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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
EcosySTEMS PROCESSES DIVISION
NORTHEAST FISHERIES SCIENCE CENTER



Page v

Contents
L0 (8 o1 o] o PP STSURPU 1
LI L= T (o YT PR TS T TSP 1
[ Fe TN O = o = o= OSSR 3
(€= ol [z o pTTor: I B TES (1o 1011 Lo] o OSSOSO TP P PRSP 4
SEAEUS OF T SEOCKS .. ... ettt ettt be st e et e st ee e e bese e e £ se e e meeseebeeE e Ee e emeameeEeeaesee s aneeneeaeebeseeeeneeneaaeseenen 5
LR e o AT AN = LSRR 6
ACKNOWIEAGIMENTS. ...ttt s e st b e Rt eeE e e Rt e e e s R R £ 8 eh e Ao e R e e e e e s e R e Rt Ao b et R e st e e e bt e e R et e b e nene b e e r et nrens 6
LR e (= 0= 0100 S O (o [OOSR 6
Tables
Tablel. Theageand length at maturity of female American plaice, Hippoglossoides platessoides, in the northwest Atlantic............ 9
Table2. Summary of life history and habitat parameters for American plaice, Hippogl ossoides platessoides............ccovvverervenenenn. 10
Table3. Distribution and relative abundance of American plaice in North Atlantic estuaries and rivers by life history stage........... 12
Figures
Figure 1. The American plaice, Hippoglossoides platessoides (from GOOde 1884) .........cccoveiirireriereeieieiesreseseeeee e eens e v 14
Figure 2. Distribution and abundance of American plaice from Newfoundland to Cape Hatteras...........ccooeveveevievicecieeeecece e 15
Figure 3. Abundance of the major prey itemsin the diet of American plaice based on NEFSC trawl survey data.............cccceveveeuenene. 16
Figure4. Water temperature and depth associated with collections of American plaice eggs during MARMAP surveys................... 17
Figure5. Water temperature and depth associated with collections of American plaice larvae during MARMAP surveys................. 18
Figure 6. Distribution of juvenile and adult American plaice in relation to bottom temperature and depth from NEFSC surveys......19
Figure 7. Distribution of juveniles and adultsin relation to bottom temperature and depth from Massachusetts trawl surveys.......... 20
Figure 8. Distribution and abundance of American plaice eggs during MARMAP ichthyoplankton surveys..........c.ccccceeeveveieineenenn 21
Figure 9. Distribution and abundance of American plaice larvae during MARMAP ichthyoplankton SUrveys..........c.ccccecvvececiecneae 25
Figure 10. Distribution and abundance of juvenile and adult American plaice from NEFSC bottom trawl surveys...........cccoceeveeuenene. 27
Figure 11. Distribution and abundance of juvenile and adult American plaice from Massachusetts inshore bottom trawl surveys....... 29
Figure 12. Commercial landings and survey indices for American plaice from Gulf of Maine-Georges Bank region, 1963-1996........ 30

Figure 13. Distribution and abundance of juveniles and adults during low and high abundance periods from NEFSC surveys........... 31



INTRODUCTION

The American plaice, Hippoglossoides platessoides,
is an arctic-boreal pleuronectid flatfish that inhabits both
sides of the North Atlantic (Figure 1). In Europe, it is
known as the long rough dab and occurs from Iceland and
Spitzbergen south to the North Sea, the western Bdltic,
and as far south as the English Channel. In the western
Atlantic, it is common from the outer coast of Labrador,
south from Hamilton Inlet, Newfoundland, on the Grand
Banks, in the Gulf of St. Lawrence, west and south to
Cape Cod (Figure 2; Bigelow and Schroeder 1953; Smith
et al. 1975). It occurs asfar south as Montauk Point, NY.

In Canadian waters, American plaice have been
exploited since the start of the otter trawl fishery in 1947.
It is one of four major species contributing to the
Newfoundland and Labrador fisheries and is the most
abundant flatfish species in the northwest Atlantic
(Bowering and Brodie 1991). In U.S. waters, the fishery
for American plaice started to develop around 1975 in the
Gulf of Maine as the abundance of other commercially
desirable flatfish, such as yellowtail flounder, winter
flounder, and summer flounder, began to decrease
(Sullivan 1981). Prior to 1973, the primary use of
American plaice caught on Georges Bank was for bait
(Lange and Lux 1978).

LIFE HISTORY
EGGS

American plaice spawn buoyant eggs which lack ail
globules. The eggs have a characteristically large,
transparent perivitelline space, which is formed from
water entering between the egg and its membrane
(Bigelow and Schroeder 1953). The average diameter of
an egg is 2.5 mm (range 1.38-3.2 mm). Eggs incubate
from 11 to 14 days at 3.9°C (Bigelow and Schroeder
1953). During development, the embryo is covered with a
scattered pigment.

In the northwest Atlantic, plaice eggs have been
collected during al months of the year (Berrien and
Sibunka 1999). In the Gulf of Maine and on the Scotian
Shelf, egg abundance peaksin early April and May (Smith
et al. 1975; Neilson et al. 1988).

LARVAE

American plaice larvae hatch at 2.4 mm SL (Fahay
1983) and development of five clusters or groups of
pigment begins a 4-6 mm (Klein-MacPhee, in prep.).
Yolk absorption is complete about 5 days after hatching
when the larvais 6.2-7.5 mm long. Transformation of the
larva and migration of the left eye begins when the larvais
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approximately 20 mm. Although the duration of the
transformation process varies with temperature, it is
usually complete when the larva is 30-40 mm (Colton and
Marak 1969).

Sullivan (1981) found that larval plaice were
transported by currents southwest along the coast; some
were retained in the Gulf of Maine while others were
transported to Georges Bank. Changes in circulation
patterns also lead to large numbers of pelagic larvae being
transported off Georges Bank (Colton and Temple 1961;
Sullivan 1981). Larva plaice that drift into the sope
water zone along the southern edge of Georges Bank are
susceptible to transport in a northeasterly direction away
from Georges Bank and the continental shelf. Differences
in temperature between the coastal and slope water zones
could affect the transported larvae by subjecting them to
thermal stress. Plaice larvae were found in relatively
shallow waters on Georges Bank, in Massachusetts Bay,
and along coastal Maine (Smith et al. 1975).

JUVENILES

The body shape continues to change, flattening and
increasing in depth from side to side. As the migration of
the left eye across the top of the head to the right side
reaches completion, descent towards the bottom begins
(Huntsman 1918). Pigment patterns become more
abundant and develop on the right side of the body while
the left side remains unpigmented. Growth during the first
year is greater in warmer, southern climates. Juveniles
can reach 7.6 cm by winter.

ADULTS

The body of the adult plaice is broad with a sharp
noise and wide gaping mouth. Adults obtain average
lengths between 27-66 cm TL. It is the only Gulf of
Maine flounder that is right-handed with a large mouth,
round tail, and straight lateral line with a slight arch over
the pectoral fin (Bigelow and Schroeder 1953).

REPRODUCTION

American plaice is a bottom spawner and the eggs
drift into the upper water column after they are released
(Colton and Temple 1961). Spawning begins north of
Cape Cod in March and continues through the middie of
June (Bigelow and Schroeder 1953; Smith et al. 1975).
Spawning occurs a depths < 90 m and spawning adults
migrate from deeper depths into shoaler grounds before
spawning (Bigelow and Schroeder 1953).

| chthyoplankton collections made in Cape Cod Bay
revealed that plaice eggs were present from January
through July, and larvee were present from January
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through August (Scherer 1984). Early stage eggs were
collected on the northern perimeter of the Bay suggesting
that it was a spawning site. The southern distribution of
late-stage eggs suggested displacement by counter-
clockwise drift patternsin the Bay. It is believed that the
American plaice eggs may have been spawned outside of
Cape Cod Bay and drifted into the Bay by prevailing
currents. The eggs could have drifted as much as 49.0 km
from their original spawning location (Scherer 1984).
Smith et al. (1975) determined from the low larval
occurrence and the prevailing circulation patterns off
southern New England that spawning had occurred along
the southern edge of Georges Bank and that the larvae
were subseguently transported by currents into the Middle
Atlantic Bight.

MATURITY

The median age at maturity for females in the Gulf of
Maine is 3.6 years (O'Brieet al. 1993).

Growth rates
are higher and maturity is reached earlier in the southe

the plaice diet at some locations in the Gulf of Maine
(Klein-MacPhee, in prep.). The diets of plaice collected
during Northeast Fisheries Science Center (NEFSC)
bottom trawl surveys were dominated by echinoderms,
arthropods, annelids, and mollusks (Figure 3) [see &eid
al. (1999) for a discussion of methods].

Plaice are opportunistic feeders and flexible in their
dietary habits, and will take whatever is most abundant or
accessible (Langton and Bowman 1981; Macdonald and
Green 1986; Langton and Watling 1990; Keats 1991,
Zamarro 1992; Klemetsen 1993; Ntiba and Harding 1993;
Martell and McClelland 1994; Packeet al. 1994;
Berestovskiy 1995). The stomach contents of plaice from
western Nova Scotia, Gulf of Maine, Georges Bank, and
southern New England are generally similar (Powles
1965; Minet 1973; Pitt 1973; Langton and Bowman 1981)
although the specific prey consumed can vary
geographically.

In southern New England, plaice consume large
quantities of amphipods, shrimg@r@ngon), polychaetes,
and bivalves (Klein-MacPhee, in prep.). On Georges
fgank, their diet consists primarily of sand dollars, brittle

areas (Scotian Shelf, Gulf of Maine) than in the northSt@rs, bivalves, pandalid ~shrimp, and polychaetes

The lowest growth rates occurred in St. Mary's Bay whil
the fastest growth rates occurred in the Gulf of Main
(Table 1). Powles (1965) noted that slower growth rate
Differences als
occurred between gender and after four years of ag
females grew faster than males and both sexes grew fas

were observed in deeper waters.

in southern regions.

Water temperatures control spawning in America
plaice resulting in varied times and locations in the
They
can thrive in temperatures ranging from -0.5 to 43.0
(Bigelow and Schroeder 1953; Bowering and BrOd'ePassamaquoddy Bay, Canada,

northwest Atlantic (Bowering and Brodie 1991).

n

e(Bigelow and Schroeder 1953). In Sheepscot Bay, Maine,
epolychaetes, mysids, amphipods, sand shri@ar{gon

temspinosa), and Atlantic herring are important prey
fﬁ;ngton and Watling 1990; Packer and Langton, in
rep.). Offshore in the Gulf of Maine, the brittle star
%ﬁhiura sars is one of the dominant epifaunal taxa
atling et al. 1988) and is the primary prey of plaice;
crustaceans (euphausiids and pandalid shrimp), bivalve
mollusks {foldia spp.,Chlamys islandica, Cerastoderma
pinnulatum), and tube-dwelling polychaetes are of
secondary importance (Langton and Bowman 1981,
Bowman and Michaels 1984; Packeral. 1994). In
amphipods, mysids,

1991). Water temperatures from 1.7 to 7.7°C reF’rese'étuphausiids, polychaetes, bivalve mollusks and Atlantic

conditions where highest development occurs.

herring are the major prey of plaice (Tyler 1971, 1972;

Areas of maximum spawning occur in the westernyiacdonald and Green 1986: Macdonald and Waiwood,
Gulf of Maine and over southeastern Georges Bank1987)_

optimum spawning temperatures range betweeriC3-6
These bottom water temperatures exist throughout mugeir diets.

American plaice can undergo a size-related shift in
Smaller (< 25-30 cm) individuals feed

of the spawning period within the 100 m isobath fromyredominately on mysids, amphipods, polychaetes, small
Cape Cod to New Jersey (Colton 1972). Outside thigyitle stars, and some mollusks. Larger individuals (> 25-

rather than too high for reproduction (Colton 1972).

FOOD HABITS

echinoderms, and bivalve mollusks (Huntsman 1918;
Powles 1965; Pitt 1973; Langton and Bowman 1981;
Bowman and Michaels 1984; Martell and McClelland
1994). Bowman and Michaels (1984) report that
polychaetes are especially important prey of plaice < 20

American plaice larvae feed on plankton, diatomscm and note that the largest fish feed mostly on

and copepods. Prior to settling, juveniles feed on smakchinoderms. In Sheepscot Bay, Maine, mysids generally
crustaceans, polychaetes, and cumaceans (Bigelow addcreased in importance with increasing predator size and
Schroeder 1953). Feeding competition exists betweepolychaetes appeared to increase (Packer and Langton, in
young plaice and cod (Powld965). Diets of adults are prep.).

primarily echinoderms, chiefly sand dollars, sea urchins, There is little or no feeding during January and
and brittle stars (Huntsman 1918; Pitt 1973; SullivanFebruary. This is followed by a rapid increase of feeding
1981). The brittle staQphiura sarsi, makes up 65% of



in May, which continues through September (Powles
1965). The highest feeding rates occur during the summer
enabling high-energy production for metabolic use and
gonad maturation (MacKinnon 1972).

PREDATION

Plaice < 35 cm are frequently preyed on by cod and
other bottom feeding species (Powles 1965; Bowman and
Michaels 1984). Adults are consumed by Greenland
sharks (Bigelow and Schroeder 1953), goosefish, and
spiny dogfish. Plaice larvae are commonly consumed by
redfish (Klein-MacPhee, in prep.). Along the Scotian
Shelf and in the Gulf of St. Lawrence, grey sedls are the
primary predators of plaice (Benoit and Bowen 1990).

MIGRATION

In U.S. and Canadian waters, American plaice is
regarded as a sedentary species migrating only for
spawning and feeding (Pitt 1969; Colton 1972; Bowering
and Brodie 1991).

STOCK STRUCTURE

American plaice is managed as one stock under the
Multispecies Fishery Management Plan of the New
England Fishery Management Council (NEFMC 1993).
The principal gear used to harvest it is the otter trawl;
recreational and foreign catches are insignificant. Since
the mid-1970s, landings from the Gulf of Maine have
exceeded those from Georges Bank. 1n 1993 the catch in
the Gulf of Maine was more than twice as large as the
catch from Georges Bank (O’'Brien 1995).

HABITAT CHARACTERISTICS
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EGGS

Plaice eggs were collected at temperatures ranging
from about 1-12C (Figure 4). During February through
April, most eggs were collected at 226 During May to
July the majority of eggs were found at %38 From
August to December, eggs were found at higher
temperatures, with most eggs found at 811

Eggs were found over depths ranging from 10-180 m,
with the majority occurring between 50-90 m.

LARVAE

Plaice larvae were captured at temperatures ranging
from 4-14C (Figure 5). Larvae were most abundant at 6-
8°C from March through June and 10°C2during July
and August.

Larvae were found over depths ranging from 30-210
m, with most occurring at 50-90 m except for August,
where about 45% also occurred at 130 m.

JUVENILES

In the Northeast Fisheries Science Center spring
bottom trawl survey, juvenile American plaice were found
in large numbers at temperatures ranging from@hgith
an overall range of 2-2Q (Figure 6). During autumn,
large catches were made in areas with temperatures of 6-
11°C. They occurred at depths ranging from 15-200 m in
the spring and 50-275 m in the autumn. The majority
occurred at shallower depths of 50-100 m during the
spring to slightly deeper areas of 100-175 m during the
autumn.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, juvenile plaice were collected at
temperatures ranging from 222 during the spring and
5-17°C during the autumn (Figure 7). They were most
abundant at 4°%€ in the spring and 7-2Q in the autumn.

In the spring, they were found over depths ranging from

The habitat characteristics of American plaice arel0-80 m, with the majority occurring between 45-60 m.
summarized by life history stage in Table 2. Data fronDuring autumn they were found from 20-80 m with the
the following surveys were used to determine habitamajority again occurring between 45-60 m.
characteristics: (1) National Marine Fisheries Service

(NMFS), Northeast Fisheries Science Center (NEFSC)

Marine  Monitoring  Assessment and  Prediction ADULTS

(MARMAP) ichthyoplankton survey, (2) NMFS, NEFSC

bottom trawl survey, (3) Massachusetts Division of  The geographic boundaries of American plaice

Marine Fisheries (MDMF) bottom trawl survegnd (4)  distribution appear to be defined by warm summer and fall

the NEFSC Food Habits Investigation. A description oftemperatures. Since the early 1940s, coastal warming and

survey methods and materials is found in Refdal. cooling trends have been observed in waters between

(1999). Cape Sable and Long Island (Colton 1972). These trends
are related to changes of subsurface water. Cold years are
defined as years when coastal water from Labrador
displaces slope water. Warm years occur when there is a
low ratio of coastal to central Atlantic water and slope
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water borders the 200 m isobath.

Huntsman (1918) noted that the maturity of plaice
varied as much as 11 years and depended on the water
temperatures.  The highest temperature, 10°C, for
Passamaquoddy Bay and the Cape Cod region had the
shortest time of development to maturity (3-5 years). The
lowest temperature recorded was 0°C for Newfoundland
(Bay of Islands) and plaice had the longest development
time (10-13 years) (Huntsman 1918; Bigelow and
Schroeder 1953). On the Scotian Shelf, American plaice
ranged between 0-13°C with preferences between 1-4°C
(Scott 1982a).

Dow (1977) found that water temperatures influence
the abundance of American plaice in a study of climatic
effects on relative abundance and availability. There were
significant positive correlations between the annual catch
of fish off the Maine coast and mean annua surface
temperatures. These results imply that temperature is a
limiting factor in the abundance of American plaice.

On the Scotian Shelf American plaice range between
27-366 m, with preferences between 55-128 m (Scott
1982a). United States research vessel surveys and
commercial catch statistics confirm similar movement and
depth preferences in the Gulf of Maine (Colton 1972).
Plaice normally occur in waters 25-180 m deep, however
they have been captured at depths > 800 m (Iglesia et al.
1996). They are aso found in shoa waters when
temperatures are severely cold (Bigelow and Schroeder
1953). Inthe Gulf of Maine, plaice occur at depths of 15-
200 m, more frequently at 30-50 m (Klein-MacPheg, in
prep.). With the exception of witch flounder, plaice is
considered the most abundant of al flatfish in the Gulf of
Maine at depths between 54-90 m (Klein-MacPhee, in
prep.). They are also widespread on Georges Bank in 27-
366 m of water.

American plaice occur at mean salinities of 20-22 ppt
in Hamilton Inlet, Labrador (Backus 1957), 30 ppt or
lower in Baltic areas, 32.8 ppt in the Gulf of Maine, and
34 ppt in offshore Atlantic waters (Bigelow and Schroeder
1953).

During a study of fishes of the Scotian Shelf, Scott
(1982a) found American plaice had salinity preferences
between 31-34 ppt; highest abundance occurred at 33 ppt.
Of the 31 species studied by Scott (1982a), American
plaice displayed the widest salinity, depth, and
temperature ranges.

American plaice are frequently found on fine sand or
gravel bottoms (Scott and Scott 1988; Bowering and
Brodie 1991). On the Scotian Shelf, plaice were most
abundant on sand and gravel substrates (Scott 1982b).
They were found in lesser numbers on sand, silt, and clay
and were rare on Scotian Shelf drift (a mixed substrate).
In eastern Newfoundland, plaice were frequently collected
where sandy substrates bordered areas of bedrock. It is
believed that their occurrence near bedrock is because
bedrock is the preferred habitat of an important prey,
green sea urchins, Strongylocentrotus droebachiensis

(Keats 1991). In some areas, their distribution has been
correlated with mud substrates (Walsh 1996; Packer and
Langton, in prep.).

In the Northeast Fisheries Science Center spring
bottom trawl survey, adults appeared to have similar
temperature preferences to juveniles with most found at
temperatures from 4-6°C with an overall range of 1-12°C
(Figure 6). In autumn, plaice were also mostly found at
temperatures of 4-6°C. American plaice were collected at
15-300 m deep in the spring and autumn; they were most
abundant between 50-175 m.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, adults had similar temperature
preferences to juveniles (Figure 7). Adult plaice were
collected at temperatures from 2-9°C during spring
surveys and 5-14°C during autumn. Most were found
between 4-6°C in the spring and 7-10°C in the autumn.
Adults in both spring and autumn were found over depths
ranging from 20-80 m, with most occurring at 45-75 m.

GEOGRAPHICAL DISTRIBUTION

American plaice occur on both sides of the North
Atlantic. On the western side of the Atlantic, it is
common from the outer coast of Labrador, Newfoundland,
the Grand Banks, and the Gulf of St. Lawrence west and
south to Cape Cod; its southern limit is Montauk Point,
NY (Figure 2; Bigelow and Schroeder 1953; Smith et al.
1975). It dso occursin North Atlantic estuaries and rivers
where it ranges from highly abundant to rare (Jury et al.
1994; Table 3).

EGGS

The NEFSC MARMAP ichthyoplankton survey
(1978-1987) captured eggs throughout the year (Figure 8).
During February and March, eggs were collected on
Stellwagen Bank, off Cape Ann, on Jeffreys Ledge, along
coastal Maine, and on Georges Bank. During April and
May, the highest egg concentrations occurred in the mixed
waters and eastern edge of Georges Bank and aong the
coastal areas off eastern Massachusetts, the Gulf of
Maine, southwest Nova Scotia, and Browns Bank. From
June through December, eggs were collected almost
exclusively along the coastal areas of in the Gulf of
Maine; some eggs were collected on Georges Bank and
the Scotian Shelf.

LARVAE

Larvae were first captured in the NEFSC MARMAP
ichthyoplankton survey (1977-1987) in small numbers
during March on the southeastern flank of Georges Bank
(Figure 9). By April, numbers increased throughout



Georges Bank and larval distributions spread towards the
Great South Channel and onto Nantucket Shoals. Peak
abundance occurred during May from Georges Bank as
far south as Delaware. The highest May abundance
occurred around Cape Cod Bay and along the 60 m
contour on Georges Bank. Larval abundance decreased
dramatically in June and continued to decline in August.

JUVENILES

In the NEFSC bottom trawl survey, juvenile
American plaice occurred from coastal Maine north
towards the Bay of Fundy, west to the Scotian Shelf and
Georges Bank, and south from Cape Cod, the Great South
Channel, and Georges Bank (Figure 10). During winter,
juveniles were caught at scattered locations throughout the
Gulf of Maine. Juveniles were present in only a few
locations along the Great South Channel and the northeast
sector of Georges Bank. In the spring, juveniles were
abundant between Cape Cod and Cape Ann, out to
Stellwagen Bank, and onto Jeffreys Ledge. Juveniles
were captured in lower numbers throughout the Gulf of
Maine. In the summer, juveniles were found in the
inshore and coastal areas of Maine, the Gulf of Maine,
along its western perimeter, and within Cape Cod Bay.
By autumn the center of abundance was located between
Cape Cod and Cape Ann, and along the western part of
the Gulf of Maine; a few juveniles were collected on
Georges Bank and the northeast sector of the Middle
Atlantic Bight. Dense pockets were found within various
basins, the northern end of the Great South Channel, and
along the 100 m contour.

In the Massachusetts Division of Marine Fisheries
bottom trawl survey, juvenile American plaice were
abundant around Cape Ann and in Cape Cod Bay during
spring and autumn (Figure 11).

ADULTS

In the NEFSC bottom trawl survey, adult American
plaice were scattered throughout the Gulf of Maine, the
Great South Channel, Georges Bank and Browns Bank in
the winter (Figure 10). Their distribution was similar in
spring. Larger catches occurred along the Maine coast,
Jeffreys Ledge, and Stellwagen Bank. In the summer and
autumn, adults appeared to leave Georges Bank. Many
were present along the Gulf of Maine, its western
perimeter, and within Cape Cod Bay. Those that
remained on Georges Bank occurred only on the outer
edges of the bank away from the 60 m shoal areas and the
eastern edge of the Middle Atlantic Bight. During
autumn, large catches occurred within various basins, the
northern end of the Great South Channel, and along the
100 m contour.
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In the Massachusetts Division of Marine Fisheries
bottom trawl survey, American plaice adults occurred in
significant numbers around Cape Ann during the spring
and autumn (Figure 11).

STATUS OF THE STOCKS

The Gulf of Maine accounts for approximately 72%
of the American plaice landings since 1976. The
remaining U.S. catch originates mainly on Georges Bank;
< 1% of the catch is taken from western Nova Scotia,
southern New England, and the Middle Atlantic Bight
(Sullivan 1981).

From 1963 through 1974, catches from Georges Bank
averaged 2,706 metric tons (mt) or 69% of the U.S. catch
(Figure 12). From 1975 to 1979, landings from Georges
Bank nearly tripled (O’Brieret al. 1992) while catches in
the Gulf of Maine increased from 1,507 to 8,835 mt.
Landings declined in 1986 and continued to drop through
1990 when landings reached an historic low of 637 mt on
Georges Bank. Subsequent increases in landings are
probably due to improved recruitment, an increase in
spawning stock biomass, and an increase in fishing effort
as opposed to an increase in abundance (Sullivan 1981;
O'Brien et al. 1992). The spawning stock biomass
dropped from 41,400 mt in 1980-1982 to 7,700 mt in
1987-1989. By 1991, the presence of the strong 1987
year class raised biomass to 13,400 mt.

Low population indices for the Gulf of Maine and
Georges Bank occurred in 1991-1992, but they increased
dramatically in 1993 due to the 1989 and 1990 year
classes (O’'Brien 1995). In 1995, it was estimated that the
American plaice stock would remain overexploited due to
low abundance, increased fishing effort, and increased
discard mortality (O’Brien 1995). In a recent report to
Congress from the Secretary of Commerce (National
Marine Fisheries Service 1997), the American plaice
stock within the jurisdiction of the New England Fisheries
Management Council was classified as “overfished.”

The distribution of American plaice was compared
between years of low abundance (1985-1989) and high
abundance (1976-1981) (Figure 13). When the
population was at low levels, juveniles and adults were
infrequently caught during spring trawl surveys in the Gulf
of Maine and on Georges Bank. Larger catches were only
encountered from Cape Cod to Cape Ann. Strong
recruitment occurred from 1976 to 1981. Large catches of
juveniles and adults occurred in coastal Gulf of Maine and
there were scattered catches along Browns Bank and
Georges Bank. Adults were caught more frequently in the
shoal waters (60 m) of Georges Bank, while the juveniles
were caught more frequently along the northern edge of
Georges Bank.
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RESEARCH NEEDS

»  Determination of how depth, temperature, and bottom
type control the spatial and temporal distribution of
plaice; this is especidly important for U.S.
populations where little research has been conducted.

e Confirmation of vertical migration and seasonal
distribution patterns of early life stages.

e Age and growth determination based on otolith
microstructure.

e The strength of habitat dependency and/or interaction
for juveniles and adults.

o Determination of adult migration patterns (i.e,
tagging studies).
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Tablel. Theage (A) and length (L) at which 50% of the female American plaice, Hippoglossoides platessoides, are

mature in the northwest Atlantic.

Area Axp Lso Y ear Source
(yrs) (cm)
Labrador 8.11 45.84 1978-1988 | Bowering and Brodie (1991)
Northern Grand Bank 13.98 42.14 1961-1965 | Pitt (1975)
Northern Grand Bank 10.57 40.36 1969-1972 | Pitt (1975)
St. Mary's BayNewfoundland 15.20 54.00 1964 Pitt (1966)
Flemish Cap 7.80 40.00 1964 Pitt (1966)
Southeastern Grand Bank 8.79 41.4% 1971 Pitt (1975)
St. Pierre Bank 9.48 48.26 1978-1988 Bowering and Brodie (1991)
Scotian Shelf 6.00 31.00 1970-1974 Beacham (1983)
Scotian Shelf 4.70 30.80 1975-1979 Beacham (1983)
Nova Scotia to Cape Hatteras - - 33.6( 1979 Morse (1979)
Atl. Coast of N. Am. (77’ - 42" 8.00 30.00 1991 Miller al. (1991)
Gulf of Maine 3.80 29.70 1980 Sullivan (1981)
Gulf of Maine 3.60 26.80 1986-1990 O'Briehal. (1993)
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Table2. Summary of life history and habitat characteristics for American plaice, Hippoglossoides platessoides. (NTS =

NMFS Trawl Survey; MITS = Massachusetts Inshore Trawl Survey).

Life Stage Size Range Time of Year Habitat/L ocation Substrate Temperature
Distribution
March - mid American plaice in general March to June 2.7-4.4°C
Spawning June, (peak occur along the continental shelf
Adults® spawning April- |from southern Labrador to
May) Montauk Pt. NY. Within
M assachusetts Bay, coastal Gulf
of Maine, and shelf.
1.5t0 3.0 mm Gulf of Maine: |Pelagic, within the 100 m Range 1-12°C
Eggs? Jan - Dec contour, along the coast of (most 4-8°C)
Georges Bank: |Maine, Massachusetts, inshore
Jan - June, Dec. |and shoal waters of Georges
Bank.
Nursery area = shelf.
4to 6 mm at March - August [Pelagic, within the 100 m Range 4-14°C
Larvae® |hatching; (pesk = May) |contour, along the coast of (most 5-10°C)
5.1t016.4 mm Maine, Massachusetts, inshore
and shoal waters of Georges
Bank.
Nursery area = shelf.
18to34 mmat |January — Latitude range (77°, 42°) Strongine sand [NTS Spring 2-16C
Juveniles* |metamorphosis; 3|December concentrations inside and and gravel. |(most 4-8C);
cmto < 27cm around the 100m isobath in Autumn 4-15C (most 6
(Trawl Surveys) western Gulf of Maine during 11°C);
the spring and autumn surveys. MITS Spring 2-12C
Scattered abundance in deepér (most 4-8C);
waters of western and central Autumn 5-17C (most 7
Gulf of Maine and the northern 10°C)
sector of Georges Bank.
> 27 cm to 66 cnpJanuary - Both sides of the North Atlantiine sand |NTS Spring 1-12C
Adults® |(Trawl Surveys);|December latitude range (77°, 42°) boregland gravel. |(most 4 to 6C);
max size = 81 cm Autumn 3-12C (most 4
6°C);
MITS Spring 2-8C
(most 4-8C);
Autumn 5-14C (most 7
10°C).
1.7-7.7C highest
development;
-1.5°C lower
temperature limit; 10-
13°C upper temperatur
limit

! Bigelow and Schroeder 1953, Sullivan 1981, Miller et al. 1991
2 sullivan 1981, Fahay 1983, Miller et al. 1991
3 Smith et al. 1975, Sullivan 1981

4 Sullivan 1981, Miller et al. 1991, Wigley and Gabriel 1991

5 Miller et al. 1991




Table 2. cont'd.
Life Stage Salinity Bottom Depth Estuarine Use Notes
32.8 ppt March- <90m Inshore and shoal | Spawning adults migrate from
Spawning |April, Gulf of areas, largely an |greater depths into shoaler
Adults® |Maine oceanic nursery  |grounds before spawning.
(see Table 3)
32.8 ppt March-  |Pelagic 10-325 m  |Inshore and shoal | Spherical with smooth shell. Only
Eggs?  |April, Gulf of (most 30-90 m) areas, largely an  |Pleuronectid known to have avery
Maine oceanic nursery  |wide perivitelline space, no oil
(see Table 3) globule. 11-14 day incubation
duration.
32.8 ppt March-  |30-210 m Inshore and shoal | Transformation occurs between
Larvae® |April, Gulf of (most 50-90 m) areas, largely an  {18-34 mm (usually > 25 mm SL).
Maine oceanic nursery
(see Table 3)
32.8 ppt March-  |Pelagic-shallow Inshore and shoal |Larval - juvenile migration =
Juveniles? |April Gulf of shelf (36-713 m);  |areas, largely an |pelagic to shallow shelf.
Maine NTS Spring 15-200 |oceanic nursery
m (most 50-100 m); |(see Table 3)
Autumn 50-275m
(most 100-170 m);
MITS Spring 10-80
m (most 45-60 m);
Autumn 20-80 m
(most 45-60 m)
32.8 ppt March-  |NTS Spring 15-275 |Inshore and shod
Adults® |April Gulf of m (most 50-175 m); |areas, largely an
Maine; 30 ppt Autumn 25-300 m  |oceanic nursery
Baltic, 34 ppt open|(most 50-175 m); (see Table 3)
Atlantic, 20-22 ppt|MITS Spring 5-80 m
Hamilton Inlet, (most 45-75 m);
Labrador Autumn 20-80 m
(most 45-55, 70 m)

! Bigelow and Schroeder 1953, Sullivan 1981, Miller et al. 1991
2 sullivan 1981, Fahay 1983, Miller et al. 1991

3 Smith et al. 1975, Sullivan 1981

4 Sullivan 1981, Miller et al. 1991, Wigley and Gabriel 1991

5 Miller et al. 1991
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Table 3. Distribution and relative abundance of American plaice in North Atlantic estuaries and rivers by life history

stage (from Jury et al. 1994). (*** = Highly Certain; ** = Moderately Certain; * = Reasonable Inference).

Digtribution and Relative Abundance Months of Data
Estuariesand Rivers Life Stage Mixing Seawater Occurrence Reliability
Passamaguoddy Bay Adults (A) Common March - Nov **
Spawning adults (S) Common March - May *x
Juveniles (J) Common Common March - Nov *
Larvee (L) Common April - June **
Eggs (E) Common March - May *x
Englishman / Machias Bay A Common March - Nov *
S Common March - May *
J Common Common March - Nov *
L Common April - June *
E Common March - May *
Narraguagus Bay A Common March - Nov *
S Common March - May *
J Common Common March - Nov *
L Common April - June *
E Common March - May *
Blue Hill Bay A Common March - Nov *
S Common March - May *
J Common Common March - Nov *
L Common April - June *
E Common March - May *
Penobscot Bay A Common March - Nov o
S Common March - May *x
J Common Common March - Nov **
L Common April - June **
E Common March - May *x
Muscongus Bay A Abundant March - Nov i
S Common March - May *
J Common Highly Abundant March - Nov *
L Rare Common April - June *
E Common March - May *
Damariscotta River A Abundant March - Nov >
S Common March - May **
J Common Highly Abundant March - Nov *
L Rare Common April - June *
E Common March - May *x
Sheepscot River A Abundant March - Nov *xx
S Common March - May i
J Common Highly Abundant March - Nov *xx
L Rare Common April - June ok
E Common March - May *x
Kennebec / Androscoggin Rivers | A Abundant March - Nov i
S Common March - May *
J Common Highly Abundant March - Nov *
L Rare Common April - June *
E Common March - May *
Casco Bay A Abundant March - Nov *
S Common March - May *
J Common Highly Abundant March - Nov *
L Rare Common April - June *
E Common March - May *
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Table 3. cont'd.
Digtribution and Relative Abundance Months of Data
Estuariesand Rivers Life Stage Mixing Seawater Occurrence Reliability
Saco Bay A Abundant March. - Nov. *
S Common March - May *
J Common Highly Abundant March. - Nov. *
L Rare Common April - June *
E Common March - May *
Wells Harbor A *
S .
J Rare June - Oct. *
L Rare April - June *
E Rare March - May *
Great Bay A Rare March - Nov. *
S o
J Rare March - Nov. *
L Rare April - duly *
E Rare March - June *
Merrimack River A *
S .
J Rare March - Sept. *
L Rare April - duly *
E Rare March - June *
Massachusetts Bay A Highly Abundant Jan. - Dec. xxx
S Highly Abundant Feb. - June *x
J Highly Abundant Jan. - Dec. xxx
L Abundant March - July *
E Abundant Feb. - June *
Boston Harbor A Abundant Jan. - Dec. *
S Common Feb. - June *
J Abundant Jan. - Dec. *
L Rare Common March - July *
E Rare Common Feb. - June *
Cape Cod Bay A Abundant Jan. - Dec. i
S Highly Abundant Feb. - May **
J Highly Abundant Jan. - Dec. **
L Rare Highly Abundant March - July **
E Rare Highly Abundant Feb. - July **
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Figure 1. The American plaice, Hippoglossoides platessoides (Fabricius 1780) (from Goode 1884).
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Figure 2. Distribution and abundance of American plaice from Newfoundland to Cape Hatteras based on research trawl
surveys conducted by Canada (DFO) and the United States (NMFS) from 1975-1994 (http://www-orca.nos.noaa.gov/

projects/ecnasap/ecnasap_tablel.html).
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a) 1973-1980
n="764

Annelida 20.5%

Echinodermata 25.6%

/

Other Prey 1.5%
Miscellaneous 3.8%
Arthropoda 17.7%
Platyhelminthes 5.1%

Aschelminths 6.3%

Animal Remains 12.3% Mollusca 7.2%

b) 1981-1990
n=2388

Cnidaria 1.1%
Fish 5.3%

Echinodermata 54.7%
\

Annelida 6.3%

Mollusca 7.4%

Arthropoda 11.6%

Animal Remains 13.7%

Figure 3. Abundance (percent occurrence) of the major prey itemsin the diet of American plaice based on NEFSC trawl
survey data on food habitats during 1973-1980 and 1981-1990. Methods for sampling, processing, and analysis of

samples differed between the time periods [see Reid et al. (1999) for details]. The category “animal remains” refers to
unidentifiable animal matter.
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Figure 4. Mean water column temperature (to a maximum of 200 m) and bottom depth associated with collections of
American plaice eggs during MARMAP ichthyoplankton surveys, 1978-1987. Open bars represent the proportion of all
stations which were surveyed, while solid bars represent the proportion of the sum of all standardized catches

(number/10 m?).
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Figure 5. Mean water column temperature (to a maximum of 200 m) and bottom depth associated with collections of
American plaice larvae during MARMAP ichthyoplankton surveys, 1977-1987. Open bars represent the proportion of
all stations which were surveyed, while solid bars represent the proportion of the sum of all standardized catches
(number/10 m?).
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Figure 8. Distribution and abundance of American plaice eggs during MARMAP ichthyoplankton surveys, January to

December, 1978-1987.
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Figure 8. cont'd.
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Figure 8. cont'd.
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Figure 10. Distribution and abundance of juvenile and adult American plaice from winter (1964-1997), spring (1968-
1997), summer (1963-1995), and autumn (1963-1996) NEFSC bottom trawl surveys. Densities are represented by dot
size in spring and autumn 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. cont'd.
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Figure 11. Distribution and abundance of juvenile and adult American plaice from the Massachusetts inshore bottom

trawl surveys, 1978-1996.
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Figure 13. Distribution and abundance of juvenile and adult American plaice during a period of low abundance (1985-
1989) and a period of high abundance (1976-1981), from spring NEFSC bottom trawl surveys.
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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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Dr. Michael P. Sissenwine, Science & Research Director
CAPT John T. Moakley, Operations, Management & Information Services Staff Chief
Teri L. Frady, Research Communications Unit Chief
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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.






