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OVERVIEW: MARMAP FISHERIES ECOSYSTEM STUDY 
Northeast Fisheries Center 
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OVERVIEW: MARMAP FISHERIES ECOSYSTEM STUDY 

Northeast Fisheries Center

Following our initial NMFS Workshop on marine ecosystems in Seattle, it was 

agreed that we would maintain some level of interaction, through correspondence, 

within NMFS and with our colleagues in other facilities concerned with similar 

problems. With schedules and deadlines forever looming large on the horizon it's 

been difficult to look beyond the pressures of immediate crunches and provide 

timely summaries of our activities. We are in this report attempting to bring 

you up to date on our ecosystem research over the past year.

Research Philosophy

Recently the Center Directors of NMFS discussed the importance of developing 

an issue paper outlining the philosophy and approach of ecosystems studies in 

NMFS as applied to our fisheries management responsibilities. We have reviewed 

the initial draft and have sent our comments along to the Washington Office. From 

our point of view it is important that the paper focus on fisheries ecosystem 

studies in terms of: (1) why NMFS should be committed to long-term, broad-area, 

studies of the linkages among plankton, fish, benthos, and their environments to 

improve stock abundance forecasts; and (2) how NMFS is moving toward a better 

understanding of the marine ecosystem, and in particular testing specific hypotheses 

on how fish production is controlled by biotic and abiotic factors and influenced 

by man.

Fisheries Ecosystem Approach

Recognizing the broad scope of the problem at hand, much of our effort has 

been focused on those aspects of the problem for which we have significant data.
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We are directing considerable effort to testing the long-standing hypothesis that 

year-class success is determined during the first year of life between the hatch­

ing of larvae and their survival to the juvenile stage. An understanding of the 

biological and physical system controlling larval survival will allow for signifi­

cant improvements of long-term forecasts in fish-stock abundance. This is one of 

our most important "process-oriented" studies. It is being conducted within the 

broader matrix of the MARMAP Program of the Center. Several documents have been 

prepared describing the results of this effort including advances in the modelling 

of larval fish survival recently completed by J. E. Beyer and G. C. Laurence 

(1978), and a brief description of a recently completed multiship international 

"patch-study," with larval herring as a target species prepared by Greg Lough 

(attached).

We now have a reasonable level of ongoing MARMAP surveys (6x/yr) to provide 

basic plankton, fish, and environmental information for the area of the con­

tinental shelf extending from the Gulf of Maine to Cape Hatteras. Attempts are 

made to conduct at least four of these surveys (one each month) during spring in 

the Georges Bank-Southern New England areas when key species such as haddock, 

cod, yellowtail flounder and mackerel are spawning, to monitor egg and larval 

production and observe major changes in larval growth and mortality. Our re­

search approach describing the utility of long-term monitoring surveys conducted 

in the MARMAP mode, and finer scale studies of important processes (e.g., re­

cruitment, phytoplankton production, and predator-prey studies among principal 

fish and invertebrate species off the northeast coast) has been described in a 

number of key documents prepared by the staff during the past year. A listing of 

titles is attached. We will be happy to send copies of these papers; just call 

or drop us a post card listing the paper(s) of interest. Four of the papers
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dealing with the philosophy of our integrated "MARMAP-process-oriented matrix" 

are attached.

Development of Ecosystem Models

Prior to developing an ecosystem model the first task was to organize the

available data on the ecosystem off the northeast coast into a systematic frame-

work.
%

To get on with this job we first prepared an energy budget for Georges Bank. 

This was followed with critical reviews of the Laevastu-Favorite, Parrish, and 

Andersen-Ursin models of marine ecosystems. A summary of this effort through 

December 1978 has been prepared by members of the NEFC modelling group and is 

attached for your information.

In our view modelling is an essential tool for developing an understanding 

of how a marine ecosystem works, but the model itself should not become the 

principal goal in ecosystem studies. Further, no one model will answer all 

questions, nor will it be universally applicable to all ecosystems or suitable 

for all data bases. However there are certain basic similarities in all marine 

ecosystems and there are significant benefits to be derived from sharing ideas 

about basic processes and ways of measuring and simulating them.

During December a workshop on multispecies modelling was convened by Bill 

Bossert at Harvard University, sponsored by Harvard and the Northeast Regional 

Council. The models of Andersen-Ursin, and Laevastu-Favorite were discussed with 

respect to their potential as management tools. The workshop participants 

concluded that multispecies models could play an important role in fisheries 

management, but that neither of the models discussed was fully satisfactory for 

management purposes in their present mode. However, each model provided useful 

elements that will be seriously considered by the participants in the development
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of multi species fishery models for use in the Northwest Atlantic.

Modelling will be one of the topics to be discussed in the upcoming ICES 

Symposium on the Early Life History of Fish 2-5 April 1979, Woods Hole. Dr. Ursin 

will be in attendance and we have taken this opportunity to invite him to spend 

the week following the Symposium with us expressly to discuss the philosophy of 

fish-ecosystem studies and to review the matrix of the ecosystems model being 

developed at NEFC that we call GEORGE (for Georges Bank). Following his stay in 

Woods Hole, Dr. Ursin will be spending about 30 days in Seattle working with 

Taivo and Felix on DYNUMES.

An outline of the development of our multi species model of fish production 

is included as a major briefing item. Your comments on our approach are welcome.

K. Sherman 

21 February 1979
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Status Report on Development of a Multispecies Model 

of Fish Production 

by

M. Grosslein, W. Hahm, M. Sissenwine, E. Henderson, and E. Cohen
Northeast Fisheries Center 

Woods Hole, Massachusetts 02543

Introduction

The Northeast Fisheries Center (NEFC) research program has emphasized multi- 

species studies since its inception. Broad scale trawl surveys of the entire nektonic 

community of the region have been conducted since 1963. The benthic community of 

the region has also been studied during this period. The research program of the 

center has now evolved into a comprehensive program of ecosystem study including on­

going broad scale MARMAP surveys of plankton, nekton and environmental data. The 

Center has collected one of the most extensive data bases on the feeding habits of 

""adult fish that exist anywhere in the world and similar studies are now underway 

for larval fish. These studies are augmented by special process-oriented studies 

such as the experimental work on fish larvae survival conducted at our Narragansett 

Laboratory and the multi-ship and multi-national larval herring patch study (of the 

biotic and abiotic factors controlling survival) conducted in the autumn of 1979.

Our understanding of the ecosystem and the associated data base has now evolved 

to the stage where a multispecies model is needed to focus future laboratory and 

field work and efforts to formulate hypothesis on the functioning of the system.

It was decided that the model should emphasize fish production because our data base 

is strongest here and the model results might have immediate relevance to fisheries 

management.

As background to the development of a multispecies model, the NEFC modeling group 

reviewed several models with emphasis on the Bulk-Biomass and Dynumes models by 

Laevastu and Favorite(l978), and the North Sea model of Anderson and Ursin (1977),



which are the principal models designed to simulate dynamics of ecosystems with 

a focus on fish populations. The review of these models culminated in a two-day 

workshop at Harvard in December under the sponsorship of the New England Regional 

Fishery Management Council, Northeast Fisheries Center, and Harvard University.

The general characteristics of the models were compared and their advantages and 

disadvantages were reviewed with respect to validity and predictive power, input 

data required, cost and ease of use, nature of assumptions and clarity of descriptions 

of biological processes, etc. The Bulk-8iomass model is a predator controlled 

(food unlimited) deterministic simulation procedure for estimating biomass changes 

within homogeneous geographic-depth strata; it does not allow for realistic recruit­

ment functions nor recipient-donor interactions. The Dynumes model is a much more 

comprehensive model using time-dependent processes which allows for food-limited 

effects and presumably realistic (though not yet defined) recruitment functions, and 

interchange of energy among small subdivisions (1° squares) in relation to the velocity 

field of ocean currents and other environmental'variables"characteristic of the Guff 

Alaska region. Dynumes requires biomass data on all components and their inter­

actions with biotic and abiotic factors within each square, and the data requirements 

are prodigious. The Anderson and Ursin(A-U) model is also a comprehensive model 

using differential equations to describe virtually all the basic biological and 

Physical processes and their interactions which are known to exist in the marine eco­

system - the processes in general are realistic and clearly defined and documented 

but the data requirements are enormous. Both the Dynumes and A-U models are not 

suitable to be run in their entirety simply because much of the input data is not 

ilable (particularly prey-predator interactions) and because runs are so expensive.

More important, the behavioral properties of these huge models have not yet been 

adequately evaluated.

There is a clear need to simplify and scale down the complexity and size of 

the models and at the same time utilize more empirical information on predator-prey
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interactions for more realistic simulation of multispecies interactions, and to use 

stochastic recruitment functions to describe the effects of variable recruitments.

It was decided that the effects of circulation on organic production would not be 

emphasized in our model (like they are in Dynumes) because circulation dynamics of 

the New England shelf are not well known. The NEFC modeling group learned a great 

deal by reviewing these models. We will draw on the attributes of both models in 

the forumulation of our own. It is important to recognize that one of the major 

benefits from modeling is the greater awareness of functioning of a system that results 

from being forced to think about the system logically and quantitatively during the 

construction of the model. Thus, while it is important to learn from the reivew of 

models constructed by others, it is equally as important to learn from difficulties 

encountered and errors made in the construction of our own model.. The NEFC model 

will be tailored specifically to the available data base and designed initially for 

efficient simulation of effects of variations in recruitment, prey-predator inter­

actions and fishing strategies. The model will have general applicability to the 

entire area covered by our MARMAP program. We have called it GEORGE because the 

first runs will focus on Georges Bank where we have the best data.

The initial objective of GEORGE is to investigate the influence of prey-predator 

interactions on the fluctuations in finfish populations under various harvest strate­

gies assuming realistic recruitment patterns. The model is intended to aid in the 

synthesis and analysis of the existing biological and ecnomic data base, and to pro­

vide some guidance to the Fishery Management Councils regarding the possible long­

term effects of various management strategies. In its initial form the model is not 

intended to simulate organic production of all the major components of the ecosystem 

because we do not yet have quantitative estimates of all components nor do we under­

stand the linkages between them and the physical environment. Nevertheless we are 

developing GEORGE in a generalized and flexible format which can evolve and be ex­

panded as we improve our understanding of productivity on the continental shelf.
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Energy Budget for Georges Bank.

As a first step we developed a first approximation static energy

budget for Georges Bank (Cohen, et al. 1978). Estimates of average annual

biomass and production of phytoplankton, zooplankton, benthos, and fish
2were calculated and converted to Kcal/m /yr, and arrayed in the same 

manner as that for the North Sea after Crisp (1975). Production rates of 

all components appear higher than those reported for the North Sea and 

possible mechanisms for this higher productivity are postulated by Cohen 

and Wright (1978). This preliminary energy budget will be helpful in 

evaluating our general assumptions about partitioning energy among biol­

ogical components and in placing reasonable limits on ranges of values 

used in simulations.

Energy Flow in the Nekton.

The next step was to examine patterns of energy flow through the 

nektonic community. The approach used was similar to that of Laevastu's 

bulk biomass model. Details of the method and the results are described 

in Grosslein, Langton, and Sissenwine 1978.

The annual rate of consumption and production of six exploited species 

of Georges Bank was estimated for the period 1963-1972. The six species 

considered included both pelagics and demersals. These are the species 

for which the most detailed biological information is available (including 

population size, age composition of the population, growth rates, fecundity). 

They are also the species which underwent the most significant fishery 

induced fluctuations in abundance.
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For an individual fish, consumption was related to production by an 

energy balance equation: aC = G+S+Q

where C is consumption, G is growth, S is reproductive energy, Q is 

metabolism, and a is the assimilation coefficient. Production equals S+G. 

Based on the energy balance equation, annual production and consumption 

rates per unit area were calculated for each species, age group, and year. 

The production to biomass ratios for the six species ranged from 0.29 to 

0.63. Consumption to biomass ratios ranged from 3.2 to 4.9. By applying 

these ratios to other species for which less detailed biological inform­

ation was available, estimates of production and consumption were derived 

for the entire nektonic community during the periods 1964-1966 and 1973- 

1975. The first period represents an era of developing foreign exploit­

ation of the Georges Bank region. The second period follows nearly a 

decade of intense exploitation. The results are summarized in the 

attached table.

Both consumption and average biomass declined by about 42% from 1964- 

1966 to 1973-1975, but production declined only by 26%. The smaller 

reduction in production primarily reflects a decline in herring which have 

a low production to biomass ratio and an increase in the abundance of squid 

which are assumed to have a high production to biomass ratio. Both pelagic 

and demersal species declined in abundance. It is noteworthy, that during 

both periods, consumption by silver hake exceeds total production of the 

nektonic community. Extensive analysis of the gut contents of silver hake 

indicate that the species primarily feeds on other fish. This implies 

that silver hake must be feeding heavily on prerecruit fish (fish less 

than one year of age were not included in this analysis) which could make 

recruitment to finfish stocks strongly dependent on silver hake biomass.
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Feeding Interactions

Various feeding functions are being investigated. For example, we may 

suppose that a fish feeds until it fulfills its daily feeding requirement. 

The size of this meal has been described as a power function of the 

predator's weight (Ration - aw , where w = weight, Andersen and Ursin,

1977) and an exponential function of temperature (Ration = Rmax [exp(Q^Q 

*temp)] Kremer and Nixon, 197S). Whether or not the predator consumes 

this entire meal depends on the availability of prey. The fraction of 

this meal that is actually consumed can be described for example by an 

Ivlev (1961) type function (FRAC = 1-e K^). The species composition of 

this meal is complicated in a multispecies model. Feeding functions which 

take into account food preference (both size and food type) and digestion 

rates for various prey are being developed, based on the literature on 

feeding and digestion of fish and on extensive analysis of fish stomach 

contents by NEFC (Grosslein, et al. 1978; Edwards and Bowman 1978; Bowman, 

et al. 1976). Rich Langton and Ed Cohen will be working cooperatively with 

Jan Beyer in exploring the application of queuing theory in the simulation 

of feeding behavior, digestion, and estimation of daily rations.

Stochastic Simulation of Recruitment.

Recruitment is the dominant process determining biological productivity 

of Georges Bank fish stocks. Therefore, the recruitment process must be 

carefully considered in the development of an ecosystem simulation model of 

the region. Unfortunately, a clear understanding of the factors that con­

trol recruitment is lacking for Georges Bank and virtually all other 

ecosystems. Thus, in order to introduce a degree of realism into an 

evolving ecosystem simulation of Georges Bank, -it has been decided that 

recruitment will be simulated stochastically.
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An analysis of the available data describing recruitment for the 

Georges Bank finfish and squid community has been undertaken. Estimates 

of the strength of recruiting year classes and the size of their parent 

spawning stock have been collected for the following species: cod, 

haddock, silver hake, yellowtail flounder, pollock, red hake, long-finned

squid, short-finned squid, herring, and mackerel. In most cases, about
%

10 observations of recruitment are included, but for some species as many 

as 30 observations are available. The frequency distribution of recruit­

ment for each species has been compared to both a normal and a lognormal 

distribution. Only for haddock is the frequency distribution of recruit­

ment significantly different from either the normal or lognormal 

distributions. Of course, because of the small number of observations 

available, the power of statistical "goodness of fit" tests was low.

The time series of recruitment observations for each species was also 

testdd for independence (of sequential observations). Recruitment was 

positively'autocorrelated for half of the species considered.

The relationship between spawning stock size and recruitment is now 

being investigated. Past experience indicates that a statistically 

significant relationship between these variables is unlikely for most 

species. In any case, subroutines are being written that will simulate 

recruitment stochastically based on distribution of past observations. 

These Monte Carlo simulations may be based on conditional probability 

density functions which incorporate the effects of sequential dependence 

between observations (autocorrelation), spawning stock size and or other 

factors. The subroutines will be incorporated into the Georges Bank 

ecosystem simulation model.
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Thus, at this time, it is anticipated that recruitment of each species 

will be simulated without a detailed representation of its early life 

history. Nevertheless, prerecruit compartments will be included in the 

model in order to maintain accountability for all energy transfers.

Energy will be transferred from the adult fish compartments of the model 

to the prerecruit compartment at the time of spawning. The growth rate 

of prerecruit fish and their pattern of mortality (a vector of relative 

mortality rates for each stage of the prerecruit phase) will be entered 

into the model exogenously as parameters. The mortality pattern will be 

adjusted by a variable multiplier so that the resultant frequency distribu­

tion of recruitment will correspond to the output of the stochastic recruit­

ment simulation subroutine described above. The energy necessary to support 

growth of individuals of the prerecruit compartment will be transferred 

from likely prey compartments (primarily secondary carnivores). The energy 

flow from the prerecruit compartment as a result of mortality will be 

directed to predatory fish compartments (based on their feeding rate as 

determined by feeding functions), the detritus compartment and benthos 

compartments.

In future refined versions of the model, more detailed representation 

of prerecruit processes (including species interactions and negative feed­

back between prerecruit and recruit compartments) may be possible. Our 

understanding of the early life history of marine fish and the data base 

describing the corresponding processes is at present inadequate for the

more refined simulation model.
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General Description of the Model.

dxThe general form of the model GEORGE is = A x + _f + b_, where _x is 

the species biomass vector. This x vector includes the juvenile and adult 

classes of both predator and prey species. The community matrix, A, 

describes the transfers between predator-prey compartments (R. May, 1973). 

The _f and b_ vectors represent the fish lost to fishermen, and the fish 

recruited to the population per time step dt, respectively. In GEORGE I, 

the linear version, A, ^f, and b_ are constant coefficients. In GEORGE II, 

the deterministic nonlinear version, A, f, and b^ are functions of the 

biomass vector and environmental signals such as time and temperature.

In the stochastic, nonlinear models GEORGE III, a degree of random 

variability is placed around the estimates of A, f, and b_. In all three 

models, provisions are made for variable time steps. In the later two 

versions, the A and _f and b_ are re-estimated between each time step.

In the linear version, GEORGE I, the behavior of the model is deter­

mined solely by the A, f and b_ vectors. In the nonlinear versions, the 

behavior is determined by interaction of six subroutines (UPDATE, CATCH, 

FEED, DEMAND, GROW, COEFS) which operate in sequence to control the 

processes of recruitment, 'growth, and mortality. Various parts of these 

processes have been put in separate compartments (the six subroutines) 

to simplify program changes and to aid in the interpretation of simulation 

results. The six subroutines are themselves controlled by a seventh 

subroutine called INTERACT. For each time step INTERACT serves like a 

directory, sequentially calling on the other six subroutines.
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The first subroutine, UPDATE, computes natural changes in the biomass 

vector, x, that are the result of recruitment, natural mortality, and 

migration. The biomass vector includes age as well as species composition 

(i.e. the first n^-elements of x> represent the n-age classes of species-1, 

while the second n2-elements represent the n2~age classes of species-2, 

etc.). With every time step, UPDATE corrects x for changes due to itatural 

mortality or migration into or out of the study area. UPDATE also "ages" 

the fish stocks, incrementing their passage from one age class to the next 

at appropriate times. The recruitment process (entry of age 1 individuals) 

in UPDATE will be simulated by a function based on the observed data. In 

short, UPDATE determines the current state of the vector _x based on its 

state in the previous time interval and the rates of processes responsible 

for change during the current time step.

The second subroutine, CATCH, determines the amount of fish harvested 

per time step. This harvest will depend on the fishing strategies (e.g. 

species quotas) set by the user which take into account the availability 

of fish, by-catches, economic yield per unit effort, etc.

The next three subroutines, FEED, DEMAND, and GROW deal with growth.

The changes in fish biomass are calculated as the difference between inputs 

and losses. For inputs, subroutine FEED computes prey consumption taking 

into account prey-predator interactions and fluctuations in abundance of 

prey as well as predators. Various feeding functions will be investigated

as described above.
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Given these inputs, the subroutine DEMAND computes the losses from

the fish. This involves assimilation efficiencies and the basal and

active respiratory losses. Assimilation is a function of gut efficiency

and represents the fraction of the ingested material that is not defecated.

Basal respiration is a physiological maintenance cost, and is a function

of age and the temperature. Active respiration represents the losses
. . . 

incurred during swimming, feeding, and breeding activities.
%

The growth realized is the difference between the uptake simulated in 

FEED, and the digestive and respiratory losses computed in DEMAND - and 

is calculated in subroutine GROW. This surplus of material is then 

partitioned between somatic and reproductive tissue, and represents growth 

(There is always the possibility that negative growth, i.e. weight loss, 

may occur when energy requirements exceed inputs).

The sixth and last subroutine, COEFS recomputes the community matrix,

A, (R. Levins, 1968) and stores it along with the f and _b vectors for 

computation in the next time step. This community matrix is the result of 

the processes computed in the five previous subroutines. The utility of 

this subroutine will be discussed in a following section on sensitivity 

analysis.

Modeling options.

To run the model, the user first specifies the run parameters and pro­

gram coding changes through the input/interactive portion of the program. 

The user then specifies the numbers of years to be simulated, as well as 

the desired time step within each year. To examine the results of the 

simulation the user can specify which populations should be included in
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the output tables. After glancing at these tables, the user then has the 

option of generating plots of populations of interest.

After examining the tables and graphs, the user has the option of 

stopping or continuing. Should the user decide to continue, there are 

the options, RESUME and BACKUP. RESUME allows the user to continue the

simulation with or without changing the model's hypotheses in the interim.
%

BACKUP allows the user to resimulate a portion of the previous run, under 

different hypotheses. This BACKUP option allows the user to test a series 

of policy scenarios, without having to resimulate the years prior to the 

target date.

Sensitivity .Analysis or Models.

In single species models, stability and system behavior can be probed 

by the selective "tweaking" of coefficients. However, the relationship 

between input changes and output becomes increasingly clouded, with the 

increasing complexity of the model. This is especially difficult to 

assess at the multispecies level of complexity.

In the nonlinear models (using GEORGE II and GEORGE III) the user has 

the additional option of analyzing A, the community matrix and the _f and b_ 

fishing and recruitment vectors. These components serve as "snapshots" 

of the dynamics of the system during a given timestep. The stability of 

the system and the trends of the predators and prey within the system can 

be studied in detail by inputting A, f and b into the linear model GEORGE I. 

This serves to expand and exaggerate the changes occurring in the nonlinear 

model, giving the user a feel of the ultimate direction of changes to be 

expected in the nonlinear runs.
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As the coefficients are constant within a timestep and can be assumed 

(pretended) to be slowly changing, the traditional linear analysis methods 

can be applied. This would include the examination of the community 

matrix's eigenvalues (J. Poole, 1974). The stability and behavior of the 

system can be inferred from the real or imaginary eigenvalues, and the sign 

of these eigenvalues (Takahashi, Rabins, Auslander, 1972; E. Bender, 1978;

H. Gold, 1977).

A Time Table.

The linear version, GEORGE I, was completed in August 1978, and we 

hope to have the deterministic, nonlinear version, GEORGE II running in 

1979. From the biological standpoint the most troublesome aspect 

probably will be the formulation of feeding functions and prey-predator 

interactions, particularly those affecting juvenile stages of fishes. For 

the time being we will not attempt to deal with causality in the recruit­

ment function, but simply use available time series as a statistical' basis 

for generating realistic variability in recruitment up to the juvenile 

stage (age 1). Factors affecting fishing strategy will be handled by the 

Assessment Group. Other groups (New England Council staff, and Wm. Bossert,

Harvard) are also involved in development of such models, and the council 

staff plans to complete their prototype model by early 1979, which will 

attempt to construct a stock rebuilding strategy such that the gross

revenues are maximized.
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In another year or so, it is anticipated that we will have sufficient 

new information on primary and secondary production (and also apex 

predators and birds) such that it will be possible to refine our energy 

budget calculations for the shelf. In addition, a benthic nutrient 

regenerative system model for the shelf is being developed by Wendell Hahm, 

a graduate student at URI Graduate School of Oceanography. Thus by'mid-lQSO 

we may be able to add the rest of the basic biological components to GEORGE, 

at least to a first approximation. It is still too early to predict how 

soon we may be able to link up organic production and shelf circulation in 

a quantitative way.
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Larval Herring Patch Study 
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Larval Herring Patch Study

An intensive international, multiship larval fish study was successfully 

completed this past fall in the Georges Bank-Nantucket Shoals area. Biologists 

and physical oceanographers from five countries (US, Canada, Federal Republic 

of Germany, Poland, and USSR) and eight vessels (ALBATROSS IV, ATLANTIS II, 

DAWSON, LADY HAMMOND, CANSO CONDOR, ANTON DOHRN, WIECZNO, and BELOGORSK) 

participated in the coordinated study which took place from October through 

mid-November. The main objective of the study was to identify and follow a 

mesoscale patch of recently hatched Atlantic sea herring larvae to provide 

short-term (hours and days) estimates of growth, mortality, and dispersal of 

a uniform-age larval population in relation to variation in their physical 

and biological environment. Such multidisciplinary, intensive patch studies 

are necessary to identify and measure the relative importance' of the physical 

and biological mechanisms controlling the survival of larvae which is critical 

to an understanding of the recruitment process. More than two years of careful 

planning by scientists from the Northeast Fisheries Center (NMFS), Woods Hole, 

MA, and the Bedford Institute of Oceanography, Dartmouth, NS, were required to 

develop a strategy for focusing the multidisciplinary studies needed on all 

scales of sampling. Individual vessels were committed primarily to one of the 

following activities: (1) Mapping the patch with sufficient resolution to 

provide short-term population parameters and physical structure of the patch 

as it dispersed, (2) vertical and horizontal fine scale structure of predator- 

prey distributions, (3) fine scale primary and secondary productivity measure­

ments, (4) physical processes responsible for the patch dissipation, and (5) 

broad scale, standard plankton-hydrography surveys of the entire region.
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The initial focus for the study was on the northeast part of Georges 

Bank (Figure 1) which represents the principal historic spawning grounds for 

sea herring as well as many other valuable species. Three

Canadian and three US moored current meter arrays were strategically placed in 

the intensive study area and a grid of 49 standard plankton stations was

occupied at least once every 3-4 days. No herring larvae were found at this
%

sitfejbut a dense chaetognath patch was observed to reside in the southeast 

comer of this area for more than two weeks just south of• the Gulf of Maine- 

Georges Bank front^and data from the study appear adequate to explain its 

stability and retention on the Bank. It has long been suspected that survival 

of larvae and their associated zooplankton food must be related to their 

retention on the Bank where productivity is high. However, data on plankton 

dispersal in relation to water motion have largely been lacking until now.

Tne joint experiment accomplished one of the most intensive studies to-date 

of the biological community in relation to the dynamics of the frontal water 

along the northeastern edge of Georges Bank, and it is expected we will be able 

to infer a good deal about the dispersal of herring larvae on eastern Georges 

from this patch study.

By the end of October a patch of recently hatched herring larvae was

found just east of Cape Cod and mapped five times in five days between 5 and 3

November 1978 (Figure 2). Station spacing of the standard bongo hauls was

between 1-2 n. mi. during patch mapping. The initial size of the patch when

first surveyed was about 3x10 n. mi., as defined by concentrations of larvae 
2

greater than 15/m , with the long axis of the patch oriented east-west. Larvae 

were mostly between 10 and 14 mm in length and believed to have hatched about 

10 days earlier. Tne patch moved north along the 92 m depth contour at the 

rate of 1-2 mi. per day; however, the eastern part of the patch appeared to be 

pulled off into the deeper Great South Channel water, whereas the western part
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was retained near shore. Evidence for this shearing effect was supported by 

the drift of a number of drogues placed along the east-west axis of the patch.

By the fourth patch mapping it was observed that another higher density patch 

of younger larvae had moved down from the northwest and merged with the original 

patch. The fifth patch mapping confirmed this notion as densities of larvae

were observed to be on the order of 3 times that of the original patch and
«

the larvae were significantly smaller in size. ALBATROSS IV returned to the 

patch study site again during 19-20 November and 12-14 December 1978 to conduct 

limited patch mapping studies. Although the densities of larvae were consider­

ably lower, as expected, the patch could still be delimited at essentially 

the same location. It was oriented north-south along the near shore zone 

between the IS and 92 m depth contours, and there was further evidence of 

larvae dispersing from the shoal waters, into the Channel east of Nauset Harbor-.

Undoubtedly there are many other facets to the study which will be 

forthcoming when all the data are analyzed, but what seems remarkable so far 

is the apparent cohesiveness and stability of the plankton patches observed 

over relatively long periods of time in coastal waters that are generally 

characterized by their intense variability!

R. Gregory Lough
National Marine Fisheries Service 
Northeast Fisheries Center 
Woods Hole, MA 02543 
January 8, 1979
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Figure 1. Chart of the Georges Bank-Nantucket Shoals area showing 

locations of the larval herring and chaetognath patches 

studied during the International Larval Herring Patch Study.



Figure 2. Delineation of the five larval herring patch mappings, 3-8

November 1978, by the vessels ALBATROSS IV and LADY HAMMOND.

The patch contours represent areas where densities of larvae 

were greater than 15/m . Hourly directions and velocity of the 

tidal currents are shown by arrows. The figures at the arrow 

heads are the hours after the time of maximum flood at

Pollock Rip Channel.
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during 1977 and 1978 .Ichthyoplankton Investigation

In response to your recent request, I am submitting the following list
of publications and scientific presentations by members of this inves­
tigation :
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Marine Ecosystems Division 

Northeast Fisheries Center, NMFS
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Kirschner, Ronald A. 1977-1978
Monthly temperature transects for the Gulf of Maine.
NEFC Report Series
December 1977 through December 1978

Kirschner, R.A. 1979
Fall Temperature Structure in the northern Gulf of Maine: a four-year 
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Part 1. INTRODUCTION

As a result of extremely heavy fishing during the 1960's and early 1970’s 
the finfish and squid biomass of the region from Cape Hatteras to the Gulf of 
Maine including Georges Bank (ICNAF Subareas 5 and 6, Figure 1) declined 
sharply. Trends in abundance of finfish and squid during this period, as 
reflected by research vessel otter trawl surveys, were reviewed by Clark and 
Brown (1977). Tney weighted the survey catch rate of each species to account 
for differences in catchability, and reported a steady decline in finfish and 
squid biomass, excluding the principal pelagic species (Atlantic herring and 
Atlantic mackerel)* 2 * , fr*om about 5.5 million tons'5 in 1964 to about 1.2 million 
tons in 1975. Tne biomass of herring and mackerel as indicated by virtual 
population analysis performed at the Northeast Fisheries Center (NEFC), declined 
from a peak abundance of 3.7 million tons in 1968 to about 1.4 million tons in 
1975^. The total finfish and squid biomass in 1975 was substantially below the 
estimated level of biomass required to support the maximum sustainable yield of 
about 950,000 tons (Brown et al. 1976). The rate of decline was slowed by the 
imposition of ICNAF restrictions on total catch beginning in 1974. The total 
allowable catch (TAC) in 1974 was 924,000 tons followed by TACs of 850,000 and 
650,000 tons in 1975 and 1976, respectively. Further reductions in total harvest 
occurred in 1977 (preliminary estimate of 456,000 tons) with extension of USA 
jurisdiction to 200 miles. Recent analyses indicate that groundfish stocks have 
begun to rebuild in 1976 and 1977 (Clark and Brown 1978).

A major part of the biomass decline observed during the period discussed 
above was due to the decline in herring stocks which began in the late 1960’s.
The other principal pelagic species, mackerel, increased in abundance with 
recruitment of the outstanding 1967 year class about the same time that the 
herring began its most rapid decline, but the mackerel stock also declined rapidly 
after 1972 (Anderson and Paciorkowski 1978). During the late 1960’s, the biomass 
of the principal pelagics was more than double the biomass of the other finfish 
and squid, but by 1975 these two components of the total biomass were approximately 
equal in size.

Although heavy fishing clearly has been indicated as the principal cause of 
the general decline in fish biomass, the importance of species interactions cannot 
be discounted. The concept of management of whole ecosystems has only recently 
been generally accepted (Edwards 1976; Gulland 1977, 1978) but an awareness of 
the complexity of such an approach has been appreciated for some time (Borutskii 
1960). If such a scheme is to be implemented it is essential to have a much

In this paper, as in Clark and Brown (1977), biomass includes all species 
of finfish and squid reported to ICNAF, excluding large pelagic species such 
as swordfish, tuna, and sharks other than dogfish. Also, inshore species 
such as American eel, white perch, and menhaden are excluded.2"In this paper herring and mackerel shall refer to Atlantic herring (Cluuea 
harengus) and Atlantic mackerel (Scomber scombrus), which is consistent with 
the common names designated in American Fisheries Society, Special Pub. No.
6, 1970.
JTons implies metric tons throughout this paper, 
a
The mackerel population discussed here ranges from Carte Hatteras to the Gulf 
of St. Lawrence. The actual biomass of herring and mackerel in ICNAF Subareas 
5+6 is lower than indicated by an unknown proportion.
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better understanding of species interactions in the marine ecosystem. Unfort­
unately studies on fish communities as integrated units are rare and the data 
requirements for developing predictive ecosystem models are prodigious. Never­
theless significant attempts have been made in recent years to evaluate comolex 
biotic-abiotic systems, e.g. papers such as .Anderson, et al. 1973, Lett et al. 
1975, and Jones and Richards 1976. Perhaps the most conrolete case study of a 
marine ecosystem was presented at the 1975 ICES Symoosiu^ on changes in the 
North Sea Fish Stocks.

The.?UI!!?ose of this paper is to examine the available data on the Northwest 
Atlantic finfish community with emphasis on the Georges Bank region (ICNAF area 
5z-s> Strata 13-25, Figure 1) and evaluate observed changes in biomass in relation 
to structure of the community and with respect to potential predator-prey inter­
actions. Estimates of trends in production and total food consumotion are made 
based on theoretical energy requirements of the finfish biomass. 'The evidence 
for changes in diet, species, and size composition is reviewed, and various 
hypotheses involving species interactions are evaluated in a qualitative sense.

Part 2. FOOD WEB

2.1 Materials and Methods.

The information on the predators and prey of the pelagic fishes discussed 
m this paper was compiled either from food habits studies conducted by the NEFC 
or from a review of the food habits literature. The data serves more as a 
qualitative guide to the known predators and prey of each fish species since 
extensive quantitative studies of the food habits of many of the pelagic fishes 
have not been conducted in the Northwest Atlantic.

Multispecies food habit studies have been conducted on demersal and pelagic 
fishes by the NEFC from 1963 to present. The collection of fish stomachs has 
been carried out by scientists and technicians on foreign and domestic vessels 
as an adjunct to the annual research vessel trawl surveys which were designed to 
provide quantitative inventories of fish biomass. These surveys have oenerally 
een conducted in the spring and autumn of each year and have proved invaluable 
m monitoring changes in the size and composition of the finfish biomass (Clark 
and Brown 1977). Details of the scheme of stratified random sampling used on 
the standardized otter trawl surveys may be found in Grosslein (1969, 1974).

protocol for fish stomach sampling has been modified three times since 
196o resulting in three distinct food habit data bases. In the first instance, 
from 196o through 1966, fish were selected at random from the catch and the 
stomach contents examined, and prey identified, on board ship. Data on the 
species of fish, predator length, and the occurrence of prey, together with the 
pertinent station data, were recorded for each fish. This procedure resulted 
in a qualitative evaluation of the type of prey consumed by 65 different suedes
°f thS /earS 1969 throu§h 1972 fish were again taken randomly from the
catch and the stomachs excised aboard ship, but the contents were oreserved in 
formalin tor^ laboratory analysis. In the lab the prey was identified to the 
lowest possible taxon and the wet weight of each taxon determined. This procedure 
resulted in a quantitative estimate of the amount of a particular prev item in the 
stomacn or the average size fish for SO different species. Beginning'in 1973
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individual fish stomachs were collected from selected species of fish and the 
stomach contents preserved for laboratory analysis. This data was used to 
obtain both qualitative and quantitative food habits information for all site 
classes of the major groundfish and demersal-pelagic fishes in the Northwest 
Atlantic. The first phase of this sampling program, involving 17 species of 
fish, was completed in 1976 and the second phase, which will include data on 
22 additional fish and squid species, will be completed in 1980. Data from 
all three of these data bases is used in this report and will be identified 
by period.

For the years 1969-1972 quantitative food habits information is available 
for many of the major groundfish species on Georges Bank (Bowman, Maurer, and 
Murphy 1976). Food habits information is also available for Atlantic mackerel 
and Atlantic herring for this same 1969-1972 period and/or from a study conducted 
in the spring of 1974 (Maurer 1976). These data were combined and the diet 
overlap calculated as a guide for evaluating species interaction. In order to 
do this the percent similarity between diets was calculated according to the 
formula of Whittaker and Fairbanks (1953) as follows:

P.S. = 100 - , O L a-Di

or, more simply, by summing the smaller value, in this case the percent weight, 
for all prey shared by the two predators. Accordingly:

P.S. = Z min (a,b)

where:

P.S. = percent similarity
a = percent weight for a given prey group for predator A 
b = percent weight for the same prey group for predator B

The values computed in this fashion may range from 0 to 100%. The closer 
a value is to 100 the more similar the diet of the two predators while a value 
of 0 implies that the food habits of the two fish are mutually exclusive.

To facilitate the comparison between predators the calculated values of 
percent similarity in diet were grouped into three categories (low, 0 <50; 
medium, 30 <60; and high 60-100) and these categories as well as the calculated 
values are shown in Figure 2.4.

2.2 Pelagic Fish-Food Habits.

The pelagic fish may conveniently be divided into three categories and 
the predator-prey interactions considered for each group individually.

Principal pelagics.

Principal pelagics, as defined by ICNAF and FAO, include the Atlantic 
nerring, Clupea narengus, and Atlantic mackerel, Scomber scombrus. 3oth predators 
and prey of these two species have been summarized m Figures 2. 1 and 2.2*. The
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information on predators is based on food habits studies carried out by the 
NEFC (Maurer and Bowman 1975; unpublished data) and a review of the literature 
(see, for example, Bigelow and Schroeder 1955). The relative importance of 
the prey items for these two pelagic fishes is indicated in the figures by the 
boldness of the arrows and is based on food habits studies conducted by the 
NEFC (Maurer 1976; Bowman, Maurer, and Murphy 1976) which are summarized for 
Georges Bank in Table 2.1.

Herring are known to have contributed heavily to the diet of cod, spiny 
dogfish and silver hake in the Northwest Atlantic, at least for the years 
1969-1972 (Maurer and Bowman 1975; Langton and Bowman 1978). Other known 
predators are pollock, red hake, haddock, white hake, squid, porbeagle, blue 
shark, thresher shark, shortfin mako, cleamose skate, little skate, goosefish, 
hickory shad, Atlantic salmon, and bluefin tuna, but for many of these predators 
the information is totally qualitative and the actual significance of herring 
as prey is not known.

Mackerel have been identified in the stomachs of a number of different fish. 
In the Northwest Atlantic, they are preyed on heavily by spiny dogfish, silver 
hake, white hake, and weakfish (Maurer and Bowman 1975). Mackerel also comprise 
part of the diet of Atlantic cod, red hake, white hake, squid, porbeagle, blue 
shark, thresher sharks, shortfin mako, sea lamprey, goosefish, striped bass, 
bluefin tuna, swordfish, and Atlantic bonito.

The prey of adult herring and mackerel is primarily planktonic (Table 2.1, 
Figures 2.1 and 2.2). The most important prey group was euphausiids, principally 
Meganyctiphanes norvegica, which accounted for more than 50% by weight, 
of the diet of the fish examined from Georges Bank for the years 1969-1972 and 
1974.

Other pelagics.

Fish in the other pelagics category represent an assemblage of different 
taxonomic groups. They include such species as the alewife, American shad, round 
herring, blueback herring, redfish, black belly rosefish, butterfish, sand lance, 
long and shortfin squid, and a number of other species.

The food habits data on many of these Northwest Atlantic species is very 
sparse and little is known of the distribution of some of these pelagics. There 
are no commercial fisheries for a number of the species, so that detailed estimates 
of biomass are also unavailable. The American sand lance, longfin and shortfin 
squid are, however, of particular interest because they have all shown a relative 
increase in abundance in our otter trawl surveys in the last few years.

The sand lance is not usually considered a pelagic fish, but a recent 
examination of the food habits of sand lance from Stellwagen 3ank in the Gulf of 
Maine (Meyer et al. 1978) confirmed that American sand lance is a plankton feeder, 
relying heavily on copepods, much like its European counterparts (see Reav 1970).



The importance of sand lance as a prey item of gTOundfish has also been 
documented [Scott 1968; Bowman and Langton 1978). Adult sand lance are 
restricted in their distribution by the bottom sediments, because of their 
burrowing behavior, but in the areas where they do occur they have been 
identified in the stomachs of spiny dogfish, little skate, winter skate,
Atlantic cod, haddock, pollock, longhorn sculpin, and windowpane flounder.
Since sand lance are plankton feeders they form a very short link in the food 
web between the zooplankton and groundfish.

Information on squid food habits is quite incomplete. Both longfin and 
shortrin squid are currently being collected by the NEFC for food habits analysis; 
it appears that they prey on eupnausiids, fish and other squid, but no quantitative 
data are available yet. One detailed study on longfin squid in the Northwest 
Atlantic has, however, been conducted by Vovk (1972) in the years 1964'through 
1969. Based both on frequency of occurrence and stomach contents volume, fish, 
squid, and euphausiids were, in decreasing order, the most important prey. The 
Atlantic herring was the fourth most important fish preyed upon. The significance 
of squid themselves as prey has also been summarized by Russian scientists (Zeuv 
and Nesis 1971). Tney concluded that squid is one of the most important elements 
of the oceanic food web being preyed on by whales, porpoises, fur seals, birds, 
and numerous species of fish.

Apex predators.

The impact of apex predators on pelagic fish is difficult to assess because, 
as with the other pelagic fishes, little is known of their distribution and there 
are no accurate biomass estimates for the species occurring in the Northwest 
Atlantic. For example, the NMFS Cooperative Shark Tagging Program has tagged a 
total of 16,336 sharks representing 32 species, from 1962 through 1976. As of 
January 19/7 only 310 tags (3.08%) have been returned and, therefore, conclusions 
regarding biomass estimates and distribution are tentative at best.

Blue shark are rather ubiquitous and as a consequence the species composition 
of their diet would be expected to vary from location to location. Bigelow and 
Schroeder (1948) identified the blue shark's major prey as fish and cephalopods 
while in northern waters Bigelow and Schroeder (1953) report the presence of both 
Atlantic mackerel and Atlantic herring as well as spiny dogfish in the stomachs. 
More recently Stillwell (unpublished; see Casey and Hoenig 1977) has examined 
76 blue shark stomachs from nearshore Long Island, NY. Bluefish accounted for 
almost 60% of the diet while an additional 20% of the diet was made up of other 
teleosts such as yellowtail flounder, Atlantic cod, and Atlantic herring. In 
contrast the diet of 17 blue sharks taken in offshore waters, in June 1976, was 
dominated by squad (62% of the stomach contents weight) while fish accounted for 
34.5% of the diet.

Shortfan mako sharks have also been the subject of food habit studies by 
the NEFC (Stillwell, unpublished). Again, inshore sharks were examined and 95% 
of the diet was teleosts, primarily bluefish, tuna-like remains,and Atlantic cod. 
Bigelow and Schroeder (1948) state that this shark species preys on scombrias, 
clupeias, and other small fish.



-6-

Other sharks examined by Stillwell (unpublished) include 40 sandbar, 
eight dusky, and five smooth hammerheads. In all cases the diet was more than 
75% teleost fish.

One of the other apex predators for which there is food habits information 
in the Northwest Atlantic is the swordfish, Xiphias gladius. Scott and Tibbo 
(1968) identified mackerel and herTing together with several other species of 
fish and squid in the diet of the swordfish they examined. Rich (1947) had also 
found fish and squid in the diet of swordfish, and for Georges Bank he reports 
that the diet was comprised largely of mackerel, heiring, squid, and silver hake. 
In the waters further north, off Cape Breton, Nova Scotia, Ovchinnikov (1970) 
reported that the principal food was schooled herring. In the stomach of the 
eight swordfish examined by scientists at the NEFC, silver hake and shortfin 
squid were of primary importance.

The food habits of tuna and lancetfish have also been investigated in the 
Northwest Atlantic (Matthews et al. 1977). As with the other apex predators 
fish and squid were the principal prey, with both clupeids and scombrids having 
been identified in the stomach contents.

2.3 Demersal Fish Food Habits

The food habits of 16 species of demersal fish collected from Georges Bank 
between 1969 and 1972 have been included in Table 2.1 and are further summarized 
in Figure 2.3. These 16 species were selected for inclusion in this report 
because they either form a significant part of the fish biomass and/or are known 
predators of herring or mackerel. The data are expressed as the percent weight 
of the total stomach contents for all the fish of each species examined.

An examination of the data in Table 2.1 shows that five major taxa 
(crustaceans, pisces, polychaetes, echinoderms, and mollusks) account for 80% 
of all the prey consumed. If sand and rock and unidentifiable animal remains are 
added to the five major taxa the total weight accounts for 94% of all the stomach 
contents. Tne other taxonomic categories may represent important prey for one 
or two species of fish but are not significant overall.

From Figure 2.3 it is clear that crustaceans are the most widely preyed 
upon category of animals which is not unexpected since they are represented by 
both pelagic and benthic groups.

Fish are second in importance as prey and form a major part of the diet 
of spiny dogfish, goosefish, silver hake, Atlantic cod, white hake, pollock, 
and redfish (Figure 2.3). Of the fish predators, clupeids occurred in the 
stomachs of Atlantic cod, spiny dogfish, red hake, and pollock but scombrids 
were only identified in the stomachs of goosefish and spiny dogfish (Table 2.1).

Mollusks are the last major taxa of interest because pelagic cephalopods 
were preyed on by six of the 16 predators: white hake, goosefish, spiny dogfish, 
silver hake, mackerel, and little skate. The significance of cephalopods in the 
nutrition of these predators is, however, difficult to accurately assess because 
it is common to find only the cepnalopod beak in the stomach contents. If the 
beak is weighed as cephalopod remains it grossly underestimates the importance 
of cephalopods as prey.
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2.4 Diet Similarity of Herring, Mackersl, and Other Species.

As a guide for evaluating the dietary interaction between the major pelagic 
and demersal fish species on Georges 3ank the percent similarity between diets 
was calculated (Whittaker and Fairbanks 1953). The calculations were based on 
the prey listed in Table 2.1, for the years 1969-1972, and is arrayed in a trellis 
diagram in Figure 2.4. Calculations such as these are influenced by a number of 
biological and nonbiological factors so that it should be viewed only as a 
qualitative evaluation of potential competition or interaction. For this reason 
the percent similarity values were classed as low, medium, and high and this 
categorization was also included in the upper right half of Figure 2.4. % From 
this array it can easily be seen that herring and mackerel have a high degree of 
diet overlap (71%) with each other. Herring has a medium level of diet overlat) 
with pollock (57%), redfish (47%), and butterfish (31%). The percent similarity 
between herring and all other fish shown in Figure 2.4 is low, ranging from 0 to 
18%. The mackerel has a diet which is quite similar to not only the herring (71%) 
but also to pollock (60%). Mackerel was found to have an intermediate level of 
diet similarity with redfish (47%), butterfish (38%), red hake (34%), and window- 
pane flounder (32%), while the overlap with all other species was low.

It is informative to examine the food habits data in Table 2.1 when using 
the similarity values as a means of singling out potential predator-prey inter­
actions, to identity which prey are responsible for the various levels of diet 
overlap. For example, the relatively high degree of similarity in diet between 
herring and mackerel may be attributed to their reliance on euphausiids as prey.
For both species of fish, euphausiids accounted for slightly more than 50% of 
the diet. This reliance on euphausiids is, however, unique to Georges Bank 
since Maurer (1976) has shown that the diet of mackerel and herring differs 
between geographic areas. Other prey which they also shared in common were 
chaetognaths, tunicates, copepods, and amphipods. Intermediate levels of diet 
similarity were found between Atlantic herring and three species of fish. In all 
cases, that is, for pollock, redfish, and butterfish, the major prey causing 
the similarity in diet was again euphausiids. Only for butterfish was a second 
prey group, chaetognaths, of any real significance. Tne high level of diet overlap 
between Atlantic mackerel and pollock may also be primarily attributed to euphausiids 
and secondly to prey such as caridean shrimp, mysids, pteropods, and tunicates.
.An intermediate degree of diet overlap was found between Atlantic mackerel, redfish, 
butterfish, red hake, and windowpane flounder. In the case of redfish and Atlantic 
mackerel, euphausiids were once again of primary importance. For the other three 
species of fish the overlap with the diet of Atlantic mackerel may be accounted 
for largely because of unidentifiable animal remains, although for red hake and 
windowpane flounder, caridean shrimp were of some significance. Apart from animal 
remains, the butterfish and Atlantic mackerel shared a number of different prey 
items, most all of which are pelagic invertebrates.

It is useful to expand the list of potential competitors to include other 
pelagic and demersal species, some of which have no directed fisheries, and to 
examine the relative importance of the major prey groups of herring and mackerel 
in the diets of these other species. In this case we have listed the major prey 
groups tor herring and mackerel in terms of three levels on a percent wet-weight 
basis: trace (t) <1%, occasional (/) 1-10%, and frequent (*) >10% (Table 2.2)?
Other pelagic species which have one or more "frequent" prey categories in common 
with herring and mackerel include the following: alewife, blueback, round herring,
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American shad, butterfish, sand lance, lanternfish, pearlsides, and argentine. 
Among these species the potential for competition with the principal pelagics 
might be greatest for alewife, blueback, shad, and sand lance based on seasonal 
and geographic distributions so far as they are known, and of these the river 
herring and sand lance probably would be most important from the standpoint of 
population site. With respect to "demersal” species in Table 2.2, all but the 
juvenile haddock have one "frequent" prey item in common with either herring 
and/or mackerel, and of these, silver hake is likely to be most important from 
the standpoint of both distribution and population site since it covers the 
entire region occupied by the principal pelagics and because it represents a 
much larger biomass than the other species. It might be noted that the juvenile 
haddock and cod probably represent fish which have taken up a demersal mode of 
life; the diets of younger haddock and cod which are still in midwater probably 
are more heavily dependent on copepods.

2.5 Larval Fish and Fish Egg Predation.

The above examination of predator-prey interactions has not particularly 
considered predation on fish eggs, fish larvae, and juvenile fish, and yet 
predation on these stages may have the primary influence on recruitment. Un­
fortunately, we have only limited data on the impact of predators on these 
earlier life stages. For example, predation on young fish has not yet been 
documented quantitatively. Smaller food items are digested more rapidly, because 
of the larger surface area to volume ratio, and as a consequence many of the fish 
we have identified in the fish stomachs are larger fish from the stomachs of the 
larger predators. In the case of both herring and mackerel, however, larval and 
postlarval fish were identified in the stomach contents in a limited study of food 
habits during spring 1974 (Maurer 1976). Larval sand lance showed the highest 
frequency of occurrence in herring, and red hake and sand lance larvae were most 
abundant in mackerel. One herring larvae observed in an adult herring was the 
only evidence of cannibalism, but mackerel had fish eggs in their guts which 
leaves open the possibility of cannabilism there. In this particular study 
which represented southern New England and Georges Bank for the most part, eggs 
and larvae of fishes represented 4.5% of the mackerel diet by weight as compared 
with only 0.4% for herring (Maurer 1976).

Predation of fish eggs has been adequately documented by the NEFC for only 
one species of fish. Analysis of haddock stomach contents, subsequent to the 
compilation of data summarized in Table 2. 1, has revealed that haddock will prey 
heavily on herring eggs when available. In the autumn of 1970 on Georges Bank, 
haddock stomachs were found to be full of herring eggs, and when the weight of 
eggs was included in a summary food habits table they accounted for 23% of the 
diet (Langton and Bowman 1978).

In 1970 direct observations of herring egg beds on Georges Bank from a 
submarine, showed red hake actively feeding on eggs, and indicated that spiny 
dogfish, longhorn sculpins, and skates were more abundant over the egg bed than 
in adjacent areas, suggesting that these species probably were feeding on the 
e22s (Caddy et al. 1971). Fish eggs have been found in dogfish and sculpin 
stomachs in later studies therefore their role as a herring egg predator seems 
plausible. No eggs have been recorded in skate stomachs but that may be due to
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the manner in which skates gTind up soft food items. In the 1970 study, cod 
stomachs were also examined and herring eggs were found in them as well (Caddy 
et al. 1971). Finally it should be noted that there are a number of invertebrate 
predators of herring eggs (e.g. moonsnails) but we have no measures of their 
abundance trends.

Part 3. CHANGES IN ABUNDANCE, COMPOSITION, DIET AND 
GROWTH PARAMETERS OF FINFISH BIOMASS

3.1 Relative Abundance and Species Composition.

Catch-per-haul data from research vessel trawl surveys conducted since 
1963 have shown that, in addition to herring and mackerel, virtually all other 
species had also declined by the early 1970's; among commercial suedes only 
white hake and two species of squid showed significant trends of increasing 
abundance (Clark and Brown 1977). A comparison of average catch-per-haul of all 
finfish and squid on autumn trawl surveys from southern New England to the Gulf 
of Maine (sampling Strata 1-30 and 36-40, Figure 1) indicates a decline from 
154 kg during the period 1963-1963 to 88 kg during 1972-1974 (Table 3.1). Since 
these are raw survey abundance indices unadjusted for catchability differences 
oetween species, they can only be used to indicate major shifts in relative 
composition of the biomass of species vulnerable to the survey trawl.

Obviously the raw weight index reflects mainly demersal species, and in 
fact about 80-5 of the overall decline in the survey index is represented by the 
reduction in indices for haddock and spiny dogfish alone. Nevertheless it is 
possible to get an approximate picture of the relative changes in biomass of 
demersal species providing that the same species are compared from one time to 
another. The known large changes in size of the herring and mackerel stocks 
appear negligible because catchability coefficients are extremely small for 
these species especially in autumn surveys and, except for squid, this is gener­
ally true for other pelagics as well. Major trends in abundance of most pelagics 
can be monitored with the survey indices in terms of numbers per haul.

_ The proportion of the survey catch represented by the "principal groundfish 
and flounder" group dropped from 50% in 1963-65 to 41% in 1972-74 with declines 
shown ^or every species, and the "other pelagics and other finfish" component 
decreased from 42 to 37-5 due to the drop in spiny dogfish and skates and rays 
whi^.n are the demersal species of this category. In contrast, squid increased 
from 0.5-5 to nearly 6-s from 1963-1965 to 1972-1974, and "other groundfish" 
increased from 7-s to 16% (Table 3.1). In the "other groundfish" category, 
goosefish and ocean pout showed significant declines, sculpins stayed about 
the same, and white hake and miscellaneous fishes increased.

In 1975-1977 the index for "principal groundfish and flc
i- ± U4 1UC 1 iby more than a third with all but two of the principal ground!4 r;__  ________sh species shcwinincreases over the 19/2-19/4 period, with haddock showing the largest increase: 

s11?ht increases were also observed for goosefish, ocean pout, and sculpins 
wnereas white hake and miscellaneous fishes declined in the "other groundfish” 
category.(Table 3.1). The index for skates and rays declined slightly in 1975- 
but, the index tor spiny dogfish increased again while that for squid nearly 
douoled relative to 1972-1974 (Table 5.1).
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The main point here is that there has been no drastic shift in species 
composition of the demersal finfish biomass, and no large buildup of other 
demersal finfish species to replace the principal gToundfish and pelagic stocks. 
Instead, during the last three years the proportion of principal groundfish to 
other demersal species has begun to shift back toward the comoosition of the 
earlier period (1963-1965), with haddock and spiny dogfish showing the most 
rapid recovery on the relative scale (Table 3.1). The pollock index also 
increased substantially in the last period to a level more than twice that of 
the initial period, but this appears to be due to an anomalously high index of 
13.2 in 1976. The 1973 and 1977 pollock indices were 1.4 and 6.5, respectively, 
which are more in line with a possible population change in one year. The 
increase in shortfin squid biomass in the last three years was substantial and 
has been documented (Clark and Brown 197S); squid is more pelagic than demersal 
although it is highly vulnerable to bottom trawls.

Turning now to pelagic species, in 1972-1974 the "other pelagics and 
other finfish" category showed apparent increases in the butterfish index and 
in the miscellaneous category which includes two species of river herring (alewife 
and blueback), round herring, shad, argentine, bluefish, and striped bass (Table 3.1) 
However recent assessments indicate declines in the river herring stocks 
(Street and Davis 1976) and in the butterfish population (Murawsxi and Waring,
1977). A current assessment of weakfish indicates that recruitment in recent 
years has been relatively strong but the survey indices show that the stock was 
even higher back in the middle 1960's (Murawski 1977). Also,there have been 
some relatively good year classes of striped bass and bluefish in recent years, 
particularly in the case of bluefish which expanded their range out onto the 
offshore banks including Georges Bank beginning about 1972, but there is some 
speculation this may have been partly due to a warming trend rather than population 
pressure to expand feeding grounds. In any case there does not appear to be a 
continuing trend of increasing recruitment. Finally,there is no evidence of 
significant change in the argentine stocks based on commercial landings or on 
surveys, and shad populations continue at a relatively low level based on spawning 
runs in the rivers of the northeastern United States.

Other pelagic species which occur in the southern part of the range of 
herring and mackerel are round herring and several species of anchovy which con­
ceivably could be competitors of the principal pelagics during the winter and 
spring. There are no commercial fisheries for these species and therefore survey 
data are our only index of abundance. Their contribution to survey catches is 
extremely small on a weight basis, and abundance is better indicated in terms of 
numbers. Catch-per-haul indices for round herring increased steadily from 1968 
to 1971 and then fluctuated widely from year to year up through 1977 (Table 3.2).
The sampling variability of these abundance- indices is quite high but there is 
no consistent trend throughout the decade, and if anything the average abundance 
of round herring was lower in the most recent years when herring and mackerel 
were also very scarce. There has been an increase in the anchovy abundance in 
the last half of the decade 1968-1977 (Table 3.2), but there is no evidence that 
the population has reached a site which is at all comparable to the previous 
level of the principal pelagics, and the populations are confined to the areas 
south of Cape Cod. In the same region the croaker population has increased 
substantially during the last half of the decade 1963-1977 (Table 3.2) but this
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is largely an inshore species which is present in the mid-Atlantic during 
warm months of the year when the herring and mackerel are mainly further to 
the north.

Another possible competitor is sand lance which has also shown evidence 
of an increase since 1968; trawl survey indices show large annual fluctuations 
but there is a definite indication of higher abundance at least since 1975 
when the highest indices of the decade were recorded during both spring and fall 
surveys (Table 3.2). The low value for autumn 1976 appears to be an anomaly 
since abundance of sand lance larvae throughout the same survey region has been 
increasing substantially each year since 1974 (Smith and Sullivan 1978). 'However 
the actual size of the sand lance population is as yet unknown. Other offshore 
pelagics include lantemfish and pearlsides which show no evidence of major 
increases in population (Table 3.2).

To summarize, with respect to pelagics, it appears that there has been some 
increase in certain species since the decline in principal pelagics but there is 
no strong indication of a replacement of the herTing and mackerel biomass because 
with the exception of sand lance and lantemfishes, the other species are largely 
confined to the mid-Atlantic region during warm months and/or are distributed 
chiefly in inshore waters.

3.2 Changes in Size Composition.

In conjunction with the declines in abundance of most species since the 
mid-I960's, there was a reduction in mean size of fish as would be expected under 
heavy exploitation. Between 1963-1965 and 1972-1974 mean lengths of most species 
dropped on the order of 5%-10% based on trawl survey catches over the entire 
survey region from Cape Hatteras to Nova Scotia (Edwards and Bowman 1978).
However it is difficult to interpret mean lengths even for 3-year periods for 
individual species because of the large annual variability introduced by relative 
numbers of young fish taken on the surveys. A more general and stable index is 
simply the mean weight of all finfish species caught, and this includes all the 
miscellaneous species as well as the principal groundfish. The average weights 
(kg) per fish (exclusive of invertebrates, including squid) were as follows:

63 64 65 72 73 74 75 76 77
.47 .56 .50 .34 .35 .24 .30 .56 .44

The three year means were 0.51 kg, 0.31 kg, and 0.37 kg for 1965-1965, 1972-1974, 
and 1975-1977, respectively, which is consistent with the observed reductions in 
mean age by the early 1970's as a result of heavy fishing, and with the beginning 
increase in traditional stocks by the middle 1970's. Although some of the species 
which might be expected to replace the principal pelagics have low 'vulnerability 
to the survey trawl, it seems clear that there has not been a major shift to smaller 
size species in view of the increasing size observed in 1975-1977.
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3.3 Changes in Growth and Reproduction.

One manifestation of inter- and intra-species competition for food is 
a change in growth rate. The Northeast Fisheries Center determines the age 
and length of thousands of fish of numerous species each /ear (46,000 individuals 
of 15 species in 1977, for example). The time series of data available for 
some of these species is adequate to detect major trends in growth. The evidence 
for a change in growth rate of six important species of Georges Bank fish is 
discussed briefly below.

It appears that the drastic decline in abundance of haddock was foll
%

owed 
by an increase in growth rate. The mean weight of haddock ages 3-6 in the 
commercial catch for 1960-1976 is given in Table 3.3. The data clearly 
indicates that the mean weight of haddock of the ages most abundant in the 
commercial catch has increased, particularly since 1972 when the haddock popu­
lation had declined to its lowest level and was beginning to recover. There 
is also some indication that growth of young haddock decreased in 1965-1967 
when two very large year classes recruited to the fishery. Along with the change 
in growth of haddock, there is some evidence of maturation at a younger age in 
recent years. For 1968-1972, the percent mature at age 2 and 3 was 23% and 76%, 
respectively, while for 1973-1975, percent mature for these same ages was 34% and 
92%, respectively (R. Livingstone, personal communication).

Anderson and Paciorxowski (1978) found no evidence of a change in growth 
rate of mackerel in recent years coinciding with increases or decreases in stock 
biomass, although there is evidence of an inverse relationship between growth rate 
and year-class size. MacKay (1973) found that the large 1959 and 1967 year 
classes had a slow growth rate relative to smaller year classes. Strong density 
dependent gTow.th in the first year of life has also been reported for mackerel 
(P. F. Lett and W. H. Marshall, 1977. An interpretation of biological factors 
important in the management of the northwestern Atlantic mackerel stock. 
Unpublished report.).

A consistent increasing or decreasing trend in growth rate has not yet been 
established for Georges Bank herring. However cursory appraisal of age-length 
data since 1968 suggests that growth may have been somewhat greater than in 
earlier years, and there is evidence of increased growth rate of the strong 1970 
year class (Domheim 1975). Thus in the case of herring there may be a direct 
relationship between growth rate and year-class size, just the opposite of the 
relationship for mackerel. A younger age at first maturity was also noted for 
the 1970 year class of herring.

There is no noticeable difference in the mean length of Georges Sank 
yellowtail flounder ages 1-4 captured during autumn bottom trawl surveys from 
1963-1974. There is less survey data available for older fish. Commercial length 
or weight at age data has not yet been adequately reviewed to conclude if the 
growth rate of older fish has changed over time.

Data on the mean length or weight of cod at age is only available for 
1970-1976. Based on this limited time series, there does not appear to be any 
trend in growth rate.
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The mean length at age of silver hake in the commercial catch for 1965-1976 
is given in Table 3.4. It appears that the mean sice of fish of a Darticular 
age has increased since the early 1970's. It is interesting that the sice of the 
Georges Bank silver hake population was at its lowest level in the late 1960's, 
prior to the apparent change in growth rate. The population was substantially 
larger during the period when a change in growth is indicated. In the case of 
silver hake, the method of age determination is still evolving (ICNAF 1978) and 
therefore it is difficult to judge if the increase in mean sice at age reflects 
an actual change in growth rate or differences in the method of age determinations.

In summary, only for haddock is there clear evidence of a change in growth 
rate (and probably age at maturity). The increase in growth rate of haddock may 
be related to density although it lags the decline in population sice by several 
years. The pelagic species considered appear to have density deoendent growth 
of outstanding year classes, although the actual relationship mav be either 
inverse or direct.

3.4 Comparison of Diets 3efore and After Biomass Decline.

Methods .

Food-habit data were collected on fish from Georges Bank and the Gulf of 
Maine for the years 1963 through 1966 and again from 1973 through 1976. It was 
therefore possible to examine this time series for a shift in food habits during 
the 10-year interval. Bias due to size-specific diet differences was avoided 
because the data were selected so that the same size fish were compared in the 
two periods. The actual number of fish examined may differ between the two data 
bases, however, the length-frequency plots were very similar, within the length 
ranges selected, and the mean lengths of each predator species are within 
several centimeters for both periods.

Before a direct comparison can be made between the two time periods it is 
necessary to realize that there are some differences which are not necessarily 
biological and might have resulted simply from the methods of analysis. The 
older data series (1963-1966) was a qualitative evaluation of food habits based 
on shipboard identification of prey, while the newer series (1973-1976) was the 
result of a quantitative laboratory-based analytical scheme. The data are 
expressed as the percent occurrence of prey because of the analytical methods 
used in the 1963-1966 time period.

The methods of analysis are also rerlected in several other aspects of the 
data. First, the percent of empty stomachs is consistently higher in the older 
series. This may have resulted from working on board ship and making a somewhat 
cursory examination of the stomachs, and therefore the number of empty stomachs 
may rerlect a difference in interpretation and consequent oversimplification of 
the results. Secondly, in the 1973-1976 data base it would appear that there 
were more prey items per stomach since the frequency of occurrence values are 
usually higher. This is a direct result of the laboratory analysis where every 
identifiable prey item in a food bolus was noted. In contrast, on board ship 
the major prey was identified and the secondary prey might have easily been 
overlooked. ^ Bearing in mind these constraints the data still serves as a useful 
indicator of any major shifts in diet by the various species of groundfish.
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Georges Bank comparisons.

On Georges Bank the food habits of five demersal species have been 
documented for the 10-year interval. In general the food habits of all five 
species have remained reasonably stable although there are some differences that 
are revealed in a close examination of the food habits of each specie!

Tbe composition of the diet of little skate from Georges Bank is reasonably 
similar ror the two time periods (Table 3.5)'. Overall, crustaceans were the 
“°!l^qUently.°CfJrTlnS ?rs^ within the Crustacea the general oattem of 
J " * "aS Slmllar m the older and newer data series. Polychaetes wire the

ifportant lTey rollowed by mollusks and fish, which occurred in at '
buTlaJ ill S^°maChS examin®d- Most of the pisces prey was not identified 
but some pelagic fish were found in the little skate stomachs. In 1963-1966

*cc°unted for a small part of the diet and in 1973-1976 stromateids, 
diet duii„g\otheperiod3? “hUe $“d Con3istsnt^ f°™d in the

Silver hake fte fish and crustacean predators and the changes in diet on 
Georges Bank over 10 years are very minor (Table 3. 5). The same crustaceans
inPrey6d °n-in £0th -periods but it .nay be significant that euohausiids decreased 
n occurrence in the stomachs examined from 1973-1976 while the other pelagic

nCean? ^ the Grangonidae, Pandalidae, and more benthic amphipods blcame 
£hirhP™ ^ Cepnalopods also occurred more frequently in the newer series
which might reflect an increased availability of this prey, although they were
in rh^di aeveT important prey. .Among the pisces prey the occurrence of scombrids 
is Jot avail ah 1 197°'1976 dS important but unfortunately comparative data
dita base 1 b * n°ne °f the flsh rs^ins were identified in the older

and fi^1^1rChCOd’ Uk? S±lvev h^e on Ge°rges Bank, prey heavily on crustaceans 
and rish but they are also more of a benthic predator, preying on polychaetes
mo Husks, and echmoderms (Table 3.5) Virtually every taxaof crustacean listed 
was preyed on during both periods although there is a noticeable absence of

t 196°'1966 series. As with silver hake, cephalopod remains 
verv f° !? ^ ^ St0nachs in the older data series although they were not 
cISeid Sredaior°af^- ^ fr0m 1973"1976- Atlantic cod are the most important 
While in thflL969 ?q-7^inS lemainl Were consistentlX found in the stomach contents 
weight (TableTl)12 clupeids ac«nnted for 30.2% of the diet by

po^cHae.-' ec^oST^ IT '
: f - — af t^L

»ii«.YK“Ilne!sgLs gr^X'trgg,0"^?.4^?both periods thsy
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Gulf of Maine comparisons.

Food-habits data are available on six species of fish collected in the 
Gulf of Maine from 1963-1966 and 1973-1976 (Table 3. 6). Of these six snecies, 
only the Atlantic cod was taken in the Gulf of Maine ana on Georges Bank during 
both tine periods. It is therefore possible to compare and contrast diets between 
geographic areas within data bases. Comparing the data in this manner eliminates 
the constraints existent when comparing the data over time and should reflect 
more accurately real geographical differences in the availability of suecific 
types of prey.

For the years 1963-1966 crustaceans and mollusks were the predominant prey 
in both areas and occurred more frequently in the stomachs of Georges Bank cod 
while echinoderms and polychaetes were of secondary importance overall, but were 
slightly more significant as prey in the Gulf of Maine (Tables 3.3 and 3.6).
From 1973-1976 crustaceans were again the predominant prey and also occurred more 
frequently in the stomachs of Atlantic cod on Georges Bank than in the diet of cod 
from the Gulf of Maine. Mollusks were, again, more significant on Georges Bank, 
however, the polychaete prey was also as important as the molluscan Drey. Pisces 
were of about equal importance in both areas in both time periods but it is 
interesting to note that fish occurred less frequently in the cod diet from 
1973-1976, regardless of the geographic area. Within these major taxa there are 
also some consistent differences between the two geographic areas. For example, 
within the Crustacea, the Cancridae and Paguridae were always more important prey 
on Georges Bank while euphausiids occurred more frequently in Atlantic cod stomachs 
from the Gulf or Maine. Within the Pisces, clupeids and redfish were only slightly, 
but consistently, more important as prey in the Gulf of Maine than on Georges Bank.

When comparing the diet of Atlantic cod over time within the Gulf of Maine, 
the pattern of predation changed little. Crustaceans and fish were the most 
important prey although mollusks, polychaetes, and echinoderms constituted part 
of the diet. Of primary importance here, is that independent of time, cluoeids 
formed a substantial part of the identifiable pisces prey.

Two other gadids, pollock and white hake, were also collected in the Gulf 
of Maine and both of these species relied heavily on crustaceans and fish as prey 
and to a much lesser extent on polychaetes and mollusks (Table 3.6). The 
composition of the pollock's diet was reasonably constant over time. Euphausiids 
were the major crustacean prey and clupeids and gadids were the only identifiable 
fish remains. White hake also relied on euphausiids but were a more important 
predator of fish than were pollock, although the food-habits data are for the 
same average length fish. Gadids were the most frequently identified fish prey 
although clupeids were identified as prey in both time periods and scombrids 
occurred in the white hake diet in 1973-1976.

Gulf of Maine redfish are almost exclusively crustacean predators and 
euphausiids were the major prey in both 1963-1966 and 1973-1976.
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The witch flounder collected in the Gulf of Maine were benthic predators 
relying most heavily on polychaete worms. The pattern of predation differed 
little between the 1963-1966 and 1973-1976 data series. The American plaice 
collected in the Gulf of Maine were, like the witch flounder, benthic predators. 
However, their most important prey was echinoderms rather than polychaetes. In 
both the old and new data series ophuroids were the most frequently occurring 
prey and the overall pattern of predation was very similar.

Part 4. PRODUCTION .AND CONSUMPTION BY FINFISH 
AND SQUID ON GEORGES BANK

There is evidence that there is considerable diet overlap among many species 
on Georges Bank (Figure 2.3), and that the diet of a number of the principal 
groundfish species (e.g. cod, silver hake, pollock, white hake) includes a 
significant proportion of fish (Table 2.1). The first step toward evaluating the 
importance of species interactive effects (competitive or predator-prey) is to 
determine the amount of food consumed by each component of the nekton of Georges 
Bank. In order to evaluate the importance of predator-prey interactions between 
fish species, it is useful to know the production rate of the interacting species.
Of course, man's utilization of fish populations (predation by the highest trophic 
level) is dependent on the production rate of the fish populations. Therefore, 
in this part of the paper, trends in production and consumption of the nekton of 
Georges Bank are considered.

Initially (Parts 4.1, 4.2) six species are considered for which the greatest 
amount of information is available. The results for these six species are then 
generalized to the entire community in Part 4.3.

4.1 Data Base and Methods.

The annual consumption and production of exploited populations of six species 
on Georges Bank were estimated for the period 1963-1972. During this period, 
population size and age composition varied widely in response to fishing pressure 
and unexplained variability in recruitment. The species considered were the 
yellowtail flounder (Limanda ferruginea), cod (Gadus morhua), haddock (Me1anogrammus 
aeglefinus), silver hake (Merluccius bilinearis), mackerel (Scomber scombrus), and 
herring (Clupea harengus). With the exception of herring, some fishing mortality 
occurs at age 1. For Georges Bank herring, fishing mortality begins at age 2.
This analysis applies to fish above the age of first exploitation. These species 
were selected primarily because estimates of stock size in numbers by age were 
available over a period of at least 10 years. The species considered (one flounder, 
two demersal roundfish, one semipelagic, and two pelagic species) are a reasonable 
cross section of the exploited finfish community of Georges Bank.

The haddock, yellowtail flounder, and silver hake populations considered 
in this paper are primarily located on Georges 3ank during all seasons of the 
year. Most of the cod and herring stocks considered here are probably located 
on Georges Bank during the portion of the year when they are most productive, 
but they do migrate off Georges Bank during winter. The mackerel population 
ranges from Cape Hatteras to the Gulf of St. Lawrence with migrations across 
Georges Bank in spring and autumn. Thus only a minor portion of mackerel con­
sumption and production can be attributed to Georges 3ank.
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Gulf of Maine comparisons.

Food-habits data are available on six species of fish collected in the 
Gulf of Maine from 1963-1966 and 1973-1976 (Table 3. 6). Of these six snecies, 
only the Atlantic cod was taken in the Gulf of Maine ana on Georges Bank during 
both time periods. It is therefore possible to compare and contrast diets between 
geographic areas within data bases. Comparing the data in this manner eliminates 
the constraints existent when comparing the data over time and should reflect 
more accurately real geographical differences in the availability of soecific 
types of prey.

For the years 1963-1966 crustaceans and mollusks were the predominant prey 
in both areas and occurred more frequently in the stomachs of Georges Bank cod 
while echinoderms and polychaetes were of secondary importance overall, but were 
slightly more significant as prey in the Gulf of Maine (Tables 3.5 and 3.6).
From 1973-19/6 crustaceans were again the predominant prey and also occurred more 
frequently in the stomachs of Atlantic cod on Georges Bank than in the diet of cod 
from the Gulf of Maine. Mollusks were, again, more significant on Georges Bank, 
however, the polychaete prey was also as important as the molluscan prey. Pisces 
were of about equal importance in both areas in both time periods but it is 
interesting to note that fish occurred less frequently in the cod diet from 
1973-19/6, regardless of the geographic area. Within these major taxa there are 
also some consistent differences between the two geographic areas. For example, 
within the Crustacea, the Cancridae and Paguridae were always more important prey 
on Georges Bank while euphausiids occurred more frequently in Atlantic cod stomachs 
from the Gulf of Maine. Within the Pisces, clupeids and redfish were only slightly, 
but consistently, more important as prey in the Gulf of Maine than on Georges Bank.

When comparing the diet of Atlantic cod over time within the Gulf of Maine, 
the pattern of predation changed little. Crustaceans and fish were the most 
important prey although mollusks, polychaetes, and echinoderms constituted part 
of the diet. Of primary importance here, is that independent of time, clupeids 
formed a substantial part of the identifiable pisces prey.

Two other gadids, pollock and white hake, were also collected in the Gulf 
of Maine and both of these species relied heavily on crustaceans and fish as prey 
and to a much lesser extent on polychaetes and mollusks (Table 3.6). The 
composition of the pollock's diet was reasonably constant over time. Euphausiids 
were the major crustacean prey and clupeids and gadids were the only identifiable 
fish remains. White hake also relied on euphausiids but were a more important 
predator of fish than were pollock, although the food-habits data are for the 
same average length fish. Gadids were the most frequently identified fish prey 
although clupeids were identified as prey in both time periods and scombrids 
occurred in the white hake diet in 1973-1976.

Gulf of Maine redfish are almost exclusively crustacean predators and 
euphausiids were the major prey in both 1963-1966 and 1973-1976.
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The witch flounder collected in the Gulf of Maine were benthic predators 
relying most heavily on polychaete worms. The pattern of predation differed 
little between the 1963-1966 and 1973-1976 data series. The .American plaice 
collected in the Gulf of Maine were, like the witch flounder, benthic predators. 
However, their most important prey was echinoderms rather than polychaetes. In 
both the old and new data series ophuroids were the most frequently occurring 
prey and the overall pattern of predation was very similar.

Part 4. PRODUCTION .AND CONSUMPTION BY FINFISH 
AND SQUID ON GEORGES BANK

There is evidence that there is considerable diet overlap among many species 
on Georges Bank (Figure 2.3), and that the diet of a number of the principal 
groundfish species (e.g. cod, silver hake, pollock, white hake) includes a 
significant proportion of fish (Table 2.1). The first step toward evaluating the 
importance of species interactive effects (competitive or predator-prey) is to 
determine the amount of food consumed by each component of the nekton of Georges 
Bank. In order to evaluate the importance of predator-prey interactions between 
fish species, it is useful to know the production rate of the interacting species.
Of course, man's utilization of fish populations (predation by the highest trophic 
level) is dependent on the production rate of the fish populations. Therefore, 
in this part of the paper, trends in production and consumption of the nekton of 
Georges Bank are considered.

Initially (Parts 4.1, 4.2) six species are considered for which the greatest 
amount of information is available. The results for these six species are then 
generalized to the entire community in Part 4.3.

4.1 Data Base and Methods.

The annual consumption and production of exploited populations of six species 
on Georges Bank were estimated for the period 1963-1972. During this period, 
population size and age composition varied widely in response to fishing pressure 
and unexplained variability in recruitment. The species considered were the 
yellowtail flounder (Limanda ferruginea), cod (Gadus morhua), haddock (Me1anogrammus 
aeglefinus), silver hake (Merluccius bilinearis), mackerel (Scomber scombrus), and 
herring (Clupea harengus). With the exception of herring, some fishing mortality 
occurs at age 1. For Georges Bank herring, fishing mortality begins at age 2.
This analysis applies to fish above the age of first exploitation. These species 
were selected primarily because estimates of stock size in numbers by age were 
available over a period of at least 10 years. The species considered (one flounder, 
two demersal roundfish, one semipelagic, and two pelagic species) are a reasonable 
cross section of the exploited finfish community of Georges Bank.

The haddock, yellowtail flounder, and silver hake populations considered 
in this paper are primarily located on Georges Bank during all seasons of the 
year. Most of the cod and herring stocks considered here are probably located 
on Georges Bank during the portion of the year when they are most productive, 
but they do migrate off Georges Bank during winter. The mackerel poDulation 
ranges from Cape Hatteras to the Gulf of St. Lawrence with migrations across 
Georges Bank in spring and autumn. Thus only a minor portion of mackerel con­
sumption and production can be attributed to Georges Bank.
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Consumption is related to production by the following energy balance 
equation:

aC = G + S +■ Q (4.l]
where C is consumption, G is growth, S is reproductive material, Q is metabolism, 
and a is the assimilation coefficient. C, G, S, and Q are all expressed in units 
of energy (kilocalories, for example) per interval of time. Production (P) will 
be defined as G + S in this paper.

C, G, S, Q, and P were calculated for each age group of each soec^es on a 
yearly basis. This was accomplished using stock size estimates in numbers at age 
calculated by virtual population analysis (VPA; see Ricker 1975 for a review of 
the method). VPAs were implemented by staff of the Woods Hole Laboratory of the 
Northeast Fisheries Center (NEFC), but not necessarily the authors of this paper, 
as part of an ongoing fishery management oriented stock assessment program. The 
actual VPA results used in this paper were current when the calculations discussed 
here were performed, but as is often the case with stock assessments, VPAs are 
reviewed frequently and subject to revision. The average number of fish of each 
age during each year was estimated by exponential interpolation:

LogsN1 - LogeN2 (4,2)

where N is the average number of fish of a cohort during a year, Nx is the number 
at the end of the year or beginning of the next year. For example, the average 
number of 4-year-old haddock in 1966 was estimated by applying equation 4.2 to 
the VPA estimate of the number of 4-year-old haddock at the beginning of 1966 
(N^) and the number of 5-year-olds at the beginning of 1967 (N?) . Thus, VPA 
results as recent as 1975 were required in order to estimate consumotion and 
production through 1972. VPA results more recent than 1975 are particularly 
sensitive to errors in estimated terminal fishing mortality rate.

Wi i k is the size (in wei2ht or energy units4) of fish of soecies i at 
age j duringj'ear k, then:

AW. . . = W. . , , ,i,j,k i,j+l,k+l W.i, j ,k (4.5)

W = fW1.1 A i,j + l,k+l (4.4)

where AWj^j^ is the average growth and , j, k i-5 an estimate of average size 
corresponding to i,j,k. G^j^ is estimated by AW-j_ j ^^ and the total 
growth production or species'! during year k is estimated by’summing over j.

A gram wet weight is assumed equal to 1 kilocalorie unless indicated otherwise.
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wi,j,k is 1156(1 t0 estimate Qtj k and Sij^ as follows:

S.
b. t? i• • . = r. . p. . a. W. . , 1»J»k 1>J i.J i i,l,k (4.5)

Q- • . = c W. . , i,J,k i, J , k (4.6)

where rj^j is the fraction of species i at age j which are females; .• is 
the fraction of females or species i at age j which are sexually mature; a-j_ 
and bj_ are species-specific parameters relating production of reproductive 
material of females to body site; c and d are constants relating metabolic rate 
to body size. It is necessary to vary r with age (j) since males and females 
of some species suffer a different mortality rate, therefore their sex ratio 
changes with age. In fact all of the parameters probably vary by species, ages, 
and years, but the available information was inadequate to justify complicating 
the analysis further.

The site of each species at age is assumed constant over time (Wij .) 
except for haddock. Only for haddock was there clear evidence (from readily 
available data) of a trend in size over time. Even this trend was only obvious 
when data more recent than 1972 were considered. This analysis was not intended 
to determine if changes in growth rate have occurred, therefore the previous 
sentence should not be interpreted as implying that such changes do not occur. 
wi, j, • herring, cod, mackerel, silver hake, and yellowtail flounder are given 
in Table 4.1. For haddock, j k was calculated from values of length at a^e j 
during year k (Lifj k) using w’=\00813 L3-0678 (S.H. Clark, NEFC, Woods Hole" 
Laboratory, personal communication). A table of values of Lj_ j k for haddock 
was constructed from the mean length of haddock in autumn bottom trawl surveys. 
These mean lengths were taken as the length of the cohort at the beginning of 
the next year. Gaps in the table (where catch of a particular age during a 
particular year was minimal) were filled in with calculated lengths from a von 
Bertalanffy length-age function fit to all of the available data from autumn 
bottom trawl surveys. The resulting values of Li j v for haddock are given in 
Table 4.2.

A sex ratio of 1:1 (ri i = 0.5) was assumed for all species except silver 
hake since i_he authors are not aware of any evidence to the contrary. The sex 
ratio of silver hake changes with age. A superficial review of bottom trawl 
survey data from 1975-1976 indicated the following values of rj. j : 0.55, 0.55, 0.5 
0.55, 0.55, 0.8S, and 1.0 for j = 1, 2, . . .,6 and older. Male silver hake 
greater than six years old are rare.

Values of Pitj (a. fraction of females of species i mature at age j) were 
estimated based on a superficial review of data on fish collected during bottom 
trawl surveys and from consideration of information available in the literature. 
Further analysis of this data is ongoing. The actual values used are retorted 
in Table 4.5.
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Inadequate data are generally available for estimating the energy content 
of reproductive material of mature fish as a function of weight [or for esti­
mating a^ and of Equation 4.5)]. Fecundity-length, age, or weight functions 
are often available, but the average site or energy value of eggs when spawned 
is usually not reported. The proportion of eggs reabsorbed is also unknown.
Thus, for cod, herring, mackerel, and silver hake the energy value of reproductive 
material of females was assumed to be 20% of body size (a^ = 0.2, bi = 1.0).
Parrish (1975) reported that a value of 10% for both sexes combined was reasonable 
based on his review of the literature. Thus assuming a 1:1 sex ratio and most 
reproductive material produced by females, Parrish's review supports the assumption 
of 20%. Discussion in Jones and Johnston (1977) is also generally supportive of 
the assumption that the energy value of reproductive material is 20% of body size.

For yellowtail flounder, assumed values of a-j_ and bj_ were based on functions 
relating fecundity to length, and fecundity to gonad weight (Howell and Kessler 
1977). Accordingly, for yellowtail flounder, aj_ = 1.429 x 10“3 and b^ = 1.74.
A fecundity-weight equation calculated by R. Livingstone (NEFC, Woods Hole 
Laboratory, March 1977, unpublished) combined with the median size of eggs in 
the gonad just before spawning (based on Hodder 1965) was used to estimate a^ = 
0.5115 and bi = 0.9071 for haddock.

The parameters of Equation (4.6), which relates metabolic rate to body 
size, are based on a review of the literature by Geoffrey Laurence (NEFC, 
Narragansett Laboratory, March 1977, unpublished). Results for about 60 different 
marine fish species were considered. Oxygen consumption per gram wet weight per 
hour for each species was adjusted to 20°C (Winberg 1956). A power function was 
then fit to all the available data, and the parameters were adjusted to correspond 
to metabolism in kilocalories/hr instead of ml 02/hr (assuming 4.77 calories per 
ml O2)- The result was similar to the function reported by Jones and Johnston 
(1977) for a resting fish at 20°C; Q = 0.01571V0-8 based on Jones and Johnston's 
work, and Q = 0.01575WU-/ based on Laurence's work. Active metabolism was 
assumed to be twice resting metabolism (Winberg 1956, Fry 1957). Parameter a 
of Equation (3.6) was further adjusted to correspond to 10°C (the approximate 
midpoint of the range of temperature on Georges Bank) and to correspond to annual 
energy utilization (kilocalories/year) resulting in a = 10.04 and b = 0.79. The 
assimilation coefficient, a, was assumed equal to 0.8 for all i, j, and k.

4.2 Estimates of Production and Consumption.

Using the method described above, production, consumption, the production 
to biomass ratio ((G^,j,k + Si,j,k)/Wi,j,k)> the gross growth efficiency 
((^i,j,k + Sfjj,k)/Ci,j,fc), and the consumption to biomass ratio were calculated 
for each species by age and year. Consumption and production are reported in 
thousands of kilocalories per kilometer squaredS. The results summed over all

In order to calculate production and consumption per unit area, total production 
and consumption of each species was divided by the total area inhabited by the 
population considered. For mackerel, the area of the continental shelf to 200 
meter depths between Cape Hatteras and the Gulf of St. Lawrence was considered 
(448,000 km-). For yellowtail flounder, silver hake, and haddock, the area of 
Georges Bank was considered (52,479 km-). Cod and herring production and con­
sumption was attributed to Georges Bank and Nantucket Shoals (69,773 km~).
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ages for 1963-1972 are given in Tables 4.4-4.3. The average production and 
consumption by age over the period 1963-1972 is given in Tables 4.9-4.10.
The calculated production to biomass ratio, gross growth efficiency (K-j_), and 
consumption to biomass ratio by age only varies over time for haddock (since 
the gTowth rate of the other species is assumed constant over time in these 
calculations). These age-specific population characteristics are given in 
Tables 4.11-4.13 (average over 1963-1972 for haddock).

Of the six species considered, production and consumption by haddock 
declined most sharply (97%) during the 10-year period. Production and cort- 
sumption by herring, silver hake, and cod also declined, although by 1972 all 
three species were showing signs of recovery. In the case of herring, the 
outstanding 1970 year class supported the fishery for several years in the 
early and mid-1970's until the autumn of 1977 when virtually no herring were 
found on Georges Bank by either commercial or research vessels. Mackerel 
production and consumption increased from 1963 to about 1970 then declined 
through the remainder of the period. The decline in mackerel abundance 
continued until at least 1977 (Anderson 1977) . It may be noteworthy that 
periods of high productivity by herring and mackerel have not coincided during 
the interval for which data are available. During 1963-1972, only production 
and consumption of yellowtail flounder was nearly constant. Total production 
and consumption of the six species declined by about 60%. Calculated production 
to biomass ratios (P/B) ranged from 0.26 to 0.18, and calculated consumption to 
biomass ratios (C/B) ranged from 3.1 to 5.5. Jones and Richards' (1976) first 
approximation of C/B for adult fish is within the range reported in this paper. 
P/B, and C/B were most variable for haddock which is the only species for 
which annual variations in growth were considered. Annual variations in these 
characteristics for the other species reflect only changes in age composition.
P/B, and C/B decrease with age.

4.3 A Comparison of Georges Bank Production and Consumption between
1964-1966 and 1973-1975.

Based on production to biomass ratios and consumption to biomass ratios 
calculated for six species (Part 4.2) and biomass estimates calculated by Clark 
and Brown (1977), it is possible to make a preliminary comparison of energy 
flow through the finfish and squid component of the Georges Bank ecosvstem between 
1964-1966 and 1973-1975.

The earlier period corresponds to the beginning of the buildup of fishing 
pressure on Georges Bank by other than North American fleets. The later period 
was after several years of intense fishing pressure when total biomass of the 
region had declined to its lowest level according to Clark and Brown (1973).

Methods.

The mean biomass of the six species considered in Part 4.2 (herring, 
mackerel, cod, haddock, silver hake, and yellowtail flounder) during each period 
was based on virtual population analysis. .As already noted, biomass estimates 
by VPA during recent years are particularly sensitive to estimated terminal
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fishing mortality rates. Nevertheless, recent VPA biomass estimates are 
probably realistic since estimation of terminal fishing mortality rate or the 
strength of recruiting year classes are based on data from independent research 
vessel surveys or the catch rate of inshore juvenile fisheries (as is the case 
for herring).

The biomass of redfish (Sebastes marinus), red hake (Uroohycis chuss), 
pollock (Pollachius virens), flounder (other than yellowtail), shortfinned squid 
(Illex illecebrosus), longfinned squid (loligo pealei) and other finfish was 
estimated using calculations made by Clark and Brown (1977) although the ,specific 
results used here were not actually included in their published paper. All bio­
mass estimates are expressed in kilocalories per kilometer squared. Where biomass 
estimates are for areas larger than (but including) Georges Bank, they were 
adjusted by multiplying by the ratio of the average survey catch rate on the Bank 
to the average survey catch rate for the larger area.

For the six species considered in Part 4.2, production and consumption as 
indicated in Tables 4.4-4.5 were averaged for 1964-1966. Production and consumption 
for 1973-1973 were calculated by applying the geometric average of P/B and C/B 
ratios of Tables 4.6 and 4.8. Production and consumption of redfish, pollock, 
other flounder, and other finfish were calculated by applying the geometric 
average P/B and C/3 ratios for all six species and 10 years (0.46 and 4.1, 
respectively). P/B ratios of 0.25 and 1.5 were assumed for redfish and squid 
reflecting their very slow and very rapid growth, respectively. In the case of 
squid (with a 1 or 2 year life cycle) even a P/B ratio of 1.5 is probably 
conservative. C/B ratios of 3.0.and 7.0 were assumed for redfish and squid, 
respectively.

Results.

The calculated production and consumption by species group per unit area 
of Georges Bank are given in Table 4.14. Both consumption and average biomass 
declined by about 42% between 1964-1966 and 1973-1975, but production declined 
by only 26%. The small reduction in production reflects primarily a decline in 
herring which have a low P/B ratio and the increase in squid which are assumed 
to have a high P/B ratio. Both pelagic and demersal species declined unlike 
the situation in the North Sea where pelagic production was replaced by demersals.
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Part S. SUMMARY AND DISCUSSION 

5.1 Biological Interactions Affecting Pelagic Stocks.

There have been several recent papers suggesting that predation and/or 
competition by mackerel are major factors controlling recruitment and biomass of 
herring where the populations coexist in the same region (Lett and Kohler 1976; 
Winters 1976). In our study we sought to determine the possible mode and extent 
of such interactions between these two species through food habits analysis. 
Unfortunately, the data are too sparse to provide a definitive measure of feeding 
interaction, particularly for possible predation on larval stages. So far, 
analysis of gut contents of adult herring and mackerel in the Georges Bank area 
provides no evidence that either species preys on the larvae of the other. This 
does not, of course, prove that such predation does not occur, since larvae of 
other species (mainly sand lance larvae) have been found in both herring and 
mackerel stomachs. Consideration of the distribution of larvae of both species 
through space and time in relation to seasonal migrations of adults, and size 
differentials of the young, leaves open the possibility of prey-predator inter­
actions involving larval stages. For example, herring larvae occur inside the 
100 m contour from Georges Bank to southern New England all during autumn, winter, 
and spring, and could be preyed upon by either adult mackerel (presumably in 
autumn before migration south toward the mid-Atlantic) or by young-of-the-year 
mackerel which generally move offshore in late autumn and would be large enough 
to prey on all sizes of herring larvae throughout the autumn and winter. The 
actual distribution of 0-group mackerel in their first winter is not well known 
in the Georges Bank area, and therefore the potential for predation on young 
mackerel is simply unknown. Mackerel spawn in the same areas in May and June 
as adult herring and the newly metamorphosed herring larvae or "0-group" herring 
could conceivably prey on mackerel eggs or larvae at that time; but here again 
distribution of 0-group herring on Georges Bank is not known. However, in view 
of the much slower growth and longer larval period of herring as compared with 
mackerel, the potential for mackerel predation on herring larvae is probably 
greater than the reverse.

The rapid decline in herring on Georges Bank in the late 1960's was 
coincident with the strong recruitment to the mackerel stocks but the relatively 
strong 1970 year class of herring occurred at about the peak mackerel biomass.
Right now, both species are at a low level indicating that there are other factors 
than mackerel-herring predation that are influencing the biomass of these two 
species, most likely fishing pressure perhaps in combination with environmental 
factors.

The likelihood that predation or competition by other species has contributed 
to the decline in herring and mackerel does not seem very high. Most of the 
demersal finfish predators were declining at the same time, and other pelagic 
species which could be either predators or competitors were also declining, or 
if they increased did so only after the major decline in herring and mackerel 
had already occurred. Thus what changes in composition of the pelagic components
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may have occurred in the most recent years would seem more likely to have been 
a result, rather than a cause, of the herring-mackerel decline. .And in general 
the evidence suggests that with the exception of significant increases in sand 
lance and squid, and the low level of herring and mackerel, the overall compos­
ition of the finfish community changed relatively little and the demersal 
components show signs of rapidly returning to a pattern similar to that observed 
before the decline.

Evidence has been presented that there has been a significant reduction in 
food consumption coincident with the decline in finfish biomass. Assuming that 
there had been no change in basic productivity during the period of the study 
this would imply that there was a substantial food surplus at the low point of 
the finfish biomass. There is some evidence for higher growth rates for some 
demersal and pelagic species and for earlier maturation (particularly haddock). 
However, in examining the data on the fish food habits after the 10-year time 
interval (Tables 3.5 and 3.6)it was obvious that there were no drastic shifts 
in diet. Possibly the most noticeable,and consistent, difference was the 
relatively small decrease in the importance of fish as prey for Atlantic cod and 
a corresponding upward shift in the occurrence of crustaceans in the diet. Daan 
(1973), in comparing the northern and southern North Sea cod, observed a similar 
shift in diet between crustaceans and fish and tentatively concluded that the 
preponderance of crustaceans in the diet of the southern area cod reflected 
suboptimal feeding conditions for the larger, normally piscivorous, fish, Since 
the finfish biomass had declined in the Northwest Atlantic in the latter, 1973- 
1976, period the situation may be parallel to the North Sea with resulting sub- 
optimal feeding conditions. However, the shift in frequency of occurrence of 
prey was probably not significant enough and apparently was not reflected in a 
decreased growth rate which could be related to a change in the nutritional value 
of the diet. Of course, if the change was significant, a lower caloric value in 
the diet might simply be counteracted by larger meals, and if there was less 
predation on the benthos due to a reduced finfish biomass then this argument seems 
plausible but somewhat circular without data on gut contents weight.

Since the diets of similar size fish did not change drastically over time, 
despite a reduced finfish biomass and a potential surplus of energy, it's interest­
ing to speculate on the usefulness of a food habits time series data when it's 
restricted to adult fishes. It may be that by the time fish reach their adult 
size the food habits are so restrictive that there is little likelihood of a 
change in diet without the complete removal of the normally recognized prey.
It is possible that a food habit time series on the small, juvenile or even 
larval fish, might reveal more changes in diet or the potential for species 
interaction. Of course, as for the adults, food habits data needs to be considered 
in relation to other biological factors which might segregate juveniles and larvae 
through space and time. In any case it should be emphasized that, as yet there has 
been no consistent trend of increased recruitment of a number of species (e.g. 
gadoids whose larvae or juveniles depend upon primary carnivores which make up a 
signiricant part of herring and mackerel diet) comparable to that which has been 
observed in the North Sea (See Part 5.3). It is perhaps conceivable that sand 
lance have taken up the surplus since their larvae occur in the late winter and 
spring when cod and haddock larvae are produced. However, it is too early to tell 
whether such a shift has occurred and whether it will persist.
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5.2 Environmental Factors.

The role of the physical environment in controlling fish production has 
largely been beyond the scope of this study. However, it may be noted that a 
number of authors have correlated fish catches with temperature in the Northwest 
Atlantic (Sissenwine 1974, Sutcliffe et al. 1977, Dow 1969, Loucks and Sutcliffe 
1978]. The actual mechanisms associated with temperature which presumably control 
recruitment have not actually been identified. Nevertheless the correlations are 
intriguing and warrant further evaluation.

Of particular interest here is the fact that, based on bottom temperatures, 
there has been a general warming trend in the Gulf of Maine and Georges Bank area 
since about 1967 (Davis 1977]. Coincident with this trend, there has been a 
gradual shift toward a later spawning time for herring on Georges Bank (Lough 1976]. 
It is not known how such a trend might affect survival of herring and mackerel eggs 
and larvae but clearly it is a factor which needs more study.

5.3 Comparison of Georges Bank to the North Sea.

In the North Sea, the decline in biomass of herring and mackerel during the 
1960's was accompanied by an increase in biomass of certain other species, parti­
cularly the gadoids. Jones and Richards (1976] indicate that the decline in 
herring and mackerel biomass could have released enough food energy to support 
the increased biomass of gadoids. In the case of Georges Bank (1964-1966 vs. 
1973-1975], the decline in herring and mackerel biomass was accompanied by a decline 
in almost all demersal species including cod, silver hake, and most notably haddock. 
Even so, the relative change in surplus food available (assume the rate of 
production by fish prey is unchanged) before and after the decline in biomass of 
both areas is similar. The total consumption of exploitable size fish of nine 
species considered by Jones and Richards for the North Sea decline by 33% between 
the early and late 1960's. Total exploitable size finfish and squid consumption 
on Georges Bank declined by 42% between 1964-1966 and 1973-1975.

2The consumption per m of Georges Bank appears higher than the North Sea:
192 vs 55 Kcalories/m*2  for the high biomass period and 111 vs 36 Kcalories/m2 
for the low biomass period. The difference in consumption between the two areas 
is actually smaller than these values indicate since the North Sea values only 
apply to nine species generally at an older age than for Georges Bank. Other 
finfish and squid account for 5% and 20% of the total Georges Bank consumption 
during the two periods, respectively. The North Sea values typically apply to 
fish age 2 and older whereas the Georges Bank values apply to age 1+ (except for 
herring). Nevertheless, it is likely that total consumption per unit area is 
higher on Georges Bank than in the North Sea^ Of course, the area of the North 
Sea is greater than Georges Sank (570,000 km" vs 52,579 km2).

Crisp (1973) estimated the production of North Sea pelagic and demersal 
fish species as 8.0 and 2.5 Kcalories/m2 year, respectively. These estimates are 
based on fisheries production (by assuming exploitation rates). Georges Bank 
production of pelagics (herring, mackerel, and squid) was 6.2 and 5.7 Kcalories/m2 
year during periods of high and low biomass, respectively. The corresponding 
values for demersals were 11.0 and 7.0 Kcalories/m2 year. Thus, the pelagic
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production of the two areas is similar, but the demersal production of Georges 
Bank is substantially higher than the North Sea.

Actually, the production estimates considered here are not strictly 
comparable. Crisp's (1975) estimates are based on fishery yield, therefore they 
represent growth and recruitment. The energy of recruits is actually a minimum 
estimate of growth production of prerecruits. It is not production of exploit­
able sice fish. On the other hand, Crisp's estimates do not include production 
of reproductive material.

Based on the calculations in Part 4, the average recruitment to production 
(growth and reproduction) ratio (R/P) for 1963-1972 was 0.54, 0.08, 0.42, 0.17, 
0.09, and 0.08 for herring, cod, mackerel, silver hake, yellowtail flounder, and 
haddock, respectively. Therefore, for species like herring and mackerel with 
high R/P ratios, recruitment is a significant force acting to increase the size 
of the population. It is interesting that the species with the highest R/P 
ratios are both pelagics and also have the two lowest P/B ratios of the six 
species considered. Of course, R/P depends on the designated age at recruitment 
for each species.

The average recruitment to biomass ratio (R/B) of the six species for 
1963-1972 was 0.16, 0.05, 0.14, 0.10, 0.06, and 0.03, respectively (same order 
as above). Assuming that annual reproductive energy is 10% of the biomass for 
sexually mature fish (as was done for several species in this paper) R/B would 
have to be somewhat less than 10% for recruitment energy to balance reproductive 
energy (since not all individuals are mature). Thus, it is probably reasonable 
to compare Crisp's estimates of production to those calculated in this paper 
since recruitment and reproductive energy are similar in magnitude and approxi­
mately balance. The fact that recruitment and reproductive energy are similar 
in magnitude implies that the early life stages of fish consume much more energy 
than is contributed in the form of ego<o*s.

In summary, the biomass and consumption of both pelagic and demersal species 
declined on Georges Bank (1964-1966 vs 1973-1975) while only the former declined 
in the North Sea (early and late 1960's). Production and consumption per unit 
area of Georges Bank appears to be higher than for the North Sea. This probably 
reflects higher production per unit area at all trophic levels.

5.4 Future Research

Tnroughout this paper we have summarized the available data on finfish 
biomass, food habits, and potential species interaction for many of the Northwest 
Atlantic fish. The result has been a discussion of the state of the art, to date, 

it is now appropriate to include a brief outline of future research require­
ments that would in some cases quantify and in others simply refine our understanding 
of the marine ecosystem.

1) Food habits studies need to be expanded to consider all life stages
of the fish under consideration. This includes not only an evaluation of oredator 
and prey size but also the relation between food habits and the temporal and 
spatial distribution of the fish.

2) Extensive behavioral studies on selected "key predators" are needed to 
better 'understand the interrelationships that have developed between oredator and
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prey. This would include both field and laboratory observations in selected, 
representative areas that would be accessible on a year-round basis.

3) As a parallel to studies on key predators, key prey should also be 
studied. There are relatively few groups of animals that constitute the major 
components of the fishery forage base. These important benthic and planktonic 
prey may be identified from food habit studies and the distribution, abundance, 
and life history of these selected prey must be investigated over time.

4) Accurate field data is urgently needed on the rate of digestion and 
caloric value of prey if we are to obtain precise estimates of the daily ration 
that a given species and size of fish requires in nature. Studies on feeding 
chronology should be complemented by in situ behavioral observations and laboratory 
digestion rate and growth studies which are based on a specific predator's natural 
diet.

5) Estimates of population size and production and consumption rate of 
almost all species need to be improved. The need is particularly keen for species 
not traditionally the target of fisheries. Some of these species (squid, sand 
lance, and large pelagic sharks) potentially play an important role in energy 
flow of the ecosystem. Even for the traditionally exploited species, better 
information is needed on reproduction and metabolism.

5.5 Conclusions Regarding Pelagic Fish Stock Management.

In keeping with the purpose of this symposium, it is appropriate to comment 
on the relationship of this paper to the biological basis of pelagic fish stock 
management. For the Georges Bank area, a greater proportion of the total production 
of pelagic species (herring and mackerel) occurs as prerecruits (less than 1 or 2 
years old) than occurs for prerecruits of demersal stocks. The recruitment to 
biomass ratio is higher for the pelagics than for the demersals. On the other 
hand, the production to biomass ratio and gross growth efficiency is lower for 
the pelagics than for the demersals.

Intuitively these differences might imply that pelagic stocks will react 
more quickly to environmental fluctuations, and possibly make them more susceptible 
to recruitment overfishing. Furthermore since the principal pelagics depend solely 
upon planktonic forms for food during adult as well as early life stages, their 
distribution might be expected to be more variable and over the long run they 
may be more sensitive to variations in primary and secondary production trends.

While there may be some basic difference in the energetics of pelagics 
relative to demersals, production by both components are related by feeding 
interations (either competition or pTedator-prey). However, it is still not 
possible to draw firm conclusions about direct or indirect relationships between 
pelagic and demersal productivity. Therefore, at our present level of under­
standing of marine ecosystems, there does not yet appear to be any unique 
biological basis for pelagic fish stock management.
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Table- 3.1. S(.ratified mean catch per tow (kg) for finfish and squid in autumn 
trawl surveys ror three periods, 1963-55, 1972-74, and 1975-77, in 
(.he comDined area of southern New England, Georges Bank, and the 
Gulr or Maine (Strata 1-30.and 36-40, Figure 1): Catch per tow 
subtotals of jnajor grouos in kg and percent (in parentheses) shown 
at the top or each group.

Species 1963-65 1972-74 1975-77

and rlounaers
Atlantic cod
Haddock
Redfish
Silver hake
Red hake
Pol lock
Yellowtail flounder 
Other flounder

77.0 (50.0)
7.2

23.6
13.1
8.0
3.9
3.2
5.3
7.2

35.3 (40.9)
6.5
2.9
9.2
3.3
2.0
2.8
4.4
4.6

43.9 (43.3)
6.0
9.3

10.2
5.6
3.3
7.0
1.0
6.5

Other croundfish
(aoosefisn
Ocean pout
Sculpins
White hake
Mi seel 1aneousu

10.3 (7.0)
3.7
0.5
0.8
3.0
2.8

14.0 (16.0)
—o—

0.1
0.9
6.6
3.5

13.2 (11.3)
3.0
0.2
1.1
5.5
3.4

Principal oelaqics
Atlantic herring 
Atlantic mackerel

0.6 (0.4)
0.5
0.01 2

0.2 (0.2)
" 0.1

0.1

0.0 (0.0)
—

O.O1
Other oelacics and

other rinfisn^
Butterrish
Spiny dogfish
Skates and rays
Mi seel 1aneous3

64.3 (42.1)
1.5

47.4
15.1
0.3

32.6 (37.2)
1.3

19.1
10.3
1.4

40.3 (36.1)
3.0

27.1
9.0
1.2

Squid
Short-fin
Long-fin

0.7 (0.4)
0.0^
0.6

5.0 (5.7)
0.4
4.6

9.1 (8.2)
5.2
3.9

TOTAL finfish and squid 153.9 87.6 111.5

1Lass than 0.05.
2^Slude^ data f0r tunas’ snarks, swordfish, American eel 
ana w m1a percn. menhaden,
^d1s?rl:ped“Sfs3errin9' «»<*. Tjmln,. btuefud,

"-usf a]1 0tn9r 3roundf’:3h bu* reflects mainly catches of
K’ iCjo, sea raven, wolrrish, sea rooins, and smooth dogfish.



- 36-

•r

r

P

4-2

r

r-4

on
4-2
L

•4-
•*

CN

4

3
JO
o

to
•

PS

—
a

*3

&•
a
o
C

3
<T3
->
CJ

C
3
L

4-2O
2

n
o

•

<4-
o
S-

00
3
—
Ol
CJ
■u
3
nr

on
C"X0)
CJ

•f*
GJ
00

—
£=

-3
o

4-2
4-2
c
s?

4-2
S-

2
(-•

00
3
l
>
<y
>2
00

i-
5
{=
—4
co
vo
CO

1

GO

l

 

—

—

JO
**

"3

<+

O

****

4-)
4-2

-4

4->
JZ

CJ

>

r

*

—

.

3

«

>
a;
u
0
2

—
SZ
3

ns
—

a?
ns

-.
S-
0
?5

ns
CL
3

rc

a
*-
-0
00

0

3

3
—

V4-

0
M-
2:

<T
4

3
—
3
3

—
v/o
4-2
t-
ns

4-2
ns

^4
f

m
o

•

ro
UO

1
<3-
o

VO
4
I

—

»

.

•

oo
aj
3

•

VO

—

«<

L

-

r
»

•

r

l

T

.

CO

4

3
0

—
—

n

5

-

J

4
•

O
ns
—

L.

>3
-

3
-

ns
3

—3
—
3

cn
3
L
>
CJ
>1
OO

OO
CO
2
—

0
i-

^

<4-

ns
—

—

00

T-

CL
CJ
CJ

CJ
00
• 

OO
CL
L
4—
c
co

00
3
S-
>

-3

>,

ns
4-2
ns

ns

1/2
0

1-
00
3
ss

4-2
3

—

—

3

 
 

 

 
 

 

-
 

c.
L

 

 
 
 

- -
 

 
 

2  
 
 

 

)

 
 
 

 *4

0
1-

00
0
—
c
OO

CJ
CJ

•*-
<u
00

—

i_a
C

4-2
_c

C-

--
C

3
00
CJ
00
 
 

cl
ns

>
•

*

^—V ^^ ^—v ^. I
r^x 0 vo r*x VO vn 0 0 nr «r nr U0 « nr *r f—4 CJ
rs> • • • • • • • • • • • • • • . .
ao nr O uo 0 0 0 0 0 0 0 VO f""* 0 0 O O»—s CM >—* ■**—* —* rn CM

X—^

•
x. *—s ** -x

VO nr 0 cc O r-^ t“4 f—^ nr *—4 1—4 ^ 0 0 0 O O• . .d dcn d —•VO 0 cn O —< O rx —4 CM O O
»*4 x—-«• >—* a

r—x X*
LD 0 m ^-4 O CM 0 —< 0 cn nr nr CM r—* CO O

•
m 0 o’ o’ dCO d d —> rx O d dO nr 0 VOr4 cm — - r-4 xm.*

<*—■S -—x
nr co CM O O —> O n. f—4 0 co CM O VO nr CM UO
r*^ •
co CM d d d dO nr O —* «r d■ O CM O —• 0*-H r-4

>x-.4

r—V s X
cn CM ’T CO —1 CO O VO cn *-h 0 CO Co no m 0• • • • • • • • « • • • • • .
cn VO CM —4 d0 cn 0 0 0 0 0 0 0 un 0 0»—4 VO >—* M_-• r-4

x^r

s 1s X r—x
CM LD CO 0 CM O 0 m cm co —^ CM nr co cn

• • • • • • . . • • • . . .
d dco c •-H CO O CM 0 0 0 0 0 0 0 0 0

r-4 ■*w-* X—»

s N X—X r—x
r-H cn P^ 1-4 nr VO —t 0 r—4 O CM O co r“H 0 co 0
r*x • • • • • • • • • • • • •

^—4 dUO d dco O cn 0 —> 0 0 O — 0 0 O4—4 r^. >—-» X_^> f-4
Xw"

> X % X
O VO 0 CO r-4 CO 0 0 —1 nr 0 —1 O CM 4-4
r*. • • • • • • • . , , ,
ao dCM 0 0 0 0 0 O O cn O CM 0 0 04—4 VO x—» X—•>

-—> X X
Cn •—4 VO CO 0 0 CM O 0 r-4 m ^-4 cn UO CM cn 0
VO • • • • • • « • • • • , , ,
co d dCM 0 —1 0 0 0 0 O 0 0 0 —1 0 0
*—4 CM *-4 M—' x«_r- cc

«v X s
CO P^ cn rr UO P^ O CM O <—( r—1 cn co 0 0 ro 4—1
VO • o’ rr d d d d d d d dGO 0 O —> O rn 0i *—4 r—4 «- - •»- - -

CO
3

•4—
t- a 00 00
L CJ CJ •— 3
3 3 3 U— “300 JO aj u •1— ns L- 3

CJ L— n3 > 4-2 r— •—• 3 L oo
•4— -3 *r— JO O 3 <4— JL 3 r—
VJ 0 2 CJ *3 JZ. 3 -3 3 O 4-2 L
CJ 3 CJ 3 n3 VJ Co 3 3 O 3 nS
cl 0 _3 L. ns r— S- n3 3on cs < CO on c ■=: on CO OJ CL

V
al

ue
s

of
0.

0
In

di
ca

te
po

sit
iv

e
ca

tc
he

s
<0

.0
5.



-37-

Tab 13 3.3. Mean weight (in kgj of haddock in commercial 
catch from Georges Bank, 1960-1975 and ages 
3-6.

Year 3 4 5 6

1976
1975
1974
1973
1972
1971
1970
1969
1963
1967
1966
1965
1964
1963
1962
1961
1960

1. 73
1.69
1.71
1.54’
1.69
1. 20
1.14
1.41
1. 13
0.95
0.33
1.02
1.12
1. 14
1.03
1.06
1.16

2.52
2.42
3.43’
2.25
1.35
1.61
1.37
1.70
1.33
1.22
1.33
1.45
1.43
1.47
1.3S
1.49
1.59

3,50
1.37’
3.07
2.66
2.23
2.33
2.04
2.00
1.61
1.56
1.91
1.81
1.79
1.73
1.76
1.30
1.38

3.44
3.64.
2. 72
3.OS
2. 72
2.23
2. OS
2. 12
2.27

•2.33
2. 23
2.22
2.23
2.20
7 70

2.46

extreme 1/ small /ear class with the number of age 
detertsinawtons orobabl/ inadequate for these values 
to be meaningful.

Table 3A. Mean length at age of silver hake in the 
commercial catch, Georges Bank.

Year 3 4
Age

5 5

1976 29.3 31.1 31.6 44.5
1973 31.2 34.5 36.7 39.0
1974 32.1 34. 5 33. 1 34.9
1973 30.9 ' 35.3 39.3 40.0
1972 33. 3 35.7 33.6 37.6
1971 23.9 31.2 34. 1 36.5
1970 29.3 31.4 34.3 37.0
1969 23.3 31.3 35.0 33. 1
1963 27.6 31.1 35.3 39.4
196 7 23.9 31.4 35.0 39.3
1966 27.3 31.0 35.5 41.0
1965 27.3 30.2 54.9 59.2
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Table 4.1. Weight at age in grams (W. . -)1 for herring, cod, mackerel,
J )

silver hake, and yellowtai
' 

l
J

 
 

flounder.

Age Herring Cod Mackerel
Si 1ver 

hake
Yellowtail 
flounder

1 - 170 95 32 39

2 87 620 175 97 160 x

3 140 1,410 266 188 331
4 180 2,510 350 291 510
5 220 3,880 432 390 674
6 240 5,450 506 485 811
7 275 7,150 564 569 920
8 300 8,930 615 639 1,005
9 320 10,750 659 699 1,068

10 340 12,550 693 746 1,115
11 360 14,310 ' 693 786 1,149
12 ■ 360 15,100 693 821 1,174

Weight at age for herring are the values used in the most recent ICNAF and 
Northeast Fisheries Center assessments of the Georges Bank stock. Cod weight 
at_age values are based on a length-age function reported by Penttila and 
Gifford (1976) and a weight-length function reported by Serchuk, Wood, Clark 
and Brown (1977, Analysis of the Georges Bank and Gulf of Maine Cod Stocks, 
NEFC Lab. Ref. No. 77-24, unpublished). Mackerel weight at age values are 
from Anderson (1977). ^Silver hake weight at age values are based on Almeida 
(1978, Determination of the von Bertalanffy Growth Equation for three stocks 
of silver hake, Merluccius bilinearis, in the Northwest Atlantic Ocean, NEFC 
Lab. Ref. No. 78-13, unpublished). Yellowtail flounder weight at age values 
are from Lux and Nichy (1969) and Lux (1969).
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Table 4.3. fraction of females mature at age

Soeci es 1 3
Aae

3 4

Herring 0.00 O.CO 0.20 0.91 1.00
Cod a. co 0. 25 0.73 1.00 1.00
Mackerel o.co a. so 1.00 1.00

%

1.00
Silver hake a.co o.co 1.C0 1.00 1.00
Yellowtail flounder o.co 0.52 0.57 1.C0 1.C0
Haddock

1 estimates rcr herring are based primarily cn the Geometric mean of the fra ::cn 
mature at age for 1960-1965 CBoyar 1363). Estimates for cod, silver hake? and naddock are assumed values which are ccmcatible with the estimated aga ** 50% maturity indicated by bottom trawl survey data (Robert Livingstone,'n£?C, Woods ‘0 2 "2Cr-tory, Msrch 197 /, unpublished). Estimates for mackerel corrssc one tw ..ne values^used in stock assessments to calculate spawning stock site (t  Emoryr  
Anderson, NEru, Woods Hole Laboratory, personal communication), mesa est imates are compatible to a minimal amount of data available from bottom trawl survevs.estimates ror yellcwtail 'flounder are from Royce et al. (1359).

Table 4.4. Total calculated production (sunned over all ages) in thousancs (1Q^) of 
kilocalories per kilometer squared.

Herring Cod Mackerel Silver hake Y7 Haddock

1353
1964
1365
1365
1357
1363
1363
IS 70
19 71
1372

5273
5345
5445
5302
5115
4471
3439
2579
1777
3332

1003
1032
1032
960
389
350
SO 2
538
515
533

491
439
408
491
370

1904
2061
2043
1652
1303

3742
7957
5347
3249
2373
2044
1989
1362
1506
1953

456
402
347
383
456
523
511
493
423
385

2533
1389
2723
1363
1269
557
292

• 201
146

£ 1 y 1

13643
17164
15317
11734
11173
10355
3034
7866
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Table 4.5. Total calculated consumption (summed over all ages) in thousands (IQ3) 
of kilocalories per kilometer squared.

Year Herring Cod Mackerel Silver hake Yellcwtail Haddock Total

1963
1364

76422
82455

5503
5660

5660
5301

70080
65317

3340
3030

17630
18086

173635 
179849 1965 89090 5703 5082 44822 2519 17046 *164252 1966

1967
1968
1969
1970
1971

89921
85765
74659
57119
42947
29190

5230
5202
5030
4299
3633
3353

5831
9223
18750
21527
22197
18993

27795
20367
17484
16954
16243
13031

2510
3121
3559
3637
3395
3176

10622
7829
5092
29 75
1915
1241

142009 
131507 
124574 
106661 
90381 
68984 1972 43004 3540 15521 14509 2884 821 8C279

iab1e 4.5. Calculated production to biomass ratio (summed over all ages) for
1963-1972.

Year ierring Cod Mackerel Silver hake Yellcwtail flounder Haddock

1953
1964
1965
1966 
1957
1968
1969
1970
1971
1972

0.33
0.30
0.23
0.25
0.25
0.27
0.27
0.27
0.27
0.39

0.57
0.56
0.55
0.59
0.54
0.54
0.51
0.59
0.51
07 53

0.37
0.34
0.33
0.25
0.42
0.43
0.43
0.40
0.37
0.35

0.54
0.51
0.53
0.56
0.55
0.55
0.56
0.53
0.52
0.74

0.52
0.59
0.61
0.71
0.71
0.56
0.54
0.52
0.5’
0.53

0.53
0.39
0.51
0.44 
0.51 
0.39 
0.23 
0.29 
0.25 
0.22

Gecmetric 0.29 0.50 0.34 0.59 0.53 0.41average
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Table 4.7. Gross growth efficiency (summed over al1 ages) for 1263-1972.

Year Herring Cod Mackerel Silver hake Yellowtail flounder Haddock

1363 0.07 0.13 0.09 0.13 0.14 0.15
1264 0.07 0.13 0.08 0.12 0.13 - 0.11
1265 0.06 0.13 0.08 0.12 0.14 0.16
1366 0.06 0.19 0.08 0.12 0.15 0.13
1267 0.06 0.19 0.09 0.12 0.15 0.13
1268 0.06 0.19 0.10 •0.12 0.14 0.13
1365 0.06 0.19 0.10 0.12 0.14 0.10
1970 0.06 0.19 0.09 0.11 0.14 0.10
1971 0.06 0.19 0.09 0.12 0.14 0.12
1972 0.06 0.19 0.09 0.12 0.14 0.12

Table 4.3. Consumccion to biomass ratio (summed over all years) for 1963—1972-

Year Herring Cad Mackerel Silver hake Yellowtail flounder Haddock

1263 4.3 3.1 4.2 5.1 4.5 3.5
1364
1265
1965
1267

4.5
4.5
4.4
4.4

3.1
3.1
3.2
3.4

4.1
4.1
4.2
4.5

5.0
4.3
4.3
4.3

4.4
4.5
4.3
4.3

3.5
3.3
3.5
3.5

1968 4.5 3.4 4.7 4.3 4.5 3.0
1569 4.5 3.3 4.5 4.3 4.5 2.3
1270 4.5 3.2 4.4 4.7 4.5 2.3
1971 4.5 3.2 4.2 5.0 4.5 2.3
1972 4.3 3.5 4.2 5.5 4.4 2.3

Gecmetric 4.5 3.3 4.3 4.9 4.5 3.2
average



-45-

Table -1.9. Average calculated production in thousands (103) kilocalories 
per kilometer squared, 1963-1972.

Age Herring Cod Mackerel Silver hake Yellowtail Haddock Total

1
2
3
4
rz
0
7
a
9
10
li

NC
1334.1
889.9
897.1
454.3
386.9
169.1
60.2
21.5

1.4
-

172.0
210.7
176.3
118.9
80.2
54.5
33.0
18.5
8.5
4.3

•

354.1
308.6
227.5
145.3
72.3
28.1
15.4
9.6
4.9

-

_

1065.3
1106.0
908.9
381.4
131.4
65.7
32.9
12.3
3.7
-
-

136.9
146.0
96.7
38.3
12.8
3.7
1.8
-

-

-

-

191.5
193.5
213.5
195.3
125.9
107.7
56.5
52.9
11.0
3.7
1.8

1920.4
3298.9
2512.3
1775.3
875.9
646.5
308.3
154.1
49.7
9.4
1.3

NC - not considered.

Table 4.iq. Average calculated consumption in thousands (103) of kilocalories 
per kilometer squared, 1963-1972.

Age Herring Cod Mackerel Silver hake YT Haddock Total

1
2
3
4
5
6
7
3
9
10
11

NC
14934.7
15367.5
13380.0
10294.7
5907.1
3659.9
1457.4
524.5

31.5

756.5
1023.9
927.2
570.5
494.4
356.3

1096.2
144.7
71.7
27.2
4.3

3121.6
3081.0
2533.7
1871.2
1057.0
486.1
290.8
196.2
102.3

6531.7
9059.3
7327.4
3989.5
1537.8
755.5
372.3
147.3
43.3
16.4
1.3

663.0
981.9
845.0
403.3
149.7
51.1
13.3
7.3
1.3

985.5
1361.3
1363.3
1346.9
1115.1
346.8
605.9
465.4
146.0
51.1
31.0

12063.4
23919.6
23919.6
2215*7.0
13698.7
9403.5
5043.4
2413.8
390.5
125.2
37. 1

N'C * not considered.
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Table 4.11. Calculate production to biomass ratio by age.

Age Herring Cod Mackerel Si 1ver naka Yell oxtail flouncer Haddock'

1
2
3
4
5
5
7a
9
10
li

NC
0.47
0.27
0.29
0.19
0.24
0.19
0.17
0.16
0.16

1.14
0.30
0.54
0.53
0.44
0.37
0.32
0.29
0.25
0.23
0.21

0.39
0.46
0.37
0.31
0.25
0.21
0.19
0.17
0.15

-

1.01
0.54
0.54
0.40
0.33
0.33
0.32
0.29
0.27
0.25
0.2A

1.33
0.72
0.47
0.36
0.23
0.23
0.20
0.13
0.17
0.16

' 

1.06
0.51
0.30
0.49
0.34
0.33
0.25
0.30
0.19
0.17
0.15

NC - not ccnsidarad

1Average valua for 1963-1972.

.abla 4.12. Calculated gross growth efficiency by age.

Age Herring Cod Mackerel Silver hake Yellowtai 1 flounder Haddock *

1
2
3

NC
0.09
0.06

0.23
0.20
0.19

0.11
0.10
0.09

0.16
0.12
0.12

0.21
0.15
0.11

0 ?0
0 u
n

3
5
7
3
9
10

0.06
0.04
0.06
0.05
0.04
0.04
-

0.13
0.16
0.15
0.14
0.13
0.12
0.12
0.11

0.03
0.07
0.C6
0.05
0.05
0.04
-

0.10
0.08
0.09
0.09
0.08
0.03
0.07
0.07

0.10
0.03
0.07
0.06
0.C6
0.06
0.05

0.15
0.11
0
0.0°
0.11
0.08
0.07
0.06

.'1C - not considered

'Average value *or 1553- 1972
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iaoie 4.13. Calculated consumotion to biomass ratio by age

Age Herring Cod Mackerel Silver hake Yellcwtai1 flounder i
Hadcock *

1
2
3
4
5
5 ■
/
8
9
10
11

NC
5.2
4.7
4.5
4.2
4.2
4.1
4.0
3.3

5.0
3.9
3.3
3.0
2.7
2.5
2.3
2.2
2.1
2.0
1.9

5.2
4.5
4.2
4.0
3.3
3.5
3.5
3.4
3.4

5.5
5.2
4.7
4 7
3.9
3.3
3.7
3.6
3.5
3.4
3.4

5.5
4.3
4.1
3.7
3. 5
3.3
3.2
3.1
3.1
3.0

£ A

4! 2
3.3
3.4
3.0
2.9
2.7
2.7
2.5
2.4
2.4

NC - not co.nsi dered

'Average value for 1963-1972.

Tab 1 e 4.14. Georges Sank consumption and production in thousands of kilocalories 
per kilometer squared. 5

Soecies 
1964-1965 1973-1973

GrouD Sicmass Consumnticn Production Siomass Cc rsumotion Production

Cod
Hacdock
Redfish
Si Tver hake
Red hake
Pol 1ock
Yellcwtail flouncer
Other flouncer
Herrinc
Mackerel
utner rinrish
; i i ex

1390
4474

23
1CC52

1034
273
525
312

tore i
■1314
1534
231

£ 1

5561
15117

59
4353 7
4444
1140
2374
1273

37521
5410
5904
1517
441

1071
2147

5
5330

499
123
399
i 44

5383
446
775
247

35

320
443

53
7412

SOI
113
431
229

5201
2730
2250
1719
273

3036
1413

159
36313

3234
434

2213
'iso

23=25
11738
8255

19:1

352 
• 132

13
4373

353 
54

3C3
i i J

1793
*923
1040
2573
410

i ota i 192054
.-4400
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PREDATORS OF HERRING

Atlantic Cod Spiny Dogfish Gccsefisn
Silver Hcke Pcrbecgle Hickcry Shed

Pollock Slue Shcrk Atlantic Scimcn
Red Hcke Thresher Shcrk Sluefin Tuna
Hcddcck Shcrtfin Mcko Swordfish

White Hoke Oecrnosa Skcte
Squid Little Skcte

i
PREY OF ADULT HERRING

Fish
- Send Lance
- Herring
- Other Fish

Crustccscns
- Krill
- Ccpepcds

Chcefcgnoths
Molluscs

HERRING
Figure 2.1. Predators and prey of herring.
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PREDATORS OF MACKEREL

Atlantic Cod Spiny Dogfish Gocsefish
Silver Hake Porceagle Weak fish
Red Hake Blue Shark Striped Bass
White Hake Tnresher Shark Bluer'in Tuna

Squid Shortfin Mcko Swordfish
Sea Lamprey Atlantic Bonita

Figure 2.2. Predators and prey of mackerel.
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# * 

& <f

/4 & # $ 4 41 $ L £ P
/////////// ///

#

ECHINCDERMATA

L-80ii-GO-
-40!
-20i

I !

MCUJJSCA

-ao;-!
-GO!
-40!

1 ! 1 i i ! 1 : : I i. s i i
1 ,i ■ ! ■ ; j { ! MB

1 i ; : 1 ! i i | m i i
ii!1!! : ; !
j 1 : 1 ; ! i 1 ! ! 1 ! i I
! : i i 1 ! i i 1 ! ! ! 1
; i j j ; i
—

; | ! i i

OTHER PHYiJi

MISCELLANEOUS

Figure 2.3. A diagrammatic representation of the prey of 16 species 
of fish collected on Georges 3ank between the years 
1969 through 1972. The data are expressed as percent 
weight.
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Atlantic Herring 2 0 15 5 10 18 71 14 ■\ III ——

Pollock 25 23 42 23 36 13 50 11 57 \ pm

Redfish 23 21 37 16 29 14 47 17 47 69
Suit erfisn 2 0 11 6 11 30 33 25 31 13 38
Windowpane 2 0 7 9 32 38 32 25 16 8 3 23
Yellowtoil 3 1 6 14 8 22 6 44 4 8 21 23 |||

Haddock 3 0 10 18 13 27 17 44 17 12 13 22 15 49 \|

Winter Flounder 3 0 4 11 7 30 23 | 37 16 5 7 30 23 59 62 \]
0

>30 □ >
30
60

60
>100

Figure 2.4. Percent similarity between the diets of 16 species of fish 
collected on Georges Bank between the years 1969 through 
1972. The calculated values are based on the food habits 
data presented in Table 2.5.



Research, Assessment, and Management of a Marine Ecosystem in 
the Northwest Atlantic—A Case Study. Paper presented at the Second 
International Ecological Congress Satellite Program in Statistical 
Ecology, University of Parma, Institute of Ecology, August 1978. 70 pp.

M. D. Grosslein, B. E. Brown, and R. C. Hennemuth
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figure
2.2.1 Offshore (> ’f fathoms) sampling strata used for U.S. bottom trawl surveys by Northeast 

fisheries Center.
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Figure 2.3.3
Estimates of fishablc biomass by year for ICNAF S’sbnrea 5 and Statistical Area 6, 1964-75, 

calculated with ret runs formed survey data (from Park and Brown 11377], figure 13J-
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Figure 2.5.2 Family of generalized surplus-production curves after Fella and Tomlinson (1969).
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ĉ
LJ
X

h
XJ
 
  

 

  
  

 
 

Ci
o
Mci
uô
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Tabic 3.3.1 Moan numbers of licrrln^ larvae per l0™7 on Georges I'anV, and associated standard deviations 
and coefficients of variation. for 3/ standard 1 CHAT stations cast of and Including ll»e 
transect on CO* west longitude (see figure 2).
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Abstract

Food consumption and production of fish stocks in the Gulf of Maine,
Georges Bank, Southern New England, and Mid-Atlantic continental shelf waters 
are described in relation to primary productivity estimates for the areas. 
Comparisons are made between theoretical estimates of fish production in 
relation to primary productivity as outlined recently by Sheldon et al. (1977) 
and recent empirical estimates based on an energy balance equation and estimates 
of biomass derived from VPA and research vessel data. Empirical data on food 
consumption is examined among areas in relation to differences in primary 
production-fish production ratios. Comparisons are also made with recent 
production and consumption estimates for North Sea fish stocks.

Introduction

Since the early works of Bigelow (1926), Riley (1946), and Clarke (1946), 
little attention has been focused on the energetic linkages among primary, 
secondary, and fish production off the U.S. east coast. Using average values 
for ecological efficiencies and productivity, Ryther (1969) estimated that one 
million metric tons of fish were produced annually in the area from the Nova 
Scotian shelf to Hudson Canyon. Total finfish biomass estimates of about six 
million metric tons for the period 1968-1969 are given by Clark and Brown 
(1977), based on research vessel trawl-surveys and catch-data for a slightly 
larger area. This large biomass of finfish has in the period since 1968 
declined by approximately 65% to a level of 2.5 million metric tons in 1974- 
1975. Most of the decline is correlated with fishing effort (Clark and Brown, 
1977).
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The impact of a reduction of three-and-one-half million metric tons of 
finfish biomass on the productivity of the ecosystem off the northeast coast 
is presently the subject of an extensive investigation by the Northeast Fisheries 
Center. As part of the study, initial estimates have been made of the food 
requirements of the fish stocks in the area in an attempt to clarify the 
importance of food availability as a factor in governing fish production.

Food Base

Initial estimates of the principal prey items utilized by 17 of the more 
abundant pelagic and demersal fish off the northeast coast based on the examina­
tion of approximately 70,000 stomachs are summarized in Edwards and Bowman 
(1978) and Grosslein et al. (1978). The major pelagic species are herring, 
and mackerel; squid are also included as pelagic species although concentrations 
can be found along the bottom, where they are vulnerable to bottom trawling. 
Herring and mackerel feed principally on euphausids, copepods, chaetognaths, 
pteropods, fish eggs, and appendicularians. Data for squid, although incomplete, 
suggest that fish, euphausids, and squid are the predominant prey items. Of 
the 14 demersal species examined, four are principally fish eaters--silver 
hake, cod, spiny dogfish, and goosefish. Three prey almost exclusively on 
benthic crustaceans--white hake, red hake, and little skate. Four species-- 
haddock, and windowpane, yellowtail, and winter flounders--concentrate on 
benthic invertebrates including polychaetes and echinoderms, and three species-- 
pollock, redfish, and butterfish--prey on pelagic crustaceans, particularly 
euphausids (Table 1).

The food habits of eight species of fish were examined for gross differ­
ences in diet between three geographic areas off the northeast coast--Gulf of 
Maine, Georges Bank, and Southern New England. These eight species were 
selected.because they cover the spectrum of feeding types, ranging from benthic 
to pelagic predators, and/or because of their overall importance as part of 
the finfish biomass in a specific area. The species considered are: Atlantic 
cod, haddock, yellowtail flounder, silver hake, Atlantic mackerel, Atlantic 
herring, pollock, and redfish. An examination of the food habits of these 
species revealed no remarkable differences in diet between areas for any given 
species (Table 2). There are some instances where a change in the species 
composition of prey reflects the changing distribution of available prey but 
this does not necessarily represent a change in feeding tactics by the predator. 
If anything the conclusion one must draw is that the food habits are remarkably 
constant for any given species.

Food Requirements of Fish Stocks off the Northeast Coast

Recent estimates have been made of the food requirements of the fish 
biomass off the northeast coast. Edwards and Bowman (1978) using caloric 
values for the dominant prey items, and a model of energy requirements for the 
biomass of fish in the Gulf of Maine, Georges Bank, and Southern New England 
areas calculated energy requirements for the biomass of finfish during a 
period of high abundance 1963-1965 and for a low biomass period 1972-1974.
Their values reflect a substantial difference in energy requirements for the 
stocks decreasing from 89,783 x 10^ metric tons of food per-year in the early 
period to 51,215 x ICr metric tons per-year for the more recent time-frame 
(Table 3).
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Theoretical Food Requirements of Fish Stocks off the Northeast Coast

In an attempt to partition the amount of energy consumed by fish and the 
amounts available to other components of the ecosystem, the theoretical primary 
productivity to fish relationships were calculated according to the method 
developed by Sheldon et al. (1977). This approach, uses the sizes of predators, 
and their prey, and the efficiencies of their interactions to estimate the 
production at any trophic level using standing stock and growth estimates of 
different size ranges. We have used this method to calculate the fish produc­
tion of the Gulf of Maine, Georges Bank, Southern New England, and Mid-Atlantic 
waters based on estimates of primary production in these areas. Sheldon et al. 
(1977) assume an average doubling time of phytoplankton of 2 days and a standing 
stock of fish that is about 70% of the phytoplankton standing stock resulting 
in an estimate of phytoplankton production 260 times fishery production for 
waters of the Gulf of Maine. These assumptions were also used in our calculations 
for Georges Bank. The ratios of fish to phytoplankton biomass differ both for 
Southern New England and the Middle Atlantic. The values for these areas were 
determined by solving the equation P=rS for S; where P=production of phyto­
plankton, r=instantaneous growth rate and S=phytoplankton standing stock 
(Sheldon, 1977). The standing stock of phytoplankton was then compared with 
that of fish in the period before stocks declined (1964-1966). The value for r 
in the equation was calculated from the doubling time. A reasonable value for 
doubling time under field conditions is 2 days, based on the work of Epply 
(1972). The production value in the equation is our best estimate of the 
primary productivity for each area. Carrying out the calculation we found that 
the fish biomass was 100% of the phytoplankton biomass in Southern New England 
and 36% in the Middle Atlantic region. Adjusting the phytoplankton production 
by the biomass ratios leads to the phytoplankton production being 180 times the 
fish production in Southern New England and 500 times greater in the Middle 
Atlantic. The fish production based on the phytoplankton production is about 
11 g wet wt/mvyr in the Gulf of Maine, 29 g wet wt/m2/yr in Georges Bank, 14 g 
wet wt/m2/yr in Southern New England, and about 6 g wet wt/m2/yr in the Middle 
Atlantic area. In addition, a calculation of primary production needed to 
support the fish stocks was carried out using this method. Estimates of fish 
production were made using an energy balance equation described in Grosslein et 
al. (1978; Table 5) based on biomass data for the Gulf of Maine, Georges Bank, 
and Southern New England for the period before overfishing (1964-1966) and in 
recent years (1973-1975) when the stock levels were lower. The biomass of 
herring of the Georges Bank and the Gulf of Maine stock was estimated by virtual 
population analysis using catch data and assumptions compatible with the most 
recent assessment of the stocks. Biomass density was obtained by dividing 
population estimates by the area of Georges Bank and Nantucket Shoals (69,773 
kmO and Gulf of Maine (61,487 km2). The average density of herring in Southern 
New England was estimated by adjusting the density of the Georges Bank-Nantucket 
Shoals area by the ratio of the area of Nantucket Shoals to all of Southern New 
England. This results in 25% of the Georges Bank stock being attributed to 
Southern New England.

Estimates of mackerel biomass for ICNAF SA 3-6 were reported by Anderson 
and Paciorkowski (1978). These estimates were divided by the total area of SA 
3-6 (448,000 km2). The density so calculated was assumed to apply to each of 
the four areas considered. The density of all finfish and squid on Georges
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Bank, excluding the principal pelagics (herring and mackerel) as reported in 
Grosslein et al. (1978) were used. The population estimates reported in Clark 
and Brown (1977) for all of SA 5-6 (excluding herring and mackerel) minus 
population estimates on Georges Bank based on Grosslein et al. (1978) were used 
to calculate the average density for the Mid-Atlantic, Southern New England and 
Gulf of Maine areas combined. These values were adjusted according to the 
relative mean catch per tow in autumn bottom trawl surveys in order to obtain 
estimates for each of these areas separately. The production is lower calculated 
this way (Grosslein et al., 1978) than that computed using the method of Sheldon 
et al. (1977). For example, on Georges Bank the production ranges from 17.5 to 
12.7 using P/B ratios (1964-1966 to 1973-1975) versus 28.8 g wet wt/nr/yr as 
given in Table 5.

Our calculations show that there is a surplus of primary production over 
the amount necessary to support fish production even at 1964-66 levels. Using 
the approach of Sheldon et al. (1977) and the fish production value for Georges 
Bank of 17.5 g/m^/yr, the amount of primary production required to support this 
level of fish production is only 273 gC/m^/yr as shown in Table 4. Our present 
estimate of mean annual primary production for Georges Bank is 450 gC/m^/yr.
There is also a surplus in the Gulf of Maine and Middle Atlantic (Table 4).

When we consider the changes in biomass, production, and consumption 
between the 1964-1966 and 1973-1975 periods, significant quantities of available 
food are not accounted for by consumption. The surplus from each area for the 
different fish types is given in Table 5. In each area for finfish, squid and 
herring, there is less food consumed now than before overfishing began. It is 
possible that species less vulnerable to our sampling methods such as Ammodytes 
are increasing in the Georges Bank, Southern New England region (Smith et al., 
1978; Meyer et al., 1978).

Environmental Considerations

Schlitz (personal communication) has estimated that as much as 30% of the 
water on Georges Bank may be advected off the bank during the year, this 
includes transport to the southwest along the shelf-slope front as well as 
water advected across the front due to calving (Wright, 1976) and water pulled 
off of the bank by Gulf Stream rings. The major loss appears to be a southwest 
transport along the front; an experiment involving the NEFC, USGS, and WHOI is 
planned for next year to measure this transport. In addition, storms are 
responsible for large quantities of near surface water being advected off of 
the bank. This was shown very clearly in the offshore transport to the southwest 
of the Argo Merchant oil by predominant northwest winds. If 30% of the primary 
production is lost with the water, the primary production of approximately 300 
gC/m2/yr would suffice to support the 1964-1966 fish production.

Long-Term Trends

An examination of research vessel trawl surveys and fish-catch data for 
the period 1963 through 1977, although indicative of significant changes in 
biomass levels, revealed no major differences in species composition. No large 
build-up of other demersal or pelagic species to replace those that declined in 
the early 70*s is apparent, with the possible exception of sand lance, which 
appears to have been increasing steadily since 1974 (Smith et al., 1978). The
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reductions in mean weight of fish (kg) observed during the heavy exploitation 
period of the early 701s is now approaching the mean weight of the stocks prior 
to heavy exploitation. The data do not indicate any significant shifts to 
smaller sizes in fish collected on the trawl surveys. Nor is there any apparent 
evidence of a significant shift in food habits (Grosslein et al., 1978).

For the Georges Bank area production and consumption values were calculated 
for the high biomass 1964-1966, and low biomass periods (1973-1975). Both con­
sumption and average biomass declined by about 40%. Production declined only 
26%, reflecting a reduction in herring which has a low P/B ratio and an increase 
in squid, which has a high P/B ratio. Both pelagic and demersal species declined, 
unlike the condition in the North Sea (Grosslein et al., 1978).

Comparison with the North Sea

Recent studies of fluctuations in the relative abundance of pelagic and 
demersal fishes in the North Sea have suggested that decreases in the pelagic 
biomass (herring and mackerel) have released sufficient food energy to support 
an increased biomass of demersal species (Jones and Richards, 1976) thus im­
plying a sustained level of production of prey organisms. In the Northwestern 
Atlantic the decline has been in both the pelagic and demersal stocks (Table 5) 
with no apparent change in the availability of food organisms. Grosslein et 
al. (1978) have pointed out that the consumption rates of Georges Bank appear 
higher than the North Sea for both high and low biomass periods. Similarly, 
calculations presented here showed that Southern New England and the Gulf of 
Maine stocks also have higher consumption rates than the North Sea. Estimates 
of finfish food requirements for the North Sea were about 59 Kcal/m2 during the 
period 1959-1961 (when the adult finfish biomass of the major stocks was 6.4 
million tons), and 40 Kcal/m^ during the period 1968-1970 when the total 
biomass was on the order of 4.8 million tons (Jones, 1976; Jones and Richards, 
1976). In contrast stocks of the Gulf of Maine and Southern New England had 
consumption estimates of 71 and 95 Kcal/m^, respectively, during the high biomass 
period and 49 and 58 Kcal/m^ during the low biomass period. The differential 
consumption between the two areas would be less if consumption of squid and 
juvenile fish were incorporated in the North Sea estimates. It is interesting 
to note that the decrease in total consumption over all four Northwestern 
Atlantic areas of 37% according to the calculations presented here agrees well 
with the decrease of 43% calculated from Edwards and Bowman's (1978) results, 
which were derived by different methods.

For the later period (1968-1970) the level of exploitation (50%) assumed 
for pelagics in Crisp's (1975) study would seem too low relative to the data 
presented on biomass and catch in the two studies by Jones (1976) and Jones and 
Richards (1976). A higher level would seem more realistic and this would 
decrease production estimates somewhat in the North Sea. By way of comparison, 
application of the B/P ratios for the Northwest Atlantic region to the biomass 
data for the North Sea (pelagic and demersal) yields a substantially smaller 
estimate of production for the North Sea. It would be useful to examine these 
production estimates for the two areas in more detail.

Stock Recovery

If we assume that the level of primary and secondary production has 
remained fairly stable since the early 1960s, then recovery of the fish stocks
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to former abundance levels should be fairly rapid from an ecosystem point of 
view, given reasonable fishery management regulations. No large-scale change 
has been observed in feeding habits of the principal fish stocks or in the 
species composition of their prey. The most significant change in prey was 
limited to the increasing abundance of Ammodytes (sand lance). The consequences 
of this increase will be monitored closely over the next several years. Size 
changes that have been observed are related to the loss of larger sizes of 
fish to increased fishing exploitation. Recently, evidence of increasing 
mean weights have been observed (Grosslein et al., 1978).

Given the large reduction in consumption, it would appear that the 
ecosystem off the northeast coast is not food-limited for medium size fish.
Our initial estimates of food requirements while useful need to be refined 
for different size categories of predators and prey. The availability and 
abundance of food to larval and juvenile stages, for example, is critical to 
growth and survival (Lasker, 1975; Laurence, 1974, 1977). Studies are presently 
underway to obtain a better understanding between plankton and the survival 
of the early-life history stages of fish.
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Table 1. Stomach contents of fish collected on Georges Bank from 1969 through 
1972. The data is expressed as a percent of the total stomach contents by 
weight for each species. The number of fish examined, the percent of empty 
stomachs, mean weight of prey per stomach, and the mean predator length are 
included at the bottom of the table for each species of fish. (From Grosslein 
et al., 1978.)
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Table 4. Estimate of fish production from primary production values using 
method of Sheldon et al. (1977).

Gulf
of

Mai ne

Georges
Bank

Southern
New England

Mid-Atlantic
Area

Primary Production 
gC/nr/yr

150-200 ^1) 45o(2) 150 ^3) 150-200 ^4 )5 6

Fish Production^)
g wet wt/mVyr

9.6 - 12.8 28.8 13.9 5.0 - 6.7

Fish Production^)
g wet wt/mVyr 

1964-1966
1973-1975

7.0
5.6

17.5
12.7

9.2
6.8

4.1
3.7

Primary production 
based on fish 
production from 

1964-1966
1973-1975

109.2
87.3

273.0
198.1

99.0
73.0

123.0
111.0

(1) Value from C.S. Yentsch personal communication.

(2) Value from Cohen & Wright (1978).

(3) Value from Ryther (1969).

(4) Walsh et al. (1977).

(5) Conversion of .06 gC = 1 g wet wt., Mullin et al. (1966).

(6) Based on P/B derived from Grosslein et al. (1978).
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Abstract

Initial results of a fishery ecosystems study based on time-series 

surveys of fish, plankton, benthos, hydrography, fish catch data, and 

ancillary process-oriented projects are described for the continental 

shelf area off the northeast coast of the U. S. The study is conducted 

from the Gulf of Maine to Cape Hatteras as part of the MARMAP Program of 

NMFS. The region has been subjected to heavy fishing mortality over the 

past decade. During the 1968 to 1975 period the biomass of principal 

fish species declined by 50% over this region of the continental shelf.

The full impact of the removal of several million metric tons of predators 

from the continental shelf ecosystem is not known. Two major questions 

are being addressed: (1) Does the reduction in the stocks of important 

predator species--herring, mackerel, cod, haddock, hake, and others-- 

release secondary production to be consumed by short-lived, fast growing, 

smaller, less desirable species? (2) What are the probabilities associated 

with the return of over-exploited species to former abundance levels? 

Ecosystem studies now underway by the Northeast Fisheries Center focus 

on the biological and environmental factors controlling mortality, 

recruitment, survival, and productivity of the fish stocks on the 

continental shelf. Changes in population levels of ichthyoplankton and 

zooplankton detected on MARMAP surveys are discussed in relation to 

potential impact on the ecosystem. Preliminary evidence suggests that 

the recent (1974-1977) increase in sand lance abundance may be indicative 

of a shift in dominance among the fish species in the Northwest Atlantic. 

Emphasis is given to the importance of time-series studies at all levels 

in the ecosystem in relation to emerging theory, which holds that stressed



ecosystems favor the development of fast growing, short-lived, and 
generally less desirable commercial species, like sand lance. Comparisons 
are made between primary productivity and fish biomass in the North Sea, 
Mid-Atlantic Bight, and Georges Bank. The higher fish biomass of Georges 
Bank is attributed to the higher primary productivity of the area. The 
importance for accelerating studies of secondary production in both the 
benthos and zooplankton in order to better understand fish-plankton- 
benthos relationships is stressed.
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coast. Microscale studies of larval herring growth and 

predator-prey studies are planned for 1979.



Fisheries Ecosystem Studies off the Northeast Coast

of the U. S.

The fishery resources off the northeast coast of the United States 

support a fish-catching and processing industry contributing a billion 

dollars annually to the economy of the coastal states from Maine to 

North Carolina. These resources are now, under the terms of the recently 

passed Fisheries Management and Conservation ActJ subject to management 

by the New England and Mid-Atlantic Regional Fisheries Management Councils. 

The Councils are required to develop management plans for the resources 

under their jurisdiction that ensure optimal sustained yields based on 

ecological, economic and social considerations. Input for the ecological 

decisions are to be based on the "best scientific information available."

The best and most sought after scientific information from a 

fisheries management point of view is the accurate prediction of future 

stock sizes and the effects of different levels of fishing on the con­

tinued production of economically viable resource populations. This 

need has not changed since the early days of whaling, when the U. S.

Wilkes Expedition of 1838 was supported by Congress to improve our 

knowledge of Pacific whaling areas. Henry Bigelow was supported, in 

part, by Federal funds when in the 1920's he investigated the fish, 

plankton, and oceanography of the Gulf of Maine for the U. S. Fish 

Commission with an end to improving the fishing industry. Subsequent 

studies on both sides of the Atlantic focused on the yields of single

^Fisheries Conservation and Management Act of 1976, U.S.A. (FCMA) 

Public Law No. 94-265, 94th Congress H.R. 200, April 13, 1976.
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species, not from any lack of intellectual awareness of the interaction

and interdependence of species, but rather from the constraints of

meager budgets provided to support fishery research organizations.

Those days are passed. But the early orientation to single species

assessments has not been easily shed. "Special" interests will continue

to demand information on particular species, and we will need to continue

providing single species estimates of abundance levels.|
Under the FCMA some 2.2 million square miles of contiguous ocean 

water falls under the jurisdiction of the U. S. as a Fisheries Management 

Zone. At present only 150,000 square miles of the zone, most of which is 

off the northeast coast, is being systematically monitored for seasonal, 

areal, and annual changes in plankton, fish, benthos, and hydrography.

There are no shortcuts to obtaining the comprehensive population and 

environmental information required to improve forecasts of fish abundance 

within the FMZ. A balanced approach is needed that allows for: (1) a 

time-series of observations in the form of routinized multi species fish, 

plankton, benthos, and hydrographic monitoring surveys, (2) a systematic 

collection of fish-catch data, and (3) ancillary process oriented studies 

dealing with linkages among plankton production, benthos production, and 

the influence of the environment on the productivity of fish resources 

to ensure that the most critical spatial and temporal processes are, in fact, 

being monitored adequately for forecasting purposes. This kind of 

fisheries ecosystem program, called MARMAP for marine resources monitoring, 

assessment and prediction, is conducted by the National Marine Fishery 

Service on the continental shelf from the Gulf of Maine to Cape Hatteras.
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During the past decade this region of the continental shelf including 

the Gulf of Maine, Georges Bank, Southern New England, and the Mid- 

Atlantic Bight has been subjected to extreme fishing pressure. From 

1968 to 1975 the biomass of the principal fish species declined approxi­

mately 50;i (Figure 1); much of the decrease in biomass correlates with 

increased fishing effort, indicating an overfishing condition (Clark and 

Brown, 1977). Environmental conditions, coastal pollution, inter- and 

intra-specific competition may also have contributed to the decline, but 

no quantitative estimate of this mortality is now available.

The full impact of the removal of several million metric tons of 

predators from the continental shelf ecosystem is not known. Significant 

questions remain unanswered. Does the reduction in the stocks of 

important predator species--herring, mackerel, cod, haddock, hake, and 

others--release secondary production to be consumed by short-lived, fast 

growing, smaller, less desirable species? What are the probabilities 

associated with the return of over-exploited species to former abundance 

levels? Studies are now underway by the Northeast Fisheries Center 

(NEFC) to address these questions. They focus on the critical linkages 

among the principal food species of fish and the recruitment, survival, 

and productivity of the fish stocks on the continental shelf from the 

Gulf of Maine to Cape Hatteras.

Multispecies Assessments

Studies of single species alone do not provide the kind of assess­

ment information required for effective management of multispecies 

fisheries operating at different trophic levels. While it is important 

to continue these studies, they are now being pursued within a broader
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matrix that measures interactions in changing abundances among the 

species in the ecosystem. Single-species yield models have recently 

been augmented with multi species models that are ecologically sensitive 

(Regier and Henderson, 1973; Parrish, 1975; Lavaestu et al., 1976;

Anderson and Ursin, 1977). These models deal with multi species fishery 

interactions at different trophic levels. They are important approxi­

mations of the consequences of predator-prey dynamics based on fishery 

imposed selective mortality, and hold promise for providing a basis for 

the management of marine ecosystems. If ecosystem models are to assume 

an appropriate role in the management of marine resources, it will be 

necessary to overcome present deficiencies in: (1) understanding relation­

ships between stock-size and recruitment, (2) identifying the linkages 

between primary, secondary, and fish production; and (3) quantifying 

predator-prey dynamics.

Predator-Prey Interactions

Predator-prey interactions are complex. They reflect a series of 

interrelationships that can change significantly the abundance of important 

fish stocks. A schematic representation of the predator-prey interactions 

for eight of the more abundant species of fish and squid off the northeast 

coast of the U. S. is given in Figure 2. It is presented as a qualitative F,'&. 

example of the complexity of the known interactions between fish and 

their prey. In addition, the significant changes in the size of prey con­

sumed as a fish moves through larval, juvenile, and adult stages of 

development compound the difficulty in sorting out predator-prey relationships. 

The feeding habits of codfish illustrate the problem. Codfish larvae feed 

principally on microzooplanktonic copepods, crustacean eggs, pteropods,
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and larvae of meroplankton. As juveniles they feed on macrozooplankton 

including euphausids and amphipods, and as adults, fish become a principal 

food (Figure 3).

In stressed marine ecosystems it has recently been suggested that 

shifts in the abundances of predators can lead to significant changes in 

the species composition and size structure of the prey populations 

(Steele and Frost, 1977). The degree to which species shifts in abun­

dance can result in changes to fish production of the continental shelf 

ecosystem is now the subject of an expanded research effort by the 

Northeast Fisheries Center. For example, it appears that the predatory 

consumption levels of a single species, the silver hake, is sufficient 

to consume 30% of all fish produced on the continental shelf of the 

northeast coast (Edwards and Bowman, 1978). Aspects of this research, 

including recent evidence of changes in abundance among ichthyoplankton 

and zooplankton species is given in the present report.

MARMAP Surveys

With the exception of relatively small groups of fishery scientists 

in the United States and elsewhere, particularly in Western Europe, 

society has not yet come to grips with the magnitude of the effort 

confronting the scientific community in its attempt to provide information 

on resource populations that can support management options within the 

fisheries management zones on both sides of the Atlantic. Fishery 

science is undergoing major changes in the approach to improving assess­

ment of the abundance levels and forecasting potential yields of fish 

stocks inhabiting these zones. The new approach represents a balance 

between the more traditional studies of biological and physical processes
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as they relate to productivity of coastal waters and coastal populations, 

and the requirement for committing ships and personnel to fisheries- 

independent time-series surveys of annual changes in the productivity 

levels of plankton, fish, and benthos populations. Time-series surveys 

are dull, routinized, but absolutely necessary for measuring population, 

environmental, and pollution changes over time and space and sorting out 

the causes of these changes with respect to fishing mortality, natural 

mortality, or mortality caused from the increasing introduction of 

pollutants into the continental shelf ecosystem. In addition to the 

surveys carefully controlled ecosystem experiments are now being conducted 

in very large enclosures containing the smaller population components of 

the pelagic ecosystem. The best example of this effort is in the Controlled 

Ecosystem Experiments sponsored by the National Science Foundation. The 

CEPEX operation is conducted as a multidisciplinary study of the inter­

actions of primary and secondary and tertiary trophic levels of a northwest 

temperate deep-water embayment in British Columbia under the effects of 

physical-chemical changes. Findings of this study will have application 

to our investigations of fishery ecosystems by providing more insight to 

the critical functions that need to be measured on the time-series surveys. 

Other technical advances in hydroacoustics, remote sensing, and electronic 

data processing when applied to the time-series approach will undoubtedly 

contribute significantly to increased efficiencies and reduced costs of 

the MARMAP surveys.

In 1971 a systematic macroscale sampling of zooplankton and ichthyo- 

plankton was initiated by the Northeast Fisheries Center, NMFS in the 

Gulf of Maine, Georges Bank, Southern New England, and Mid-Atlantic 

Bight during bottom trawl surveys in autumn and spring. In 1976 the
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zooplankton-ichthyoplankton surveys were expanded to bimonthly coverage 

of the areas to examine the zooplankton-fish linkages including:

(1) changes in the distributions, abundance, and growth of juvenile and 

adult fish, and (2) larval fish growth and mortality in relation to 

their planktonic prey and predators. MARMAP surveys are conducted 

systematically at stations selected from a stratified random design for 

fish, shellfish, benthos, phytoplankton, ichthyoplankton, and zooplankton. 

Bottom trawl surveys for fish are conducted in spring and autumn, and 

since 1977, in summer. Two shellfish surveys are made annually. Benthic 

sampling is limited, contingent on the analyses of 25 years of collections 

now being completed at the Woods Hole Laboratory of NEFC. Surveys of 

zooplankton-ichthyoplankton, phytoplankton, primary productivity, and 

hydrography are conducted on a bimonthly basis for a total of six surveys 

per year. The survey data is augmented with a comprehensive system for 

obtaining catch data at each of the major fishing ports from Cape Hatteras 

to the Gulf of Maine. As required, special surveys are conducted to 

deal with specific problems (e.g., tagging, feeding, current meter 

deployment and retrieval, vertical distribution studies of ichthyoplankton, 

samplings for sharks and other large predators). Mesoscale studies of 

larval mortality have been done jointly with other countries for larval 

herring. Plans are now underway for microscale "patch-studies" to study 

factors controlling larval survival from examination of larval predator- 

prey relationships within the water column. The area under investigation 

is extensive, requiring a heavy logistic commitment. The MARMAP studies 

are being conducted jointly with scientists and ships of the Federal 

Republic of Germany, German Democratic Republic, Poland, and the USSR.
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Ichthyoplankton-Zooplankton Monitoring

All ichthyoplankton-zooplankton collections are made with 61-cm 

diameter bongo nets towed obliquely through the water column between 1.5 

and 3.5 kts. At each location nets with 0.505-mm and 0.333-mm mesh 

apertures are used; at selected stations a 20-cm bongo sampler is 

fitted with 0.165-mm and 0.253-mm mesh nets and positioned above the 

larger bongo frame to sample the microzooplankton. Sample processing is 

done at the Narragansett Laboratory of NMFS under the supervision of 

Mrs. Ruth Byron, at the Polish Plankton Sorting Center, Szczecin under 

the direction of Dr. Leonard Ejsymont.

Observational Protocol

The four areas on the continental shelf surveyed--Gulf of Maine, 

Georges Bank, Southern New England, and Mid-Atlantic Bight--are shown in 

Figure 4. At each station tows are made for zooplankton and ichthyo- 

plankton. Measurements are made of chlorophyll, nutrients, salinity, 

and temperature. During each survey of the continental shelf 

measurements of primary production are made daily.

Although the 1971 through 1977 time-series of ichthyoplankton- 

zooplankton collections is not yet fully sorted and identified several 

findings are particularly noteworthy and will be reported here.

Ichthyoplankton

Shifts in the abundance of fish species may be established in the 

egg and larval stages of fish. Reduction in abundance can be caused by: 

(1) a decline in the size of the spawning biomass of traditionally 

abundant resource species below the competitive advantage threshold with 

incoming recruits of other species, (2) shifts in spawning periodicity
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causing a mismatch between newly hatched larvae and optimal densities of 

their planktonic prey, (3) changes in environmental and climatic events 

leading to mass mortalities from shifts in circulation away from nursery 

areas, and (4) increased embryonic and larval mortality levels imposed 

by chronic releases of hazardous substances over principal spawning 

areas.

Ichthyoplankton Pulses in Abundance

On the average, peak spawning of the principal species follows a 

temporal and spatial pattern that may serve as a critical adaptive 

mechanism for survival. Based on recent observations reported by Colton 

et al., (1978) spawning peaks of larvae tend to be successive rather 

than simultaneous (Table I). For example, among the 11 most common 

gadids, only two species overlap with respect to both spawning area and 

time--cod, Gadus morhua, and haddock, Melanogrammus aeglefinus, on 

Georges Bank in March. It should be mentioned, however, that the peak 

of haddock spawning is more prolonged beginning in February and extending 

through March. Among the pelagic species mackerel, Scomber scombrus, 

reach peak spawning in the Mid-Atlantic Bight in May, and in June in the 

western Gulf of Maine. The butterfish, Peprilus triacanthus, is at peak 

spawning in southwest Georges Bank in June and July. The peak spawnings 

of the remaining pelagics also differ. Menhaden, Brevoortia tyrannus, 

reach their peak from September through November in the Mid-Atlantic 

Bight, and Atlantic herring, Clupea harengus, in October-November on 

Georges Bank and western Nova Scotia, with less intensive spawning in 

the Gulf of Maine. It is, however, the deviation from average conditions 

that will have an important influence on the size of a year-class.
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Measures of these deviations can not be made without a time-series of 

observations over the continental shelf. This data-base is just now 

being developed.

Shifts in Abundance of Ammodytes Larvae

In the southern half of the survey area--Southern New England and 

the Mid-Atlantic Bight and Georges Bank-significant changes in the 

species composition of ichthyoplankton have been detected during the 

1974-1977 period (Smith et al., 1978). Since 1974, the increase in 

abundance of sand lance^ has been sharp and consistent, increasing from 

below 50% of the ichthyoplankton constituents in 1974 to a peak of over 

90% of the larval fish assemblage in early spring, 1977. Abundance of 

cod, haddock, pollock, and herring larvae for the same period, declined 

from a level of approximately 50% of the ichthyoplankton to less than 

10% in 1977 (Figure 5). The increase has been widespread along the 

shelf with principal centers of abundance spreading from off the Maryland 

and Delaware coasts in 1974 to encompass most of the southern half of 

the survey area in 1977 (Figure 6). The increase in abundance, although 

of lower magnitude, was also evident in the Gulf of Maine. On Georges 

Bank the increase in numbers of sand lance larvae followed a similar 

upward trend in 1974, 1975, and 1976, but showed a decrease in 1977.

The sand lance preys on zooplankton in larval, juvenile, and adult 

stages (Bigelow and Schroeder, 1954). With respect to feeding, it can 

be considered a competitor of two other important pelagic species,

2fhe taxonomic status of the sand lance, Ammodytes spp., has not 

been resolved. More than one species may be in the collections.
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herring and mackerel. Sand lance and herring co-occur as larvae and 

adults. In the North Sea herring have been reported to prey heavily on 

larval sand lance. Mackerel reaches peak spawning in May-June limiting 

any potential competition between the larvae of both species; they could 

be food competitors in the juvenile and adult stages. The extent of 

mackerel predation on sand lance is not known. With the decline in the 

biomass of herring and mackerel, feeding conditions for sand lance would 

have improved greatly and the probability of high mortalities through 

predation would be reduced. The sand lance is also abundant in the 

nursery areas of cod and haddock larvae and may be a serious competitor 

for zooplankton food. The full impact of an apparent increase in abun­

dance of a zooplankton predator in relation to other pelagic and demersal 

species is not yet clear. Studies on interspecific competition among sand 

lance, herring, mackerel, cod, and haddock are continuing.

Zooplankton and Fisheries

Since the early work of Bigelow fifty years ago little attention 

has been given to a systematic assessment of the changes in the biomass 

and species composition of the zooplankton off the northeast coast of 

the U. S., and how the changes relate to fish distribution and production. 

Studies over the past five decades have generally been limited to 

observations over a one or two year cycle and over a limited geographic 

area. Reports of these studies have been summarized by Colton (1963).

As recently as 1976, information on seasonal changes in zooplankton 

standing stock was limited to a rather confused series of data compiled 

from the available literature in which both spring and autumn were 

depicted by different authors as annual peak periods of zooplankton 

abundance (Cohen, 1976).
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Zooplankton Pulses in Biomass Abundance, 1977

The present analysis includes a summary of the standing stock of 

biomass and species composition of the most abundant zooplankters in 

1977 in the Gulf of Maine, Georges Bank, and Southern New England.

Biomass values are based on displacement volumes of the 0.333-mm mesh 

samples. Species composition reflects the relative abundance of only 

the larger zooplankton constituents (adults and copepodites III, IV, V) 

retained by the relatively coarse meshes of the 0.333-mm bongo net.

Statistical profiles of the biomass data were prepared for the 1977 

data including calculations of the mean, median, range, standard deviation, 

variance, and coefficient of variation. A list of cruises and dates on 

which these data are based is given in Table II. Sampling locations 

during the 1977 MARMAP surveys are shown in Figures 7a to 7f. The 

variances of the biomass values exceeded the means in each of the surveys. 

In recognition of the skewness in the data, median values were used to 

depict trends in biomass changes (Table III). '

During 1977, six surveys were completed. The standing stock of 

zooplankton was estimated from surveys made in early, midland late 

spring; in summer; and in mid- and late-autumn. Seasonal pulses in 

zooplankton abundances in Southern New England and Georges Bank were 

similar. Median values increased from < 25 cc/100 m3 in early spring to 

between 60 cc/100 m-^ and 70 cc/100 m3 in mid-spring. The greatest 

seasonal pulse was in late-spring, reaching 80 cc/100 m3 to 130 cc/100 

m3, followed by a decline to approximately 50 cc/100 m3 in summer, and a 

continuing decline through autumn to 27 cc/100 m3. In the Gulf of Maine 

median zooplankton volumes increased from an early spring low of 13 

cc/100 m3 to a late-spring high of 60 cc/100 m3. The zooplankton level
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is apparently maintained between 50 and 60 cc/100 through summer, 

followed by a second pulse that reached an annual high in mid-autumn of 

55 cc/100 ir^. By late-autumn, zooplankton levels declined to 42 cc/100 

(Figure 8).

Changes in the magnitude of the seasonal pulses in abundance of 

zooplankton were compared among seasons for each of the areas with the 

Kruskal-Wal1is Analysis of Variance; between season differences in 

abundance were also compared. Differences in zooplankton standing stock 

characterized by median values were significantly different for the 

volumes in each of the three areas (P < .0001). Between-season tests 

for significance were made for each of the areas. Of the 15 pairs of 

comparisons made, four were not significantly different (P > 0.05)--mid- 

autumn and late-autumn in Southern New England; mid-autumn and late- 

autumn on Georges Bank; and between summer--mid-autumn and mid-autumn-- 

late-autumn in the Gulf of Maine.

The among area differences in zooplankton standing-stock were 

tested for significance. Of the six comparisons made, the early-spring 

and summer zooplankton levels were not significantly different (Table 

IV).

Seasonal differences in biomass are most significant in late- 

spring. The peak spring pulse in abundance on Georges Bank is 1.6 x 

greater than in the Gulf of Maine and 1.4 x greater than in Southern New 

England. By summer the biomass along the entire area off New England is 

at a similar level of moderate abundance (50 cc/100 m^). By mid-autumn, 

areal similarity changes and the lowest biomass is in Southern New 

England and the highest in the Gulf of Maine with values in Georges Bank 

at an intermediate level.
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Zooplankton Species Composition

Among the 51 taxa in the samples, copepods were the most abundant, 

constituting 75 percent or more of the zooplankton. Our sampling may 

not have been sufficiently frequent to detect any major increase in 

cohorts of copepod populations produced during the inter-survey periods. 

The zooplankton standing-stock values for summer and autumn in the 

Georges Bank and Southern New England areas, therefore, should be con­

sidered minimal. Other zooplankters including chaetognaths, euphausids, 

coelenterates, larval cirripeds, cladocerans, salps, pelecypods, appen- 

dicularians, and ostracods occurred over a wide area but in low densities 

(< 20% of the zooplankton/survey/area). Larval cirripeds were swarming 

on Georges Bank in early-spring and in Southern New England waters in 

mid-spring. Chaetognaths were most numerous on Georges Bank in summer 

and late-autumn; pulses of chaetognath abundance occurred in late-spring 

and summer in Southern New England. Cladoceran pulses were particularly 

high in summer and autumn on Georges Bank and pelecypods swarmed in 

late-fall on Georges Bank (Table V).

Copepod Species Composition

The total zooplankton in each of the three areas surveyed was 

dominated by three species—Calanus finmarchicus, Pseudocalanus minutus 

and Centropages typicus. Indices of species abundance were based on 

changes in population densities (e.g., median numbers per 100 m3 per 

survey), percentage composition of all copepod species, and a modified 

Fager and McGowan index of dominance:

n - s(ioo)
N
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where: D = % dominance

S = Number of stations where the species represent ~ 50% 

of the total copepod fauna 

N = Number of stations

In addition to the three dominant species, the copepod Metridia 

lucens persisted in the samples, particularly in the deeper waters of 

the Gulf of Maine, but in relatively low numbers. Other species were 

dominant at only one or two locations. In this regard the status of 

Oithona similis is not clear. This small copepod was undersampled in 

the 0.333-mm mesh net, along with the naupliar and early copepodite 

stages of other species. Based on the frequency of Oithona in larval 

fish stomachs, it is likely to be among the dominant species in fine- 

mesh samples (0.153 mm and 0.253 mm) presently archived at Narragansett 

(Table VI).

Seasonal abundances for the C_. finmarchicus, P_. mi nutus, and C_. 

typicus are plotted in Figures 9a-9c. Cumulative population increases 

are considered "pulses." They represent continuous production for 

several cohorts and do not represent an index of turn-over rate.

Cal anus finmarchicus Pulses

In the Gulf of Maine, C_. finmarchicus is at a high level of abundance 

throughout most of the year. Median values ranged between 30,000 and 

60,000/ 100 m^/season from mid-spring through autumn. On Georges Bank 

£. finmarchicus pulses to an annual maximum in late-spring (ca 100,000/m^); 

it declines sharply in abundance from summer through late-autumn (1,000/100 

m^). In Southern New England waters C_. finmarchicus undergoes an initial

pulse in late-spring (ca 150,000/100 m3) and an abrupt decline continuing
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to an annual low in late-autumn (< 200/100 m3). Among area values in C_. 
finmarchicus abundance for each of the seasons were significantly different 
(P < .0001); comparisons of abundance levels between the sampling periods 
were different in Southern New England and Georges Bank except for the 
mid-autumn to late-autumn period. In the Gulf of Maine differences 
seasons were significant between early and mid-spring and late-spring. 
Standing-stocks among the three areas were significantly different in 
early-spring among all three areas. The other differences reflected 
highest abundance levels of C_. finmarchicus in the Gulf of Maine in 
summer and autumn (P < .0001). A summary of Kruskal- Wallis Chi Square 
(x2) values and associated probabilities is given in Table VII. .

Pseudocalanus minutus Pulses
This small calanoid undergoes an annual pattern of abundance similar 

to C_. finmarchicus in all areas. On Georges Bank and in the Gulf of 
Maine numbers of P_. minutus increase from an early-spring annual low to 
a late-spring high; abundance is reduced from late-spring through summer.
A secondary weaker pulse in abundance is reached between mid- and late- 
autumn. Abundance levels for each of the areas were different among the 
seasons (P < .001); in early and mid-spring standing-stocks of P. 
minutus were different in each of the areas. In Southern New England 
the summer to early-autumn decline was not significant. However, the 
increase in abundance shown between mid- and late-autumn was significant 
(P < .05). On Georges Bank the pulses in abundance increasing from an 
early-spring low to a late-spring high were significant; however, the 
level of abundance from summer through late-autumn was not significantly 
different. In the Gulf of Maine early seasonal differences were different 
with increasing densities of P_. minutus through late-spring; autumn
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levels were similar. The among area differences shown in Figure 9 
were significant in each of the survey periods, except for late-autumn 
(Table VII).

Centropages t.ypicus Pulses
The center of C_. typicus abundance is in Southern New England. In 

each of the areas sampled C_. typicus increased steadily in abundance 
from an early spring low to a mid- to late-autumn pulse of approximately 
25,000/100 m3.

Differences in C_. typicus abundance among seasons were significant 
for each of the areas (P < .0001). In Southern New England the early to 
mid-spring decline was significant, as were the increases from late- 
spring through summer. On Georges Bank, abundance levels increased 
significantly from late-spring through late-autumn. The general increase 
shown for the Gulf of Maine was based on too few occurrences to test for 
significance. The among area differences for each of the seasons were 
significant with the exception of late-autumn values (Table VII).

Zooplankton Pulses in Abundance and Larval Fish Survival •
The probability for successful larval growth is enhanced from 

spring through autumn by the combined and nearly continuous production 
of eggs, nauplii, and copepodites of the three dominant zooplankton 
species--C. finmarchicus, P_. minutus, and C. typicus. The standing- 
stock of copepods is reduced during summer.

Survival and growth of larvae produced in successive spring and 
autumn spawnings is likely dependent on the match/mismatch in time and 
space of the cohort production of C. finmarchicus and P_. minutus in 
spring, and P_. minutus and C_. typi cus in autumn. Cod, haddock, mackerel,
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and flatfish larvae spawned in spring optimize survival potential by 
spawning on the ascending limb of the spring copepod production curve. 
Herring spawnings are supported by P_. minutus production in autumn 
(Sherman and Honey, 1971). In sumer it would appear that growth and 
survival of hake and other first-feeding larvae may be dependent on the 
dynamics of C_. t.ypicus production.

In spring, successive pulses in abundance from early-spring through 
late-spring of P_. minutus and C_. finmarchicus are indicative of accelerated 
production of copepod eggs, nauplii, and copepodites; the presence of 
early developmental stages (copepodites) in our samples is noted, 
although no actual counts are made as they are undersampled in the 
0.333-mm mesh used in the bongo sampler. Early developmental stages of 
C_. typicus are in our summer and mid-autumn samples, and P_. minutus 
copepodites are in the mid-autumn samples.

In the Gulf of Maine, the initial spring pulse is provided by 
increases in the abundance of C_. finmarchicus and P_. mi nutus, followed 
by a summer through mid-autumn pulse of C_. typi cus abundance and a third 
pulse from mid- to late-autumn of £. typicus. On Georges Bank £. 
finmarchicus and P_. minutus generate the initial pulse in copepod 
abundance. This is followed by a second pulse extending from late 
summer through mid-autumn of C_. typi cus. In Southern New England waters 
C_. finmarchicus and P_. mi nutus generate an early to late-spring pulse.
The annual C_. typi cus pulse is advanced over Georges Bank and the Gulf 
of Maine areas, beginning in late-spring and continuing to a late-autumn 
maxima for the second major seasonal pulse in copepod abundance in 
Southern New England. P_. minutus undergoes a slight increase in abundance
in late-autumn that represents a third, but minor, copepod pulse.
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1971-1975 Zooplankton Time-Series

Zooplankton Biomass.--An initial examination of the zooplankton 

sampled during the fall and spring bottom trawl surveys has been completed. 

Samples analyzed are from the 0.333-mm mesh standard MARMAP bongo sampler 

collected at 39 or more locations on Georges Bank during each of the 

seasons. Biomass values were determined by displacement volumes and 

oven-dry weights. Good agreement was found between the two sets of 

values in each of the years (r 7 0.717), except for spring 1971 (r =

0.548).

Statistical profiles of the biomass data were prepared including 

calculations of the mean, range, median, standard deviation, variance, 

standard error, and coefficient of variation. The variances of the 

biomass values exceeded the mean in each of the seasons. In recognition 

of the skewness in the data, plots were made using median values to
/"

depict trends in biomass changes (Figures 10 and 11). In autumn, the 

biomass increased from moderate levels in 1971-1972 (26 and 29 cc/100 

m3) to a high in 1973 (42 cc/100 m3) and declined in 1974 to 25 cc/100 

m3 and a low of 19 cc/100 m3 in 1975. The 1973 values were the highest 

among the five years of the time-series. The Mann-Whitney U test was 

used to examine between-year differences in biomass for both seasons. 

Volumes in 1973 were significantly higher than in each of the other 

years and the 1975 volumes were significantly lower (P <" 0.05).

In spring the volumes were lowest in 1971-1972, and were not sig­

nificantly different (P > 0.05) between-years. Volumes in 1973 and 1974 

were similar (P > 0.05). Both were significantly greater than 1971-1972 

(P < 0.05). In 1975 the biomass was significantly higher than in other 

years (P < 0.05) (Sherman et al., 1978).
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Species Composition.--The zooplankton sampled on the 1971-1975 

bottom trawl surveys were dominated by a few species. Copepods were the 

predominant taxa, ranging from 88% of the zooplankton in 1972 to 94% in 

1971. In spring, Cal anus finmarchicus and Pseudocalanus minutus were 

dominant in each of the years. Their abundance varied among the years; 

they were most numerous in the spring of 1973, 1974, and 1975. Population 

densities of C_. finmarchicus were lowest during the 1971 and 1972 surveys, 

when percentages of adults to copepodites were highest, > 41%. In the 

succeeding years the surveys were later in the "biological" sense for C_. 

finmarchicus. Large-scale cohort production was well underway with the 

percentages of adults to copepodites reduced to 3%, 8%, and 2% respectively, 

for 1973, 1974 and 1975. The percentage difference of adults to copepodites

did not exceed 64% for the smaller P_. mi nutus. It is likely that the 

low densities of copepods in 1971 and 1972 were the result of a delay in 

the onset of spring swarming characteristic of C_. finmarchicus on Georges 

Bank (Bigelow, 1926), rather than a reflection of a change in levels of 

secondary production.

In autumn copepods were the principal zooplankters. The species 

Centropages typicus and Pseudocalanus minutus were dominant in each of 

the years (Sherman et al., 1978). Median densities of C_. typicus populations 

were highest in 1972 and 1973. Highest volumes for the five-year period 

occurred in 1973. The abundance of the mysid Neomysis americana (median 

7,000/100 m^) in addition to the high numbers of C_. typicus combined to 

increase the biomass of zooplankton in 1973 over values observed during 

the other years of the survey. The hydrographic and biological factors 

controlling the size of the zooplankton populations are not fully understood. 

Work on this problem is continuing. A significant factor that could
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have contributed to the low numbers of C_. typicus in autumn, 1975, was 

the abundance of the chaetognath, Saqitta elegans, and the coelenterate, 

Nanomia cara on Georges Bank, two important copepod predators. The 

presence of unusually dense concentrations of N_. cara on Georges Bank in 

the fall and winter of 1975 caused loss of fishing time and income to 

coastal fishermen operating in the Gulf of Maine and Georges Bank; 

evidence of N_. cara feeding on copepods during this period has been 

reported recently (Rogers et al., 1978).

Annual Zooplankton Pulses

Observations of monthly changes in zooplankton abundances in the 

offshore waters off the U. S. coast are limited. Based on earlier 

studies, Cohen (1976) attempted to depict an annual cycle for the Gulf 

of Maine-Georges Bank area (Figure 12). The trend of displacement 

volumes shown in his Figure indicates a spring peak in May-June. In 

addition, from another source, Cohen shows highest annual values in 

September. Recent MARMAP findings are consistent with the spring peak; 

no evidence of an autumn peak was found in the 1977 volume data. However, 

increases were observed in our 1977 data for the copepods, £. typicus, 

on Georges Bank and in the Gulf of Maine, and P_. minutus in Southern New 

England in autumn.

In coastal waters of the Gulf of Maine the monthly trends in zoo­

plankton displacement volumes show an April minimum, followed by an 

increase in late spring to a July peak, a decline in August and a secondary 

peak in October followed by a decline in December (Figure 13). The ^

microzooplankton--e.g., copepod eggs, crustacean nauplii, and copepodites-- 

were most abundant in summer and autumn; in winter and early spring, the 

zooplankters were predominately adults (Sherman et al ., 1976).
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The fluctuations in abundance of zooplankton along the inner margin 

of the Gulf of Maine coast are likely the result of local environmental 

conditions rather than any large-scale advective processes. In early 

spring onset of stratification triggers the spring phytoplankton bloom 

followed by rapid production of copepod cohorts. Meroplankton can swarm 

and assume dominance over the background abundance of copepods for 

limited periods. Over the entire annual cycle copepods are the dominant 

zooplankters in coastal waters. Of the 19 species common to the Central 

Gulf of Maine coastal area, nine are numerous, but only one, Pseudocalanus 

minutus, is abundant in all seasons, and is an important food of larval 

herring. Survival of larval herring may be related to the synchronous 

development of P_. minutus cohorts and the first feeding of larval herring. 

P_. minutus is the most abundant species, of the proper size to be ingested 

by small herring larvae in Gulf of Maine coastal waters, that is under­

going high rates of cohort production in synchrony with first feeding 

larvae (Figure 14). femora longicornis, also increases in abundance in ' 

autumn but is too large to be eaten by young larvae. The other abundant 

species--Acartia clausi and C_. finmarchicus--are declining-in abundance 

in autumn, and are predominantly in the late copepodite and adult stages 

(Sherman and Honey, 1971; Sherman et al., 1976).

In the coastal band from Cape Ann to Machias Bay, 36 species of 

copepods are found, but only seven are numerous--Acartia clausi, A. 

longiremis, Centropages typicus, Calanus finmarchicus, harpacticoid 

spp., Pseudocalanus minutus, and femora longicornis. The most important 

environmental factor shaping the distribution of the species is depth of 

water rather than any particular range of salinity of temperature. Four 

species are abundant in shoal areas of the coast--A. longiremis, A_.
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clausi, harpacticoid spp., and T. longicornis. The other three species-- 

P_. minutus, C_. finmarchicus, and C_. typicus--decl ine in abundance from 

offshore to inshore. Densities of copepods are greatest in the western 

area where conditions for feeding and growth are better in the stratified 

waters than in the turbulent vertically mixed waters in the eastern area 

(Sherman, 1970).

Zooplankton and Fish Distributions

In addition to playing a critical role in the survival, growth, 

recruitment, and mortality of larval fish, zooplankton can be a dominant 

influence on migrations of adult populations. Pavshtics (1963) and 

Zinkevitch (1967) have reported that movements of herring between the 

Mid-Atlantic Bight and Georges Bank follow progressive seasonal swarming 

of zooplankters as the vernal bloom moves from west to east along the 

coast in the frontal zones between coastal, slope and shoal waters 

around the periphery of Georges Bank. This apparent relationship may 

hold promise for forecasting herring and mackerel movements along the 

coast (Figure 15). f ; c

Information on the movements of pelagic fish in coastal waters is 

scanty. Adult herring are fished on Jeffreys Ledge and other shoals 

within the Gulf in autumn. Herring feeding in these areas appear to 

favor larger zooplankton particles including the copepods Calanus 

finmarchicus and Centropaqes typicus. It is unlikely that adults feeding 

on large calanoids which are most numerous beyond the headlands would 

move into the coastal embayments.

Larval Physiology and Feeding Studies

Physiological and predator-prey studies of fish species off the
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northeast coast are now underway by NEFC on the quality and densities of 

food required for optimal survival and growth of larval fish under 

controlled laboratory and field conditions (Laurence, 1974; 1977a). 

Experiments have been conducted with larval cod, haddock, scup, tautog, 

and winter flounder. Recently, growth and mortality models have been 

developed for winter flounder, Pseudopleuronectes americanus, that 

considers temperature, prey density, and larval size (Laurence, 1977b; 

Beyer and Laurence, 1978).

Recent hypotheses developed from models describing the quantity, 

and quality of food required by fish larvae for survival and growth have 

been tested in the sea. Off the California coast, dinoflagellates of 

the proper size and nutritional value for rapid growth of larval anchovy 

were found to co-occur with anchovy in horizontal and vertical patches. 

However, if upwelling is early it appears that the synchronous relation­

ship can be unbalanced. Patches of dinoflagellates can be dispersed in 

the early upwelling and replaced by copepodites which may be too large 

for the anchovy to ingest thereby reducing the survival potential of 

first feeding larvae (Lasker, 1975). Laboratory studies of winter 

flounder growth based on empirical models indicate that densities of 

food required for rapid growth usually exceed values reported in the 

literature (Laurence, 1975). Patches of larval fish food of the proper 

density (2.0 cal/1) have recently been observed in estuarine and embay- 

ment areas in Southern New England (Laurence, personal communication). 

Both observations confirm the importance of microdistributions in the 

sea. If we are to understand the relationships between food availability 

and larval fish survival, our approach to sampling needs to include 

systems for measuring microdistributions of larvae, their predators, and
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food utilizing pumps, particle counters, and other "real-time" methods. 

Secondary Production Estimates

The relationship of zooplankton numbers to biomass and productivity 

rates is under investigation. Available information, unfortunately, is 

fragmentary. Secondary production based on older stages of C_. finmarchicus 

in spring was recently estimated at 79.46 mg carbon/m2/day by Green et 

al. (1977). The instantaneous growth method was used in the calculation 

from the formula:

_ WB-WA (N-]+N2) 
t 2

Where: WA = weight at the beginning of a stage 

Wg = weight at the end of a stage 

t = stage duration in days 

N-| = count of organisms in a stage 

N2 = count of organisms in succeeding stage

The production rates for each of five surveys made during the 

spring generations of C_. finmarchicus populations were used to estimate 

total production for the 100 day period of the surveys. As was pointed 

out by Green et al. (1977) the values were of the same order of magnitude, 

46 mg C/m2/day, estimated for £. finmarchicus in the North Sea by Mull in 

(1969) and 77 mg C/m2/day reported for Acartia tonsa by Heinle (1966). 

Studies are now underway in the Northeast Fisheries Center to refine the 

estimates of secondary production by enlarging the number of species 

examined and extending the analyses to all of the growing seasons.
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Biochemical Studies

Studies of larval fish condition have been traditionally based on 

morphological differences. The procedure is time consuming and subject 

to bias from preservative-distortion. A rapid biochemical method has 

been developed that provides an index of condition based on RNA/DNA 

ratios (Buckley, 1977).

Emerging Ecosystem Theory in Relation to

Plankton Studies in the NVJ Atlantic

Trophodynamic studies of larval survival will need to take into 

account the early modelling of the production cycle developed by Riley 

(1941, 1946, 1947); Riley and Bumpus (1946); and Riley et al. (1949).

They have not been used effectively in the Gulf to forecast conditions 

principally for lack of systematic input parameters that would allow for 

prediction in annual, seasonal, and/or more frequent time scales. Since 

the early studies of primary production of the Woods Hole and Bingham 

groups we have experienced a hiatus in making systematic observations.

Some beginnings are underway. Matrices of information are being developed 

now for key elements in the ecosystem. Our goal is to develop a food 

budget for Georges Bank, and to continue satisfying our most critical 

information voids by expanding our effort from Georges Bank to the inner 

Gulf of Maine and Mid-Atlantic area. Progress is being made on defining 

the benthic communities on the shelf (Williams and Wigley, 1977).

Examples of distributions of benthic species are given in Figure 16. 

Changes in fish distribution and abundance are monitored with bottom 

trawl surveys conducted over the shelf for the past 15 years (Grosslein,
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1969; Grosslein and Bowman, 1973). A generalized pattern of species 

mixtures along the shelf in spring and autumn is given in Figure 17. The 

MARMAP oceanographic effort includes the monitoring of current systems, 

temperature, and salinity changes and the effects of the movement of 

water masses on the fish stocks in the area. Surface temperature and 

salinity charts have been prepared for the bottom trawl surveys (Pawlowski 

et al., 1978) (Figure 18). In addition, new information on water movements 

is now becoming available from moored current meters monitoring flow in 

the northeast channel of Georges Bank (Figure 19). High velocity in flow 

from the Scotian Shelf into the Gulf of Maine and Georges Bank areas has 

been observed directly for the first time.

Primary Productivity Studies and Fish

Significant activity is now underway in the New York Bight. A group 

headed by John Walsh of Brookhaven National Laboratory is now investigating 

the energy flux of the Bight and principal driving forces of the system. 

Nutrient enrichment through storm mixing appears to be the principal 

mechanism for recycling nutrients within the ecosystem in spring (Walsh 

et al., 1976). The dominant forcing function of the wind-stirred water 

column is similar to the upwelling system off the Oregon coast. Other 

similarities between the two systems were also observed in annual primary 

productivity, food chain diversity, and fish biomass (Table VIII).

In contrast to the coastal Oregon and the New York Bight area simi­

larities, differences can be found in a preliminary comparison of the New 

York Bight, Georges Bank, and the North Sea. The estimated levels of 

primary productivity range from 100 gC/m^/yr for the North Sea to 150-200



28

gC/m^/yr for the New York Bight, and 400-500 gC/m2/yr for Georges Bank.

The latter value has recently been reported by Cohen et al. (1978), based 

on Cl4 measurements made during MARMAP surveys in 1975. The estimated 

average production of fish biomass for the three areas increases from a 

low of 10 mt/km^/yr for the North Sea to 15 mt/km^/yr in the New York 

Bight, and a high of 19 mt/km^/yr for Georges Bank (Figure 20).

The extremely high value for Georges Bank primary production is now 

being reexamined critically. A series of measurements have been made 

in the area in 1976. Preliminary evidence supports the high value.

Observations of Stressed Ecosystems in the Northwest Atlantic

Recently Steele and Frost (1977) described a model of a stressed 

ecosystem, wherein overall levels of primary production are not affected 

by stress. But significant shifts in species composition were in evidence. 

In a stressed system the production of small fast growing species is 

favored over the larger species. The theoretical basis for the model is 

supported by the authors with field data describing long-term changes in 

the plankton of the North Sea based on Continuous Plankton Recorder data.

In addition, recent experimentation in stressed large-volume plastic 

enclosures have shown a shift from essentially large-celled diatom popula­

tions to smaller dinoflagellates following dosings with copper and petroleum 

hydrocarbons (Steele and Frost, 1977; Thomas and Seibert, 1977).

In addition to plankton changes in the North Sea, described by the 

IMER group in Plymouth, Ursin (1977) reported a decline in mackerel and 

herring stocks in the North Sea coincident with an increase in the 

biomass of fast growing and shortlived species--sprat, Norway pout, and
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sandeel (Figure 21). Although much of the data is preliminary in nature, 

the implication is clear. In a summary statement describing the results 

of the Symposium on the "Changes in the North Sea Fish Stocks and their 

Causes," Hempel (in press) reported that changes in food and predation of 

fish larvae may have been the key to the observed increases in growth and 

recruitment of cod and haddock. The decline in herring and mackerel 

abundance

". . . was at least partly responsible for improved living 

conditions for young gadoids and that fast growing, short lived fish 

with higher ecological efficiency took the place of the slower 

growing (but higher priced) species which altogether caused a higher 

productivity of the total fish population in the North Sea."

Implications of Biomass Changes in

the Northwest Atlantic

In the Northwest Atlantic off the U. S. coast the changes in the 

size of the fish biomass over the past eight years have been dramatic. 

Recent estimates of primary production levels indicate that Georges Bank 

is far more productive than previously estimated. Considerable effort is 

now being directed to verify the higher values. Given that the value is 

reasonable, then we would look for evidence of changes at levels below 

the primary-production "lid." Significant shifts have occurred among the 

fish species. Mackerel and herring stocks have declined, and "coinciden­

tally" the abundance of sand lance, a short lived, fast growing species 

with high-ecological efficiency, has increased dramatically in abundance, 

particularly in the Southern New England and Mid-Atlantic Bight areas.
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Some between year and among area differences in zooplankton abundance 

have been detected. However, the causes for the changes in zooplankton 

densities are not clear. It will be important in the future to partition 

zooplankton mortalities into environmental and predator compartments.

This is a difficult but important task.

The implications of these kinds of species shifts is clear. Re­

source managers, now more than ever before, need to evaluate the con­

sequences of multispecies interactions and be able to sort out the 

impacts resulting from the removals of presently unfished "ecological 

species" (e.g., four-bearded rockling, and/or sandeels in favor of 

"commercial" species (e.g., cod, haddock, herring, flounders, and mackerels). 

Proper evaluation is dependent on the best scientific advice available, 

and to this end it is necessary to re-evaluate how best to get on with 

studying marine ecosystems from a fishery management perspective.

Available evidence from the northeast Atlantic indicates that 

fluctuations of fish biomass as documented in the Symposium on the 

Changes in the North Sea Fish Stocks were of several orders of magnitude, 

and measurable with the present methods of combining, and analyzing data 

from fish-catches and fisheries-independent assessment surveys of fish 

stocks and their environments. In the northeast Atlantic, largely 

through the framework of ICES, catch-data is systematically reported and 

joint international surveys for demersal, and pelagic adults, juvenile, 

and larval fishes are conducted, usually for target species. Measurements 

of pollutants, primary production, hydrography and zooplankton biomass, 

species composition and productivity are generally studies of limited 

areas and/or relatively short-duration. The exception, is the Continuous
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Plankton Recorder surveys of the North Atlantic underway for nearly three 

decades.

The approach in the northwest Atlantic is largely an evolution of 

ICNAF joint international studies to support the total fish biomass 

management regime adopted in 1973. Standardized MARMAP surveys are 

underway for monitoring population changes of fish, plankton, shellfish 

and benthos, and hydrography by the Northeast Fisheries Center.

Principal focus in the MARMAP ecosystem study is on the early life
f

stages of fish (Figure 22). Estimates are being made of the magnitude of 

the size of the spawning biomass of a stock based on abundance and 

mortality estimates of eggs and early stage larvae. To support the 

activity, a major commitment has been made to conduct in cooperation with 

other countries a "patch" study in 1979. The operations will be conducted 

on Georges Bank on a microscale level using new sampling strategies 

including pumps, to observe the relationships among fish larvae, their 

prey and predators in relation to growth and survival. Macroscale 

ichthyoplankton-zooplankton surveys of up to 6x/yr are continuing to 

monitor temporal and spatial changes in: (1) fish spawning and estimates 

of larval fish production, (2) changes in zooplankton abundance and 

species composition, and (3) changes in hydrography and their effects on 

fish. The common denominator to the studies is energy flow among the 

principal species. An initial energy budget has been developed by Cohen 

et al. (1978) for Georges Bank. Serious deficiencies exist in several of 

the key components. One of the most significant is in the fragmentary 

nature of the secondary production component, both in the zooplankton and 

benthos. The initial stimulus for developing the budget was in fact to
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identify the weakest components and develop the necessary research 

initiatives to overcome them.

Principal focus over the next several years in the MARMAP program 

will be on predator-prey interactions at all trophic levels. To date 

approximately 70,000 stomachs have been examined to frame the most 

critical questions. Preliminary evidence suggests that silver hake 

Merluccius bilinearis, plays a principal role in regulating the ecosys­

tems (Edwards and Bowman, 1978). Also, the estimate of turnover rate of 

benthos and plankton will be refined. The degree to which primary 

production serves as the probable "lid" on the ecosystem now needs to be 

examined carefully. Studies of primary production will be accelerated in 

an effort to confirm or modify the extremely high values attributed to 

Georges Bank, and the impact of these values on the fish stocks. The 

MARMAP studies are serving to improve primary production estimates, and 

provide a better understanding of the links between plankton and fish 

production.

January 31 , 1979
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Table I Principal spawning areas and tines of narire fishes, 
tape Sable to Cape Hatteras. Fron Colton, et al. (19/8).



Table l (Continued)

Kno-n spawnin'] season. 

Uncertain spawning season. 

•Peak spawning.



Table II. Cruises and dates of sampling in each of the areas surveyed in 1977.

Survey Dates Vessels Cruise Area

No. of 
Samples 
Analyzed

Early Spring 3 Mar- 
8 Apr

Goerlitz 
Delaware II

77-01
77-03

Southern
New England 29

Georges Bank 30

Gulf of Maine 25

Mid-Spring 13 Apr- 
20 May

Albatross IV 
Delaware II

77-02
77-05

Southern
New England 30

Georges Bank 23

Gulf of Maine 30

Late Spring 17 May- 
17 June

Noqliki 
Delaware II 
Delaware II

77-02
77-05
77-07

Southern
New England 30

Georges Bank 31

Gulf of Maine 30

Summer 30 July- 
3 Sept

Yubileiniy 77-02 Southern
New England 36

Georges Bank. 21

Gulf of Maine 28

Fall 18 Oct- 
12 Nov

Argus 77-01 Southern
New England 30

Georges Bank 20

Gulf of Maine 24

Late Fall 12 Nov-
13 Dec

Mt. Mitchell
Kel ez

77-11
77-11

Southern
New England 18

Georges Bank 20

Gulf of Maine 30



Tiible III. Zooplankton biomass values (cc/100 n^) based on displacement volumes 
of 0.333 nn resh samples. Included are values for mean, median, range, standard 
deviation, variance, and coefficient of variation.

Area Cruise Date Mean Median Range S.D. Var. c.v. (•;)

SNE "Del"
77-03
and

Mar-Apr
'll

32.57 21.96 2.95- 
111.66

23.23 799.61 01

"Goerl" 
77-01

G3 "Goerl" 
77-01

Mar-Apr
•77

24.37 20.32 1.36- 
92.22

19.34 373.91 78

GOM "Goerl" 
77-01

Mar-Apr
•77

37.40 13.54 4.53- 
249.30

54.05 2,921.73 145

SHE "Del ”
77-05
and
"Alb"
77-02

Apr-May
'77

63.56 59.63 3.25- 
172.13

45.21 2,043.51 71

GB "Alb"
77-02

Apr-May
'77

85.31 63.12 20.39- 
277.25

61.11 3,734.33 72

GOM "Alb"
77-02

Apr-May
•77

40.90 32.54 10.43- 
133.32

25.93 650.05 64

SNE "Del"
77-05
"Nog"
77-02

May-
June
•77

100.56 81.55 14.68- 
324.83

63.24 39,999.52 63

GB "Nog"
77-02
"Del"
77-07

May-
June
'll

179.66 126.97 16.72- 
790.90

176.96 31 ,314.61 98

GOM “Nog"
77-02
"Del"
77-07

May-
June
•77

81.09 59.95 16.03- 
199.21

52.39 2,797.33 65

SNE "Yub" 
77-02 .

Aug.
'77

66.95 . 50.15 20.13- 
243.45

38.34 1,470.31 57

GB "Yub"
77-02

Aug.
•77

50.79 49.22 10.68- 
105.63

22.15 467.33 44-.

GOM "Yub"
77-02

Aug.
'll

52.43 43.64 19.95- 
97.33

20.44 402.34 39

SNE "Argus"
77-01

Oct.-
Nov
'll

26.84 23.53 9.55- 
55.79

12.73 156.64 47

GB "Argus"
77-01

Oct-
Nov
'll

33.57 40.40 12.24- 
142.05

28.60 777.54 74

GCM "Argus"
77-01

Oct-
Nov
'll

61.45 54.64 6.87- 
140.72

31.49 950.23 51

SNE ''Kelez"
77-11

Nov-
Dec
'll

26.16 19.63 6.66- 
53.73

18.30 316.31 70

GB "Kelez"
“llt.M"
77-11

No v-
Dec
'll

30.31 27.10 9.29- 
102.55

20.00 415.00 69

GCM "Kelez"
“Kt.,‘1"
77-11

Nov-
Oec
'll

49.94 42.31 6.01- 
115.39

25.26 616.71 50

Sanl<; SSE»So.uthern New Ergland; CC*»Gulf of Maine.
p„‘b ! n!.l3tr°M IV”; "’»’ec:" = "riectra ■; "aelog" = "3eloqjrsic"; "Ant. D“»"Antr
StoMi»i--e-v*s-”y4sC?er'; :Go?:r;:Goer,,U"; -3el”."Ce1a-are II"; "Nog"-' 
bog i i m , y-jb * Yjbileiniy ; Mt.M «Mt. Miter, el 1”. 3



Table IV. Kruskal-Wal1is Chi-Square (X2) and probability values for among season, 
between season, and among area comparisons of zooplankton volumes—Southern 
New England, Georges Bank, Gulf of Maine.

Southern New England
Among Season Differences

Georges Bank Gulf of Maine

X^ Probability X** Probability X2 Probability
67.15 P < .0001 73.05 p < .0001 31.62 p < .0001

Between Season Differences

X2
Southern Mew Ena!and

Early Spring--Mid Spring 8.37 P < .0038
Early Spring--Late Spring
Late Spring--Summer

24.55
7.56

P
P

< 
< 

.0001

.0060
Summer--Mid Autumn 31.72 P < .0001
Mid Autumn--Late Autumn 0.62 P > .05*

Georges Bank
Early Spring--Mid Spring 23.83 P < .0001
Early Spring--Late Spring
Late Spring--Summer

37.59
18.80

P
P

< 
< 

.0001

.0001
Summer--Mid Autumn 6.40 P < .0114
Mid Autumn--Late Autumn 2.13 P > .05*

Gulf of Maine
Early Spring--Mid Spring 7.13 P < .0076
Early Spring--Late Spring
Late Spring--Summer

16.87
4.60

P
P

< 
< 

.0001

.0313
Summer--Mid Autumn 0.88 P > .05*
Mid Autumn--Late Autumn 1.61 P > .05*

Among Area Differences

X2
Early Spring
Mid Spring

0.71
10.25

P 
P 

> 
< 

.05*

.0059
Late Spring
Summer

10.47
4.80

P 
P 

< 
> 

.0053

.05*
Mid Autumn 20.33 P < .0001
Late Autumn 16.62 P < .0002

*Differences are not significant.
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TableVll. <nis*al--til is CM-Souare i v-) md cro&, ibtlitv values for among 
season. tetween season. aid i-»nq are* i_o“*ojri%ons of coDfpoj anuno.ince 
levels —JCutnern New -r«i)and. ueor^es 3an», and uulf of Maine.

Pseu local I»u1 minutuS

Along Season differences 
Southern New E-glanJ 

X2 £3.5i ? « .CCCI
Georces 3ann 

X2 31.73 ? * .0001
Gulf of 

X2 42.*32 
Maine 

P < .0001

8etween Season Differences
x2

Southern ?~gland
jany ::nr;- *u Srrmq 3.04 P > .0312
Early S;rira--Late Spring 11.74 P .0006
Late String—Sumvr 33.69 P < .0001
Sumner-- Ji3 Ajturn 3.57 P > .0530'
Mid Aut.<~n--lJte Autumn 4.16 P < .0415

Georces
tariy -ring—Mid Spring 8.45 P < .0036
Early Spring—late String 24.06 P < .0001
late Sprinq—Su-mrer 8.85 P < .0029
Su*rer—Jid Autumn 0.57 P > .4494’
Mid Autumn—late Autumn 1.76 P > .1850

Gulf of u,i"»
tariy — Mid Sprinq 14.76 P < .GC01
Early Spring —Late String 24.15 ? < .0001
Late S:rinq--5 .-r-»r 6.23 p < .0123
Su-nrer--v,*q -j’.v-n 1.34 ? > .247S1
Mid Autumn—Lite Ajt„mn .51 P > .4754'

Among Area Differences 
X'

Early Spr — g 43.71 P < .0001
Mid Spring 37.17 P < . GCO1
Late Spring
Su*rer 

31.12 P <
3.97 P <

.0001

.0113
Mid Autu™n 13.61 P < .0011
Late Autwn 4.80 ? > .0907'

•Dif*»'ences are not significant.

Table vi I Continued.

C il an.is f i r-irm ; jS

Among Season Differences 
Southern New 

X2 70.02 p 
Engl ind 
< .0001 

Geornns ian*
X2 75.03 P ■ .0001

Gy If ?* 
x2 52.i 

**Jire 
? « .

Between Season Differences
X2

So-j—arn Nr-* Pi—! lM
Earl/ iprir.q-./.ia Spring
Earl/ $3ring--ljte Spring

17.70
21.67

P
?

< .ccci
< .c::i

Late Spring.-Su-rer
Summer—Mid Ajturn

14.46
17.82

P
P

< .CCCI
< .c::i

Mid Autumn—Late Autumn S.22 P * .0224

Georr«*s Bank
tari/ Spring—Mid Sprinq 20.45 ? < -CC01
Early Scrmg--late Spring
Late Spring—Summer
Sumer—Mid Autumn

27.27
16.45
7.44

P
P
P

« . CC01
< .ccci
< .CCS4

Mid Autumn—Late Autumn 0.C6 P * .3091

Gulf of **ame
tariv uur mg—Mid Soring 36.Cl P < .CCCI
Earlv Spring-late Spring 36.41 ? < .CCCI
Late Spring--Su'T-er
Sumr.er—Mid Aytu-n

0.C3 ? >
2.67 P >

. £541

. ic: 3
Mid Autumn—Late Autumn 1.53 P » .2165

Anong Area Differences

Early Soring . 11.65 P < .0027
Mid Spring 5.92 P > .0517'
Late Spring 0.£3 P > .5 — ;
Summer 23.20 P < .CCCI
Mid Auturn 41.73 P < -CC01
Late Autumn 33.24 P < .0001

•Differences are not significant.

Table VI1.Continued.

Centropjoes typicus

Southern 
X2 63.3 

New England 
P < .0001

Among Season Differences 
Georges Bank 
X‘ 63.6 P < .0001

Gulf of 
X2 55.0 

Maine 
P < .0001

Bci-wcen reason erences

Southern New Finland
Ciriy rprmg--Mid—Spring 
Early Spring--Latc Soring 
late Spring--Sumner 
Surrer--Mid Autumn 
Mid Autumn--Late Autumn

6.33
0.73

12.30
l.U
1.37

P
P
P
P
P

.0119
» .3933
< .00C4
> .2851'
* .2415'

Georges 9 ml
Ear,, Spring--Mid Soring 
Earl/ Soring--Late Spring 
Late Spr in g—Suwer 
Sur.~*r--Mid Autum 
Mid Autumn-Late Autumn

l.RS
7.70
9.13

21.49
10.19

P
P
P
P
P

>
<
<
<
<

.1731*
• COS 5
.0025
.0001
.0014

Gulf of !f n nn

occurrences too few r.q test for signifIcance.

Among Area Differences
*2

Ejrly String 22. S 4 P <Mi 1 ;jr;n j .0001
8.31 P < -CIS/Late 3.ring 10. il P * • C045Su r*p 16.21 P « .COO 3Mi 1 10. 3! P « .C'7b7Late a ([.-n S.t) P > .CLJ2*

i'ferences *'f not significant.



Table VIII. A comparison of habitat variability, species diversity, and 
productivity between two shelf ecosystems of the same latitude.

Oregon New York

Temperature range of 
the inshore mixed layer

8-14°C year'l 4-24°C year-1

Cumulative nitrate 
within the inshore 
mixed layer

2.2 g-atom NO3 m"3 
year-l

1.3 g-atom NO3 nr 3 
year-l

Primary production 
of inshore waters

193 gC m-^ year"! 150-200 gC m”2 year-”*

Number of inshore 26 within 18 km 29 within 25 km 
copepod species of the coast of the coast

Estuarine dependent 
fish species

44% of commercial 
catch year"!

45% of commercial 
catch year-1

Marine fish species 
on shelf and slope

n, 219 % 200

Fish yield of the 
she!f ecosystem

10 tons km"^ year"! 5-10 tons km~2 year"!

Walsh, John J., Terry E. Whitledge, L.A. Codispoti, Steven 0. Howe,
Creighton D. Wirick and Louis J. Castiglione. The biological response 
to transient forcings of the spring bloom within the New York Bight. 
Unpublished manuscript Brookhaven National Laboratory, Upton, N.Y. 66 pp. 
1976.
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Figure 1. Decline in the fishable biomass of Georges Bank, Gulf of

Maine and Southern New England 1968-1975. Between 1968-1969 and 

1974-1975, the biomass decreased 65%. Adapted from Clark and 

Brown (1977).
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Figure 2. Schematic presentation of predator-prey interactions for the 
more important species of fish and squid off the northeast 
coast of the U. S. Predator names are enclosed in ovals; 
prey are shown in rectangles. From Langton and Bowman (1977).
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Figure 3. Change in the composition of the prey of cod in the eastern

Atlantic. From Edwards (1976).
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Figure 4a. The four geographic areas of the Northwest Atlantic surveyed 

from 1971 through 1977 during MARMAP operations of the North­

east Fisheries Center, Woods Hole, Massachusetts.
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Figure 4b. MARMAP station locations sampled six times a year for 

ichthyoplankton, zooplankton, primary productivity, 

chlorophyll, nutrients, and hydrography.
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Figure 5. Changes in the percentage composition of Ammodytes spp. larvae 

in the Georges Bank Southern New England, and Mid-Atlantic 

Bight sub areas of the coastal ecosystem 1974-1-977. Changes 

in the percentage composition are also given for cod, haddock, 

pollock, and herring for the Southern New England and Georges 

Bank sub areas. From Smith et al. (1978).
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Figure 6. Changes in the abundance of Ammodytes spp. larvae in early

spring in the MARMAP sampling area off the northeast U. S. coast 

1974-1977. From Smith et al. (1978).
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Figure 7 ■ Sampling locations during the 1977 MARMAP surveys of 

the Gulf of Maine, Georges Bank, and Southern New England 

waters: (a) early spring; (b) mid-spring; (c) late spring; 

(d) summer; (e) mid-autumn; (f) late autumn.
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Figure 8. Changes in median zooplankton volumes in the Gulf of Maine,
Georges Bank, and Southern New England, March-December, 1977; 
time periods covered during each of the six surveys are bracketed; 
mid-points of the survey periods are shown by arrows; dashed 
lines represent interpolated values for inter-survey periods.
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Figure 9. Median seasonal abundance levels for the three dominant
copepod species in Gulf of Maine, Georges Bank, and Southern 
New England waters: (a) Cal anus finmarchicus; (b) Pseudo- 
calanus minutus; (c) Centropages typicus. Time-periods 
covered by each of the survey periods are in brackets.
Dashed lines represent interpolated values for inter-survey 
periods.
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Figure 10. Median zooplankton volumes, spring, Georges Bank, 1971-1975.
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Figure IT. Median zooplankton volumes, autumn, Georges Bank, 1971-1975.
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Figure 12. Seasonal changes in zooplankton displacement volume in the 

Gulf of Maine, Georges Bank area. From Cohen (1976).
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Figure 13. Monthly changes in zooplankton biomass in coastal waters of 

central Maine. Solid line depicts volumes of the 0.253-mm 

mesh bongo net; dashed-line is for the 0.366-mm mesh net. 

From Sherman et al. (1976).
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Figure 14. Monthly changes in the abundance of the dominant copepod 

species in coastal waters of central Maine, October 1968 

through February 1970. The shaded area depicts the peak 

spawning period of herring along the coast of the Gulf of 

Maine. From Sherman et al. (1976).
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Figure 15. Annual recurring patterns of herring distributions in waters 

of Georges Bank and the Mid-Atlantic Bight. From Zinkevitch 

(1967).
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Figure 16. Examples of distributions of macrobenthos, Cancer borealis
and C_. irroratus from the MARMAP sampling area off the 
northeast coast of the U. S. From Williams and Wigley (1977).
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Figure 17. Generalized pattern of species mixture of fish in the MARMAP 

sampling area off the northeast U. S. From Grosslein and 

Bowman (1973).



F



Figure 18. An example of the surface salinity and temperature charts 

prepared from the observations made on the MARMAP bottom 

surveys, Fall 1977. From Pawlowski et al-(1978).
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Figure 19. MARMAP bottom current monitoring experiment in the northeast
channel of the Gulf of Maine. Lower left depicts general 
area of the experiment; upper right shows the typical 
current meter array; upper left shows the approximate positions 
of the array in the water column, and lower right indicates 
the mean directional flow and relative velocity of the cur­
rents, the numbers represent the current meter positions 
with respect to depth.
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Figure 20. Estimated annual primary production of three areas--Georges
Bank, Mid Atlantic Bight, and the North Sea--compared 
against estimated production of fish biomass.
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Figure 21 Estimated changes in the biomass of fishes in the North Sea 

1960-1976 with model simulated projection to 1980. From

Ursin (1977).
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Figure 22. Schematic outline of the principal focus of the MARMAP 

ecosystem study of the Northeast Fisheries Center. The 

rectangle depicts the interactions under investigation to 

obtain a better understanding of the relationship between 

the size of a spawning biomass of fish and subsequent year- 

class recruitment. Studies are underway on the larval, 

juvenile, and adult fishes within the context of measuring 

energy flow through the system, and the effects of fishing, 

pollution and environmental changes on the flow. Macroscale 

surveys are made up to 6x/yr to monitor changes of fish, 

plankton, and hydrography. Mesoscale surveys are conducted 

from the onset of larval hatching up to juvenile development 

on target species. Herring has been the target species since 

1971 in studies of recruitment processes off the northeast 

coast. Microscale studies of larval herring growth and 

predator-prey studies are planned for 1979.
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