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A multivariate approach was used to elucidste the 

simultaneous effects of the environment And estimated s~ck 

biomass on the recruitment of Gulf of St. Lawrence cod. The 

QUAdratic effects of temperature and estimated stock biomass 

were key factors in determining eg9 abundance levels. The 

numbers of larvae were found to increase linearly with eg9 

abundance and temperature. A distinct dome shaped density-

dependent relationship existed between the numbers of 

larvae and the estimated abundance of 2+ cod. A simplistic 

simulation, constructed to test the behavior and validity of 

the derived equations, showed year-class strength for cod 

could be predicted 4 years in advance of their recruitment 

into the fishery. The addition of a fishery aub-model produced 

regular l2-yr oscillations in stock size, the amplitude of 

which depended on the fishing mortality. 

Submitted ~or publication in the Journal of the Fisheries Research Board of Canada. 
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Introduction 

Historically, fisheries biologists, guided by such 

forerunners as Beverton and Holt (1957) and Ricker (1958), 

have rigorously studied the response of fish population. 

to explOitation, assuming constant recruitment independent 

of environmental effects. However, it has also been 

realized that the environment does play an important role in 

determining recruitment but the mechanism remain. to be 

elucidated. In the light ot the accepted importance placed 

upon these effects, egg and larval surveys were initiated in 

the southern Gulf of St. Lawrence to try to link up environ­

mental effects on recruitment with those due to fluctuations 

in parent stock biomass. In addition, it was anticipated that 

some important insight could be gained concerning groundfish 

egg and larval biology. 

That temperature is an important environmental factor 

regulating cod production is demonstrated by the positive 

correlation between temperature and cod abundance at the 

northern limits of ~heir raoge, while a negative relation is 

found at the southern limits (Dickson and Lamb 1973; 

Templeman 1973). This effect was shown at West Greenland 

(liermam1953; Hermannet a1. 1965), at Labrador (Elizarov 1965), 

in the Norwegian and Barents Seas (Kislyokov 1961), off 

Nova Scotia and New England (Martin and Kohler 1965), in the 

North Sea (Holden 1970), and in the Englieh Channel (Dickson 

and Lamb 1973). More recently W.H. Sutcliffe, Jr. (personal 

communication) found a negative correlation between tempera­

ture and cod catches in the Georges Bank and Scotian Shelf 

area. 

It is the aim of this paper to analyze the effect of 

the interaction of temperature, aM the key environmental 

factor, with parent stock biomass in determining the stock 

recruitment mechanism for cod~ Furthermore, an attempt is 

made to conetruct a model to predict recruitment AS well a~ to 

elucidate the long-term effects of exploitation. 
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Methods 

In 1965 an investigation of the distribution and 

abundance of fish eg96 and larvae in the southern Gulf of . 
St. Lawrence was initiated and subsequently continued until 

1972. Examples of the cruise tracks and plankton-towing 

stations are shown in Figure 1. For the present analysis only 

the samples from two types of nets wers considered, standard 

conical meter nets and Miller samplers (Kohler et al. 1974). 

The conical meter nets were lO~ ft long and were constructed 

of No. 471 Nitex nylon. The Miller samplers were constructed 

using plans made available by U.S.F.W.S., Woods Hole, 

MAssachusetts. Volumes of water strained by the stOanard 

conical meter nets were measured with TSK flow-meters 

(T&urumi-Seiki Kosakusho Co. Ltd., Yokohama, Japan). The 

conical meter nets (surface and 15 m), stacked on a 

w~re at various depths, were towed simultaneously at 2~ 

knots, each for half an h9ur. The ships used for these 

c,,"uises were the K.V. H,arsngl.4.a and C.G.S. E.E. Prinos and 

A.f. Camaron .. 

The nets were thoroughly washed down with salt water 

when brought aboard after towing. Samples were routinely 

stored in 32-oz glass bottles. Special effort was made in 

the identification of eggs and larvae between 1965 and 1972. 

Sometimes it was almost impossible to differentiate between 

e99s of Atlantic cod and other gadoid species; however, larvae 

could be separated by their irregularities in pigmentation 

(Bigelow and Schroeder 1953). When there was any doubt con-

eerning the species to which the eggs belonged, they were 

incuba~ed and the hatched larvae subsequently identified. 

Preliminary data analysis 

Some amalgamation of the large amounts of data 

collected between 1965 and 1972 was necessary before any 

anal¥sis was possible. The strong auto-correlation between 

successive tows within a cruise indicated the best method to 
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observa unbiased patterns within the data was to treat an 

entire cruise as one ex.perimental unit. 'rhe analysis of the 

data could then be treated as a multiple split plot design 

(Cochran and Cox 1968) with cruises being the main plot. The 

first split within cruises was a breakdown of gear types, 

all Adjusted to A constant amount of water strained 

(100,000 cu m); thus catches af the largest gear type, the 

a-ft Isaacs-Kidd trawl, were reduced and the catches of the 

smaller Miller samplers were increased. Those with a 

different mesh size in the codend ('471 Nitex) wers not ussd 

in the analysis. Calculated flows on ths meter nets did not 

differ from ths observed flows taken by the T5K flow-mater.by 

more than 5\. This level of accuracy was assumed to apply 

to tha calculated flows for the other neta. The next split, 

within gear, WAS depth. 

Preliminary analysis of the gear types showed that 

adjusted egg and larvae catches for Miller samplers and one­

meter nets were not ~i9nificantly different. Catche~ in the 

other types of gear were an order of magnitude lower than 

these, and were not comparable. Depth was not found to be 

significant in determining egg availability, therefore, tows 

at different depths were used as an estimate of pure error 

(Draper and Smith 1966). However, the number of larvae 

caught in surface nets was significantly lower than catches 

at other depths, thus only catches at depths other than the 

surfuce were used. The changing intensity of the surveys 

presented a contiiderable problem (Appendix 1) which was over­

come by giving more weight in the analysis to those years with 

a more intense survey. The mean sea surface temperatures were 

calculated for each depth and gear type while a mean 

&a1ini ty was used for an enti_te cruise. 
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Results 

Derivation of equations 

Temperature and stc·ck size were found to be major 

factors affecting the ca~ch of cod eg9s by survey vessels 

during MAy (Fig. 2). The general relationships among these 

variables were described by the following multivariate 

relationship' 

(1) Eg - 11.63038 - S.327082 + 0.02~7Tp2- 0.0039Tm
Z - Z.42S6 

Variable Coeff. Student 's t Partial Corr. Coeff. 

8 ll.6303 Z.Ola 0.3730 

8 2 -S.3270 2.90
a 

-0.Sll9 

T Z 0.0297 2.27
a 

0.4131 p 
T 2 

m 
0.0039 7.00

a -0.0347 

aSignificant at 1'<O.OS 

The coefficient of multiple determination (R2) was 

0.030 while the F for regression waS 10.16a • Eg is the 

catch of eg9s/1000 eu m of water strained, and B is the 

estimated stock biomass on May 1st for sexually mature individ­

uals 4 yean. and older (Appendix 2). Virtual population 

analysis (Pope 1972) was used to estimate the numbers of 

cod in the parent population on January 1st. The number 

of fish caught between January and May in ICNAF subdivisions 

4T and 4Vn and number of cod lost to natural mortality 

(m- 0.20) were subtracted from the January 1st estimate to 

give the size of the spawning population. Mean weights for 

each age in May were determined from con~rcial sampling and 

mult-iplied by tha. numbers to give parent stock biomass. Tp 

is the mean sea temperature during the cruise; Tm is the 

median time of the cruise after May l~t. 

Equation 1 can be reduced to'a form involving oolf 

temperature and stock biomass given values for time. On the 

30th May the equation red~ces to the following form' 

(2) Eg - 11.6303B-S.327082+O.0297T
p

2 -S.93S6 
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However, the equation and qra.ph depicted in Figu.re 2 represent 

th& reduced form of equation 1 on May 20th. The time-dependent 
that 

term demonstrates/egg mortality is quadratic and generated over 

time independent of the est\mated stock biomass and temperatur&. 

Th& effects of this time-dependent term ar& qui~e profoundl On 
.' 

May IS the predicted catch of eggs/1000 cu m o~ water 

strained is 3.1 (for 5 C and estimated stock biomass of 
5 . 

1.~ x 10 metric tons) while,by May 30, it has fa11&n to 0.5. 

The quadratic nature of parent stock biomass (equation 

1) suggests a density-dependent mechanism is controlling the 

number of eggs (Fig. 2). The general trend over the data 

series i. a decline in egg numbers with increasing stock 

biomaas. There are A number of possible explanations. 

However, the analysis suygests that either large estimated 

parent stock biomasses are producing fewer eg9s, or that 

large numbers of these 8ggS are dying immediately following 

spawning, since the mortality generated over time does not 

interact with parent stock biomass. 

The effect of temperature is quadratic, although the 

coefficient for the temperature is small (0.0297), indicating 

that it is less important in determining the catch of eg9s 

than estimated parent stock biomass. The exponential effect 

of temperature is in accord with finds of Forrester and 

Alderdice (1966) and Bonnet (1939). 

The abundance of larvae wae found to be positively 

correlated with the catches of cod eggs in May, and temperature 

(Fi~. 3). The following multivariate equation deacribes the 

relationship: 

Variable Coeti. Student' Ii t Partial Reg_ Coeff. 

Eg 34.1040 3.l6a 0.791 

Tp 3.1312 1.83 non-sig 0.598 

EgX Tm -0.1570 1. 67 non-sig -0.562 

"Significant at 1'<0.05 
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The coefficient of multiple determination (R2) is 

0.70 while the F for regression is 4.56 where LR is catch/ 

100,000 cu m of water strained, £9 is ,the catch of e99S in 

May/1000 cu m of water stfained, and Tp ia the temperature 

in ·C on the time Tm in the days from May 1st. The predictive 

value of equation 3 is less than equation 1 but beth Tp and 

the Eg x Tm interaction lead to a substantial decline in th. 

error mean square and subsequently CAn be considered 

signi~icant variables (Draper and Smith 1966). 

The yearly temperature cycle in the Gulf of St. 

Lawrence reaches a maximum usually in early August (Lauzier 

1969), therefore 100 days was substituted into'equation 4 

for Tm to approximate the temperature maximum. 

(4) LR - 10.4040 E + 3.1312 T - 46.0301 
9 P 

The Eg x Tm interaction indicates that the importance 

of egg numbers in determining larval abundance is reduced 

and dependent on time. However, in equation 3, the effect of 

time on larval numbers is'not profound presumably since 

the critical period for larval survival was determined earlier 

in June. lIermann et al. (1965) also found the best correlation 

between temperature and the numbers of surviving larvae was 

in June. 

A density-dependent relationship exists between larval 

abundance and the numbers of juvenilea, 2 yr later (~i9. 4). 

The loge CUE of 2+ juveniles was determined by Hare and 
MS 

Kohler ~974) from juvenile surveys in the Gulf of St. 

Lawrence. The regression of the CUE of 2+ cod on the 

abundance of 2+ cod estimated from virtual population 

analysis was si9nificant at P~O.05. The CUE of 2+ cod was 

then assumed to be measured without error and was used to 

estimate the numiH~rs Cd.: 2-''' cod (Appendix 2). Therefore the 

estimate of numbers at age 2+ is no more accurate than the 

CUE from juvenile surveys. 

Initially, as the abundance of larvae increases, the 
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number of juvenile cod increases following a logistic pattern, 

reaching a maximum near a catch (per 10 5 cu m of water 

strained) of 12. At catches greater than 12 there is an 

inverse relationship between larval abundance and numbers of 

cod at age 2+. However, when the catch of larvae is 0, the 

year-class strength of 2+ cod is approximately 65 x 106 fish. 

Presumably, the larval density was too low for individualii 

to be caught by the survey cruises. 

Test of ,equations using simulation 

To test the validity and conservatism of the derived 

equations in predicting year~·class strengthirr a small 

deterministic simulation was constructed amalgamating the 

different portions of the egg ,. larval and juvenile biology 

of cod. The exogenous controls on the final prediction of 

year-class strength from the system of equations were 

estimated parent stock biomass and the temperature cycle in 

the Gulf of St. Lawrence. Tl~e sea surface temperatures at 

Grande-Riviere were correlatHd with those from the cruises 

and were used for prediction., Sea. surfAce temperaturea 

showed considerable varia.tion a.mong the 12 yr of data 

considered (Appendix 2). The spring temperatures at Grande-

Riviere were consid~rable above those farther out in the 

Gulf but the correlation bet\veen the two was significant 

(r ~ 0.77). The correction equation of Y - O.57X + 1.67 was 

used, where Y. is the tem[Jerature in the Gulf of ~t. Lawrence 

and X was the tl:.mp.:!rature at Grande-Riviere. Surface 

temperatures at Grande-Riviere were below Gulf temperatures 

in late summer and early fal:. The correlation between the 

two was again high (r.c 0.79) And the correction equation 

Y - 1.08X + 0.67 was used. 

Generally, equation 2 was used to predict the catch 

of cod eggs, notable exceptions being 1963-69. In these two 

years the equation derived for egg abundance on May 20th 
I 

approximated the catches mor~ accurately. Po~sibly, the 

mortality rate between May 20 and 30 could have been reduced by 
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these years being particularly calm. Rollefsen (1930,1932) 

suggested wave action can burst yolk membranes and kill egg81 
• 

however, meteorological records show no significant drop in the 

average MAy wind speed in these 2 yr. In 1968 and 1969 the acC~u­

lated growth of cod WAS at a maximum (Halliday 197~) which haa been 

found to be an important factor in determining 8g9 survival 

(Grauman 1973). It is possible that improved egg survival 

could be due to the enhanced condition of cod. 

The estimated temperature maximum and egg abundance 

were used as the dependent variables in equation 4 to 

estimate the catch of larvae. The relationship between-larvAl 

abundance and the abundance of dge 2+ juveniles waS approxi­

mated by a number of straight lines since no satisfactory fit 

was obtained. using density-dependent and independent mortality 

curves postulated by Cushing dnd Harris (1973). A 4~rder 

pOlynomial would b~ an adequate fit to the data, but would 

have no biOlogical meaninQ. 

The correlation between the simulated (predicted) 
(observed) 

year-cld.ss f:itr~n9th.s and those estimated /from juvenile surveys 

was significant at P~O.05 while the line At 45° 

indicated parity betw~en the two variables (Fig. 5). Further-

more, both the predicted and observed year-class strengths 

were previously determined using estimates from virtual 

population analysis. The difference in slope and position of 

the rugression line through the points was not significantly 

different from the line representing parity. This significant 

correlation suggests that the derived equations hold over the 

data series from 1960-1971. However, further tests were made 

to study the behavior of the predicted values under controlled 

conditions. 

An a~tcmpt was made to simulate a Ricker (1954) stock 

and recruitment "'·cl.3.tionship tor 

cycles. No relationship existed 

parent stock biomass of 0.5 x 105 
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nor was there any hint of a gadoid dome (Cuahing and Harris 

1~73) for Gulf of St. Lawrence cod. The scatter of recruit­

ment values waS reduced at st~k biomassea of approximately 

1.5 x lOS metric tons. suggesting this to be the parent stock 

biomass producing the most consistent recruitment. As the 

parent stock biomass was reduced the variance in recruitment 

increased. However, a general decline in recruitment with 

stock bioma •• was noted. In light of the simulated results. 

~t appear. , that the recruitment curve, suggested by Beverton 

and Holt (1957). with considerable associated variance. beat 

summarized the reaults. Within the estimated stock biomasses 

obaerve4 in the Gulf of St. Lawrence. a good estimate of 

recruitment would be the mean of the scatter in the absence 

of environmental data. 

A aubmodel. representing a hypothe.tical fiahery. waa 

added to the aimulation to study the behavior of the equationa 

under different levels of exploitation, and to make the 

estimat~d stock biomass an end.ogenou8 variable. It waS 

anticipated that the regular 9-12 yr fluctuations. stipulated 

by Ricker (19S4) and observed for gadoids by Grosslein and 

Hennemuth (1973). could be generated. lles (1973) also 

discussed the significance of regular fluctuations in a 

number of fish stocks and Caddy (MS 1974) noted an 8-9 yr 

periodicity in the abundance of Bay of Fundy scallops. 

This model, including the fisheries submodel, was 

programmed in C.S.M.P., a computer language particula~ly 

suited to the simulation of long-term continuous time­

dependent processes. The fisheries submodel was kept as 

simple as possible, responding only to instantaneous 

fishing and natural mortality (0.2) (Clayden 1972, Halliday 

1972). The same instantaneous rates were applied to all 

age classes and the partial recruitment of 4-yr-olds was 

not included. Under present fishing conditions cod become 

fully recruited at age S (Halliday 1972). The simulated 
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period was 250 yr, although only a portion of the entire period 

is discussed. ~he m~an weight of individuals in the population 

and the annual temperature cycle of the Gulf were also held 

can&tant. 

The simulated results of exploitation profoundly. 

affected stock numbers. As the instantaneous rate of fishing 

mortality increased from 0.0 to 0.6 over a 25-yr period, the 

estimated stock numbers cycled down. Reducing fishing 

mortality over the next 50 yr from 0.6 to 0.4 curbed the 

downWard trend in stock numbers and initiated fluctuations in 

the population with a peak-to-peak periodicity of 12 yr. 

Accompanying these fluctuations was a reduction in ampl~ude 

and a general increase in stock abundance. 

Discussign 

According to Brody (1945), egg production is related 

exponentially to food consumption. Wigley (1965) confirms 

that this relationship is well established among fish 

culturiats. Grauman (1913) suggests that the condition of 

cod duriny egg development is an important factor influencing 

subsequent eyg 5urvival. Uowever, Nikolsky (1965) 5tates that 

stock fecundity decreased with food supply but there waS no 

change in the amount of yolk associated with individual e9g&. 

In accord, Tyler and Dunn (1975) found a positive and linear 

relationship between ration and ovary weight for winter 

flounder (PB~udoplBuronsota8 amsrioanus). A decline in 

ovary weight waS due to a reduction in the number of yo1k­

bearing oocytes, this reduction being caused by a suppression 

of vitellogensis and reabsorption of yolkless oocytes. 

As the biomass of cod in the southern Gulf of St. 

Lawrence stock increases beyond 1.1 x 105 metric tons (Fig. 2), 

the ave~age ration size presumably would be reduced. Tyler 

and Dunn's (1975) work would suggest that any decline in ration 

size would lead to a decline in the number of viable eggs per 
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female. At parent stock biomasses of 1.9 x 10
5 

metric tons 

the catch of e998 is approaching zero: however, this does not 

mean that there are no egg5 in the water column, but that 

the aurvey crui~es were not intense enough to catch Any 

eggs. Possibly, beyond stook biomasses of 1. 9 x 10
5 

metric 

tons, minimum e99 survival is governed more by environmental 

factors than intrinsic density dependence. 

At ~tock biomasse .. less than 1.1 x 105 metric ton .. , 

presumably spawning stock biomass becomes positively correlated 

with totAl fecundity. There ~no data to show that the 

estimated "pAwning stack biomass has ever been thi .. low and 

the implications from the curve should be treated with oautjon, 

although the relationship does have theoretical support. 

Unless the niche previously occupied by cod is filled by a 

competitor, most cod would be able to satiate and produce 

viable eggs. 

AS the temperature between years rises the number of 

e99s caught increases, due to' improved survival. Hermannet al. 

(1965) found the highest correlations between temperature and 

year-class strength in May. during egg development and hAtch-

ing, and July presumably being associated with larval survival. 

Forrester and Alderdice (1966) indicated the rate of develop-

ment of Pacific and Atlantic cod eggs in relation to temperature 

was remarkably similar. Therefore, to conclude that both 

Atlantic and Pacific cod have an optimum temperature for the 

survival of eggs of near 7.1 C for salinities similar to the 

Gulf of St. Lawrence is quite valid. Holden (1970) found the 

temperatures in May below 8.58 C produced strong year-classes 

of cod in the North Sea. The greatest decline in temperature 

to 6.68 C produced one of the largest year-classes. Bonnet 

(1939) shows similar results, With a salinity of 32.31~ •• 

eg9 survival was maximized at 6.5 C. Both the studies of 

Forrester and Alderdice (1966) and Bonnet (1939) indicate that 

the instantaneous mortality rate of eggs is greater at lower 
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than at higher temperatures. In accord, equation 1 indicates • 

temperature is having an exponential effect when below 

optimwn. 

The effect of temperature on cod larvae i& both direct, 

operating through bioenergetic responses and indirect, controll­

ing the food supply_ Chan~es in temperature have been shown 

to be important in determining variations of primary production 

in the Gulf (Steven 1974). Hjort (1914) postulated that 

mortality of larvae from starvation, due to an insufficient 

supply of plankton of suitable aize, is the most important 

oauae of the deoline in abundance of a year-olass. However, 

Grauman (1973) found the variation in food supply expl:ined 

only 25\ of the variation in larval abundance. A similar 

study by Corlett (1965) showed that the variations in abundance 

of plankton explained only 57.4' of the change in year-olass 

strength of cod stocks in the western Barent Sea. The 

logarithmic nature of the relation indicated that increasing 

plankton densities had leds effect on year-class strength. 

It would seem that when temperature is below that required 

to produce a threshold density (Kerr 1971) of plankton for 

larvae, small changes would be inlportant in determining 

survival. However, when Flankton reaches densities at which 

larvae can satiate, further rise in temperature, and the 

resulting increases in available food, would be of little 

importance. 

Tt.mperature affect.l:i, the development rate of larvae 

and reduces the time spent drift feeding all slow-moving 

plankton (Sysoeva and Degtereva 1965). Since larvae at this 

stage are inefficient swimmers they are extremely susceptible 

to predation,as well as being reliant on temperature to 

u(jtermine their food supp~ '1. As tht..:y grow in 1er.gth their 

ability to swim improves (Ryland 1963) so they are more able 

to avoid ~redators and gather food. Grauman (1973) can 

attribute 91' of the vari~tion in cod larval length to varia-
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tiona in their food supply while Ponomarenko (1965) indicates 

that year-class strength was related to stomach fullnes8, 

fatness, and nutritional condition of cod fry. A rise in 

temperature is known to increa~e the appetite of fish (Brett 

1971), and the basal metabolic rate (Saunders 1963/ Beamish 1964/ 

Beamish and Mookerjii 1964; Brett 1964), as well as the 

swimming speed at which fish Can search for food (Rao 1968; 

Brett 1971). Usin9 a system Simulation, Lett and Beamish (un­

published data) have shown that tha effeot of temperature on appetit 

i. one of the most important factors 90vernin9 aeasonal 

9rowth rates of fish. 

The density-dependent relationship existin9 between 

larval abundance and juveniles 2 yr (Fig. 4) later does not -

begin until the cod fry become demersal since the relationship 

between cod eggs and larvae (Fig. 3) is linear showing no 

density 4ependence. There is some evidence that cod fry 

remain pelagic until they are 1+ (Halliday personal communica­

tion). In accord Ponomarenko ·(1973) established that year­

class strength of cod is not determined in the first year of 

life. The major predato~of OT group cod are usually older 

cod in·' the Barent Sea (Ponomarenko 1965), presumably a major 

population control factor. However, this may not be the case 

in the Gulf of St. Lawrence, but his observation that the high 

numbers of settling cod fry result in an increase in the 

number of predators able to live in the bottom layers would 

apply. Ponomarenko (1973) established thAt older cod usually 

never feed on fry after they have reached 10 cm in length. 

It follows that an alternate density-dependent mechanism must 

be operating simultaneously and this mechanism gains importance 

as cod grow. The 1+ cod at high densities could over crop the 

available food supply. In the Gulf of St. Lawrence, small 

cod 11-20 em teed primarily on a limited number of food forms 

consisting of mysids, euphausids and amphipods (Powles 1958). 

The feedback time required for the populations of these 
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organisms to build back up would be relatively slow. 

Thus, an overcropping could lead to a reduction in nutritional 
status of young cod, again making them more susceptible to 
predation (Ponomarenko 1961). 

The origin of the simulated fluctuations in stoak 
numbers Was explored using the simulation to conduct a 
controlled experiment. The two examples in Figure 6 are 

for a constant annual temperature cycle in the Gulf and 
fishing mortalities (F) of 0.4 and 0.6. The decline in 
stock biomass associated with fishing produced a ria. in 
egg numbers (Fig. 2), and an increase in the number if larvae. 
Thi. increment g~nerated a peak abundance of juveniles, 
recruitable 4 yr later (Fig. 3, 4). The fluctuations are 
the result of a shift to the right across the density­
dependent relationship between larvae and juveniles. Stock 
biomass continues to decline to a value that is on the left­
hand limb of the egg production curve. When the first pulse 
of new recruits Comes into the mature population, egg numbers 
go up, larval abundance increases and recruitment declines. 
llowCiver, three of the initially strong year-classes continue to 
dominate the spawning s~ock biomass producing three more 
poor y~ar-cla6ses, this effect,diminishing each year. It 
follows that the entry vf the small year-cla~ses causes a 
resurgence of recruitme~t and subsequent parent stock biomass. 

A general pattern ~merges; 4 years of decline in stock 
biomabs from a previous peak generatu 2 more years of decline 
and 2 years'recovery (a trough) which in turn leads to an 
additional 4 years of recovery. The periodicity for cod 
then is three t~es the average age at first maturity. 

The long-term ave,rage stock size remained relatively 
uniform at both levels of exploitation, althou9h the 

amplitude of the fluctua,tions was greater at F 0.6. The 
recruitment mechanism responds, at the expense of population 
stability, by producing" larger year-classes through the 
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density-dependent larvae juvenile relationship. However, 

when larvae abundance becomes so low that juvenile abundance 

is determined on the left-hand limb of the curve, the 

POfu1ation cannot recover. That collapsing fish stocke tend 

to produce extremely str9nq year-classes, ~rior to a recruit-

ment failure (Marr 1960; Regier 1973) is a common legacy. 

When the stock biomass occupi~s the left-hand limb of the 

899 production curve, cool spring and summer temperatures 

are indeed important since they could further reduce larval 

abundance through the density-dependent larval juvenile 

relationship, leading to a year-class failure. 
• 

It can be concluded fr~m this study that temperature 

ia exerting considerable influence on the quantity and 

stability of cod production, through the recruitment mechaniam. 

Furthermore, it is interesting that cod catchea/unit Area 

increase moving south from Greenland, reaching a maximum 

in the southern Labrador-Newfoundland area, and then decline 

to a minimum near the southern range of the species on 

Georges Bank (D.M. Ware, personal communication). Although 

cod growth would change with temperature, the effect of 

temperature on the stock rec;."uitment mechanism may be a more 

important factor governing cod production over the wide 

geographical area of tha Nor~h Atlantic. 
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Fig. 1. Crui",~ track.J!i fur c~g am! larval 8urveyti 1n th~ Culf of St. Lawrence for 1968. The times of the 
cruisee were a8 follow",: P027 23 MHy-4 June; P029 18-25 .JUUt:i 11094 25 July-5 August. and POJ) 
17-31 August. 
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Appendix 1. The frequency dnd dates of egg and 

larval cruiS~B in the southern Gulf of St. 

Lawrence. 

1965 

1966 

1961 

1968 

1969 

1910 

1911 

1912 

Number of cruises 

3 

4 

5 

4 

5 

2 

2 

1 

B 13 

Dates 

May 21-June 6; Sept. 9-21, 

Sept. 28-30 

May 26-30; June 20-21, 

July 20-26; Sept. 13-22 

May 25-June 1, June 16-20, 

July 20-2.8; Aug. 22-31; 

Oct. 2-8 

May 23-June 3; June 18-25; 

July 25-Aug. 5; Aug. 17-31 

May 12-25; June 11-19; 

July 17-29; Aug. 19-30; 

Sept. 12-18 

May 20-28; Aug. 20-29; 

May 10-20; Aug. 24-Sept. 3 

May 16-31 

", 
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1960 

1961 

1962 

196) 

1U4 

le65 

1966 

1961 

1968 

1969 

1970 

1971 
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Appendix 2. + Grande-Rivi~re sea Burface temperatures, estimated Age 2 

juveniles corresponding to the adjacent temperature and spawning 

stock biomass datLand estimated spawning stock biomass for each 

year. 

Temperature at Grand8-Rivi~re 

lIay 20 

5.4 C 

4.5 

4.6 

4.1 

4.1 

4.4 

4.0 

3.9 

1.2 

5.2 

5.9 

5.8 

Hay 30 

1.5.C 

6.0 

6.5 

1.1 

5.8 

6.0 

6.1 

6.2 

8.6 

6.1 

7.3 

7.3 

Temp. max. 

13.0 C 

13.7 

13.2 

14.2 

12.8 

13.0 

13.1 

16.5 

14.6 

13.6 

16.0 

14.4 

Estimated year-class size at 
., 

age 2 from juvenile 8urveys 

11.920,000 

79,858,000 

71,552,000 

18,012,000 

133,752,000 

92,039,000 

95,362,000 

59,371,000 

66,385,000 

45,713,000 

73,029,000 

91,855,000 

B 14 

Estimated spawning stock 

biomass Hay 1st metric ton 

272,707 

292,342 

285,927 

U6,567 

174,942 

122,631 

122,070 

124,886 

162,331 

157,379 

171,281 

189,997 


