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Abstract

An Atlantic herring (Clupea harengus L.) spawning bed at Escuminac, Miramichi Bay, in the southwestern Gulf of St. Lawrence
was surveyed by scuba divers in May 1983. The bed extended 2,200 m along the shore with a mean offshore width of 400 m. Herring
were distributed over a depth range of 0.8-3.3 m. The substrate consisted of bedrock and rubble, with Irish moss (Chondrus crispus)
and, to a lesser extent, rockweed (Fucus sp.) being the major macrophytes. Bottom temperature ranged from 6.5° t09.3° C during the
incubation period which lasted for 14-16 days. Non-viable herring eggs constituted about 5% of those examined for stage of
development in late May.

Intensity of egg deposition varied from a few scattered eggs to patches which were 4-5 layers deep and was significantly
correlated with algal abundance. Mean density of eggs over the entire bed about 10 days after spawning was nearly 25,000 eggs per m=.
After adjustment of the estimated deposition of eggs for loss due to predation by fish, use of mean fecundity and mean weight values
indicated that the total number of eggs on the spawning bed were produced by approximately 930,400 mature herring (or about 210
tons). The catch of mature herring off Escuminac from the prespawning and spawning concentrations in 1983 was about 4,400 tons,
which implies an exploitation rate of 95%. Aerial photographic surveys of fishing activity off Escuminac in 1983 indicated very large
concentrations of herring gilinets on and around the spawning ground, and it is believed that these nets caught most of the mature

herring before they could spawn.

Introduction

There are two spawning components of herring in
the Gulif of St. Lawrence: spring spawners and autumn
spawners (Messieh and Tibbo, 1971). The relative
importance of the spawning components and the
intensity of the spawning beds have changed with time.
Historically, the spring-spawning beds around Mag-
dalen Islands and the spring-spawning and autumn-
spawning beds of Chaleur Bay (Fig. 1A) were the major
contributors to herring productionin the Gulf (Tibbo et
al., 1963). All evidence from biological and biochemi-
cal studies of herring in the southern Gulf of St. Law-
rence (Parsons and Hodder, 1971; Kornfield et al.,
1982) indicates that spring and autumn spawners are
genetically distinct groups. Circumstantial evidence
indicates that the progeny of a spawning component
returns to the parental spawning ground (Messieh and
Tibbo, 1971).

With the decline of herring stocks in the Gulf of St.
Lawrence and the problems associated with stock
assessments, the Canadian Atlantic Scientific Advi-
sory Committee (CAFSAC) considered that the pres-
ent system of managing the herring stocks subjected
the different spawning components to unequal exploi-
tation rates and that effective measures to limit the risk
of overexploitation of individual components were
necessary to conserve the resource (CAFSAC, 1984).

The development of such measures requires that sur-
veys of herring spawning beds and associated fishing
activities be undertaken to collect information on egg
deposition, spawning biomass and exploitation rates.

One of the major spawning beds in the southern
Gulf of St. Lawrence is located at Escuminac (Fig. 1B),
and this area has become the center of an intensive
spring fishery with the catch amounting to about half
the total catch of spring-spawning herring in the south-
ern Gulf. The gilinet fishery is concentrated mainly on
the spawning grounds along the shore and the catch
consists mainly of adult herring which are concentrat-
ing to spawn.

Earlier surveys of herring spawning beds in the
Gulf of St. Lawrence have been more qualitative than
quantitative in nature (Tibbo et al., 1963). Extensive
deposition of eggs at Escuminac occurred in the spring
of 1979, when the size of the spawning bed and distri-
bution of eggs were mapped by divers but not quanti-
fied (Messieh et al., 1981). That survey indicated that
quantitative studies of herring spawning grounds were
feasible, and further studies were conducted in 1980
(Pottle et al., 1980) and again in 1981. However, only
small spawning beds were found in these years, and
the catches of spawning herring were unusually low.
Favorable conditions existed in the spring of 1983
which enabled a comprehensive survey of the spawn-
ing beds and fishing activity in the Escuminac area to
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recorded at the other site, due probably to the absence
of significant algal cover on the sandy substrate out-
side the designated boundary of the Escuminac bed.

Previous surveys of herring spawning beds on
both the Atlantic and Pacific coasts of Canada have
shown direct relationships between the intensity of
egg deposition and the degree of algal cover (Tibbo et
al., 1963; Haegele et al., 1979; Pottle et al., 1980). In the
present study, despite the variability in the data from
the two surveys of the small study area and that of the
entire bed, egg density was significantly correlated
with algal abundance. Spawning was insignificant in
depths greater than 3.3 m outside the boundary of the
Escuminac bed, where algal cover was much less
extensive, but spring spawning beds with an abun-
dance of macrophytes have been found to extend to
greater depths (e.g. Pottle et al., 1980).

There was a large reduction (72%) in the mean
density of eggs in the small study area between the
surveys on 26-27 May and 1 June. This decrease can
be attributed in part to hatching, because egg develop-
ment was evidently rapid during that period (Table 1),
but predation by demersal fish was a contributing fac-
tor. In addition, the shallowness of the spawning bed
(1-83 m) made it particularly vulnerable to disruption by
wave action, whereby eggs are detached from macro-
phytes and macrophytes are dislodged from the sub-
strate and washed ashore by strong winds. Such action
may result in considerable egg mortality (Tibbo et al.,
1963). However, examination of algae washed ashore
along the beach at Escuminac revealed very few eggs
and macrophytes with attached eggs.

The discovery of the Escuminac spawning bed
while the eggs were at developmental stage 1 (i.e.
approximately 24 hr after fertilization), enabled deter-
mination of the actual duration of the incubation
period in nature. In 1983, this period lasted 14-16 days,
in comparison with estimates of about 15 days from the
survey at Huckleberry Island in 1980 (Pottle et al.,
1980) and about 17 days from the survey of a small
spawning bed near Escuminac in 1981 (R. Pottle,
unpubl. data). There was no spawning bed at Escu-
minac in 1982. The intensity of egg deposition in 1983
was greater than that on the small beds which were
surveyed in 1980 and 1981 but considerably less than
that which was reported by Tibbo et al. (1963) for a
spring-spawning bed north of Escuminac in Chaleur
Bay.

Spawning activity was evidently more widespread
throughout the historical spawning areain 1979thanin
subsequent years, although quantitative data are lack-
ing (see Messieh et al., 1981, fig. 6 and 7). However,
there was a considerable increase in the herring catch
at Escuminac in 1983 relative to those of the 3 preced-
ing years, and that catch (4,800 tons) represented

approximately half of the overall catch of spring-
spawning herring in the southern Gulf of St. Lawrence.
Fishing activity was apparently very intense, as indi-
cated by the extremely high exploitation rate which
was estimated to have exceeded 90% on the basis of
egg deposition in relation to catch and spawning
potential.

Several factors could influence the estimates of
the exploitation rates. One possibility is that there were
additional spawning beds which were not located dur-
ing the survey of the region, but this is highly unlikely
because repeated and systematic searches of the his-
torical spawning areas by scuba divers did not reveal
any other beds and fishermen did not report any con-
centrations of spawning herring other than that which
produced the spawning bed east of Escuminac wharf.
The second possibility is that egg loss during the incu-
bation period had exceeded considerably the estimate
of 30% due to predation by fish. However, even if total
egg mortality was assumed to be as high as 50%, the
exploitation rate would still exceed 90% because of the
high catch of herring in the vicinity of the spawning
bed. The third possibility is that a significant portion of
the Escuminac concentration left the area in late May
to spawn at alternative sites. This was very unlikely,
because information on spawning locations and
spawning times, gathered from aerial photographic
surveys of gillnet distribution and an extensive herring
sampling program, did not substantiate the mass
movement of herring away from the Escuminac area.

Alternatively, the high exploitation rate may have
resulted from failure of the majority of the herring to
reach the traditional spawning bed near shore due to
capture. This possibility is substantiated by the aerial
photographic surveys in 1983 which showed a great
concentration of herring gillnets (mesh sizes 0f 5.3-5.8
cm) on and around the spawning bed (Fig. 4). This
concentration of small-meshed gillnets posed a for-
midable barrier to migrating herring.

The results of this survey indicate that spawning
bed surveys are potentially useful for herring stock
assessment. At present, the method is limited to the
Gulf of St. Lawrence spring-spawning population
which spawns in shallow depths (<10 m). Scuba sur-
veys of the deeper autumn-spawning sites are also
feasible but they would require more manpower due to
restrictions on underwater working time in order to
avoid decompression. Even so, autumn surveys by
divers would be more cost effective than those by sub-
mersibles (e.g. Caddy and lles, 1973). Although the
concept of herring stock assessment by surveying
spawning beds is new to fisheries of the Atlantic coast
of Canada, a similar method has been used success-
fully for many years on the Pacific coast (Humphreys
and Hourston, 1978; Hourston and Schweigert, 1981).
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The status of the British Columbia herring stocks is
assessed annually on the basis of routine monitoring of
the catch and egg deposition. The latter is converted to
number of fish at age in the escapement from age
compositions of catches, sex ratios and fecundity-at-
age data (Stocker et al., 1983).

Data from spawning bed surveys are particularly
useful in providing estimates of stock biomass which
are independent of those based on sequential popula-
tion analyses. The accuracy of herring biomass esti-
mates from sequential population analyses was
recently questioned by Sinclair et al. (1985), who
showed that, for three major herring populationsin the
Northwest Atlantic (including herring in the southern
Gulf of St. Lawrence), the stock assessments have
tended to seriously underestimate the declines in
abundance and overestimate the mild upswings. They
concluded that Atlantic herring should be managed
conceptually as the salmon stocks are, by monitoring
fish escapement (from estimates of egg deposition)
and subsequently controlling fishing activity on the
spawning ground. However, for the herring population
which spawns at Escuminac, it is not practical to use
egg deposition as a measure of “escapement” to con-
trol fishing effort, because there is little or no time lag
between fishing time and herring spawning. Most of
the catch is taken in a period of 3 weeks, which coin-
cides with the period of peak spawning. Escapement of
herring for spawning could be significantly enhanced
if fishing effort was controlled by alternating periods of
fishing and non-fishing days.
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