  Weight of foal at b i r th 
k .  Lactat ion behavior (ability to nurse , acceptance by mare )  
1 .  Nutr itional compos it ion of milk ( colostrum at 2 and 6 

weeks , prote in , fat , car bohydrate ) 
m .  Milk product ion { probably d i f f icul t to quan t i fy ) 
n .  Foal growth and behav ior (weekly we ight , w i ther s height , 

etc . , and s imple estimate of act ivity level ) .  

4 .  cond it ion measures should be made every 2 weeks  in order to 
e s tabl ish measures that cor relate with empir ical intake data ,  general 
cond ition measurements , reproduct ive parameters , and seasonal 
var iation .  These standards would allow evaluat ion o f  par ticular wild 
herds and ass i s t  demograph ic proj ect ions of populat ion changes . 
Recommended tests are : 

a .  Hematology (CBC ) 

b .  Chemistry ( serum urea n itrogen , glucose , tr iglycer ide& , 
serum protein and albumin , ur ic ac id , bilirubin , free 
f atty ac ids ( NEFA ) , CPK , ketones , haptoglobin , 
trans fer r in )  

c .  Ha ir  bulb diameter . 

5 .  Behavioral sampl ing should be per formed for the fol lowing 
purposes : determin ing ac tivity levels so that nutr i t ional levels can 
be accurately generalized to free-roaming populations , whose activity 
levels are l i kely to be d i f ferent , cor relating d ifferences in 
reproductive per formance and cond it ion to activity measures , and 
compar ing nutr itional treatment e ffects on activity . 

a .  Spec i f ic behav ioral sampl ing : When females in the 
e xper iment are mated , behav ioral samples identical to those used 
in the contraceptive exper iment ( Proj ect 18 ) will be recorded . 
These data will show how the nutr it ional plane affects the 
sequence of sexual behavior s between the stall ion and the mare . 

b .  Focal an imals : The groups for this exper iment will be 
composed of mares from each nutr it ional group and an exper ienced 
s tall ion . 
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c .  Sampl ing schedule : The sampling schedule should take 
place pr imar ily dur ing the breed ing season so that good activity 
profiles are available for d i f ferent phases of the breeding cycle . 

d .  Spec i f ic behavioral samples : Behavior of the animals i s  
impor tant t o  the determination and funct ion of the ir  social groups 
and to success ful breed ing . Since nutr ition affects the 
reproductive success of the animal , it will be essent ial to 
measure the d i fferences in  behavior between nutr itional groups to 
determine the sens itive points in  the reproductive cycles . The 
effect of behavioral changes in individuals on the group ' s  social 
dynamics might be monitored and the ecolog ical and management 
impl ications of these e ffects can be suggested . 

e .  Sampling scheme : Bes ides the activity and frequency of 
social behavior sampled by PSP ( see Proj ect 6 ) method , the 
reproductive behavior needs to be sampled i n  detail .  Reproductive 
behavior can be d ivided into funct ional categor ies . These 
divisions are establ ished because breakdown in the reproduct ive 
act can be attr ibuted either to the mare or the stall ion and the 
point at wh ich fai lure occur s  can be ass igned to a par ticular 
phase of the reproductive interact ion . The obj ective of this  
sample will be  to  monitor behavior of mares of d i f ferent 
nutr i tional planes and that of the i r  stall ions to determine 
d i fferences in each of  these functional categor ies . Di fferences 
can then be related to failure of behavior s at these stages of 
reproductive sequence . Cont inuous focal samples should be taken . 
The t iming of  the samples and their  i ntens ity can be determined by 
the researcher . The continuous samples will record the occurrence 
of sexual behaviors upon a t ime record . Prom these samples the 
rates of behavior can be calculated and tested against est imates 
for wild populations . 
Spacing data will provide information on the d istance maintained 

between individuals in the groups . Such data can be taken at a point 
· in  t ime where the distances and ident ity of the individuals are 

recorded . These samples would be taken at the beg inning and end of 
all half-hour PSP samples . These data will  allow a compar ison not 
only of sexual states but also o f  dominance rank . Spatial 
d isplacements , usually a reliable ind icator of relative dominance 
between individuals , will be recorded as par t  of the continuous focal 
samples . 

Proj ect 4 .  Blood Assay of Exper imental Equids and Livestock 
in Proj ects 1 ,  2 ,  3 , s , and 8 .  

Rationale 

It has been suggested above tha t var ious blood character ist ics 
might be used to provide sens it ive and eas ily obtained indices of 
nutr itional plane . These could , on the one hand , be used as 
predictor s of the animals ' demographic per formance , and on the other 
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hand , as ind icator s of the range cond i t ion . Th is proj ec t recommends 
rout ine blood sampl ing and assay on exper imental animals described in 
Proj ects 1 ,  2 ,  3 ,  5 , and 8 to tes t  the utility of these measures in 
descr ibing ecolog ical and nutr it ional character istics . 

Obj ectives 

1 . Systemat ically collec t blood samples dur ing habitat
interact ion stud ies from cattle and horses for hematology and 
chemistry assays to provide independent evaluat ion of an imal cond it ion 
and to establ ish cor relates with range-cond it ion evaluations . 

2 .  Systemat ically collect blood samples dur ing r ange-nut r i t ion 
stud ies and assay to establ ish cor relates with cond it ion and known 
levels of food intake and utilizat ion . 

3 .  Systemat ically collec t blood samples from mares in the 
r eproductive-per formance study to establ ish cor relates wi th cond i t ion ,  
reproduct ive success ,  and mechanisms of reproductive suppress ion . 

Methodology 

1 .  At each sampl ing , extract 50 ml of blood from the j ugular ve in 
of an imals that ar e roped and pole-restrained , immobilized in chutes , 
or drugged . The procedures are well-known and are commented upon by 
K i r kpatr ick and others  (19 79a ) in  his  article on restraint procedures 
for evaluation of stress . I f drugs are used , they must be identif ied 
and spec i f ied , s ince the var ious immobil ization drugs have an impact 
upon labor atory stud ies ( exclud ing genetic s tud ies ) . In particular , 
xylaz ine (Rompun• , Chemgro corp . ) should be avoided i f  the clinical 
metabol ic s tudies for evaluat ion of cond it ion are to be per formed , 
since its admin istration results in  a s teady increase in blood urea 
and blood glucose for a per iod of 4 to 6 hours .  I t also would be 
desirable to collect the samples from the an imals as soon after 
capture and handl ing as possible , and certainly before they are 
transpor ted to mor e permanent holding fac i l i t ies and fed • •  

2 .  Samples should be preserved until assay by a s ingle laboratory 
to minimi ze interlaboratory var iation . Procedures should be 
establ ished to document qual ity control , includ ing reproducibility and 
accuracy . A h igh degree of laboratory precis ion can be achieved in 
each of  the assays l is ted below and excellent procedures and equipment 
are ava ilable for this  purpose . 

3 .  Approx imately 2 ml of the sample should be drawn into a tube 
containing EDTA (ethylenediaminotetraacetate ) as an ant icoagulant for 
hematology , 5 ml into hepar in for preparat ion of red cells and plasma 
for molecular genetic stud ies , S ml into Alsevier ' s  solut ion for blood 
g roup typing , and the remainder into untreated tubes for preparat ion 
of ser um . 

4 .  The following blood assays should be evaluated for cor relat ion 
with measures of animal nutr itional condition , evaluation of range 
cond it ion , measures of reproductive success , and est imat ion of the 
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presence of d isease : serum urea , hematocr i t  and hemoglobin 
concentrat ion ,  serum protein concentration , haptoglobin , creatine 
phosphok inase , tr iglycer ide& , ur ic ac id , bilirubin , free fatty acids 
and ketones , whi te cell count and d i f ferential , transferr in ,  and 
var iou s  special clinical stud ies ( serology ) . 

Rationale 

Proj ect 5 .  Demography o f  Wild Horses and Bur ros 

I t  is clear from the discuss ion on demography in the f irst  par t  of 
this · chapter that the par ticulars of thi s  aspect of wild horse and 
bur ro biology are not well known . we have seen that the bas ic 
demographic parameters of (a )  age-spec i f ic fecund i ty ,  ( b )  first-year 
survival rates , (c) adult survival r ates , ( d )  age s tructure , and ( e )  
sex structure a r e  known only by the roughest approx imation , and are 
often based on extremely small samples that make for an equally low 
prec is ion of est imate . Even less well-known are the ranges of 
var iation in these parameters and the role of such environmental 
var iables as weather/cl imate , forage condition , nutr i tion , competition 
w ith other herbivores , and populat ion dens i ty in produc ing this 
var iation . 

BLM off ic ials have frequently accorded demography a h igh pr ior i ty 
among the research needs on horses and bur ros . While we have not 
asked the reasons for this r ank ing , we surmise that the research is  
desi red to dispel the disagreement over BLM ' s  stated rates of 
population increase , and in general to resolve the quest ion of 
populat ion growth . 

The r elevance of demograph ic unders tand ing to an equid management 
program depends on the level of management .  At its least intensive , 
such understanding is  not essential . Once a decis ion is made for a 
g iven tract of land on how much forage is to be allocated to equ ids , 
and on the population level that this impl ies , the populat ion can 
s imply be held at this  level . Assuming that the census method is 
val id , the populat ion can be counted annually , or at  some other 
interval . As its numbers exceed the des ired level , the excess can be 
r emoved per iodically irrespect ive of what the increase rate may be .  
Another s i tuation in which there i s  no need to know increase r ates is 
i f  some populations are allowed to l imit themselves , irrespect ive of 
the i r  impacts on the ecosystem . 

At a sl ightly more soph isticated management level , i f  the 
approximate rates of increase are known , then needed removal r ates can 
be antic ipated . Reduction operat ions can be planned well in advance . 

A cons iderably more knowledgeable program would incorporate a 
thorough understanding of equid b iology and of the relat ionships 
between environmental var iables and demographic per formance • .  The fac t 
that per formance would probably vary from herd to herd , and from year 
to year--as well as the causes of the var iat ion--would be understood 
and antic ipated . Such a program would result in a more ins ightful and 
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sympathetic understanding of equid management . I t  would also have 
some pr ed ictive capability .  

The Commi ttee i s  d iv ided on its  own assessment o f  pr ior i ty for 
demog raph ic research . Those who accord i t  low pr ior i ty do so on 
pragmat ic g rounds . A l imited research commitment ,  in th is group ' s  
view ,  would not add mater ially to what is  now known . TO ref ine by a 
f ew percentage points the survivor ship estimates , or sharpen somewhat 
the fecund ity parameters , would not alter  the bas ic picture of 
i ncrease rates developed in the ear l ier demography sect ion . On the 
other hand , the mounting of a research program suf f ic ient to delineate 
precisely the r ange of var iation in these parameters that occurs 
between areas and years--as well  as the funct ional relationsh ips 
between that r ange and assoc iated environmental causes--would entail  a 
cos t beyond the resources l i kely to be available for such research . 

Those who ass ign h igh pr ior ity to demograph ic research contend 
that the parameters are too poor ly known for wor kers to have any 
conf idence in the present level of under stand ing of equ id demography 
and in the var ious calculat ions of herd increase . Any increase in 
precision over what is now known would be a gain and wor th the cost . 

Among the parameter s to be measured , there would appear to be some 
g rounds for assigning pr ior i ties on the bas is of ( a )  cost ,  ( b )  present 
level of understanding , and ( c )  the extent to which mor e  information 
would contr ibute to the present level of understand ing . Evaluations 
of these three measures are presented below for each par ameter . 

1 .  Age-spec i f ic fecund ity 
a .  Leas t cos tly . could be elucidated as outl ined under 

"Methodology , " below . 
b .  Inadequately known a t  present . Because it may be one of 

the parameters more sens itive to environmental factor s ,  it  may 
therefore be one of the more var iable parameters , espec ially in 
burros . 

c .  An increased data base would ref ine the present est imates 
and could g ive some understanding of the r ange of var iat ion and 
i ts r elat ionship to environmental cond i t ions . 

2 .  First-year survival 
a .  Extremely costly , espec ially i f  designed to provide a 

good understanding of the range of var iation and assoc iated 
environmental causation . 

b .  Perhaps the least understood parameter at  present , and 
one that is likely to be h ighly sens i t ive to environmental 
var iat ion , espec ially in bur ros , and there fore h ighly var iable 
within and between populations . 

c .  The value of an increased data base would depend on the 
scope of the research . Just to measure first-year survival for 1 
or 2 year s in a few populat ions would not add substant ially to 
what is  now known . We cur rently have a range of scattered , 
f ir st-year survival est imates , crude though they may be . The next 
higher level of under standing will come when we have measured the 
r ange within each of an array of populations , along wi th 
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measurements of the relevant environmental var iables . Such a 
s tudy would involve a commi tment to several years of research in 
each of a number of populations , and would ultimately allow 
formulation of the functional r elationships involved . 

3 .  Adult  survival . 
a .  costly . 
b .  Poorly known , but one that is  probably least sens itive to 

environmental var iat ion and therefore least var iable within and 
between populations . 

c .  An increased data base would ref ine the present 
estimates , but would , in the opinions of some ( but not all ) 
members of the Committee , not add a great deal to present levels 
of under standing . 

Obj ectives 

The obj ect ives of this proj ect are to measure age-spec i f ic 
fecundi ty rates , first-year survival rates , and adult survival rates 
to two d i f ferent levels of precision . The more def ini t ive level will , 
of course , be the more costly . 

Level 1 :  Obtain an array of measurements more prec i se than those 
currently avai lable from a number of different populations . 

Level 2 :  Obtain a ser ies of measurements in each of a number of 
populations to determine the range of var iation in each , and to 
cor r elate those with relevant environmental var iables . 
Methodolog ies for each of the three rates are descr ibed for Levels 1 
and 2 in the following section . 

Methodology 

1 . Age-Speci f ic Fecundity Rates , Level 1 :  Determine pregnancy 
and corpus-luteum rates by rectal palpat ion of hor ses and burros· 
captured in the course of herd-reduction effor ts , or by autopsy of 
burros shot on national par k s  and monuments . Observations would need 
to be made in late winter or ear ly spr ing in the case of horses and 
seasonally breeding burro populations , and perhaps again in the fall 
in  bur ro populations breeding year-round . 

2 .  Age-Spec i f ic Fecund ity Rates , Level 2 :  Ideally , the range of  
var i ation between year s--wi thin and between populations--would be 
determined by rounding up the ind ividuals within studied populations 
each year , palpat ing them , and releasing them . Level of 
precision-- i . e . , the conf idence intervals around the est imates--would 
be decided upon before sampl ing , and th is factor , along wi th pr ior 
measures of var iability of the measured par ameter s ,  would d ictate the 
sample s izes needed . Concur rently , weather r ecords would be kept , the 
cond ition of the r anges occupied by the herds would be measured 
annuallY J blood assays ( Proj ect 3 ) would be taken of the sampled 
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animals 1 and the total populat ions would be censused to provide 
measures of populat ion dens i ty .  Numbers o f  potentially competing 
ungulate s  should be determined , along w ith total for age available and 
i ts allocat ion to all herb ivores present . Properly , each herd should 
be studied in this  way for not less than 5 or 6 year s , and preferably 
1 0 .  

I f th is  ideal i s  not poss ible , then some level intermed iate 
between i t  and Level 1 could be ach ieved by recording range cond i t ion , 
weather pattern in the 10  to 1 2  months pr ior to sampl ing , and 
populat ion dens ity for the locales in wh ich each roundup provid ing 
animals for Level 1 studies is  car r ied out . In add ition ,  blood assays 
should be taken from the an imals that are palpated and from males and 
young females in the herds . Th i s  collect ive information could not 
only g ive fecund ity estimates that are more precise than those 
cur rently ava ilable , but could also prov ide background env ironmental 
informat ion with which to relate them . 

3 .  First-year survival r ates , Level 1 : Determine f ir s t-year 
survival r ates by : 

a .  Round ing up samples of an imals from w i thin populations 1 
b .  Palpating females i n  study des ign ( 1 ) , above 1 
c .  Plac ing r adio transmitter s on pregnant an imals 1 
d .  Releas ing the telemetered mares , locating them 

per iodically f rom the ground or a i r  dur ing the year 
after birth of the i r  young , and determining wh ich one s 
have foals surviv ing through the year 1 and 

e .  Predetermin ing sample s i zes  by deciding on the des ired 
level of prec is ion beforehand . 

A scatter ing of 1- or 2-year stud ies in d i f ferent populations should 
g ive some idea of the range of values for this parameter , and provide 
mor e prec ise est imates than are now ava ilable . 

4 .  First-year surv ival r ates , Level 2 :  Determine the r ange of 
var iation within  and between populations in f i r st-year survival rates 
and the environmental causes of that var iation by : 

a .  Measur ing f irst-year survival r ates a s  in s tudy des ign 
( 3 )  each year in each of several populations for at 
least 5 to 6 year s , and preferably 1 0 . 

b .  Recording each year the condition of the home r ange of 
each populat ion 1 maintaining weather records , tak ing 
blood assays of the studied animals as  they are caught , 
palpated , and telemetered 1 and census ing each population 
annually . Determine numbers of potentially compet ing 
ungulates , total forage available , and its allocat ion to 
all  herbivores presen t .  

5 .  Adult survival rates , Level 1 :  Determine adult survival r ates 

a .  Round ing up samples of animals from w i thin populat ions . 
b .  Placing radio transmi tter s on pregnant animals . 
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c .  Releasing the telemetered animals , locating them 
per iod ically from the ground or a i r  dur ing the year , and 
determining wh ich ones are still al ive . 

d .  Predetermin ing samples s i zes by dec iding on the desired 
level of precis ion beforehand . 

A scatter ing of 1- or 2-year s tudies in d i f ferent populations should 
g ive some idea of the range of values for this  parameter , and provide 
more prec ise estimates than are now available . 

6 . Adul t  survival rates , Level 2 : Determine the range of 
var iation w ithin and between populations in adult survival rates and 
the environmental causes of that var iation by : 

a .  Measur ing adul t  survival r ates as in  s tudy design ( 5 )  
each year i n  each o f  several populations for a t  least 5 
to 6 years , and preferably 10 . 

b .  Recording each year the condit ion o f  the home range o f  
each population , mainta ining weather records , tak ing 
blood assays of studied animals as they are caught , 
palpated , and telemetered J and census ing each population 
annually . Determine number s  of potentially compet ing 
ungulates present , total forage available , and i ts 
allocation to all herbivores present . 

c .  Predetermining sample s izes by dec iding on the desired 
level of precis ion beforehand . 

7 . Adul t  survival rates, a third approach : A great deal of 
age-structure data ex ists from the roundups . As shown in the 
demography d iscuss ion in the f irst par t of this chapter , survivorship 
can be calculated from such data , although the method contains cer tain 
biases and demands large samples . A knowledge of populat ion trend i s  
also vital to i ts use . The ava ilable data should b e  explored fur ther 
i n  populations that are censused annually , and ideally in those being 
studied by methodolog ies 5 and 6 , so that results of the latter 
s tudies can be used as a check . 

Project 6 .  Social Str ucture , Feeding Ecology , and POpulation 
Dynamics of Wild and Free-Roaming Hor ses and Bur ros 

Rationale 

Data on demogr aph ic patterns , feed ing ecology , and population 
dynamics are impor tant to determining what const i tutes a healthy and 
viable breeding population of wild equ ids that will  also permi t  
maintenance of vegetat ion , soil , and water resources . Social 
s tr ucture , d istr ibution and movement ,  and breed ing patterns are 
par t icular ly important to interpreting data on genetic var iabil ity and 
the potent ial effect of d i f ferent cropping schemes on the genet ic 
structure and viability of a population . Since activity levels 
determine par t of nutr i tional requirements , enclosure stud ies will be 
insufficient for determining habi tat preference and use , grazing 
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impacts o n  range-plant commun ities , food-consumpt ion rates and 
nutr i t ion ,  and impact on r ipar ian water qual i ty of wild and 
fr ee-roaming hor ses and bur ros . 

In order to relate the f i ndings on nutr it ional cond it ion in the 
enclosure an imals to those on the open range it will be essential to 
compare the level of act ivity between s tudy groups , so as to make 
realistic generalizations concerning the feed ing and nutr i tion 
exper iments . I f  one is  to under stand the soc ial e f fects of 
contraception in equ ids ( see Proj ect 18 ) i t  is necessary to have 
comparable measures of the behavior of exper imental animals and w ild 
an imals . I f  there is a lack of comparabil i ty between stud ies , then 
the abil i ty of r esearchers to general ize the ir  exper imental f indings 
to wild populations will be sever ely l imited . 

A major point of controversy is the r a te of increase in horses and 
burros . I t  is extremely important to document and integrate in 
f ree-roaming populations ( a )  population s i ze and structure in  terms of 
sex , age class , and soc ial grouping � (b)  daily activity pattern , 
feed ing ecology , and energet ics , ( c )  seasonal movements and home-range 
util ization � ( d )  nutr itional level � and ( e )  age-spec i f ic reproduction 
and mortal i ty .  

Obj ectives 

1 .  Determine the social structure , seasonal habitat preferences , 
and vegetation and water util izat ion of free-roaming equ ids on publ ic 
l ands . 

2 .  Determine the dai ly act iv ity pattern and d ietary compos i t ion 
in relation to age , sex , phys iolog ical status ( i . e . , maintenance , 
gestation , lactation ) , and cl imate . 

3 .  Assess nutr i t ional s tatus and general cond i t ion , and cor relate 
these w i th activ i ty , reproduction , and surv ival . 

4 .  De termine age-spec i fc r eproduction and surv ival . 
5 .  Invest igate the appl icabi l i ty of contraception as a means of 

manag ing w ild equ id populations . 

Methodology 

1 .  Establ ish three study areas each for wild horses and bur ros . 
In order to have the broadest poss ible appl ication , research should be 
per formed on populations that are not manipulated ( i . e . , cropped ) . 
one study area should be located i n  what is cons idered the most 
•marg inal " habitat . Another area should be located in typical 
habitat , but be used to investigate the effect of contraceptive 
devices on soc ial behavior , spacing , feeding ecology , and populaton 
dynamics of f ree-roaming equids . 

2 . For determining da i ly activity patterns and energetics , we 
recommend that at leas t the following data be recorded . Recorded 
information i s  to reflect activity states that prov ide data for 
calculat ing both energy budgets and social behavior s character i z ing 
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the rates and direct ions of soc ial interactions ( i . e . , who does what 
to whom) . The following categor ies are to be scored : s tanding , 
standing eyes closed , lying down , walk ing , trotting , r unning , feeding , 
ur inating , defecating , grooming , and soc ial interactions . The term 
social interactions covers a mul t itude of what are often 
spec ies-speci f ic behaviors and which w i ll require prec ise and common 
defin itions across exper iments . Researchers involved in these s tudies 
should be required to s tandardize these def in i t ions after init ial wor k  
has begun . 

Point samples on these categor ies should be taken for 30 minutes 
each hour from 0600 to 1800 ( l ight permitting ) , once every 2 weeks . 
Points are recorded every 2 minutes within the 30-minute sample . TwO 
minutes has been chosen as being a suff ic iently long per iod for a 
trained observer to record behaviors and identify ind ividuals for a 
scan point sample of up to 5 or 6 focal animals , while providing a 
r easonable number of sample points . At the beg inning and end of each 
30-minute sample , inter individual spacing , location , hab i tat , and 
climatic data are to be recorded . 

In horses , focal animals should include at least one dominant 
male , two females ,  one subord inate male , and one foal . Ideally , in 
horses , thi s  group of focal-scan-point samples should be done on the 
same day , to provide daily prof iles and to allow the determination of 
interdependence of behavior s with in the day . Por bur ros , whose groups 
are not as spatially coherent , samples cannot be s imultaneous on 
different classes of animals . In burro studies , animals should 
include one ter r i tor ial male , one nonter r itor ial male , two females , 
and one foal . In the contraception study ( see below) one of the two 
females should be •contraceptive • and the other •normal . "  

3 .  The sampling scheme for moni tor ing detai led feeding behavior 
i s  to be a continuous focal-animal sample . Data are to be recorded on 
an animal in a continuous timed sequence . The schedule for sampl ing 
is identical to the FSP schedule . Data are recorded on one individual 
for 30-minute per iods of each hour from 0600 to 1800 . In these 
samples the onset , termination , and sequence of all behav iors 
(categor ies recorded for the FSP and reproductive behavior samples ) 
are recorded on a real-t imed record . The identity and s i ze of all 
plants and plant par ts eaten are recorded . 

This  detai led record is  necessary to understand the bas is of 
d ietary selection in  the horse and to measure changes in  feeding 
response when inter- and intraspec i f ic competition occurs . The 
detailed data on food intake are also necessary to estimate energy and 
nutr ient balances in animals whose fecal output is collected . For 
both of these calculations i t  is necessary to know not only what is  
eaten , but to know spec i f ically the rates at which forage spec ies are 
eaten , the quant ities ingested as a function of time , the sequence of 
i ngestion through the day , and the d iurnal patterns of gross intake 
rates . 

Spac ing data should be recorded at the beg inning and end of each 
30-minute sample . These data , coupled with displacement data 
collected as par t  of the continuous record ,  will allow dominance 
interactions to be related to feeding behav ior . 
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Locat ion , habitat , and cl imatic data should be recorded at the end 
of each 3 0-minute sample . Data should be r ecorded on the same focal 
classes of an imals (N  = 5 )  as wer e  used for the scan-point sample . 

4 .  Bes ides the activity and frequency of soc ial behavior sampled 
by the FSP method , the reproduct ive behavior should be sampled in 
detail . Reproduct ive behavior can be divided into funct ional 
categor ies . These divis ions are establ ished because breakdown in the 
r eproduct ive act can be attr ibuted to e i ther the mare or the stall ion 
and the point a t  which the failure occurred can be ass igned to a 
par ticular phase of the reproduct ive interact ion . Precept ive 
behavior s are those that the female uses to make her estrous cond ition 
known to other animals . These behaviors include r a i s ing the ta il , 
ur inating a t  h igh frequency , ur ination stance , and approaching the 
male or alter ing her spac ing relat ive to him.  The male ' s  responses to 
preceptive behavior s are called attract ion behavior s .  His approaches , 
spac ing r elat ive to the female , and mounting a ttempts s ignal his  
percept ion of her  state . Her response to  the  male ' s  attraction 
behavior is termed recept ion and is evinced in e ither acceptance or 
rej ect ion of mounting attempts . 

The obj ect of the sample will be to monitor behaviors of "normal " 
and •contraceptive • females and the ir  stall ions to determine 
d i fferences in each of these funct ional categor ies . Di fferences can 
then be related to failure of behavior s at par t icular stages of the 
r eproductive sequence . 

Samples should be continuous focal samples . The t iming of the 
sample and its intens ity can be determined by the researcher . The 
continuous samples will  record the occur rence of sexual behav iors w i th 
a t ime record .  From these samples the rates of behavior can be 
calculated and tested aga inst est imates for w ild populat ions . 

Spacing observations g ive data on the distance between individual s  
o f  the groups . Such data can be taken at  a point in t ime where the 
d istances and the identity of the individuals is r ecorded . The 
samples should be taken at least at the beg inning and end of all  
30-minute FSP samples . Since spatial relationsh ips often reflect 
soc ial relationship , these data w i ll allow a compar ison not only of 
sexual states but also of dominance rank . Spatial d isplacements , 
u sually a reliable indicator of relat ive dominance between 
ind ividuals , will  be recorded as par t of the continuous focal samples .  

s .  Population s i ze and sex and age-class structure should be 
mon itored monthly . Age-spec i f ic reproduction and survival should also 
be moni tored . 

Project 7 .  Genetic Polymorphism 

Rationale 

Rat ional management of  natural populat ions requ i res knowledge of 
the genetic structure of the population . In par t icular , it is 
necessary to ascertain the degree of genetic var iation w ith in and 
between populat ions . The amount of genetic var iat ion in a population 
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determines i t s  •evolutionary potential , "  and hence must  be preserved 
as the fundamental natural genet ic reservoir of the spec ies . The 
process of mutation may g ive r ise to new genetic var iations and may 
r estore var iants that have d ied out .  However , the process of mutation 
is exceedingly slow--in ver tebrates the typical rate at which a g iven 
allele at a g iven locus appears per generation is around one in a 
mill ion indiv iduals--and most new mutants are l i kely to be lost by 
r andom dr ift  in the f irst  few generations after their  appearance even 
i f  they are adaptively favorable . Hence , it becomes impor tant to 
preserve genetic var iation in order to protect the welfare and 
evolutionary potential of the spec ies . 

The genetic var iat ion of a group of populations may be present 
more or less equally in the var ious populations or each may have a 
d ifferent amount .  Which of these s ituations obtains in a part icular 
case must be ascertained , because each one leads to d i f ferent 
s trateg ies for the preservat ion o f  genetic var iation .  If several 
populations are near ly ident ical genet ically , the preservation of any 
one population ( subpopulation )  is less impor tant , because i ts genetic 
endowment will also be present elsewhere . On the contrary , i f  
populat ions a r e  genet ically d ifferent from each other , the 
preservation of genetic var iation r equires that every one of the 
d ifferentiated populations be preserved . In the case of wild and 
free-roaming hor ses and bur ros , i t becomes impor tant to study not only 
the wild populations but also the domest ic breeds . For the reasons 
j us t  mentioned , it mus t  be ascerta ined whether or not the var iation 
present in the w i ld populat ions is the same as the var iation present 
in domestic an imals . The compar i son between domestic and wild 
populations may also make i t  poss ible to determine the ancestry of the 
wild populations . 

None of the r equ ired information mentioned is presently available . 

Obj ectives 

1 .  Determine the amount and k ind of genetic var iat ion per 
population of wild and free-roaming hor ses and bur ros . 

2 .  Determine the degree of genetic s imilar i ty among wild and 
free-roaming populat ions of horses and of bur ros . 

3 .  Determine the degree of genetic s imilar i ty between wild 
populations and domestic breeds . 

Methodology 

1 .  Population Sampling.  The information gained with a g iven 
amount of wor k is maximized if the populations are sampled in a 
" nes ted " fashion . The appropr iate model to be followed should be 
coordinated with other proj ects , because blood ( and t issue , i f  
possible ) samples from ind ividual animals are needed . Ideally , one 
breeding wild group should be intensively stud ied ( a  sample of 50 to 
100  animals might be suffic ient , depending on the s ize of the group) . 
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Two or three other breeding groups should be  sampled with in a g iven 
r eg ion , but fewer animals ( 10 to 20 ) would be needed from each group . 
In  addition , one group from each of the other major reg ions ( 1 0  to 20 
an imals per group) in which the w i ld animals r ange should also be 
stud ied . Th i s  pattern of sampl ing should be followed for hor ses as 
well as for bur ros . 

I t  will  then be necessary to compare w ild animals with domestic 
ones . About 10 an imals for each of the ma in domestic breeds should 
suff ice , al though of course the more an imals that are stud ied , the 
gr eater will  be the amount of informat ion obta ined . The point is , 
however , that more informat ion will  be obta ined by sampl ing a few 
an imals from each of a numbe r of br eeds (or populat ions ) than by 
s tudy ing a larger number of animals from fewer groups . 

2 .  Genome Sampl ing .  In order to obtai n  a val id est imate o f  the 
amount of gene t ic var iation in  a population , it is necessary to study 
a number of gene loc i that are randomly selected with respect to how 
var iable they are . That i s ,  i t  i s  necessary that the probabi l i ty of 
including a given locus i n  the sample be i ndependent of how 
polymorph ic the locus is . 

Morpholog ical traits ( such as coat color ) are generally useless 
for this purpose . The reason i s  that the genetics of morpholog ical 
t r a i ts is determined empir ically by trad i t ional Mendelian methods , 
that is , by mak ing crosses between indiv iduals that mani fest d i fferent 
phenotypes w ith respect to the tra i t . The pattern of segregation in 
the � progeny allows one to determine whether or not genetic 
d i f ferences under lie the morpholog ical d i f ferences , as well as to 
ascertain the number of genes involved . Thus , the only genes that can 
be s tud ied w ith the traditional methods of Mendel ian analysis  are 
polymorph ic genes J if a gene is invar iant , such methods will not 
r eveal it ex istence . I t follows that use of such methods makes it 
impossible to obtain a random (wi th respect to var iation ) sample of 
the genome , because only polymorph ic genes can be included in the 
sample (and usually the more var iable a gene is , the more l i kely it i s  
t o  be included i n  the sample because its existence is  more easily 
detectable ) .  The methodolog ical hand icap der ived from the trad i t ional 
Mendel ian method of genetic analys is  also appl ies to blood-group 
stud ies . As in the case of morpholog ical var iation , the study of 
blood groups depends on the detect ion of dif ferences . 

Obta in ing a sample of genes that is random with respect to 
var iat ion has become poss ible owing to the advances of molecular 
genet ics . I t  is  now known that genes consist of DNA and that 
( structural ) genes code for prote ins . I t is poss ible to select for 
study a number of proteins , without having previous knowledge as to 
whether each protein is var iable or how var iable i t  i s .  I f a g iven 
protein is found to be polymorph ic ,  i t  can be inferred that the gene 
coding for it is also polymorph ic . I f a prote in is  found to be 
invar iant , the inference i s  that the cor responding gene is  also 
i nvar iant . ( Actually owing to the r edundancy of the genetic �ode , not 
all gene var iat ions result i n  protein d i f ferences ; hence , the overall 
amount of var iat ion i s  underestimated . )  
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The techniques of g e l  electrophores is  ma k e  i t  possible to study 
var iation in a large number of proteins in a suff icient number of 
ind ividuals without prohibitive investment of labor and money . 
Exper ience ind icates that about 20 genes coding for prote ins are 
suff icient to obtain acceptable estimates of genetic var iat ion (Ayala 
and K iger 1980 ) , although 30  or more genes should be stud ied , if  
feasible . 

3 .  Statistical Techniques . The amount of genetic var iation is  
best  measured by  the heterozygos i ty pe r  locus or  per individual , 
a lthough the propor tion of polymorph ic loci per populat ion also 
provides useful informat ion . The degree of genetic s imilar ity can be 
summar ized w i th s tandard measures , such as Ne i ' s  genetic d istance . 
The formulae w ith which to calculate heterozygos i ty ,  polymorphism ,  and 
genetic distance and their  s igni f icance can be found in recent 
textbooks (e . g . , Ayala and K iger 1980 ) . 

4 .  B iochemical Techn iques .  The techn iques o f  gel electrophoresis 
and selective assay of enzymes are the most appropr iate and least 
expens ive with which to accompl ish this proj ect ' s  obj ectives . 
Descr ipt ion of these techn iques can be found in Ayala and othe r s  
( 19 7 2 ) . Information about a few spec i f ic enzyme assays as used in 
equ ids can be found in the references c i ted within •Genetic 
Polymorphism, • in  the first par t of this  chapter . Blood samples ( a 
few cc per individual ) can be used for the electrophoret ic studies , 
a lthough t issue samples ( l iver , in par t icular ) should be used whenever 
available , because these make i t  poss ible to assay addit ional enzymes . 
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CHAPTER 3 

EFFECTS OF BQUIDS ON OTHER ECOSYSTEM COMPONENTS 

I NFORMATION NEEDS 

The Publ ic Rangelands Improvement Act of 1978 clearly beg ins with 
an attitude of concern for the •unsatisfactory condition • of western 
r angelands , and for the need to improve that condition . In mak ing 
lengthy provis ions for research on , and management of , wild horses and 
bur ros , including author ization of the present s tudy , it  acknowledges 
tha t proper wild equ id management must become par t  of the broader goal 
of improving and properly manag ing the rangelands . 

As mentioned earl ier , the repeated reference to •excess • animals 
in  PL 9 5-514 requ ires some def inition of the term , and one among its 
several connotations is the impact of wild horses and burros on other 
ecosystem components . Bence some cons ideration must be g iven to the 
ways in wh ich these an imals create impacts upon the ir  sur roundings , to 
the cr i ter ia by wh ich those impacts are evaluated , and to the 
standards for the term •excess animals • der ived from sever ity o f  
impact . 

Each land uni t  is capable of carrying some potential ar ray of 
vegetative species if not excess ively disturbed . As recognized and 
defined in PL 95-514 , the •range condition •  on a s i te at any point in 
t ime is • the present state of vegetation • • •  in relation to the 
potential plant community for that s i te ,  and the relative degree to 
which the k inds , propor tions , and amounts of vegetation in a plant 
community resemble that of the des ired communi ty for that s i te . •  To 
establ ish and maintain some level of range condit ion would appear to 
be a des irable management goal for each land uni t .  What that level 
should be is a policy decis ion , but presumably i t  would at the least 
ensure perpetuation of the bas ic vegetation , soil , and water resources . 

S ince vegetation has evolved with herbivory , i t  is capable of 
susta in ing some level of herbivorous removal while maintaining itself 
in some equilibr ium state . This state may vary between years and be 
h ighly dynamic , but it  will vary around some long-term , constant 
average over a period of time . Maintaining the vegetation at some 
decided-upon state impl ies that herbivorous removal must be ma intained 
at a level that will perpetuate the equilibr ium .  One definition of 
• excess • horses or burros could be that number wh ich , when exceeded , 
causes the range--including its vegetation , soil , water , and 
wildl i fe--to decl ine from the des ired condition . 
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Hence , the information needed to determine when equ ids are in 
excess includes knowledge both of their forage preferences and 
consumption rates , and of the effects of that consumpt ion on the i r  
ecosystems , includ ing vegetation , soil , water , other wild animals , and 
l ivestock . �rage preferences and consumption rates wer e  cons idered 
in Chapter 2 .  The ecosys tem factors will be reviewed in th is chapter . 

STATE OF KNOWLEDGE 

Information SOurces 

The search for informat ion on ecosystem effects was concentrated 
in four areas : 

1 .  Impacts on range-plant commun ity created by wild ,  
free-roaming horses and bur ros and assoc iated l ivestock . 

2 .  Indications of competit ive pressures by wild equ ids on other 
wild animals . 

3 .  Impacts on watersheds created by wild equ ids and domestic 
grazers . 

4 .  Impacts on range nutr ition and feeding ecology created by 
wild equ ids and assoc iated domest ic and native ungulates . 

Major attention was g iven to publ ished , peer-reviewed l iterature , but 
cons iderable unpubl ished information ( internal repor ts , consultant ' s  
r epor ts ) was obta ined from files of the BLM , USFS , and NPS . Dupl icate 
copies of these repor ts are on f ile at New Mex ico State Univers ity and 
Utah State Univers ity .  

Range-Plant-commun ity Impacts 

In general , wild and free-roaming horse and bur ro populat ions in 
t he western u . s .  can be discussed in the context of the following 
vegetation types : pinyon-j un iper , sagebrush-bunchgrass , salt-deser t 
shrub , ponderosa pine , and hot-desert  shrub , the last be ing pr imar ily 
the doma in of bur ros . While th is geog raph ic class i f ication is general 
and cons iderable phys ical , cl imatic , and vegetational var iation may 
exist within a par ticular type ,  it offers , at least ,  a general scheme 
for discuss ing and analyz ing the problems on an ecolog ical basis . 
Recent sympos ia and state-of-the ar t publ ications have dealt with the 
ecology and management of several of these areas ( e . g . , Clary 1975 , 
Cur r ie 197 5 , Gifford and Busby 1975 , Spr ing f ield 1976 , USU/CNR 1979 ) . 
Such publ ications provide a broad foundation of information upon which 
to bui ld an analys is of horse and burro ecology . 

Cons ider ing the scope and alleged sever i ty of graz ing impacts by 
horses and burros on western rangelands , the problem has been studied 
surpr is ingly l ittle . General statements by recogn ized range 
management exper ts warn of a severe and ever-growing problem . �r 
example , Box (n . d . ) observed that : • In  many areas ranges are 
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ser iously overgrazed and the environment degraded . •  He further cited 
spec i f ic cases of bur ros in the Death Valley area and wild horse herds 
in the Rock Spr ings , Wyoming area pos ing threats to the range of 
native ungulates . Similarly , Cook (197 5 )  suggested that under the 
Wild and Free-Roaming Horse and Bur ro Act of 197 1 , horses and bur ros 
l iving in areas where a year-round forage supply was unavailable would 
cause ser ious range deter ioration that would lead to reduced graz ing 
capaci ty for wild ruminants and domestic l ivestock . 

Subjective observations such as the foregoing are generally based 
on years of profess ional exper ience and may poss ibly depict the 
real i ty of the horse and burro problem . However ,  the regrettable fac t 
r ema ins that few pertinent empir ical data are generally available for 
scrutiny and evaluation . Until such data can be procured , 
profess ional j udgments , whether made by scientists or pract icing range 
managers , are cer tain to rema in controvers ial . 

Empir ical stud ies on graz ing impacts by e i ther horses or burros 
are few in number . Most of the stud ies that do ex ist deal with 
bur ros . Hanley and Brady (1977 ) repor ted that bur ros in the lower 
Colorado River Valley of Cal i fornia and Ar izona overgrazed ranges nea r 
the r iver , but that plant utilization ,  pr inc ipally on browse species , 
decreased to l ight or moderate rates a t  distances greater than 2 . 5  km 
f rom water . They found that : •Overgraz ing decreased the canopy cover 
of Ambros ia dumosa from about 2 . 26 to 0 . 04  percent and decreased total 
canopy cover for all spec ies from 8 . 64  to 2 . 80 percent . •  They fur ther 
observed that no par t icular plants acted as increasers or invaders 
under heavy burro use . The same general trend of heavy impact 
adj acent to water sources is evident in a repor t by Fisher and other s 
( 197 3 ) , who worked in the Panamint Range . However , at  an exclosure of 
2 km from the water source , measurement of species dens ity and volume 
showed higher biomass outs ide than ins ide the exclosure . Annual 
dens ities and species diversity were  h igher outs ide the exclosure , bu t 
a bunch grass--Stipa sp . --was more abundant ins ide the exclosure . 

Carother s and cowor kers ( 19 76 ) , who per formed stud ies in the Gr and 
Canyon area , repor ted that their results •demonstrate conclus ively 
that the feral ass has a negative effect on the natural ecosystem of  
the lower reaches of the Grand Canyon . •  They showed that the total 
vegetative cover of the Mojave Deser t scrub type was reduced from 80  
percent on a control plot to 20 percent on an impact plot , and that 
the total number of vascular species present was reduced from 28 to 19 . 

A later study by the same research group (Phill ips and others 
197 7 ) was much expanded to include the three major vegetat ion types i n  
and along the Grand Canyon where bur ros were cons idered a problem. 
These included the pinyon-juniper type , the blackbr ush (Coleogyne 
r amos iss ima ) -grass type and the Mojave Desert  scrub type of the inner 
gorge of the canyon . These authors concluded that bur ros had had 
g reat impacts on all three commun ity types . In the pinyon-jun iper and 
blackbrush-grass types , the major trend appeared to be replacement of 
palatable grasses such as galleta (Hilar ia james i i )  and squ irreltail  
(Sitanion hystr ix)  by unpalatable shrubs such as  broom snakeweed 
( Xanthocephalum sarothrae ) and br ittle bush (Encel ia far inosa ) . The 
inner gorge s i tes susta ined the greatest amount of disturbance , 
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attr ibuted to a concentrated use by bur ros , the " inherently frag ile 
nature of the ar id deser t  flora , •  and a relat ively low spec ies 
diver s i ty .  Also noted was a •severe •  impact on crustose mosses and 
l ichens . The authors observed that the pattern of plant-commun ity 
response to heavy graz ing by bur ros was essentially s imilar to that 
w idely documented under heavy graz ing by livestock . 

Koehler ( 1974 ) s tudied bur ros in Bandelier Nat ional Monument and 
concluded that forag ing by a population es t imated to number from 107 
to 120 ind iv iduals had led to degradat ion of some 4 , 000 ha of 
r angeland . He postulated the following order of d isappearance of 
perennial grasses in pinyon-j un iper commun ities overgrazed by burros : 
( 1 )  Lycurus phleoides and Oryzops is hymenoides , ( 2 )  Stipa neomexicana 
and Koeler ia  cristata , ( 3 ) Sporobolus airoides , (4 ) Fes tuca ar izon ica , 
( 5 )  Bouteloua er iopoda and � cur t ipendula , (6 ) Stipa comata , 
( 7 ) Sporobolus contractus , (8 ) Sitanion hystr ix , (9 ) Hilar ia james i i , 
( 10 )  Bouteloua gracilis  and � · h irsuta , ( 11 )  Ar ist ida �. , and 
( 1 2 )  Muhlenbergia tor reyi . In  addition to providing a bas is for 
predicting commun ity change , th is sequence allows ins ight into the 
relative preferences by bur ros for the grass spec ies l isted . 
Generally , the most preferred species in a commun ity are the f irst to 
be reduced by improper graz ing practices ( Stoddar t  and others 197 5 ) . 

A later s tudy in the same area by Potter and Berger ( 1977 ) , 
conducted a fter the burro population was reduced in 19 7 5 , repor ted 
forage util ization levels on individual grass spec ies . • severe•  
levels of utilization were  still noted on several grass species , 
averag ing 61 and 50 percent for winter and summer per iods , 
respectively . Some use of the unpalatable shrub called broom 
snakeweed was also noted and was interpreted as an indication of 
overutilization of the prefer red grasses . These authors also observed 
heavy use of mounta in mahogany (Cercocarpus montanus ) by bur ros dur ing 
per iods of winter forage stress . 

Feral burros have also been studied in Death Valley National 
Monument by several invest igator s .  Moehlman (1974 ) observed tha t  
an imals i n  the Wildrose-Emigrant area were pr imar ily browsers , 
seemingly due to a low availabil ity of herbaceous spec ies . Wor k ing i n  
the Wildrose Canyon area at a later time , Douglas and Norment (197 7 )  
observed that brows ing pressure by bur ros on the shrubs Acamptopappus 
shocklei and Ambros ia dumosa was probably severe enough to threaten 
removal of these spec ies from the commun ity . They fur ther postulated 
that the level of use of Ar temis ia spinescens and Dalea fremonti i , 
while lower than that of the preceding two spec ies , was nonetheless 
severe enough to cause concern . 

I n  contrast to the s tudies j us t  descr ibed , burros in two locations 
(Gran ite Wash and Temple Bay ) in Lake Mead National Recreation Area 
apparently d id not cause major impacts on vegetation (O ' Farrell 1978 ) , 
even though estimated an imal dens ities were  cons iderably greater than 
those in the Wildrose Canyon area of Death Valley . This lack of 
impact was attr ibuted to above-average precipitation in the area 
dur ing recent years , lead ing to a greater-than-normal level of pr imary 
production and graz ing capac i ty for bur ros . O ' Farrell ' s  ( 1978 ) 
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prel iminary repor t was based on a small number of samples , and 
j udgment should await a f inal repor t . 

Although several management-level stud ies and inventor ies have led 
to subsequent population reduction of horse herds over the west ,  
l ittle controlled research has been done on spec i fic graz ing impacts 
by horses . The number of such repor ts in the l i terature is cer tainly 
less than that for bur ros . These data for horses seem espec ially 
meager in l ight of the extens ive land area and the great number of 
animals concerned . Apparently much of the management that has been 
applied to horse ranges over the past 3 to 4 years has proceeded from 
exper ience and j udgments exerc ised by the agency range managers . 

Th is problem will be discussed later under •Review of Range Survey 
Methodology• in Chapter 5 .  I t  is mentioned here , not for the purpose 
of cr itic i z ing previous horse management work , but rather to 
reemphas ize the need for information on range trends , forage 
utilizat ion , and associated environmental impacts--as they relate 
spec i f ically to horses--to serve as a bas is for future management 
act ions . Research in this area is needed to ass ist the manager in 
distinguish ing forage utilization and range impacts by horses from 
those of other sympatr ic ungulates , and to determine whether horse 
impacts d i f fer from those of cows or sheep . There is also a need to 
moni tor range impacts with greater sens itivity than is presently 
poss ible with exist ing techn iques , which were developed largely for 
use with domest ic l ives tock . 

S ince sc ienti f ic informat ion on speci f ic graz ing impacts by wild 
horses and bur ros is scarce , addi tional perspective may be gained 
through exploration of the relatively extens ive l i terature on graz ing 
impacts by l ivestock . This  l iterature has fur ther impor tance : i t  
forms the bas is o f  existing management programs for wild horses and 
burros . 

The benchmark review monograph by Ell ison (1960 ) throughly covered 
the per tinent l i terature up to 1960 . Some 260  references are cited in 
that paper , and discuss ion is  organized on the bas is of 
plant-communi ty types , includ ing those pertinent to wild horses and 
bur ros . One of Ell ison ' s  major conclus ions is that success ional 
trends in plant commun it ies are roughly propor t ional to graz ing 
intens ity :  they are pronounced under severe graz ing pressure , and in 
some instances d i f f icul t  to distingu ish at l ight or moderate levels 
( Ellison 1960 : 4 5 ) . Th is conclus ion has generally been sustained by 
the vast major i ty of long-term graz ing exper iments conducted 
throughout the western United States , and it is the fundamental 
assumption underlying contemporary graz ing-management pract ices . The 
following perspective on graz ing intens ity presented by Ell ison in his 
1960 paper remains germane to the present question and is wor thy of 
cons ideration when reviewing results of graz ing stud ies or when 
evaluating effects of an imals in a management context : 

Degrees of graz ing are not eas ily def ined . The range that 
will suppor t a g iven number of an imal months dur ing one 
per iod of years may be capable of suppor t ing twice as many 
dur ing a wetter per iod or perhaps only a th ird as many dur ing 
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a dr ier per iod . A depleted range may be heavily uti l i zed by 
the same number of an imals that would make only l ight use of 
the same range in good cond it ion . The terms •l ightly • , 
•moderately • and •heavily• grazed are not only restr icted in 
s ign i ficance by being relative instead of absolute , but ,  
unless product ion of forage and number s  of an imals are 
specified ,  they are h ighly subj ective . What one author mean s 
by •l ight • graz ing may very well be •moderate • or even 
"heavy " graz ing to someone else . (Page 5 )  

As a means of providing more recent in format ion on the 
relationsh ip of graz ing intens ity to plant-commun i ty change , the data 
in Table 3 . 1  were assembled . This table summar i zes a small sample of 
long-term graz ing exper iments tha t have either been conducted in 
plant-communi ty types where wild horses now occur , or that have 
focused on plant spec ies locally impor tant elsewher e  on wild hors e  
r anges . No comparable stud ies were found that dealt with the 
blackbrush-grass or Moj ave desert scrub vegetation types now occupied 
by feral burros . One of the studies presented in the table (Hutchings 
and Stewa r t  1953 ) was discussed in the Ell ison (1960 ) treat ise . The 
r est have been publ ished s ince then . 

The table is incomplete in that it  focuses ma inly on the impacts 
of "heavy • graz ing . This emphas is was prompted by the concern of the 
land-management agenc ies over the question of excess number s  of 
an imals . S ince major and endur ing env ironmental change is a poss ible 
consequence of excess numbers of e i ther wild or domestic ungulates , 
th is emphas is appears necessary to provide perspect ive for designing 
research spec i f ically related to horses and bur ros and to prov ide an 
inter im management perspective pending the completion of that 
research . The spec i fic data relating stock ing rates to 
plant-util ization levels and subsequent changes in range-plant 
commun ities or par t icular plant species should prove useful in tha t 
r egard . An impor tant assumption underlying our analys is of such 
studies is that properly managed graz ing ,  wh ich takes into account the 
species and number of an imals as well as their  season and distr ibution 
of graz ing , can in most cases be harmonious with most resource needs 
and values . 

The general conclus ion from stud ies summa r i zed in Table 3 . 1  is the 
same as that drawn ear lier by Ellison (1960 ) : heavy graz ing promotes 
accelerated plant-commun itity change that has generally been 
interpreted as deter iorat ing range cond ition . Apparent deviations 
f rom, or var iations on , this general statement can be seen in the 
studies of Hyder and others  (1975 ) , Skovl in and others (1976 ) , and 
Hu tch ings and Stewart  (1953 ) . These questions are addressed below . 

Range dominated by the shor tgrass spec ies blue grama and 
buffalograss appear relat ively res istant to graz ing-induced change . 
The study by Hyder and others (1975 ) summar i zed in Table 3 . 1  led to 
the conclus ion that there was no ecolog ical bas is  for relating changes 
in range condi t ion ( i . e . , plant-commun i ty compos i tion ) to sever i ty of 
graz ing as separate and d istinct from changes promoted by var iable 
weather cond i tions from year to year . Th is opinion appears  to 
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confl ict with earl ier conclus ions from a study on the same s i te 
( Kipple and Costello 1960 ) that heavy graz ing reduced vigor and yield 

of the impor tant forage species and led to a deter ioration of range 
cond ition . However , Hyder and others (197 5 )  attr ibuted the results of 
the ear l ier study to improper class i f icat ion of s i te d i f ferences as 
d i fferences in range cond it ion . 

The Oregon study on ponderosa pine-bunchgrass range (Skovl in and 
others  1976 ) d id not show the drast ic decl ine in range condi tion under 
heavy graz ing that the Colorado study (Smith 1967 ) showed in a s imilar 
plant assoc iation (Table 3 . 1 ) . However ,  stock ing rates in the Oregon 
s tudy were cons iderably lower than those in the Colorado study , wh ile 
annual pr ec ipi tat ion in Oregon was roughly 30 percent greater than 
that in Colorado . Given comparable stock ing rates , di fferences in 
precipitation notwithstanding , decl ines in range cond ition in the 
Oregon s tudy would l ikely have been larger . Even with the prevail ing 
cond it ions observed , the impor tant species elk  sedge (Carex geyer i ) 
declined 50 percent in the forested hab itat , and th is was viewed as a 
ser ious consequence . Th is decrease was associated with , but not 
necessar ily the d irect cause of , a 20 percent decl ine in l ivestock 
graz ing capac i ty over the 11-year study in the forested hab itat . 

Total herbage product ion , and presumably graz ing capacity ,  
increased over the course o f  a 12-yea r winter graz ing study a t  the 
Deser t Exper imental Range in southwestern Utah (Hutch ings and Stewart  
195 3 ) , where salt-deser t  shrub , sagebrush-grass , and pinyon-j un iper 
vegetat ion types were all represented (Table 3 . 1 ) . Even though the 
increase was smaller under heavy graz ing than under e i ther moderate or 
l ight graz ing , the general trend is not entirely consistent with that 
propounded by Ell ison (1960 ) . A reason for this response can be 
proposed . The ranges where the study was conducted were in a 
generally depleted s tate at the outset , due to excess ive graz ing and 
drought .  Therefore , control of an imal numbers , even though they were 
allowed to graze •heavily , •  apparently allowed some degree of range 
r ecovery . Fur thermore , subsequent studies on phys iolog ical responses 
of desert  plants to season and intensity of defol iation (Cook 1971 ) 
have shown that herbage removal dur ing winter is cons iderably less 
detr imental than spr ing or summer defol iation . Thus , control over 
season of graz ing--so that use was con fined to winter--probably 
contr i buted to range recovery . 

The general pattern of plant-communi ty change under heavy graz ing 
in the Great Bas in has been descr ibed by Young and others  (1976 ) as : 
( a )  an increase in native shrubs undesi rable for brows ing , (b )  a 
reduction in perenn ial grasses and forbs , and ( c )  exploitation of 
these voids by al ien annual weeds such as cheatgrass that are h ighly 
adapted to intens ive graz ing . From the standpoint of soil and water 
conservat ion , commun i ties dominated by annual spec ies are 
unpred ictable from year to year as far as how much soi l  cover they 
will  provide , and the ir  soil-binding root masses are small . A later 
section in th is repor t deals spec if ically with soil-plant-watershed 
r elationships under graz ing pressure . The most extreme change in this 
regard has been the dess ication of upland meadows caused by 
accelerated eros ion and stream-channel cutt ing (Cottam and Stewart 
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1940 ) . Young and others (1976 ) state that a cycle of geolog ic eros ion 
and depos ition would be requ ired to restore these meadows to the ir 
past condition . 

From a standpoint of forage values , commun ities dominated by 
stands of relatively unpalatable shrubs ( e . g . , sagebrush ) and by 
annual weeds (e . g . , cheatgrass ) offer relatively l i ttle to l ivestock 
(Cook and Har r is 1968 ) . Although spec i f ic data are scarce , the same 
i s  probably true for horses . Table 2 . 22 strongly suggests that horses 
make l ittle or no d ietary use of shrubs . Exot ic annuals may be highly 
palatable and nutr i t ious dur ing the ir growing season (Cook and Har r is 
1968 ) , but this is generally res tr icted to a br ief per iod in the 
spr ing and ear ly summer of favorable years . In years when 
prec ipitation is scarce , yields of forage from annual-dominated ranges 
may be negl igible . 

As previously mentioned , responses of plant communi t ies to graz ing 
are g reatly compl icated by the effects of season and frequency of 
graz ing . For example , Laycock (1967 ) showed that heavy spr ing graz ing 
of sagebrush-bunchgrass range by sheep in Idaho led to a deter ioration 
of range condit ions , includ ing replacement of bluebunch wheatgrass 
(Agropyron spicatum)  by annual cheatgrass (Bromus tectorum) and 
sagebrush (Ar temis ia tr ipartita ) . In contrast , heavy graz ing of 
s imilar range in autumn a fter the herbaceous understory plants had 
entered dormancy led to increased graz ing pressue on sagebrush and an 
improvement in range condi ton . Such di fferential responses of 
ind ividual plant species to season of graz ing form the bas is for the 
special ized • rotat ional • graz ing systems now in common practice over 
much of the wes tern range ( reviewed by Herbel 1974 ) . 

Controlled s tudies concerning the effects of plant defol iation on 
subsequent vigor and production (Cook 1971 ) showed that deser t shrub 
and grass spec ies are h ighly sens itive to season of herbage removal . 
Spec ies included in the studies were black sagebrush (Ar temis ia nova ) , 
b ig sagebrush (�. tr identata) , shadscale (Atr iplex confer t i fol ia

-
,
-
,
-

winter fat (Ceratoides lanata) , Nuttall saltbrush (Atr iplex nuttall i i ) , 
Indian r iceg rass (Oryzopsis hymenoides ) ,  and squirreltail  grass 
( S i tanion hystr ix) . A SO-percent winter util ization of these species 

ma inta ined vigor and yield , but the same level of use dur ing late 
spr ing and early summer was detr imental , par t icular ly for the shrub 
spec ies . No more than a 25-percent use could be safely tolerated by 
most species in late spr ing . 

The impl icat ions of these s tudies for the management of wild horse 
ranges are clear . I f  maintenance of a stable range condition is  a 
des ired management obj ect ive , control of graz ing season may be equally 
as impor tant as control of an imal numbers .  This type of control may 
prove par ticularly diff icult in some areas where options are l imited 
to regulating movement patterns and distr ibution of animals over the 
range . 

Year-to-year var iabil i ty in prec ipitation (both in amount and 
monthly distr ibution ) can rad ically alter the compos ition of plant 
communities and influence the pathway of either secondary success ion 
or retrogress ion . Th is has already been emphas ized in discuss ing the 
f indings of Hyder and others (197 5 ) . Prec ipita tion seems to be an 
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overr id ing factor in most range ecosystems , but espec ially in the more 
a r id ones . On the bas is of a 10-year study of semi-deser t range in 
southern Ar izona , Mar tin and Cable (1974 ) concluded that year-to-year 
var iation in precipitation influenced shor t-term changes in vegetation 
more than any other s ingle factor , including season and intens ity of 
graz ing . The per iodic stresses imposed by droughts , coupled with 
stress imposed by heavy graz ing , have often interacted to produce 
profound changes in range cond i tions . In fact , many of the graz ing 
stud ies discussed above pointed out that much of the change measured 
over the duration of a par t icular study actually occurred dur ing 
per iod ic drought per iods , rather than as a gradual , con tinuous process . 

Range graz ing capac i ty is also subj ect to the vagar ies of annual 
prec ipitation . Close pos itive relationships have been demonstrated 
between annual prec ipitat ion and forage production (hence , graz ing 
capac ity )  for many areas (Pechanec and Stewart  1949 , Hutchings and 
Stewar t 1953 , Dahl 1963 , Curr ie and Peterson 1966 , Martin and Cable 
1974 , Duncan and Woodmansee 1975 ) . Var iat ions in prec ipitation 
g reatly compl icate the decis ion regard ing the number of an imals an 
area can susta in on a long-term basis . Even with domestic l ivestock 
that are subject to a relatively h igh degree of manager ial control , 
year ly adj ustments of an imal numbers in accord with the prevailing 
forage cond it ions are not practical . Such control is presently out of 
the quest ion for wild horses and burros . Stoddar t  and others (197 5 )  
s tate that 6 5  to 8 0  percent o f  the long-term,  average forage 
production base is usually a real istic star ting point for calculat ing 
g raz ing capaci ty .  However ,  they emphas ize that under no plan of 
constant stock ing will i t  be poss ible to prevent excess ive use in dr y 
years , and underuse in good years . I f  there is to be a temporary 
imbalance it  should favor the plants rather than the number of 
animals , because ranges are slow to recover from overuse . POr 
example , in studies by Cook ( 19 7 1 )  cited above , shadscale , 
squirreltail  grass , and black sagebrush had not fully recovered from 
the effects of heavy ( 7 5  percent)  util ization after 7 years of rest . 

Year-to-year fluctuations in forage production are even more 
ser ious on ranges in poor condi tion , where much of the forage supply 
is  based on annual spec ies . For example , Murray (1971 ) compared 
graz ing capaci ties of native bunchgrass in southern Idaho to those o f  
cheatgrass ranges i n  the same vicin i ty .  Dur ing wet years ,  graz ing 
capac ities of the two ranges were s imilar , but in dry years ,  they wer e  
6 0  percent less on the cheatgrass range . Thus , maintenance o f  plant 
commun it ies with a major component of perenn ial vegetation appears 
des irable not only from the standpoint of long-term s i te stabil ity ,  
but also from the viewpoint o f  a dependable forage supply for grazing 
an imals . 

Competit ive Effects on Other An imals 

Interspecific Competition as a Population-Limiting In fluence 

The quest ion of competitive effects of equ ids on other an imals 
raises once again the d i f f iculties discussed in Chapter 2 in 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


141 

demonstrating the existence of compet ition . Interspeci f ic competition 
occurs when ( a )  two different species use the same resources , (b) they 
reduce them to the point of short supply , and ( c )  the populations of 
one or both are constrained in the process . Two species may use 
exactly the same resource but not be in compet ition i f  the i r  combined 
use does not reduce it  to the point of population l imitation . 

A population effect , the ac id tes t of competition , is often 
d if f icult to demonstrate . If two species have been coex isting for 
some per iod of t ime and one is declining , i t  is r isky to assume caus e 
and effect . Many environmental var iables change over time , and the 
decl ine of a species could j ust  as well be prompted by one or more of  
them as  by a suspected competitor . Competition is best  demonstrated 
by an exper iment in which one species is increased or reduced , and the 
r esponse of the other observed . Properly , such treatments should be 
repl ica ted .  

I n  the absence of populat ion tests , a t  least a preliminary 
indication of competition can be obtained by measur ing the resource i n  
quest ion and calculat ing the resource need o f  the two species 
suspected of competition . I f the combined need is greater than the 
amount of resource available , i t  is at least presumptive evidence that 
competition may be occurr ing . Even where a population effect can be 
observed , the case for competition is streng thened by measur ing the 
resource and demonstrating its depletion and shortage . 

I t  is not stretching the correspondence between concept and 
reality too far to suggest that interspec i f ic competition can be 
created by admin istrative f iat . I f  the decis ion is made to l imit the 
number of graz ing animals on a g iven tract of land to a cer tain number 
o f  animal unit  months (AUM: see Table 3 . 1  for def in i t ion ) and a 
portion of these i s  allocated to equids , then the numbers of l ivestock 
must be l imited to the remainder . In a real sense , l ivestock 
populations are held at  lower levels than they would be in the absence 
of  equ ids , and the latter therefore exert competitive pressures on the 
domes t ics .  

Feral Asses 

The most commonly inferred competit ion of equids wi th wild spec ies 
is that of burros wi th deser t  b ighorn sheep, and it has been reported 
to involve three resources : water , vegetation , and space . The 
evidence for water resource competition is confl icting . Numerous 
authors (Dixon and Sumner 1939 , Sumner 1952 , Russo 1956 , Weaver 1959 , 
Thomas 1979 ) have repor ted for years that in areas where burros are 
numerous and water scarce , the equids foul or completely use up the 
water so that sheep cannot dr ink i t . But other investigators studying 
burro water ing behavior have failed to f ind the foul ing problem 
(Welles and Welles 196la , b :  Moehlman 1974 ; Golden and Ohmar t  197 6 ) . 
Observat ions on water ing behavior of the two spec ies vary , but there 
may be a tendency for bighorns to water by day while burros are more 
incl ined to water at n ight (Welles and Welles 196la , b :  McMichael 
1964 ; Far rell 197 3 : Moehlman 1974 : Woodward 1976 ) . Welles and Welles 
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( 196lb )  repor ted that " thr iving bighorn populat ions have been water ing 

a t  the same spr ings with thr iving burro populations s ince before 
19 37 . "  The quest ion may revolve around the abundance of water : 
problems may arise where i t  is qui te scarce , and its use is intens ive .  

The problem of competit ion for forage has been g iven mor e 
a ttent ion , but also lacks conclus ive resolut ion . I t  is  qu i te clear 
that many forage species are shared by burros and deser t b ighorns 
(McMichael 19 64 J St . John 1965 J Hansen and Mar t in 19 7 3 J Seegmiller and 

Ohmart  197 5 , 19 76 , 1980 J Seegmi ller 1977 J McQuivey 1978 J Walters and 
Hansen 197 8 ) . Burros appear to have a competit ive advantage , s ince 
they uti l i ze a wider ar ray of plant spec ies and plant par ts (McKn ight 
1958 ) and can range far ther from water sources ( Seegmiller and Ohmar t  
19 80 ) . However , as di scussed above , mutual use of the same resource 
does not necessa r i ly imply competition . 

The impor tant point may be whether sheep are suff ic iently wide
r ang ing to be unaf fected by the burro vegetat ion damage close to water 
holes (wh ich mos t author s agree takes place ) , or whether vegetat ion 
consumpt ion and alterat ion extend far enough out from wa ter holes to 
a ffect apprec iable fractions of sheep home ranges . Some author s 
( e . g . , McMichael 1964 ) have suggested that the vulnerable point in the 
sheep l i fe cycle may be the food needs of the lambs , espec ially at 
weaning time (Thomas 19 79 : 183 ) dur ing the dry season , when they are 
con fined to a nar row radius around the water holes . 

The question of the space resource involves soc ial encounters 
between the two spec ies . McKn ight (1958 ) suggests an implic i t  
dominance of burros over sheep . Thomas (1979 : 18 3 )  descr ibes 
observat ions made dur ing a joint BLM, NPS , and Cal i fornia  Depar tmen t 
of  Agr iculture study in wh ich sheep invariably wa ited to dr ink at a 
spr ing until  after burros had vacated the area . Such nonover t  
submiss ive responses have been repor ted for other large herb ivor es .  
McCullough and Schneegas (1966 ) speculate on the behav ioral 
incompatibility between l ivestock and S ierra Nevada b ighorns . Jef fery 
(196 3 )  and Mack ie (1970 ) repor ted that elk vacate areas occupied by 
cattle . 

Despite all of th is indirect ev idence , exper imental observations 
on population e ffects are few and equivocal .  Several cases have been 
r epor ted of thr iving sheep populat ions in areas without bur ros , and a 
lack of sheep in areas occupied by the equ ids . Thomas (1979 ) 
descr ibes a number of such cases , including s ituat ions on two mili tary 
bases in San Bernardino and Inyo Count ies , Cal i fornia . The Avawatz 
Mounta ins on Fort Irwin have abundant perenn ial grasses , a thr ifty 
sheep population , and no burros . The Argus Mountains on the Naval 
Weapons Center have a large burro population , show s igns of heavy 
graz ing and absence of perenn ial grasses , and have a decl ining herd o f  
fewer than 15  sheep . McKn ight ( 1958 ) repor ted that i n  the 1950s the 
Panamint Mounta ins on the west s ide of Death Valley were  heavily 
u t i l i zed by bur ros and were practically devoid of sheep . The ranges 
on the east s ide of the valley conta ined no burros and had si zeable 
sheep populations . Of course the quest ion always ar ises as to whether 
these negative cor relat ions involve cause and effect , or whether othe r 
var iables are involved . 
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Dixon and Sumner ( 19 3 9 ) and Brand t (as cited i n  McKn ight  19 58 ) 
r epor ted a sequence of changes at Willow Spr ing in Death Valley that 
constituted an inadver tent exper iment . In 19 3 5 , the spr ing was be ing 
used by a local sheep population , and was clean 1 apparently there were 
no bur ros . In 1938 , the spr ing was trampled and muddied by bur ros , 
and no sheep could be found in the vicin ity , accord ing to Dixon and 
Sumner . By 1957 , burros had been trapped out of the area and i t  once 
again suppor ted a thr iving sheep population . Despite the absence of 
conclus ive data , the problem has been alluded to so repeatedly by 
exper ienced observers that one must suspect i ts real i ty .  Thomas 
( 1979 ) marshalls an impressive array of unpublished and published 
information on the subj ect . 

Morgar t ( 1978 ) repor ted year-round coexistence between burros and 
mule deer on the same range at Bandelier Nat ional Monument .  In 
addition , deer numbers were greatly augmented in winter by migrants . 
Deer were  almost ent irely browsers while bur ros were mainly grazers , 
but in winter a third of the burros ' diet was browse . Since the 
browse was overused , and therefore at or below the amounts needed by 
both spec ies , there was some poss ibil i ty of competition in Morgar t ' s  
opinion . 

Several authors have invest igated poss ible effects of bur ros on 
small mammal populat ions . Moehlman (1974 ) counted rodent bur rows 
along transects placed to sample areas with different feral ass 
dens ities , and found no difference in burrow numbers in the d i f feren t 
areas sampled . Other author s ,  however ,  have found rather different 
results . Carothers and coworkers (1976 ) and Czaplewsk i and others 
( 1977 ) invest igated the abundance of small mammals in three different 

habitat types in Grand Canyon , each with d i f ferent burro  dens i ties , 
and each with areas subject to bur ro use and control areas protected 
from burro use . In the pinyon-juniper vegetation type on the Canyon 
r im ,  where burros are scarce , no d i f ferences were evident between 
rodent populations in " impact "  and •control " areas . In the deser t 
scr ub vegetation of the Tonto Platform and Rampar t  Cave area , where 
bur ro use was intermediate , rodents were  more numerous in the impact 
than in the control area , and were composed in large par t of 
disturbance species in the family Cr icetidae .  In the r ipar ian-plan t 
commun ity of the canyon ' s  inner gorge , where burro use was heavy and 
vegetation damage extreme , rodent populations in the impact areas wer e 
far smaller than those in the control plots . 

Douglas and Norment (1977 ) conducted s imilar investigations in two 
areas of Death Valley , one heavily affected by burro use and the other 
free of use . Effor ts were made to select plots with s imilar  
elevation , slope aspect , and plant communit ies . The dens ity of small 
mammals in the burro-free area was mor e than 3 . 5  t imes as great as 
that in the burro- inhabited area . Species compos i t ions also 
d i ffered .  The authors acknowledged , however , that s ince the two area s  
were not adjacent to each other , the possibility existed that 
var iables other than burro populat ions were par tially or wholly 
respons ible for the d ifference . Guthr ie ( 1978 ) compared rodent 
dens it ies of areas with and without heavy burro use in pinyon-j un ipe r  
woodlands o f  Bandelier Nat ional Monument .  Rodents were less abundant 
in areas used by bur ros . 
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Other author s have marshalled evidence to suggest r eductions in 
b i rd populations (McKn ight 1 9 5 8 , Wauer 1 9 7 8 , Thomas 19 7 9 ) and desert  
tor toise where  bur r os range (NPS 1 9 7 9 ) . 

Feral Hor ses 

The attention g iven to , as well as the attempts made to evaluate , 
hor se competition with other wildl ife is  much mor e l imited than are  
burro investigations . Some stud ies (Hansen 1 9 7 6 , Hubbard and Hansen 
1 9 7 6 , Hansen and Wolsen 1 9 7 7 , Hansen and other s 19 7 7 , Thomas 1979 ) 
have been conducted to assess the degree of dietary over lap between 
horses , cattle , and several species of wildl i fe ( elk , mule deer , 
pronghorn antelope , and bighorn sheep ) . All over lap to varying 
degrees at one t ime or another ,  and in one area or another . 

Overlap tends to be greatest between horses , cattle , elk , and 
b ighorn , all of wh ich are pr ima r i ly grazers in the more nor therly 
por t ions of the western Un ited States . In the Chal l i s  reg ion of 
Idaho ,  bluebunch wheatgrass (AgropYron spicatum ) is  a preferred 
s pec ies for horses , elk , and b ighorn (Peek as c i ted in Thomas 
1 9 7 9 : 19 3 ) .  Th i s  i s  a cl imax species that often r ecedes under any 
mater ial graz ing pressures , and i ts full util ization by cattle has 
been reported by Morgan ( 19 7 1 )  to pose genu ine compe t i t ive pressure  on 
b ighorn populat ions in the nearby Salmon River wilderness area . 

Peek also repor ted that horses turn  to sagebrush to some degree i n  
w inter in the Challis area , and at th is point may compete with mule 
deer for l imited winter browse .  A s imilar s ituation in eastern Oregon 
was repor ted to us by For rest Sneva (USFS , personal communicat ion , 
198 0 ) . In general , several species of sympatr ic large herbivores may 
par tition resource use when the resource spectrum is  broad and 
ut i l i zation is low . But if the ir  populations and feeding pressure s 
i ncrease to the point where prefer red food species are reduced , their  
food selection may converge and the r is k  of competition will increase 
( Wagner 1978 ) . 

Thomas ( 1979 : 19 4 ) descr ibes a situat ion in the White Mountains on 
the Cal i fornia-Nevada border . Up to 25  year s  ago , when wild horses 
were scarce in the reg ion , bighorn sheep occupied all par ts of White 
Mounta in Peak , wh ich r ises to 14 , 0 0 0  feet , including the foothills on 
the east s ide of the mountain . In  recent years a g rowing horse 
population occupies the eastern slopes of the mountain . Sheep are now 
found only on the west s ide and the crest . 

All of  th is  is  aga in circumstantial and not firm evidence of  
competition .  But i t  would be a mistake to dismiss the poss ibility 
that competition does occur s imply because the data are equivocal . 
The question remains open . 

E ffects of Equ ids on Range Hydrology 

Hydrolog ic impacts are  generated by activ ities that , in one way or  
a nother , affect quantity ,  qual ity ,  or t iming of water y ields . Impacts 
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may be measured either on or off s i te ,  at upland locations , or 
d irectly in a channel . 

The graz ing animal influences watershed behavior through removal 
of protective cover and through trampling disturbance . Resultant 
impacts may include altered water-qual i ty parameters ( col i form counts , 
nutr ients , water temperatures , sedimen t ,  dissolved oxygen , and total 
d issolved solids ) , reduced s tream-channel stability ,  increased 
overland flow , reduced soil moisture , and increased eros ion . 

Currently , no informat ion is  available in scienti f ic journals that 
attempts to quant i fy the impacts of wild equids on quant i ty , qual ity , 
or  t iming of water y ields . However ,  numerous anecdotal comments have 
appeared from t ime to t ime , and some l imited in-house reports have 
been issued by var ious federal agenc ies that purpor t to identify the 
hydrolog ic impacts of wi ld equ ids . 

These r epor ts suggest that wild equ ids may adversely impact range 
hydrology by : ( a )  compacting the soil sur face , ( b )  developing trails 
in  steep terrain that accelerate eros ion , (c)  overgraz ing thei r  
habitat , (d )  compet ing with l ivestock and b i g  game for forage and 
water , and ( e )  pollut ing water holes ( Dixon and Sumner 1939 ; McKnight 
1959 ; Weaver 1959 ; Welles and Welles 1959 , 1960 , 19 6lb ; Buechner 1960 ; 
Koehler 1961 , 1974 ; Fisher 197 5 ;  Stoddar t  and others 197 5 ;  WOOdward 
and Ohmar t  197 6 ; Carothers ana coworkers 19 76 ; Norment and Douglas 
1977 ; zarn and others 1977a ; O ' Farrell 1978 ; Hansen n . d . ; Jones n . d . ; 
NPS n . d . ) . These impacts are somewhat localized ,  h ighly dependent on 
local population and climatic trends , and often confounded by other 
effects (e . g . , present livestock graz ing , past  graz ing history ,  
wildl i fe ,  and hikers ) . 

The existing knowledge about the impacts of wild equids on range 
hydrology is scanty at best . However ,  informat ion is available on 
l ivestock graz ing impacts , which should be s imilar to those wild 
equ ids . The following review deals with the influence of livestock 
g raz ing on vegetation , soil , infiltration , and water-qual i ty 
parameters . 

Vegetation and Cover Factors 

Vegetat ional Factors .  Impacts on vegetation caused by the g raz ing 
of wild equids and l ivestock on range-plant communities were reviewed 
i n  an earl ier section of this chapter ( •Range-Plant-communi ty 
Impacts • ) .  As pointed out in that review ,  graz ing animals can 
drastically influence plant communi ties , and it is the removal of 
vegetation that has the larges t potential impact on watershed 
behavior . Overgraz ing for extended per iods may result in vegetational 
changes that will : ( a )  reduce protective cover , thus increas ing the 
impact of raindrops ; (b )  decrease soil  organic matter and soil 
aggregates ; ( c )  increase sur face vesicular crusts ; (d ) decrease 
inf iltration rates ; and/or ( e )  increase eros ion ( Blackburn 1975 ; 
McGinty and others 1978 ; Wood and other s  1978a , b ; WOod 1979 ; Kn igh t 
and others 1980 ) . The end result of overgraz ing may be to lower s i te 
potential . Excessive removal of vegetation for shor t per iods may : 
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( a )  r educe the protect ive cover , thus increasing raindrop impact ; 
( b )  break down soil  aggregates ; (c )  decrease inf iltration rates ; 
and/or ( d )  increase eros ion . Usually these impacts can be reduced by 
adj ust ing stock ing rates and/or apply ing proper graz ing management 
(McGinty and others 197 8 , Wood and others 19 78b , Wood 1979 ) . 

Graz ing usually lowers the standing crop when compar ed at any one 
point of the graz ing cycle (Lodge 195 4 , Johnston 196 2 , Rauz i 1963 , 
Rhoades and others 1964 , Rauz i and Hanson 1966 , Hazell 1967 , Hanson 
and others 197 0 ) . Knight and others (1980 ) found midgrass standing 
crop to be s imilar on moderately , continuously grazed and shor t-term 
grazed pastures ( Figure 3 . 1 ) . Standing crop on a very heavily grazed 
pasture was s ign i f icantly smaller than that on pastures grazed 
moderately and cont inuously or on a shor t-term basis . Some author s 
r epor t a st imulating effect of graz ing on vegetat ion product ion that 
is s imi lar to tha t seen in an exclosure or l ightly grazed area ( Rauz i 
and Smi th 1973 , McGinty and others 1978 ) . Reardon and Mer r ill ( 1976 ) , 
wor k i ng in Texas , repor ted that only heavy graz ing showed a decrease 
in  plant product ion when compared to a l ivestock exclosure and a 
four-pastur e , de ferr ed-rotat ion system . 

Mulch . Although mulch is  usually reduced by graz ing (Johnston 
196 2 , Rauz i and Hanson 1966 , Hanson and others 1970 , Wood 1979 ) , i t  
was not reduced by moderate , continuous grazing below levels found 
under l ight , cont inuous graz ing or in exclosures dur ing two stud ies 
( Rauz i and Smi th 1973 , McG inty and others 1978 ) . Reardon and Merr ill  
( 19 7 6 ) suggested that exclosure vegetation on the Edwards Plateau , 
Texas needed the stimulat ion of graz ing to keep producing mulch at 
levels comparable with that of grazed areas . 

In a South Dakota s tudy , more mulch cover occurred on a 
moderately , cont inuously grazed pasture than on a heavily or a 
l ightly , continuously grazed pasture ( Sharp and other s 1964 ) . Lusby 
(197 0 ) repor ted that a heavily grazed pasture at Badger Wash , Colorado 
d isplayed a decl ine in mulch cover when compared to an ungrazed area . 

Bare Ground and Rock Cover . Lusby (1970 ) reported that bare soi l  
and rock cover incr eased with heavy graz ing in a pa ired watershed 
study (Badger Wash , Colorado ) that compared heavy and no graz ing . 
Heavy graz ing and shor t-duration graz ing increased the percentage of 
bare ground cover at Roll ing Plains in Texas (WOOd 1979 ) . Several 
s tudies have shown that 60 to 75  percent plant and mulch cover is 
needed to control sur face runoff and eros ion adequately (Meeuwig 
1970a , Or r 1970 , Packer 1951 , Marston 1952 ) . Many areas where wild 
equ ids are found do not have the potential to produce that much plan t 
and mulch cover . 

Soi l  Factor s 

Physical propert ies of soil  change more slowly than does 
vegetat ion , although the two may be related (Rauz i and other s 1968 ) . 
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The soi l  factor s that may be altered by livestock graz ing may also 
change inf i ltrat ion and eros ion rates . 

Bul k  Dens ity .  The soil-compacting effects o f  graz ing animals  
appear to  be  most pronounced in the f irst 2 . 5  to  5 em of soil sur face 
(Alder fer and Rob inson 194 7 ) . No s ign i f icant increases in bulk 
dens i ty due to moderate , cont inuous graz ing were repor ted by Meeuwig 
( 19 6 5 ) , Rauz i  and Hanson (1966 ) , and Skovl in and others  ( 1976 ) . 

However , Klemmedson ( 19 56 ) repor ted that graz ing-induced changes 
in range cond ition also changed the bulk dens ity of the soils . The 
bulk dens ity tended to decrease as range cond it ion improved , although 
no statist ical tests were repor ted . Unrestr icted graz ing of stream 
bottoms in the Black H ills caused increases in bulk dens i ty in the top 
5 em of soil at three out of four sites (Or r  1960 ) . Similarly , 
unrestr icted graz ing of the Southern High Pla ins caused increased bulk 
dens ity of the sur face soil (Brown and Schuster 1969 ) . In nor thern 
Utah , Laycock and Conrad ( 1967 ) showed that seasonal changes in bulk 
dens i ty wer e  greater than those that could be attr ibuted to graz ing . 

Rhoades and others ( 1964 ) and Linnartz and others ( 19 6 6 ) repor ted 
increased bulk dens ity due to graz ing down to 4 0  em below sur face or 
deeper . These f indings are  contrary to other s tud ies that found 
graz ing impacts to be min imal--restr icted to the upper 5 em of the 
sur face . I t  is poss ible that d i f ferent soil types were compared 
between the grazed and protected areas . Rhoades also repor ts that 
numerous rodent and insect burrows in the protected area may have 
caused the lowe r bul k dens i ty .  

Organ ic Matter/Aggr egate Stability .  No d i fferences in percentage 
of organic matter were found between soils of grazed and protected 
areas by Lodge (1954 ) , Klemmedson (1956 ) , Rhoades and others ( 1964 ) , 
and Meeuwig (1965 ) . Wood ' s  ( 1979 ) study in Rolling Plains , Texas 
r epor ted organ ic matter to be highly correlated with infiltration 
rates and sed iment production , but found l i ttle d i f ference due to 
graz ing treatment . McGinty and others ( 1978 ) showed the percentage of 
organ ic matter in two grazed pastures to be lower than that of a 
nongrazed area . 

Wood ( 1979 ) r epor ted that the percentage of water -stable 
aggregates was lower in a heavily grazed pasture than it was in one 
20 -year-old exclosure ,  but not s igni ficantly lower than that in 
another 20-year-old exclosure . He also found aggregate stability to 
be h ighly correlated with infiltration rates . 

Inf iltration 

Studies relat ing l ivestock graz ing pract ices directly to runoff 
are rare , in par t  because most hydrologic concern has been directed 
toward the recharge of soil moisture for growing forage in ar id and 
semi-ar id envi ronments . Most studies have concentrated on 
infiltration as an ind icator of range hydrology , and there exists a 
modest amount of l iterature on the subject . Unfor tunately , this 
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information presents several different descr iptors ,  and infiltration 
is measured with a var iety of instruments (Gifford and Hawk ins 1978 ) . 
Ideally , infiltrat ion should be measured using rainfall , either 
natural or s imulated , and calculated as the d i fference between input 
rainfall and output runoff .  As a refinement ,  initial sur face 
retention and temporary s torage may be quant i f ied .  Flooding 
inf iltrometers have been used , but represent unnatural conditions : 
the impact of raindrops is  el iminated and exceptionally h igh 
infiltration estimates result from the ponded head of water . 

Data dealing with the impacts of l ivestock graz ing on infiltration 
rates have been summar i zed in Table 3 . 2 .  Several conclus ions can be 
drawn from these studies . 

1 .  The results are often confounded by range-improvement 
activi ties , pas t  graz ing histor y ,  and/or cl imatic fluctuations . 

2 .  Results may be very s i te speci f ic .  
3 .  There i s  usually l i ttle difference between l ight and moderate 

g raz ing . On some s i tes there may not be a d i fference between no 
graz ing and l ight or moderate graz ing . 

4 .  Heavi ly grazed areas almost always exhibit a lower 
infiltration rate than areas grazed l ightly , moderately , or not at all . 

5 .  These stud ies were conducted by sundry methods , mostly on 
year- or season-long , cont inuously grazed pastures with varying 
stock ing rates . 

I n f i ltration data l isted in Table 3 . 2  that met the following 
cond itions were analyzed statistically : ( a )  terminal rates , 
( b )  measured with either natural rainfall or a spr inkling 
inf iltrometer , and ( c )  graz ing intens i ty ident ified .  These data wer e  
also used i n  developing a deterministic model for pred icting 
infiltration rates under var ious livestock graz ing reg imes (Gif for d 
and Hawk ins 1978 , Hawk ins and Gifford 1979 ) . The authors cited were 
unable to d i fferentiate between the influences of l ight graz ing and 
moderate graz ing , and cons idered them to be identical . Statistical 
analyses indicated that there was a d i f ference between infiltration 
rates assoc iated with moderate/l ight , heavy , and no gra z ing .  These 
data were also subj ected to regression analyses us ing the three 
categor ies of l ight/moderate , heavy , and no graz ing ( Figure 3 . 2 ) . 
From these calculations the following conclus ions were  drawn : (a )  
•There i s  an influence o f  graz ing on infiltration , • (b )  •There is a 
distinct impact from heavy grazing which is  statist ically different 
from that of l ight/moderate . •  

The model developed by Gifford and Hawk ins ( 1979 ) used an average 
infiltration recovery t ime from graz ing of 4 years .  This f igure was 
based on l imited data presented by Dortignac and Love (1961 ) and 
Thompson (1968 ) . They contend that the recovery per iod is  cer tainly 
longer than 1 year , a factor that reduces the potential of improving 
watershed cond itions through improved graz ing management systems . 

The existence of this long recovery per iod is  not suppor ted by 
McGinty and others ( 1978 ) and Wood and others ( 1978b ) , who studied 
several different graz ing systems in Texas . The results of these two 
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TABLE 3 . 2  Summary of Lives tock-Grazing/Infi l tration S tudies ( Taken from 
Gi fford and Hawki ns  1�7� ana WOod ,  anu other� 1978) . 

Equ l t-nt �.grued li gh t  Hoder• te ttea�ty llc-.Jrh 

' S 1 i tt '  or ' Seat s 1 t ck '  soi l s , tube- type s p r l nt. 1 1 ny 0 . 5 0 . 1  
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un fu r r�ed dry p l ots I n 

1 9511 
Montana [B ranson et al . ,  
1962] 

1976] 

LD��G to clay l oa.� ,  
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stud ies showed no d i f fer ence between in f i ltr ation r ates in pastur es 
that were  grazed w i th a Mer r i ll deferr ed-rotat ion sys tem and in 
l ives tock exclosures that had been ungrazed for 20  to 30 years . 
However , there was a s ign i f icant d i f ference between heav i ly stocked , 
continuously grazed pastures and ungrazed exclosures or Mer r ill 
defer red-rotat ion pastures . 

Kn ight and others ( 1980 ) stud ied the impact of shor t-term:  
moder ate , continuous ; and very heavily stocked graz ing systems on 
inf iltration rates ( Figure 3 . 3 ) . These rates were lowest in winter 
and peaked in late spr ing and ear ly summer , fluctuat ions that 
cor r esponded very closely with vegetat ion growth . Generally , there 
was no d i f ference between the moderate , continuous and shor t-durat ion 
graz ing sys tems . The very heavily s tocked system r esulted in 
s ign i f icantly lower infiltration rates than the moder ate , continuou s 
or shor t-durat ion systems , except for January 1979 . 

The impact of graz ing on infiltration rates will vary depending on 
r ange cond i tion . Generally , infiltration rates of a s ite improve as 
the s i te ' s  range condi t ion improves (Osborn 19 5 2 , Rauz i and other s 
1958 , Le ithead 1959 , Rauz i  1960 , Johns ton 1962 , Rhoades and others 
1964 ) . Several r esearcher s  (Packer 1951 , Marston 1952 , Or r 1970 , 
Meeuwig 1970a ) have r ecommended that somewhere between 6 0  and 7 5  
percent o f  plant and l i tter cover is  requ i r ed to control sur face 
r unof f .  Recently Dadkhah and G i f ford ( unpubl ished manuscr ipt ) , found 
that trampl ing may have a much greater impact on infiltration rates 
than does plant cover ( F igures 3 . 4 and 3 . 5 ) . Generally , a plant cover 
maintained at  approx imately 50  percent is  j ust  as good as an 80 
percent l i tter cover in controll ing inf iltrat ion rates on slopes of at 
least 15  percent . As slopes become steeper , incr eased plant cover i s  
r equ ired to control inf iltration .  

Water Qual i ty 

Graz ing is a d i f fuse activi ty and thus is  a potent ial source of 
nonpoint pollut ion . Ava i lable l i terature ind icates that sed iment and 
bacter ial water -qua l i ty indices are the parameter s of greatest 
impor tance with wi ld equ ids . 

Sed iment from Upland Sites . Lusby ( 1970 ) r epor ted that an 
ungrazed watershed produced 4 5  percent less sed iment than a heavily 
grazed watershed . These compar isons were based on a paired watershed 
approach , but the two wer e  not cal ibrated aga inst one another befor e 
the graz ing treatment was appl ied . Lusby assumed the water sheds were 
s imilar befor e treatment . Studies conducted in a Louis iana forest 
( Duvall and Linnar tz 1967 ) and on a Canad ian grassland (Johnston 1962 ) 

d id not show an increase in sed imen t production from heavy graz ing . 
A study on the Mani tou Exper imental Forest , Colorado found no 

difference in sed iment product ion between moderately , continuously 
g razed and nongrazed areas ( Dunford 1954 ) . S imilar results were 
r epor ted by Rich and Reynolds ( 1963 ) in  a study conducted on the 
chaparral lands of Ar i zona . However , moderate graz ing of a subalpine 
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FIGURE 3. 4 Infiltration 
treatments . 
time periods 

between rock 

rate curves for different soil compaction 

Dotted portions of each curve represent 
after 10 minutes when an interaction 

cover and trampling existed . 
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r ange in Utah increased sed imen t production over tha t of nongrazed 
a reas (Meeuwig 1965 ) . Meeuwig emphas i zed the need for proper 
management to reduce graz ing impacts . A change in graz ing managemen t 
on par t  of the upper Rio Grande Bas in from heavy , cont inuous graz ing 
to moder ate , summer -defer r ed graz ing resulted in sed iment be ing 
decreased from 1 . 7 2 to 0 . 54 metr ic tons/ha (Aldon and Garcia 19 73 ) . 
Buckhouse and Gifford ( 1976a ) repor ted that 2 weeks of heavy graz ing 
on a cha ined pinyon-j un iper s i te in southern Utah d id not increase 
sediment product ion over that of an ungrazed ar ea . 

Heavily , continuously grazed pastures on the Edwards Plateau , 
Texas produced more sed iment than a pasture grazed under a 
four -pasture , defer red-rotat ion system , but was not d i f ferent from an 
exclosure that had not been grazed for 28 years  (McGinty and other s 
197 8 ) . Wood and others ( 1978b ) measured sed iment loss from three 
vegetation areas in e ight d i fferent grazing treatments on the Roll ing 
Pla ins , Texas . In  shrub zonal areas , heavy , continuous graz ing d id 
not increase sed iment product ion over that of nongrazed zonal areas . 
Heavily , cont inuously grazed midgrass- inter space areas produced more 
sed imen t than d id the four-pasture , defer red-rotation system or a 
2 0 -year -old livestock exclosure . 

Kn ight and others ( 1980 ) stud ied the influence of shor t-term ; 
moderate , cont inuous ; and ver y  heavy , continuous graz ing on sed imen t 
production at Edwards Plateau , Texas . He found no d i f ference in 
sedimen t product ion between moderately , continuously grazed pasture s 
and those grazed for a shor t amount of t ime ( Figure 3 . 6 and 3 . 7 ) . 
However , ther e was a large increase in sed imen t product ion from the 
very heav i ly ,  cont inuously grazed pasture as compared to the other two 
levels of graz ing intens i ty .  

As prev iously ind icated , soi l  compaction by l ivestock has a major 
impact on infiltration rates . Trampl ing also has some impact on 
s ediment production , but the overwhelming influence is through 
plant-cover man ipulation . Dadkhah and Giffor d (unpubl ished 
manuscr ipt ) have found that trampl ing ( up to perhaps 3 0  percent 
di sturbance ) has a major impact on sed imen t production from bar e  and 
spar sely vegetated loam soils . However ,  as plant cover increases 
beyond perhaps 15 to 20  percent , it dominates control of sed iment 
y ield . Once cover extends over approximately 50  percent of the land , 
sediment production is statist ically the same min imal value , 
r egardless of the trampl ing d isturbance . These f ind ings confl ict with 
the suggestions of Meeuw ig (1970b)  and Meeuwig and Packer (1976 ) , 
wh ich were based s imply on a visual inspect ion of r egress ion 
relat ionsh ips , that 6 5  to 7 5  percent cover is requ ired to min imize 
sediment production . Th is broad range obviously prov ides latitude for 
management recommendations , and the sediment issue becomes especially 
cr itical on rangelands that are only capable of suppor t ing 50 percent 
cover at best . 

To summar ize , most stud ies show l i ttle or no d i f ference in 
sed iment product ion between l ightly and moderately grazed pastures . 
Likewise , many of these stud ies show no difference between nongr azed 
areas and l ightly or moderately grazed pastures . However , they almost 
always show an increase in sediment production from heavily grazed 
pastures as compar ed with l ightly , moderately , or ungrazed pastures . 
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Sedimen t from Ripar ian zones . Sed iment product ion within the 
r ipar ian zone is  often a ser ious matter , as problems w i th ban k 
s tabil i ty are often encountered . The bank-s tability problem is often 
a combination of such things as destruction of vegetation , mass 
was ting , and bank cutting . In general , natural , s table , 
well-vegetated stream banks help ma intain stream-channel integr ity 
(Ames 1977 , Davis 1977 , Gl insk 1977 , Kennedy 1977 ) . Knight ( 1978 ) 
stud ied the influence of defer red rotat ion , rest rotation ; moderate , 
cont inuous graz ing ; and no graz ing on r ipar ian habitat in the Blue 
Mountains , Oregon . He found that overwinter effects wer e  more extreme 
than could be accounted for by l ivestock graz ing . However ,  several 
recent paper s  (e . g . , Cooper 1978 ) suggest that there is very l ittle 
sc ient i f ic informat ion ava ilable on the relationships between graz ing 
and r ipar ian habitat management .  Much of the ava ilable information is 
based on observations and a few case stud ies . 

Bacter iological Qual i ty .  Stephenson and Street (1978 ) 
investigated both l imited and intens ive graz ing systems at  Reynolds 
Creek Watershed in Idaho . Results ind icated that fecal col i form 
counts in the waterway increased after the cattle were  introduced and 
remained at elevated levels for a per iod after the cattle wer e  
r emoved . No correlat ion was found between fecal col i form and stream 
discharge , but there was a correlation between total col i form and 
s tream discharge ( r  • 0 . 85 ) . 

S i tes subj ected to summer graz ing followed the same general 
pattern , with d ilution and other inhibiting factors r educing 
concentrations as sampl ing progressed downstream . Incons istencies 
were attr ibuted to the tendency of cattle to congregate around trees 
for shade and the creation of a hold ing area for the fall roundup near 
the channel . Thi s  latter situation poss ibly resembled a feedlot . 

On winter range s i tes , total and fecal coli form counts were 
dominated by runoff events . Again , counts increased when cattle wer e 
returned in the fall , and a part ial snow cover and frozen ground 
allowed runQff and flushing dur ing the winter . I r r igat ion return flow 
washed the bacter ia into the stream from Apr il to August ,  when the 
cattle were no longer on the pasture . 

An attempt was made in the Reynolds Creek s tudy to use a proposed 
BLM allotment plan to study fecal contamination , but incomplete 
construction of fences allowed cattle to move back into previously 
grazed allotments , thereby confounding the results . Counts increased 
as cattle were moved onto the allotments and fell a fter they were 
removed . An intense storm 3 weeks  after the cattle were removed from 
both allotments caused cons iderable increases in counts ( between 200 
and 2 , 000  percent) . 

Johnson and others ( 1978 ) studied the effects of flood-plain 
graz ing by 150 cattle in the Colorado Front Range . An 85-ha pastur e 
b isected by a perennial stream was grazed from early Apr il to 
mid-June , 1977 . Six samples were  taken pr ior to , and after , the 
r emoval of cattle . Sampl ing did not beg in until early June . Results 
ind icated s ign i f icant increases in both fecal col i form and fecal 
s treptococci counts over an upstream control . With in 9 days after 
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r emoval of the cattle , ne ither type of bacter ia was statist ically 
d i fferent from its coun terpar t in the control . 

Dar l ing ( 197 3 ) invest igated cattle and sheep graz ing on allotments 
i n the Logan River Bas in . Fecal col i form were mon itored at low levels 
( <10 counts/10 0  ml ) before the cattle and sheep wer e  moved onto the 
allotments ; after they moved in the fecal col i form count rose , but  so 
did  that in the control water shed . Fecal streptococc i counts showed 
much var iat ion , but d i f ferences were s ign i f icant for all ind icator 
bacter ia when compar ed with an ungrazed water shed . 

The influence of var ious land-use practices on bacter ial water 
qual i ty in a humid r eg ion was invest igated by Kunkle ( 1970 ) . The 
land-use categor ies included forest , pasture , barns , village , and a 
compos ite , and the qual ity of water stemming from the forested area 
was cons idered the control . Fecal col i form counts were closely 
related to stream discharge levels in the grazed area . Also , counts 
exh ibi ted a hyster esis loop w i th s tream flow much l ike suspended 
sed iment on the same watershed . The author also found that bacter ia  
were  s tored at  the bottom and bank areas of the streams , and if  
ag itated , became par t  of  the stream load . By wad ing a reach of the 
channel , Kunkle found an increase in fecal-col i form concentrat ion 30  m 
downstream and concluded that a floodwave could disturb these storage 
areas and release the bacter ia . The influence of channel storage and 
lack of over land flow on the watershed led to the conclus ion that very 
few bacter ia were flushed dur ing the events or ig inated on upland 
areas . The channel and zones adjacent to the channel where over land 
f low was observed were c i ted as source areas for the bacter ia . 

A graz ing study conducted outs ide the channel to determine 
bacter ial pollut ion was repor ted by Buckhouse and Gi fford ( 1976b) .  
The study s ite was a cha ined pinyon-j un iper commun ity in southeaster n 
Utah . The slash was windrowed and seeded to crested wheatgrass 
(Agropyron cr istatum) , and par t  of i t  was grazed at a rate of 2 
ha/AUM. Data were generated with a s imulated 28-minute ra infall . 
Results ind icated no statistically s ign i f icant d i f fer ence between 
grazed and ungrazed aras . Analys is of source mater ial revealed that 
suf f ic ient number s of bacter ia existed for several weeks after 
depos i tion . Therefore ,  low counts were attr ibuted to the low dens ity 
of fecal mater ial , wh ich at th is stock ing rate covered approx imately 
0 . 2  percent of the area . 

Doran and Linn ( 197 9 )  mon itored runoff from a Nebraska pasture 
grazed by cows and calves for total col i form , fecal col i form ,  and 
fecal streptococci dur ing 1976 , 1977 , and 1978 . Bacter iolog ical 
counts in runoff from both grazed and ungrazed pastures generally 
exceeded recommended water -quality standards . Runoff from the grazed 
pasture conta ined 5 to 10 t imes mor e fecal col i form than runoff from 
the ungrazed pasture . The authors repor ted l ittle difference in total 
col i form counts between the grazed and ungrazed areas , but fecal 
s treptococci counts were h igher in runoff  from the ungrazed pasture 
and reflected the contr ibutions from wildlife . They found the fecal 
col i form/fecal streptococc i ratio in pasture r unoff useful in 
identi fying the relat ive contr ibution of cattle and wildl ife . Ratios 
below 0 . 0 5  were ind icat ive of wildl i fe sources and ratios above 0 . 1  
wer e  character istic of cattle . 
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Buckhouse and others  ( 1979 ) studied the influence of livestock 
g raz ing on the bacter iolog ical quality of Meadow Creek in the central 
Blue Mountains of eastern Oregon . They found no detectable increase 
in coli form counts due to l ivestock graz ing . Observed increases in 
bacter iolog ical counts were due mainly to natural causes . 

NEEDED RESEAR:H 

Overview 

The Commi ttee recommends that studies on habi tat selection , food 
preferences and consumption rates , plant responses to graz ing , animal 
population responses , and hydrologic effects be paralleled with 
empir ical observat ions on ecosystem responses to graz ing by di fferen t 
number s  of equids , with and without other herbivores . We accord first  
pr ior i ty to studies of horses with and without cattle for several 
r easons . 

1 .  Horses are more numerous and widespread than burros . 
2 .  Dietary data ind icate that horses are more likely to compete 

w i th cattle than with sheep . 
3 .  Burro-l ivestock over lap and poss ible competition are 

potentially less extens ive , if for no other reasons than that bur ros 
are  more l imited in d istr ibution and the deser t  areas they occupy have 
a l imited car rying capacity for l ivestock . 

4 .  The following research designs will make i t  clear that the 
fac i l ities and number s  of repl ications needed to study horse-cattle 
interactions alone will be demanding of personnel ,  space , and 
f inances . Adding the study of sheep would double these demands . 
Horse-sheep interactions need to be invest igated , but in our view not 
until  horse-cattle studies as well as some of the other research 
advocated in this  repor t have been provided for adequately . 

Impacts on wildl i fe need attention , but we are not recommending 
formal studies at this t ime for two reasons : 

1 .  The poss ible combinations of interactions are too numerous to 
be studied at presen t ,  g iven the amount of resources that are l ikely 
to be provided : horse-elk ,  horse-bighorn ,  horse-pronghorn ,  
horse-deer , bur ro-deser t  bighorn . Such a large number of controlled 
studies seems out of the question for now . 

2 .  Exper imental controls of the sort advocated in the 
horse-cattle studies are diff icult to establ ish for wild ungulates , 
par ticularly when replication is demanded . 

What we do urge is  that the federal and state agencies be aler t to 
the possibility of doing before-and-after censuses on wildl i fe 
populations in areas where horse or burro herds are to be r educed . I f  
several desert bighorn populations , for example , could be censused 
before planned bur ro reductions and for several year s  afterward , these 
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counts could serve as exper iments . I f ,  in addition , a number of 
populat ions in nearby areas where burro reductions were not under taken 
could be s imilarly counted , the overall result would be a roughly 
controlled exper iment that hopefully would g ive more accurate answers 
than we now have on bur ro-sheep competition . Similar oppor tun ities 
involving horses and wild ungulates should also be exploi ted . 

Accordingly , we propose the following three proj ects , which 
concern horse-cattle impacts on vegetation , range hydrology , and 
r ipar i an zones . 

Rationale 

P roject 8 .  Graz ing Impacts of Equids and cattle 
on Range-Plant Commun ities 

PL 95-514 r equi res that a program of research be developed that 
defines wha t constitutes excess numbers of an imals . •Excess • can be 
interpreted from both the standpoint of an imal population welfare and 
wel fare of the range . On the latter poin t ,  there appear s  to be l ittle 
quantitat ive documentat ion in the publ ished literature of graz ing use 
by e i ther horses or bur ros . Several studies have documented plant 
u ti l i zat ion levels by both bur ros (Koehler 1974 , Carothers and 
coworkers 1976 , Hanley and Brady 1977 ) and horses ( Salter and Hudson 
1979 ) , but graz ing by other ungulates us ing the same range has often 
confounded the results , and the attr ibution of spec i f ic levels of 
defol iat ion to spec i f ic numbers of an imal days of graz ing use has not 
generally been done . Protracted studies ( >5  years ) on range trend 
are quanti tatively needed to document adequately the effects of horses 
on plant commun ities . However ,  in view of the immediacy of the 
question and the br ief amount of time available to conduct the 
required stud ies , quantitative data on plant utili zation levels can be 
used to arr ive indirectly at an approx imate def in i tion of •excess •  
from the standpoint of range-plant commun ity use and stabil ity .  

I t  i s  qu i te apparent that herbivores affect the phys ical structure 
and botan ical compos it ion of the plant communities upon wh ich they 
graze . However ,  for a g iven stock ing rate or level of herbage 
removal ,  the graz ing ef fect is not uni form across an imal species 
because var ious an imals possess di fferent forage preferences , dietary 
hab its , and graz ing behavior s .  To plan effect ive graz ing management 
programs , the range manager needs to know more than merely which plant 
spec ies are consumed or preferred by his  graz ing animals and the 
extent to which their diets overlap . He must also understand the 
temporal and spatial patterns of such graz ing use , the relative degre� 
of foliage removal on the major forage plants in the communi ty ,  and 
the par ts of var ious plants that are consumed . All of these factors 
contr ibute to the persistence or the demise of individual plants in a 
communi ty and , ultimately , to sh ifts in competitive relationsh ips and 
communi ty success ion . These relationsh ips have been studied 
relatively well  under cattle and sheep graz ing r eg imes , but have 
r eceived l ittle attent ion where equids graze , e i ther alone or in 
combination with other large herbivores . 
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Ideally , such s tudies should endure for more than 5 years , so that 
success ional changes in plant communi ties could be directly 
evaluated . However ,  it is  poss ible to draw inferences from shor t-ter m  
s tudies i n  which utilization patterns on individual plants are 
carefully mon i tored and related to published information on the 
phys iological responses of these plants to var ious levels of 
defoliat ion . Such stud ies would also form the beg innings of longe r  
term investigations where success ional change is mon i tored . 

Emphas is i s  g iven here to horse-cattle impacts because they appear 
to constitute the most prevalent problem all over the Wes t .  However ,  
we are not implying that other domestic animals (e . g . , sheep} should 
not be cons idered if they are impor tant locally . Nor do we imply that 
bur ro-l ivestock or burro-wildl i fe interactions should not be 
cons idered . 

Obj ectives 

1 .  Determine graz ing d istr ibution pa tterns (habitat selection ) 
of horses and cattle when grazed as s ingle species or in combination . 
Th is obj ective is to be addressed in Proj ect 1 ( see Chapter 2 ) .  

2 .  Within important hab i tat segments , determine for the major 
forage species : 

a .  Temporal level of utilization (percentage of production 
removed dur ing cur rent year ) 

b .  Use of standing dead or previous year ' s  ( in the case of 
shrubs ) plant mater ial 

c .  Plant parts utilized 
d .  Frequency and timing of defoliation 
e .  Product ion of forage regrowth and i ts util ization . 

Methodology 

1 .  In contrast to Proj ect 1 ,  this graz ing-impact study should be 
conducted in large paddocks , say from about 100 to 320  ( 4 0  to 130 ) 
acres in s i ze . These can be set up in small temporar ily or 
permanently fenced pastures so that local environmental var iation can 
be adequately controlled . The actual s ize of these pastures will 
depend upon the present graz ing capacity of the areas selected for 
s tudy and the seasons and durations of the graz ing per iods . 

2 .  Domestic horses generally representative of the locale ' s  wild 
types might serve as exper imental models in studies of plant 
utilization patterns and rates , daily forage-consumption rates , 
d ietary nutr itional value , and--to a par t ial extent--forage 
preferences . Representation of social units and sex-age structures 
typical of wild herds will obviously not be poss ible in such 
small-scale , highly controlled studies . However ,  major attent ion. 
should be focused on the reproductive female . Domestic cattle used in 
these studies should represent local conditions in terms of breed , 
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sex , age , and r eproductive status . For example ,  steer s should not be 
used to represent lactat ing cows s imply for the sake of techn ical 
expediency . 

3 . The season ( s )  of graz ing should also represent local 
cond i tions . For example , if ex isting cond it ions include year -long use 
by horses of sagebrush-bunchgrass range , with typical spr ing use by 
cows and calves , the small-scale pasture studies should be des igned to 
adequately represent and sample these cond it ions . 

4 .  The treatments in th is proj ect should be the same as those in 
P roject 1 :  

a .  Graz ing by equ ids at  carrying capaci ty 
b .  Excess ive graz ing by equ ids 
c .  Gr az ing by cattle (or sheep) at  car ry ing capaci ty 
d .  Excess ive graz ing by l ivestock 
e .  Graz ing by equids and l ivestock at car rying capaci ty 
f .  Excess ive graz ing by equ ids and l ivestock . 

In  addition , there should be control pastures with no graz ing by 
e i ther class of an imals . The stock ing rates should be determined 
through consultation with profess ional range managers and scientists 
(BLM ,  USFS , Soil  Conservation Service [ SCS ) , and university scientists 
and extens ion special ists ) who are familiar with problems and 
condi tions of the par ticular study area . The combinat ion treatmen t 
should be stocked so tha t the year-long level of graz ing use is on an 
equivalent AUM bas is for the two animal species concerned . 

5 .  Where poss ible , graz ing use by native ungulates should be 
incorporated into the des ign . This factor might be treated as a 
separate main effect with appropr iate blocks for combinations of 
hor ses (burros ) , domestic l ivestock , and native ungulates , or i t  migh t 
be analyzed through an al ternate exper imental des ign (e . g . , 
spl i t-plot ) in wh ich separate blocks are not cons idered . The use of  
tame , hand-reared an imals in either of these design contexts would 
prov ide an avenue for h ighly controlled stud ies of equ id-wild ungulate 
interactions . With the except ion of bighorn sheep , cons iderable 
research exper ience has been amassed from tame-animal studies of 
var ious habitat features (e . g . , see Cur r ie and others 1977 , McMahon 
1964 , Nef f  1974 , Reicher t  197 2 , Smith and others 1979 , Wallmo and 
others 1972  for s tudies on mule deer 1 Coll ins 1977 for elk J and · 
Schwartz  and others 1977  for pronghorn antelope ) . As a minimum 
cons iderat ion , range and forage use by native ungulates should be 
mon i tored in any s tudy location where the i r  presence is  impor tant .  
Attention should be focused both on social interactions with horses 
(burros ) and on poss ible interactions mediated through the food or 
water resource . 

6 .  Utilization patterns and rates should be carefully measured 
as a basis from which plant-community change can be inferred . 
Util ization rates and levels should be closely t ied to amount of 
graz ing usage ( in AUDs or AUMs 1 see Table 3 . 1  for definitions ) by the 
an imal species concerned . Th is approach necessi tates a careful 
quantif ication of growth (and regrowth ) curves for ungrazed 
r epresentatives of plant species studied . 
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1 .  Findings on seasonal levels and r ates o f  species utilization 
s hould be related both to appropr iate publ ished data and to inferences 
drawn regarding the likely d i rections and rates of communi ty change 
under var ious levels of graz ing pressure and k ind of animal use . 
Examples of l iterature pertinent to such information might include 
West ( 19 6 8 ) , Willard and McKell ( 19 7 3 ) , Pechanec and Stewart  ( 1949 ) , 
West and others (1972 ) , Hyder and others ( 197 5 ) , Smi th ( 19 67 ) , Cook 
( 1971 ) , Ell ison ( 1960 ) , and Laycock ( 1967 ) . The recent bibliographic 
source by Vallent ine ( 1978 ) should also be consulted in this pur su it .  

8 .  The approach advocated here will y ield rapid , although 
relatively imprecise , answer s  to questions about graz ing impacts . An 
essential par t of such a study is  early establishment of permanent 
range-trend transects in both grazed and ungrazed pasture . If the 
exper imental graz ing treatments could be car r ied on past the 2-year 
l imits imposed upon this  study , such transects would provide the 
long-term data necessary for ultimately determining the e ffects of 
wild , free-roaming horses and bur ros on plant-community change . Such 
long-term research could be ma intained beyond the initial 2 years by 
applying only low levels of labor and money . The potential payoff is  
h igh . 

Project 9.  HYdrolog ic Impacts 

Rationale 

Vi r tually no information exists on the impacts of wild equ ids on 
range hydrology . Likewise , few data have been recorded on the 
influences graz ing l ivestock have on range hydrology for the western 
rangeland now supporting wild equ ids . To plan effective management 
programs , the r angeland manager needs to know the impact of wild 
equ ids , l ivestock , and/or wildl i fe on hydrolog ic parameters . 

Hydrolog ic responses are often much slower and somet imes less 
obvious than vegetation changes . In order to evaluate hydrolog ic 
change adequately , such s tud ies should endure for more than 5 years ) . 
Emphasi s  is  given here to the impact of wild equ ids and wild 
equ id-cattle interactions . This does not mean that other animals 
should not be cons idered if they are locally impor tant . 

Obj ectives 

1 .  For impor tant habitat segments , determine the influence of 
wild equids and wild equid-l ivestock interact ions on selected 
hydrolog ic parameters . use the data collected in obj ective 1 to :  

2 .  Construct new models o r  develop var iables for existing 
hydrolog ic models such as the Hawk ins and Gifford ( 1979 ) model or the 
un iversal soil-loss equation . 
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Methodology 

The following research should be car r ied out in conj unction w ith 
Proj ects 2 and 8 .  

1 .  Because of the relat ively low and h ighly var iable 
prec ipitat ion on the wild equ id range , and the relatively shor t t ime 
frame of thi s  s tudy , data obtained w i th s imulated rainfall should be 
the mos t rel iable . Th is  recommendation does not preclude the use of 
supplemental natural r unoff  plots or small water shed data if local 
cond it ions are favorable and funds are avai lable for such stud ies . 

Ideally , this s tudy should be both intens ive and extens ive in 
des ign . 

a .  Intens ive S tudy.  Th is study should be conducted us ing 
small r unoff plots ( 1 . 8 3 x 2 2 . 1 3  m or 6 x 7 2 . 6  ft )  
located on 9 percent slopes . Thi s  plot s ize should be 
large enough to include the var iabil i ty present in an 
a rea , par t icularly that assoc iated with vegetat ion 
patterns ( i . e . , brush-canopy areas and inter space 
a reas ) . Data obta ined from a plot of th is s i ze could be 
used to ref ine the un iversal soil-loss equation for use 
on western r angelands . The r unoff plots should be 
instrumented with a 1 5 . 2-cm ( 6-in . ) H-flume and a 
2 0 . 5-cm ( 1-ft ) coshocton wheel sampler or s imilar water 
measur ing and sampl ing dev ices . These runoff plots 
would measure and sample natural and s imulated ra infall 
events . 

A r a infall s imulator ( someth ing s imilar to Meyer ' s  but placed in 
l ine )  should be used at selected t ime intervals dur ing the year to 
apply ra infall to the runoff plots . The ra infall appl ication rate 
should exceed infiltration rates , and raindrop s ize and terminal 
veloc i t ies should approximate a natural storm of the intensity 
s imulated . 

A min imum of three r unoff plots should be used per g raz ing 
treatment and vegetat ion-soi l  uni t  sampled . From these runoff plots 
the following information should be collected at predetermined 
intervals throughout the year : 

• In f iltra t ion r ate 
• Sed iment product ion 
• Addi t ional wa ter -qual i ty paramete rs 
• vegetat ional cover by spec ies 

Bare ground cover 
• Shrub-canopy area and interspace area 
• Microtopography • 

From shr ub-canopy and interspace areas adj acent to the runoff  
plots , the following information should be  collected at the same 
predetermined intervals : 
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• Soil bul k  dens ity 
Soi l  organ ic matter 

1 6 9  

Soil aggregate stabil ity 
Gr ass stand ing crop .  

b .  Extensive Study .  Th i s  study should use a small por table 
rain fall s imulator ( scaled-down model of the one descr ibed 
above ) and var iable r unoff plots that will allow for 
separation of shrub-canopy areas and inter space areas . 
Runoff plots should be o . s  to 1 m� in s ize . S imulated 
rainfall rates should exceed infiltrat ion rates , and raindrop 
s ize and terminal veloc ities should be s imilar to that of a 
natural storm . These plots should be relocated at selected 
intervals on a similar s i te before the next s imulated 
r a infall is  applied . A minimum of s ix runof f  plots should be 
used pe r  graz ing treatment and vegetation-soi l  uni t  sampled . 
The following data should be collected from each runoff  plot : 

Infil trat ion r a te 
Sed iment product ion 
Vegetational cover by spec ies 
Bare ground cover 
Microtopography 
Soi l  bulk densi ty 
Soi l  organic matte r  
Soi l  agg regate s tabi lity 
Grass standing crop .  

2 .  Th e  data collected i n  the s tudy descr ibed above should be 
used in the construction of new models or in developing var iables for 
exist ing models , such as the Hawk ins and Gifford ( 1979 ) model or the 
universal soil-loss equat ion . 

Proj ect 10 .  Ripar ian-zone Impacts 

Rationale 

The r ipar ian zone is extremely impor tant , not only in terms of 
total watershed behavior , but also in terms of its ind ividual 
components--f ish , wildl i fe ,  insects , vegetation , birds , and soi l .  
This  study would concentrate on defining the impacts o f  wild equids 
and cattle on hydrologic behavior and water qual ity ,  both of  which 
affect all other components of the r ipar ian zone . 

Obj ectives 

1 .  Determine the amount of suspended sediment , col iform, total 
dissolved sol ids , and dissolved oxygen 1 measure the water temperature 
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and general channel stabil ity of selected por tions of the r ipar ian 
habitat  g razed by w ild equ ids . 

2 .  Relate measured water -qual ity and channel-s tabil ity 
character istics to the character istics of the adj acent r ipar ian 
hab i tat . Impor tant character ist ics would include percentage of 
vegetative cover , graz ing intens ity ,  and rest per iods . Other 
impor tant cons iderat ions include general behavioral character ist ics of 
the study an imals with respec t to use of the r ipar ian habitat . 

Methodology 

The des ign of this study w ill depend to some extent on whether the 
graz ing an imals are us ing spr ings , establ ished water holes , or l ive 
s treams as a source of water . I t  would be des irable , i f  poss ible , to 
include r ipar ian zones with the headwater or ig inat ing in the pastures 
and in r elat ively good biolog ical cond i t ion .  The stream 
character istics should be as similar in all treatments as poss ible . 
I f  these c r i teria  cannot be met and a reach of a r iver or stream has 
to be used , water -qual ity sampl ing will have to be car r ied out on a 
" flow-through" basis . Samples will have to be taken as water enters a 
spec i f ic reach representing a g iven graz ing treatment , and aga in as 
water leaves the reach . Th is scheme d ictates that intens i ty of use 
mus t increase in a downstream direct ion r ather than in a random 
pattern . 

When assess ing the impact of an imals on ponds , seeps , or spr ings , 
s imilar water sources will have to be repl icated in each pasture . 

Data should be collected at  predetermined intervals throughout the 
year . 
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CHAPTER 4 

SOCIOECONOMIC AND POLITICAL ISSUES 

INFORMATION NEEDS 

Soc ioeconomic and pol i t ical factors must be cons idered in any 
decis ions about the management of publ ic lands and resources . Three 
categor ies of information needs have been identif ied in this broad 
subj ect area . 

First , economic information is  needed about the demand for wild 
and free-roaming horses and burros and on the cost of var ious 
management alternat ives . Both the direct costs of the horse and burro 
management program and the indirect costs on other range management 
programs should be assessed . Such information is needed to supplement 
what is known about the use and management of public rangelands ; i . e . , 
l ivestock and range economics focused on economic character istics of 
indiv idual fi rms ; economic industry studies depicting the structure of 
l ivestock-dependent commun i ties and reg ions , and the impact of 
poss ible changes in these structures ; and economic valuation of 
extra-mar ket wildl i fe values , with poss ible extens ions of 
methodolog ies to horse and bur ro populat ions . 

Second , decis ion makers in federal land-management agencies need 
data to help them determine proper management strateg ies for wild 
horse and burro populat ions on federal lands within the context of the 
agencies • overall respons ibi l i ties for land management .  The 
decis ion-mak ing processes of these institutions must be understood i f  
the scientific information they provide about horses and bur ros is  to 
be ef fectively applied . I t  is also impor tant for scientists to 
understand the legal and pol it ical constraints con fronting federal 
land managers , so that management decis ions acceptable to all those 
concerned can be made . 

Th ird , information is needed regarding publ ic attitudes , values , 
and managemen t preferences so that appropr iate management pol icies and 
s trategies can be determined . This information should quantify the 
relative worth of wild horses and burros to the var ious sectors of the 
publ ic concerned about them . The value of wild horses and burros 
relative to that of l ivestock and other wildl i fe should focus on the 
r ecreat ional , aesthetic , util itar ian ,  ecolog ical , sc ient i f ic , and 
histor ical benef its and costs associated with all these animals . I n  
addition , information is needed regarding the publ ic ' s  preference for 
alternative management and control strateg ies . Studies of predator 
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control and endangered species protection have revealed that severa l  
var iables ser iously affect publ ic atti tudes towards management and 
con trol . The views of both the general public and special interes t 
g roups should be cons idered . 

STATE OF KNOWLEDGE 

Information Sources 

Numerous sources were searched in order to assess the current 
state of knowledge r egarding legal , pol it ical , economic , and 
soc iological issues . Many journals , ar ticles , congress ional hear ings 
and other government documents , techn ical publ ications , books , and 
manuscr ipts chron icle the long history and intens i ty of the issue . 
Several bas ic bibl iographies , per iodical indexes , and computer ized 
data-access systems were used to assess the full parameter s  of the 
debate . The following computer systems were  searched for relevant 
c i tations : 

AGRICOLA (Agr icultural Data Base ) 
BIOSIS 
C IS (Congress ional Index Service ) 
CRECORD (Congress ional Record )  
ENVIROLINE 
EPB (Environmental Per iodical Bibl iography ) 
GPO Monthly Catalogue 
LEXI S 
NTI S 
Soc ial Science Search 
USDA/CRIS . 

The l ibrary collections of the universi ty of Cali forn ia at Davis and 
Berkeley and of Yale University were also searched . The following 
sources were searched manually : 

Bibl iographies of references uncover ed by the searches 
Bibl iography of Wildli fe Theses 
Biolog ical and Agr icultural Index 
Conservation and Wildl i fe Bibl iography 
Dissertation Abstracts International ( Social Sciences and 

Biolog ical Sciences ) 
Environment : A Bibl iography of SOcial Science and Related 

Li teratur e  (U . S .  Environmental Protection Agency ) 
Forest History SOCiety Bibl iographies 
General Science Index 
Index to Legal Per iodicals . 
Keyword Index of Wildl ife Research 
Natural Science Research Repor ts : 1973 - May 1978 , Southwest 

Region , NPS 
Publ ic Affairs Information Service 
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Reader ' s  Gu ide to  Per iod ic Literatur e 
Wild , Free-Roaming Hor ses - An Annotated Bibl iography 
Wi ldl i fe Rev iew . 

To supplement the l i terature searches , several active range and 
natural resource economists at New Mexico State Unive r s i ty ,  Un ivers i ty 
of Wyoming , and Utah State Un ivers i ty were consulted . Interested 
publ ic and pr ivate organ i zations and individuals  and var ious s tate and 
federal agenc ies were  contacted personally , by telephone , or by ma i l . 

Contacts wer e  made w i th 3 4  agencies and organ i zations . Federal 
agenc ies included BLM, National Par k  Service (NPS) , the u . s .  Fish and 
Wildl i fe Service , and the USFS . Letters requesting information at the 
s tate and d istr ict level were sent to all BLM state off ices and to all 
state f ish and game depar tments that deal with wild hor ses and 
bur ros . Some 19  pr ivate organ i zations and interest groups were 
contacted by letter or telephone . After careful initial invest igation , 
f ive organ i zations--eLM , NPS , the Humane Soc iety of the Uni ted States , 
the Fund for An imals ,  and the Amer ican Horse Protection 
Assoc iation--were v i s i ted in Wash ington , o . c . , files were inspected 
and relevan t per sonnel interviewed . 

Nine individuals--academics and others w i th spec ial 
exper t ise--were consulted . In addition , a great deal of anecdotal 
informat ion , as well as transcr ipts from var ious publ ic meet ings ,  were 
collected and are  ava ilable upon request .  Cor respondence and cl ipping 
f iles were iden t i f ied as potent ial sources of raw data . 

Economic Cons iderat ions 

The economics l iterature that focuses spec i f ically on i ssues 
concern ing wild and free-roaming horses and bur ros (abbreviated WFRBB 
in this chapter ) is rather sparse (only Hyde 1978 1 Godfrey 1979a , b ) . 
However ,  range and ranch economics has a long-establ ished history a t  
many land-grant ins t i tut ions in the West .  From the mid-1950s through 
1969 , the Western Agr icultural Economics Research Council  (WAERC ) 
sponsored the Committee on the Economics of Range Use and 
Development .  Dur ing those year s ,  that commi ttee issued a ser ies o f  
r epor ts and proceed ings on a w ide var iety of range resource and 
management topics , thei r  last r epor t (WAERC 1969 ) is a range and ranch 
economics bibl iography . In our review we found many references to 
reasonably cur rent stud ies . Nielsen and Wor kman (197 1 )  and Ching 
( 1978 ) l ist  rather extens ive bibl iographies relating to ranch ing and 
publ ic land use in the western states . 

Thus , we conclude that enough information and background analys is  
exist  to  permi t  a bas ic under standing of the economics of l ivestock 
f irms and of the economic structure of l ives tock-dependent communi t ies 
or reg ions . There are  many stud ies , c i ted in Append ix c ,  that pertain 
spec i f ically to par ticular ranch ing areas in the West or that clearly 
define the methodolog ical approaches that can be used in studies in 
other areas . 
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Par t of the impetus for PL 95-514 was the concern that the publ ic 
r angelands were produc ing at  less than the ir potential . Several 
repor ts publ ished ear l ier in the decade gave evidence of this 
s i tuation , e . g . , see por t ions of the Public Land Law Review Commiss ion 
repor t , One Third  of the Nat ion ' s  Land (U . S .  Depar tment of Commerce 
1970 ) 1 study repor ts by the Stanford Envi ronmental Law Society ( 1971 ) 
and the Univers ity of Wyoming College of Law (1970 ) 1 a u . s .  General 
Account ing Office study (197 7 ) 1 Box and others  (1977 ) 1 and papers 
conta ined in  the 1977  Forum on  the Economics of Publ ic Land Use in the 
West (Ch ing 1978 ) . The recent economics l i terature includes some 
citations on range improvement ,  e . g . , Godfrey (1972 ) , Stevens and 
Godfrey (197 2 ) , Cord ingly and Kearl (1975 ) , Heady and Bar tolome 
(1977 ) , and Olson and others  (1977 ) .  These studies provide 
informat ion about and methodologies for address ing public rangeland 
improvement problems , wh ich may be useful in those cases where 
r angeland improvements and WFRHB populations occur together and where 
the economic effect of improvement mus t  be cons idered in the 
a llocative management decis ion . 

Although l ittle economic l i terature speci f ic to WFRHB issues is  
available , theoret ical methodologies appl icable to the problem 
probably exis t .  Market and nonmar ket valuat ion techniques are 
developed , although the latter are less refined and are still  
undergoing addi tional theoretical development .  Nonmarket valuation 
and analys is  for environmental and aesthetic nonconsumable 
goods--including wildl i fe--are d iscussed in Krutilla ( 1972 ) , Brown and 
others  (1973 ) ,  NAS (1975 ) ,  Brookshire and others (1979 ) , and Sect ion 
704 . 129 (Recreation ) of the recent u . s .  Water Resources Council  repor t 
(19 79 ) . 

Two economis ts have wr itten papers on WFRHB issues . Hyde (1978 ) , 
in a var iation of a paper previously presented at the 1977 Nat ional 
Wild Hor se Forum (Artz  1977 ) , developed an approach for a qualitative 
evaluation of management alternatives by compar ing •consumer • benef its 
w i th management costs . The elements in Hyde ' s  approach included 
(a ) the value of recreational viewing of horses (and bur ros ) J 
( b )  •vicar ious • values , ga ined through the enjoyment of others or 
through the mere knowledge that wild horses (and bur ros ) will be ther e 
whether one ever sees them or not 1 (c )  the values of adopted animals 
to foster owners 1 ( d )  the oppor tuni ty cost of domestic l ivestock and 
wildl i fe foregone because of compet ing WFRHB populations on the public 
ranges ; (e)  the separable cos t of managing WFRHB populat ions , 
includ ing roundup , disposal , legal , and enforcement costs 1 ( f )  and the 
cost of negative externalities created by WFRHB management on pr ivate 
individuals and economic uni ts--e . g . , unwanted graz ing on pr ivate 
land . Hyde recogn ized the diff iculty in quanti fying the 
above-ment ioned elements for management ,  but urged that it be 
attempted in demonstrative case stud ies . 

The second , and more recent , survey of the impact of the Wild and 
Free-Roaming Horse and Burro Act was per formed by Godfrey ( 1979a , b ) . 
(The first  c i tation is  a proj ect repor t and the second a shor t 
publication summa r i zing the former . )  Godfrey (1979b : 50 )  noted tha t 
• there are reasons why the capture and use of WFRHB need to be 
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controlled bu t it is  not obvious that the present laws result i n  
e f f icient o r  equ i table solutions , •  and that •most of  the research that 
has been advocated by others  is ecolog ical , and mus t  precede any 
economic evaluation of the WFRHB problem . • 

Major socioeconomic areas of inqu iry ident i f ied by Godfrey as 
need ing attention included : (a )  the value of and demand for WFRRB , 
(b )  evaluation of adopt ion procedure  and success , (c ) evaluat ion of  
control and management techn iques , (d )  analys is  of optimal WFRHB 
number s  and management alternatives for ma inta ining populations , and 
( e )  evaluation of the costs of existing legal regulations and 
restr ictions . The study , wh ich was based on response to a mail  survey 
of  BLM and USFS distr icts in the 10 western s tates , attempted an 
evaluation of the economic costs of WFRHB management through the 197 8 
f iscal year and descr ibed repor ted impacts on other uses . 

Legal and Pol i tical Issues 

The legal-pol it ical l i terature on matters directly and indirectly 
germane to th is inqu iry is  extens ive . In the spec i fic area of WFRRB 
pol icy and law , numerous j ournals , articles , Congress ional hear ings 
and other government documents , techn ical publ ications , books , and 
manuscr ipts chron icle the long history and intens i ty of the issue . We 
conclude that when the pr inted mater ial on th is pol icy issue is added 
to the publ ic hear ing and other interview mater ial generated by the 
effor ts of th is Committee , no pr imary research will be requ ired . 

Equally impor tant is the extens ive l i terature concerned with 
federal land-use plann ing , multiple-use decis ion mak ing , wildl ife 
management , and the h istory of publ ic lands . The extens ive l i terature 
tha t exists on many of the issues of concern to th is Commi ttee will 
provide vital input to i ts f inal repor t ,  even though no research needs 
to be done in these areas . The Committee ' s  f inal repor t to Congress 
should d iscuss the h istor ical background of the federal 
land-management agencies and the resources they manage . Thi s  
information i s  already ava ilable i n  a number o f  publ ications . 
However , it  must be studied so that the f inal Committee repor t can 
place the wild horse and burro management program in the context of 
the agencies ' management author ities , their  institut ional structures , 
and their h istor ic personnel and budget resources . 

The leg islative history of the Wild and Free-Roaming Horses and 
Bur ros Act should also be analyzed , along with the pre-1971 management 
of these an imals under state estray laws . The mater ial for th is 
analys is exists already . The final repor t should also discuss the 
agenc ies ' single-purpose mandates as they constrain mul t iple-use 
management .  The constra ints include the Endangered Species Act of 
197 3 , the cul tural resources program , and the mining laws . Again , the 
l i terature on these issues exists and no pr imary research is required . 

Table 4 . 1  contains a lis t  of civil cases filed under the Wild and 
Free-Roaming Horse and Burro Act along with br ief descr iptions of the 
legal issues presented in each case . Most of the lawsui ts fall into 
two categor ies : ( 1 )  those challeng ing the need for roundups and the 
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TABLE 4 . 1  Cases Filed Under the Wi ld and Free-Roaming Horse and Burro Act 

Reported Cases 

1 .  � v. New Mexico , 426 U . S .  529 ( 19 79 )  Cons ti tutionality of the Act , particularly 
federal authori ty to manage wildli fe on public lands . 

2 .  Ameri can Horse Protection Ass ' n  v .  U . S .  Dept . of the Interior , ·  55 1 F .  2d 4 3 2  ( D . C . Cir .  
19 7 7 )  Howe Massacre li tigation . Issue : whether ownership unde r s tate laws i s  to 
be de te rmi ned by state or federal o f ficials . Final de cision is federal unde r 5 5  
o f  the Act upholding fede ral authori ty . 

3 .  Roaring Springs Associa tes v .  Andrus , 4 7 1  F .  Supp . 5 2 2  ( D .  Or . 1978) Obligation of 
federal gove rnment to remove wi ld horses from unfenced private lands . 

4 .  Sheridan v. Andrus , 465 F .  Supp .  662 ( D .  Co lo . 1979) ( Crai g ,  Colo . )  Alleged imprope r 
taking by government of horses owned by plainti f fs . 

5 .  Ameri can Horse Protection Ass ' n  v .  Andrus , 460 F .  Supp .  880 ( D .  Nev .  1978) (Palomino 
Corral and Nevada roundups ) • Compliance with NEPA ;  leqali ty of roundups 1 humane 
condi tions . ( Appeal pendi ng before Ninth Ci rcui t) . 

6 .  Ameri can Horse Protection Ass ' n  v .  �· 6 ELR 2080 2  ( D . D . C .  Sept . 9 ,  1976) 
Leqal i ty o f  Chal lis roundup under the Act and NEPA . 

7 .  Ameri can Horse Protection Ass ' n  v .  Fri zzell ,  403 F .  Supp . 1206 ( D .  Nev . 1975)  ( Stone 
cabin roundup) . Legality of roundup under the Act and NEPA and legality of s ta te 
cooperative agreement .  

Unreported or Pending Cases 

1 .  Mountain States Legal Foundation v. Andrus , Civ . No. C79- 275 ( D .  Wyo . filed 9/20/79) 
Private parti es seek to order Dept . of the Interior to reduce horse numbers so as 
to prevent al leged damage to publi c  lands , to remove all horses from checkerboard 
private lands and to pay monetary damages for pas t harm to plainti ffs . 

2 .  S tate of Nevada v. �· Civ .  No .  R- 79- 185-BRT ( D .  Nev . filed 8/20/79 ) . State seeks 
court-ordered gathering of horses back to 1971 census levels and a declaratory 
j udgment that the s tate can manage the wi ld horse population i tself wi thout federal 
interference . 

3 .  S tate of Nevada v. u . s . , Civ .  No . R- 78-00 76 ( D .  Nev . 3/2 5/78) Jurisdiction of state 
versus federal government in ownership determinations . ( Dismissed 3/28/79 )  (Same 
issue as American Horse Protection Ass ' n  v .  U . S .  Dept . of the Interior) . 

4 . National Animal Wel fare League v. u . s .  Dept .  o f  th e  I nterior , (Civ . No .  F- 77-9 3 E . D .  
Cal ) (burros in Saline Valley , Cal i f . ) Legality of wi ld burro roundup program 
(bighorn conflict) . 

5 .  Humane Society of the u . s .  v .  Udall ,  Civ. No. 2158-68 (D. D . C .  1968) . Challenge to 
Pryor Mt . roundup . Case dismissed when BLM s tated i t  had no plans for a roundup . 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


17 8 

adequacy of the envi ronmental impact s tatements rel ied upon by the 
government ,  and ( 2 ) those challeng ing federal , as opposed to s tate , 
government author i ty over the an imals .  The lawsuits reflect ser ious 
concern about the implementation of the Act by those interested in 
protect ing wild horses and burros , those interested in pr eserving 
s tate control over them , and those concerned about the impact of the 
animals on rangelands . The lawsuits also illustrate ser ious 
d isagreement among exper ts about fundamental information l ike herd 
s i ze , population levels and trends , reproductive rates , and the impac t 
o f  the an imals on other resources such as wi ldl i fe and the range 
i tsel f . The Committee will fur ther analyze the use of such 
informat ion in these lawsui ts and the reaction of the courts to this 
information by rev iewing the transcr ipts of all j ud icial proceed ings . 
The final repor t will provide more detail . However , pr imary research 
is  unnecessary . 

Sociological Aspects 

An empir ical data base is lack ing regarding the sociolog ical 
aspects of the wild horse and bur ro issue . Many inter esting and 
provocat ive accounts were found , but nearly all stemmed from hear say . 
The only l imited attempt to ascer tain public att itudes on the issue 
empir ically--as well  as to determine relat ive values associated with 
w ild horses--was under taken by Rey (1975 ) . The maj or thrust of Rey ' s  
contr ibution was to •define exactly which resource values associated 
w i th wild hor ses should be ma inta ined . •  To determine public sentiment 
on the issue , he surveyed recreat ionists and other key resource groups 
in the Pryor Mountain area for preferences regarding var ious wildli fe 
spec ies ( includ ing wild horses ) and for presumpt ions about the 
benef i ts assoc iated with wild horses . Wh ile the methodology could 
have been scienti f ically more sophist icated , the informat ion provided 
at least some ins ight on the topic and represents--except for a fairly 
l imited study by the NPS on bur ros--j ust about the only empir ical 
mater ial on the subj ect . on the other hand , some useful 
sociopol itical analyses have been wr itten , and these are summar i zed in 
the annotated bibl iography in Appendix c .  

NEEDED RESEARCH 

Levels of Inqui r y  

A l l  o r  par t of the r ecommended proj ects should b e  car r ied out a t  
several levels of intensity . Whatever level is chosen , selection of  
r epresentat ive research s i tes should be  based on socioeconomic as wel l  
a s  biolog ical cons iderations . We have identi f ied three such levels of 
analytic effor t that are based on the management relevance of the 
information generated and the availability of research resources . 

A minimum-level research program in the soc ioeconomic area would 
include Proj ect llA-- •Taxonomy of Values and Benefits of WFRHB , •  
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Proj ect 13-- •Management Costs of WFRHB Alternatives , • and a 
t ime-lagged study--Proj ect 14-- • Economic Cons iderations for Management 
Alternatives Drawn from Proposed Research Programs . •  This research 
can be conducted largely , but not exclusively , by systematic analys is 
of exist ing mater ials . 

Increased research resources would permit a higher but still  
restr icted level of inqu i ry . I t  would involve generation of or ig inal 
data , but issues would have to be spec i f ic ,  and populations and s i tes 
would be , of necess i ty ,  l imited . Proj ects that would be included in 
an intermed iate research program ( in addition to those noted above ) 
are Proj ect llB-- •Publ ic Preferences for Alternative Management and 
Control Strateg ies , •  Proj ect 12-- •Analys is and Evaluation of Demands 
for Excess WFRRB , • and Proj ect ls-- •Nonmarket Values for WFRHB . •  

Socioeconomic data necessary to a systems-level understanding of 
WFRBB management issues could be generated a t  a third , more inclus ive , 
level of research effor t .  Th is level would requ ire that all proj ects 
11-15 be executed with the f inal attention to research agendas of 
Project llc-- •Publ ic Attitudes , Behavior s , and Knowledge Regarding 
WFRBB •  and Proj ect 16-- •conceptual Development of Publ ic Rangeland 
Management Models . •  Note that each higher level of effor t is to 
include the proj ects in the level below it . 

Project 11 .  Publ ic Attitudes 

llA . Taxonomy of Values and Benefits of WFRRB 

llB . Publ ic Preferences for Alternative Management and control 
Strategies 

l lC .  Publ ic Attitudes , Behaviors , and Knowledge Regard ing WFRRB 

Rationale 

The joint repor t submitted by the BLM and USPS to Congress in 1976  
stated that •greater publ ic understanding of the wild horse and burro 
s ituation , plus publ ic involvement in decisions concerning these 
animals , is v ital to stated management goals . •  In this  section we 
propose a ser ies of research effor ts that could enhance agency 
understanding of publ ic awareness , needs , attitudes , and preferences . 

Obj ectives 

Three interrelated proj ects are identified as llA ,  l lB ,  and llC . 
They involve di fferen t  obj ectives and levels of data collect ion 
effor ts . The thi rd proj ect , llC , incorporates llA and llB with in the 
context of a larger , much mor e costly pr imary-data collection effor t . 
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llA : Values and Benef its of Wi ld Horses and Bur ros . On the bas i s  
of exist ing , secondary-source information (e . g . , publ ic testimony , 
hear ings , Congress ional records , etc . ) ,  develop a taxonomy of 
commod i ty and noncommod i ty values and benef i ts associated with wild 
horses and burros relat ive to other publ ic land resources . 

llB : Publ ic Preferences for Alternative Management and Control 
Strategies . Collect or ig inal but l imited s ite- and 
population-speci f ic public attitude informat ion regard ing preferences 
for al ternat ive WFRHB management and control strateg ies . 

l lC :  Publ ic Att itudes , Behavior s ,  and Knowledge Regarding WFRHB . 
Conduct national and spec ial- interest group study of public attitudes , 
knowledge , and behaviors associated wi th WFRHB . The obj ectives of 
this  proj ect include those identified in llA and llB . Fur thermore , 
collect information on publ ic awareness ,  knowledge , and unders tand ing 
of the WFRHB issue ( including related issues of multiple-use 
management ,  leg islative mandates , and potent ial soc ioeconomic impacts 
of alternative WFRHB managemen t practices on rangeland-dependent 
commerc ial activi t ies ) . 

Methodology 

l lA:  Values and Benef i ts of Wild Horses and Burros . Conduct 
conten t analys is of secondary-source information (e . g . , publ ic 
hear ings , Congress ional test imony , etc . ) to develop a taxonomy of 
values and benef i ts assoc iated with WFRHB . An empir ical assessment o f  
the relative impor tance and strength o f  these values among 
special-interest groups and the general publ ic would r equire some form 
o f  publ ic survey research , descr ibed below under llC . 

llB : Publ ic Preferences for Alternative Managemen t and Control 
Strateg ies . Conduct a small-scale survey of special-interest groups 
r epresent ing l ivestock producers , horse and bur ro advocates , and 
wildl ife and range scientists regarding alternat ive control 
s trateg ies . As much as poss ible , the sample s i te for th is data 
collect ion should cor respond with the locat ion of the b iolog ical and 
ecolog ical research effor ts . The methodolog ical steps assoc iated wi th 
the survey wor k in proj ect llB are descr ibed under llC . These same 
procedures are appl icable in llB but on a more restr icted scale . 

llC : Public Att i tudes , Behaviors ,  and Knowledge Regarding WFRHB . 
1 .  Sample selection and data collection . Two samples should be 

drawn ,  the first  consist ing of the following special-interest groups : 
l ives tock producer s (part icularly cattlemen ) ,  horse and burro 
protection advocates , and wildli fe professionals . The second sample 
should be a cross section of the Amer ican population d i f ferentiated 
accord ing to level of famil ia r i ty with or knowledge about the horse 
and bur ro issue . 
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The selection of both groups should be random . In the case of the 
special-interest groups , strati f ied r andom-sample selection may be 
requ ired . FOr example , a random sample of l ivestock producers could 
be obtained through BLM distr icts , weighting each d istr ict for numbers 
of stockmen . In addition , the cooperation of national organizations 
( e . g . , the National Cattlemen ' s  Association ) could be enl isted . 
Similarly , horse and burro advocates and wildl i fe professionals could 
be selected from organization l ists properly we ighted for the s i ze and 
representativeness of the groups involved . 

The national sample should be drawn accord ing to probability 
random selection standards : i . e . , each individual in the population 
should have a roughly equivalent chance of being selected . Given cost 
constra ints , a telephone interview is  most appropr iate . In creating 
the sample , some type of random-digi t  dialing method should be 
employed . An acceptable method should be used to randomly des ignate a 
desired respondent within households of var ious s i zes . once the s i ze 
of the household has been determined , the caller is  to ask for the 
des ignated respondent . I f  that ind ividual is not a t  home , a minimum 
of two callbacks  should be attempted before the des ignated respondent 
i s  dropped . These callbacks should be made in the evenings and on 
weekends , i f  poss ible . The general publ ic sample should not be 
selected or interviewed in the summer months to avoid bias s temming 
from d i f ferent l ikel ihoods of interviewees being at  home . 

The telephone interviews should not require more than 20 to 30  
minutes to complete . If  mor e t ime is needed , especially in the case 
of the special-interest group samples ,  mai led quest ionna ires should be 
substituted . I f  such instruments are used , a response rate of at  
least 60  P.rcent is requ ired ,  and some type of val idation of  
nonrespondents should be carr ied out . 

I f  the data collection is subcontracted , the subcontract should be 
made only with pr ivate or public f irms with the capaci ty to per form 
national sampling . Competitive bids should be required from at least 
10 potential subcontractors .  These b ids should include a study 
proposal ,  cost estimates with major categor ical breakdowns , and a l ist 
of a t  least s ix previous clients who can comment on the 
subcontractor ' s  work  ( i f  poss ible , such cl ients should be in the 
natural resource area or have conducted a nat ional sample ) .  At leas t 
15 percent of the interviews should be ver i fied .  I t  is assumed that 
the subcontractor will code and keypunch all the data collected . The 
pr incipal investigator is  expected to work with the subcontractor on 
developing the coding sys tem . 

When special-in terest groups are sampled , subgroups should be of 
at least the following s i zes : livestock producers , 400 ; horse and 
bur ro advocates , 200 ; wildl i fe profess ionals ,  200 . The general publ ic 
should be divided into informed ( knowledgeable about the horse and 
bur ro issue ) and uninformed groups . The s i ze of the former should be 
at least soo , that of the latter , 400 . At least 150 respondents 
should reside in the major l ivestock-producing states and , thus , a 
special oversampl ing may be required in th is area . I f  this  
oversampl ing occurs , proper weights should be used in any analys is  
that refers to the overall Amer ican public .  
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2 .  Interview schedule . The bas ic interview schedule should 
cons ist of f ive sect ions : 

a .  Atti tudes and values associated with wild horses and 
bur ros . Th is subj ect area should be explor ed separately for both 
hor ses and bur ros , and also in relation to l ivestock and wildl i fe .  

b .  Atti tudes concerning the socioeconomic problems and 
benef its of wild horse and bur ro management ,  range management for 
l ivestock , and related wildl ife-management issues . Public 
preferences and concerns for alternative wild horse and burro 
management and control strateg ies should be included . 

c .  Knowledge ,  awareness , and understand ing of wild horses 
and bur ros , range management ,  and relevant wildl i fe needs and 
populations should be covered . 

d .  Behav ioral interactions with wild horses and burros , 
w ildl i fe , l ivestock , and outdoor recreational activ i ties that 
might correlate w i th perceptions of the wild hor se and bur ro issue . 

e .  Sociodemograph ic character istics o f  responden ts , 
par t icularly age , sex , income , education , occupation , size  o f  
town , reg ion , and parents ' occupation . 

Three var iations of thi s  interview schedule should be 
administered , depend ing on whether the respondent i s  a member of a 
spec ial-interes t group , the informed general publ ic , or the uninformed 
general publ ic . The spec ial-interest group interview schedule should 
cons ist  of all the areas ment ioned above , plus a number of questions 
of par t icular relevance to these groups . For example ,  l ivestock 
producers  should be quer ied as to the way in wh ich they perceive 
soc ioeconomic impacts of varying levels of wild horse and bur ro 
management ,  hor se and burro advocates should be asked extra question s  
r egarding alternative control options , wildl i fe profess ionals should 
address extra questions on the compet i t ive interactions and population 
dynamics of horses and burros in relat ion to indigenous wildli fe .  

The first  sect ion o f  the general publ ic interview schedule should 
focus on knowledge , awareness , and understand ing of the issue . If the 
respondent ind icates lack of awareness of or famil iar i ty with the 
i ssue , only a shor tened vers ion of the remain ing interview schedule 
should be admin is tered . This shor tened vers ion should only include 
some general attitudinal questions regarding horse and burro values , 
alternative control options , and soc iodemographic character ist ics . 
Those member s  of the general publ ic who indicate either a relat ively 
moderate or grea t  knowledge and awareness of the issue should be 
admin istered the complete interview schedule . 

At least three complete pretests of the interview schedule should 
be developed and administered to samples of at least 100 r espondents . 
The pretest samples need not be randomly selected , but should include 
to the extent poss ible a representative cross section of the 
populat ion . 

As much as is possible , attitude questions--part icularly those 
regarding horse and burro management--should attempt to include 
socioeconomic impacts and tradeoffs in thei r  design . In add i tion , all 
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atti tude questions should include some measure o f  intens i ty (e . g . ,  
L i kert  scale question ) .  

3 .  Timetable . 

Proj ect llA :  6-month study 
Proj ect  llB : 12-month study (breakdown s imilar to llC ) 
Proj ect l lC :  1 8-month s tudy : f irst 6 months--s tudy des ign , 

pretesting , subcontracting ; 6th to lOth month--data 
collection ; lOth to 1 4th month--data analys is ; 14th 
to 18th month--presentation of results and f inal 
r epor t .  Progress repor ts should be submitted once 
every 2 months . A thorough progress repor t should 
be submitted at the conclus ion of month 1 2 .  A 
preliminary f inal repor t should be submitted at  the 
end of month 1 6 . 

Project 1 2 .  Analys i s  and Evaluation o f  Demands for Excess WFRHB 

Rat ionale 

Much of 
des igned to 
r angelands . 
makers will  

the research ac tiv i ty recommended in Chapters 2 and 3 is 
descr ibe or pred ict the future supply of WFRHB on western 

If WFRHB populations need to be managed , public dec is ion 
have to be informed about the demand for the animals so 

that the • excess • may be removed and/or placed in the most 
cos t-effect ive manner .  

As of October 7 ,  1979 , 14 , 68 5  •excess • WFRHB we re placed via BLM ' s  
adopt ion program and 1 2 , 620  appl ications for adoption were pending 
( •wild Hor se and Bur ro Program Monthly Repor t ,  September-October 
1979 • ) . These problems and appl ications relate to a rather large 
population of adopters that can be examined to determine consumer 
preferences and character i s t ics of both successful and unsuccessful 
adoptions . An integrated survey of ind ividuals and organ i zat ions 
act ive in the Adopt-A-Horse Program that seeks information on past 
adoptions , pending appl icat ions , character istics of adopted an imals , 
and potent ial pools of future •excess animals •  will  help clar i fy the 
prospects for alternative management programs . These past experiences 
with the adoption program can provide useful information . 

Obj ect ives 

1 .  Carefully examine adoptions , appl icat ions , and character istics 
of WFRHB populations . Give expl ic i t  attention to the following : 

a .  What are the character istics of success ful and 
unsuccess ful WFRHB adoptions? 

b .  What are the consumer preferences for WFRHB? 
c .  What types of an imals are adoptable? 
d .  Are there any demands for cur rently unadoptable animals? 
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e .  Are there alterna tives to destruct ion of unadoptable 
an imals , or should they be immed iately destroyed at  roundup to 
save nonrecoverable cos ts? 

f .  What changes , i f  any , in adoptees and adopter s  have 
occur r ed as a result of the new provis ion for pr ivate ownership of 
no more than four an imals? Has the new program caused any other 
changes , and i f  so , what k inds ? 

g .  What are the pr ivate costs and bene f i ts of adopt ing 
WFRHB? What happens after adopt ion? 

h .  W hat are the character istics of • problem• adopt ions? 
i .  What happens i f  an indiv idual doesn ' t  get the k ind of 

an imals he or she wants? 
j .  w here in  the Un ited States are there l i kely to be 

mar kets for future placements , and how can these potential demands 
be ful f i lled mos t e f f ic iently? 

All of the ques t ions l isted above will  ult imately improve methods for 
d isposing of excess animals . 

2 .  Evaluate the ex ist ing data base and record sys tem for the 
purpose of answer ing questions l i ke the ones mentioned above . The 
contractor shall make spec i f ic recommendat ions for es tabl ishing 
comparable record systems--includ ing those at collect ion and 
d istr ibut ion centers--to fac i l i tate data collection and analys is . 

Methodology 

The successful complet ion of this  proj ect will requ i r e  the 
evaluat ion of adoption appl ications , actual placements , and animal 
r ecords . Both past and prospect ive adopter s  need to be surveyed . The 
survey (s ) will  probably requ ire stratif ication with respect to area or 
r eg ion of  placement ,  pol icy at placement ,  number of animals per 
adopter , etc . Val id sample subpopulat ions to be reflected in the 
s tra t i f icat ion are to be determined by the contractor . An imal records 
at collection and distr ibut ion center s will also provide useful 
i nforma tion . Stat ist ical analys i s  and modeling may be requ ired to 
develop predictive tools for l ink ing poss ible future  demands with 
poss ible WFRHB suppl ies . 

Rat ionale 

Project 1 3 .  Management Costs o f  WFRHB Alternatives 

So that WFRHB populations may be managed e f f ic iently , there i s a 
need to est imate the economic costs of such management activities  as 
census and inventory , roundup and d isposal , enforcement , planning , and 
administration under cur rent programs . I t is  impor tant that all costs 
be accurately and uni formly identif ied and developed , so that managers 
and decis ion makers can be assured that compar isons between d i str icts , 
herds , collection center s ,  d istr ibution centers , etc . are valid . 
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Obj ectives 

1 .  Iden t i fy separable and j oint costs for management units 
assoc iated w ith WFRHB management act iv ities . 

2 .  Examine current agency cost categor ies and es timates for 
coverage and adequacy . 

3 .  Develop and mon itor a cost-repor ting system to r eflect WFRBB 
management costs for at least 1 year of management activi ty .  

4 .  Analyze factors influenc ing act ivity costs and make 
recommendat ions for future collection of administrative and management 
costs assoc iated w ith the WFRHB program . 

s .  Sugges t cost-effect ive management alternat ives and optimally 
s ized admin istrative and management uni ts tha t  w ill take into account 
the nature of economic costs and carry out requ ired WFRHB management 
activ i t ies mos t e f f ic iently . 

Methodology 

D istr ict and area data , and perhaps herd-spec i f ic data , can be 
used to develop estimates for all activi t ies associated with WFRBB 
management .  Factors can be identif ied that influence activi ty costs , 
and costs should be estimated in a uni form manner over all  study 
a reas . For example , roundup costs could be examined at three possible 
levels--costs per roundup , per an imal , and per adopted animal--and 
could vary as a funct ion of such factor s as the number and age 
distr ibution of an imals processed , herd dens i ty ,  season , topography , 
type of habi tat and watershed , roundup technique ( e . g . , helicopter , 
water trap , etc . ) , and others  that are found to influence costs . The 
data collected for d i f ferent d istr icts , areas , and herds ought to 
yield suff icient var iability in the factor s influenc ing costs to 
prov ide management w i th programmatic cost est imates over a r ange of 
management alternatives . Results will be useful for improving the 
e f f iciency of management , and can prov ide ins ights as to what k inds of 
herds should be fostered and how they should be managed . 

Proj ect 14 . Economic Cons iderations for Management Alternatives 
Drawn from Proposed Research Programs 

Rat ionale  

Th is research proj ect may be  the most d i f f icult to  spec i fy and to 
manage . I t  will require  the development of a research agenda after 
the r esearch programs suggested in Chapters 2 and 3 have been 
spec i fied and accepted . Proj ect 14 thus depends directly upon those 
r esearch programs . It can cover a w ide r ange of topics 1 it is 
intended to be the mechanism for translat ing the output of those 
programs into relevant economic measures . 

For example , the nature of interspec ific compe t i t ion between 
WFRHB ,  w i ldl ife , and l ives tock determines the economic tradeoffs among 
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those spec ies on a given type of range . The costs of repa i r ing , 
r eplac ing , or improving structures , water sheds , water ing fac i l i t ies , 
etc . are a measure of the cos t of poss ible environmental degradation , 
once the nature and extent of that damage is quant i f ied . I f  selected 
contracept ion techniques prove feas ible as management tools , the costs 
assoc iated w i th each method with respect to e ffectiveness , duration ,  
etc . , are impor tant to management efficiency . I f  WFRHB have a 
preference for improved ranges ove r natural areas , what are the losses 
(costs ) to BLM rangeland improvement programs previously expressed as 
l ivestock bene f i ts? I f  there are seasonal over laps in forage 
preferences , can the carry ing capac i ty of the range be fur ther 
improved , and i f  so at  what cost? Other impor tant economic d imens ions 
will become evident as the research program is spec i f ied and 
implemented . Close coord inat ion among the several proj ects will  be 
required .  

Obj ect ives and Me thodology 

The obj ect ives of th is proj ect need to be developed a fter the 
Commi ttee ' s  other research programs are spec i f ied and initiated . The 
obj ectives should be ident i f ied at the end of the f irst  year ' s  
research programs , after the natur e  and des ign of those programs have 
been clar i f ied and they have been implemented for the f irst  season . 
Proj ect development could be an i tem on the agenda of the Commi ttee or 
i ts Subcommittee 3 at  the t ime the committee r ev iews the f irst  year ' s  
research . One approach to implementation might be to supply funds for 
a proj ect investigator ( s ) and for the augmentat ion of proj ects that 
are determined to have aspects of interest to Proj ect 14 . 

Rationale 

Proj ect 1 5 .  Nonmarket Values for WFRHB 

Th is proj ect requ i res an invest igat ion i nto the nonmarket aspects 
of WFRHB . Such an inqu iry might follow the l ines of recent advances 
i n  wildl i fe valuation . The nature and extent of nonmarket WFRHB 
values need to be ascertained so that managers can make dec is ions that 
a r e  suppor ted by a wide spectrum of the publ ic . Quantif ication of 
nonma r ket and r ecreational values for WFRHB would be an a id to future 
management effor ts . 

Obj ect ives 

1 .  Quant i fy the nonmar ket values of WFRHB populat ions in the 
West .  Examine a var iety of quest ions , including , for example : 

a .  Are there areas ( herds ) where WFRHB are be ing demanded on 
an aesthetic or recreat ional bas i s  or are values more 
character ist ically •option • values or •existence • values? 
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b.  What is the nature of these values and is there cur rently 
a ny commerc ial e f fect on local commun i t ies or reg ions ? 

c .  would recreational bene f i ts be enhanced by es tabl ishing 
v iewing refuges as opposed to more d ispersed spat ial d istr ibu t ions? 

d .  Ar e there •negative • recreational impacts and how might 
those negat ive bene f i ts ( costs ) be mitigated? 

2 .  Direct  equal attention toward determin ing whether distr ict , 
a rea , or herd d i fferences affect nonmarket values for WPRHB 
populations . 

Methodology 

Th is  proj ect will  require  surveys of potent ial •user • populations 
that invest igate aesthetic , option , and existence values . I t  may be 
des irable to coord inate this investigation with the reg ional and 
national survey to be conducted for Proj ect 11 , wh ich seeks to 
identify public attitudes , values , and preferences assoc iated w i th 
WFRHB .  Addi tional f ield activity will be requ ired to ident i fy 
character istics associated w i th •valued • herds and areas , a 
des ignation determined by the level of current v i s i tat ion and viewing . 

Rationale 

Proj ect 1 6 .  conceptual Development of Public 
Rangeland Management Models 

Th is proposed proj ect i s  meant to be a conceptual mechanism for 
drawing together the outputs from the var ious research proj ects to be 
funded under this program .  Proj ect 16  would examine the 
comprehens iveness of the proposed research program and suggest how the 
var ious b its and p ieces of preex isting informat ion might be integrated 
with the proposed research results into usable management models for 
several selected s tudy areas . This  proj ect serves a twofold purpose : 
first , to help ensure that research outputs are potent ially usable in  
a lternative models and to suggest possible addit ional information 
needs that would fac i l i tate such use , and second , to provide a 
spr ingboard for a poss ible empir ical study to be conducted a f ter 
resu lts are available from the study program recommended by this  
Committee . A large amount of information will be generated by the 
var ious research proj ects recommended in thi s  repor t .  Most of that 
information will  become available j ust pr ior to the complet ion of the 
Committee ' s  contractual obl igation . The empir ical s tudy would be a 
continuation of this proposed •conceptual development of public 
rangeland management models • proj ect , and would involve the 
quanti ficat ion of those conceptual models . 
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Obj ect ives 

The obj ec tive i s  to enhance the management of publ ic r angelands in 
the West ,  by creating policy-relevant models that will fac i l i tate the 
examination of alternative obj ect ives or goals . Once the factual 
information base about hor ses and bur ros is  strengthened , the models 
s hould be able to evaluate the outcomes of alterat ive solut ions 
aga ins t changes in the population dynamics of WFRHB . Such models 
could quant i fy the tradeoffs among WFRHB , wildl ife ,  and l ivestock . 
Such models should also help assess the impacts of alternative 
management pol ic ies on ecosystems and economic act ivi t ies . 

Methodology 

Th is proj ect provides the oppor tuni ty to thoroughly review what is 
known about WFRHB and their  interactive effects by applying that 
knowledge to the development of conceptual models for publ ic r angeland 
management .  Such models mus t  reflect  institutional as well as 
scien t i f ic and socioeconomic real ism,  and must include alternative 
management scenar ios for mult iple use of publ ic graz ing lands in the 
Wes t .  
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CHAPTER 5 

RESEARCH AND MANAGEMENT METHODOLOGY FOR WILD SQUIDS 

I NFORMATION NEEDS 

Chapters 2 ,  3 ,  and 4 of th is repor t have explor ed what  is known 
abou t the biology of horses and bur ros , their inter rela tionships with 
other ecosys tem components , and the soc ial and economic values 
involved in the ir management .  These sections have also outl ined 
r esearch needed to expand knowledge in these three areas . But l i ttle 
has been said so far about actual management methods , or about some of 
the techn ical problems that will be encountered in the prescr ibed 
r esea rch . 

Th is chapter addresses some of these methodolog ical problems . A 
rel iable census method is  obviously ind ispensable to a sound 
management program , and the ex isting censuses have been cr iticized by 
a number of observers .  Hence , cons iderable space is devoted to th i s  
tool . S imilar scrutiny is  g iven to the commonly used range-survey 
methodology , inasmuch as a knowledge of range condi tion is essential 
to unders tand ing both equ id welfar e and that of the other ecosystem 
components . 

PL 9 5-514 also raises the poss ibility of •s ter i l ization • in 
add ition to natural control and r emoval for ma intaining equids a t  
des irable population levels . Hence , some cons ideration i s  g iven to 
the matter of hormonal contraception in the mare . S ince horses and 
bur ros must be restra ined in the course of both management and 
research effor ts ,  the techn iques of chemical immob i l i zation and 
capture are reviewed . 

A var iety of r esearch techniques is  also cons idered . Alternate 
techn iques of diet analys is  as well as some of the unique problems of 
s tudying equ id nutr i t ion are d iscussed in this  chapter and in Appendix 
A. Sampl ing cons iderations in behavioral s tudies , and the assay of 
blood chemistry to prov ide indices of nutr i tional state , both for 
research and management purposes , are explored at some length . 

STATE OF KNOWLEDGE 

Informat ion Sources 

In add i tion to reviewing the published and unpublished sources 
descr ibed in previous chapters , Committee member Eberhardt vis i ted 
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four BLM distr icts ( Burns , Vale , Lakev iew , and Challis ) for the 
purpose of ga in ing prel iminary familiar i ty with census procedures . Be 
spent 2 hours in the air  in one of these d istr icts and cons iderable 
t ime interviewing people on the ground in all four . As a result of 
these e f for ts ,  he has acquired 300 to 400 photographs , and a 
cons iderable mass of BLM census data from numerous distr icts . Th is 
document f i le (cur rently at New Mexico State un iversity )  rema ins to be 
cataloged and reduced . 

Committee cha irman Wagner conducted prel iminary analyses on the 
wild-horse census data from 72 BLM distr icts and national forests 
cover ing per iods of 1 to 11 years ( see Table 2 . 11 ) . He detected 
several biases and calculated prel iminary estimates of the ir 
magn i tude . I t  was from these data that the prel iminary calculations 
on herd increase rates d iscussed under •Equid Demography• (Chapter 2 )  
were made . The s tate of knowledge concerning census is reviewed in 
the following section . But the data need fur ther analys is , which 
should be car r ied out as part  of the census research program . 

Census 

Potential Methods 

Animal population measurements fall into one of three bas ic 
categor ies : ( 1 )  indices , ( 2 )  complete counts , and ( 3 ) estimates based 
on sampl ing approaches of var ious k inds . With the exception of a few 
small-scale research studies , moat cur rent and recent effor ts to 
census wild horses and bur ros have involved some form of aer ial 
counting , and complete counts have usually been attempted . Doubtles s 
this choice has evolved from cons iderations of coat-effectiveness , 
topography , and manpower l imitations . There are almost no published 
data on the accuracy of aer ial counts of wild horses and burros , and 
very l ittle data on the var iab i l i ty to be expected in repeated surveys 
of the same areas . I t  is essential to obtain such information before 
mak ing a final dec is ion on a par ticular method , and in order to do so , 
aer ial surveys for wild hor ses and burros must be researched . I n  this  
review we have assumed that the pr inc ipal method to be cons idered is 
aer ial counting , and other potential methods will be touched upon only 
br ie fly . 

1 .  Ind ices . Many wildl i fe problema have been approached by 
measur ing relative abundance , i . e . , using an index of abundance . 
Ind ices generally do not prov ide estimates or counts of the actual 
nu.ber a of aniaala in an area , but rather give relative measures of 
numbers . All indices depend on one un iversal assumption : that the 
index values are some constant function of , or bear some constant 
r elationship to , actual population s i ze . Where this assumption holds , 
they are valuable for est imating rates of population change over time , 
and often can be used in estimating mor tali ty and reproductive rates . 
They are also frequently useful in compar ing relative dens ities 
between areas . 
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I t  is problemat ical whethe r such index methods as roads ide counts , 
t rack coun ts , and fecal counts have utility for w ild horses and 
bur ros . Roads ide counts migh t s imply be tall ies kept in the course o f  
travel on other bus iness o r  made on selected routes a t  prescr ibed 
times . In  su itable areas , counts a t  water ing s i tes could conceivably 
be e ffect ive . Track coun ts might be combined with visual counts , bu t 
would probably be mos t  effective i f  made on fresh snow or after a 
heavy rain . Fecal counts have not been used much for equ ids . They 
have been extens ively employed for cerv ids , par t icular ly for 
wh i te-ta iled deer and elk . Cor r ection factors are  ava ilable to 
conver t the counts to est imates of absolute abundance . S imilar 
factors might be obta inable for equ ids . Development of an effective 
index method would requ i r e  that a des igned study be combined with 
censuses conducted by proven methods . 

Since any management program involving forage allocat ion to a 
spec i f ied number of equ ids would require an estimate of absolute 
numbers of horses and bur ros , an index would not in i tsel f be 
suitable . I t  would have to be •calibrated "  somehow so as to prov ide 
an est imate of absolute numbers . Actually , it  may be appropr iate to 
cons ider many of the present aer ial-survey estimates as ind ices , as 
will be discussed below . I t  is for this reason that the subj ect of  
ind ices has been ment ioned br iefly her e ,  and because of the tentative 
inferences on horse-population trends drawn ear l ier in this report 
from the aer ial censuses . 

2 .  Complete Counts . The pr esent BLM surveys are almost 
exclus ively attempts a t  complete aer ia l  counts of all an imals on a 
g iven area . In fa irly open areas w i th low vegetation , a sk illful 
observer wor k ing w ith a cooperat ive pilot may well be able to tally 
near ly all of the animals present . Scienti f ic proof of such an 
assert ion depends on some sor t of independent check , pr esumably bes t 
obta ined by a mar k ing program .  In  areas of d issected topography and 
heavy cover , it is qu ite l i kely that some propor tion of the animals 
present are missed . Caughley ( 1974 ) has assembled data from var ious 
surveys of di fferent spec ies indicat ing that appreciable fractions of 
the animals present are not seen from the air . A great deal of 
exper ience with Afr ican •game • has led wor ker s there to use rathe r 
nar row str ips for aer ial counts , and to depend on sampl ing rather than 
attempting complete counts (cf . S incla i r  197 2 , Goddard 1967 ) . S ince 
much of that exper ience comes from environments qu i te s imilar in 
topography and vegetative cover to many horse and burro ranges , it i s  
appropr iate to g ive care ful cons iderat ion to the techniques thus 
developed . 

There is also evidence that such factors as airspeed , alti tude , 
width of str ip searched , type of a ircraft , and observer exper ience 
have impor tant effects on aer ial counts . These factors are descr ibed 
by Er ickson and Sini f f  (1963 ) , Pennycu ick and Western (1972 ) ,  LeResche 
and Rausch (1974 ) , Nor ton-Gr i f f i ths ( 1975 , 1976 ) , Caughley and others 
(1976 ) ,  and Fre i  and others (1979 ) . 

The maj or problem with a ttempting complete counts is  to dev ise 
tests of the i r  accuracy and cor rection factor s for dev iations from 
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absolute accur acy . One such tes t is the •bounded-counts • method . I t  
r equires a number of success ive counts , made under such condi tions 
that there is some pos itive probability of counting all an imals 
present in an area in at  least one of the counts . The two h ighest 
counts are then used to estimate the actual population . The method i s  
based on theory developed b y  Robson and Wh itlock ( 19 64 ) , and was 
suggested by Reg ier and Robson (1967 ) .  Over ton and Davis (1969 ) 
provide some fur ther discuss ion . 

The bounded-counts method depends on the abil i ty to conduct 
r epeated independent counts of the same population without tallying 
any an imal twice on a given count .  The cr itical assumption in the 
method is that condit ions will permi t a def inite (although poss ibly 
very small ) probability that all animals in a population are counted . 
No techn ique for check ing i t  seems to have been suggested as yet . As 
an illustration of the k ind of s ituation in wh ich the method may fa il , 
we have used data on 18 success ive aer ial counts of black rhinoceros 
presented by Goddard (1967 ) , and computed population estimates from 
the bounded-counts method on 6 success ive sets of 3 surveys . The 
results were 24 , 26 , 4 0 , 47 , 28 , and 34 rhinos est imated to be in the 
population . However ,  Goddard had independent data to show that there 
wer e  in fact 69  animals present . Some of the an imals were under heavy 
cover or otherwise concealed so that they could not be seen from the 
a ir . 

Another alternat ive exists for ar eas where known numbers of 
animals are r emoved . I f  counts are made before and after the 
removals , and these counts are cons istent-- i . e . , the degree of 
undercounting is the same on each count--then some s imple algebr a 
employing the counts and the known number removed y ields an estimate 
of the degree of undercounting , and thus an estimate of the true total . 

One prospect for check ing coverage has been descr ibed as •ground 
truthing , •  or having ground observers  maintain intensive coverage of 
some sample areas in such a fashion that they can determine whether 
given bands are missed from the air . This scheme has not been 
a ttempted with wild horses or bur ros , but i t  has been appl ied 
elsewhere . An account of the essential aspects of one appl ication may 
be found in Eberhardt and others ( 1979 ) .  Some tr ials would be 
necessary to determine if the method could be usefully appl ied to wild 
horses or bur ros . A l i kely approach would be that of pos itioning 
ground observers  in places wher e  they could keep one or more bands of 
horses under continuous observation , and thus determine whether those 
bands would be spotted by the aer ial observers . An obvious diff iculty 
is that of determining j us t  which bands were s ighted by the aer ial 
observers . That may be deal t with by careful mapping of locations 
from both a ir and ground . In census ing wild hor ses , band s ize and 
coloration of par t icular individuals could be used to a id in check ing 
the identity of g iven bands . 

Possibly rad io telemetry could be used in place of ground 
observers to establish the pos itions of particular bands . These data 
can then be checked against the aer ial observer ' s  record . An 
appl ication of th is idea has been g iven by Floyd and others (1979 ) , 
who conducted quadrat searches for white-ta iled deer . They used 
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telemetered deer , and a r ranged fl ight plans (without the observer ' s  
knowledge ) so that the a ircraft passed over the area in which the deer 
were  located . The marked deer were  ident i f ied by the presence of 
" collars " and the fract ion of marked deer actually seen was used to 
cor rect  the total counts on the survey quadrats . As the author s 
noted , these checks should be done on quadrats that are par t of the 
actual survey area , and should be conducted within the framewor k of  
the  actual survey . Also , i f  complete counts are attempted , there 
should be no need to conduct a spec ial aux i l iary survey of th is type . 
All that is  needed is to be sure that the observers do tally any 
marked animals . 

Another means for check ing the accuracy of absolute counts is  by 
ma r k ing spec i f ied number s  of an imals in areas to be censused , and then 
determining the propor t ion of these seen dur ing the census . I t  is 
then assumed that the same propor t ion of unmar ked animals is seen . I t  
is  an impl ic i t  assumption that the probabil i ty of see ing a mar ked 
an ima l  is  the same as that of seeing an unmar ked an imal , and it mus t 
then be true that  the mark is not so conspicuous as to make the an imal 
more readily seen . It must also be tr ue that the act of ma r k ing does 
not make the mar k ed an imals shy and more prone to flee at sound of an 
approach ing a i rcraft . 

Mar k ing has been done e i ther with pa int-f illed frangible bullets 
fired from a car bon-diox ide-powered gun , or with specially made darts 
propelled from an explos ive-powered gun . The latter device is said to 
have much better accuracy and range . The use of natural marks 
undoubtedly has potential ; some invest igators have used them , 
par ticularly people doing behav ioral stud ies in s i tuations where the 
r esults might be influenced by the handl ing or harassment involved in 
apply ing an ar t i f icial mar k  or tag . The main technical question has 
to do with the problems of mis identif ication or failure to identify a 
" known " individual in  subsequent samples .  Because of the potential 
for such confus ion , it  might be advisable to use natural marks  only in 
s ituat ions where a few thoroughly exper ienced observers are wor k ing 
together in a circumscr ibed area and where photographs can be used to 
record (and recheck ) mar k ings . The technique thus does not seem 
u seful for large-scale surveys . 

One var iant of the use of natural mark ings may be wor th fur ther 
cons ideration for use on wild horses . Th is is  an adaptation of the 
technique developed by Hewitt (1967 ) , who censused male red-winged 
blackbirds by the Petersen (Lincoln index ) method . Birds were  
" marked "  by  locations and landmarks descr ibed into a tape recorder 
(distances wer e  measured by a car odometer ) dur ing the first  tr ip  
through a census area . On a second tr ip,  the observer l istened to the 
tape and checked d istances to determine wh ich of the b irds seen were 
also observed on the first tr ip . For wild horses , a combinat ion of 
distinctive coloration , band s ize , and location could be used to 
identify previously s ighted bands . Such a census might be practicable 
only on rather open and access ible ranges . Otherwise , the tendency 
for bands of animals to occupy par ticular areas might well b ias the 
results by mak ing "marked "  bands more l ikely to be reobserved on the 
second tr ip than unmar ked bands . Counts would need to be made on 
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success ive days to reduce the effects of movements from area to area , 
and thus several observers might be required to cover a g iven 
management un it . 

3 .  Est imates Based on Sampling .  While most of the cur rent wor k 
on equ id census attempts complete counts , there may be s ituations in 
which accurate , complete counts are not practical or feas ible , and in 
which some sampl ing approach might be appropr iate . Far more wildl i fe 
census wor k  depends on sampl ing procedures than on complete counts . 
Several of the currently used pr inciples of sampl ing estimation may be 
useful for equid census under g iven conditions . 

a .  Ma r k  and res ight methods . Th is method , a modification of  
the more traditional capture-recapture method for aer ial use , 
might well have potential . Animals in the first  sample from an 
area are marked a fter being captured--or from the air as descr ibed 
above--and then released into the population at large . Visual 
s ighting& are then used to determine the fraction mar ked and thus 
to estimate the population s ize . The attempts to date to use thi s  
method on equids have apparently been restr icted to the 
appl ication of the Petersen method to a s ingle res ighting survey 
( unpublished BLM studies in Ar izona ) . 

A more effective approach would be to use repeated res ighting 
surveys to improve the precis ion of the result (narrow the 
conf idence l imits ) . This has been done for deer by Rice and 
Harder ( 197 7 ) . When repeated res ighting surveys are used , it is 
important to determine the relative effor ts that should be devoted 
to mark ing as compared to res ighting . Relative cost or effor t 
data should be obta ined and used , along with var iance estimates 
from the appropr iate population estimation model , to determine an 
optimum allocation of effor t .  Robson and Reg ier ( 1964 ) have done 
this for the Petersen method with a s ingle mar k ing and s ingle 
recapture . I f  the ir  analys is can be extended to multiple 
r ecaptures , it would correspond with the mar k  and res ight 
s i tuat ion . 

Once again , an under lying assumption for this method is that 
the probabil i ty of res ighting is the same for mar ked animals as i t  
is for unmar ked animals . However , it  may be that the trauma 
exper ienced by animals shot with tranquilizer dar ts from a 
hel icopter will make them take fl ight when they again hear a 
hel icopter . Thus the probability of their being resighted 
changes . Very likely this is a s i tuation where natural marks  
might be  used in a behavioral study des igned to compare the 
response of an imals that have been marked with those that have not 
been handled . A companion study might also be done in which 
telemetered an imals are observed dur ing the approach of aircraft 
at var ious distances and altitudes . The probability of capture 
also depends on s ighting , so that large bands and bands 
frequenting open areas are more likely to be marked and to be 
r es ighted . 

b . Plot sampling .  Where areas are too large for , or the 
ter rain and cover not suited to , total and thorough search for 
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complete counts , populat ions can somet imes be estimated from 
complete counts on sample areas , and the total number of animals 
extrapolated from the dens ities on these areas . Sample areas can 
be un i ts of convenient s ize for search ing , over wh ich the a i rcraft 
is  flown on some sor t of search pattern , or they can be sample 
s tr ips of prescr ibed width on each s ide--or on one s ide--of the 
a i rcraft . The latter are usually known as str ip transects . 

The more compactly shaped areas , or quadrats , are commonly 
searched by repeated circl ing . Th is techn ique has the advantage 
o f g iving the observers a thorough look at an area from several 
perspectives . I t  may also serve to star tle resting or concealed 
an imals , mak ing them eas ier to see . Quadrat searches are thus of 
spec ial value in rough country , or in areas with substantial 
vegetative cover . A possible d isadvantage i s  that horses are 
h ighly mobi le , so that repeated searches of  a par t icular sample 
unit may dr ive the an imals present out of the un i t .  I t  is 
necessary to take th is poss ibility into account in des igning a 
sampl ing survey . An alternat ive is to use photography of the 
quadrat , as has been done by Nor ton-Gr iff iths (197 3 ,  1974 ) and 
Math isen and Lopp (1963 ) .  Some of the extens ive exper ience in 
us ing quadrats is presented in papers by Sini ff and Skoog (1964 ) , 
Evans and others (1966 ) , Goddard (1969 ) , and Bergerud and Manuel 
(19 69 ) . 

The same maj or problem exper ienced in total counting ar ises 
in the use of sampl ing , namely , that of check ing the degree of 
coverage atta ined ( i . e . , the fract ion of animals present that are 
actually enumerated ) and , i f  poss ible , seek ing to •cal ibrate • or 
adjust such counts for the fraction missed . The same approaches 
discussed above under •complete Counts • apply to the plot-sampl ing 
methods . 

Sampl ing str ips have the advantage that they can be spaced 
far enough apart so that there is l i ttle prospect of g iven bands 
moving from one str ip to another in success ive passes by the 
a ircraft . Disadvantages are the prospect of miss ing some an imal s 
on the str ip and the l imited area coverage sometimes ach ieved , 
wh ich may result in substantial var iabil ity of the estimates . As 
w i th the other methods , it  is  necessary to do f ield studies to 
determine the impor tance of  these potential d i f f icult ies . 

As previously noted , the strip-census method has been widely 
applied in Afr ica ,  where a great deal of practical exper ience 
concerning its use has been accumulated . A r eview and descr iption 
of the techniques used there can be found in Nor ton-Gr iff iths 
( 1975 ) . There has also been an appreciable amount of exper ience 

with str ip transects in Austral ia (cf . Fr ith 1964 , Caughley 1974 , 
and Caughley and others 197 6 ) , in ar id and semi-ar id areas . This 
exper ience ind icates that only a rather nar row str ip can be 
searched effectively , and that low altitudes and airspeeds are 
requ ired . Even so , an unknown fraction of the animals present is  
missed (Caughley and others 197 6 ) . Here aga in ,  independent checks 
on the degree of b ias are needed . A part icularly impress ive 
demonstration of the effect of str ip width has been presented by 
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Caughley (1974 ) and Caughley and Goddard (1975 ) . These 
invest igators repor t a dramatic change in the numbers of elephants 
counted from the air with changes in str ip width from 100 m to 
600  m .  

c .  Line transects . In this method , est imates of the 
distances from the observer to the animals s ighted are used to 
cor rect for the fact that visibil i ty drops off with distance from 
the transect  l ine . An impor tant assumpt ion is that all of the 
animals immed iately on the transect l ine are detected . Some 
exper ience with other species (Eberhardt and others 1979 ) suggests 
that this assumption is l ikely to be atta inable only wi th 
specially equ ipped a i rcraft : namely , those with a •nose bubble • 
or s imilar arrangement . S ince the BLM work  mus t  be done in many 
locales and usually with locally char tered aircraft ,  this 
r equirement may present diff icult ies . On the other hand , many of 
the ava ilable hel icopter s  do have good forward visibility .  At 
present , it  appears that the first step is to assess present 
exper ience with aer ial census methods that have actually been 
appl ied to wild horses and bur ros or s imilar spec ies . I f  such an 
analys is  suggests a l imitation due to small number s  of animals 
observed , then it may be des irable to invest igate l ine-transect 
methodology . A detailed review of the methods is ava ilable in 
Eberhardt (1978 ) and Eberhardt and others (1979 ) . The 
l ine-transect method is not res tr icted to aer ial surveys , and much 
wor k has been done with i t  in ground-based surveys . 

Sources and Cor rections of Bias and Var iabil ity 

1 .  Group Size . One source of bias not yet invest igated in wild 
horse and burro census ing is the l i kely effect of group s i ze on 
visibil i ty .  This problem actually subdivides into two k inds of bias . 
The first  is s imply that group s i ze will have a marked effect on the 
probability that a g iven group of an imals will be seen . One model for 
estimating group s ize is that of Cook and Martin ( 1974 ) , while a more 
general approach has been explored by Patil and Rao ( 1978 ) . Jolly and 
Watson ( 1978 ) have suggested some qui te s imple cor rections for missed 
groups that can be der ived from ratio data collected to adj ust  for 
member s  of groups that are observed , but incompletely . 

I t  should also be noted that group s i zes are l ikely to vary 
seasonally , a factor that should be taken into account in survey 
des ign . In general , larger groups are much eas ier to locate from the 
air , so there is an advantage to work ing in the seasons when large 
g roups are most prevalent . However , other factors may also affect the 
choice of season . One disadvantage to surveying large groups is that 
count ing may call for repeated c ircl ing over the animals , and th is may 
cause a large group to break up into its component bands , thus 
chang ing the group s i ze in subsequent surveys . 

The second source of group-s ize bias is the increasing d i f f icul ty 
of  accurately count ing the numbers of animals in a group as i ts s i ze 
increases ( Sinclair  197 3 , Bell and others 1973 ) . This  problem has 
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been studied by Afr ican worker s ,  who recommend photograph ing groups 
larger than 10 an imals ,  and check ing the visual count aga inst the 
photographs (procedures are given by Nor ton-Gr iffiths 197 5 ) . 

2 .  Sampl ing Methodology . A number of sampl ing issues must be 
cons idered as research is  cont inued on census ing horses and burros . 
Random sampl ing is generally recommended , but should be properly 
conducted ; otherwise search ing one sampl ing area might affect the 
an imals on , or adj acent to , the next such un i t .  Th is problem will not 
ar ise i f  the sampl ing is truly random , that is , if the un its are 
searched in the order in wh ich they are drawn . However , such a 
procedure  is  demanding in terms of travel between un i ts , so many 
i nvestigator s will draw the entire sample and then traverse the units 
systemat ically across the study area . An alternative is  to use 
r estr icted randomizat ion , i . e . , to place one sampl ing un i t  at random 
in each of a number of blocks that are large enough to avoid much 
movement of an imals between blocks . The process can then be repeated 
on success ive days of search ing . Perhaps a more practical scheme is  
to  use systematic sampl ing with  a new random star t on each day of 
search ing . 

Stratification should be cons idered , but may have a s imi lar 
drawback in that movements from one stratum to another are possible . 
An additional problem with stratif icat ion is  that strata may be chosen 
by cover type , wh ich will l i kely result in di fferences in visibi l i ty 
between strata . There is then the need to make separate cor rect ions 
for each stratum . Unless the study un i ts are very large , or animal 
dens it ies vary markedly , it  may be best not to stratify .  

I f  sample areas other than str ips are to be searched , i t  may be 
most pract icable to use un its of differ ing s izes . This approach 
br ings in the problem of combin ing data obtained from un its of 
disparate s ize . Jolly ( 1969 ) has suggested the use of sampl ing with 
probabi l i ty propor tional to s i ze (PPS sampl ing ) or of a ratio method 
for this s i tuation . PPS sampl ing requ ires that a sampl ing unit be 
included each t ime i t  is drawn . Many wor kers us ing th is method do not 
search the un it  each time , but s imply apply the result of the f irst 
search to each subsequent drawing of the sampl ing uni t .  However ,  thi s  
practice may not b e  suitable for use with wild horses , s ince--as 
already noted--the disturbance of an a ircraft wor k ing over the area 
will most l ikely rearrange the population repeatedly . Hence , in PPS 
sampl ing , the un i ts should be searched each time they are drawn . I n  
mos t cases , the areas to b e  searched for wild horses and bur ros will 
be well  def ined , with adequate landmarks for laying out and conduct ing 
census fl ights . I f  such is  not the case , then i t  will be wor thwhile 
cons ider ing an approach that requires only demarcation of a basel ine . 
Th is method is descr ibed by Bell and others ( 197 3 ) and 
Nor ton-Gr i f fiths (197 3 ) . 

3 .  Var iability .  The appraisal of var iability is  obviously a 
cr i t ical issue in  the overall problem of census ing wild horses and 
burros . I f  an unbiased method turns out to g ive extremely var iable 
results , then it may be preferable to use a somewhat more biased 
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procedur e .  Unfor tunately , most decisions about var iab i l ity requ i r e  
actual data collected under f ield condi tions , and these have not been 
avai lable for wild horses and burros except in a fragmentary and 
l imi ted way . Bence , the issue of  var iability must be included as an 
impor tant par t  of the needed f ield research program . 

4 .  Double Sampl ing . One poss ible means of testing the 
completeness of counts--e ither total counts on an entire area , or  
counts on sample plots--is that of •double sampl ing . •  This approach 
involves us ing an accurate , unbiased method on a ser ies of test 
areas--when and i f  one is dev ised--in combinat ion with some other 
admittedly biased , but perhaps less expens ive and more readily 
appl ied , method (Cochran 1977 ) on the same area . Ratio or regress ion 
methods are then used to extend the results from this •calibration 
set•  to a larger set of areas on wh ich only the less expens ive method 
is used . The practical d i f f iculty is that present recommendations 
(Cochran 1977 ) call for samples of approx imately 30 pairs for the 

cal ibration . Very  poss ibly this  requ irement can be reduced somewhat , 
but we suspect that the sample ought to be at least 20 pairs . Such an 
approach does not seem feas ible for the c i rcumstances discussed her e .  
A poss ible exception concerns estimation o f  the entire population o f  
horses (or burros ) , i n  which case i t  may be feasible to use the mos t 
r ecent BLM distr ict est imates as the •auxil iary var iable • in double 
sampl ing , and survey a subsample with the accurate method to obtain an  
improved estimate of the total . 

The double-sampling approach has other potential uses . For 
example , Jolly and Watson (1978 ) advocated that a subsample of the 
g roups of animals s ighted in a survey should be c ircled and observed 
unt i l  the observer is satisf ied that all animals in the group have 
been s ighted . These more accurate estimates are then used in a ratio 
cor rection to adj ust  the overall group s i ze observed on the transec t 
l ine ( i . e . , observed without circl ing ) . A problem with th is approach 
is that some of the smaller groups will not be seen at all . Jolly and 
Watson suggest an approximate method for correct ing for this  problem , 
based on the ratio data . The i r  approach would probably work beat on 
s tr ip transects , s ince i t  is l ikely that nearby groups will be 
disturbed while one band is being c ircled for accurate counting . 

Prel iminary Analys is of BLM and USFS Census Data 

The accuracy and precis ion of existing horse and burro census 
procedures need to be investigated in connection with the proposed 
research on this subj ect (Proj ect 17 ) . It is only with that research 
that any f irm assessment of the procedures can eventually be 
obtained . The var ious and extens ive data on horse and bur ro censuses 
in  BLM and USFS f iles should be analyzed thoroughly as part of the 
census research effort . 

As discussed under •Equid Demography• (Chapter 2 ) , we obta ined 
census data from the f i les of 10 BLM distr icts and one national fores t 
on 6 7  horse herds , 3 burro herds , and two areas that contained both 
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(see Table 2 . 11 ) . The data were analyzed to gain some prel iminary 
est imates of the accuracy of the censuses , and to see what biases and 
var iables could be detected . Upon first  examination , several 
character istics became ev ident : 

1 .  The t ime in terval over wh ich each herd was censused var ied 
between 1 and 11  years , and the number of counts var ied between 1 and 
18 . Most of the herds had been counted over 4 to 7 years . 

2 .  The time of yea r dur ing wh ich a herd was counted often var ied 
between years . Thus a herd might be censused in March of one year and 
August of another . The number s  in all seasonally breeding an imal 
populat ions vary dur ing the year , r is ing to a maximum at the end of 
the b i r th season , and then decl ining until  the next as a resul t of  
mor tality .  S ince wild horse foals are dropped seasonally , counts in 
March and Augus t of even the � year could vary by 15 or 20 
percent . I t  is a basic pr inc iple in census ing animal populat ions that 
inferences about year-to-year trends and comparisons between areas 
must be based on censuses taken at  the same season each year , or at 
the same stage i n  the annual l i fe cycle . While burro populations 
produce colts throughout the year , the number of births intens i f ies in 
late spr ing and ear ly summer . Hence , th is same pr inc iple should be 
appl ied to bur ro census . 

3 .  While most of the counts were made from the air , the mode of 
census var i ed 7 sometimes censuses were conducted on the ground , 
sometimes from f ixed-wing a ircraft , and sometimes from hel icopters .  
In  many cases the method was not specified .  Casual inspection of the 
data showed one seemingly obvious difference between census modes . I t  
appeared that i n  most cases where f ixed-wing a ircraft were used in one 
year and hel icopters in the next , the censuses increased abruptly in 
the second year . An effor t was made to explore this var iation 
fur ther . Out of the 7 2  herds , there were 19 horse herds in wh ich a 
change from f ixed-wing to helicopter counts was made between years and 
r ecorded , and in wh ich the census season was held reasonably 
constant .  The unwe ighted mean difference between the 1 9  pairs o f 
counts showed the hel icopter counts to be 88  percent higher than the 
f ixed-wing counts of the prev ious year . Even after discounting thi s  
percentage by 14 percent for populat ion increase , the hel icopter 
counts appear to be some three-four ths more eff ic ient in finding 
animals than the fixed-wing counts . S ince f ixed-wing counts were used 
more commonly in the ear l ier years , and helicopters mor e generally in 
r ecent years , i t  is quite l ikely that earl ier counts underestimated 
the actual numbers  to a cons iderable degree . 

The hel icopter counts also appear to be less var iable than the 
fixed-wing counts . The coeff ic ient of var iation about the mean coun t 
for the f ixed-wing censuses was 170  percent , and that about the mean 
count for hel icopters  was 131  percent .  Changes in herd s i ze and 
length of individual record sets will of course influence this 
compar i son . 

As mentioned earl i er , i t  seems poss ible that very nearly all of 
the horses in open ter rain can be seen and counted by a sk illed 
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observer wor king under favorable weather conditions . I f  the censuses 
err in any d irection , they are probably conservative because some 
animals are  missed . 

I t  seems likely that the degree of er ror is  much lower in horses , 
which are  more l i kely to run when approached by an aircraft , than i n  
bur ros , which a r e  more l ikely to rema in motionless . In addition , the 
bur ros ' grey to brown color ing blends in with the deser t ter rain they 
inhabit and fur ther reduces visibility .  One ins ight into the 
magni tude of er ror in aer ial bur ro census is provided by Ohmar t and 
others ( 19 78 ) . 

These authors flew a 15 , 360-ha area in the Black Mounta ins , Mohave 
County , Ar izona , mak ing 7 hour s  of low-level hel icopter fl ights 
s imilar to those used for census counts . They marked every burro they 
saw with a co2-charged pistol that expelled oil-base pa int pellets . 
After 5 to 9 days , they flew the area again , recorded every animal 
they saw , and determined whether or not it was mar ked with paint . 
About one-th ird of the animals they observed were mar ked , and the 
inference drawn was that typical aer ial census operations for bur ros 
could be expected to count only about one-th ird of the animals 
present . The authors also suggested that a mar k-res ight method would 
be  more appropr iate for bur ro census than attempts at total counts . 

Review of Range-Survey Methodology 

Although the Publ ic Rangelands Improvement Act of 1978 author i zes 
the Secretary of the Inter ior to take necessary action to remove 
excess animals on rangelands where several species util i ze the same 
forage resource , the question of wh ich herbivores are in excess is  
d ifficult to resolve . Pr incipal among the b iolog ical factors to be 
cons idered in mak ing such a determinat ion are forage and habitat 
preferences and speci f ic graz ing impacts on soil and vegetation 
resources (see Chapters 2 and 3 ) . Other factors , including season o f  
use and characteristics of the land that influence d istr ibution and 
graz ing patterns , must also be we ighed in range analys is . Much of BLM 
decis ion mak ing in these regards is based on the range inventory or 
survey . 

The first  standard ized range-survey method was developed in 1937  
and is  sometimes refer r ed to as the Ocular Reconnaissance Method 
( Interagency Range Survey Committee 1937 ) . I t  is still d iscussed in 

BLM manuals and i s  still being used by that agency in some areas . 
Other agenc ies have slowly developed other methods ( •we ight estimate , • 
range s i tes and soil surveys , SCS ; Range Environmental Analys is , 
USFS ) . Around 1978 to 1979 , BLM began us ing the •soil-Vegetation 
Inventory Method . •  I t  is based pr imar i ly on the scs methods ( u . s .  
Dept . of Inter ior 1979 ) . 

Range inventor ies made by BLM or any other agency are usually used 
for more than one purpose . BLM is probably the only agency in the 
Uni ted States that is still very concerned about establ ishing an 
initial graz ing capac ity . Other purposes of inventory are ( a )  to 
establ ish a basel ine for moni tor ing range • trend • and ( b )  to provide 
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bas ic informat ion about resources and condit ions to be used for 
planning and management . Bence , in talk ing about • inventory •  there is 
more at issue than j ust the establ ishment of stock ing rates . However , 
those inventory factors and processes that are most controvers ial are 
the ones appl ied pr imar ily to obta ining stock ing rates . 

Histor ically , init ial determinations of grazing capacity on publ ic 
lands were based on range inventor ies or surveys that attempted to 
estimate average , usable forage product ion . The ava ilable forage was 
then allocated to domestic l ivestock producers  through an adj ud ication 
process that cons idered the ir  relative pr ivileges under existing laws 
and regulations . A percentage of the available forage was usually set 
as ide for wildl i fe ,  or the survey methodology was presumed to reserve 
wildl i fe forage before graz ing capacities for l ivestock were 
establ ished . However ,  few--i f  any--forage reservat ions were ever made 
for wild horses and bur ros . These processes were completed on most 
publ ic lands many years before wild horses and burros became by law 
the respons ibi l i ty of the federal government . 

Recently , the BLM has begun to make determinations of graz ing 
capaci ty ( initial stock ing rates ) as part  of its land-use planning 
procedures and environmental impact studies of l ivestock graz ing 
problems . These are being made pr imar ily because many people bel ieve 
that earl ier stud ies d id not adequately cons ider the suitabil i ty of 
the land for l ivestock graz ing , nor did they properly allocate range 
r esources among all  uses and user s ,  e . g . , wild horses and burros , 
hab itat as well as forage for wildl ife , protection of threatened and 
endangered spec ies , cover for watershed protection , enhancement of 
recreational exper iences , and others , as requi red by recent 
leg islation . 

I n i t ial graz ing capacit ies (or •stock ing rates • ) , whether 
determined through the h istor ical survey and adj ud icat ion procedures , 
or the newer land-use planning processes , were made to be ad j usted 
per iodically on the bas is of continued mon itor ing studies in the 
g raz ing units . At the least , mon itor ing stud ies should employ actual 
use records , permanent range-cond ition and trend-mon itor ing s i tes , and 
util i zation measurements . They may also include such studies as 
water-qual i ty mon itor ing , surveys of nongame species , analyses of 
g raz ing impact on cultural resources , and soil-loss evaluat ions . 

FOrage for wild horses and bur ros was not generally provided for 
i n  either public land adj ud icat ions or land-use plans pr ior to passage 
of the Wild and Free-Roaming Horse and Burro Act in 1971 . However , 
many domestic horses were legally l icensed to use publ ic lands . S ince 
1971 , BLM and USFS range managers have had a legal mandate to manage 
w ild horses and bur ros to ach ieve and ma inta in •a  thr iving natural 
ecolog ical balance on the publ ic lands • ( U . S .  Congress 1978 ) . 

An attempt has been made by this  Committee to r eview some recent 
BLM and USFS documents that cons ider wild horse numbers in terms of 
current land-use planning and management . The purpose was to evaluate 
how adequate range-survey methodology has been in addressing questions 
of proper equ id numbers based on range biolog ical factors .  NO 
deta iled review of the l iterature on range-survey methodology has been 
publ ished , although that l i terature is extens ive . Vallentine (1978 ) 
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l ists 138  references to herbage-removal stud ies alone . We obtained 
and examined 10 wild horse capture plans with accompanying 
environmental analys is repor ts (EARs )  (see l iterature c ited under BLM 
for titles ) . Of these , 8 were BLM plans and 2 were j oint BLM/USFS 
plans ; 9 were  from Nevada , and 1 from Oregon . Two capture plans (Eas t 
Range and Parad ise/Denio) were proposed pr imar i ly because of the h igh 
proport ion of nonfederal land within the horse-use area . Thus range 
condition and forage competition with other herb ivores were not direct 
cons iderations . The rema ining e ight wild horse reductions were 
proposed pr imar i ly for the purpose of either cor recting depleted or 
unsatisfactory range condition and overutilization of forage , or 
adjusting existing horse populations • to numbers establ ished in the 
land-use plan . • 

Few of the plans and EARs provided much information to support the 
content ion that range condit ions were unsatisfactory or explained how 
those cond itions were  determined . Rarely was any attempt made to show 
wh ich herbivores (hor ses , cattle , or wildl ife )  were responsible for 
the range condit ion presented in the repor t .  I n  one case (Lucky C ) , 
there was obvious disagreement between state and distr ict office 
personnel as to actual cond it ions . The BLM d istr ict claimed there had 
been no l ivestock graz ing the range in question for at least 2 years , 
and yet the BLM state special ist concluded that wild horses were only 
a minor contr ibutor to admittedly deter iorating range conditions . The 
most recent EAR (Pine Nut Mountains ) ,  however , had detailed support ing 
material to document the impact of hor se populations . This 
information included actual use records by allotments , as well as data 
from 38 vegetative trend plots and 4 years of  range utilization 
s tudies . 

We conclude that although adequate range studies may not always 
have been used to evaluate and suppor t proposed numer ical adj ustments 
of wild equ ids , the technology to do so ex ists and appears to be 
adequate . Therefor e , we believe that add itional research on 
r ange-survey methodology is not j ustif ied at this t ime in the present 
context , except where it can or must be included as a par t  of other 
s tudies . 

L imitations of Techn iques for Diet Analys is 

Most studies assess ing dietary compos ition for both horses and 
burros have rel ied on fecal analys is for determination of the relative 
contr ibution of each forage species to the diet (e . g . , Hansen and 
Martin 197 3 , Hubbard and Hansen 1976 , Hansen and others 1977 , Salter 
197 8 , Vavra and Sneva 1978 , Salter and Hudson 1979 ) . Other techniques 
can be used for quantifying diet compos ition . Moehlman ( 1974 ) 
observed actively forag ing animals dai ly in her study of Death Valley 
burros . Browning (1960 ) analyzed stomach contents . However , such 
approaches are often expens ive , time consuming , or impractical for us e 
on free-rang ing an imals . Consequently , fecal analys is has been widely 
used . The BLM currently prescr ibes the use of th is procedure  in 
contract studies that are conducted to provide a bas is for forage 
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allocation . However , the accuracy and precis ion of the technique , a t  
least for research purposes , is presently subj ect to question . 

Smi th and Shandruck (1979 ) found that fewer plant species could be 
identified in the feces of antelope than in their rumen contents . In 
add i t ion , the amount of browse and forbs found in the feces of mule 
deer cor related poorly with the known compos ition of their d iets . 
Extreme d ispar ities can occur between known diet compos ition and tha t 
ind icated by fecal analys is : Slater and Jones ( 197 1 )  found the 
epidermal tissues of wh ite clover to be completely absent from the 
feces of sheep , even when the an imals were fed d iets contain ing 37  
percent clover . 

These stud ies were conducted with ruminants , and the digestive 
system of equ ids could conceivably min imize these problems . Casebeer 
and Koss (1970 ) determined that fecal and stomach-content analyses of 
zebra diets agreed bes t when the diet was composed mostly of grasses . 
However ,  grasses in the early stages of growth and forbs were poor ly 
represented or absent in fecal samples . Owaga (1977 ) also compar ed 
s tomach and fecal contents of zebra , although her methodology d i f fered 
somewhat  from that of the other studies cited in that she identified 
intact plant par ts in samples rather than cut icular or epidermal 
fragments . She determined that of some 60 grass and sedge species 
that constituted the diets of her zebra , the 10 most impor tant ones in 
stomach samples wer e  also the most impor tant spec ies in fecal samples , 
a lthough the order of impor tance sometimes var ied . Thus fecal 
analys is  apparently sacr i f ices some degree of accuracy even when 
appl ied to equid species under the relatively unr igorous conditions of 
a grass-dominated d iet . 

The more general weakness of any technique relying on microscopic 
identif ication of cuticular or epidermal fragments was h ighl ighted by 
Owen (1975 ) .  Plant spec ies are h ighly var iable with regard to the 
propor tion of epidermal fragments having one or both identif iable 
sur faces . Large er rors in d iet quantification occurred in his study 
unless cor rection factor s were  establ ished for each species . 

However ,  Sparks and Malechek (1968 ) found that the dry we ights of 
four grass and four forb species in known mixtures were directly 
propor tional to the number of epidermal fragments identif ied and 
counted in subsamples of the mixtures . The analytic technique 
outl ined by Sparks and Malecheck ( 1968 ) has been the bas is for most of 
the laboratory analys is of hor se feces car r ied out in the western 
Un ited States s ince the ir paper appeared . 

Inferences about dietary compos ition based on fecal analys i s  
s hould b e  drawn caut iously until the technique is fur ther val idated 
with a proven procedure  such as microscopic analys is of fistula 
extrusa (Theurer and others 1976 ) . Data from fecal analys is will 
apparently suff ice for such purposes as rank ing the dietary impor tance 
o f  var ious plant spec ies (Vavra and others 1978 ) . FOr s i tuat ions 
where a high degree of accuracy is not necessary , such as in cer ta i n  
management appl ications , fecal-analytic data a r e  apparently useful . 
However ,  the user should recognize the l imitat ions of such data and 
should not make inferences implying h igh accuracy . 
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A potentially ser ious l imitat ion to fecal analys i s  that has not 
been evaluated is the lack of assurance that fecal samples represent 
forage consumed in the vicinity where the samples were  collected . The 
trans it  t ime of food through the gastrointestinal tract of horses has 
been estimated at 37 hours for long hay (Wolter and others 1974 ) . 
Thus , in s i tuations where an imals range over a var iety of s i tes or 
vegetation types in thei r  daily feed ing circu it , it is improbable tha t 
the botan ical compos i tion of the d iet can be related to the k inds and 
amounts of forage avai lable in the vicinity where  feces are collected 
except in a very general sense . In the cases of deer and elk , Coll ins 
(1979 ) found that roughly hal f  of all defecat ions occur red dur ing 3 to 
6 percent of the day , when the animals were travel ing between 
prefer red feeding s i tes . Mor e often than not , the vegetational 
s ubuni ts separating the prefer red feeding s i tes were of marg inal or no 
value to the deer or elk as food resources . Similar cr itic isms can be 
leveled aga inst diet studies based on rumen content analys is , and 
particularly against fecal-analyt ic studies of r uminants , whose food 
trans it t ime is cons iderably longer than that of equines . 

Another impor tant cons ideration regarding any technique based on 
microhistolog ical analys is of dietary mater ials or res idues is the 
adequacy of reference mater ials . Typically , th is aspect of the 
technique involves collecting all forage spec ies in the areas where 
fecal material or d iets are sampled . Most researchers who have deal t 
with d iet analys is , by one technique or another , will readily admit  
that selectively feeding herbivores often ingest cons iderable 
quantities of plant species that the researcher f inds d i f f icult or 
nearly imposs ible to locate , even by intens ive systematic sampling of  
the plant commun ity . Consequently , reference collections often lack 
representation of a few plant spec ies that may , on occasion , 
contr ibute sign i ficantly to diets . Th is is  espec ially true when the 
reference species are collected by someone other than the person doing 
the d ietary or fecal analys is . Extreme caut ion should be exercised in 
interpreting studies that do not repor t at  least some small (say , 
<10 percent)  propor tion of a d iet as un identif iable mater ial . 

Sample size  and frequency of sampl ing are also matters of great 
concern to those who wish to make strong inferences from d ietary 
data . Van Dyne and Heady ( 1965 ) , work ing with sheep and cattle that 
had esophageal f istulae , calculated that 1 to 298 samples were 
r equ ired from a s ingle population of animals in order to estimate 
d ietary compos ition within 10 percent of the mean with 90 percent 
conf idence . The greatest var iabil i ty in diets occurred in early 
summer , when an abundance of different forage species was avai lable , 
but i t  still remained h igh in late summer . S imilarly , Harn iss and 
other s ( 1965 ) showed that large numbers of samples of fistula extrus a 
were required to determine accurately the diets of sheep graz ing a 
sagebrush-grass range in spr ing . They found that for species 
contr ibuting 40  percent or more to the compos ition of diets , the 
coeff icient of var iation (s/x X 100 ) was around 30 percent . Por such 
species , 26 samples would prov ide estimates within ±10 percent of 
the populat ion mean 90  percent of the t ime .  I f  accuracy of only ±20 
percent of the population mean was required , then the number of 
samples necessary dropped to e ight . 
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Unfor tunately , most studies on horse and bur ro diets have not 
presented var iance statistics for d ietary compos ition .  Thus a 
comprehens ive survey of sampl ing var iab i l i ty is not poss ible . 
However , Hubbard and Hansen (1976 ) did present standard deviat ions for 
their  mean dietary compos ition data . From the ir  publ ished f igures , 
approximate sample s i zes were calculated accord ing to snedecor and 
Cochran (1967 ) that would est imate with in ±20 percent of the 
population mean of a spec ies 90 percent of the t ime . The requ ired 
number of samples for the three most abundant grasses in the ir  horses ' 
d iets were 17 for Stipa comata , 3 3  for Agropyron spp . , and 48 for 
Bromus spp . If less common species were to be estimated accurately , 
more samples would be required . Aggregate categor ies such as 
•grasses • could be estimated with far fewer samples ,  par ticular ly i n  
v iew of the apparently small var iation in grass compos i tion o f  horse 
diets suggested by Table 2 . 22 . 

Not only is var iab i l i ty high from an imal to an imal in diet 
studies , but ther e  is  often extreme shor t-term var iation with in a 
season as well (Van Dyne and Heady 1965 ; Coll ins 1977 , 1979 ) . Thus 
frequent sampl ing is necessary--often every 2 weeks-- i f  one is to have 
a true picture of seasonal preferences . Vavra and others ( 1978 ) even 
suggest that impor tant daily var iations in d iet occur . 

Even i f  adequate data have been obta ined , quest ions rema in 
concerning thei r  interpretat ion and in ferential value . In  th is regar d 
several problems ar ise . The most common approach for relat ing 
d ietary-compos ition data to plant-commun ity compos it ion has been to 
calculate pre ference quotients . These quotients are produced by 
d ivid ing the quantity of a forage in a diet by the quantity of tha t 
forage ava ilable to the an imal (see Krueger 1972 and Petr ides 1975 for 
detailed discuss ions of th is concept ) . Forages that are relatively 
more abundant in the diet than in the plant commun ity are assumed to 
be •prefer red . •  However ,  failure of an an imal to exhibit a 
• preference • for any environmental factor , whether it  be food or 
something else , does not necessar ily ind icate that the factor is  
unimpor tant . Rather , there may s imply be more of it  in the 
surroundings than the an imal needs . Smith ( 1954 ) suggested that the 
s imple percentage occurrence of a spec ies in the diet may accurately 
represent preferences for plants where availability does not l imit 
consumption . 

Determining Range-Forage Digestibi l i ty in Equ ids 

In studies of ruminant nutr ition , in-vitro techn iques have proven 
valuable in evaluat ing forage d igestibility .  In-v i tro approaches , 
while possibly less accurate than in-vivo techn iques , are often the 
most practical in s ituations where the forages are difficult to 
collect in sufficient quantities for feed ing tr ials . However , we know 
of no in-vitro procedures that have been spec if ically modeled after 
equ id d igestive phys iology . 

L .  M.  Slade (Depar tment of An imal , Da iry and veter inary Science , 
Utah State un iver s i ty ,  personal commun icat ion , 1979 ) stated that 
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in-vitro methods commonly used for studying ruminant d iets were l ikely 
to be appl icable to equ ids , prov iding the inoculum is buf fered at a pB 
of 7 . 0 to 7 . 2  dur ing the fermentation stage . Koller and others (197 8 ) 
used a mod i fication (Goer ing and Van Soest 1970 ) of the Tilley and 
Terry (1963 ) technique to investigate cell-wall and dry-matter 
d igest ion in ponies . The in-vitro techn ique was not as respons ive to 
change in the pon ies ' nutr itional s tatus as was an in-vivo (nylon bag ) 
method . The authors acknowledged that the effect of the predigestion 
by gastr ic secretions of the foregut and small intestine on f iber 
enter ing the cecal and colon ic environments is not known . 
Hemicellulose digestion may be enhanced by exposure to the intestina l  
environment pr ior to cecal fermentation (Keys and others 1969 , 1970 ) . 

I t  would be worthwh ile to investigate how in-v i tro techn iques 
su i table for ruminant nutr i t ional research could be adapted to studies 
of range equ ids . Bow well and how accurately these procedures can be 
transfer red is uncer ta in . Fur ther study compar ing the results of 
appropr iate in-v itro procedures with in-vivo d igestion is needed . 
Poss ibly a procedure that more closely dupl icates the sequence of 
equ id d igestion should be developed ( i . e . , ac id-peps in digestion 
should precede anaerobic fermentation ) . 

As an alternative to in-vivo digestion tr ials where fecal outpu t 
is  collected and measured , ind icator methods ( Kotb and Luckey 197 2 )  
might prove sui table . Pulse and others ( 1973 ) demonstrated no 
s igni ficant d i fferences among estimates of fecal output determined by 
three techn iques : total collect ion , cr 2o3 indicator , and a 
polyethylene powder mar ker . Similar ly , Knapka and other s ( 196 7 )  
repor ted that polyethylene and cr20J methods are reliable 
indicators of fecal output to be used in determin ing digestibility in 
bur ros . 

The poss ibil i ty should also be investigated that the free-ranging 
horse ' s  abil i ty to d igest forage can be adequately est imated from 
chemical data by a regress ion procedure or summation equat ion such as 
that proposed by Van Soes t  ( 1967 ) for ruminants . Given the horse ' s  
apparent propensi ty to eat grass almost exclus ively , this approach 
could prove h ighly successful . Problems might be ant ic ipated wher e 
shrubs and other unconvent ional forage items form a large propor tion 
of the d iet . Cer tain publ ished data ( e . g . , Fonnesbeck 1968 , 1969 ; 
Vander Noot and Trout 197 1 )  would provide a valuable departure point 
for research on such an approach . 

Blood Assays as Possible Indices 
of Nutr itional State in Horses and Burros 

Assays of eas ily taken blood samples may have potential both for 
evaluating the nutr itional cond ition of individual an imals and for 
using an animal ' s  condit ion to indicate nutr i t ional adequacy of the 
range ( Seal 1977 ) . The evaluation of individual animals may include 
nutr itional condition in terms of very recent food intake (protein and 
energy ) , and of the quality of that intake dur ing recent months . One 
may also evaluate spec i f ic nutr i tional def icienc ies , as well as the 
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phys iolog ical e ffects of var ious capture and handl ing techniques for 
horses . 

The l i terature relat ing nutr it ional status to breed ing capability 
of mares is extraordinar ily sparse ( Su tton and others 1977 , Ell i s  and 
Lawrence 1978 ) . A study in South Afr ica (van Niekerk and van Heerden 
197 2 )  compared two groups of mares (one kept on pasture and the other 
kept on pasture with supplemental gra in )  in terms of the occurrence of 
estrus , ovulat ion , and successful conception . The pasture grass 
contained approximately 3 . 2 percent prote in and the supplements 
contained 12  to 15  percent prote in . S ix of e ight an imals ma inta ined 
on grass alone exhibi ted estrus , but only two of these ovulated and 
both conceived . In contras t ,  the seven mares maintained on grass plu s  
supplement exh ibi ted estrus and ovulat ion , and the s ix served 
conce ived . The supplemented an imals ga ined a total of 5 3  kg over the 
5 3  days of the study , whereas the unsupplemented an imals did not gain 
we igh t .  The s tarting we ight averaged 370 kg . These data , like  those 
for other species , suggest that var iat ions in nutr it ional intake can 
affect ovulation . Horses are also vulnerable to abor t ion and 
s t illb i r th ,  to lactat ional fa ilure , and to loss of foals too weak to 
nurse properly : however , quanti tative studies address ing these points 
and their  relation to nutr i t ion do not appear to be ava ilable (Ginther 
19 7 9 ) . 

Ni trogen intake and absorption in horses can be assessed by 
measur ing plasma urea n itrogen concentration ( Fonnesbeck and Symon s 
1 9 69 , Re itneur and Treece 1976 , owen and others 1978 ) . Fonnesbeck and 
Symons s tudied diets rang ing in protein content from 8 . 3 to 16  
percent . Th is span neglects the very low prote in content of range 
forage that may be encountered dur ing some seasons of the year . The 
correlation of plasma urea n i trogen with apparent n itrogen absorbed 
was r • 0 . 78 . There were ind ications of var iations in plasma prote in , 
sugar , and cholesterol concentrations with the several d iets . 
However ,  there was no direc t  correlat ion , except that those d iets with 
the h ighest soluble carbohydrate content resulted in the lowest serum 
cholesterol concentrations . To encompass the range of condi tions 
l ikely to be encountered in natural habi tats , a study includ ing diets 
of 3 to 4 percent prote in and 6 percent protein would be required .  
Serum prote in and hemoglobin levels will decrease a t  a lower protein 
and energy intake , as was found with an imals ma inta ined on pastures 
w ithout supplementation (OWen and others 1978 ) . However , there are no 
controlled exper iments available concerning these poss ibil ities in 
horses . 

The effects of fast ing for per iods up to 9 days have been 
descr ibed in ponies (Baetz and Pearson 1972 , Wens ing and others 197 5 , 
Gronwall 1975 , Baetz 1976 ) . These authors descr ibed increases in 
bil irubin , cholesterol , phosphol ipid , free fatty acids , tr iglycer ide& , 
other serum l ipids , pyruvate , lactate , and alpha-one-globul ins . Serum 
urea , phosphorus , and magnes ium decreased . I t  appears generally 
poss ible to use several of these assays to distingu ish fasting or 
total food wi thdrawal from reduced food intake , and thus it  is  not 
necessary to confuse these condi tions . There are di f fer ences , 
however ,  between pon ies and larger breeds of horses , including Morgan s 
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and thoroughbreds (Rob ie and other s  1975 ) . Apparently ponies ma inta in 
h igher tr iglycer ide levels in cold weather and are also more 
vulnerable to fasting hyperl ipemia than the large animals . These 
results imply the desirab i l i ty of analyz ing data from captured wild 
animals in terms of season and l ipid metabol ism .  There is  no evidence 
that season affects serum urea n itrogen unless the animals are on 
pasture without supplementation (Owen and others 1978 ) . 

Literature on hematology and blood chemistry of burros (Brown and 
Cross 1969 , Yousef and others 197 1 )  and domestic hor ses is available . 
In addition , there have been several careful s tudies of water 
metabolism in the burro under deser t heat condi tions (Yousef and 
others 1970 , 1971 ) . Data for newborn and young foals are ava ilable as 
well (Kitchen and Rossdale 19 75 , Medei ros and others 1971 ) . 

Studies on zebras ( Seal and others 197 7 )  provide evidence that 
equids are s imilar to other mammals in the ir  blood responses to trauma 
and disease . Blood proteins that increase dur ing any d isease process 
or t issue injury are . called acute-phase reactants . The response 
pattern of each prote in is character istic , and careful studies in 
humans have demonstrated a semiquantitative relationsh ip to such 
traumas as myocard ial infarction , surgery , and var ious infectious 
diseases . Measurement of such prote ins as f ibr inogen , haptoglobin 
(Allen and Archer 1971 , Spooner and Miller 1971 ) and perhaps 

c-react ive prote in prov ide s imple yet power ful tools for assessing the 
general cl inical condit ion of an animal without under tak ing a full 
spectrum of clin ical  diagnostic procedures . Pr ior exposure to var iou s 
infectious diseases in currently well animals can be detected by 
ser iolog ical assays , which are readily available for cer ta in 
widespread agents of major domestic importance . 

Detection of the effects of handl ing , exerc ise (Hensley 19 7 8 ; 
Keenan 1979 ; Lucke and Hall 197 8 ; Kr zywanek and others 1976 ; Rose and 
others 1979 ; Snow and MacKenzie  19 77a , b ) , and sustained chas ing and 
capture is a matter of cont inu ing concern and interes t for those 
involved in the capture  and transpor t of both wild and domestic 
animals (Har thoorn 19 76 ) . Increased hormone secretion by the adrenal 
cor tex and medulla (Anderson and Aitken 1977 ) is cons idered to be a 
phys iolog ical response to such disturbances . A study of horses 
(Kirkpatr ick and others 19 79a ) compar ing d i fferent techniques for 
handling found no differences in serum cor t isol concentrat ions and 
concluded that the several techn iques wer e minimally s tressful i n  
terms of the ir impact on serum cor ticoid levels . Additional sens i tive 
techniques for detecting the effects of different levels of exercise 
and muscular exertion in horses appear to be measurement of creatine 
phosphok inase (CPK ) act iv i ty (Anderson 19 76 ) , ur ic acid ( Keenan 1979 ) , 
and bilirubin (Hensley 1978 ) . The enzyme CPK is a sens itive indicator 
of exerc ise and s ign i f icant muscle trauma . Animals in in itial ly poor 
condition tend to respond with much greater increases in serum CPK 
after graded levels of exerc ise . 

I f  captured an imals d ie--par t icularly a fter chases and dur ing 
thei r  f irst 5 days in captivi ty--then the poss ibi l i ty of metabolic 
acidosis and myopathy resulting from the exertion need to be 
cons idered . Th is cond ition has been well documented in zebra by 
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Har thoorn in a long ser ies of s tudies in Afr ica . He descr ibed an 
e ffective treatment that cons ists of g iving a l i ter of electrolyte 
solution with 1 , 00 0  mEq sodium b icarbonate added , wh ich counteracted 
the decreased blood pH and resulted in survival . There  are ava ilable 
pH meters  su itable for f ield use that would allow diagnos is of the 
problem . 

Other techn iques for evaluating animal cond it ion include hair  bulb 
diameters , autopsy , direct measurement of rump fat th ickness , gross 
and microscopic evaluation of tissues ; estimation of  fat thickness by 
ultrason ic measurement (Westervelt and others 19 76 ) J and measurement 
of body we ight in relation to age and bone growth . Extens ive growth 
data on domestic hor ses exists from about 140 days of ges tation up to 
matur ity at 24 to 36  months . Mos t domestic horse strains appear to 
atta in about 4 5  percent of the i r  mature  we ight at  6 months , 6 5  percen t 
a t  12  months , and about 80  percent at 18 months . At the same time 
intervals , thoroughbr eds ach ieve 8 3 , 90 , and 9 5  percen t ,  respect ively , 
o f  their  mature he ight at  w i thers ; apparen tly quar terhorses and 
Arabians do also (H intz and others 1979 , Platt 1978 ) . 

Behavioral Sampl ing : Methods for Compar ison 
Between Treatments and Exper iments 

S ince different exper iments w i thin the research proj ects have been 
organ i zed to analyze par ticular aspects of equ id biology , but at the 
same t ime to allow comparab i l i ty across exper iments , it is necessary 
to measure behav ioral  responses within exper iments and relate these 
r esponses to other treatments with in and between exper iments . FOr 
example ,  the data in feed ing tr ials will relate nutr itional plane to 
r eproductive success . I n  order to relate the f ind ings on nutr itional 
cond ition in tr ial an imals to an imals in enclosures or on the open 
r ange , i t  will be essent ial to be able to compare  the level of 
activity between groups . Since activ i ty determines par t  of the 
nutr itional requ irement ,  the abi l i ty to measure and compare activity 
is cr it ical to the abi l i ty to general ize the results of the 
feeding/nutr ition exper iment . Likewise , an understand ing of the 
social effect of contraception on the hor se will require  good 
exper imental measures that are comparable with measures used on the 
behavior of wild populations . An overall lack of comparability 
s everely l imits the abi l i ty of researchers to generalize the ir 
exper imental f ind ings to wild populat ions . 

A pr imary goal of the behavioral sampl ing scheme is to establ ish a 
set of data that are comparable across exper iments . However , each 
exper iment has un ique questions that require  informat ion unnecessary 
for other exper iments . Therefore ,  the d iscuss ion on behavioral 
sampl ing is presented in two separate sections . The present one deals 
with data to be collected that will be used for compar isons across 
exper iments . The next sect ion will concern data used within a s ingle 
exper iment or a subset of exper iments . 
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Comparative Methods in Behavioral Sampl ing 

Two ini t ial dec is ions are requ ired for a behavioral sampling 
scheme . First , i t  must  be dec ided how an imals from a population ar e 
to be chosen for sampling . Second , i t  must be determined how the 
behavior of the chosen an imals is to be recorded . 

There are two widely used techn iques for choosing the 
ind ividual ( & )  for sampl ing . The scan sample is a method in which all  
animals in  a group or  some subset of the group are sampled 
s imultaneously . The method provides a good sample of a population ' s 
response . Furthermore , since the sample is created instantaneously , 
this  method removes temporal and spatial var iabil i ty to a greater 
extent than methods where behaviors of individuals of a population are 
lumped but recorded on d i f ferent days and locations (e . g . , 
focal-animal sampl ing , discussed below ) . However , s ince several 
individuals are mon i tored a t  once , data are usually recorded in a way 
that makes i t  imposs ible to r econstruct which individual per formed 
wh ich behavior--as a raw percentage score . Thus , indiv idual profi le s  
of  animals cannot b e  constructed . Th is weakness not only el iminates 
the capabil ity of cons ider ing indiv idual per formances and 
r equ irements , but also makes it imposs ible to compare var iab i l i ty 
between individuals ,  between treatments , and between exper iments . 

The second method for choos ing subj ects is  the focal-animal 
sample , in which the researcher focuses attention solely on one an ima l  
for the sampling per iod .  The advantages o f  th is technique are that a 
great deal of deta iled da ta can be recorded . From these data 
ind ividual profiles and var iab i l i ty can be determined , a capability 
that allows more extens ive statistical testing . One disadvantage of 
the technique is that a generali zation to population response is more 
difficul t ,  s ince data are recorded on only one individual at a t ime . 
•population responses • inferred with th is technique are really 
collect ions of individual records taken on different days , and so 
var iability is increased because of changes in t ime , season , and 
locat ion between samples . Another disadvantage is that a great number 
of individual records must be amassed to provide a sample size as 
large as that poss ible with scan samples . Fur thermore , the work t ime 
necessary to character ize population responses by means of 
focal-animal sampl ing is great . 

The ser ies of exper iments in the recommended research proj ects 
will requ ire both the abil ity to character i ze behavioral d i fferences 
across treatments ( i . e . , mean treatment responses ) and the abil i ty to 
measure intra-treatment var iabil ity ( i . e . , differences in responses to 
a treatment ) .  Because of the s ize and observabil i ty of equ id groups 
and the abi l i ty to dist inguish individuals within  groups , a 
subj ect-sampl ing method is proposed that combines the focal- and 
scan-sampling techniques . I f  data are taken by scann ing the group 
be ing watched and attr ibut ing behavioral scores to the ind ividual who 
per formed the behavior , then the strengths of both sampl ing techniques 
w ill be combined . This method will allow data on a number of animals 
to be gathered s imultaneously , thereby increas ing sample s i ze and 
reduc ing temporal and spatial var iab i l i ty .  At the same time , 
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ind iv idual var iabi l i ty and prof iles can be calculated . Because of the 
r ate at wh ich equ ids per form behaviors , and the ir s ize , it is poss ible 
to combine these two techn iques . 

The second dec is ion in behavioral sampl ing is  that of how to 
record the behavior . Aga in , two techn iques are commonly used . The 
ins tantaneous or point sample records the behavior of an individual at 
a g iven point in time . Usually this sample is taken at  regular 
intervals throughout the sample per iod . Point samples are often 
combined with scan samples and the behav ior of several or all animal s 
in a group is recorded a t  an instant in time . Point samples allow the 
amount of t ime spent in activities to be estimated . However , they 
underestimate the durat ion of rare events and behaviors that are 
ins tanteous or shor t l ived . They cannot be used to est imate the 
duration of activ i ty nor to investigate accurately the sequential 
dependency of behaviors .  Point samples would allow the compar ison o f  
behavioral rates and activ i ty rates between treatments and 
exper iments , but would not prov ide an estimate of ind iv idual 
var iability .  

The second method o f  recording behavior i s  to note the s tate of 
the an imal cont inuously . In  th is method--called continuous 
sampl ing--the onse t ,  termination , and sequence of behav iors are 
recorded (usually aga inst a real-timed record ) .  These data are mor e 
deta i led and therefore more diff icult to record than are point 
samples . They are usually res tr icted to one sample an imal and usually 
employed with focal-an imal sampl ing . Cont inuous data have the 
advantage of preserving a much greater amount of information about the 
i nd ividual ' s  activi ty and behavior . They can be analyzed for 
frequency , duration , and sequence as well · as for rate means and othe r 
common statist ics . Cont inuous da ta also can be recorded along with ,  
e . g . , point-sample information to generate stat ist ics that can be 
compared to other data sets . Continuous data have the d isadvantages 
of be ing d i ff icult to collect , time consuming and costly to transform 
to an analyzable format , and of requir ing large numbers of samples to 
character ize popula tions . S ince they are commonly used with 
focal-an imal samples , they share the disadvantages inherent in those 
samples as well . 

The data collected for comparat ive purposes should be gathered by 
means of a techn ique that yields large sample s izes eas ily , i s 
s tatistically viable , and can be recorded and transformed for analys is 
with ease . For these reasons , we favor the point sample over the 
continuous sample for comparative purposes . Continuous data are 
su itable for--and are used for--several of the indiv idual exper iments . 

For the purpose of the general comparative behavioral samples , the 
FSP method , wh ich combines the focal-scan sample with point samples , 
can provide a data base from wh ich the following might be analyzed : 

1 .  
and thus 
between 

2 .  

The mean and var iance of behavioral rates within treatments 
the capab i l i ty of testing for differences in responses 

treatments . 
Differences in behavioral rates between exper iments . 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


213 

3 .  Defin i t ion of rates of activity within exper iments and 
extrapolation to rates measured in other exper iments (e . g . , the 
activity-level example discussed earlier ) . 

4 .  Tests for cor relations in response with in treatments . For 
example ,  weight gains for a g iven nutr itional level may show 
indiv idual var iability .  Behavioral data gathered by FSP methods would 
permit  differences in weight ga in to be tested for cor relation or 
r egression with d i fferences shown by the ind ividuals in their activity 
levels . 

s. Construction of ind ividual prof iles of an imals . Animals may 
show ser ial dependency or compensat ion between behaviors .  For 
example , individuals who are active in the morning may be inactive in 
the afternoon or v ice versa . Population measures would not detect 
this effect i f  horses showed no preference for morn ing or afternoon 
act iv ity .  Cons ideration of ind ividual energy budgets requires 
measurements that can be identified at the individual level . 

FSP Sampl ing Scheme 

1 . Behaviors to be Recorded . The following recommendations are 
for minimum data recording . Recorded data are to reflect ( a )  activity 
s tates that provide information for calculating energy budgets and (b )  
soc ial behaviors that character ize  the rates and directions of social 
interactions ( i . e . , who does what to whom) . The following categor ies 
are to be scored :  s tanding , standing eyes closed , lying down , 
walk ing , trotting , running , feed ing , ur inating , defecating , grooming , 
and social interactions . Social interactions cons titute a large body 
of  often spec ies-spec i f ic behaviors that will requ ire precise and 
common definitions across exper iments . Researchers involved in these 
s tudies should be required to s tandar ize these de finitions after 
initial work has begun . 

2 .  Sample Animals . Where exper imental des ign permits , FSP horse 
samples should include the dominant male and at least one subordinate 
male , two females , and a foal . For burros , whose groups are not as 
spatially coherent ,  samples cannot be s imultaneous on different 
classes of animals . FSP bur ro samples should include ter r i tor ial and 
nonterr itor ial males , females in groups , and females with offspr ing . 
In exper iments where mixed groups will not be used--such as the 
reproduction/nutr i t ion tr ials--the suf f iciency of an imals with in a 
treatment will be determined by the var iab i l i ty of response with the 
treatment . 

3 .  Sampl ing Schedule . To el iminate d iurnal var iab il ity ,  the 
following schedule should be followed . FSP samples should be taken 
for 30 minutes each hour from 0600 to 1800 once every 2 weeks . Points 
are to be recorded every 2 minutes with in the 30-minute sample . 
Ideally , the full range of samples should be done on the same day so 
that they will provide da ily prof iles and allow the determination of 
interdependence of behaviors with in the day . Two minutes has been 
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chosen as being a sufficiently long per iod for a tra ined observer to 
r ecord behav iors and identify individuals for an FSP that includes up 
to 5 or 6 focal an imals , while provid ing a reasonable number of sample 
points (15  per 30-minute per iod ) . 

Behavioral Sampl ing for Spec ific  Exper imen ts 

Contraceptive Exper iments on Penned Animals 

1 .  FSP 
a .  �cal an imals . The groups for this exper iment should be 

composed of stall ions and mares . Stall ions of d i f ferent social 
r ank ( i f  mul t i-male groups are used ) should be chosen as focal 
an imals . Mares should be picked to include animals of d i f feren t  
r anks i n  both the control and treated ( contracept ive ) groups . 

b .  Sampl ing schedule . The sampling schedule should be 
intens i f ied dur ing the breed ing season so that good activi ty 
prof iles are  ava ilable for different phases of the breeding cycle . 

2 .  Spec i f ic Behavior Sampl ing 
a .  Rationale . Behavior of animals is impor tant to the 

determination and funct ion ing of the ir social groups . Since 
contracept ion changes the hormonal activity of the female , and 
hormones are often l inked closely with behav ior , it  will be 
essential to measure the d i f ferences in behavior exh ibited by 
normal and contraceptive mares . The effect of indiv idual 
behavioral changes on the group ' s  social dynamics will be 
moni tored and the ecological and management impl icat ions of these 
effects may be sugges ted . 

b .  Sampl ing scheme . Refer to paragraph (4 )  under the 
•Methodology • section of Proj ect 6 (Chapter 2 )  for a descr iption 
of th is sampl ing scheme . 

Nutr ition/Reproduction Exper iments 

1 .  Purposes of the Data Collection 
a .  To determine activity levels so that nutr i t ional levels 

can be accurately generalized to free-roaming populations , in 
which activity levels are l ikely to be different . 

b .  To cor r elate d i f ferences in r eproductive per formance and 
cond ition to activity measures . 

c .  To compare  nutr i t ional treatmen t effects on activ i ty . 

2 .  Spec i f ic Behavior Sampl ing . When females in the exper iment are 
mated , behavioral samples identical to those used in the contraceptive 
exper iment should be recorded . ( Sampl ing scheme has been detai led in 
the •Methodology• section of Proj ect 6 . )  These data will show how the 
nutr i t ional plane af fects the sequence of sexual behaviors between the 
stall ion and mare . 
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Field Feeding Tr ials ( Small Enclosure ) 

1 .  �· The pur poses of the data collections are to compare 
activity levels between treatments and to be able to compare activity 
levels between exper iments . 

2 .  Spec i f ic Behavioral Sampling 
a .  Ra tionale . Assessment of the feeding response of cattle 

and horses to inter- and intraspecific competition will require 
deta iled observation of the feeding animal s .  The purpose of these 
samples will be to record diet and dietary proportions to assess 
treatment affects , to general i ze feeding behavior within the 
habi tat type of the small enclosur e ,  and to record feeding 
behavior in suf ficien t  detail  to determine wh ich character istics 
of the food are impor tant factors determining d iet in horses and 
cattle . 

b .  Sampl ing scheme . The sampl ing scheme for monitor ing 
detailed feeding behavior should be a continuous focal-animal 
sample . Data are to be recorded in a continuous timed sequence on 
an individual an imal . The schedule for sampling should be 
identical to the FSP schedule descr ibed in the previous section . 
Data are to be recorded on one ind ividual for 30-minute per iods of  
each hour from 0600  to  1800 . In these samples the onset , 
terminat ion , and sequence of all behavior s (see subsections on the 
FSP sampl ing scheme and the contraceptive exper iments for 
behavioral categor ies ) should be recorded aga ins t a real-timed 
r ecord . The identity and size of all plants and plant par ts eaten 
are to be r ecorded .  

On e  mus t  have this detailed record in order to understand the 
bas is of d ietary selection in the horse and to measure changes in 
feeding response when inter- and intraspecfic competition occurs .  
The deta iled data on food intake are also necessary to estimate 
energy and nutr ient balances in an imals whose fecal output is 
collected . For both of these calculations it  is necessary to know 
not only what is eaten , but also the spec i f ic rates at wh ich 
par ticular species are eaten , the quantities ingested as a 
function of time , the sequence of inges tion through the day , and 
the diurnal patterns of gross intake rates . The results of these 
balance tr ials will serve as an intermed iary cond ition for 
translating results of the highly controlled 
nutr i tion/reproduct ion feed ing tr ials to the free-ranging feeding 
observations . 

Spac ing data should be recorded at  the beg inn ing and end of 
each 30-minute sample . These data , coupled with d isplacement data 
collected as par t  of the cont inuous record , will allow dominance 
interactions to be related to feeding behav ior . 

Habitat-choice Exper iments 

1 .  FSP . These data will allow the activity and soc ial 
interaction rates to be compared between treatments w i th in the 
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exper iment and between exper iments to determine i f  d i f ferences are due 
to interact ion with cattle (as opposed to horses ) or to the habitat 
choice of the hor se . 

2 .  Specific Behavior al Sampl ing 
a .  Ra t ionale . The purpose of these data is  to measure the 

use of the space and habi ta t  type with in these enclosures by 
horses and ca ttle to determine the effect of intra- and 
interspec i f ic competition on the use of space . 

b .  Sampl ing scheme . At the beg inn ing and end of each 
30-minute FSP sample per iod , the location of the group being 
sampled is recorded on a topograph ical map of the enclosed area . 
The type of hab itat occupied is also recorded . Because these 
locations are l ikely to be var iable depending on the season and 
weather , sampl ing frequenc ies for this exper iment are  to be 
increased from 2 to 5 days per month . 

c .  Other behav ioral measures . Data on the feeding and 
soc ial behavior of an imals in th is group would be of bene f i t ,  but 
the feas ibil ity of  recording data requ i r ing closer observer 
contact with the animals is doubtful . S ince the pr imary goal of 
the exper iment is to determine use of space , any space-related 
react ion by the horse to observers will damage the accuracy of the 
results . The abi l i ty of the horse to become hab i tuated to the 
observers will determine the degree to wh ich other behavioral data 
can be r ecor ded . 

Wild Populat ions with and wi thout Contracept ion 

1 .  FSP . These data will be used for comparat ive measures w i th 
other exper iments and compar isons of general activity between normal 
and contracept ive mares . 

2 .  Spec i f ic Behavioral Sampling 
a .  Rationale . Cont inuous focal-an imal samples of  activity , 

feeding , and social behavior are necessary to make spec i f ic 
comparisons . Activity is to be compared to levels in the feeding 
tr ials to determine how range cond it ions comparable to feed ing 
levels would affect animals act ive under free-rang ing cond i tions . 
Feed ing behavior is to be compared with that measured in the small 
enclosures to determine if  the feed ing responses are s imilar in  
the enclosed and fr ee-roaming cond it ion . For example , does the 
increased amount of locomotion requ ired of free-rang ing an imals 
change the i r  d ietary choices by shor ten ing the amount of t ime 
spent feeding at each plant? Finally , soc ial behavior--and in 
par ticular sexual behavior --is to be compared with measures in the 
penned contracept ive exper iment to determine how the free-roaming 
populations respond to contracept ive implantation . Effects of the 
treatment on soc ial behavior and organi zat ion may differ between 
the confined and f ree-roaming condi tions . 
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b .  Sample scheme . S ince observational conditions and 
hab i tuat ion of the an imals to human observers will differ widely 
in free-roaming populations , a str ict sample scheme cannot be 
proj ected at this time . The researcher should employ the same 
sampling methods and schedule for continuous focal studies as ar e 
used in the exper iments to which compar isons will be made ( i . e . , 
sexual behav ior should be recorded as per the instructions 
outlined in contracept ive exper iments , feeding behavior as 
descr ibed under the small-enclosure feeding tr ials , etc . ) . 

c .  sampl ing schedule . continuous focal-an imal samples 
should be 30 minutes in length and conducted each hour between 
0600 and 1800 , l ight permitting . These samples should follow one 
animal for the entire day . Each focal animal is to be sampled in 
this manner once a month . Focal horses should include at least 
one dominant male , two females (one contraceptive , one normal ) ,  
one subordinate male , and one foal . Focal burros should include 
one ter r i tor ial male , one nonterr itor ial male , two females (one 
normal , one contraceptive ) ,  and one foal . 

Spacing , loca tion , and habitat data should be recorded at the 
beg inning and end of each 30-minute sample . 

Behavioral Sampl ing Summar y 

1 .  Contraceptive Exper iments on Penned Animals 
a .  FSP : 30-minute samples , 12/day , 2 months 
b .  Cont inuous focal samples (CFS ) on sexual behavior 

( schedule determined by researcher ) 
c .  Spatial data : beg inn ing/end each 30-minute FSP sample 

2 .  Nutr i tion/Reproduction Exper iments 
a .  FSP ( schedule same as above ) 
b . CFS dur ing mating 

3 .  Field Feed ing Tr ials (Small Enclosure) 
a .  FSP 
b .  CPS on activ i ty , feeding , soc ial behav ior : 30-minute 

samples , 12/day , 2 months 
c . Spatial data : beg inning/end each FSP sample 

4 .  Habi tat-choice Exper iments 
a .  FSP : 5/month 
b .  Locat ion/hab �tat data : beg inn ing/end each FSP sample 
c .  Other behav ior s measured as poss ible wi thout disturbance 

of an imals 
s .  Wild Populations 

a .  FSP : 2 months 
b .  CPS on activity , feeding , soc ial , and reproduct ive 

behavior 
c .  Spatial data : beg inning/end each FSP and CPS sample 
d .  Location/hab itat data : beg inning/end each FSP and CPS 

sample 
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Contracept ion i n  the Hor s e  

Contraception is not be ing advocated i n  th is sect ion as a 
populat ion-control measure in hor se management .  That is  a matter o f  
pol icy decision .  I t  i s  the purpose of the following discuss ion to 
point out some of the technology that is  ava ilable i f  contraception i s  
chosen a s  a management tool to be used in a par ticular s i tuat ion . The 
eff icacy of the techn iques can be evaluated in a relat ively small 
sample of domest ic horses but determin ing the ir  use fulness in 
free-roaming populat ions will require  f ield tr ials . 

Fer til ity control or ster i l i zat ion of the harem s tall ion has been 
suggested as a means of l imit ing the growth rates of wild hor se 
populat ions . Th is approach is  based on the premises that the females 
of a har em or band are  bred only by th is  male and that th is social 
s tructure is  in some measure cons tant . I t  assumes that the behavior 
will be constant wh ile the females undergo repeated estrus cycles 
dur ing the breed ing season , and that the females will continue to have 
a l imited breed ing season . · The approach is currently being tested in 
f ield tr ials us ing hormone inj ect ions e ffect ive for a s ingle season . 
Evidence repor ted by invest igators in Wyoming and Montana suggests 
that these assumptions may not apply to all w ild-hor se populat ions . 
Several males have been observed breed ing females in estrus 1 males may 
change band affil iat ion 1  a g iven stall ion may ma intain dominance only 
about 4 years 1 and some mares spend long per iods of t ime outs ide of a 
band . A study of burro bands , whose dominant males were vasectomized , 
found that the females were  then bred by young males prev iously 
cons idered nonbreeders  (MCCor t 1 9 79 ) . These cons iderat ions , plus the 
fact that the revers ible contracept ive techn iques for males currently 
be ing tested are e ffect ive for only 6 months , ind icate that this 
approach will require  annual reappl ication and will not be effective 
in horse populat ions with more fluid social structures . Computer 
s imulat ion of populat ion effects of female contraception ind icate tha t 
the treatment may need to be effect ive for 5 to 7 years to prevent 
populat ion growth or to ach ieve a decl ine in populat ion numbers . 

Ar tificial manipulat ion of the estrous cycle in horses (Ginther 
1 9 7 9 ) and other domestic animals has been or iented toward relat ively 
shor t-term appl icat ions . These have included : ( a )  synchron izat ion of 
estrus and br eeding for scheduled pregnanc ies , espec ially for 
a r t i f icial inseminat ion 1 (b )  treatment of infer t i l i ty 1  (c ) early 
induction of estrus and ovulat ion 1 and ( d )  suppress ion of estrus i n  
f eedlot cattle to reduce activity and interactions . Long-term control 
of fer tility has been intens ively stud ied only in human be ings , and 
more recently there has been wor k with hormones and mechan ical devices 
in dogs and with hormones in a few exotic wild spec ies (Seal and 
others 1 9 7 6 ) and in white-ta iled deer (Matschke 1 9 7 7 a , b 1 Harder and 
Pete r le 19 74 ) .  

Approaches to fer tility control that might have appl ication for 
female horses include : ( a )  hormones , hormone analogs , and hormone 
antagonists 1 ( b )  mechan ical devices such as intrauter ine devices 
( IUDs )  and pessar ies 1 and ( c )  surg ical intervent ion . 
Surgery--including a laparoscopy approach for females--would be 
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impract ical under f ield condit ions because of the infect ion r isk and 
the t ime requ ired for each animal . Surgery is also permanent . The 
IUD has been an appeal ing poss ibility because i ts effect iveness lasts 
indefinitely , it  is potent ially revers ible , and it  would not inter fere 
with normal hormonal and behavioral patterns except for pregnancy . 
However , i t  is unsuitable ( a )  because var iat ions in uter ine s ize 
requ ire  ind iv idual f itting J ( b )  cons iderable care and s k i ll is 
necessary in placing the device so as to avoid damage and infection ; 
and (c )  retention has been var iable in some species . 

Deta iled , extens ive information is ava ilable on the reproductive 
cycle of the domestic mare and s tall ion (Ginther 1979 , Rowlands and 
others 1975 ) . The feral mare appears to be more s trongly seasonal 
than the domestic mare (Kir kpatr ick and others 1979b) . However , 
published data on the long-term effectiveness of contraceptive agents 
in horses are nonexistent . The l i terature on a r t i f icial control of 
the mare ' s  estrous cycle is or iented towards synchronizat ion of 
estrus , treatment of infer t i l i ty ,  and ear ly induction of estrus and 
ovulat ion (Ginther 1979 ) . Z imbleman and others ( 19 70 ) , in studying 
melengestrol acetate , found that intravenous administration of th i s  
agent had no effect on the occurrence of estrus . However ,  the study 
by Ganj am and others

· 
( 197 5 )  offered a rat ionale for the fai lure of 

this approach . They demonstrated that there is l i ttle or no speci f ic 
plasma-protein b inding of progesterone in the horse , and so the 
half-li fe of progesterone ( 2 . 5  minutes for compar tmental mixing and 20 
minutes for d isappearance ) and presumably other progestagens is very 
shor t .  Th is observat ion would also explain the fact that very large 
daily doses of  proges terone have been requ ired to inh ibit estrus ( 10 0  
mg/day ) and ovulat ion ( 200 mg/day )  i n  the mare ( Loy and Swan 1966 ) . 
Such information suggests that a d i f ferent approach needs to be taken . 

Other compounds tested in domestic horses include chlormadinone 
acetate (Arbe iter and Jochle 19 7 5 )  and an orally administered 
synthetic progestin , 17- a-allyl-estrat iene-4-9-11 , 17-B-ol-3-one 
(Webel 197 5 ) .  The latter compound (allyl trenbolone ) has potential 
for use in implants . It has been administered to pregnant horses with  
no  apparent adverse effects . 

A range of contracept ive agents is ava ilable , and ef fect ive 
implants are e ither ava ilable or can be produced that release smal l 
amounts of active agents on a continuous basis for per iods up to 5 
years ,  depending upon the compound and the nature of the implant 
( Dz iuk and Cook 1966 , Kinel and Rudel 1971 ) . They have been tested in 

humans in  extended f ield tr ials , and several agents have been used i n  
more than 400 animals now cover ing a range of spec ies ( Seal and others 
1976 ) . Given the log ic for contraception in the mar e  (Nelson 1979 , 
Miller 1979 ) , these agents would appear to be a choice for testing in 
females . 

Implants can be installed in minutes under field cond i tions , but 
they require handling of the animal . Preparations that could be 
del ivered from a dar t gun are ava ilable , but they are only effect ive 
for about one year in the i r  present form.  The animals mus t  be 
identif ied in some permanen t fash ion and appropr iate records 
mainta ined so that the effect iveness can be mon itored . A full 5 yea r s  
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of study of domes t ic an imals would not be required to determine the 
l i kely span of effect iveness , s ince it is possible to measure release 
rates of the compounds from the implants as well as the i r  levels in 
the blood , and thus to pred ict the ir effect ive l i fespan . I t  is only 
necessary to establ ish that th i s  mode of admin istration and the 
par t icular compounds chosen would prov ide effect ive contracept ion . 

Studies of domes tic mares to determine the effect iveness of this  
approach might employ the following des ign : use an imals w ith proven 
reproductive histor ies , install the implants , observe the an imals for 
s igns of estrus , collect blood samples for hormone assay , use rectal 
palpation or serum progesterone to determine if ovulat ion has 
occur red , test with a stall ion to detect behav ioral responses 
character istic of estrus , and tes t for pr egnancy if breeding occurs . 
I t  is poss ible that estrous behavior might occur but that ovulat ion 
might not . I t  is also possible that ovulat ion and breed ing could 
occur in some circums tances , and yet the cond it ion of the fallopian 
tubes or uterus could preven t implantat ion . 

In  summary , the use of revers ible endocr ine con tracept ion in mares 
or stall ions is feas ible from an endocr ine po int of v iew . Single 
t r eatments could provide per iods of ef fect iveness rang ing from 1 to 5 
years depending upon the hormones used and the mode of del ivery 
selected . The choice of a par ticular strategy would depend upon the 
characteristics of the spec i f ic horse populat ion and the managemen t 
constra ints . 

Chemical Immob i l ization and Capture of Wild Equ ids 

The capture of wild equ ids and the i r  restraint and handl ing in 
zoos and nature preserves has prov ided an impetus for development and 
test ing of chemical immobil izat ion agents (Har thoorn 1976 , Ha igh 197 8 , 
Fowler 1978 ) . Use of these drug techniques requ i res cons iderable 
skill  and is best accompl ished by people with adequate knowledge of 
physiology and anes thes iology i f  losses are to be kept to a min imum . 
Many of the problems that have ar isen with immobilizat ion drugs have 
been the result of their  administrat ion by inexper ienced and untrained 
personnel (Har thoorn 197 6 , Haigh 19 78 ) . Veter inary practitioners also 
commonly have to deal with horses at pasture and fract ious an imals 
tha t cannot be handled by standard techniques . The exper iences have 
r esulted in the development of techn iques for us ing tranquiliz ing and 
immob i l i z ing agents . 

Chemical immobil izat ion of individuals is not an ef f ic ient 
procedure  for the pr imary capture of large numbers of animals within  a 
r easonable per iod of time . I t  is frequently mor e effect ive to employ 
appropr iate trapping , corrall ing , or herd ing techn iques . I f  necessary 
a fter capture , animals can be immobili zed by drugs for fur ther 
handl ing , but it is poss ible to use other handling techniques . 
Chemical immobiliza t ion can be effective and useful when appl ied 
selectively by tra ined personnel and when it is appreciated that i t  i s  
a time-intens ive technique (Har thoorn 197 6 ) . 

I t  is poss ible to come within shooting range of hor ses or bur ros 
w i th dar t  guns by pursu ing them in hel icopters , wa i t ing at water 
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holes , or stalk ing . The range of the cur rently ava i lable r i fles for 
proj ecting darts var ies from 30 to about 100 yards . Capture of 
free-ranging wild animals using dar t-gun techniques has been 
fac i l i tated by the recent development and successful use of a small 
rad io transmitter suitable for use with dar ts .  This device has a 
r ange of up to a quarter of a mile , depend ing upon ter ra in , and allows 
animals to be located and followed in rough country after they have 
been shot . 

D iscuss ion of the drugs used for immobiliz ing equ ids can be found 
in Bar thoorn (1974 , 197 6 ) , who d id much of the work  on developing 
techniques for zebra capture in Afr ica . I t  appears that ei ther of two 
drugs can be used for capture i f  circumstances are appropr iate . One 
is  succinylchol ine , a muscle relaxant , wh ich is ne ither a tranquilizer 
nor an anesthetic agent . It can be administered intramuscularly by 
way of a dar t  gun , and when used successfully can immobilize an animal 
within 5 to 10 minutes . The dosage of succinylcholine needed for 
capture can vary with season of the year , sex , and age , so a sui table 
dose range for a par t icular populat ion would need to be established 
from exper ience . Borchard and others ( 1979 ) have recorded exper ience 
with th is agent , and in s k illed hands the death rate would probably 
run no more than 2 to 10 percent . Respiratory arrest in success fully 
immobilized an imals may occur in 20 percent or more of animals . 
Therefore ,  rapid access to the animal is necessary and the ability to 
suppor t respiration is essentia l . The use of succinylcholine has been 
greatly restr icted by court orders based upon human i tar ian concerns . 
Animals do not lose consciousness or sense of pa in with this drug . 

The other drug is etorph ine , a morph ine-type compound that is 
effective at  low doses . It acts as an immob i l i z ing agent , an 
analges ic , and an anesthetic (Har thoorn 1976 , Bogan and others 197 8 , 
Hill idge and Lies 1978 ) . Ther e  is  an antagon ist ava ilable for use 
with this drug--diprenorph ine--that reverses the immobi l i z ing drug ' s  
effects . An an imal can recover spontaneously over a per iod of t ime 
rang ing from 30 minutes to 2 hours without administration of the 
antidote . Etorphine appears to be a su itable dr ug for captur ing wild 
equ ids in the f ield : i t  also can be used w i th the wild ass (Woodward 
1979 ) . Etorphine is  customa r i ly used in combination with acepromaz ine 
or xylaz ine . Effective doses of etorphine range for equids from 5 to 
10 mg per animal . Equids have a wide tolerance for th is compound , and 
as much as 10 times the effective dose has been administered without 
fatal results . 

Xylaz ine has been used alone and in comb ination with etorphine for 
capture of wild equ ids . I t  should be used with great care in 
combination with etorph ine , s ince both are respiratory depressants and 
the combined effect can lead to respiratory failure , wh ich , if not 
treated promptly , results in death . Xylaz ine ,  in combination with 
hetamine , has been used for anesthes ia of domestic horses . The 
combination is also being used for immobilizat ion of many wild species 
and may be useful for wild equ ids . Xylaz ine can effect dramatic 
alterations in metabolic pathw�]S (elevations in glucose and urea ) 
that would make blood samples useless for evaluating the nutr itional 
status of the animal (Shor t and others 197 2 , Eichner and others 1979 ) . 
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I f  succinylchol ine cannot be  used for horse immobil iza t ion ,  i t  
w ill be necessary to test other drugs and combinations , such as 
etorph ine with a tranquil izer , or xylaz ine and hetamine (Alford and 
others 1974 , Hoffman 1974 , Holmes and Clar k 1977 , Kaha and others 
1979 , MacKenzie  and Snow 19 7 7 ,  Mu i r  and others 197 8 ) . 

Rat ionale 

NEEDED RESEARCH 

Project 17 . Census Methods for Wild Horses and Bur ros 

Sect ion 14 (b )  ( 1 )  of PL 9 5-514 states that the Secretary of the 
Depar tment of the Inter ior shall "ma inta in a cur r ent inventory of wild 
f ree-roaming horses and bur ros . "  Effect ive management , both in terms 
of resource use and commun icat ion with the interested publ ic , requires 
that such inventory data be accurate and rel iable . Little is known 
about the accuracy of the ex ist ing est imates . Ther e  is thus an urgen t 
need for research to evaluate the ex ist ing methods , and to develop 
satis factory alternate methods where  needed . 

A research proj ect is outl ined below that would invest igate three 
approaches to hor se and burro census : "complete " counts ( the approach 
currently used by the management agenc ies ) ,  mark-res ight est imates , 
and str ip-transect est imates . The thr ee approaches would be used 
together in each study area to serve as checks aga inst one another , 
and to determine wh ich prov ides the gr eates t accuracy and precis ion : 
( a )  under a g iven set of env ironmental cond it ions ( terrain , 

vegetat ion , etc . ) and ( b )  for horses or burros . For the present , 
quadrat and l ine-transect est imates are not suggested for inclus ion in  
the in itial study . When an in i t ial set  of data has been collected and 
analyzed , it  may be found des i rable to test these and other methods . 

This proj ect might benef i t  from be ing directed by two people : one 
w ith expertise in statist ical methodology--espec ially with interest 
and exper ience in an imal-populat ion measurement--and the other a 
w ildl ife biolog ist with experience in aer ial census . This suggestion 
does not preclude direct ion by one person with adequate training and 
exper ience in both areas . 

The first proj ect will di rect attention only to wild horses , and 
will be cons idered a pilot e f for t .  Subsequent effor ts will 
invest igate burro census and alternate census methodology , i f  adequate 
progress in the wor k  with horses and suffic ient funding are assured . 

Obj ectives 

1 .  Test the accuracy and prec is ion of three approaches to wild 
horse census : 

a .  Complete counts , including bounded counts 
b .  Mar k-res ight estimates 
c .  Str ip-transect est imates 
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2 .  Develop a set  of cr iter ia by  wh ich to choose the appropr iate 
approach for a g iven area with par t icular habitat character istics . 

3 .  Investigate the role of such var iables as weather , vegetation , 
terrain , herd s ize , and horse distr ibut ion on probability of 
observation . 

4 .  Prepare a repor t that would outl ine procedural deta i ls for 
carrying out the three approaches . I t  should especially document any 
fur ther work needed to establish methodology ( including a reference 
manual ) for future BLM censuses . 

Methodology 

1 .  Select , wi th the help of BLM officials , three or four areas in 
the western United States in wh ich to evaluate the three approaches . 
I t  is des irable that these areas contain geograph ically d iscrete 
populations--phys iograph ically isolated or fenced i f  poss ible--to 
minimize or prevent ingress and egress . Modi f ications of the 
methodology suggested here may be requ ired for individual s i tes . 

2 .  Conduct a typical complete-count census of each area wi th 
hel icopters in late summer or ear ly fall . 

3 .  As soon as poss ible after censusing , mar k  approximately hal f  
( i f  poss ible ) of the horses o n  each area from hel icopter s  with paint 
capsules . Costs may impose a l imitat ion on the propor tion marked , and 
a cost function should be appl ied to obtain an optimal balance between 
e ffor t expended in mark ing and res ighting . 

4 .  After mark ing , conduct a ser ies of overflights at 3- to 7 -day 
intervals , count ing the number of marked and unmarked animals seen and 
tallying group s i zes . Two over flight patterns are poss ible . One 
cons ists of parallel , stra ight-l ine fl ights across the entire area , 
spaced at  1- or 2-mile intervals and cover ing the entire area . Each 
such set could be or iented toward a d i f ferent compass direction , and 
should be selected a pr ior i without relat ion to the area ' s  terrain and 
vegetational character istics or to the locations of mar ked horses . 
The second alternative is  to use random star ting intervals ra ther than 
the equ idistant ones or iented to random compass d irections . Terra in 
or vis ibil ity factors may d icta te th is option . 

s. use add i tional over fl ights for str ip-transect sampling of 
horses in the l ine of flight . First pr ior i ty should go to the 
mark-and-res ight effor t as a check on the complete counts . However , 
str ip transects may be deemed especially suitable for some s i tes . 

6 .  As soon as poss ible after the over fl ights , conduct two or 
three more complete counts from helicopters  to prov ide an array of 
values for the bounded-count method of check ing the accuracy of the 
complete counts . Th is is regarded as having lowest pr ior i ty . 

7 .  With regard to obj ective 3 ,  conduct intens ive interviews with 
personnel experienced in large-animal census to gain information on 
the effects of vegetat ive , cl imat ic , and equid behavioral var iables on 
observability . Th is step should be an in itial  one , and may lead to 
necessary mod i fication of the proposed methodology . Group s i ze should 
be investigated as a factor a ffecting observabil ity . 
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8 .  Take oppor tun i t ies t o  conduct survey s ove r g round-truthed 

r esearch proj ects whe rever poss ible and conven ient . 
9 .  Encour ag e  potential  contractor s to offer improvements to the 

a bove procedures . Tests o f  complete-count methods a r e , however ,  

regar ded a s  essent i a l . 

Proj ect 1 8 .  con tr acept ion S tud ies 

Ra t ionale 

Those who manage w i ld equ ids w i l l  have to deal w i t h  mul t iple 
populat ions of d i f fer ing s i ze , compos i t ion ,  and access ib i l i ty .  I f  

populat ion con trol i s  des i r ed , but r emoval techn iques cannot be 

appl ied , contr acept ion might be a useful techn ique . The stud ies 
proposed here will prov ide data on s hor t-term e f fect iveness in mares . 
The long-term l imits  of ef fect iveness can be proj ected by determin ing 

b lood levels of  the compounds and by calculat ing measured r a tes of 

release . Tests i n  s tall ions i n  w i ld bands and i n  capt i v i ty a r e  in 

prog ress . They a r e  des igned to be e f fect ive over the span of a s i ngle 

br eed ing season ( K i r kpatr ick and othe r s  1 9 7 9 a ) . compounds e f fective 
i n  mares for several seasons could be adj usted to las t for only a 

s ingle season . 

Obj ect ive 

Es tabl ish a method for reproduct ive inh ibit ion in female hor ses 

and bur ros that ( a )  is at least 95 percent e f fec t i ve ( i . e . , of 1 0 0  

an imals treated , n o  more than 5 become pregnan t dur ing the spec i f ied 
tes t per iod ) � ( b )  requ i res only a s ingle treatmen t  or adm i n i stration 

under f ield cond i t ions ; ( c )  could be adj usted to last  up to 7 year s ; 

( d )  i s  potent ially r evers ible ; and ( e )  w i l l  not adversely a f fect the 
health or behavior of the an imal . 

Methodology 

1 .  Es tabl ish f ive exper imental treatments each of f ive capt ive 
mar es , a s  follows : 

a .  Control : no treatmen t  ( placebo/vehicle ) 

b .  Compound A :  est imated dose for 5 yea r s  
c .  Compound A :  f ive t imes base dose 

d .  Compound B :  est imated dose for 5 year s 
e .  Compound B :  f ive t imes base dose . 

Use nonpregnant breed ing-age females ( 4  year s  of age or older ) , 

preferably ones whose r eproduct ive status has been e s tabl i shed ( i . e . , 

those k nown e i ther to have cycled or to have been pr egnant the pas t  
year ) . 

2 .  Place implan ts intramuscular ly ear ly in the br eed ing season , 
i f  poss ible . Con s ider a t ion should be g iven to implants of sol id 
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silastic polymer in the form of rods . use known amounts of drug in  
each implant .  

3 .  Measure the following : 
a .  Reproduction 

Estr us : does it occur or is it completely 
suppressed? (Observe behavior and appearance of 
gen i tal ia . ) 
Ovulation , determined by r ectal palpat ion and serum 
progesterone 
Breeding : will the female accept the stall ion? 
Pregnancy , established by rectal palpat ion and 
hormones 
Foaling 
Foal heat . 

In thi s  sequence , i f  an agreed-upon percentage of the an imals 
becomes pregnant , the tr ial is a fa ilure and should be terminated . 

b .  Condit ion 
Hematology (CBC ) 
Blood chemistry 

H igh pr ior ity 
Serum urea n i trogen 
Glucose 
Tr iglycer ide& 
Serum protein and albumin 
Ur ic ac id 
CPK 
Bil irubin 

Behavior 

Lower pr ior i ty 
Free fatty 
Ketones 
Haptoglobin 
Transfer r in 

ac ids (NEFA) 

Deta iled guidance for measur ing behavior can 
be found earlier in this chapter ( •Behavioral 
S ampl ing for Spec i f ic Exper iments : 
Contracept ive Exper iments on Penned An imals , •  
and in Chapter 2 ( •Proj ect 6 :  •Methodology , •  
paragraph 4 ) .  

Hormone levels : the following should be measured 
regular ly : 

Blood levels of contracept ive hormone 
Serum progesterone 
Rates of release of  contracept ive from device 
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APPEND I CES 

Appe n d i x  A 

The D ig e s t i v e  Phy s i o l o gy o f  the Ho r s e  and I t s  
Int erre l at io n s hi p  w i th F e e d i n g  E co logy o f  t h e  E q uidae 

A report fo r t he Nat ional Re s e arch C o un c i l 
Commi t t e e  on W i ld and Fre e - Ro aming Hors e s  and Burro s 

Introduct ion 

by 

Montague W .  Demment 
Department of Zoo l o gy 

Un i ve r s ity o f  Wi s co n s in , Mad i s o n  

T h e  overa l l  p urpo s e  o f  t h i s  r e v i ew i s  t o  p ro v i de a n  int erpret i v e  
p e r s p e ct i ve o f  t h e  d i g e s t i v e  and nutr it i onal chara ct eri s t i c s  o f  
t h e  hors e . Thi s  p er s p e c t i ve i s  a ime d primar i l y  a t  unde r s t an d ing 
t he way d ig e s t ion and n utrit ion in thi s s pe c i e s  a f f e ct its overal l 
e co logy , encompa s s in g  both i t s  int erac t i o n s  w i th i t s  foo d  s up p l y  
v i a  d i et a n d  o ther herb i vore s ,  primar i l y  catt l e . Although thi s 
pap er r e v i ew s  t he l i t erature , i t  doe s  s o  s e l e ct i ve l y . The 
empha s i s  ha s b e en t o  i n c l ude key p ap ers that e nab l e  d i g e s t ion to 
be r e l a t e d  t o  equ i d  e co l o gy . E xt e n s i v e  and r e c e n �  reviews o f  
hor s e  nut r i t ion an d d ig e s t ion a r e  a l r eady ava i lab l e  i n  t h e  
l it erature ( O l s s on and Ruudvere 1 9 5 5 , Mehren a n d  Ph i l l i p s  1 9 7 2 , 
Frap e  and Box a l l 1 9 7 4 , Rob i n s on and S l ade 1 9 7 4 , Frape 1 9 7 5 , Hin t z  
1 9 7 5 , H i n t z  and S c hryver 1 9 7 8 ) . 

The hor s e  i s  a her b i vo rous an ima l whi ch e xt r ac t s  s u b s ta�t i a l  
energy from the s truct ural carbohydrat e s  o f  p l an t  mat er ia l . 
To accomp l i sh the d ig e s t ion o f  the s e  carbohyd�at e s , vert e b rat e s  
mus t  re ly o n  a s ymb io t i c  r e l at io n s hi p  w i t h  bac t e r i a  and pro t o z oan s 
( Mo ir 1 9 6 8 ) . Thi s d i g e s t ion o ccurs by a p ro c e s s o f  fermentation 
in the gut . Although the pro duct s o f  ferment at ion are w ide s pread 
in t h e  g . I .  tract ( E l s de n  e t  a l . 1 9 4 6 ) , t h ey a re u s ua l l y  con centrat e d  
i n  a s it e  w i th in a p art i cular s e ct ion o f  t h e  tract . Th i s  ferment a 
t i o n  s i t e  p ro v i de s n o t  on ly a prot e ct ed env i ro nment o f  t h e  pro p e r  
p H  for t he mi cro b e s , b u t  a l s o  t h e  ab i l it y  t o  s l ow down t �e pa s s a g e  
o f  f i brous p a rt i cl e s  for more comp l e t e  ferme n t at i o n . 
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One of the pr imary fun c t ional d i chotomie s in the c l a s s i fi cat i on 
o f  herb i vor e s  i s  ba s ed on t he lo cat ion o f  t h e  ferme n t at ion s i t e  
( Jani e s  1 9 7 6 ) . The e q u i d s  ferment forag e s  i n  t h e  hindgut . The 
ruminant sp e c i e s  are primar i ly foregut fe rme n t o r s .  Rum i n an t s 
are so name d b e ca u s e  they re gurg i t a t e  forage a l re ady ing e s t e d  
a n d  remas t i ca t e  ( i . e .  ruminat e )  the bo l us t o  br eak down the 
forage p art i c l e s  for more comp l et e  di ge s t ion . Howe v e r  a n umber 
o f  fo regut fermentors ( e . g .  co l i b i d  monkey s , macrapo d s , hippo 
pot amu s ) do not r e uminat e .  The rumin a t i o n  p ro c e s s i s  e c o lo g i c a l l y  
q ui t e  importan t  and s ho u l d  b e  d i s t ingui shed a s  a s e p arat e 
chara c t er i s t i c beyond foregut ferment at ion . I n  a con fus ing b i t  
q f  w e l l - e s tabl i s he d t ermino lo g y , hindgut fermentors are cal l e d  
no nrumin ant s ( th i s  nome n c l a t ure coul d e a s i ly app l y  t o  foregut 
f e rmentor s as we l l ) . I wi l l  con t i n ue t h i s  m i s n omer for the s ake 

:o f co n ve n t ion . 

P lant Mat e r i a l , Chem i c a l  C l as s i fi cat ion and F ermen t at ion 

P lant mat e r i a l  is not homo g eneo u s  in its r e s p on s e  t o  t he d i g e s t iv e  
s y s tems o f  an ima l s .  P lant s  a r e  comp

.
o s e d  o f  compon ent s whi c h  d i f fer 

in the rat e s  they can b e  d i g e s t e d  by an imal and micro b i a l  e n z yme s . 
There fore , i d e a l l y , p lant mat erial s ho ul d b e  charact er i z e d  by 
the component fract ion s within whi ch the act ion of d i ge s t i v e  
e n z ym e s  i s  un i form . To e s tabl i s h  r e l a t i v e  d i g e s t i b i l i t y  wou l d  
b e  a cas e  o f  det erm i n i n g  t h e  proport i o n s  o f  t h e  compon ent fra c t i o n s  
in t h e  foo d s . Th e pro b l em fac ing nutr it ion a l  as s ay s  i s  comp l i c a t e d  
b e cau s e  chemi ca l ana l y s e s  d o  not n e c e s s ar i l y  a c t  on forage s t o  
s eparat e  nut r i t iona l l y  un i form e l emen t s . 

Th i s  pro b lem i s  p ar t i cular l y  acut e w i t h  t he w i d e l y  u s e d  crude - fi b er 
d e t e rm in a t i o n s  whi ch at t empt t o  s e p arat e  t h e  d i g e s t i b l e  and 
in d i g e s t i b l e  compo nent s of fo rage s . Crude fr iber reco vers ma in ly 
ce l lulo s e  in the i n d i g e s t i b l e  fract ion ( a lthough i t  is nutr i t ionally 
avai lable t o  herb i vore s ) whi l e  l o s ing p art of the l ign in ( tru ly 
unavai labl e )  to the d ig e s t i b l e  fract ion . I n  the fir s t  growth o f  
t emp erate · gras s e s  where l ignin i s  po s i t iv e l y  c orre l at e d  wit h 
c e l l u l o s e ,  c rude f i b e r  i s  an ade quat e pre di ctor o f  d i ge s t i b i l it y  
( D i j ks tra 1 9 6 9 ) ; b u t  in trop i c a l  gras s e s , wh ere no s uch re l at ion 
s h i p  e xi s t s , crude f iber i s  a poo r index o f  forage qua l i t y  ( O lubaj o 
e t  a l  1 9 7 4 ) . 

The de t e rg e n t  s y s t em ha s b e e n  d e v e lop e d  t o  corr e c t , in part , thi s 
p ro b l em ( Van S o e s t  1 9 6 7 ) . B e c au s e  the prin c i p a l  c h emi c al 
compo n en t s  o f  p l an t s  d i f fer in the ir s o l ub i l i ty at d i f ferent pHs , 
s uc c e s s iv e  e xt ra c t i o n s  w i t h  s o l ut ions o f  di fferent pH w i l l  
s equent i a l ly r emo ve t he s e  component s .  Th i s  metho d  s e p arat e s  p lan t  
mat eri a l  into c e l l  co n s t i tuen t s  an d ce l l -wa l l  fract ion , furt her 
d i v id i ng c e l l  wal l i nt o  c e l l u lo s e , hemi c e l l u lo s e  and l ignin ( Tab l e  21 ) .  
A l t ho ugh the s e  chemi c a l  ent i t i e s  are good predi ctors o f  dige s t ib i l it y  
( Merten s 1 9 7 3 ) , the det ergent s y s t em do e s  n o t  chara ct eri z e  the 
d i g e s t ib i l i ty of part i c u l ar con s t i t uent s of t h e  forag e . D i g e s t i 
b i l ity within t he s e  fra c t i o n s  can vary w i t h  t axon , growing 
condit i o n s  and extent of l ign i f i cat ion . However , c e l l  c o n t e n t s 
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can g e ne ra l l y  b e  charact e ri z e d  a s  rap i d ly d i g e s t i b l e  whi l e the 
compo n en t s  o f  t h e  ce l l  wa l l , hemi ce l lu lo s e  and c e l lu l o s e ,  ferme n t  
s low l y . 

The ma j o r fun c t i o na l  d i v i s i on o f  p lan t mat e r ial i s  betwe e n  the 
c e l l  con s t i tuent s an d the c e l l  wa l l  ( Tab l e  2 1  ) . The con t e n t s o f  
t h e  c e l l  are the fract ion act ive i n  p l ant met abo l i s m  and are 
compo s e d  pr imari ly of s ugars , pro t e in s , and s t o rage carbohydrat e s . 
Th i s  fra c t ion can be d i g e s t e d  dire ct ly by vert ebrate e n z ym e s  or 
fermen t e d  rap i dl y  by mi crob e s .  Th e c e l l  wa l l  p ro v i de s  the 
s tr u c t ura l mat t e r  for the p lan t . Thi s  fra c t i on c anno t b e  degra d e d  
by v e rt e brat e d i g e s t ion b ut can b e  hydro l i z e d  by bac t e r i a l  a n d  
fun g a l  e n z ym e s  ( G ib s on 1 9 6 8 ) . Th ere fore t h e  ut i l i zat ion o f  t h e  
c e l l  wa l l  a s  a n ut r i ent s ource i s  depende�t on m i cro b i a l  s ymb io s i s  
( Hungate 1 9 6 6 ) .  The c e l l  wal l  whi l e  pro v i d i n g  the p lant wi th 
s truc tural s upport a l s o  fun ct ion s to de fend t he p lant aga in s t  
he r b i vore s . B y  in creas in g  the propo rt ion o f  t he p lant wh i ch i s  
s lowly dig e s t i b l e  o r  t ot al ly re s i s t e n t  t o  breakdown , the p lant 
d e c re a s e s  i t s  d i g e s t i b i l i t y  and p a l a� ab i l i ty . 

Ce l lu l o s e  and hemi ce l lu lo s e , the princ ipal s tructural carbohydrat e s  
o f  t h e  c e l l  wal l , vary i n  t h e  e xt e nt o f  t he i r  ava i l ab i l it y  for 
fermentat i o n  dep e n d e n t  upon the l i gn in con t e n t  o f  t he c e l l  wa l l  
( van S o e s t  1 9 6 7 ) . T he me chan i sm b y  wh i ch the e f fe ct o f  l i gn in 
i s  e xe rt e d  i s  unc l ear but may b e  invo lved wi th the cro s s  
linkag e s  whi c h  o c c ur be twe e n  t he l i gn in and the s tructura l  
carbohydrate s o f  t h e  c e l l  wa l l  ( V an S o e s t  1 9 7 7 ) . Kawamura e t  a l . 
( 1 9 7 4 ) have s hown through hi s t o lo g i c a l  s t ud i e s  o f  d ig e s t ing p lant 
mat� e r  that the s truc t ua l  charac t e r i s t i c s  of the t i s s ue in conj un ct ion 
w i th ch emi cal l inka g e s  affect the rat e  o f d i ge s t ion . For t h i s  
rea s on character i s t i c t axonomi c rat io s o f  l i gn i n  to c e l l u lo s e  
and hemi c e l lulo s e  are important nut ri t i ve c harac t e r i s t i c s  o f  
forage s ( V an S o e s t  1 9 7 3 ) . 

Tab l e  2 2  i s  a comp i lat ion o f  chem i c a l  analy s e s o f  p lant mat e r i a l s 
group e d  on the b a s i s  o f  t h e ir fun c t ion . S e veral int ere s t i ng 
patt e rn s  are app arent . In g eneral there i s  a po s i t iv e  a s s o c iat ion 
between the p e rman ency of a s tr uct ure and its ce l l  wa l l  and 
l ignin cont ent s . C e l l  wal l  an d l i gn i n  fun ct ion as both s t ruct ura l 
s upport and he rb ivore de fen s e . S in c e  p lan t s  are mo s t  l ike l y  to 
p ut the mo s t  e nergy into the de fen s e  of mo re p erman ent par t s  
( M cKey 1 9 7 4 ) an d the s e  s truc ture are mo s t  l i k e ly to b e  s upport i ve , 
bo th fun ct ion are l i k e ly to pro duce a po s i t ive r e lat ion s h i p  
b e t w e e n  p erman e n c e  o f  t h e  p l ant part a n d  i t s  ce l l - wal l  and l i gn i n  
co nt ent . H e rb i vo r e s  are l i k e l y  to be s en s it i ve t o  di f ference s 
betwe en the fun c t io n a l  categor i e s  o f  p l ant mat e r ia l  when mak ing 
f e e d i n g  d e ci s i on s . 

D� ffe re n t  l i fe form s  s how s omewhat di fferent f ib e r  valu e s  w i t h in 
fun ct ional cat e gor i e s . Gras s e s  have lower f i b e r  c o n t e n t  i n  t h e i r  
s t e m s  than T.re e s  and s hrub s b ut hi gher c e l l -wal l  a n d  l ignin 
fract i on s  in th e i r  l e a v e s . Th ere fore gras s e s  pro v id e  a l arger 
fra c t ion of s lowly fermentab l e  mat er ial b e ca u s e  they have a l arger 
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TABLE 2 1 I THE CH EM I CAL FRACT I ON S  O F  PLAN T MATER I AL ( AFTER VAN SOE S T  1967) , 

p L A N T 

CH EM I CAL FRACT I ON FUNCT I ON 

CELL CON TENT S METABO L I  S�1 

CELL WALL 

CE LLULOS E S TR UCTURAL 

H EM I CE LLULOS E S TR UCTURAL 

L I GN I N  STRUCTURAL 
( AN T I PR EDATOR? ) 

M A T E R I A L 

CHEM I CAL D I GfST I BLE BY D I GES T I ON 
CoN ST I TUE N TS tN ZYME S RATE 

SOLUBLE VERTEBRATE ., RA P I D  
P ROTE I N S .,  M I CROB I AL 
CARBOHYDATE S 
& N UTR I ENTS  

POLYSACCHAR I DE M I C ROB I AL S LOW 

POLYSACCHAR I DE M I C ROB I A L  S LOW 

PHENOL POLYMER I ND I G E ST I B LE 

IV 0\ IV 
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Tab l e  2 2 .  CH EM I CA L  COMPO S I T I O N  O F  P LANT MATE R IA L . 

F U N C T I ONA L G R OU P S  

S t ruc tural T l s s u� 
---- - - ---

Wood ( t rees ) 
Dil rk ( t rees ) 
S tems , spr i ng ( tr e e s  & sh r ubs ) 

w i n ter 
S tems ( t ropi ca l g ra s s ) 

( t empe ra te g r a s s ) 
S tems ( l eg ume ) 

Pho Losyn thetJ.� S u r face �; 
Lea ves ( trees & s h r ubs ) 
Leaves ( t rop i cal  g ra s s ) 

( tP.mpe ra te g ra s s ) 
J..ea v e s  & S tems ( tP.m . 

a nnua l q ras s )  
S to raye Orga ns 

U ml e r g ro unrJ s to ra ge 
( domP.s t i c )  

�reduc t i ve Q!gans 
Seed hu l l s  
se�ds w i th h u l l s  
Seeds w i tho u t  h ul l s 
Seed s  (l egume ) 
F r u i t s  ( f l o  s h y , i nc .  s e ed s ) 
F ru i t s ( dome s t i c ,  no 

co ve r i ng )  

1 

1 
c . w . \ H . G . %  CE L . %  

B I L l  2 2 . 5  4 5 . 4  
7 6 . 1  1 0 . 9  4 4 . 0  
3 5 . 0  7 . 7  l A .  9 

61 . 9  1 3 . ]  29 . 1  
74 . 3 29 . 6  3 5 . 3  
60 . 7  2 8 . 4 29 . 5  
5 4 . 0  9 . 8  34 . 6  

5 7 . 1 1 6 . 5 2 3 . 5 
66 . 3  3 2 . 7  2 7 . 4  
5 5 . 4 29 . 0  2 3 . 6 

5 9 . 0  2 3 . 0  29 . 0  

1 0 . 0  3 . 5  5 . 1  

7 6 . 0  1 5 . 3 4 7 . 9  

5 2 . 5 1 3 . 7  1 9 . 5  

1 7 . 0  7 . 1  5 . 4  
4 0 . 4  2 0 . 0  1 6 . 3 

4 0 . 9  1 0 . 9  1 5 . 2 
1 4 . 4  3 . 6  A . O  

L I G . %  

2 0 . 2  

20 . 2  

9 . 2  

1 9 . 9 
1 0 . 1  

2 . 8 
1 0 . 4 

1 4 . 6  
5 . 8  

2 . 0 

6 . 2 

. R 

l J . S  
1 9 . 4  

9 . 9  

4 . 2  
H . B 

2 . 0  

CW :; r. c l l wa l l ; I IC = I wm i c c 1 l. u J o s e , CF.rJ = ce l l u lo n P. , J . IG = l l qn in 

N S O U R CE 

6 Drown i.nq ( 1 9 7 5 )  

3 Va n So � s t & Robo r tso n ( 1 9 7 6 )  
20 Sho r t  et a l . ( 1 97 5 )  
20 Sho r t  P. t  a l . ( 1 9 7 5 ) 

9 · Va n  So en t ( 1 9 7 3 )  

2 L a r edo & M i nson ( 1 9 7 5 )  
2 2 J .ucke t t  e t  a l . ( 1 96 7 ) 

"" 0'\ 
1 8  �obbi ns & Moen ( 1 9 7 5 )  w 

9 Van So es t ( 1 9 7 3 ) 
2 La r edo f. Mi nso n ( 1 97 5)  

1 5  van Soes t ( 1 9 7 5 ) 

5 Van So P.s t & Roh e r t:so n ( 1 9 7 6 )  

6 Va n So e s t & Rober tson ( 1 9 7 6 )  
2 0  Sho r t  & Epps ( !C� TI )  

5 Sho r t  & F.pps ( 1 97 1 )  
9 Sho r t  f. Epps ( 1 9 7 7 ) 

4 7  , Sho r t  & F.pps ( 1 9 7 7 )  
4 Va n Soe � t & Rohc r: l:son ( 1 9 7 6 )  
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c e l l -wal l  component an d a sma l l er i n d i g e s t i b l e  frac t ion . For 
animal s  s p e c i al i z i n g  in extract ing en ergy by mean s of  micro b i a l  
fermentat ion , t h e  g ra s s e s  ho l d  the great e s t  p o t e n t i a l . 

T emp e rat e gras s e s  s how lower c e l l -wa l l  and l i gnin fra c t ions t han 
t rop ic a l  gr as s e s . De inum and D irven ( 1 9 7 5 )  demonstrate t hat the 
ext ent  o f  ce l l -wa l l  fo rmat ion o f  bo t h  t emp e rat e and t ro p ical gra s s e s  
wa s a re s pon s e  t o  t emp erature , indepen dent o f  a g e  a f t e r  mat uri t y . 
They a l s o  foun d that the d i g e s t ib i l i t y  o f  t he c e l l  wal l  decrea s e d  
w i th ag e a t  a g reat e r  rat e  a t  h i gh er t emp era t ure s .  Thi s de creas e  
o cc urre d because  o f  the l i gn i f icat ion o f vas cu lar bun d l e s  and 
s c l e ren chyma ( De inum 1 9 7 6 ) . S t ems , wh i ch have higher proport ion s 
o f  vas c ular bun dl e s and s c l eren chyma re lat ive t o  p arenchyma , 
which i s  no t l i gn i f i e d , wi l l  s how higher l i g n in va lues  t han l eaves  
and hence a greater po t e nt ial  for de pre s s s ion of  d i ge s t ib i l it y  
wi th a ge and t emp era t ure . The g eneral l y  lower d i ge s ti b i l i t y  o f  
. t rop ical  fo rag e s  re port e d  by M i n s on and M c Loe d ( 1 9 7 0 )  an d 
revi ewed by Moore an d Mo t t  ( 1 9 7 3 )  i s  mos t  l ikely  due t o  t h e  
d i f f erenc e s  in t ermp erat ure at whi c h  t h e y  were grown a n d  the i r  
g r eat er s t em- to - l e a f  rat ion . F urt hermore t�op i c a l  gra s s e s  s how 
a great er ci fference b e twee n  c e l l -wa l l  and l ig n in val u e s  in t he 
s t em and leaves  t han t empera t e  gra s s e s , wh i l e  the amount o f  s o luble 
carbohy drat e s  wi thin the s t em i s  gr eater i n  t �o p i ca l  gra s s e s 
( De i n um and D irv en 1 9 7 5 ) . The r e fore s e l ec t ive graz ing wo uld be 
e xp e c t e d  t o  be more important in t ro p i ca l  t han t emp erate gra s s 
land s . 

Dige s t i ve Proce s s  

D ige s t i ve rat es . - - Th e a c t ua l  d i ge s t i b i l i t y  o f  a forag e i s  a 
fun c tion o f  the dige s t ion rate ( en z ymat i c  act ion ) a c t ing o n  a 
part i c l e  for t h e  durat ion o f  i t s  r e t ent ion i n  t he d ige s t ion s it e . 
Wa ldo e t  a l . ( 1 9 6 9 , 1 9 7 2 ) p ropo s e d  a d i ge s t ion mod e l  in vo l ving  
t he fiber kene t i c s o f  t h e  rumen . The y  cons i de re d  t h e  rumen t o  
be  f i l l e d . wit h two fract ions ( po o l s ) ,  on e d ig e s t i b l e and the 
other in d ig e s t i bl e , who s e  d i s app earan ce  from the rume n was a fun c t ion 
o f  the rat e s  of d i ge s t ion and pas sage . P lo t s  o f  t h e  log ar ithm 
o f  r e s i dual c e l l  wa l l  as  a fun c t ion o f  t im e  for in v i t ro d i g e s t ion 
t r i a l s y i e l d l inear re s u l t s when t he indige s t i ble-port 1on i s  
s ub trac t e d  from the cal culat ion s  ( Smith e t  a l . 1 9 7 2 ) . Th e s e  
r e s ult s ( i . e .  a con s t an t  proport ion o f  t h e  c e l l  wal l  removed  per 
uni t  t ime ) indi cate f irs t -order kene t i c s  and val idate t h i s  
a s s umpt ion in the  Wal do mo de l .  

Mert en s  ( 1 9 7 3 )  fo und r e tent ion t ime to b e  t h e  mo s t  important 
factor pr edi ct in g  intake and dige s t ib i l i ty in sheep . I ntake and 
re t ent ion t ime are l inked . In cre a s e d  in take s decreas e ret ent ion 
t ime and depr e s s  d i g e st i b i l i t y  ( Raymond e t  al .  1 9 5 9 , Pearc e and 
Mo ir 1 9 6 4 , Moe 1 9 6 5 , Alwa s h  an d Thomas 1 9 7 1  an d 1 9 7 4 , Tyrr e l l  and 
Mo e 1 9 7 5 ) .  The t yp e  o f  d i e t , re lated t o  i t s  phy s i ca l form , o ft en 
a f fe c t s  re tent ion t ime s in bo th rumi nant s ( Alwa s h  an d Thoma s 1 9 7 4 ) 
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an nonruminan t s  ( U den 1 9 7 8 ) . D i r e ct c orr e l at ion b etwe e n  part i c l e  
s i z e , r e t en t io n  t ime , a n d  di g e s t i b i l i t y  have be e n  d e t e rmin e d  i n  
sheep ( Pe ar c e  an d Mo ir 1 9 6 4 ) . 

The co n c e p t  tha t  d i g e s t i on can b e  charact e r i z e d  by two parame t er s , 
d ig e s t ion rate and retent i o n  t ime , i s  p o t e nt i a l l y  u s e ful for 
compar i so n s  of ruminant s and nonrumin an t s .  D i fferenc e s  in d i ge s t i 
b i l i ty o f  forag e between the two group s c a n  b e  exami n e d  i n  l i ght 
of e v i den c e  for di fferen c e s  i n  t he s e  two parame t e r s . 

F ermentat i o n  s i te . - - Th e mor e  imp o rt an t  pro c e s s e s  o c curring in 
t h e  fermentat �on s i te ( e i th e r  ruminant o r  nonruminant ) are d i agrammed 
in F i g . 9 The fermen tat i on s it e , re gard l e s s  o f  lo cat ion , i s  
a n  eco l o g i ca l  s y s t em w i t h in wh i c h  there i s  a c t i ve compe t i t i o n  be t 
ween in d i v i d ua l s for e n e rg y  and nutr i en t s  ( Hun gate 1 9 6 6 ) . Upon 
entry to t h e s i te a l l  dig e s t i b l e  fra c t io n s  o f  the fora g e  are 
s ub j e c t e d  to m i cro b i a l  d i ge s t io n . Th e s o lu b l e  nutr i en t s  ( i . e .  
c e l l cont e nt s )  are rap i d l y  f e rment e d  and the rat e o f  t h e  d i g e s t ion 
of oth er component s  is r e l a t e d  to t h e i r  s o l ub i l i ty ( Hun gat e 1 9 6 6 ) . 
M i crobe s produce re s p iratory product s ,  vo lat i l e  fa tty ac i d s  ( V FA ) , 
whi c h  are the p r im ary e n e rgy s o urce from ferment at ion for the 
ho s t . H e at and me thane , a l s o  produc t s  of ferme n t a t i on , are una va i l 
abl e and t he i r  e nergy va l u e  i s  lo s t  t o  the he rb i vo r e . V a l u e s  for 
t he s e  l o s s e s  vary d e p e n d i n g  upon d i e t  but general l y  rang e from 
1 0 - 3 0 %  o f  di g e s t ib l e  en ergy ( DE )  ( Ba l dw i n  et a l . 1 9 7 7 ) . 

M i crob ia l  populat i on s  w i thin t he fermentat ion s i te form an e co s y s t em 
o f  populat ion s ( Mc Be e  1 9 7 1 ) . T h e  popu lat ion s grow at rat e s  
pro po rt ional t o  their n ut r i e n t  s up p l i es ( Or s ko v  1 9 7 8 ) . They 
a s s im i l a t e  ene rgy an d  ut i l i z e  d i e tary pro t e in o r  ammon i a  a s 
n i tro gen s ourc e s  for growt h and re pro duct ion ( Hun gat e 1 9 6 6 ) . The 
ab i l it y  t o  upgrade ammo n i um i o n s  to pro t e in n it ro g e n s  has the 
po t e n t i al to pro vi de ure a  r e cy c l in g  and microb i a l  prot e in s ynthe s i s  
t o  the he rb ivore . S in ce m i crob i a l  bo d i e s are be ing cont i n ua l l y  
was h e d  from t h e  fe rmen t at ion s i t e  t h e  p r o t e i n  ( and o th e r  s yn t he s i z e d  
compon e n t s s uch a s  vi tamin s ) have th e p o t e n t i a l  t o  be d ig e s t e d 
and ab s orb e d  in t he ir synthe s i z e d  fo rm . 

T h e  po s i t io n in g  o f  t h e  fermentat ion s i te a l o n g  the gut i s  import ant 
to the f un ct ion o f  ferment at ion for the herb i vore ( Parra 1 9 7 8 ) . 
S ince the s o l ub l e  frac t ion ( c e l l  con t en t s ) o f  t h e  forag e i s  d i r e c t l y  
d i ge s t ib l e  by g a s t r i c  e n z ym e s  o f  vert e brat e s , i f  t hi s  fra c t ion 
is fermen t e d  i n  t he foregut , a s i z e ab l e fract i o n  o f  the e n e rgy i s  
l o s t  t o  heat an d  met hane pro du c t ion . S in c e  l i t t l e  o f  t he s o l ub l e  
n utrient s e s cape fermentat ion ( Bryan t 1 9 6 3 , Bryan t a n d  Ro b in s on 
1 9 6 3 , No lau et a l . 1 9 7 2 ) , a cr i t i c a l  d i f ference betwe e n  rum i n an t s  
an d non ruminant s e xi s t s  i n  t h e  imoo r t anc e o f  t h e  s o l ub l e  fra c t i o n  
as a d i e t ary c omponent . Thi s p o in t w i l l  be d i s c us s e d  i n  d e t a i l  
b e l ow . 
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F ermentat ion- s i t e  po s i t ion ing may a l s o  d e t ermine the r e l a t i ve 
capa c i ty o f rumi n an t s  and nonrum�ts t o  ut i l i z e  t h e  s yn t he s i z e d  
nutr i e nt s i n  t h e  bo d i e s  o f  t h e  mi crobe s .  In t h e  fo regut fermentor s , 
mi c rob e s are subj e c t e d  to ga s t r i c  d i g e s t i on i n  t h e  aboma s um  and 
the r e s u l t in g  compon e n t s  ar e abs orbe d  in t he sma l l ir.te s t in e . 
However , for the nonruminant s n o  e s tab l i shed me c han i sm has b e e n  
i de n t i f i e d  for the d i ge s t ion o f micro b e s  in t he c o lon an d  s omewhat 
contradi c t o ry e v i d e n c e  e x i s t s  for t he a b s o rp t ion of any d i ge s t ion 
p ro du ct s . T h e  ut i lization of ure a an d mi crob i a l  p ro t e in is a 
c l e ar e xamp l e  o f  t he d i ffere n c e s  in the s e  s y s tems and b e c au s e  o f  
it s importa n c e  a s  a l im i t ing nutr i ent i n  gra s s land e co s y s t ems 
( S in c l a i r  1 9 7 7 )  w i l l  be d i s c u s s e d  in de t a i l b e low . 

T h e  a b i l i t y  o f  rumi n an t s t o  ut i l i z e low-pro t e in d i e t s  has b e e n  
w i d e l y  e s t ab l i s hed ( s e e  re v i ew s  by M c Don a l d  1 9 6 8 , T i l lman a n d  
S i dhe r 1 9 6 9 ) . They s how the ab i l i t y  to s urvive on d i e t s  compo s e d  
e n t i r e l y  o f  N PN ( Loo s l i  e t  a l . 1 9 4 9 , V i rt anen 1 9 6 6 ) . S in c e  there 
is no e v i de nc e  that the ir am i no - a c i d  req u i rement s ar e d i f ferent 
from o ther mamma l s  ( Mo ir 1 9 6 8 ) , th i s  ab i l it y  re f l e c t s  t h e  mi cro b i a l  
s ynth e s i s  o f  amino a c i ds from N P N  s ou rc e  ( NAS 1 9 7 6 ) . 

I n  t he foregut fermen t e r s , d i e t ary prot e in i s  a t t a c ke d  by t he 
rum en m i c ro be s for energy ( Hun gat e 1 9 6 6 ) . Th e in t e n s e  comp e t i t ion 
among the m i c ro b e s for energy source s is r e f l e c t e d  in th e low 
con cen trat i o n s  of fre e amino a c i d s  and p e p t i de s  in the rumen ( Bryant 
1 9 6 3 , H ung at e  1 9 6 6 ) . Ammon i a , p ro duc e d  p art ial ly from hydro l y s i s  
o f  pro t e in , i s  rap d i l y  in corpora t e d  i n t o  mi cro b i a l  pro t e in ( Bryant 
an d Ro b in son 1 9 6 3 ) . N o l an e t  a l . ( 1 9 7 2 ) foun d  t hat 8 0 \ o f  t he 
N in t h e  bacteria o f  the rume n  was from t he ammo n i a  poo l . S ome 
o f  the prot e in o f  low s o lubi l i t y  d o e s howe ve r pa s s  throu gh t he 
rumen w itho ut d ig e s t i o n  ( Cha l uy s a  1 9 7 2 ) and s ome fre e ammo n i a  i s  
absorbed t hrough the rumen wa l l  and tran s port e d  t o  t he l i ve r  for 
amino - a c i d  synthe s i s  or ure a fo rmat i on . The microbe s , carry in g 
t h e  preponderan ce o f  t h e  d i e t ary p ro t e in , are wa s h e d from t h e  
rumen an d t h e i r  pro t e in s  d i g e s t e d  and amino ac i d s  absorbed in t he 
s ma l l  i n t e s t in e  ( Arms t rong and Hutt on 1 9 7 5 ) . Ammon ia produc e d  
in t h i s p ro ce s s  i s  a b s o rb e d  into t h e  port a l  s y s tem and r e turn e d  
v i a  t h e  b lood as urea t o  d i f fu s e  into t h e  rumen ( Ho upt 1 9 5 9 ) , an d  
to t h e  s a l i vary g l an d s  t o  r e e n t e r  t h e  rume n v ia t h e  e s ophagu s 
( Mc Do n a l d  1 9 4 8 ,  N o l a n  e t  al . 1 9 7 2 ) . M i c ro b e s  can hydro l y z e  t h e  
recycl e d  urea and ut i l i z e  the ammon i a  a s  a n i t ro ge n  source ( Bryan t 
and Rob in s on 1 9 6 3 ) . The recyc l in g  s y s t em , c ap ab l e  o f  up grad i n g  
endogenous ure a to e s s e n t i a l  amino ac i ds , a l s o  ha s the a b i l ity to 
ut i l i z e  d i e t ary NPN s ourc e s  for a l l  am ino - a c i d  s y n t he s i s . Th e re 
fore d i e t ary s e l e c t io n  for ami no a c i d s  i s  n o t  e s s en t i al , but 
s e l ec t io n  for n i t rogen i n  any dige s t i b l e  form is cr it ic a l . A l s o  
b e cau s e  rumen microorgan i sm s  rap i dly a s s im i l a t e  mo st o f  the 
g luco s e  in the rumen , fo regut fe rment ers mu s t  r e l y  hea v i l y  on 
de ami n at ion o f  prot e in i n  the l i ver for t he i r  b l o o d - s ugar supp ly . 
Be caus e ure a  i s  a product o f  deaminat ion , w i t ho u t  the abi l i ty t o  
recycle urea , larg e n i trogen lo s s e s  wo u l d  oc c ur in t h e  ur i n e  o f  
ruminan t s  ( Mo i r  1 9 6 8 ) . 
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Be ca u s e  in the nonruminant diet ary p ro t e i n s  are hydro lyz e d  in 
the s tomach and sma l l  i n t e s t in e  by t he herb i vore ' s  pro t e o lyt i c  
e n z ym e s  a nd absorbed d i re c t ly into the body i n  t h e  s ma l l  
i n t e s t ine , t he e n ergy l o s s e s  invo l ved i n  t h e  micro b i al breakdown 
and re s ynthe s i s  o f  pro t e i n  in t he r umen are avo i ded . Howe ver 
be caus e the maj or ferment a t ion s i t e  is po s t e rio r to the s i t e  o f  
di g e s t ion and ab s orpt ion , the  d i ge s t ion o f  p ro t e in and ab sorpt ion 
o f  am ino a c i d s  mu s t oc cur i n  the co lon . Th e mechani sm for t he 
dig e s t io n  an d ab s orp t i on o f  amino a c i d s  in  t h i s  organ i s  not 
we l l  document ed . Furthermo re becaus e t he fermentat ion s it e  i s  
lo cat ed i n  the  hindgut the t ime for t he dig e s t io n  o f  t h e  micro b e s 
and absorp t ion o f  the i r  nutri en t compon e n t s  i s  much re du ced 
re lat i ve to th e rumin an t  s y s t em . T here fore nonrumin ant s would be 
l i ke ly t o  show higher fecal n i t ro gen l o s s e s  than ruminant s o f  
t h e  s am e  s i z e . 

· · 

The ex i s t e nce o f  n i t ro gen cy cl ing i n  nonrumin ant s has b e e n  demon
s t ra t e d  in man ( Wa l s er an d Bon den l o s  1 9 5 9 ) , rat s ( Ro s e  and De kker 
1 9 5 6 ) ,  hors e s  ( Houpt an d Ho up t 1 9 7 1 , Prior et al . 1 9 7 4 ) and rab b i t s  
( Ro g e c z i  e t  a l . 1 9 6 5 , Houp t  1 9 6 3 ) . A n umb er o f  s tudi e s  have 
demon s t ra t e d  t h e  pre s ence o f  urea n i tro g en in t h e  body amino acids 
( Ri chard s et  al . 1 9 6 7 , Snyderman 1 9 6 7 , G r ims on 1 9 7 1 , Ro g e c z i  e t  
al . 1 9 6 5 , Davi e s  and Koonberg 1 9 5 0 ) . S in c e  r e c y c l i ng o f  n it rogen 
do e s  o c cur in nonrumin ant s ,  the e c o log i ca l  c on s iderat ion i s  whe ther 
there are quan t i t at i ve and qua li t a t i v e  d i f fe r e n c e s  between t h e  
two dige s t i ve s trat eg i es . 

Quan t it at ive d i f ference s between ruminant s and nonruminant s wo uld 
be  e xp e c t e d  on the  b as i s  of t h e  po s it ion i n g  of th e fermentat ion 
s i te . The magn i t ude of the d i f ference  sho u l d  be s i z e  s p e c i f i c , 
decreas in g w i th larger body s i ze as  r e t e n t ion t im e s  increas e .  
Pr io r e t  a l . ( 1 9 7 4 )  s how s im i l ar i t y  i n  urea retent ion b e tween 
hors e s , catt l e , deer an d s h e e p . The hor s e ' s  l arge body s i z e  
comp e n s a t e s  for the hin dgut fermen tat ion s i t e  t o  produc e e ff i c i enci e s  
s imilar t o  t h e  deer an d s he e p . Man a n d  rabb i t s s howe d  much lower 
e f f i c ienci e s . The rab b i t ' s  ine f fi c i ency may b e  a fun ct ion o f  i t s  
s i z e where in man ,  a n  omn i vore , the ab s en c e  o f  a h i g h l y  d e ve loped 
fe rmentat ion s it e  would l i k e ly impair the e f fi c i en t  hydro ly s i s  
o f  urea b y  m i crobe s . 

Q ual i t a t i v e  d i f fe re n c e s  ari s e  i f  t he s it e  o f  amino ac i d  s yn t he s i s  
i s  the  l i ve r  o r  tie mi cro b e s  o f  the gut . The ran g e  o f  amino ac ids 
that can b e  s yn t he s i z e d  in t h e  l iver i s  l imit e d . Tho s e  amino 
acids  r e qu ired by the an ima l but not synthe s i z e d  by  the l iver 
mus t be pres ent in the d i e t  and are re ferred to ' e s s e n t ial ' amino 
a c i ds . However micro b i a l  synthes i s  c an s up p ly t he fu l l  c omp lement 
o f  amino a c i ds .  

Amp l e  e v idence o f  a l l  the c irt i cal s t e p s  o f  n i t ro gen recy c l ing 
e xi s t  for the nonruminan t s , but except for the hors e  ( where 
the e v i de nce is b y  no mean s une qu i vocal , s e e  d is c u s s ion i n  Rob inson 
and S lade 1 9 7 4 ) , there was no demo n strat ion o f  th e ab i l it y  t o  
absorb amino acids from t h e  co lon . Work on germ- fre e an ima l s  
indicat e s  that ure a s e  ( t he en zyme for hydro lys i s  o f  ure au i n  gut 
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i s  s o l e l y  o f  bacteria l  orig in ( De l lun a  et al . 1 9 6 8 ) . There fore 
the contact o f  ing e s t a  with a conc e n trat e d  b ac t er i al populat ion 
is import an t  for e f f i c i en t  n i trogen re cyc l ing ( i . e .  human s , who 
lack de ve loped fermen ta t ion s it e s , wo uld no t b e  e xp e c t e d  to 
s how high n i trogen re cyc l ing capab i l i t i e s ) . Th e admin i st rat ion 
o f  ant i b iot i c s t o  the nonruminant reduces or e l iminat es  i t s  
abi l i ty t o  retain n i tro gen ( Wrong e t  al . 1 9 7 0 , Houp t and Houp t 1 9 7 1 ) . 
On ce ammo n i a  enters  t h e  l i v er an d i s  dextoxi f i e d  to urea , i t  i s  
recyc l e d  i n  the b lood t o  the ca e c um o f  t he ho r s e  ( Houpt 1 9 6 3 ) , 
G . I .  tra c t  in man ( Wa s er an d Bode n l o s  1 9 5 9 , Richard s 1 9 7 2 ) and t o  
t h e  s a l i vary g lan ds ( Forlan d  et  a l . 1 9 6 4 ) . T h e  urea in t he g ut 
i s  hydro l y z e d  and the fre e  ammo n ia can e it her d i f fu s e  t hrough 
the co lon wa l l  ( Cas t e l l  and Moore 1 9 7 1 )  or b e  a s s im i la t e d  by t he 
microbe s in  th e cecum ( Woo t t en and An g en z io 1 9 7 5 ) .  

The  d e gr e e  to whi ch ammonia i s  ut i l i z e d  by the mi crob e s  i s  dependent 
o n  the e nergy s o urce s in t h e  lower gut ( Mason 1 9 7 6 ) . The 
ab i li t y  to abs orb am ino ac i d s  i n  the colon ha s b e e n  demon s t rat e d  
only i n  t h e  ho r s e  ( S lade e t  a l . 1 9 7 0 ) . T he a b i l ity o f  mat ure 
hors e s  to maintain thems e lve s regard'le s s  o f  the n i trogen s ource i s  
further i n di cat ion o f  the  a s s imilat ion o f  mi cro b i al amino ac i d s  
( Ro b i n son a n d  S lade 1 9 7 4 ) . H owever t he a c t ua l  mechan i sm b y  wh ich 
t h e  m i crob ia l c e l l s  are dige st ed i n  the  lower gut has not  been 
de s cr i b e d . S e veral me chan i sm s  have b e e n  s ugge s t e d : the con t inued 
act i vi ty o f  pan creat ic en z ymes in the caecum ( Robin s on and S l ad e  
1 9 7 4 ) , auto ly s i s  o f  micro b e s  in  t h e  c o l o n  ( Baker 1 9 4 2 ) and t h e  
a c t i v i ty o f  pro tro ly t i c  bac t e r i a , common in t he s q u i d  cae cum 
( Ke rn et a l . 1 9 7 3 ) . 

Comparat i v e  Ana tomy an d Dige s t i ve  F un c t i on 

S i ze o f  gut compon e n t s . S in c e  re t ent ion o f  part i c l e s wi thin 
s e gme n t s  of t h e  gut is a fun c t ion o f  in take and the vo lume o f  the 
s e ct ion , the r e lat i v e  s i z e  of s e gme n t s  in the G . I .  t ra c t  i nd i cat e s  
t h e  r e l at i ve capa c i t y  fo r d i g e s t ion wi thin th e s egment . On a 
comp arat ive  ba s i s  d i f ferenc e s  i n  a l l o tmen t  o f  vo l um e  t o  t h e  
s egment s indi cat e s  t h e  di g e s t i v e  s t rat e gy o f  the s pe c i e s . Dat a  
o n  t h e  vo lume , e s t imat e d  by con t en t s ,  i s  g i ven in Tab l e  2 4 . Some 
i n t ere s t in g  patterns  are app aren t . As  e xp e ct e d , ruminant s  devo t e  
th e ma j ority  of  t he g ut vo lume t o  t h e  foregut an d nonruminan t s  
a l locate a s ubs tan t ia l  capac i t y  to t he hin dgut . W i t hin the non 
ruminant the re lat ive  vo lume o f  the h in dgut in cre as e s , indicat ing 
t h e  growing importance o f  fe rmen tat ion wi th l arg e r  bo dy s i z e . 
However donkeys have , on an a b s o l u t e  s ca l e , s ub s tan t i a l l y  larger 
lower t ra c t s  than e xp e c t e d  and show gre at e r  capac i t i e s  f or fiber 
d i ge s t ion t han the hor s e  ( Wo l t e r  an d V e lan dia 1 9 7 0 ) . 

The fermentat i on p roduc t s , a crude e s t imat e o f  fe rmentat ion rat e s , 
show t hat nonruminant s achi eve  s im i l ar c o nce n t rat ion s wi thin the  
fermentat ion site  as ruminan t s  ( Table 2 3 ) .  The  ho rs e and  the  
cow are  s imi lar i n  body we i g ht and  we i ght of  gut  con t en t s  
( E l d s d en e t  al . 1 9 4 6 ) . The fe rment at ion c o nt e n t s  app ear t o  b e  
s l i gh t ly great er i n  cows than hors e s  ( 1 0 . 0 - 1 7 . 8 % o f  body we i ght 
in  the  cow , 1 1 . 2 % in the hor s e ) .  I n t e re s t ingly Parra ( 1 9 7 8 )  fo un d 
that the we i ght o f  fermentat ion cont ent s ha d a s imi lar exponent  
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T a b l e  2 3 . Comparison o f  Capa c i t ies and VFA Produ c t ion in S e c t io n s  o f  t h e  G u t  o f  H e rb ivo res . 
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Tab l e  2 4 . Amoun t o f  B i omas s ( T / ha ) o f  part i c u la r  p e rc ent age C . W .  i n  d i f f e r e n t  habi t a t s .  

1'o t a l  B i o ma s s ( T / ha )  
B iomass 

T/ha 0 - 1 0  1 0 - 2 0  20- 3 0  30- 4 0  4 0 - 50 50- 60 60 - 7 0 7 0 - 00 00-90 \ C . N .  
-- - -

S a n  Joaqu i n l  
A n nu a l  G r as s l and 
l l - 2 !j- 7 4  . 5 3  . 04 . 01 . 4 B 

Br idger ] 
t-I t . Gr a s s l and IV ....,J 
6- 1 2- 7 2  1 .  7 1  . 0 2 . 1 0 . 2 2 . oo . 7 1 • 56 ..... 

ll r idqcr  1 

M t . Gra s s l a r td 
A- 2 2 - 7:.! 3 . 1 9 . 0 6 • 5 2  . 1 2 2 . 4 J  . 0 2 

S a n  J o aqu i n  1 
A n n u a l  G r as s l a nd 
4 - 2 5- 74 4 .  59 • 5 1  . 1 2 3 . 96 

1 
Da t a  court e s y  o f  U S / I BP Gra s s l a n d s  B i ome s t ud i e s , Fort Col l in e s , Co l o rado . 
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for regre s s ion aga i n s t body we i ght , as gut-conten t s  we ight in 
ruminant s an d nonruminant s f it the s ame regre s s ion l in e . 

T h e  hors e , s im i l ar in we i ght , metabo l i c  requirement , and fermentation
s it e  s i z e , s how s di f ference s in i t s ab i l i ty to dige s t  the fibrous 
frac t ion of forage s .  S im i l arit y in the above parame t e r s  a f f e ct ing 
d i g e s t iv e  c apac i t y  imp l icat e s  the di fferent retent ion me chan i sm 
o f  t he rumen an d cae cum i n  produ c i n g  d i f f erence s b e twe e n  hors e s  
a n d  cows i n  d i ge s t ive e ff i c i en c i e s  o f  t h e  c e l l  wal l  o f  forage s .  

Me chan i sms o f  ret e n t i on i n  t he cecum and rumen . Uden ( 1 9 7 8 )  
d�d  comparat � ve work on t he d � g e s t � ve capac � t � e s  o f  ruminant s 
and nonruminant s .  He  found that fecal part i c l e  s i z e  was larger 
in nonrum inant s than ruminan t s . Although t h i s  phenomenon is o ft en 
at tributed  to the longer retent ion t ine s o f  ruminant s ( s e e  be low ) 
there are a s er i e s  o f  d i f ferenc e s  in the  two d i g e s t i ve s y s t ems 
wh ich p roduce d i f ferent part i c l e  s i z e . 

A cri t i ca l  e l ement o f  the rumen ' s  funct ion i s  the  s e l ec t ive  de l ay 
o f  inge s t a . The s e l e ct i v e  de lay oc curs by lowerin g t h e  probab i l ity 
t hat forage recent l y  inge s t ed wi l l  e s cape the  rumen . I f  a vo lume 
i s  f i l l e d  wi t h  a l iquid , in whi ch perfect mixing  o ccurs , there 
i s  a certain probab i l it y  t hat s ome intake w i l l  be s imult aneo u s l y  
lo s t . Onc e  a p art i c l e  ent ers  the volume i t s  probab i l it y  o f  e s cape 
do e s  no t change with time . The rumen has a mechan i sm t o  l ink 
the probabi l i ty of  e s cape w ith  re s idence t ime of  a part i c l e . 
Smi th ( 1 9 6 8 )  ha s demon s trat e d  how part i c l e - s i z e  breakdown o c curs 
micro b i a l ly in the rumen an d t hat p art i c l e  s i z e  is r e lat e d  to 
pas s ag e rate ( F i g . 1 0 ) . S in c e  forage enters the rumen as  large 
pa rt i c l e s  an d i s  progre s s i v e l y  re duc e d  t o  sma l l  s i z e , t h e  rumen 
e ff i c i ency is pro duced by l inking the probab i l i t y  o f  pas s age  t o  
r e s idence t ime v i a  part i c l e  s i z e . 

Al tho ugh s omewhat e l ec t ive , the cae c um  b e have s mo re l ike a p erfect 
vo lume t han the  rumen ( Uden 1 9 7 8 ) an d part icl e s  o f  d i f ferent 
s i z e s  appear in the  colon at s imi lar rat e s  ( Argen z io et al . 1 9 7 4 ) . 
The s e  r e s u lt s wo u l d  sugg e s t  h i gher rat e s  o f  e s cape for und i g e s t e d  
part i c l e s , a n d  cou p l e d  with di ffere n c e s  in  t rans i t  t ime s , should 
p roduce lower d i g e s t i b i l i t i e s of t he c e l l -wa l l  fract ion o f  
forag e s  i n  nonruminan t s . 

Body s i z e . A numb er o f  anatomi cal and phys icolo g i cal  fac tors 
are rela t e d  t o  bo dy s i z e  but becau s e  t hey o ft en chan ge with 
we ight at  d i f ferent rat e s  individuals of  d i fferent s i z e s  are 
req uired to  be di fferent typ e s of an imal s .  Bot h  metabo l i c  rat e 
and gut capac i t y  chan ge d i fferen t i a l l y  re lat ive t o  we ight . The 
s i gn i fi c iance o f  t h i s  rat io was orig in a l l y  s ugg e s t e d  by Short 
( 1 9 6 3 )  an d ha s been di scus s e d  by Prins and G e e l en ( 1 9 7 1 ) , Jan i s  
( 1 9 7 6 ) , and further de ve loped by Parra ( 1 9 7 8 ) . T o  formu la t e  
t h i s  re lat ionship more pre c i s e ly a mo de l i s  p re s ented . 
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F i g u re 1 0 .  A p lo t  o f  s i z e - s p e c i f i c  pa s s a g e  rat e s  o f  part i c l e  from t h e  rumen o f  s h e e p  
( da t a  f rom Sm i t h  1 9 6 8 ) . T h e  p l o t s hows t h at large part i c l e s  h a v e  a low 
probab i l i t y  of p a s s a g e , and w i t h  d e c re a s i n g  s i z e  l i k e l i ho o d  of pa s s a ge 
i n cre a s e s  un t i l v e ry sma l l - s i z e d  part i c l e s  aga i n  have low probab i l i t y . 

N -...J w 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


274 

Be caus e ba s a l  me t abo l i c  ra t e  ( Kcal / kg / t ime ) de creas e s  non l in e arly 
w i th body w e i ght , the t ot a l  me tabo l i c  requi rement s of mammal i an 
he rb i vo r e s , MR ( Kc a l / day ) , increa s e s  a s  

M - 1 0  w · 7 5 
R - ( K l e iber 1 9 7 5 ) ( 1 )  

where W = we ight in kg . The u s e  o f  the e xponent . 7 5 i s  app l ic a b l e  
f o r  int e r s p e c i f i c  comp ar i s on acro s s  a w i d e  ran g e  o f  body s i z e s . 
Di fferen c e s  i n  t h i s  e xponent be twe e n  s p e c i e s  ( T honney e t  a l . 
1 9 7 6 ) may s l ightly mo d i fy s p e c i f i c  comp ar i s on s  I may make , but 
w i l l  no t a l t er t h e  general con c l u s i on s . Be caus e M increas e s  
w i th we ight , a l b e i t  a t  a de crea s i n g  rate , larg e  an�ma l s  always 
requi re mo re t o t a l  ene rgy· but s ma l l  anima l s  require mo�e ene rgy 
re lat i v e  to t he ir bo dy we i ght . 

The capac i ty o f  the gut de t e rmine s ,  in part , the capac ity for 
d i g e s t ion i n  the h erbi vore . Parra ( 1 9 7 8 ) p lo t t e d  the wet we ight 
of gut cont ent s of herb i vo r e s ,  both ruminant s and nonruminan t s , 
again s t  we ights ( F i g . 1 1  ) .  Demment ( s ubmit t e d )  argu e s  that t h e  
b i as o f  t h e  meas ure o f  c apac i t y  by d i g e s ta we i ght i s  s y s t emat i c a l ly 
r e l a t e d  to body s i z e . He sugge s t s  t hat t he e xpon ent s ho u l d  
b e  1 . 0 0 i n s t e ad o f  t h e  1 . 0 9 o f  Parra ' s  regres s ion . Impo rt ant l y  
rumi nan t s  and nonrumi nant s  s how t h e  s ame gut s i z e  re lat i ve to 
we i ght ( Parra 1 9 7 8 ) . · 

I f  t he rat e  o f  metabo l i sm de t e rmin e s  the nut rit ional requ irement , 
and t h e  gut s i z e  t h e  capa c i t y  to pro c e s s  foo d int o n ut r i ent s , 
then the non l inear re s pon s e  o f  metabo l i sm coup l e d  w i th t h e  appro 
ximat e ly l i n ea r  re s po n s e  o f  gut s i z e  pro duc e s  h i gher rat io s o f  
me tabo l i sm t o  pro c e s s in g  cap a c i t y  i n  smal l anima l s  re la t i v e  t o  
larg e . 

I f  the gut i s  c on s i dered a vo l ume into wh i ch ma s s  f lows , but 
b ehav e s  l ike l i q u i d , the pro b l em c an be exami n e d  u s i n g  s in g l e 
poo l kinet i c s  ( S hip l e y  a n d  C l ark l 9 7 2 ) . T h e  t ime a part i c l e  s p e nds 
in t he vo l ume , i t s  re t e nt ion t ime , T ,  can be expre s s e d  a s : 

v T = T ( 2 )  

wher e  V i s  the capa c i ty o f  the gut ( mas s )  an d I i s  t h e  i n t ake 
( ma s s / t ime ) . The dry-we i ght vo l ume of t he gut ha s been appro x i mate d 
a s  1 0 \  o f  the wet -we i gh t  content s and Parra ' s  fi t t e d  equat ion 
( F i g . 2 1  ) has been corr e c t e d  a ccordingly : 

v = . 0 0 9 3 6  w1 · 0 7 6 8  < 3 > 

wher e  W i s  the body w e i ght in kg and V i s  the G IT �apac i t y  in kg 
dry ma t t e r . K l e i ber ' s  equat ion for b a s a l  me tabo l i sm can be 
convert ed to a dry - mat t e r  ( kg )  requirement u s ing 4 � 0 9  Kca l / kg 
( N . R . C .  1 9 7 3 ) .  The intake o f  dry mat t e r  ( kg / dry ) required t o  
ba l an c e  bas a l  metabo l i sm at a co ns tant d i g e s tab i l i ty i s : 
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The p er c e n t a g e  o f  a l l  Ea s t  A fr i can herb ivo ro u s  s p e c i e s  ( N  = 1 8 7 ) , wh i c h  are 
fore g u t fermen t or s  i s  p lo t t e d  aga i n s t  body w e i ght . The s ma l l  a n d  v e ry large 
s p e c i e s  are h i n d g ut ferment ors . Th e r um i n an t s  ( a  s ub s e t  o f  t h e  foregut 
fe rmen tors ) d om i n a t e  the m i d d l e  body s i z e s . There are n o  rum i nant s i n  the 
1 2 8 0  + kg c a t e g ory . On l y  t h e  h i ppopotamu s , wh i ch is  a fo regut ferm e nt o r , 
doe s no t rum i n a t e . 
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. 0 1 5 9  w · 7 5 

D 
( 4 )  

where D i s  th e p ercentage dry mat t e r  remo ve d  from the intake 
and no t pre s ent in the fec e s . 

S ub s tit ut in g  equat i o n s  ( 3 ) and ( 4 )  into ( 2 )  y ie ld s : 

T = . 5 8 9  D w · 3 2 6 8  
( 5 ) 

The rat e o f  pas s age , Kp ( a  rat e  con s t ant ) ,  i s  the re c i pro ca l  
of the re tent ion t ime : 

w- . 3 2 7 Kp 
= . 5 8 9 D 

Equat ion 6 s tat e s  t hat rat e s  o f  pas s ag e  in s ma l l  an ima l s  mus t  
b e higher than in large an ima l s  t o  me e t  ba s a l  met abo l i c  re quire 
me n t s  on the same qual ity foo d s . 

Th i s  r e lation s h ip s ugge s t s  that s ma l l  anima l s  are con s traine d by 
rap i d  pa s s ag e . To comp en s at e  they e at rap i dl y  dige s t in g  foo d s  
( i . e .  lar g e  ce l l - content fractions ) .  On l y  i n  the mi dd l e  body 
s i z e s  ( 5 - 8 0 0  kg ) is t he MR/ gut s i z e  rat io s u f f i c i ently l ow to 
a l low s e l e c t i v e  de lay of forage s .  In the s e  b o dy - s i z e  range s ,  
ruminant s  are dominant in gras s lan d e co sy s tems ( F i g l2 ) .  S in c e  
t o t a l  met abo l i c  requirement increas e s  w i t h  body s i z e , l arger 
anima l s  require mo re total foo d  than s ma l l er anima l s . The 
g en era l  re lat ion ship  of abundan ce and forage qua l ity is pre s ent ed  
in T ab l e  2 4 .  The s e  data s ugge s t  t hat h i gh-qua l i t y  fo rage is  
rare and low-qua l i ty forage abun dant . There fore as  body s i z e  
increas e s , d i e t  qua l i ty mus t  decre a s e  ( Demmen t 1 9 7 8 ) . Demment 
and V an Soe s t  ( in p rep ) argue that the upp e r  l imi t on ruminant 
s iz e  is s et by the rat e at wh i ch low-qua l ity die t s  can b e  reduc e d  
i n  part i c l e  s i z e  f o r  pa s sage . I t  i s  the very me chan i sm that al lows 
increa s e d  e f fici en cy of  fiber d i ge s t ion that l imit s the ran g e  
o f  die t s  t h e  ruminant can ut i l i z e  e f fi c i en t ly . There fore very 
large he rbivore s  are nonruminant s whi ch e at a lower-qua l ity 
d i et than ruminan t s . 

The dominan c e  o f  the  peri s s odactyl s during the Eocene and the 
s u b s equent re duct ion in numbe r co i n c i dental with the ri s e  o f  
t h e  ruminant s i n  the O l i go c en e  ( Jan i s  1 9 7 6 ) , coup l e d  wi th the 
pr e s en t  pattern s  of body - s i z e  di s tribut ions of the two group s , 
s tron gly argues  that comp e t i t ion from t h e  ruminant s has been 
o f  maj or impo rtanc e  i n  shap ing equid fe e d in g  eco logy . The more 
e fficient  ruminant s y s t em for the d ig e s t ion of p lan t c e l l  wal l s  
may have di s p laced  the  e q u i d s  as the gra s s land s  o f  the wo rld 
be came predominan t . As argued a bo ve , t he nonruminan t  s y s t em , 
de s igned for pas s a ge and not de lay , fun ct ion s e ffect ive ly in 
the sma l l  and very l arge bo dy s i z e s . The e vo l ut ionary re s pon se 
of the ho rs e ha s been to increa s e  its  body s i z e t hrough 
evo lutionary t ime ( S imp son 1 9 5 0 ) , quite p o s s i b l y  in order t o  
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B O D Y W E I G H T ( k g )  

( From P arra 1 9 7 8 ) . Linear lo g - log p lot o f  g ut - conten t s  
wet we ight on bod y-we i ght y i e l d . The e xponent i s  
ve ry c lo s e  t o  1 . 0 0 ,  indicat in g an i s ome tr i c  in creas e in 
gut s i z e  w i th body we ights . Th ere i s  no s i gn i f i cant 
di fference b e tween ruminan t s  and nonruminan t s  in th i s  
re lat ion s h ip . 
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have a body s i z e  s u ffic i ent ly l arge to e at a die t o f  coar s e r  
qual i t y  than the ruminan t s  ( Be l l  1 9 6 9 ) . 

D ige s t i v e  Capa c i ty o f  Equi d s  

Crude - f i b e r  diges t ion . The fi brous  fract ion has be en shown 
t o  be th e mo s t  important forage parame t e r  for pre d i c t ing d i g e s t ion 
coe f f i c ient s fo r hor s e s  ( O l s s on 1 9 4 9 , H in t z  1 9 6 9 , Fonne s b e ck 1 9 6 9 , 
V ander Noot an d Trout 1 9 7 1 ) . H i gh corre lat ion s wit h crude - fi ber 
va lues  have con s i s t e n t l y  been fo un d ( e . g .  O l s s on 1 9 4 9 ) .  But 
Fonn e s b e ck ( 1 9 6 3 ) , eva lua t in g  s e vera l as s ay s , foun d Van Soe s t ' s  
metho d s  ( 1 9 6 4 ) o f  de t e rgent  ana ly s i s  t o  be t h e  be s t  pr edictor o f  
d i g e s t i b i l i t y  i n  forage s for hors e s  ( t he in adequacy o f  crude fiber 
a s  a forag e mea s ure wa s di s c u s s e d  un de r '' p l ant mat er�a� "  above ) .  

O l s s on ( 1 9 4 9 ) conduct e d  the mo s t  ext en s i ve re v i ew o f  the l i t e rature 
on di ge s t ion t r i a l s  of hors e s . He determined  the fo l low in g 
re lat io ns hip between the d i g e s t ion co e ff i c i en t  o f  o rgan i c  matter 
( y )  and crude fiber as p ercent of  dry mat t er ( x ) : 

y = 9 9 . 7 1 - 3 . 0 6 6 x + . 0 6 7 9 x 2 - . 0 0 0 5 6 x 3 , n = 1 0 9 4 . 

A depre s s ion o f  d i ge s t ion c o e f f i c i e n t s  with th e increa s e  in 
t h e  fibrous frac t ion o f  fo ra g e s  i s  hardly unexpe ct e d  nor confined 
to equi ds ( Baumg ardt 1 9 7 0 ) . Howe ver s ub s t an t i a l  e v i de nc e  exi s t s  
to ind ica te that ruminant s  show d e c l i n e s  in d i ge st ion co e ff i c i ents  
that are no t a s  rap i d  a s  equ i d s  w i th in creas ing ce l l  wa l l . H igher 
dige s ti b i l i t i e s  for cat t l e  than hors e s  h ave b e e n  w i d e ly re corded 
( Axe l s s on 1 9 4 9 , H in t z  1 9 6 9 , Bar s aul an d Talapatra 1 9 7 0 , V an de r  
Noo t and G i lbreath 1 9 7 0 , G e y er 1 9 7 4 ) . S e vera l s t udie s have 
mea s ured the d i ge s t i b i l i t y  o f  chemical  componen t s  o f  the forage 
an d found t hat wh i l e  e qu i d s  can dige s t  NFE an d  o ft en prote in as 
we l l  as ruminant s , they c on s i s t e n t l y  s how l ower digest ibi l i t i e s  
fo r t h e  fi brous frac t ion ( Axe l s s on 1 9 4 9 , Bar s aul and Talapat ra 
1 9 7 0 , V ander Noo t and G i lbre ath 1 9 7 0 ) . H in t z  e t  a l . ( 1 9 7 3 )  
fo un d th at , wh i le pon ie s and s he e p  ha d s im i l ar dry -matter di g e s t i 
b i l i t i e s , pon i e s  we r e  lowe r  in the d i ge s t ion o f  ce l l  wa l l  than 
th e sheep and New World  came l s . S in ce the pon i e s  were four 
t ime s heavier than the sheep , the di fference i s  l ik e l y  due to 
bo dy s i z e . Came l s  and pon i e s  were i dent i c a l  in we i ght . 

In the mo s t  e xtens ive contro l l ed compar i s on o f  ho rse s with catt le 
( al s o  s he e p  an d swine ) ,  Axe l s son ( 1 9 4 9 )  ca l culate d regre s s ion 
equations of d i ge s t i b i l ity again s t  crud e fiber for e ac h  s p e c i e s  
( N  > 1 0 0  for e a c h  s p e c i e s ) .  H i s  e quat ions are as fo l lows : 

hors e s  y = 8 8 . 2  1 . 2 5x 

ruminant s y = 8 7 . 8  . 8 3 x 

swine y = 9 3 . 7 1 . 6 0 x 

where y i s dige s t ibi l i ty o f  o rganic matt er an d x i s  crud e fiber 
as a percent ag e  o f  d r y  matt e r . Th e re gr e s s ion s for hor s e s  and 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Wi ld and Free-Roaming Horses and Burros:  Current  Knowledge and Recommended Research.
ht tp: / /www.nap.edu/cata log.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


279 

r�ts are p lo t t e d  with O l s s on ' s  ( 1 9 4 9 )  regres s ion equat ion in 
F ig .  1 3  . S in ce the re al data ar e not g i v en in e ither paper , nor 
p lo t t e d  as p o in t s , i t  is d i ffi cult t o  de t e rmin e  if the d i f feren c e s 
in  t he ho rse curv e s are due t o  regre s i on t e chnique s . Intui tive ly 
one would expect the di fferen c e s  be tween hor s e  and rumin an t s  t o  
rema in a t  l e as t  cons tant ( H in t z ' s ( 1 9 6 9 )  eva l uat ion s upport s thi s 
n o t ion ) with increas ing fiber con t e nt . However t h i s  relat ion ship 
i s  c learly one requiring further inve s t igation . I have added an 
addendum which addre s s e s  th i s  prob l em . 

Hors e s  s how s hort er reten t i o n  times than do cat t l e  ( Tab le s 2 5  and 2 6 ) . 
I f  the cae ca l  de s ign al bws the e s cap e o f  incomp l e t e l y  dig e s t e d  
part icle s ,  thi s in e ff i c i ency wh en comp are d wit h t h e  rumen should 
requi re h igher in t ake rat e s  an d fa s ter pas sag e rat e s _ ( a l l  o ther 
factors be in g t h e  s ame ) . The dat a from Arg e n z io e t  al . ( 1 9 7 4 ) 
e mphas i ze s  th e retent ion capab i l i t i e s o f  t h e  equid lowe r  t ract . 
The absence  o f  s uf f i c i en t  part i cu l ate marker in the fecal 
c o l l ec t ions ne gat e s  the abi lity  to c al culate part i culat e r e t ent ion 
times for the s e  dat a . Linero de ( 1 9 6 6 , re f .  in Rob i n s on and S lade 
1 9 7 4 ) s ugg e s t s  that pas sage t hroug h the upp er d i g e s t i ve tract may 
b e  t hre e t imes  fas t er in hors e s  than ruminant s .  

The p a s s age rat e  do e s  not app ear t o  b e  affec t e d  b y  d i et c ompo s i t ion 
( Vander Noot e t  a l . 1 9 6 7 ) a l t ho ugh s amp l e  s i z e  i s sma l l  in th i s  
exp e riment . H i gh individua l  variab i l i ty i s  o ft en the  cas e wit h 
d i g e s t i o n  tria l s  and pa s sage meas urement s ( Ude n 1 9 7 8 )  an d 
de t e rmin ation o f  treatment d i f fe ren ces  wo uld n e c e s sari ly require 
large s amp l e  s i z e s . The phy s i ca l  form o f  foo d s  ( p e l l e t e d , 
ground ,  c hopped , or loo s e ) showe d  no e ffect in work by Wo lter et  

a l . ( 1 9 7 6 )  whi l e  the same wo rker s ( 1 9 7 4 ) found t hat hay ( no rmal 
groun d , p e l lete d )  t ook 3 7 , 2 6  and 3 1  ho urs r e s p e ct ive l y  to tran s i t  
t he gut . Haen l e in e t  a l . ( 1 9 6 6 ) mea s ured more rap id pa s s ag e wi th 
pe l l e t e d  and wa fere d hay than loo s e  hay . 

F i s tulat ion o f  hors e s  app ears to leng then retent ion t ime s an d 
increase d i g e s t ibi l i t y  ( Pul s e  e t  a l . 1 9 7 3 ) . Wh i le the imoo rt ance 
of caecal ret ent ion time s  are c i t ical t o the de terminat ion o f  
fiber dige s t io n  in  the ho rs e , the e ffe ct o f  f i s t u l a s  an d cannulas , 
n e c e s s ary for t h e s e  de terminat ion s , mu s t  be care full y  mea s ured in 
each e xp e rimen t . 

H in d�ut fermentat ion . -- The s equence of dige s t ive enzyme s  to 
whic a forage i s  e xpo s e d  a s  i t  tran s i t s  the g u t  i s  d i f ferent 
in th e cow and hors e  and has the pot ential to s upp ly di f ferent 
quant it i e s  of nutrients  to the herb i vore . I n i t i a l l y  forage s are 
e xpo s e d  to gas tri c enzymes in  the horse an d  mi cro b i a l  fermentat ion 
in the cow . The d i g e s t ion of the s o l ub l e  carbohydrate s and pro t e in 
i s  almo s t  comp le t e  in  the horse  ( Fonn e s b e ck 1 9 6 8 , Robert s 1 9 7 5 a , b ) . 
Although some c e l l  con t en t s  may e s cape t o  t h e  lower trac t when 
d i e t s  co ns i s t  o f  large quan t i t i e s  of concentrat e s  on a w i de range 
o f  forage / concentrat e rat io s , thes e  nutr i en t s  are dire c t l y  d ig e s t e d  
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Tab le 2 5 . Equ i n e  Part i c l e  and L i q u i d Me an Ret e n t i on T ime Ca l u l a t e d  A c c ord i n g  t o  C a s t l e  
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in th e foregut ( H in t z  et a l . 1 9 7 1 ) . In th e rumen the s o lub l e  
fract ion i s  rap i d ly fermented a n d  i n  a s en s e , t h i s  e nergy i s  
n e e dl e s s ly run through another trophi c  l e ve l where t h e  co s t 
o f  fe rmentat ion ( i . e .  mi cro b ial r e s p irat ion and methan e product i on ) 
mu s t  be  s ubtracted . Therefo re , when con s i de ring the s o l ub l e  frac 
t ion , the  d i f ference  b e twe en DE an d ME ( metabo l i z ab l e  energy ) i s  
much gr eater i n  the cow than i n  the hors e . Th i s  po int wi l l  b e  
con s idered mo re quan t itative ly un de r the intake s e c t ion b e low . 

The f i brous fraction ha s b e e n  larg e l y  d i ge s t e d  wh en i t  e s cap e s  
the rumen ; some fermentat ion do e s  oc cur i n  t h e  lower t ra c t  o f  
ruminan t s . The for egut p lac ement o f  t h e  rumen great ly e nhan c e s  
t h e  a b i l i t y  o f  t h e  ruminant s to d ig e s t an d ab s o rb the micro b ial 
bo d i e s ( d i s c us s e d abo ve w i th re fere nce to prot e in ) . When the  
dige s t a  l e aves the s t oma ch o f  the hors e i t  i s  compo s e �  l arge ly 
of ce l l  wa l l  whi ch i s  fermented in the  hundgut . Th e r e l at i ve 
impo rtance o f  fe rmentat ion in the colon i n crea s e s  as t h e  con = e n 
trate in th e d i e t  de creas e s  ( Hi n t z  e t  a l . 1 9 7 1 ) . There fore under 
field con d i t ion s , as the forage mat ur es , t here will  be  a s h i ft 
d e creas ing the amo unt o f  e ne rg y  b e ing abs orb e d  as  gluco s e  in the 
sma l l  int e s t i n e  ( b e c au s e  the so l ub l e  fract ion i s  decreas ing ) and 
in creas ing the energy derived from V FA in the  hin dgut .  S in c e  the 
met abo l i zab l e  energy avai l a b l e  from g l uco s e  is  greater t han that 
from V FA p ro duc t ion , for the reason s t at ed above , the mat urin g 
o f  forag e cau s e s  a de creas e in ME not apparent in DE values  for 
the hor s e .  Thi s s h i ft do e s  not o c c ur for cat t l e  s in c e  the 
pro port io n of a feed fermen ted w i l l  chan ge l i t t l e  with forage s .  

Wha t  are the po s s i b l e  e ffect s o f  t he pretreatment o f  fora g e  in 
t h e  stomach on the e f f i c i ency of hindgut fermen t at ion in the 
hors e ?  

( 1 ) The dig e s t ion o f  carbohydrat e s , prot e in and fat pre c ae c a l l y  
decreas e s  product s  required for methan e  product ion in t h e  
lower tract o f  nonruminant s ( Nayn ard et  al . 1 9 7 9 , p .  1 9 9 ) . 
I n  a compari son o f  s p e c i e s ' va lues  from t h e  l i terat ure , 
Cal loway e t  a l . ( 1 9 6 8 ) foun d  re lat i ve ly lower value s o f  
met han e co ncentrat i o n s  i n  the hin dgut s o f  nonruminant s 
( hors e s , rat s , and human s ) than rum in an t s . Hun gate ( 1 9 6 6 , 
p .  2 7 2 ) state s that me thane pro duct ion corre l at e s  invers e ly 
with proprionat e product ion . Proprion ate product ion usual ly 
inc re as e s  with t h e  quant i t y  of  s t arch in t he d iet ( S t evens 
et  a l . manus cript ) . S imi larly Mo e and Tyrre l l  ( 1 9 7 9 )  have 
shown t hat me thane product i on i n  the rumen o f  cows i s  
affected mo re b y  d i g e s t iabl e ce l lulo s e  and hem i c e l lulo s e  
than b y  s o l ub l e  nut r i ent s .  

( 2 )  Structural  carbohydrat e s  fermen t more rap i dly when pretreat e d  
wi th g as tric d i g e s t ion . Although s ugge s t ed b y  a numb e r  
o f  res earchers  ( Van Soe s t  p ers . comm . ; U d e n  1 9 7 8 ) , to  my 
knowl edge no work has addre s s ed t hi s  pro b l em .  
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( 3 ) The abs enc e o f  s o l ub l e  carbohydrat e s  s lows d i g e s t i on o f  
t he f i b e r  fract ion . Altho ugh Kern e t  al . ( 1 9 7 3 ) have s hown 
t hat t h e  a ddit ion o f  oat s to forage increas e s  the numbers  
o f  bac t eria in the  cae cum ( pr e s umab ly b y  increas i ng the 
amo unt o f  s o lubl e carbohydrat e reachi n g  t h e  lower tract ) ,  
i t  did  no t increa s e  the  numbers o f  c e l l u lo lyt i c  bact eria 
nor increa s e  c e l lulo s e  di g e s t ion . 

S ub s t an t i al evidence s e x i s t s  to s upport t he cont ent ion t hat 
fermentation pro c e s s e s  and V FA absorp t ion in the hin dgut are s im i lar 
to t h e  rume n ( S t e v e n s  e t  a l . manuscript , Argen z io et a l . 1 9 7 4 , 1 9 7 7 ) . 
Howe ver th e e ff i c i ency o f  t h e  microbial  popu lat io n s  may di ffer . 
Alexand er ( 1 9 6 3 )  s ug g e s t e d  that , b e cau s e  cot t on t hread dige s t ed 
mo re rap id ly in the  caecum o f  t h e  pony t han t he rumen o f  the 
cow , c e l l ulo lyt i c  organ i sms i n  t he pony were mo re e ff ic i en t  t han 
their count erpart s in t h e  cow . Howe ver Ko l l er e t  al . ( 1 9 7 8 ) 
comme n t e d  that cotton thread b e ars  l i tt l e  re s emb lan c e  t o  the 
c e l l  wa l l  of forage p lant s . To examine t he comparat i ve dig e s t ive  
capabi l i t i e s  o f  c e l lulo lyt i c  micro b e s  in the  pony and  c ow , Ko l l er 
e t  a l . ( 1 9 7 8 ) comp ared forage d i ge s t ib i l i t i e s  us i n g  in v itro and 
n y lon bag t e chn ique s .  The ir re s ul t s  s how t hat ruminal bac t er ial 
dige s t  the dry -mat t e r  and c e l l -wa l l  frac t io n s  more e ff i c i ent ly 
t han do caecal  bac t e r i a  when e xpo s ure t imes  ar e con s t ant . They 
caut ion that  t h e i r  expe r imen t a l  pro c e dure do e s  n o t  re s emb l e  
t h e  tre atment of forage s i n  t h e  c omp l e t e  anima l  dige s t i ve s y s t em , 
c i t in g  k e y s  e t  al . ( 1 9 6 9 , 1 9 7 0 )  who found indi cat ions that 
hemi c e l l ulo s e  d i ge s t ion in the  hindgut may be enhan ced by in t e s t inal 
act ion on f iber . 

E v i dence  e xi s t s  o f  d i f f eren c e s  in pas sage  rat e s , forage qua l i ty 
r ea c hin g t h e  ferme n t a t ion s it e  and e f f i c i ency o f  dig e s t ion within 
the s i te ( al be i t  o f t e n  contradict ory ) .  To de ve lop a meanin g ful 
understanding o f  the capab i l i t i es of t he ho r s e  a s  a herb i vo re will  
requ i re a better  un ders t anding of  t he dynami c a s p e c t s  o f  
fermentat ion i n  the lower gut o f  equids . 

In take . No s in g l e  top i c  has rece i ve d  a s  mu ch r e s earc h att en t ion 
an d y � e l d e d  s uch equivocal re s ul t s  as intak e . Intake and i t s  
de t e rminan t s  have been prin c ipa l l y  s t ud i e s  w i t h  ruminant s  s in c e  
in t ake i s  a n  important factor affect ing pro duct ion ( Re i d  1 9 6 1 ) . 
Thi s re s earch has been part i cu lar l y  intere s t e d  in the re spon s e s  
o f intake to d i e tary qua li t y . A number o f  h erb i voro u s  s pe c i e s  
ar e c apab l e  of  in creas ing in take i n  re s pon s e  t o  d ie t s  o f  decreas ing 
calori c den s i ty ( ra t s , Pe t erson and Baumgardt 1 9 7 l a , b ;  ch i c k en s , 
H i l l  an d Dan s ky 1 9 5 4 ; p ig s , Owen an d Ridgmen 1 9 6 8 , s he ep , Dinius 
and Baumgardt 1 9 7 0 , We ston 1 9 6 6 , lamb s , Owen et  a l . 1 9 6 7 ;  
cat t le , Mont gomery an d Baumgardt 1 9 6 5 ) . But t h e  intake r e s pon s e  
t o  compen s a t e  for lower calor i c  de n s i t i e s  i s  l imited . Beyon d a 
cr-it i cal  point , in take de crea s e s  i n  respon se to lower-qual i t y  diets  
( rat s , P e t er s on an d Baumgardt 1 9 7 la ,  b ;  p i g s , Owen and Ridgman ; 
s he e p , D in iu s  an d Baumgardt 1 9 7 0 , We s ton 1 9 6 6 , catt l e , Mont gomery 
an d Baumgardt 1 9 6 5 ) . The i n i t i a l  re s pon s e  t o  de crea s in g  caloric 
den s i ty has been cons idere d a phy s iological  re spon s e  t o  bal ance  
e n ergy requir eme n t s  whi l e  the depre s s ion o f  int ake beyond the  
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c r i t i c a l  p o i n t  is i n t erpret at e d  as  th e limit s o f  g a s t ro - in t e s t inal  
o r  rumen capac i t y  ( Baumgardt 1 9 7 0 , Ba i l e  and  Fo rb e s  1 9 7 4 ) . The 
po in t  where i ntake comp e n s a t ion cea s e s  app ears to be  s en s it ive , 
independen t ly , to  the en e rgy requirement s o f  the an imal and i t s  
b od y  s i z e  ( Pe t erson an d Baumgar dt 1 9 7 l b ,  Owen a n d  R i dgmen 1 9 6 8 ) . 
Th e o b s erva t ion that dige s t a  pre s ent in the gut and the rumen 
i s  a re l a t i v e l y  con s t an t  maxima l va lue , reg ard l e s s  o f  forage , 
ha s l e d  to the con cept o f  fi l l  mo de l s  in ruminant s t udi e s  ( B l axt er 
et a l . 1 9 6 1 , Comp l in g  e t  al . 1 9 6 1 ) . 

Rumen f i l l  mod e ling has be come q u i t e  sophi st i c at e d  in the s e  2 0  
y e ar s  ( c . f .  E l l i s  1 9 7 8 ) . Howe ver t h e  ac hie vement o f  t he uni fi ed 
predict iv e  mo de l of  in take i s  s t i l l  e l us i ve . From the  s imp l e  
conc ept t hat the rumen v o l ume l imi t s  M in take ( Ado lph 1 9 � 7 ) , 
the s e  mo de ls  have de ve lope d into formulat ions o f  the - dynami c s  o f  
rumen fi l l . A l l  th e pro c e s s e s  l ik e l y  t o  p lay a ro l e  in in f l ue n c i n g  
f i ll have been imp l i cated  a s  d e t e rminan t s  o f  intake ( di g e s t ibi l i ty , 
Crampton 1 9 5 7 ; pas sage rat e , Comp l i n g  e t  a l . 1 9 6 2 ; part i c l e  break
down , We s ton 1 9 6 6 ; rat e of d i sapp e arance of part ic le s  in the rumen , 
B laxter e t  a l . 1 9 5 6 ; rumen vo lume , ·Comp l in g  and Ba l ch 1 9 6 1 , E gan 
1 9 7 2 ; vo l��etri c q ua l i t i e s  of t h e  forage , V an S oe s t  1 9 6 6 ) . What 
i s  qui t e  c l e ar from thi s l i t erature is that intake i s  a re spon s e  
t o  a comp lex s e t  o f  var i a b l e s  an d that t h e  impo rt ance o f  a 
part i cular parame t e r  in d e t erming intake var ies  depending on 
the condi t ion s of the animal , t he experime n t  an d  the forage 
( Baumgardt 1 9 7 0 ) . 

No compara b l e  mo de l s  nor s imi lar r e s earch has b e e n  condu c t e d  on 
equid s , to  my knowl e dge . The tradi t ion al ar gumen t ha s b e en 
that nonruminan t s  can respond to a gre ater degre e than ruminant s 
b y  incre a s ing intake on low- qua l i t y  d i e t s  ( Be l l  1 9 6 9 , Jan i s  1 9 7 6 ) .  
The ruminan t  app ears t o  be  l imi t e d  in the rat e at whi ch c e l l  
wal l  can b e  broken down to re l i eve rumen f i l l . We lch and Smit h  
( 1 9 6 9 ,  1 9 7 0 )  have found s t rong corre lat io n s  ( r  = . 9 9 ,  . 9 4 )  betwe en 
c e l l -wall  intake an d ruminat ion t ime . C e l l -wa l l  mea s ure s have 
alway s shown s tron g  corre lat ion s  w i t h  intake ( Me r t e n s  1 9 7 3 ) , but 
re cent work has shown th at c e l l -wa l l  cont ent an d intake i s  on l y  
weakly corr e lat e d  w i th b u l k  vo l ume ( P .  Vander Aar , unpub l i shed 
data ) . The s e  fac t s  sugg e s t  that t he c e l l  wa l l  of low-qual ity 
forage s may l imit the intake of  ruminan t s by re strict in g  part i c l e 
s iz e  reduct ion v i a  ruminat ion ( Demment and V an S o e s t , manu s c r ip t ) . 

Nonruminant s canno t compen s at e  w i th int ake for low - en ergy d i e t s  
i n  a n  unre s t ri ct ed re s pon s e . In  fact dat a on t h e  rat ( Pe t erson 
an d Baumgardt 1 9 7 lb )  show a cri t ica l  po int i n  d i et d i l ut i on beyond 
whi ch compensat ion doe s  n o t  mainta in con s t an t  energy intake . The 
re spon s e  c urve looks s im i lar to t ho s e  meas ured for ruminan t s 
( Baumgardt 1 9 7 0 ) . However the comp l i cat ion o f  body s i z e  an d 
phy s i o logi cal s tate  make i t  d i f fi c u l t  to compare t h e  po int s at 
whi ch comp e n s at ion r e s pon s e  t e rmi nat e s  w i th t ho s e  o f  ruminant s .  
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The addendum to t h i s revi ew shows t he r e l a t i on s h i p  b e twe e n  TON 
o f  fo rage s for cat t l e  and hor s e s  an d t he i r  crud e - f i ber valu e s  
( t aken from t h e  NRC requiremen t s  for t he two s p e c i e s ) .  Wh i l e  t he 
t re n ds in  n utri ent a va i lab i l i ty are c l ear , they are fa irly use l e s s  
in det ermini ng energy l eve l s  a va i lab l e  t o  a n  anima l  on the ran g e . 
It  i s  crit ical  to an y  pre d i ct io n  o f  intake or po s s i b l e  repro duct ive 
capaci ty to know the degr e e  to  wh i ch a s p e c i e s  can re s pond to low
q ual i t y  fora ge s by in creas ing i t s  int ake . In the  rat , lactat i n g  
fema l e s  s howed hi gh er i n t a k e s  on a l l  d i e t s t han mal e s  even b eyond 
the cri t i cal point . Thi s r e s u l t  s hows that phy s i o lo g i ca l  stat e s  
can in f l uen ce  p e rforman ce f o r  animal s o f  appro x imat e ly s imi l ar 
gut s i z e s  ( Pe t erson and Baumgardt 1 9 7 lb ) . Th i s  p o int i s  e s p e c ially 
pert inent when the as s umed adap t at io n  o f  nonruminan t s  i s  the  
capab i l i t y  o f  larg e  increa s e s  in intake t o  comp e n s a t e  fo r 
d e cre as i n g  n utrient  den s i t y  in i t s  foo d s . S i n ce ,  a s · di s c u s s e d  
e ar l i er ,  d i ge s t ib i l i ty i s  det ermie nd b y  retent ion t im e , which 
i t s e l f  is  a fun ct ion of  i ntake , ca l c u lat ion s of  in t ake d ir ec t ly 
from dig e s t i b i l ity  va l u e s  are crude . A foc u s  o f fut ure hor s e  
re s earch shoul d invo l ve t h e  intake - fora g e -qua l i ty prob l em . 

Energy Requirement s an d In take C a l c u l a t i on s 

In on ly one s tudy among the  re c e nt work on th e energy requ irements  
of  hors e s  hav e  meas ure s b e e n  made independent o f  energy intake . 
The  o n e  e xc e p t ion i s  Woo de n  e t  a l . ( 1 9 7 1 )  wh ere heat product ion 
was calculat e d , b ut d i s carde d due to d i sagre ement with Kle iber ' s  
( 1 9 7 5 )  formulat ion . R e s u l t s  from the N RC ( 1 9 7 3 ) , S t i l l ion and 
Ne l s on ( 1 9 7 2 ) , and Wo l fram et  a l . 1 9 7 7  are a l l  bas ed on DE value s 
whi ch are no t indicators o f  ME s ince equat ion s  for t hi s  convers ion 
are n o t  ava i lab l e  in the l i t erat ure . Woo den et a l . ( 1 9 7 0 )  u s e d  
the M E  values  for cat t l e  wh ich are mo st  like ly v e ry crude approxi 
mat i ons . A l though . 7 5 exponent o f  body we i gh t  i s  w i de ly c i t e d , 
it i s  no t  do cumen t e d  for ho rs e s . Thonney et  al . ( 1 9 7 6 ) has s hown 
t hat me t abo l i s m  i s  o ft en a fun ct ion o f  expon en t s  s i gn i f icant ly 
d i ffer en t from 1 7 5  power of b ody we ight w i th in a s pe c i e s . 

The s e  comment s a s ide , the NRC ( 1 9 7 3 )  r e commendat ion for main t en ance 
i s  

DE ( kca l / day ) = 1 5 5 w · 7 5  

wh ere W i s  we ight in kg . Thi s  val ue i s  cons ide rab l¥
5

h i gh e r  than 
Kno x  et a l . ( 1 9 7 0 )  have sugg e s t e d  ( 1 1 4  kcal DE / Wk · / day ) , or 
Ho ffman et  a l . ( 1 9 6 7 ) ado vca ted  ( 1 1 2 - 1 2 8 kcal DE /Wkg . 7 5 J day ) . 
On the o th er

7
hand , Wo l fram e t  al . ( 1 9 7 7 ) me a s ured values  o f  1 7 6  

kcal DE / Wkg
. 5 / day , s ub s tant i a l l y  greater than the N RC requirement .  

The s e  d i f f�renc e s , howe ver d i s comfort in g ,  are l i ke ly t o  be  o f  
minor importance i n  th e face o f  e s t imat ing the energy requirements 
of exerc i s e  from qual itat i v e  data ( e . g .  Hin t z  e t  a l . 1 9 7 1 ) . 

Main t en an ce me tabo l i sm fo r mat ure b ul l s  ( ca l c u lat ed by regre s s ion 
of NRC data , 1 9 7 6  is DE ( kcal / day ) = 1 9 4 . 7  w . 7 5 . I n  a compari son 
of 5 0 0  kg an ima l s , a hors e wo u l d  require 1 6 . 4  ( Mea l / day ) and cattle  
2 0 . 6 ( Meal / day ) at ma intenan ce .  Th e 4 . 2  ( Meal / day ) or  2 0 . 4 % 
d i fferen ce in DE i s  pre s umab l y  fermen tat ion lo s s e s . For ca tt le  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W i l d  a n d  F r e e - R o a m i n g  H o r s e s  a n d  B u r r o s :  C u r r e n t  K n o w l e d g e  a n d  R e c o m m e n d e d  R e s e a r c h .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 2

http://www.nap.edu/catalog.php?record_id=18642


287 

ME as a perc entage o f  DE var i e s  l in erarly from 8 0 %  at 5 �  
di ges t i b i l i ty , t o  8 8 % at 8 0 % dige s t i b i l ity  by the equat ion : 

ME ( Me al / kg DM ) = - . 4 5  + 1 . 0 1 DE ( M ea l / kg DM ) 
( Mo e  and Tyrre l l , 1 9 7 6 ) 

It i s  u s e fu l  to combine th i s  in fo rmat ion with data on forage s  t o  
b e  abl e t o  pred i ct in take for a p art icular an imal on a g iven 
forage qua l ity . To do thi s I have p lott e d  a l in e ar regre s s ion 
o f  TDN ( % DM ) ag ain s t  crude fiber ( % DM ) from data in th e NRC 
( 1 9 7 3 ,  1 9 7 6 )  requ i remen t s  for hors e s  and c att l e ( s e e  addendum 
and F i g . 1 4 ) .  The s e  e qua tion s  h ave the form : 

wher e  ToN i s  TDN ( \ DM ) , f i s  9 0 . 0  for cat t l e , 9 1 . 0  for hors e s , 
d i s  1 . 0 2 3 for catt le , 1 . 2 7 for hors e s  an d C f i s  crude f i ber 
( % DM ) . S ince DE = K ToN ( NRC 1 9 7 9 )  wher e DE is  DE ( Meal / kg DM ) , 
K is  4 . 4 0 9  and ME can b e  e xpres s e d by equat ion o f  Moe and Tyrre l l  
( 1 9 7 6 ) for catt le an d for hor s e s  ( ME = DE ) , and Mt = aw · 7 5  where 
Mt is  total ME requ iremen t ( Me a l / day / an ima l ) , t hen main tenan c e  
in take for an imal s o f  di ffere nt we ight s can b e de rived by s ub s t i 
tut ion : 

I = M t 
� 

whe re I i s  int ake ( kg DM / day / an imal ) .  By s ub s t itut ion , 

I - . 7 5 aw 
b + ( c K ( f - d Cf ) )  

( C at t l e ) 

wh er e  b i s  - . 4 5 and c i s 1 . 0 1 ( i . e . , con st an t s  from the Moe a nd 
Tyrr e l l equat ion ) ,  an d 

I . 7 5 = aw 
K ( f  - d C ) . l O O 

f 

( Horse s )  

The va lu es o f  intake calculated from the s e  equat ions are pre sen t ed 
in F ig . l 5 for ho rs e s  and cat t le o f  d i ffere nt we ight s . Int ake 
for ho rs e s  i s  con s i s tent ly lower t han for c at t l e  on d ie t s  o f  
low crude fiber . A s  th i s  f ib er fract ion increa s e s , ho rs e s  appro ach 
cat t l e  i n take leve l s  and t hen exceed them above - 4 0 % crude fiber . 
This  pattern re fl ec t s  the  lo s s  o f  DE to fermen tat ion in the cow 
dominat ing t he l ower overa l l  DE v a lues  for hor s e s . As the fiber 
frac t ion in cre as e s  the depre s s ion i n  d i g e s t i b i l i t y  in the hor s e  
eventaully excee d s  th e ferment ati on l o s s e s  i n  cat t l e .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W i l d  a n d  F r e e - R o a m i n g  H o r s e s  a n d  B u r r o s :  C u r r e n t  K n o w l e d g e  a n d  R e c o m m e n d e d  R e s e a r c h .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 2
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F igure 1 4  . Dat a fro m t h e  NRC ( 1 9 7 3 , 1 9 7 6 )  for T DN o f  p lan t foo d s  for c a t t l e  and 
hor s e s  re gre s s e d a ga i n s t  cru d e  f i b e r . The s e  d a t a  s e t s  s u gg e s t  a 
l i n e ar re la t io n s h i p  for both s p e c i e s . Hors e s  show progre s s i v e l y  
lower TDN w i t h  i n cre a s in g f i ber con t e n t  than c a t t l e . 
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S in c e  no e s t imat e of fermentat ion lo s s e s  in the ho r s e  hav e b e en 
made by t h e  NR C ( 1 9 7 8 ) ( i . e .  ME = DE ) ,  t h e  equa t ion fo r hor s e  
shou ld  be u s e d , a l o n g  w i th t h e s e  compar i son s , w i t h  caut i on . I t  
wo u l d  s e em highly un l i ke ly that cae c a l  micro b e s  d o  n o t  r e s p ire 
or produce some nonmetabo l i z ab l e  bypro d uct s . 

Addendum 

I was un ab l e  to comp l et e  t hi s  ana ly s i s  in t ime t o  inc l ud e  the 
r e s ult s in th e appro pr iat e po s it ion w i t hin t h e t e xt ( under D i g e s t i ve 
Cap ac i t y  o f  E q u i d s ) .  The s e  dat a are va lu e s  from t h e  NRC ( 1 9 7 3 , 
1 9 7 6 )  for T DN ( %  DM ) a s  a fun ct ion o f  crude f ib e r  ( %  DM ) .  The s e  
regre s s i on s  show a l i n ear re s pon s e , v ery s imi l ar ( e s p e c i a l l y  for 
the hor s e ) t o  tho s e  meas ur e d  by Axe l s son ( 1 9 4 9 ) .  T h �r� i s  no 
in dicat ion of the cur v i l in ear re s po n s e  report e d  by O l s son ( 1 9 4 9 ) .  
The s e  data show that the TDN in forag e s de crea s e s  more �ap idly 
for hor s e s  th an catt l e . The  e q uat ion s pre s en t e d  h ere are 
incorpora t e d  w ith oth ers  re lat ing T DN , DE and ME to pre di c t  in take 
of the two s p e c i es ( s e e  En ergy requirement s and i ntake c a l c u l a t i on s ) . 
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Afr . V e t . As s o c . 4 6 : 1 3 - 1 7 . 

Hin t z , H . F . , D .  E .  Hogne , E .  F .  Wa l k er Jr . , J .  E .  Lowe an d H . F .  
S chryve r . 1 9 7 1 .  App aren t d i ge s t ion in var iou s  s egment s o f  
t h e  di g e s t iv e  tract o f  pon i e s  fe d d i e t s  w i t h  vary ing ro ug hage 
g rain rat io s . J .  An im . S c i . 3 2 : 2 4 5 - 2 4 8 . 

H in t z , H . F . , S . J .  Ro bert s , S . W .  Sabin  an d H . H .  S chryver . 1 9 7 1 . 
En ergy requireme n t s  o f  l ight hors e s  for var ious - act i v i t i e s . 
J .  An im . S c i . 3 2 : 1 0 0 - 1 0 2 . 

H in t z , H . F . , an d H . H .  S chryver . 1 9 7 8 . D i ge s t ive phy s io logy o f  
t h e  hors e . J .  Equine Med . S u rg . 2 ( 3 ) : 1 4 7 - 1 5 0 . 

H i n t z , H .  F . , H . H .  S chryve r and M .  Halb ert . 1 9 7 3 . A no t e  on  the 
compari s o n  of d i g e s t ion by N ew World came l s , s he ep and 
pon i e s . An im . Prod . 1 6 : 3 0 3 - 3 0 5 .  

Ho f fman , L . , W .  Kl ippe l and R .  S che iman .  1 9 6 7 . Unt erachungen 
uber den En erg i e �ums a t z  b i em P ferd un te r be s on d erer Beruc k s id
t i ngun g  der Hori zonta lb ewe gung . Arc h . T i erern ahrun g .  
1 7 : 4 4 1 , i .  

Houpt , T .  R .  1 9 5 9 . Ut i l i zat ion o f  b loo d  urea in ruminan t s .  
Am .  J .  Phy s io l . 1 9 7 : 1 1 5 - 1 2 0 .  

Houp t , T .  R .  1 9 6 3 .  
pro t e i n  rat i on . 

Ure au ut i l i zat ion by rabb i t s  fed a low
Am . J .  Phys i o l . 2 0 5 : 1 1 4 4 - 1 1 5 0 . 

H o upt , T .  R .  an d  K .  A .  Houp t . 1 9 7 1 .  
pon i e s  fed  a low-pro t e in rat ion . 
3 2 : 5 7 9 - 5 8 8 . 

N i t ro gen con s e rvat ion by 
Ame r .  J . V e t . Re s . 

H un gate , R .  E .  1 9 6 6 .  
Pr e s s , N ew York . 

The rumen an d i t s  mi crob e s . 
5 3 3  p p . 

Academic 

J ani s , C .  1 9 7 6 . Th e e vo lu t i o nary s trat e gy o f  t he Equidae and 
t h e  origin o f  rum en and c e c a l  d i ge s t ion . E vo l ut i on 
3 0 : 7 5 7 - 7 7 4 . 

Kawamn ra , 0 . , T .  S e n s hy , M .  Horiguch i and T .  Mat s umoto . 1 9 7 4 . 
H i s to ch emic a l  s tudi e s  on  th e r ume n  d i ge st ion o f  r i ce 
s t raw c e l l  wal l an d on th e chemi cal d e t e r iorat ion o f  i t s  
non- nutri t i ve re s i due . Tohoku J .  Agr . Re s .  2 4 : 1 8 3 - 1 8 9 . 

Kern , D .  L . , S lyter , L .  L . ; We aver , J .  M . , Le f fe l , E . C . ; S amue l son , 
G .  1 9 7 3 .  Pony c e c um v s . s t e e r  rum en ; the e ffe c t s  o f  oats 
an d hay on the mi crob i a l  e co s y s t em . J .  An im . S c i . 3 7 ( 2 ) 
1 9 7 3  4 6 3 - 4 6 9 .  
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Keys , J .  E . , Jr . ,  P .  J . V an So e s t , and E .  P .  Youn g . 1 9 6 9 . 
Comparat i ve s t udy o f  t he dige s t i b i l ity o f  forage c e l lu lo s e  
and hemi ce l lulo s e  i n  ruminan t s  an d no nruminan t s . J .  An im .  
S c i . 2 9 :  1 1 - 1 8 . 

Key s , J .  E . , Jr . , P .  J .  V an S o e st . 1 9 7 0 . D i ge st i b i l ity o f  
forage s b y  the meadow vo l e  mi crotus -Penn s y l van i cus . J .  
Da ir y  S c i . 5 3 ( 1 0 ) . 1 9 7 0 . 1 5 0 2 - 1 5 0 8 . 

K l e iber , M .  1 9 7 5 . The f ine o f  l i fe : An intro duct ion to 
an ima l energ et i c s . Kr i e ger , Hun t in gton , New York . 

Ko l le r , B .  L . , H i n t z , H .  F . ; Rob e rt son , J .  B . , V an S o e s t , P . J . 
1 9 7 8 . Comparat i ve c e l l  wal l  and dry matter d i ge s t ion in the 
ce cum o f  the pony an d the rumen of t he cow us ing ln vitro 
and nylon bag te chn iques . J .  An im .  S c i .  4 7 : 2 0 9 - 2 1 5 . 

Kno x , K .  L . , J . C . C rownouer and G .  R .  Woo de n . 1 9 7 0 . Maint enanc e  
energy requ irements  for mat ure i dl e  hors e s . I n : S .  A .  
S church and C .  Wenk ( Ed . ) En ergy metabo l i sm o f  farm an imal s .  
Jur i s  Druck an d V erlag , Z ur i ch . 

Lanedo , M .  A .  an d D .  J .  Min s on . 1 9 7 5 . The vo lunt ary intake and 
d i ge s t ib i l ity by she ep o f  l eaf and s tem fract ions o f  ho l ium 
perenn e . Journal?  

Loo s l i , J .  R . , Wi l l iams , H . H . , Thomas , W . E . , Ferr i s , F .  H . , 
Maynard , L .  A .  1 9 4 9 . S ynthe s i s  o f  amino a c i d s  in the 
rumen . S c i ence 1 1 0 : 1 4 4 - 1 4 5 . 

Lucket t , C .  R . , R .  L .  Og den , T .  J . Klopfen s t e i n  and W .  R .  Kehr . 
1 9 6 7 . Compo s it ion and diges tab i l i ty o f  a l fal fa l e a f  and 
s t em fract ion s . J .  An im . S c i . 2 6 : 9 3 6 . 

Make l la ,  A .  1 9 5 6 . S t udi e s  on the q ue s t ion o f  bulk in t h e  
nutrit ion o f  farm animal s w i t h  s p e c ial re ferenc e t o  cat t l e . 
S uomen Maatalous t i l  - Tul i s en S euran Julka i suj a 8 5 : 7 - 2 1 . 

Mason , V .  C .  and A .  Just . 1 9 7 6 .  Bacterial act i vity  in the hindgut 
o f  p i g s . 1 .  I t s  influence on t he apparent d i ge s t ib i l ity o f  
d i etary ene rgy and fat . Z .  Tieophy s ical . ,  T i e re rnahg . u . , 
FuHermi t t e l kde . 3 6 : 3 0 1 - 3 1 0 . 

Maynard , L . A . , Loo s l i , J . K . , H in t z , H .  F . ,  and Warner , R .  G .  
1 9 7 9 .  An imal Nutr it ion 7 t h  e d it ion . McGraw-H i l l , New York . 

M c Be e , R .  H .  1 9 7 1 .  S i gni fi cance o f  int e s t inal mi cro flora in 
herb ivory . An . Rev . E co l . S y s t . 2 : 1 6 5 - 1 7 6 . 

Mc Donal d , I .  W .  
o f  s he ep . 

1 9 4 8 . The ab s orpt i on o f  ammonia from the  rumen 
B io chem . J .  4 2 : 5 8 4 - 5 8 7 . 

M c Do na l d , I .  W .  1 9 6 8 .  The nutr it ion o f  graz in g  ruminan t s . Nut r . 
Abs tr . Re ve . 3 8 : 3 8 1 - 3 9 6 . 
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McKey , D .  1 9 7 4 . Adapt ive pat t e rn s  in  alkalo i d  phy s io logy . 
Am .  Nat . 1 0 8 : 3 0 5 - 3 2 0 . 

Mehren , M .  H .  and R . L .  Phi l l ip s . 1 9 7 2 . The phy s io l o gy o f  equine 
nutr ient  d i ge s t ion . An im . Nutr . Health 2 7 ( 1 2 ) : 1 0 - 1 2 . 

Mert en s , D .  R .  1 9 7 3 .  App l i cat ion o f  theoret i ca l  mathemat i cal  
mo de l s  to  c e l l  wa l l  dige s t ion and foo d  intake in  ruminant s .  
Ph . D . the s i s . Corne l l  Un i vers i ty , I t haca , N . Y .  

M in s on , D .  J .  and M .  N .  Mc Leo d . 1 9 7 0 . 
t emp era t ur e  and t rop i cal  gra s s e s . 
Cong . ( S ur fers Paradi s e ) : 7 1 9 - 7 3 2 . 

The dige s t ib i l i t y  o f  
Pro c e .  1 1t h  Int . Gras s l and 

Moe , P .  W .  1 9 6 5 . E ff e c t s o f  l e v e l  o f  intak e  on t he - ut i l i z at i on 
o f  d i e t s  by da iry cows . Ph . D . t h e s i s . Corn e l l  Uni vers i t y , 
I � haca , N . Y .  

Mo e , P .  W .  and H .  F .  Tyrre l l . 1 9 7 6 . E s t imat ing me tabo l i zab l e  
and n et energy o f  f e e d s . Pro c . 1 s t  Int . Symp . on F e e d  
Compo s i t ion , An ima l Nutri t ional Requirement s ,  an d Comput e r
i z at i o n  o f  D i e t s . I n t er . F e e d s t u f f s  I n s t . , Lo gan , Utah . 

Mo e , P .  W .  and H .  F .  Tyrre l l . 
Cows . J .  Dairy Sc i e n c e  

1 9 7 9 .  Met han e  Product ion  in Da iry 
6 2 : 1 5 8 3 - 1 5 8 6 . 

Mo ir , R .  J .  1 9 6 8 .  Ruminant dige s t ion and e vo l ut io n . p p . 2 6 7 3 - 2 6 9 4  
In Han dbook o f  Phy s i o logy , S e ct ion 6 : A l iment ary Canal , 
Vo l ume V .  E d . C .  F .  Code . Ameri can Phy s i o l o g i ca l  Soc i e t y , 
Was hington , D . C .  

Mon t gomery , M . J .  and B . R .  Baumgardt . 1 9 6 5 . Regulat ion o f  food 
int ak e  i n  ruminant s :  I I . Rat ion vary ing in en ergy concentra
t ion and phy s i ca l  form . J .  Dairy S c i . 4 8 : 1 6 2 3 - 1 6 3 4 . 

Moore , J .  E .  and G .  D .  Mo t t . 1 9 7 3 . S t ru c t ural inh i b i tors o f  
qua l i ty i n  trop i ca l  gras s e s .  I n : An t iqua l i t y  Component s 
o f  forage s .  S pe c ia l  Pub licat ion C S SA . Mad i so n , W I . p .  
5 3 - 8 7 . 

Nat ion a l  Academy o f  S c i en c e s . 1 9 7 6 . Urea an d o th e r  nonpro t e in 
n i tro gen compoun d s  in an imal nutrit ion . Wa shington , D . C .  

NRC . 1 9 7 3 , 1 9 7 8 . Nutri ent requi rement s  o f  hors e s . Nat ional 
Academy of S c i en c e s , Wa shington , D . C .  

NRC . 1 9 7 6 . Nutri en t  requi rement s  o f  dairy cat t l e . Nat i onal  
Academy o f  S c i en c e s , Washington , D . C .  

No lan , J .  V . , W .  B .  Norton and R .  A .  Leng . 1 9 7 2 . Dynamic 
as p e c t s of  n i tro gen metabo l i sm in  sheep . p p . 1 3 - 2 4 . Tracer 
s tudie s on non - p ro t e in n i trogen for ruminan t s . I n t . Atomic 
En ergy Agency . V i enna . 
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O l s son , N .  M .  1 9 4 0 . Kg l .  Lan thurrks ho g s k . Ann . 1 6 : 6 9 4 . 

O l s s on , N .  an d A .  Ruudvere . 1 9 5 5 .  The Nutri t ion o f  the  Hors e . 
Nutr . Abs t . an d Re v .  2 5  ( 1 ) : 1 - 8 . 

O lubaj o ,  F .  0 .  and P .  J .  Van Soe s t  an d V .  A .  Oyenuga . 1 9 7 4 . 
Comp ar i s on and dige s t i b i lity o f  four t ropica l gras s e s  
grown i n  N i g er i a . J .  An ima� S c i en ce 3 8 : 1 4 9 - 1 5 3 .  

Orsko v , E .  R .  1 9 7 8 .  Re lat i ve import ance o f  rumina l  and po s truminal 
dige s t ion w ith respect to prot e in and energy nutrit ion in 
ruminan t s . Tro p i ca l  An ima l . Prod . 3 : 9 1 - 1 0 3 .  

Owen , J .  B . , D .  A .  R .  Davi e s  an d W .  J .  Ri dgmen . 1 9 6 7 . Th e contro l 
o f  vo l unt ary foo d intake in ruminan t s . An imal Prod . 9 : 5 0 9 - 5 2 0 .  

Owen , J .  B .  and W .  J .  Ridgman . 1 9 6 8 .  Further s t ud i e s  o f  the e f fe ct 
o f  d i e t ary en ergy con tent on the voluntary in t ake o f  p i g s . 
An im . Pro d . 1 0 : 8 5 - 9 1 . 

Parra , R .  1 9 7 8 . Compar i s on o f  forgut and h in dgut fermentat ion in 
herb ivo re s p .  2 0 5 - 2 2 9  in G .  G en e  Mon t gomery , e d . , The E c o lo g y  
of  Arboreal Fo l ivore s . Wa s h in gton , D . C . , Sm ithson i an I n s t . 
Pr e s s .  

Pe arce , G .  R .  and R .  J .  Mo ir . 1 9 6 4 . Ruminat i on in sheep I .  The 
influence of ruminat ion and grindi ng upon the pas sage an d 
dige s t ion o f  foo d .  Austra l i an J .  Agr . Re s . 1 5 : 6 3 6 - 6 4 3 . 

P e t e r s on , A .  D .  and B .  R .  Baumgardt . 1 9 7 la .  Food and energy int ake 
o f  rat s fed die t s  vary ing in energy conc entrat ion and den s ity . 
J .  Nutr . 1 0 1 - 1 0 5 7 - 1 0 6 8 . 

Peterson , A .  D .  an d B .  R .  Baumgardt . 1 9 7 la .  In fluen ce o f  level  
o f  energy deman d on t he ab i l i ty of  rat s  t o  compen s at e  for 
d i et di lut ion . J .  Nutr . 1 0 1 : 1 0 6 9 - 1 0 7 4 . 

Prior , R .  L . , H .  F .  H in t z , J .  E .  Lowe and W .  J .  V i s ek . 1 9 7 4 . 
Urea re cyc l in g  and me tabo l i sm o f  pon i e s  . . .  feeding . J .  
An imal S c i en c e  3 8 ( 3 )  5 6 5 - 5 7 1 . 

Pr ins , R .  A .  an d M .  J .  H .  G e e len . 1 9 7 1 . 
red deer , fal low deer and ro e deer . 

Rumen ch arac t e ri s t i c s  o f  
J .  Wi ldl . Mgmt . 3 5 : 6 7 3 - 6 8 0 . 

Pul s e , R .  E . , J .  P .  Baker an d G .  D .  Pott e r . 1 9 7 3 . E ffe c t s  o f  
cecal f i s t u lat ion upon nutrient dige s t ion an d  i nd i cator 
retent ion in hors e s . J .  An im . Sc i . : 3 7  ( 2 ) : 4 8 8 - 4 9 2 . 

Raymon d ,  W .  F .  D . , J .  Min s on an d  C .  E .  Harri s .  1 9 5 9 . S t ud i e s  o n  
t he dige s t i b i l ity o f  herbage . Further e vidence o f  the 
e ffe ct of leve l of intake on the d i ge s t ive  e ff i c i e n cy o f  
sheep . J .  Brit . G ra s s l d . S o c . 1 4 : 7 5 - 8 4 . 

Re id , J .  T .  1 9 6 1 . 
o f  dairy cows . 

Prob lems o f  fee d  e va l uat ion relat e d  to feeding 
J .  Dairy S c i . 4 4 : 2 1 2 2 - 2 1 3 0 . 
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R ichards , P .  1 9 7 2 . Nutr it ional pot ent i a l  o f  n i trogen re cy c l in g  
in man . Am .  J .  C l in . Nutr . 2 5 : 6 1 5 - 6 2 0 .  

R i ch ard , P .  Me t ca l fe , A .  G ib son , E .  E .  Ward , 0 .  E .  Wrong  an d B .  
J .  Ho ughton . 1 9 6 7 .  Ut i l i z at ion o f  ammon i a  n i trogen o f  pro 
t e i n  s yme the s i s  in man an d the e ff ec t  o f  p rot e in re s t r i c t ion 
an d uraemi a . Lanc e t , i i : 8 4 5 - 8 5 1 . 

Ro bbi n s , C .  T .  an d A .  N .  Moen . 1 9 7 5 .  Compo s i t ion an d d ig e s t ib i l ity 
of s e ve ral d e c i duo us brows e s  in the northeas t .  J .  W i l d . 
Manag eme nt 3 9 ( 2 ) : 3 3 7 - 3 4 1 . 

Rob er t s , M .  C .  1 9 7 5 . Carbohydrat e d ig e st ion and a b s orpt ion in 
the equine sma l l  int e s t in e  ho rs e s . J .  S .  A fr . V et . A s s o c . 
4 6 : 1 9 - 2 7 .  

Ro bin son , D .  W .  an d L .  M .  S l a de . 1 9 7 4 . Th e current s t a t u s  o f  
knowledge  o n  the  n utr it ion o f  e qu in e s . J .  An im . S c i . 3 9 : 1 0 4 5 -
1 0 6 6 . 

Rogoe c z i , E . , L .  I ron s , A .  Ko j an d A .  S .  M c Far lan e . 
I s otop i c  s t ud i e s  o f  urea metabo l i sm in rabb i t s . 
J .  9 5 : 5 2 1 - 5 3 2 . 

1 9 6 5 . 
Biochem . 

Ro s e , VT . C .  and E .  E .  De kker . 1 9 5 6 . Urea a s  a s o urc e o f  n i tro g e n  
for the b i o s ynthe s i s  o f  an imo ac i d s . J .  B io . Chern . 
2 3 3 : 1 0 7 - 1 2 1 . 

S che l l en be rger , P .  R .  and E .  M .  Ke s l er . 1 9 6 1 . Rat e o f  pa s s ag e  
o f  fecal s thro ugh t he d i ge s t ive t ract o f  Ho l s t e in cows . 
J .  An im . S c i . 2 0 : 4 1 6 - 4 2 1 .  

Short , H .  L . , R .  M .  B l a ir and E .  A .  E p p s , Jr . 1 9 7 5 . Compo s it ion 
and dige s t i b i l i t y  o f  deer  brows e in southern fore s t s . U . S . D . A . 
Fore s t  S er . Re s . Pap er 5 0 - 1 1 1 . 

Short , H .  L . , E .  A .  E p p s , Jr . 1 9 7 7 . Compo s i t ion and d ige s t ib i l ity 
of f rui t s  and s e e d s  from s outh ern fore s t s . S p e c i a l  Re port . 
S .  Fore s t  E xpr . S t at ion , Fores t  Ser . U . S . D . A .  

S h i p l ey , A .  R .  an d R .  E .  C l ark . 1 9 7 2 . Tra ce r  method s for in viro 
kenet i c s . Academi c  Pre s s , New York . 

S ho rt , H .  L .  1 9 6 3 .  Rume n f ermen tat ion and en e rgy re lat ion s h i p  
in t h e  whi t e - ta i l e d  deer . J .  Wi l d . Mgmt . 2 8  ( 3 ) : 4 4 5 - 4 5 8 . 

S imp son , G .  G .  1 9 5 0 .  Ho rs e s . Ox ford Un i v er s i t y  Pre s s , Oxford . 

S i n c lair , A .  R .  E .  1 9 7 7 . The African B u f falo : a s t u dy o f  
re source l imitat ion o f  popu l a t i on s . Un i v . o f  Ch i cago Pre s s ,  
Ch i cago . 

S lade , L .  M .  an d D .  W .  Ro binson . 1 9 7 0 .  N itro gen metabo l i sm in 
nonruminan t  herb i vore s .  I I . Comparative  a s pe c t s  o f  pro t e in 
d i ge s t ion . J .  An im . S c i . 3 0  1 9 7 0  7 6 1 - 7 6 3 . 
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Smi t h , L .  w .  1 9 6 8 . The in f l uen c e  o f  part ic l e  s i z e  and l i gn i f i cat ion 
upon the rat e s  of d i g e s t i on an d p a s s age of un i fo rmly labe l e d  
carbon - 1 4  p lan t ce l l  wa l l s  i n  t h e  s he e p . Ph . D .  the s i s , 
un i v . o f  Mary land , C o l l e ge Park , Md . 

Smith , L .  W . , H .  K .  G o e r ing and C .  H .  Go rdon . 1 9 7 2 . Re l at i on s h i p s  
o f  fo rage compo s i t i o n s  w i th rat e s  o f  c e l l  wa l l  d ig e s t ion 
an d  i n d i g e s t i b i l i ty of c e l l wa l l s . J .  Da iry S c i . 5 5 : 1 1 4 0 - 1 1 4 7 . 

S n y d e rman , s .  E .  1 9 6 7 .  Ure a  a s  a s o urc e o f  un e s s e n t i a l  n i tro gen 
for the human . I n : M . H .  Br i g g s  ( E d ) . Urea as a pro t e in 
s up p l emen t . Pergamon P r e s s , O xford . 

S t ev en s , C .  E . , R .  A .  An gen z io an d E .  T .  C l emen s . ( man u s cr i p t ) 
M i cro b i al d i g e s t io n : rumen ver s u s  l arg e in t e s t ine . 

S t i l l i on s , M .  C .  an d W .  E .  Ne l s on . 1 9 7 2 . D i g e s t i b l e e n e r gy 
dur i n g  ma i n t e nance o f  t h e  l i gh t  hors e . J .  An im . S c i . 3 4 : 9 8 1 -
9 8 2 . 

Thonn e y , M .  L . , R .  W .  To uchbe rry , R .  D .  G oo d r i c h  and J .  C .  Me i s ke . 
1 9 7 6 . I n tra s p e c i e s  re l at ion s h i p  b e t w e e n  fas t in g  heat 
pro du c t i on and b ody we i gh t ; a re e va l uat ion o f  w . 7 5 . J .  o f  
An im .  S c i en c e  4 3 : 6 9 2 - 7 0 4 . 

T i l lman , A .  D .  an d K .  S .  S i dhu . 1 9 6 9 . N i tro g e n  me t abo l i sm in 
ruminan t s : rat e s o f  ruminal ammo n i a  product ion an d  n i tro g e n  
ut i l i z a t ion b y  r um i n an t s .  A r e v i ew . J .  An im . S c i . 
2 8 : 6 8 9 - 6 9 5 . 

T o pp s , J .  H . , R . N .  B .  Kay , E .  D .  G o o d a l l ,  F .  G .  Wh i t e law an d 
R .  S .  Re i d . 1 9 6 8 . D i ge s t ion o f  c on c e n t rat i on an d hay d i e t s  
in the s t omach a n d  i n t e s t in e s o f  ruminant s .  2 .  Yo un g  
s t e er s . Br i t . J .  Nutn . 2 2 : 2 8 1 - 2 8 7 . 

Uden , P .  1 9 7 8 .  Compat at i ve s t udi e s  on rat e o f  p a s s ag e  part i c l e  
s i z e  and r a t e  o f  d i ge s t ion i n  ruminant s ,  equine , rabb i t s  
and man . Ph . D .  t h e s i s . Corne l l  U n i v ers i t y , I t ha c a , N . Y .  

V an d e r  Noo t , G .  W .  an d E .  B .  G i l breath . 1 9 7 0 . Compara t i ve 
d i ge s t iv i l it y  o f  compon e nt s o f  fora g e s  by ge l d i n g  an d 
s t eers . J .  An im . S c i . 3 1 : 3 5 1- 3 5 5 . 

V ander Noot , G .  W . , L . D .  S ymo n s , R .  K .  Lydman and P .  V .  
Fonne s b e c k . 1 9 6 7 . Rate o f  p a s s age o f  var i o u s  f e e d s t u f f s  
thro ugh t h e  d ig e s t i ve t r ac t  o f  t h e h o r s e . J .  An im . S c i . 
2 6 : 1 3 0 9 - 1 3 1 1 . 

V an der Noot , G .  W .  an d J .  R .  Trout . 1 9 7 1 . Pr e d i ct ion o f  d i g e s t i b l e  
compon e n t s  o f  forag e s  by e q u i n e s . J .  An im . S c i . 3 3 : 3 8 - 4 1 . 

V an S o e s t , P .  J .  1 9 6 4 . A s ympo s i um on nut r i t ion and forage an d 
pas t ure s : n e w  chemi c a l  pro c e dure s for e v a luat ing forag e s . 
J .  An im . S c i . 2 6 : 1 1 9 - 1 2 6 .  
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V an Soe s t , P .  J .  1 9 6 6 .  Fo rage in t ak e  in re l at ion t o  c h emical  
compo s i t i on an d d i g e s t i b i l i t y : s ome n ew concept s . Pro c . 
S o ut hern Pas t ure F orag e  Crop Imp ro vemen t Con f . : 2 4 - 3 2 . 

V an So e s t , P .  J .  1 9 7 3 .  The un i fo rmi t y  and nutr it iv e  ava i l ab i l it y 
o f  c e l lulo s e . e de ra t ion Proc . 3 2 ( 7 ) : 1 8 0 4 - 1 8 0 1 . 

Van Soe s t , P .  J .  1 9 7 5 . Phy s io - ch emc ial  a s pe ct s  o f  fibre d ig e s t i on . 
Pro c . I V  I n t e rn ' l . Ruminant Con f . , S ydne y : p .  3 5 2 - 3 6 5 .  

Van S o es t , P .  J .  an d D .  R .  Me rten s . 1 9 7 7 . An al yt i ca l  paramet e r s  
a s  g u ide s t o  fo rag e  q ua l i t y . Pro c . I n t ' l .  Mee t in g  o n  
An . Prod . from T e mp . G ra s s l an d s , Dub l in . 

Van Soe s t ,  P .  J .  an d J .  B .  Robert s on . 1 9 7 6 . Compo s i tion and nutri 
t ive v a l ue o f  un common f eed s t u f fs . Corne l l  Nut r . Con f . 
Proc . p .  1 0 2 - 1 1 1 . 

V i rt an en , A .  I .  1 9 6 6 . M i l k  product ion o f  cows on prot e in - fre e 
feed . S ci ence . 1 5 3 : 1 6 0 3 - 1 6 1 4 . 

Wa l do , D .  R . , R .  W .  Mi l l e r , N .  Okamot o  and L .  A .  Mo ore . 1 9 6 5 .  
Rumin an t  uti l i zat ion o f  s i lage in re lat ion t o  hay , p e l l et s , 
an d hay p l us grain . I I . Rumen conte n t , dry matt e r  pas s ag e 
and wat e r  intak e L J .  Da i ry S c i . 4 8 : 1 4 7 3 - 1 4 8 0 . 

Wa l s er ,  M .  & L .  J .  Bon den lo s . 1 9 5 9 .  Ure a  met abo l i sm in man . 
J .  C l in . I n ve s t . 3 8 : 1 6 1 7 - 1 6 2 5 . 

Warren , W .  P . , F .  A .  Mart z , K .  H .  Asay , E .  S .  J i l de bran d , C .  G .  
Rayne an d J .  R .  V o g t . 1 9 7 4 . D ig e s t i b i l i ty  and rat e  o f  
p a s s ag e  b y  s t e ers fe d t a l l  f e s cue a l fal fa and o rch ard gras s 
hay in 1 8  and 3 2 ° ambient  t emperature s .  J .  An im . S c i . 
3 9 : 9 3 - 9 8 . 

We lch , J .  G .  and A .  M . Smi t h. 1 9 6 9 . I n f luence o f  forage qua l ity 
on r uminat i on t ime i n  sheep . J .  An im . S c i . 2 8 : 8 1 3 - 8 1 8 . 

We lch , J .  G .  and A .  M .  Smi t h . 1 9 7 0 . Forage quality and ruminat ion 
t ime in catt l e . J .  Da iry S c i . 5 3 - 7 9 7 - 7 8 4 . 

We s t o n , R .  H .  1 9 6 6 . Factors l imi t i n g  th e in take o f  fe e d s  by sheep . 
I .  The s ign i f i can c e  o f  palatabi l i ty , the capa c i t y  c f  t h e  
a l iment ary tract to  h an d l e  d i g e t a  a n d  the s up p l y  o f  
g l uconeogen i c  s u b s t rate . Au s t . J .  Agr i c . Re s .  1 7 : 9 3 9 - 9 4 5 .  

Wo l fram , s .  A . , J .  C .  W i l l ard , J .  G .  W i l lard , L .  S .  Bul � and 
J .  P .  Baker . 1 9 7 7 . Determin ing t h e  energy requiremen t s  of 
hors e s . J .  An im . S c i . 4 3 ( 1 ) : 2 6 1 .  

Wo l ter , R . , A .  Dur i x  and J .  C .  Le tourn e au . 1 9 7 4 . Rat e o f  pas sage 
of fe e d  through the d ige s t i ve tract of pon i e s  as a f f e c t e d  
b y  t h e  phy s i ca l  fo rm o f  t h e  forage . Ann Zoot e ch . 2 3 : 2 9 3 - 3 0 0 . 
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Wo l te r , R . , A . Dur i x  an d J .  C .  Le tourn e au . 1 9 7 6 . 
phys i ca l  form o f  a comp l e t e  mi xed fe e d  on i t s  
t hrough the d i g e s t i ve tract an d  d i ge s t ib i l ity 
Ann Z oo t e ch 2 5 : 1 8 1 - 1 8 8 . 

4 8 8 

E ff e c t  o f  the 
rat e of p a s s a g e  
in pon ie s . 

Wo l t e r , R .  an d J .  V e lan d i a . 1 9 7 0 . D i ge s t ion de s fo urrag e s  c h e z  
l ' an e  Re c .  Mdg . V e t . Tome C X LV I p .  1 4 1 - 1 5 2 /  

Wooden , G .  R . , K .  L .  Kn o x  an d C .  L .  W i l d . 1 9 7 1 . En ergy me t abo l i sm 
in l ig ht hor s e s . J . An im . S c i . 3 0 : 5 4 4 - 5 4 8 .  

Woot t on ,  J .  F . , an d R .  A .  Arg en z io . 
w i t h in equ ine l arg e i n t e s t ine . 
1 0 6 7 . 

1 9 7 5 . N i trogen ut i l i za t i on 
Am .  J . Phy s i o l . 2 2 9  ( 4 ) : 1 0 6 2 -

Wrong , 0 . , B .  J .  Ho ught o n , P .  R i c h ar d s  an d D .  R .  Wi l s on . 1 9 7 0 . 
The fate o f  i n t e s t in a l  ur ea in normal s ub j e c t s  and pat i en t s  
w it h  un em i a . p p . 4 6 1 - 4 6 9 . in B .  S chmidt N i e l s en ( e d )  Ure a 
an d the k i dn e y . Am s t erdam . 
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A p p e n d i x  B 

A S e l e c t e d  Anno t a t e d  B i b l i o gr a p hy 
o n  Gra z i n g  Hy dro l o gy 

b y  

G e ra l d  F .  G i f fo r d  a n d  E ve re t t  S p r i n g e r  
Wa t e r s h e d  S c i e n c e  U n i t , C o l l e g e  o f  N a t ura l R e s o ur c e s , 

U t a h  S t a t e  U n i ve rs i t y , Lo g a n  

1 .  Ad ams , S .  N .  1 9 7 5 . S h e e p  a nd c a t t l e  g ra z i n g  i n  f o r e s t s : 
a r e v i ew . J .  A p p l . E c o l . 1 2 : 1 4 3 - 1 5 2 . 

D ama g e  t o  t r e e s  by g ra z i n g  an i ma l s  a n d  p r e ve nt i o n  o f  
dama g e  b y  f e n c i n g  o r  u s e  o f  unpa l a t a b l e  s p e c i e s ; e ff e c t s  
o f  g ra z i n g  o n  fo re s t  s o i l s , i nc l ud i n g  c o mp a c t i o n  and 
l o s s o f  n u t r i e n t s ; g ra z i n g  a s � t o o l in f o r e s t  man a g e me n t , 
a n d  man a g e m e n t  p r a c t i c e s  f a v o r i n g  fo r e s t  g ra z i n g , 
i n c l ud i n g  f e rt i l i z e r  u s a g e  a n d  s t o c k i n g  rat e s , are 
d i s c us s e d . 

2 .  A l d e r f e r , R .  B .  and R .  R .  R o b i n s o n . 1 9 4 7 . Runo f f  from 
p a s t ur e s in r e l at i o n  t o  g r a z i n g i n t e n s i t y  and s o i l  
c o mp a c t i o n . J .  Ame r . So c . Agron . 3 9 : 9 4 8 - 9 5 8 . 

A t y p e  F ra i n fa l l  s imu l a t o r  w a s  e mp l o y e d  i n  t h i s  s t udy . 
R u n s  w e re f o r  1 ho u r  w i t h  1 . 4  i n c h e s  o f  wat e r  a pp l i e d . 
G en e ra l ly t h e  g r e a t e s t  amo u n t  o f  runo f f  c ame from the 
h e av i e s t  gra z e d  p l o t s . Heavy g ra z i n g  wa s a s s o c i a t e d  
w i t h  l o w  s o i l  c o ve r , h i gh b u lk de n s i t y , and l ow p o ro s ity . 
C ompac t i o n  was c o n f i n e d  t o  t h e  0 - 1  i nc h  l a y e r . 

3 .  A l do n , E .  F .  1 9 6 4 . Gro und- c o v e r  c h an g e s  i n  r e l a t i o n  t o  
run - o f f  and e r o s i o n  i n  we s t - c e n t r � l  N e w  Me x i c o . F o r . 
S e r v . R e s . Rp t . RM - 3 4 : 4 p .  

I n  1 9 5 2  a c o o p e ra t i ve s t ud y  o n  t hr e e  San Lu i s  E x p e r ime n t a l  
Wat e r s he d s  i n  N e w  M e x i c o  wa s be gun t o  d e t e rmi n e  t he 
f e a s i b i l i ty o f  r e s t or i n g  the mo r e  d e t e r i o rat e d  p o r t i o n s  
o f  t h i s re g i o n . G ra z i n g  man a g e me nt wa s s t ar t e d , b u t  
f u l l  c on t ro l o f  t h e  l i ve s t o c k  t hrough o v e r  w i n t e r  us e 
wa s n o t  a c h i e v e d  u n t i l  1 9 5 8 . The p e r i o d s  1 9 5 2 - 5 8  a n d  
1 9 5 9 - 6 2  h ave be e n  e xami n e d  t o  de t e rm i n e  t h e  e f f e c t  t hi s  
d i f f e r e n t  g ra z i n g  y e ar s  h a d  o n  s e d i me n t , s ur fa c e  run o f f , 
a n d  gro un d  co ve r . 

I n  three y ea r s  a v e ra g e  g ro u n d  c o ve r , me a s ure d by t h r e e  
k e y  g ra s s s p e c i e s , dou b l e d  f r o m  3 t o  5 %  up t o  o t o  1 2 % .  
Bare gro und a l s o  d e c r e a s e d . S e d i me n t  p ro d u c t i o n  d e c reas ed  
b e tw e e n  0 . 2 and 0 . 7  a c r e - f o o t  per y e a r  o n  the wat e r s he d s . 
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4 .  A l l i s , J .  A .  and A .  R .  Kuh l man . 1 9 6 2 . Runo f f  and s ed ime n t  

y i e l d  s t udi e s  o n  ran g e l and wat e r s h ed s . J .  S o i l  a n d  Wa t e r  
C o n s e rv . 1 7 : 6 8 - 7 1 .  

De s cr i b e s a s tu d y  i n i t i a t e d  i n  1 9 5 7  t o  e s t ab l i s h e f f e c t s  
o f  gra z i ng o n  wa t e r s hed v a l u e s  i n  the nor t hern G r e at 
P l a i n s . Re s u l t s  a r e  i n co n c l us i ve s i n c e  no i n f o rma t i o n  
o n  gra z i n g  wa s g i ve n . 

5 .  Ame s , C .  R .  1 9 7 7 . Wi l d l i fe c on f l i c t s  i n  r i p a r i a n  management : 
gra z i n g . I n  Importanc e ,  Pre s e rvat io n and Man a g e me n t  o f  
R i p a r i a n  Hab i t a t - - A  Sympo s i um .  F o r . S e rv . G e n . T e c h . Rpt . 
RM- 4 3 : 4 9 - 5 1 .  

Gra z i n g h a s  a n e gat i ve i mp a c t  o n  r i par i a n  z o n e s w h i c h  
c o ns t i t ut e  a s ma l l b u t  i mpo rtant range re s o urc e . 
Pro t e c t i o n  o f  t h e  r i pa r ian z o n e  where f e n c i n g � s an 
e s t a b l i s he d  us e can on ly b e  e f fe c t i v e l y  a c h i e v e d  t hrou gh 
f e n c i n g . 

6 .  Ba i l e y , R .  W .  1 9 4 5 . D e t ermin i ng t r e nd o f  r a n g e -wa t e r s he d  
c o n d i t io n s  e s s e nt i a l  t o  s uc c e s s  i n  manageme n t . J . For . 
4 3 : 7 3 3 - 7 3 7 . 

A c c ura t e  d e t e rm i na t i o n  o f  t h e  c o n d i t io n  and t r e n d  o f  the 
p la n t  c o v e r  a n d  s o i l  mant l e , s i t e  by s it e , i s  c on s i de re d  
t h e  k e y  t o  s a t i s f ac t ory rang e - wa t e r s he d  manageme n t . 
Many un s at i s f a c t o ry range -wat e r s h e d  s i t uat i o n s  are 
at t ri b ut e d  l arge l y  to an i na d e q ua t e  u n de r s t and i n g  o f  
c o nd i t i o n  and t r e n d , i n c l ud i n g a t en d e n c y  t o  re l y  u p o n  
s i n g le - fac t o r  i n d i c e s  r a t h e r  than t o  co n s i d e r  a l l  o f  t h e  
o b s e r v a b l e  s i t e  f a c t o r s . As a s o l ut i o n , t h e  a u t ho r  
advo c a t e s  fur t h e r  re s earch i n  e c o l o gy a n d  s o i l s , a f u l l e r  
u s e o f  range c o n d i t i o n  and t r e n d  i n  s ur ve y s  and i n s p e c t io n s , 
and h i ghe r p r o f e s s i o n a l  q ua l i f i c a t i o n s  f o r  ran g e - wa t e r s he d  
man age r s . 

7 .  Barne s , F .  F . , C .  J .  Kra be l ,  and R .  S .  LaHo t le . 1 9 3 9 . E f f e c t  
o f  a c c e l e r a t e d  ero s i o n  o n  s i l t i n g  i n  Morena R e s e r vo i r , 
San D i e go , C o un t y , C a l i forn i a . U . S . D . A .  T e c h . B u l l . No . 
6 3 9 :  2 2  p .  

The k i n d s  and lo cat i o n s  o f  s e d ime nt i n  Morena Re s ervo i r  
a r e  de s c r i b e d , and i t  i s  s hown that the r e s e rvo i r  had 
l o s t  1 0 . 5  p e rc e nt o f  i t s  u s e fu l  s t orage c apac i t y  thro u gh 
s e d ime n t a t i o n  i n  the 2 5 . 7 y e a r s  s in c e  i t s  c o n s t ruc t t i o n . 
Phy s i ca l  a nd v e g e tat i o n  f e a t u r e s  o f  the wa t e r s he d  are 
d e s c r i b e d . The s e v e r e  s lo p e  e ro s i o n  and va l le y  t r e n c h i n g  
t hat c harac t e r i ze t h e  wat e rs he d  a r e a  a r e  r e p o rt e d  t o  
b e  the r e s u l t  o f  o ve rgra z i n g  a n d  b ur n i n g . 

8 .  Barne t t , A .  P . , E .  R .  B e a t y , and A .  E .  Doo l e y . 1 9 7 2 . Runo f f  
a n d  s o i l  l o s s e s  fro m c lo s e ly gra z e d  f e s c ue , a n e w  c o nc e p t  
i n  gra s s  man a g e me n t  f o r  t h e  So u t h e rn P i e dmo nt . J .  S o i l  
and Wa t e r  C o n s e rv . 2 7 : 1 6 8 - 1 7 0 .  
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S imul a t e d  s t o rms o f  5 . 3 a n d  4 . 2 8 - i n o f  2 - ho ur d u ra t i o n  
we re a p p l i e d  t o  a 4 - y ear o l d t a l l - fe s c u e  p a s t ur e  wh i c h 
wa s c l o s e - gra z e d  a l l  y e a r  ro und . R u no f f , s o i l l o s s a n d

. a n  e ro s i o n  i n d e x  a r e  r e o r o t e d  fo r e a c h  e v e n t . C o mp ut a t 1 o n s  
a r e  mad e  fo r ro t a t i o n  c �o p p i n g  o f  t h e  s i t e . 

Be n t l e y , J .  R .  a n d  M .  W .  Ta l b o t . 1 9 4 5 . How man y  he ad ? We s t . 
L i v e s t . J .  2 3 : 2 1 ,  4 0 , 4 2 , 4 3 .  

D i s c u s s e s  t he e f f e c t s  o f  t h e  d e gr e e  o f  g ra z i n g  o n  t he 
f o r a g e  and s o i l . 

1 0 . Bran s o n , F .  A . , R .  F .  M i l l e r , a n d  I .  S .  M c Q u e e n . 1 9 6 2 . E f f e c t s  
o f  c o n t o u r  fu rrow i n g , g ra z i n g  i n t e n s i t i e s  a n d  s o i l s  o n  
i n f i l t ra t i o n  rat e s , s o i l  mo i s t ur e  a n d  ve g e t a t i o n  n e a r  Fo r t 
P e c k , M o n t ana . J .  Ran g e  M a n a g e . 1 5 : 1 5 1 - 1 5 8 . 

C o n t o ur f urrow i n g  w a s  a p p l i e d  t o  s l i c k  a n d  s e m i - s l i c k  
s o i l s  w i t h  t h r e e  g ra z i n g  i n t e n s i t i e s . I n f i i t ra t i o n  rat e s  
w e r e  g r e a t e r  o n  s e m i - s l i c k  s o i l  t ha n  s l i c k  a n d  d e c r e a s e d  
w i t h  gra z i n g  i n t e n s i t y . 

1 1 .  Bran s o n s , F .  A .  a n d  J .  B .  Owe n . P la n t  c o ve r , r u no f f , 
a n d  s e d i me n t  y i e l d re l a t i o n s h i p s  o n  Manc o s  S ha l e  i n  
we s t e r n  C o l o rado . Wa t e r  Re s o ur . Re s . 6 : 7 8 3 - 7 9 0 . 

Re la t i o n s h i p s  b e t we e n  v e g e t a t i o n  a n d  hydro l o g i c  me a s ur e 
me n t s  f o r  1 7  wa t e r s h e d s  n e ar G ra n d  J u n c t i o n , C o l o rado , 
were s ub j e c t e d  t o  c o rr e l a t i o n  an a l y s e s . S i x y e a r s  o f  
v e g e t a t io n me a s ur e me n t s , fo ur v e g e t a t io n me a s u r e me n t  
me t ho d s , a n d  1 5  y e a r s  o f  hy d ro l o g i c  r e c or d s w e r e  u s e d  
i n  t he ana l y s e s . H i g h l y  s i g n i f i c a n t  c orre l a t i o n  
co e f f i c i e n t s we re f o un d f o r  p e rc e n t  b are s o i l  a n d  runo f f , 
but t h e  re la t i o n s h i p s  we re f o u n d  f o r  p e r c e n t  bare s o i l  
and runo f f , but t h e  re l a t i o n s h i p s  b e t w e e n  bare s o i l  a n d  
s e d i me n t  y i e l d s  were n o t  s t a t i s t i ca l l y s i gn i f i c a n t . 
G e omorp h i c  p a r ame t e r s  s u ch a s  an g l e  o f  j un c t io n , me an 
s l o p e , dra i n a g e  d e n s i t y , r e l i e f  ra t i o ,  l e n g t h - w i d t h  
rat io , a n d  wat e r s h e d  are a w e r e  mo re h i g h ly co rr e l a t e d  
w i t h  s e d i me n t  y i e l d s  t h a n  w i t h  runo f f . C o r r e l a t i on 
c o e f f i c i e n t s f o r  s pr i ng v e g e t a t i o n  me a s ureme n t s  and 
runo f f  we r e  h i gh e r t h a n  f o r  a u t umn me a s u r e me nt s .  F i rs t  
c o n t ac t  me tho d s  a n d  s t e p  p o i n t  v e g e t a t i o n  me a s ur e me n t  
me tho d s  w e re s up e r i o r  t o  t h e  l o o p  me thod a n d  t h e  a l l  
c o n t ac t s  p o int me t ho d . C u rv e s for t h e  re l a t i o n s h i p  o f  
runo f f  t o  bare s o i l  w e r e  s t r i k i n g l y  d i f f e r e n t  for 
t h r e e  s e t s  of wat e rs h e d s  fro� d i f f e re n t  p r e c i p i t a t i o n 
z o n e s . Bare s o i l  me a s ureme n t s may p ro v i d e  rap i d a n d  
i ne xp e n s i ve e s t i ma t e s  o f  runo f f  f o r  wat er s h e d s  s i m i l ar 
t o  t h e  o n e s  s tu d i e d . 

1 2 .  Brown , D .  E . , C .  H .  Lowe , a nd J .  F .  H u u s l e r . 1 9 7 7 . So u t h 
we s t er n  r i oa r i a n  c ommun i t i e s : t h e i r  b i o t i c  imoo rtan c e  
a n d  ma nageme n �  i n  Ar i z o n a . I n  Imp o r t a n c e ,  Pre s e r va t i on 
a n d  Man a g e me n t  o f  R i p a r i an Hab i t a t : A S ymp o s i um . U . S . D . A .  
For . S e r v . G e n . Te c h . R p t . RM- 4 3 : 2 0 1 - 2 1 1 . 
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The vario us ripar i an c ommuni t i e s  o c c urr ing in Ari zona 
an d the so uthwe s t  are de s c r i b e d  and the ir b i o t i c  
importanc e d i s c u s s e d . Re c omme ndat ions a r e  made conc e rn ing 
the manageme n t  of s t reams ide e nvironme n t s  and t h e ir 
wa t e r s he d s . The s e  i n c l ude rec ommenda t i o n s  pertaining 
to the c la s s i f i cat ion and inve ntory o f  riparian hab i t at s ; 
the  e s tabl is hme n t  o f  s t udy are a s ; t he re gulat ion and 
e l imina t i o n  of l i ve s to c k  gra z in g ; the gre ater con s iderat ion 
o f s treams ide ve g e t a t ion i n  aut hor i z i ng wa� er ma nagement 
pro j ec t s ; and t h e  mo re cons ervat ive use  o f  o ur watershe d s . 

1 3 . Brown , H .  E . , M .  B .  Baker , Jr . , J .  L .  Ro gers , W .  P .  C lary , 
J .  L .  Ko vner , F .  R .  Lars on , C .  C .  Avery , and R .  E .  Campbe l l . 
1 9 7 4 . Opportun i t i e s  for increas ing wat er y i e l d s  and 
o ther mul t ip l e  use v a l ue s on pond e ro s a  p in e  fore s t  land s . 
For .  S er . Re s . Pap e r  RM- 2 1 9 : 3 6  p .  

Mult ip l e  us e prod uct ivi ty i s  d e s cribed , w i t h  s pe c ia l  
empha s i s  on  t h e  Beaver C re e k  P i lot Wat er s he d  ne ar 
F lags ta f f , Ar i z ona . Chang e s  in produc t i vity  and 
environme nta l qua l i t y  are d e s cribed fo l lowing l iv e s t o c k  
gra z in g  and var ious  leve l s  o f  fore s t  thinn i ng and 
c l earing . Pre l imi nary ana lyt i c a l  p ro c e dure s a l low the 

· u s e r  to e st imat e the trade o f f s  in produc t i o n  and environ
men t a l  q ua l i t y . 

1 4 . Bryan , K .  1 9  4 0 .  Ero s ion  in  t he va l l ey s  o f  t he s o uthwe s t . 
New Mexico Quart . 1 0 : 2 2 7 - 2 3 2 . 

D i s c us s e s  p ro b l ems o r  arroyo c ut t ing in t he s o u t hwe s t ern 
Uni ted  Stat e s . Po i n t s  out t ha t  t here have been at 
l e a s t  3 a l t ernat ing pe rio d s  o f  cutt ing an d depo s i t ion . 
The las t period o f  channe l c ut t in g , wh ich i s  s t i l l  
act i ve , be gan s inc e 1 8 8 0 . At t r i but e s  arroyo c u t t ing 
t o  ma i n l y  f l uc t uat io n s  in c l i mat e and s t ate s t ha t  
over- gra z i n g  i s  me re ly a trigger forc e wh ich pre c ip i t a t e d  
t h e  mo s t  recent  event o f  arroyo c ut t ing . 

1 5 . Bryant , H .  T . , R .  E .  Blas er ,  and J .  R .  P e t e r s o n . 1 9 7 2 . 
Effe c t  o f  t ramp l i n g  by cat t l e  on  b l ue gra s s  y i e l d  and s o i l  
c ompac t ion o f  a Meadowv i l l e loam . Ag ron . J .  6 4 : 3 3 1 - 3 3 4 . 

Increa s ing experime n t a l  tramp l ing pre s s ur e s  ( c o rre s p ond ing 
to O ,  6 0 , and 1 2 0 cow trips  repeat e d  four t i me s  during 
the s e ason ) re s u l ted  in increa s ed pene t rome t er re s i s t anc e 
and the  o c c urrence o f  maximum res i s tance ne arer to 
t h e  s o i l  s ur fac e . Ne ither  o f  the s e  fac tors wa s affec t e d  
b y  t h e  h e i ght o f  t h e  he rbage at  tramp l in g . B l ue gra s s  
y ie lds  from p lo t s  c l ipped  at 2 . 5  e m  pr ior t o  t ramp l ing 
were s l i g h t l y  lowe r than from p lo t s  not c l ipped p r � o r  
to  tramp l in g . Increa s ing t ramp l i ng pre s s ure s caus e d  
dec rea s e d  forage y i e lds  part ic ularly f o r  tramp l ings  in 
June and S e pt ember . 
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1 6 . Buc khc u s e , J .  C .  and G .  B .  C o l t ha r p . 1 9 7 6 .  So i l  mo i s t u r e  
r e s p o n s e s  t o  s e v e ra l  l e ve l s  o f  fo l i a g e  remo v a l  o n  two 
U t ah r an g e s .  J .  R a n g e  Manag e . 2 9 : 3 1 3 - 3 1 5 . 

Range p l a n t  c l i p p i n g  s t ud i e s  w e r e  c o nd u c t e d  a t  t wo 
e l e va t i o n s  o n  U t ah ' s  Wa s a t c h  P l a t e a u d ur i ng 1 9 6 6  
and 1 9 6 7 .  I t  wa s f o un d  t ha t  e x t reme c l i p p i n g  t re a t me n t s  
( c omp l e t e  d e n ud a t i o n ) r e s u l t e d  i n  s i gn i f i c an t l y  l e s s  
s o i l  mo i s t ur e  w i t hdrawa l than t h e  unc l i p p e d  c o n t ro l s  
a t  t h e  m i d - e l e va t i o n  l o c a t i o n . No s i gn i f i c a n t  d i f fe re n c e s  
w e re f o und amo n g  c l i p p i n g  t r e atmen t s  a t  t he s u ba l p in e  
l o c a t i o n , ho we v e r .  

1 7 . Buc kho u s e ,  J .  C .  a n d  G .  F .  G i f f o rd . 1 9 7 6 . Wa t e r  q ua l i t y  
i mp l i c a t i o n s  o f  c a t t l e  g ra z i n g  o n  a s em i ar i d  wat e r s h e d  
i n  s o ut h e a s t e rn U t ah . J .  R a n g e  Mana g e . 2 9 : 1 0 9 �1 � 3 .  

D ur i ng 1 9 7 3  a n d  1 9 7 4  w i l d l a nd wa t e r  q ua l i t y  a na l y s e s  
were p e r f o rme d o n  a s em i a r i d ,  c ha i n e d  and s e e d e d , 
p i ny o n - j un i p e r  s i t e  i n  s o u t h e a s t e r n  U t a h . The a re a  
was t re a t e d  i n  1 9 6 7  and p ro t e c t e d  from gra z i n g u n t i l  
1 9 7 4 . I n  1 9 7 4  l i v e s t oc k  gra z i n g  wa s i n t ro du c e d  a n d  
i n ve s t i ga t i o n s  c o n t i n u e d  t o  d e t e rm i n e  i f  a n y  d e l e t e r io u s  
l a n d  u s e  e f f e c t s  w e r e  p r e s e nt f r o m  f e c a l  c o n t am i n a t i o n  
by c a tt l e . No s i g n i f i c an t  c hange s w e re not e d  i n  f e c a l  
a n d  t o t a l c o l i fo rm p r o d uc t io n  ( f e c a l  po l l u t i o n  ba c t e r i a l  
i n d i c a t o r s ) from gra z i n g  u s e . The r e  i s  an e l e me n t  o f  
r i s k  i n v o l v e d  whe n e ve r  d a t a  g e n e ra t e d  from a s ma l l  
a r e a  a r e  p ro j e c t e d  t o  l a r g e r  l a n d  a r e a s . Howe v e r , i t  
a p p e ar s  t h a t  t h i s  l e v e l o f  l i v e s t oc k  gra z in g  ( 2  hg / AU M ) 
d i d  no t c o n s t i t u t e  a p ub l i c h e a l t h  ha zard i n  t erms o f  
f e c a l  p o l l ut i o n  i nd i cat ors o n  t he s e m i ar i d  wa t e r s he d . 

1 8 .  Burke , W . , J .  G a l v i n , a n d  L .  G a l v i n . 1 9 6 7 . M e a s urement o f  
s tr u c t ur e  s t a b i l i t y  o f  p a s t ure s o i l s . Tran s . 8 th I n t . 
C o n g r . So i l  S c i . 1 9 6 4 , 2 : 5 8 1 - 5 8 6 .  

V a r i o u s  mo i s t ure v a l ue s , the At t e rb e r g  l imi t s  and 
undra i n e d  s he a r  s t re n g t h s  a t  s a t urat i o n  and at pF = 2  
were d e t e rm i n e d  f o r  s i x so i l s  known t o  be s ub j e c t  t o  
t re a d i n g  d ama g e .  The r e s u l t i n g c la s s i f i c at i o n o f  
s o i l s  a c c o rd i n g  t o  t h e i r  r e s i s t a nc e  t o  t r e a d i n g  d ama g e  
agre e d  w i t h  p ra c t i ca l  e x p e r i e n c e . 

1 9 .  But t ery , R .  F .  1 9 5 6 . Range c o nd i t io n s  a n d  t r e n d s  re s u l t ing 
from w i n t e r  c o n c ent ra t io n s  o f  e l k  i n  R o c k y  Mo unt a i n  
Nat io n a l  Park , Co l o rado . J .  R a n g e  M an a g e . 9 : 1 4 8 . 

Re p o rt s range c o nd i t i o n s  a n d  t r e n d s i n  c o n d i t i on 
o b s e r v e d  b y  t h e  l i n e - i n t e rc e p t  and Parke r t hr e e - s t e p  
me t h o d s  o n  t wo c o nc e n t ra t i o n  a r e a s  o f  e l k  wi nt e r range . 
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2 0 .  C a b l e , D .  R .  1 9 7 5 .  Ra nge man a g e m e n t  in the c ha p arra l t y p e  
a n d  i t s  e c o l o g i c a l ba s i s : Th e s t a t u s  o f  o ur know l e dge . 
F o r . S e r . R e s . Pa p e r  RM- 1 5 5 : 3 0  p .  

Chaparra l i n  Ar i z o n a  i s  u s e d  far b e l o w  i t s  p o t e n t i a l . 
C o n v e r s i on t o  g r a s s c a n  g re a t l y  i n c r e a s e  wat e r  a n d  
gra s s  produ c t i o n , a n d  i mp r o v e  wi l d l i f e h a b i t a t . 
Man a g e m e n t  o p t i o n s  i n c l u d e  c o n ve r s i on t o  gra s s , ma i n 
t a i n i n g  s hr u b s  i n  a s prou t s t ag e , c ha n g i n g  s hr u b  
compos i t i on , r e s e ed i n g , and u s i n g  go a t s to harv e s t  
s hrub fora g e . 

2 1 .  C a b l e , D .  R .  and S .  C .  Mart i n . 1 9 7 5 . V e g e t a t i o n  re s po n s e s  
t o  g ra z ing , ra i n f a l l , s i t e  c o nd i t i o n , and me s q u i t e  
c ontro l o n  s em i d e s e r t  r a n g e . For . S e r . R e s . P ap e r  
RM- 1 4 9 : 2 4  p .  

O v e r  a 1 0 - y e a r  p e r i o d , me s qu i t e  c o ntro l i n c r e a s e s  
p e r e nn i a l  g ra s s p ro du c t i o n  5 2  p e rc e n t . P e r e nn i a l  gra s s  
p ro d uc t ion was h i g h l y  d e p e n d e n t  o n  b o t h  t he p r e v i o u s  
a n d  c u rr e n t  s umme r ' s  ra i n f a l l ,  i nd i ca t i n g  2 y e a r s  are 
r e q u i r e d  for r e c o v e ry from a 1 - y e ar drought . S t o c k i n g  
rat e s  c o u l d  b e  e s t i ma t e d  a s  a c c ura t e l y  f ro m  ra i n fa l l  
a s  from gra s s produc t i on . 

2 2 . Camp b e l l , A .  G .  1 9 6 6 . E f f e c t s  o f  t r e ad i n g  b y  d a i ry cows 
o n  pa s t ure p r o d u c t i o n and b o t a n i c a l  s t ruc t u re on a Te 
Kowha i s o i l .  N . Z .  J .  Agr i c . R e s . 9 : 1 0 0 9 - 1 0 2 4 . 

The e f f e c t  o f  p a s t u r e  dry mat t e r  (D . M . ) p r o du c t i o n  and 
· bo t an i ca l  c ompo s i t i on of t r e a d i n g  by d a i ry c ow s  whi l e  

gra z i n g  a u t umn- s a v e d  p a s t ure i n  l at e  w i n t e r  wa s e xa mi n e d  
o ve r  t hr e e  y e a r s . The s i l t y  c la y  s o i l  wa s c lo s e  t o  
f i e l d  c a p a c i t y  wh e n  t ro d d e n . Leve l s  o f  t r e a d i n g  i n  
t he s e  way s w e re compared w i t h  c o n t ro l s  from wh i c h  t he 
gra s s  w a s  c ut and remo ve d  o r  c ut a n d  r e � urne d t o  t he 
p l o t s  a t  th e s ame t i me a s  t he t r e ad i n g  t re a t me nt s we r e  
i mp o s e d . 

The e f f e c t s  o f  h e a v y  t r e ad i ng on D . M .  p ro d u c t i o n  we re 
n o t  g re a t  in any y e ar , nor w a s  t h e re any e v id e n c e  o f  
c umu la t i ve e f f e c t s  when pa s t ur e s w e r e  t ro dd e n  for 
thr e e  y e ars i n  s uc c e s s ion . Di f fe ren c e s  b e t w e e n  y e a r s  
i n  D . M .  produ c t i o n  a n d  bo t an i c a l  c o mpo s i t io n  w e r e  much 
gre a t e r  than t ho s e  c a u s e d  by t re a tm e n t  e f f e c t s  w i t h i n  
y e a r s . 

I t  i s  c o n c l ud e d  that for t h i s  s o i l  t y p e  a s i n g l e  pe r io d  
o f  s e v e re t r e a d i n g  wh e n  g ra z in g  o f f aut umn - s a v e d  pa s t ur e  
i n  l a t e  w i n t e r  w i l l  h a v e  l it t l e e f f e c t  o n  a � ima l p r o d 
uc t i o n  from s u c h  p a s t ure s un l e s s ut i l i z a t i o n  o f  t he 
p a s t ure i s  s o  h i gh that the s ma l l  p a s t ur e  p r o d uc t i o n  
l o s s  i s  c r i t i c a l  for a n i ma l  p ro duc t i o n . 
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2 3 .  C han d l e r , R .  F . , J r . 1 9 4 0 . The i n f l ue n c e  o f  g ra z i ng upo n 
c e r t a i n  s o i l and c l imat i c  c o n d i t i o n s  � n  f arm woo d la nd s . 
J .  Ame r .  S o c . Agr o n . 3 1 : 2 1 6 - 2 3 0 . 

E i gh t e e n  p a i r e d  gra z e d  a n d  un gra z e d  w oo d l a n d s  i n  New 
York were c omoare d . Re s u l t s  i n d i c a t e d  t ah t  gra z e d  
s i t e s  h ad l o wer o r g a n i c  ma t t e r , h i ghe r b u l k  d e n s i t y , 
l o w e r  mo i s t ur e  c o n t e n t , a nd h i g h e r  s ur f a c e  s o i l  
t e mp e ra t ur e s .  

2 4 . Chapman , H .  H .  1 9 3 3 . I n f l u e n c e  o f  o v e rgra z i n g  o n  e ro s i o n  
a n d  wat e r s h e d s . C i v i l  E n g . 3 : 7 4 - 7 8 . 

Po i n t s  o u t  t h a t  t o o  l i t t l e  c o n t ro l o f  g ra z i n g  a n d  o f  
o t he r a g e n c i e s  h armf u l  t o  t h e  na t ura l c o v e r  i s  a c a u s e 
o f  f lo o d  dama g e  a n d  t he r a p i d  i n c re a s e  i n  e rQs i o n  i n  
t h e  I n t e rmo un t a i n  re g io n  o f  t h e  U n i t e d  S t a t e s . No t e s  
t ha t  e n g i n e e r i n g  work s  a l o n e  c a n n o t  p r e v e n t  e ro s i o n  
dama g e  a nd r e s t o r e  t he p ro t e c t i o n  g i v e n  by n a t ur e . 
C i t e s  e x amp l e s  o f d e s t ruc t i v e  e ro s i o n  a n d  g u l l y i n g . 
S u g g e s t  a n  i n t e n s i ve s c i e n t i f i c s t udy o f  t h e  c a u s e s  
o f  e ro s i o n  s o  a s  t o  d e t e rm i n e  c o n t ro l  me a s ur e s . 

2 5 . C h i c he s t e r , F .  W . , R .  W .  V a n Kure n , a n d  J .  L .  M c G u i nn e s s . 
1 9 7 9 . Hy d ro l o g y  and c h e m i c a l  q ua l i t y  o f  f l ow from s ma l l  
p a s t u r e d  wat e r s h e d s . I I . C h em i c a l  qua l i t y . J .  En v i ro n . 
Q ua l . 8 : 1 6 7 - 1 7 1 .  

A b e e f c at t l e - pa s t ur i n g  s y s t e m  i n vo l v i ng f o ur ro t a t iona l ly 
gra z e d  s umme r pa s t ure s w i t h  w i n t e r - fe e d i ng o n  o n e  
pa s t ure w a s  s t ud i e d on s l o p i n g  up l an d  wat e r s he d s  i n  
Oh i o  t o  d e t ermi n e  i t s  e f f e c t  o n  c h em i c a l q ua l i t y  o f  
wat e r . Th e c o n c e n t ra t i on s  o f  c h e m i c a l s  i n  runo f f  from 
t he p a s t ure s , w h i c h  we re s ummer- gra z ed o n l y , i n c r ea s e d  
re l a t i v e  to that o f  i n c omi n g  p re c i p i t a t i o n  b u t  not 
e no ught t o  s i g n i f i c ant l y  i mp a i r  wa t e r  q u a l i t y . No 
me a s urab l e  s e d ime nt wa s l o s t  f rom the p a s t u r e  u s e d  o n ly 
fo r s umme r gra z i n g , a l l o w i n g  no c he m i c a l  mo v e me nt v i a  
t hat p athway . M u c h  s o i l  a n d  p la n t - c o v e r  d i s t ur b an c e  
o n  th e p as t ure u s e d  f o r  w i nt e r- f e e d i n g , howe ve r ,  
re s u l t e d  i n  i n c r ea s e d r u no f f , s o me s ur f a c e  e ro s i o n , and 
more c he mi c a l  mo veme nt as c ompa re d w i t h  t he p a s t u re s  
gra z e d  o n l y  i n  s umme r .  C o n s i d e ra b l y  mor e c hemic a l s  
mo v e d  i n  s ubs urfac e than i n  s ur fa c e  f l ow from t he 
s umme r p a s t u r e s  wh i l e amo u n t s o f  c he m i ca l s  t ra n s po r t e d  
from t h e  w in t e r- f e e d ing p a s t ure were equ a l l y  a s  gre a t  
i n  s ur f a c e  runo f f  a n d  s u b s ur fa c e  f low . Wa t e r s h e d  
s ur f a c e  mana g e me n t  wa s a k e y  f a c t o r  i n  d e t e rm i n i ng t he 
f low rou t e  o f  wa t e r  in e xc e s s  o f  t h a t  u s e d  for e va p o 
t r an s p i ra t ion a n d , he n c e , th e pa t hway s and amount s o f  
c h em i c a l  t r a n s p o r t  from t h e  pa s t u r e s . 
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Cn i s ho lm , T .  s .  1 9 7 1 .  Runo f f  from a p a s t ur e d  wat e r s he d i n  
Lo u i s ia n a . Lo u i s i an a  Agr . E x p . S t a . Bu l l . No . 7 9 9 :  1 5  p .  

D a t a  f o r  t h e  p e r i o d  1 9 6 6 - 6 9  i s  o r e s en t e d  a n d  an a l y z e d  
t o  d e s c r i b e  r a i n fa l l - runo f f  re l� t i o n s h i p s f o r  a 5 0 - a c re , 
p � s t u r e d  w a t e r s h e d . 

2 7 . C l ary , W .  P .  1 9 7 5 .  Ra nge mana gement a n d  it s e c o l o g i c a l  
b a s i s  i n  t h e  p o n d e ro s a  p in e  t y p e  o f  Ar i z o n a : The s t a t u s  
o f  o ur know l e d g e . F o r . S e r . R e s . Pap . RM - 1 5 8 : 3 5  p .  

S umma r i z e s  a n d  e va l u a t e s  a va i l ab l e  i n fo rma t i o n  a bo ut 
Ari zona p o n d e ro s a  p i n e - b u n c h g ra s s r a n g e s . I t  co ve r s  
p hy s i c a l - b i o l o g i c a l c h ar a c t e r i s t i c s , f a c t o r s  i n f l ue n c i n g  
l i ve s t o c k  p r o d uc t io n , g ra z i n g  a l l o t me n t  c o n d i t i o n s , 
and e c o no m i c s ,  a n d  c o rr e l a t e s  g ra z i n g  w i t h  o the r u s e s . 
S e v e ra l  know l ed g e  ga p s  are a l s o i d e nt i f i e d . 

2 8 .  Cl emm , D .  L .  1 9 7 7 . S urv i v a l  o f  b o v i n e  e n t e r i c  bac t er i a  
i n  fore s t  s t re ams a n d  a n i ma l wa s t e s . M . S .  t he s i s , C e n t ra l  
Wa s h i n g t o n  U n i v . , We na t che e , Wa s h . : 1 9  p .  

Thi s s tu dy was d e s i g n e d  t o  d e t ermi n e  t h e  s ur v i va l  
c a p a c i t y o f  f e c a l  i n d i c a to r  bac t e r i a  i n  f e c a l  ma t e r i a l 
a n d  fore s t  s t re ams i n  c e n t r a l  Wa s h i n g t o n . 

R e s u l t s  i nd i c a t e d  t a h t  f e c a l  c o l i f o rms a n d  s t r e p t o co c c i  
c a n  s ur v i ve f o r  fo u r  t o  f i ve w e e k s  i n  s t r eams a n d  o v e r  
a y e a r  i n  f e c a l  mat e r ia l . 

2 9 . C o l b e r g , A .  E .  1 9 7 2 . So i l  compac t io n  e f f e c t s  o f  l i ve s t o c k  
gra z in g  o n  a c re s t e d  wh e a t g ra s s  s e e d i ng i n  s o ut he r n  I d aho . 
M . S . t he s i s , U ni v .  o f  I daho , Mo s c ow , I daho : 5 0  p .  

Gra z i ng d i d  n o t  i n cr e a s e  s o i l  c ompa c t i o n  t o  a g re a t  
e x t e n t , r a t he r t he o p po s i t e  wa s f r e q u e n t l y  o b s e rv e d  w i t h  
p u l v e r i z i n g  a c t i o n  o f  h o o ve s , l o o s e n i ng t he s o i l  
s ur f a c e . I n f i l t ra t i o n  rat e s  w ere re d uc e d , b u t  n o t  
e no ugh to r e q u i r e  c o r r e c t i v e  me a s ure s . 

3 0 . Co t t am , W .  P .  a n d  G .  S t ewart . 1 9 4 0 . P l a n t  s uc c e s s io n  a s  a 
re s ul t  o f  g ra z i n g  a n d  o f  meadow d i s s i c a t i o n  by e ro s i o n  
s in c e  s e t t l eme n t  i n  1 8 6 2 . J .  F o r . 3 8 : 6 1 3 - 6 2 6 .  

E c o l o g i c a l  change s i n  t he v e g e t a t i o n  o f  mo un t a i n  meadow 
l an d s  i n  t h e  We s t  h a v e  r e c e n t l y  at trac t e d  much a t t e n t io n 
a s  a p ha s e  o f  t h e  e ro s i o n  p ro b l em . O rd i n a r i l y , t o o  
l i t t l e  i n fo rma t i on r egard i n g  t h e  s p e c i f i c h i s tory o f  
the s e  c ha n ge s i s  a va i l a b l e  � o  p e rm i !  ac c ura t e  ana l y s i s . 
The h i s t o r y  o f  t he c a s e t r e a t e d  i n  t h e  fo l l o w i n g  p a p e r 
i s , ho weve r , unu s u a l l y  we l l  known .  Mo un t a i n  me adows i n  
so u t hw e s t e r n  U t a h  i s  a s p o t  o f  much l o c a l  h i s tor i c a l 
i n t e re s t . More o ve r , t h e  rap i d  i n va s i o n  o f  he a v i l y gra z e d  
s a g e brus h  a n d  gra s s l a n d s  b y  j un i p e r s  i s  an eco l o g i c a l  
c ha n g e  o f  ma j or c o n s e q ue n c e  f r o m  t he s t andpo i nt o f  bo t h  
rangeworke r s  a n d  fore s t e r s . 

Copyright © National Academy of Sciences. All rights reserved.

Wild and Free-Roaming Horses and Burros: Current Knowledge and Recommended Research.
http://www.nap.edu/catalog.php?record_id=18642

http://www.nap.edu/catalog.php?record_id=18642


310 

3 1 . Co t t am , W .  P .  a n d  F .  R .  Evan s . 1 9 4 5 .  A c omp a r a t i ve s t u dy 
of t h e  ve g e t a t i o n  o f  t he g ra z e d  and ungra z e d  c a nyo n s  o f  
t he Wa s a t c h  R a n g e , U t a h . E c o l . 2 6 : 1 7 1 - 1 8 1 . 

A s t ud y  o f  two a d j a c e n t  c a n y o n s ,  o n e  o f  wh i c h  ha s be e n  
prot e c t e d  for 4 0  ye a r s , w h i l e  t h e  o t he r h a s  b e e n  
h e a v i l y  g r a z e d  f o r  1 0 0  y e a r s , s h ow e d  t h e  d a n g e r  o f  
comp l e t e  e xt e rm i n a t i o n  o f  p a l a t a b l e  s p e c i e s  o f  g ra s s  
and s hrub s thro u g h  o ve r - g ra z in g . Some h i g h l y  p a l a t a b l e  
s h r u b s  hav e a d e n s i t y  i n  t h e  gra z e d  c a n y o n  o f  l e s s 
t ha n  o n e - t h i rd t ha t  i n  t he u n gr a z e d , wh i l e  s hrub s o f  
low pa l a t a b i l i t y  h a v e  a d e n s i t y  1 3  t i me s a s  g r e a t  a s  
i n  t h e  ungra z e d  c a n yo n , a n d  a d va n c e d  g u l l y  e ro s i o n  i s  
c ommo n a lo n g  a s he e p  t r a i l . 

3 2 . C o u p l a n d , R .  T . , N .  A .  S ko g l un d , a n d  A .  J .  Heard . _ 1 9 6 0 .  
E f fe c t s  o f  gra z i n g  i n  t he C anad i a n  M i x e d  Pra i r i e . I n  
Proc . 8 t h I n t e r na t i o na l G ra s s l and C o n g r . : 2 1 2 - 2 1 5 . 

Pr i nc i p a l  e f f e c t s  o f  gra z i n g  on 8 n a t u ra l  pa s t ure s and 
a d j o i n i n g c l i ma x  ve e e t at i o n  w e r e  a d e c r e a s e  i n  m i d 
gra s s e s , i n c r e a s e s  i n  low- g row i n g  g ra s s e s  a n d  s e d ge s , 
d e c re a s e d  c o v e r , r e d uc t i o n  i n  mu l c h , d e c r e a s e  � n  
i n f i l tra t i o n  ra t e  o n  f i n e  t e xt ure d s o i l s , a n d  s ome 
r e d uc e d  ro o t p rod uc t i o n . 

3 3 .  C ra d d oc k , G .  W .  a nd C .  K .  P e a r s e . 1 9 3 8 . Sur fac e run - o f f  
a n d  e ro s i o n  o n  gran i t i c  mo unt a i n  s o i l s  o f  I daho a s  
i n f l ue nc e s  b y  ran g e  c o ve r , s o i l  d i s t urban c e , s l o p e , a n d  
p re c i p i t a t ion i n t e n s i t y . U . S . D . A .  C i rc . No . 4 8 2 : 2 1  p .  

Re s u l t s  i nd i c a t e d  t h e  s up e r i o r i t y  o f  whe a t g ra s s  i n  
c o n t ro l l in g  e ro s i o n  a n d  runo f f . C a l l s  f o r  ma i n t e na n c e  
o f  whe at gra s s ra n g e s i n  o r d e r  t o  me e t  b o t h  ran g e  
mana g e me n t  a n d  wa t e r s hed p ro t e c t i on o b j e c t i v e s . 

3 4 . Cro ft , A .  R . , L .  Wo o dward , a n d  D .  A .  Ande rs o n . 1 9 4 3 .  
M e a s ureme nt o f  a c c e l e r at e d  e ro s i o n  o n  ra n g e -wa t e r s h e d  
l a n d . J .  F o r . 4 1 : 1 1 2 - 1 1 6 . 

S o i l  lo s s e s , p h y s i c a l  and c h e m i ca l c ha n ge s c a u s e d  by 
a c c e l e r a t e d  e ro s i o n  a r e  grea t e s t  o n  wa t e r s h e d s  wh e r e  
g ra z i n g  h a s  b e e n  h e a v i e s t a n d  sma l l e s t  o n  l i g h t l y  gra z e d  
s i t e s . 

R e s u l t s  s u g g e s t  that gra z i n g  manag e me nt mus t n o t  � n 1 y  
t a k e  i n t o  a c c o un t  fo r a g e  man a g e me n t , b u t  a l s o  t he e f f ec t s  
g ra z i n g  may h a v e  o n  t h e  s o i l . D i s t urban c e  c an b e  e i ther 
thro ugh mecha n i c a l  ac t i o n  or c o v e r  r e mo va l . 

3 5 . C r o f t , A .  R .  and L .  E l l i s on . 1 9 6 0 . Wa t e r s h e d  and range 
c o n d i t i o n s  o n  Big G am e  R i d g e  and v i c i n i t y , T e t o n  Na t i o na l  
For e s t , Wyomi n g . U . S .  F o r e s t  S e rv i c e , O g d e n , U t ah . 3 7  p .  
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D i s c u s s e s  c au s e s  o f  acc e l erated ero s ion and d e t e r i orat ion 
o f  vege tat ion ( mo s t ly s uba l p ine w ith some Pinus  f l e x i l i s  
and Ab i e s  l a s io carpa ) o b s erved at ca . 1 0 , 0 0 0  ft . a l t . �n  
Ye l lowstone Park . F i re , l i v e s tock and po cke t gophe r s  
c on t r i bute to  t h e  e f fe c t s , b u t  t h e  pr imary c au s e  i s  
t he gra z i ng and tramp l i ng o f  e l k  ( C e rvus canad e n s i s ) .  

3 6 . ·  Crouch , G .  L .  1 9 7 8 . Effe c t s  o f  pro t e c t i on from l iv e s t o c k  
gra z i ng on a bo t t omland w i ld l i f e  ha b i t a t  in no rthe a s t e r n  
Co lorado . In  Pro c . Lowland R i ver and S t ream Hab i ta t  in 
Co lorado , Symp . Oc t . 4 - 5 ,  1 9 7 8 , G re e l ey , Co l o . : 1 1 8 - 1 2 5 .  

V e g e t a t ion o n  a bo t tomland w i l d l i f e  hab i t at pro t e c t ed 
from gra z ing for 7 t o  2 5  years  wa s compared to  an 
ad j ac ent gra z e d  tract . Overa l l  cover and he i ght o f 
the unde r s t o ry wa s about t w i c e  a s  g re a t  on the _ ung ra z e d  
a r e a  f o r  e a c h  e va l uat ion , but d i d  not change appre c iab ly 
o ver the 1 8 - year i n t e rva l . 

3 7 . C urr i e , P .  0 .  and H .  L .  Gary . 1 9 7 8 . Graz ing and lo ggi ng  
effe c t s  o n  s o i l s urfa c e  c hang e s  in  c entral  Co lorado ' s  
pond e ro s a  p i ne type . J .  So i l  and Wa t e r  Con s . 3 3 : 1 7 6 - 1 7 8 . 

Mea s urement o f  s o i l  s urfac e e l e v a t i o n  o n  ponct e ro s a  
p i n e - bunchgra s s  land s  i n  c e ntra l  Co lorado s howe d  
t ha t  3 5 - y ears o f  g ra z ing  a n d  winter  logg i n g  h a d  no t 
c a u s e d  s er i o us e ro s ion . Al l  meas urement s ind i c a t e d  
an aggradat ion  o f  s o i l  s ur face mat eria l i n  re lat io n  
to d i f ference s in g ro und cover , gra z i n g , a n d  t imber 
remo va l .  Aggradat i o n o n  ungra zed are a s  e xc e eded 
aggradat i o n  on gra zed o r  logged areas by l e s s  t han 7 
m i l l ime t er s . 

3 8 . Curr i e , P .  0 .  1 9 7 5 .  Gra z i n g  ma nagement o f  pondero s a  p ine 
bunc hgra s s  ran g e s o f  t h e c entral Roc ky Moun t a i n s : The 
s t a tus of o ur know l e dg e . For . S erv . Res . Pap .  RM - 1 5 9 : 2 4  p .  

P i ne - bunchgra s s ra nge s have h i s t o ri c a l l y  b een  importan� 
l i v e s t o c k- produc i ng areas  in t h e c e nt ra l  Ro c ky Moun t a i ns .  
Gra z i n g  w i l l  con t i nue to be impor tant , but i n  c o n j unct io n 
w i t h  other u s e s  o f  t he land . Live s t ock-management  
techn i que s are we l l  deve loped and  s o un d l y  ba s e d on 
re s earch w i t hin the pine bunc hgra s s  type .  The re is  a 
need , howe ver ,  to  unders tand t h e  i n t e rre l a t ion s h i p s  
o f  ot her land us e s , p art i c u larly a s  t h e y  re l at e  t o  
human popu lat i on pres s ure s . Re s e arch ne e d s , a s  we l l  a s  
wha t i s  known , are d e s c r i bed for s e vera l v e ge t a t i on 
cover type s . Other r e s o urce s ,  s uch a s  t imbe r , s o i l , and 
water , are e v a l uated i n  re l a t i o n  to gra z ing . 

3 9 . Darl ing , L .  A .  and G .  B .  Co l tharp . 1 9 7 3 .  E f f e c t s  o f  l i v e 
s tock o n  w a t e r  qua l i t y  o f  mo untain s tr eams . In  Proc . 
S ymp . Wat e r-An imal Re lat ions , Sout hern Idaho C o l l e g e , 
Twin Fal l s , Idaho , Jun e  1- 8 : 1 - 8 .  
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Th i s  s t udy wa s d e s igned  to d e t ermine t h e  type  and 
e x t e nt o f  l i ve s t o c k  gra z i ng e f f e c t s  on t he wat e r  
qua l i ty o f  s t reams p a s s ing  t hr o u g h  g ra z i n g  compartme n t s . 
Empha s i s  wa s p la c e d  o n  t h e  e f fe c t  o f  l i v e s t o c k  gra z ing 
on the bac t e r io log i c a l  i n d i c a t o r  group s  o f  tota l 
c o l i form , f e c a l  c o l i fo rm and fe c a l  s t re p t o c o c c i ,  w i t h  
l e s s a t t e n t i o n  g i ve n  t o  s e l e c t e d  phy s i c a l  a n d  chemic a l  
parame t ers . The s t udy was conduc t e d  on t hre e mo unt a i n  
s t r e ams  i n  t h e  Bear R i ver Range o f  nort h e rn U t a h . 

S ign i f i cant  i n c re a s e s  in  t he b ac t e r i a l  c o unt s we re not ed 
during the g ra z i ng of c a t t l e  and s he e p at s tr e am 
locat ion s immed i a t e l y  down- s t re am f ro m  the gra z in g 
ac t i v i ty . Ba c t e r i a l  c o un t s i n  s tr eams dra in ing 
gra zed wa t e r s he d s  r e a c h e d  s e a s o na l  ma x imum va l u e s  dur ing 
t he gra z ing p e r i o d , wh i l e count s from t he ungra z e d  
wat ers he d  rema i n e d  r e l a t i ve ly low a n d  c o n s t an t . 

The chemic a l  and phy s i c a l  wa t e r  qua l i t y  parame t e r s  
s howed no c l earc u t  e f fe c t  from l i ve s t o c k  gra z ing . 

Da v i s , G .  A .  1 9 7 7 . 
r i par ian hab i t a t  
Pre s e rvat i o n  and 
Sympo s ium . Fo r .  

Manag e men t a l t e rna t i ve s for the 
in  the s o u t hwe s t . In I mpo rtanc e ,  
Mana g e ment  o f  R i parian Hab i t a t : A 
S e r . Gen . Tech . Rp t . RM - 4 3 : 5 9 - 6 7 . 

Manageme nt and e n v i ronme nt a l  c o n s e q u e nc e s  o f  d i f f e rent 
us e s  of r i par ian hab i t a t  are c o n s i dered . G ra z i n g  wa s 
i n d i c a t e d  as  cau s i n g  1 )  increa s e d  potent i a l  for 
d e va s tat ing floods due to  e l imina t io n  o f  vegetat i ve 
cover on the  ad j a c e n t  wa t e r s he d s ; and 2 )  remo va l  o f  
herbac eous  mat e r i a l  and s e ed l in g s  and / or s prout s o f  
woody r iparian s pe c i e s  in  t h e  bot toms . Wi l d l i f e  
manag eme nt i n  t h e  r i pa r i a n z one i s  a l s o  cons ide red . 

4 1 . D e e , R .  F . , T .  W .  Box , and  E .  Robert s o n , Jr . 1 9 6 6 .  I n f l uence  
of  gra s s  v e g e t a t ion o n  wa t e r  i n take of  Pul lman s i l ty c l ay 
l o am . J . Range Mang e . 1 9 : 7 7 - 7 9 .  

Ring  in f i l t rome t ers we re used  to compare wat e r  i nt ake 
rat e s  o n four d i fferent gras s type s repre s entat i ve o f  
vario us s uc c e s s iona l  s t ag e s . Re s u l t s  indicated  h i gher 
i n f i l tra t ion rat e s  for p l an t s  wit h a h igher s ucc e s s ional 
s tage . I n f i l t ra t i o n  was c o rr e l a t e d  to s t and ing vegetation , 
l it t er , an d l i t t e r  and vege t a t ion comb ined . 

4 2 . Dobbin , C .  E .  1 9 3 3 .  Sudd e n  f l o o d s  i n i t iat e e ro s ion ( l e t t e r  
t o  e d i t or ) . C i v i l Eng in . 3 ( c omment s o n  in f l ue nce o f  
overgra z i ng on  ero s ion a n d  wa t e r s he d s ) :  3 3 4 . 

D i s c u s s e s  h i s tori c a l  growth o f  arroyo s i n  C haco C anyon 
and conc l ude s t ha t  c l imat i c  phenomena as we l l  as over
gra z in g  may be caus e s  of  ero s ion . 
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Dora n , J .  W .  and D .  M . Linn . 1 9 7 9 . 
o f  runo ff water from p a s t ure land . 
M i c ro b io l . 3 7 : 9 8 5 - 9 9 1 .  

Bac t e r i o l o g i c a l  qua l i t y  
App l . and Env iron . 

Run o f f  from a c ow- ca l f  p a s t ure in e a t e rn Ne bra s ka wa s 
mon i tored for bac t e r io log i ca l parame t e r s . Coun t s in 
runo f f  from bo t h  gra z e d  and ungra z e d  s i t e s genera l l y  
exc e eded recomme nded '.Va t e r  qua l ity  s t andard s . 

The fe ca l co l i form t o  :e c a l  s tr e p t o co c c i ra t io was  
us ed to  d i s t i ng u i s h  be twe e n  wi ld l i fe and cat t l e . Al s o , 
the u s e  o f  S treptococ cus bo v i s  for e v a l uat i ng the 
e f fe c t i ve ne s s  of manageme n t  prac t i c e s  on  min imi z in g  
contaminat ion  o f  s urfa c e  wat e r  i s  d i s c u s s e d . 

4 4 . Dor i g nac , E .  J .  and L .  E .  Love . 1 9 6 1 . I n f i l t rat io n  s t u d i e s 
o n  Po ndero s a  P i n e  Range s o f  C o l o ra�o . Roc ky E t n . Fore s �  
and Range  Exp . S ta . , S t a . Paper No . 6 9 : 3 4  p .  

4 5 . 

Dur i ng the years 1 9 4 1  through 1 9 5 4 , in f i l t rat ion s t u d i e s  
we re conduc t ed on  s i x  range p a s ture s at  t he Man ito u  
Expe r imenta l Fore s t . 

U s i n g  the Rocky Mounta in i n f i l t rome t e r  t he fo l lowi ng 
conc lus ion s  were reache d : 

1 .  I n f i l tra t i on var i e s  w i t h  c o ver type on Pondero s a 
Pine range s .  

2 .  We ight o f  dead organ ic  mat t e r  a nd t he amount  o f  
nonc a p i l lary pores  i n  t he s urface  so i l  were t he 
mos t  important mea s ured fac tors  i n f l ue n c ing 
i n f i l trat ion rat e s  o f  g ran i t i c  a l l uv i um s o i l s  
oc c urr i n g  i n  t he Man i t o u  pas t ur e s .  

3 .  Prov i d ing prot e c t ion from catt l e  gra z i n g  re s u l ted  
in an increa s e  i n  i n f i l t ra t io n  rat e s  from t ho s e  
mea s ured at  t h e  s � art o f the e xper iment i n  l 9 4 l . 
Rather rap i d  recov ery o f  i n f i l tra t io n ra t e s  wa s 
o b s erved o n  pine  gra s s ,  wh ich s howe d mo s t  o f  t h e  
incre a s e  t a k i n g  p l a c e  i n  the f i r s t  s i x y e a r s  o f  
pro t e c t i on . In t he gras s land , re covery i n f i l t r a t i o n  
rat e s  cont i nued through 1 9 5 4 , or 1 3  years a f t er t he 
s tart o f  t h e  e xper iment . 

4 .  In f i l t ra t i on ra t e s  in  gra s s land and p i ne - gra s s  can 
be e s t imat e d  by mea s ur i n g  the qua nt ity  of dead 
organ i c  �at e r ia l  and no n- c ap i l lary pore s i n  t he 
s ur fac e s o i l . 

Dragoun ,  F .  J .  and A .  R .  Kuh lman . 
manageme nt pra c t i c e s  on runo f f . 
2 3 : 5 5 - 5 7 . 

1 9 6 8 . E f f e c t  o f  p a s t ure 
J .  So i l  & Wa t er C o n s erv . 

F i e ld tr i a l s  were conducted over a 2 2 - year per iod 
to d e t e rmine t h e  e f f e c t s  of  contour furrowin g ,  l i ght 
and heavy gra z i ng reg ime s , and e c c e n t r i c - d i s k i ng on 
s o i l -wa t e r  s t o rage and forag e produc t ion in  a 
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brome g ra s s - l e g ume p a s t u re o f  6 %  s lo p e  on a Ho ldre g e  
s i l t l o am s o i l  re c e i v i n g  2 5  i n . a v e ra g e  a n n u a l ra i n f a l l .  
C o n t o u r  f urrow i n g  c o n s e rv e d , o n  t he a v e r a g e , 1 . 2 i n / y e ar 
mo re p re c i p i t a t io n  t han u n t r e a t e d  p l o t s , b u t  the in c r e a s e  
i n  s o i l  mo i s t ure d i d  no t p r o d uc e  b e t t e r  p a s t u r e . R un o ff 
from e c c e n t r i c  d i s k e d  p lo t s  w a s  1 5 - 3 0 %  l e s s  t h a n  fro� 
un t r e a t e d  p l o t s  a n d  r u n f o f d ur a t i o n  from he a v i l y  gra z e d  
p lo t s  wa s mo re t han tw i c e  t ha t  f ro m  l i g ht l y  g ra z e d p l o t s . 

Due e , J . T .  1 9 1 8  . 
C ano n  Bo t toms . 

Th e e f f e c t  o f  c a t t l e  o n  t he e r o s i o n  o f  
S c i . 4 7 : 4 5 0 - 4 5 2 . 

O ut l i n e s  t h e  e f f e c t  o f  c a t t l e  on t h e  e ro s i o n  o f  t he 
ar i d  C ano n  C o u n t r y  in s o u t h e a s t e rn and s o u t hwe s t e r n  
C o l o rado . D e s c r i b e s  t h e  forma t i o n  a n d  g rowt �  9 f  arroyo s . 

4 7 . D u l e y , F .  L .  and C .  E .  Do m i n g o . 1 9 4 9 . E f f e c t o f  g ra s s  o n  
i n t ak e  o f  wat e r . U n i v .  N e b . Agr . E x p . S t a . R e s . Bu l l . 
1 5 9 : 1 5  p .  

I n f i l t r a t i o n  t e s t s  w e re made o n  a numb e r  o f  g ra s s l a� d  
s o i l s  by me a n s  o f  a 1 6 - x 7 2 - i n c h  s p r i nk l e r t y p e  
i n f i l trome t e r .  Te s t s  w e re ma d e  o n  n a t i ve me a d ow and 
ran g e  p a s t u r e  land i n  a mo i s t  s u bhum i d  t o  dry s ubhum i d  
c l ima t e . 

The var i ou s  t y p e s  o f  g ra s s e s  t e s t e d  w e re e f f e c t i ve 
i n  i nd u c i ng a h i g h  i n t a k e  ra t e  o f  wa t e r i n t o t he s o i l . 
Howe v e r , t h e  t o t a l  c o v e r , i n c l u d i n g  l i v e g ra s s  a n d  
a s s oc i at e d  l i t t e r , wa s  m o r e  s i gn i f i c a n t  than t he k ind 
o f  g ra s s  o r  the type o f  s o i l . 

O n  an a r e a  a f fe c t e d  by o ve r f l o w  d e p o s i t s  and t ra mp l i ng 
by a n ima l s , t h e  i n t a k e  ra t e  o n  b l ue g r� s s  l a n d  w a s  
r e d u c e d  to a v e ry l o w  p o i n t . 

4 8 . D u n f o rd , E .  G .  1 9 4 9 . Re l a t i o n  o f  g r a z i n g  t o  r u no f f  and 
e r o s i o n  o n  b u n c h g ra s s  r a n g e s .  F 0 r e s t  S e r v . , Ro c ky Mt . 
F o r . & Ra n g e  Exp . S t a . Re s . No t e No . 7 :  2 p .  

Runo f f  a nd s e d i men t we re c o l l e c t e d  f rom s i x 1 / 1 0 0  a c r e  
p lo t s . Two p l o t s  w e re c o n t ro l s ; two w e r e  mo d e r a t e l y  
gra z e d ; a n d  two we re h e av i l y  g ra z e d . 

Runo f f  from ra i n f a l l  i n c re a s e d  fo r b o t h  t � e a t e d  p l o t s  
b u t  s i g n i f i ca n t  i nc r e a s e i n  s e d ime nt y i e l d s  we re o b s erved 
o n  the heav i l y  g ra z e d  p l o t  o n l y . 

4 9 . D un ford , E .  G .  1 9 5 4 . S u rf a c e runo f f  a nd e ro s i o n  from p i n e  
g ra s s l and s o f  t h e  C o l o rado Front Range , J .  F o r . 5 2 : 9 2 3 - 9 2 7 .  
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Heavy gra z ing ( 2 - 1 / 2  ac r e s per c ow- mon t h ) appeared to 
incre a s e  ero s io n  and surface runo f f . Modera t e  
gra z ing ( 4 - acre s per  cow- mo nth ) do e s  not ap pe ar to have 
any e f fe c t  on runo ff and ero s ion . Conc lus ion for the 
Front Range is  mo dera t e  gra z ing  i s  b e s t  from both 
e conomi c and wa t ershed s t andpo int . 

5 0 .  Dun ford , E .  G .  an d S .  We i t zman . 1 9 5 5 . Manag ing fore s t s 
to contro l s o i l  e ro s ion . I n  Wa te r ,  U . S . D . A .  Ye arbook 
1 9 5 5 : 2 3 5 - 2 4 2 . 

Out l i n e s  princ i p l e s  o f  i n t egrat ing t imbe r  and wa t e r s he d  
manag ement to c ont rol  ero s ion from fore s t  la nd s . 
D e s c r ibe s fac t ors r e s p on s i b l e  fo r ac c e l era t ed ero s ion 
from fore s t  land s . Recomme nd s mea s ure s of f i re pre 
vent ion , gra z i n g  contro l , logg ing , and cons truc t ion 
of  logging road s for ero s ion  c ontro l . 

5 1 . Dunne , T .  1 9 7 9 .  S ed iment y i e ld and land u s e  in tro p i c a l  
catchme nt s .  J .  Hydro l . 4 2 : 2 8 1 - 3 0 0 . 

Ana ly z e s s ed ime n t  y i e ld s  from 6 1  Kenyan c a t c hment s o n  
a re g i o na l  ba s i s a n d  conc luded l and u s e  i s  the domi nan t 
c on tro l w i t h i n  each reg i on . Rang e land wa s inc luded in  
t h i s  ana ly s i s . 

5 2 . Edmo nd , D .  B .  1 9 5 8 .  Th e i n f l uenc e o f tread i ng o n  p a s ture s : 
a pre l imi nary s tudy . N . Z .  J .  Agr ic . Re s . 1 : 3 1 9 - 3 2 8 . 

Tread i n g  damaged the pas ture ; mos t  o f  the e f fe c t  
fo l lowed the  fir s t  t read ing b u t  repeated  t readings  
a l t ered bo tan i c a l  compo s i t ion . Incre a s e d  treading 
had i ncrea s ed i n f l uence  o n  p l ant and s o i l . 

5 3 .  Edmond , D .  B .  1 9 6 3 . Effec t s  o f  treading perenn i a l  ryegra s s 
( Lo l i um perenne L . ) and wh i t e  c l o v e r  ( Tr i fo l i um re o e n s  � . ) · 

p a s ture s in wint er and s u�e r a t  two s o 1 l  mo � s ture  l e ve l s . 
N . Z .  J .  Agric . R e s . 6 : 2 6 5 - 2 7 6 . 

Reduced y i e l d s  appeare d , i n  the ma i n , to be  due to the 
lower vigor of a l e s s e r  numbe r o f  gra s s t i l l er s  in  
t ro dden pa s t ur e s . 

Part i c u lar ly in we t  s o i l , d i re c t  e f fec t s  on p l ant s , 
s uch as  roo t damag e , p l an t  d i s p lac ement , and bur ial  in 
mud , appeared to b e  important . There a l s o a ppe ared 
to be s ign i fi cant chan g e s  i n  the s o i l  i t s e l f , s uch as 
l imi tat ion o f s o i l  a i r , indicated  by g l eying  at 1 to 
1 - 1 / 2  in . d e pth in  winter . 

5 4 . Edmond , D .  B .  1 9 7 4 . E f fec t s  o f  she ep tre ading  on me a s �red  
pas t ure y i e ld and  phy s i c a l  cond i t ion of  four s o i l s . � . Z .  
J .  E xp . Agr ic . 2 : 3 9 - 4 3 .  
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Tr e ad i n g  o f  s h e e p  a t  4 9 . 4  e q u i va l e n t / ha on Man awa 
ry e g ra s s  a n d  Manawa - Hu i a  wh i t e  c lo v e r  p a s t ure s o n  
f o u r  s o i l  t y p e s  ( y e l lo w  brown loam , y e l l o w  b rown 
p umi c e , f i ne s a n d y  l o am a n d  s i l t  l o am ) r e d u c e d  p a s t ure 
p r o d uc t i o n  s i g n i f i c a nt ly .  There wa s a s l i g ht i n c re a s e  
i n  h e r ba g e  N i n  t r o d d e n  p lo t s , b u t  n o  d i f f e r e n c e i n  K ,  
P or M g  i n  wh i t e  c l o ve r . T h e  a v e ra g e  he i g h t  o f  g r o w i n g  
p o i n t s  i n  t i l l e r s  i n  r y e g r a s s  wa s r e d u c e d  by t r e a d i n g .  
So i l  b u l k  d e n s i t i e s  w e r e  h i g he r  i n  t he 0 - 2 . 5 em l a y e r  
o n  t ro d d e n  p l o t s  o n  a l l  s o i l s . 

5 5 . E l l i s on , L .  1 9 4 6 . Th e p o c k e t  g o p h e r  i n  r e l a t io n  t o  s o i l  
e ro s i o n  o n  mo u n t a i n  ran g e . Ec o l . 2 7 : 1 0 1 - 1 1 4 . 

S t u d y  c o n d u c t e d  a l o n g t h e  Wa s a t c h  P l a t e a u  i n  U t a h  
i n d � c a t e d  t h e  p o c k e t  g o p he r t o  b e  a n  a g e n t  o {  _ 

g e o l o g i c  no rma l and ac c e l e ra t e d  e ro s i o n . The a c c e l e r a t ed 
e ro s i o n  a c t i v i t ie s  o f  the p o c k e t  g o p h e r  are i n i t i a t e d  
b y  o ve r g ra z i n g  a n d  a r e  r e l a t e d  t o  de g r e e  s o i l  man t l e  
i s  d i s s e c t e d  a n d  p e rc e n t  o f  ba r e  s o i l . 

5 6 . F i s s e r , H .  G .  1 9 7 5 .  S t u d y  o f  ran g e l an d  s o i l  mo vement 
c harac t e r i s t i c s . In  Wa t e r s h e d  M a nag eme nt , P r o c . A S C E  
Symp . , A u g . 1 1 - 1 3 , -ro ga n , U t ah : 4 2 1 - 4 2 2 . 

S t ud y  i n i t i a t e d  i n  1 9 6 3 i n  Wyo m i n g  u s e d e ro s i o n  t r a n s e c t s  
t o  me a s ure s o i l  mo v e me n t from fo ur t re a tm e n t s :  1 )  
p ro t e c t e d , 2 )  no p r o t e c t i on f r o m  g ra z i n g ; 3 )  he rb i c i d e s ; 
a n d  4 )  no he rb i c i d e s . 

Re s u l t s  i nd i c a t e d  n o  s i gn i f i c an t  s o i l mo v ement a s s o c i a t e d  
w i th t he g ra z i n g  t r e atmen t . S i t e s  t re a t e d  w i t h  c h em i c a l s  
h a d  s i g n i f i ca n t  so i l  mo veme n t , a n d  s i t e s  w i t h  he r b i c i de s 
and gra z in g  had e xt r eme l y  s i g n i f i c a n t  mov e me n t . 

5 7 . Fo r s l i n g , C . L .  1 9 2 8 .  The s o i l  p ro t e c t i o n  p ro b l em . J .  
F o r . 2 6 : 9 9 4 - 9 9 7 . 

C i t e s the ma i n  e f fe c t s  o f  t e a r i ng down f a c t o r s  s uc h  a s  
g ra z i n g , l o g g i ng , a n d  f i re t o  b e  1 )  r e d uc t i o n o f  p la n t  
c o ve r , t h e r e b y  a l l ow i ng e ro s i v e  f o r c e s  t o  o p e r a t e ; a n d  
2 )  remova l o f  p l a n t  ma t e r i a l  w h i c h  lowe r s  t h e  f e r t i l i t y  
o f  t he s o i l  and i t s  pro d u c t i v e  c a p a c i t y . E xamp l e s are 
c it ed as to e f f e c t s  o f  c o v e r  on ero s i o n . Empha s i s  i s  
o n  o v e r g ra z i n g . 

5 8 . F o r s l i n g , C .  L .  1 9 3 1 . A s t ud y  o f  t he i n f l u e n c e o f  he rbac eous 
p lan t co ve r  on s ur f a c e  run - o f f  and so i l  e ro s i o n  in r e l a t i o n  
t o  gra z i ng o n  t h e  Wa s a t c h  P l a t e a u , U t ah . U . S . D . A .  Te c h . 
Bu l l . No . 2 2 0 : 7 2  p .  

Re s u l t s  o f  1 5  y ea r s  o f  ra i n fa l l  a n d  r uno f f  me a s ur e me n t s 
an d s e v e n  y e a r s  o f s now run o f f  me a s ureme n t s f o r  t wo 
wat � r s h e d s i n  c e nt r a l U t a h  i n d i c a t e d  t h a t  i nc r e a s e d  p lant 
c o v e r  from 1 6  to 4 0  p e rc e n t  re d u c e d  ra i n f a l l - r u n o f f  by 
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6 4  p erc ent , e ro s ion by 5 7  perc e n t , and s nowme l t 
runo f f  b y  5 7  perc ent . 

5 9 .  Fors l ing , C .  L .  1 9 3 2 . Ero s ion on unc u l t ivated l and s in 
the int ermo un t a i n  re g ion . S c i . Monthly 3 4 : 3 1 ! - 3 2 1 . 

D i s cu s s e s  the impac t o f  unmanaged gra z i ng and pub l ic 
land u s e  o n  the nat i ve p lant cover and ero s ion in 
thi s region . 

6 0 . Frank , E .  C . , H .  E .  Brown , and J .  R .  Thomp s o n . 1 9 7 5 .  
Hydro logy o f  Black Me s a  wa t e r s he d s , we s t ern Co lorado . 
For .  S er . Gen . Tech . Rpt . RM - 1 3 : 1 1  p .  

E l e ven y ear s o f  runoff and s u s p ended s e d ime nt data 
sho w  no re l at i ons hip to bare s o i l  i n t ercept , -which 
decrea s e d  a l t ho ugh gra z ing ut i l i z ed an average o :  
4 0  perc e nt o f  the  gra s s . By c urre nt c l a s s i f i cation 
s c heme s , s ed ime nt y i e ld s  indicate  very mi nor amo unt s  
o f  geo log ic ero s i on . 

6 1 . Gard , L .  E . , R .  F .  Fue l leman , C .  A .  V an Dore n , and W .  G .  
ammlade . 1 9 4 3 .  Runo ff from pa s t ure l and a s  affe cted  
b y  s o i l  treatme n t  and  gra z i ng manag ement and  i t s  
re lat ions h i p  t o  bo tanica l and chemi c a l  compo s i t i on and 
s h e e p  product io.n . J .  Amer . S oc . Agron . 3 5 : 3 3 2 - 3 4 7 . 

Fo l low up o f  s t udy report ed by V an Doren e t  a l . ( 1 9 4 0 )  
re lat ing so i l  treatment and gra z i n g  mana gement . 
Re s u l t s  conc lude that s o i l treatme nt and mod era te 
gra z ing produ c e  the lowe s t  runo f f . So i l  lo s s  wa s 
low from a l l  p l o t s . 

6 2 . Gary , H .  L .  1 9 7 5 .  Wa t e r s hed mana geme nt pro b l ems and 
o p portun i t i e s  for the Co l o rado fron t  range pond ero s a  
p ine zone : T h e  s t atus o f  our knowl edg e .  For . S e r . R e s . 
Pap . RM - 1 3 9 : 3 2  p .  

So i l s  in the reg ion were d e ve l o pe d  from grani L e s , are 
relative ly i nfert i l e , and erode e a s i l y  a ft e r  abus e . 
Water y i e ld s  are re l at i ve l y  low .  P lot  s t ud i e s co rro 
borated w i t h  l arge - s c a l e  s tud i e s  on  t imb ered and 
gra zed areas  have pro v i d e  guide l in e s  for ma inta i n ing 
s at i s fac tory wa t e r s hed condi t ions . 

6 3 .  G i f ford , G .  F .  1 9 7 5 .  Bene f i c ia l  and det rime nt a l  e f fe c t s  
o f  range impro vement prac t i c e s  on r�no ff and e ro s i o n . 
I n  Wat e rshed Managemen t ,  Proc . A S C E  Symp . , Aug . l l - 1 3 , 
Logan , Utah : 2 1 5 - 2 4 8 .  

Re v iews hydro log i c impac t s  o f  various  range  improvement 
prac t ic e s , inc l uding gra z ing , w i th re s u lt s on wat e r  
quan t i t y  and qua l i t y . 
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6 4 . G i f f o r d , G .  F . , J .  C .  B u c kho u s e , and F .  E .  B u s b y . 1 9 7 6 . 
Hydro lo g i c  i mp a c t  o f  b u rn i n g  a n d  g ra z i n g  o n  a c ha i n e d  
p i n yo n - j un i p e r  s i t e  i n  s o u t h e a s t e rn U t a h . U t ah Wa t e r  
R e s . La b . P R J N R 0 1 2 - 1 : 2 2  p .  

Re s u l t s  o f  s e v e r a l  s t u d i e s  c o n d u c t e d  a t  B l an d i n g , U t ah 
o n  a c ha i n e d  p i ny o n - j un i p e r  s i t e  w i t h  s e v e r a l d i f fe r e n t  
s l a s h  d i s p o s a l t e c h n i q u e s  a nd g ra z i n g  s u p e r impo s e d  a r e  
p r e s e n t e d . 

Re s u l t s i nd i c a t e d  mi n i ma l  i mp a c t o n  b a c t e r i a l  wat e r  
q ua l i t y  b y  g r a z i ng a t  a ra t e  o f  2 ha / AU M ; l o w e r  
i n f i l tra t io n  ra t e s  o n  g r a z e d  v s . u n g r a z e d  s i t e s , a n d  
no a p p ar e n t  t r e n d s  w e r e  d e t e c t e d  i n  s e d ime n t  p ro d uc t io n . 

6 5 .  G i f fo rd , G .  F .  a n d  R .  H .  Hawk i n s . 1 9 7 8 . A p re l imi nary 
a p proach toward s hydro l o g i c  mod e l i n g  of ran g e l an d  
g ra z i n g  ma na g eme n t  s y s t e ms . I n  P ro c . F i r s t  I n t e r n . 
R a ng e l an d  C o n g re s s , D e n v e r , C o l o r . : 2 7 9 - 2 8 3 . 

Th i s  p a p e r  b r i e f l y  p re s e n t s a p re l i m i nary a t t e m p t  a t  
mo d e l in g  ra n g e l and g ra z i n g  mana g e me n t  s y s t e m s . The 
mo d e l  i s  s y n t he s i z e d  aro und gra z i n g  i n t e n s i t y  as t h e  
k e y  t o  impa c t i ng i n f i l t r a t i o n  ra t e s  i n  f u t ur e  p ro j e c t e d  
gra z i n g  p a t t e rn s . Imp a c t e d  i n f i l t ra t i o n  r a t e s  a r e  
t he n  c o n v e r t e d  t o  r u n o f f  c u rv e  n umbe r s  f o r  a p p r o p r i a t e  
v e g e t a t io n  t y p e s , c o v e r  c o n d i t i o n s , a n d  i n f i l t rat i o n  
rat e s  fo r u s e  i n  c a l c u l a t i ng runo f f  v o l ume s  by t he 
U . S .  S o i l  C o n s e r va t i o n  S e rv i c e  t e c hn i q u e . 

6 6 .  G i f fo rd , G .  F .  a n d  R .  H .  Hawk i n s . 1 9 7 8 . Hy dro l o g i c  imp a c t 
o f  g ra z i n g  o n  i n f i l t ra t i o n : A c r i t i c a l  r e v i e w . Wa t e r  
Re s o ur . Re s .  1 4 : 3 0 5 - 3 1 3 . 

The hydro l o g i c  i m p o r t a n c e  o f  g ra z i n g  1 s  r e c e i v i n g  
i nc r e a s e d a t t e n t i o n  o n  r an g e l a n d s i n  t he U n i t e d  S t a t e s . 
The l i t e r a t ur e  o n  t h i s  t o p i c  i s  f r a gme n t e d . Th i s  p a p e r  
e x p l o r e s t he a va i l a b l e  l i t e ra t u r e  for i n f i l t ra t io n  a n d  
r un o f f . G e n e ra l l y , da t a  re l a t i v e  t o  r a n g e  c o n d i t io n  
are n o t  ad e q u a t e  f o r  e va l u a t i n g  hydro l o g i c  impa c t s . 
D a t a  r e l a t i n g  gra z i n g  i n t e n s i t y t o  i n f i l t ra t io n  ra t e s  
are no t a va i la b l e , y e t  d i s t i nc t  l im i t a t i o n s  a r e  
e v i d e nt . The s e  l im i t a t i o n s  a r e  d i s c u s s ed i n  t e rm s  o f  
i de n t i fy i n g  f u t ure r e s e a r c h  n e e d s . The g r e at e s t  n e e d  
a p p ea r s  t o  be a d e t a i l e d  d e f i n i t i o n  o f  t h e  l o n g - t e rm 
e ff e c t s  o f  g ra z i n g  ( by y e a r  a n d  s e a s o n ) o n  i n f i l t r a t i o n  
rat e s  a s  a f u n c t io n  o f  s i t e , r a n g e  c o n d i t io n s , a n d  
gra z i ng i n t e n s i ty . O n c e  o b t a i n e d , i n f i l t ra t io n  r a t e s  
mu s t  b e  c ou p l e d  w i t h a n  a p p r o p r i at e  me t h o d  for g e n e r a t i ng 
runo ff vo l ume s , s t orm h y d ro g r a ph s , a n d  l o n g - t e rm wat e r  
y i e l d s . 
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6 7 .  G l i n s k , R .  L .  1 9 7 7 . Re genera t ion and d i s tr ibut i o n  o f  
s y c amore and c o t t onwo od tre e s  a l o n g  So n i t a  Creek , Santa 
C ru z , County , Ar i zona . I n  Pre s e rvat ion , Importan c e , and 
Manageme n t  of Riparian Hab i ta t : A S ympo s i um .  For . 
Ser . G en . Tec h .  Rp t .  RM- 4 3 : 1 1 6 - 1 2 3 . 

Thi s  s t udy d e s c r i b e s  the  e f fec t s  o f  l i ve s to c k gra z i ng 
and s treambed ero s ion on t he regenerat ion and d i s t r i bution 
of s ycamo re and c o t tonwood tre e s . Sycamore s repro d u c e d  
from roo t a n d  truck s p rou t s  and b ec au s e  o f  t h i s  t he ir 
d i s tri but ion is no t as l ike ly to c hange s i gn i f i c an t ly .  
Co t tonwood re produc t ion wa s near ly a b s e n t  i n  are a s  
gra z e d  b y  c at t le , and was con fined t o  t h e  narrow ero s ion 
c hanne l . I f  t hi s re generat ion pat t e rn cont inue s , the 
fut ure max imum width o f the c o t t onwood fore s t  wi l l  decre a s e  
near ly 6 0 % .  

6 8 .  Gradwe l l , M .  W .  1 9 7 4 . Labo ra tory t e s t  met hod s for the 
s truc tura l s t abi l i t i e s  o f  s o i l s  under gra z i n g . Trans . ,  
l O th Intern .  Cong . o f  So i l  Sc i .  I : 3 4 1 - 3 5 0 . 

Te s ts o f re s i s tance t o  pe n e t rat io n  and o f  p la s t ic i t y  
at  f i e ld capac i t y  fa i l ed to corre late  wi t h  t he ob s erved 
s u s c e p t ib i l i t i e s  of some New Zea land s o i l s  to p lugg i ng 
und er an ima l tread ing . Re s i s tance to p e n t ration and 
p l as t i c i t y  cnang e under tread ing in t he we t s e a s o n  
and t he c hange may t ake d i f f ere n t  d i r e c t i o n s  f o r  d i f fe rent 
s o i l s . The vo l ume s of large pore s in the so i l s a fter 
s imulated tread ing corre l a t e d  we l l  with f i e l d  performanc e . 
Thi s  i s  at tri but ed t o  the i n f l uence o f  a i r con t e n t  on 
the d i rec t io n  of the  c hange s t hat  occ ur . 

6 9 .  Gunderso n , D .  R .  1 9 6 8 . F loodp l a i n  u s e  re lated t o  s tream 
morpho logy and f i s h  popu lat ions . J .  Wi l d l . Manage . 
3 2 : 5 0 7 - 5 1 4 . 

For two cont i g uous  s e c t ions  o f  a Montana s t ream , the 
agri c u l t ura l use of t he f loodp l a i n  wa s re l a t ed to 
cove r , s t r eam morpho logy , and f i s h  po p u l a t io n s . In 
one s e c t ion the vegetat ion o f  the f l oodp l a i n  had b e e n  
reduc e d  b y  c l ear i ng a n d  i n t e n s ive l i v e s tock gra z i ng ; 
in  t he other s e c t ion , whi c h  had rec e ived l i ght us e by 
l i ve s tock , vegetat ion  wa s re lat ive ly unc hang ed . This 
ungra zed s e c t i o n  had 7 6  percen t more cover ( unde rc u t  
banks , d e bri s , o verhang i n g  bru s h , a n d  mi s c e l l�neou s ) 
pe r acre o f s t r eam than the gra zed  s e c t ion . Brown 
t rout  ( + 6  inche s ) were e s t imated  t o  b e  2 7  oerc e nt 
more numero us and to we igh 4 4  p e rc e nt more

-
per � e re 

in t he ungra z e d  s e c t ion ·o f  the s tream , a l though the ir 
rat e  of growth wa s s imi lar in the  two s t re am s � c t i o n s . 
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7 0 . Han so n , C .  L . , A .  R .  Kuh lman , and J .  K .  Lew i s . 1 9 7 8 . 
· E f f e c t o f  gra z in g  i n t e n s i t y  a n d  ran g e  c o n d i t io n  o n  

hydro l o g y  o f  we s t e r n  So u t h  D a k o t a  r a n g e s . S .  Dako t a  
S t a t e  U n i v . A g r . Exp . S t a . Bu l l . No . 6 4 7 : 5 4  p .  

S t ud i e s  s ho w e d  t h a t  g ra z i n g  i n t e n s i t y  a n d  c h an g e s 
i n  rang e c o nd i t i o n  a f f e c t e d  ve g e t at i o n , mu l c h  a n d  
a n n u a l a nd s umme r r u n o f f .  

E f fe c t s  o n  d a i l y  e va p o t ra n s p i ra t i o n  ra t e s i n d i c a t e d  
tha t l o w  ra n g e  c o nd i t i o n  h a d  lowe r ra t e s  e a r l y  i n  t he 
s ummer w i t h  t h e  max imum ra t e  c ont i n u e d  l a t e r  i n  t he 
s umm e r  than o n  t he h i gh ra n g e  c o nd i t i on .  

7 1 .  Han so n , C .  L .  a nd J .  K .  Lew i s . 1 9 7 8 .  W i n t er runo f f  and 
s o i l  wa t e r  s t o ra g e  a s  a f f e c t e d  by ra n g e  c o nd i t io n . I n  
Proc . F ir s t  I n t e r n . Ra n g e l a n d  C o n g r e s s , D e n ve r , C o l o . : 
2 8 4 - 2 8 7 . 

The s e  d a t a  c o v e r  s e ve n  w i n t e r s  from a ran g e  h y d ro l o gy 
s t u d y  c o n d u c t e d  o n  M i x e d  Pra i r i e  o f  t he nor t h e r n  G r e a t  
P l a i n s  a t  Co t t onwood , S o u t h  D a ko t a . Wa t e r s he d s i n  
t he h i gh r a n g e  c o nd i t i o n  w i t h  t he mo s t  v e g e t a t i o n  a nd 
mu l c h  c a p t u re d  t h e  mo s t  b l ow i n g  s no w  and s t o re d  t h e  
mo s t  s o i l w at e r . Howe v e r , w i nt e r  r u no f f  wa s a b o ut 
t h e  s ame from w a t e r s h e d s  i n  me d i um and low ra n g e  
c o n d i t i o n  a s  i t  wa s f r o m  wat e r s h e d s  i n  h i g h  r a n g e  
c o n d i t i o n . 

7 2 . Harms , L .  L . , P .  M i d d a u g h , J .  N .  D o r n b u s h ,  a n d  J .  R .  And e r son . 
1 9 7 5 .  Ba c t e r i o l o g i c a l q ua l i t y o f  s ur f a c e  runo f f  from 
a gr i c u l t ura l l a n d . P a r t  I I . Wa t e r  a n d  S ewa ge Wo r k  
1 2 3 : 7 1 - 7 3 .  

C u l t i va t e d  a n d  n o n c u l t i va t e d  f i e l d  u n d e r  s nowme l t  
a n d  ra i n fa l l  r u n o f f  c o nd i t i o n s w e r e  c ompa r e d . 

Fe c a l  c o l i form c o un t s i n  s no wme l t  r un o f f  w e r e  h i g h e r  
for t h e  p a s t ur e  and hay f i e l d s , e xc e e d e d  wa t e r  q ua l i t y  
c r i t er i a  mo r e  fre q u e nt l y , b e c au s e  c a t t l e  w e re pa s t ur e d  
o n  the s e  s i t e s  l o ng e r . 

Ra i n fa l l  r u no f f  d a t a  f rom t h e  pa s t ure i n d i c a t e  p o t e n t ial 
po l l ut io n  prob l ems , b u t  d a t a  we re l a c k i n g  for a n y  
c o n c l u s i o n s . 

7 3 .  Harp e r , V .  L .  1 9 5 3 .  Wa t e rs he d  man a g e me nt - - f o r e s t  a nd 
r a n g e  a s p e c t s  i n  t h e  U n i t e d  S t a t e s .  U na s y l v i a 3 : 1 0 5 - 1 1 4 . 

Th i s  p a p e r  i s  a g e n era l r e v i e w  o f  s u c h  t h i n g s  a s  
d e v e l o pme n t  o f  p u b l i c  c on c e rn a b o ut wa t e r s he d  va l u e s 
and e f fe c t  o f  c o v e r  o n  wa t e r s h e d  va l ue s . Some examp le s 
of fore s t  a n d  ran ge wa t e r s he d  p ro t e c t io n  and i moro veme n t  
wo rk a r e  d i s c us s e d . 

· 
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7 � . Hawki n s , R .  H .  and G .  F .  G i f ford . 1 9 7 9 .  Hydro lo g i c  imp ac t s  
o f  gra z ing  s y s t ems on  i n f i l tra t io n  and runo f f : d e ve lopmen t 
o f  a mode l .  Utah Wa t . Re s . Lab . Hydro l . and Hydra u l . 
S e r i e s UWR L / H- 7 9 / 0 1 .  1 4  p .  

The re s pons e o f  i n f i l trat ion rate ( fc ) to graz i ng 
sys t ems i s  mo de l e d , ba s e d  on i n f i l t �at io n -gra z i ng 
informa t i on avai lab l e  from p a s t  s tud ie s . As  inputs  
the  mode l used  a gra z ing s y s t em s c hed u l e , i n i t ia l  
i n f i l trat ion ra te , and a chara c t e r i s t ic rec o very t ime . 
The output i s  a s e q ue nc e  o f  i n f i l trat ion rat e s , f rom 
wh ich hydro log i c  impac t i n f erenc e s  ma y be made . 
Bac kground , d e ve lopment , u s age , caut ions , and f u t ure 
re s earch ne e d s  are g i ven . A computer program of 
the  mo de l is s up p l i ed . 

7 5 .  Honc zarenko , G .  1 9 6 7 .  E f f e c t  o f  gra z in g on ve g e t a l  c�ver 
a nd phy s i c a l  propert i e s  o f  meadow s o i l . Ze s z .  Pro b l .  
Po s t e p . Na uk Ro l n . 7 4 : 1 0 1 - 1 0 5 . 

Gra z i ng on very we t so i l s  re s u lt s i n  a ma s s i ve 
o c c urre nc e o f  D e s c hamps ia cae spito s a  and J unc u s  e ff u s us , 
a s s o c iat ed w i t h  low poro s i t y  and exce s s  mo i s t ure . 
Deter iorat ion o f  p hy s ica l pro pert i e s  i s  mo s t  l i ke ly  to 
o c c ur o� s andy s o i l s  and p e a t s , whe rea s f i n e ly - t e x t ure d  
s o i l s  ( a l l uv i a l  s o i l s , loe s s , c lay so i l s ) a r e  le s s  
l iab le to s t ruc t ural d e t e r iora t ion . 

7 6 . Ho us ton , W .  R .  1 9 6 5 . S o i l  mo i s t ure r e s po n s e  to range 
improveme n t  in  the  northern G reat Pla ins . J .  Ran ge 
Manage . 1 8 : 2 5 - 3 0 . 

The s tudy wa s conduc t ed i n  Mo ntana during 1 9 5 8 . Vario u s  
s o i l s i t e s  and impro veme n t  prac t i c e s  w e r e  i�p l emen t e d  
and meas urement s mad e  d ur i n g  1 9 5 9  and 1 9 6 1 . 

Re s t  fro m gra z in g  reduc e d  mo i s t ure s t re s s  o n  mo s t  c l ay 
s o i l s , but mo is t ure s t re s s  increas e d  on f i n e  sandy l oam 
so i l s  i n  1 9 5 9 . 

The data from 1 9 6 1  repre s e nt e d  a drought ye ar and no 
d i fference  i n  mo i s t ure wa s no t ed on  any treatmen t .  

7 7 . Hurau l t , J .  1 9 7 1 . Th e erod i b i l i t y  o f  overgra zed  so i l s  i n  
the Adamawa h igh p la teau ( C ame roo n ) .  I n f i l t rat ion s t ud i e s . 
Bul le t in d e  l ' A s s o c ia t i o n  Franca i s e  po ur l ' Etude de So l 
No . 1 : 2 3 - 5 6 . 

V ege t a t i on , s o i l fa una , appare n t  d e n s i t y , i n f i l t r a t ion 
and runo ff we re s t ud i e d i n  s o i l s  of  �he Banyo r e g ion . 
The so i l s  are ma i n ly red ferra l l i t i c s o i l s  w i t h  fre q uent  
stone l in e s  and occas iona l ly fe rrug inous concre t io n s . 
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Pre c i o i t a t i o n  i s  a p p ro x ima t e l y  1 8 5 0  mm , d i s t r i b u t e d  
o ve r  8 mo n t h s . The e x t e n t  t o  whi c h  the s e  s o i l s  are 
e rod e d  a p p e a r s  to d e p e nd ma i n l y  on t h e i r  i n f i l t ra t i o n  
c a p a c i t y , wh i c h  i n  t u rn i s  a s s o c i a t e d  w i th s o i l  fauna , 
p a r t i c u l ar l y  t e rm i t e s , who s e  a b u n d a n c e a n d  a c t i v i t y  
d e p e nd o n  t h e  amo u n t  o f  l i gn i f i e d ma t e r i a l  a v a i l a b l e . 
The p r e s e n c e  o f  woo dy s pe c i e s  i s  t he r e fore e s s e n t i a l  
for c o n t ro l l i n g  e ro s i o n  i n  t h e s e  s o i l s , b u t  c ompa c t i o n  
a n d  t h e  h i gh ra t e  o f  r un o f f  u n d e r  s a v anna c on d i t io n s  
c ou l d  n o t  b e  d ir e c t ly a t t r i b u t e d  t o  o v e r g ra z i n g . 

7 8 .  John s o n , A . 1 9 6 2 . E f f e c t s  o f  g ra z i n g  i n t e n s i t y  a n d  c ov e r  
o n  wa t e r  i n t a k e  rat e o f  f e s c u e  g ra s s land . J .  R a n g e  
Man a g e . 1 5 : 7 9 - 8 2 . 

The s t udy w a s  c o n d u c t e d  i n  s o u t hw e s t e rn Al b e r t a  i n  
C a nad a . S i t e s  i n c l ud e d  u n g r a z e d  a n d  ar e a s  wh i c h  had 
b e e n  gra z e d  a t  four d i f fe r e nt r a t e s f o r  t e n  ye a r s . 

I n f i l tr o me t e r  r e s u l t s  i nd i c a t e d  t ha t  e v e n  a f t e r  t e n  
y e a r s  o f  h e a v y  gra z i ng , s o i l  e ro s i o n  b y  wa t e r  wa s 
not a c r i t i c a l  fac t o r  i n  man a g e m e n t . I n f i l t ra t io n  
r a t e s  i n c re a s e d  a s  t he amo u n t  o f  m u l c h  and ve g e t a t i o n  
i n c re a s e d . 

7 9 .  J o h n s on , E .  A .  19 5 2 . E f fe c t  o f  farm wo o d l and g ra z i n g  o n  
wat e r s h e d  v a l u e s i n  t he s o u t h e r n  Ap p l a c h i a n  M o u n ta i n s . 
J .  F o r . 5 0 : 1 0 9 - 1 1 3 . 

The e f f e c t s  o f  1.1 y e ar s  o f  g ra z i n g c a t t l e o n  a f o r e s t e d  
A p p a lac h i a n  wa t e r s h e d  a r e  r e p ro t e d . T h e  e xp e r ime n t  i s 
d e s cr i b e d ; the e f f e c t s  o f  g ra z i ng o n  v e g e t a t i o n , s o i l , 
and wa t er are p r e s e n t e d ; a n d  pra c t i c a l  i mp l i c at i on s  o f  
gra z i n g  mo un t a i n  wa t e r s h e d s  a r e  d i s c u s s e d . 

8 0 .  John s o n , S .  R . , H .  L .  G a ry , a n d S .  L .  Po n c e . 1 9 7 8 . R a n g e  
c a t t l e  impac t s  o n  s t r e am wa t e r  i n  t h e  C o l or a d o  F ro n t  
Ran g e . F o r . S e r .  R e s . No t e  RM- 3 5 9 : 8 p .  

S t ud i e s  o n  two a d j ac e nt p a s t ure s a l o n g  Tro u t  C r e e k  i n  
c en t ra l Co l o ra do i nd i c a t e d  o n l y  m i n o r  e f f e c t  o f  c a t t l e  
g ra z i n g  o n  wa t e r  qua l i t y . Bac t er i a l c o n t am i na t io n  o f  
t h e  wat e r , how e ve r , s i g n i f i c a n t ly i n c r e a s e d . F o l lo w i ng 
remo va l o f  the c a t t l e , bac t e r i a l  c o un t s d ro p p e d  to 
l e ve l s  s im i l a r  t o  tho s e  i n  t he u n g ra z e d  pa s t ur e . 

8 1 .  John s to n - Wa l l ac e , D .  B . , J .  S .  An d r e w s , and J .  Lamb , Jr . 
1 9 4 2 . 7he i n f l ue n c e  o f  p e r i o d i c  c l o s e  g ra z i n g  a n d  p a s ture 
f e rt i l i z at i o n  u p o n  e ro s i o n  c o n t ro l . J .  Ame r . S o c . Agro n . 
3 4 : 9 6 3 0 9 7 4 . 
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Pa s t ur e s  treated w i th adequa t e  l ime and fert i l i z e r s  
d id no t s how an i n c r e a s e  i n  wat e r  lo s s  or ero s i o n  
with  perio d i c  c lo s e  graz i n g . Un treat ed p a s t ur e s  we re 
l e s s  e f fect ive i n  c ontro l l i ng ero s ion . 

8 2 . Jone s , B .  E .  1 9 3 3 . G ra z ing c o ntro l s to p s  no f loods  ( l e t t e r  
t o  e d i tor ) .  C i vi l En g . 3 ( comment s o n  " The I n f l ue nc e  o f  
O vergra z i n g  O n  Ero s ion and Wat er s hed s " ) : 3 3 3 - 3 3 4 . 

S i l t ing o f  Arrowrock Re s e rvo i r  w i t h  a l o s s o f  6 %  o f  
c apac ity  wa s  d u e  i n  p art � o wave a c t i on o n t he bo rders 
and p l ac e r  mi n ing on  the south and midd l e  forks of 
Bo i s e  R i ver . The wa ter shed o f  Bo i s e  R i ver i s  in  a 
Nat ional Fore s t  bu t never- the - le s s  i s  a so urc e o f  s i l t . 
D i s c us s e s f lood s  i n  �an t i , Ep hra im , and S ix Hi l l  Canyon s 
in  re lation to ra infa l l  and ve g e t a t i v e  cover ; - Over 
gra z in g  as a cau s e  of ero s ion is not prove n . 

8 3 .  Ke e n , B .  A .  and G .  H .  Cas hen . 1 9 3 2 . Stud i e s  on so i l  c u l t i va t i o n . 
I I . The phy s i ca l e f fe c t s  o f s he e p  fo ld ing o n  the so i l . 
J .  Agr i c . S c i . 2 2 : 1 2 6 - 1 3 4 . 

I n  th i s  s t udy the d e p t h  o f the compac t io n  e f fe c t  wa s 
1 0  em w it h  the maximum e f fe c t  at 3 - 4 em . 

8 4 . Kenn edy , C .  E .  1 9 7 7 . Wi l d l i f e  con f l i c t s  i n  r i parian 
manageme nt : water . I n  Importanc e ,  Pre s erva t io n and 
Manageme nt of Riparian Hab i t at : A Sympo s i um .  For . S erv . 
G e n . Tech . Rpt . RM- 4 3 :  5 2 - 5 8 . 

D i scu s s e s  s ome change s and e f fe c t s  c a u s e d  �y unc ont ro l l ed 
gra z i ng o n  r iparian hab i t a t , whi c h  i nc l ud e s  type con 
ver s ion i n  r i par ian zon e , in t e rrupt ion o f  food c ha i n , and 
ma int enanc e o f u n s t a b l e  s tream c hanne l c o n d i t i on s . 

8 5 .  Kno l l , G .  an d H .  H .  Ho pk ins . 1 9 5 9 . The e f fec t  o f  gra z i r.g 
and tramp l ing upo n c e rta in  s o i l  propert i e s . Tr�n s .  Kan s a s  
Acad . Sc i .  6 2 : 2 2 1 - 2 3 1 .  

8 6 .  

Ring i nf i ltrome t e rs  were u s e d  t o  s t udy i n f i l t ra t i o n  on 
ungra z e d , mo derat e ly - gra z e d , and heav i ly g ra zed s i t e s . 
I n f i l trat ion in a 2 - ho ur p e r iod wa s 2 . 5 8 ,  2 . 0 8 ,  and 1 . 5 8 
inche s , re s pe c t i ve ly . Bu lk d e n s i t i e s  were 1 . 0 8 ,  1 . 1 7 ,  
and 1 . 2 7  g l ee , re s pe c t ive ly . The e f fe c t  o n  ava i lab l e  
s o i l wa t e r  w a s  s e e n  in  May when t he re wa s none be low 
2 f e e t  in the pro f i l e  on the heav i ly gra z e d  s i t e . The re 
wa s  much l e s s mu lch on the heav i l y  gra z e d  s i t e . 

Kotek , E .  I .  
e ro s io n . 

1 9 3 1 .  V egeta� i ve cove r ,  the wat e r  c y c l e and 
Agr . Eng . 1 2 : 1 1 2 - 1 1 3 . 

Wi th acc e l era t e d  ero s io n , management mu s t  c h e c k  t he abu s e s  
at t h e ir s ourc e whe ther t hey a r e  f ire ,  d e s t ruc t i 'le  logg i n cr , 
or ove rgra z i n g ,  and the b e s t  p o s s ib l e  man t l e  o f  vege �at io� 
mus t b e  e s ta b l i shed . 
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8 7 . Ka t o k , E .  I .  1 9 3 2 . So l v i n g  t h e  f o r e s t  and w a t e r  r i d d l e . 
Am . F o r . 3 8 : 4 8 8 - 4 9 1 .  

S ummar i z e s  s ur v e y s  i n v e s t i g a t i n g  t he c o n t r i b ut i o n  o f  
f o re s t  d e va s t a t io n , o v e rc ut t i n g , d e s t r uc t i v e f i r e s , 
o v e r g ra z i n g  a n d  o t h e r  a b u s e s  o f  f o r e s t  a n d  unc u l t i va t e d  
l a n d s  t o  p re s e n t  s o i l  a n d  wat e r p r o b l em s . 

8 8 . Ko t o k , E .  I .  1 9 3 2 . So l v i n g  t he w a t e r  r i d d l e . I l l u s . C a n . 
fo r e s t  a n d  O u t do o r s  2 8 : 4 1 5 - 4 1 8 . 

Prov i d e s  p ro o f  o f  t he c o s t l y  e f f e c t  o f  t h r o ught l e s s  
r e mo v a l o f  f o r e s t  c o v e r , o f  f o r e s t  f i r e s , a n d  o f  
unre g u l a t e d  g r a z i n g  p ra c t i c e . 

8 9 . Kun k l e , S .  H .  1 9 7 0 .  S o urc e a n d  t ran s po r t  o f  b a c �e r i a l  
i n d i c a t o r s  i n  rura l s t r e am s . I n  I n t e rd i s c i p l i na r y  A s p e c t s  
o f  Wa t e rs h e d  M a n a g e m e n t , Sym p .

-
,
-

Mo n t a na S t a t e  U n i v . , 
Bo z ema n , Mo n t an a . Au g u s t 3 - 6 ,  A S C E : 1 0 5 - 1 3 2 . 

Wat er q ua l i t y  s t ud i e s  w e r e  c o n d u c t e d  o n  t h e  S l e e p e r s  
R i v e r  B a s i n  i n  V e rmo n t  d u r i n g  1 9 6 7 - 1 9 7 1 .  V a r i o u s  l a n d  
u s e s  we r e  p r e s e nt a n d  a l l  w e r e  s amp l e d  for bac t e r i a l  
i n d i c a t o r s . 

S tr e am b ac t e r i a l  c o un t s  w e re v e ry d e p e n d e n t  o n  t h e  
hy dro l ogy i n vo l v e d , r e g a rd l e s s o f  t he s o urc e . So urc e s  
o f  b ac t e r i a  we r e : 1 )  land s ur f ac e s ;  2 )  t h e  c h a n n e l s ; 
and 3 )  d i r e c t  i n p u t s ( s e we r s ) .  

9 0 . Ku n k l e , S .  H .  and J .  R .  M e iman . 1 9 6 7 . �a t er q ua l i t y  o f  
mo unt a i n  wat e r s h e d s . Hydro l . Pa p e r  No . 2 1 , C o l o r a d o  
S ta t e  U n i v . , F o r t  Co l l i n s :  5 3  p .  

9 1 . 

Wa t e r  qua l i t y  wa s i n ve s t i g a t e d  from Apr i l 1 9 6 4 - S e p t e mbe r 
1 9 6 5  o n  mo un t a i n  wa t e r s h e d s  o f  l im i t e d u s e i n  t he 
C o lorado F r o n t  R a n g e . Phys i c a l , c he m i c a l ,  and bac t e r 
io l o g i c a l  p ara�e t e r s  w e r e  me a s ur e d . 

Ana l y s i s  i nd i c a t e d  t ha t  t h e  bac t e r i a  we r e  c l o s e l y re l at e d  
t o  phy s i c a l  p arame t e r s  o f  t h e  s t r e am ,  p a r t i c u la rl y  t he 
" f l u s h i n g  e f f e c t " .  S e a s o n a l  t r e n d s  a n d  re l a t io n s h i p s  
t o  phy s i c a l  w a t e r  q ua l i t y  p arame t e r s  a r e  d i s c u s s e d . 

La s s e n , L . , H .  W .  Lu l l , a n d  B .  Frank . 1 9 5 2 . 
wa t e r  r e l a t i o n s  i n  wa t e r s h e d  mana g e me n t . 
Agr i c . No . 9 1 0 : 6 4  p .  

Some p la n t - s o i l
C ir . U . S .  D e p t . 

A re v i ew , d i a g r amma t i c a l l y  i l l u s t r a t e d , o f  a v a i l a b l e  
t e chni c a l  k no w l e d g e  o n  t he r e l at io n s  o f  v e g e t a t io n  w i t h  
i n f i l tr a t i o n , r u no f f , s t r e am f l o w , e t c . , an d it s a p p l i c a t i o n  
to t h e  mana g e me n t  o f  c a t c hme n t  are a s . 
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9 2 . Layc o c k , W .  A .  an d P .  W .  Conrad . 1 9 6 7 . E f fec t o f  gra z ing 
on so i l  compac t io n  a s  meas ure d by bu l k  d e n s i t y  o n  a h i gh 
e l evat ion cat t l e  range . J .  Range Mana ge . 2 0 : 1 3 6 - 1 4 0 .  

Bulk  den s i ty o f  the  so i l  in gra zed p lo t s  wa s s imi lar 
to t hat  in ungra z e d  exc lo s ure s b o th  in earl y s umme r 
be fore gra z ing and i n  la t e  s umme r a f t e r  gra z i ng . 
Inc rea s e s  in  b u l k  den s i t y  d uring the s ummer bo t h  in 
gra zed and ungra z e d  areas were a t t r i b u t e d  to cha nge s 
i n  s o i l  mo i s t ure . So i l s  in e ar ly s umme r wer e  mo i s t  
and swo l le n  a n d  thus we ight ed l e s s  p e r  un i t  vo l ume than 
d id the dry s o i l s  i n  late  s umme r . 

9 3 .  Lay co c k , W .  A . , H .  Buchanan , and W .  C .  Dru e ger . 1 9 7 2 . Three 
me thod s of d e t ermi n ing d i e t , ut i l i za t ion , and t ramp l i ng 
damag e o n  sheep range s .  J .  Range Manage . 2 5 : 3 5 2 - 3 5 6 . 

Re s u l t s  o f  thi s s t udy i n d i c a t e d  one - ha l f  t o  two - t hirds 
o f  t he herbage removed by gra z i n g  could be a c c o u n t e d  
fo r by tramp l ing . 

9 4 . Le ithhead , H .  L .  1 9 5 9 . Runo f f  in  re la t io n  to  range cond i t ion 
i n  the Big  Bend- Dav i s  mo un t a i n  s e c t ion o f  Texa s . J .  Range 
Manage . 1 2 : 8 3 - 8 7 . 

Ac c ord ing to s t u d i e s  w i t h  i n f i l t rat ion  rings , runo f f  
i s  increas e� i n  t h i s are a a s  rang e s d e t e r i orate in 
rang e c o nd i t ion becau s e  the s o i l  absorbs mo i s t ure 
s l owe r .  A range s i t e  in good con d i t ion absorbs mo i s t ure 
5 to 6 t ime s f a s t e r  t han t he s ame range s it e  in poor 
cond i t ion . 

The lo s s  o f  mo i s t ure by e vapo rat ion from t he f i r s t  
foot of  so i l  i s  about  three t i me s gre a t er in  c lo s e ly 
gra z e d , poor cond i t ion ran g e t han i t  i s  from t he s ame 
s i t e  in good cond i t ion that has b e e n  pro p e r l y  g ra z ed . 

9 5 .  Liaco s ,  L .  G .  1 9 6 2 . Wa ter y i e l d s  a s  i n f l uenced by d egre e s  
o f  gra z i ng i n  the Ca l i fornia  w i n t e r  gra s s land s . J .  
Range Manag e . 1 5 : 3 4 - 4 2 . 

Heavy gra z ing fo r mo re than 3 5  years ha d re s u l t ed in a 
sha l lower so i l  t han the ungra z e d  s i t e s  dur ing the s ame 
perio d . 

I ncrea s e s  i n  wat e r  y i e l d  were a t t r ib u t e d  t o  reduc ed 
i n f i ltrat ion and p erco lat ion ra t e s , and  s ha l low roo t e d  
p lan t s . Both o f  the s e  we re caus ed by he avy gra z ing . 

9 6 .  Lodg e , R .  W .  1 9 5 4 . E f f e c t s  o f  gra z in g  on t he so � l s  and 
forage o f  mixed pra i r i e  in s out hwe s t e rn Saskatchewan . 
J .  Range Ma nag e .  7 : 1 6 6 - 1 7 0 . 
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F o u r  s i t e s  we re e s t a b l i s he d  w i t h  a g ra z ed and u n g r a z e d  
t r e a tme n t  for e a c h  s i t e . So i l  a n a l y s i s  i n d i c a t e d  
d i f f e re n c e s  i n  mo i s t ur e  c o n t e n t  a n d  b u l k  d e n s i t y  b e t w e e n  
t r e a t me n t s . 

9 7 . Lo v e , L .  D .  1 9 5 8 .  Ran ge l a n d  wa t e r s h e d  ma n a g e me n t . Proc . 
S o c . Amer . F o re s t e r s , 1 9 5 8 : 1 9 8 - 2 0 0 . 

I n  t h i s  g e n e ra l  d i s c u s s i o n  p a p e r , Lo v e  p o i n t s  o ut s o me 
o f  t h e  fac t o r s  n e e d e d  t o  ma i n t a i n  o r  fo s t e r  g o o d  
g ra s s l a nd w a t e r s h e d  c o nd i t i on s . Th e s e  a r e  a s  fo l l o w s : 

1 .  A c o v e r  o f  h e rb a c e o u s  v e g e t a t i o n  c on s i s t in g  o f  a 
h i gh p e rc e n t a g e  o f  b u n c h g r a s s e s . 

2 .  A l a r g e  amo u n t  o f  l i t t e r  c o v e r i n g  t h e  s o i l  s ur f a c e . 
3 .  A sma l l  p e r c e n t a g e  o f  b a r e  o r  e x p o s e d  s o i l �  
4 .  H i g h  no n - c a p i l l a r y  p o ro s i t y  o f  s ur f a c e  s o i l s  

c o n s i s t e n t  w i t h  s o i l  p ro f i l e charac t e r i s t i c s . 

9 8 . Lu l l , H .  W .  1 9 4 9 . Wa t e r s he d  c o n d i t io n  and f l o o d  p o t en t i a l . 
J .  F o r . 4 7 : 4 5 - 4 8 .  

A wa t e r s h e d  c o n d i t i o n  c la s s i f i c a t i o n  u t i l i z i n g  p la n t  
d e n s i t y  a n d  e xt e n t  o f  v i s i b l e  e ro s i o n  a s  c r i t e r i a  wa s 
u s e d  o n  t h e  E p hr a i m  C r e e k  wa t e r s h e d  i n  U t a h  t o  d e t ermine 
f l oo d  po t e n t ia l  z o n e s . Runo f f  p r o d u c t io n  from t he s e  
z o n e s  wa s i n d e x e d  by i n f i l t rome t e r s  a nd r e me d i a l  me a s ur e s  
f o r  t h e  wa t e r s he d  a r e  d e s c r i b ed . 

9 9 . Lu l l , H .  W .  1 9 5 9 . So i l  c o mp a c t i o n  o n  fo re s t a n d  ra n g e l a a n d s . 
U . S . D . A .  M i s c . P ub l . No . 7 6 8 : 3 3  p .  

D e s c r i b e s  t he p r oc e s s o f  c omp a c t io n  ( a ) b y  l o gg i n g , ( b ) 
by t ramp l in g  o f  m e n  a n d  a n i ma l s , a n a ly s e s  the s i t e  
fa c t o r s  t h a t  a f f e c t  c ompac t io n  ( s o i l  t e x t u r e  a n d  s t ru c t ur e , 
s o i l  d e n s i t y , s o i l  m . c . , o rg an i c -ma t t e r  c o n t e n t , fro s t ) ,  
d i s c u s s e s  t h e  e f f e c t s  o f  c o mpac t i o n  o n  i n f i l t ra t io n 
a n d  p e r c o l at i o n  a nd o n  v e g e t a t i on , and s ug ge s t s  me a s ur e s 
to r e d u c e  i t . 

1 0 0 . L u s b y , G .  C .  1 9 7 0 .  Hy dro l o g i c  a n d  b i o t i c  e f f e c t s  o f  g ra z i n g  
v e r s us n o n g r a z i n g  n e ar Grand J u n c t i on , C o l o r a d o . U . S .  
G e o l . S ur v . P r o f . Pap e r  7 0 0 - 8 : 2 3 2 - 2 3 6 . 

O v e r  a pe r i o d  o f  1 0  y e a r s , 4 gra z e d  wa t e r s he d s  o n  s a l t 
d e s e r t  ran ge l and h a v e  ahd a s l i g ht i nc r e a s e  i n  t he amo u n t  
o f  bare s o i l and ro c k , a n d  a d e c re a s e  i n  g r o u n d  c o v e r ; 
c ov e r  on p a i r e d  ungra z e d  wa t e r s h e d s  h a s  r e ma i n e d  
v i r t ua l ly u n c h a ng e d . Runo f f i n  t h e  u n g r a z e d  wa t e r s h e d s  
ha s b e e n  abo u t  3 0 %  l e s s  t h a n  i n  t he g ra z e d  wa t e r s he d s , 
an d s ed ime n t  y i e l d ha s b e e n  a b o u t  4 5 %  l e s s . The gre a t e s t  
c h a ng e s  o c c u rr e d  a b o u t  3 y e a r s  a ft e r  l i ve s t o c k  wa s e x 
c lu d e d  from 1 wat e r s h e d o f e a c h o f  t h e  p a i r s . W i t h i n  a r e a s  
o f  s im i l ar p hy s io graphy , r u no f f  a p p e ar s  t o  b e  d i re c t l y 
r e l a t e d  t o  t h e  p e r c e n t a g e  o f  b a r e  s o i l  o n  the wa t er s he d . 
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1 0 1 .  L�s by , G .  C .  1 9 7 3 .  Hydro lo g i c  and b i o t i c  e f f e c t s  o f 
gra z i ng v s . non - g ra z ing near G rand Jun c t i on , Co lorado . 
J .  Range Manage . 2 3 : 2 5 6 - 2 6 0 .  

The e f f e c t  o f  gra z i ng on the hydro lo gy o f  s a l t - d e s ert  
type range land has b ee n  s t ud i ed n e ar Grand J unc t i o n , 
Co lorado for the pa s t  1 4  years . Me a s ureme nt s o f  pre 
c i p i tat io n , runo f f , eros ion , and vege ta t io n  have been  
mad e i n  four pairs o f  wa t e r s h ed s . O ne o f  each pa ir 
ha s been  gra zed by ca tt le and s he e p as i s  norma l in 
the reg i on , and t he o t her ha s not be e n  u s ed s i nc e the 
b e g i nn i ng o f  the s t udy . Meas urement s made 1 0  ye ars 
apart s how t hat  a l l  four gra zed  wa tershe d s  have had a 
s l ight increa s e  i n  the  amo unt o f  bare so i l  and rock and 
a d e cre a s e  in gro und c o ver ; c o ve r  on ungra zed  wa t e r s he d s  
ha s remained e s s e n t i a l ly unchang e d . Runo f f  in t he 
ungra z e d  wa t e rs h ed s  ha s b e e n  about 3 0  perc ent le s s  than 
in the gra z e d  wa tershed s and s e d ime nt y i e ld ha s been 
abo ut 4 5  p e rc e n t  l e s s . The great e s t  c han ge in each o f  
the re lat ion s h i p s  occ urred abo ut 3 years a f t er l i ve s to c k  
we re e xc l uded from o ne wa t e rshed o f  e a c h  o f  t he pairs . 
Pre l iminary s t ud i e s  indicate  t ha t wi thin s imi lar 
p hy s iography , runo f f  i s  d i re c t l y  re lated t o  the perc entage 
of  bare s oi l  pre s ent  on  a wa t e r s he d . 

1 0 2 . Mar s ton , R .  B .  1 9 5 2 . G ro und cover requirement s fo r s ummer 
s t orm runo f f  con tro l on a s p e n  s i t e s  in north e rn U tah . 
J .  For . 5 0 : 3 0 3 - 3 0 7 . 

Re s u l t s  from 2 3  s umme r s t orms s howe d ero s ion to be 
ne g l i g ib l e  ( l e s s  than l c ub i c  foot per acre ) whe n 5 %  
or le s s  o f  t h e  rai n fa l l  ran o f f  a s  o v e r l and f low . 
Ero s ion increa s e d  ra p i d l y  w i th great e r  amo un t s  o f  s t orm 
runo ff . Becaus e s ta b l e  s o i l  i s  a f i r s t requ i s i t e  i n  
land management , 5 %  s torm r un o f f  appe ars t o  be  the 
maximum a l lowa b l e  for wat e rshed prot e c t i ') n  purpos e s  e n  
t h i s  type of land . 

During ma j or s torms , wi th  rainfa l l  ra t e s  in  exce s s  o f  
3 . 0 0 inche s p e r  ho ur , a gro und c o v e r  o f  at  l e a s t  6 5 % 
i s  needed to ke ep  runo f f  t o  l e s s  t han 5 % .  

1 0 3 .  Mars ton , R .  B .  1 9 5 8 . Parr i s h  Canyon , U tah : A l e s s on in  
flood ?ourc e s . J .  So i l  & Wat er C o n s erv . 1 3 : 1 6 5 - 1 6 7 . 

Runo ff  was me a s ured for 1 1 - y e a r s  o n  an und i s turbe d 
s i te . Fo l low ing t hi s  c a l i brat ion period , c o ver wa s 
remo ved and runo f f  and e ro s ion were grea t l y  in crea s e c . 

High ero s ion ra t e s  o n  catchmen t  s l o p e s  in the are a 
have been aggravated by heavy gra z ing and burn in g . 
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1 0 4 . Mar t i n , S .  C .  1 9 7 5 .  Why g r a z e  s em i d e s e rt r a n g e s ?  J .  S o i l  
a n d  Wa t e r  C o n s e rv . 3 0 : 1 8 6 - 1 8 8 .  

Po o u l a t i o n  i n c r ea s e s  a r e  drama t i c a l l y c ha n g i n g  l a n d  
u s e i n  t he a r i d  S o u t hwe s t . Ran g e  l i ve s t o c k , howe ve r , 
r e q u i r e  l i t t l e  fo s s i l  f u e l t o  ma k e  h i g h - q ua l i t y  f o o d  
from fo ra g e  t h a t  i s  o t he rw i s e  un e c o nomi c a l  t o  harv e s t . 
G o o d  gra z i n g  man a g e me n t  c a n  c o n t ro l e ro s i o n , a n d  improve 
fora g e , w i l d l i f e  hab i t at , e s t h e t i c s , a n d  r e c r e a t io n . 

1 0 5 .  M a s o n , L .  R .  1 9 7 0 .  A l o o k  a t  ran g e  r e l i c t s . J .  So i l  & 
Wa t er C o n s e r v . 2 5 : 1 8 - 1 9 . 

A ran g e  s i t e  o f  2 , 7 0 0  t o  8 , 0 7 5  f t  whi c h  ha d n e v e r  b e e n  
g r a z e d  h a d  a n  e s t i ma t e d  ve g e t a t i o n  p r o d uc t i o n  o f  1 , 1 0 0  
l b / ac r e . V e g e t a t i o n  w a s  ma i n l y  s hr u b  w i th a bo ut 4 %  
g r a s s . E ro s i o n  and o t h e r  f ea t u r e s u s ua l l y i n t e rp r e t e d  
a s  a n  i nd i c a t i o n  o f  o ve r  g ra z i n g  w e r e  p re s e nt . Two 
o t he r ran g e  s i t e s  s ho w e d  w i n d  and wa t e r  e ro s i o n  no t d ue 
t o  g r a z i n g  u s e . 

1 0 6 . M e e h a n , W .  R . , F .  J .  Swa n s o n , and J .  R .  S e d e l l . 1 9 7 7 . I n
f l u e n c e s  o f  r i par i a n  v e g e ta t i o n  o n  a q ua t i c  e c o s y s t em s  
w i t h  ? a r t i c u l a r  r e f e r e n c e  t o  s a lmo n i d  f i s h e s a n d  t h e i r  
food s up p l y . I n  Impo r t a n c e , Pre s e rva t io n  a n d  M a na g e me n t  
o f  R i p ar i an Habit a t : A S ymp o s i um .  F o r e s t  S e r v . G e n . Tech . 
R p t . RM- 4 3 : 1 3 7 - 1 4 5 .  

The r i par i an zo n e  h a s  i mp o r t a n t  i n f l ue nc e s  o n  t he t ot a l 
s t re am e c o s y s t e m  i n c l u d i n g  t h e  ha b i t a t  o f  s a l mo n i d s . 
Shade a n d  o r g a n i c d e t r i t u s  f rom the r i p a r i a n  z o n e  
con t ro l t h e  food b a s e o f  t h e  s t r e a m  a n d  l a r g e  woo d y  
d e br i s i n f l ue nc e s  c hann e l mo r p ho l o g y . Temp o r a l  a n d  
s pa t i a l  c h a n g e s i n  t h e  r i p a r i an z o n e , t h e  i n d i r e c t  
i n f l ue nc e s  o f  r i p a r i an v e g e t at i o n  o n  s a lmo n i d s , a n d  
t h e  e f f e c t s  o f  man ' s  a c t i v i t i e s  a r e  d i s c us s ed . 

1 0 7 . M e e han , W .  R .  and W .  C .  P l a t t s . 
and t he aquat i c  e n v i ronment . 
3 3 : 2 7 4 - 2 7 8 . 

1 9 7 8 . L i ve s to c k  g ra z i n g  
J .  So i l  & Wa t e r  Co n s e r v . 

R e v i ews l i ve s t oc k  g ra z i n g  imp ac t s  o n  wa t e r  r e s o ur c e s ,  
q uant i t y , q ua l i ty , and f i s h  ha b i t a t . S u g g e s t i o n s  for 
f u t u re r e s e ar c h  i n  the aquat i c  ha b i t a t  area are ma d e . 

1 0 8 . Me e uw i g , R .  0 .  1 9 6 5 .  E f f e c t s  o f  s e e d i n g  and g ra z i n g  on 
i n f i l t ra t io n  c a p a c i t y  and s o i l  s t ab i l i ty of a s ub - a l o in e 
rang e  i n  c e n t ra l U t a h . J .  Range Manage . 1 8 : 1 3 7 - 1 8 0 .

-

S e v e n  y ea r s  a f t e r  d i s c i n g  and s e e d i n g  t o  gra s s ,  ma i n  
e ff e c t s  were : d e c r e a s ed orga n i c  ma t t e r  a n d  c ap i l l a ry 
poro s i ty i n  t h e  s ur f a c e  s o i l , g r e a t e r  s o i l  b u l k  d e n s i ty , 
and d e c rea s ed p l a n t  and l i t t e r  c o ve r .  S e e d ing d i d  n o t  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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s i gni f ic an t l y  e f f e c t  in f i l trat i o n  or s o i l  s t abi l i t y . 
Gra z in g  during the pre v io us 4 years  decreas e d  p lan t 
and l i t t e r  cover and no n- cap i l lary s o i l  poro s i ty , but 
increas ed cap i l l ary p o ro s i t y  i n  the s urfac e s o i l  and 
decre a s ed i n f i l trat ion and s o i l  s t a b i l i t y . 

1 0 9 . Me euwi g , R .  0 .  1 9 6 0 . Wat e r s he d s  A and 8 - - A  s t udy o f  surfac e 
runo f f  and ero s ion in t he s uba l p i ne zone o f  c en tra l  U tah . 
J .  For . 5 8 : 5 5 6 - 5 6 0 . 

1 1 0 . 

F lood- sourc e  areas canno t be r e s tore d  by e xc l u s io n  o f  
gra z ing alone . Other reme d i al me a s ur e s  are re quired 
t o  re s tore waters hed s tab i l i t y . 

Me e uw i g , R .  0 .  1 9 7 0 .  I n f i l tra t i o n  and s o i l ero s ion a s  
i n f l uenced by vegetation  a n d  s o i l  in  north ern Utah . 
Range Manage . 2 3 : 1 8 5 - 1 8 8 . 

T u • 

The i n f l uence s o f  vegetat ion , s o i l  propert i e s , and s lope  
grad i e n t  on i n f i l trat io n  capac i ty and  s o i l  s ta b i l ity  o f  
h i gh - e l e vat ion he rb l and o n  the Wa s a t c h  Fro n t  i n  northern 
Utah were i n ve s t i gated under  s imu l a t e d  ra i n fa l l  cond i t i o n s . 
Re s u l t s  empha s i z e the imp o rtance o f  ve g e tat ion and l i t t e r 
cove r in  ma i n t a i ning in f i ltra t ion capac i t y  and s o i l  
s tab i l i ty . I n f i l t ra t i o n  i s  a l s o  a f f e c t e d  s i gn i f i cant ly 
by s o i l  pro pert i e s , notably  bulk  de n s i t y , aggregat ion 
and mo i s ture conten t . 

1 1 1 . Me iman , J .  R .  and S .  H .  Kunk l e . 1 9 6 7 . Land treatme n t  and 
water qua l i t y  contro l . J .  So i l  i Wa t e r  C o n s erv . 2 2 : 6 7 - 7 0 . 

Compar i s on s  o f  t urbid i t y , s u s p en d e d  s e d ime nt , and 
ind i c ator bac t e r i a  between an u n impac ted  and imp ac t e d , 
by gra z i ng and i rr i gat i on wat ers he d s . 

Re s u l t s  s howed bac t e r i a  t o  be a b e t t e r  i n d i cator o f  
l and u s e  t han e ither s u s p e n d e d  s e d iment o r  t urb i d i t y . 
The s t udy i nd i cated a s trong re l a t i on s h ip be twe e n  
bac t eria and overland f low , s tream d i s c harge , and s e a s o n  
o f  t h e  year . 

S torms mag n i f i e d  d i f f ere nce s betwe e n  impa c t e d  and un 
impac ted s treams . 

1 1 2 . M i l n e , C .  M .  1 9 7 6 . E f f e c t  o f  l i ve s t o c k  w i n t e r i n g  o oe rat ion 
on a we s t ern mo unta in st ream . Trans . ASAE 1 9 : 7 4 9 : 7 5 2 . 

Anima l s  may b e  conf i ned du ring  ha rsh w in t e r  cond i t i on s  
experienc ed in the  intermo unta i n  we s t ern U n i t e d  Stat e s . 
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R e s u l t s  o f  t h i s  s t u d y  c o n c l u d e d  that s uc h  p r a c t i c e s  
have l i t t l e  e f f e c t  o n  s t r e am c he m i c a l  p ro p e rt i e s ; a 
s i gn i f i c an t  e f f e c t  o n  b ac t e r i o l o g i c a l  p a rame t e r s  w h i c h  
i s  s ho rt - l i v e d  f r o m  t h e  s o u r c e ; a n d  b ac t e r i o l o g i c a l  
p a r ame t e r s  a p p e a r  t o  b e  mo r e  s u i t a b l e  f o r  t h i s  t yp e  
o f  a n a l y s i s . 

1 1 3 . M u l l e n , G .  J . , R .  � .  J e l l e y , a n d  D .  M .  M c A l e e s e . 1 9 7 4 . 
E f f e c t s  o f  an i ma l  t r e ad i n g  o n  s o i l  p ro p e rt i e s  a n d  
p a s t ur e  p r o d uc t i o n . I r i s h  Agr i c . Re s . 1 3 : 1 7 1 - 1 8 0 .  

I n  a t hr e e  y e a r e x p e r ime n t  t r e a d i n g  i n c r e a s e d  b u l k  
d e n s i t y  a n d  s ur fa c e  r o u g h n e s s  a n d  d e c re a s e d  a g g re g a t e  
s t ab i l i t y , s o i l  p e rm e a b i l i t y  a n d  h e r ba g e  p r o d u c t i o n . 
T h e r e  w e r e  n o  s i g n i f i ca n t  d i f f e re n c e s  b e t we e n  t h e  
e f f e c t s  o f  t h e  t w o  t r e a d i n g  ra t e s  ( 2 . 0 a n d  6 ; 2 
a n ima l s / ha ) .  P.e r b a g e  g r o w t h wa s b e t t e r  o n  p lo u g h e d  
and p a r a q u a t - t r e a t e d  s o i l  t h a n  o n  u n d i s t ur b e d  pa s t ur e  
s o i l , i n  t wo o f  t h e  t h r e e y e a r s . 

1 1 4 . � u n n s . E .  N .  1 9 4 7 . Hydro l o g y  o f  we s t e rn r a n g e s .  J .  So i l  
& Wa t e r  C o n s e r v . 2 : 1 3 9 - 1 4 4 . 

I n  t h i s  p a p e r  the a ut ho r  re v i e w s  e a r l y  d e v e l o pme n t  
o f  t h e  ran g e l a n d s  o f  t h e  w e s t  a n d  t h e i r  o ve r - u s e ,  
a bu s e  a n d  e v e n t u a l d e t e r i o r a t i o n . F r o m  t h i s  h e  r e v i e ws 
v e ry b r i e f l y  s o m e  of the e a r l y  wo rk d o ne i n  the w e s t  to 
c o n t ro l  o ve r l a n d  f l ow a n d  mud rock f lo w s  f rom p r i n c i p a l l y  
h i gh e l e v a t i o n  wa t e r s he d  l an d s . Mo s t  o f  t he d e s c r i b e d  
work c om e s from t h a t  d o n e  a t  D av i s  C o u n t y , U t ah . 

1 1 5 . M u ra i , H . ,  Y .  Iwa s a k i , a n d  M .  I s h i i . 1 9 7 5 . E f f e c t  o n  
h y d ro l o g i c a l  c o nd i t i o n s  b y  t he e x c h a n g i n g  o f  g ro un d  c o v e r  
f r o m  f o r e s t  l a nd t o  g ra s s l a n d . I n t e r n . A s s o c . S c i .  Hyd ro l . 
P u b . 1 1 7 : 4 5 7 - 4 6 4 . 

Co nv e r s i o n  from f o r e s t  t o  g ra s s d e c r e a s e d  i n f i l t ra t i o n  
ra t e s  i n  mo un t a i n o u s  l a n d . L i v e s t o c k  g ra z i n g  s u p e r 
i mp o s e d  o n  t h e  c o n v e rs i o n  d e c r e a s e d i n f i l t r a t i o n  r a t e s  
e v e n  f u r t he r . 

1 1 6 . O l s o n , O .  C .  1 9 4 9 . R e l a t i o n s  b e tw e e n  s o i l  d e p t h a n d  a c c e l 
e r a t e d  e ro s i o n  o n  t he Wa s a t c h  M o u n t a i n s . S o i l  S c i . 6 7 : 
4 4 7 - 4 5 1 .  

S ha l l o w  s o i l s  o r  t ho s e  w i t h  a l i g h t  c l a y  s u b s o i l  
re q u i r e  a dd i t i o n a l  me a s r u e s , s u c h  a s  c o n t o u r  t r e nc h i ng 
a n d  r e s e e d i n g , b e s i d e s  r e d uc t i o n  o r  e l im i n a t i o n  o f  
h e a v y  l i v e s t o c k  u s e  t o  r e s t a b i l i z e . 

1 1 7 . O r r , H .  K .  1 9 6 0 . S o i l  p o ro s i ty a n d  b u l k  d n e s i t y  on gra z e d  
a n d  p ro t e c t e d  Ke n t u c ky b l u e gra s s  ran g e  i n  t he B l a c k  H i l l s . 
J .  Ra n g e  Man a g e . 1 3 : 8 0 - 8 6 . 
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So i l s  s amp l e s  from four exc lo s ure s and a d j a c e nt gra z e d  
s it e s were ana l y z e d  for b u l k  de n s i t y  a n d  pore vo l ume 
to d e t e rmine t he e f f e c t s  o f gra z i ng .  Compac t i on wa s 
d e t e c t e d  i n  o n l y  the top 4 inche s o f  the s o i l  at two 
s i t e s , top 2 inche s at a th ird s i t e , and not read i ly 
appare nt at the fo urth s i t e . Texture c la s s e s  and age  
o f  the exc lo s ure s appears  to be  impo rtant c o n s i d e rat ions . 

1 1 8 . Orr , H .  K .  1 9 7 0 . Runo f f  and ero s io n con tro l by s e e de d  
and nat ive ve g e t a t ion on a fo re s t  burn : Black  Hi l l s , 
So ut h  Dako ta . For . S e r . Re s . Pap . RM- 6 0 :  1 2  p .  

Growth o f  s e e d e d  s p e c i e s  in c omb i na t ion  wi th re e s tab l i shme n t  
o f  n at ive vegetat io n  re d uced ove r land runo f f  a n d  s o i l 
e ro s ion to to lerab l e  l e ve l s  w i t h i n  one  to four growi n g  
s e aso n s . Gro s s  ra infa l l  wa s a poor ind icatoP o f  runo f f  
a n d  s o i l  e ro s io n  from sma l l  D lo t s . Tre nde w e r e  b e s t  
d e f in ed by dec l in ing ra t e s  of runo f f  and s e d ime nt 
product ion per un i t  o f  exc e s s  ra i n fa l l . S i xt y  per c e n t  
ground- cover de n s i ty ( l i ve ve g e t a t ion p l u s  l i t t er ) i s  
po s t u lated  as t h e  min imum nec e s sary for s o i l  s t a b i l i zat ion . 
Thi s  cover den s i t y  a lmo s t certainly  c o u l d  not have be e n  
reached  w i th i n  t he 4 -year s tudy period wi thout s e e d i ng . 
Seeded  gras s e s - t imothy and Ke ntucky b luegra s s  on coar s e 
textured s o i l  and t imo thy a n d  smoot h  brome o n  f i ne -
textured s o i� -were e s pe c ia l ly important becau s e  o f  the ir 
d i s pers ion and abundanc e , and p ers i s tence  of l i t t er 
product ion . 

1 1 9 . Orr , H .  K .  1 9 7 5 .  Re covery from s o i l  c ompac t io n  on b l ue 
gra s s  rang e in the Black  Hi l l s . Tran s . ASAE 1 8 : 1 0 7 6 - 1 0 8 1 .  

1 2 0 .  

No t un t i l  t he s e cond y ear a f t e r  fenc ing d i d  s o i l s  o n  
hea v i ly gra z e d  b l uegra s s  range s how s ig n i f i cant i ncre a s e  
i n  mac ro pore vo l ume . I n f i l trat ion capac i t i e s  a l s o  
inc re a s e d  and s umme r runo f f  d ec re a s e d . Re s u l t s  indi ca t e d  
t hat more than o n e  s e ason  o f  prote c t i o n  i s  ne c e s s ary 
for s i gn i f ic ant s o i l  re covery . 

O s born , B .  1 9 5 2 . S t ori ng ra i n fa l l at the gra s s  root s .  
Range Mang e . 5 : 4 0 8 - 4 1 4 . 

T v • 

Range cond i t ion and wat er intake are d � s c u s s ed for s i t e s  
in Te xas and O k la homa . G enera l ly , i n f i l t rat ion was 
higher wi t h  b e t t e r  range cond i t ion , un l e s s there wa s an 
imperme a b l e  l ayer re s t r i c t ing mo i s t ure mo veme n t . 

Re lat ionsh i p s  b e tween  b u l k  d e n s i t v  and crgan ic ma t t e r  
to  wa t er lo s s  were a l s o inc luded .

-

1 2 1 .  Pac ker , P .  E .  1 9 5 3 .  E f fec t s  o f  tramp l ing d i s t urban c e  e n  
water s he d  cond i t ion , runo f f , a nd ero s ion . J .  For . 5 1 : 2 8 - 3 1 . 
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Th i s  s t u d y  wa s c a rr i e d  o ut on a p o r t i o n  o f  t he Bo i s e  
R i v e r  wat e r s h e d  i n  I da h o . Th e s t ud y  w a s  d e s i g n e d  t o  
f i n d  o u t  w h a t  i n f l u e n c e  t r amp l i n g  ha d o n  b l ue b un c h  
whe a t gr a s s a n d  c h e a t g ra s s r a n g e s wh i c h  n o rma l l y  had 
s u f f i c i e n t  p r o t e c t i v e c o v e r  ( a p p r o x i ma t e l y 7 0 %  c o v e r  
o r  mo r e ) .  T h e  7 0 %  f i g u r e  i n c l u d e s a e r i a l  p l an t  c o ve r 
p l u s  l i t t e r  a n d  ro c k  c o v e r . Fo l l ow i n g  t h e  a r t i f i c ia l  
t ramp l i n g , a mod i f i e d t y p e  F i n f i l t r o me t e r w a s  u s e d . 

The s t ud y  s ho w e d t ha t  i f  t he g i v e n  s i t e  ha d 9 0  t o  
9 5 %  i n i t i a l  g r o u n d  c o ve r  tha t o v e r l an d  f lo w  a n d  so i l  
e ro s i o n  wa s ma i n t a i n e d  a t  a s a f e  l e v e l  e ve n  un d e r  6 0 %  
t ramp l i n g  d i s t u r b a nc e . I f  i n i t i a l  g r o u n d  c o ve r  o n  
w he a t g r a s s a n d  c h e a t g ra s s s i t e s  w e r e  i n  t he ran g e  o f  
7 0  t o  8 5  p e rc e n t , t h e n  a t r amp l i n g  d i s t ur b a n c e - o f  
from 2 0  t o  4 0 %  c a u s e d  i n c r e a s e s  i n  o v e r la n d  f l ow a n d  
s o i l  e ro s i o n  b e y o n d  t h a t  whi c h  w a s c o n s i d e r e d  a s a f e  
ma x i mum amo u n t . 

1 2 2 . Pac k e r , P .  E .  1 9 6 3 .  S o i l  s t a b i l i t y r e q u i re me n t s  fo r t he 
G a l l a t i n E l k  w i n t e r  r a n g e . J .  W i l d l . M a n a g e . 2 7 : 4 0 1 - 4 1 0 . 

F ro m  v a r i o u s  p l o t s  w h i c h  w e r e  i n s t a l l e d  t o  me a s u r e  
g r ound c o v e r  d e n s i t y , s o i l  b u l k  d en s i t y , a n d  s o i l  
e ro d e d  b y  h i gh- i n t e n s i t y  r a i n f a l l , i t  w a s  f o u n d  t h a t  
mana g e m e n t  ob j e c t i ve s  f o r  r e s t o r in g  and ma i n t a i n i n g  
s o i l s t ab i l i t y  o n  t h i s e l k w i n t e r  ran ge i n c l u d e  ground 
c o v e r  d e n s i t i e s  o f  a t  l e a s t  7 0 %  a n d  s o i l  b u l k  d e n s i t i e s  
n o  g re a t e r  t h a n  1 . 0 4 g l e e . 

1 2 3 .  P a u l s e n , H .  A . , Jr . 1 9 7 5 .  Ra n g e  ma n a g e me nt i n  t he c e n t ral 
a nd s o u t h e r n  Ro c ky Mo u n t a i n s : A s umma ry of t he s t a t u s  o f  
o ur know l e d g e  b y  r a n g e  e c o s y s t e ms . F o r . S e r . R e s . P a p . 
RM- 1 5 4 : 3 4  p .  

S umma r i � e s  a s er i e s  o f  c o m p r e h e n s i v e  r e po r t s  o n  t he 
s e v e n  r e c og n i z e d  e c o s y s t ems : S e mi d e s e rt g r a s s - s hr u b , 
s o u t hw e s t e r n  c ha p arra l ,  p i n y o n - j un i p e r , c e n t ra l  Ro c k ie s 
p o n d e ro s a  p i n e - b un c hgra s s ,  Ar i z o na p o nd e ro s a  p i ne 
b u n c h g ra s s , mo u n t a i n  g ra s s l a nd , and a l p i n e . I n c l u d e s  
wha t i s  known , wha t c a n  be r e c omme n d e d ,  a n d  wha t 
a d d i t i o n a l  i n fo rmat i o n  i s  n e e d e d  for e a c h  e c o s y s t e m . 

1 2 4 . P e ar s o n , G . A . , G .  A . J u n g , R .  E .  F ow l e r , a n d  D .  M .  M i t c he l l . 
1 9 7 5 .  E f f e c t s o f  g ra z i n g  o n  i n f i l t rat i o n  rat e s  i n  wa s t e 
wa t e r  s pr a y  f i e l d s . S o i l  S c i .  S o c . Am . P r o c . 3 9 : 9 5 4 - 9 5 7 . 

Many food - p ro c e s s o r s  u s e g r a s s - c o v e re d  s p ra y f i e l d s  for 
t r e a t i ng wa s t e  wa t e r . The s e  f i e l d s  are g e n e ra l l y mowed 
o ne o r  more t ime s e a c h  y e ar . To e l i m i n a t e mow i n g  
c o s t s , s uc h  f i e ld s  c o u l d  b e  f e n c e d  a n d  u s e d  a s  i r r i gated 
p a s t ur e s . Howe v e r , s i n c e  t he p r imary p u r p o s e  o f  s uc h  
f i e l d s i s  wa s t e w a t e r  t r e a t me n t , a d ve r s e  e f f e c t s  o n  
i n f i l t r a t i o n  mu s t  b e  a vo i d e d , p a r t i c u l a r l y  i n  a r e a s  
w i t h  s ha l l o w  s o i l s  t ha t  c a nno t b e  man i p u l a t e d  f o r  o ve r 
l a nd f l ow . 
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A portion o f  a foo d- proc e s s or ' s  wa s t ewat e r  t re atment 
fie l d  was fe nced  and graz e d  fo r appro ximat e ly 5 months 
durin g the s ummer and fal l o f  2 succe s s i v e  y ears . The 
s o i l  s e r i e s  was S a s s a fras s andy loam and t h e  gra s s  
s p e c i e s  were ' Kentucky 3 1 ' ta l l  fe s cue ( F e s t uca e l at ior 
var . arun d inacea ( S chreb . )  Wimm . ) and o rchardgra s s  
( Dactyl 1 s  glomerata ,  L . ) .  

The i n f i ltrat ion rate  at sat urat ion wa s meas ure d frequen t ly 
thro ughout the period o f  gra z ing . It was fo und that 
tramp l ing re duce d the in f i l trat ion rat e from an in i t i al 
value o f  2 - 2 . 5  cm/ hr t o  a final value o f  0 . 3  em/ hr . 

1 2 5 .  P i ckfo rd , G .  D .  1 9 3 2 . The in f l uen c e  o f  cont inued - heavy gra z ing 
and of promi s c uo us burn ing on s pring - fa l l  rang e s  in Ut ah . 
E co l . 1 3 : 1 5 9 - 1 7 1 . 

Primari l y  concern e d  wi th ve getat ion type change s fo l lowing 
gra z in g ,  burn in g , and graz i n� - burning tre atment s .  Re s u l t s  
indi cate d  for heavy grazing  a decre a s e  i n  t o t a l  p lant 
dens i ty with a shi ft from perenn ial gras s e s  to s ag e brus h .  

1 2 6 .  P latt s , W .  s .  1 9 7 8 .  L i v e s t o c k  in t e rac t ion s w i t h  f i s h  and 
aquat i c  environmen t s : Pro b l ems in evaluat ion . In Tran s . 
4 3 rd North Ame r . W i l d l i fe an d Nat ural Re s our . Co� . : 4 9 8 - 5 0 4 . 

Pre s ent gra z i n g  sys t ems are no t compat ible  with the envir
onmenta l n e e ds of  streams . 

A m ethodo logy i s  pre s en t ed to de t e rmine mo re quanL itat i v e l y  
the impact s o f  graz ing on f i sheri e s . Ne e d s  in c l ud e  remo v
ing the nat ura l variat ion an d un b i a s e d  e va l uat i on o f  
stream environment condi t ion s . 

1 2 7 .  P latt s , W .  S .  1 9 7 8 . L i v e s tock . in teract ion s wi th f i sh and t he i r  
environmen t s : A s ympo s i um  s ummary . In Ca l . -Nev . W i l dl i fe 
Tran s . :  9 2 - 9 6 . 

As s e s s e s  the  influence l i ve s to ck have on ao uat i c  and 
riparian environmen t s , prov ide s recommendat ion s for more 
compat i b i l i ty between l i ve s t ock gra z in g  and f i s heri e s , 
l i s t s  management obj ect i ve s  for prote c t ing , re storin g , 
or enhan c ing f i s h  an d ripar ian hab i t at s ,  and de s crib e s  
ben e ficial managemen t  p ra c t ic e s . Th e import anc e o f  
re cogn i z ing t h e  riparian e c o s y s t em a s  a s e parate  
management un i t  w i thin the ran ge s y s t em wa s e mphas i z e d . 

1 2 8 .  Rat l i ff , R .  D .  and S .  E .  We s t fa l l .  1 9 7 1 . Non-graz in g  and 
gophers lower bul k  dens i t y  and acidi ty  in annua l - p lant 
s oi l .  For . S e r . Re s .  Not e  PSW- 2 5 4 : 4 p . 

A ft e r  3 4  year s  o f  non - graz ing u s e , th e so i l  e xh i b i t e d  
lower s urface b u l k  dens ity a n d  acidity  than a n  adj acent 
gra z e d  s i t e . 
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1 2 9 .  Rauz i , F .  1 9 5 6 . Wat er- i n f i l trat ion s t ud i e s  in  the B i ghorn 
Nat iona l Fore s t . Wyom ing Agr . E xp . S t a . C ir . No . 6 2 . 7 p .  

One ho ur in f i l trome t e r  run s were ma de on pas t ure s wh ich 
were  pitted  and  non- p i t t ed . G e n era l ly , l i ghtly graz e d  
pa s t ure s had higher i n f i ltrat ion rat e s  at  t he e n d  o f  the 
t e s t  perio d . 

The  pit t e d  range he l d  3 9 % mo r e  wat e r  dur ing the s e con d 
3 0 -min . period o f  t h e  t e s t  from the adj o in in g  non - p i t t ed 
rang e . 

1 3 0 . Rau z i ,  F .  1 9 6 0 . Wat er- intake s t ud i e s  on ran ge s o i l s  at three 
locat ions  in the N orth ern P l a in s . J .  Ran g e  MaRa·gement . 
1 3 : 1 7 9 - 1 8 4 . 

On e hour in fi ltrome t er t e s t s  were made at one North 
Dakota and two Mont ana s it e s . V e g e t a t ion and l i tt er 
ana lys e s  were a l so concluded in con j unc t ion with the 
in f i lt rome ter run s . S i t e s  were c l a s s ed a s  h i gh or fair 
ran ge condit ion and low o r  poor cond i t ion . 

Range s rat e d  in h i gh condi t ion a b s o rbe d almo s t  t hree  t imes 
as muc h wat er a s  tho s e  ra ted in low cond i t ion s . 

Re gre s s ion ana lys i s  was emp loyed to de t e rmine the e f fe cts  
of  vegetat ion and mu lch on in f i l t rat ion , and it  was  found 
t h e s e  two var iab l e s could accoun t  fo r 4 5 - 8 4  perc ent o f  
the vari at ion depending on t he s i te . 

1 3 1 . Rau z i ,  F .  1 9 6 3 .  Water in take and p lan t compo s i t i on a s  a ffected 
by d i f feren t i a l  g ra z in g  on range lan d . J .  S o i l  & Wat e r  
Con s er . 1 8 : 1 1 4 - 1 1 6 . 

In fi ltrat i on s t udi e s  we re con duc t e d  on n at i ve p a s t ur e  
gra z e d  at t hr e e  d i fferent inten s it i e s . Re s u l t s  indi cated 
t hat lo s s  of s urfac e cover an d h eavy graz ing reduced 
water intake . Total in f i ltrat ion on the mo derat e ly graz ed 
s i te wa s 1 . 6  t ime s great e r  than t h e  heavy gra z e d  s i t e s . 
The ungra z e d  area ha d a cumu l at i ve o f  1 . 8 t imes that on 
the moderat e ly gra z e d  s i te . 

1 3 2 . Rauz i ,  F .  and A .  R .  Kuhlman . 1 9 6 1 . Water int ake as a ffected 
by so i l  and vege t at ion on certain we s t e rn South Dako ta 
rang e l ands . J .  Ran ge Management 1 4 : 2 6 7 - 2 7 1 .  

During th e s ummer mont hs o f  1 9 5 7  a nd 1 9 5 8 , wat e r  in take 
s tudi es were conduct e d  on range lan d  wat ersheds in the  ten 
to fourt e en - inch pre c i p itat ion be l t  new Newe ll , South 
Dakota . 

Data from fo ur range s i t e s  on four wat ers heds s howed that 
wat e r- in take ra t e s  were corre l ate d w i th range s it e s , as  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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mapp ed by th e S C S , where the rang e  condi t ion c la s s  wa s 
comparab l e . The e f fe c t s  o f  sur fac e con d i t ion s s uch a s  
texture , cra ckin g , a n d  amo unt o f  co ver a r e  impo rtant 
facto r s  but during pro longed rainfa l l  s ub - s urface  feat ure s 
become important in det e rmi n ing the amo un t o f  wat e r  
absorbed during  a s t o rm event . 

1 3 3 .  Rauz i , F .  and C .  L .  Hanson . 1 9 6 6 . Wate r  in tak e an d runo f f  
as affected b y  inten s it y  o f  gra z ing . J .  Ran ge Manag ement 
1 9 : 3 5 1 - 3 5 6 . 

Water intake rat e s  on d i f fere nt ially  gra z e d  rang e l and 
wat ersheds  had a n ea r ly l in e ar re lat ion s h i p  w i th th e 
heavi ly graz ed watershed the lowe s t  and the l ight ly gra z e d  
wat e rshed t h e  highe s t  rat e . Annua l  r uno f f  was great e s t  
from heav i l y  gra z e d  wat e rsheds a n d  l ea s t  from t he highly 
graz e d . Storm character i s t i c s  were a factor in t�e 
pro du ct ion of runof f .  

1 3 4 . Rauz i , F . , c .  L .  F ly ,  an d E .  J .  Dyks t e rhu i s . 1 9 6 8 . Wat er 
intake on mid- con t in e n t a l  rangelands a s  in fl uenc e d  by s o i l  
and p lant cove r . U S DA Te ch . Bul l . No . 1 3 9 0 : 5 8 p . 

In fi l trat ion s t ud i e s  were con du ct e d  wi th a sprinkling  
i n f i l trome ter on ran ge land s i t e s  in s i x s t at e s  in  the  
no rthern an d central  p la i n s . An alys i s  in dicat e d  that 
infi ltrat ion in the s e cond t h i rty m i nut e s  o f  t he 1 hour 
run was mo s t  c l early corre lated  w i t h  veget a l  c o ver or 
total we i ght o f  h erbag e . S o i l  struc t ure wa s t h e  mo s t  
imp o rtant s o i l  parameter i n  t e rms o f  in f i ltration . 

1 3 5 . Rauz i , F .  and F .  M .  Smi t h . 1 9 7 3 . I n f i lt rat ion rat e s : Thr e e  
s o i l s  with thr e e  gra z in g  l e ve l s  i n  no rth ea s t e rn Co lorado . 
J .  Ran ge Managemen t  2 6 : 1 2 6 - 1 2 9 . 

The influen c e  o f  s o i l  type , graz i n g  l e ve l , and v e g e t at ion 
on i n f i ltrat ion rat e s were e va l uat e d  at the Central 
P lain s E xperimental Ran g e near N unn , Colo rado . Total 
p lant material  was s i gn i fi can t ly correlated  w i th in f i l t ra 
t ion rat e s  on two o f  the thre e s o i l  typ e s  t e s t ed . Heavy 
gra z ing s i gn i f icant ly de crea s e d  in f i ltrat ion rat e s  on two 
of the s o i l  type s . Grazing in flu en c e s  did not r e duce 
infi ltrat ion rat e s  after 2 0  min ute s of  s imu lat e d  rain fa l l . 

1 3 6 . Read , R .  A .  1 9 5 7 . E ff e ct o f  l i ve s to c k  concentrat ion o n  sur fac e 
s o i l  poro s i ty wi thin she �t e r  be l t s . J .  Fo r . 5 5 : 5 2 9 - 5 3 0 . 

Bulk den s i t y , total pore space , and larg e pore s pace  o f  
s ur face three  in che s o f  s o i l  we re compared for t h re e  
South Dako ta s h e lt e r  b e l t s . Re s ult s  indicated s t a t i s t i c a l l y  
s i gn i f i can t di fferen ces  b e twee n  prot e c t e d  a n d  g ra z e d  s i t e s . 
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1 3 7 . Re e d , M .  J .  and R .  A .  P e t e r s on . 1 9 6 1 . V e ge t a t ion , s o i l  and 
cat t l e  r e s pons e s  to gra z in g  on northern Great P l a in s  Range . 
U S DA T e ch . Bu l l . No . 1 2 5 2 : 7 9  p .  

S t udy was co nduct e d  from 1 9 3 2 - 1 9 4 6  on both w i n t e r  and 
s ummer ran ge s ; in fo rmat ion on s tockin g rat e s  was  g iven . 
Heavy s umme r  gra z ing re duced l i t t er cover , vo lume o f  
roo t s , an d o rgan i c  matt e r  o f  the s ur fa c e  so i l . Bulk 
den s i ty  in crea s e d , an d in f i l t ra t ion ra t e  de crea s e d  a s  did 
depth o f  wat e r  p e n etrat ion . Int e rme diate  an d l i ght 
s tocking l e ve l s  during t h e  s ummer as we l l  as wint e r  gra z ing 
d i d  not ind icate  a s  much o f  an e f fe ct . 

1 3 8 . Re i gne r , I .  c .  1 9 5 1 . E ro s ion s t ud i e s  on  the S chohar i e  Wat ershed , 
N ew York . F o r . S e r . , Northea s t  Fore s t  Exp . S t i . �  S t a . Paper 
4 4 : 1 7 p .  

S e d imen t at ion o f  S chohari e  R e s e rvo ir was m e a s ured in 1 9 5 0 , 
when dro ugh t had dro p p e d  water  l e ve l s  t o  re cord lows . 
Accumu lated s e diment had redu ced t otal  capac ity by 1 . 7 5 
percent in 2 4  y ears . F i ft y - f i ve perc ent o f  the wat e r shed 
is covered wi th fore s t  and 4 3 . 5  p erc en t is in g ra s s .  
Forty - s i x  percent  o f  the wat e r s h ed wa s mod e ra t e l y  e ro de d ; 
8 0  percent o f  this  area wa s i n  gra s s .  Only  0 . 3 9 p ercent 
o f  the  wat ershed wa s s e vere l y  erode d .  Ro ad banks , s tream
ban k s , and re s e rvo ir s ho re l i n es contr ibut ed about 6 p er
cent o f  the s ed iment . B e t t e r  gra z in g  pract i c e s  could do 
much to preven t  ero s i on . A t horo ugh s t udy o f  the wat er
s he d , wi th v i ew t o  p l anning  a lan d - us e p rogram , i s  
re commended .  

1 3 9 . Rhoade s ,  E .  D . , L .  F .  Lo cke , E .  H .  Mc i l va in , and H .  M .  T ay l or . 
1 9 6 4 . Water intake on  a sandy ran g e  i s  a f fe ct e d  by 2 0  y ears 
of di f ferent ial  catt l e  s t ocking rat e s . J .  Ran g e  Management 
1 7 : 1 8 5 - 1 9 0 .  

St udy was conduct e d  in nort hwe s tern Oklahoma w i t h  four 
leve l s  of cont i nuo us c at t l e  g ra z ing impo s e d  for 2 0  y e ar s .  
In f i lt rat ion rat e s  were i n ve r s e ly propor t i onal t o  graz ing 
i n t en s i t y . Bulk den s i t y  an d p ene trome t e r  meas urement s 
indi ca t e d  that graz ing comp act e d  t h e  s o i l . Litt le s o i l  
lo s s  wa s obs erved e ven o n  t h e  heav i l y  gra z e d  s i t e s . 

I n f i ltration ra te s were corre l at e d  w i t h  quan t i t y  o f  
v egetative  cover , l i vin g and dead , an d range condi t ion 
c l as s . 

1 4 0 . R i ch , J .  L .  1 9 1 1 . Re c ent s tr e am tren chin g in the s emi - arid 
port ion of s o ut hw e s t ern New Mex i co , a re s ult of r emov al 
o f  vegetat ion cover . Amer . J .  S c i . 3 2 : 2 3 7 - 2 4 5 . 

De s cr i b e s  the n a t ure o f  the re c e nt stream tren ch i n g  i n 
the s emi - arid port ion o f  s o ut hwe s t ern New Me x i co and g i ve s 
e v i dence t hat  th i s  con d i t ion i s  the re s u lt o f  th e removal 
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o f  vegetat ive cover . G iv e s  a de s cr i pt ion an d hi story 
of Cane Springs Canyon as a typ i ca l  val l e y  an d d i s c us s e s  
the feat ure s and cond i t io n s  o f  t he val l e y  f i l l in g . Not e s  
that e x i s t e n c e  of course s tream grave l overly ing f i ner 
a l l uvial mat ter in the  bottom of tren che s indicat e s  that 
its depo s i t ion is re cent and due to in crea s e d  vo lume o f  
flood wat ers . In creas e d  volume o f  f l ood waters i s  a 
r e s u l t  o f  i n creas e d  r uno ff due tc t h e  remo va l  o f  
vegetat i ve cove r brought ab out b y  o v e r  s t oc kin g . S i ght s 
h i s tor i c a l  e v i de n c e  that the redu ct ion in cover a s  a r e s u l t  
o f  o ver s to cking ha s taken p l ace a n d  f l o o d  increa s e s  co 
incident with trench format ion are o f  recent date . 

14 1 .  R ic h , L .  R .  1 9 6 1 . Surface run o f f  and ero s ion in th e l ower 
chaparra l zon e -Ar i zona . For . S e rv . , Ro cky Mt n : Fore st 
and Ran ge E xp . St a . , S t a .  Paper No . 6 6 : 3 5  p .  

Two watershe d s  i n  t h i s  9 wat ershed exper im ent we re opened  
to gra z in g  and compari s on s  were made . Compar i so n s  o f  
the area l  average i n f i l t rat ion capac i t i e s  for a t e n  y ear 
period 1 9 3 2 - 4 1  ind i cat ed  no graz ing e f f ec t s . 

1 4 2 . R i ch , L .  R .  an d H .  G .  Reyno l ds . 1 9 6 3 . Gra z ing i n  re lat ion 
to run o f f  an d ero s i on on s ome chaparra l wat er s h eds o f  
cen tral Ari zona � J .  Ran ge Mana gement 1 6 : 3 2 2 - 3 2 6 . 

The s e  data s ugge s t  t hat chaparral l ands o f  central 
Ari zona , where characteri z e d  by an int e rs pers ion of shrub s 
and perenn ia l gras s on mo derat e topo graphy , can be 
pro p erly gra z ed wi tho ut detrime n t  to s o i l  s t ab i l i t y  o r  
wat er regime . I f  no mo re than 4 0 % o f  p e rennia l gras s 
pro duct ion i s  remo ved at the end o f  t he s ummer growing  
s eason ,  ground cove r  doe s  n o t  deteriorate and app ears 
s uf f i c i ent to ma in t a i n  a s t ab l e  s o i l . 

1 4 3 . Robb in s , J .  W .  D .  1 9 7 8 .  Envi ronmen tal impact re s u l t ing from 
un confin ed an imal produ ct ion . E n vi ronmen tal Prot ect ion 
Agency Rp t . E PA- 6 0 0 / 2 - 7 8 - 0 4 6 : 34  p .  

Thi s  repo rt out l in e s  and e va luat e s  c urrent know ledg e  
re l at ed t o  environmen tal p rob l ems r e s ult i n g  from 
un con f i ne d  an ima l prod uct ion . An imal s p e c i e s  d i rect l y  
addre s s e d are catt le , sh eep , and t o  a l im i t e d  e xt e n t , 
ho gs . In forma t ion for t he repo rt c ame from l i t e ra t ure 
an d c urrent re search rev i ews p lus  direct i nput s from 
a group of 17 s pe c ia l i s t s  in t he s ubj e c t  f i el d . 

Un con f in ed a n imal prod uct i on ut i l i z e s  abo ut 4 0 %  o f  U . S . 
land area , con s i s t s  o f  hun dreds  o f  t housands o f  ind i v idual 
un i t s , re c e i v e s  a lmo s t  5 0 % of a l l  l i ve s t o c k  wat e s ,  and 
is compat ib l e  with a h i gh qua li t y  environmen t . A s s o c iat ed 
env ironmen tal prob l ems are l im i te d  t o  tho s e  that a f fect  
s urface wat er qua l i t y . The s e  nonpo i n t  s o urce p ro b l e�s 
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are no t d i r ec t ly r e l a t e d  to number o f  anima l s  invo lved ; 
they are int imat e ly d ependent on hy�eo l o g i c a l  and 
manag ement fa ctors  and are b e s t  de s c r i b e d  as re su l t s  o f  
t h e  ero s ion / s e d iment phenomenon . 

1 4 4 . S amp son , A .  w .  and L .  H .  We y l . 1 9 1 8 . Ran ge pre s ervat ion and 
i t s  r e l at ion t o  e ro s i on co nt rol on we s t ern graz ing lan d s . 
U . S .  Dept . Agr . B u l l . 6 7 5 : 3 5  p .  

D i s c u s s e s  ero s ion damag e s  and fact ors de t e rmining th e 
amo un t o f  erra t i c  run o f f  a nd e ro s ion . No t e s  the  e f fe ct 
o f  s i l t  on f i s h  an d other aq uat i c  l i fe . Comment s on  
e xc e s s i ve ero s ion and d e br i s  depo s it ion due  t o  f lood of  
July 2 8 , 1 9 1 2 , at h e ad of  Ephraim Canyon and t o  f lo o d  o f  
July  3 0 , 1 9 1 2 i n  B e ck s  Can yo n i n  t h e  Man t i  N ation a l  
For e s t , Ut ah .  G i v e s  preventat i v e  and reme d i a l  mea s ure s . 

1 4 5 .  Sark i s yan , S .  S .  and E .  F .  S hur- Bagda s aryan . 1 9 6 7 . I n t eract ion 
o f  veg e t at ion and s o i l s  o f  var ious mountain s t eppe pa s t ures 
o v ergrazed  and e ro d e d  t o  d i f ferent e xt ent s . Pochvovedenie 
No . 1 2 : 3 7 - 4  4 .  

On l i ght l y  gra z e d , non - e roded s o i l  in Armen i a , t h e  s ub 
aerial  a n d  s ubt e rran ean b ioma s s wa s 5 - 1 0  t ime s great er 
t han on heav i ly or very heav i l y  gra z e d  and erode d  s o i l s . 
Thickn e s s  o f  t he humu s hori zo n s  ( A  + B )  o f  s o i l  decreased 
with increa s e d  gra z i n g  int ens it y , and t ho s e  ho ri zon s 
were absent  from very heav i ly gra z e d  s o i l s . 

1 4 6 . Sart z , R .  s .  1 9 7 0 .  E f fect  o f  land u s e  on the hydro logy o f  
sma l l  watersheds i n  so uthwe s t ern Wi s con s in . In S ympo s i um 
on  t he Re s u l t s  o f  Re s earch on Repre s entat ive and E xp e rimental 
Bas i n s , We l l ington , N . Z . , IASH /AIHS / UNE S C O : 2 8 6 - 2 9 5 .  

Runo f f  wa s compared betwe en a heav i ly gra z e d  cat chment 
( gra zed  t hrougho ut the growi n g  s e ason ) and a l i ght ly 
gra z e d  cat chment ( gra z e d  only at t he end of the growing 
s e ason ) . Peak flow rat e s  were three  t ime s higher from 
the heav i l y  gra z e d  pas t ure for 5 l arge event s mea s ured . 
Maximum s ed imen t  concentrat ions al so indi cat e d  the e f fect 
o f  increas ed gra z ing i n ten s i t y . 

1 4 7 . Severson , K .  E .  an d C .  E .  Bo l dt . 1 9 7 8 .  Catt l e , wi l d l i fe , and 
ripar ian hab itat s in t he we s t ern Dako tas . In Management  
and  U s e  of  Northern P l a i n s  Ran ge land . Reg . �ange land 
S ymp . , B i smarck , N . D . , F .e b . 2 7 - 2 8 : 9 1 - 1 0 3 . 

Impact o f  catt l e  on ripar i an zones  i s  con s i de re d . Part i cularly 
import ant is the fact t hat t h e s e zones occupy re lat ively 
l it t l e  area and wi l l  b e  o ve ru s e d  no mat t er what t he 
s tocking rat e . There i s  an indi cat ion that winter graz ing 
do e s  not s e em to damag e  ri parian z on e s  a s  much a s  summer 
gra z ing . Common gra z ing s y s t ems two - an d thre e -pas ture 
de ferred rotat ion did not appe ar t o  bene fit  ripar i an 
zone s . Re s t  rot at ion has not been evaluat e d . 
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� 4 8 . Sharp , A .  L . , J .  J . Bond , J .  W .  Neuberger , A .  R .  Kuhlman , and 
J .  K .  Lew i s . 1 9 6 4 . Runo f f  as  a f fect e d  b y  in t en s i t y  o f  
graz ing  on range land . J . So i l  & Water Con s e rv . 1 9 : 1 0 3 - 1 0 6 . 

In s t ud i e s  in i t iated near Cottonwoo d , South Dakot a , in 
1 9 6 3 , runo f f  wa s mea s ure d on ran ge s  t hat had been s ubj e c t e d  
to l i ght , mo derat e ,  a n d  heavy gra z i n g  s ince 1 9 4 2 . 

The meas urement s o f  runo ff made during 1 9 6 3  indi cat e t hat 
runo f f  norma l ly increa s e s  with increas e s  in pre s s ure and 
t hat heavy gra z ing is part i cularly condus ive  to increas in g 
t he proport ion o f  ra in fal l t hat o c cur s  a s  runo f f . Howe ver , 
the dat a a l s o  s how that w i t h  unu s ua l l y  abundant ra in fa l l  
over a period o f  t ime , runo f f  from l i gh t l y  gra z e d  areas 
may be g reat er t han from tho s e  mo derat e ly or - heavi ly 
graz e d . The  ant e c edent s o i l  mo i s ture i s  import an t  when 
co n s i dering t h i s  lat t e r  po int . 

1 4 9 . Sme i n s , F .  E .  1 9 7 5 .  E f fe c t s  o f  l i ve s tock graz in g on runo f f  
and ero s ion . In Wat ershed Manageme n t , Pro c . ASCE Symp . , 
Augu s t  1 1 - 1 3 , Lo gan , Utah : 2 6 7 - 2 7 4 . 

Revi ew o f  dome s t i c  l i ve s tock product ion impact s  on 
veget at ion and s o i l s  o f  the wat ershed . Conc lude s that 
moderat e gra z i n g  may not increas e ero s ion , but could i n 
crea s e  runo f f  in relat ion to  l i ght ly gra z e d  and ungra z e d  
area s . 

1 5 0 . Smi t h ,  D .  R .  1 9 6 7 . E ff e c t s o f  cat t l e graz i n g  on  a pondero s a  
p i ne - bunchgra s s  range i n  Co lorado . U S DA Tech . Bul . No . 
1 3 7 1 : 6 0  p .  

Three graz in g inten s i t i e s  were emp loyed : 1 )  l i ght 1 0 - 2 0  
p ercent remo val o f  current growt h and dominant forage 
gras s e s ; 2 )  mo derat e 3 C - 4 0  p erc ent ; an d 3 )  heavy greater 
t han 50  p ercent . 

Ero s ion rat e s  me as ured b y  an in fi ltrome t e r  were two t o  
four t ime s h i gher unde r heavy graz ing t han l i ght graz i n g . 

In f i ltrat ion rat e s  de crea s e d  i n  an area prot e c t e d  from 
cat t l e  graz i n g  for 11 years , wh i l e  t hey rema i n ed about 
t he s ame for t he inten s i t y  o f  gra z i n g  o ve r  t he o ther 
s i t e s . 

1 5 1 . Sprin g fi e l d , H .  W .  1 9 7 6 . Character i s t i c s  and management 
o f  s o uthwe s t ern p inyon - j un i per ran ge s : The  s t atus  of  our 
knowle dg e . For . S erv . Res . Paper RM- 1 6 0 : 3 2  p .  

The maj or pro blem in the p in yon - j un ip er t ype i s  w i d e s pread 
det eriorat ion o f  t he range re s ourc es  due t o  o vergraz ing 
and increas e s  in  t re e  dens i t y . G e neral guide l in e s  are 
ava i lab l e  fo r j udg ing t he cond i t ion and gra z ing nanagement 
of p inyon- j un i p er ran ge s , as we l l  a s  for d e c i d i n g  wh ere 
and how to cont ro l tre e s . 
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1 5 2 . S t e inbrenner , E .  C . 1 9 5 1 . E f f ec t  o f  gra z i n g  on  f l o r i s t i c  
compo s i t ion and s o i l  pro p e rt i e s  o f  farm woodlands in 
southern Wi s con s in . J .  For . 4 9 : 9 0 6 - 9 1 0 . 

Gra s e d  and un gra z e d  s i t e s  were compar e d  in s ix woo d l o t s  
l o cat e d  in Wi s cons in . Wa ter permeab i l i t y  indi cat e d  t hat 
ung ra z e d  s it e s  coul d t ran s m i t  wa t er from 3 . 3  to 2 4 5  
t imes fas t e r  than gra z e d  s o i l s . Poro s i t y was great er on 
ungra z e d  v s . graz e d  s i t e s , a s  wa s organ i c  mat t er content . 

1 5 3 .  S t ephe n so n , G .  R .  an d L .  V .  Street . 1 9 7 8 . Bact er i a l  vari at ions 
in s treams from a s outhwe s t  I daho ran ge l an d  wat ers he d . J .  
Environ . Qua l . 7 : 1 5 0 - 1 5 7 . 

S o urc e s  and var i at ions  in hac t er i a l  indi cato�s_ are
2

re port ed 
from s t ream s it e s  o v er a 3 -y ear p eriod on a 2 3 3  km rang e 
lan d wat ershed  in southwe s t  I daho . The o c c urence o f  
feca l co l i forms was indirectly re lat e d  t o  t he pre s en c e  o f  
cat t l e  o n  s ummer ran g e  and winter pa s t ure s . F e cal co l i fo rm 
coun t s  in adj acent s treams were fo und t o  increa s e  soon 
a ft er ca t t l e  were t urn e d  i n  an d rema in ed h i gh for s e v eral 
months  after cat t l e  were remo v ed . 

Runo f f  from rai n s to rms incre a s e d  bo t h  t ot al and fecal 
co l i fo rm co ncentrat i o n s  i n  s treams on s ummer range with 
l imi t e d  manag eme nt an d adj acent t o  winter pa s t ur e s , but 
runo ff from s nowme l t  had l i tt l e  e f fe c t . To t al co l i form 
coun t s  var i e d  mro e w i t h  change in str eamf low t han d i d  
fe cal co l i fo rm c o un t s .  In fenced  s ummer rang e a l lotmen ts , 

un der de fe rre d gra z in g management ,  t he e f fects  were the 
s ame , except ba ct eri a l  coun t s  were not a s  h i gh or 
p ers i s t ent . 

The de cr e a s e  in ba cterial  concen trat ion s at s e veral 
down s tream samp l i n g  s i t e s  ind i cated  that cerr. a in s tream 
s e gment s were s e l f-pur i fy in g . The p re s e nce  or a b s enc e 
o f  l i ve s tock along � he s �reams overs hadow any e ffect 
var i at ion s in chemi cal co nc ent rat ion of  t h e  wat er mi ght 
ha ve on bacterial con c entrat ions . 

1 5 4 . Stewart , G .  an d C .  L .  Fors l in g . 1 9 3 1 . S urfac e run -o ff and 
eros ion in re l at ion to  s o i l  and p lant cover on  high graz ing 
lan d s  of centra l  Utah . J .  Amer . S o c . Agron . 2 3 : 8 1 5 - 8 3 2 . 

R e s u lt s  are p re s ented from 2 e xp eriment a l  wat ersheds  o f  
approximate ly equa l area i n  centra l  Utah , a t  an e le vat ion 
of about 1 0 , 0 0 0  f eet . 

O f  t he total run - o f f  from t he d e p l e t e d  area ( 1 6 %  p lant 
cover ) duri n g  1 9 1 5 - 1 9 2 0 ,  4 . 1 6 %  wa s due to s ummer ra i n fall 
and 9 5 . 4 % due t o  me l t e d  s now . The s ummer ra infal l , 
however , carri e d  8 0 . 1 % o f  t he total  s e dime nt remo ve d . 
After the p lant cover had impro ved to  4 0 % , only  1 . 3 % o f  
the total run-o f f  re s ul t ed from s ummer ra ins . 
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By i n crea s ing the cover on t he dep l e t ed area to 4 0 %  cover , 
the  total s e dime n t  e ro ded decreas e d  4 6 % and t h e  amoun t 
carr i e d  in e ach 1 0 0 0  c ub i c  f eet  o f  run - o ff wat e r  de creas e d  
5 7 % . 

Even when the pr e v io u s ly de p le t e d  area wa s r e s tore d t o  4 0 % 
cover the runo f f  and s e d iment produc t ion was great er than 
the con t in uo u s l y  we l l - vegetated area . Ro ugh ly , 3 to  5 t ime s 
a s  much tota l wat er ran o ff the are a  w i t h  the poorer p lant 
co ver . 

1 5 5 . S t ewart , G .  R .  1 9 3 3 . A s t udy o f  s o i l  chan g e s  a s s o c iat e d  w ith 
the t ran s i t ion from fert i l e hardwood fore s t  land to pa s t ure 
t yp e s  of d e creas i n g  fert i l i ty .  E co l . Monogr . 3 : 1 0 7 - 1 4 5 . 

T yp i ca l  s o i l  con d i t ion s a s s o c i a t e d  w i th the  growt h o f  
hardwoo d  fore s t ,  pa s t ure gras s e s , an d mo s s  an d fern were 
investigated in ce ntra l New York . Change f rom t re e s  to  
gra s s r e s ulte d in a lo s s  o f  p e rme a b i l i t y  t o  wat e r , sma l le r  
wa ter-ho lding  capac i ty , an d l e s s en e d  a i r  s p a c e . Fore s t  
s o i l s  and b e t t e r  p a s t ure typ e s  have s i gn i f i cant ly de eper 
A and B hor i z o n s  than d id t h e  poor graz i n g  l an d , o r  the 
mo s s  and fern areas . Root gro wt h of b e t t e r  p a s t ur e  gra s s e s  
was mo re e xt en s i ve than that o f  t h e  poore r . Fore s t  s o i l s  
po s s e s s e d  the highe s t  in it ial  co nt ent o f  nut rate s .  
Kentucky b lue gra s s  s o i l s  had t h e  h i g he s t  l e ve l o f  mineral 
n utrient s .  

1 5 6 . S t r i f f l er , W .  D .  1 9 6 4 . S e d imen t , s t reamf low , an d l an d  us e 
r e lat ion s h i p s  in nort hern Lak e  M i c h i gan . For . S er . Re s . 
Paper LS - 1 6 :  1 2  p .  

V arious land us e s  were compare d wi thin a dra inage bas in . 
P a s t ure occup i ed 1 8  p e rc en t o f  t he lan d  ar ea and contr i bute d  
2 4  p e rcent  o f  t he average s e d imen t  load . F l uctuations  
in  s tre am d i s charge were theore t i ca l l y  h i gher from pas t ure s . 

1 5 7 . Swi ft , T .  T .  1 9 2 6 .  Dat e o f  chan n e l  trenching in t h e  southwe s t  
( l e t t e r  to e dito r ) . S c i . 6 3  ( l e t t e r  re fer s  to " Da t e  o f  
Channe l Trenc hin g  i n  the Ar i d  Southwe s t "  b y  Bryan ) : 7 0 - 7 1 . 

C i te s  wri ters  o b s e rvat ion s on bank e ro s icn , increa s e d  
chann e l  w i dth , floo ds o f  the G i la R i ve r , an d arroyo 
cut t i n g  on S an s imo n Wa s h  a s  a re s ul t  of overgraz i n g . 

1 5 8 . Talbot , M .  W . , H .  H .  B i swe l l , P .  B .  Rowe , an d A .  W .  S amp son . 
1 9 4 2 . The San Joaqu in E xpe rimen � a l  Ran ge . Other s t udi e s  
and e xperimen t s  i n  t h e  pro gram o f  the S an Joaquin E xp e r imental 
Rang e . Ca l i f . Agr . Exp . S t a . Bu l l . 6 6 3 : 1 3 6 - 1 4 2 . 

De s cr ib e s  s tu d i e s  on arT i f i c i a l  re s e e d ing o f  ran g e lan d , 
runo f f , and e ro s ion as  a f fe ct e d  by cat t l e g raz ing , and 
the chem i c a l  compo s i t ion o f  important ran ge p lant s . 
Nine  1 / 4 0 - acre p lo t s  we re e s t ab l i s h e d  o n  g e nt l e  s l o p e s  
w i t h  gra s s  c o ve r  for the  r�o f f  an d e ro s ion s t ud i e s . The 
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p lo t s  were l e£t un graz e d  durin g  4 rainy s ea s on s  for purpo s e s  
o f  ca l i brat ion . Dur in g the n ext two s ea s o n s  graz ing o f  
l i ght an d mode rate inten s i ty o f  cat t l e  s howe d  n o  s ig n i f i 
cant increa s e  in s u rfac e run o f f  and e ro s ion . T h e  s t udy 
d i d  n o t  inve s t igate t o t a l  wa ter y i e l d  nor t he e ffe c t s  o f  
heavy gr az i ng .  

1 5 9 . Tann e r , C .  B .  an d C .  P .  Mamar i l . 1 9 5 9 . P a s t ure s o i l compac t ion 
by an imal tra f f i c .  Agron . J .  5 1 : 3 2 9 - 3 3 1 . 

An ima l  tra f f i c  cau s e d  s erious  c omp ac t i o n  o f  f i n e  t e x t ured 
p a s t ure s o i l s , s e vere ly de cre a s e d  pore - s pac e open to 
aerat ion , an d cau s e d  a 2 0 % decreas e in al fal fa -brome 
Ladino y i e l d s  durin g t h e  f i r s t  p a s tur i n g  y ear on On t ono gan 
c la y  loam . 

1 6 0 . Th i l e n i us , J .  F .  1 9 7 5 .  A l p in e  ran g e  managemen� in t h e  
we s t ern Un i t e d  S tat e s  - - prin c i p le s , prac t i ce s , and probl ems . 
The s tatus o f  our know l e dg e . For . S e r . Re s . Pap . RM- 1 5 7 : 
3 2  p .  

Re vi ews the pre s en t  know l edge on the e c o lo gy and management 
of the a l p in e  zon e in w e s t e rn No rt h  Amer i c a ; d e s cr i b e s  
the charac t e ri s t i c s  o f  the  a l p i n e ; c o v e r s  the un ique 
eco logy o f  �he h i g h- e l e vat i on , co ld- dominat e d , a l p ine 
e co s y s t ems ; and d i s c us s e s  t h e ir management , w i t h  empha s i s  
o n  t h e  range res ourc e and i t s  re lat i on s h i p  with o ther 
u s e s . 

1 6 1 . Thoma s , G .  W .  and V .  A .  Youn g .  1 9 5 4 . Re l at ion o f  s o i l s , 
ra in fa l l and graz i n g  management to v e g e t at ion - - we s t ern 
E dwards P lateau o f  Texas . T e xa s  Agr . E xp . S t a . Bu l l . 
7 8 6 : 2 2  p .  

1 6 2 . 

Ring in f i l trome t e r  were u s e d  i n  thi s s t udy . R e s u l t s 
indi cat e the s o d  e f fe ct s on in i t i a l  in f i l�rat ion , b ut 
i n  t erms o f  a final  con s t an t  rat e  t he e f fe c t s  were s e en 
in on ly l s o d  fo rming typ e . 

Thomps on ,  J .  R .  1 9 6 8 . 
a we s t ern wat ers he d . 

E ff e c t  o f  graz i n g  on i n f i ltrat ion in 
J .  So i l  & Wa� e r  Con s erv . 2 3 : 6 3 - 6 5 . 

I n f i lt romet e r  expe riment s  and meas ureme n t s  o f  ground 
cover an d s o i l  bu lk den s i ty w e re made on gra z e d  and 
ungra z e d p l o t s  of s p ars e , de s ert - s hrub type  ve getation 
growing on poor , shal low s o i l s  de ve lo p e d  on Manco s 
s ha le . Re s ul t s  indi cate that in fi ltrat ion i s  a f f e c t e d  
l e s s  b y  gra z ing  �han by s easonal chan ge s in s o i l - s urface 
charact e ri s t i c s . 

1 6 3 . T i e demann , A .  R .  and H .  W .  B e rndt . 1 9 7 1 . V e g e t at ion and 
3 o i l s  o f  a 3 0 - y ear deer and e lk exc l o s ure in  c e ntral 
Washin gton . Nort hwe s t  S c i . 1 6 : 5 9 - 6 6 . 
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Quant i t y  of vege tat ion an d l i tt e r  were hi gher in an 
exclo s ure t han the adj ac ent are a s t i l l  a c c e s s ib l e  to 
w i l dl i fe . No d i fferen c e s  in t h e  s o i l s  o f  t he two 
s i t e s  were noted . 

1 6 4 . Trimb l e , G .  R . , c .  E .  Ha le , and H .  S .  Potter . 1 9 5 1 . E ffect o f  
s o i l -wat e r  re lat ions h i p s . For . S erv . , Northe a s tern For . 
Exp . S t a . Pap . No . 3 9 : 4 4 p .  

In thi s s t udy , graz i n g  was i n d i cate d a s  hav ing the great e s t  
e ffe ct on  s o i l -wat e r  re l a t ion s h i p s .  Organ i c  mat t e r  content 
wa s reduced by 32  p ercent an d bulk dens ity  increa s e d  b y  
8 0  p ercent . Wat e r  mo vement a n d  detent ion s t ora g e  were 
re du c e d  i n  the upp e r  layers ( A  ho r i zon ) . 

1 6 5 . Tremb l e , J .  M . , K .  G .  Renard , an d A .  P .  That cher . 1 9 7 4 . I n 
f i l trat ion fo r thre e range land s o i l - ve g e tat i on comp l e xe s . 
J .  Ran ge Manage . 2 7 : 3 1 8 - 3 2 1 . 

A ro tat ing d i s k  rai n fa l l s imul ator was us e d  to e xamine 
i n f i l trat ion -runo f f  re l a t i o n s  from s e l ec t e d  rangeland 
s it e s a s  in f lu e n c e d  by a s o i l - ve getat ion comp l e x . The 
s imulator as s i s t ed in quan t i fy in g  inf i lt rat ion r at e s  for 
d i fferent management prac t i c e s on d i f ferent s o i l  t yp e s . 
In f i l trat ion . wa s  gre ater for  b rus h dominat e d  p l o t s  t han 
for e i ther gra z e d  p lo t s  or gra s s p lo t s  w i t hout graz i ng . 
An t e c e de n t  so i l  mo i s t ure de creas e d in f i l t rat ion rat e s . 
C rown cove r  was approxima t e l y  twi c e  as  much a s  brus h  
p lo t s  a s  on gra s s  p lo t s  an d s i gn i f i can t l y  in f l uenc e d  
infi ltrat i on . 

1 6 6 .  Turne r , G .  T .  1 9 7 1 . S o i l  and g r a z i n g  in f l uen c e s  on a s a l t 
d e s ert s hrub range in we s t ern C o l o r ado . J .  Ran ge Management 
2 4 : 3 1- 3 7 . 

Re s pon s e s  o f  vegetat ion and gro und c o v e r  to winter  gra z ing 
by l i ve s tock and t o  e x c l u s ion o f  l i ve s to c k  for 1 0  years 
were o b s e rv e d on s o i l s  der i ve d  from s h a l e , sandston e , 
and a mixture o f  shal e an d  s ands tone . A l t ho ug h  d i s t inct 
s o i l - ve g e t at io n  r e lation s h i p s  w e re e v i d e n t , chan ge s  
at tri but e d  t o  gra z in g  were r e l a t i v e l y  sma l l . V e getat i on 
and ot her cover on nongra z e d  ran ge wa s p ract i ca l ly the 
same at the  en d a s  at  the beg inn ing o f  t h e  s t udy . O vera l l  
reduct i on s  in gal l e t a , s h a�cale an d s n akewe e d  were attri 
but e d  to drought , whi l e  d i fferent i a l  r e s pon s e s  o f  Sal ina 
w i l drye , G ardner s a l tbush , Gre en e s  rabb itbru s h , and 
annual p lant s were a s cribed to graz ing . Ir.here n t l y  l ow 
s i t e  cap ab i l ity and s ubno rma l pre c i p i t at ion were 
b e l i eved re spon s i b l e  fo r t he general lack o f  re s pon s e  o f  
vegetation t o  exclus ion o f  l i ve s �o c k . 

1 6 7 . T urner , G .  T .  and H .  A . Paul son , J 4 . 1 9 7 6 . Management o f  
mounta in gra s s lan d s  i n  t he central Ro ck i e s : �h e status o f  
o ur know l e dge . For . S e rv . Re s .  P a p . RM - 1 6 1 : 2 4  p .  
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Know l e dge i s  g en era l l y  adeq uat e fo r prop e r  grazin g 
management o f t h e s e  gras s land s , but man agement and impro ve 
ment co s t s  t e nd to b e  r e l at i v e ly h i g h  b e caus e o f  t he ir 
remo tene s s . Sugg e s t e d  impro vemen t s  t o  in cre a s e  range 
usab i l i ty , imp ro ve forage p roduct ion , and cont ro l  l i ve s t o ck 
mu s t b e  coordina t e d  with wat e r  an d t imb er product ion , 
an d wi l dl i fe and re creat ion n e e d s . 

1 6 8 . U . S .  Fore s t  S ervi c e . 1 9 4 0 . In f luen c e s  o f  ve g e tat ion and wat e r 
s he d  treatm en t s  o n  r uno f f , s i l t in g , and  s t reamflow . U . S . D . A .  
M i s c . Publ . 3 9 7 : S O p .  

Th i s  p aper i s  a s ummary pro gre s s  re po rt o f  re s e arch dea l i n g  
wi th land-water r e l at ion s h i p s, part i c u l ar l y  t h e  ba s i c 
re lation s hi p s  betwe e n  l an d  u s e  and r un o f f , de br i s  depo s i t ion , 
the  sho a l i n g  o f  stream chann e l s , s i l t ing o f  re s er vo i r s , 
and o t her phenomena that have fo l lowed loggin g , cul t ivat ing , 
b urn i n g  and graz in g . I n c ludes  a d i s c us s i on on re s ervo ir 
s i l t ing . 

1 6 9 . V an Doren , C .  A . , W .  L .  Bur l i s on , L .  E .  C ard , an d R .  F .  Fue l l eman . 
1 9 4 0 .  E f fe ct o f  s o i l �reatment an d gra z i n g  management on 
t he product i v i ty , e ro s ion , and runo f f  from p a s t ure land . 
J .  Ame r . S o c . Agron . 3 2 : 8 7 7 - 8 8 7 . 

P lo t s  were treat ed w i t h  l ime s t one and pho s phoro u s  and 
regulat e d  and i n t en s i v e  gra z i n g  were s uperimpo s e d . On 
t reat e d  p lo t s , regulat ion o f  graz ing i n cre a s e d vegetal co ver 
3 to 4 t ime s  over  the  treat e d - i n t en s i ve ly gra z e d  p lot s ; 
no d i fference in co ver was no t e d  fo r unt r eat e d  o l ot s un der 
e i ther gra z in g  s c heme . E s s en t i a l l y  t h e  same patt ern he l d  
for runo f f  an d s e diment wi th  t r e at e d- inten s i ve graz ing 
hav ing mo re runo f f  an d about the  s ame s o i l  lo s s . Land 
with no s o i l tre atmen t in d i c at e d  no r e s po n s e  to gra z ing 
manag emen t .  

1 7 0 .  V an K e uren , R .  W . , J .  L .  McG uinn e s s , an d F .  W .  Chiche s t e r . 
1 9 7 9 . Hydro lo gy an d chem i ca l  qua l i ty o f  flow from sma l l  
p a s t ured wat e r s he d s : I .  Hydro l o g y . J .  En v i ron . Qual . 
8 : 1 6 2 - 1 6 6 . 

S urface runo f f , s o i l  lo s s , an d s ub s urface f low were 
mea s ure c from fo ur ro t at ional l y  gra z e d  s ummer p a s t ure s . 
On e o f  t h e s e  pa s t ure s  was a l s o  u s e d  as  a winter- fe e d ing 
are a . S urfac e run o f f  vo l um e s  an d p e ak ra� e s  from t h e  
three pastur e s  u s e d  only  f o r  s ummer graz ing w e r e  genera l ly 
l e s s  as comp are d w i t h  va lu e s  for e ar l i er y e ars when the  
f i e lds  were in meadow and  l i ght p a s t ur in g ; howe ve r , 
runo f f  from the win t e r- fe e d i n g  ar ea wa s marke d l y  incre a s e d . 
Both b e fore and a ft er the in it i at i on o f  gra z ing , t h e  area 
u s e d  o n ly fo r s umme r  gra z in g  had but a t rac e  of s o i l  lo s s . 
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More so i l  was l o s t  from the winter- fee ding area , 
part icularly during the dorman t s ea s on . Wat er-ba l anc e 
s tudi e s  in d i cat ed that dur ing the growin g s ea s on s urface 
run -o ff an d s ubs urfa ce out f low were higher and e vapo 
transp irat ion ( ET )  was l e s s  from t he win t er- fe eding area 
than from are as s ummer- graz e d  only . Dur i n g  the dorman t 
s ea s on , s ur face runo f f  wa s h i ghe r and s ub s ur face o ut flow 
was lower from the w i n t er- fe e d ing ar ea than from the 
s ummer- gra z e d  are as , whereas E T  was s im i l ar . 

1 7 1 . Wh i tman , W .  C . , D .  Ze l lar , and J .  J .  B j ug s t ad . 1 9 6 4 . 
I n f l uence o f  gra z i ng on factors a ff e ct in g water intake rat e s  
o f  range s o i l s . Abs tract from Proc . N .  Dako ta Acad . S c i . 
1 8 : 7 1 . 

Compa r i s o n s  be twe en ungraz e d  o r  l i gh t ly gra z e d  and 
mo de rat e ly to he avy graz i n g  on s even range  s o i l type s in 
North Dako ta were made for the period b e twe e n  1 9 6 2 - 6 3 .  

No e f f e c t s  were de t e c t e d  on 6rgan i c  matt e r  content between 
u s e s  and bulk den s it y  wa s 1 . 1 6 g l e e  on ungraz e d  versus  
1 . 2 3  g l ee on graz ed s i t e s . 

I n f i ltrat i on ra te s for t h e  s e con d inch o f  app l i ed wat e r  
averag e d  6 . �  i n l hr for ungra z e d  an d 3 . 1  i n l hr for gra z e d  
areas . Reduc t ion i n  mu l ch wa s g ive n a s  t h e  rea s on for 
reduce d i n f i l trat ion rat e s . 

1 7 2 . Wind , G .  P .  and C .  J .  S chortho r s t . 1 9 6 7 . Th e in f l uence o f  
so i l  propert i e s on s u i tab i l i t y  for graz ing o n  s o i l  propert i e s . 
Trans . 8 t h  In t . Congr . S o i l  S c i . , 1 9 6 4 , 2 : 5 7 1 - 5 8 0 .  

The  b earing capa city  de pends  ma inly ' o n  th e bulk dens ity 
of  t he tops o i l ; durin g gra z i n g , bulk de n s i t y  incre as e s  
b y  compact ion un t i l  the  bearing cap a c i t y  eq ua l s  the hoo f 
pre s s ure o f  t he cat t l e . Tramp l in g  damage , i n s t e ad o f  
compac tion , o cc ur s  wh en the  so i l  i s  wet to sat urat ion . 
To avo i d  t ramp l ing damage , depth o f  the gro un d -water 
t ab le in p eaty so i l  mus t  be  at  l e a s t 6 0  em durin g graz ing 
in wet p eriods . Ae ra t i on an d bearing capa c i t y  s howed an 
in ve r s e re la t ions hip . 

1 7 3 .  Wood s , C . N .  1 9 4 8 . F lood s and t he graz ing o f  l i ve s t o ck on the 
watersheds  of Utah . J .  For . 4 6 : 3 8 7 - 3 8 9 . 

A l e tter conc erning generat ion o f  th e d i s a s t ro u s  f loods 
in Ut ah . The aut ho r take s i s s ue w i t h  a G .  S .  G .  S .  Water 
S up p l y  Paper No . 9 9 4 , Clo udbur s t  S t o rm s  i n  Ut ah , wh i ch 
in d i cat e d  natural phenomenon no t l and u s e  act ivit i e s  caus e d  
floods .  Mr . Woo ds prov ides  in format ion t o  c on tradi c t  
the  con c l us ion reached i n  Wa t e r  Supp ly Paper No . 9 9 4 . 
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1 7 4 . Woo dward , L .  an d G .  W .  Craddc ck . 1 9 4 5 . S urface runo f f  
potent i a l s  o f  s ome Ut a h  ran g e-wat e r s h e d  lands . J .  For . 
4 3 : 3 5 7 - 3 6 5 . 

How much , whe n , and why s urface runo f f  o ccurs on mountainous 
range -wat ershe d lan ds i s  of  vital  conc ern t o  wi ldland 
man ag ers who mu s t  husban d  l imit e d  s o i l  mo i s t ure to 
mai ntain produc t i v i t y  and at the s ame t ime pro t e ct down
s tr eam are as from damage by f loo ds and s e dimentation . 
Thi s p ap er de s cr i b e s  t he rain fal l and in fi l t rat ion chara c 
t eri s t i c s  re s po n s i bl e fo r o verlan d flow on s ome o f  t he 
mo untain l ands  in U t ah . B a s i c  data are comb i n e d  in thr e e  
theore t i ca l  ana l y s e s to  show ( 1 ) t h e  amo unt o f  s ur fac e 
runo f f  t o  b e  e xp e c t e d  for a n umbe r Q f  s i t e s  whe n  s ubj ec t e d  
to  a maj or s t orm ; ( 2 )  t h e  min imum s t o rm that - wi l l  pro du c e  
runo f f ; and ( 3 ) the freq u en c y  a t  wh i ch run o f f  can b e  
e xp e c te d . Th e re s ul t s  i n d icate  t ha t  great di vers ity  o f  
s urface run o f f  on the moun t a i n  lands and the ways i n  whi ch 
re s ource manag ement can augme nt or  reduce the haz ard o f  
o verland f low . 

1 7 5 .  Woo lhi s e r ,  D .  A . , C .  L .  Han s o n , and A .  R .  Kuh lman . 1 9 7 0 . Overland 
f low on range land waters heds . In R e s u l t s  o f  Re s . on Repre 
s e ntat ive an d Experime n t a l  B a s ins , We l l ington , N . Z . : 2 3 - 3 9 . 

De s cribe s the  app l i ca t ion o f  the k i n emat i c  c a s cade t o  mo d e l  
ove rland flow from wat ers heds  whi ch have d i f ferent 
graz ing int en s i t i e s . Roughn e s s  for t he s e cond i t ions  is 
d i s cus s e d . 

1 7 6 . Woo l ley , R .  R .  1 9 3 3 . F loods  in  we l l  for e s t e d  region s ( l ett er 
t o  e di to r ) . C i v i l En g in . 3 ( commen t s  on th e a rt ic l e  " In fluence 
o f  Overgraz ing on Ero s ion  and Wat e r s h e d s : by Chapman ) :  
2 9 6 - 2 8 7 . 

Ero s ion due t o  rain fa l l  and topo graphy rat h er than over
gra z in g . Serious  f lo o ds a l s o o c c ur in V e rmont where 
o vergraz ing is unreport ed . F loods n ear Pueb lo , Co lorado 
were great er be fore gra z i n g  t han a ft er . Th e Was at ch 
P lateau in Utah provid e s  favorab l e  condit ion s for c loud 
b urs t s , hen ce  floo ds  r e s u l t . 

1 7 7 . Yamamoto , T .  1 9 6 3 . So i l  mo i s t ure contant s and phy s i c a l  
pro p ert i e s  o f  s e l e c t e d  s o i l s  in Hawai i .  Fon S e r . R e s . Not e  
PSW- 2 : 1 0  p .  

Data repre s ent ing known land u s e  are g ro up e d  into four 
cat egori e s : Fore s t , c u l t ivat e d  ar ea , pas t ure , and i d l e  
gras s land . 

1 7 8 .  Yamamoto . T .  an d P .  Du ffy . 1 9 6 3 .  Water s t orage capac i t i e s  o f  
s o i l  under fo ur d i f feren t  l an d  us e s  i n  H awai i .  For . S e rv . 
Re s . Note PSW- 5 : 4 p . 
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Pore vo l ume an d s i z e  were h i gher un der fore s t  cover 
than under cult ivat ion , p a s t ure , or i d l e  gras s land . 

1 7 9 . Yat e s , M .  E .  1 9 7 1 . E ff e c t s  o f  cultural  chan ges on Makara 
Experimen tal Ba s in : Hydro l o g i c a l  and agr icultural pro duct ion 
e f fect s o f  two l ev e l s  o f  gra z in g  on un improved and impro ved 
sma l l  cat chmen t s . J . Hydro l . ( N . Z . ) 1 0 : 5 9 - 8 4 . 

The e f fe c t s  o f  hard and lax gra z ing o f  un impro ve d and over
s own an d  topdre s s e d  pas t ure s on sma l l  catchmen t s  o f  0 . 6  -

1 . 5 hectare s are d i s cus s e d . 

The oversowing and t op dre s s ing has re s ul t e d  in a tre b l in g  
o f  pas t ure pro duct ion and , when har d  gra z e d , _ a trebl ing 
of s tock- c arrying capac i ty . Un de r l ax gra z ing , the  stock
carry ing capa c i t i e s  of  both un imp ro v e d  an d impro ved 
p a s t ur e s  have b e en reduced to two - th irds of t ho s e  pert a in ing 
under hard graz i n g . 

Oversowing and topdre s s ing de c re as e d an n ual runo f f , incre a s e d  
s ur face  ret e n t i on , redu ced th e numbe r o f  days on  wh i ch 
flow occurre d , and re duce d t h e  p erc entage  o f  occurrence 
of  given dai ly  runo ffs  o v e r the great e r  part o f  flow 
range . �ndi v i dual  hy dro graph s have s hown no increas e in 
r i s e  t ime but an increa s e  in l ag an d de p le t ion t ime , 
de crea s e d  flow be fore the p eak , de cre as e d  p e ak d i s charg e s  
a n d  de crea s e d  runo f f . The  mag n i t ude o f  the s e  change s 
wa s great er when the impro ved p a s tur e s  were lax gra z e d . 
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App e n d i x  C 

Annotat e d  B i b l i o graphy on 
E conomi c and S o c i o - Po l i t i c a l  I s s u e s  

B e an , M .  1 9 7 1 .  The  E vo l ut ion o f  Nat i o n a l  W i l d l i fe Law . 
Governme n t  Pr in� 1ng O f f 1 c e , Wa s h 1n gton, D . C .  

Comprehen s i ve analy s i s o f  t h e  deve lopment o f  federa l , 
a s  oppo s e d  t o  s tate , w i l d l i fe l aw s  an d management _ p rograms . 
E s p e c i a l ly u s e ful r e gar d i n g  h i s tor i c  de f i n i t ion o f  w i l d  
animals  an d t he deve lopment o f  t h e  s t ate  own e r s h i p  do ctrine . 
In  add it ion , i t  d i s cu s s e s  the h i s t ory o f  the  Act and o f  
w i l d l i fe managemen t o n  federa l l an d s . 

Brro ks h i er , F rank . 1 9 7 4 . T h e  Burro . Un i vers i t y  o f  O k l ahoma 
Pr e s s , Norman , 3 7 0  p .  

E loquent and app ea l i ng accoun t o f  t h e  burro ' s  p a s t  and 
pre s en t , empha s i z ing va lue to man b e cau s e  c f  fait hful and 
u s e ful s e rvi c e : Q ua l i tat ive . 

C a l e f , W .  1 9 6 0 . Pr i va t e  Graz ing an d Pub l i c  Lands : Lo ca l Manage 
men t o f  the  Tay l or Graz ing Act . Un iv e r s it y  of Chicago Pr e s s , 
Chicago . 

Cas e s t udy ap proach to man agement  o f  the pub l i c  l an d s  un der 
t he Tay l o r  Act with foc u s  on t h e  imp a c t  of  gra z ing adv i s ory 
board s . 

Ching , C .  T .  K .  ( comp i l ed by ) . 1 9 7 8 . Forum on the Eco nomi c s 
o f  Pub l i c  Land U s e  i n  the We s t . Spon s ored by the f arm 
Fo unda � 1 o n  and the D1v 1 s 1o� o f Agr i c u l t ural and Re sourc e 
E conomi c s , Un ivers ity o f  N e vada , Reno . 

March 1 9 7 7 gathering o f  r e s e a rch e rs and o the r s int ere s t e d  
i n  th e pro01� o f  p ub l i c  lan d us e i n  th e We s t ern s t at e s . 
Conta in s an exce l l en t  b i b l io graphy o f  work condu ct ed by 
the par t i c ipant s of the forum . 

C l awson , Mar ion . 1 9 7 1 . The B ureau o f  Lan d Managemen t .  
Praeger Li brary o f  U . S .  Go v ernment Department s an d Ag e n ci e s . 
New York : Praeger Pub l i s h er s . 

C l awson  revi ews the hi s tory o f  B LM , d e s c r i b e s  po l i c i e s , 
de al s with con fl i c t s  t akin g  p l ace , and d i s cus s e s  B LM ' s  
fut�re . O f  main i n t e re s t  are the s e ct ion s on  gra z ing , 
en v1ronment a l  management , and out door rec reat ion . 

3 4 8  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

W i l d  and  F ree -Roaming  Ho rses  and  Bu r ros :  Cu r ren t  Know ledge  and  Recommended  Resea rch .
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=18642

http://www.nap.edu/catalog.php?record_id=18642


349 

Dan a , s .  T .  and Fairfa x , S .  K .  1 9 8 0 . Fore s t  an d Ran�e Po l i cy 
( 2 d E d it ion ) .  McGraw H i l l  Pub l i s hing Co . , New Yor . 

Compr ehen s i ve h i s tory o f  the de ve lopmen t and evo l ut ion o f  
fore s t  an d  rang e management  po l i cy from co lon i a l  t ime s to 
the pre s en t . S p e c ia l  att ent i on is  g i ve n  to analyz ing 
cont inuing po l i cy trends an d  t he in fl uen ce o f  various 
intere s t  group s . 

Dobi e , J .  Frank . 1 9 5 2 . The Mustang s . Litt le , Brown , Bo s ton : 
3 7 6  p .  

H i ghly ane cdo tal and s ympathe t i c  h i s tory o f  the w i ld hors e s . 
Empha s i z e s  va lue s o f  fre e dom an d wi l dn e s s .  Ear�y _ c la s s i c 
work . 

Fo s s , A .  1 9 6 0 . Po l i t i c s  and Gras s . Un ivers ity o f  Wa shin g�on 
Pr e s s , Seatt l e . 

Thi s  book analy z e s  the imp lement at ion o f  t h e  Taylor Gra z ing 
Act , th e ro le o f  the var ious i n t e re s t  group s , and the ir 
impact on B LM de c i s ion -mak i n g . 

Gat e s , P . W .  1 9 6 8 . H i s tor� o f  Pub l ic Land Law De ve lopmen t . 
Government Prin t i ng O ff � c e , Washin g t on , D . C .  

Comprehen s i ve h i s tory pre pared fo r t he Pub l i c  Land Law 
R ev i ew Commi s s i on . U s e fu l  in orde r to un ders tand the 
dev e lopmen t o f  lan d owners h i p  patt erns and the forc e s  
impac t in g  the  enactme n t  and imp l ementat ion  o f  t he ma j or 
federal land management laws . 

Henry , Margueri t e . 1 9 6 6 . Mus tang : W i l d  S p i r i t  o f  t h e  We s t . 
· 

Ran d McNal l y , Chi cago : 2 2 4  p .  

Youn g adu l t  boo k  on the early h i s t ory o f  t he hors e and 
V e lma John s to n ' s  fi ght t o  s ave it . D i s p lays humane , 
pre s ervat i on i s t  a t t i t ude . 

· Henry , Marguer it e . 1 9 5 3 .  Brighty o f  the Grand Canyon . Rand , 
New York . 

C la s s i c  chi ldren ' s  ac count o f  a Grand Canyon burro . The 
ant i c s  and love of l i fe o f  Bri ght y person i fy the humane , 
" r ight - to- l i f e "  att it ude . 

N athan , Harri e t , e d i t o r . 1 9 7 2 . Amer i c a ' s  Pub l i c  Lan d s : Po l i t i c s , 
E conomi cs  and Admin i s t rat ion , Confe re nce on the Publ�c 
Land Law Revi ew Commi s s i on Report , Decemb e r  1 9 7 0 . I� s t i tu t e  
o f  G o vernmen tal Studies , Berke l e y : Un i vers i t y  o f  Cal i fo rn i a . 

The confe re nc e  ana l y z e s t he P L LRC ' S r eport o f  1 9 7 0 . 
The  E conom i c s  and the Pub l i c Lan ds s e c t ion wa s hand l e d  
w e l l  b y  Marion Cl aw s on . Po l i c i e s  f o r  t h e  future were 
a l s o di s cus s e d . 
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P e f f er , E .  Loui s e . 1 9 5 1 . The C l o s ing of t he Pub l i c  Domai n . 
S t an for d Un i vers i t y  Pre s s , S t an ford . 

Comprehen s i ve d i s cu s s i on an d an al y s i s  o f  t h e  f ight t o  c l o s e 
the  pub l i c  lan ds to d i s po s i t ion un der the home s t ea d  a c ts , 
i n c l udin g a thorough c rit ique o f  t ho s e  laws , t h e  l eg i s l at i v e  
h i s tory o f  t h e  Taylor Graz ing Ac t an d it s imp l ementa t ion . 

Ryden , Hope . 1 9 7 9 . Ame r i c a ' s  La s t  W i l d  Hor s e s . Dut to n , New 
York : 3 1 1 p .  

C omprehe n s ive  s urvey o f  h i s tory , habit s , an d s trug g l e s  fo r 
prot e ct ion o f  w i l d  horse s .  Some qua l i tat ive descrip t ion o f  
a t t i t ude s o f  var ious groups . Pro -hors e ;  empha s i z e s  s ymbo l i c , 
fre e dom an d wi ldn e s s  va l u e s . 

Ryde n ,  Hope . 1 9 7 2 . Mus tangs , Re t urn t o  the  W i l d . V i k i n g  Pre s s , 
New Yor k : 1 1 1  p .  

Primari ly natural h i s tory , pro fu s e ly i l l u s t rat e d  wi th the 
author ' s  photographs . Expre s s e s  p ro t e c t ion i s t po s i t ion . 

S t an fo rd E n v ironmen t a l  Law Soc i e t y . 
Management - - A T ime for Chan ge ?  
S t a n ford : S t an ford Un i vers i ty .  

1 9 7 1 . Pub l i c  Land 
Stan ford Law S choo l , 

The  pap ers pre s e n t e d  ar e an at t e mpt b y  t h e  S t an fo rd 
E n v i ronmen tal Law S choo l , to  obj ect ive ly  p re s en t  t h e  
ma j or i s s ue s  invo l ved in t he cont rovers y over pub l ic 
l an d  us e an d t o  ana l y z e  t h e  var ious re form propo s a l s . 
T h e  p ap e r  o f  mo s t  in t e re s t  i s  e n t it l e d  " Pub l i c  Lan d 
Gra z ing Man ageme n t " an d co vers  the s t at utory gui de l in e s  
fo r gra z ing man agemen t ; t h e  cont rovers y o v e r  gra z ing 
fe e s ; the cond i t ion of  t h e  pub l i c  lands  and  how it 
m i gh t  be impro ve d ; the  econ omic e ffect  of p ub l i c  land 
gra z in g ;  an d c on fl i c t s  b e tween g ra z i n g  and other us e s  of 
the p ub l i c  l an d .  

Un i vers ity o f  Ne vada , Re no , Cooperat ive Ext ens ion Servic e . 1 9 7 7 . 
Pro c . Nat iona l Wi l d  Hor s e  Forum , Apr i l  4 - 7 . 

Pre s en t s  v i ew o f  various  orgffiU z a t i o n s  and gro up s i n vo lved 
in ho rse  and b urro i s s ue . Two art i c l e s  are of  part i cu lar 
i n t e re s t . 

Reavley , Wi l l i am  L .  V i ews o f  w i l dl i fe agenc i e s  and o rgan i za 
t io n s . Exp l a in s  v i ews o f  w i ld l i fe agen c i e s  t owards hor s e s  
an d  b urro s . 

S hanks , Bernard . Wild  hor s e s an d con s erva t ion organ i zat ion s . 
D i s cu s s e d invo lvemen t o f  con s ervat ion o rgan i zat ion s ( or la ck 
there o f )  in the w i ld hors e an d burro prob l em .  An imal pro t ec t ion 
and wi l d l i fe organ i z a t i on s  are exc l ude d from the d i s c us s ion . 
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Wyman , Walker . 1 9 4 5 . The W i l d  Hor s e  o f  the  We s t . Caxton 
Pr inters , Caldwe l l , I daho : 3 4 8 p .  

Ear ly c l as s i c h i s tory o f  the hor s e , pr imar i ly s in c e  1 8 9 0 . 
De tai l s  in fluen c e  o f  hors e s  on I n d i an s  an d s t o ckmen up t o  
the pre s en t ,  with s ome qua l i t at i ve de s crip t ion s  o f  the ir 
att i t ude s .  

S c i en t i fi c  Journa l  Art ic l e s  

App legat e . 1 9 7 8 . The mult i p l e  u s e  p lann ing proce s s : De s cent 
into the mae l s t rom ? En v ironmen tal  Law 8 : 4 2 7 .  

An aly s i s  o f  curr ent mu lt i p l e  u s e  p lann ing p roc ess · from 
the perspect ive o f  c i t i z e n  act ion gro up s . Overv i ew o f  
t h e  p lann ing proce s s  fol lowe d by d i s cus sion o f  pro b l ems 
s uch as uneven e conomi c ana l ys i s , the lack of e f fe c t iv e  
o pportun i ty for c i t i zen i n vo l v emen t  an d admi n i s trat i v e  
di s cre t ion . 

Ar i zona Law Rev i ew . 1 9 7 9 . S ympo s i um : The F e deral Lan d  Po l i cy 
and Management Act o f  1 9 7 6 . Ar i z . Law Re v . 2 1 ( 2 ) : 2 6 7 . 

Bean , M .  1 9 7 7 . De ve lop i n g  law o f  w i ld l i fe con s e rvat ion on the 
nat i onal fo re s t  and n at io na l res ourc e l an ds . Con temporary Law 5 8 . 

The  author an al y z e s  the con f l i c t  be twe e n  t h e  s t a t e s  and 
the federal governmen t over t he autho r i t y  to manage w i ld 
l i fe on federa l  l an d s  and the impact o f  t h i s  con f l i c t  on the 
deve lopment of nat ional po l i cy t oward wi ld l i fe con s e rvat ion 
on the s e  l an d s . The art i c le d i s c us s e s  t he Act  in d e t a i l , 
as we l l  a s  t he S ik e s  Act and o the r l aws  affe c t i ng w i l d l i fe 
manag ement on federa l  l an ds . 

Behan , R .  1 9 6 7 .  Succotash s yndrome or mu l t ip l e u s e : A h eart =e lt 
approach to fore s t  lan d  management . Nat . R e s . J o urn . 7 : 4 7 3 .  

Aft er d i s c us s ing the de ve lopm en t o f  the mul t i p le us e conce pt , 
the autho r  thoroughly cri t i c i z e s  t hre e un der l y in g as s umpt ion s  
( f ixed produc t i vity , hi gh deman d , an d inadequacy o f  s i n g l e  
u s e  management t o  me e t  deman d ) . The author then analy z e s  
how d e f i c i e nc i e s  i n  t heory s p awn d i f f i cu lt i e s  in pract ic e .  

B urt , O s car R .  
I n ve s tm en t s . 

1 9 7 1 . A Dynam i c  Mode l  o f  Pa s t ur e  an d Ran g e  
Amer .  Agr . E con . 5 3  ( 2 ) : 1 9 7 - 2 0 5 . 

The trad i t i onal e conom i c  rep lac e men t pro b l em i s  ext ended to  
accommodat e a s i tuat ion where qua s i - re n t s  of  future rep l ac em en t s  
are in fluen c e d  b y  rep lac emen t age o f  t he current l y  h e ld as s e t . 
Th i s  general i z e d  re p l acement mo de l i s  app l i e d  to opt ima l 
t iming o f  the c lear i n g  o f  brush an d s crub t�r from p a s t ur e  
and ran ge . Dynami c programmi ng i s  app l ied  to t h e  prob l em 
and the  struct ure o f  the de c i s ion r u l e  analyz e d . An 
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appro ximate l y  opt imal  de c i s ion ru le  i s  d e du ced  by  an anal y s i s  
o f  the l imi t ing behavior o f  t he o p t imal po l i cy . An 
i l lu s trati ve e xamp l e  i s  gi ven for p inyon - j un i per c on t ro l 
in southwe s t ern Un i t e d  S t at e s . 

Caro ther s , s .  W . : St i t t , M . E . ; John s on , R . R .  1 9 7 7 .  F eral 
a s s e s  on publ i c  l an d s ; an ana l y s i s  of b iot i c  imp act , l e g al 
con s i derat ion s ,  an d management a l t e rnat iv e s . Tran s . North 
Amer i c an W i l d l i fe Nat . Re s . Con f . 4 1 : 3 9 6 - 4 0 6 .  

Large l y  b io log i c a l  s t udy s howing hab i t at d e s t ruct ion by 
feral burro s .  G i v e s  pub l i c  s ent ime n t  of burro lovers  as re a s on 
fo r pas s age o f  P L 9 2 - 1 9 5 .  B e l i e v e s  p rot e c t ion o f  b urro s 
in compa t i b l e  w i th s ound man agement  o f  Gran d Canyon 
e co s y s tem ( th e  s t udy are a ) . 

C la uson , M .  1 9 7 8 .  Con cept  o f  mu l t ip l e  u s e  fore s try . E n vironment a l  
Law 8 : 2 8 1 .  

Re cent ana l y s i s  o f  t he mu l t i p l e  u s e  concept w i t h  e mpha s i s 
on for e s t  produ c t ion fun c t ion s an d t rade -o f f s  b e twe e n  output s . 
th e author then d i s c u s s e s  prob l ems i n  va luing  both input s 
an d outputs  and the po ten t i a l ap p l i cat ion o f  t ime d i s co un t  
method s . Con c l u d e s  that wh i l e  mu l t ip le u s e  can b e  a vague 
d i r e ct i ve , it can guide  a land man ag e r  to d e c i s i on s  whi ch 
provide  us ers  w i th the mo s t  o f  what they wan t w i t h  min imum 
s a cr i f i c e  to  others . 

Comment . 1 9 7 6 . The con s e rvat ion i s t s  and the pub l i c  lands : 
Adm in i s t ra t i ve an d j ud i c i a l  r emed i e s  r e l a t in g  t o  the u s e  and 
di s po s i t ion o f  the pub l i c  lan d s  admin i s t e r e d  by the De partment 
o f  th e I n t erior . M i ch i gan Law Re v i ew 6 8 : 1 2 0 0 . 

· 

The  author e xamin e s  the s t ru c t ure and fun c t ion o f  t he 
Department o f  the I n t e r i o r  w i t h  re s p e c t  to t he us e and 
d i sp o s i t ion of t he pub l i c  lan d s  and d i s cu s s e s  metho d s  o f  
achieving admi n i s trat i ve and j ud i c ia l  rev i ew o f  De partmen t a l  
d e c i s ions . Th e authors  cri t i c i z e s t h e  amo unt o f  di s cre t i on 
avai lab l e  to o f fi c i a l s  and s ug ge s t s  r emo v i n g  o b s t a c l e s  t o  
j ud i c i a l  revi ew an d t hird part y  int ervent ion . 

Comment . 1 9 7 3 . 
u s e  s y s t em .  

Man ag i n g  F e deral Lan d s : 
Yale  Law Journ . 8 2 : 7 6 7 . 

Rep lacing the mul t i p l e  

T h e  author d i s cus s e s  the mult ip l e  u s e  management s y s t ems 
of BLM and the Fore s t  S e rv i ce contra s t in g  mu l t i p l e  u s e  and 
l imi t e d  u s e  dire ct ive s . Aft er cri t i c i z i n g  the mul t ip l e  
u s e  de c i s ion -maki ng proc e s s , the autho r  s u g g e s t s  e s tabl i sh i n g  
mo re l imi t e d  u s e  agenc i e s  and Congres s i onal a l l o cat ion o f  
lan ds amon g s u ch agenc i e s . 
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Coun c i l  for Ag ricu ltural S c ie n c e  and Te chno logy . 1 9 7 4 . 
L i ve s tock Gra z i n g  o n  F edera l  La nds in t h e  1 1  We s t ern St at e s . 
Journ a l  of  Ran ge Management May 1 9 7 4 : 1 7 4 - 1 8 1 .  

Report covers the e conomi c and e nvironme n t a l  impact s o f  
graz ing o n  federal l ands . Wa s prepare d b y  a tas k forc e 
con s i s t in g  o f  1 5  range s pe c i al i s t s , none o f  whom are 
emp loyed by e i th er B LM or F S . F edera l  l an d  s upp l i e s  
appr oximat e l y  1 2 % o f  al l graz i n g  resourc e s  i n  t h e  We s t . 
Lo s s  o f  th e product s that t h i s  graz i n g  s up p l i e s  wo uld 
mean more s carc i ty o f  fe ed , meat and woo l . E l iminat ion o f  
gra z ing o n  pub l i c  lan d s  wou l d  mea n  a s hi ft o f  an ima l s  
to o ther l ands or their lo s s  from prod uct ion . Authors 
fee l that this would b e . wa s t e ful of n atural r e s ou rc e s . 

Co un ci l  for Agricultural S c i ence and Te chno logy . 1 9 7 5 . 
Mu lt iple  U s e  o f  Pub l i c  Lands in t h e  S e v e t e e n  We st e rn S t a t e s . 
Headquart ers O f f i c e , Am e s , Iowa : De partment o f  Agronomy , 
I owa S t at e  Uni vers i t y . 

M ul t i p l e  u s e  o f  pub l i c  lan d s  mean s a harmonious  u s e  o f  
lan d un der whi ch food , fiber , wood and minera l p rodu ct s 
can b e  produ ced for market wh i l e  re creat ional opport un i t i e s , 
wate r , ae sthet i c s  an d w i l d  l i f e , though no n-market 
commo d it i e s , can con tribut e  t o  t h e enj oym ent of l i ving 
an d to the  econom i e s  of  l o cal  c ommun i t i e s . The  re port 
d e s cri b e s  mu l t iple  u s e , analy z e s  s ix s o ur c e s  o f  con fl i ct s , 
and d e fi n e s  s e veral pro b l ems i n  the  app l i c at ion o f  
mul t ip l e  u s e . 

C u lhan e , P .  an d F r i e sma , P .  1 9 7 9 . Lan d u s e  p lann ing for the 
publ i c  lands . Nat . R e s . Jour . 1 9 : 4 3 .  

D i s cu s s ion o f  the F e deral Lan d  po l i c y  an d Management Act 
and the Nat ional Fore s t  Manag emen t  Ac t and their long 
range p lann ing p ro vi s ion s . S pe c ia l  a t � en t i on to  the  impact 
of  t he s e  l aws on agency p l anning an d the  p l an n i n g  proc e s s  
as  a forma l i zed po l i c y / de c i s ion-making pro c es s . 

Fulch er , G l en D .  1 9 7 7 . Economi c I s s ue s  and Fut ure Re sourc e  
P lanni ng on Pub l i c  Land s . Pa pe r pre s en t e d  at the Forum 
on the E conom i c s  o f  P ub l i c  Land U s e  in the We s t , R e no , 
Nevada , March 1 0 , 1 9 7 7 . 

Stat e s  reason s why the B LM has b e e n  ham s t rung  in  i t s past  
e ffo rt s t o  admi ni s t er the pub l ic l an ds , but  t hat wi t h  
pa s s ag e o f  the " Fe deral Lan d Po l ic y  an d Manageme n t  Act 
of 1 9 7 6 "  a n ew era in p ub l ic l an d s  �a nagemen t  is b e g inning . 
De l ineat e s  the n ew too l s  t hat BLM wi l l  hav e at i t s  d i s p o s a l  
an d s t re s s e s  the ro l e  o f  the economi s t  i n  fut u re land 
po l i cy d e c i s ion s . 
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Gordon , S t an l ey , 1 9 7 4 . One  ranc h fam i l y ' s  a dap t a t i on to 
chan g ing res ource demand s  an d s o c i a l  val ue s . J .  Rang e . Mgt . 
2 7 ( 6 ) : 4 8 5 . 

P e r s ona l accoun t by aut hor o f  chan g e s  in h i s own fami ly ' s  
a t t i t u d e s  from n e g at i ve to  po s i t ive  w i th re gard t o  n e c e s s it y  
o f  p lann in g , management , a n d  re gulat ion for pre s e rvat ion 
and wi s e  mul t ip l e  us e o f  t he publ i c  rang e lan d s . 

Hal l , G .  1 9 6 3 .  The myt h  an d rea l i t y  o f  mu l t ip l e  u s e  fo re s t ry , 
Nat . Re s .  J .  3 : 2 7 6 . 

Th e a ut hor d e s c r i b e s the mu lt i p l e  u s e  do ctrin e  and con s iders 
i t s  app l i cat ion on o n e  nat i o na l  for e s t .  The p rQ C e s s  is  then 
e va l uat e d  to d e t ermine  wh e t h er the doc t r in e  promo t e s  t h e  
s o c ia l l y  b e s t  adm i n i s tra t i ve  de c i s io n s . Th e author 
co nc l ude s that it i s  a myt h  that mu l t ip l e  u s e  for e s try i s 
capab l e  o f  re s o l v i n g  a l l  con fl i ct in g  d eman d s .  The rea l i t y  
i s  that mu l t i p l e  us e de c i s ion s � r e  p r imari l y  j udgmen t s  abo ut 
the co s t s  an d bene fi t s  of var ious goods and s erv i c e s . 

H o ugh ton , Ruth M .  1 9 7 8 .  So ciocu l t ural r e s e arch for planning 
a n d  management of a Nevada Bureau o f  L a nd Manag ement graz ing 
d i s tri ct . Pro c . F ir s t  I n t e r na t i o n a l  Ran g e l an d  Congr e s s : 
8 7 - 8 9 . 

Ant hropo log i cal re s e arch conduct e d  i n  1 9 7 6 . De s cr i b e s  s oc i o 
c u l t ura l gro up s  an d va l ue s  o f  t h e  d i s t r i c t  re s i de nt s  with 
regard to fe l low re s i den t s  an d to  a limited extent toward 
land an d o th er nat ura l  r e s ource s , a s  we l l  as towards B LM  
graz ing po l i c y . S amp l e  s i z e  i s  n o t  i n d i c at e d . 

John s on , V .  1 9 7 2 . F i gh t  to  s ave a m emory . T e xa s  Law R e v . 
5 0 : 1 0 5 5 . 

Thi s art i c l e  by "Wi l d Hors e Ann i e " de s cr i b e s  t h e  l e g i s lat i v e  
bat t l e  for pas s age  o f  the Ac t and t h e  rema in ing un f in i s h e d  
busine s s  as  o f  the dat e  o f  the art i c l e .  

, and M .  J .  Pontre l l i . 1 9 6 9 .  Pub l i c  pre s s ure and a 
____ n_e_w __ d���m-en s i on o f  qua li t y  - hors e s  an d b urro s . Tran s . No . 

Am .  Wi ldl . Nat . Re s .  Con f . 3 4 : 2 4 0 - 2 5 2 . 

Det a i l e d  h i s t ory o f  John s t on ' s  e ffort an d s t e p s  in her fi ght 
to save  wi l d  hor s e s . K e y  event s an d the i r  dat e s . Qua l i ta t ive  
ac count of  importance of  pub lic  react ion in b u i lding the  
pro t e ction /managemen t mo vement . Empha s i s  on cont rov ersy  
about  the  e s t ab l i shm en t  of  the  Pryor Moun tain W i l d  Hor s e  
Re fuge . 

Kno t t , J .  and W i l lows l e y , A .  1 9 7 9 . F fi s �m inat ion i s  the 
s o l ut ion , what i s  the prob l em ?  Un pub l i s he d  Dra ft M . S .  
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Koehl er , James w .  1 9 6 0 . The Cali forni a un dome s t icat e d  b urro . 
Bull . Cal i f . S t . Dept . o f  Agri c . Jan .  - F eb . : 1 - 1 6 . 

Concentrat e s  larg e ly on b i o logy and man ag emen t pro b l ems ,  
but inc l ude s short s e c t ion de s crib ing Ca l i forn i a  l e g i s l at ion 
to pro t e c t  b urro s a s  a re s ult o f  c i t i z e n s ' and human e 
organ i z at ion s '  lobbyin g . 

Le i s t r i t z ,  F .  Larry , and S t e ven M .  Murdoc k .  1 9 7 7 . R e s e arch 
Me t hodology App l i cab l e  to  Commun i t y  Ad j u s tment s t o  P ub l ic 
Land U s e Alternat i v e s . Pape r p re s e n t e d  at t h e  Forum on the  
E conom i c s  of Pub l i c  Land Use  in  t he We s t , Marc h 1 1 , 1 9 7 7 , 
Reno , Nevada . 

Art ic l e  s p eaks about adj u s t men t t hat wi l l  have to - b e  mad e  
in the We s t  a s  pub l i c land us e s  chan ge . D e s cr ib e s " local  
imp act ana l ys i s , "  the  met hodo l ogy that the authors have  
deve loped for as s e s s ing the nature and ext ent of  
commun i t y  adj ustme n t s  t o  maj or � e s o urc e u s e  chan ge s . 
Thi s  in t e grat e d  mo de l for de ve lop ing e c onomic and 
demographi c  proj ect ion s is d i s c us s e d . U s e s  input -output 
( I - 0 ) ana lys i s  t o  proj e ct chan ge s  i n  b us i n e s s vo l ume 
res u l t in g from a l t e rn at iv e  l ev e l s  o f  re s o urce us e . 

Mack , L .  E . , and R .  G .  Tay lor . 1 9 7 9 . Some E conomic  E f fe c t s 
o f  Re s t ri ct e d  G ra z ing o n  P ub l i c  Lan d in Colorado . Fargo : 
No rt h  Dakot a S t at e  Un i vers i ty o f  Agri cult ure an d App l ied 
S c ie n c e . 

F e deral l an ds c ompri s e  3 6 %  o f  t he total are a o f  Colorado . 
At pre s en t  the primary u s e  o f  t he s e  l an d s  i s  l i ve s t o c k  graz ing . 
Pre s s ure s pres ent the primary u s e  o f  t he s e  l and s is l i ve s 
s to c k  graz in g . Pre s s ur e s  e xi s t  t o  reduce ,  o r  i n  s ome 
in s t an c e s  e l iminat e , l i v e s tock graz in g .  Th i s  s tudy , 
t hrough th e u s e  o f  typ i c al ran ch mo de l s  s t ru c t ured by 
herd s i z e and reg ional c haract eri s t i c s , e xamin e s  how the 
ran ge l i ve s to c k  indus try would re s pond t o  hypothe s i z e d  
reductions in federal forage availabi l i t y . She e p  ranchers 
in Co lorado are ext reme l y  dep e ndent on federa l forage , 
whi l e  cat t l e  ranchers are gen e ral l y l e s s  dependent on 
fe dera l forage sourc e s . A comp lete  phas e - o ut o f  gra z in g 
on federal l ands in Co l o rado wou l d  reduc e direct l i ve s t o ck 
production at a min imum , 5 0 % . To t al e conom i c  ac t i v i t y  
i n  m an y  areas o f  t h e  s t at e  wo u l d  be  virt u a l l y  e l imin at e d . 

Mart in , w . 1 9 6 9 . Con f l i ct r e s o lut ion throu gh the  mul t ip le - us e  
con cept i n  Fore s t  S e rv i c e  de c i s io n -rr.aking , Nat . Re s . Jo ur . 
9 : 2 2 6 .  

T h e  author di s cu s s e s  de c i s ion maki ng d if f i cu lt i e s  and the  
need to  e s tab l i s h  s y s t em ma in t enance me chan s ims , e s p e c i a l l y  
i f de ci s ion s gen erate con fl i c t . T h e  authc r  theor i z e s , on 
the  bas i s  of a study of p lann in g on  cne nat ional fo re s t , 
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t hat mu l t i p l e  us e co nt ro l s  organ i z a t i on a l  b e havior by 
fa c i l it at i ng adj u s tment o f  comp e t ing v i ews . 

M c Connen , R .  J .  1 9 7 7 . Re s e ar c h  Met hodo l o g y  App l i cab l e  t o  
R e g i onal an d N a t i on a l  Imp ac t  o f  P ub l ic Lan d U s e P o l i cy . 
Pap er p re s ent ed a t  t h e  Fo rum on t h e  E conomi c s  o f  
P ub l i c Land U s e  i n  t h e  We s t , March 1 1 , 1 9 7 7 , Reno , N e vada . 

D i s c us s i o n  s imi l ar to  that o f  Le i s tr i t z c i ta t i o n , b ut 
rat h er t han s tre s s in g  the emp i r i ca l  an d po s i t i ve approac h , 
s t re s s e s  t h e  con c e p t ual and normat i v e  methodo lo g i ca l  
p ro b l em s  i n vo lv e d  i n  chan g in g  pub l i c  l an d u s e  po l i cy . 

McK i n n ey , Har l ey J .  1 9 7 7 . E c on om i c  I s su e s  an d p ro b l ems a s s oc i a t e d  
w i t h  th e Nat ional En v i ro nmen ta l  P o l icy Act as i t  App l i e s  to  
We s t e rn Pub l i c  Lan ds . Paper pre s e n t e d  at the Forum on th e 
E conomi c s  o f  Pub l i c  Land U s e  in  the We s t , R e no , N e vada , Mar ch 
1 0 , 1 9 7 7 . 

McKinney ' s  pape r  d i s cu s s e s  t he Na t io n a l  E n v i ronmen t a l  
Po l i cy A c t  ( NE PA ) o f  1 9 6 9 , whi c h  dec lare s enviro nme n t a l  
qual i t y  t o  b e  a nat i onal  po l i cy a n d  i n s t r uc t s  a l l  
federal ag en c i e s  and d e partmen t s  t o  mak e a b ona fi de 
e xam i n a t i o n  of e c o l o g ical  and e n v i ronmen t a l  fac tors  
b e f o re making any d e c i s ion that mi ght a f f e c t  th e en vironment . 
W i t h  the pa s s ag e  o f  NEPA , deve lopm en t o f  the  pub l i c  lands 

M c Kn ight , Tom L .  1 9 5 8 .  The feral burro i n  the Un i t e d  S t ate s : 
d i s tr i bu t i on and pro b l ems . J .  Wi l d . Mgt . 2 2 ( 2 ) :  1 6 3 - 1 7 9 .  

Larg e ly bio geograp h i ca l  s t udy on populat ion n umbers and 
d i s tribut ion o f  feral b urro s , bas e d  on a deta i l e d  ma i l  
que s t ionnai re p l u s  f i e ld c h e c k i n g . P p . 1 7 3 - 1 7 6  d i s cu s s 
four manag emen t s trat e g i e s  and l ik e l y  p ub l i c  react ion , 
ba s e d  on s ome l i t erat ure re v i e w  p l u s  the author ' s  p ersonal 
o p i n i on s . Whether pub l i c  opin ion was s o l i c it e d  on the  
que s t ionnaire s is  n o t  ment ione d . 

1 9 5 9 . The fera l  hor s e  i n  An g l o -Amer ica . 
G eog . Re v . 4 9 : 5 0 6 - 5 2 5 .  

Large ly biogeographi ca l  s t udy on current di s t r ibut ion o f  
fe ra l ho rs e s  a n d  land - u s e prob l ems re s u lt i ng from i t , b a s e d  
on 9 0 0  ma i l  que s t ionnaire s p lu s  f i e l d  i n t erviews and 
o b s ervat ion s . Pp . 5 2 2 - 5 2 4  d i s cu s s  prob l ems and at t itude s 
toward w i l d  hors e s  e l i c i t e d  by t h e  q u e s t i o nn a i r e . I n c l ud e s 
deve lopment o f  pro t e c t ion i s t  s en t imen t . 
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N i e l s en , Darwin B .  1 9 7 2 . E conom i c  Imp l i cat io ns o f  Variab l e  
vs . S in gl e  G ra z in g  Fe e s . J o urnal o f  Range  Management 2 5  
( 1 ) : 2 - 6 . 

Th e economi c imp l i cat ions o f  vari ab l e  graz in g  fe e s  and 
s in gl e  gra z i ng fees  on F e de r al l an ds ar e import an t  
con s iderat ions  re lat i ve to furth er po l i c y c h an g e s . ·�any 
fac tor s mus t be con s idere d  whe n e s t ab 1 i � h i n u  TP. P. S  or. 
d i f ferent graz ing uni t s . Quan t i t y  an d q ua l i t y forage 

are on ly two of thes e factors an d g en eral ly not t he mo s t  

import ant on e s . V ariable  graz �ng f7 e s  w i l l . h�v 7 to  b e  

imo l ement e d  i f  th e  go ve rnmen t  1 s  g o 1 ng to  rn1n 1m1 z e  th e 

prob l em o f  hav i n g s om e of  i t s  l an d  over-pri c e d  and s ome 

under-pr i ce d . 

O ' Hare , M .  1 9 7 9 . I n format i on man agemen t an d pub l i c  cho ice . 
Energy impac t s  pro j e ct . Laboratory o f  arc h it e c t ure a�d p lann ing , 
M . ! . T . : Cambridg e ,  Ma s s . 

Pear s on , Erw in W .  1 9 7 4 . She e p - rai s ing in L h e  S e vent e en 
We s t ern St at e s : Po pulat ion s ,  D is t r ibut ion , and Trends . 

Journ al of Range Management 2 8 ( 1 ) : 2 7 - 3 1 . 

Prov ide s in format ion on  n umbers an d lo cat ion s  o f  dome s t i c 
sheep in the 1 7  we s tern s t a t e s , wh i ch rai s e  about 8 0 %  
o f  the Un ited S t at e s  stock  she e p . Th ere has b e e r.  a 
downward tren d in sheep populat ion s s i nc e 1 9 6 0 . The data 
s ug ge s t  a gradua l shi ft in g  o f  s h e e p - ra i s in g  from 
mo unta i�s to p lain s and a grad ua� conver s i on from sheep  
to catt l e . 

S an che z ,  P e t er G .  1 9 7 7 . Nat ive an imal hab i t at pro t e c t ion : a 
s o l ut ion b e comes a prob l em . Pro c . S yrnp . D e s ert . Tort o i s e  
Coun c i l : 3 2 - 4 0 . 

Author i s  Nat ura l Re sourc e s  S p e c i al i s t at D e a L h  V a l l e y  
Nat ional Mon umen t . Pp . 3 5 - 3 9  an al y z e s  r e s pon s e s  o f  a �on
ran dom samp l e  o f  2 4 1  re s pon dent s on 3 8  al te rnat ive s  f ::) r  
mana ging Death Val l ey ' s  natural •and cul tural re s o urce s .  
The a lt e rnat i ve s  were pre s ented in the 1 9 7 6  De ath V al l ey 
Environment a l  As s e s smen t , an d res pons e s  s ought by an 
accompany ing q u e s t ionna ire . Ten  a l t e rnat iv e s  d i s c u s s e d  
burro manage�ent . On ly clo s e - ended qu e s t ion s  are 
ana ly z e d . An an aly s i s  o f  open- ended q u e s t ion s  and ccm? l et e d  
que s t ionn a i re s may b e  ex ami n ed a t  Death � a l l ey . 

S che ctman . 1 9 7 8 . The " Bamb i Syndrome " How NE PA ' s  pub l ic 
part i ci pat ion in wi ld l i fe manag ement i s  hurt ing the env ironme n t . 
Environmen tal Law 8 : 6 1 1 . 

The author d i s cu s s e s  the problem con front ing f i e l d  level  
wi ldl i fe bio lo g i s t s  who �ave ident i f i e d  needed  populat ion 
reduction programs but are impeded by var ious enviro nmental 
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p r o t e c t i o n  s t a t u t e s , p ar t i c u l a r l y  t h e i r  p u b l i c  p a r t i c i pa t i o n  
re q u i r e m en t s . I n c l ud e s  d i s c u s s i o n o f  S an M i g u e l , De a t h  
V a l l e y , Gran d C a n y on a n d  Ban da l i e r b u r r o s . C o n c l u d e s w i t h 
s ug g e s t i o n  t h a t  p u b l i c  i n p u t  b e  l i m i t e d , r e d u c e d d e l a y  a n d  
p ub l i c  e du c a t i o n . 

S c o t t , L .  1 9 6  7 .  T h e ran g e  c a t t l e  i n d u s  t r y : I t s e f f e e t  o n  
w e s t e rn l a n d l a w . Mon t a na L a w  R e v i e w 2 8 : 1 5 5 . 

Th e a u t hor e xa mi n e s  t h e  e f f e c t  o f  t h e  r a n g e  c a t t l e i n d u s t ry , 
i t s  n e e d s , c u s tom s , an d p ra c t i c e s , o n  t h e  f e d e ra l  p u b l i c  
l an d  l aw s  a n d s t a t e s ' f e n c e  a n d h e r d  l aw s . P a r t i c u l a r  
a t t e n t i o n  i s  g i v e n  t o  t h e  m e a n s u s e d  t o  a c q u i re a n d c o n t ro l  
ra n g e  l an d s  an d t h e  i m p o r t a n c e  o f  p o s s e s s i o n  a n d  u s e  i n  
e s t a b l i s h i n g  l e g a l  r i g h t s . Th e a u t h o r  c o n c l u d e s  t h a t  t h e 
i n d u s t r y  ma d e  i t s  own l aw a n d  i g n o r e d o r  d i s o b e y e d l aw s  
l a t er e n a c t e d  wh i ch d i d  n o t  m e e t  i n d u s t ry n e e d s . 

S h a n k s , B e r n a r d . 1 9 7 8 .  S o c i a l  an d i n s t i t u t i o n a l  b a rr i e r s  t o  r a n g e 
l a n d m an a g em e n t  i n n o va t i o n s .  P r o c . F i r s t  I n t e r n a t i o n a l  Ra n g e 
l a n d  C o n g r e s s : 9 2 - 9 4 . 

S u rv e y  o f  l i n e  m a n a g e r s  i n  B LM , F o r e s t  S e rv i c e , t h e  N a t i o n a l 
P a r k  S e r v i c e , a n d  t h e F i s h  a n d  W i l d l i f e  S e r v i c e  t o  0. e t e r m i n e  
h o w  t h e i r  s o c i o e c o n om i c  b a c k g ro un d s  m i g h t a f f e c t  ra n p. e l a n d  
r e s o u rc e  ma n a g e me n t . Co n c l u d e d  t h a t  p u b l i c  r a n g e  m a n a g e r s  i n  
t h e U . S .  a c c e p t  an d a p p l y  n e w  ra n g e l a n d  p o l i c i e s  an d p r o g ram s 
s l ow l y , wh i ch b e a r s  o n  t h e ho r s e  a n d b u rr o  i s s u e , amo n g  
o t h e r s . S a mp l e  s i z e  a p p r o x i m a t e l y  4 0 0 . 

S m i t h , A .  E .  1 9 6 8 . An a p p ro a c h  t o  b u r r o  ma n a g e me n t  i n  C a l i f o rn i a . 
T r a n s .  D e s e rt B i ghorn Co un c i l : 5 9 - 6 2 . 

De s c r i b e s i n i t i at i o n  o f  i n t e ra g e n c y e f f o r t  i n  Ca l i f o r n i a  t o  
d e v e l o p  a mana g e me n t  p l a n  for f e r a l b u rro s . A d v o c a t e s  
m an a g e me n t , n o t  e l i m i n a t ion o f  b ur ro s o n  B LM l a n d  t o  
b e n e f i t  b u r ro s , w i l d l i f e , l i v e s t o c k , a n d  t h e  r a n g e . A u t h o r  
i s  a B LM s t a f f  m e mb e r .  

S m i t h , A .  E .  an d W i l l i a m  E .  M ar t i n . 1 9 7 2 . S o c i o e c o n om i c  b e h a v i o r 
o f  c a t t l e  ran c h e r s , w i t h  i m p l i c a t i o n s f o r  r u ra l c o mm u n i t y  
d e v e l o pme n t  i n  t h e  We s t . Am . J .  A g r i c . E c o n . M a y : 2 1 7 - 2 2 5 . 

S o c i o e c o n om i c  s u r v e y  o f  e o a l s a nd a t t i t u d e s o f  8 9  A r i z o n a  
ra n ch e r s  t ow a r d  ra n ch own e r s h i p s , a r g u i n r,  t h a t  s o c i a l  a n d  
p s y c ho l o g i c a l b e n e f i t s  d e r i v e d  f r o m  ra n g i n g  a r · � a n  i m p o rt an t  
compon e n t  o f  e c o n om i c  v a l u at i o n  o f  r a n c h e s .  I d e n t i f i e s  1 1  
g o a l s a n d  a t t i t ud e s h e l d  b y  ran c h e r s  t ow a r d  r a n ch own e r s h i p . 
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Smi th , Arthur H . , an d Wi l l iam E .  Mart in . 1 9 7 2 . Soc ioe conomic 
Beha vior of Cat t l� �an cher s , w i th Iffip l i ca t ion s for Rural 
Commun i ty Deve lopmen t in the  We st . Ameri ca n Journal  of  
Agri cul tural E c onomi c s  54  ( 2 ) : 2 1 7 - 2 2 5 . 

Thi s p aper e xt e n d s  the argumen t  that cat t l e  ran ching and 
ran chers can be b e t t e r  un ders tood b y  v i ewing the ran ch 
re s o urce as gen erat ing both pro d uct ion an d c on s umpt ion 
o ut puts . It  was found that non -mone tary outputs  o f  ranch 
own ership are the mo s t  s ign i f i can t factor s in e xpain ing 
high s a l e  pri c e s  o f  Ari zona ran ch e s . The ana ly s i s  sugge s t  
th at smal l town v i ab i l ity an d growth i n  the  ar i d  S o uthwe s t , 
and po s s i b ly in the We s t  a s  a wh o l e , may b e  more l ike l y  
to occur i f  rura l deve lopmen t po l i ci e s  are n o t  pre d i cat ed 
on the economic impac t o f  s urround ing ranche s . 

S t evens , Joe B . , an d E .  Bruce  Godfr e y . 1 9 7 2 . U s e  Rat e s , 
Re source F lows , and E ff i c iency o f  Pub l i c  In ve s tmen t in 
Ran ge Improv emen t s . Amer ican Jo urnal  of Agri c u l tura l 
E conom i c s  5 4  ( 4 ) : 6 1 1 - 6 2 1 . 

A theore t i ca l mode l o f  inte rac t ion s b e tw een  u s e  ra t e s  
and re s ource flpw s over space an d t ime i s  deve loped , an d 
a s t atic  emp i r i c a l  mo de l i s  der i ve d  for e x  p o s t  anal y s i s  
o f  p ub l ic range i n ve s tmen ts o n  the V a l e  Proj ect ( Oregon ) .  
F i ve inv e s tmen t  p ract i c e s  vari ed wi de ly in their marg inal 
prod uc t i v it ie s . For e very AUM o f  graz ing produ ced  
direc t l y  by inv e s tmen t ,  an d add i t i onal 0 . 5  AUM was obtained  
by man ipulat ion o f  us e rat e s  t o a l l ow i ncre as e d  nat ural  
regenerat ion . Overal l ,  the  V a le Proj ect wa s in e f fi c i ent 
in  t erms o f  an imp l i c i t  redi s tr ibut iona l o b j ect iv e as 
we l l  as the expl i c i t  nat ional  i n come ob j e ct ive . 

Thomas , Gerald W .  1 9 7 3 .  L i ve st oc k  G ra z ing o n  Pub l i c Lands : 
Un i ty for Po l i t i ca l , Economi c and E c olog i ca l  Reas on s . 
Journ a l  o f  Ran g e  Manag ement 2 6  ( 4 ) : 2 4 8 - 2 5 2 . 

Th e incre a s e d  pressure on pub l i c l and s due t o  confl i c t i n g  
intere s t s , comb i n ed with t h e  i n creas e d  con cern o n  the 
part o f  each in di v i dua l for t he env ironment , ma ke s it  
impe rat i ve that each l an d  use a l t ernat i v e  be  c are ful ly 
examine d .  De c i s ion s on l an d  use  must  t ake into cons iderat ion 
the e conomic importance o f  the  ran ch ing indu stry to the 
nat i on , the so ical  and po l i t ic a l  c l im at e  of th e t imes , 
an d mo s t  important ly , s o un d  ecolog i c a l  princ ip l e s . 

Uni vers it y o f  Wyoming , Col l ege o f  Law . 1 9 7 0 . Land and Wat e r  
Law Revi ew , A s ympo s i um pre s ent ing a n  Ana lys i s  o f  the Pub l ic 
Land Law Review Commi s s ion Re port . Larami e :  Un ivers ity 
o f  Wyomi ng . 
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S ymp o s i um came i n t o b e i ng to a n a l y z e  t h e  P u b l i c Land Law 
R e vi ew Commi s s ion ' s  report t o th e Pr e s i de n t , ent it l e d  
" On e  t h i rd o f  the  Nat ion ' s  Lan d . "  Thre e s e c t i on s  are 
of in t e re s t , those on ran g e re s ou rc e s , re c r e a t ion , f i sh 
a n d  w i l d l i fe ; a n d l a n d  p l an n i n g . 

W i l s o n . 1 9 7 8 . Lan d man ageme n t  p l an n i n g  p r o c e s s e s  o f  the  Fore s t 
S e rv i c e . Env ironmen tal  Law 8 : 4 6 1 . 

De s cript ion o f  t he Fore s t  S e rv i c e  p l a n n i n g  p ro c e s s  by the 
D ire ctor for p lann i n g  o f  the P a c i f i c  No rt h we s t Re g i on o f  
t h e  Fore s t  S e rv i c e . 

Wy c ko f f , J .  B .  1 9  7 7 a .  P u b l i c  L a n d s  a n d  t h e  \.Je s t  - - E c-onomi c 
Prob l ems o f  N eo - C o l on i a l i s m . P a p e r  p re s e n t e d  a t  t h e  F o�um 
on the  E co n om i c s  o f  P u b l i c  Land U s e  i n  t h e  We s t , R e no , 
N e vada , March 1 0 , 1 9 7 7 . 

P ub l i c  l and us e i s  very i m p o rt an t t o  t h e  e c on omy o f  the  
We s t  and much w o r k  h a s been  d o n e  t o  a l l ev i a t e  prob l ems 
a s s o c iated w i t h  i t s u s e . B ut , th ere are many e conom i c  
p ro b l ems  i n  t h e  pub l i c l an d s  wh i ch s t i l l  n e e d  con s i d e rab l e  
r e s earc h input . W y c k o f f  d e l i n e at e s t h r e e  p ro b l e m areas : 
( 1 ) t h e  bas i c  a l l o c a t i o n  o f  t h e  p u b l i c  l an d  re s ourc e s  
among u s e s , and among  u s e rs w i t hin u s e s ; ( 2 )  pro b l em s  
re lat e d  th e s p at i a l  d i s t r i b ut io n  o f  u s e s an d u s e r s ; and 
( 3 )  i n t ertempora l d i s t r i but ion o f  p u b l i c l an d re s o urc e s  
and the ir o utput s .  He  t h en do e s  a c omme n d ab l e j o b o f  
d e lving  int o th e s p e c i f i c  p ro b l e m  ar e a s  wh ere re s e arch 
i s  n e ce s s ary . 

Bu l l e t in s  and Repo rt s 

Araj i ,  A .  A . , W .  A .  K r a s s e l t an d R .  W .  S ch e rme rhorn . 1 9 7 8 . 
Impact o f  t he I daho B e e f Indus try . Agri cu l t ural E xp e r iment 
S tat ion Bul l e t i n  No . 5 6 3 , Mos cow : Un i v ers i t y  of I daho . 

Examin e s  cas h re c e i p t s  from t h e  ra nc h in g ,  f e e d i n g , and 
pro c e s s in g  s e ctors o f  the I daho be e f  indu s t ry . I n  1 9 7 1 , 
t h e  direct and i n d i re c t  impact o f  the  b e e f  in dus t ry on 
the I daho economy was $ 3 5 7 . 7  m i l l ion . I n  1 9 7 3  it had 
increas e d  to $ 4 2 2 . 1  m i l l ion . In  1 9 7 3 , t h e  b e e f indus t ry ' s  
contribut ion amo un t e d  to 1 2 %  o f  the  s t at e ' s  total  personal 
income . Has  goo d aggrega t e  f i gur e s  fo r t h e  I daho be e f  
i ndus try . No t e s  t hat I daho ran g e s  a re i n  n e e d  o f  impro ve 
ment ; qu e s t i o n s  whet her p r i vat e i n ve s tment  w i l l  me e t  t he 
n � e d s . 
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Broml e y , D .  W . , G .  E .  B l an ch , an d H . H .  S to e ve n e r . 1 9 6 8 . 
E f fect s o f  S e l e ct ed Chan ges  in Federa l  Lan d U s e  on a 
Rura l E conomy . Agr i c u l tura l Experimen t S t at ion B u l l e t in 
6 0 4 , Corval lis : Oregon State Un i vers i ty . 

E xamin e s  the extent o f  gra z in g  o f  l i ve s tock on p ub l i c  
lands t o  a s ce rt ain t he extent o f  e conomi c act ivity 
at tribut abl e to t he us e of  th e s e  lan ds as  a s o ur c e  o f  
catt le  forage . Proj ects  the impact o f  a 2 0 % reduct ion 
in fe deral gra z i n g  i n  Grant Coun t y  in E a s t e rn Oregon . 
Maj or impacts  o f  the gra z in g reduct ion were a re duct ion 
of g ro s s  income for t he dep endent ranch s e c tor o f  1 0 . 8 8 % 
an d 5 . 6 5 % re duct ion o f g ro s s  income for t he Agr i cult ural 
S er v i c e  S e c tor . 

C lark , Ri chard T . , Ro bert R .  F l etche r , and Har l ey J .  McKinney . 
1 9 7 4 . The S t ar V a l l ey E conomy - an Inte rin du s t ry An alys i s . 
Agr i cu l t ural Ext ens ion S e r v i ce Re s e arch Journal 8 5 , Larami e :  
Un i ve r s ity o f  Wyomin g .  

The s t udy pro v ided in forma t ion t o  be u s e d  i n  c ommun i t y  
p lann in g an d de c i s i on making . I t  ( 1 ) inven t o r i e d  types 
of economi c act iv i t i e s  i n  the S t ar V a l l e y ; ( 2 )  measure d 
int e ra c t ions  b • tween the various e conomi c s e ctors ; 
( 3 ) e s t imat e d  th e re lat i v e  importan c e  o f  the s e ct ors · 
and ( 4 )  i dent i fi e d  poten t i a l  deve lo pm en t a l t e rnat i v e� 
for the area ' s  e conomy . 

Cording ly , Rob ert V .  and W .  Gordon Ke arl . 1 9 7 5 . E conomi c s  
o f  Rang e Re s ee ding i n  the P la in s  o f  Wyomi n g . Agr icu ltural 
E xperiment S t ation Re s e arch J o urn al 9 8 , Laram i e : Un ivers i ty 
o f  Wyoming . 

Mu ch o f  Wyomin g ' s  graz in g land i s  no t pro duc ing forag e at 
i t s  po t en t i a l  e conomi c or phy s i ca l  l e ve l .  Ran ge re s e e ding 
i s  a good a l t e rnat ive for increas e d  forage w i thout increas e d  
acreage . Thi s study de t e rmined pr ac t ic e s  and i nputs  u s e d , 
co s t s , and r e turn s from re s ee d i ng . Re s ee din g ntt o n ly 
increas ed the carry ing c apaci ty o f  the range , b ut a l s o  
g ave in cre a s e d  l i v e s tock gains from feedin g an d in cre a s e d  
repro du ct ive e ff i ciency o f  t h e  catt l e . 

Corn e l i u s , J im .  1 9 7 7 a .  Ent erpri s e  Co s t s , 2 0 0  Cow-C a l f  Ran ch , 
Madison Co un ty . Coope rat i ve Ext en s io n  S e rv i c e  Bu l l e t in 
1 1 7 1 , Bo z eman : Montana S t at e  Un i ve rs i ty . 

Data was gathered in 1 9 7 6  from c ow - cal f e n t erpri s e s  in 
Northern Mad i s on County and repre sent at iv e  co s ts were 
ca lculat e d  for a typ i ca l  ran ch ope rat ion in t he are a . 
Th e goal  o f  the bulle t i n  wa s t o  h e l p  Madi son Coun t y  
o p erators eva l uate t h e  fea s i b i l i t y  an d pro fi t abi l i t y  o f  
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o p e ra t i o n . S t u d y  s h o w e d t ha t  a t yp i c a l  o p e ra t i o n  own i n g  
i t s  o wn l a n d  w it h  a v e r y  mo d e s t  d e b t  w o u ld b e  l o s i n g  
mon e y . When a s s ump t i o n s w e r e  c h an g e d  t o  i n c re a s e  rea l 
e s t a t e  d e b t , t h e  r e v e n ue g e ne r a t e d b a r e l y  c o v e re d  b a s i c  
c a s h  f low r e q u i rem e n t s an d l o n g  t e rm l o s s e s  m o u n t e d . 

C o rn e l i us , J im .  1 9 7 7 b .  E n t e r p r i s e  C o s t s , 2 0 0 Cow- C a l f  Ran ch , 
Powd e r  R i v e r  C o un t y .  C o o p e rat i v e  E xt e n s i o n  S e rv i c e  
Bu l l e t in 1 1 7 2 , Bo z eman : M o n t a n a  S t a t e  Un i v e rs i t y . 

S ame f o rmat a s  p r e v i o us c i t at i on a n d  s am e  c o n c l u s i o n s : 
an o p era t i o n  w i t h  l im i t ed d e b t  wo u l d b e  l o s i n g  abo ut 
$ 3 6  p er ca l f  s o l d at F a l l  1 9 7 6  c at t l e  p r i c e s . I f  t h e  
o p e ra t i o n  d i d n ' t o w n  i t s l an d , i t  w o u ld b e  l o s i n g  much 
m o r e . 

C o rn e l i u s , J im .  1 9 7 7 c .  E n t e r p r i s e C o s t s , 2 5 0  H e a d  C o w - C a l f  
Ran ch i n  B l a i n e C o un t y . C o o p e r a t i ve E x t e n s i o n  S e rv i c e  
B u l l e t i n  1 1 7 3 , Bo z e man : Mo n t a n a  S t a t e  Un i v e r s i t y . 

S ame f o rma t a s  p re v io u s  two c i t a t i o n s  a n d  s ame c on c l u s io n s : 
an o p e ra t ion w i t h  l i m i t e d  d e b t  w o u l d  b e l o s i n g  n e ar l y  $ 1 5  
p e r  ca l f  whe n s o l d  at F a l l 1 9 7 6  p r i c e s . An i n cr e a s e o f  
l o ng - t erm d e b t  i n c r e a s e d  t h e  l o s s  p e r  c a l f  t 0  ro ugh l y  $ 2 5 0 .  

G e e , C .  Ke rry , a n d  M e l vi n  D .  S ko l d . 1 9 7 0 . O p t i m um E nt e r pr i s e  
C omb i nat ion s a n d  Re s o u rc e  U s e  o n  M o u n t a i n  C a t t l e  Ra n ch e s  i n  
C o l o rado . C o l or a d o  S t a t e  Un i v e r s i t y  E x p e r im en t S t at i o n  
B u l l e t in 5 4 6 S , F o r t Co l l in s : C o l o r a d o  S t a t e U n i ve rs i t y . 

T h i s b u l l e t in p r e s en t s an a n a l y s i s  o f  a l t e r n a t i v e  o rg an i z a 
t io n s  wh i c h m a y  i n c re a s e  r e t urn s t o  r an c h  b u s i n e s s e s  i n  
t h e  mount a i n  a r e a s  o f  C o l o ra d o . I t  de s c r i b e s c h an g e s  t hat 
may be re q u i r e d  in l i v e s t o c k e n t e r p r i s e s  a n d  g r a z i n g  
pro g ram s  i f  o p t imum u s e  i s  t o  b e  ma d e  o f  ran c h  r e s o urc e s . 
I t  a l s o  e v a l ua t e s  t h e  e ff e c t  o f  c e r t a i n  l i v e s t o c k  a n d  
c r o p  man ageme n t  p r ac t i c e s  o n  r a n c h  i n c om e . 

G ee , C .  Ke rry . 1 9 7 2 . E conomi c an d O p e rat i o na l Charac t e r i s t i c s  
o f  C o l o rado R a n g e  C at t l e  Bus i n e s s e s . E xp e r i m e n t  S t at i on 
Bu l l et in 5 5 0 5 , F o r t  C o l l in s : Co l o ra d o  S t at e  Un i v e r s i t y . 

Th i s  bu l l e t in d e s c r i b e s  e c o no m i c and o p e rat i n g  charac t e r i s t ic s 
o f  ran ge c at t le b u s in e s s e s  i n  Co l o ra d o  b a s e d  on a s amp l e 
s urv ey o f  1 3 4  ran ch e s . R an ge c a t t l e  prod u c t i o n  i n  C o l o rado 
i s  typ i fi e d  by smal l ,  p r i vat e l y  own e d  ran ch e s , w i t h  an 
avera g e  o f  4 0 0  a n i ma l s  per o p e ra t i o n . Ann ua l f e e d  s our c e s  
are hay - - 2 5 % , p r i vat e ran g e  - - 5 5 %  an d p ub l i c  range - - 1 0 % . 
Gra z in g  i s  imp ort an t t o  Co l o ra d o  w i th ab o ut 6 0 %  o f  i t s  
lan d are a i n  l i ve s t o c k  g r a z i n g . Art i c l e  d e t a i l s  t h e  
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lack o f  range manag ement prac t i c e s by t he bus in e s s e s  
invo l ve d .  Me n t i on s  the ro l e  o f  recreat ion , ma i n l y  hun t in g  
and f i sh i ng ,  i n  bring ing in c ome to t h e ran ch ers , wi th 2 2 %  
hav ing an in come from each o f  the s e  sourc e s . The  ran che r s  
with re cr eat ion en t e rpri s e s  d e r i ved 4 %  o f  the ir 1 9 6 9  
gro s s  in come from the s e  act i v i t i e s . Pos s ib l e range 
mana g ement p rac t ices  men t ioned were : fert i l i z e r  app l i cat ion , 
land l eve l l i n g , l and re s e e d in g , s a gebrus h con tro l an d 
i rr i gat ion imp ro veme nt , none o f  wh i ch are done on more 
than 5 %  o f  total acres  b e in g  u s e d  by the ran c h ers . 

G e e , C .  Kerry , an d Ri chard s . 
o f  Sheep  Product ion in the 
E conom i c  Re s e arch S e r v i c e , 
No . 3 4 5 , Was h i n gt o n , D . C . : 

M ag l e by . 1 9 7 6 . Chara ct e ri s t i c s  
We s t e rn Un i t ed S t at e s . U . S .  
Agr i c u l t ural E conom i c s  Report 

U . S . Departmen t of Agr i cu l t ure . 

About 8 0 %  o f  sheep  in t h e  U . S .  are ra i s ed i n  t h e  We s t ern 
U . S .  whe re private and publ i c  ran ges  p ro vi de the bulk 
of the  fe e d  requi reme n t . Abo u t  ha l f  t he fe e d  requ i rement 
for commerc i a l  s h e e p  comes from p r i vate ran ge , wh i l e  
publ i c  range  supp l i e s  about on e- th ird . Over  h al f o f  the 
comm erc i a l  s h e e p  ar e g ra z e d  by h erd e rs , u s ua l ly on o p en 
( un fen c e d ) ran ge . S h e e p  g r a z e  more read i ly on shrub s and 
brus h , where as catt l e  pre fer gra s s e s . She e p  a l s o  have 
l e s s  n e e d  for wa t e r  and are b e t t e r  ab l e  to t ravers e 
roc ky an d s t e e p  t e rrain . 

G e e , c .  Kerry . 1 9 7 7 .  E n t erpri s e  Budg e t s  for We s t ern Comme rc ial  
S h e e p  Bu s ine s s e s , 1 9 7 4 . U . S .  E c o nomi c Re s earch S e rvi ce , 
Wa shington , D . C . : U . S . De partmen t o f  Agr i c u l t ure . 

Sheep  ent e rpri s e  budg e t s  for 1 9 7 4 are p re s e n t e d  for 
maj or pro duc in g area s o f  t h e  s e ve n t e e n  We s t e rn S t a� e s . 
S ummari e s  o f  p rod uct ion , co s t s , re t urn s an d op erat lng  
prac t i c e s  a re g i ven for  e n t erp r i s e s  o f  var iou s  s i z e s  . and w i th d i f feren t mana�ent sy s t ems . Mo s t  she e p  bu s 1n e s s e s  
did  not have s uf f i c i e nt s al es  t o  c ov e r  a l l  expen s e s i n  
1 9 7 4 , an d about 3 5 %  w e r e  unab l e  t �  p a y  c a s h  c o s t s . 

Godfre y , E .  Br uce . 1 9 7 8 . Mult i p l e U s e  Manageme nt on the  Pub l i c  
Lan ds , A S t udy of  t h e  Morga n Cre e k  Are a  o f  C e n t ral I daho . 
Agricul tural E xperiment St at ion Bul l et in 5 6 6 , Mo s cow : 
un i ve rs it y  o f  Idaho Co l l ege  o f  Agr icult ure . 

Thi s s t udy s p e l l s  out th e way in  wh i ch t h e  F S  and B LM 
eva luat e i n d i v i dual area s and de c ide on management p l ar. s  
fo r the s e  ar eas . G o d frey u s e s  t he Morgan Cre ek area 
managem en t  p l an o f  the FS a s  an e xamp l e  and ana ly z e s  
th e FS  re asons for s e t t ing u p  t h e  p l an a s  they d i d . 
Pro v id e s  a good un ders tan ding o f  t he m ec han i c s  o f  
a mult ip l e  u s e  man agement p l an . M u l t ip l e  u s e  - - t h e 
manag ement o f  a l l  the var io us renewab l e  s urface re sourc e s  
o f  th e nat ional fo re s t s  s o  tha t t he y  a re ut i l i z e d  in the 
comb inat ion that wi l l  best meet  the n ee d s  o f  the Ameri can 
p e o p l e . 
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G o df re y , E .  Bruc e .  1 9 7 6 . Co s t s an d R e t urn s for C at t l e  Ran ch e s  
i n  C u s t e r  C o un t y , I daho . Ag ri c u l tu r al E x p e r ime n t  S t at i o n  
B ul l e t in N o . 5 6 7 , Mo s cow : Un i ve r s i ty o f  I daho . 

On e re ason for t he p r e domi n a n c e o f  c a t t l e  pr od u c t i o n  i n  
I daho ' s  a g r i c u l t ure i s  t h e  l arg e vo lume o f  f orag e o b t a in e d  
b y  d ome s t i c  an ima l s  from f e d e r al l y  ad nin i s t e re d  land i n  
I daho . The c at t l e  an d s h e e p  o f  3 5 9 4  o p erators who h e l d  
p erm i t s w i t h  e it h er B LM or F S  c o ns u m e d  ro ugh l y  1 , 7 0 0 , 0 0 0  
AUM S o f  forag e dur i n g  t h e  ca l e nd ar y e ar 1 9 7 2 . Report 
s hows t h at ma ny ranc h e r s  i n  t h e  M o r g an C r e e k  area are 
probab l y  s ub s i s t i n g  o n  the i r  l an d s at r e l a t i v e l y  low 
re turn s as part o f  a way o f  l i f e ; t o  s o me ret urn on i n ve s t 
me n t  i s  1 - 2 %  t o  s ome t h e r e  i s  r. o  r e t u rn o n  i n v e s tme n t . 

G o d f re y ,  E .  B r u c e . 1 9 7 9 a .  The E c on om i c  R o l e  o f  W i ld an� Fre e 
Roamin g Hor s e s  a nd B urro s  o n R an g e l an d s  i n  th e We s t ern 
U n i t e d  S t at e s , A f in a l  re po r t  s u bm i t t e d  to t h e  I n t e rmount a i n  
ro r e s t  a n d  R a n g e  E x p e r i me n t  S t a t i o n , Lo g an : U t ah S t a t e  
Un i ve r s i t y . 

G o d fr ey f i r s t re l a t e s t h e  h i s t o ry o f  W F RH B  l e g i s l a t ion . 
He t hen p r e s e n t e d  the e co n o m i c imp a c t s o f  W F R H B  man ageme nt 
from t h e  v i ew p o i n t s  of f e d e ra l l a r. d  m a n a g eme n t  a g e nc i e s , 
oth er u s e r  group s , r e g i o n s / s t at e s , a d o p t i on and o t h e r  
i n t er e s t  g ro up s . Mo s t  o b v i o u s  i m p a c t  o f  W F RH B  man agement 
i s  on the bud g e t s o f  t h e  fe d e r a l  l a� d  man ag ement a g e n c i e s , 
w it h  B LM hav ing s p e n t  1 . 7  m i l l i o n  d o l l ar s  d u r i n g  F i s ca l  
1 9 7 8 .  D i s c us s e s  r e s e a rc h  n e  i n t � e  ar e a  o f  WFRHB , t h e  
g r e a t e s t  o f  wh i c h s t em s  frc t e  fa c t  t h at v e r y  l i tt l e  
i s  known o f  t h e  v a l u e  o f  t h . J e ma n d fo r WFR H B . 

G o d f re y , E .  Bru c e . 1 9 7 2 . Ran g e l a n d I mp r o v me � t  Pr ac t i c e s  in 
I daho . Fore s t , W i l d l i fe an d Ran g e E x p e r im en t  S t a t i on , 
I n format i o n  S e r i e s  N umbe r  1 ,  M o s c o w : Un i ve r s i ty o f  Id aho . 

I n  an e ffort t o  i n c re a s e  t h e  amo u n t  o f  gra z in g  o n  the 
range l an d s  in I daho , adm i n i s T r a t o r s  o f  p ub l i c  and p r i v a t e  
l an d s  h a v e  i n v e s t e d  l a rg e amo un t s  o f  c ap i t al f o r  ran g e  
improveme n t s .  Th i s  r e p o rt p ro v i d e s a s ummary o f  the 
ran g e  improv eme n t  work ( br u s h  c on tro l , s e e d in g , wa t er 
deve lopmen t s , e t c . ) t hat h a s  b e e n c omp l e t e d  i n  I daho an d 
a s s e s s e s  s ome o f  t h e  p o s s i b l e  imp ac t s  o f  t he s e  i n v e s tment s 
on th e e co nomy o f  t he s t a t e . 

G r ay , Jam e s  R .  1 9 7 4 . E conomic B e n e f i t s from Sma l l  L i v e s t o c k  
Ran ch e s  in Nort h - C e n t ra l  N e w  M e x i co . Ag r i c u l t ur a l  E x p e r iment 
S t at i o n  R e s e a rch Re port 2 8 0 , La s Cr u c e s :  New Me x i co St ate . 

S t udy ana l y z e d  b e ne f i t s  d e r i v e d  fr o m  s ma l l  l i ve s to c k  
r an c h e s  i n  n o rthe rn N ew Me xi c o d ur i n g  1 9 7 2 - 1 9 7 3 . By 
d e f i n i T i on , ran ch e s  h ad l e s s  t h an 4 0  h e ad of c at t l e  an d 
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hor s e s  or 2 0 0 h e ad of s he e p . I n format ion was a c qu ire d 
through interv i ews with a random s amp l e  o f  1 5 0  ran chers 
and farme rs . Re s u l t s  were : cow and c a l f  s a l e s  prov ided 
almo s t  a l l the cash income rec e i ve d  - - ave rage was 
$ 1 , 5 8 6  annua l ly ; crop s , l i ve s t oc k  and l i ve s t o ck product s 
produced an d con s umed on t h e  ranges were important s ourc e s  
o f  s ubs i s tence  - - average value was $ 9 0 1 / y ear ; average 
ran cher us ed 5 to  1 0  t ime s more labor per AU t han ot her 
s t ud ie s  have s hown ; mo s t  o p erators  o f  sma l l  r an c h e s  had 
oth er emp loymen t , with on l y  3 3 %  of l ive l ihood from 
the ranch ; B LM graz ing p e rmit s s upp l i e d 5 %  o f  t o t a l  gra z in g , 
wh i l e F S  permit s  s upp l i e d  o ver 2 0 %  o f  t ot a l  gra z i n g . 

Lewi s , E ugene P .  and Dav i d  T .  Tay lo r . 1 9 7 7 . Imp act o f  P ub l i c  
Lands  Po l i c i e s  o n  t h e  Lives t o c k  Ind u s t ry and Ad j acent 
Commun i t i es ,  Big  Ho rn County , Wyom ing , Agr i c u l t ural E xp er iment 
S t at i o n  Re s e arch Jo urna l 1 1 6 ; Larami e : Un i ve r s i ty o f  Wyoming . 

F e d e ra l  g o vernment c ont ro l s  7 9 . 5 % o f  t h e  t o t a l  l and area 
o f  B ig Ho rn Coun ty an d l e a s e d  gra z in g  i s  an imp ortant 
u s e  of th i s  p ub l i c  land , wh i le u s e  of fe dera l lands for 
re creation and t imbe r h as b e en o f  l e s s er import anc e . The 
do l l ar s  g en e rat e d  b y  th e l i ve s t oc k  s e ctor are imp ortant 
to Big  Horn Coun ty . Chang e s  in pub l i c  lan d s  a dm in i s t rat ion 
pol i c i e s  w i l l  rest r i ct t he c o un t y ' s  out p u t , w i th the  
l i ve s tock s ector b e i n g  hurt b y  incr e a s ed fe e s  o r  gra z in g  
redu ct ion s . Po l i c i e s  wh ich reduc e  h erd s i z e  and t h e  
numb er o f  AUM ' s ava i l ab l e  f o r  e xp ort hav e t h e  l a rg e s t  
imp act o n  the country e conomy . I mpact o n  the c ommun i t i e s  
w i l l  b e  sma l l  a s  long a s  ran chers c a n  a b s orb a l l  t h e  lo s s , 
but th e s e  ran che rs ar e a l re ady opera t ing at  a low n e t 
in come , an d the  qu e s t ion w i l l be whe t h er th e y  can s t ay in 
bus in e s s  if th i s  income i s  reduc ed  e v en furt h er . The over
r i d i n g  po l ic y  quest ion is the f e dera l  ag e ncy ' s  re s p on s i b i l i t y  
t o  t h e  l o ca l  c ommun it i e s . I f  th e a g en cy has a n  ob j ect i v e  
as  t h e  s upport o f  t h e  re g i onal e conomy , t he n  the e conomi c 
impa c t  on s u ch ar eas  a s  B ig Horn County an d the B i g  Horn 
Ba s in R e g i on should be as s e s s e d wh en as s e s s ing gra z ing fe e s  
an d d e c i d i n g  ava i lab i l ity  o f pub l ic - l and re sourc e s . 

Lew i s , E ugen e  P . , an d Garn e t  E .  P r eme r . 1 9 7 8 . The E conomi c 
V a lue o f  Re cre at i on an d Touri s m , Park C o unt y , Wyom ing , 1 9 7 6 . 
Commun i t y S erv i c e s  D i v i s ion , Agr icul tura l E x t e n s ion S e r v i c e  
Bul l e t in B 6 6 4 , Larami e : Un ive rs i ty o f Wyoming .  

St ud ie s  the Park Coun t y  economy , an d s p e c i fica l l y , the  
e conomi c impact that t he re creat ion - t our i sm ind us try ha s 
on th e coun ty ' s  e con omy . Th e Park C o un t y  e conomy i s  
extreme l y  d i ver s e . I t  has four p r imary indu str i e s , 
in c l udin g agr i cu l t ure , min in g ,  m an u fa c t ur in g  an d recreation
touri sm . The recre at ion- t our i sm indus t ry , in 1 9 7 6 , 
a c co un ted for 1 5 %  o f  t ot a l  c oun t y  emp l oyment ; and l l %  
o f  al l d ire ct e conom i c  act iv i t y . 
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Lewi s , E ugen e P .  1 9 7 7 a .  H o t  S p r in g s  C o un t y  E c onomy , an 
Input - O ut p ut An a l y s i s . Commun i ty S e rv i c e  D i v i s ion , Ag . 
E xtens i o n  S e rv i c e  B u l l et in B 6 4 5 , Larami e :  Un i v ers i t y  o f  
Wyoming . 

St udy f urn i s h e s  economi c input da ta for the  dec i s i on 
makin g p ro c e s s . I t  ( 1 ) pre s en t s t h e  s o urc e s  of output , 
hous eho l d  in com e , and emp loymen t in  Hot S p r i n g s  County ; 
( 2 )  i de nt i f i e s  the  important o r  l e ad ing b us i n e s s  act ivit i e s  
i n  the economy ; ( 3 ) pre s e nt s the i n terd epend enc i e s  between 
the various s e gmen t s  o f  the e c on omy ; and ( 4 )  pro v id e s  a 
gauge t o  mea s ure t h e  imp ac t o f  chan g e  i n  t h e  e conom i c  
b a s e  o f  Hot S p ri n gs Co un ty . 

Lewi s , E ug en e  P .  1 9 7 7 b .  B i g  Horn C o un t y  E c on omy , an Input 
Outp ut An aly s i s . Commun i ty S e r v i c e  D i v i s ion , Agr i c u l t ura l  
Ext en s i o n  S e rv i c e  Bul l e t in B 6 4 6 , Lar a mi e : Un ivers i t y  o f  
Wyoming . 

S t ud y  furn i s h e s  e c onomic i n put dat a for t he d e c i s ion -mak i n g  
p ro c e s s . I t  ( 1 )  pre s e n t s  the s o urc e s  o f  output , househo ld 
in come , an d emp loym e n t  in  B i g  Horn Coun ty ; ( 2 )  i den t i fie s 
t h e  important or  l e ad i n g  b u s i n es s a c t i v i t i e s  in the 
economy ; ( 3 )  p re s e n t s  t h e  i n t erd e p e nd e nc i e s  between  the  
various  s e gme n t s  of  t he e co nomy ; an d ( 4 )  provide s a 
gaug e to meas ure t h e  imp act  o f  ch an g e  in t h e  econom i c  
bas e  o f  B i g  Horn C o un t y . 

Lew i s , E ugene P .  l 9 7 7 c . Was hak i e  C o un t y  E c onomy , an Input 
O ut p ut An a l y s i s . C ommun i t y  S e r ,; i c e  D i v i s i o n , Agr i c u l t ural 
Exten s i on S erv i c e  B u l l e t in B 6 4 7 , Laram i e : Un ivers i t y  of 
Wyoming . 

St udy furn i s he s e c onomic input  da t a  f o r  t h e  d e c i s i on -ma k in g 
proc e s s . I t  ( 1 )  p re s en t s  the  s o u rc e s  o f  output , hous eho l d  
in c ome , and emp loymen t in Wa shak i e  C o un t y ; ( 2 ) iden t i f i e s  
t h e  import a nt o r  l e a d i ng b u s in e s s  a c t i v i t i e s  in t h e  e conomy ; 
( 3 ) pre s en t s  the  i n t e r de p e n de n c i e s  b et we e n  t h e  var ious 
s egmen t s  of  the e c o n omy ; and ( 4 )  pro v i de s  a g a uge t o  
mea s ure t h e  i mp act o f  change in  t h e  e c onomic  ba s e  o f  
Wa s haki e  Coun ty . 

M i tche l l , Burke an d J ames R .  Garre t t . 1 9 7 7 . C h arac t e ri s t i c s  o f  
th e Ran g e  Catt l e  I n du s t ry , 1 9 7 2 , R eg ion I I I , Northea s t e rn 
Nevada . Agri � ul t ura l E xp e r imen t  S t a t i on Bul l e t in B 4 2 , 
Re no : Max C .  F l e s ichmann Co l l e g e  o f  Ag r i c u l ture , Un i ver s i ty 
o f  N e vada . 

C o s t s  and return s an d man agemen t pract i c e  fo r ran ge 
l i v e s toc k op erat ion s in Northeas t e rn Ne vada were e s t imat ed 
from data c o l l e c t e d  from p ers on al i n t e r v i ews . Net ran ch 
re c e i p t s  were l ow an d th e re wa s a re t urn to a s s e t s  o f  
on ly about 2 % . F e de ra l g ra z i n g  p e rmi t s  furn i s he d  a larg e  
p or t i o n  o f  t h e  f e e d  req u i r e �e n t s i n  t � i s  r e g io n . 
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O l son , Carl E . , W i l l iam A .  Da ley , and Charle s C .  McAfe e . 1 9 7 7 . 
An E conomi c  Evaluat i on o f  Range Re s o urce Improvemen t .  
Agr i cu l tura l E xp e r iment St at io n  B u l l e t in B 6 5 0 , Laram i e :  
Un i ver s i ty o f  Wyomi ng . 

The primary avenue o f  growth for the ran ge l iv e s t o c k  indus try 
i s  through in tern a l  expan s ion , tha t  i s , to ob t a in more 
forage o utput from rang e l an d . Th e bookl e t  de s cr i b e s  a 
method for det ermi n i n g  the prof i t ab i l i t y  o f  ran ge lan d  
impr o vement over t ime . Th e method i s  a thr e e  s t ep pro c e s s .  
F i rs t , e s t imate t h e  produ ct ion fun ct ion o f  t h e  pract i c e . 
Th e n ext s t ep i s  to e st imate t he exp e ct e d  re turn s from 
improveme n t  pra ct i c e s . Las t ly , e s t ima t e  the  co s t  
of  improv emen t prac t i c e s  and d e t e rmine  whethe� re turn s 
are greater than c o s t s . 

Peryam , J .  S t e ph en , and Car l  E .  O l s o n . 1 9 7 5 . Impact o f  Po t e n t i a l  
Chan g e s  i n  B LM Gra z ing Po l i c i e s  o n  We s t - C e n tra l Wyoming 
Cat t l e  Ranch e s . Agri c ult ural Exper imen t S t at i on Re s earch 
Journal 8 7 , Laram i e : Un i v er s ity  of Wyomin g .  

Pub l i cat ion e xamine s the e ffe c t s  o f  in cre a s e s  in t h e  
gra z ing  fe e s  c harge d  by t h e  B LM an d / or d e c reas e s  i n  
perm i t  n umbe r s  o n  t h e  ranch o p erator ' s  i n c ome and 
metho d s  of pro�uct ion .  Ran che s we re i d e nt i f i ed a s  t o  
degree o f  depen d e n ce o n  B LM forag e , h i gh dependen c e  
group had an average o f  5 9 %  of  forage from B LM ; low 
de pendence  gro up us e d  an av erage of 2 4 . 6 % o f  B LM forag e ;  
ranch ers in  s t udy were s p l i t  e v e n l y  in the two d ependen c e  
ca tegori e s  an d a mode l ranch w a s  d e t ermined  f o r  e ach 
group . Linear programmin g was used t o  ana l y z e  the 
e ffect s of chan ge s . F e e  in crea s e s  an d permit reduct ion s 
were both found t o  h ave detrimen t a l  e f fe c t s  on ran c h e rs 
in both categori es . I t  was b e t ter for t he ranc h e r  t o  
have h i s  permi t n umbers  reduce d  than t o  h a v e  a fee  i � cre as e .  
Return s to  o p erato r ' s  labor , man agement  and cap i tal were 
reduced mo r e  by the fee  i n creas e t o  achi eve a gi ven re duct ion 
in us e i s  a ch i e v e d  with permi t reduct ion . 

Quenemo e n , M . E . , G .  Robert John s on , and Char l e s  E .  E gan . 1 9 7 0 . 
Cost s an d Returns E s t imat e s  fer a Farm F l ock Sheep Ent erpr i s e  
i n  Southce nt ra l Montana . Cooperat ive s  Ext e n s ion S erv i c e  
Circ ular 1 1 0 2 , Bo z eman : Montana S t at e Un i ve r s i ty . 

C ircu lar s hows typ i cal c o s t - re turn re lat ionships  for a 
farm flo ck o f  s he e p  i n  t he Southcentra l  are a o f  Hont ana . 
Was wri t t e n  b y  two farm adv i s or s an d one agr i c u l t �ral 
e conomi s t , ma in ly for t he b e nefit of s h e e p  ran ch er s  in the 
area . Report shows a d i s c o uraging n e gat ive r eturn to the 
operator ' s  labor and managemen t . The imp l i cat ion i s  
th at , g i v en the  pri ce s , y i e l d s  an d c o s t s g iven i n  th e 
report , the ran cher woul d b e  b e t t e r  o f f  t o  l eas e h i s  
pas ture , s e l l  h i s  hay and gra in a t  mark et an d us e h i s  
labor a n d  cap i ta l  in  some o th er a l ternat i v e . 
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Rey , Mark E dward . 1 9 7 5 . A cr i t i que o f  t � e  B u re a u o f  Lan d  
Managemen t ' s  manageme nt p r o g ram fo r w i l d  h o r s e s  an d burro s 
i n  the w e s t ern Un i t e d  S t at e s . 

Chap t e r  I I I : I n t e r e s t in g  c r i t i q u e  o f  B LM p ub l i c i n vo l v eme n t 
s tra� eg i e s , ba s e d  o n  re v i ew o f  B LM p lan n in g  do c ume n t s . 

Chapt er V :  Analy z e d  re c r e a t i o n  v i s i to r  a t t i tu d e s  t oward 
wi ld ho r s e s  in Pryo r  Mo un t a i n s  t o  as s e s s  t he v a l ue 6f the 
an imal s .  S urvey was co n du c t e d  b y  a s ho rt q u e s t i onnai re 
admi n i s tered  t hro ugh i n t erviews , wh i ch mea s ured r e s pon d e n t s ' 
demo g rap h i c  charac t e r i s t i c s , re cr eat ion p r e f e r e n c e s , int er 
p ret i ve an d d e v e l o p m e � t  p r e f e r e n c e s , at t i t u d e s , an d va l ue s 
a s s o c i a t e d  w i th w i l d  ho r s e s . S amp l e  s i z e  a p p ro x . - 3 5 0 . 
Ana l y s i s  revea l e d favorab l e  p u b l i c  a t t i t u d e s t oward val ue 
o f  hor s e s  and burro s . 

Chap ter V I : D i s cu s s e d v i s i t o r  u s e  an d p re fe r e n c e s  for 
recreat i o n a l  de v e lo pme n t  o f  t h e  P r y o r  Mo un t a i n comp l e x .  

Rey , Mark Edward . 1 9 7 5 . An e va l uat i o n  o f  t h e  r e c r e a t io n a l  an d 
int erpre t i ve po t en t ia l  o f  t h e  Pryo r Mo un t ai n W i ld Hor s e  
Ran ge . B LM , B i l l i n g s  D i s t r i c t O f f i c e , Mo n t a n a . 

To fac i l i tate  d e v e lo p me n t  o f  an i n t e rp r e t i ve and re creat ion 
p lan , a s e t  o f  que s t ion naire s wa s a dm i n i s t e r e d  i n  Lov e l l , 
Wyoming t o  det e rm in e t o u r i s t mo t i va t i o n  fo r p a s s i n g through 
the ar ea ( N = 8 0 ) . Ano t h e r  s e t  c f  r e c re a t i o n a l  and at t i t ude 
ques t ionn aire s was a dm in i s t re d to r e c r e at i o n  u s ers in the 
Pryo r Mo un t a i n  Comp e x . G e mo gr a p h i c  d a t � , mo t i v a t ional data , 
a n d  p re fere n c e s  for i n t e r p re t at i o n and d e ve l o p m e n t  o f  the 
hor s e  ran ge  were co l l e c t e d in t h e s e  q u e s t i o n n a i r e s  ( N = 3 5 0 ) . 

Manag eme n t  a l t e r n a t i v e s  and t h e i r  c o r r e s p o n d i n g i n t e rp re t i v e 
empha s e s  are eva luat e d . R e l e van t e l eme n t s  o f  v i s i t or mo t i 
vat ion and pre fere nc e  are di s c u s s e d . Re commen dat i on s  are 
made fo r manag emen t o f  ho r s e s and r e c r e a t i on u s e r s , and 
fo r i n t e rp re t at i on o f  the ho r s e  ra n g e . 

Re e d , A .  D . , an d L . A . Hore l . 1 9 7 3 .  An An a l y s i s o f  B e e f  Co s t s  
an d R e t u rn s  i n  Ca l i fo rn i a .  Agr ic u l t ura l E x t e n s ion , 
B e rk e l e y : Un i vers it y o f  Cal i forn i a . 

Comp i l at ion o f  c ow- c a l f s t u d i e s  from t h e  n in e  maj or 
c o un t i e s  i n  the s ta t e an d s tocker s t ud i e s from t h e  f ive 
maj or co un t i e s  i n  the s t at e , al l po in t to the fac t  t hat 
it was d i f f i c u l t to be pro fi t ab le in th e c at t l e in d us t ry 
in t he 1 9 7 0 - 7 3  p e riod . M a j or prob l em s  were h i gh p r ic e  
f o r  range l an d , i n cr eas e s  i n  taxe s , l abor and o t h e r  c o s t s . 
C at t l e  and calve s were the t o p - ra n ki n g  agric ultural 
e n t e r pr i s e s  in C al i zorn i a i n  1 9 7 1 , w i t h s a l e s  o f  o ver 
$ 9 4 0 , 0 0 0 , 0 0 0 , a c c o un t in g for 1 9 %  o f  t he a g r ic ul t ura l i n come 
i n  t h e  s tat e .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W i l d  a n d  F r e e - R o a m i n g  H o r s e s  a n d  B u r r o s :  C u r r e n t  K n o w l e d g e  a n d  R e c o m m e n d e d  R e s e a r c h .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 2
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S t evens , De lwin M .  1 9 7 1 . An E c onom i c  Ana l y s i s  o f  Wyom ing ' s 
She e p I n dus t ry ( 1 9 6 0 , 1 9 6 4 , 1 9 6 8 )  Agr icul t ural E xperimen t  
Stat i on Bul l et in 5 4 6 , Larami e :  Un i v ers i t y  o f  Wyomi n g .  

S t udy ana l y z e s  e conomi c a s p e c t s  o f  ran ge and farm flock 
s he e p  pro du c t i on for Wyomin g , wit h s ep arat e s e c t ions f�r 
three import an t  ran ge areas an d t hre e d i f ferent years . 
Shee p in dus t r y  i s  hav ing d i ffi cul t financ ial pro b l ems ; 
l amb and mutton fa ce s � i f f  comp e t i t ion from red mea� s 
and pou ltry ; woo l  mus t c omp e t e  w i t h  s ynthe t i c  f ibers 
and cotton ; product ion c o s t s  are ri s i n g  an d p r i c e s  for 
sheep and woo l are var i ab l e . D i d  a comprehe n s ive j o b 
o f  surveying  the Wyoming sheep indu s t ry , an d i de nt i fy i n g  
an d analy z in g  t h e  factors imp ort an t  t o  a pro fitab l e  
ent erpr i s e . 

- -

St evens , De lwin M .  1 9 7 5 . Wyomin g Moun ta in V a l l ey Cat t l e  
Ran ch ing i n  1 9 7 3  an d 1 9 7 4  - - An E conom i c  Ana ly s i s . Agr i c ul 
tura l  E xperimen t S t at ion Re s earch Journ a l  9 5 , Laram i e : 
Un iversity  o f  Wyomin g .  

· 

Do e s  a v ery tho ro ugh j ob o f  ana ly z in g  the bu s in e s s e s  of 
cat t l e  ran chers in th e Wyoming Moun ta in Val l ey area . 
Compar es s i z e  o f  b u s i n e s s  and p ro fi tab i l i t y  for 
t hre e d i fferent ran ch s i z e s . G o es  through a goo d enumer
at i on o f  the factors i n f l u en c ing  e arn i ng s  in  the Mo un t a i n  
V a l l ey are a .  C o ve r s  range and meadow imp rov emen t s  that 
typ i ca l  ranchers do , i n c l u d i n g  fe n c ing , brush s pray in g , 
fert i l i zat ion o f  meadows and p as t ur e s  and wat e rh o l e  
deve lopmen t . S t a t e s t h a t  al though about 1 0 %  o f  t h e  forage 
us e d  dur in g  the y ear c ome s from F or e s t  S e rv i c e  land s , 
l it t l e  dev e lo pmen t o f  any kind i s  don e o n  the s e  fe d e ra l  
l an ds . 
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G o v e rn me n t  P lann i ng Do cumen t s  

Bure au o f Lan d Ma nage me n t .  

1 9 7 9  Propo s e d  dom e s t i c L i v e s t o c k  gr a z i n g  ma n ag eme n t  p ro gram for 
t h e Ca l i e n t e  a r e a . DE S 7 9 - 2 8 .  N e v a d a  S t a t e O f f i ce . 

Pp . 2 - 9 6  t o  2 - 9 9  d e s c r i b e s  a t t i t ud e s  o f  c o un t y  re s i d e n t s  
t owa rd t h e i r  v o c a t i o n , l i fe s t y l e , a n d  f e d e ra l  po l i cy for 
p ub l i c l a n d s . B a s e d  on a c o un t y  v a l u e s ur v e y  and i n forma l 
d i s c u s s i o � s  w i th l o ca l  g o v e r nm e n t  o f f i c i a l s , c i t i z e n s , and 
ran c h e r s . 

P p . 1 0 - 9 5  to  1 0 - 1 0 1 . A p p e n d i x  G ,  S o c i a l  E c o n om i c s , S e ct ion 
5 ,  Imp a c t  o n  At t i t u de s , V a l u e s  a � d  L i f e s ty l e s . De s cr i b e s  
un fav ora b l e  f e e l in g s o f  r an c h i n g c o mmun i t y  t owa r d w i l d  
ho r s e s , a s  we l l  a s a t t i t u d e s t oward p a s t  a n d  p re s en t 
f e de ra l l an d po l i c y , l o c a l  c o n t ro l , a n d t h e r an ch i n g  
l i f e s t y l e . S am p l e w a s  p ur po s i v e , n o t  ran dom ; c on s i s t e d  o f  
5 6  ran c h e r s  ( 6 5 % o f  E S  ar e a  r an c h e r s ) ;  me t h o d  u s e d wa s g u i de d 
c o n v e r s a t i o n . 

1 9 7 9  M i s s o u r i  B r e ak s G ra z i n g D E S . Mo n t an a  S t a t e O f f i c e .  

P .  2 - 6 4  ment i on s h o r s e s  a s  an a e s t h e -c i c  r e s o u rc e  wi th l im i t e d  
v i ewi n g q p p o r t un i t i e s . P p . 2 - 8 1  t o  2 - 8 2  de s c r i b e s upport o f  
local  re s id e n t s fo r i m p ro v i n g  w i l d l i f e h a b i t a t , land  and 
wa t e r  u s e  p l an n in g , a n d  e f f e c t i v e  p r e s a t o r  c o n t ro l , a s  lon g 
a s  l i ve s to c k  g r a z i n g  i s  no t p r o h i b i t e d . B a s e d  o n  a 
Mon t an a  S t a t e  Un i v e r s i t y  1 9 7 7  a t t i t u d i n a l  s urv e y and o n  
p ub l i c  p a rt i c i p a t i o n re s po n s e s . 

1 9 7 9  G ran d J un c t io n R e s o u r c e  Ar e a  G r a z i n g  : � a n a g em e n t DE S . C o lorado 
S t a t e O f f i ce . 

P p . 2 - 7 3  t o  2 - 7 4  q ua l i t a t i v e l y  d i s c u s s e s  s o c i a l  a n d  cul t ural 
at t i t ud e s  o f  r e g i o n  r e s i d e n t s  t ot.Ja rd ran c h in g , t h e i r  commun ity 
an d  B LM ' s  mu l t i p l e u s e  p h i l o s o p h y . I � fo rm at i on gat hered from 
pub l i c  pa rt i c i pa t i o n an a l y s i s c o n t arr.ed i �  BU1 planning do c ume n t s . 

1 9 7 8  Propo s e d  dom e s t i c  l i v e s t o c k  gr a z i n g  man a g eme n t program for 
t h e  S e ven Lak es Are a , F E S . R a w l i n s , W y o m i n g D i s t r ict  O ff i c e . 

Pp . 2 - 6 8 & � d 3 - 4 1 br i e f l y  de s c r i b e  favora b l e s o c io cu l t ura l 
a t t i t ude s o f  ra n ch e rs a n d  m i n era l i n du s try p er s onne l toward 
t he ir vo ca t ion s , t oward s c o n t i nu e d mu lt ip l e u s e  of publ i c  
lands , and i n cr e a s i n g  go v e rn m e n t  re g u l a t i o n . Ment ion s 
s t ron g s upport o f  c e r t a i n  p o p u l at i o n s e g me n t s  for pro t e c t i on 
o f  w i l d l i fe a n d  o p en s p a c e . I n format i o n  g at h e r e d from 
publ i c  part i c i pa t i o n  me e t i � g s . 
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1 9 7 8  Propo s e d  l i ve s t o c k  graz i n g  man agement for t he Tule dad -Home 
Camp P l an n i n g  Un it . FES . Was h ington , D . C .  

Pp . 2 - 1 0 2  t o  2 - 1 0 3  de s cribe s oc i o c u l t ural att itude s o f  
loca l in t ere s t  group s toward s wi l d  hor s e s , s t re s s ing contro l  
o f  populat ion ,  towards contro l me thod s , a s  we l l  a s  s e ve ral 
o ther wi l d  hor s e  i s s u e s . At t i t ude s toward ran ch i n g  and 
re creat ion are a l s o  de s cr i be d . Ba s e d  on  academi c and B LM 
dat a an d  in forma l t e l ephone and p ers on interv i ews . Tab l e  9 - 1  
o n  pp . 9 - 3  t o  9 - 5 s ummari z e s  c omme n t s  re c e i ve d  o n  s everal 
re sourc e s  uses on  the DE S , i n c ludin g wi l d  hors e s . 

1 9 7 8  Rev i s ed ran ge management pro gram for t he Cha l l i s  P l an n i n g  
Un it . F inal S up p l emen t a l  E S . I d aho S t at e  O f f i ce J  

Pp . 2 - 5 9  an d  3 - 5 2  de scri be un favo rab l e  at t it ude s o f  l o c a l  
res i de n t s  toward wi l d  hor s e s  a nd g ive s 9 re ason s , ba s e d  
o n  1 2  int erviews . In format i on a l s o  in c l uded on  att i tude s 
toward fe dera l mana gemen t an d l o c a l  contro l ; r e creat i on 
deve lopment , subd i v i s ion , and w i l derne s s ; l i v e s t o ck operato r /  
commun i ty re l at ion ship s ; and mo t i vat ion  for ran ch in g . 

P .  A- 1 9 1  d e s c r i b e s  me thodo logy o f  s ur vey an d pre s e n t s  s t at e 
ment s  o n  wi l d  hor s e s  with n umber o f  res ponden t s  making them .  
S amp l e  wa s p urpo s ive , n o t  ran dom ; method us e d  was g u i ded 
convers ation s .  

1 9 7 6  S e con d Report to Con gre s s , Admin i s trat ion o f  Wi l d , Free 
Ro am i ng Hors e an d Burro Act o f  1 9 7 1 . Was h i n gt on , D . C .  

P .  7 s ummari z e s  r e c e nt pub l i c  s en t imen t , s t at i n g  he avy s upport 
for pro t e ct i on i s t  po s i t ion , but conc l udin g that t her e i s  
s ome s upport for main t a i n i n g  ho rs e s  and burro s i n  b a l an c e  
with other s p e c i e s  an d w i th hab i t at . 

1 9 7 5  Live s t o ck gra z in g  manageme n t  on  nat ional r e s o urc e lands . 
FES 7 5 - 9 . Programmat i c  S t at ement . Wa sh i n gton , D . C .  

Appe n d i x  I I -G pre s e n t s  a 2. pag e di s c u s s i on o f  t h e  s o c i a l  
a s p e c t s  o f  gra z ing management o n  nat ional  re s ourc e lands , 
bas e d  on  the d i s tribut ion o f  indiv i dua l permit e e s  by s i ze 
o f  p ermit . 

Nat ional Park S e rvi c e . - -

1 9 7 9  Propo s e d  fera l burro man ag ement an d e c o sy s t em r e s torat ion 
p lan and dra ft e n v i ronm en t a l  s tat ement , Grand Can yon Nat iona l 
Park , Ari zona . DES  7 9 - 4 . 

App endix H g i ve s a s ummary an aly s i s  o f  pub l i c  comment s on 
the  ori g inal  1 9 7 6  Feral  B urro Managemen t P l an and Environmen tal  
As s e s sment whi ch propo s e d  direct  reduct ion ( s hoo t ing ) and 
e xc lus ion fen c i n g  o f  burro s . 
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E n v ironment a l  impa ct s s e c t ion de s c r ibe s q ua l i t at ive l y  the 
impa c t s  of d i r e c t  r e d uct ion an d h e r d in g / fen c in g on p e o p l e  
concern e d  ab out b urro s . ( S e c t ion H - Inpact on S o c ioe conomi c 
Environmen t ) . 

1 9 7 7  Gran d Canyon Nat i on al P a rk '' Burro ' '  Le t t e r  S yn th e s i s , Pha s e s  
I - V , June 1 9 7 6 - -May 1 9 7 7 . Unpub l i s h e d  man u s c r ipt . 

Ana ly s is o f  l et t e� and p e t it i on s r e s p on d i n g  t o  th e 1 9 7 6  
F era l Burro Hana geme n t  P l an a n d  E n v i ronmen t a l  A s s e s sment . 
Re s po n s e s  are broken down by p o s i t i o n , re a s o n  for po s i t ion , 
g e o grap h i c  are a  o f  r e s po n s e , a n d  n umb e r  o f  n ame s fo r e ach 
bas i c  reason . Mo s t  oppo s e d t o  s h o o t i n g . Ap p rox . 1 6 , 0 0 0  
re s p on s e s  were re c e i ve d . 

1 9 7 7  Ban de l ie r  Nat ion a l  Mon umen t .  Re v i ew o f  A l t ernat i ve s . March . 

8 6  par t i c i pant s at a 1 9 7 6  work s ho p o n  t he F eral B urro 
Manag eme n t  Env ironme n t a l  As s e s s men t w e r e  p o l l e d  by que s t ionn a i re 
on a v ar i e t y  o f  burro m an a g emen t a l t e rn at i ve s .  The R e v i ew 
de s cr i b e s  the  al t ern a t i ve s , an d a n a ly z e s  p e rc e n t ag e  of 
res ponden t s  favo r ing each . S am p l e  wa s n o n - r an d om a n d  s amp l e  
s i z e i s  un c l ear , s in ce s ome ma i l  re s p o n s e s w e r e  re c e ived 
and t o t a l  s amp l e  s i z e i s  no t g i ve n  i n  t h e  p a p e r . Que s t i onn a ir e s  
are ava i lab l e  for e x am i n a t ion a t  B an de l i er .  

O t h er G o vernment Do cum en t s  

U . S .  C on gre s s . H o us e . Comm i t t e e  o n  I n t er i o r  a n d  I n s u l ar Affairs . 
1 9 7 6 .  H . R . 2 9 3 5 , H . R . 4 5 7 7 , a n d  H . R .  6 7 6 3  t o  Amen d the 
F e d e ra l  L a w  Re l a t i n g t o  t h e  P ro t e c t i o n , M a n a g e m en t , an d 
Contro l o f  W i l d  F re e - Roam i n g  H o r s e s  an d B urro s o n  P ub l i c  
L a nd s . S e r i a l  No . 9 4 - 3 7 . 

Pos i t io n s  for and again s t  a i r c r a f t  u s e  an d mot o r i z e d vehi c l e 
us e in roun dup s for man a gement p u rp o s e s ; a b i l i t y o f  S e cretary 
to t ran s fer t i t l e of ado p t e d  h o r s e s  an d b urro s t o  the  adopters . 
P o s i t ion s bas e d  on human e c o n c e rn s , r i g ht o f  s t ockmen t o 
u s e  pub l i c gra z in g  l an d s , n e e d  for man a g e me n t to c o ns e rv e  
pub l i c  ran ge lan d s  a nd i n d i g e no u s  wi ld l i fe populat i on s . 

U . S .  Congre s s . S e n a t e . Commi t t e e  on I n t erior and I n s ular Affai r s . 
1 9 7 1 . s .  8 6 2 , S 1 1 1 6 , S 1 0 9 0 , and S .  1 1 1 9 � o  Autho r i z e  the 
S e cre t ary o f  t h e  I n t er io r  and the S e cre t ary o f  Agri cul ture to  
Pro t e ct , Mana ; � 3 n d  Control  Fre e - Ro aming H o r s e s  and B urro s on  
P ub l ic Land s . 

Both th e above h eari n g s  e xpre s s e d  a n umber o f  con c e rn s : n e e d  
f o r  man ag ement ; comp e t i t ion w i th o th e r  s pe c i es ; n e e d  for 
human e  pro t e ct ion , prevent ion of e xt in c t i on ; ae s t het i c , 
re creat iona l ,  an d h i s t or i c  herit age  va l u e s . 

U . S .  Con gre s s . Hou s e . C ommi t t e e  on I n t e r ior a n d  I n s u lar Affa ir s . 
1 9 7 1 . H . R . 7 9 5  an d H . R . 5 3 7 5 , L e g i s l a t i o n  t o  Aut ho r i z e  the 
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Pro t e ct i on , Management ,  and Contro l  o f  Fre e - Roaming Ho rs e s  
and Burro s o n  Pub l i c  Lands . Serial  No . 9 2 - 5 . 

U . S .  Con gre s s . S enate . Commi tt ee o n  En ergy and Natural Re s o urce s .  
1 9 7 8 . Pub l i c  Ran g e l an d s  I mpro veme n t  Act o f  1 9 7 8 . Pub l i c at ion 
No . 9 5 - 1 7 0 .  

Te s t imony on amend i n g  P L  9 2 - 1 9 5 to  a l l ow remo va l  o f  e xc e s s  
ho rse s and burro on S e cre tarial det ermi nat i on ( to ado p t ion 
or humane di s po s a l ) and t o  a l low adopter s t o  rece ive t i t l e  
aft e r  one y ear . U s ua l  i n t er e s t  group p o s i t ion s expre s s e d  
a s  in H . R .  2 9 3 5 e t  a l . abo ve . 

U . S .  Congr e s s . Senate . Commi t t e e  on En erg y and Nat ura l Re s o urce s .  
1 9 7 7 .  Overs ight of  t h e  W i ld Fre e - Roamin g Hor s e s  and B urro s 
Act o f  1 9 7 1 . Pub l icat ion No . 9 5 - 6 0 . 

Concern ed main ly w ith b i o l o g i c a l  and man ag ement ques t ion s 
in admi n i s trat ion o f  t he Act . U s ual po s i t ion s taken by 
var ious int ere s t  group s as in  H . R .  2 9 3 5  e t  al . above . 

U . S .  Congre s s . S e n at e . Commit tee  on I n t erior an d I n s u l ar Affa ir s . 
1 9 7 4 . The Admi n i s trat ion o f  Pub l i c  Law 9 2 - 1 9 5  - - The W i l d  
an d Fre e - Ro ami n g  Hor s e  a n d  Burro A c t  o f  1 9 7 1 . 

Ove r s ight hearing promp t e d  by the Howe Ma s s acre . Expre s s e s  
humane values . 

U . S .  Departments  o f  Agr i c ul ture and I n terior . 1 9 7 7 . S t udy o f  
F e e s  for Gra z in g  Live s t ock on F�dera l Land s . U . S .  Government 
Pr int i ng O f f i ce , Wa s hington , D . C .  

Th i s  j o in t  s t udy by the De part men t s  o f  Agr icul ture and 
Interior de s cr i b e s  t he h i s t ory o f  gra z i n g  fe e s  and cove rs 
th e i s s ue s  related to t h e  c urren t  s y s tem of fe e s . The 
report then put forth propo s a l s  from s e veral d i fferent 
agenc i e s , d i s c u s s e d  the s e  alt ernat ive s , and c on c l ude d that 
the 1 9 6 9  fee s y s t em , with mo d i f i cat ion s ,  wou l d  be put into 
effect as  o f  the 1 9 7 8  graz ing s e as o n . 

U . S . De partm en t  o f  Commerce . 1 9 7 0 . The forag e re s ource . Pub l i c  
Lan d Law Rev i ew Commi s s i on . U . S .  G overnmen t Print ing  O ff ic e ,  
Wash ington , D . c .  

The report as s e s s e s  th e magn i tu de and importan c e  of  the 
fo rage res ourc e on  pub l ic lan d s  a nd the l i v e s t oc k  industry 
dependent on it . It  e xamin e s  t he impo rtanc e of the 
forage re source to l o ca l  e conomi e s  b y  drawi n g  on  exi s t ing  
s t ud i e s  an d through a detai l e d an aly s i s  of  e i ght count i e s  
that were s e l e c t e d  b e caus e  they have s i g ni f i c an t  areas o f  
pub l i c  forage lands . The nature o f  con f l i c t s  between range 
uses  an d o ther r e s o urce va l u e s  and  u s e s  are  a l s o e xamined in  
the s t udy . 
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U . S .  Department of Commerc e . 1 9 7 0 . Imp ac t  o f  p ub l i c  l and s on 
s e l ect ed  reg ion a l  e conom i e s . Pub l i c Land Law R e v i ew C o�� i s s i on . 
C l earingho u s e  for F e d e r al S c ient i f i c  a n d  Te chn ic a l  In format ion , 
Was h i n g ton , D . C .  

Th i s  s t udy c ompare d t h e  r e l at i ve e conomi c imp o rtanc e o f  maj or 
c ommo d i t i e s  produ c e d  on p ub l i c  l an d s  ( t imb e r , fo rage , e n ergy 
fue l s , min eral s , o ut do o r  re creat ion a n d  i n t en s i v e  agr i cu lt ure ) 
for Wa s h i n gton S t at e , a port ion o f  the C o l o rado River Bas in , 
an d U . S .  a s  a who l e . T h e  s t udy t hen e va l u at e d  t h e  e f fect 
of  th e s e  p u b li c land  �utp u t s  on o the r s e ct o r s  o f  the 
r eg i on a l  e conom i e s , a n d  by I - 0  ana l y s i s  e s t imat e d  the impac t s  
o f  chan g e  i n  th e l e v e l o f  the s e  o u t p ut s o n  the reg ional 
e conomi e s . Bas e d  on  the abov e , and o n  o t h er r e � evant 
in format ion , th e s t udy e v a l u a t e d  the ro l e  o f  publ i c  lands i n  
bot h  l o c a l  an d r e g ion a l  e co nom i e s . 

U . S .  De p artmen t o f  Commer c e . 1 9 7 0 . On e t h i rd o f  t h e  n a t io n ' s  
l an d , a report t o  t h e  Pre s i de n t and  t o  t h e  Con gr e s s  b y  the 
Pub l i c  Lan d Law Re vi ew Commi s s i on , U . S . G o v e rnmen t Pr in t ing 
O f fi ce , Wa shington , D . C .  

Thi s s t udy wa s manda t e d  by Con gre s s  when i t  cr e a t e d  the 
Pub l ic Lan d Law R e v i ew Commi s s i on . Th e S t u dy e xp lore s a l l  
s a l i en t  ar e a s  o f  pub l i c  land l aw an d  ma k e s  re commendat i on s  
me an t  to h e l p  t h e  federal  agenc i e s  manage th o s e  lan d s  t hat 
are un der the ir  j ur i s d i ct ion . S e ct io n s  of in t ere s t are 
the p lann i n g  o f  fut ure lan d u s e ; r an g e  re s o ur c e s ,  and outdoor 
re cre a t i on . 

U . S .  Dep ar tment o f  Co�merc e . 1 9 7 0 . U s e r  f e e s  a n d  charg e s  for 
p ub l ic l ands , an d re s ourc e s . Pub l i c  Land Law Re v i ew C omm i s s ion . 
Nat ion a l  T e ch n i c a l  I n format ion S e rv i c e , W a s h i n g t on , D . C .  

Obj ect ive  o f  t h e  s tudy : d e v e lop an d org an i z e  for the Pub l i c 
Lan d  Law Re v i ew Commi s s ion in fo rmat i on show i n g  the  mann er 
in w h i c h  various u s e r  fe e s  an d charg e s  for p ub l i c lands 
and re s ource s ar e de ve lop e d , t h e  e f f e c t  of the  mann er i n  
whi ch they are d e t ermi ne d , th e  l e v e l o f  reven u e s  d e r i ve d  from 
the fe e s  an d charg e s ,  and th e probab l e  e ffe ct of po s s i b l e  
alt ernat i ve s  to t h e  ex i s t in g l eg a l  s truct ure g u id ing the 
l e vy in g  o f  fee s and charge s .  Re port c o v e r s  fe e s  and charg e s  
for t imber , graz i n g  an d out door r e c r e at ional u s e . Con t a in s  
good s t at i s t i ca l  s e ct ion . 

U . S .  G e n era l Accoun t i n g  O f f i c e . 1 9 7 7 . P ub l i c  ra nge lan d s  c o n t i n u e  
to de t e r iorat e .  S p e c i a l  Repo rt on De partm en t o f  I n t e r ior ' s  
Manag ement o f  Publ i c  Range lan d , Wa s h i n gton , D . C . 

R e port i de nt i fi e s  manag ement act i o n s  n e e de d  to  m1n 1mi z e  
dama g e  to t h e  U . S .  range land s . Det e r io ra t i on c an be  
attribute d to poo r l y  �anaged gra z i ng by l iv e s t o c k . I f  B LM 
i s  to  comply w i th the in t en t  o f  the Taylor Gra z in g  Act , it 
mus t  inten s i fy its manageme n t  of the  pub l i c l an d s . To 
minimi z e  f urthe r damag e , i t  i s  re commen d e d  that : B LM 
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man ager s fo l low h eadquart ers i n s truc t i on s  on updat ing manag e 
ment p l an s  an d take meas ure s to  s top d e s t ruc t i v e  con t inuo u s  
graz i n g . On lands  where imp l ementat ion of  managemen t  p lan s 
i s  pendin g ; an as s e s smen t n e e d s  t o be  mad e  o f  B LM ac t ions  
to improve range lan d condi t ion s ; and B LM fielG manag er s  
w i l l  be  requ ired t o  s e e k  a s s i s tanc e from l i ve s to ck operat or s 
i n  provi ding e s s en t i a l  range impro veme n t  fac i l i t i e s . 

P opu lar Journ a l s  

Amaral , An thony .  1 9 7 1  The w i ld hors e - worth s av in g ?  Nat ional 
Parks an d Con s . ,  March : 2 1 - 2 4 . 

Art i c l e  d i s c u s s in g  primari l y  a mas s iv e  ro un dup o f  7 0 , 0 0 0  
Nevada wi l d  hors e s  in 1 9 5 0 .  E xp re s s e s  n ee d  for managemen t .  

1 9 7 1 .  Threat t o  the fre e  s p ir i t : t he que s t i on 
of the mu s tang ' s  fut ure . The Amer i can We s t , S e p t ember : 1 3 - 1 7 , 
6 2 - 6 3 . 

P o s i ti o n s  o f  w i ld l i fe managers , stockmen , B LM and the 
Int ernat iona l S o c i e ty for the Pro t e ct ion of Mus t an g s  and 
Burro s j us �  prior to 1 9 7 1  pas s age o f  P L 9 2 - 1 9 5 . 

Anonymous . 1 9 6 8 . The las t roun dup ? Newswe e k . 1 2  May : 9 5 - 9 6 . 

Local c i t i zens ' v i ews ab out the Pryor Mo un t a in Range at the  
t ime the  wild  hors e r e fug e was be i n g  e s tab l i she d there . 

Anonymo us . 1 9 7 4 . W i l d  hors e r i ghts : return o f  the mus tangs . 
Co lorado B u s i n e s s . 1 ( 4 ) : 2 3 - 2 4 . 

D i s c u s s e s  P L  9 2 - 1 9 5 . Ranche� are d i s tr e s s ed b e ca u s e  in some 
cas e s  they mu s t  now s hare l ea s e d  federal land w i th  w i l d  
hor s e s  and they a r e  forb idden t o  roun d u p  w i ld hor s e s  to  
s e l l  t o  rende r in g  p lant s . 

Atw i l l , Lione l A .  1 9 7 9 . Up to our ears  in a s s e s . Ba ckpac ker . 
7 ( 2 ) 0 

Exce l lent s ummary o f  the burro pro b l em on Nat ion a l  P ark 
S ervi ce lan ds . Qualitat iv e ly cover s h i s t ory of t he prob l em , 
v i ew s  o f  princ ipal intere s t  group s ,  b i o l go ical  in format ion , 
P L 9 2 - 1 9 5 , and manageme n t  alternat iv es . 

Bran don , W i l l i am . 1 9 7 2 . W i l d  hors e s  o f  t he we s t . S i erra C l ub 
Bul l . S e pt emb e r : 4 - 1 0 , 3 7 . 

D i s c us s ion  of why P L 9 2 - 1 9 5  wa s p as s e d  ov erwh e lmingly  and why 
w i l d  hors e s  ha ve c la imed so much at t en t ion and pub l i c i ty .  
H i s tory o f  ho rs e . De fen s e  o f  wi ld hors e s  a s  s ymb o l s  o f  
fre e dom an d wi l dn e s s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W i l d  a n d  F r e e - R o a m i n g  H o r s e s  a n d  B u r r o s :  C u r r e n t  K n o w l e d g e  a n d  R e c o m m e n d e d  R e s e a r c h .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 2
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A p l e a  for t he w i l d h o r s e . 
8 ( 1 1 ) : 9 2 - 9 3 .  

S t r on g l y p ro t e c t i o n i s t  a r t i c l e  d e s c r i b i n g  s l a u g h t er a n d · 
h unting o f  w i l d  h o r s e s . Ne e d  f o r l e g i s l a t i o n  i s  o ut l i n e d . 

DeWa l d , B u d . 
M a g a z i n e . 

1 9 5 6 . A h e -m an ' s  s p o r t . Ar i z o n a  Da y s  an d Ways 
8 Apr i l : 6 - 9 . 

Ar t i c l e  promo t i n g  b u rr o ro un d u p  a s  a p o p u l a t i o n  c o n t ro l  
m e a s u r e , a s  we l l  a s  a t o ur i s t  a t t r 6 c t i o n . R e f l e c t s  
domi n i o n i s t i c  a t t i t u d e . 

Do d g e , N a t t  N .  1 5 5 1 .  Runn i n g  w i l d . t! a t i o n a l  ? a rk s ,
_ 

2 5 : 1 0 4 : 1 0 - 1 5 . 

An e c do t a l  a c c o un t  o f  p r o b l em s o f  fu ra l  s p e c i e s  i n  s ou thwe s t e rn 
n a t i o n a l p a r k s  an d mon um en t s , b y  a n  N P S  c h i e f n a t u ra l i s t . 
S h o r t  a c c o un t o f  s e n t ime n t a l  p u b l i c o b j e c t i o n  t o ea r l y  
b urro c o n t ro l p ro g ram . S e n t im en t  a t t r i b ut e d  t o  h uman i s t i c  
a n d  u t i l i t ar i an a t t i t u d e s . 

Downe r ,  Cr a i g  C .  1 9 7 7 . M a n ' s a t t i t ud e s  t o w a rd t h e w i l d  hor s e . 
I n  W i ld H o r s e s : L i v i n g  S ym b o l s  o f  F r e e dom . W e s t e rn Pr i n t i n g  
a n d  P u b l i s h i n g C o . , S p a r k s , N e va d a . 

1 1 - p ag e q u a l i t a t i v e  d e s cr i pt i o n  o f  a t t i t ud e s o f  Ame r i c an 
I n d i a n s ,  S p a n i s h  c o l o n i a l i s t s , e a r l y h o m e s t e a d e r s , p r e s e n t  
s t o c km e n  mu s t an g e r s , h un t e r s  a n d g a m e  ma na g e r s , an d w i l d  
ho r s e  e n t h u s i a s t s . B i a s e d  s t r o n g l y  p ro - h o r s e . 

H a:-:1 i l  t o n , Samantha . 1 9  7 8 .  M y th s , m a g i c  a n d  t ile h o rs e . E qu u s . 
1 3 , N o v emb e r : 3 1 . 

L i g h t  t r ea t me n t  o f  man ' s my t h i c a l an d s ymbo l i c  r e l a t i o n s h i p 
t o  hor s e s ,  i l l u s t r at e d  m a i n l y  f r o m  G r e e k myt h . 

H o p s o n , J a n e t . 1 9 7 7 . A mo de s t  p r o p o s a l  f o r  t h e  d e s e r t  a s s . 
O ut s i de , S e p t e mb e r . 

S hort a n d  s u p e r f i c i a l t r e a t e m e n t  o f  b u r r o  h i s t o ry and 
man ag e me n t  p ro b l em s , i n c l u d in g v i ew s  o f  N P S  m an a g e r s  and 
b urro prot e ct io n i s t s . S l i gh t l y  a n t i - b ur r o . 

Le adab r and , R .  1 9 5 6 . L o n g - e ar e d  p rob l em c h i l d o f  t h e  de s er t . 
De s e rt Mag a z i n e , J un e : 1 0 - 1 2 . 

O ut l in e s  and d i s c u s s e s  o p p o s i n g  p r o t e c t i on i s t  an d man ag e me n t  
vi ews . Manag eme n t  v i ew i s  t hat h e l d  b y  t ho s e  o p po s in g 
b urro s o n  g ro un d s  o f  b e in g  a f e ra l  s p e c ie s a n d  o f  
compe t it i on w i t h  n a t i v e w i l d l i fe . O ut l i n e s  l e g i s l a t i on 
� ro t e ci n g t h e  b u rr o  i n  C a l i f o rn i a . 
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Libman , J oan . 1 9 7 5 . A bat t l e  in Ne vada may d e c i de the fat e o f  
the w i l d  hor s e . Wa l l  S t r e e t  Jour . , 4 Aug : 1 , 7 .  

Conte n tion be twe e n  B LM an d Ne vada over the Adopt - a -Hor s e  
Program . H i gh l i ght s various s t and s o f  environmen t a l  
group s , ran chers , an d w i ld hor s e  s oc i e t i e s . 

Mo s t , Chuck , 1 9 6 9 . W i l d  hor s e s o f  the Pryor s . De fenders o f  
Wi l dl i fe News , 4 5 ( 1 ) : 6 9 - 7 2 . 

De s cr i b e s  e s tabl i s hm en t  o f  Pryor Mo un t a in W i l d  Hor s e  Ran g e  
inc l uding p ub l i c  outcr y  at B LM manag emen t  p la n  for the are a , 
pub l i c  me e t ings t o  de t ermine s e nt ime n t  on a l t e rna t i v e  
propo s a l s  f o r  t h e  �or ar ea , and e s tab l i s hment and work 
of advi sory board in makin g re commendations  fo r -fut ur e 
mana g emen t .  

O ak l e y , Charl e s . 1 9 7 6 . Wyoming ' s fre e - roaming hor s e s . Wyoming 
Wi l dl i fe , 4 0  ( 9 ) : 2 8 - 3 1 .  

E spous e s  need for meas ure s t o  contro l and c on s erve hor s e  
populat i on s , n a t iv e wi ld l i fe , an d rang e lan d s , de s p i te 
un de rs tanding of s ent imen t al va l ue of hor s e s to p ub l i c . 

Re i s s , Bob . 1 9 7 9  . .  Wi ld hor s e s :  o ur r unaway h e r i t a g e . Equus , 
2 0 ,  Jun e . 

E xc e l l en t  an d comprehen s i ve ar t ic l e out l ining controver s y  
over wi l d  hor s e managemen t , g iv i n g  v i ews and management 
a lterna t i ve s  of variou s int ere s t  gro up s , s c i en t i s t s , 
and BLM . Prob l ems wi th en forc ement o f  l e g i s l a t i on and 
ado p t i on program . 

Pontre l l i , M i chae l J .  1 9 6 9 . Prot e c t ion for w i ld mus tang s . 
De fender s o f  W i l d l i fe News . 4 4 ( 4 ) : 4 4 4 - 4 4 6 . 

De s cr ib e s  propo s e d  Senate b i l l  2 1 6 6  fo r mu s tan g p rot e c t i on , 
de s cr ib e s po s it ion s o f  Nat ional Mus t an g  As s oc iat i on , Span i sh 
Mus tang Reg i s try , Inte rnat iona l S o c i et y  for t he Pro t e ct ion 
of Mu s t an g s  and Burro s , de s cr i b e s author ' s  sugge s t ed prov i s ion s 
for the  b i l l . 

Reg en s t e in , Lewi s .  1 9 7 8 . Ame r i ca ' s wi ld  hor s e s : prot e ct e d  by 
l aws uit but s t i l l  t hreaten e d . In The Po l i t i c s  o f  Ext in ct ion . 
Macmi l l an P ub li shing Co . , New York .  

Hi s to ry o f  the  fight t o  s av e  t he wi ld hors e s , from a 
human e / pro t e ct ion i s t  v i ewpoin t . Pre s e n t s  v i ews  o f  s everal 
int ere s t  group s . F e e l s  more e f fect ive prot e c t ion i s  n eeded 
to save w i l d  hor s es . 
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Ryden , Hope . 1 9 7 1 . Goodbye to  t he wi l d  hor s e ? Re ader ' s  D i g e s t . 
May : 2 2 7 - 2 3 2 . 

Con de n s ation o f 1 9 7 0  ve rs ion o f  Ryde n ' s  book Ame rica ' s  
La s t  W i ld Horse s .  E xpre s s e s  s tron g  prote ct ion i s t  s ent iment . 

1 9 7 1 .  On the trac k o f  the we s t ' s  w i ld hor s e s . 
Nat �onal G eographi c  1 3 9  ( 1 ) : 9 4 - 1 0 9 .  

De s cribes t h e  area i n  whi ch wi ld hor s e s l iv e  and her own 
exper i en c s  w i th them . Larg e l y  n atural h i s tory , wi th 
pro t e c t i on i s t  s en t iment e xpres s e d . I l l u s t ra t e d  w i t h  
many p hotographs . 

Spen c er , D i c k . 1 9 5 9 . P l i ght o f  t he mu s t an g . Sport s Afi e l d . 
Decembe r :  2 8 - 2 9 , 9 1 . 

Ear l y  expr e s s i on o f  pro t e c t i on i s t  s en t im en t . De s c r i b e s  
s ituation o f  hors e s , re commends e s t ab l i s hment o f  re fug e s  
and co ntro l o f  populat i on s  a s  n e c e s sary . 

Taylor , Ron a l d  B .  1 9 7 7 . The burro or t he b i g horn ? Nat ion a l  
P arks a n d  Con s erva t i on Maga z in e , 5 1  ( 9 ) : 1 0 - 1 4 . 

Nonna t i ve fera l b ur ro mus t  b e  e l iminat e d  from De at h  V a l l ey 
Nat ion al Monument i f  nati ve de s e rt b i ghorn sheep i s  to  
s urv iv e in o ne o f  i t s  la s t  range s . S t ro ng ly ant i -burro .  

Thoma s , Heathe r . 1 9 7 7 . A c att l e  rancher v i ews t h e  w i l d  hors e s . 
Amer ican Hors eman , No mon t h : Pp 2 7 , 5 2 - 5 7 , 6 1 .  

Cr i t i que of po s it ion o f  t he American Hor s e  Pro t e c t ion 
A s soci at ion ' s  p o s it ion towar d s  BLM and s t o c kme n . Qualitat iv e 
defen s e  on b i olog i c a l  and s oc ia l  groun d s  o f  hor s e  manag ement 
and ran chers ' us e of pub l i c  l a�ds for gra z in g , a s  part o f  
us e  and pre s ervati on o f  pub l i c  r an g e l an ds . 

Thomson , Dav i d . 1 9 7 2 . On e f inal  f ighr for Am er i ca ' s  w i l d  hors e s . 
True , The Man ' s  Maga z in e , February : 2 7 - 2 9 , 3 3 - , 8 2 - 8 5 .  

De s cr i b e s  b o th p o s it i ve and n egat i v e  a t t itude s o f  we s t ern 
s t ockmen toward s w i l d  hors e s , bas e d  on in terv i ews with 
two ranche rs . Emph a� i z e s  s ymb o l i c  value o f hors e 
repr e s enting America ' s  we s t ern her i t ag e  a s  mo ving force  
behind P L 0 2 - 1 9 5 .  

True b lood , Ted . 1 9 7 5 . D i s a s t er on the we�t e rn range . F i eld  
an d S tre am , 7 9 ( 9 ) :  1 1 ! , 2 2 - 2 3 . 

E xp re s s e s  fe e l ing o f  aut hor for more management and contr o l  
o f  w i l d  hors e s  and burro s b e c au s e  o f  e ffe c t s  o n  native 
wi ldl i f e , range c arryin g c apac i t y , and  other reas on s . 
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We ight , Har o l d  and Luc i l l e  We i ght . 1 9 5 1 .  De ath or r e fug e  for 
o ur de s ert b urro s . Cal ic o  Pr in t 7 :  2 .  

b urro . C a l �co Pr 1 n t  9 :  2 - 4 . 

1 9 5 3 .  A word for brot her 

Two early art i c l e s  advo cat ing extreme pro t e ct ion i st p o s it ion 
ba s e d  on  human i s t i c  s en t imen t . 

W i l l son , Ro s c o e  G .  1 9 5 7 .  W i l l  i t  b e  l i f e or death for Ar i zona 
n i ght ingl e s . Ar i zona Day s and Way s Maga z ine , Marc h : 3 8 - 3 9 . 

Promp t e d  by a b i l l  i nt roduce d i n t o  the Ar i z ona S t at e  s en ate  
t o  prot e c t  burro s . The author favor s  pro t e ct ion , d i sputing  
b i o log i s t s ' c laims of  comp e t i t i on �� ith b i ghorn sh ee p . 

Wood , Haro l d  Wi l l i�� .  1 9 7 4 . De ath V al l e y : de s e rt w i l derne s s  
i n  dang er . Nat ional P arks  an d Con s e rvat ion Mag a z ine , 4 8 ( 2 ) : 4 - 9 . 

Ant i- b urro s e n t im en t  e xpr e s s e d  b a s e d  on de s truct ion o f  
natura l  e co s y s t em and comp e t i t ion w i th b ig horn s h e e p . 

Wo od , Nan cy . 1 9 6 9 . Th e w i l d  hors e s  - - heritage or p e s t ?  
Audubon , Novemb e r : 4 6 - 5 1 .  

Gen er�l d i s c u s s ion o f  prob l em . I n c lu de s  early h i s t ory o f  
round up s ; re fuge s ;  and att itude s o f  cat t l emen , B LM o f fi c i al s , 
o ldtimer s , prot ect ion i s t s , wee kend c owboy s . 

I n t er e s t  Croup Po l l  

W i l d  Hor s e  Org an i z ed As s i s t an c e  Inc . 
memb ers on pr iorit i e s  o f  concern . 

1 9 7 9 . I n forma l pol l o f  
Un p ub l i she d s urv ey . 

Po l l  done thro ugh WH OA news l e t t e r . 4 3 % r e s po n s e  ( N � 6 5 9 6 ) 
Pri or i t i e s  in  d e s c e n d in g  order : prot e c t ion , improveme n t  
o f  adopt i on progr�� ,  h�bi tat  z t ud i e s , gr eat e r  p l ac e for 
hors e s , e ducat ing for w i l d l i fe . 

Corre spon den c e  an d C l ipp ing F i l e s  

B LM D i v i s i on o f  Wi l d  Hors e s  and B urro s , Wa s h in gton , D . C .  - -

1 .  Corre s pon de nce  

a . P r i vate i nd i v i dua l s 
Dat e s : 1 9 6 7  - 6 8  ( ? )  - pr e s ent 
S ub j ec t : Ho r s e  an d b urro prob l em s  on privat e lands on ly ; 

gen era l corr�en t and que s t i on l e t t e r s  are not kept 
after be ing an swere d .  

Locat ion : 1 9 7 5 - 7 6 - pr c s ent - B LM 
Pre - 1 9 7 5  - F e deral C e n t e r  s t orag e 

Number : Unknown 
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b .  C o n g r e s s i o n a l  
D a t e s :  1 9 6 7 - 6 3  ( ? )  - p � e s c n t  
S u b j e c � : L c t t c � s  f rom C o � g� c s s� e �  a n d  l e t � e r s  p a s s e d  o n  

fro� c o � s t i t u s n t s  o n  a l l a s p e c t s  o f  t h e i s s u e . 
L o c a t i o n : 1 9 7 5 - 7 6 - p r e s e n t  - B �M 

P r e - 1 9 7 5  - F e d e r u l  C e n t 2 r  s � o r a g e 
H umb e r : 1 0 0 - 2 0 0  y e a r . 

2 .  C l i ? p i n g s  
8 a t e s : 1 9 7 4  - p r e s e n t  
I Iow f i l e d : B y  y e a r  
N umb e r : A p p r o � i m & t e l y 2 0 0  
Lc c a t i o n : B LM 

c �n t a ct f or a l l  ma t e � � a l : �o b c � t  S p r i. n ge r  

N � t i o n a l P a� k  S c r v � c e , G ra n d  C a n y o n . 

C c r r e s p c n d e n c e  
D a t e s : 1 9 7 6 - 1 3 7 7  
s � t j e c t : R e s p o n s e s  t o  1 9 7 6  b ur r o  r e �c v a l  p r o p o s a l  
N umb e r : A p p r o x i ma t e l y  1 5 , 0 0 0  
L c c a ::: i o r. :  G r a. : 1 J  C a. !. y <.:) !: 
C c n t a c t : J i 2 W a l t e r s  

N at i o n a l  P a r k  S e r,; : c e , J e a t h  '/ a l l e v n a t  :. o n a l M-:::. n um en t . 

C o r r e  s p c :-. d e  n e e 
Da t c s : l 9 7 1 :  ( ? ) - j: :' e s � r, :: 
S u b j e c t : 2 u r r o  m2n a ; � �e � t  
N --.:m b e  r : 5 0 0 - 6 0 0 
L o c a t io n : D e a t h V a l l e y 
C o n t a c t : P e t e r  S a � c h c z  

N a t i o � a l  P 3 rk S e r v i c e , B an d e l i e r N a t : o n 3 l  M c n u m e n � . - -

C or r e s p o n d e n c e  
D a t e s : 1 9 7 4 - p r e s e n t  
S --.: b j e c t : B u r r o  m a n a g e me n t  
N umb e r : 7 5 - 1 0  0 
L o c � t i c n : B a n d e l i e r  
C o n t a c t : Dr . M i l f c rd F l e t c he r , N P S  S o u t hwe s t  R e g i o n , 

S art t e  : e , �! . i··1 . 

Wi l d � o r s e  Orga n i z e d  A s s i s t a n c e , I � c . , � e no , N e v a d a . 

C o ::- r e ? p ond e n c e  
L a -c e s : 1 9 7 5  - p r e s e n t  
S --.: b j e c t : Ad e p t :. ::> �  p r o g r a.:n  

An t i - c r u 2 l t ;  c o � c e r n 
P l..! b l i c  Lan d s  
H o r s e  !... o v e r s  
f r e e d o m  c f  h o r 3 e s  
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Number : S e veral t housan d  
Lo cat ion : WHOA office  
Cont act : Mrs . Dawn Lapp in 

Amer ican Hors e Pro t e ct ion As s ociat ion , Washington , D . C .  

1 .  Corre s ponden ce 
Dates :  1 9 6 9 - pre s en t , f i l e d  by y e ar 
Subj e ct : Hor�e an d b urro i s s ue s  
Number : 1 5 0 0 - 2 0 0 0  
Lo cat i on : AHPA 

2 .  Cl ipp ings 
Date s : Hor s e s : 1 9 6 9 - pre s ent 

Burre s : 1 9 6 7 - pre s e nt 
F i le d  by y ear 

N�uber : Over 1 0 0 0  
Lo cation . AHPA 
Contact : Mr s . Joan B l u e  

Humane S o c i ety of  the U . S . , Wu shington , D . C .  

1 .  Corre spondence 
Date s : EarlY 1 9 7 0 ' s  - pr e s en t  
How f i l e d : By ind i v i dual wr it ing l e t t er ,  no t by subj e ct ; 

would be di ff icult t o  pul l out wi ld hor s e  and 
burro con cern s . 

Number s : Unknown 
Lo cat ion : HSUS  

2 . C l i p p ing s 
Date s : Un cert ain 
Sub j ect : Adopt ion progr am  an d roundup s 
Hew f i l e d : By s ubj ect 
N�uber : S e veral h un dred 
Lo cat ion IISU S 
Contact : Fran t z  Dan t z l e r , Marc Pau lhus 

St i l l  S e e king t o  be  Analyzed 

Books 

�1iddleton , Chri s t opher . 1 9 7  5 .  Wi l d Hors e . S ceptre Pre s s , 
Knott ing . 

Thomas , He ather . 1 9 7 � . The Wi ld Hor s e  Cont roversy . A . S .  Barne s ,  
South Brun swi ck , N . J . 
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Art i e l e s . 

.'\mb l .e r , Marwa:1 e .  1 9 7 E . Act i •J i s t s T o rn Ov er Wh.J.t ' s  Be s t  For 
Coun try Ne w s , l O ( l U ) : l . Hors e s . H i gh 

R y d e n , � rcp c .  
I)e f � n d e rs , 

1 9 7 7 . Man a g i � g  Mu s t an g s i� �e e p  I g noran ce . 
5 2 ( 5 ) : 2 9 0 . 
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