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EXECUTI VE SUMMA RY 

Over the last century ,  numerous changes i n  the species composi 

tion of the mari ne ecosystem have been recorded. The species 

involved often made up important components of the human food supply 

or species of fish and i nvertebrates eaten by the food fish. The 

economic and societal impacts of ecosystem change can be consider

able, particu larly i nasmuch as the variation in species abundance 

cou ld be driven by anthropogeni c  factors. As a consequence, the 

benefits that cou ld  accrue from an abi l ity to understand and predict 

major changes i n  the abundance of marine organisms, and thei r 

ecosystems , on interannual  and decadal time scales would be substan

tia l .  To push toward such an understandi ng , and to take advantage 

of the opportu nities for disci p l i nary synthesis and cooperative 

programs, wi l l  requi re scientific plan n i ng for a coherent program on 

11Recruitment Processes and Ecosystem Structure --Biodynamics of the 

Sea11 to begin  now with the i ntent that the program be fu l l y  

operational i n  the 1990s. 

I n  developing the scientific plan , consideration needs to be 

given to the importance of recru itment processes , sign ificance of 

global scales , coordi nation of effort, scales of studies ,  study 

location s ,  study organisms, the need to i ncorporate new tools , and 

the developmen t of theory and model s. The fol lowi ng observations 

arose from the workshop di scussions. 

1. I mportance of Recruitment Processes. Si nce most mari ne 

animals share the common strategy of producing hundreds to mi l l ions 

-1-
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of offspri ng,  the vast majority of which are boun d  to die before they 

matu re, recent research on popu lation dynamics has focused attention 

on early l ife history stages and the variabi lity of their recruit-

ment to adu lt stocks. Attention must be focused on the biological , 

chemical, and physical  dynamics of the oceans that control recruit

ment processes an d, i n  turn , ecosystem structu re. 

2. Si gn ificance of Global Scales. Ecosystem structure and 

recru itment processes must be considered globa l ly  because they are 

driven , in part, by the complex dynamic i nteractions of global 

atmospheric/ ocean processes. The time is  now ri pe to begin  to plan 

for this effort because p lan n i ng i s  rapi dly advancing for global 

programs and tool s  whose products shou ld  d i rectly feed i nto the data 

base for regional recruitment process studi es. T hese include the 

Wor ld Ocean Ci rculation Experiment (WOCE), the Tropical Ocean Global 

Atmosphere (T OGA )  program, Global Ocean F lux Studies ( GOFS), and the 

new generation of ocean color satell i te sensors. The global effort 

wou l d  need to relate to the i nteraction between aquatic and 

terrestrial  studies. 

3. Coordination of Effort. The time i s  a lso ri pe to advocate 

the i nvolvement and leadershi p of U. S. academic ocean scienti sts i n  

this effort. Recru itment dynamics i s  a major thrust proposed i n  the 

long- range plan of the Advi sory Committee of Ocean Sci ences Divis ion 

of the National Science Foundation (NSF) and en dorsed by the Ocean 

Stu dies Board. I t  has become important to the goals of federal 

agencies such as the N ational Oceanic and Atmospheric Admi n istration 

-2-
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(N OAA) - - i ncluding National  Marin e Fisheries Service and Sea Grant-

and the National  Aeronautics and Space Admi n i stration (NASA) --as 

expressed in thei r new Earth Systems Science I n itiative-- both 

nationa l ly  and i n  i nternational organizations. I n  addition , there 

are opportunit ies for coordination with other national programs 

specifical ly oriented toward recru itment (e. g. , Programme National 

su r le  Determin i sme du Recruitement [FN DR] and l nstitut Fran �ais de 

Recherche pou r  L' Exploitation de Ia Mer [ I FREMER]). 

4. Scales of Stu dies. Recruitment process studies wi l l  focus 

most profitably on the important components and dynamics of readily 

identifiable ecosystems , such as the examples out l i ned (Georges Bank , 

etc. ), and wi l l  be directly concerned with fi ne sca les (i ndividual 

an imal s / tu rbulence) to mesoscales (breedi ng popu lations/ eddies , 

fronts , etc. ). I t  wi l l  be necessary to incorporate i n put from global 

and basi n -scale atmospheric/ ocean phenomena provided by other major 

global change programs (WOCE , T OGA , GOFS). 

5. Stu dy Locations. Most of the studies envis ion ed center on 

coastal oceans ,  where biomass and economic activities are concen· 

trated , as opposed to the deep ocean basi n s. These stu dies wi l l  be 

i ntimately associated with the projected studies of coastal ocean 

dynamics, f luxes ,  and sediment transport, which are beg i n n n i ng to be 

di scussed in many federal agencies an d academic forums. 

6. Stu dy Organ isms. It i s  important to emphasize consi deration 

of benthic and water col umn invertebrates , as wel l as fi sh popu la

tions. The structu re of mari ne ecosystems is  the man ifestation of 

- 3-
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the outcome of countless predator-prey i nteractions ,  most of which 

i nvolve early life history stages of species at all trophic level s. 

Thi s approach wi l l  assure the eventual  development of an overal l 

theoretical framework. 

7. The Need To I ncorporate New Tools.  We advocate major i nvest

ment i n  the variety of promi si ng new technol ogies i n  envi ronmental 

sampl i ng and real-time analysis of densities of species by age and 

reproductive category that are emerging in biological oceanography , 

and the integration of these technologies with those of ocean physics 

and chemistry. The rapid appl ication is foreseen of the powerful new 

tool s  being developed i n  the disci p l i nes of molecu lar biochemi stry 

and popu lation genetics. 

8. Theory and Model Development. A long- range effort is 

necessary to develop a new , comprehensive theoretical base li nking 

ocean ecology , chemistry , and physics (biodynamic theory), designed 

to take advantage of the evolving atmospheric/ physical  oceanography 

model s  and the su percomputational power rapi dly becomi ng avai lable to 

academic scientists. T he goal is to li nk physical and biological 

components in  a new generation of models leadi ng towards efficient 

an d effective capabi lties to predict an imal population changes i n  the 

ocean . 

-4-
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I NTRODUCTI ON 

N umerous questions of scientific an d societal s ignificance 

regardi ng oceanic and coastal marine ecosystems and the way that they 

w i l l  be affected by human ·activity are stimulated by the long- and 

short-term vari abi l ity in mari ne-populations. For instance, wi l l  the 

production of fish and zoopl ankton change in the next century as a 

function of changes i n  the physical envi ronment,  habitat modifica-

tion , cl imate change, pol l ution , and resource-harvesti ng pol i cies? 

Can the effects of changes in the ocean •s biota for various 

decadal - l ength scenarios on cl imatic variab i l ity be observed and 

predicted? Is  it possible to predict the population explosions such 

as that observed for a sardi ne off Japan or the triggerfish off much 

of the west African coast? I s  it possible,  l i kewise, to predict the 

sudden population col lapses such as those ex perienced by herring, 

oyster,  scallop , and crab populations? Can we explain and predict 

the d ramatic changes i n  enti re ecosystems as exempl ified by the 

11gadoi d  outburst11 o r  the Russel l cycle in  the North Sea? How can we 

ex p lai n  the long-term changes in  the abu ndance of major copepod 

populations in the North Atlantic? 

These questions are examples of those bei ng addressed on a dai l y  

basis  b y  scienti sts and decision makers. Unfortu nately ,  becau se the 

question s are broad in scope and complex , cJear answers are not as 

yet avai lable despite thei r importance and despite the ex i stence of 

relevant knowledge in popu lation dyn amics ,  popu lation biology , and 

physical oceanography. 

-5-
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The panel bel i eves that answers cou l d  emerge through a coherent 

long-term program that would ( 1 ) create a data base to test extant 

concepts and faci l i tate creation of new hypotheses , ( 2 ) create and 

extend theory to account for changes i n  population abundance as a 

function of both popu lation density and the physical envi ronment, and 

( 3) i nterrelate relevant disci pli nes. 

The substance of a coherent long- range program requi res develop

ing a predictive understandi ng of the mechan isms that regu l ate or 

otherwi se affect reproductive success and , hence, popu lation 

variab i l ity. The mechanisms involve predator-prey trophic rel ations 

and the way that the physical envi ronment affects contact between 

predators and prey , the efficiency of predation , and the transforma

tion of i ngested prey i nto either reproductive or somatic b iomass or 

catabol ites. 

I nsights i nto these mechanisms require ( 1) en hancing our under

standi ng of submesoscale physics , scales that appear to be most 

relevent to the trophic  transactions among the organisms , 

( 2)  developi ng techniques to rap idly measure popu lation densities of 

sel ected predatory and prey organ isms , ( 3) assessing the physio

l ogical status of predator and prey to determi ne the effects of 

physical variab i lity and population density upon trophic relations 

and reproductive capacity , and ( 4) developing techniques to determine 

changes i n  population genetic structu re that cou ld i nfluence 

longer-term changes i n  population response to envi ronmental change, 

this last bei ng particularly essential to understan ding the i nfluence 

of cl imate-scale events u pon popu lation dynamics. 

- 6-
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Many theoretical  bu i ld ing blocks are accessible,  and requisite 

observational  techniques are defi ned and ready for i ntensive develop

ment. The i ntegration of these bui lding blocks and the undertaking 

of the observations necessary for theoretical  enrichment wil l require 

a long-term effort, which can only be successfu l in a framework of a 

coherent program. 

I n  considering such a program, it is appropriate to take account 

of the historical  background of the study of recru itment processes , 

which is rooted i n  the late ni neteenth century study of fisheries. · 

Oceanographers began to i nvestigate the causes for large i nterannual 

variations in  the production of fish i n  the "great fisheries of 

Northern Europe. 11 At that time, large f luctuations i n  fish-popu la

t ion abundance were related to the survival of very young fish born 

in each popu lation , each year , and as these you ng fish would 

eventually be "recru ited" to the adu l t  population, the term 

recruitment came to be used to represent ·the number of young fish 

produced each year. 

I n  the early years of recruitment research it was believed that 

f ish recru itment variation depended on variations in larval feedi ng 

success or the advection of larvae i nto favorable or unfavorable  

envi ronmental conditions. For many years,  recruitment research 

seemed to concentrate on relatively i ntense surveys of ichthyo

plankton abun dance and field and laboratory studies of larval fi sh 

nutrition (see, e. g. , Lasker and Sherman, 1981). However ,  i t  was 

reali zed only recently that the scope of these stu dies was too narrow 

-7-
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and that consi deration needed to be given to the more general subject 

of larval predators; the i nf luence of l arval nutrition and predation 

on popu l ation dynamics; and the effects of the physical structu re of 

the sea on the popu l ation dynamics of the organisms of concern 

(Rothschi l d  and Rooth , 1982 ). 

I n  taki ng account of the major changes i n  popu lations and 

ecosystems , even this view seems too narrow. To address natural and 

anthropogenic causes of popu lation variab i l ity it is necessary to 

attribute variab i l ity to a complex of specific  causes. Because 

variab i l ity wou l d  not l ikely be attributable solely to phenomena 

associ ated with any single  species , an understanding of the dynamics 

of species assembl ages is  requi red. Thus,  the study of recru itment 

has evolved i nto the study of a much broader range of issues: the 

dynami cs of a spectrum of marine populations (and not necessari l y  the 

fate of a particu lar l ife hi story stage); the li nkages among 

pop u l ations; and the effects of the cl imate, the weather,  and the 

physical structu re of the sea on these relationships. It involves 

production ecology , popu lation dynamics and biology, and ocean 

physics. 

If studying of these processes were just beginning ,  the task 

wou ld be formidable i n deed. However , many major components of the 

problem are wel l  known and defi ne a structu re that hel ps specify the 

nature of the relationships among the components and the particu lar 

areas that require intensified investigation. Once these i nter

relationships are better ex plored , faci litation of research , even in 
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areas that are rel atively wel l  known, can be better justified while 

areas that are less wel l  known can be better identified and enhanced. 

For example,  primary production, the popu lation dynamics of fish , and 

mesoscale physics are rel atively wel l  known, while secondary produc

tion, the population dynamics of copepods , and the physics of 

tu rbu lence are not wel l  understood. The integration of biol ogical, 

physical , and chemical oceanography demands interaction between 

bio logical , physical , and chemical oceanographers as the complexity 

of the involved processes is refl ected by the different directions 

and time scales employed to address the various biol ogical , physical , 

and chemical  components. 

Recent advances in oceanography serve to fortify the consensus 

that developi ng a program on recruitment processes and ecosystem 

structu re- -the biodynamics of the sea-- is  opportune. The consensus 

emerges from ( 1) conceptual and planning meetings held over the past 

several years (e. g. , Fish Ecology I ,  I I ,  and I l l ); (2 ) initiation, 

conti nued implementation, and faci l i tation of national and inter-

national programs (United Ki ngdom , France, Norway , Denmark , Federal 

Republ ic  of Germany , Japan , Spai n ,  Netherlands , Australia ,  Poland ,  

and the U. S. S. R. ); (3) the accessi bi l ity of theoretical bu i l di ng 

blocks that can be used to tie together the popu lation dynamics and 

popu lation-biology studies with those of the physical and chemical 

envi ronment; (4) the identification of various biological sampli ng 

techniques,  which when given adequate fundi ng could be used to fu l ly 

implement acquisition of needed empi rical data; and ( 5) the feasibi l -
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ity of maki ng physical  oceanography measu rements on the sub-mesoscale 

range, not heretofore studied i n  detai l. 

Accordingly,  this report recommends that the scientific planni ng 

of a coherent program , "recruitment processes and ecosystem structure 

of the sea, 11 shou ld begin immediately as theoretical and p i lot 

stu dies and be fu l l y  implemented i n  the 1990s. This report describes 

the scope of the recru itment process problem ,  outli nes an 

experimental framework , and concl udes with specific observations on 

the societal significance of the problem. 
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TH E SCOPE OF TH E RECRUI TMENT PROCESS PROBLEM 

A working theory on recruitment processes would provide an 

expl anation of the dynamics of the popul ations of the sea --the 

fl uctuations in thei r abundance-- as wel l  as the mechanisms that 

affect these i ncreases and decreases. 

Popul ations in the sea are for the most part statistica l l y  

stable,  which means that even though they f luctuate, they rarely 

i ncrease at maximal rates for very long or become extinct. The 

statistical stabi l ity is mai ntai ned by strong feedbacks to i ncrease 

popul ations when they are at low levels and to depress thei r growth 

at high levels of abundance. The stimul us for popul ation i ncrease 

is  often rel ated to the avai l abi l ity of food. Among the most simple 

i nterpretations,  when a prey population is  at a high level of 

abundance, its predators i ncrease i n  abundance. I n  this  context, 

predator-prey ratios are impl icated in the i ncrease or decrease of 

predator and prey biomass, and the proportion of biomass partitioned 

i nto reproductive materia l . I n  turn, this i nfl uences the numbers of 

young produced by subsequent generations and sets i n  motion the 

processes that affect popul ation variab i l ity. 

The ratio of predator to prey density that affects predator-prey 

dynamics is not the actual ratio of predator to prey , but the ratio 

of predator to prey that is "apparent" to the predator and the prey. 

Thi s  apparent predator- prey ratio can be strongly  affected by the 

physical envi ronment (i . e. , l ight, temperature, and motion) . There 

are two ki nds of effects , which wi l l  be denoted as Type I and Type I I  

effects. 
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I n  the case of Type I effects ,  the physical envi ronment affects 

the performance of prey and predator per se. For ex ample, an 

i ncrease in temperature usual ly  affects the basic physiology of both 

predator and prey , maki ng the predator more efficient at capture, or 

the prey more or less efficient at escape. For Type I I  effects ,  the 

physical environment affects the contact rate between predator and 

prey (e. g. , through changes i n  the i ntensity of turbulence) and 

accordi ngly modifies the apparent predator-prey ratio. Hence, Type I 

and Type I I  effects i nfl uence the apparent density of predator and 

prey and the reproductive capacity of the population. Whi le such a 

framework i s  important,  it  i s  a lso necessary to take i nto account 

longer term considerations ,  which basica l l y  involve those genetic 

changes i n  populations that affect the response of organisms to 

environmental variabi l i ty. For example,  the i nfluence of temperature 

on basic physiol ogical variables or the capabi l ity of predators to 

capture prey , or prey to e lude predators , is not necessari ly constant 

but a function, i nter al ia ,  of the genetic structure of each organ ism 

and each population. The nature of the dynamic process can be 

affected by genetic factors i n  each genetical ly  identifi able 

subpopul ation responding with differential reproducti ve success to 

environmental variation , therefore, mak ing genetic var iab i l ity an 

important potent ial component of population dynamic variab i l ity. 

The conceptual  arrangement that was described above is  shown in  

Appendix  A,  fig. 1 ,  (see page 41) l i nk i ng physical variables and 

biol ogical transformations (e. g. , the transformation of a prey i nto 
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predator biomass and i n  turn the eventu al conversion of predator 

biomass i nto predator eggs) . Observations to quantify theoretical ly  

establ ished biodynamics would need to i nvolve ( 1) the physics, 

( 2 )  the densities of organisms , ( 3) the trophic and reproductive 

status of organisms as i ndicated by physiol ogical measurements , and 

( 4) the genetic structure of the popu lation. 

I n  order to sharpen ou r view of the conceptual arrangement 

whereby populations i ncrease or decrease as a fu nction of their food 

resources , the way i n  which the apparent densities of the food vary 

as a function of motion , l ight, and temperature may be explored i n  

terms of ( 1) the theoretical bu i ld ing blocks,  ( 2) the physical 

oceanographic perspective, and ( 3) the biol ogical oceanographic 

perspective. 

TH EORETI CA L  BUI LD I NG BLOCKS 

Scientific opportunities are to be fou nd in  bri nging together 

components of establ i shed theory i n  population dynamics ,  popu l ation 

biology ,  and physical oceanography. At the same time ,  opportunities 

to uti l i ze observations of large-scale envi ronmental var iabi l ity 

derived from satel l ites and various bio logical and physical samp l i ng 

devices are in  the offing. 

A particu lar example i s  the possib i l ity of l i n king physical and 

biological theory, as i n  the opportu nities that ex ist to l i nk optimal 

foraging theory ( Pyke ,  1984) with physical  processes. Optimal 

foragi ng theory is based u pon hierarchical partition i ng of energy of 
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biomass among biological processes at the individual-organi sm level. 

I n  the i ndividual, energy consumed is  either assimi lated or 

elimi nated as feces. The transformation of food resources i nto 

reproductive products only occurs when the food resources consumed 

are sufficient to exceed basal metabolic needs. Hence the i ndividual 

that forages in such a way as to yield the greatest net rate of 

energy gai n  wi ll produce proportionally more progeny; selection 

should favor that foraging behavior which is optimal in terms of 

energy gai n. Thi s  body of theory has the potential to tie together 

and focus studies rangi ng in scale from the capture of s ingle food 

items to the selection of genotypes with differi ng foraging behavior. 

It has already been used to explai n and predict both si ze of 

organi sms i n, and trophic structure of , aquatic  communities as a 

function of thei r productivities (Gerritsen, 1984) . 

Foraging theory can be drawn upon to defi ne the lower limit of 

time scales of interest i n  biodynamics and to suggest upper limits. 

At low food abundances , food encounter rate limits foraging,  and the 

natural time scale is  the i nverse of encounter frequency. Above some 

threshold encounter rate, the ki netics of digestion and ass imilation 

become limiti ng ,  and the natural time scale is that of the time to 

pass through the gut (Penry and Jumars , 1986) . Encounter rate is  not 

just set by density of prey and predator behavior , but i s  also 

i nfluenced by small-scale fluid motions ,  temperature, and ambient 

light, providing an example of an important opportunity to li nk 

biological and physical processes i n  a biodynamic theory. 
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One can poi nt clearly to the success of the meshing of fl uid 

dynamics with the study of primary production. Just as with optimal 

foragi ng approaches, knowledge of mechanisms at the i ndividual level 

al lows powerful prediction at the popul ation level . Advances i n  

knowledge of photoplankton physiol ogy and upper mixed- layer physical 

processes have now produced much more accurate models  of the physical 

and biol ogical controls on primary production. I t  is  time to bri ng 

simi lar approaches to the study of secondary producers. 

Foraging success is  undoubtedly an important component of 

successful recruitment, but it is  not the sole  determi nant. Foraging 

theory has been modified (Pyke, 1984) to i ncorporate simultaneously 

the risks and potenti al gai ns of foraging i n  the presence of 

predators. A more i nc lusive approach , of which foragi ng theory could 

be considered a subset, is  game (or risk-benefit) theory (Maynard , et 

al , 1973) , where success is  measured i n  terms of the strong 

constrai nt of progeny (i . e. , reproductive fitness) ; a heritable 

behavior that results i n  the leav ing of no progeny wi l l  quick l y  

disappear. The approach l i nks i ndividual  behavior (foraging) with 

envi ronmental variables and genetic consequences. A ppl ication of 

such theory is  usual ly  aimed at defi ni ng Evol utionari ly  Stable 

Strategies ( ESSs) toward which a popul ation i s  predicted to evolve in 

the context of its  physical  and biological  (i ncl udi ng both predators 

and competitors) envi ronment. I n  eval uat ing the adaptive val ue of 

vertical migration, a game theoretic approach might, for example, 

bal ance risks of expatriation due to vertical  shear with benefits of 

predator avoidance. 
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Dispersal of planktonic larvae of benthic macrofau na has been 

examined from such a risk-benefit standpoint,  and mechani sms for 

altering the extent of d ispersal have been identified (e. g. , 

Strathmann , 1974; Jackson and Strathmann, 1981) . Several apply 

equally well to dispersal of holoplankton. These mechani sms (e. g. , 

adjusti ng vertical distribution variance or spreadi ng release time 

among members of a given brood) i nteract explicitly with the advec

tive-diffusive structure of the ocean , and the models thus suggest a 

su ite of li nkages between envi ronmental conditions and recruitment 

success. To date, such models have been used primarily with 

parameteri zations of mean physical conditions for classes of 

environments. It would be i nformative to i ncorporate spatially and 

temporally varyi ng conditions as measu red with the latest 

i nstrumentation i n  mesoscale and microscale physical oceanography. 

I mportant issues i nvolve the probabi lities both of expatriation 

(outside envi ronmental tolerances) and of exchange among patches with 

vary i ng prey and predator abundances. 

EXTEND I N G TH E UTI LI TY OF OUR PHYS I CA L  

UN DERSTAND I N G OF TH E SEA 

The uti lity of our physical u nderstanding of the sea has been 

demonstrated in describing the vertical and hori zontal structu re of 

the ocean , the dynamics of both large and mesoscale events , and the 

relation between the ocean and atmosphere, for example. Of all the 

possible areas of application, one of the least known and perhaps one 
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of the most ferti le for i n qui ry i nvolves the dependence of population 

dynamics upon the physical structure of the sea. Despite the depend

ence of population dynamics upon the physics , there are a number of 

questions purely i n  the physical realm that need to be addressed 

before questions of i nteraction can be pondered. These questions 

relate to the ki nematics of particles as abstract representatives of 

liv ing organisms or biologica l ly active particul ate matter,  because, 

as explai ned previously , the contact rates among particles govern the 

trophic  i nteractions,  which in turn govern reproductive success and 

drive population-dynamic variab i lity. 

With regard to understandi ng the distribution of particles both 

as biological and as k i nematic abstractions,  our concern i n  the 

biodynamic context i nvolves our abi lities to describe and understand 

ki nematic and other physical properties on scales perti nent to 

planktonic  trophic  and di spersive relations. These i nclude the 

scales over which plankton are hori zontally advected "over the 

ground" and scales that involve the position of plankton relative to 

one another , which thus affect thei r encounter rate and hence thei r 

foraging success. Put another way ,  we are concerned with the effect 

of envi ronmental k inematics on the mai ntenance or dissolution of 

patches of organisms , the relative position of the patches , and the 

relative positions of the organisms i n  the patches. 

The appropriate space and time scales appear to range downward 

spatially from the mesoscale and temporally , from weeks to days or 

less. The lower bounds of the range depend upon the particular 
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organi sms of concern.  Great progress has been made i n  model i ng 

mesoscale motions i n  the coastal ocean. A lthough studies of the 

i nteraction of plankton with the smal l -scale physical envi ronment are 

few, l aboratory and in situ techn i ques are avai lable,  and a concerted 

effort cou ld produce a su ite of model s  testable by field studies. 

Recent advances in observational techni ques for measuri ng ki nematics 

on sma l l  to microscales have al lowed improved resol ution in the 

vertical  relative to the hori zonta l .  

The simu ltaneous measurement of physical (includi ng optica l )  and 

biol ogical variabi l i ty has been accompl i shed in a few recent experi 

ments such as OOEX and BI OWATT. These studies have concentrated 

various ly  u pon questions concerning temporal and spatial  var i ab i l ity 

i n  particu late matter and optical properties (the latter program 

concerns primary productivity as wel l )  . However , no comparable 

studies have addressed the problems of secondary productivity or 

larval recru itment of particu l ar species. Furthermore, there are 

currently few (if any) data concerning the fou r-dimensional (space 

and time) variabi l ity of physical  and biological  parameters on 

hori zontal scales rangi ng from a few meters to 50 km. The relevant 

spati al and temporal scales for physical processes in rel ation to 

biodynamics are i l lustrated i n  Figures 2A and 2 8  (see pages 42 and 

43) and are highl ighted i n  Appendix  B (see page 41) . 

To fu l l y  evaluate the biophysical  i nteraction s ,  we need to know 

the probab i l ity of a patch of predators coming withi n "stri king 

di stance" of its prey. Si nce "striki ng distance" wi l l  vary with the 
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moti l i ty and perceptive capab i l ities of the predator,  we need to 

resolve different scales for different species i nteractions. We 

expect that the appropri ate scales range from about 1 m or less up to 

about 10 km (large patch si ze) . At this time, we sti l l  do not 

understand what range of scales is  actual ly  important ,  especia l ly  at 

the sma l l - scale end. An i ntensive biol ogical  model i ng effort wi l l  be 

requi red (given substantial  ki nematic and physiol ogical i nput) to 

resolve these questions. The crucial measurements to obtai n wi l l  be 

four-dimensional  estimates of the velocity deformation fiel d ,  which 

wi l l  contribute to the determination of encounter frequencies on time 

scales of seconds to about one day. The approximately 10 km and 

downward range of hori zontal spatial  scales has only recently begun 

to be i ntensively studied by physical oceanographers , yet is crucial  

to our quantitative understandi ng of species i nteractions. Larger 

space/ time scales can become important when the question of genetic 

difference i s  significant, s ince the generation length becomes a 

significant scal i ng factor. 

BI OLOG I CA L  VARI A BI LI T Y  

Predicti ng and exp lai ni ng the mechanisms of secondary production 

is one of the most critical  problems in biol ogi cal oceanography. A 

major difficulty in  thi s  field has been the seemingly extraordi nary 

variabi l i ty associated with secondary production data. Si nce a sig

nificant proportion of thi s var iab i lity owes to physical  processes , a 

better understanding of the physics on appropriate scales wi l l  do 

much to resolve the high variab i lty.  
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To provide li nkages for physical and biological concepts , 

process-oriented population dynamics models are bei ng used to develop 

notions that not only take account of the system as a whole but also 

account for recruitment mechanisms: ( 1) the trophic  i nteractions; 

(2) the way that these affect egg production; and (3) the way that 

the year class of eggs affects the number of subsequent spawners and 

the causal rather than the correlative effects of the physical 

processes on these mechanisms (see, e. g. , Rothschi ld ,  1986) . 

Recent progress in  biological oceanography i s  setti ng the stage 

for addressi ng these problems. For example ,  the Gulf-Stream Warm 

Core Ri ngs Program has generated important i nsights i nto the nature, 

k i nematics , and temporal variation in biological production i n  

entrapped , semidiscrete,  mesoscale parcels of water a s  they affect 

both the offshore and the onshore transport of larger parcels of 

water , enhanci ng the exchange of the biota and biological active 

material between the two regions. These broad descri ptions need to 

be supplemented with additional studies of recru itment mechanisms. 

Dynamics of benthic organ isms are an important component of 

recruitment studies. I n  their pelagic phases the physical setting is 

the same as for the typical water column organ isms. However , in the 

vici n ity of the bottom bou ndary layer, special features need to be 

taken i nto accou nt such as the zero-motion i nterface between the 

water column and the substrate. Particu larly important questions i n  

benthic  dynamics i nvolve the contr ibutions of larval transport, 

habitat choice, and post-settlement mortality to the spatial 
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variation i n  the abundance of adults. Also important are the physical  

limits on the capabi lity of larvae to detect cues related with water 

movement and to use the movement to arrive at favorable places , and 

determi nation of cues to favorable substrate uti li zed by larvae. 

These process models,  studies of biological production i n  eddies 

and the dynamics of benthic organisms have opened the door to new 

possib i lities and techni ques. For example,  satel lite imagery offers 

the possiblity of appreciati ng not only the effects of var iability 

but also the magnitude, scales , and dynamics of the temporal and 

spatial distribution of biomass. Satel lite imagery by itself ,  

however , is  a s  yet i nsufficient to study i ndivi dual species , the 

fundamental units of concern. However,  the opportunity is  now 

afforded to develop critical-mass blocks of fundi ng to uti li ze, i n  a 

more focused way , the techniques that have recently been identified 

to measure the d istribution, density , and capabi lity of organisms to 

reproduce and to change genetically. These techni ques i nvolve 

advanced sampli ng vehicles such as submarines and towed samplers; 

satellite imagery for the study of biomass var iabi lity;  both 

discrete-volume samples and acoustic and optical devices to estimate 

plankton density by s i ze category; computer-based plankton 

i dentification methods for rapid i dentification of planktonic forms; 

a large array of biochemical and biotechnological techni ques , many of 

which have not been fully uti li zed, and mesocosm faci lities for 

conducti ng experiments in contai ned volumes of water. 

There are fun damental differences in  the ways in  which we attempt 

-2 1-

Copyright © National Academy of Sciences. All rights reserved.

Recruitment Processes and Ecosystem Structure of the Sea:  A Report of a Workshop
http://www.nap.edu/catalog.php?record_id=18919

http://www.nap.edu/catalog.php?record_id=18919


to expla in patterns and variab i l ity i n  these systems (Steele , 1985) . 

Whi le  terrestrial  ecologists concentrate on 11i nternal 11 mechanisms 

such as competition and predation , mari ne ecol ogi sts a lso emphasize 

the impact of 11external 11 envi ronmenta l  variab i l ity ,  particu larly in  

the context of recru itment. This  generates a basis  for the diverg

ence i n  interpretation , aris ing from sign ificant differences i n  the 

marine and terrestrial  envi ronments , particu larly the character of 

the temporal variabi l ity and the consequent evolution of organisms 

and communities. Such comparisons would not on ly  lend valuable 

i nsights i nto the variable responses of terrestrial and aquatic 

systems to envi ronmental change but a lso provide an important 

opportunity to transfer theory and techniques long establ ished in 

terrestria l  studies to aquatic studies and vice versa , rais ing the 

possibil ity of enriching our u nderstandi ng of the response of both 

aquatic and terrestrial  organisms to envi ronmental  change. 
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EXPERI MENTA L A PPROACH 

The study of recru itment processes and ecosystem structure wi l l  

req u i re substantial  theoretical  development to l i nk the sometimes 

seemingly diverse concepts of biodynamics. Whi l e  each region wi l l  

have its own special setti ng and its own problems of specific 

interest , a s ingle general approach would serve to coordinate 

activities among regions. This approach i nvolves ( 1 ) identifyi ng 

regions for study and appropriate species for study , ( 2 )  describi ng 

and i nterpreti ng the physical  structure on dynamica l l y  important 

scales ,  (3) monitori ng changes in density of selected predator and 

prey organisms , (4) assessi ng the physiol ogical status of the 

organisms to determine the effects of physics and population density ,  

and ( 5) determi n i ng the role  of food qual i ty i n  i nfl uenci ng larval 

growth and survival ; ( 6) the study of behavioral -mechanisms perti nent 

to settlement and prey-predator i nteractions; and ( 7) assessi ng 

genetic change. 

The fol lowi ng sections discuss these components as wel l  as the 

specific case of benthic-water col umn processes. Many approaches and 

methodol ogies are identified , mai n ly  to poi nt out the range of 

avai lable approaches. I t  shou ld be emphasi zed that it  wi l l  be 

necessary in any specific regional study to carefu l l y  analyze the 

alternative methodol ogies and to select those that provide the most 

efficient techniques for the problem at hand. 
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CRI TERI A FOR SELECTI ON OF REG I ONS A ND SPECI ES FOR STUDY 
A ND D ESCRI PTI ON OF REG I ONA L POI NTS OF DEPA RTURE 

Criteria need to be developed to select regions and species for 

study. I n  this section some possible criteria are mentioned and some 

prel imi nary thoughts are provided on the Georges Ban k ,  Gulf of 

Mexico,  and the Cal ifornia Cu rrent region as poi nts of departure for 

applying the experimental approach described above. 

For selection of regions , the criteria involve both physical and 

biol ogical considerations. On the physical  side, it  is important to 

consider the complexity of the processes; the role  of hori zontal and 

vertical  variabi l ity , and whether bottom topography has an important 

effect on the physics. With respect to the selection of species , it 

is  important to determine the extent to which al l  l ife stages can be 

quantitatively sampled and efficiently identified; to be able to 

measure the behavior of the organisms with respect to food , 

predators , and habitat selection; to be capable of eva luati ng 

envi ronmental stimul i on scales relevant to the i ndividual organism; 

to determine i ntrapopulation variation in physiological status , 

v i abi l ity, and reproductive capacity; and final l y  to sample the 

popul ation on a time scale that adequately samples i ntragenerational 

and i ntergenerational changes (perhaps 10 times per generation and 

over 3 to 1 0 generations) . 

A background document on candidate regions would do much to 

organize and open for dia logue the critical  region and species 

selection process. For example,  some regions have important, long 
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term , time series of environmental and biol ogical features. These 

are extremely usefu l in interpreting past and future trends and would 

be used i n  deciding which regions are candidates for study. The 

document wou ld describe what is known about the biodynamics of the 

region. A lthough many wel l -studied regions are described by overview 

papers , this document wou ld  need to focus specifica l l y  on recruitment 

processes. A typical outl ine might incl ude what is known about the 

popu lation dynamics of the organisms , the physics (on appropriate 

scales) , and the interaction between the physics and the population 

dynamics. The document would then include appendixes on theoretical 

developments and experimental  design ,  keeping i n  mind that both the 

pilot and operational phases need to be dominated by a l ogical 

framework or overview model , which wil l be contin uously improved and 

u pdated. 

REG I ONA L 11POI NTS OF DEPA RTURE11 

This section contains observations on Georges Ban k ,  the Gulf of 

Mexico , and the Cal ifornia Current, which can be considered as poi nts 

of departure for the appl ication of the experimental approach. 

GEORGES BANK SHELF PROTOTYPE EXPERI MENT 

Recruitment studies on Georges Bank can be based on the 

considerable i nformation al ready ava i lable from studies u nder way 

that suggest that recruitment on Georges Bank is biol ogica l l y  

control led b y  interspecific a n d  intraspecific predation . The studies 
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are focused on the i nfl uence of variations i n  stratification and 

reci rcu lation on retention , growth , and survival of haddock and cod 

and thei r predators and prey i n  relation to the 11spri ng b l oom11 and 

i nterannual variab i l ity i n  recruitment success. The data base 

i ncl udes information on abundance estimation of eggs and larvae and 

morta l ity rates for developmental stages duri ng the fi rst year of 

l ife. Biochemical i ndices (e. g. , RNA / DNA ratios) have been developed 

to measure the physiol ogical condition or health of eggs and larvae 

i n  relation to changes in hydrographic conditions and prey densities. 

Oceanographic observations have shown that cod and haddock larvae are 

carried southwestward from spawn i ng areas on northeastern Georges 

Bank to the southern side of the bank by the Georges Bank gyre during 

the 11spring b loom. 11 The juveni l e  stages are found later i n  the year 

(autumn) concentrated on the northern side of the bank.  The movement 

around the bank occurs through some as-yet undefi ned temporal and 

spatia l  synchrony among the annual  production cycle of phytopl ankton 

and larval prey , incl uding adaptive behavior of the larvae and 

juveni les of the copepods Calanus and Pseudocalanus. 

The ci rcu lation over the western part of Georges Bank i ncl udes a 

reci rculation of about 10 to 30 percent of the water from the south 

side around to the northern part of the bank. The adaptive mechanism 

that a l lows for the fish to be advected around the bank is not 

u nderstood and requi res study of the predator-prey field at the 1-mm 

to 20-km scale in an experimental design that wi l l  a l low for studies 

of l i n kage from microscale to the mesoscale biodynamic events that 

control recruitment. 
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The results of the Georges Bank study wi l l  be closely compared to 

gadoid recruitment studies to be conducted by Norwegian scientists on 

the A rcto-Norwegian cod in the Norwegi an Sea and Barents Sea ecosys

tems , and studies of cod and haddock recruitment to be conducted by 

Canadian scientists on the Scotian Shelf. The Norwegian experiment 

wi l l  i nclude the testi ng of hypotheses that assume that recruitment 

is contro l led pri nci pal ly by envi ronmental events i nvolvi ng advection 

from spawn i ng grounds in the West Fjord to nursery grounds in  the 

Barents Sea. The Canadian study wi l l  a lso be focused on evaluati ng 

the importance of advective processes on the growth and morta l ity of 

early l ife stages of cod and haddock. The Canadian and Norwegi an 

studies wi l l  employ new technologies for measuri ng changes i n  ocean 

physics in relation to the avai labi l ity and abundance of the prey 

field of fish larvae. A l l  three studies (Georges Bank haddock , 

Arcto-Norwegian cod , and Scotian Shelf haddock and cod) are to be 

conducted withi n  a mesoscale network of standardi zed biol ogical  

productivity and hydrographic measurements of the u pper water layers. 

These studies wi l l  be coordinated with i nterested European scientists 

through the I nternational Recruitment Experiment Steeri ng Group of 

the I nternational Counci l for the Exploration of the Sea (I CES). 

GULF OF MEX I CO 

Many fishes and i nvertebrates spawn i n  the coastal ocean and then 

must be transported as larvae i nto estuaries or other nearshore 

habitats. where much of thei r growth and development occurs. Such 

envi ronmentally transgressive species are especia l ly  promi nent in the 

-27-

Copyright © National Academy of Sciences. All rights reserved.

Recruitment Processes and Ecosystem Structure of the Sea:  A Report of a Workshop
http://www.nap.edu/catalog.php?record_id=18919

http://www.nap.edu/catalog.php?record_id=18919


fisheries of subtropical and tropica l  regions of the world. They 

constitute the large majority of harvested biomass i n  the Gulf of 

Mexico ,  i ncl udi ng the most val uable ( penaeid shrimp) and most 

abundant (menhaden) of the U. S. fisheries. The population dynamics 

of these envi ronmenta l l y  transgressive species depend on ( 1 ) the 

i nteraction of physica l  and biol ogical processes in the coastal ocean 

that affect growth and survival of larvae; (2) the physical  advective 

processes and biol ogical  behavior that govern transport to the 

juven i le habitat i nshore; ( 3) the growth and survival of juven i les; 

and ( 4) the offshore migration and successfu l spawn i ng of adu lts. 

Phenomena that are thought to be critica l l y  important for successfu l 

completion of l ife cycles i nclude: ( 1) the association of larvae 

with density fronts , such as the Mississippi and Atchofal aga river 

pl umes , which provide concentrated food resources; (2) the degree to 

which larvae and postlarvae can move across the density front 

associ ated with the wel l -developed coastal boundary l ayer; (3) the 

tidal and meteorologica l ly  forced exchanges between the coastal 

boundary layer and estuaries; and (4) refuge from predators and the 

food resources provided by the coastal habitat. A l l  of these involve 

phys ical forci ngs on sma l l  and large scales (e.g. , turbu lence ,  

advection , sal i n ity patterns , and water level ) .  

I mproved understandi ng of the controls on population dynamics of 

envi ronmenta l ly  transgressive species i s  offered by coordi nated bio

logical and physical studies. Development of predictive capabi l ities 

is  important in projecti ng the effects of such g lobal or conti nental 
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changes as the rise of mean sea level resulting from atmospheric 

warmi ng (which may inu ndate wetlands and alter ci rculation charac

teristics of estuaries) , altered cl imatic patterns (which might 

result  in i ncreases or decreases of freshwater runoff) , and nutrient 

enrichment result ing from altered l and use and waste disposal (which 

may al ready be impl icated i n  large-scale hypoxi a  on the conti nental 

shelf of the northern Gulf of Mexico) . 

CA LI FORN I A  CURREN T  EXPERIMENT 

A conceptual i nvestigation into the  recruitment of dupeoid fish 

popu lations off Southern Cal iforn ia and Baja Cal ifornia h as been 

designed to determine ( 1 ) the production of eggs and larvae over a 

spawn i ng season withi n  the geographica l  l imits of the northern 

anchovy population , and (2) differential  recru itment from month to 

month withi n  a spawn i ng season as deduced from a comparison of the 

birthdates of larvae and juveni les that survive at least one month , 

with the rate of production of youngest larvae as a function of 

date. The design is based on several years of study of sardine and 

anchovy by the Southwest Fi sheries Center and i ncl udes mul tidisci p l i 

nary studies to determi ne the envi ronmental and biological conditions 

that may cause differentia l  survival . 

Several new techniques have made such projects possible. Fore

most is the abi lity to determine accurately  the ages of individual 

young fish by counting dai ly ri ngs on thei r otol iths. A l so,  a 

precise histological method is  now avai lable to determine whether 
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i ndiv idual larvae are starvi ng i n  the sea. An immunol ogical  test is  

a lso avai lable to determine whether predation occurs on fish eggs and 

young larvae by i nvertebrates. For anchovies ,  a method of biomass 

assessment based on egg production has been developed. Wi th 

concurrent oceanographic and ecological  i nformation , these techn i ques 

provide the data needed to test , on a large population , the current 

density-dependent and density-i ndependent hypotheses concerni ng 

recruitment. The basic concept is appl icable to a variety of 

important fishes. Developers of the program bel ieve that i nsights 

i nto the recruitment processes of a variety of species in the same 

habitat are possible,  since different species may recruit quite 

differently i n  the same envi ronment. The approach is essentia l ly 

comparative i n  nature, in  that the same field measurements can be 

done i n  regions where simi lar groups of species are domi nant , e. g. , 

the upwel l i ng regions of Spain and Portugal ,  Ecuador and Peru, Chi le ,  

a n d  northwest a n d  southwest Africa. I n  this way ,  a data base 

comparing both different species and different habitats wi ll 

accumu l ate much faster than cou ld be obtai ned by one country alone. 

Since fisheries statistics are col lected by all these countries , 

i nformation on the strength of each year class wi l l  be ava i l able as a 

check on the predictions arisi ng from the oceanographic and 

ecological  samp l i ng. 

I nternational work along these l i nes , sponsored by the I nter

governmental Oceanographic Commi ssion of UN ESCO, has started off 

Galicia , Spai n ,  and proposals have been written by Peru, Ecuador , and 
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Chi le. I n  'the United States , NOAA may support this program at the 

Southwest Fisheries Center starting in 1990. This represents an 

opportun ity for academic scientists to do important and rel ated work 

in the context of a l arger program. It wi l l  be desirable to expand 

the range of techniques u sed to determine starvation, poor condition , 

growth , and abi l ity to avoid predation. Studies of the distribution, 

abundance ,  and feedi ng energetics of predators on larvae ,  i ncluding 

thei r parents , wi l l  be important in  assign ing causes of mortal ity .  

Deta i led measu rements of offshore transport, especial l y  by mesoscale 

features and water col umn stab i l ity ,  as fu nctions of time and loca

tion (i . e. , not just large-scale averages) wi l l  be essentia l .  Both 

the abundances of food organisms and the hori zon tal  and vertica l  

variations i n  abundances of food organ isms shou ld be measured , and ,  

idea l l y ,  estimates of the secondary production of these food 

organ i sms shou ld be made to l i n k  fi sh recruitment to a trophodynamic 

view of the ecosystem. 

A n  unusual  opportunity for cooperation between academic and 

NOAA / NMFS scientists i s  thus in  view, combi n i ng comparative and 

deta i led studies on particu lar species with an ecosystem perspective. 

PH YS I CA L  MEASUREMEN TS A ND MODEL BUI LD I N G  

A t  the outset, i t  wi l l  be necessary to better defi ne the relation 

of biodynamics to physics at various scales. Present physical 

i n strumentation al lows mappi ng of time and space over the scales 

suggested in Appendi x  Figures 1 and 2 .  Bio logical sampl i ng i s  more 
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difficu lt,  owi ng i n  part to the need for improved technol ogy ,  

especi al ly  i n  regard to the i ndividual species and l ife stages , so 

equivalent resol ution wi l l  not be avai l able for thei r concentrations ,  

mu ch l ess their productivity. Hence, much progress wi l l  depend u pon 

model i ng us ing the physi cal and biological data with thei r disparate 

resol ution . Substanti al i nformation on particle-fl uid i nteraction is  

avai lable i n  the chemical engineeri ng and the geol ogical l i terature 

and is  appl icable to the i n itial  stages of the model i ng effort. 

I n  order to make progress on the physical determinants of 

recruitment processes, hori zontal current variab i l ity and physical  

parameters that affect biological processes (e. g. , motion, l ight, and 

temperature ) wi l l  need to be understood (at least ki nematica l ly) on 

the previously l argely unresolved scale range between the microscale 

( 1 em to 5 m )  and the mesoscale ( 10 to 100 km l with time resol ution 

of a day or less. The panel envisions a sequence of nested studies 

down to and i ncl uding 1 0  km squares i n  the hori zonta l .  Of particu l ar 

i nterest is  the question of how particle interactions vary with 

regard to environmental inputs (e. g. , stratification , wi nds , 

proximity to strong currents) .  A thorough k inematical study of a 

11box 11 would require velocity profi l es ,  hydrographic mappmg , and 

microstructure measurements from the surface to about 2 00 m. The 

panel envisions a multiship survey usi ng Doppler log, G E K, towed 

body , thermistor chai n, and other underway measurements to be 

supplemented by satel l ite remote sensing as wel l  as Lagrangian and 

possibly Eulerian current measurements. It wi l l  be crucia l  to 
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complete the sma l l -scale surveys as quick ly  as possible and to a l low 

numerous repeat surveys over short time i nterval s. Examples would 

i nclude underway mapping of l ight .. fluorescence, beam transmission, 

particle counts , nutrient chemistry.. and surface phytoplankton and 

z ooplankton. I t  shou ld be emphasi zed that combinations of ex isting 

technol ogy rather than development of new systems can be uti l i zed to 

make these measurements. 

ESTI MATI NG TH E DENS I TY OF ORGANI SMS 

Ecosystem structure theory requi res accurately  estimati ng the 

densities of predator and prey. The standard tool s  for density 

estimation, environmental sampl ing ,  and analysis in biol ogical 

oceanography have not changed fundamental ly over the past one hundred 

years. They are sti l l  based on nets .. trawls  .. dredges , and box cores , 

which take minutes to hours to deploy and retrieve and weeks to years 

to analyze in detai l in the laboratory. Modern physical  .. chemical , 

and geophysical  oceanography discipl i nes have i nvested substantial 

resources in  the development of new technologies that emphasi ze 

speed , i ntercompatibi l ity .. and near-real -time data analysis. These 

efforts have resulted in the rea l i zation of operational tools. 

T E C H NOLOG I CA L  FACTORS 

B iological oceanography is at the threshold of this new era. 

Modest i nvestments have been made in a variety of new di rections .. and 

promis ing technologies are with in  sight. However .. a fundamental 
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problem i s  that many present sensors detect some property (e. g. 

pigment composition, or s i ze as determi ned by electrical impedance) 

which i s  not species-specific,  whi le  the fundamental units of study 

for understandi ng recru i tment are the age groups of popul ations of 

particu l ar species. The requi rement now is not for new i nventions ,  

b u t  an investment of resources , an order of magnitude greater than 

currently assigned , to convert the expensive prototypes to the 

economical , operational , state-of-the- art commercial equ ipment. 

Examples of such samp l i ng/ analysi s  tools i nclude the fol lowi ng: 

1.  

2. 

a. Multifrequency acoustic sonars capable of resolving the 

density of particles in a si ze frequency spectrum from 

less than 0. 1 mm upwards, i n  a 11p l ankton/ CTD 11 

config u ration , for profi l i ng and towed modes; and the 

computer hardware and algorithms capable of providing 

real -time shi pboard analysis.  

b. Surface and moored Doppler acoustic i nstruments to 

a. 

measure water current strength and di rection and 

pl ankton biomass concentrations and movement. 

"Pl ankton cameras" capable of profi le/ towed modes to 

record visual images of particles for subsequent 

cal ibration of acoustic data. 

b. Laser/ video systems to record particle movement in 3-0 

i n  a form avai l able for near- real -time analysis.  
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3. 

c. !!!. situ laser-based pattern recognition systems for 

automated real -time density and taxonomy i nformation. 

a. Multispectral satel l ite-borne color sensors to dis

crimi nate quantitatively the range of photopigments on 

large space scales. 

b. Shipboard flow cytometer / cel l sorters to eva luate and 

differentiate physiol ogical  and biochemical attributes 

of cel l populations i n  the envi ronment. 

4. A utomated rapid image analysis of particles from bacteria 

u pwards to efficiently process hundreds to thousands of 

samples i n  the laboratory and on shi pboard. 

ASSESS I NG AGE AND PHYS I OLOG I CA L  STATUS OF ORGANI SMS I N  
NATURA L POPULATI ON 

Recent advances in biochemistry and molecular biology have not 

rea l l y  been brought to bear i n  a systematic way on the problems 

related to recruitment processes , and mari ne ecosystem structure. 

There are two poi nts of concern. The fi rst concerns the determi na-

tion of an organism' s age , and the second concerns the mon itori ng of 

biological  transformations that reflect the progress of the conver-

sion of i ngested material i n to reproductive material , and the th i rd ,  

factors that i nfl uence reproducti ve success. 

Wi th respect to age determi nation, much of the currently avai l -

ab le popu lation dynamics methodol ogy req u i res a n  expl icit or impl icit 

knowledge of the age of the organi sm. I n  some organ isms , age i s  
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determi nable through an examination of hard parts (such as in  fish 

larvae). B ut for other organ i sms , such as copepods, age can only be 

i nferred from s i ze ,  a method that may often be u nsatisfactory s ince 

si ze i s  h ighly dependent upon variations i n  growth , which may not 

relate to age. T here is ,  thu s ,  a considerable demand for techniques 

that might be useful i n  age determi nation , and these wou ld most 

l i kely arise in the fields of biochemistry and molecu lar biol ogy. 

With respect to mon itoring biological  transformations (see Figure 

1 ) of i ngested material , a n umber of methods are currently avai lable,  

others are beginn i ng to be developed that may be even more usefu l ,  

and i n  some cases there i s  a need to develop sensitive, accurate, and 

practical  techniques to address the problems associated with recru it

ment. Of the variety of techniques , studies of the regulation of the 

rate of fish and i nvertebrate growth and the development of reproduc

tive ti ssues are important parts of the biodynamic transformations 

and provide examples of what can be accompl i shed. 

With respect to reproductive t issue, spermatogen ic and gameto

genic capacity i s  a lso another critical  component of the biodynamic 

transformation . Whi l e  standard procedures of counting changes i n  

gamete concentration and measuring gonad weight are usefu l i ndices 

for estimating reproducti ve capacity i n  some i nstances, they are 

nevertheless crude measu res , destructive by nature, and very time 

consuming. There i s  a need to develop sensitive, rapid molecu lar 

methods for estimating these parameters. Vitel logeni n i s  

particularly usefu l in  assessing the reproductive status  of ovi parous 
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vertebrates. Reproductive capacity of individuals with different 

phenotypes with in  and between popu lations can have a tremendous 

impact on differential  recru itment i nto populations. It has a lso 

been shown that rate of development and hatchi ng of several fish 

species is  di rectly related to genetic background. Early hatchi ng 

often i ncreases an i ndividual 's  abi l ity to compete for food. Genetic 

background can be studied relative to hatchi ng time by ferti l i z i ng 

eggs i n  vitro and scori ng the genotypes of i ndividuals as they 

hatch. Such studies can provide significant i nsight i nto the 

genetics of the recru itment process.  

DETECTI ON OF GENETI C VARI AT I ON 

Genetic transformations are in  a sense more fundamental than the 

simple i ngestion and metabol ic  transformations. In order to place 

these studies i n  a biodynamic perspective, one needs to know the 

fol lowing: ( 1 ) To what extent do various subpopulations contribute 

to a g iven population ? (2) I s  genetic mortal ity the same or differ

ent between various l ife stages with in  and between popu lations? 

(3) What i s  the magnitude of genetic exchange between b reeding 

stocks? (4) Does the genetic composition of populations change i n  

concert with catastrophic crashes o r  expansions? ( 5)  What i s  the 

role of genetic background in differential growth , development,  and 

reproduction? The answers to these and related question s h inge on 

one' s abi l ity to detect differences between stocks and variation 

among i ndi viduals of a population. Whi le morphol ogical characters 
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are sometimes usefu l  i n  such studies , they are often inadequate for 

the needs of popu l ation biologists. Duri ng the last two decades , the 

i ntroduction of electrophoresi s  coupled with h istochemical  sta in ing 

for the identification of a l le l ic  electromorphs has uncovered a 

wealth of genetic variation at the molecular level . These methods 

have been usefu l for studying some species , but the lack of such 

genetic variation in  a host of important commercial species has 

dampened its wide appl ication to problems of stock assessment and 

recru itment. Th is  was partly due to the fact that such methods 

g rossly underestimated the extent of genetic variab i l ity due to their  

i nabi l ity to detect i sopolar amino acid changes i n  protei n structure 

and i nabi l i ty to detect n ucleotide changes in the DNA that are not 

reflected i n  the protein sequence. 

Recent advances in biotechnology and the commercial  avai labi l ity 

of restr iction en zymes and other molecu lar too ls  have made it pos

s ib le  for population biol ogists to examine changes i n  DNA ,  al lowing 

us to address a host of previous ly hidden genetic variab i l ity. Not 

on l y  do these methods al low one to study a broader array of gene 

d iversity ,  but the sensit ivity of these techniques makes it possible 

to study egg and juven i le stages as wel l as tissue biopsies of 

adu lts. 

Perhaps the most usefu l  of these DNA methods,  at the present 

t ime ,  is the use of endon uclease restriction digestion of mitochon -

dria l  DNA ( mtDNA) fol lowed by electrophoresi s  and the construction of 

mtDNA restriction maps. Because mtDNA i s  maternal ly  i n herited , 
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individuals within and between popu lations can be studied and various 

matriarchal l ineages can be fol lowed geographica l ly,  including 

contributions to new l ineages, genetic exchange between stocks, and 

magnitude of contributions by a particu lar popu lation to a fishery. 

Moreover, these 11molecu lar tags11 can be used to determine each 

component of the questions posed at the beginn ing of this section. 

These and other evolving methods such as repetitive DNA segments of 

genomic  coding regions hold great promise for future studies of 

recruitment,  stock assessment, and evol ution of marine species. 
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F I GU R E  A . 1  Example of l i n kages between a schematic of a con 
ceptual physical model a n d  a biolog ical transformation model . 
T he physical model i s  modified after Dickey and Siegel ( 1 9�6 ) . 
The biological transformation refers to a single organis.m A 1 • 
The su perscri pt refers tp it!i genetic subpopulation . A 1  i s  
consumed b y  predator BJ . A 1  i s  thus transformed i nto 
anabol ic,  catabol i c ,  reproductive , and somatic products , and 
eventual l y  i nto eggs i n  the sea . The eggs i n  the sea have a 
variety of genetic attributes . T he physics affect both the 
extra- and the i ntra-organ i sm transformations (from Rothschi l d ,  
manuscri pt i n  preparation ) .  
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APPEN D I X  B 

Some of the more important spatial  and temporal scales of i nterest for 
biodynamics i n  relation to physical  scales of variab i l ity are presented 
below and are i l l ustrated in  Figu res B .  1 and B .  2. 

Spatial : 

1 .  I ndividual  larva/food encounter probabi l ity scale. This scale may 
range from si ze of the larva to the di stance between the larva and its 
prey ( mi I I  imeters to meters) . 

2 .  Hori zontal larval patch scale. This is the hori zonta l  extent of a 
g iven larval aggregation which wou ld presumably  be related to the 
scale of the larval prey and roughly to the scale of phytoplankton 
patch i ness. Guessed scales range from 10's  m to 1 0's  km. The 
inter-patch scale (hori zonta l )  may be 100's  m to 100's km. 

3. Vertical larval patch scale. The scale of maximum vertical  extent of 
larvae wou ld be 100 to 200 m. The vertical  scale of variab i l ity in  
the patch wou ld probably  be rough ly equ ivalent to that of 
phytop lankton (m's to 10' s  m) . 

4 . Commu n ity scale. Th is  scale i s  the hori zontal regional extent of a 
g iven fishery ( e. g. , Georges Ban k ,  coastal Cal iforn ia,  North Sea) . 

Temporal : 

1. I ndividua l ' s  time scale. Primary time scales of importance for an 
individual  are the d i u rnal l ight cycle and those associated with 
advection and mix i ng events (food encounter time scale) . 

2 .  Standing stock time scales. T he primary time scales of importance for 
the standing stock are seasonal and i nterannual .  

I t  is important that the connection i n  both time and space be made for the 
individuals and the standing stock as a whole. 
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TIME SCALES OF PHENOMENA IN RELATION 
TO THE OOEX AND BIOWATT EXPERIMENTS 

RESOLVABLE EXPERIMENTAL TIME SCALES 

BIOWATT I (1985), ODEX (1982) __ .., .... , 
._ _________ BIOWATT II (1987) ----------

DAY WEEK 
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INT. WAVES I .. .  
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I I •  • ·  
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1
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I• SEASONAL ... I 
1
0 

• HEATING CYCLE 

PHYTOPLANKTON CROP SIZE 1� • I  

I� PHYTOPLANKTON • 
I 

PHYSIOLOGICAL CELL ADAPTATION 

I 
�PLANKTON 

.. , 
GRAZING 

, .. NUT. VARIABILITY ., 1  

ZOOPLANKTON CROP SIZE 
1� • I  

Figure B .  1 .  Here. " i nt .  11 means i nternal ;  1 1n ut11 means nutrient ; 

and 11 1
011 means solar i n solation . 
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