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TABLE 5. Yellowtail flounder: resultant population and fishery para
meter values, with the age at first capture as 6 years. 

Parameter Value Parameter Value 

R(virgin) = 62,598,000 Fm.,(Y) = 1.87 

B4+(virgin) = 105,341 tons R(F ma,) = 111 ,450,000 

B6+(virgin) = 75,735 tons B4+(Fm.,) = 84,119 tons 

B4+(max) = virgin B6+(Fm.,) = 31,876 tons 

F.,,(R = 0) = 5.914 Y(Fma,) = 40,633 tons 

Fo.,(Y) = 1.08 Rmax = 111 ,904,400 

R(Fo,) = 108,585,000 B4+(Rma,) = 87,331 tons 

B4+(Fo., ) = 94,463 tons B6+(Rma,) = 34,816 tons 

B6+(Fo,) = 43,372 tons F(Rm.,) = 1.637 

Y(Fo.,) = 37,623 tons Y(Rma,) = 40,427 tons 

(1957) analytical production equation. Because both 
equations are theoretically independent of each other, 
it may be concluded that these estimates of about 
85,000 tons provide an indication of the equilibrium 
biomass level. It must not be forgotten, however, that 
the production curves of both equations depend crit
cally on the age at first capture or on the partial recruit
ment pattern and that the estimate of 85,000 tons is 
based on tc being 6 years. 

American Plaice 

CPUE-effort relationship 

Data from Brodie and Pitt (MS 1983b) on total 
catch, fishing effort and CPUE for 1965-82 are listed in 
Table 6. A plot of the CPUE and fishing effort values 
(Fig. 7) implied the use of two regression lines: one for 
the 1965-71 period, and the other for the 1973-82 
period, with 1972 being a transitional year. The corres
ponding general production curves are shown in Fig. 8. 
The relevant fishery parameters for the 1965-71 and 
1973-82 periods are listed in Table 7. Comparison of 
catches in Table 6 with the maximum sustainable yield 
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Fig. 6. Yellowtail flounder: relationship between rate of production 
(!:IB/B) and average biomass (8), 1969--81. 

TABLE 6. American plaice catch and effort data for the otter-trawl 
fishery on the Grand Bank, 1965-82. (Data from Brodie 
and Pitt, MS 1983b.) 

Catch Effort 
Year (tons) (hours) CPUE 

1965 51,304 56,836 0.905 
1966 53,273 60,813 0.876 
1967 62,875 76,864 0.818 
1968 59,164 94,060 0.629 
1969 67,322 122,850 0.548 
1970 60,379 117,013 0.516 
1971 60,724 126,772 0.479 
1972 50,708 105,422 0.481 
1973 40,986 79,276 0.517 
1974 37,727 86,929 0.434 
1975 36,479 87,689 0.416 
1976 43,735 101,709 0.430 
1977 40,306 99,275 0.406 
1978 43,588 94,756 0.460 
1979 43,420 87,717 0.495 
1980 46,835 78,451 0.597 
1981 47,897 84,030 0.570 
1982 44,703 79,542 0.562 

(MSY) levels in Table 7 indicates that yields were gen
erally close to the MSY levels during 1967-82. 

Stock-recruitment relationship 

Data for calculation of the stock-recruitment rela
tionships for American plaice were from the cohort 
analysis of Brodie and Pitt (MS 1983b). Annual recruit
ment (R) was defined as the number of age 6 fish in the 
population, and the parental stock (S) was judged to 
consist of age 11 and older fish, on the basic of Pitt's 
(1974) age-at-maturity datp.. Two aspects of the paren
tal stock were considered: (i) as the stock biomass 
(tons) of age 11 and older fish (Sa), and (ii) from an 
index of the number of eggs spawned (SE), which was 
calculated for each year from the age com position (age 
11+) of the population (Brodie and Pitt, MS 1983b) and 
a fecundity-at-age relationship (Pitt, 1964), i.e. 
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Fig. 7. American plaice: relationship between catch-per-unit-effort 
and fishing effort, 1965-82. 
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Fig. 8. American plaice: general production curves for the 1965-71 
and 1973-82 periods. 

TABLE 7. American plaice: fishery parameters from the general 
production model analyses in Fig. 7 and 8. 

Parameter 1965-71 1973-82 

IMSY (hours) 103,350 80,900 

MSY (tons) 64,372 43,296 

2/3 IMSY (hours) 68,900 53,933 

Y(2/3 IMSY) (tons) 57,217 38,477 

CPUE (IMSY) (tons) 0.62 0.54 

CPUE (2/3 IMSY) (tons) 0.83 0.71 

where A is age in years. The estimated values of 
recruitment, spawning biomass and egg number index 
are given in Table 8. 

The distribution of points in Fig. 7 implies that 
there may be two stages in the stock-recruitment rela
tionship. From the trends in recruitment of the 1954-76 
year-classes and in spawning stock during 1960-82 
(Fig. 9), the increase in spawning stock during 1960-65 
coincided with a decrease in strength of the 1960-65 
year-classes, and there was a reversal of the trends 
during 1965-70, with the 1970 year-class being the 
largest on record. If the average level of recruitment is 
considered to be 200 million fish, the 1967-73 year
classes were above average strength. In Fig. 10, these 
points exhibit a linear trend, with those for 1960-66 and 
1974-76 falling below the line. Therefore, it is hypo
thesized that there were two ecological states: one for 
the 1960-66 and 1974-76 year-classes and the other for 
the 1967-73 year-classes. 

Both sets of stock and recruitment data (Table 8) 
were used to calculate the parameters of stock
recruitment relationships by the Ricker (1975) and 
Beverton and Holt (1957) models for the two ecological 
states separately and for the entire period (Table 9). 
The correlation coefficients (r) indicate that the Ricker 
model is much more appropriate for analysis of the 
American plaice data than the Beverton-Holt model. 
Because both SE (egg number index) and Ss (age 11+ 
biomass) are equally highly correlated with recruit
ment, only one set of stock-recruitment curves is illus
trated, namely those for spawning biomass (Fig. 11.) 
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Fig. 9. American plaice: trends in recruitment (age 6) and stock 
biomass (age 11+) for the 1954-76 year-classes. 

TABLE 8. American plaice: estimates of spawning stock (age 11 +) as 
egg number, biomass (age 11 +) and recruitment at age 6. 

Year 

1954 
1955 
1956 
1957 
1958 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

Egg number 
(10 10 ) 

6,680 
6,623 
6,851 
7,239 
7,376 
7,427 
7,644 
7,769 
6,920 
6,150 
5,432 
4,725 
3,984 
3,044 
2,394 
2,257 
2,263 
2,497 
3,300 
4,264 
5,803 
7,530 
7,473 

Biomass 
(tons) 

123,002 
123,437 
127,650 
135,947 
140,707 
144,590 
163,135 
161,241 
141,917 
122,730 
96,212 
82,727 
63,180 
54,060 
52,035 
47,542 
41,927 
50,108 
58,998 
79,420 
95,728 
98,154 

118,665 

Recruits 
(103 ) 

177,500 
206,613 
200,181 
186,373 
184,119 
183,930 
193,320 
171,843 
157,020 
122,383 
120,957 
116,195 
152,962 
203,439 
258,434 
269,084 
334,262 
289,648 
222,749 
229,788 
173,950 
165,626a 

106,931a 

a Recruitment values for the 1976 and 1977 year-classes are depend
ent on the input values 01 partial recruitment and terminal F in the last 
year of the cohort analysis and are probably underestimated. 

Predicted recruitment values for the Ss-R curves over a 
wide range of S8 levels are given in Table 10. Maximum 
recruitment is indicated when the spawning biomass is 
95,000 tons for curve A and about 85,000 tons for 
curves Band C. 

Yield 

The Beverton and Holt (1957) yield equation was 
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Fig. 10. American plaice: relationship between In (RIS) and spawn
ing stock biomass (S8), 1960-77 (from Table 8). 

used to calculate the yield-per-recruit curve for Ameri
can plaice with the following parameters: 

W:x; = 2.5 kg (deduced from Brodie and Pitt. 
MS 1983b) 

M = 0.2 (according to Brodie and Pitt. 
MS 1983b) 

K = 0.065 (deduced from Pitt. 1975) 

to = 0.45 yr (deduced from Pitt. 1975) 

te = 10.3 yr (deduced from Brodie and Pitt. 
MS 1983b) 

ti\ = 20 yr (according to Brodie and Pitt. 
MS 1983b) 

Specific values of F and Y IR from the yield-per-recruit 
curve of Brodie and Pitt (MS 1983b). which was based 
on the method of Thompson and Bell (see Ricker. 1975. 
p. 236). and from this study are as follows: 

Source 

Brodie-Pitt 

This study 

F01 Y IR(Fo1) 

0.262 0.178 kg 

0.305 0.189 kg 

Fmax Y/R(Fmax) 

3.136 0.214 

3.150 0.217 

The two curves were very similar and the F and Y/R 
values may be considered as being equivalent. 
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Fig. 11. American plaice: stock-recruitment curves, based on the 
Ricker model. with curve A for 1967-73, curve B for 1960-66 
and 1974-76, and curve C for the entire 1960-76 period. 

Under the hypothesis of two ecological states. two 
curves of steady-state recruitment as functions offish
ing mortality can be calculated. The following partial 
recruitment (PR) values of Brodie and Pitt (1983b) 
were used: 0.025 for age 6. 0.10 for age 7. 0.22 for age 8. 
0.30 for age 9. 0.47 for age 10. 0.58 for age 11. 0.73 for 
age 12. and 1.00 for age 13 and older fish. The following 
weight-at-age values from Brodie and Pitt (MS 1983b) 
were taken as fecundity indices (It): 

111 = 0.700 114 = 1.250 117 = 2.022 bo = 2.428 

1,2 = 0.880 115 = 1.524 118 = 2.233 

1,3 = 1.020 116 = 1.803 119 = 2.401 

Recruitment (age 6) and stock biomass (age 6+) 
curves as functions of fishing mortality for the two 
ecological periods (1967-73. and 1960-66.74-76) are 
shown in Fig. 12. The overall yield-per-recruit curve 
and the total-yield curves for the two periods are 
shown in Fig. 13. Furthermore. a series population and 
fishery parameters were calculated under the assump
tion that the mean age at first capture (te) was 10.3 
years (Table 11). 

It is worth noting in Fig. 12 that the maximum 
biomass may not necessarily occur when the stock is 

TABLE 9. American plaice: parameters (a, b) of the stock-recruitment curves, and the correlation coefficient 
(r) of the regression lines, for the two ecological periods and for the entire period. 

Ricker model Beverton-Holt model 

Curve Period a b a b 

SE-R 1960-66.74-76 111.385 2.398X10-4 0.95 7.038X10-6 -2.160X10-5 0.002 
1967-73 146.912 2.020X10-4 0.93 3.7 42X1 0-6 1.128X10-3 0.119 

1960--76 134.249 2.377X10-4 0.85 5.392X10-6 1.7 45X1 0-3 0.002 
----------------------------------------------------_ ... _-------_ .. _ .. --.- ...... __ ..... ----------- ----------------.-- ------------.---.----

S8-R 1960-66, 74-76 5.4212 1.187x10-5 0.95 6.807x10-6 1.737X10-2 0.082 
1967-73 7.9402 1.064X10-5 0.96 3.796x10-6 1.555X1Q-2 0.109 

1960--76 6.7450 1.196X10-5 0.86 5.462X10-6 2.587x10-2 0.079 
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TABLE 10. American plaice: predicted numbers of recruits in relation 
to biomass from the stock-recruitment relationships for 
two ecological periods and for the entire period. 

Biomass Predicted recruitment (103 ) 

(tons) 1960-67, 74-76 1967-73 1960-76 

10,000 48,142 71,389 59,849 
20,000 85,505 128,369 106,210 
30,000 113,897 173,122 141,361 
40,000 134,860 207,535 167,242 
50,000 149,701 233,238 185,494 
60,000 159,528 251,641 197,509 
70,000 165,279 263,954 204,461 
80,000 167,741 271,219 207,338 
90,000 167,581 274,329 205,969 

100,000 165,354 274,049 204,051 
110,000 161,525 271,033 199,163 
120,000 156,480 265,834 192,785 
130,000 150,540 258,924 185,315 
140,000 143,969 250,701 177,080 
150,000 136,982 241,501 168,349 
160,000 129,755 231,605 159,336 
170,000 122,430 221,246 150,217 
180,000 115,118 210,620 141,130 
190,000 107,908 199,885 132,183 
200,000 100,870 189,172 123,460 
210,000 94,055 178,585 115,025 
220,000 87,502 168,209 106,923 
230,000 81,237 158,108 99,186 
240,000 75,279 148,333 91,836 
250,000 69,636 138,920 84,882 

unexploited (e.g. the 1967-73 biomass curve indicates 
a maximum at F = 0.36). This anomaly may be due to 
some density-dependent factor. Theoretical formula
tions for the general production model are based on 
the assumption that maximum biomass (Bcd occurs 
when the stock is unexploited and that the act of fish
ing reduces the biomass from its "virgin" level. For the 
same reason and because CPUE is considered to be a 
linear index of stock biomass, it is also assumed that 
the B-F and CPUE-F curves have the same shape. 
However, if fishing mortality varies due to partial 
recruitment of some age-groups and if the CPUE-F 
relationship is linear, the B-F relationship will not be 
so. Nevertheless, for a specific pattern of partial 
recruitment, the empirical CPUE-F relationship is use
ful for practical purposes. The contradiction between 
the 1967-73 biomass curve of Fig. 12and those derived 
from the general production model is due to the fact 
that the latter does not take into account the effects of 
fishi ng mortality on recruitment. 

Productivity 

Annual average biomass values forage 6 and older 
fish, that were used in illustrating the relationship 
between rate of production (['B/8) and biomass (Fig. 
14), were obtained from the cohort analysis of Brodie 
and Pitt (MS 1983b). This relationship is quite unex
pected, because theory indicates that it should be a 
negative linear regression, similar to that for yellowtail 
flounder (Fig. 6). In fact, the points tend to follow a 
cyclic pattern. 
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Fig. 12. American plaice: recruitment and biomass as functions of 
fishing mortality for the ecological periods 1967-73 and 
1960--66, 74-76. 
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Fig. 13. American plaice: yield-per-recruit, and total yield curves for 
the 1967-73 and 1960--66, 74-76 periods. 

Biological productivity of a fishery resource 
depends on recruitment, growth and natural mortality, 
the most variable factor being recruitment, which is 
considered to occur at age 6 in this American plaice 
stock. If the high biomass increments for 1973-78 (Fig. 
14) are indicative of a high stock-recruitment relation
ship, they are related to the ecological state of the 
population 6 years earlier (i.e. the 1967-72 period), 
which is consistent with the linear trend for these years 
in Fig. 10. From Fig. 14, it seems that the cycle has a 
period of 13-14 years. 

Year-class Prognosis 

The initial intention of this study was to test the 
value of the method in predicting year-classes. 
Recruitment (age 4) to the yellowtail flounder stock 
during 1983-86 will depend on the sizes of the spawn
ing stock during 1979-82 (Table 2), and recruitment 
(age 6) to the American plaice stock during 1983-88 
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TABLE 11. American plaice: resultant population and fishery para
meter values for two ecological periods, with 10.3 yr as the 
age at first capture. 

Parameter 

R(virgin) 
B6+(virgin) 
B11+(virgin) 
F.,,(R = 0) 
Fo.,(Y) 
R(Fo,) 

B6+(Fo.,) 
B,1+(Fo. 1 ) 

Y(F01 ) 

Fma,(Y) 
R(Fma,) 
B6+(Fma,) 
B' 1+(Fma,) 
Y(Fma,) 

Rmax 

B6+(Rma,) 
B' 1+(Rma,) 
F(Rma,) 
Y(Rma,) 
B6+max 
F(B6+max) 
R(B6+max) 
B ' 1+(B6+max) 
Y(B6+max) 
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1974 -76 1967 -73 

93,033,000 119,577,000 
342,905 tons 440,742 tons 
211,647 tons 272,036 tons 
0.946 1.179 
0.429 0.569 
167,760,000 273,245,000 
303,702 tons 444,335 tons 
88,389 tons 103,614 tons 
33,901 tons 57,032 tons 
0.486 0.641 
167,223,000 274,225,000 
298,892 tons 433,121 tons 
86,813 tons 96,056 tons 
34,353 tons 57,762 tons 
167,959,200 274,585,100 
298,891 tons 433,121 tons 
84,210 tons 75,840 tons 
0.448 0.617 
34,158 tons 57,681 tons 
virgin 464,113 tons 
0.00 0.361 
virgin 240,389,000 
virgin 151,447 tons 
0.0 47,191 tons 
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Fig. 14. American plaice: relationsip between rate of production 
(LIB/B) and average biomass (8), 1965-81. 

will depend on the sizes of the spawning stock during 
1977-82 (Table 8). The Ricker equation was used for 
these prognoses, and both the egg number index (3d 
and spawning biomass (3 B) were taken as the parental 
stocks (age 6+ for yellowtail flounder and age 11+ for 
American plaice). 

According to the prognosis for yellowtail flounder 
(Table 12), recruitment is expected to decrease signifi-

TABLE 12. American plaice: prognoses of recruitment (age 6), based 
on the Ricker model, with parental stock size represented 
by egg number index (SE) and spawning biomass (SB) of 
age 11+ fish. 

Stock-recruit No. of recruits (103) 

curve Year SE SB 

Yellowtail flounder 

Fig.3 1983 109,132 109,672 
1984 103,177 89,484 
1985 83,943 89,804 
1986 70,576 76,037 

--."-----------------_. ._-_ .. _--"*------------------

American plaice 

Fig. 11(A) 1983 221,523 233,272 
1984 248,925 250,090 
1985 264,730 270,919 
1986 264,013 274,539 
1987 241,692 274,325 
1988 242,641 266,636 

Fig. 11(B) 1983 152,826 149,832 
1984 166,597 158,742 
1985 170,834 167,676 
1986 160,743 166,526 
1987 137,854 165,898 
1988 138,693 157,212 

Fig.11(C) 1983 185,165 185,655 
1984 202,190 196,552 
1985 207,752 207,267 
1986 196,114 205,570 
1987 168,799 204,754 
1988 169,807 193,707 

cantly from 1983 to 1986, because the spawning bio
mass (age 6+) in the early 1980's (Table 2) exceeded 
the B6+(Rmax ) level of 34,816 tons (Table 5). From the 
prognosis for American plaice (Table 12), recruitment 
is expected to be relatively stable during 1983-88 if no 
ecological change occurs, although the spawning bio
mass (age 11+) in the early 1980's (Table 8) exceeded 
the B11+(Rmax) level of 84,210 tons (Table 11). 

Ecological Cycles 

Variations in recruitment to yellowtail flounder 
and American plaice stocks of the Grand Bank (Div. 
3LNO) are compared with the variation in recruitment 
to the Atlantic cod (Gadus morhua) stock in Div. 3NO 
(Fig, 15), the latter data being taken from Bishop and 
Gavaris (M3 1983). It is evident that the cod and yellow
tail flounder year-classes vary synchronously, where
as the trend in American plaice recruitment tends to 
follOW the opposite pattern. This observation is con
firmed by the high positive correlation between cod 
and yellowtail flounder and the negative correlations 
for the other comparisons (Table 13). It seems, there
fore, that the population dynamics of cod and yellow
tail flounder in the area respond to the same ecological 
stimuli and that the response is different for American 
plaice. Examination of the stock-recruitment curves 
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TABLE 13. Correlation coefficients for relationships between re
cruitment of cod. American plaice and yellowtail flounder, 
based on data plotted in Fig. 15. 

Comparison 

Cod-American plaice 
Cod-Yellowtail flounder 
Yellowtail-American plaice 

-{l.54 
0.74 

-{l.ao 

Sign. 

0.01<P<0.02 
P<0.01 
P<0.01 

!ndicates that the curve for yellowtail flounder (Fig. 4) 
IS more skewed to the left than that for American plaice 
(Fig. 11). According to Cushing and Harris (1973), it is 
generally accepted that recruitment to flatfish popula
tions is almost constant over a wide range of parental 
stock size, and thus the more appropriate model 
should be that of Beverton and Holt (1957). However, 
for the yellowtail flounder and American plaice stocks 
of the Grand Bank, a better fit was obtained with the 
Ricker (1975) model, especially for yellowtail flounder. 
Because one of the determinants of the Beverton-Holt 
model is spatial limitation of the prerecruit habitat, it 
seems that these flatfish species are not affected by 
space limitation. 

Very skewed stock-recruitment curves are usually 
characteristic of highly fecund species which are able 
to produce large generations of young at relatively low 
levels of parental stock size. Thus, yellowtail flounder 
is considered to be more of an r-strategist than Ameri
can plaice. The stock-recruitment curve for cod is 
characteristically skewed to the left (Cushing and Har
ris, 1973; Larraneta, 1983), like that of yellowtail 
flounder. . 

According to Larraneta and Vasquez (MS 1982), 
the largest year-Classes of cod in the Arctic seas 
appear at the beginning of a polar ecological cycle. It is 
surprising that cod (a large and long-lived fish) can be 
considered as an r-strategist, but ecological cycles 
occur in the regions that are inhabited by cod in the 
North Atlantic. The longevity of cod allows it to survive 
from one favorable period to another, and its high 
fecundity allows it to behave as an "opportunistic" 
species at the beginning of such periods. 

American plaice shows a stock-recruitment rela
tionship that is better fitted to the Ricker model than to 
the Beverton-Holt model, but the former is not very 
different from the latter. Thus, American plaice can be 
considered to be more of a k-strategist than yellowtail 
flounder. This can also be deduced from the later age 
at maturity (up to 11 yr) for female American plaice. 
The concept of American plaice being a k-strategist 
agrees with the observation in Fig. 7 that the regression 
lines diverge to the right. According to Larraneta 
(1981), this indicates that density-independent factors, 
such as ecological succession, may play an important 
role. It also agrees with the data in Fig. 14, where the 
points could be interpreted as a sequential ecological 
cycle. 

With respect to yellowtail flounder, the problem is 
knowing what roles are played by the environment and 
the precise form of the stock-recruitment relationship 
in determining variations in year-class strength. The 
stock-recruitment relationship in Fig. 3 seems to be 
quite clear, but the data in Fig. 1 does not show a 
definite trend, indicating the existence of an environ
mental signal. Pitt (1970) related the apparent increase 
in abundance of yellowtail flounder on the Grand Bank 
during 1961-68 to a general upward trend in bottom 
temperatures and the drastic reduction in the haddock 
population. It was noted previously that year-class 
variation in yellowtail flounder was positively corre
lated with year-class variation in cod (Fig. 15, Table 
13), but the variation in year-class strength of cod was 
much greater than that for yellowtail flounder. Thus, 
the effect of environmental factors on the stock
recruitment pattern for yellowtail flounder may have 
been much less than that for cod. 

From the foregoing analysis, the following ecolog
ical cycle can be inferred for the period under study. 
The early 1960's was the beginning of a favorable 
period, which allowed production of a few very large 
year-classes of cod. As the ecosystem matured during 
the late 1960's and 1970's, the cod year-class became 
smaller and smaller. The yellowtail flounder year
classes showed a similar evoluation but in a less pro
nounced way. Maturation of the ecosystem favored the 
development of some large year-classes of American 
plaice, but the "favorable" period ended in the 1970's 
with a consequent reduction in the year-class 
strengths of all three species. 

According to Pitt (1975), the age at 50% maturity of 
American plaice in Div. 3L and 3N during 1969-72 was 
significantly lower than in earlier years. Beacham 
(1983) reported that the median length and age at sex
ual maturity of Atlantic cod on the Scotian Shelf 
declined by about 50% for most stocks between 1959 
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Fig. 15. Variations in year-class strengths of cod, yellowtail flounder 
and American plaice, 1954-79 year-classes. 



LARRANETA: Dynamics of Yellowtail Flounder and American Plaice 45 

and 1979. He speculated that these changes may have 
resulted from removal of larger, older immature fish by 
the commercial fishery, or a general decline in stock 
biomass during 1960-75 due to overexploitation, orto 
a combination of both processes. Long-lived species, 
which are heavily exploited, frequently suffer adecline 
in median age at maturity. This implies that fishing 
may result in genetic selection by favoring r-strategist 
genotypes. A change in genetic composition of a stock 
produces a change in the density-independent 
parameter A of the Ricker equation (Larraneta, 1979, 
1981). Thus, exploitation may result in the selection of 
genotypes which generate more dome-shaped stock
recruitment curves (i.e. populations which are more 
resistent to overfishing and collapse.) 
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