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Abstract

Length-specific fecundities of mature Atlantic herring (Clupea harengus L.) were estimated from samples which were collected at
three spawning areas along the Maine coast in 1969 and 1982. Fecundities were different between central and eastern Maine and
between central and western Maine in 1969 but not between eastern and western Maine. Discrete spawning groups could not be
distinguished on the basis of fecundity in 1982. Fecundity was, for all areas combined, significantly higher in 1982 than in 1969 forfish
>29 ern in length, with increasing divergence of the length-specific fecundity curves for largerfish. Predicted fecundities for 1982 were
similar to published 1980 estimates for the same stock, and the 1969 fecundities were similar to published data for 1963-64. The lower
fecundities in the 1960's prevailed at a time when the Gulf of Maine herring stock was more than twice as large as it was in the early
1980's.

Introduction

Fecundity is an important biological characteristic
which is used, in conjunction with information on egg
and larval abundance and age structure, to estimate
the biomass and spawning potential of fish popula­
tions and to predict changes in population size under
varying age-specific mortality regimes. Fecundity esti­
mates have also been used, along with other biological
characters, as indicators of stock differentiation. Sev­
eral fecundity studies of Atlantic herring (hereinafter
called "herring") have been carried out on populations
in the Northwest Atlantic (Farran, 1938; Hickling, 1940;
Kandler and Dutt, 1958; Baxter, 1959; Bridger, 1961;
Burd and Howlett, 1974) and in the Northwest Atlantic
(Yudanov, 1966; Perkins and Anthony, 1969; Draganik
and Rast, 1970; Hodder, 1972; Messieh, 1976). In most
cases where fecundity estimates were used for stock
discrimination purposes, comparisions were made
between stocks whose identities had already been
fairly well established on the basis of other characteris­
tics. More recent studies have relied on statistical com­
parisons of fecundity-length and, in some cases,
fecundity-weight relationships for herring from differ­
ent spawning locations and seasons. Perkins and
Anthony (1969) reported fecundity differences among
the Georges Bank, Gulf of Maine and Nova Scotia
autumn-spawning populations. Hodder (1972) deter­
mined that autumn-spawners in Newfoundland waters
were more fecund than spring-spawners. The same
conclusion was reached by Messieh (1976) who com­
pared fecundities of spring-spawning and autumn­
spawning populations in the Gulf of St. Lawrence and
Nova Scotia waters. Analyses of fecundity-length data
by the latter two authors among spring-spawning pop-

ulations in Newfoundland waters and among autumn­
spawning populations in Nova Scotia waters failed to
reveal any significant differences. In Europe, differen­
ces have been reported between autumn-spawning
and spring-spawning populations (Parrish and Saville,
1965) and also among autumn-spawning populations
in the North Sea (Baxter, 1959; Burd and Howlett,
1974). Variations in fecundity among spawning popu­
lations of herring have been attributed to both genetic
and environmental factors (Blaxter and Holliday, 1963;
Parrish and Saville, 1965; Hodder, 1972). Herring
fecundity has also been reported to vary inversely with
egg size and egg weight (Parrish and Saville, 1965;
Messieh, 1976; Blaxter and Hunter, 1983). Changes in
fecundity have been associated with variations in pop­
ulation density for several marine and freshwater spe­
cies (LeCren, 1958; Bagenal, 1966; Raitt, 1968; Kipling
and Frost, 1969; Mathur et al., 1979).

Herring spawning has been inferred at several
locations in coastal and near-coastal waters of the
western Gulf of Maine from the capture of fully ripe
females (Boyar et al., 1973), from egg-bed and larval
surveys (Boyar et al., MS 1973; Cooper et al., MS 1975;
lies and Sinclair, 1982; Graham, 1982; Townsend etal.,
1986), and from the presence of eggs on lobster traps
(Stevenson, MS 1984). These studies indicated that
herring spawn in eastern Maine coastal waters from the
Canada-Unted States boundary to about Jonesport
(44°32'N), in Canadian waters south of Grand Manan
Island, on various shoals and ledges off central Maine,
on Jeffreys Ledge, and in coastal waters of western
Maine, New Hampshire and Massachusetts. The major
distinguishing feature of herring populations which
spawn at the extreme ends of the U.S. Gulf of Maine
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tively. The rate of change in fecundity as a function of
length was significantly different (P <0.05) between
years for each model.

For the 1982 data, mean fecundities of 24-36 cm
herring were predicted by the non-linear model to
range from 36,1OOto 253,400 eggs and by the log-linear
model to range from 26,700 to 290,800eggs (Table 6).
The 1982 curves intersected at about 31.5 cm (fish
length), with the log-linear model giving the higher
estimates for the larger fish and the non-linear model
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Fig. 3. Comparison of fecundity-length relationships for 1969 and
1982 from (A) power curve fit to untransformed data, and
(B) power curve derived from fit of linear model to log­
transformed data.
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4.81 and 5.89 (standard errors 0.164 and 0.151) in 1982
and 3.77 and 4.16 (standard errors 0.268 and 0.271) in
1969 for the non-linear and log-linear models respec-
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Fig. 2. Length-specific fecundities of herring from western Gulf of
Maine spawning areas (combined) in 1969 and 1982, and
curves representing the fecundity-length relationships (see
Fig. 3 for equations).
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Discussion

The results of this study support the view that
herring from coastal and near-coastal waters of the

TABLE 5. Numbers of herring and observed mean fecundities by
length in 1969 and 1982 samples from the western Gulf of
Maine.

giving higher estimates for the smallerfish (Fig. 2). For
the 1969 data, mean fecundities of 27-36 cm fish were
predicted by the non-linear model to range from 63,000
to 186,500 eggs, with a similar range in predicted
values by the log-linear model.

The importance of the eastern Maine spawning
grounds was emphasized in early reports (Moore,
1898; Bigelow and Schroeder, 1953), but attention in
recent years has shifted to the Jeffreys Ledge area and
Southwest Nova Scotia as the primary spawning
grounds in the Gulf of Maine. In discussions about the
structure of herring stocks in the Gulf of Maine, the
status of herring which spawn in eastern Maine has
been unclear. Neither Ridgway (MS 1975) nor Sinder­
mann (MS 1979) mentioned eastern Maine specifically
when distinguishing between the Nova Scotian and
Gulf of Maine stocks, although Boyar at a/., (1973)
included eastern Maine in their summary of herring
spawning sites in the Gulf of Maine. The affinity of
herring which spawn along the eastern Maine coast
with those which spawn at Grand Manan and in New
Brunswick waters along the western side of the Bay of
Fundy remains unclear.

In addition to the fecundity estimates for the Gulf
of Maine herring stock from this study of data collected
in 1969 and 1982, Perkins and Anthony (1969) provided
estimates from an ordinary linear regression of fecun­
dity on length data (collected in 1963 and 1964) for the
Gulf of Maine as a whole, and Morse and Morris (MS

western Gulf of Maine between Jeffreys Ledge and
eastern Maine should be treated as a single spawning
population. If some degree of reproductive isolation
existed between groups of herring which spawned at
different locations and times along the coast in 1982, it
was not evident from the fecundity-length relation­
ships in this study. Although covariance analysis of the
1969 data revealed significant differences in the inter­
cepts of the log-transformed fecundity-length relation­
ships for eastern and central Maine and also for central
and western Maine (Table 3), the homogeneity
between the two most distant spawning areas (eastern
and western Maine) does not support the discrete
spawning group hypothesis.

1982
No. Fecundity

3 35,362
8 41,849

24 45,648
23 52,116
10 74,064
10 105,655
33 118,307
59 142,613
43 154,938
18 167,649
3 189,792
2 190,948

1969

3 68,321
14 80,129
33 99,332
60 116,687
54 126,885
41 139,019

9 154,556

No. Fecundity

24
25
26
27
28
29
30
31
32
33
34
35.

For both models, the percentage increase in pre­
dicted fecundities from 1969 to 1982 became progres­
sively greater for larger fish (Table 6), the increase for
27-36 cm fish being from 1 to 36% for the non-linear
model and from -8 to 51% for the log-linear model. The
apparent reduced fecundities of fish at 27 and 28 cm in
1982 (log-linear model) were not significantly different
from the 1969 fecundities for fish of the same lengths.
For the log-linear model, interval estimates of
fecundity-at-Iength in 1969 and 1982 were significantly
different for fish from 30 to 36 cm in length (Table 6).

Length
(ern)

TABLE 6. Predicted mean fecundities of Gulf of Maine herring by length from the non­
linear and log-linear models and percentage changes from 1969 to 1982.

Predicted mean fecundity % change 1969-82

Length 1969 1982 Non- Log-
(ern) Non-linear Log-linear Non-linear Log-linear linear linear

24 36,106 26,670
25 43,932 33,922
26 53,045 42,741
27 62,985 58,2348 63,594 53,385 8 1.0 -8.3
28 72,249 67,7368 75,739 66,1428 4.8 -2.4
29 82,477 78,371 8 89,653 81,333 8 8.7 3.8
30 93,731 90,229 105,517 99,316 12.6 10.1
31 109,075 103,402 123,527 120,482 16.5 16.5
32 119,573 117,987 143,890 145,266 20.3 23.1
33 134,294 134,083 166,824 174,142 24.2 29.9
34 150,305 151,795 192,560 207,632 28.1 36.8
35 167,677 171,229 221,345 246,303 32.0 43.8
36 186,480 192,497 253,436 290,773 35.9 51.1

a Overlap in 95% interval estimates of fecundity between years within length groups.
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TABLE 7. Predicted mean fecundities of Gulf of Maine herring from
various sou rces in the 1960's and early 1980's.
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Fecundity (000 eggs)
1969 c 1980 b 1982 c

36
44 44
52 53

63 63 64
72 75 76
82 88 90
94 104 106

106 121 124
120 141 144
134 163 167
150 188 193
168 216 221
186 246 253

216 131 237

Length
(cm) 1963--64a

24
25 18
26 33
27 49
28 64
29 79
30 95
31 110
32 126
33 141
34
35
36

No. of fish 205

a Perkins and Anthony (1969).
b Morse and Morris (MS 1981).
C This study.

1981) analyzed data (collected in 1980) that were prim­
arily from the southwestern Gulf of Maine. Predicted
fecundities of herring by 1 cm length-groups in 1980
and 1982 were very similar over all lengths (Table 7).
The 1963-64 and 1969 fecundities were also similar
over a more limited length range and were lower than
those of the early 1980's.

According to Fogarty and Clark (MS 1983), the
stock size of adult herring (age 4+) in the Gulf of Maine
has generally declined since 1968, with partial recover­
ies due to recruitment of strong year-classes to the
adult population in 1974, 1980 and 1981. The lower
1969 fecundities prevailed at a time when the estimated
stock size was more than twice as large as that which
was estimated in 1982. The coincidence of such an
increase in fecundity with diminished stock size indi­
cates that fecundity of herring may be density­
dependent. Increased fecundity may represent a way
by which herring respond to reduced population size.
Density-dependence has also been invoked to explain
observed changes in fecundity of herring on Georges
Bank between 1963-64 and 1968 (Anthony and Waring,
MS 1980) and before and after 1973 in the Gulf of St.
Lawrence, the Scotian Shelf and Georges Bank (Mes­
sieh et al., MS 1985). This absence of temporal stability
underscores the importance of obtaining current
fecundity estimates for stock discrimination and
assessment purposes.
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