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ABSTRACT

In this paper the variability of the fecundity cof
Bmerican plaice in the south of the Grand Bank of
Newfoundland between 1987-1991 is analyzed,_and weléompare'
the results obtained with previous estimates _(1957—1962)_ of
Pitt {1964), and with current estimates of the fecundity in
Flemish Cap (1989 y 1991). The results obtained show low
interannual variability in the south of the Grand Bank (2.7%
with historic data), and moderate vériability between flemish
Cap and south of the Grand Banks (21.4% for a female 45 om.
lengthy .
The observed variability is discussed in relation to

the means by which of fecundity can regulate populatidn.

INTRODUCTION

Fecundity is the number of eggs that a female produces
durihq a spawning seaéon.' antrol‘of this number, - may be one
the mechanism by which a peopulation tends to reach a optimum
size in the environment . where it devélopg. Changes in
fecundity might be the response to the présénce of different
envirenmental or populatiocnal condigions.

The mechanism by which fecﬁndity can regulate
population size.has been little studied, aﬁd the spatial and
temporal variability of fecundity are known in only a few
species.

In this papef, the temporal variability of fecundity is

analyzed in the south of the Grand Bank (3N division), and




the fecundity estimate in Flemish Cap (3M Division) and to
the South of the Grand Bank are compared. The results are

discussed in ralation to the means by which can regulate

population size.

MATERIAL AND METHODS

From 1987 to 1991 a total of 208 ovaries of American

plaice from the south of the Grand Bank and Flemish Cap were
collected. Numbers of ovaries and their size ranges each

year are given in table 1.

The ovaries were collected in January ana Fébruafy'on
board commercial trawlers,. For each individual ‘sampled the
size and weight were reccrded, and the ovaries preserved in
10% formalin solution; in the laboratory they were weighed

with a precision of 0'01 gr.

Fecundity was obtained with a gravimetric method, using

three samples of between 100 and 125 mg of each ovary, the
mean number of occytes per gramme of ovary, " in the three
samples, was multiplied by the ovarys weight to ‘obtain
fecundity.

From 1987 to 1989, samples were obtained from a small
size range, In these years the mean relative fecundity
{fecundity /weight) was c¢onsidered representative of each

year, and differences between years were tested with ANOVA.

From 1990 to 1991 the samples were obtained from all
sizes presents in the catches, and regression analyses
between size (L) and weight (W} wigh fecundity were
performed, Differences between regressions for years and
divisions were tested with
this is a general test that indicates when are differences in

slope (b) or in the intersection (a} between two regressions.

RESULTS

A) Relatioh fecundity/size (F = a*LB ). .

The analysis of the relation between size ‘and fecundity

for 1990 and 1921 in the south of the Grand Bank were the

following:

Chou's test (Gujarati, 1970),




DIVISION 3N

YEAR N R. P a b
1950 49 0.8¢9 <0.001 0.0249 4.3555
19891 45 0.82 <0.001 0©0.0280 4.3139

There are no significant differences between these
regressions.
The independent regression of the 3N and 3M data from

1987 to 1991 provided the following results:

DIVISION YEARS N R P a b
3N 87-91 174 0.79 <0.001 0.1718 3.8388
3M 89 y 91 36 0.73 <0.001 1.1013 3.4017

Chou's test shows significant differences between these
regressions (P< 0.005). A female of 45 cm from Flemish Cap
is 21.4 % more fecund than a female of the samé_size from the

south of the Grand Bank.

B) Relation fecundity/weigth { F = at+bW ).

The results of the regression analysis between
fecundity (thousands of eggs) and the weight (Kg) in Divisioen
3N for 1990 and 1991, were the following:

DIVISION 3N
YEAR N R P a b
1990 49 0.94 < 0.001 -213.4 670.5
1991 45 0.90 <0.001 -230.9 633.9
There are no signifficant differences between these
regressicns.

With the independent analysis of the 3N and 3M data, we

obtained these results:

DIVISION YEARS N R P a b
3N 1987-1991 174 0.82 <0.001 -129.3 534.9
M 1989 y 1991 36 0.84 <0.001 -34.8 526.3




Chou's test shows significantndifferehces between these
regressions {(P<0.05) . A female of 1000 gr is 21:2% more

fecund in Flemish Cap than in the south of the Grand Bank, -

€) Relative fecundity (fecundity/weigth).

From 1987 to 1%8%, fish sampled were between 50 and 55'

cm in length in Division 3N. Relative fecundity in this

size range does not show a significant  correlation, and the
mean relative fecundity wvalues for each year were considered
representative of the annual fecundity 1In the size range

analyzed. The results obtained were:

DIVISION 3N

YEAR N .Rel.fep o 5D
1987 23 384 - 80
1988 30 © . 419 - 78

1989 25 421 82

The ANOVA of these mean relative fecundities do not
show significant differences.
The correlations between the size and the relative

fecundity in divisions 3N and 3M were:

DIVISION YEARS N R P
3N - 87-91 174 0.18 6.018
M 89 and 91 36 0.04 0.983

‘In Flemish Caé the correlation was not signifiédnt; and
in the scuth of the Grand Bank, the cﬁrrélation coefficient
(R} is so low that the mean relative fecunditf for each
division® was .considered representative of each area.. 'The,

 results were:

DIVISION N RELFEC SD
3N - 170 439 98
3M 36 491 73

The ANOVA show significant differences between relative

fecundities in these areas (P = 0.0028).
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D) Relation size/ weight (L = a+PP;L

The relation size/weigth do not show significant
differences between 1990 and 1991 in divisien 3N. Theé
“comparisoen between divigions 3N and 3M does not show

significant differences:

DIVISION N R p a b
3N 174 0.93  <0.001  0.0025 3.376
M 6. 0.92  <0.001  0.0021 3.417

E) Relation Number of cocytes per gram of ovary/ size
The correlation analysis between the number of ococytes
per gram of ovafy (NOGO) and the female size for January and

Februvary in division 3M give these results:

DIVISION 3N :

N R P
JANUARY 1991 45 - -0.326  0.03
FEBRUARY 1990 - 49 ~0.467  <0.001

These correlations are significant and hegative; the’
females of larger size have lower numbers of oocytes per gram
of ovary. An increase in the correlation coefficient with the

proximity of the spawning seascn is also observed.

DISCUSSION
Interannual fecundity variability in the south of the Grand
‘bank. :
Interannual variatiéns in fecundity have been reported
in some North Atlantic species, in Pleurcnectes platessa,
Horwood (1986) found differences of 44% between consecutive
years, and maximum'differences of 6€0%. Other species where
this kind of changeé has been'ﬁescribed _are Hippdglossoides
- platessoides iimandoides (Bageﬁal, -1956;, Glyptocephalus
‘fcynoglossus (Bowering, 1678),- 'Melanogrammus aegiefinus

(Hodder, 1963) y Gadus morhua (Pinhorn;, 1984).



The fecundity of American plaice for a determined size
or weight showed slight variation between 1987 and 1991. If
we compare the results .obtained by Pitt (}964) from 1957 to

1962 with our _requ;ts (1987-1991), the differences are

slight. A female of 45 cm was 2.7% more'fecqnd from 1957 to.

1962 than from'l?B? te 1991. The differences in relétive
fecundity are about-S%. 7

The slight variability of fécundity contrasts wiﬁh the
plasticity that has been shown in other biological parameters
of this species. Pitt {1975} in {heleand Bank describéd
impertant changes in the‘ growth rate aﬁd age of 50% of
maturation, and Beacham (1984).found changeédin éhégége éhd

size of 50% maturation on the Scotian Shelf.

The abundance of American plaice in the south of the

Grand Bank 1is presently lower than at any time since 1955,

The standardized catch rates of the Canadian commercial

fishery (Brodie, 1991) {(fig.1) between 1987 and 1991 were

nearly three times lower than between 1957 and 1962, -when
Pitt (1964) estimated its fecundity. “important changes in
abundance did not produce noticable changes in the relations

of length or weight with fecundity.

Fecundity of American plaice in the south of the Grand Bank

and Flemish Cap

The results obtained here show that females from
Flemish Cap are more fecund than females from the south of

the Grand Bank. For a individual of 45 cm this difference_is

about 21%

In American plaice of the Grand Bank, geographical

changes in fecundity were analyzed previously by Pitt (1964) . -
His results shéwed no significant differehces.‘in fecundity

‘between females from 3t. Mary's Bay, north and south of the

Lradid Bank .

Few papers anaiyie geographical chanaés in‘fecundity of

North Atlantic species. In Gadus morhua in the Grand Bank
these changes are. in relation to environmental condition

(Pinhorn, 1984). - In Pleuronectes platessa .the maximum
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values are in the Baitic Sea and minimum in the North Sea
{Bagenal, ll966; Horwood, 1986; Rinjsdorp, 1991) . In
Relinhardtius hippoglossoides there are significant
differences between southern Labrador and southeastern Gulf
of St Lawrence (Bowering, 1980), and in Glyptocephalus
cynoglossus "bhetween St.Pierre and the Grand Bank of

Newfoundland {Bowering, 1978).

Geographical variations of fecundity can be prodﬁced by
different oceanocographic conditions (Bagenal, 1966). Areas
with more stability could favour the selection of less fecund
females, while in areas where the oceanographic conditions
produce dispersa of eggs,  natural seiection would favour
the development of more fecund'females.  Conditions in the
areas considered in this paper could explain the differen;es
found in fecundity. Iin Flemish Cap during  the spawning
season Qf American plaice, the superficiai water circu}aﬁion
forms an anticyclone gyre, the intensify of‘whiéh'ﬁs directly‘
correlatéd - with the recruitment of cod (Akenhéad, 1982) .
Ced alsc has pelagic eggé, and spawns one month before
American plaice,. ‘Years with a more.intense gyre pfoduce
less dispersion of eggs and larvae "and” better ‘survival
conditiops. In contrast to Flemisﬁ Cap, in the South of the
Grand Bank no direct relation was found between oceanographié
conditions and recruitment. The situation in this area

seems to be more complex with predaticon by other species,

such as cod, on 'eggs and larvae of American plaice
determining recruitmgnt {(Paz y Larrafieta, 1989 and 1990). .

If cceancgraphic conditions are the cause of higher
fecundity in Flemish Cap, other speéies with spawning seasons
close in time to that the American plaice, should show the
same kind of differences compared with the éouth of the Grand
Bank, To exploré this possibility, the cod fecundity in
Flemish Cap (Wells, 1986) and. the South of Grand Bank (May,
1967 and Pinhorn, 1984} were compared. A female cod 60 cm
length is 59.6% more fecund in Flemish Cap -than the Scuth of

the Grand Bank, reinforcing the idea that in Flemish Cap
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conditicons favoerable..te the developmant of' more fecund
I't:lnall.t:s. are fon‘nd. 4 -

Geographical variatiecns in growth rate SHOW~a direct
relation witﬁ fecundity in some species. (Smyly, . 1857;
Bagenal, 1966 and Pinhorn, 1984y, —and could explain .the
differences found. " On Flemish Cap, the American plaice
grows faster (Pitt, 1987) and has 10wer.size and age at 50%
maturity {Bowering and Brodie, 1991} than in the south Grand
Bank. Nevertheless the ’élight interannual vﬁriation of
fecundity in the south of the Grand Bank, where there are
important changes-in growth rate, may indicate tﬁat there.are
racial differences between Grand Bank and-.Fléﬁiéh.“Céﬁ
American plaice populations, confirming the Eeproducﬁive'
isolation between these populations proposed by_Pitﬁ‘(IQGf{

f

and 1975} .

Relative fecund;ty
The number of eggs pef gram femaye (rglative fecundity)
was a 11.8% larger in Flemish Cap than in the south of the
Grand Bank. 'If the eggs at spawning are the same size in
both areas, the reproductive effort of a female in Flemiéﬁ
Cap is a 11.8% larger than south Grand Bank. .
There 1s little geographical‘variétion in egg size
(Eagepal, 1871), however the compariéon between egg size 1in
different population 1s not easy due to differences in the
spawning seascn and the diminution of egg size during tHe
spawning period (Kjdrsvik; et al, 19%0).
A comparison of r[ebruary gonadosomatic indices -in
Flemish Cap and south of the Grand bank did nct’ reveal
significant differences so it - is not known if thé‘

reproductive effort is gréater in Flemish Cap fish.-

. Oocyte developiﬁg‘in relation to size
Two explanations are possible for the direct relation
observed in the south of the Grand Bank between size and the

number of ococyte per gram ovary:
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a) Larger females reach the stage necessafy &o start spawning
earlier;”
b) Larger females produce larger cgas

In American plaice, Pitt (1966) has comfirmed the
earlier ‘spawning seéson: of lé@ger females, and in some
specles the eggs size is positiveiy'correlated with female
.length (Moar, 1950; Kjesbu, 1985; McEvoy, léQly.r _Our data
do not permit us to disce;p betwe?n these twe cptions, but is

possible. that both occur.

Fecundity as a population regulator in the south of the Grand
Bank. ‘

The response of American plai;e to chaﬁges in
abundance with Changes in growth rate, size and age of 50%
maturaty (Pitt, 1975 and Beacham, 1984); and the slight
variation in the relations of fecundity to weight and'length
in the soutﬁ of the. Grand Bank, indicatejthét the means.by
~which fecundity reguiates population sizg is net ‘direct but

associated with changes in growth and maturation. Changes

in pepulation abundance produce changes in growth rate and in

the size and age of 50% maturéty, which in turn :produée
changes ih fecundity for a determined aée. By this
mechamism fecundity regulates population in a way similar to
that prdposed by Rinjsdorp (19%1) for Pleuronectés platessa

populations.
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Table 1. Ovarys' samples from 1987 to 1991 by divisions and -
size range ) T

YEAR NUMBER SIZE RANGE DIVISION
1987 23 20-55 3N
1988 30 50-55 3N
1988 1G 45-50 . 3M
1989 25 - 50-55 . . 3N
1990 48 39-63 . 3N
1891 45 40-64 3N
1891 26 40-51 M

Figure 1. American plaice in Div. 3LNO: standardized catch
rates (Brodie and Baird, 1991)
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