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REPORT C1' THE . COl.n«'rrEE ON PALEOlOOOLOGY 

. .Inti'odlictiOn . . 

·w. a. :��teJ. 
. .  � � . . 

· '· ·._ .:. · .. All biologists agree that .orgwsms �d ·th� 'en�nts .in which 
.. :.. .. they live are SO adjusted as to seem to have been especiSJ..l): CI'fJated !' · each tor the ·other 1 ancl bef�e the fol'Dillation ot the doctriii� ot evOl.u

. ti� sanething like this '�s generally. believed. The idea is "still more 
or less true but not in the original · sense. 'l'he doctrine or evoluticn 
explains \he adjustments as due to gradu8i selection and el.iDJ1.nati6n and 

: · 
. 
shows: the struggle that organisms Dllst make to keep pace with an ever 

· · · · c·hang:i..ng envirCKUDent, since �t about the same time as. the presentation 
·· · ·· ot the ·doctrine '.it. was learned that the "EV�rlasting hilis" an¢' the 

''. "Hills-, ·rock-ribbed and ancient as· t-he 8Wl11 . are rut .tipnts ot:the imag
. .  : · i.nation, that no. environment op the . earth t s .surface remains the same for '·! long, but is constantly in a state p't chan8e 1 and tllat ibis has 'De'en so 

, ·  

·.'.· 

.. since the dawn of recorded geologi� history and probably : will continue 
tor e·ons· ihto:the far distant future. 

· · 

.... ' 

Students ot fossil .organisms have been iDainl..Y interested ili mor
phology ·and classification, and stratigraphers have been mairily inter-
ested in tae use of. organisms tor .correlation �d the bu:i+ding of sequences. 
Neither branch ·of· geology greatly concerneQ. it.$e.lf with the conditions 
under · 'Whieh··the- fossil organiSIOB had lived and tne relations:·�d· adapta
tions ot· the organisms to theae C9Ilditions. ·Tnu.s, there are t·hick tomes 

. with proru�e 'illustrations g:lving descrlptiOns of fossils and equall.y 
thick taoes describing sequences and presenting corre�tions. This is 
not said in depreciation·� as �ese .works bave been of ilDmense imPOrtance, 
bttt they state nothing � v�ry.little with respect to. the cmditions under 

... . � .... · 
· Which the organisms lived � the � of the se�ences ot fossils 

·. that, change in associatiop �d �: c�racter. tr� bed �()> bed. . 

.I • 
. -· 

• I 

. ;. . . . .. 
stratigraphers and �eontologists have inore' or.- :less gener.all.y ae-

. S'UJDBd· that organisms. migl!�t.ed freely �rom sea to sea·· aild tha!t;· within a:t17 
. epicontinental or �ginal shelf sea the same orgaPf�:h�:rather general 

·distribution. It has also been rather general.ly asaumed by· some pal.eon-
: . tologists and stratigraphera that the fossil organl8ms 'of'":.SXJ¥,:given body 
"of ·water 1 it not gene:r:-al]Jr distributed durirl8 1#e for acme ·.cause or 
�Other, attained that. distribution a.f'ter death throtigh transpOrtation by 
waves and currents• Others have t�nded to assume that fossil organisms 
are close to, it not at, the places of lite and· that �here was l..tttle 
tranepo:rlation after death, Neither of these •ssilinptions can �:entirely 
correct. It is doubtless· true th&t from time to time a .few organisms may 
have existed which, likE; the ubiquitrus dmidellon·of·today;. lived nearly 

. eveeywherO.PP.alJ. bottans of each epicontinental and marginal water, but 
•• .• - . ... • .. .. • • • • .:.<' •• 

.. . .  . . .. .. . . . ... ... ... --· � 
., . 
• 1,, ... ' ,L 
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It should be remembered that even the dandelion does not live everywhere 
and that ;t is not probable that plants and animals with such general 
adaptationa to environments often lived in the past, and that most pl.aDt.s 
and animals of the past were restricted·· i1'l distribution just as most 
plants and animals of the pre��nt . are • 

•. . ·· · 

While paleontologists and stratigraphers were thus occupied, eco
logical biologists concerned thems�lves with qualitative and quantitative 
adaptations of ·org�Suis to-·their• envi.ronmental··condit-ions·,· and ProduCed 
a wealth of data showing the J!lltual adjustments ot orgailians to each ·other 
and.· hew. both ;.n kind; &,l)d ·quantity each eirvironment contains organiSms· in· 
ad�stment to_ the p�es in wbii:h they live. · . . - · ·:_ · 

. ' 

. .  The problema' ot ensting' environmental impacts are extreme� ccm
pl.ex, and perhaps the feature that is given least concern by ecologists. 
is the possible geologi� record that each· individUa.l factor: and the··c� 
.bine:d environmental .. f'actors leave in the sediments and sedimentary mate
rials upon which the· organisms dWell. But this record is all 1mport.ant · 

to paleoecologists/ paleontologists, and· stra�igraphers since upon this 
rec()rd · llllst be based: ·any interpretation of past conditions, as direct 
observations ot· rainf'all, huiuidity, temperatUre of the air, depth ·and. tem
perature of water; etc. cannot be made. . The records ot these various 
factors are preserved in the textures, structures, and materials of sedi
mentary .. rocks and wery student of past erivironments should be primaril.y 
a sedimei)tationist., or at least versed in the signiticance ot sedimentary 
processes and informed as to the meaning of sedimentary structures. The 
�igr)iticanc.e of ripple mark of the various kinds, the meaning of cross . 
lamiilation,- ui.ld cracks� etc. Should be understood. Untortunat� this is 
all'too t�q\lentljr not the case. As an example may be cited.the· otherwise 
excellent paper by Raner and Graves on the "Enviromnent ot the Earq Ver
·tebr'at•snl. in which 1!hey state that "invertebrates may .be numerous dUring 
lite �t th�ir �ell,$ are rapi� destroYed by a solution ·Of calcium car
bonate�' (p. · 8Cf1); Untortunately, solutions ot c&leium carbonate ·do nat 
increase solubility tor additional calcium carbonate. Again it is stated, 
''We find puzzllrig the ·tact that in the case , of the Cle-.Teland shale, tor 
example, .remains �re found not only of the bones and cartilages of fishes, 
but als·o exceedingly delicately preserved Diuecle fibers and kidney tubules" 
(p. 808). The "difficultY" seems to be in the absence ot the shells of in
v�ebrates, but there.· is no difficulty if· _the eigniticance of· the. 

high 
organic content of the shales and the presence ot pyrite nodules are under
stood. The missing orgaJlisms are largely· benthonic;· those present are 
planktonic ·and mtkt�Q� The bl.&clmess shows reducing conditions, the 
pyrite ·or marcasite the presence ·or hydrogen SUlphide, · and both indicate 
a paucity of 'oxyg,n so that beilthcis coUld noti �ve on ·the bottcm or in 
the bott,om materials. Th� plankton· and nekton evidently lived in overly
ing wat�rs .in the eqUivalents of the epilimnion and thermocline 'Where:'� 

. . . . 
.
. , 

·. 

1. �. Midland. NatUraliSt 1 vol. 16 (1935), SOS-856. : · . . 

�-�-..._._--
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gen was plW,ye Thea� On death ultimately sank to the bottom where the 
- absence of scavenger qrgan!.sms made preservation easily possible 11 In 

another ... place it is stated· that "Horizontal gradations of sediments and 
c�ss-b8ciding_are generally' indicative of deltaic or aeolian conditions•• 
(p. 809), but every student ··of sediments has known for ·years that the·se 

. features are equal.ly 1 it not. better 1 developed under shallow water marine 
conditions, and that lateral gradation is found ine.rery deposit made by 
aqueous or eoli.an transpOrliation and that croas-laioination is developed 
wherever sediments a" transported by traction. Cross-lamination is 
fully as abundant in shallow water marina. deposits a,s the deposits of any 
delta. It is also stated that 1'mud cracks, ripple marks, and rain drop 
impressions indicate shall;ow water exposed . at times. to the air 1 but with
out additional criteria may range from tidal flats to lake margins in 
their origin." ( p. 809.) Hld cracks and rain drop impressions develop 
under the conditi9ris postulated but they probably develop best on the 
plqas of deserts and on the flood plains of rivers, but ripple marks do 
nat indicate expOsure to the air at all and they are known to develop on 

·· ·the bottCIDS of waters hundreds of feet in depth, and it is probable that 
currept ripple mark foms as deep ·in the ocean as currents exist. It has 
been known for many years that these exl;end to dept�s of at least 2000 

·:,. m_eter•• There are other statements in this paper that indicate ignorance 
ot the _si.gniticance ot sedimentary features. 

Marine biologists and ecologiSts ccntinue to produce evidence ·show
hlg t-�e importance of ·the envirc:nnent. One of the mos't important contri
butions . of recent years has been made by �feasor Go. E .. MacGinitie in his 
studies o� the distribution of organisms � .El.khorri Slough, a tributary 
of Monterey Bay, California.! studies we�. made of the 

·physical geogra ... 
phy of Elkhorn Slough, the tides therein, bottom materials, plant life, 
temperat}lres of the waters 1 oxygen supply in the waters 1 salinity, light 
penetration, pollution fran sewage, food supply, etc. These factors form 
the physica.l and .chemical background of the environmental .conditions ex
ist.ing in -the Slough to the ·sum total of all factors of which the anima] s 
are adapted. The food chain of the animals dwelling in the Slough··was 
studied and an excellent diagram showing this chain fran plants to ·final 

· decomposj.t).on, elimination, or burial is given� There are alsO cohsidered 
the associations., zoning; and density of the bottom and burrowing popu-
lation. · · · ·  · · 

i. · -

'l!he conditions in the Slough are shown to be rather uniform. Never-
. theless; . the 8.nimals tend· t:o segregate in groups and may be placed in as
sociati()Jls in which one· a.niiDal. is predominant. The activities of this ani
mal regulate to a greater or less extent the activities of the animals 

·associated _with it and provide the: set of conditions which to some extent 
d-etermi.Jlles. "what: airl.mals may live wi.thin the boundaries of the association." 
The associations are by no means pe.rmanent and app�ntly change ldthin 

1 .. �ological Aspects of a California Marine Estuary, Ama Mid. Nat., 
vol. 16, (1935), 629-765� 
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relatively short periods ot time to give place to other associations with 
�other ,an1J!'Il .. pred��-- �� is: the· condition Cli8 finds in the geo
logic c ol� .in ,micb . b.e�s �ceec1, eaeh· otdler. JQ:th ·difte� asSEinblages 
�.'or�SIDS•. ·· �· �e ·.other hand· t-tl�: are associaticns· with. no ·pred<Jid.-

!. nant ��� .�OJ," �ch par�els � also .be found 1ft beds ot the· geologic 
��1\UDil • .. · Am� ¢her mat�era . Qonsi(iered. are :Paraaitism1 caJJDensalism; . : 

. ,1fi"OI>hi�, .�t�·:act�vitie�.,.migrationa traa water�to land1 and geolog
ic.&l. .indicatiO.ns• .u��r· the .laa.t . . topic . . ·it. is pointed out that there is 
consid�r.ab�e ��t .· f?l. hot.t.<Q·:DMlter.ials, ·and. trau::the . age ot shells· ot 
clams. it 1� shOWn. that in cert.� plaees· the bot.taa·has·remairted stable 
tor de.tinite periodS; of. ��i!-· .. lt �is &lao shown ·bow ·erosion of the :bot tan 
mat .lead i�. re��· or ·rine DJ$t�a.ls: o1'iginall:y deposited· .arGlind 8hel:is 1 

.thus ·lea� to ·concentrat�on t.Q.ma,ke ·a .. ·lqer ·canposed entire]q.:ar ttbells. 
Attention is called to tracks·, .�, fecal pelle'bs and boririgs.' : · 

This articl& ·Contains·•· ��:t.h �
··:·�erial o;.· great �lie '� 'se�

mentaticxU.sts1. Strat.iQ.apher•,· �· :�eoec.ologists and it is partiCUlarly 
import.m; in. that .it. sh�. the distribution and:associations of organisins 
existing ·� · a .body ot .· shaUow water not Sl.lbject to strong waves or tides 

. and, � 8ez)eral, one· �ject.ed to. ratber uniform conditions whetre· varia-
. ti� of' distributi9.1.l ,are Ca!a� considered not. to 'be present.. . . . 

. · . J . • ·I . · ' , . 
l�. !' •, ,·! . , . 

AnOther Study.·by a ·marj,ne .biologist is that by w. G • .  Hewatt1• This 
study was made on the more open waters of l•lonterey Bay 1 to which bay Elk-

. · hom 5101,181\ not.ed above is· satellitie. . The studiq were made on the . . . sou1;.h�rn margin oi Mont.erey. Bay. on a. transect 108. yards long and 1 yard 
· wide. :·The ·animals dwel.li.ng on this area were- studied ·in detail. The area 

. . st-udied. is roc::q . and on t.he whole it :is characterized. by apparent monotcey 
,q.th respect to most of tho physical and· .chemical ta.Ctors ot the eaviron
ment . .. Nevertheless, the stu<U.es s}?.ow t�t there is a .definite. zonatim 
ill the <UStribution of the animals dwel.l.ing . . on· the arM. ·:Among factors 
.gaveming the zonat;on .it. wa.s found� that t� rela.ti,ve �leJ}gths . or the pe� 
ri6ds. or tidal. �2JUre are �ort.an� and that 1;-htt:.l.Wts of ranges ot · 

soma ot. the animals are biolog:i,cal �ther than physi��tlemical� ·a. tact 
·long .ago po�ted 011t b7: Pet-ers� as being the. ca•e iB Danish water (See 
report or. this �ttee toJ-.193S-36.) . ' 

. . . . . : . . . . . . . :. ;-.1 .. � .:. . .... \ <. . • 

... Two d� ot the foo4 cycle or chain are �ven,.:olle of thew-
mals found on the exposed littoral of Cabrillo Point and the other .ce." . 
protected littoral at the same place ("littoral" is defined as the area 

.. between the mean higheJ' high:.wa.t� and .the· mean lQWQ�·�lPY· ,wate!': lines ot 
. . spri.ni ti�es.) The. �dl' �oses:in··importance for.P'l.e�cology ancisedi

·meirt.ation as there. is: only ,1;-he ��st. �o.te o�ce :tllat �·:coast .like the . 
one studied will le•� a . �C9r.d in the geologic cqlumn, rut the study in
dicates that shores upon wt:U.cl\ sediments ·are . in process ot deposition. and 

. sediiDent-cO'(erec:l bot,t� in t� r1el'itic . U.te · ;one 'fMY .also be expected to 
show zcm.tion •. but- fr� ot�r Q.Jt.Uses among "*deb it; is probable t.h•t light, 

1� icoiog1dfi. Studi��
·
. on :�Sel�t� ifar�· �Iritvttdal 'C<IIIIIW1ities ot ·MoQ. 

terey Bay, California, Am. Mid. Nat., vol. 18 (1937),.16J.-206.· ,. · · 
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;�;���' ':· :d�lrt,b,. ��·sW�� :�d' d.�ulat�o� have importanc� . Wh�Jl it i� .�emembered that stratigraphers and sedimentationists as yet have little'ari which to 
base a determination of depth or the seas or the past it should be obvi

.. ous. that the. pale�oloEP;c� characteri�ics and relations shown by the . ·.:· ... zoning'.� �s ohould 'be or· great importance 'once their significance 
· t. · - hae been deter!Jiined. · 

· · · : 
:·�·� . . · ·

� 
. ... .: . •  ·i 

. · The Danish. Biological Station contiimes to cont�:i.but·e . ecologj.caJ. 
data or great i.mport&nce �s this· phase or biology is··particulariY pertin
_ent to !'ie objectives o� the stati� in· its studies of' :the food .ror tish. 
A_ repo;rt . . published dnnng the past year· ccntains two i�ems bearing on 
e��+,ogy t�t are or intere�. . The vegetation _in Dypsp "Fjord ia · arr31lged 
ih three· dU.:f�;r-ent. cOmmui')ities, designate4 . . the 'Qhcy-a, RU.P.ejh �d g;os��-

·Fucu!• 1,he �;:cOJJITAJDi�y covers th�
. 
�1\ge� area, the .. �2!l�&-fy�"!! 

s�con(i, and �PPi.t third. Th�se .c�tJ.es are so. �ang�d that the 
. . .Ohara cavers s�thing more than ·the e��ern thr�e-fourth�:, arid than in 

- · · · · � . order westward, . �h� Ruppia -.�d the Zostera-Fucus. Reaeons · tor.·. this dis-

••• , t · •. . . ........ . 

."'!!. ··. 

. , .. .. . 

tribution are not apparent. . . 
. . 

'· · . .· A second·_: fact
. 
o! itit¢n,�t,·, and one that 

. 
s�m,s the great difficulty 

,_',in determ:i.nina ·What is the. factor· (or the . :f�cto�s 1 in an envirOnment that 
.. � cootrols the pre�nce or abeenc� or a speci,�!'" )�el:at,es to the �ttle neck 
.-... c;l.am Hrt:jhft edulis. .The �ters and the b��t� o� Dyp. Fjord . seem 

. �ited to tlie clam and· it should be cormnon 'therei bit it has been found 
only along the w�stern .half· or the northetn siiie . qt the Fjord. The waters 
e>Ver the other parts ot the Fjord .do not seei1(.��-- �E! �atly different and 
.�here seem,no. rea�Oi:i(,wht it should not � gene�!� , present� . ':�;'he reason 
.t:or the �t�d dis.tri�ution is .not known� ·�· · �··:·;' · · ·  · · ·,. .. 

• • • , • •. • ' d  • ,, • • • • 

On the other s��e Qf tne world about th� Japanese Islan�s, s. 
NC:malra 8.nd K. Hatai ·<:iuring the past s8\·er8l years :nave given attention 
to the ecological problems connected with the distribution of organisms 
in the outlying waters, and they conclude that studies need to be made of 
the distribution and kinds of organisms in the various aquatic environ
ments and that information is needed as to how far a �ell may be moved 
after death and the places to which it may be carriedo 

Bearing on the transportation of shells and showing �e extent that 
transported shells mq give to an interpretati'on of .�ch .fih�u·�· from the 
point of view or ecology, it it is not realized that the.shells are trans
ported, is the followingc A halt pound stone was picked up on the coast 
of New Zealand on which several individuals of �oltenia J:!!C�� were 

le K. Larsen. The distribution of the invertebrates in the D;ypsp Fjord, 
.. ..... . __ ...... ',.f$�ir.'biology and:·their i.mj)Ortance .. as'Y1sh"tood:.:-.. ·· Rept·- Danish -�iol. sta., 

. '· vol:. u (1936)� ; . . . .. . . . .. 

2• The geologic significance of the recent Mollusca fran the. 
vicinity of 

Isincaake, Riknjen, Jouro Geol. Soc. Japan, vol. 43 (1936), 8Q8..813. 
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growing. The stone had evidently been transported buoyed up by the ascid
ian• .and tQ. the stalks of these were attached Hydrozoa, Bryozoa, and other 
mai"ine or&an:isms .,

1 . . . · · 
. · .· 

Other '·papers bY. etudents of �e biology could. ·be cited but. the 
need for such is n¢ apparent. Mar#le biologists are tull.y cognizant of 
the influence of the environment on the distribution of organisms and the. 
modifications that environments produce 1 and are aware or. the tact that 
this int'�uence applies �o b�h plants and animals from the most. complex 
to-the most.. simple.form8. Pale�tologi.sts and stratigraphers need to be
come ecologically minded. and to fully appreciate that there are no places, 
unless it �S the bottom of the deep sea1 that the environment dQeS not 
differ over very limited 'areas• The view expressed by one eminent paleon
tologist thB.t the epicontinental seas of the Paleozoic at any particular 
time were of such uniformity in the physical and chemical factors as to 
make · possible:uni! orm distribution of organisms in kind and eerhaps in. · 

quantity fran shore to shore, should be totally abandoned� .. ·The statement 
is .one that is impossible _of occurrence in &rf3 sha+J.ow body of water • .  

This report brings the work of the COJDDittee on Paleoecology to an 
enci� Specialists have presented in a previous report consideration of 
the Paleoecological relations of the Porifera, Arthropoda, Trilobita, 
Vertebrata, �d P8leozoic plants. On following pages there are conside� 
the Brachiopoda, Gastropoda; �d Pelectpoda, Cephalopoda, and Protozoa. 
No consideration has been given to the· Echinodermata as no one has been. 
found wiil.ing to Undertake the task. Little or nothing seems to· be lmawjl 
of the environmental conditions controlling distribut�qn of living bey� 
zoans, and les.s seems to be kriown of the environmental conditions of th�se 
of the past .  The Coelenterata have been given DllCh considerati�n in. pr·e

vious p1blicationa by Dr. T. Wayl.arid- Vaughan and a. forthcoming P.lper �. 
him and Dr. J. A. Wells will explore the fie�d to a greater degree. · 

University of Wisconsin, 
Madiso�, Wisconsin. 

1. c. ChUton, Trans. and Proe., New Zealand Jour., vol.· 56 (1926); 
523-524. 
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PALEoEc� OF .THE Foiu\MINIFERA. 
; . . 

• .  ·· '· 

· .. . :··:.J •
. ' A. Cu�. 

·I :. 
Although foraminifera are now lmown throughout the fo��i.J.' se�i�a· 

fran the �aml;>rian to. the �ent .oceans, very little has, been written in 
regard to their· ecology or abou� the controls ot their. distributions. 
CA�r· gr� lmowledge as to the. ecology of this group DDlst be based 
largely, as in other groups, on 'the living species� ·�he�r ass6ciatio11s 
and·_ enV#�ntal conditi()ns ot life. For convenience):zir .¢iscussion, 
the: foraminifera may be divided into bottom-li.P.r.g · .a.na �lagic groups. 
The 'latter group is ·the more speciilized and . . iater in:its·. d�velopment aile!" will be considered first.. · · ·· · · .,_ : . .' ... :· · · · · · . •·. ·-:. ,; : . . . .· . 

� -. .... ·· .. Pel.aqc Fora.miQifera 

. ·· · 

··· · Peculiar characte�s. hav� .dev�loped in the tor����& :t.o ad:1pt 
them �o .pelagic e:Xisien�e.. They occur. onl.y .'in comparatively. warm waters ·:�: 
so .. t� as is knewn. Owing to their floating ille in libfch there is littla; 
need'.Jc)f the'.development of dor� and ventral SidfitS for· attachment or pro.
tection of the· aperture and the' exteridect protopl&sm, a generilly .r�ded : 
form is developed, This is carried to its perfection in Orbul.iria whic·h 
in the adult consists of a test in the shape _ of .aJ,.perfect sphere.. In order 
to noe.t in the water the protoplasm is-'8xterid8d' from the test and becomes 
filled with gas so that the whole mass :is many times the size .of the orig
inal'.�e·st.� . . IIi order _��o -�pport this :greit.t_ly enl�ged protop��c mass,.;. 
spines are develope4,. .�m . thEt. ¢erior qf; tli�. test • .  In some spec1ee .l�er . 
than the diameter of' the test itself . ... These mke ilseful supports for the 
protopl.a,smic mass an4 may pr?Vi,de a c�rtjdn ,apl��, of. prot-ection. for the. , : 
� �t·.self ag�st·· eriellli�.� � o�her 8r9U.P.s" ·�_ell :a�· tt,lobi.ger:fiui,; · · .:·;� 
g1o��6erin?ides �� Globi�er�ei:la ·t�e::·P��r.�·� ·ar.�: :th���yes subspheri..: 
c&l '-� the whole __ �,s_s ot. the test is �Q�-. 9� .less g].obulax:�. ()the� g��era, 
ot thcf GloborotaJ.iiCia.e, for �le�. have -��.t�l9��d a mor� · flatteped form· 
and llli�� sh�rter, :&pines but yet meet. f.ti.e ���fcins of a :Pelagic .�viron
ment sc(that.: -��7 ·appear in. en�rmous rium,ber�. ijut with ohly a ·rew. species .• . 

. . . . .. ...·. , ' .. . . . . . . � ' . . 

:
:

:. _'Aa··&
·
,·,�e· �h.� pe�c tor�e�a ·�nst in tn�.1 �ab .surf��e· W&te�s. 

of :ttte· · Gulf stream�·and the s·i'nrl 1 ar W&rlll em-rent-s oJ -��e oth�r oceans.. �.
Tney.' enst . untU they meet cold cur.rent.s and thEtn 'apparentlY die q.tickly, , 
an<l. their t�st��.torin the. Globigerlrui�ooze of .the ooeap bottom.. Their . . 

·
. 

emPty' t�sts �t.ei �so r� down up� the ocean l?ot:l:-<?m' p����:th the:;�� ... : . . 
w�r ·curr.ents 9t all the. oceans. In such areas ·tn�·. ��sts of, pela�c·· : , :;. tor.uis .. make ·up::a �ery-.l&rae percent· ot the ent�e ocean bottom •. , ... :·· .. . .... . .  ••. .  . . . . '" :1 -. 

. . Iri cert.ai.Jl otti�r v�ry SPeCialized. g�nera SuCh as 1.!:!!:£UlPbiil..us a 
J)E!�C. existence .liJ&Y: develop during t�e a$].t stage. on:cy., '!'he, �est in 
t�ij' geilufJ·:i.a.a bottom li� form ot .. �oral-t�efs b.�t-at the'·fihal stage 
iii its cle.veiO}lmeni� produce.s a large �lobulAr chamber )lhich is .. ��&··filled 
ahd :�eii�. t�. te� �o< �h�:·.�ace ·.�ere �. ap�!lt� r�pr�tfa �-
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zoospores. This is a very specialized -developDBDt and bas apparently 
occurred only in late Tertiary time. At certain seasons or under certain 
conditions which we do ·not understand there must be an enormous develop
ment of these forms, as they have been reported a� t.orming definite 
"r.lndrows" along the beach in the Australian ·regions so DWD81'0Us are the 
tests at certain times. 

The more normal pelagic forms are know to occur as early as the 
Lower Cretacerus and in the Upper Cretaceous form. � large portion. of the 
fauna· in sane· f'ormations. Marly of the same · pelagic· genera developed in 
the Cretaceous exist. in the present oceans , and. it seems rather . wwanted 
to infer that conditions at the two ·periods were· more or 'iess similar as 
to the temperature of the ocean surface . That warm ocean currents existed 
at th ose and later periods seems sate to infer as in the deposi�ional se
ries pelagic forms may dardnate in sane lqers and then· for a t• give 
way to those· of more shallow or colder waters just as they do in cores 
recently taken frcm the presant ocean floor. During Tertiary tiines 
masses of pelagic foraminifera were deposited in "Gl.obigerlna�zes" · ccm
parable in most features with those which are developed todal'. The dis
tribution of such deposits should indicate rather closely the areal ex
tent of the warm ocean currents of th ose periods, and when more is. known 
of the distribution perhaps even the directions of the

. currents may be 
determined. 

· 

· · Bottom-living Foraminifera 

The foraminifera which now live on the ocean bottcm may first at 
all be divided into brackish water and truly marine forms. The fonner 
which compose a specialized grrup will be discussed first. 

Brackish-water Foraminifera-In certain regions such as Lake Maracaibo, 
Venezuela, the southern extension of San Francisco Bay and other regions, 
are- · developed faunas which are restricted in number of species imd genera. 
Moreover, the same sort of' grouping exists in w.i.dely separated brackish
water area. As might be- 8Upposed, these consist partly of' arenaceous 
f'oraminif'era which are especially fitted to withstand acidic conditions 
'Qut strangely enough some of'' the bigh].y calcareous forms also appear. 
The Miliolidae are represented ·by a few speci es of Quinqueloculi.na and · 
Triloculina· and the Nonionida& by certain specie'S of Elphidium. Very 
similar restricted faunas consisting of the same genera are known in t.he 
latter part of the Terti.ary and undoubtedly also. represent brackish-water 
conditions. It. should be possible in the future when the distri:t:Jution of 
the se faunas is better Imown to predict the position of the shore line 
and. that· of the open ocean fran the restriction or addition to the faunas 
in one direction and the other. It should also in�cate· sanething of the 
relative salinity of the water at the time these · faunas

. 
were deposited. 

Marine Foraminifera-Of the foraminifera living in the present oceans un

der marine and non-bracld.sh conditions it is convenie.nt to divide the f'aunas 

int.o three groups just as is done with other animals, making three groups; 
{1) those of littoral or canparativel.y shallow waters, {2) those at the 
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,Cqq�inental Shelf 1 and, (3) those of abyssal depths. While there are 
: 'genera. �ch' 'are .tourid· under all ·three of these .. c:liffertant conditions 

· · . . ·�er7 few spebtes·,' if ant, occur 'fn all three • .  · : · . . -··· · · . .. . . . .; ·.. . . . � : . . . . .· . . . . . . . . . . 

. . · · · Littoral Foraminifera. The .ta�as of s�� Wa.ters , under 50 
.

. .tatqans var,y'·S!eatzy according ·to temperature an4 bottan conditions. For 
·;·.�a, ther� are'·probabl.y no -species &Xisting·'in 5-r-lO fathoms on the 

coral reefs o.t Jamaica or Cuba that exist. at the · e.ame depths off the Coast 
of Hew Engl.ando The clearness of the water is a decided factor tn the 

, . tJ,""Opic;�, and where . Dllddy water is brought in (or perh&ps the lowered sal.inity"mq also be a· hctor) ··the fauna is rapidly �M.nged., , Off the coast of 
Jamaica it was found that· various species· lived· on.·the -shOrt .. ,ee�gra.ss 
(Posidonia) and were very abundant where that plant flourished • .  ·Same o.t 
the larger�i'oram:ini.te.ra. of �oral reef r�gions such as H,ar&Y!_C]J?Ol"a, etc. 1 

.. :·:>: havo. a.s�ociated with them certain algae in a commensal relation. As these 
. algae are limited in their· ·vertical range bl the depth of penetration O.t 
·.�·necessary to photoSyilthesis they also limit the distril;lution of 
t�e ' foraminifera in the asSoCiation. There is a. considerable fauna in the 
·tropics. �ted in this way 1 and it may be rather safely inferred that some 
ot' :;the. Ia�r �ertia.ry faunas of similar association indicate like environ·
inerital conditions . one 'thing at least to be watched for is tlut,�� such 
forms �qay be carried out ·into deeper water:by. .. wave and current: ·action and 
occur. with other than thei.J:. nonnal associationo. .. SUc_h specimen&. are, how-

.. ·· : . ever, , u� rather obviously wom and their association through mechani-
··9� --�s . c� usual.li' lMJ 68Certair.ed.:. . � . . ... . . ·: . .. 

. . # • • • 

• , .... . . . !' . . � ·.�. . In. temperat� and 'arctic regions the . b�tc:ia c�i.tions;. �bether 
_,-,· .. .. :;:��� .or. naiddy may chang� very sudderuy, a-s in Vineyarc;l Souild &:rid Buzzards 

Bay, and it has been found that many ·constituentt5 of.; t-he. for�era.l 
fauna change likewise. These associations have no.t ye� been. w�rked out 
in de:te.U. as they should be and until this is carefully done it· w.U1 be 
iliipo8'8i'b18' to apply this data in the s.t�dY. of fos� �aunas which probably 

.. lived under similar conditions. In general there ·
-are certain genera and 

· &pe�ies which are ·characteristic ot canpa.rati vely shallow wate:L•s and those 

:: ·
.· · which should be nuch more definitely lmowti than at present. 
i . . . ·� . 

.t 
• ·: ::: · · · · ·Foraminifera · of the Continental Shelf.. Fran 50.500. t�thoms off the 

· · continental shelves· there is developed. a very rich fauna. in .�ch the 
: '· . Lageni�J' � Polymorphinidae 1 Buliminidae, Rota.liida.e and _ _ 

. same· of the arena
c�ous fp�aridni.i'era are very characteristic and �-� : Th�.:rang� in 
depth.: "i.s :t:ess .�stricted as temperature seems to be the �8�., .definite con

. trol•: .. As teuij:>erat\ll"eS at these depths are less variabl:� .and �ve less . seasonal range the EinV:tronmental conditions are more �orin, � as a re
sult the species are widely distributed. That such cori�ticms have pre
vailed during the Tertiary�. at least' is shown by the. $,QCene, Oligocene 
and Miocene deposits of the Gulf and Atlantic Coastal Plain regions of the 
Southeastern United states where the faunas of apparently the same ages 

, change as one goa� toward the p�esent shore line just as the faunas of the 

present ocean change in passing .. out;:·frcm sbor� line. ;· 
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A!?yssal .For!adngera. _ Du' t� th• solvent action ot water under 
pressure most of the calcareous foraminifera disappear at about 2000 fath
� and.·.th�· r.eeulting fauna. is ]A.r.gel.y . compo8ed ot arenaceous foraminifera 
which . ue  not. gre$tly. attect� by :these conditions. The statement sane
time s  made that · �Da4eous foraud.nitera live best. under abyssal ccnditions 
is probab]Jr not. · tl'!Ue . a, thq ar.e often JQ!Ch more abundant in littoral 
dredgings and t,he · tact of their apparent a�ance. in abyssal dredging a 
is due solely to the absence ot the calcareous -forms . 

The .  oc�nce . of typical abys�al depo8it� is not , so far. as I am 
aware , known at- aU in 'bhe tossU series.  

Factors to be Eliminat8d in Correlation 
.. . 

Two faunae ld.th . mch the same elements . would naturally be consid-
' · ered • ot . the .same · age. One Dllst .  tak.e \Ulder considera�ion, however, ·  that 

faunas migrate- .or · live on in one region when· traa ecologic changes they 
· disappear in others . As an example , a number _of species of the lower 
Oligocene of Mississippi now exist , or at least very closely . allied ones ,  
in the· · Indo-Pacific region. . Miocene species of the area about the Eastem 

· Mediterranean are. · found living today about Australia and adjacent areas 
while they are apparerrt.ly el¢inct · in the Mediterrane.an itself . · 

Re-working ot faunas is evident in the ·case of the foraminifera and 
shoUld always be held as . a pocssi.Qility. . Where high]Jr_ .tossUiferous aedi-

. menta are borne away by rivers or by wave action, the contained tor8JQinit
era may be carried some distances and redeposited with living faunas. 

· There are numerou s known instances of this and many more will lUldoubtedly 
· be discovered. 

· · 

Criteria tor the study of Ecology of the Fomi riitera 

One . of. the most certain methods of getting basic data f9r a study' 
of the distribution of living foraminifera and the part that ecologic fac
tors play in that distribution is an intensive study' of the occurrence of 
species in 'definite regions . .  At present a study .of the for$111ini,fera of 
Monterey Bq, California, has been carefully made .. Studies are under way 
on a number of lines of samples taken along our Atlantic Coast fran Florida 
to the Gulf of Maine . These lines were· taken from sha.llow · water well out 
· onto the elope of the Continental Shelf and have been carefully t8ken with 
bottom temperatures and depthcs.  A qualitative and quantitative study ot 
those samples is · under way, and .. it is hoped the results will give basic 
data . for the study of at least · late Tertiary sediments with co�siderable 
accuracy·. as. to the ecologic conditions under which they were deposited. 

Cushman Laboratory for Foraminiferal Research, 
Sharon, Massachusetts. 
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. · .  . .  , ·  . . . .. . 
· �  .. . ;· 
. . 

p���.O�OQ'; -�'oba\)ly moie ��'� any · Other phase 'Of earth bis
tory�r. �- ;r -'�7 · &fienc·e.:-��- �: int� . subject � ·: It . is not · 
<>ILcy. that.. �t %•��ting, since .it o!�erff_ a challenge· to all minds 
whether t.he.s' b$ . . ,imple , canple:X or. prot�. · · ' ffere 'Etach sea-rcher can 
find a ·  su�j�.t . .  ��t �11: �  and kee� pace wiiti ' the · growth; width 
and ·bl"ead.th of �tus P.'-olecibio:J,.�gical lm<n41�dge .  For· ''this rea·aon there 

. . 
is· probably n� t'ie;Ld of . � ��deavor, uriles� it be_ �eisms, in which 

· JDOre . .  thobb�is-. in4qlged in than in Paleoecology, ' · . " ·· .. : · •  . .  � ; ·, :.'' • • 
• .  

· - � � : .� . � f .) _ ' ;  • •. •' � I 

· The factors that govern the distribution of exfstirtg ·life: ·ate 
not completely lmown . We have onli the :broader phases witbin·;our. grasp �  
The infinite details which .determine the to be or not to be· of this or 
tliat 'Vary frequently even. With the ext'remes in the distribl:ltional range 
of a single species and ofte� very widely so when orie ' considers the ,·mem-

'bers of. a single germs . . 
· ·  . . 

· · · ' i  :· · ' · · . : ·� 
0 0 � •• : • 

I have always felt that paleontologists, bef6r� entering this 
specialized branch of science, should have a thorough basic training in 
Botany and Zoology, and in the latter field stress not the· }li2Jt9-pPlsio

· logical .phase, but the field studie.s, �ology, the adjustment of organ
itm�S to · their fellow creatures '  as 'well,.' �as_ 'physical · envir-onment . 

�- . � . .  · . .  

· . . It would .be intere�ing to kri� haw Di8qy of America' s paleontolo
.,. ': "gists would quality �de;t" .the ab�e re-ijU!reuitns'i 'which to me appear. as 

an absolutely necessary· prerJ'quisite. to Paleoecology. · 
t . • • I ' 

• � '  • 

. .  ;.: ::. " . ·. · .  · To one ·S9 ver�, a tr�y ot Tertiary fossils, fresh fran the field, 

., 
. · ' 

·· · ·.unassorted, bri!)gs 1;o mind visions of 'habitats ·where trl'milar associations 
hold· forth today, and �his .iidnd 1 s · f!IY,f) <l':lickly .Pictures · cooditions paral
leling those in which he found the living forms . His ; assumption : of a 
definite range of depth, temperature , salinity, bottoin· ·characteristic s , 

turbidity., ! ·light , cur�ent . or . �ve action, and food supply, will probably 
be alirlost Lcorreo.t.,. ��rt.aJ.nly �o� so than it would be if' ·.this yardstick 

· had ·-ttott:'been· appliedo:... .. . 
- · · : · ' c 

In secti�ns of ce�ain silt deposits of bygone lakes ,  it has been 
possible to pi."l out the annual :!ilcl· .. 'IIO� a:s definitely and easily as the 
counting of tree rings .  This , unfortunate:cy., is never the case in shallow 
seas free fran river fre.ight of silt and �.eeming with life .. Here there 
is a constant intermingling of t�e living with the dead; the quick seek-

�--�--��----��--�����----������--���· 
* Published with permission of the Secretary of the Smithsonian Institution. 
1. Proving preconceived notions . 
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ing s}l.el,��r among. the �es . ot  tbhtgs gC>ri� b7; � t� with yester
days to an exte�t that fercee us to abandon days, years, decades am 
centU1"'Jae and employ geologic reckoning, Recent, Pleistocene with the 
Glacial and Interglacial signposts-and these as ill defined as the 
sympt.ans of most maladies . · 

' '  

I am hoping that when the Everglades National ·Park · will have 
b��OlD& a. ;reaJ;ity, ·which is· soap 'to'.-be� · thll't sane arrangement will be. made for �· �r course 1 parallel to the . Woods �ole seasons , ·When 
qual,if�ed students under! qualified guidance may h� en Opport;unity to 
become_' �cqu�tecl . with living marine organisme in their native habitat , 
and 8ee the.  many worr:ier.tul peculiar, �hronous associations 'Which thd.a 
regiqn &!'fords.  &lch an ecologic study on the part of Paleontologists 
tr�sia.teci .into their fossil assemblages, should� I believe .; . reduce many 
things assigned different vertical distributional ' positions on account 
of the diversity in faunal assemblages to a horizontal field , in which 
space rathe� .1;.h§n t,ime constitutes the dcmi.nant .factor. :, · · . ,. . . 

. . ' . . 
. · Once again , let me present a cross . ·section of this region, let UIS 

say from the center of the Everglades eastward to the Florida Strait. 
In present� · this picture I shall people rrq tield 1a,rgely with the 
creatures that have been my favorite subject for study, the Mollusks; 
they still play a dauinant role in paleontology. 

Everglades 

The �des) ' .immense stretches . of shalloW water . with good stands or 
saw grass · 1;l;lat �es wading from point to point a somewhat paintul, or at 
all events, a not altogether delightful enterprise ,. The;) · uninitiated can 
picture it 'by conceiving a partial.ly submerged, luscious meadow, miles 
upon miles in extent , played upon by the varyj.ng breez�.S · :e.nd the lights · 

and ·  shades produced by the passirig clouds • 

. Here in season we may see in places, �dhill Cranes, a .dozen spe
cies of Herons , Ibises in flocks , the Limpkin, and· til:ting overhead, or 
canbing the f;ield, Turkey Buzzards, and in sp�s even now, �erglade and 
Swallow-tailed Kites.  · · 

PaleOn.tologically considered, the glad�s proper wit� their f�et ot 
muck canposed . of vegetable detritus and such animal remain� as. can be .  · 

preserved in such places, should prove of interest to the Paleontologist. 

Here we find a peculiar molluscan assemblage : 
. · . .  

Stagnicola cubensis (Pfr. ) · · , 

HeJ.i.sqna : tri volvis intertextum ( Sby. ) 
Helisama scalare ( Jay) 
Hel1sana duryi seminole PUs .. 

� · 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1936-1937; Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 1, 1937
http://www.nap.edu/catalog.php?record_id=18657

http://www.nap.edu/catalog.php?record_id=18657


- 13 -
.

. . . '·" ::.!�: ·;.: �· ·. 

. · .·��� ��· ,..; .. 
Heliscaa c:b.1eyi intercal.are ( Pil.s. ) 
Hel.isCIII& duryi ·preg:ta'brabum {Mar.ahaJ:l.) 
Helisaaa �- eudiscus (PUs.- � :: :� · : ·  
Menetus dilatatus ( Gl� ) 

: • .  �: :-=..: .. . '· 

Gyraulus parvus (Say) 
Physella heterostropha peninaulae (Pils,.) . 
Ferrissia peninsulae (PUs. ) 

. .  !:'-; .; ,!:JllSOUl.ium partumeium (Sa;y) :�; : ;: - .  · 
: � : :JlJ.pera cubenaie -�Prlme) . �  .. : ·: . . . · 

:. !· Pi.sidi\im .. abti.tuuFHdd. • ' '· · · . . .. 
. .  .·. ,. '· · . , •) .. ' : � • 1 �.: /.. .. � I I • J ; 

Leads and Channels in the: . E»er(l!dee · 

.... · .  _ :_ \ .  ... .. . "'; '  

; , 

' · Should one fly .  over · -the · :pegion he would see �an endless number of 
slender liquid threads, usually canbining into l.B.r!er ' leads, which 
eventual.lJr form channels of canoeable size 1 but tl'le' land is so flat 
that often as not the;y are mere slender openings in the shallow fields 

·· ' . without QUrrent or now. �-�Witel'e'-'tidd"'Wltlence 18" 'felt 1 as woll as in 
· ' £he more :elevated reaches}oi'; rine ·'�a·) we do·· ·h&ve p.U.sating or more or 
'; �lee ate� fiowing streams. ' The edges of' "these 'are part.icu.l.a.rly fav-

. .  i . .'.orable habitats of the Apple ·8rud.l,: f_cmacea�'depres81!1 the sole food ot 
the Everglades Kite and to a great extent that of t.he UJDpkin. Here 1 

too, .. �we firJ:l fish of Jll8l'J1' k:i.ftds arid sizes, 'Wiiieh · Will at least ccntribute 
their scales, and bones, where these are not .-·destroyed in the acid peat , 
to future paleontologic records. 

. . .. . . 

. - , 
Peo� these deeper reaches we ma;y find the following fresh-

wa� mOlluaksa · ·  · ·"' · · :, 1 ! . • . 1 · . : · '  _ , ;.· . .  ) :: • • · :< -.' . _ · . 
. . . . .. .  . -: .:.: ... . .:. ::·. Pailalei �ep'iiessa · ·(Sat) - · · · : :- l.:: ·.! · 

stagnicola cubensis (Pfr. ) . !  -"' 1;..: · : , . 
Helisana trivolvis intertextum ( Sb;y. ) 
Helisana scalare (Ja;y) . . . . .. . _· .::. . : . .  � . ..! • ..::.:.�'- · 
HelisOIII& duryi seminole Pile . 

. . . , '·• 
. � , ·. ·. ... 

. . . 
...: ::.: -�. . . ..... 

• ' ... " : :· i. :·: . � : : :  . . 
HellSaaa . .  d:iil"yi · intercalare · ( Pils � ) . . ' 
Unianerns' ooesus paludicolus : ( Gld� )  . .-. · . , 
MicrCJQa papyraceus (GcW.d) • 

·. ·- . . · · ;. :: Cy-renella floridana (Dall) 
• •o : •: ,: " \� •  • · ' •! o • •I ,;,, • ' • I • . .. . . . . . . _ . .... .. · · - · · - · - - · - · .. 

Lakes in the Everslades 
, · : � -:_ .- , ·;· , l � ·'"1 I ·. · . , ., . · . 

Here ·and·· th•r• in -tbeae l.Uge -st,l'letches :.of . submerged meadows we 
find open bt>dies �-&t:· ·water,:. lakes. :ot· · shall"dw depth· 'whet.e the same mollus
can association '·l:isted f'or:'the channel'S holds �Qtth,· bUt here also the 

. .  Meat8.e still ida:inta.ins its precari®.� :�IlQ.�� :so ·do Alligators • 

. . 
: ...:. .. · 

. 
/. , :'�.:;_· .. :.�-. :.:J. 

. · .'� ; . " · ' · :� .. . ... . : : ·� : . . ...
. . . .. � .... · . .  · � :  ,· .. ' 

.. ;.�:::;·. - ·  
. · ·' •  . .  : 

. . � -: ... · .
. : . . . 

.. .  .. .. .. . . ' � : ·-.. . ... ' . 
I . • '  . . . ... . . ... ... . . . ,. . . . 

. . .· . ·� .• 
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Cat-tail Association 

In places great- 'stretche8 ·ot · these· 'PJ.anta · · ('I)pha angustitolia) 
form almost p.u'e delise stands, barbaril\g lin associat�d avian and batra-
chian fauna . ' . . 1 .  · · 

Cypress Swamps . . . . : :�. . 

Bord�ing the glades we· may have ililm8nse ��s ot Bald Cypress. 
These are also wading in the . sh&l;Low waters ·with th�ir breathing knees 
lifted above the surface, shedc:lin8 pollen, leat' .and. cane year by year, 
to form a field tor the Paleobotanist . Nor is this all, tor here the 
Crocodilians, tbe Turtles and Snakes, as well as a host of Batrachians, 
find a suitable hans in which the)r mq . enjoy lite, · little disturbed· even 
by man . Bear, Panthers and Raccooz:ts aplenty, _ as well as III8DY birds, make 
this .their hans, .  and in pusink � their bones to the geologic contri-
butions ot today. · · 

Flying over lower Florida brings pl.airl:cy into. view, how .. the lAnd 
·graudal.ly slopes southward, how baiTing the hUrric� rampart a.t .the . 
southem edge ot the mainland' we see to the northward a continuation 
of the keys that characterize the "Bq of Florida� 11 but gradual.ly J.itt
.ing above the water. Once clear of water we ceas$ to call them keys; 
they now beCO.IDIJ "h&maiocks1 "  which, botanicalJ¥ Coi)Sidered, 1111st. be S�pa
rated into several; ·assOciations. 

· ,  ' 

Palmetto Association 

This consists of dense stands· ot Palmettos with small shrubs and 
grasses as a ground cover. Here some forms ot I4.mus and ·chmdropC!Da 
dentatum may be found. · · 

PA1gtto-Deciduous Association · ' , '  

In this the deciduous ti-$es usually predaninate, with only a sprink
ling of the former. This will contain the · mollusks common to the Decidu-
ous Tree Association. · · ' 

· · .  

The Deciduous Tree Association 

This frequently forms dense tangles interl&ced with vines and·· 
shrubs to form almost i:aqlenetrable thickets. ,  �- )>�opes ot the trees 
are frequently covered with mats ot Orchids, Braneii&ds, or Ferns . Here 

· ·on the trunks of the till trees we may find some of the members of th.e 17 
n&med forms . ot y.gm.us · tasciatus, or ot the 9 sUbspecies ot Liguus crenatus, 
as ·well as · ·g:x,ystyla undata (Bruguiere ) or Qxystyla noridensis PUsbry, or 
�eus multili.neaus {Say) , Pnmaeus dormani (W.G.B . )  or Dr;ymaeup dt!!!'lni
cus Rue. )  • \r41lile occupying a less elevated position, we � see Cepolis -

I 
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.. " � (Menke )� eti�ana dentatum (Say) or .. Helicina orbiC�! ..,clappi Pils 

, 1  .
• 

and st.ill lower in �bi=ii�bery �_2!;fu;;io�E! variolo!! (Gld$ )  and �saD& 
. .  dioscorSccla (Ads . ) ,; while on the ground) t-ucked away among the rocky 

nooks arid crannies, · or whea:.:. showers have mbistened the ground_. Q rawling 
over the vegetable detritus we may find a whole molluscan f'aunula as the 
f' ollowing list will procl.a:tlll� 

. .. 

. \ 

. � . 

·. 

: • •• : �� ,o .. .  0 .. .. ..  . 
_ Chan� d�tat� (Say) 

. HeUc� :orbiCUla.t,: clappi Pils " ; · . · ··: 
Po::J,ygyra 1l'vUlif.sra · · ( Shuttl . ) 

". 
· 

· . 
' : 

. 
: ' 

'·'
· 

· Pra�icollela jejun& ( Say) · · 1 · , : ·. t :  ·. 
· toho��?Un pust.ula (Fer. ) · · · : . .

. . \. .
. 

· Tbyseli(,pbora plagioptycha �- (streb. ) · .. . - · 

nvsanophora .. selenina ( Gld .. ). L:.�- .: . �2.. . . . . 
Opeas ootonoides (Ad .. ) ,- . � . I . · . : .: . 
Opeas gracill:tma (Pfr. ) 

&1glandina rosea minor .Pile:. . · . . .  :..:�· . . . · · 
.,� . ' •  · · 1: ; I . Ji<?�98p� J?,087aDa (Orb. )  

. .. . . . · · . .  � . :Hdlosp!ra jeJuna (Gld, ) ·  : · · : ,_, . .  · . .  

. • . i • j 

' .  . . ' ·. 

• \ o, .. .. 

. . . · ·· · Racroc�ami.ls pontif'iC\ls ·(Gld .. ) · · · · --·. · · 
M&Cr'oceramus ' f'lorl.danus Pils.. ·: •· ' 

. Gastt'ocopt'a cont:racta peninsularis·· PUs.; . · 
· ·  · Gastrocopta pent.odor! (&lf) : : . · · · : : , . .  

. Gastrocopta rupicol.a (Say) ' · ·· · · , .. · 

: GaStrCicopta pellucida: hortif:Sacella (Pils.,) 
Pupoides modicus ( Gl.d. ) 
Stetid.a :�&fJ&dsi (Pil.s.· v . . ·.:�: ... ��· .. :: .; :. 
stro�U�p� . 

hubbardi (Brown) 
Retinel18. · dalliana (Simpson) · · · 

Retinella: i.ndentata paucil.ii-ata :. (Morelet) 
Euconulus �· chersinus {Say) · rr  · 

Guppya guiicu.&chi · (Pf'r. ). : · · · :: 
, •  Guppya miami"ensis (PU·a,. ) ' 

Hawatia minuiscula alacliUSna· (Dall) 1 . . . · 

Zonitoides arbol�mis (Say) · . .  _ 
. 

V aginulus f'lor:J.danus (Binn. ) 
Carychium exiguum (Say) 

0 �· .i � ;. .:0·::. • '1 .:' . • ·; : 1; ; . Prl.iriea 
;;:

.
' 

"':
· . . . .. ·. .. .

. . . 
. · . · . . .. 

· · . 
These #� tlt$· :1ow �-flat dry treeless reaches c���d· by short grass, 

the tavarite · haUnts (£- the ·meadow lark, where at timea: . . we may - !ind the 
gr,oun4 f'�J.i. : ��� Wit.h: ' . . 

.. .. .  . . . ·. . . • 0 .... • 

SUccinea tloridana Pils . 
Polygyra septemvolva volvoxis (Ptr. ) 
Polygyra ceroolua (Mdhlt ., ) 
Polygyra carpenterian& (Bld., ) 
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Pines 

. ,  . .. . T� the east we f;ind some. ot the wav,�e . .  n��h· anq sout):t, ridges 
. coV'ered with a stand ot . js(:attered piiles ,· or "pines :and " llli.X8d deci�ous . .  

trees and shrubs, and grass,:· : .but with pipe clariiriance. · Thi s  i s  poor pick
ins, �d t_or the molluslt. stiu:l�nt_, . tor _pi,{tes proclaim ac�d soU, Which 
;s not con&,l�ive to shell lite� H�� Cerian lncgm Bi.imey ma;v frequent 
the open· SJ?&ces .  - · · · · · · · · 

!fansrove Flats . .  \ , . . 

To the southeast, the Ev'�rg]..&dea· pass bY. imperce¢ible stages into 
the mangrove flats; here low bushes of . scraggly mangroves try in vain to 
gain a foothold. B� they gradua:uy· grow more luXuriant and form 
large clumps, litt� their main trunks . above the water by their outreach
ing roots or root:. stems that anchor them in the ground below the water. 
Here Littorina !J18Ul.ifera and Ostrea norldensis enjoy an airing with each 
ebbing tide, or the former may prefer the air tor a longer period . 

The Mainland Hurricane Rampart 
' . 

At the 80llthern end ot the peDinsula, stretching westward traa 
FJamingo City through East, Middle and. West Ca:Pe Sa\:)le � we have a huge 
sand dune varying in width fran a dozOil yards to the .length ot a city 
block. This represents the wave combings from the shallow noor ot the 
Bay of Florida piled high and dry by Hurricanes and Qt.her winds. It con
sist.s ot ground-up bits of tlte Bay' s  iite , embodying the skeletons ot 
about everything · that has withstood the . wave-grinding process. 

L&goons and Swal.es behind the lfurricane Rampart 

On the lanclwal'd side ot the hurricane rampart we are sure to find 
a depressed area tilled with brackish water, usua.l.ly in cmmmication by 
narrow channels with the Bay. Places like these are usually bordered by 
trees or shrubs, in which Qxystyla · arid .Liguus· hold forth, and in the but
ton bushes �t the water ' s  edge , Florid� Red-wing�d Blackbirds and Boat
tailed Grackles makes their ne sts, �e among the· decaying leaves in the 
pools Haminoea elegans Gray find� � : favorable home . 

Salt Pans 
In the northern edge ot the Bay ot Florida are some keys struggling 

hard to rise froJn th� sea, or more probably to retum to it at present . 
Thes- treque�ly are barren rings with a slight .central depressi� • .  These 
pans are sufficientlY submerged ·at ·each high "tide to admit a new irit� 
ot salt water through narrow chamlels to the shallow basin. Warm breeZes 
and the sun' s rays evaporate a great p&l"t . of the �te:r. during the aJI8rgence 

. ·, · · . .  

. . . . . ) 

·, . · 
: • . ·  . ! ,· . 

. ·� . 
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· . ·; . .  "·· :..: · 1� -� : � � : . . . , .. l · · J . · . � · 
· · · r . 

• . .: . . ... .; : : .· . , . 
. . 

ot iht.· rim with ttie ·tesw.t. that the contents of thue panes lie.coine hyper
saline ,  and not infrequently deposit layers of salt. In such salt pans 
we find a curious faunal assembly of Bli.Da.- �:."and.:t.·.;_:J! : : : .  . 

• �I • ' •• · A 

� . · Ceritbid� ' scal.ariformis sq · · 
' · · Ceriihium JDin:J.Jmlm Gmel. 
. . Anomal.O,Q&rdia cune:i..USris Conr. · 

Cyrenella flbr'idana Dall 
li1l.inia lateral.i.s � 
Pt.eria atlant.ica Lam. 
H;vtilus uustusl t. · 
Tellina 

Black Mangrove Association 

�· . 

' .  

....... : _ .  � ..!c  • . · . · . .i �- . ·. . . . • . 
, . 

. -c . . ' · .. ... . · .  B�rdering the s��hem · ·�nd ot Bi8c� Bai;· od· tl1e mainland ,  we 
, . .  � . .  :·. na'Jf• ,quite a stand of B�_ck Mangrove trees, · sO\iUt· ·Q.f', and Here and. there 

among these J stretches of fine sharp sand mixed with vegetable detritus 
and the combing ot the waves; here under old decaying logs �or · boards when 
these are turned over, we are sure to find caches of thousands of speci
mens of the beautiful, small, TJ1tncato� carib.,KUJ! Rve .. .  and.�·!t'!nSJ;tel!! 

'.i:J ?ile;biatll,! �r. and Hel81D£A,1;S !J.oridanu..! stuttl. �� Mel!!9PSs lineatus Say. 
· .  

. . . NeXt we mist consid.er the Bays, £'or l.ying" o££ the mainlarld . we  have 
a aerie , of shallow expanses of· water krio� as Bisc�e Bay, ��s Sound, 
Card Sound and Little Card Sound, which occupy the trough between�the 
mainland and the string of keys offshore . Later we shall speak of a 
second trough between these keys am the edge of the outlying reef known 
as Hawk C�el. . , . . . . . .. . . ; . .:. :, ... . .. ·· ·.;.. : 
Bracld,sh Water. Channels . .  

.� . ; .. ... ;.�� ..:.£� .... · . . ,· . · ·  . . . . 
- ·  . . . . 

• . . h' ·�. :'bw. ar(d . scfunas we have numer�: n�t.s· ·�d . ftloals; . sane laid 
bare at· low tide,. ' cl&.tt by 'narrow or wider channels to give a.cc�:j�S to the 

' , . ,- :pll.l$81;.ing sea. 
· 

. 
� · ·· ' · ! \ • 

.. _ • .  · · ••. • · · 
'' . ' _: : ::- . . . ' . . . ·'' · . . . .  - . ..  . . .  : : · ·  , ; . . . .  :· . .  · '· ;. 

· · : : · �' .  - Where the��. :channels c�mnunicate wit If the rivera suo!\:; · fc:J!:' example , 
as Hlami· River� . �e. . get mingling of salt and ··f'r&sh water, pr<?Qu<?ing a 
brackish condition where Cerithidea .. .scalariformis Say and Cerithidea 
iostana Pfro are at . .  h� with Cyrenella fioride:B! Dall and .. �eri_A 
(�tytUopsis ) leucopbaeata Ocm-. . . . __ · . . : · �· .: :_� 

· .;;:: · · - .·. _ .  . <b. tlie·· ·fib:�� · fn · the harbor region � the stakes· throughOut the 
bays where the·se have not been prote9ted; by heavy c.reosoting, we may find 
a heavy incrusting With Barnacles�" ·:Ascidians, Bryozoa- and. Mooiol'\;!! stemissus 
(Dill..wyn} and Pinctada radiata (Leach), while the wood where not protected 
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or sutficiently protected, may be riddled with Teredo tloridana Bartsch 
and Banld.a gouldi Barsch, or chewed awa.y by .Sl?ha��()iD& 4estructor 

.. :: .. , � '  ._; . . . 
Deep C!!annels Leading to Sea 

These now are dredged places as straight as .the c aU"iguration of 
the bq w.lll permit , but in the ·days ·gone by they were riot laid out by 
rule and compass, but sinuous natural passages w1ng1ng their way to sea 
through low flats, usual.J.y &teep-s�ded/ Here 'Qystera and. Pholads found 
a desirable habitat . · · · · • · · 

Ostrea virginica Gmelin 
Barnea costata Linnaeus 

Halimeda Association 

Some of the shallow water flats are covered by an . �st pure 
stand of the .calcareous alga Halimeda , which crunches under foot as . one 
walks across• ·� segments ot this form dense patches of cqnsiderable 
thiclmess. · · ' · ' · 

Porites ·Association 

. .  Under c�tions apparently the same as those . under which :f{AJimeda . 

occurs, frequently only separated by a lead of a tew feet in .  w.l�th fran 
this , other flats are characterized by a daidnailce· of Porites rurCata. 
t.he. small branched coral easily held in the palm of a ·band. 

· · 

KEYS 
. ' • . 

The �fangrove Fringe of the Keys on the Bax Side, ypder water · 

Cn the bay side of the keys we usua.l.l.y have a:· moderately· deep· · 
channel fringed by mangroves whose sprawling, outreaching roots repel 
all. approach to the key' rx-Oin this . side. On these roots below low tide 
we f.ind clusters of Melina alata (Gmel. ) ,  while a little higher ill the 
inter-tidal reaches Ostrea floridensis Sby. forms dense masses that com
pletely cover the root s and at low tide, when out of water, furnish plain 
proof the oysters here grow on trees.  Here , t!)O, we can find specimens 
of the beautiful · 

Cowry, CYpraea exanthema L. , under water. 

The Mangrcwe_ Fringe of the Km, out of water 

On the mangrove roots ,  sometimes a yard or more above high tide 
level, Littorina angulifera Lam. is found abundantly, ldlil.e on the beach 
among the drifted notsam and jetsam Melamp.1s coffeur (L. ) and Auricula 
pellucens Mke. · may  be fOU:ild in abundance, and StrobUops lmbbardi steven-
soni Pils . occurs under the bark of dead limbs. . 

· · 

- . . 
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. . 
. . . . 

Here where avariciO!lS man }ut.s not. destroyed the native forests we 
still find heav.y stands of Gumbo limbo, lofahogany, Poison Tree , Wild Tama
�' West Indian Bmh, Darling and Coco � and many others freight.ed 

. vi.tb epiphetic orchid�J, Ferns and BrCIII811ads. . Cil their boles and. branches 
a sprinkling ot Li.8q!is can be found, and not infrequently their center 
harbors a little prairie with an abundance of Cerion incamun Binney, 
Pol,y&yras and :llccineae�. ;:. . . · · · · ·  :: 
Cut s, Ripraps 

. .  

The harbor improvements ot Miami have wr<lUght many changes in 
. Biscayne Bay; DDld tlats have been changed into islands by pumping the 

dredged material upon them, and in Ill8ll1' places where Halimeda or Porites 
. . �fa held forth we now find luxuri<N� haDSs surrounded by or Purled in 

• a mass of floral glory. Here th4l �scape architect has had an opportu
. .  , nity and he has used it in "bringing here things beautiful from ·elferywhere . 

. . ' 

The shallow cuts which in days ot old made you wait for a high 
tide to slip across the bar, 8'lell in a moderate-draft boat ,  have been 
widened and deepened to admit shipping ot all �s, and that these chan
nels may not be tilled by the ever southward shifting sharp sands of the 
011ter beaches, long ripraps with stone facing have been placed on the 
north side ot the cuts to shunt the sands eastward into deep waters. 

These jetties or sea walls are not cmly favorite places for the 
disciples ot Izaak Walton, but have made a paradise for certain mollueks, 
which in the past found it ditficult to locate a suitable place of at

tachment. Here we now find abundantly& 

Tectarius Dllrlcatus (Lo ) 
Ceratozona rugosa ( Sby. ) · 

Siphonaria lineolata ( d  1 Orb . )  
Nerita peloranta L. 
Nerita versicolor Gmelin 
Thais fioridana (Conr. ) 
Fissurella alternata ,Say 

The Sea Side ot the Keys 

This presents another hurricane rampart where wind and l@.ves, 
cCIDbing Hawk Channel, pile the prOdUct ot their . .  l.&bors high and ··c1ry. 
-This may present long· stretches ot loose , more 9r le.ss shifting sa.M, 

. . . where Cenchrus tribuloid:!,!, , ·the dev.Uish sandsp1r, makes � -. a  misery, 
. . or equal reaches ot loose sand held dawn by the _ lmg runners of the Goats

toot MDrning Glory, Ipamaea pes-caprae and Ipaniea bona--nox (L,. ) .  Still 

'· . 
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- 20 - : :, , · . . · . ,. . .  , .. . ;_ ,. · .·_ . .  ,,,  . · · ··· · · . . . :: . . . : :.:. : ...... ' ... . : �·· : .  : . . . . • ! .i •  ::-.: 
Pt�; pl.&cea· wher$ · tbe · l<llg ·st;OJ.�· :Or.� the grao�. � B.el'Dilda 

,. Grast· � more�'� less · su�ce:astuJ;�i:n :checldng. the id.Ju1�lot4n a&Dd.·· ·en 
· tti4t;���r .�p..&e8 ,!-ti� funereal· ;�oumefort$[ hol�·.�, and �orming ·the . outer .��e. "of �·woods.�· the tsea grape . th . its leathery, shining, kid
ney-shaped lea_..��t racemee Qt fruit , �s· a ·  characteristic 
setting enjoyed by Cerion incaimm Binne7. · · · . 

. '� ��·  .. . . ..  .._... . . . ..  �.-:-;: . . 
Shallow-water SandY stretches bezond the Kqs . ' 

. � - · -

Wh•n these·· ife:p�teftnt thq : enable . the wrrow:tng molluSks to dig 
in1 �� the_ ;preda�oij' members:· o�, ·t�� pq�.wii"hunt. them cut and ·devour 

. thf'Dl. Where· th8 . wind;.swept •ves.. x-oll up on &Uch be&.ches we treqileiltly 
.. se� JWrl,ada_ or· 

the! 'i'ively Coquina •lams .swept ·m the peach by e�h,m• �· . .: cani.ng w-v� .. ·· .� themse1ves, aA!Cl . . � .i,n �fore ttl.e wave rece��s. While 
small�· they · are so abundant that the)l'1r�ah $p. �leiaent -'ot ··c�rce. To 
the len� one , Coquina broth brings pleasant memories to the palate • .  

Their �ce in '�he : region in tb� . past.. i.s vouch�ed by poquina Rock, 
-: pt �ch P-. contrl.�t

.
es �e chief el...,nt. �. . · ·  

. ·. -·· · �: ' · · 
. . .  . . < . . . , .• 

.� . 

·· Heri a:i.� we will tindt . . � .. . 
�-· : . : . 

.. . . .  � . .  

· · · · · ' · 

._ , <· . . ' , . . '. � . 

' 'D� 'V'&N:.abUis,;Say, .. . . · 

.. · · . .  ·:W'Vella flor.alia iA9.l_os : 
Olivella Hltica ,� ,_,> . , ·. ·  
Marginella apicina Menke 
Terebra dislocata. � .. 
Terebra protext._ Caarad . ·:.:· · 

Mitrella liinata (Sq) 
- · 

Epitonium angulatum (Sa.T,)" . . . 
Laevicardium mortoni ( conn.,d) 
Pol.in1ces duplicata ( Say} , : · : . .  · 

Tellina altemata Say . : :l·.: 
Dosinia discus Reeve - · · ' · 
Buaycon perversa (L. ) 
Alectrion vibex (Say) 

:_ strigill.a· flauosa . Sa.7  . .  

. : :  t :  . . � .  . ·' � . 
� .. . . · ;, .. .

..
. 

· : • .. 
. . 

. .  . ·  .. ... -.;. , 

. ' . . .. . . . . . ; . . . ' :i . : • 

Shallow water (Hard pan) beyond. the Key! : .� . .' : · 
1 · · . . 

• - . 
� •

. . • � · . • . :: . • : : . · l  . ' 
. . . . . . . . � .  : : . . . . :: 

: ;- . . .. Ott the ken�en the sea· side we · hav:e; streaks · of .. hard.Jl&l:\ where 
corab.inee,- · FarAPrlrii�rer.a .and .Ufae, encN.st the bottcmi� · ·Here Chama sarda 
Reeve and Gl..yci.merie americana oetrance�and the following find a .2JUitable 
habitatc 

Anachis avara (Say) 
Cantharus tincta ( Conr. ) 
Leucozonia cingulitera (Lam. ) 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1936-1937; Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 1, 1937
http://www.nap.edu/catalog.php?record_id=18657

http://www.nap.edu/catalog.php?record_id=18657


. ! • 

- 21. -

Clathrodrlll:& ost,re�. (St�s) 
. ThaJ,� �·et:taia ·(L. } .� .' . . , . . .  

' r'-�alla -�temata (s&y) , .  
Phos parvus C.  B .. Ado . . 

. TrttQ'ialia cellulosa ·conrad · . . . .  
, �s��ochitoii (litn2.Cliorili:is,. Sby • .  · �· · ·. 
: �ex· pamun Qmelin ·. .. · · . , : . 

· 

S�ll-� waters (».ld flats).\>eY�. *'
.

Keys 

Here and there in Hawk Channel we find mud nate· ·in shallow water 
where among other cre�;�es

:.
: 7he fo�'OW"�'· molluiJks are at · home :· 

· , .  

Coral Reef Walls 

Acteocina ' canaliculatus ( $ay) 
Mangelia cerina It: ;,  &· s .  
Epitonium lineatum· {Say) . 

. Cerithi� ferrugin�. Say 
· Cerlthium mscarum Say 
Tageius. gibbus (SJ)engler) 
Cardita fiorid8:na Conrad 
Pyramidella crenul.ata

. 
Ho�s 

· ' . . . ,  .. .  

. : . : · · 

Offshore 1 beyond Hawk Channel, which stretches outside of the keys 
fran Miami south to Key West, is another subllierged ridge , which at inter
vals bears a series of lighthouses.  This ridge supports a thriving coral 
reef 1 which extends even farther south past the Marquesas and the Tortugas. 
Here we find walls of corals exposed to the 5Qrf, with ;e�� _bfi,Wtlen .them, 
or at times just coral patches.  · · · · · 

These massive builders, embracing Qr..!>i£�1� �ati£ (Dana ) ,  · · 

Porites astrerides Lamal"'k' S:i.,!!t!!:�"Z�t !.!�_, �¥� !Jtrj.gos� · (Dana) 
and &.aoora !at>Yrlq_t.t���f! (�!.nnaeu.; J produce veri-table· walls of coral 
limestone 1 which contai.n an end1es::J number · of grottoes,  caves and cavems 
in and among which dozen 3 of f9�cies of fish seek shelter., f�sh . �ang;ing 
fran the huge Sea Bass w�ighiJ�g at times several hundred 'pounds to the 
t� exquisite Iri.dio. Here br:i.lliant leisurely Angel and Butt.erfly Fishes 
search for food, whil-e schools' of htmdreds of Gray Snappers stay put and 
Sway all day long unde:- shelter...ng ledges,  in the pulsat-ing · surge�· waiting 
for the close o,f day- :to .bagi,n their foraging . ·  Schools of hundr:eds of 
Yellow Tails and .  Cn�aol9.ds· will: ' pass in review as they cover their beat ,· 
while the Banded .Schoo:lm.1.sters 'Play about the summit of the blocks , enjoy
'ing the vacylng lights anil shadds occasioned by the wave lens . �-urface of 
the se�, or �t 'lud dangerou :J  Bara•:li.da m•)Ve leim.trely aboutJ: ·singly or> . .  
in pairs.. Tq here lisli the 'WiDle fish �se�llblaga . would take more space : .  
than is allotted to me �  and to adequ:a�el3. record the scene requires not · · 

• . · l • ' · 

' � · . . 
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· . 
. . -· .. � . . . . 

pen or pencU or even brush, but a. .diving ht� ��:,.ter-tight moriDg 
picture camera, using color tUm to do just�., -to the : view. 

Tucked llfAY here among the nooks and crannies , · we find all the 
ne stling and burrowing mollu&Q. Go:r.geous !d:!!! acabra Born tucked awq 
in small crevices displ.qs its bright · tentacles 1 while scmbre Chama 
congregata Conrad and Vermetus nigricans Dall are fi.Dd to the solid rock. 

Sandy st��ches between the Coral Walls· 
· . • •• ' .t"."' • •  : .:. · ·• • • 

Between. the solid walls of coral ar� flat · 5t!retches of white . �1 
camd.mlted bits of coral and shell with small. lumps of detached corala· 
usual.ly turniahing attachment · for t.,_� puple .and ;yellow· fan coral and 
variou.s other species of Gorgonian41 . . Here the Hog fish · and various species 
ot garishl.T colored Parm t Fish .and Slip�r,y Dicks and the burrowing 
Gnathope and the Sti.Maree and :sa:aetimes Manta biroptris find a suitable 
habitat, and the long-spined Black Sea Urctnn., Centrechinus antill.arwa 
PhU. , whose contact one should avoid, •7 �ve � or in bunches ot 
several dozens. At hcae here also . .  are : .  

· · · · · 

Dosinia elegans Conrad 
Anodontia alba L1llk 
011 va sayan& Ravenel 
Polinices duplicat• Sa;y 
Batica canrena L .  
Sinum .perspectivum Sq · 

Tonna galea L. 

stag-Hom Ccn;L Association 

· Even among -cor_als we have associati�s , as . exempli tied . b;y the stag
hom . eoral01 . Acropora cervicornis ,  'Whic h  in ·places forms dense · stands . cQVer
ing considerable space . To a somewhat lesser extent this is · aleo true of 
the Palmate Coral, · Acropora pelmeta. 

Gorgcman Field ... : 
In the flats inside of the other reef we find extensive fields bf 

Gorgonians, .forming the so-called 11Sea Gardens, 11 composed chietly of va� 
rious species of · Pl.exaura, Xiphigorgia .• Gorgonia, M.lricea� FJUnicea and 
Pterosorm. H.lseum specimens gi.ye U.ttle idea of the real beauty of 

these so-called "Sea Garden" denizens where the halt-inch investment of 
slender zooids that characterizes.  them in lite is shrunken into a thin 
animal film. Wading among them with 8. diving helmet , or viewing th8n 
through a water glass trom above, cezot,ainl.y justifies the novices • name 
"Sea Garden" for the;y sway and bend to ·currents,  the surge of waves or 
the pll.sation of the sea as do plants on shore which their forms resemble. 
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. .  
· · ·  :. . These · ·col.Onial .imjmal s contr1l?u1;e largely t o  the reef deposita by 

adding their spicules upon their demise . ·Among them, an the sea fans our 
molluscan trienda, Simada !!!!.i..n..ll-2!.1?.! ( �erby) and Qn>hOIJI! gibbosa (L. ) ,  
find their favorite habitat:. · · · · 

GrassY Patches 
· . . . ,. 

Betwixt. the Coral Walls · and the Gorgonian fields we may have long 
stretches of grass covered sand bot .tom, composed of the Sea Grass, Thalassia, 
among which the trunklike Cowfish, Pipe Pishes, and the Sea Horses dwell. 
This, too, is the favorite habitat of the red Giant star Fish, Oreaste!: 
reticulata L. , and Tripneust� esculeritus L .. , and the Giant Horse Conch, 
Fasciolaria gigantea Kiener, the largest Gastropod of the Atlantic , and 
Fasciolaria tulipa L. , as ·wen · as the King and Queen Conchs, Cassi� 
,!!!ldagascarensis Lam. , Q!!..� tubgro.!! L � , and above all the Pink Conch, 
St.ranbus l{igas L. , whose delici.Qus fle.st1 has gained the name "Conch" for 
those devoted to this fish • .  Mlxed in with these are Holothurians, while 
among the lesser folk may be' listed th'e soft Sea 'Hare, � �coxi 
HeUprin� Conus pealii Green and . Nassarius ambiguus Monts • 

. .  . 
The Continental Shelt, 5-100 ·fms . 

Passing the reef area we cane 'to a graduall.y sloping submarine 
plain of varying width, the s�alled Continental Shelf, which we may say 
ranges down to 100 fathans o · This is a rich molluscan field; here among 
JD8.DY others the following. · species hold fortht 

. . .  
Tellina lintea · Conrad 
Acteon pmctostriatus c .  B .  Ad. 
Drillia ebur Reeve 
Maculopeplum junonia Hwass ., 
Xenophora conchyliophora . Bom 
P�linices uberina d * Orb .. � . ·  
Epitonum hellenica Forbe·s · 

Enlima carolii Dall 
Niso interrupta Sby. ' II  • .  . - . . . 
Pyram.idella. :c��da M8rch. 
Calliost� ·eug:Lypt.um A .. Ad • .  · · :  · : 
Calliostoma ju,jubiJNm Gmel., : ·' ' · :. · 
Cadulus ��-m.ta�us Dall. 

Pourtales Platea,lp 90=300 fathoms 

. . . . . . 

� .- • I . .  1 

By far th� richest .marine mollusk field is the Pourt.ales Plateau to 
the east ot '

the iJ(1ntihentaJ.:�.Bb�, whose . varied bottom ttlems with all sorts 
of life. · ·· :  · 

� • • • # 

, ;  ' -
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'

. 
·. : ; As. :.'a;�� . ������i�� .'��1.��1�· �� . . ��e :·t�· .

. 
�:.�;i����o�u 

· •  • . :.;.i : � . : . .  �--'�� ... : :; -: · . · . •  · . .... [ · : . . . ... __ , ·  .. : _ : _ _  · · . �·- .L.�� : � · :·� !  . . : ·  .. , . ·  . .  .; . . : .. .  ·· ·; �--; - · . .. .- :· _ :·· _  .. , 
Area glCJDerul.a Dali . .. 

· 

· · · · . . . · .· .  � . .  · · 

r : " . 

· · · r 
. .. . . .. .. _ . 

Euciroa elegantissima Dall 
Acteon exilis Jeffreys 
Protocardia peramabilis Dall 

· � MOdiola ,· Polit.a Verrill ·&:. �tb.' 
teucoqrimt ·verrillii • Dal.l  ... · . 

Leueosyriruc · subgrandifera Da.U : . 
· · Ancistrosyrinx . elegans Dall 

· ·· . · '  : · · : · Ancistrosyrinx. radiata<· Dal.l 
. : . . . . . . . . Genota . viabrunn� oa.u.- . 

. . " 
·· ' · · Mangllia: e.ezina Dall 

' .: _; �- . 

. . . . . . . . .  . 

' . .. :·, 
· Mangilla .opm.atof,ropi s Dall . · . ·. . . , . . . . 

. � Marginalia succinea C6nra4 . · · .. 

· · L "; : .· · · .Aurinia dubia Brod . 
. ..:;  . ,  . � - .. : · . , _.. Auritti:a ·gouJ.diana · Dall . 

FU.sinus; benthalis -Dall . . . . . 
Phos · candei d ' Orb. - " · · · · · · 

I ,  ', ' • :  • 

. - }:' .. .  

Hlrex beaui Fisch . & Bern. 
Coralliophila deburghiae ave� 
Pedicularia decussata Gould 
Onalaxis · nobUis VerrUl 

· Amal.thea bfm.tt\opbil.a Dall 
Xenophora· conc,l)7liophot:•: . B� 
Pyramidella candida Jmrcb 
Microgaza rotella Da,ll. . -. .  .- · . ,  
CallioetaDa bairdii ·DalJ.. · . ;  . .  
SOlariella ottoi Phil .  · . . . . � 
Liotia b&il'd11 Dall 
Hal1ot1s paurtaleeU o.Ji · · . .  ·. 

Dentalinm � d' Orb • .  , 

Dentalium laqueatum VerrUl. . . . . . . 

. ,. : . • 

• . · . . 

Bed ot Florida Straits 
.. ·.: _ : · . . 

Still further east- \han . the Pcprt;W.s ·. Plateau· ccae the Florida 
Straits, ranging tran 350 to · .800. ta.th�. in .  dept�-, - . from whioh we 'IIJil¥ list: 

. . ) 
... . . : 

- .. . ! • . . 
. .' . . , .. · :· · . . . . . · Glyphostaua gratula Dall 

MangW.a serga Dall : . . . 
Pl.eurotanella chariessa Dall 

· . . · · · 

Fu-sinus· bentbalis Dall · , 
Leptotbyra· inc:blta. a,lbida· Dall · 

.· 
. Margarita (Bathymopbila) euspi.ra D8J.l. 

Solariella ottoi Phil. 
Dentalium perlongum Dall 
Dentalium callithrix Dall 
Dapbnel J a lunacina Dall 
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Plankton 

This presents still another phase of lite that we have so tar can
pletely ignored, but which is ot im:nense importance to the marine animal 
world . The Pbytop.l.ankton, the microscopic free-swi.Dming plants have been 
aptly called the grazing grounds of the sea.. The large protozoan admix
ture 1 as well as eggs and larval stages of animals, . 'Snd the pelagic crea
tures . that . prey upon them t ound in this liquid habitat:, constitute an im-

. · mense e,lement. ot marine lite . Among . moll�sks 1 'We> JIJJJ..t mention the Squids, 
Spirula, :the pteropods and Heteropods; among the · shelled Protozoa, 
Foraminifera on dying, drop enough skeletons to form ·an ooze knmm by 
this name 1 w11Ue otltEtrs 1 like the Peridi.nae 1 at times are . pJ?esent· in such 
countless number- ,as to smother lite in the region invested, ·· requiring a 

:• . restocldng of the. .. fauna of the place.  · · This killing · ott occasional.l.y is 
· · · also due to the. presence of Pseudaiiona_b · likewise a fiagellate p1-otozoan 

: -:: : : . whose contribution of ammonia to th� sea··:e:auses enough disbalanee to pr� 
duce sufficient chemically precipitated ·ooze � · suspended in the :water antl 

. · : 

. : ' : 
r 

an the bottan also,· to choke all lite·., · · .  · = . •  .:· 

· · · ·. .. In this brief account I have pll"pbsely avoided mentioning the m1� 
merous �e species of the families Epitoniidae, Melanellidae, Pyrami
dellidae, Caecidae, Rissoidae, Tripheridae, Cerithiopsidae , Vitrinellidae 
and others, s.in:ce : these are not the obvi9US things .of the fauna . I have 
selected those mollusks . which force their attention upon the observer in 
each ,habitat; · �hey, .�herefore, represent·! the · st.rildng element of each a� 
sociation. . · . · . · · � · · · · ·. · -: · . · 

� , __ 

, In ·c l�sing, rria.T I exp�ess the hope that this brief account will 
arouse the interest ot students ·Ot Ecology ' in  this,·  the most marvelous 

. field tor. a1c� .studies known , to . .  � .  
• 0 ' • . ..  ' . .  

. . . . · . 

. .. 

U .. s. National Jllseum, 
· Washington, D. C.  

. -· . . . .. .. . . . .. .. . .  . 
: ; ··�·.,. , 

. · '  

. . . . . 

' . 

. . · - ·- · . ... . , .. • . 
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·
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. 

. ... . .. � . . -

.... . . .. . . 

BRACHIOPOD �OLOGY AND PALECllOOOLOOY 
• . . · · 7 � ·. - �- . - : - � :' � . ;. 

. . . .. . : . .. . . . . . 
· .; ·; - ;  . : • -< < .  Qe : 'Ar\i� C.Q01)8.r* · . : 

- -� -:  .. · -L . .  :.: .: · : , � -
0 • •• •·. ; • . . . ... � . ; . 

. . . 
. . : . . . : ' ;  :' � . -. . .... : . . . . 

• • · ..:  • • • • • •  :· -� ·  ·:· . ; ... , .  f '• . •• ,· • • ·- •. 

Introduction . 
... . .  · .. . 

. . . . . ·  . . : .• · .. _ .  . . . . . 
I •\ • • • 

. . · · Li.f.e for . �oi!Jt .o�ganisms is a at�e against adverse -�.s�c� · 
conditi9M anci � . .peighbors . Nowhere is , this. struggle a&&in� $11• 

: :  . .  :�nt more -��e. �t.han .in the .• e.. .Arq: se��or� Will show �s 
ot. :�� shells1: :·�� 'rl.A?t� pt �o� or rapacious enemies. A1though 

· tll� ·�rUe is unceasing _and c�el, ·Ute iYielt has survived this uncqJPt 
pranieing eQ'Vironmerit througil c�leq ages� Eons ot struggle. have l;tad 

· · to the sp� � ,  �- .ama�� cauple!c�teci �eb or lit� :in which. all �on
. �.emporary .sPEtPi" i.�· � given ��11t are more or- leas remot.e:cy �

volved . The en� ot one organism ,may be the unwitting ·rrieDCi ot anOt.)ler 
and the welfare ot one or more species m&7 depend ori the prosperit7 of 

- · other f;"� .: The :  stlJ:4Y ot the complicated relationships of organisms to 
one apoth.•J:' and to their ��0&1 ·en.v:l:roriment is E o . 0: _ 1  � o g 7 • : .. 

� . . :· . . . • · •. 
•

'

· :. • 
• 

• • • •  : • • .1 : : : • • , · .. : : : • • 
• •• • • :: • • • : � .. t � • 

. 
. 

• 
• • 

. . . 'l'lle- g�er,a.l.ities_ of, �t��c� .. geol.ogy are ndw CaJIIlon lmow-1edge • 
. . MQet, inf.Qnlf3Cl people kncM that . . maD¥ .. sedimentary .rOcks ,:re sOlidified sea

· �· l>ott.QIIlS • .  :lt ' i,:. also well kQown that �ese petrified ' sea-�tans ha-ve. en
taubed JDa.DY' luckless molluscs ·and other &nimals. The sediment&r;y roc�s 

· · and their contained fossils thus have a story of their own to · teu,· but 
the.. � is t.qlq in .no .,s�e .l.ang\lage .  FossUs and sediments are the 
a�en .:that mu� 'bf -�'-�Q ,unde�st�d �he. . earlier stages ot the . 

struggle of life ag&inst ita envirOl'IIIIBnt , It has taken m:UU9ne · �� · �ars 
to weave the web of ecology about us . Fossiis· and secii.m8nts an the docu• 
ments ot P. a 1 e o e c o 1 o g y1 or the study ot ancient ecology . 

An amazing quantity ot data dea.l.ing with fossils and sediments has 
been acCUIII.llated during the last centU17. Yet with this mass ot intorma
ticm relating to these special subjects it is � �SC.!=JnCert�- to 
learn that tew investigators have concemed themselvel\f with . the subject 
ot Paleoecology. The stud\Y is new and when seriously pursued shculd lead 
to results or distinct benefit to the geological and biological sciences. 

A1though data bearing on the ecology or many groups or animals has 
been gathered, the ecology ot modem brachiopods, as well as their paleo
ecology' has been neglected . The various treatises on modem brachiopoda 
yield little direct information bearing on their habits, their relation
ships to contemporary organisms 1 their embryology and lite history. The 
reason tor this gap in our lmowledge is not difficult to understand. 
Brachiopods are now rare animals and u iRlal J 7 difficult to secure .  More
aver, the study of this group is still in the qualitative and descriptive 

* Pllblished with permission ot the Secretary ot the &Dithsonian Inatitu
ticm. 
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... . .. . , .. 
- 'Zl -

. . . 
stage. ZoolOQ', embryology and biology bflV&· long· since practieal.l¥ aban-

. . doned -��tati� research. I� is no longer a vogue to describe the lite 
hi�oey ot .·a · · �ies; corl8equent� DiarJt ')'iars: ·may --g-o by before· .. some ot 

'tbe. f�st. que&ticm. c'onc.e� 'brachiopOds aild <their ·ecology will be 
.&n�rect.· . . ' ' . -� ·::· . . .· . � ' i . . .  : . .  . . . . 

. :· ·� • 
• 

• 

• 

• • . J - · • • • ·: . : · f !': . . . . .t . ..... � • •  . • • . 

• 

: 
· : . ·. . . .  This p��t diaeussiori : of :br&Chi:opOd ecology ·anct 'paleoecology is adltdtt.edly incauplete'; because timB did n:ot. pel'lllit · an ·axha\u:nu.ve search 

ot the volumillous brachiopod literature . The appended bibliogra�. by no 
. .  ��- �sts !Jl4}! papers having �ological information. There are Wl-

doqbt� Jiany �ta' buried · :til :descrlPf;ive papers, which only future st� 
will !b� oUt. . . . . . .  ! · ' . 

• ·,; I , .• • '  t . . . . . . . . .. : 
. • · · · · · . .  · . ·  . . : .Brachiopod ·wt·C!l[ · · 

� . . · -�� . .t . .. · .'\· . - . . . ·.' · . .  �- 1 • • • . 

· · t .  · • ·. Itf the ·u;St; general 'terms· the braehiopod may �be described as · .. 
bllateraJ.q S)umetrical, inequivalved bivalves .. 'l'he :lar.ger shell . .  as · a 
rule is on the ventral side of the animal and the smaller one on the dorsal 
side. The valves a,h . .. held� ·together mor.e. . .or_::te'�B·��UQtly by teeth and sock-

. �s (articulate brachiopods) in � forms, but only by Dllscles in others . . · . (ina!-ticulates) . The brachiopod . i!' Slther ses8ile-·�or.-�aedentary.. When 
. · s�ssile it may be c-.ented by the ventral valve to ·  some· object..: tsUCb· as a · shell or piece of coral or may be fastened by a fleshy pedicle . wbioh pro
_ : trudel!f ;frcm ari opening in the beak of the ventral. valve. A few; !Ol'ID(J ·have 

the ability to � �- sand and mud and to move- about with d:iffi�ty. 
t. .. • • 

. . . . . ; •  ,·- : ·
·
. 

: . . . 
. . . .  · . . · . ln;eQ.de the valves _ th� ·b0cij'� prop6r· ocwpies the body e&Vit-)'· at the 

poft,erior or .  beak region. 1$e b�· cavity· · contains ·the' gW.let:, $tomach, 
.. .  ·: intest� and. liver, as well · a's ·other vital · organs, and · is· -traversed by 

a · ·coDipl.icated set of 1111scles which open and clos� the ·valyes and tum 
the animal on its pedicle. The mouth opens into the 'illantle .ca�ty which 
�ont�� the lqilophore or brachia, a cirrate loop or horseshoe-shaped 

. , ., Qiogan� · �ilt t>t ':Clrri · ·oii ·the lophophore ·:ereate the·--current.i!J of water 
� .' nec�ss&q �c( -�·'to · the . Didu�b · the �� an1mals · and plant� · � �c� the 

brachi�· ree"ds · · · : · : ' " · ' · · . .. ' . . : . . . · . . .. · 
. 

-� > : · :: 
.

' . . .  , ·. , : ,:·: . · · - �·· · ' e '  . .-:: -· � '· /  .• . I : . · :
. • 

. ·. . · : . ' . .. :�. , � " •; ; ' !� 
r· . , ·r • •. ,. • . • :. Brach,t9J?O<is in ·Past and- Present Faunas . :• · . : ;, · .; · 

• o <o  �·� · �· - � ·: • •  r .o o '  * I :  ... . � ... • : • : 0 0 0  '• , �, .' a , : • :  * 
0 • •: ',1 ,;' _* · ' 0 • · 

:. · . .  · . ·�:r�opods b&-ife e�sted fran :early �an � �-� _4,;h,_ pr.e.s_ent�� 
Now 'tliefr'numbers - � 'greatly reduced 'but the pa-sU .has "'-n a_.gr.�� . .-rrq 
of these animals. Many bizarre and little understood types. liv�!J . !.n.-by
gone . erao . . Ben� . tt:te �oluti:on of the .class is now nearly compl.ete. This 
�e&t ·gz-Q\ip of an1mle with its g19rl.ous :  pan:"H -thus· an ·�deal me to 
ewctr iii : oi-d�r . to :learn I the laws of evolut.ion and ecology. . The. br�phiopod 

#b)- its v&rj ·nature· is intimately. tied t0 its.  envi.l'ODIQ.en� bu� , .a.�-:;� be 
seen below the race is a hardy one, resisting many changes in external 

· cc:md±ti.ona- -eM -pel'Geting since ...t,Qe known dawn of lite . The meaning of 
all brachiopod. ad&ptatione is by no means' �ciearf ··� : _8\i��t"tit,.e ·�ss 
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of enviro11111ent bu.t ¢he�s . indicate- .�hat initiat$4 . trends continlled be-
. · yond usefUlness to extinction·. 

· 
· 

. · · · · . 

. . . 
· ·Today' bu.t . a bandtal . ot . genera and ·: species i"emain · to represent the 

lineages ot the past . HoweVer 1 these ffiW modem brachiopods are of ut
most importance to the biologist and geologist 1 because they Ji•ld the 
onl3 f�st-hand lm�ledge or the life procea'ses and habits of these ani
mals� 

. 
Unfortunate�;, the bracbi�s occup,y a. very a;tbordinate pos;it.icm 

in the . seas todq 1 consequently � class has been negJ.ect«l by modem 
zoologists and biologist,. · 

Except in �- few instances living btUhiopods form a small percent
age ot the fauna at auy given place. At most. stations they are rare prizes 

· but in a ffiW localities species occur in :Oonsiderable abundance . At the 
present writing a few more than 200 species distributed among 61 genera 
are known. .It is likely that this number ;  will . be mat�rially increased 
with time · but the list ot living. ·brachiopods will never attain verf. im- , 
posing proporti�s. 

Distribution ot Recent BmM-opocls 

Modem b�achiopodis are world-wide in their distribUtion� · In· general 
they are located along tJle coast&l margins ot the continents ·and oceanic 
i818nds .  · They mq occupy tidal' regions or shallow marginal waters or they 
mat live in deeper waters on the continent.al · slopes or in the deep waters 
margi.nil'Jg the oceariic islands. Several important centers of brachiopods . 
have been .(ound .. The Mediterranean, northwest coast 'ot Africa, Spain, 
and the' British Is1es are inhabited by a group or species whose nearest · · 

relatives ate found in tile West Indies. The w.·st Indian brachiopod fauna 
extends from the ·southern tip ot Florida to . Trinidad. A few species are 
known fran the New England coast to Labrador and Greenland. These are �.;. 
lated t� Arct�c r�.· · 

. 

. . . 
In the Pacific a tew species are lqlown tran the Hawaiian Isl.ands 

and the PhiliPJ>in8s but the waters about the Japanese Islands contain cme-e 
ot the most prolific modern brachiopod faunules . The Hawaiian and Japa
nese brachiopods are related to those found along the west coast of 
North America fran southern · California to Alaska. h the southern Pacitic 
the waters along the ·southeastern shore .of Australia and New Zealand 
cont&in bnchiopods ot. types simi lar to those . found . .  along the shores of 
sout:hern South America. The cold waters ott the Antarctic Continent alsO .  
cont'ain related austral ge�ra. · ' 

· 

Modern br�hiopods oCcuPY' ali bettzymetric . sones of the sea. Sane 
species are confined to s�ow waterl but others' have beeri found only 
in deep water • .  Many' species are found in bot.b deep and shallow water. 

. . 

i. Sh&liow water is frcm the tide zone to 100 fathoms. 
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.. . Tlie �·athymetric rajl&e of Frie�� halli. Pall, · for eXalllple , is fran 21 !a:thptns to ;1, 059 fathqns � -ruf 'th� known .recent species,  numbering a 
: lit�ie mo�e than 200i" .�l1p�e · �o?��ed. to s�ai1aw wate: _ canprise 59· sp43cies 
_or about 33 perce�� o. � . th'is .gr91;1p occur · a� �own a�ies ot � 

· , . (�) . and Glottidia:_ ( 5 ) .  · �per 8i��e�a· coru;ine� to shall¢w W&ter are · 
. . . · C:ru..smatocent:ruJl!., Me....&.erJ.irM!;, , Q.Q���' · B�Q�� and ��·�· · · ·'A few other genera have one or mo . spccJ.es confinad to shallow wa-�er: 

piscini;sca, Qrania, HfflPithyria, I!t!£.� j'erebrat"li a, Terebrat!UI, 
and Magellania. . . . . . . . . . 

) . . . . . . .  .. '} . . . 
. . The r� ss· spec.i'ea or Z7 percent ot recent brachiopods with 

.�tbymetric d&ta.· are. t<Wid· · !h  Waters rar)ging fran the · tide-zone to the 
.�dee� . Sane ot �.�hese spe�ies are able to endure amazing tiitterences ot 
pressure and t,emperatur�.· = . Sane ot the genera haviilt· a· '1d.cle ·bathymetric 

· ;range are: · Crania, f#.elqeia_, : !er,pl?A:Jt.u,l.�., 9riPJms1, � &Qrothoea• f!_a.t:i:.ctleu 
�"'P'?Mes, .Laqueuf!. $Dd.: p�ITna, S±l: ty pe�ent · at brachiopod species :thus 

. occupy shallow 'water �t only' a Uttle:m� than hal.t ot this percentage 
is actual.l.y confined t6 shallow water � :!lie aoO'ie ·figures thus allow no 
generalization other than the well knoWn taet that Lingula and its .close 

_ _  relative Glottidia . are confined to the shore zone. 
·' . : '  � ' . . . .  

. It w.i.ll � noticed that these r�s do n� · agr$e" with those pub
lished by Professor Schuchart · in i911�2 Two reasons account · tor the dis

. . · crepancy. (1) Many new genera and species have been described since 1911., 
. · A arge percentage of . ��ese . new s�cies are deep · water· form8 proposed by 
. � in 1924. : (2) Many o.ld gen$ra ·. have been draStically' revised. The 

. .  · eleven species ot !!.�t!ttt!s rt�� by ·  Schue� 'have beetl dist�buted 
: . ·.a.Dialg four pnera. It is . . obViou�ly impossible · at the present tl.IB8 to 

generalize on the bathYmet�c ;r&rige of·· the brachiopods. Too little: is 
. ; . ; now l.cn.Qwri of these rare a.n1Jil8.15 ' and  fUture dredgl.ng w.Ul ;alter the present 

figures . · 
· · · · ; :. · · ,l ,· 

t • . t . . •. · ; . . .  · . .  

1. This percentage was obtained by eliminating 25 living species on 
-. Whic1 i' .no . data were available-- · . . . 'l!he .£igure.s .arti..V!'Ji.Jl!-. . �e based on 177 

species with data. · - · . ' · · · : . .  , 
. .  · -

.. · ·  · .. . �· ·�· 
2.. The writer' s  figures wet'e taken !rem Thomsonf s � •'Brao�opoda :tf,orphology 
and Genera" , and trcm the Annotated liot of Recant Brachiopoda in the 
U .  S. National lllseum (Dall, 1920)o  

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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Brachiopods are otten veey abundant where they live , which �s to 
be expected or sessUe ariimals. It one. were to judge by the · superb col
lection or recent. bracbiopala in the U .  s. National . lilseum he might be 
led to believe that . shall.ow water brachiopods were more abundant as to 
inc:tl:viauaJ.s than deep water brachiopods . This is also misleading be
cause . the . shallow wter forms are easier t'o obtain .. ' Deep sea forms may 
be very DWI.\81"� at any gj,ven plJI.ce bu:t. the dredge a&tuall.y samples only 
a minute portion .of the bot.tan • 

. . . ' .. • (  . . .. . 

Habitats �f Recent Brachiopods 

· The life habits · or HPejUl.a and Glottidia are perhaps the best 
lmown of all brachiopods . = The specie• ot these · two. genera live near the 
shore fran tide zone to abou,t 17 fathans. Sane have been found near the 
mouths of rivers . The animal has a long pedicle which. is capable of con
siderable motion. Ordinarily the Li.ng9la lives fastened in burrows by 
its pedicle. The anterior third protrudes fran_ the_ sand or _lllld.  If la
S!:!!! is taken from it s burrow .and thrown on the sand it will bury' it'88lt 
again. It is thus capable of motion which it aocanplishes ·by me� ot 
lateral movements of the dorsal valve, movements of the lateral setae am 
a wiggling motion of the pedicle . LinsuJ.a fiXes itself in its burrow by 
secreting mucus which &gglutinates aand grains or DIUd to form a tube .  · 

The pedicle permits protrusion fran the burrow and instant withdrawal 
when· al.armBd. The mantle edge at the front of the shell is provided with 
rmmerous setae , which, when .. _the animal is feeding , are so arranged - as to 
form three elliptical channels. Movement of the cirri causes water to 
be drawn into the tw� lateral: C8Jlals and expels it fran the central one which 
is a little longer than the others .l 

Discinisca is · structurally related to Lingula but leads an en
tirely sessUe lite after fixation. The shell is att.ached to rocks or 
other objects bjr a short ·st�t pedicle . 

The · terebratulida are the· most abundant · group or brachiopods ·  living 
today, forming a little leas tl'lan seventy percent of the known gene�a . 
The majority of terebratulid species possess a short pedicle bJ'"which 
they are tightly fixed to the substratUL In general the ventr$1 r,alue 
lies obliquely over the dorsal valve. Thus the dorsal valve � occuw 
the lower position when the animal clings to the upper surface .•<:>t . a · 

stone , but the ventral valve may occupy a ·  lower position if the brachiopod 
fixes itself to the under side of a stone . · 

1. Morse , E. s. "Observations on Living Brachiopods11 , Mem. Boston Soc .  
Hat . Hist . ,  vol. 15, no. 8, P •  )19, 1902. · 
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. .. . ·_  ., . : · : . .  Nule�a· .oi :ira.J!ii®oda - · :- · 

. ;. 

·- · 
• .  . . . • •  : • •.• . : . .  · :· � . :  -� , -- :· � .  � .- :  · · .

• 
.. , . '\ 

· · � · . • • . 1 · . · . 
Moclern -bracbJrOJlO<l$ �re · ·��ly. r� .�d Uttle 1$;D� .. �8, but 

in past geol� periQds ·.th� . .  w.e�e . an  .��t form or ��· . · ·-The .�aleo- · 
zoic Era mightr -�- �eJ'IIISd. th� ag� ;  ot. �hi9pocls.. They �re .. �� · abunctant 
that some ot the P,aleozo.ic rooks . &re · u�eral.ly' made up or . ����� · shells. During this vast stretch or time ID&Z\V stocks or brachiopodS l"ose to as
cendancy only to decline and be replaced by new forms. nuriiig· the .Paleo
zoic 1 types of brac�opods were pr�c�d which were never �ain dupli
cated · by later st�k!J . o� brachiopods. The P,aleozoic ascend� .was brought 
to a tragic _ 9lose ,� Perm:ian time, • .  A feW'. Paleozoic types $UrV!ved 

I · 

into the �ssic -�riod . and still · fewer · �o the .Jurassic .. A!ter ··Jurassic 
time two . ¢�s; 'the · r�honellids -and7-,the terebr•tulids.; riourished ' 1 

while a few inarticulatefJ stragSled .on. . . · ..;. �� · · ·· · · 
. .. .•. . . . 

I -

��t' time
: 

there has' be�n' a ·gr� 
.
declitle or brachiopods · . 

but at the � time.. • gradual rise to d�ce of the Mollusca, c�etly 
pelecypods,; Ge�op¢s �8.nd . .  t��rojx)ds� In .�he eai-lyrPal.eozoic .'t.he · Mol
lusca occupi�-a pof:'ition �J1..cal.ly . IJU�r¢1nate. to '1ihe . brachiopods . 
The, Devcm:S.an· �t�e.�sed an . &dvanoe. in 16he �rs or pelecypods and gastro
pods·, which beeali; . .  Still mo� apparent: iri the Carboniferous and Permian 
periods . This in.Qrease i,n. l(ollusc• c.�ti.nued st� through the Meso
zoic to receni; t�s • . . The 'snails. and aumoni:tes, together With'fincrea!J-
ing ntllllb&rs of. vertebratea, . by th81J. voraeiru.s habit s� may haye p1a.7ea .  ' ;· . . 
an important·. role , in- ove�e� the ��hiop¢s. · , . . · · 

·· · ! . . . . 
. � ·. . . . . . •. Histor;y of Brachiopod stocks · '  p 

· . : 
.. . • '  . 

· . . , · The earliest brachiOJ.!Ods &re still s�d�.-�: :obscurity. Chai:aanl ., :. 
has described two genera:, ·Protobolella and f!_rm.orit ·rx:c:a. th� Pre�Sinbrian · ·:_ · . 
of India, but the · characte1•s or these forms are v�ry ¥idefihit� • .  Fenton · . : . : . 
and Fenton2 have ·.described �ella from suppo(ied �41�an ·�r�ta- · · ; ·: · .. � 
in Montana but· most· authorities agree . that the age or these 'beds 1.� yery . ·. . .  . 
questionable . The U.I'liest undoubted brachiopod genera in North ·America. '· · . 
are Obolella :and !!!!�! .. Th� . former is a san�1_; .advanced typE!· ··with "· ... ·: · 
pedicle fora,men butd!u�ella '�s the mo� �ri.mitive fol'IJl known and is .. a · � · 

member of ·Thdlason � s  Pa.l.aeotremat.a • . .Rustella with· its calcareou.6 - shell and . . 
Obolella With. '!ts· �spee'ia:li.zed pedicleopening . are �Oth actu� �-vanced:� :  · 
types .,  Nat ·lang atten these t�o tqrms there appear several· mor.e advanced 
types1 Nisusia, Kut.orsina and · two undescribed gen�ra,; . .  � · Wi,th-:stro� .  · 
ribs and looking somewhat like the Ordovician ?J..aU;stroJ?!iia• · ���· ·other 
with fine ribs but a deeply sulcate ventral val.ve . Pater�, ·  which is a 

; _ .  .. : · · · .  . . , ,  .. . . .. . . . ... . .  . . 
. . . , .. • · :;: . '• • '  •. •: •' I 

1. Reo . Geol. Surv.; India, ·v()l$ 69, pt-<t· ··+, PP• ll4;..11$.� l::9-3·s.� . . . ,· . . · 
2 .,  Bull. Geol. Soc .  Amer. , vo.l� · 47, no . . . �,. PP• -�..;.6�� �9�6.�· ,� · · · . . .  . . : . 
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chitinous inarticulate. �s, occurs . wi.th the genera n�d above . Paterina 
is regarded by � as · the most primitive brachiopod but it is actua:i.ly 

. . of . a quite adlran<;ed and . specialized type . · · J'lisusia appears to be the old
eat and most primitive known articulate brachiopod , but it has features 
of a specializecl nature • It is apparent , therefore; that a long evolu-

. tion . et · brachiopods- preceded the· genera: DaliiBd .  After · these forma the Lower 
Cambl"Un stocks persist with little change untU· the Upper Cambrian, when 

· ; a m.unber of· new types appear. : 
· : 

': . . ·. • 
A ))ri•f survey of the riae· and decline o1' the major atoeks ot 

. ·brachiopod_& wm, serve as a haQkground for the ecological . disCussions to 
follow. .The linguloid brachiopods, to which· Diay .be added tne;· oboloids, 
which ·are .ehitinous , elongate . or  ov.el., CClilJ)l'e.ssed animals, appeared in 
the Lower Cambrian with Lingul.ell!.• .The �oids have · persisted fran 
then untU present timB . They are hardy ardma.J s which have , through 
most of ·g�ologi�al timB ; endured the vicissi'tudes of the Shore-region • 

. . .. . ·:..· 
The ·Neot;remata .are chitinous forms with specialized pedicle open

·ings. They nourished in Cambrian time but dec-lined> rapidly in the Ordo
vician.. · Fran then on the order has straggled along to Recent time and is 
represented b1· three genera today; Discinisca. Pe1agodiscus, and Disc ina. 

The Prot.remata were a great stock of brachiOpOds· ·  having an open 
delthyrium or one modified by a c&lcareou�. plate, the ·deltidium. In gen
eral it may be said that this order. was represented by six· major stocks: 
Syntrophids 1 clitambonitid.s, orthida 1 dal manellida 1 pentamerida and 
strophCBDenids. The �tr.Ophids had . . . me�anly �olded. shells with a sponciyliWil 
simplex. They appeared in late Cambrian time and nourished in the Cana-

.· dian mt declined and diSa.pP&ared ·in the suurU.n. · Tht3 clit8mbonitids 
were wide-hinged fol"!D8 with a spondylium simplex.: The stock lived from the 

.• Middle to Upper Ordovic:i.an. The · orthida which . had impunctat�, ·  wide-hinged 
shell,.s1 appeared in th� early Cambrian and persisted to . early' Devonian 
t;ime.. The d�ellida were punctate orthida which · appeared · first in 
Chazyan time and existed · untU late Permian. . The true pentamerida mostly 
h� .large shells with a spondylium duplex • .  They appeared. _in . .  the Middle 
Ordovician and died out in Upper Devonian time . The strophomenida, includ-

r ing the. Sowermlla.Chonetes stock,. the productids 1 · and ·  the stropha:nenids 
proper:; · all ha<i .  a deltidium and a .  paeudo-pmctate shell. : The strophanenida 
appeared in the late Canadian and persisted through the Permian. The 
Sowerb7ella.Chonetes stock originated in the �te Canadian and per�isted 
into the . Permian. The productids originated · in Middle Devonian and lived 
through Permian time. � 

. . . . �e Telot-�ta are . <?�rllcte.�.zed .bf �he presence of deltidial 
plates restricting · the deltbyrium and. consist of three major stocks: 
�honel.lids;spiriferids1 . and  terebrat�ds or loop-bearers . The 
rhynchonellida appeared in the Chazyan and have persisted to the present. 
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. �t., · spiriferids ·&J)�ed.: �-�C�: timits .  and lived int o  t he  Triassic • 
blt th• �'-te spiriferids appeared ;pos�ip]Jr in late ·OrdWi.cian 1 �t cert.ainl7. lll ear]Jr Silurian ·time·, · and died out in the Jurassic • . The . 
terebratulida appeared <PlbtfuU7- in .Middle Silurian time but are detin-. itely known in the i.&te · SilUrian ·.and exist at' , the present timeft . , .  . . . . : . . . .  . . . 

· . . �e .�riticaJ. times· or· braohi�d ev�luticm . aPJ)ear to be . �te. Ca.m,. 
. brian, Late' Canadian1 Permian) · Triassic �d 

· Jurasai:c times. These ·periods 
, ·e.U � the disappe�ance or appearance of .importcw..t stocks . A few in�. 
:·a.rticula�.e stocks were very persistent, �icula.l'J,Y . the linguloids t. . .  
Among the _articulate brachiopods it is l.nteresting. to note apparent sur
vival. value or · punctae. The ·punctate . dalmanellias outlived •the impmctate 
ort:.hoids aild the punctate spiriferids persisted into the Jurassic · •atter 
the; impmctate ,forms had died out in the Triassic . The punctate ·loop
�e.vers . or te�bratulids . · are todq the . mp&{t '.a�ant type� or brachiopods 
tonDing about ']0 P:'rcent of the lmown �rs Or the class� thUs rar out-
numbering the· rllynchonellids. • : I • 

.. · '. Exc�pt fQr bizarre ty.pes and umaim� forms there is nothing to in
dicate that the brachiopods lived · in· ·tlle past in a manner different £rom 
that followed toctq. In the past they were very abundant ; these hosts 
DU.st hav� used vast . quant-ities or food and Dllst also have furnished the 
principal, diet.: ot ·�DallY· carn:iYoroua:· invertebrates,  fish, and marine reptiles. . .. :. . . " . . . . 

· MethOds or-:·Pa.leoeoolw -ot Animals 
. . ; · · t · · 

· • .. I . In studying t_he' pal.eOeCol.Og . of, .fJTlY groUp Of. �8 the paleon-
tologtst follows seve'r&l .lines ot inquiry. The .e.asiest and perhaps most 

-.accurate is comPa-rison 'or·· ·rossils with recent �8 or similar form and 
. .structure . The origii_lU position of . the fossil in the rock often. yields 
. a  cl� to . its life habits·. Associated fossils mat help in explaining 

· · the environment o.t c'ertidn forms . The .type or enclosing sediment may tell 
in what kirid of environment : the fossil lived.. A study or PaJ.eogeogr,aphy 
is aJ.so anot.her resort 'in studying ancient enviraunents .  To tHese lines 
of st:.uctr may be added the adaptations of form, omamentati.on, - and struc
ture or the animals under �� .. ip�r�ti�f.� . .  Experience has shown that cer
tain :types or a.rrl:mals are cust:omarU.i:,trund . in  definite eriv.il'onments. 

· AU ·  ot the methods · stated have dangexos �t Dl.lst be considered.. Before 
an anc�ent envirollU18nt can be · : regard$<1 .as established all lines .· of in-

. quiey 1111st be 'invest�gat_ed. . . 
: I: . . : � ! : · 1  • • I ; 

�. · .  
· . · ,  .AnaJ_ogy with inddern animals.,._,.,qanparison or fossil. forms· with Recent 

Cll�� is the most direct· metho!i· at paleoecological research., · .With .�achio-
. pod-s, unfortunately, ·the metti� · is at . v.ery �teti application and is 

• hazardous whe� appll,ed t.o PaleozoiQ b�achiopods. · canparison or Recent 
and Tertiary brachfepods ·;;& helphl, .:-\1\lt �en the _strange and aberrant 
forms or the Paleozoic are compared, analogy becomes strai.nede- !  The method 
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is appllcable only to types related to or strt1ctl;arail.y like ;  modern ·  brachio
pods 1 such as, lil'lg\llids 1 . discin:ids, craiu.idsJ r�bonellids, .and. -te�
bratulids � The PrOt.remata includes rew torms _suggestive' ot modern types. 
A few modern · speciesl however, have adaptations or form ruggestive of 
�cient gener�. _!!!&tf.2!.t.J.a, for example; has the · same ldde-binged farm 

:. · as Cyrtina . ot 'the . J?evCXli.an. Argyl'oth!P.! l.i,ves with .the beaks closely 
attached to some object or support. �cimens � cmin! from the Devonian 
atta�hed to other shells ' in  their position or gt-owth indicate that this 
genus had the same · habit of life . Although the two ·genera are thus be
lieved to have· had essential.l.y the same habit the structure -Of their for
amina s�ows that their pedicles were �cmpl.etel1 unlike.'  The terebratulida 
and rhynchonellida ot the Paleozoic are close structural.l.y' to the rec�nt; 
representatiVeS Of these two. groups and all evidence poi..-•l.tS to the fact 
that ancient forms lived in the � manner as th� modem ones li�� 

"Lingula n of the Paleozoic is structural.l.y very close to mociem · 

. Li.ngul.a. This tact taken with the kind or sediments in which "Li.ngul.a" 
is usual.l.y. taund and the fact that - these aediment;s on paleogeographical 
evidence can often be shown to be close to an old shore 1 indicates that 
this germs· JDList always have inhabited the ·Shore zone . No other fossil 
and Recent brachiopod ·stock yields such cle� and reliable evidence. 

The ba.teymetric range of DI8.DT recent speci-es is so great as to 
preclude their usetu.lne_ss in paleoecology. Li.nBJlla is the only brachiopod 
type lmown to be restricted to a definite zone. other brachiopod species 

, . now known to b8 restricted to shallow water are of types that range into 
deeper water or the abysses. This makes ttte use of any terebratulid or 

. rhynchonellid of the modem seas dangerous in studies or ancient. bathymetry. 
Furthermore 1 brachiopods that elwell in shallow waters or a cold region JDB¥ 
Uve also in the deeper waters of a region with a milder climate . This 
condition has been ' indicated by species of �and other modem cera 
tbat are now found in· the deep waters· ot th� ic. In Miocene t 
these species inhabited: the Mediterranean. '!he• facts have been taken 

. to indicate th&t in Miocene time the Mediterranean received cold waters 
.fran the Atlantic· · (Fischer and Oehlert , 1890) • 

Position of the fossil in the rock.--when the student can be sure 
that a fossil has been found ·,in its origina.l position of growth, such a 
discovery gives definite knowledge of life habits. But it is difficult 
to be sure that a fossil has actually been entaDbed iil its natur&l posi
tion or growth. waves and currents play many tricks in sorting and ar
ranging fossils. In the Upper Devonian of New York ·the . writer has seen 
large lenses or brachiopod shells consisting almoet wholly of the ventral. 
valves or cmospiriter. Most brachiopods are heaviest at the beak end 
or posterior of the shell, hence many- dead brachiopod shells � lie on 
the bottom with their beaks on the mud rut with the anterior portion off 
the bottem. However, when a hinged brachiopod is found with its inter-

-- - - � -
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' �  horizcmtal. or ]».rallel to the bedding planes it is suggestive en
. denee tha:� .the shell is in its original position of growth. 

· · The sandy shales of the Haod.lton group of New York have yielded 
I4.ngulas in an upright position with the anterior mrgin up and the pos
.�erior mar�. down. The occurrence of f!.�d�· in this position in 
the Dubuque �ds , at Du\J1,tque , Iowa, is also well lmown. The se and other 
sind Jar occurrences of lingulids have made it clear that the life habits 
ot thi� group have probably not changed throughout time . 

· · · · 

: . · Sardesgn (1929) .  bas ,
'
described interesting occurrences of b�achioPocis 

in thej,r position. of growth in tlae Black River sediments of MinnesOta. 
Here Valcourea, a COD(Vexi-ccmcave brachiopod, occurs in a nearly upri� 
position with the . CQOVQ dorsal valve lying obliquely over the ventral . 
valve .  .Hepro£tbi§ ; is found in the reverse position, with the convex 
ventral valve lying obliquely over the nat dorsal valve . In each in
stance the animal rested on its broad interarea and was anchored by a 
�cle. In the � layers · Sardeson discovered dauntless numbers of a . 
certain species of . stroph� lying on ·the bedding planes. The_se resem
bled .Valcourea : in  form but had a small., t�ad·like pedicle. �rom this . 
evidence Sardeson- . ccncludes tliat Valcourea was a bot tan-dweller . bUt . 
stropqomena may nave . led· a .. pseudoplanktanic existence . . .  . ' . ' 

. . . . 
· Most wide-hinged forms . with a broad interarea that have been found 

in position of growth, lived .with the interarea � appressed to .the 
objec:f# of support . Cn$ina,· PlatY!trophia and Hesperg_rthi...§ are �es. 

. . 
Teichert (1930) has shown, in .his study of Porambonites, that in

complete fi.ll.ing of a brachiopod by matrix may y:ield a' clue as to ' its · :· 
former lite-habits. Teichert illustrates a large Porambonil,e,! filled 
with Dll1d at the posterior end but by clear calcite at the front $ the ,juno
ti,� �ween the two types of filling forming a s� line. When this 
� ia: .br9Ught into a horizontal position, the life· posture of the �ell 
is iildica:t;.ed, )lbich in this instance showed the · animal  tO have lived · in . 

� al.mo� upr�t . po�it.:i,.on. Teichert ' s  evidence;, ·however� might have .:1Jeen 
in�e,rpreted as ip.di.c�ting a dead shell· held upright by gases of decompos�
tion with the · light anterior up and .  heavy posterior down • 

. The babit . .  of growth · .of cementing forms has long been ·known. Cran.U.ds 
are often faund . .  attached. to .  corals , bryozoans or other Shells. C�nt� · 

��ph�n.ids, ,ypung and, old , have been · found cU.nging to corals or· othe:r . 

objects� · §ghu.chertella has been found in clusters in the Hamilton of . 
Ontari.o .. an� ·Mi.<?�· . .  : . Other shells, : such as Stro.ehalosia may show a 
cica�ti.x . . .  Pt a.tt�hment. . Otten . this scar shows the plication pattern of 
the .alippOrtin&.�li w;tth sufficient clearne ss to allow identification 
ot . th� . ho.st . . ·'· 

. .  . . 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1936-1937; Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 1, 1937
http://www.nap.edu/catalog.php?record_id=18657

http://www.nap.edu/catalog.php?record_id=18657


- 36 -

. . Asaociat!d f"ossils .�¢ : iri.tr.equerit}JI!·-�he associat:es of a brachio
pod · or group of : }?racQiopoda .tcidicat.& the :nat� : Ot · the ·env:lronment . The 
association of brachiopods with large coral.s is an obvious example . In 
the �pe!UL t.orusation ot Hl.�higan a .great .V&rietj.:()f' bra�hiopoos occurs . 

in � about. :  .t�e · gi�: Prismatoph::rll..tlm·,.r.eet•i.� :: SUch reefs are an· ideal ·· · : -: 
habitat �o� brachio.p�s. �ause ��! irlatera : are· warm�' _a�ted," arid 14,ghied� 
Caves and ,gtottoes 1n ·t�e · corals-. ·g:�.ve ; ample prot·ection !'rom the waves ,a 

· 

• 
• 

• • : • • • � • ' • • • � • • • : ' : • 4 • • • • l, 

• 
� 

• 

.� • 
• 

• • 

• 

• . • • 
• • • , • • •• .• . 

In certain ��.rs -o! Devonian' ·11fld -Ga.rboniterous· rOcks brachiOpods · 
have been found associated with abundant thin-shelled cJ_ams, ostracodes, 
at'),d plant ' f.r&gJD!!Jnt s !"  . . !l'bis ;a,aooiatibn� sugg&st-s very. close-shore deposits . .  

and probable · braqlq.�b-water environment . ' . As .clear · as such eVidence seems, 
th� _ studfn!t Dl.lst beware the · �ssibility of tbe . .  ·brachiopods having been · 
drift�_-into p�siti� with : the othe,r shells and plant8�· · Waves and cur- · . 
rents , may. bring many �tma.J s after death into an assOciation ldtich did · · 

not , . .  or cOul.d n� , h&ve existed in cDature• · · · . .. · : . ·. i. , 

. ! Encl.os!5. se�s .-To dec:hlce · the brachiopod habitat fran en
closing sediments is .a t�� frc1ught with dif�iculties and dangers.- . GeC?].o-. 
gis1;a -� not a:u: agreed · on the conditions ot deposition of certain type• · ·  
of se�s •. . .  Furthermore , the point ·� which a brachiopod i s  found may · :·· 
not. be the one at whi.Qh .it lived, nor necessarily near its actual abode . !� · 
It is also well known that the gradation of sediments away fran shore , 
c�s�c�· 8.$.8UII18d. to :be. t.ran coarse to fine 1 is more caupl.icated than 
one� suppQ�ed. · The grade or degree of ·coarseness o! a sediment is not · a 
reliab].e ;elue . to it s environment of deposit1on. Fran paleogeographical 
considerations it wOul.d also appear that old ideas regarding �stone 
and �ek shale deposi:tion. DUst be revised. · Sane limestones ·by their . 
geological relationships· in(licate that they were rapidl.Jr· deposi-te_d. l)e&r . 
shore . . ·. . . : . . .  r . . . . .: ' . · : ' . .  ' -� � . . . 

. . . ;In general brachi� ·in . •  -�oarse aand�one suggest •. ' near-8hore , :  
perhaps littoral zone• The entombed brachi·Opods · liq not have ·lived �ear · · 
the .shore bUt may ·have .been caSt; up · by cutTents and · �ves· fran habitat!!' . 
farther offshore . Lingulids : are ·  a camnon form in,� sandstones·, particUlarly 
in the late Cambrian, and from their habits today would· be expect$4 to · be-.� 
the commonest forms in the · near--shore zone.. · · · · 

· • · · 
· · 

. .  Heavy"'!shelled brachiopods have been= c<mnonlJr regarded as shore . . . .  
forma. The Oriakan¥ fauna has been pointed ·out as � ' fine eXa.Jirple . · The · . 
Oriskany sandstone by it·s - lithologic' : f'ea.tures and p&l.�c;>geographic diS\;rl• · ·: 
bution · is probably a far better indicator·- ot _ shore:· conditions �- th, · · . 
thick-shelled animals found · m it bec·ause : the··, Oriskany' fauna ·is one of 
large , strong-shelled individUal� , regardless ot its sedimentary envir� : · 
ment . The same heavy-shellf6d·· speciee are · founf·in the fin�-grained Little, 
Saline limestone of Ml.ssouri and the Grande Greve and Perce limestones of · · 

Gaspe. 
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A favorite habitat of many modern brac�opods is the . rocky shore 
. wbe� �!!duals uv� in hollows amd--eheltered places qn ,'artc\ �l)out the 
st.�s. ln P,ug�t Soull4. Wa:ahin&ton;, :'.8nd at ·  Eastport . �e, .'f.>rachiopods Jive in the tide zone, Whe� the)' &I;e· 'l:ert ou� · ot 'Wa.�er· . . at·· x.� · tide. · � 
This . �ort ot envir� ·-would. be ·represente� · by c�hgl�x:at��-� .but. ;tt. ; . 
is rare indeed to find brachiopods preserved · iri s�H a matr;tx� · · . . : :: . . .  · 

. . .
. • : ' . : . . . . . .

. · • ;... --� . . ·. :· . , . .. - ·� . . .  : ·. :  . · .. '-·: . __ ; � �  . - - �:- -.. . .  ' ·. . : . · -· . . . 

. . . , B.racbiopods are abundant· in ·the fi.iler· ·�nts . ·in Jh()st' PaJ.�ozOic 
· tormations .  The ecologic relationships of brachiopods found in the · t:i.ne 

Dllds cannot be determined without difficulty. It JJ:Q.ght be :thougbl; that 
these 1111d�. represent off-shore d$epe�.wateris�i-�;{b\i1) ··Pal.eog�ogrtlphic 
evidence often. detel'lllilles -them t6 be of ne&r�Sho�·:c)tiiP.n. · ·  .. orten juch.·, . 
Jlllds are f01,111d .  � .the flanks ot reets in shalioCri Wa.t:�f� COral� ' &qsoc;i.Ated. 
With bracbiopo4s ·in �r.r· fin& · Dilds point · to ·,shallow water.; . ·_ � . . . .  · ·� . . 

. ,_. \ . . _ , _. . - .. � . · 
\ . . . . . 

f.hch · bas been -writta · ai . the enviroJllll8nt ot depc)sftion '.of ·_plack � . . 
shale ! Most authors · ·.agree' that the bot tan coriditions were hot ,hQ�it�it?�e 
to normal. .faunas, .!but· few authors agree on tlie depth at which the sAaJ.es 
were deposited. Were they o!f-shoN ··d�p:..water deposits or ne�sbo�: · . 
sediments? It is · probable that no gener&lizatian will auftic� tor . � . . 
black shalee; the .  bathymetric level and conditions of each one ·JD.ist . be de
tenD:ined by its own paleogeographic dist:ributioni contained tauha.s &nd any 
other evidence available . 

Most Paleozoic black· shales c ontain at least a few brachic;>pods1 
most� l.ingl,tl.ids, discinide, · or ·  thin.;.shelled rb1nchoneUids. ·The p��-, 
shale f� has been regarded . by Imedemanri (19.34) as chiefly pl�� 1 .'  
but t� ot its important �orms; by analogy with modem brachiOpods , o�. · . . . 
the same type , are bottcm dwellers only, the lingUlids· artd r�hanell.idis �  

: The pre sence , of lingW.ids;· which c ould  not possibly haye li.�d in t,he . ·; : · ;  

plankton, is a most forcetul. indication that t�ese shales were deposits . .  

1n 4ballow water and probab� near the ' shore . · 
· . . · · 

. . .. .  
• t � :. • t i I • , 

Limestones are usual.ly fine-grained sediments and have been con
ventiona.lly regarded as deep-water or otf�ahore deposits . But . :tPe pres-

. . enc� in some · liiDestones ·ot pebbles ot cpartz or lgneaus rocks, :and. intra
. formational conglanerates argu._ tor s���ter : dePo.s1:ti.on, .�t. l��st; · , 

tor: those deposits. . Here. again each =occurrence of limestone . �st. bt t ,  . . 
.weighed illdividuall1, with aJ.l: available evidence, · before th�· :��1\�· 
i1;. . . represents can · be determ:i:J:_led. . . · 

. . . . · ·:· ·, 
· · . . . :�. : . ' 

.. . . . . ; Saue U.Ssi��·s
· 

are · cauposed almost wh�: ·C)r brbken' 'ilbeU,s, :· : :  . 

rolled coral.s . ·and· other animal debris. · ·· Ttteee may nave been formed at. . 

times when :the bottcm: ,was aa. stirred: by '·w&ves and · currents that fine: ipat�.;. 
rial· could.  not settle and was carried aW&yj D\lt ·the; heavier . �l:lell 4��ris . 

remained. The Tichenor and Portland Point lil'ilestoneii of th$ · Ha.miltOif 
group of New York, which are composed chiefly of shell debris , are examples. 
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. .  The environmertt� .of::· deposition of most Paleozoic ·deposits seems to 
have been in ·water l.ess than· lOO fathans deep;, Most authorities . agre�: 
that the Paleozoie seas did: .not exceed. this figure and some maintain the.t 
the .seas were ·Dot · deeper than 200. teet (Elias 1937 ) • ., Mo.st .Paleozoic de
posits crop .out. on the ·margins of upli.tts which have brought up coly the 
near-shore riegions., bit even .where Pal..eoscdC o!f'"!shore zones � be demon
strated, their fossils , : current and wave-markings usually indicate shallow 
water� 0 0 

· - ; . . ..  

· Paleogeographic features. -Paleogeograpby is often a �at .aid to 
· studies in Paleoecology becaus.e it enables a student to outUne a .  basin 

of deposition,. locate its probable shores and oceanic connections. If the 
stuey- of fossils and sediments is inconclusive or yields conflict� •vi
dence 1 report to paleogeographic data may indicate the ancient enrtr� . 
For example 1 thinning of the Hamilton shales westward in Erie County, New 
Yorkl and the developuent , of laye.rs of cOilCreti<lfts $Dd shell p.reccia, point 
·to a shoal or land on the site or Lake Erie . This. ancient posit.iv.e �a 
was called the Buffalo Axis· by Grabau . This region. of the �t� .,ea 
was formerly regarded as a deep-water envirC>llD!mt but the facts e.s now · 

int-erpreted point to: · shoal· water deposition of the Hamilton b�ck . shales 
·· and blue calcareous shales of . western New York. 

�rachiopod Adaptatio� . 
· � . 

Anyone who has studied bacbiopods or collecteQ. tnem wiU be im
pressed by the fact that different stocks at different times. develop the 
·same or simila.r forms . This homeaaorp� baa been int-erpreted in sane 
quarters as adaptation tO environment 1 but . study indicates that adapta
tion · is •not the . whole • story. Anaj;her school· favors · an  orthogenetic pro:ceas 
as ' an  explanation for . the ph,enomena. It has al$o bee� S1J8Sested that such 
parallelisms ·are entirely fortuitous . . Only a few caubirlations of . charac
ters are possible in brachiopods. Therefore it is inevitable that many 
characters will be reinvented. 

MarJy ot the .developnental trends , to be c:liscussed below may be inter
preted as more or 1&'88 directly tending to .improve or !D4Lintai.n' the animal 1 s 
ability to bring currents of water :intQ. the . . sh�u.. This is the most � 
portant function of a brachiopod . because . ·.the .· C\llTents bring life-maintain• 

· · ing food · and oxygen. .Brachiopods that live ,above, the }>.ot.tan on stones ·or 
corals have no great problem in bringing · :� tl)e I)8.Cessary currents, . but 
brachiopods that live tree or anchored on the DD1d have the problem of 'keep
ing the ·margin away· from the bottc;m.: U the uaargin is covered by Dlld the 
animal is likely to perish fran suffoc;4ti9ll or starvati� • .  · Thus �. 
adaptations ·to keep . the. :margin . .  above ; the Jpllc;l anc;i to facilitate entrance 
and exii · of currents are ··. knO'!fll• · . . . : · . .  · . . - , · . 

• I, � • • •• l J � I 
I ·  · • • . 
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. By th.eir fQl'm ·lll&lV'. brachiopods are a@�� to .k.eiep their.mazoSins 
al:tave . tb..e 'md it �th.q�.�41H · tom tree' fran the place 'of a;�tachment • . .  The 
posterior or umbc:tl&l portions of one or both valves are: very heavy and thick when compared to the anterior portion. If the shell sinks in the 
water. it will fall with the beaks down ·and, :wrll lie·· ap the md with the 
heaViest or ventral va.J.v.e· on the Dlld and.l ·thf, front margin oblique to the 
!»�tan:- Round or ov:oicl :shells like · Gl7.J>lni.,!' n_treus can he rolled about 
on their. P.oste�or by Cl.lrrents, · and  the ·frOnt margin will never touch the 
mud.· Sane shells, Davie sella · and Gigantell4_,. ·must · have relied mainly on 
the weight or the posterior part or the ventral valve .tor anchorage . The 
�orsal. v�ve then serves as a lid. · The : cieveldprient of : ·a' ·ponderous vent�al 
-yal:v� . wao c�e� to extremes in :the :genera Richthofema and Proricht.ho:Ceniat' 

• .  . : • . . • . ·., :  � . �· :· . • . I , . • � - '- J t : • .  : • 
• • .. • , .- . � 

, It i� . �oseible at the present time 1 to say wey•'eer.tain types of 
brachiopod .s�ells w�re :developed. ·.The· · D1odem ·bfuchiopoos· . sh<?W only a .tew 
o.t the known trends at the Paleozoic • .  Kant PUeozoie tY'Pes, therefore, 
cannot be canpared with aey- recent forms, hence re�ks on their ecology 
��· :t?.e .  regarded .ao- t.entat=ive ·until inore . positive data ·�mj • .  be collected o 

In di�s�ing . .  f!QJDB of the · .known adaptations of the bracfUopods the writ.er 
ha� �lected the published views that . ·se:emed most reasoria.bi�· to him� . 'fhe 
��ptive .. tre�<Js .. nere considered are : as follows :  fol�� · l9ba�i�n, pl.ic�
t'ion, . CeJQentation, alation and JIDlCron&tion, elongation:; . canpress'ed - fo�,:·· 
resupination, reversion, spinescen�,·. : geniculation and pUnctation • .  ' · 1 

. . .  . . Folding�-All stocks· of articUlate brachiopods · tend sooner' or .< . : ... : ·,_ 
lat�r to develop a strong median fold.--; In the Pal�<>Z.�ic the �ol� �:SU� 
take� �he form· of a strong median pli:ca ·that undulates the r.nter:lor can
missure or line of valve junction. The folding of the comm:i.ssure may 
talce place- either in a ·.ventral c1irection · or in a dors�:;direct'ion;; , .. �e . . 
prfJVaUi.ng condition . is a dorsal fold, but a ventr&l:·fold oc9lirs in> a · . . . · 
few : ·g-enera. ; . · . · , · · ;. · · 

.· .:�: ·.. · ' . .  : . . : 
· . ·. In young brachi�s or in early genera of certain stocks the v� 

tral ·valve is gently folded in a ventral direction. Late);- development , 
as in Finkelnburgia, leads to loss o.t the ventra:l fold and ·dorsal sulcus 
to produce a secondarily rectimarginate or straight commissure o In many 
brachiopods, however, the sulcus is present in the dorsal valve in young 
stages but as growth contimles a well..marked fold develops from the 
sulcus . Examples are Eridorthis andVirdma.., 

Two types of folding are now recognized: an opposite fold and an. 
alternate one . In the .tormer · type a fold or sulcus on the ventral valve 
is opposed by a fold or suJcus on the dorsal valve . The anterior com
missure thus remains rectimarginate but the ventral or dorsal proflles 
become lobate . Exampl_es of opposite folding are s  Pent�rus, I!.b!Jaidil!Q. 
Zeilleria, and Digonella. Alternate folding is produced when a fold in .  
cne valve is opposed by a sulcus in the other� This is the more cOJllllon 
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. • . 

type , ot .  which Platyst�a .  or. Enteletes ttill serve as good examples . 
In instances of aiternae oidiilg the anterior cdimnissure is thrown into 
one or more folds . ·  

· 

' 

. · .�on (1914) has presented the View that development of a median . 
fold produc�s a trilobate shell, thus facilitating the ingress and outgo 
of the .water· currents that aerate the mantle and bring in food. The in
CC?ming clirrents in spiriferids . enter by the median fold of the shell and 
the. unclean water leave s by · the lateral flanks .. 

Folding apparently had little to do in determining the life posi
tion of a shell except . wh�re the brachiopods lived in DDld. This was not 
true , however, of shells folded in a ventral direction. · These DDlst have 
be� attached with . the dorsal valve below because in most lmown sulcate 
(anterior commissure folded ventrally) brachiopods the ventral beak is 
mo� or le ss curve4 over th� · dorsal umbo . 

. . Lobatioil�-This trend, which is ot distinct value in separating 
the. incurrent fran the excurrent streams is usually incipient in all 
folded brachiopods but has been carried to extreme s in a few instances. 
Lobation develops in oppositely and alternately folded brachiopods . Pen
tamerus and Rbipidium tend to develop an elongate central lobe at the 
front of the valves which thus brings the excurrent channel well forward 
of the receding n.anks of the shell where the water enters . In Spirifer, 
according to Orton (1914, P• 295 ) ,  the condition is reversed, the currents 

. containing �gen and food enter the front 1 medial portion ot .the shell 
and the currents containing the products of metabolism leave by the flanks. 

The most extreme instances of lobation occur in P;ygope and Pygites. 
In young stages of Pygope a strong fold develops on the ventral valve, 
producing a deep, wide sulcus and flaring flanks . In f:ygites the flanks 
are greatly elongated with growth, and often grow together anteriorly to 
le ave a hole in the center of the valves. The ventral fold of these 
"keyhole brachiopods" is directed obliquely ventrally 1 thus directing the 
incurrent canal far above and posterior to the excurrent lobes. 

Plication .. --By plication is meant the development of major folds 
in the shell. . This tendency has developed in many different brachioPQda, 
the punctate orthids, strophomenida, ·  and terebratulida • .  Late-derived mem
bers of the strophomenida and orthids in the · Pennsylvanian and Permian· 
periods developed strongly plicated shells . Examples are a Enteletes, 
Kianssiella and Meekella. No other advantage than incl'E!ased shell strength 
appears to the writer to have accrued fran this development . The wide
spread and nearly simultan•ous development of ·plications in these stocks 

:. ·.�Y be an. expre ssion of pbylogerontism because a·ll of them disappeared with 
tl'ie Permian� The trend may 1 perhaps 1 have been induced by world-wide ad
:Terse conditions such as a slight . increase in salinity due to removal of 
water fran eperic seas to form . the growing: Pennsylvanian and Pemian . 
glaciers. 
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Cementaticn.--when one mentions cementation in connection with 
brachiopods he naturafiY thinks ot. the craniids . +,he various gen�ra of 
this fam:i..ly have been cementing �orms as far back. as they : have been fowld
in the Middle OrdOVician. Tqeir ecqle)gy apparently has not changed and 
need . not be turtJter considered. .  A ll\.UillJer of secondarily attached genera 
are known 'which may be divided into two , groUps: .· one that is attached 
t.hrOughcut li.te, aud another whicJ;l in l.B.ter lite may break free and lie 
on the sea-bottan .. · . · · · 

4 . 

Beginning with ' &iJ.jevallia in the · silurian, st;rophomenids cement
ing by the entire yent�al surface of the ventral valv� per�ist into the 
Devonian, Where they are. represer;1ted by Irboskites and· Qfv+.dsonif:o With 
the advent of Productella in the Middle Devonian two aberrarit genera ap
pear and . pers�st into the early Mississippian. These genera are !:2pt!
losia and �eridgina. and the two ar4;l .,. �haracterized by cementation of 
the ventral valve by its ventral surface to c orala or other object;s . !n 
addition to this -.ans of attachment peripheral spines also serve ·!to · · ·· · 

anchor these little shells. �haridgi.na often grows on · crinoid stems ! 

in such a manner tb&t the anchoring spines appe�· to wrap around the 81;.em:t · . 
. ' t 

Ma.ny genera are ·. known that are cemented in early stages of growth 
but , because of their . l.arge size , later break from their attachment and 
lie free on the bottom. Schuchertalla, Derbxi� Stroppa.l.os.!!, and m:g
hamina are examples of this group. In much the same category are brachio- · 
pods having t�e· form of cup �orals , such �s �thofeni�. These typea · .  . 
were oil1y evolvad in Pennsylvanian and Permian times. They, were . derived: : · 
from strophaaenid ancestors at the twilight of the Protremata. · 

Alation and mucronation.--Laterat .extension or the· hinge to form 
wings or ears is a tendency develot)ed · ih:· many different groups of brachi� 
pods • .  It may occur a� an adult c�acter or in you.thf\11 forms orily. · · 

Argrroth�a Johnsoni Cooper, fran ·the West Indies, has a wide-hinged, ' 
alate form in its young stages, but' " the adult has almost rectangular car- · 
d1nal. extremities ... Ma.ny strophomenida of the Ordovician and Devonian 
developed al&te shells . The .. developnent .of a �de hinge is uncODillon in 
modem brachiopods but amorig the spiriferids this development reached its 
mayjDIJme 

. . .  . 

It is apparent tran the structure of the strophomenida that some 
were attached by a sl�nder pa<U,cle but ·others, such as str.2P!t.!._odo� 
which has no functional pedicle opening , lived free on the bottom. Such 
forms wrul.d be able. to develop the hinge to its limit . For prone shella 
auriculation or . IIIJ.CronatioiJ, would readily serve to keep the animal on the 
surface of the mud ·and t.roui sinking into depressions. It would also 
serve -to prev�nt currents ·tram upsetting the shello 
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. . . 'i�. d�el�errt. of �t��&l. ilit� :'
ro�

· 
caulci'not· 'tiave· t&ken 

,p;Lace m· ·ahells tightly ·arriXSd .tQ a hard .. azid irregu.J.a%-· _�bstratU.m. · 
Spicl.f'er mucronatus . is . one or the most DllCl"()rlate brachiopod�· moWn. This 
and �ie� specie� !Jl�J.Y be collect-ed iri New York,. Ontario, arid Michigan. 
The Wr.ite.r h�s collected uiany. �dreds of them bUt �8 seen c.Cinparatively 
few uneqUally developed or .dist'orl$d: individuals .. This leads to the be
lief that these brachiopods were not attached clO&ely to a hard: substratum. 
Not only the 81JDD1etr,y of the shell but the strongly incurved be8k wcW.d 
make . .  close att.achment to a hard substratum �ficult • .. l3eoause the animal 
posse�sed ·a functional . pedicle 9penirig it i� believed tqat Spirifer !!!
cronatus was attached by a pedicle or· moderate length anchored in soft 
mud, . with the Uuibo or the . dorsal val'" resting on the IPUO and .leaving the 
ext� ties free. to develop l.&teral.li. · These spirifers may �� lived 
Where· QUrrents .were active � The mucro.ilate form would tend to sorve ' in  
the : �e nwmer a s  a weatherirarie , &l.wais tui-ning the shells on :  their . pedi
cles 80 that their long axis was paral.lsl to the direction o'f the .  current . 
Thus the fo�e - _of · the current working a�ainst 'the narrow si.de of the ·· 1 

• 

shell would be unable to uproot the animal. and . the mucronate extensions 
would. prevent the shell fran being driven into ·the md. · · · 

lt.lcronation or alation may be an ort;.hogenetic trend, because many 
different stocks of spiriferids have developed the chara<:ter. Most of 
these have received gen4i'ric' 'names. Thus we have ·!llcro'spirifer, Fusel.la, 
Cyrtospirifer, and Rastelligera, a mucronate developll&n� . of Spiriferina, 
the punctate spirlferid·. 

· 

· . ·. . 

· 

El.ongation.-This is' an adaptation developed by a few brachiopoda 
havi� . �elicate pedicles. , _ . Onychotreta and Terebtirostra are the :two most 
�� examples .  The two ·genet'a1 ·are wi,dely separated by timB , ·t;Jie former 
having l.i:yed in the SUurian and ttie latter .in the Cretaceous, yet they 
have developed identical external forms. Bo.th genera �ved � f�e lime 
Dlllds. . . , 

· · · 

. It has . bee.n suggested by Yakovlev . (1908) , that .Terebrlrostr�· lived 
ld,.th the beak . in the mud and the extremely long ventral valve kept the 
anterior margin well above the surface of the mud. Dacqu' (1921.) has 
suggested that elongation is an aid to stiffening the pedicle . These 
fol'IU · lived ld.th the vent:ral beak in . .  the Ullld, ancho�d1 . per�aps, by' . a  
fine pedicle . �tit into ms.riy fibers at its extremity. . .. . 

. . . Q�reesed form.-Accor� to ):;a�qnt Ci934) ·water immediately in 
con�t with a mud surface is normallY vet,y poor in oxygen, Hence, brachio
pods of compr��sed , form, like stroptiomena · o� -Radinesguina, _ha� a maximum 
or oxygen-gathering tissue expoe:ed to the .• 1;-er . Th+s condition enables 
the animal to get the greatest amount of ojcy'gen fran a amall amount of 
water. The early representatives of these brachiopods were provided with 
a functional pedicle and probably lived lying on the bottom or attached 
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in the usual manner. 'l'he lat�r compressed brachiopods, such as §.tropheo
donta, had no r�cle. Stroph�ortta ·was more o: . less deeply concave and 
may have lived WJ.th its vent�a:I surface ·stuck tJ.ghtly on the sticky clay 
in .  which it is · usual.l.y faun�. · . The. md is sufficiently tenacious to -pre
vent the . shells f:cc:m being . overturned. If overturned, it .is · possible 
that Stropheodai� and · other C(mpressed forms , like Chonetes, may have 
had setae strong enough. to have been useful in restoring the · animal to 
it s normal positicm. 

Resupination.-Everyone familiar with brachif>poQ,s has been im
pressed by the phenaDenon of resupination, in which the young shell 
poss�sses a convex ventral valw and a flat or concave dorsal valve ,. · but 
in matvrity �e condition is reversed, the anterior of the . ventral valve 
bec omirig more or less deeply concave and the dorsal valve· . pecom.i.ng st1·ongly 
conv�x. This appears to have been a derived tendency, because brachiopods 
�re camnonly have a deeper ventral valve ._ . �les of resupinate brach-
iopod� are �rophomena, Schucheretella and·- Q!!£92_strophia. 

· 

�supination would � an advantage to compressed type�' tllat lived 
free on the bottan, lying on their ventral vaJ.;\TeS� �e anti!;rior margin 
would be lifted well above the surface ot the mud and the hollow on· the · 
ventral valve just anterior to the beak would effect�vly prEWent the · · 

valve fran being overturned., . According to Lamont (1934� P •  167) , 'radial 
ornauentation, · but· more particularly concentric rugae whic.h are commonly 

· devel.oped in canpressed shells, would prevent slipping in the Dlld and 
sinking of the lateral margins into the DDld when t.he valves were opening 
during feeding . · · . . · ' ' · 

' · 

Reversion.-This term is applied to the . r&J"e instances in which 
the e.nterior comm:i.ssure is foliled in a ventral dire9tio�; producing a · 

, . fold on the · ventral: valve . . . 'l'his condition is rare but a number ar :. genera 
. . . ' : are knoWn. which are revers.ed' c·ounterparts of more c.Pmmon genera.. Examples 

· . . are :  �gym;hm]� of the Silurian, Anabaia· of the· Devonian;· ·Parente:!;� 
· 'in the Pennaylvanian, �eletina a,nd 9!!nerop�,! in the Perm:i.an, �It!. 

· .· in the �riassic , Nucleatula in the
. 
Jurassic , and .Ne�hi,! ancf'Ag:� 

· · th.yris l.D present day seas . : . . . 
· . . · 

' . ' .. . . .. · . :· 
·
. 

, AlthoUgh all of the genera named would be difficlll.t "to separate on 
" 'the basis Ot an examination of the exterior, the . animEil.s probably did not 

. all live .� t�e · same manner. .  Brach.vrel!!P'�E! has a minu�e f'oramen s�tuated 
' at  the apex� . Sugg&s.ting :that this little brachiopod was attached WJ.th the 
dorsal valvEf doWn, thus bringing th� anterior margin . weU a�ove the · bottom. 
The other genera were undoubtedly ·attached to shells or other objects by 
a sho� pedic�e in the usual manner of rhynchonellida and terebratulids o 
No pa�icular, · ad:vantage to its possessor seems 

. 
�o be apparent in the lmown 

instances · of reversed fold and sulcus . 

----------------------�--��������----�������----
1. This idea was suggested by Dr. J .  P.  E. Morrison of the U .  S';. ·National 
!mseum. 
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··: · . .  : � · · : > .  ·SJ?iriescence ��in�-8 - have ·b�en '�:i���ped:.. irid�pehcie!ltly .  �- many .  ditferen� stocks Of ·brac�opods tran Cambrian· time to th� .Recent".. Spines .  
in "  �-eme- forms , such as ' Sq!Uun;tlaria�·Jve ae\teloped 'as � part' ;ot· 'the· orna• : . 
menti.ti� and- play no apparent · part  in the lif"e . .  ·or· the animal·� : on  the 
other ·hand� hinge spine s md long, st'rong· spines Scattered over the sur--; . 
tacejj . as in· the prod\ictids ,  appear to nave' plated an important role in "  . 
the habit-s of the animal• Nowhere among the' bradhiopOds has evidence · 

been discovered to prove that spine ecence indicates a phy'logerontic stage. 
The Chonetids and productids 1 once initiated had a long and fiourishing 
career. · · · : ' . · · 

. . . . .  , _ . 

· � · � Hinge spines appear · first · in Eochonetes, which must · haire developed from SOwerby!lla in late OrdoVician tiili8. The spine s on the hinge · ot · 

Ch6net.es were developed to all degrees, some are short ed · blunt bUt · others, 
as in · the grC?UP of Chooetes emmetensis , are exceed.ingly long. · Silch · long · 

spines · cotild have served to anchor · Chonetes by becau:ing entangled -With 
submarine seaweeds . Shorter sp1ile8 have ,· been explaineddlS. anehok"'"s to·· hold 
the shell upright in the mud, but most ot them seem too short to have been 
effective holcitaats .  Chonetes - may have lain on the sea.-bottCih . an ·its con
vex ventral ·¥a.lve:; and the oblique spines may have been an important aid 
in preventin8 - the shell fran being overturned by currents. 

Produc.tella and: the later · proc::luCtids have the COIIIIlon feature of . ·_ .  
spines scattered over the body .  of '" the ventral . valve as well �s along . the : 

posterior margin. Many genera of· productido -have. · been separated on· the · 

basis ot their ornamentation. The many types: .  ot omament naturally 8\lg"'! · 
gest that these shells had different habits ot life . Many ot .the · productida 
are not well lmown blt a study of a few types will give sane ideas as to 
their mode ot - lite .  · · · · · 

Silicified specimeaa ot Productella fran 'the Devonian of Nevada · 
'&re omamentated aloJl8 the hi.n&e o.t · the ventral "t'&lve by' �ong spines that ·curve . . in .a.n . .  antero-dorsal directiOn _qve� the concave dorsal valve .- · Spines 
.along the anterior border . curve . postEJro-doroaUy to overhand the dorsal 
�ve � a,.ch spines curved over the dorsal valve and- towards the center . 
of · the animal· · 'will keep the shell above the surface o.t the mud regardless 
of the position of the valves. It the shell is thrown up ott the bottom· 
by. a current ,- it will make no difference to the animal it settles · with 
the ventral; or 'the dorsal valve down.-. The curved spines will keep the . · · 

shell ott the bottom as the legs o.t . & · water-strider keep their owner ' s 
body oh :the· ·surface .  The dorsal valve of .  Productella carries no ·spines, 
cons&quently it is tree to open regardless ot the position of the animal · 

on;< its spines. In ·the U .  s. National ltlsewn a specimen shows III&DY indi- _ 

vid.uals of Productella entangled by their spine s .  · Even in this tangle4 
mass the dorsal valve had no difficulty ·in opening . ,  .Thus sc:ne proctuctids . 

may have lived on the sea-bottom as -a . spongy mass ot shells held together 

by interlocking spines. 
. , . 
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llany ot the later .productids have:( fi·. �truction Si m1 Jar to that 
. ot Prochictella and are prori.ded ":ith similarly situated spines. Hrl.r-. Wocxt (1928, P• 26) . stat�. that· �tz(.£gstus lived with it s ventral va:Lve l.yil:Jg over the dorsal vaJ.ve·. . Moore 1929 ,  p. 469 ) supports t his  conten
tio�. It seems likely that the productids seeri by lhir...Wood and Moore ffere supported al>Qve the: Jillddy' bOttom on �ch . they lived by spine s in· · 
t� �er descpbed above co If ·  they ·were not , the animal. must sure]Jr have 
perish� becau� �t could not have functioned with it s e�tire margin in 
the Dildo 

In produotids with long· hinge-spines only it is possiQle that the 
animal lay on the bottom on its ventral valve which was by far the heavier. 
_Lopg hinge�spines ext;ending posteriorly would prevent the · creature tram 
.being tipped ove� Qnto its dorsal valve . Margj.nal trills , such as those 
of Atr;ypa. may hf,v� served their posses sol! in the same manner as spine�, , · :  
to k43ep the valves · out of the mu.d. . ;.. . · ·  · · 

· . ·. 
GeniCuiation.� arious degrees of genicUl.atian have been developed· 

in all .. stocks Qt the thin-bOdied or compressed brachiopOds, such as 
!&fineeguina, Leptaena, and Productus. Most o� these cOJiipressed _ forms 
live on mud. Thus the geniculation seems to be a necessar.y development 
to keep the margins ot the shell above the surface ·of the DUd ... . · In the . 
Foducti4s geniculation is carried to an extreme , the front of _ the valve 
being . pr��ed into a sort of siphon, as· in Probosci<iella. 

Punctation. -The function of punctae in the �er layers ot a 
brachiopod shell is still ptoblemaiical . . However 1 · i�:� .seems clear that 
punctatEt branches _ot the articulate brachiopods were mOr� vigorous and 
long-lived · than the impunctate lirteages .  The earll.e st known punc-t;at• 
bA.chiopods are dalmanellids, which appear in tQe Chaeyan. or l��r · Mid·· 
dle Ordovician. · The se · 'da.l.minellids flourished · 'througQout the.-: ·rem&W'r·; -:·�:. .· 
ot . tbe Paleo�oic , <attliving the impunctate orthid.s · _by several periQds . : . ..  : · 

·' . ... � 

It is not possible to prove whether punctae developed once or 
several times. It i s  possible that the dalmanellid.& gave rise t o  all 
other punctate forms and that these · develoPed series paralleling those . . , 
of the impunctate stocks . The punctate spirifers outlived the impunctat� 
ones and today the terebratulida are the dominant race · of brachiopods , 
with .. the rhynchonellida represented by only a few genera and a h�dful 
ot �cies. 

Form . and. Si�e ' of Pedicle 
. . . .  . . . . .  

Among recent articulate · brachiopods nearly all species have a . short . 
pedicle . The pedicles .vary slightly in length but even .the long-be�ed . 
forms are anchored tightly. by · short pedicle& .; or all modem brachiopods· . .. 
only Chlidonopl'lora, an abyssal species , is noteworthy because of it s un-
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u� .long pe(licle . , :  Ohlidonopbora is a small6 subcireular brachiopod 
with a . . lenticular pr,:ofil•1 sugg•sting a PaleoZoic · d•l1!18Dellid by its torm. 
The �le is �st as long as the animal ·and its end is diVided into 
lD&D1' ��.; sl�er ti��e . · TheSft entwine . tor8.m:inifer shells· and anchor 
the animal in the saptejDBnner as the roots of a, plant . It is likely that; 
DI&D1' �tcm-dwelling br�hi1:>pods of the Paleozoic .may have ·had such a 
��l:e •  For example , _ _., ot .the brachi9J)Ods· having &mall forauiina may 
have � pedi�les W:i,.th , �vicied. distal ends. Such . a  pedicle could have 
effectively' anchored most brachiopods to a llllcidT bottom. 

· : BrachippocLenemies . :  
. . . . . .. :· �re is little direct evidence to indicate that Paleozoic brachio

pods . served as food tor· S\lCh animals as. the fishes 1 cephalopods and trilo
bites.; , However,. :  if· Qne .considers their eno:rmous . numbers in· the Paleozoic 
they 1111st have been a prolific source of tood.6 it not iil the adult form, 
certainly their eggs and larvae must have yielded ma.rJT a feast . Direct 
evidence indicates that .euails equipped with a radula, · actua,l.ly bored 
brachiopod si\•lls and devQUl'ed the succulent tissues within. The earliest 
example or tbie . molluscan habit known to the writer wa� found in the Rich
mond (J'enton and: Fenton 19.31) • .  This early custcm is st:Ui" in .vogue be
cause Jackson (1918) and Dall (1895) record instances ot modern brachiopods 
having · P&en borod by enaUs . . In modern times man has added himself to the 
list of brachiopod enemies. The natives ot the Japanese and ·Philippine 
Islands relish the pedicle · or Lingula. 

. . · .  Bmhrp;yology and Distribution ' · 

'l'h• yo.;mg ot brachiopods have a tree-swi.Jmidng stage bef.ore they · · 
ti.nall.y �ttle to the bottom for lite. . Veey little is lmown of these 
young st$ces, . in ·fact , they are lmown 1n detail in anly faur. genera, . .  
Arg,vrotheca, L&cazella, Terebratul:ina and Linsula• Each of .these genera 
represents a .different large major division of the brachiopods • . . Observa� · 

tians have been made on a few other genera, but too little is known to 
permit much generalizat�on on them. ' 

It has been long recOgnized that the chief means of dispersal ot 
brachiopods is by currents during· the free-� stages. But there 
are difficulties in the wa:y of a ... complete understanding of the process. · 
It has been. discovered that the kno:wn larvae of · ... the inartieulates differ ' ·  

fran the larvae of the articulate brachiopods . In the former the pelagic 
larvae are provided with a mouth and functioning stanach, allowing them 
to live for sCIIIS time in the free�swimming sta.ge . :l.ia.rtae of Discinisca 
and Pelyodiscus have been recogriized in the pl.ankt.on. '£he lmown larvae 
of the articulates do not swim after the developnent of a fUnctioning 
stanach . Their-' free-� period is · thus short, 10 to 12 days 1n 
Terebr.atulina, · and they settle not tar fran their place ot origin • 

. : . . : . .  · . 
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.. Two obstacles to dispersal. &J"e , .  theref�re , . apparent . In the �icu-
lates the free-swimming .st�e ·is ·.short;· thus J.ituiting dispersal. In the. · 

inarticulates, althcugh. the .larVae are" better B.da:pted to lOnger'" free.;. . . 

swimming existenee, most of ��� · spec-ie� live in shallow water on.:cy. Ther&
fore 1 deep water and col)sequent cold . temperatures are a barrier to their · 
distribution. · · · · · · · · · 

.In the Paleozol:c t�e csea� ,were probably shallow:, and there were 
proba�l.y no great depth� ill the geosynclines to .form. a barrier to dispersal.: 
Neverthele ss , there .is . ev:idence to .show that species were localized then · . . · 

aa n�. In the Devonian: 'the equiv�ent Hamilton (Centerfield} faunas of . · 

western New York, . 9ntar�"Ot' .. lfichig8ril and Indiana. contain species peculiar 
to these areas. In Michigan and Indiana many of the rare species dwelt . · 
on and about the coral reefs. Adjustment to the peculiar conditions of · 
reef life. may hav� been the. control,ling fac;tor .. in their localizationo 
In all per-iods of the Paleozoic 1 ,local areas characterized by definite 
assemb;Lages are . !mown and contemp"oraneotis faunas nearby may contain IDat;!Y 
diffe�t, species.  The reasons . for su�h localization will make inter- . 
eating e�ological material. 

· · · 

. . 

Anan (1937 ) ha�·· pUblished � note on an " overlooked phase of brach.:.· ; • 

iopod migration. He · has' .discove:red ·the young of two species of 'brachio- · 
pods attached to _the free-swi.mDirig Qb!¥!l! radiatus ,(Hutton) . This is . 
a member of the . -Pect.enidae which co�tains species knO\m to. make migrations. 
Although the point is not proved, Alian suggests that· this �Y have been 
a means of distribution.. Paleozoic brachiopods have be$n · tound attached · 
to mobile forms. such as cephalopods ,  and trilobites, but �t .. �s :ueua.l.ly 
difficult: . to pr<?Ye whether .or not the bracfti:C?pods were ·atta,�hed ' during . .  

. the life of . the .swiumer or after the creattire had died. The lil.tter seems • �  
the more likelY.· · �··: . 

, · Color 

. Any�. seeing a. large coilection . of recerit brachiopods for the 
tirst time will be struck by the beauty and high . co�or of . some "of the 
species. . P�thaps tJ,l� most be�utiful species . is Arg,yroth� barretti!D!_ 
(D�vidson ) ,  �th it s straw �llow costae and crimson interspaces� · · The 
terebratulida are .. the most highly colored modern braC?hiopOd.s, the "olors 
ranging from pale yelloW through salliton to pink arid. 'cri.rilson• The· recent 
rhynchonellida are drab shells of brown, pale bluish-gray and black. 
Sane linguloids are highly colored by bright or dark green mixed ldth 
rich brown • 

. , Most co{o;�d �r�ctuop�s- a� <iwell��� ·�. shallow �t�r�· ··a. ·fe�ture · ·: · 
that is true of othet>. groups of ani.niEi.Is as well· as the brachi-Opods-• . · It . · :-.: . •  

is gener8.lly true also that , .  as · 'd-eeper· water-. is: approached.� colored sh-ells. 
become fewer and fewer in number.. Most shelled invertebrates of the deep' . · · 
waters have thin, white or translucent shells. Forbes (l.854) has stated 
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: 

th•t-�. . . "!Q the Mediterranean .cnty one in 18 of the .shells' taken tram below 
100. fatt?.ans exbi�te(l .·any markings of c olour, and even the . few that · did 

- : :  so, wer� questionab:J.� inhapitants of . . those depths . Between 35 and 55 . · � .. �hom8, the p:roportion. of ma�ke.d to. plain · shells was rather less than 
one in three 1 and between the sea-margin and 2 fathoms the striped or 
mottled species exceeded one hsJ.f of the total number" . 

·� . .  · . . . . ( . . .. . . . . . . . In : studying �he �cent brachiopods in ·the . :U·tt s. National Mlseum · 
the. writer has to.v.nd t�t most of the colored · species .wer.e collected fran 
�h�ow. waters • . � few colo� species � recorded, however, .fran con-

. s�derable de¢,h . ·One . spe.ciiJlen · of Armotbec.a bar.r.st'tiana: · (Davidson) was 
taken . fran - 805 fa�homs but. �t is not lmown whether the. animal was alive 
or dea� wh.en dredged • 

. : . . . 
. . . . . . 

. . Color-marked fossU brachiopods are . of very rare occurrel\ce .  A 
fe� . specimens bave been taken from the Paleozoic and a few ·from succeed
ing periods • .  Tb� oldest known . specimens ot color-marked brachiopods are 
from the Middle Devonian in Europe and the United states . · Hos.t fossil 
brachiopods shOWing traces of color are terebratulida and the usual pat
.t�m is one · Of rad.ia.l bfnds ldth or withrut. ·a gentle curve towards the 
frcmt margin. Dav;ldson�s figured specimens of Dielasma showing the · 

more camnon type of cdl9.1" ma�lt. Living Lagueus ·rubellus ·(Sowerb)r'} f� 
Japan and Hawaii is similarly ·marked • .  The usual trac·es· · of color in· fossU 
brtachiopods show the pattern in · light or. dark gray and usual.ly give no 
hiht as to , the original color . · i  ' . . ' 

. . 

Brachiopods showing traces of original color.- are lmown from the 
Cedar ValleY' of Iowa and Illinois .  The writer and Preston B. Claud, of . 

the U .  s. National !tlseum, collected several specimens of Crariaena having 
four or six straight red stripes radiating fran the beak to the front 
margin. other specimens taken from the same deposits and those figured 
by Cleland2 have the same pattern but do not show the � color. The 
red�rked tossU species and predominant red · colors ih recent terebra
tulida suggest that �his c�lor prevailed also in the fossil forms. . . . . . : . 

. . . 

·Richter (1919 ) has pointed out by aruuogy' with recent forms and 
on the basis of Forbes ' remarks that , Col�red· �rachiopoda in ancient sedi-
ments are excellent indicators of shill<?W� · �� waters .· 

· · · · · 

1. Brit . Foss . Brach. 1 pt .  V,  Carboniferous Brachiopoda, Pal.aeontograph-
ical Soc � , <Lortdcn, p� ·  13, pl. 1, 1858-1863. · 

· 2. tiisc . Geol; Nat � Hist . surv. , bull. 21 ,  'p • . 731. pl. l3, figs . 8, 9, 
1911. 

. 
. . . , 
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I ·  �&tho12Q: 
. . . ' l  

Pathologic brachiopods _have been recordoo · JII8.ny time s I bUt· most 
ar the figured specimens that have been interpreted to be pathologic 
appear to have attained _ their �storted cond:i:tion by accidents during growth or unfavorable condiM.ons of growth.. Distorted brachiopods are 
common and are produced under crowdoo conditions of growth .. · Bracbidpods · .  

often grow in clusters or in crarlnies in corals so that groWth of one 
side or the other may be seriously impeded . Specimens of spiriferids 
may be found with the mucropate points of only one side developed� 
Rnynchonellids of the Paleozoic and Jurassic often are unequall;r devel
oped on one side or the othe:r• These malformations appear to have been 
produced by' crowding . One '�reme instanc e is shown by a specimen of 
!!af'inesguina fran Cincinnati, Ohio, in the U .  S.  National Museum. The 
front margin of th;ls . specimen • had impinged against a branch of a small 
bryozoan and � grown completely around it . 

· · 

. ,  
� one example or a dise.ased brachiopod i s  knowri ' to ·-the writer .. 

This is a specimen of Cariniferell.a tioga (Hall) fran the Chem.iDg · of ·  
south central New York, now in the U. S.  National Musewn, showing only 
half of the Jlllscle scars normall.y developed. One adductor and the large 
diductor and adjustor scars are represented only by' a small irregular 
spot . The exterior of the specimen is perfect , indicating that some 

_ internal cause must have been re sponsible . 

Commensalism and Parasitism 

Many instances of commensalism are known in fossil brachiopods . 
Modern TEU"ebratulina is often found encased by a brown sponge . Bryozoans , 
worms and other animals often are attached to brachiopod shells . Yakovlev 
(1926) claims tha� encrusting Aulopora served its host advantageously by' 
the pre sence of sting cells which protected coral and brachiopod alike e 

Fenton (1932 ) described a brachiopod, ��rataJ4!. �r.!!lsvers.! 
2,!Lurina (Gould) living inside the shell of a large gastropod, !.z:BObu£!?..i!!!! 
.2regonense (Redfield) .. The brachiopod larva had entered through a rent 
in the mantle of the shell and grown to considerable size in this unusual 
environment . Although Fenton regarded this association as parasitic it 
seems rather to have been accidentalo 

Conclusions 

Brachiopods are a minority element of modem faunas, but in the 
Paleozoic and Mesozoic they were very numerous and at times the most abun
dant form of life . 

With the exception of the lingul.ids , modem brachiopods have too 
wide a bathymetric range to be of use in determining the depth of seas 
older than the Tertiary. 
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Lite habits of groups .:represented by fossil species and by forms 
now living probably did not differ t�c;JU&hout. time .· 14fe habits ascribed 
to �inct forms, unless these forms'.-·have· qeen. :f.o\md � their living 
positions ,  DDlSt be regarded as specula.ti�.; ,� · · 

· · 

. . . . ' ·. ' 
. • '  . 

. Aids to the study of Paleoecol�gt a,;.e; .{1.) Anuogy with �ent 
torms; (2) position of . the· fossil itt t}:le roek; (j) �SOC)�tect tossil forms; 
(4). �he · ·nature of the ·enclosing sediments; and (5 ) Pt:le�eograp�. 

. . . 

Sane trends of ad:&j:rt.ation during p$st tinle · ap�ar to have been in 
t� . dire�tion of increasing the ability to get food and OJcygen� , 

· · 

.Too little .is lmoiim of brachiopod 8mbryology · to .· permit gep"ral.iza-
tions on . distribution of �ree-swimming larvae. · . · :: .. : . · · 

Colored brachiopods in general indicate shallow, warm waters . 

Brachiopods are not knawn to have been truly pal-a15itic . but in
stances of .camnensalism are · well· known. 

. , · . 

. •. , 

· ,. 
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: · .  ' •  . . . .  . . A. K. Miller and w. H. Furnish . . . : ·. . 
. .. . . . .  

. .  ; 
. . . .  : 

The host of tetrabranchiata cephalopods that inhabited· the . Pileo
zoic �(tas . -.�re tod.ay l'epresentE:td Q;r -� three closely related species,  
all of which belong in .  one genus� · Na\itUus . ·Tile habitat. ot · ·these three · · 
species is very restricted, their habits are not well lmown, · and they 
represent an arc�c tn>e · . Therefore, it is not wssible to draw general 
inferences in regard to the paleoecology ot the . ancient· · Cepl)alopods· · trarl · · . 
a comparison with their modern relatives . ··· · '  

Forms with heavj- unornamented · coUed shells, like Nautilus, hav-e: -�- · · 

existed since Early Paleozoic times, and the lithology and faunal charac
teristics .of. the rocks in which their. remains occur as tossUs indicate 
that they: Uve� :J.n .a variety of' habitat .s . However:, thC:t shells · of dead 
cephalopods, after the f:lesh,y bodies · had ·decaYed and dropped out of them, 
Dllst have drifted widely much as do those of modem Nautilus. That is, 
all three of the existing nautUoid species live only in the shalloW waters 
about the shores and c�al reefs of the South PacUic fran the Malay re
gion to the PhUippine and Fiji islands; their empty shells, however, · . 
drift to such remote places as Japan, Africa, and ·'New South Wales.  Ob
viously the character of the sediments in which drifting shells finally 
cane to rest can yield no j,ntonuation in regard to f.he · ecology ( or paleo
ecology) of the species · represented. ·The local abundance of 110rt.hoceras" 
sociale Hall . !n the Maquoketa formati� at Graf, Iowa, to which Twenhofel 
(1936) has recently called attention may 'well be due to · a concentration · .  

of drifting shells by eddies or Current s . · ·The shells of � the goniatites 
were · · even lighter in weight than were those of the nautUoids, and pre
sumably the;n,fore . they must have . drifted very . ;readil.y'-their relatively 
fragile construction, however, may have kept t,hem fran drifting as far 
as those of the nautiloids .  It would seem then· · t·hat we can not draw re
liable inferences . 

fran the assoCiations of isolated fossil cephalopods, 
and that in only those cas!i's where we find an abundance ot adolescent 
and mature specimens in close association a:re the lith.ologic , faunal, and 
other characteristic s of the inclosing roeks likely to give us trustwortb1' 
data in regard to the _ paleoecology of the species represented . 

There is so DllCh uncertainty as to the affinities of the structures 
which are believed to be goniatite anaptychi by some paleontologists and 
crustaceans by others that it is hardly possible at present to discuss 
them intelligently. However, it should perhaps be noted that Matern (1931) 
believes that the anaptychi were lost with the bodies soon after the death 
of the animals that bore them, whereas the empty shells drifted into .. other 
regions before settling and therefore are found in different lithologic 
facies. 
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It is generall.7 recognized th4t the chances ot preservation ot a 
marine shell are indeed, .� .. .  and, oqr. Pre�nt }(:nowl"'ge is no� suffici� 
to give us • satisf�tory imde��&n41ns of . .  tne re4ti�ship� ot tos�Us : 

and lithology. S�e tb
. 
e )Sb�ll,

.
� 9� m�ern Nauti�aim 8J)4 · �resumably those 

of f�s�U nautUo;Lds and �Oi.d�, - �e .canpo�ed . oat . entirely of ara- :.� 
gmite their chances of pre8ervatiori were even less than. av�rage. It is . ... 
c onceivably possible therefore that conditions in the n6rnial. habitat of · · : .. 
ma.ny . of t� �i� . .  ce�opods �re suc,h as t.o -��-

_
almost p�<m:J.b��ive to 

pres�rvation an� tbat only when Shells wer,e wash�q into .�· 4bno� _t�bi-
tat .'we;r.e t�ey p�senec;i, : 

. . 
·. . 

· · · .', . ' ·i. -, . .- : : · · ·, 

·· ' _ . �sofar as 18\tow kn�, cephiuop(xi�, l;H)�h· fossU arid:·receiit·� are 
excl.JJ.sively marine, and the · n.,t':ll'e _ot the rocks in which tl)e fossU forms . 
OCCl.lr. � well as the fa�l a�s.oc�tions indicate that the vast �jorit7 ' 

of them . lived in· . st1&ilow wa�er. Fr0111 a �tudy of the color ··markirtga Px-EP
servec;i 6n certain tossU 'naut:Uoids' Foerste (1930) has f� additional 
evidence to �pp9rt th8 canclusion that they lived '  in �Ow . . water• . . He

. states that .evidently th�re ."is an intirilate cCililection between the pres-· · 
en�e of color Di&rkings on shells and �hEi� ac.Q�fls :to �Uslit �ing the '  life 
of . the animal. · Forbes (1.844, 18$4) has called attentio� to the · �act that 
in shallow waters. �lls ·present more · �i�� colors _arid· mor� qist�C?t· · � 
color. des�s .. At .grea��r depths the c olo�s · tepd to became wrl!o� over · 

the entire surface ot th� shell, . so . t.hat color._ patt�rni!S ��pp,!ar!. More- . 
over, at these depths the variety of colors is restricted more ancr·more ' 
to Yarious shades of . dull re4 or ot. reddish ,brown. Newton (l.907 ) stated 
that in the Mediterranean only . l · out· ot 1$ �ells·  �hawed · c'olbrs �low_ the 
lOOo-t•th� �e ; between. 35 IUUi . 55. fathom8, l �t of J,; :_and at depths · . 

ot. Ci1l¥Y .  � fathans or less� moJ!e :tban' ·halt ,  · .  Ft� .the viVidness ot the color 
patterns :�t the . .  9�bcmiterqus liliestone specimen.�· �udied by him, Newton _ 
conc:;luded :that the. Carboniferous l.imestone was deposited in water · less · � 

than 50 t*th� • . .de�J?� The rel&tiv�ly mimerau8 �Qies ot �astropods-
. 

witn :C019r tP,ttern� founci by J .  Brook�s Knight . in a· single horizon of · the 
Pennqlvanian.� divis.iC:m ot the Carb�erous, .41 'the vicinity of St . ·  Louis, 
Miss�i, , suggests c;iep.os.:i.tiOn iri . an equally ShAllCJW sea_ .. . By a similar . 
ll.ne of reasoning, it seems probable that . the w�ion of the Alpena lime
stone wh,.ch retained ):olo.� �kings bj a 'spec1;es of c.epbal()P<xl m.d· a1sc;> . 

in a. species of pr�hiopod · · �  was . .  deposit�d � relativ�;cy shallow . ���· " 
Modern· nautiloids are �ontined to the tropiQ s. and . th� �ra� that � of 
tbe Paleozoic to�' possessed rather brilliant co'l�r Jilarld.ngs sugg�st·s · 
that tl\e:r . also . livefi in -warm wat4t:rs. . · · . · ' ; · · · · � · � . · · : 

. :. . , ; Many-, ot ,the-�l.y Paleozoic �tii9ids were--large_ apd their shells 
were heavy. The majority of these .· forms were Straight and c±rcula:.'t' or 
broadly elliptical in cross section, but sane of thein were 'shbcirciular, 
su,��ar., or �en l��icular. in cro�s se<?:ti�� .. . The _latte.r tl'J>SS 
were . .  �t course adapted . .  tor lit� on tlle bottODi, . and tt has been suggested 
that.. th�. lenticular types , fC!r example; Goli.l.oo�ril� .�a tamoooe��s.� . were 

r � � . • . 

. · ·  

. . .  · ' . . . · · '  · .  . ·, 

. - ,  . ... ·: ; . 
. . . . . . . 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1936-1937; Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 1, 1937
http://www.nap.edu/catalog.php?record_id=18657

http://www.nap.edu/catalog.php?record_id=18657


- 56 -

mud grovellers . Although the shells that were circular or near:cy- so in 
cr�ss section were undou.btedly rc;>ll&(i .�er by: storm waves, . many of them 
like.: the endoceratoids :Posses·sed larg�J· heavy · ( secoridari.J.y we�ted) 
sipB,mcles which were v�ntral in position and therefore served to right 
and · a,tabilize them. . · ' · · · · · 

· · · . . The �ava:i:J.able information i.h regard to .color markin8g, �t.dc 
. sinuses" etc . SeOJJl& to indicate that t.he Straight cephalopods:' liv&d� in 

a h.orizontal position, arid the · ·View expressed by Jaekel and· Ciarke that 
sane of them lived verticallY attached to· the bottQDi never had· lJI&i1t adher
ents and now seems to be entire:cy- rejected (Se.e _Teichert , 1933, PP• · 196-
197 ) .  Most of the large straight heavy-shelled> tot•uor were · almOst cer-
tain:cy- benthonic , -and we agree with Ruedemann (1921) that in 4Ul woba
bility itthe conchs·, buoyed up �- gas in the ' air·: chambers §.aDiara!J, 
were light:cy- dragged ave� .the soft mud by the sluggish aniJDal.s • "  Judging 
these fol1Jl8 by their moderri J"elat.ives we conc].ud.e that they could mcwe 

. ·. forward by crawling on their tentacles or backward by jetting water ou.t 
ot their mantle cavity through a hJponome .  · . . . Sillce no trace of a b;yponomic 
sinus is . present on the shells of most of the t!tarl3' forms like the .endo
ceratoids 1 it seems probable that at · first progres.sion was accanplished 
chiefly by crawling and that oncy later in the historY of the race was 
the jet-propulsion msthod of l�anotion perfected� · 

The. SUurian strata of the Upper Mississippi Valley contains nu
merous nautiloids, aild in .lD&I1Y cases they are· partioular:cy- abundant along 
the flanks of bioherms. MOst of the seventy-five species of ceph&lopods 
recently d-escribed � Foerste from the Port Byron formatlen o&me frcill the 

. flanks ot a single large bioherm. · Presumably we should picture these 
animals as rather inactive or sluggish creatures which spent moat of their 
lives in the shallow wat.ers on · the flanks or the bioheruis where we find 
tneir . remains t-oday. However, the large cephalopod tatiria described fran 
the near shore facies of the Upper Ordovician of the Northwest probab:cy
did not live precisely where we f"ind · its remains today. That is, most 
; of the cephalopods deecribed from the . Wind River Mountains and the Black 
Hills, tor example , came from what appaar to. be littoral deposits, and 

. .  the shells are almost invariably somewhat worn and broken- Presumabl3' 
the creatures that secreted these shells lived in the shallow waters 
beyond the littoral zone , and when they died their · �hells �were distri-
buted by waves and currents • .  The l�ge st�&ight forms�; belonging :iri the 
general Fndoceras and Cyclend,oceras, are far more abund&nt ·in these littoral 
deposits then elsewhere in the1 same formation, 'indi�atihg again tbat they 
flourished rather close to the shore . · · · . ,

. 
· : · ·  

In his �;ecent. study 'dt t� a�tin�eratoids, Teichert (1933, 1935 ) 
concluded that some of tbe known genera mat have'. been almost entir&:cy
benthonic as they had . large heavy sipl'ni;ncles; · strongly deVeloped inter
oamsral deposits ,  and a distinct:cy- flatterie4 ventr�l side; sane "may have 
been capable of �� but perhaps main:cy- inclined to_ a benthonic life; "  
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and the · curved forms ,  "all ot ·�hem conspicuously lacking a CU..�inot flat
nes s - of the ventral side ; mq. .have -been ma1 nly swiDming� 11 .He· · cont4,nue� with the conclusion tHat the ' . ''benthonic fo:nns, howeverJ ltel!.� the more or less persistent one s �  fl'tid last · ·representation of the . •Ac.tinooeroids is 
the gems Ra;�;ormoceras in the Mississippian of OklahaDa. and the lower 
Carboniferous of England. It is by far the largest Actinooeroid we know 
of and at the same time · ite : endos:l:phuncular and intercameral qe,posits 
s}?.� sue� a hypertrophical develojlllent , that a. :.benttlonio life · of that ani-
mal can be assumed with certainty·;,; 11 · · • 

. . . . . . .  - �  . ; . . . . . . . 
,. 

. •. 
. : 

�en c olor markings ·are preserved on the breviconic . Palec>;�o;ic 
nautiloid,s, they are as· a general rule equally well : .developed on. a:L+- · sides 
o� the C?orich� indicating t�t· the shell •was carried more or less v�rtiCfal.J¥ 
ratber than�· horizmtally. · Therefore forms. of this type probably re�ed . 
on the- bottOm of the sea like certain gastropoos with the aperture . . of 
t�···_shell down; of ,-"  it the weight ot the animaJ.; was more than counter

- balanced by the �oyancy ot the gas in the phragmacone , when the creatures 
c�e to rest they' may have been suspended in the -.water head down�s 
like modem Spi:rula·• · ·Rapidly expanding. ccmchs form_ large aperturQ.s . which 
facilitate crawnng, · whereas .constricted apertures interfere with the . 
protrusion or the bodY · from the cc:w:h and ther.etore. tend to reta� crawl
ing'. Since JD&l\Y of the breviconic nautiloids possessed "rapidly expanding 
conchs which only at·: .maturity developed constric��d - apertures ,  it seems 
likely that cfurlrig adolescence these creatures we;re primarily crawlers , 
but that· as �turity ·Was ·approached and the number. ·Qf camerae increased 
tlie shell tended to be: used more · ;.and more· as a float and. tqe tentacles . 
we:r(e pr01J�ded alJilost -exclusively for the purpose .of obtai.nina �ood and 
n.<?.t .f()r · locomotion·. Hexameroceras and ?hragmoceras can be cons1.dered a;s 
typical examples of this type of developD8nt .  However, other breviconic. 
forms , like We stonocera:s , whi.ch had relatively long tusi!oz:m concns were, 
as Te:l.chert (1935) .has recently pointed out , more active swiDiners and · 

pr��bit th$y were normallY oriented with the long axis of the conch 
mor� or less ' horizontal. In the breviconic nautUoids with greatly re
stricted ' apertures , typified by Hexameroceras , �hers is . a : well developed 
hjpgnanic �:sinus, and -therefore one might conclude. thai!: �pese forms were 

\ ;,· :not: entirely tl�ters . However, it is  possible that they had lost_ their 
ability t<? _ swim  effectively and · that they had retained the� hypo�� 
merely. . as .  P&rt or' tbeir- ··re spiratory apparatus . Modem Nati.tilus and pre
sumably' most "  fossil ' naut1loids can move vertical.ly by pr�ruding or re:

.tracting their ·neshy bodies and the-reby varying the �oupt of water dl.s
placed. : Hmiever � - f6rms With greatly ·restricted "pert�es, �e the gen
era cited abov'e , - apparently had no such provision,. and! .pre�b:J.y they 
were, relative�y inactive and were feeble swimmers . 

. / . . ; . . . . 

· · · . The 'habits ��· coiled ·�autiloids, whether_ ��
· ·

not_ . t}ley were �volute , 
must haye b�·en cdJizparable ta those · ot modei'Jl Nautilus.. Althougb c o�ra
tively little is.' lmown about - the details of - :the lite . habi�s of Naut�us , 
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al..rio·� _-'c�rt&i.nly re�res.,qtatives of that genus are not pa!"ticularly 
good·; SW:brmers. , The . weight and general .�oni'i,guration o,f their shells 
would

_, 
be -p�ohibitiv� ' �() rap;d loc�otion._, . Thq �:�iieved to , ·�� 

a considerable portton. ot .�heir tiille , nov:eri.ng oy��- baas <4"·•cmet.aceans . . 
··, 

upon which· they .feed. .. · ; . : · . . .. . . . . . ·) • • : ! ;· . :· .-: " · · . . . . . . . � . . .. . . -· . . . ., •
• • •  

: . �  • 
• • • • 

• • • .. . • • • � f  · · · �  .':· .- .. . . . . . ·.. .... 
• • : : �:· .� • • • • . . . .  . 

. · ·. Duri,ng adolesc�ce the :mix.OCboazU:.�i� :bEiph&l�:\'Od&.. �elo�d long · 
slender ·-conchs, which woul:q ·seem to · d.n�iicate that : they were crawlers . 
These conchs were CUrVftd ' l�tudinaUy ana. t�re.tore : it ·would . have beeri 
almost impossible tor the animals which bore · the!lf to •'ha'te · swum  bacla@rds 
by_ jet propulsion and �()ntrolled the direction ot their . ·progression; -:q :':. 

H�wever, when the: e.ni.mlfifs· _reached mat��ty tpey are · believed to have : . .:. : : 
· br�ken off the early s�es · of the �cc)rj,e and thus ITeDloved Jlllch ot 

the impediment. .t,Q rapid .,arid stl'aight FoireseJion. Such tz:uncation how
ever necessitarted the ·  development of a ff!lw 4rge camerae or gas chambers 

1 1,1ex1; to the ·llv·ing. chamber to. serve as .)mays,  and this will. perhaps ac
count for the gJ.oQu].ar tol'in as8Umed bJ'. �he early m:ixochoanites .  Per-

. .fe.ction was not attaiDed however by ·these early forms tor they apparently 
· had two · serious · handicaps: first , when the animal came to rest it s conch 
. �si - 'natural.ly �ve as sumect a vertical position with the . aperture down 

. · ,(c;r,.  modern Spirul�h W(seCCmci, it,s glo� torm DD.l� : bav:e retardtld. 
it�. passage throu��-th�: . Wa.ter-� The . first ot .�hese handicaps was sur- ·· · 

motinte� by the d.ev�l�t\� . ot ·long, deep 40r$&l. saddles in the , ado� ·"
septA (the ones . �hat were retained atter t��ation) , so . tha� the pnrag� 
ma_cone (buoy'). was ��n�ed ' a� . along tpe , 4P�� ·.Qart ot the . .  con�h . � . .  
the weight of the aniJDal:' 8 bOdy was Qistri.bU��d· an along the. ventral. • . 

� The second -handicap was �ercane by what , ��rti:clall.y . appe�s to be_. a 
·re�ersal in evolution in that the · conch· ten<led . ·to· becane ·lo� and 'na:iTow 

. .  :agaui; but this time i.t· assUmed· a spincUa�lik� or 'fusifo$ �Pe ; . whl.ch 
· · is particularly advan�geous for su�qlie�s ·pro�essiort • . . � ; · · · ·. . .  · · :  . 

. . . . . . 
· 

. .  ; : · '!.· . ·:: 
. 

. · . •  :) · :  
The shells of . the Paleozoie · aumQlloids were ·rela.tiy:ely light in

construction, which ·seem& to be an adaptation ··ror swilmdrig. · The sept._ 
of the se forms were ·crenulate ¥ Whic� ·strerigthen�d the· sh�s greatly 
without the addition. ot DDich weiaht •· : · Strength achieved in this. way would 
allow the creatur.es to nthstand .. the varying pressures enc ountered · With 
changes ot depth�it would not ,· howev�r, protect them -.g�st . concussions, 
and therefore it. seems probable that these animals lived in the zones 
that were relativel,y tree from wa�e��tion • .  As SchinQeWOlt (19.30) has 
poiz?.ted out 1 there seems to be no gocxt reason to believe that E. Pema 
wa�· correct whep. . in  19�5 he a.esum.ed 11ff.tr evolute GOniatiten : eine nekt.o
pl.anktonische Lebenwe�ae 1 �� i.nvolut.� .  · e�e . benthonische . "  . . : . , . "  

. . ' 
It should perhaps be ·noted tha� ·�oat no Paleozoic ceptlalopods 

lo.st . their bilateral symnetry, as did certain of the ��ozoic tol"DUS, 
... :; .

. 
and theref-ore presumal;>J:y · none ot .· t.bem �caJJI.O iDmobile·. Uncoiling forms 
like Lituites · probably �epre·sent & :  r:�v�r.sibil from Sl'liDm1ng �o crawling 
h bit . . ·' . · . .. :., , ! : . .  . 

a 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 .
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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 5 7

http://www.nap.edu/catalog.php?record_id=18657


- 59 -
.' · •. . . 

. . . . . 

. • . : • �. � . ;t':' . i ·.:..:..· • . • ·•• .:: : : . : .. ' . \ .  � • 
' .. : : 
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• 

·. ... 
.. 

. . 
. . . . . . . . .. · , . .... . �� . .  

. , � . · · :· ... . 

. . : 
Iri many eases w cab 'deM.ve coriaid;4trable iilformation in regard . .  

to the paleoecology' �r 'ani ·gfcup of org�� f�fill .. st* of 'the ass�· . 
ciated faunas. In �he· f,arl:y' Paleozoic . deposi1;s cephal.op()de are CODID� · 
found: a_ss��a�ed with �eavy-�heUed _ 1?8nt��c azp.ma:Ls, .irit?-cating · tpat : .; . 
the �nt�· �  lived in relativ;�l.r: �ow wate.r � f'.�� (19,36 ) � . : ·  
has• recentlY stated that Where E&l-lt Paieozoic cephalbpOds a.re· · abUndant 
so are the mobile gast;.ropods �t not thcs . O$dentaey:.·bractu.opods, corals , and 
bryozctans� · · However, it has been our ob8ervation that in the Upper . �- 1 :  · . 

dovician = o:f rit>rthwestern United States the ��s or · nautiloids, mo- . 
bile · gast.ro})ods, and corals are all very cODIIlloil aJ]d all occur together. 
This association i,s particu1ar17' noticeablE! in the . near-shore depQsits . 
like the · .Lander· sandstCI1e member of the : Blghom .formation, ,and it may ... 
wall be ·that . the abundant faur�a:. or thi� �})in sandstone represez;1ts a . : . . 
heterogeneous mixture or forms Which lived near the shore and those. ' '· 

. 
Which lived r�rther. out but who$e . r� �·liaslied in�o . �he . n�r�shore . . . � . 
zones. However 1 in the Middle Silurian J,"ocks of . t� ,Upper ifissi�sippi · ; .. 
Valley: _ both . cephaiopods � �orals aJ,"e COJI!InOil, 8.pci a.� stated �boVe the 
cephd.'op«.i� at-e most · abUndant on the �a·,.of . ce�&i.n or the bioh�rms 
where· 'tlie temain� . . or iDAnf types ot sedentaey ·animals. , are to �e fc:wld 1 . 
in quantity. Ruedema�ui (19.34) has noted tna:t nautiloj,ds occur in Silurian 
graptoll:te s�es in both this cowitey 8nd �arid . Also, .� �ertain of . 
the Dev�. �ks �f l;owa, for exallip+�� in, the C�d� V�eY.rt�tion, 
cephalo�;; · bra�hiapo4�; corals, etC � op�ur in �lose assoc4tion. Rela
tiveq. recently �toedsson (1926) has· stAt-e� :that . pi "several hor�zons 
of tne· Baltic . Orth"Oceras lime�one the .bedd!ng p;l.&p.e.a.,are crowded. with 
etraiiht cephaloPod� thrown together parillel tO "each"' qtner.. $oiiie- . . 
times they._ �

. 
e�eri 'W'eathered before embed� . In �� ·Endoceras fran 

Kinnekulle·; ' now kept in t� col.leoti(ms of Stocldlo;un&. �6gsk9la� .the . 
c�rae are ·tp.led with Dl.id &#d .  t.tie �<:>real side weathered .,<':ow:Q ,j�o �-
plane surfac�r .this is oye�.grown by .s�ssile �s,.. �Ot:J8 q,��-�rs two . � .·.1: . 
basal parts of a crino�d, ( s?mfiar. to/Appidocrimis ) ,  ��Qating that the · �: : r.
DDld filliilg was consolidated. before th� la� eiabe9-dJ.ns : .ot the fossil. · ' · . ; 

Briefly ·spealdng,· a gre��- � bbservation� sbey. that: · the .. Orthocera.l1 .· . . . . 
limestone · �s n�·' On]Jr a '  stiillow · water, . q.eJ?9&��· .liut · �soj_.��t . �oe: deP_9s.it� 
1ng of the ' rock ceased at times on account of ��heaVal • ., . ..  ., In the . � . 
Gonioceras Bay limestone [Or northern Greenlang,t most cephalopods are . . - . 

weathered Qn the� d��sa;L side be��re . eJJlbe,�ding, as ls ���: in. �o� 
thoceras· an4 _ Goru,oceras holtedahli. �he s•· :weatherihg bas. also �er1: . : : . .. . 
found in the Cape · Cal:boun .Znort��hl Gree111ani\7 �pecimem�..:for .in�ance, � �= · : ::J 
in Gon1oceras angu].atum. : In  :most instancfJs· .thi.s weather_J.ng C&n,l)ot be._ .· . . .  
definitely stated because· ' the fossils ar�·.: �lmo$t free. from rock .·" · '  . .  · · . . . . : . . : . �· .  . . 

. . . . 

: . . 
. 

. .� 

. . 

In America DevQrii�f goniatites . 8.!,"8 �ch lesti · c�9il. :·i� ,� �.� �: .
. 

and we are .l_lot : � · too fAmilar With the ��t�ls of .� _ ot t.1\e: .·�9�ajl : , ·  

occurrences . Howrier,- tt can be stated 'th�t in the � thick " Devoilian l..iilie-' ' ·  · 
stones or c�ntral Unite� �a.tes gorU.atites' _ate Bimoat·= �mtir�iY: : ab��i;lt.·, · . . · 
whereas · in certain · of the ' ehaley rocks of the A.ppal.Jlcliiari ' Geo9yncline, · · · 
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fran New York south to Virginia, they are rel.atively' ccmaon. For the 
most · part ttie proliftC ammonoid ·faunas :'of . 't!he .. u�rmo� Devcmian of 
�ope do net occur in :  North America.. Their absence here m!J,y b8 due . 
iii · part to the .fact th� over DllCh ·. of � ,continent the u:P:Permost 
Devonian 'is represented by a black .shaJ.$· . facies. The Kind�rhook gonia- .  
tite faunas of· North America, like those of tbe lower Upper . Devonian · . · ·. 
( zone �r Manticoceras )., are '  however' surprisingly like those of EUrope �; • 0 • • • ... · · · ·· · ' ·. · . .  

In the ·Northam M:l:d..Continent Region the Late Paleozoic gonia- . . 
tites · occur in association with shallow water deposits which seem to . · · 
haw· been f<>rmed fairly . close . to the shore . In some cases the se gPtiia"'!' 
tites occilr in limestone ·but it is generally . argillaceous or · arenaeeotis , 
and·· ·apparently it represents $ .  shallow-water deposit wtU.ch wa$ . fP.;rmed · 
suffiCiently Close to . the shore that it. nlC�i ved a cot).sidera�le. amount 
of land-derived · or ter.rigenous� ·mat.$riale In JD&.ni pi&ces in. Uni.ted . 

states and- �co; at .· least , ·  where goniatites are found in carbOnaceous 
marine shales ·they occur in .calcareous concretions, in which they are 
part,iCll].arly w�ll preserved . · It has been suggested that D1BJ1Y �e�s 
were deposited along with these c oncretionar,y shale s, but that. ooly those 
insid-e the concretions were preserved . In the Cherokee shale� o.t Henry . 

· .County, Missouri, John Britts Owen has fO\llld that cephalop,ods . {bo1;,h · 

nautiloids ·and emmonoids) are abundant in the calcareous concretions . 
which loc.ally occur: at several horizcms 1 and th&t cmly rarely are good . . 

. specimEns� · to be round outside the concretions . It. seems reasonably 
certaill that 'the pre sence or .the animals was directly or indirectly re
sponsible for the formati911 of . the �oncretions. The occurrence of some 
shells outside · the concretions and some concretions in which there are 
no shells might be taken to indicate that it was the t'l:e.�hy bodies of 
the creatures that · eaused the concretions to form. Tbat :fs6 fossils 
found oUtside the c cincl'etions 'Woul-<1 then be regarded �8 shells which · . 
were empty when they were buried, and C Ollcretions which ,c qnta.in �o shells 
would be explained by assuming :that . they formed ar.ourid ·fleshy bodies ; 
which c ontained no hard-parts . · In the Coffeyville !ormation . of Oia.abclna 
the camerae of the cephalopods, which occur in calcar,eous co�c��iQns, .  
are in maey cases filled with ·black visc ous petroleum1 · and 8lJIIlOnoicis. · 
which contain petrol� llave been . found in the Union Valley sandstont' 
of · Oklahoma. 

· · 

.. . In ·� pl.&ces ·  ·the . . faunas· of Late Pal�ozoic carbonaceous shales 
are . ccinposed �ost enti�ly .of . goniatites .  · It seems probable that in 
the se areas the ' 'bottom ' 'of the sea in which the containing beds aceuillu
lated was inhospitabie and -that therefore only nektonic and pelagic. · or-

. ganisms are represented.. Of course it is possible that the cephalopods 
· clid not; live .m these areas but that their empty shells floated into 
:them a:rter the death of the animals which bore them. However, in ID8Jl1' 

· of the.$e · cases we find numerous adolescent as well as mature shells . 
whi�� w.ould indicate that · the f.or.ms were indigenoUs to the areas in which 
we now find their remains . : In the : Caney and Wewoka formations of Okla-
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bema and in the Sabden ahal•�. :c;>t :·northem Fllgland many adolescent and 
mature goniatites occur in close association and almg with them we get 
an abundant molluscan fauna . In general it can be said that goniatites 
occur in association with molluscan faunas and Professor G,. Del,pine 
bas infol"Jled us that the same is true for Europe� occurrences and that 
there pelecyp¢s ar� part.�ul.��� abwu:lant · in .  goniatite·ebearing beds. 
Only r'-rel.T 4o · gon:4-�i.tes.:,,�nd·, 1�-J�nids occur in direc.t association 
though �te . . . cCXIIIlOhJ.t . th�J �� 1:-� b$ :. ·found · in th� same formation. However, 
we have studied one Small block of llmestcne fran the Permian of Sicily" 
that contains both �ephalopods. �d,.-.futsuUn:lds and Dr . G, A. Doutkevitch 
has observed the Saine :asaocia.tion .. in ·r&r.e instances in the Permain of the 
Urals and Centra+ �sia � . · It :�� ·apparent that in genei-al fusulinids and 
8DIIIImoids · represent diStirict facies and that the few exceptions are prob
ably due to specimens being washed into an environment in which normal..ly 
they did not live . Nautiloids also are rare in Late Paleozoic goniatite 
faunas and_ �. g.,n�r.alJ.¥ �ted .. to a fe\f ·ubiquitous types like �oceras 
and Coloceras� 'l't_le tact tbat �onoid : and nautiloid faunas generally do 
not occur together may be explained · by �Suming that the two types require 
different ecological c onditions or by assuming that the ammonoids are more 
active than the .nautiloids and . eithel.'.·.ate theri. or ate ·  the food on which 
they OtherWf:$e "c;)w,d h&ve ·sU�s��e4. ; ... This lack ·:ot general association of 
the two · groups ·is 'well empha�iz.ed .in the .Late .Paleozoic ·of the Mid-Continent 
Region for in Texas ammonoids are abundant whereas in Nebraska and Wyoming 
they are almost entirely lacking though nautiloids are filily c amno'rl.  · The 
fact that nautiloids and not ammonoids were able to thrive in .  the northern 
portion of the �-continent- �.,:_ Paleozoic seas may have been· dUe to a 
subnormal . iUL1 1¢t.i 'o,t: those ��s. : . This · conclusion ·WOuld be entirely 
in harmony witp ' tb� general belief that . . naut'iloids were always less special
ized and therefore better. able to adapt · themselves· to · changing conditions 
than aumonoid8·. · . · · · · · . 

· l . . 
: . .  I · . .  

\ . � . . • . ( 
. ' . 0: • . ' · • .  

. . · .. • ,  . 

.. . . . 
. �: . . : : ; 

. ·'· 
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