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FOREWORD

One of the greatest long-term threats to the viability of
commercial and recreational fisheries is the continuing

loss of marine, estuarine, and other aquatic habitats.
M agnuson-Stevens Fishery Conservation and
Management Act (October 11, 1996)

The long-term viability of living marine resources
depends on protection of their habitat.

NMFS Strategic Plan for Fisheries

Research (February 1998)

The Magnuson-Stevens Fishery Conservation and
Management Act (MSFCMA), which was reauthorized
and amended by the Sustainable Fisheries Act (1996),
requires the eight regional fishery management councils to
describe and identify essential fish habitat (EFH) in their
respective regions, to specify actions to conserve and
enhance that EFH, and to minimize the adverse effects of

independent data sets from NMFS and several coastal
states. The species reports are also the source for the
current EFH designations by the New England and Mid-
Atlantic Fishery Management Councils, and have
understandably begun to be referred to as the “EFH source
documents.”

NMFS provided guidance to the regional fishery
management councils for identifying and describing EFH
of their managed species. Consistent with this guidance,
the species reports present information on current and
historic stock sizes, geographic range, and the period and
location of major life history stages. The habitats of
managed species are described by the physical, chemical,
and biological components of the ecosystem where the
species occur. Information on the habitat requirements is
provided for each life history stage, and it includes, where
available, habitat and environmental variables that control
or limit distribution, abundance, growth, reproduction,

fishing on EFH. Congress defined EFH as “those watersortality, and productivity.

and substrate necessary to fish for spawning, breeding,

Identifying and describing EFH are the first steps in

feeding or growth to maturity.” The MSFCMA requires the process of protecting, conserving, and enhancing

NMFS to assist the regional fishery management councilessential habitats of the managed species.

Ultimately,

in the implementation of EFH in their respective fisheryNMFS, the regional fishery management councils, fishing

management plans.

participants, Federal and state agencies, and other

NMFS has taken a broad view of habitat as the arearganizations will have to cooperate to achieve the habitat
used by fish throughout their life cycle. Fish use habitagoals established by the MSFCMA.

for spawning, feeding, nursery, migration, and shelter, but

A historical note: the EFH species reports effectively

most habitats provide only a subset of these functiongecommence a series of reports published by the NMFS
Fish may change habitats with changes in life historfsandy Hook (New Jersey) Laboratory (now formally

stage, seasonal and geographic distributions, abundanémown as the James J. Howard Marine Sciences
and interactions with other species. The type of habitat,aboratory) from 1977 to 1982. These reports, which

as well as its attributes and functions, are important fowere formally

sustaining the production of managed species.

labeled asSandy Hook Laboratory
Technical Series Reports, but informally known as “Sandy

The Northeast Fisheries Science Center compiled thook Bluebooks,” summarized biological and fisheries
available information on the distribution, abundance, andlata for 18 economically important species. The fact that
habitat requirements for each of the species managed biye bluebooks continue to be used two decades after their
the New England and Mid-Atlantic Fishery Managementpublication persuaded us to make their successors — the 30
Councils. That information is presented in this series oEFH source documents — available to the public through
30 EFH species reports (plus one consolidated methogmiblication in theNOAA Technical Memorandum NMFS
report). The EFH species reports comprise a survey of tHeE series.
important literature as well as original analyses of fishery-

JAMES J. HOWARD MARINE SCIENCES LABORATORY
HIGHLANDS, NEW JERSEY
SEPTEMBER 1999

JEFFREY N. CROSS, CHIEF
Ecosy STEMS PROCESSES DIVISION
NORTHEAST FISHERIES SCIENCE CENTER
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INTRODUCTION

Silver hake, Merluccius bilinearis (Figure 1), are
distributed on the continental shelf of the northwest
Atlantic Ocean from Cape Fear, North Carolina (Karnella
1973) to the Gulf of St. Lawrence and the southern edge
of the Grand Banks, Newfoundland, Canada (Leim and
Scott 1966). An early report of their southern range as
being deep waters off the Bahamas (Norman 1939) was
probably a misidentification of Merluccius albidus, the
offshore hake. Silver hake are most abundant from Nova
Scotiato New Jersey.

Silver hake are dender, fast swimming gadids that are
often found in dense schools associated with specific
hydrographic conditions, prey concentrations, and
spawning requirements. Analyses of bottom trawl catches
in U.S waters show that adult silver hake are found
throughout the survey area (Cape Hatteras, North Carolina
to Cape Sable, Nova Scotia) in winter and spring, but are
concentrated in deep basins in the Gulf of Maine and
along the continental slope from Nova Scotia to Cape
Hatteras (Almeida 1987; Helser et al. 1995; Helser 1996).

In U.S. waters, two stocks of silver hake have been
identified based on morphometric differences. One stock
occurs in the Gulf of Maine to northern Georges Bank
while the other stock ranges from southern Georges Bank
to Cape Hatteras. Juveniles and adults migrate to deeper
waters of the continental shelf as water temperatures
decline in the autumn and return to shalow waters in
spring and summer to spawn. Major spawning areas are
coastal Gulf of Maine, southern Georges Bank, and waters
south of Rhode Idand. Silver hake are relatively fast
growing, reach sexua maturity at 2-3 years of age (20-30
cm), and live a maximum of 15 years, although in recent
years few fish older than 6 years are caught.

LIFE HISTORY
EGGS

The eggs are pelagic, 0.88-0.95 mm in diameter, drift
with the prevailing currents, and hatch in about two days
at 20°C.

LARVAE

Newly hatch larvae are pelagic and are about 2.6-3.5
mm long. Pelagic life lasts about 2 months and at about
17-20 mm long the larvae descend to the bottom as
juveniles.
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JUVENILES AND ADULTS

Studies of age and growth of silver hake in U.S.
waters began with Schaefer (1960). Nichy (1969) aged
juvenile fish and conducted an age validation study. Inan
investigation of the effect of stock size on growth of
various age classes in the northern Georges Bank-Gulf of
Maine stock, Ross and Almeida (1986) found that mean
weight-at-age (2-5 years) was significantly inversely
correlated with three measures of stock density during
1962-1979. Almeida (1978) and Penntila et al. (1989)
used von Bertalanffy growth functions to describe growth
of the northern and southern stocks. Almeida (1978)
found faster growth and greater size in the northern stock
compared to the southern stock.

Helser (1996) made a detailed analysis of the growth
of silver hake in four areas of the U.S. continental shelf
during 1975-1980, 1982-1987, 1988-1992. He found
significant differences in growth between the Middle
Atlantic and southern Georges Bank in all three periods,
between northern Georges Bank and the Gulf of Maine
during 1975-1980 and 1982-1987, and between northern
and southern Georges Bank during 1982-1987. Growth in
the Gulf of Maine, on average, was sow, but the fish
attained the large asymptotic length (k = 0.33, L., = 47
cm) compared to the Middle Atlantic Bight (k = 0.51, L,
= 43 cm); growth on Georges Bank was intermediate.

Females grow faster and live longer than males.
Reported maximum lengths and ages are 34 cm and 6
years for males and 60-64 cm and 12 years for females
(Bigelow and Schroeder 1953; Nichy 1969). Interestingly,
maximum lengths of silver hake collected during the
NMFS Northeast Fisheries Science Center (NEFSC)
bottom trawl survey are 78 cm in spring and 76 cm in
autumn. Table 1 lists mean lengths at age to indicate
relative size-at-age for Gulf of Maine, Middle Atlantic,
northern Georges Bank, and southern Georges Bank for
1988-1992.

Helser and Almeida (1997) performed a detailed
analysis of the possible effects of stock abundance,
growth, spring water temperatures, and depths on the
proportion of silver hake that are mature at age 2 and 3.
Population abundance accounted for most of the variation
in sexual maturity and growth in the southern stock
accounted for some additional variation. Both catch-
weighted water temperature and catch-weighted bottom
depth had no datistically significant effect on the
proportion mature at age 2 or 3 for the northern stock, or
at age 2 for the southern stock. A dlight effect was found
for the proportion mature at age 3 for the southern stock.

REPRODUCTION

Female silver hake are asynchronous spawners that
produce and release several batches of eggs during the



Page 2

spawning season (Sauskan and Serebryakov 1968).

Silver hake eggs and larvae have been collected in all
months on the continental shelf in U.S. waters, although
the onset of spawning varies regionally (Bigelow and
Schroeder 1953; Marak and Colton 1961; Sauskan and
Serebryakov 1968; Fahay 1974; Morse et al. 1987,
Waldron 1988; Berrien and Sibunka 1999). Silver hake
spawn over a wide range of temperatures and depths. In
the Middle Atlantic Bight, newly spawned eggs were
collected at surface water temperatures between 13°C and
22°C (Fahay 1974). In the Gulf of Maine, Bigelow and
Schroeder (1953) reported that spawning temperatures
ranged from 5°C to 13°C.

Spawning begins in January along the shelf and slope
in the Middle Atlantic Bight and proceeds north and east
to Georges Bank into May. By June spawning has spread
into the Gulf of Maine and continues to be centered on
Georges Bank through summer. In October, spawning is
centered in southern New England and by December
spawning is observed again aong the shelf and slope in
the Middle Atlantic Bight. Over the U.S. continental shelf,
significant numbers of eggs are produced beginning in
May, numbers increase through August, and then decline
rapidly during September and October (Berrien and
Sibunka 1999).

The primary spawning grounds probably coincide
with concentrations of ripe adults and newly spawned
eggs.  These grounds occur between Cape Cod,
Massachusetts, and Montauk Point, New York (Fahay
1974), on the southern and southeastern slope of Georges
Bank (Sauskan 1964) and the area north of Cape Cod to
Cape Ann, Massachusetts (Bigelow and Schroeder 1953).

Silver hake median length at maturity (i.e, 50%
mature) has declined in recent years. Table 2 lists
observations of silver hake age and length at maturity.

FOOD HABITS

The diet of silver hake consists primarily of fish,
crustaceans, and squids, depending on the size, age, and
sex of the silver hake (Schaefer 1960; Domanevsky and
Nozdrin 1963; Dexter 1969; Edwards and Bowman 1979;
Bowman 1984; Waldron 1993; Helser et al. 1995).
Young fish (< 20 cm) eat mainly crustaceans, such as
euphausiids and shrimps. As silver hake grow they
consume a larger proportion of fish and individuals > 35
cm feed almost exclusively on fish (Bowman 1984).

MIGRATION

During spring and summer, silver hake move into
nearshore waters in the Gulf of Maine, to the northern
edge of Georges Bank, and northward in the Middle
Atlantic Bight. By autumn, they return again to the

deeper basins in the Gulf and along the continental slope.
The pattern for juveniles is similar to adults in genera
distribution and movements, except that the centers of
juvenile abundance occur in shallower waters. Juveniles
are abundant inshore along the Middle Atlantic and on the
shoals of Georges Bank.

STOCK STRUCTURE

Silver hake occurring on the U.S. continental shelf
have been divided into at least two stocks. Numerous
studies using a variety of methods, including
morphometrics (Conover et. al. 1961; Almeida 1987),
growth patterns on otoliths (Nichy 1969), serological
analyses (Konstantinov and Noskov 1969; Schenk 1981),
seasonal distribution patterns (Anderson 1974; Almeida
1987), and growth (Helser 1996), indicate that fish in the
Middle Atlantic Bight are distinct from fish in the Gulf of
Maine. The line dividing these two stocks occurs
somewhere between Nantucket Shoals and the northern
edge of Georges Bank. However, the results of these
studies are inconclusive and additional work is needed to
confirm the existence of biologically separate stocks (e.g.,
Helser 1996).

HABITAT CHARACTERISTICS
EGGS

Data from the NEFSC Marine Resources Monitoring,
Assessment and Prediction (MARMAP) ichthyoplankton
survey was used to determine the relationships between
bottom depth and water temperature in the upper 15 m
and silver hake egg abundances (Figure 2). Eggs occurred
in relatively deeper waters than the stations sampled. The
bottom depths where eggs were captured ranged from 10-
1250 m, but most eggs were collected between 50-150 m.
A shift to shalower shelf waters during late spring is
evident (Figure 2); the average depth of egg occurrences
declined from about 100 m in spring to about 60 m in
summer.

The percent frequencies of stations sampled show the
expected annual cycle in water temperatures (Figure 2)
and the occurrences of eggs show a similar cycle. During
the months of coldest temperatures (March and April)
silver hake eggs occurred in the coldest temperatures of
the year (5-12°C). Asthe water warmed in the spring, the
occurrences of eggs shifted to warmer waters until
summer, when eggs were found mostly between 13 and
20°C. During autumn the waters began to cool and egg
occurrences shifted to cooler waters (10-15°C). Peak
abundance of eggs occurred from June to September and
during these months most eggs were found in
temperatures 11-17°C. The large bar in June at 21°C



reflects an unusually large catch of eggs (18,908 eggs/10
m).

The results presented for the NEFSC MARMAP
survey agree with published observations of depth and
temperature occurrences of silver hake eggs (Bigelow and
Schroeder 1953; Fahay 1974; Waldron 1988).

LARVAE

The relationships of bottom depth and water
temperature in the upper 15 m of water to the abundance
of silver hake larvae from the NEFSC MARMAP survey
are shown in Figure 3. Larvae occurred in relatively
deeper water than the overall depths of stations sampled
athough generally shallower than eggs. The bottom
depths where larvae were captured ranged from 10 to
1250 m, but most occurred between 50-130 m. The
depths of larvae occurrence remained stable throughout
most of the year but a shift to dightly deeper waters
occurred during May and June.

The occurrences of larvae in relation to water
temperature in the top 15 m showed a shift in preferred
temperatures that followed the annual warming and
cooling cycle (Figure 3). During the months of coldest
temperatures (February and March) silver hake larvae
were found in the coldest water of the year (5-12°C). As
the water warmed in the spring, the occurrences of larvae
shifted to warmer waters until summer when they were
found mostly between 10 and 16°C. During autumn, the
waters began to cool, but larvae remained in warmer
waters (10-16°C). Peak abundance of larvae occurred
from July to October and during these months most were
found in temperatures 11-16°C.

JUVENILES

Based on the NEFSC bottom trawl survey, the
relationships of bottom temperature and depth to catches
of juvenile silver hake in spring and autumn are shown in
Figure 4. In spring, silver hake were captured at
temperatures of 3-17°C and bottom depths of 5-350 m.
Their preferred temperatures and depths were 6-9°C and
150-275 m. In autumn, they occurred in temperatures and
depths of 5-22°C and 5-350 m and their preferred ranges
were 10-17°C and 25-75 m.

The relationships of bottom temperature and depth to
catches of juvenile silver hake in spring and autumn from
the Massachusetts trawl survey are shown in Figure 5.
Juveniles were caught at al depths and temperatures
during both seasons. No clear temperature preference was
detected in spring, but in autumn, 7-11°C was preferred.
During both seasons, the shallowest depths (< 20 m) had
the smallest catches of juveniles.

Analyses of the Hudson-Raritan estuary trawl study
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data on the relationships of bottom temperature, dissolved
oxygen, salinity, and depth to catches of juvenile silver
hake in spring and autumn are shown in Figure 6. Silver
hake occurred at temperatures from 1-17°C and preferred
temperatures from 9-14°C. The preferred levels of
dissolved oxygen were 7-9 mg/l. They occurred at all
depths sampled except 10 m and showed preference for
depths of 10-20 m. Juveniles avoided salinities less than
20 ppt and showed preferences for salinities above 28 ppt.
In the Rhode Idland trawl surveys, juvenile hakes
were relatively abundant in Narragansett Bay at depths
near 30 m during winter, spring and summer and at 10 m
in autumn (Figure 7). They occurred at most bottom
temperatures but preferred 9°C temperatures in summer.

ADULTS

Silver hake adults and juveniles are found over wide
temperature and depth ranges in U.S. continental shelf
waters (Table 3). The relationships of bottom temperature
and depth to catches of adult silver hake in spring and
autumn from the NEFSC bottom trawl survey are shown
in Figure 4. In spring, adult silver hake were captured at
temperatures of 3-19°C and bottom depths of 5-400 m.
Their preferred temperature and depths in spring were 7-
13¥C and 125-325 m. In autumn, they occurred in
temperatures and depths of £Q2nd 5-500 m and their
preferred ranges were 7°Cland 150-225 m.

Based on the Massachusetts trawl survey, the
relationships of bottom temperature and depth to catches
of adult silver hake in spring and autumn are shown in
Figure 5. They occurred at all temperatures in spring and
no clear temperature preference could be detected. In
autumn, they occurred in temperatures from #%1But
preferred temperature from 7°CL They were caught at
depths > 5 m in spring and > 15 m in autumn. During
both seasons, the lowest numbers of adults were caught in
the shallower depths (< 20 m).

The Hudson-Raritan estuary trawl surveys caught a
total of just one adult silver hake in January 1995. In
Narragansett Bay, adult hakes were relatively abundant at
depths > 20 m in all seasons (Figure 8) and showed a
preference for bottom temperatures between 7 af(@. 16

In Long Island Sound, silver hake were found at all
temperatures sampled, except at@8 autumn, and they
showed no particular preference for temperature in either
spring or autumn. Hakes were captured at most depths
sampled and showed no preference for particular depths in
spring or autumn. Silver hake were captured throughout
the range of salinities observed in the sound. No clear
salinity preference was evident in spring, but in autumn,
hakes were captured at higher than average salinities.

Scott (1982) reports that silver hake on the Scotian
Shelf prefer salinities between 33 and 34 ppt, but were
captured in waters with salinity from 31 to 34 ppt. In a
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large-scale analysis of research bottom trawl surveys on
the Scotian Shelf, Scott (1982) found silver hake occurred
on all bottom types from gravel to fine silt and clay, but
were mainly associated with silts and clays. The ared
trends in bottom type on the Scotian Shelf shows that
coarse sand and gravel are associated with shallow water
and finer grain deposits with deeper water and that the
proportion of gravel increases from east to west. Thus,
the areal trends in grain size and bottom water
temperatures, as well as prey distributions, confound our
ability to determine which factors contribute to
distribution patterns of silver hake on the Scotian Shelf.

On the extremely fine-scale, Auster et al. (1997)
found that silver hake (1.5-5 cm) were more abundant on
silt-sand bottoms containing amphipod tubes at 55 m deep
in the Middle Atlantic Bight. Silver hake (12.6-27.6 cm)
were found on flat sand, sand-wave crests, shell and
biogenic depressions, but were most often found on flat
sand at one site in the Middle Atlantic Bight (Auster et al.
1991).

A summary of the ranges and preferences of various
environmental parameters of the life stages of silver hake
are presented in Table 4.

GEOGRAPHICAL DISTRIBUTION

The overall distribution of silver hake is from the
Gulf of St. Lawrence to Cape Hatteras (Figure 9). The
areas of highest abundance are the southern edge of the
Grand Bank, the Scotian Shelf, the Gulf of Maine,
Georges Bank, and the Middle Atlantic Bight off Long
Island.

EGGS

Silver hake eggs were found throughout the area
surveyed during NEFSC MARMAP ichthyoplankton
surveys (Figure 10). They were most abundant in the
deeper parts of Georges Bank (> 60 m) and the shelf off
southern New England. Eggs were captured in all months
of the year. From January to March, eggs occurred in
small numbers in the deep waters of the Middle Atlantic
Bight. By April, the occurrence of eggs extended
eastward along the southern edge of Georges Bank and
the total number of eggs increased dlightly. During May
and June the catches of eggs extended onto the shelf and
into nearshore waters in the Middle Atlantic Bight and
southern New England areas. Some eggs were captured in
the western part of the Gulf of Maine. By July and
August the center of abundance had shifted east onto
Georges Bank with southern New England and the Gulf of
Maine continuing to show some catches of eggs. In
September and October the occurrences of eggs began to
decline with centers of abundance still on Georges Bank

and into southern New England. Few eggs were captured
in November or December but most occurred again in
deeper waters of the Middle Atlantic Bight.

LARVAE

The individual survey distributions of silver hake
larvae from Cape Hatteras, North Carolina to Nova
Scotia, based on 50 ichthyoplankton surveys in the
NEFSC MARMAP  series (1977-1984), reved
considerable year-to-year differences in the temporal and
spatial patterns of abundance. Centers of abundance in
July - September occurred on Georges Bank and in
southern New England in 1977, 1978, 1982, and 1983. In
1981 few larvae were found anywhere in the survey area.
Only in 1979 and 1980 were significant numbers of larvae
encountered in the Gulf of Maine (Morse et al. 1987).

The cumulative distribution and abundance of silver
hake larvae from all NEFSC MARMAP surveys is shown
in Figure 11. The overall pattern of distribution is similar
to the distribution of eggs, wherein the center of
abundance is on Georges Bank and a secondary center is
in the southern New England area. Few larvae were
captured from January through March, none in April, and
most occurred in the Middle Atlantic Bight (Figure 11).
The low catches reflect the relatively low egg production
of silver hake during the early months of the year. During
May and June larvae were abundant from off Virginia to
the southwestern part of Georges Bank in depths from 60-
130 m. The peak months of larval abundance were July-
September and the centers of abundance were now in
southern  New England and on Georges Bank.
Distribution of larvae during October to December had
shifted to the west from Georges Bank to southern New
England and the Middle Atlantic Bight and abundance
had dropped following the decrease in egg production
during the late autumn and early winter. Table 5 lists the
published reports of the nearshore and estuarine
occurrences of silver hake eggs and larvae south of Cape
Cod.

JUVENILES

Based on the NEFSC bottom trawl survey, juvenile
silver hake occurred across the shelf in the Middle
Atlantic Bight and southern New England areas, along the
southern and northern edges of Georges Bank, and
scattered throughout the Gulf of Maine in the winter
(Figure 12). In the spring, they occurred throughout the
survey area but tended to avoid the shallowest part of
Georges Bank. Concentrations occurred in relatively
shallow waters in southern New England and in most of
the southern and western parts of the Gulf of Maine.
Positive catches during summer surveys show a



Page 5

distribution similar to that in the spring. By autumn, the  in spring and off Cape Ann and in Cape Cod Bay in
distribution of juveniles again covered the shelf with small autumn. Small catches were made in Vineyard Sound and
catches in the southern part of the Middle Atlantic Bight Buzzards Bay in both seasons (Figure 13).
and in the center of the Gulf of Maine. Centers of The Hudson-Raritan estuary trawl survey caught a
abundance occurred in nearshore waters off New Jersey  total of just one adult silver hake in January 1995. Results
and Long Island, south of Rhode Island, on Georges  of the Rhode Island trawl survey showed that, in general,
Bank, and along the coast of Massachusetts and Maine. low numbers of hake occurred throughout Narragansett
Silver hake juveniles were caught throughout the  Bay and the highest average catches were at the ocean
Massachusetts trawl survey areain spring and autumn and ~ station 1. Adult hakes occurred throughout the bay in
were concentrated off Cape Ann, in Cape Cod Bay and  small numbers in all seasons (Figure 15). Seasonal length
south of Martha’s Vineyard. Light catches were made irffrequencies indicate that juveniles and adults occurred in
Vineyard Sound and Buzzards Bay (Figure 13). similar proportions during all seasons except summer
Juvenile silver hake were collected throughout mostvhen juveniles dominated the catches (Figure 15).
of the Hudson-Raritan estuary survey area but were The catches of silver hake in Long Island Sound
concentrated in areas near the ocean (Figure 14). Tishowed a high incidence of adults (> 22 cm) in spring.
highest catches occurred in autumn (Oct.-Dec.) and nBased on the wide distribution of silver hake adults, it
juveniles were captured in summer (July-Aug.). appears that they occur in all areas of the sound (Figure
Juvenile silver hake were captured throughoutl6).
Narragansett Bay in all seasons with the highest average Jury et al. (1994) compiled summaries of the
catches of juveniles (~3 hake/tow) occurring in summepccurrence and relative abundance of eggs, larvae,
(Table 6; Figure 15). In general, low numbers of hakguveniles, and adults in estuaries north of Cape Cod and
occurred throughout the Bay and the highest averag8toneet al. (1994) compiled similar data for Cape Cod to
catches were at the ocean station 1. Seasonal lengfape Hatteras (Table 7).
frequencies indicate that juveniles and adults occurred in
similar proportions during all seasons except summer
when juveniles dominated the catches. STATUS OF THE STOCKS
The catches of silver hake in Long Island Sound were
dominated by fish < 23 cm long in both seasons and According to the Report to Congress on the Status of
occurred throughout the bay (Figure 16). Fisheries of the United States (National Marine Fisheries
Service 1997), the Gulf of Maine/northern Georges Bank
stock (GBGM) of silver hake is not overfished while the
ADULTS southern Georges Bank/Middle Atlantic stock (SGBMA)
is overfished. The GBGM silver hake stock biomass
Based on the NEFSC bottom trawl survey, silver hakeccounts for, on average, about 80% of the NEFSC
were distributed across the shelf in the northern Middl@utumn survey stratified mean catch-per-tow (in
Atlantic Bight and southern New England areas, along thkilograms). The NEFSC autumn survey mean catch-per-
southern and northern edges of Georges Bank, artdw for the two stocks is used herein to indicate inter-
scattered throughout the Gulf of Maine in the winterannual changes in stock size (Figure 17).
(Figure 12). In the spring, they occurred throughout the
survey area but tended to avoid the shallowest parts of the
Middle Atlantic Bight and Georges Bank. ConcentrationsGULF OF MAINE/NORTHERN GEORGES
occurred in relatively deep waters of the Middle Atlantic, BANK STOCK
southern New England, along the southern and northern
edges of Georges Bank, and in the western part of the The autumn research bottom trawl catches declined in
Gulf of Maine. Positive catches during summer surveyshe mid- to late 1960s to the lowest catches on record
showed a distribution similar to that in the spring. Bywhen there was a period of heavy exploitation by distant
autumn, the distribution of adults again covered the shelfiater fleets. Strong year classes in 1973 and 1974 helped
except for the southwestern part of the Middle Atlanticto increase stock biomass during the mid-1970s, but stock
Bight and in the center of Georges Bank. Centers ofize again declined until the early 1980s. Since that time
abundance occurred in south of Rhode Island, on thieiomass indices have increased significantly but with wide
northern edge of Georges Bank, and most of the Gulf adinnual fluctuations. From the low biomass estimates in
Maine. the 1960s when catch-per-tows were 2-3 kg, the stock size
Based on the Massachusetts trawl survey, silver haleas increased to about 10 kg/tow during the last 10 years.
adults were caught throughout the survey area in sprinGontrary to the bottom trawl catches, results from virtual
and north of Cape Cod in autumn. They werepopulation analysis showed a significant decline through
concentrated south of Martha’s Vineyard and Nantucke1986 in stock biomass from the pre-1975 period (Helser
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1995).

SOUTHERN GEORGES BANK/MIDDLE
ATLANTIC STOCK

Similar to the GBGM stock, the SGBMA stock
apparently declined during the 1960s and early 1970s
based on a significant decline in the autumn stratified
mean catch-per-tow. Stock size increased somewhat until
about 1985, but has declined to historically low levels in
recent years. Research bottom trawl catches have ranged
from about 3-4 kg/tow in the 1960s to about 0.5-0.8
kg/tow in the mid-1990s.

Periods of high (1989-1993) and low abundance
(1967-1971) (see Figure 17) were anayzed for the
distribution and relative abundance of juveniles and adults
in autumn (Figure 18). The overal distribution of
juveniles and adults appears about the same regardless of
stock size. The relative abundance is quite different
between the two time periods. Much higher catches of
juveniles and adults occurred on Georges Bank and
particularly in the Gulf of Maine during the period of high
abundance.

RESEARCH NEEDS

e Questions remain about the definition of silver hake
stocks. Research is needed to define the biological
basis of the two (or more) stocks. Seasonal
distributions indicate considerable movement of fish
across the current stock boundary line on Georges
Bank, which raises the question of the degree of
intermixing between the stocks.

e The habitat parameters used in this report are
location, depth, temperature, and, for Long Island
Sound, salinity. A critical parameter is bottom type,
which needs to be included in future habitat
considerations.

« Littleis known about the effects of the prey field on
the distribution in space and time of silver hake.
Additional food habits analysis is needed to
determine the possible relationships of predator-prey
and distribution and abundance.

e There are indications that fine scale (less than shelf
wide) habitat characteristics may be important at
various times in the life of silver hake. Examples are
food and predator abundance during the larval stage,
fine-scale bottom structure for small juveniles, and
the contribution of estuaries to the success of year
classes.
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Table1l. Mean length (cm) at age (years) in silver hake, Merluccius bilinearis, for Gulf of Maine (GM), Middle Atlantic
(MA), northern Georges Bank (NGB), and southern Georges Bank (SGB) from samples collected during 1988-1992;

based on Helser (1996).

Area
Age GM MA NGB SGB
1 12.3 9.1 121 11.7
2 22.0 21.2 221 214
3 28.8 28.7 28.8 27.8
4 33.6 335 333 31.9
5 37.0 36.4 36.3 34.6
6 39.3 38.2 38.3 36.4
7 41.0 394 39.7 375
8 42.1 40.1 40.6 38.3
9 43.0 40.5 41.2 38.8
10 435 40.8 41.6 39.1
11 43.9 410 419 39.3
12 44.2 411 42.1 394
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Table 2. Observations of silver hake, Merluccius bilinearis, age and length at maturity.

U7

Author Years | Area Age (years) Length (cm)
Bigelow and Schroeder | 1950s | Gulf of ~2
1953 Maine
Sauskan 1964 1962- | Georges 2-3 29-33

1964 Bank
Morse 1979 1977 US Shelf 24-26
Beacham 1983 1960s- | Scotian Shelf | 1-2 31 females

1970s 1960s;

26 females 1970s

O'Brienet al. 1993 1985- | US Shelf 1.6-1.7 22.3-22.7 males

1989 23.1-23.2 female
Helser and Almeida | 1973- | US Shelf 2 - 20% mature in 1973
1997 1990 2 - 80% mature in 1990




Page 11

Table 3. Published observations about silver hake, Merluccius bilinearis: bottom water temperature, depth distributions,

and preferences.

Author Area Temperature (°C) Depth (m)
Range Preference Range Preference
Bigelow and | Gulf of 4-18 >6 tideline -
Schroeder Maine > 700
1953
Domanevsky | Southeast 9-11 90-110
and Nozdrin | Georges
1963 Bank
Sauskan 1964 | Georges 6-12 10-12: ripe 85-200 spring
Bank; adults, 6-10: 40-110 summer
1962-1963 post spawn
Fritz 1965 Continental 3.9-194 6-12 30-410 70-210
Shelf, NJto
Nova Scotig;
Autumn,
1955-1961
Sarnits and Georges 7-8 140-230
Sauskan 1967 | Bank 1964
Edwards Southern >9
1965 New England
Scott 1982 Eastern Gulf 1-13 7-10 15->200 80-89 fathoms
of Maine fathoms
Almeida u.s Adults:
1987 Continenta inshore - 400
Shelf
Murawski Georges Winter: 5.97 Winter: 208
and Finn Bank Spring: 8.45 Spring: 186
1988 Summer: 8.95 Summer: 97
Autumn: 8.42 Autumn: 163
Murawski u.sS Spring: 6.76 Spring: 186
1993 Continenta Summer: 8.03 Summer: 97
Shelf Autumn: 10.00 Autumn: 163
Helser and u.s 5.5-10.5most | > 8.0 southern | 50-150 most | > 80 southern
Almeida Continenta Stock Stock
1997 Shelf
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Table4. Summary of habitat parameters for silver hake, Merluccius bilinearis.

Life Temperature | Temperature Depth Depth Salinity Dissolved Bottom
Stage Range (°C) Preference (°C) | Range Preference | Preference | Oxygen Type
(m) (m) (ppt) (mg/1)
Eggs 5-20 11-17 10-1250 50-150
Larvae 7-20 10-16 10-1250 50-130
Juveniles | 3-17 Spring, 6-9 Spring, 5-350 150-270 Hudson- Hudson- Silt-sand in
5-22 Autumn 10-17 Autumn Spring, Spring, Raritan: > Raritan: 5-7 | Mid-Atlantic
5-350 25-75 18, Long Bight. All
Autumn Autumn Island typeson
Sound: 28- Scotian Shelf
30
Adults 3-9 Spring, 7-13 Spring, 5-400 125-325 All typeson
4-22 Autumn 7-11 Autumn Spring, Spring, Scotian Shelf
5-500 150-225
Autumn Autumn
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Table 5. Published reports of the nearshore and estuarine occurrences of silver hake, Merluccius bilinearis, eggs and
larvae from the area south of Cape Cod.

Study Area and Dates Eggs Larvae

Herman 1963 Narragansett Bay 6 eggs July - October. 33 larvae July - October
March 1957 - March Temperatures 14.8 - Temperatures 12.0 - 22.4°C
1958, weekly sampling | 21.4°C

Bourne and Narragansett Bay, RI Listed aspresentinlow | Listed aspresentinlow

Govoni 1988 June 1972 - August numbers numbers

1973

Perlmutter 1939

Salt waters of Long

Small numbers off

37 Larvae (2.6-6.0 mm)

Island, NY 1938 Montauk Point in June from June to September,
& July most in June in Block
Island Sound

Merriman and Block Island Sound, Rl | None 16 larvae (4.0 - 9.0mm)
Sclar 1952 1943 - 1946 July and November
Wheatland 1956 | Long Island Sound None None

March 1952 - March

1954
Richards 1959 Long Island Sound None None

1954 - 1955
Monteleone Great South Bay, NY None None
1992 April 1985 - December

1986
Dovel 1981 Hudson River March - | None None

December 1972
Virginialnstitute | Lower Chesapeake Bay | None 31 larvae (4-21mm) caught
of Marine and nearshore ocean only in the ocean.
Science December 1959 - December - April, June
Fisheries December 1960

Laboratory 1961
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Table 6. Average number of silver hake, Merluccius bilinearis, in Narragansett Bay, per tow by season. From the Rhode
Idand Division of Fish and Wildlife bottom trawl surveys of Narragansett Bay, 1990 - 1996.

Species Juveniles Adults
Winter Spring Summer Autumn Winter Spring Summer Autumn

Silver Hake 2353 0286 3031 1425 1495 0449 0179 0.187
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Table 7. Summary of the distribution and abundance of silver hake, Merluccius bilinearis, in North Atlantic and Mid-
Atlantic estuaries based on Jury et al. (1994) and Stone et al. (1994).
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Figure 1. Thesilver hake, Merluccius bilinearis (Mitchell) (from Goode 1884).



Page 17

Silver Hake Eggs Silver Hake Eggs
40 R 20
30 4 "

E g Januar Stations 30 1 Stations
ig— / . J J y mmm Egg Cach 21 % n January mmm Egg Cach
ol .l 00 Aama AAD_ . 1at 7 Ao oo o M o o m
Bo} 1 g§
60 n ) [] )

February Feb
20 -y J T 2 . ruary
lﬁmz‘ﬂz‘d‘m‘l_‘ ——=— —— N— 18 &ZImezsz - -
30
20 . March %07 March
ol Blpls
Of—z‘ﬁ—y—v—rm‘am‘m—‘*‘ = = : : : 18: E—d zlzzlu-n_J.z-J____ -
30 - i
2] / April ] April
10 / 201
38 *—‘Za‘m"“‘?'——‘ = . . . 18:2@_@_@_zl‘m-zlﬂm_m_a__ -
30 1
20 | May 20 | May
10 i
387 =zaaaaagazﬁﬂ.a—a;mJn _— 18, g aa&an‘d&&&mmJ_ — e omm
40
20 ] June 307 June
10 - 207 v
g o—ﬁ_ﬁ—ﬁ_ﬁ—ﬁ_ﬁ_ﬁ_ﬁfmla—a%aaa@‘@&@'&?= == == T e 18:
B July : %] ul
10 A a E 20 aa y
0 . . . ‘,J.‘lzld @.E.@.@.@_@_B_&m 7 __ 18: ] zz_.;m_.z P - = = —
60
20
ol JJ d August :g: , 4 August
5 e AAMAAARL0 00 0 v ., SN 1 I P
20
Mot 2,0l .
ol _add WA s [ P T
30 30
201 a October 2] a aa October

4 A 7 4
lg— ——————= ﬂr@—aldﬁl@-@ma e 1&%
30 30
20 1 4 November 20 ] %- a J November
10 . p 7
0 - =&aaa a&ﬂz‘-u.-‘sJ‘-f S 12, /) % mraBo o cmem_ o o oM
30 ] 30
20 N December 20 December
1 =L sl
o] %00 adl _ 0l ol lad meloa_

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 \90969«0@&@@@e@&@&&@ﬁ@“&?@@@@ﬁ

Water Temperature (O to 15m, C) Bottom Depth (m), Interval Midpoint

Figure 2. Abundance of silver hake eggs relative to water column temperature and bottom depth from NEFSC
MARMAP ichthyoplankton surveys (1978-1987) by month for all years combined. Open bars represent the proportion
of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m?).



Page 18

Silver Hake Larvae (<20mm length)

87

L
tzzza Stdions

Januar:
y I | arvaCatch

30
20 d
0l ARG o om oy L

50
40

2 . February
51, ada
0l @ A 0 B0 amae o e e oo
100

March

90
30
20
18

]
T/
99 2 o o o ooom o

vl -

a&&JJJR&a@mK;Mm

20
20
104
04
40
30
20 A
10

5 sla
50

S 20

E 30

?4
A
=N |

July

o
!
N

%éédugmmmm

NN

,%déaJmmmmmm mmmmmmmmm

éé October
a Elza_m-m-m_z_mmm_m,,_‘_
u

10 +

0 7] —
60)/

‘z‘g November
10

gja a%éd&dn&zz A o o o o o e
40 +

30 4 December

@.Jém_m. Dl oa

oh

PERSLPPL PP PP PP P S OGP
Bottom Depth (m), Interval Midpoint

Percent

Silver Hake Larvae (<20mm length)

0l .
27 a January | wzz suions

10 A a U N | arvaCatch

0l - abi aﬁ.;z‘maﬁlm‘=_‘_ L

40

307 g February

20 ]

10 7 9

O’Dﬂﬂgﬁ—v—v—ra amz‘lmm‘n,‘__‘ == T
100

w0 1 )
Ll -]
10

1-ediifodagaa.

30 ]

20 J El May

10 7

0"v—v—v—v—v—v—v—v—v—v—v—r*maaaﬂ d lﬂ-zz‘-mJ_.‘ —————— T T
40 ]

04 June

maz&amJaJmﬂmm

207 aé October

10 + 5

0] WAl amwnqnﬁaﬁ

30 4

20 J November

e iiaaddda.

40

30 4

20 ] December

e na%aaﬂJJmE ‘
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Water-Column Temperature (C)

Figure 3. Abundance of silver hake larvae relative to water column temperature and bottom depth from NEFSC
MARMAP ichthyoplankton surveys (1977-1987) by month for all years combined. Open bars represent the proportion
of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches (number/10 m?).
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bottom trawl surveys for spring (1968-1997) and autumn (1963-1996), all years combined. Open bars represent the
proportion of all stations surveyed, while solid bars represent the proportion of the sum of all standardized catches
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Figure 9. Overal distribution of silver hake in the northwest Atlantic Ocean during 1975-1994. Data are fromthe U.S.
NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-orca.nos.noaa.gov/projects/
ecnasap/ecnasap_tablel.html).
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Figure 10. Distribution and abundance of silver hake eggs collected during NEFSC MARMAP ichthyoplankton surveys,
January to December, 1978-1987 [see Reid et al. (1999) for details].
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Figure 11. Distribution and abundance of silver hake larvae collected during NEFSC MARM AP ichthyoplankton

surveys, 1977-1987 [see Reid et al. (1999) for detailg].
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Figure 12. Distribution of juvenile and adult silver hake collected during NEFSC bottom trawl surveys during winter
(1964-1997), spring (1968-1997), summer (1963-1995), and autumn (1963-1996). Densities are represented by dot size
in spring and fall plots, while only presence and absence are represented in winter and summer plots [see Reid et al.

(1999) for detailg].
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Figure 13. Distribution and abundance of juvenile and adult silver hake in Massachusetts coastal waters collected during
spring and autumn Massachusetts inshore bottom trawl surveys, 1978-1996 [see Reid et al. (1999) for details]. Stations
where no fish were taken are denoted by ‘+'.
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Figure 14. Distribution and abundance of juvenile silver hake collected in the Hudson-Raritan estuary from January
1992 - June 1997, based on Hudson-Raritan trawl surveys [see Reid et al. (1999) for details].
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Figure 15. Distribution, abundance and length frequencies of juvenile and adult silver hake collected during each season
in Narragansett Bay during 1990-1996 Rhode Iland bottom trawl surveys. The numbers shown at each station are the

average catch per tow rounded to one decimal place [see Reid et al. (1999) for details].
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Figure 16. Distribution, abundance, and length frequencies of juvenile and adult silver hake collected during spring and
autumn in Long Island Sound, from the Connecticut bottom trawl surveys, 1992-1997 [see Reid et al. (1999) for details].
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Figure 17. Commercial landings and abundance indices (from the NEFSC bottom trawl surveys) for the Gulf of Maine-
Georges Bank and southern Georges Bank-Middle Atlantic stocks of silver hake.
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Figure 18. Distribution and abundance of juvenile and adult silver hake from NEFSC autumn bottom trawl surveys
during a period of relatively low abundance (autumn 1967-1971) and a period of relatively high abundance (autumn

1989-1993).




Publishing in NOAA Technical Memorandum NMFS-NE

Manuscript Qualification

This series represents a secondary level of scientific pub-
lishing in the National Marine Fisheries Service (NMFS). For
all issues, the series employs thorough internal scientific review,
but not necessarily external scientific review. For most issues,
the series employs rigorous technical and copy editing. Manu-
scripts that may warrant a primary level of scientific publishing
should be initially submitted to one of NMFS’s primary series
(i.e., Fishery Bulletin, NOAA Technical Report NMFS, or Ma-
rine Fisheries Review).

Identical, or fundamentally identical, manuscripts should
not be concurrently submitted to this and any other publication
series. Manuscripts which have been rejected by any primary
series strictly because of geographic or temporal limitations may
be submitted to this series.

Manuscripts by Northeast Fisheries Science Center
(NEFSC) authors will be published in this series upon approval
by the NEFSC's Deputy Science & Research Director. Manu-
scripts by non-NEFSC authors may be published in this series if:
1) the manuscript serves the NEFSC’s mission; 2) the manu-
script meets the Deputy Science & Research Director’s ap-
proval; and 3) the author arranges for the printing and binding
funds to be transferred to the NEFSC’s Research Communica-
tions Unit account from another federal account. For all manu-
scripts submitted by non-NEFSC authors and published in this
series, the NEFSC will disavow all responsibility for the manu-
scripts’ contents; authors must accept such responsibility.

The ethics of scientific research and scientific publishing
are a serious matter. All manuscripts submitted to this series are
expected to adhere -- at a minimum -- to the ethical guidelines
contained in Chapter 1 (“Ethical Conduct in Authorship and
Publication”) of the CBE Style Manual, fifth edition (Chicago,
IL: Council of Biology Editors). Copies of the manual are
available at virtually all scientific libraries.

Manuscript Preparation

Organization: Manuscripts must have an abstract, table of
contents, and -- if applicable -- lists of tables, figures, and
acronyms. Asmuch as possible, use traditional scientific manu-
script organization for sections: “Introduction,” “Study Area,”
“Methods & Materials,” “Results,” “Discussion” and/or “Con-
clusions,” “Acknowledgments,” and “References Cited.”

Style: All NEFSC publication and report series are obli-
gated to conform to the style contained in the most recent edition
of the United States Government Printing Office Style Manual.
That style manual is silent on many aspects of scientific manu-
scripts. NEFSC publication and report series rely more on the
CBE Style Manual, fifth edition.

For in-text citations, use the name-date system. A special
effort should be made to ensure that the list of cited works
contains all necessary bibliographic information. For abbrevi-
ating serial titles in such lists, use the most recent edition of the
Serial Sources for the BIOSIS Previews Database (Philadelphia,
PA: Biosciences Information Service). Personal communica-
tions must include date of contact and full name and mailing
address of source.

For spelling of scientific and common names of fishes,
mollusks, and decapod crustaceans from the United States and
Canada, useSpecial Publications No. 20 (fishes), 26 (mollusks),
and 17 (decapod crustaceans) of the American Fisheries Society
(Bethesda, MD). For spelling of scientific and common names
of marine mammals, use Special Publication No. 4 of the
Society for Marine Mammalogy (Lawrence, KS). For spelling in
general, use the most recent edition of Webster's Third New
International Dictionary of the English Language Unabridged
(Springfield, MA: G.&C. Merriam).

Typing text, tables, and figure captions: Text, including
tables and figure captions, must be converted to, or able to be
coverted to, WordPerfect. In general, keep text simple (e.g.,
don’t switch fonts, don’t use hard returns within paragraphs,
don’t indent except to begin paragraphs). Especially, don’t use
WordPerfect graphics for embedding tables and figures in text.
If the automatic footnoting function is used, also save a list of
footnotes as a separate WordPerfect file. When the final draft is
ready for review, save the text, tables, figure captions, footnotes,
and front matter as separate document files.

Tables should be prepared using all tabs or all spaces
between columnar data, but not a combination of the two.
Figures must be original (even if oversized) and on paper; they
cannot be photocopies (e.g., Xerox) unless that is all that is
available, nor be on disk. Except under extraordinary circum-
stances, color will not be used in illustrations.

Manuscript Submission

Authors must submit one paper copy of the double-spaced
manuscript, one magnetic copy on a disk, and original figures (if
applicable). NEFSC authors must include a completely signed-
off “NEFSC Manuscript/Abstract/Webpage Review Form.”
Non-NEFSC authors who are not federal employees will be
required to sign a “Release of Copyright” form.

Send all materials and address all correspondence to:

Jon A. Gibson, Biological Sciences Editor
Northeast Fisheries Science Center
National Marine Fisheries Service

166 Water Street
Woods Hole, MA 02543-1026 USA

NORTHEAST FISHERIES SCIENCE CENTER
Dr. Michael P. Sissenwine, Science & Research Director
CAPT John T. Moakley, Operations, Management & Information Services Staff Chief
Teri L. Frady, Research Communications Unit Chief
Jon A. Gibson, Biological Sciences Editor & Laura S. Garner, Editorial Assistant



Research Communications Unit
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

STANDARD
MAIL A

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for the
benefit of the nation through their science-based conservation and management and promotion of the health of their
environment." As the research arm of the NMFS's Northeast Region, the Northeast Fisheries Science Center (NEFSC)
supports the NMFS mission by "planning, developing, and managing multidisciplinary programs of basic and applied
researchto: 1)better understand the living marine resources (including marine mammals) of the Northwest Atlantic, and
the environmental quality essential for their existence and continued productivity; and 2) describe and provide to
management, industry, and the public, options for the utilization and conservation of living marine resources and
maintenance of environmental quality which are consistent with national and regional goals and needs, and with
international commitments." Results of NEFSC research are largely reported in primary scientific media (e.g.,
anonymously-peer-reviewed scientific journals). However, to assist itself in providing data, information, and advice to
its constituents, the NEFSC occasionally releases its results in its own media. Those media are in three categories:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series includes: data reports of long-
term or large area studies; synthesis reports for major resources or habitats; annual reports of assessment or monitoring programs;
documentary reports of oceanographic conditions or phenomena; manuals describing field and lab techniques; literature surveys of major
resource or habitat topics; findings of task forces or working groups; summary reports of scientific or technical workshops; and indexed
and/or annotated bibliographies. All issues receive internal scientific review and most issues receive technical and copy editing. Limited
free copies are available from authors or the NEFSC. Issues are also available from the National Technical Information Service, 5285
Port Royal Rd., Springfield, VA 22161.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series
includes: data reports on field and lab observations or experiments; progress reports on continuing experiments, monitoring, and
assessments; background papers for scientific or technical workshops; and simple bibliographies. Issuesreceive internal scientific review
but no technical or copy editing. No subscriptions. Free distribution of single copies.

Fishermen's Report and The Shark Tagger -- The Fishermen's Report (FR) is a quick-turnaround report on the
distribution and relative abundance of commercial fisheries resources as derived from each of the NEFSC's periodic research vessel
surveys ofthe Northeast's continental shelf. There is no scientific review, nor any technical or copy editing, of the FR; copies are available
through free subscription. The Shark Tagger(TST)is an annual summary oftagging and recapture data on large pelagic sharks as derived
fromthe NMFS's Cooperative Shark Tagging Program; it also presents information on the biology (movement, growth, reproduction, etc.)
of'these sharks as subsequently derived from the tagging and recapture data. There is internal scientific review, but no technical or copy
editing, of the TST; copies are available only to participants in the tagging program.

To obtain a copy of a technical memorandum or a reference document, or to subscribe to the fishermen's report,
write: Research Communications Unit, Northeast Fisheries Science Center, 166 Water St., Woods Hole, MA
02543-1026. An annual list of NEFSC publications and reports is available upon request at the above address.
Any use of trade names in any NEFSC publication or report does not imply endorsement.




