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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 thlook 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

The redfish (Figure 1) is a dow growing, long-lived,
ovoviviparous species (Perlmutter and Clarke 1949; Kelly
and Wolf 1959; Mayo 1980, 1995). In the current
nomenclature, the common name redfish refers both to the
Acadian redfish (Sebastes fasciatus) and the deepwater
redfish (Sebastes mentella) (Klein-MacPhee and Collette, in
prep.). The two species are difficult to discriminate at all
life stages (Kenchington 1986) and as a matter of fisheries
practice are usualy combined (e.g., Templeman 1959;
Mayo 1980).

Acadian redfish range from New Jersey to lceland;
deepwater redfish range from the Gulf of Maine to Europe
(Klein-MacPhee and Collette, in prep.). The Acadian
redfish predominates to the south and west of the Grand
Bank, while the deepwater redfish predominates to the north
and east (Ni and Sandeman 1984). Where the species
overlap, S. mentella occursin deeper water.

Once economicaly important, redfish are managed
under the New England Fishery Management Councils
Northeast Multispecies Management Plan (NEFMC 1993).
This Essential Fish Habitat source document provides
information on the life history and habitat requirements of
redfish inhabiting U.S. waters, primarily in the Gulf of
Maine.

LIFE HISTORY

The redfish is a dow-growing, long-lived,
ovoviviparous species with an extremely low natura
mortality rate. They are common in the deep waters of the
North Atlantic (Perlmutter and Clarke 1949; Kelly and
Wolf 1959; Mayo 1980, 1995).

EGGS

Redfish eggs are fertilized internally and develop into
larvae within the oviduct and are released near the end of
the yolk sac phase (Klein-MacPhee and Collette, in prep.).

LARVAE

Starting in April and continuing through August,
females extrude 15,000-20,000 larvae about 5-7 mm long.
Therelease of larvae lasts for 3-4 months with a peak in late
May to early June (Kelly and Wolf 1959; Kelly et al. 1972;
Kenchington 1984; Klein-MacPhee and Collette, in prep.).
Flexion occurs a 8.5-10 mm (Klein-MacPhee and Collette,
in prep.); this varies inter-annualy (Anderson 1994).
Anderson (1994) categorizes fish taken on the Flemish Cep
as larvd a < 9 mm, metamorphosing at 10-19 mm, and
pelagic juvenilesat > 19 mm. Newly spawned larvae occur
in the upper 10 m of the water column; at 10-25 mm they
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occur within the thermocline (10-30 m) (Kelly and Barker
1961b). Larvae from various areas in North Atlantic have
fairly constant relative growth rate of 1-1.5 % per day; they
develop dowly and are planktonic for 4 months or more
(Kenchington 1984).

JUVENILES

Post-larvae descend below the thermocline when they
are about 25 mm. Y oung-of-the-year are pelagic until they
reach 40-50 mm at 4-5 months old when they move to the
bottom by early fall of their first year (Kelly and Barker
1961b). The duration of the pelagic stage would allow
trangport of larvae and young-of-the-year fish for hundreds
of miles. However, the cylconic gyre in the Gulf of Maine
keeps the larvae within the Gulf (Sherman et al. 1984).
This mechanism may also maintain the cold pool of bottom
water suitable for redfish adlowing them to maintain their
abundance at the southern end of their range. On the
Scotian Shelf, redfish larvae are scattered widely and
apparently subject to random planktonic drift (Kenchington
1984; O'Boyle et al. 1984).

ADULTS

In this report, redfish of 22 cm or greater are
considered adults (O'Briegt al. 1993). As a general rule,
the size of landed redfish is positively correlated with depth
(e.g., Brown and Hennemuth 1965). The reason for this
may involve differential growth rates of stocks, confused
species identification (deepwater redfish are a larger
species), size specific migration, gender specific migration
(females are larger), or a combination of these factors. The
depth distribution of redfish in the Western Gulf of St.
Lawrence is positively correlated with the depth distribution
of their primary euphausiid prey (Steele 1957).

More redfish are captured by bottom trawl during the
day than at night, so the fishery for redfish has been
primarily a daytime pursuit. Redfish make diurnal vertical
migrations linked to their primary euphausiid prey (Steele
1957). By comparing catch-per-unit-effort of trawls with
different vertical openings, Atkinson (1989) found that most
redfish moved to about 3-7 m off the bottom at night; larger
fish moved closer to the bottom in daytime and higher off
the bottom at night than smaller fish. Redfish can be more
readily taken at night when a lens of water of inappropriate
temperature exists near to the bottom, thereby preventing
the fish from rising off the bottom (Templeman 1959).

REPRODUCTION

Nothing is known about redfish breeding behavior, but
fertilization is internal and fecundity is relatively low.
Copulation probably occurs from October to January, but
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fertilization is delayed until February to April (Ni and  while males grow about 5 mm per year (Kelly and Wolf
Templeman 1985; Klein-MacPhee and Collette, in prep.). 1959).
Larvae are released throughout the range of the adults, Although Acadian redfish can exceed 45 cm,
perhaps in mid-water, from April to August (Steele 1957, historically the mean commercial size in the Gulf of Maine
Kelly and Wolf 1959; Kelly et al. 1972; Kenchington 1984; has been about 26 cm for males and about 30 cm for
Klein-MacPhee and Collette, in prep.). females (Mayo 1980). Mayo reports for Gulf of Maine
Estimates of age and length at maturity vary among  redfish as 33.45 cm for males and 39.66 cm for females.
published studies and are functions of location, time,  Sandeman (1969), using the data of Kelly and Wolf (1959),
population size, and mensuration techniques. O’Brienal. calculated the L as 33.4 cm for males and 44.3 cm for
(1993) give the median age at maturity at 5.5 years for bottemales, which correspond to 30-50 year old fish. Ni and
sexes whereas Perimutter and Clark (1949) give the medi&andeman (1984) report ranges aof lbcross NAFO
age at maturity was 8-9 years in the 1940s. It may be thatatistical areas of 16.3-21.8 cm for males and 24.4-34.6 cm
redfish have responded to decreases in population size fiy females. The NEFMC (1993) and Magbal. (1979)
maturing at younger ages. O'Brienal. (1993) report the report extremely low instantaneous natural mortality
median length at maturity &) as 20.9 cm for males and coefficients of 0.05 and 0.1 respectively.
22.3 cm for females whereas Ni and Sandeman (1984)

report the ky as 15.9 cm for males and 25.9 cm for females.
PREDATION

FOOD HABITS Redfish of all sizes are prey to larger piscivorous fish
including goosefish, cod, pollock, and wolffish; young
Redfish larvae are released soon after the springedfish are eaten by larger redfish and halibut (Klein-
plankton bloom and through the summer production oMacPhee and Collette, in prep.).
zooplankton in the Gulf of Maine (Shermetral. 1984) and
the Gulf of St. Lawrence (Fortiet al. 1992). They feed on
copepods, euphausiids, and fish and invertebrate eg§dlGRATION
(Marak 1973). Redfish feed on the pelagic calanoid-
euphausiid assemblage throughout ontogeny (Faatiat. Murawski (1993) found no evidence for latitudinal
1992; Sameotet al. 1994) and prey size is proportional to migration and classified redfish in the “deep-water
fish size (Anderson, 1994). Small larvae eat larvakedentary” group in the Gulf of Maine. There is some
copepods and eggs. Larger larvae and fry eat copepods anddence for a seasonal migration in the Gulf of Maine.
euphausiids. Planktonic redfish feed mostly during daylighDuring warm months, they occur deeper than 30 m in the
and the development of gill rakers in postlarval fish enablesouthwestern part of the Gulf and they have been collected
them to access smaller prey items (Anderson 1994). in Gloucester Harbor during the winter (Klein-MacPhee and
Juvenile and adult redfish eat euphausiids, mysids, andollette, in prep.). Kenchington (1984) found no evidence
bathypelagic fish (Figure 2). They feed most actively afor seasonal change in the distribution of redfish on the
night when they rise off the bottom following the vertical Scotian Shelf; if redfish made migrations, they were only a
migration of their primary euphausiid prey (Steele 1957). Aew 10 to 100 km.
positive correlation exists between the number of feeding
redfish and the size of the catch, implying that redfish
concentrate where their prey concentrate. The proportion of HABITAT CHARACTERISTICS
fish in the diet is positively correlated with body size
(Yanulov 1962). Although Acadian redfishg fasciatus) are found in
shoal waters in the Gulf of Maine (Kelly and Barker 1961a),
they are most common at depths of 128-366 m and have
GROWTH been collected down to 592 m. Deepwater redf8h (
mentella) are most common at depths of 350-700 m and
Based on the age-length curves for larvae collected dmave been collected down to 1,100 m (Klein-MacPhee and
the Flemish Cap (Penney and Evans 1985), 10 mm fish aollette, in prep.). Murawski (1993) reports mean seasonal
5-20 day old and 20 mm fish are 65-95 day old. In the Gulflepths for Acadian redfish on the northeast continental shelf
of Maine, redfish grew 15 mm (from 23.5 to 38.5 mm) in 420f 171 m in spring, 153 m in summer, and 169 min fall. He
days (Kelly and Barker 1961b). Perimutter and Clarkdound no evidence for latitudinal migration and classified
(1949) and Kelly and Wolf (1959) report a growth rate ofredfish in the “deep-water sedentary” group with white
20 mm per year during the first seven years for fisthake, witch flounder, pollock, and American plaice. Gulf of
collected in the Gulf of Maine in the 1940s and 1950s. AMaine redfish prefer a temperature range ofG-Kelly et
about age 8, the growth rate slows and a marked sexual 1972); Scotian Shelf redfish prefer 29 Both stocks
dimorphism develops; females grow about 10 mm per yearan tolerate 0-F& (Kelly and Barker 1961a; Scott 1982b).
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Scott (1982b) reports their salinity range as 31-34 ppt. The  temperatures >°C in the autumn. Juveniles were collected
fish that Kelly and Barker (19618) studied at Eastport,  from 50 to 275 m deep in spring and 25 to 400 m deep in
Maine probably tolerated lower sdinities, but thiswas not  the autumn (Figure 5). In both seasons, most juveniles were
reported. collected from 50 to 200 m.
Within the preferred depth and temperature zones,
redfish are most abundant over silt, mud, or hard bottom;
they are rarely taken over sand (Klein-MacPhee and ADULTS
Collette, in prep.). Redfish on the Scotian Shelf prefer finer
grained bottom sediments and Scotian Shelf drift (avariable Adults were collected at bottom water temperatures
deposit of gravel, dlts, clays, and boulders; Scott (1982b). ranging from 4-12C in spring and 4-T& in autumn; most
Because redfish are bathypelagic, Templeman (1959)  adults were collected between 5%@0in both seasons
postulates that redfish are “stranded” in areas where there(Figure 5). Adults were collected from 50-350 m deep in
are current breaks (e.g., banks, ledges, depressions) andsgwing and 25-350 m deep in the autumn (Figure 5). In both
not prefer a particular bottom type. There is evidence thateasons, most adults were collected from 125-200 m.
redfish use boulders and anemones for cover (Shepalrd
1986). Because redfish are not particularly active (Kelly
and Barker 1961a), it is reasonable that they would be more ~ GEOGRAPHICAL DISTRIBUTION
exposed to predation over a featureless bottom than a
structured bottom. A synopsis of the habitat characteristics Redfish in the northwest Atlantic were distributed
of redfish by life history stages is presented in Table 1. from south of Cape Cod to Labrador during 1975-1994
The following data sets were used to derive the habitgfigure 6). The areas of highest abundance of the species
characteristics, distribution, and relative abundance ofre the Gulf of St. Lawrence, the Continental Shelf
redfish: the National Marine Fisheries Service, Northeastortheast of Newfoundland, the southern edge of the
Fisheries Science Center (NEFSC) groundfish surverand Bank and the Flemish Cap. In U.S. waters, redfish
(Azarovitz 1981) and the NEFSC Marine Resourcesmre common in the Gulf of Maine, in the deeper waters
Monitoring, Assessment and Prediction (MARMAP) surveynorth and west of Georges Bank, and to a lesser extent on
(Sherman 1980). Methods and materials for these are foulBtowns Bank and the continental slope.
in Reidet al. (1999). Although Acadian redfish can be found from shoal
waters to nearly 600 m in the Gulf of Maine, they are most
commonly found at depths of 128-366 m (Kelly and Barker
LARVAE 1961a; Klein-MacPhee and Collette, in prep.).

Larvae were collected from March through October in
the NEFSC MARMAP survey at integrated water coumnLARVAE
temperatures ranging from 3°05 most larvae were
collected from 6-1%C (Figure 3). Larvae collected in Larvae were collected on the continental slope south
March and April occurred in relatively warm water on theand east of Georges Bank and throughout the Gulf of Maine
continental slope. In May, the larval temperaturefrom March through October (Figure 7). Only a few larvae
distribution was well matched to the general surveywere collected in March on the slope southeast of Georges
temperature distribution; larvae were absent only from thBank. These larvae are possibly a miSdhsciatus andS
few tows in water > 1%€. From June through October, mentella [Kenchington (1984) reviewed evidence that
the larval temperature distribution was biased toward th&arvae collected along the continental slope on the Scotian
cooler water temperatures; larvae were found only irShelf in early spring ar& mentella]. In April, larvae were
water < 18C. Larvae were collected in surface watersmore abundant on the slope and the first larvae appeared in
(upper 200 m or within 5 m of bottom) in depths rangingthe Gulf of Maine and in the Northeast Channel. In May,
from 30 to > 2000 m, but primarily in depths of 50-270 mlarvae were more dispersed on the slope and in the Gulf of
(Figure 4). Larvae collected at the deepest station§laine. In June and July, larvae were randomly distributed
(mostly in April and May) may have drifted seaward ofthroughout the Gulf of Maine and in the Great South
continental slope. Channel. Larval abundance peaked in August, and by
September, larvae were scarce and were found only in the
Gulf of Maine. Only a few larvae were collected in
JUVENILES October.

Juveniles were collected at bottom water temperatures
ranging from 3-1%C in spring and 4-I€ in autumn; most
juveniles were collected between 5@0in both seasons
(Figure 5). Proportionately more individuals were found at



Page 4

JUVENILES

Juvenile redfish (< 22 cm) were collected in all seasons
in the channels north and west of Georges Bank, on the
continental dope east of Georges Bank, on the southern
Scotian Shelf, and in the Gulf of Maine (Figure 8). In
spring and autumn, abundance was highest in the western
Gulf of Maine,

ADULTS

Adult redfish (= 22 cm) were collected in all seasonsin
the channels north and west of Georges Bank, on the
continental dope east of Georges Bank, on the southern
Scotian Shelf, and in the Gulf of Maine (Figure 9). In
spring, abundance was highest in the Georges and
Wilkinson Basins.

STATUS OF THE STOCKS

Exploitation of redfish began in the mid 1930s and
peak landings (60,000 mt) were made in 1941. After the
sart-up period, the fishery stabilized yielding 7,000-19,000
mt from 1953 through 1980. The standard commercial
catch per unit effort (CPUE; Mayo 1980) and the NEFSC
fishery-independent biomass index began trending down in
1969 (Figure 10). Standard CPUE decreased from 6.4
mt/day in 1969 to 2.0 mt/day in 1978. The smoothed
NEFSC index decreased from 30 kg/tow in 1969 to 5
kg/tow in 1984. Redfish landings decreased from 10,000
mt in 1980 to less than 1,000 mt in 1989 (Figure 10).
Although the NEFSC index rose to 14 kg/tow in 1996,
landings since 1989 have remained below 1,000 mt. Based
on the overfishing criterion of current fishing mortality,
redfish are not classified as overfished or approaching an
overfished condition (National Marine Fisheries Service
1997).

RESEARCH NEEDS

o ltislikely that redfish, particularly smaller individuals,
are dependent on benthic structure to avoid predation.
Due to the difficulty of making observations at depths
where redfish occur, little is known about the extent of
this dependency.

e The reasons for observed size correlations with depth
are not clear and are likely a combination of factors:
species and/or stock identification and differences in
growth rates; size specific migration; gender specific
migration; and seasonal mating migration.
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Table 1. Summary of life history and habitat parameters for redfish, Sebastes spp.

Life Stage Size and Growth Geographic Habitat Substrate Temperature
L ocation

Larvae' |5000-20000 larvaeare |Northeast U.S. Newly spawned fish are Preferred: 4-11°C
extruded at 5-7 mm Continental Shelf, found in the upper 10 m. Range: 3-15°C
from April-August. Flemish Cap, Scotian  |10-25 mm fish are within Within thermocline,
Flexion at 8.5-10 mm. |Shelf, Gulf of Maine. |the thermocline (10-30 m). range: 7-21°C.

10 mm fish are 5-20
daysold, 20 mm fish
are 65-95 days old.
Fish at 10-19 mm are
metamorphosing.

Juveniles? |Fish 19-50 mm are Northeast U.S. Fish 25t040-50 mmare | Associated with Preferred: 5-10°C
pelagic. Continental Shelf, pelagic below thermocline |anthozoans in despwater, |Range: 3-14°C
Growth: 15 mm (23.5- |Flemish Cap, Scotian  [(> 30 m). Fish 40-50 mm |available structurein
38.5) in 42 daysin Gulf |Shelf, Gulf of Maine,  [(4-5 months) moveto Eastport, Maine.
of Maine; 2 cm/year Newfoundland, bottom. Preferred depthis |Observed associated with
growth infirst 7 years. |Labrador. 75-175m, rangeis 25-400 |rock structure.

m.

Adults®  |Maturation at 5.5-9 Northeast U.S. Bathypelagic fish show Decreasing preference for | Preferred: 5-10°C
yearsat 16-21 cmfor  |Continental Shelf, diurnal movement up in the | LaHave clay, Scotian Range: 4-13°C
males, 22-26 cm for Flemish Cap, Scotian  |water column at night. Shelf drift, Emerald silt,
females. Mature Shelf, Gulf of Maine, |Preferred depth is 125-200 |Sambro sand, Sable Island
females grow 10 Newfoundland, m, rangeis 25-350 m. sand/gravel.
mm/year, males 5 Labrador. Shoal water fish reported in
mm/year. L4is16.3- Eastport, Maine.

33.45 cm for males,
21.8-44.3 cm for
females.

! Size and Growth: Kelly and Wolf (1959), Kelly et al. (1972), Anderson (1994), Klein-MacPhee and Collette (in prep.); Habitat: Kelly and Barker (1961b); Temperature:
Kelly and Barker (1961b), NEFSC Groundfish Survey.

2 Size and Growth: Perlmutter and Clarke (1949), Kelly and Wolf (1959), Kelly and Barker (1961b); Habitat: Kelly and Barker (1961b), NEFSC Groundfish Survey; Substrate:

Kelly and Barker (1961a), Shepard et al. (1986); Temperature: NEFSC Groundfish Survey.
3 Size and Growth: Kelly and Wolf (1959), Sandeman (1969), Mayo (1980), Ni and Sandeman (1984); Habitat: Kelly and Barker (1961a), Atkinson (1989), NEFSC
Groundfish Survey; Substrate: Scott (1982a); Temperature: NEFSC Groundfish Survey.
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Table 1. cont'd.
Life Stage Salinity Light Currents Prey Predators Spawning
Larvae? Larvae show no |Thecyclonic gyre of |Small larvae eat see Size and Growth
evidence of the Gulf of Maine  |copepod eggs and
diurnal vertical  |tendsto hold larvae |larvae. Larger
migration. within the Gulf of larvae eat
Maine. Scotian copepods and
Shelf larvae are euphausiids.
subject to random
planktonic drift.
Juveniles? |Preferred: 32-34 ppt |Juvenilesshow  |Fish may be Copepods, Redfish of al sizes
Mean: 33.4 ppton |vertical diurnal  |"stranded" in areas |euphausiids, are prey to larger
Scotian Shelf migration off the (wherethere are mysids and fish.  [piscivorousfish,
bottom at night.  |current breaks due to including redfish.
bathymetry.
Adults®  |Preferred: 32-34 ppt |Adults show Fish may be Euphausiids, Copulation may occur
Mean: 33.4 ppton |vertical diurnal  ["stranded" inareas [mysids and fish. between October and
Scotian Shelf migration off the (wherethere are January. Fertilizationis
bottom at night.  |current breaks due to delayed until February
Larger fish move |bathymetry. through April. Spawning

higher and lower
than smaller fish.

peaksin late May to early
June. There may be
spawning migration
occurring within the Gulf of
Maine. Larvaearelikely
released near the surface.

!Light: Kelly and Barker (1961b); Currents: O'Boyle et al. (1984), Sherman et al. (1984); Prey: Fortier et al. (1992), Anderson (1994), Sameoto et al. (1994).

2 Salinity: Scott (1982b); Light: Atkinson (1989); Currents: Templeman (1959); Prey: Y anulov (1962), Fortier et al. (1992), Anderson (1994), Sameoto et al. (1994), NEFSC
Groundfish Survey; Predators: Klein-MacPhee and Collette (in prep.).

3 Salinity: Scott (1982b); Light: Atkinson (1989); Currents: Templeman (1959); Prey: Y anulov (1962), NEFSC Groundfish Survey; Spawning: Kelly and Wolf (1959), Kelly et
al. (1972), Ni and Templeman (1985), Klein-MacPhee and Collette (in prep.).
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Figure 1. The Acadian redfish, Sebastes fasciatus (from Goode 1884).
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Meganyctiphanes norvegica 49.3%

a) 1973-1980

Crustacea 15.0% All Other Prey 11.2%

Copepoda 2.3%
Parathemisto sp. 2.3%

Unknown Animal Remains 5.7% Decapoda 2.8%

Pasiphaea multidentata 4.4% Calanus finmarchicus 3.5%
Euphausiidae 3.6%
b) 1981_1990 Euphausiidae 37.6%
Crustacea Shrimp 35.7% All Other Prey 11.8%

Unknown Animal Remains 6.7%
Fish 8.1%

Figure 2. Abundance (% of total prey volume) of the major prey items of redfish collected during NEFSC bottom trawl
surveys from 1973-1980 and 1981-1990. (a) 1973-1980, n = 644, (b) 1981-1990, n = 577. The category “unknown
animal remains” refers to unidentifiable animal matter. Methods for sampling, processing, and analysis of samples
differed between the time periods [see Ratid. (1999) for details].
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Redfish Larvae (Sebastes sp.)
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Figure 3. Abundance of redfish larvae relative to water column temperature (to a maximum of 200 m) from NEFSC
MARMAP ichthyoplankton surveys, March to October, 1977-1987 (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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Figure 4. Abundance of redfish larvae relative to bottom depth from NEFSC MARMAP ichthyoplankton surveys,
March to October, 1977-1987 (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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Figure 6. Distribution and abundance of redfish (Sebastes spp.) from Newfoundland to Cape Hatteras during 1975-1994.
Data are from the U.S. NOAA/Canada DFO East Coast of North America Strategic Assessment Project (http://www-

orca.nos.noaa.gov/projectsecnasap/ecnasap_tablel.html).
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Figure 7. Distribution of redfish larvae collected during NEFSC MARMAP ichthyoplankton surveys (March to October,
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Figure 8. Distribution of juvenile redfish collected during NEFSC bottom trawl surveys during all seasons during 1963-
1997. 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 details].
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Figure 9. Distribution of adult redfish collected during NEFSC bottom trawl surveys during all seasons during 1963-
1997. 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 details].
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Figure 10. Commercia landings and abundance indices (from the NEFSC bottom trawl surveys) for redfish from
Georges Bank.
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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
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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.






