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Abstract

Persistent spatial boundaries and species membership of groundfish assemblages
between Cape Hatteras and Nova Scotia from 1967 to 1988 were described based on
Northeast Fisheries Science Center autumn bottom trawl surveys. Responses of several of
those assemblages to perturbation by fisheries were also described. Cluster analysis was
used to identify site groups with similar species composition and species groups with similar
spatial distributions for each year. Assemblage responses were tracked by subregion over
time, based on mean and percentage of total-biomass-per-tow by species and indices of
species diversity. Six major site groups were defined with cluster analysis in most years.
Major differences in site group boundary patterns were observed between northern site
groups (Scotian Shelf, Gulf of Maine, Georges Bank) and southern site groups (Northern Mid-
Atlantic Bight, Southern Mid-Atlantic Bight and Deepwater). Northern site groups were
characterized by sharp boundaries which persisted in the same area from year to year and
corresponded to depth features. Boundaries of southern site groups shifted from year to year
probably reflecting an increased influence of temperature-related oceanographic features.

Membership in major species groups was highly persistent in time. Assemblages
concentrated in northern subregions exhibited strong persistence in terms of spatial distri-
butions as well. Although species group affiliations have persisted over time, the response
of species groups to fishery perturbation varied among groups. Assemblages concentrated
in northernregions did not appear resilientunder fishery perturbation in the Gulf of Maine and
Georges Bank subregions. Although comparable data were unavailable to characterize
fishery perturbation in the Mid-Atlantic Bight area, during the same period that abundance
of northern species groups continued to decline or remained at low levels, some migratory
or potentially temperature-responsive species groups appeared to have extended their
distributions northward, increased abundance, or both. Because many of these species are
piscivorous and relatively underexploited, the result may be the potential addition of trophic
linkages among assemblage groups as predator-prey interactions. Reversibility of fishery
effects on productivity of less resilient assemblages will depend on the strength of trophic
linkages both within and between assemblage production units that previously may have
been uncoupled or only loosely coupled.

Introduction

Concern that perturbations by fisheries may
lead to irreversible changes in struture and dynam-
ics of marine communities has increased in the last
decade (Sherman and Alexander, 1986). Although
not caused by exploitation alone, the simplification
of the Great Lakes fishery production system serves
as a qualitative example of apparent irreversibility
of assemblage structure (e.g. as discussed by Tyler
et al., 1982). Theoretical studies reviewed by
Beddington (1984) indicate that for exploited sys-
tems, multiple stable states of community structure
are possible and, therefore, changes in structure
are unlikely to be reversible.

Groundfish assemblages between Cape
Hatteras and the Gulf of Maine have been signifi-
cantly perturbed by fishing in the past 30 years
(Brown etal., 1976; Mayo et al., this volume). Imme-
diately after World War I, only the USA fleet was
engaged in the fishery. Non-USA distant water
fleets arrived in the mid-1960s resulting in substan-
tially increased effort. The standardized effort lev-
els (effort standardization described in Mayo et al.,
this volume) for the demersal fishery in the Georges
Bank - Southern New England region (NAFO Div.
57) peaked in 1965, followed by major declines by
the mid-1970s (fig. 4, Mayo et al., this volume), as
biomass was depleted and regulations became more
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Assemblage map based on cluster analysis of trawl survey data of 1987. Site group labels and boundaries

This pattern was observed for
species in group B and flatfish species in group C.
Some species in group A-B showed declines in the

Fig. 8.
correspond to dendrogram structure and dissimilarity levels in Fig. 9. Very few stations were occupied in the
Scotian Shelf Region in 1987.
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Fig. 9. Schematic dendrogram of site clusters from clus-

ter analysis of trawl survey data of 1987.

Atlantic cod. Throughout these changes, diversity
tended to increase slightly up until around 1976,
due primarily to the reduction in biomass of redfish,
adominant species. Most recently, however, diver-
sity may have declined.

Changes in biomass on Georges Bank have
been documented (Mayo et al., this volume;
Overholtz and Tyler, 1985). Similar to the Gulf of
Maine, abundances of some groups of species de-
clined until the mid-1970s, increased in the latter
half of the 1970s with several good year-classes,
and declined again torecord low levels in the 1980s

1960s (goosefish, red hake) while others appeared
(intermittently) in the latter half of the 1970s. About
half of the other species biomass was contributed
by short-finned squid between 1976 and 1980. Al-
though presentin trawl survey catches at low levels
in this region, the biomass of group D species,
especially butterfish and long-finned squid, more
than tripled since 1967. Among elasmobranchs,
spiny dogfish began to trend upward in abundance
in 1973, while winter skate began to increase in
1977. The increase in biomass of these two species
was responsible for the decline in diversity from
peak levels in the late-1960s (after removal of had-
dock as a dominant species) to relatively low levels
in the late-1980s.

In the Northern Mid-Atlantic Bight region,
changes in aggregate biomass, species composi-
tion and diversity were influenced primarily by the
relative abundance of spiny dogfish and species in
groups C and D (Fig. 12and 14). Between 1967 and
1988, biomass shifted from group C to group D, as
the relative abundance of yellowtail flounder in the
area declined between 1967 and 1974, and as
abundance of butterfish, long-finned squid and
fourspot flounder increased throughout the period.
High relative abundance of spiny dogfish between
1963 and 1969 led to lower levels of diversity during
that period. As relative abundance of spiny dogfish
dropped in the early-1970s, diversity increased.
Subsequent fluctuations in diversity were related
primarily to fluctuations in dogfish abundance. On
average, recent (1980-88) dogfish abundance has
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Species groups and schematic dendrogram based on inverse cluster analysis of

pooled 1967-88 groundfish survey data. Species groups A = Deepwater Gulf of
Maine-Georges Bank; B = Gulf of Maine-Georges Bank Transition Zone; C = Shallow
Water Georges Bank-Southern New England; D = Northern Mid-Atlantic Bight; E =
Southern Mid-Atlantic Bight; E' = Southern Mid-Atlantic Bight Occasional; F =
Deepwater; M1-M6 = Minor species groups of rare or more loosely affiliated
species. Second areas in group names represent secondary areas of concentration
and/or second stock area for many species.

been lower than during the 1963-69 period. Spe-
cies from group E (e.g. summer flounder, scup)
appeared at low levels of abundance in the region
between 1972 and 1982. Among species in group
A-B, abundance of goosefish declined since the
early-1970s and especially since 1985; abundance
of red hake and silver hake declined since 1984.

In the Southern Mid-Atlantic Bight region, pat-
terns in aggregate biomass were characterized by
intermittent spikes contributed by relatively few spe-
cies (Fig. 12 and 15). Aggregate biomass showed
a decline between 1967 and 1974, a peak during
1975-77, and a fluctuation around low to medium
levels between 1978 and 1988. Diversity varied
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Mean biomass (kg/tow), percent biomass and Simpson’s diversity index, Gulf of Maine survey summary

region (survey strata 24, 26-30, 36-40), 1963-88 based on 54 species (Table 1). Totals as mean kg/tow (left
panels) and percent total mean kg/tow (right panels) are aggregated over sets of major and minor species
in top panels, and disaggregated by individual species in middle and lower panels.

widely throughout the series, influenced by the rela-
tive abundance of butterfish and long-finned squid,
the dominant species within the region belonging to
group D. Summer flounder, scup, spot and croaker
(group E species) showed similar patterns of high
relative abundance between 1975 and 1977 and
again between 1983 and 1986 (especially in 1985).

In the Deepwater strata set, aggregate biomass
showed a decline between 1967 and 1975, and
increased between 1976 and 1981, and declined
somewhat between 1982 and 1988 (Fig. 12 and 16).
In the first period, most of the aggregate biomass
was contributed by group D species, dominated by
long-finned squid and butterfish. In the second
period, increased abundance of short-finned squid





