Biological Characteristics and Fishery Assessment of Alaska Plaice,
Pleuronectes quadrituberculatus , in the Eastern Bering Sea
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Introduction Alaska to the Bering and Chukchi Sea$) a detailed description of the life his-

; and in Asian waters as far south as th®ry characteristics of eastern Bering
qu-arlz;aitlftlgrscﬁamgll:cig.}alk)a uirsog ?gﬁ:‘ Sea of Japan (Fig. 2) (Pertseva-Ostrolsea Al_aska plaice, including growth and
eyed flounder, family Ple’uronectidaemova’ 1961; Quast z_ind HaIIZ 1972). _mortallty, age at maturation and spawn-
and one of four,shallow-water flatfishes’ The Alaska plaice is a relatively largeing, and feeding habits and ecological
flounder, with an average length takeinteractions; 2) the history of its exploi-

along with the yellowfin soleRleuro- . ) : . A
nectes asperrock sole,Pleuronectes in commercial catches of 32 cm (12.Gation and trends in estimated abun-

", . -~~~ inches) while the average weight caughdance; 3) the current condition of the
b:ggggitéjesé2?55;%2531:1;8:3’4'&% is 390 g (0.86 Ib.). This corresponds teesource and 4) projections of future
ign the eastern Bering Sea Thzzy inhabfth @ge of 7 or 8 years. Moiseev (1953)iomass under various harvest levels.

continental shelf waters of the Northreported a maximum length of 60 cm

Pacific Ocean ranging from the Gulf 01‘(23'6 inches), and ages in excess of 30 Materials and Methods

years have been determined for ﬁsrl]nformation Sources
collected from NMFS Alaska Fisheries
Chang Zhang is wih the Pukyong National Uni-Science Center (AFSC) surveys (data Information for this paper came from

\é%rrsgg,gggi)fg%%%%g@ lalglgﬁgnubiﬁjzflci?f*%ngn file, AFSC). both a review of the available literature
mas Wilderbuer and Gary Walters are with the N this paper, we examine availableon the biology of Alaska plaice and

Alaska Fisheries Science Center, National Marinenformation on Alaska plaice to providefrom analyses of research and fishing

Fisheries Service, NOAA, 7600 Sand Point Way i i
NE BIN C15700, Seattle. WA 98115-0070 data. Information from the literature

was primarily used to describe the dis-
tribution and such life history param-

ABSTRACT—Alaska plaideleuronectes flatfish, Alaska plaice and rock soRleuro- Eters as age and growth, age at matura-
quadrituberculatyss one of the major flat- nectes bilineatysave similar diets but dif- tion and spawning, fecundity, feeding
fishes in the eastern Bering Sea ecosysteferent habitat preferences with separatehabits, and ecological interactions with
and is most highly concentrated in the shalareas of peak population density which ma; ;
low continental shelf of the eastern Beringninimize interspecific competition.YeIIow-}Sther SPECIEs. Da_lta from AFSC trawl
Sea. Annual commercial catches havéin sole,Pleuronectes asperhile sharing Surveys and the fishery were analyzed
ranged from less than 1,000 metric tons (tyimilar habitat, differs from these two spet0 describe size composition, size and
in 1963 to 62,000 t in 1988. Alaska plaicecies because of the variety of prey items iage at maturity, fecundity at length re-
isa relati\llely Iﬁrge&‘latﬁsh averagirr:g aboutits diet. hCorr?petition for food reso%rcfslationships abundance and biomass by
32 cmin length and 390 g in weight in comamong the three species appears to be lo ’ .
mercial catches. They are distributed from The resource has experienced light ex ear and age, and annual recruitment.
nearshore waters to a depth of about 100 rploitation since 1963 and is currently in
in the eastern Bering Sea during summegood condition. Based on the results of deASsessment Methods
but move to deeper continental shelf watersersal trawl surveys and age-structured
in winter to escape sea ice and cold wateanalyses, the exploitable biomass increasedesource Assessment Surveys
temperatures. Being a long-lived specieffom 1971 through the mid-1980's before .

(>30 years), they have a relatively low natu-decreasing to the 1997 level of 500,000 t. Since 1971, the AFSC has conducted
ral mortality rate estimated at 0.20. The recommended 1998 harvest level, Asummer bottom-trawl surveys in the

Maturing at about age 7, Alaska plaicelowable Biological Catch, was calculatedeastern Bering Sea to estimate abun-
spawn from April through June on hardfrom the Baranov catch equation based o i i _
sandy substrates of the shelf region, primathe Fysy harvest level and the projectedﬂantcfe ind s(;[uldy thte SIOl,[Ogy of Impo:
rily around the 100 m isobath. Prey itemsl997 biomass, resulting in a commerciafaNt fish and inverte rate species. in
primarily include polychaetes and otherharvest of 69,000 t, or about 16% of thel975, and annually since 1979, these
marine worms. In comparison with otherestimated exploitable biomass. surveys have covered the major portion
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Figure 2.—Overall distribution of Alaska plaide@leuronectes quadrituberculatus

of the continental shelf to lat. 84 200 m at the shelf break (subareas 1+6ent purposes, they also provide a
(465,000 krd). The depth range coveredin Fig. 3). Although the survey’s pri- wealth of biological information on the
by the standard survey extends frormary role is to provide fishery-indepen-multispecies complex of fishes that in-
about 10 m near the mainland to abowtent abundance estimates for managhabits the eastern Bering Sea.
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180 175 170 165 160 population and the process by which the
‘ : ‘ ‘ 62 population is observed. The simulation
incorporates bias and imprecision in the
200m . 8 observations and is used to predict ex-
) : - pected values for the observations. The
60 expected values are compared to the
actual observations (data) from the sur-
veys and fisheries.
The biomass-based approach to the
58 production model (Zhang, 1987; Zhang
et al., 1991) was also utilized to ana-
lyze biomass and fishing mortality and
to provide estimates of the important
56 ~management parameters M3,
and F,,s, .- The model was used to
project the future biomass of the Alaska
>20-50 . plaice stock and catch under varidus
54 " ‘ ‘ ” ‘ 54 levels, including the currefft level.
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Figure 3.—Summer distribution and relative abundance in kg/ha of Alaska pla- and Age at First Capture
ice from the 1997 eastern Bering Sea bottom trawl survey. Depth contours and
statistical subareas are indicated. Yield per recruit analysis was per-

formed using the Beverton and Holt

The standard survey area on the shetie wings and the distance fished. ThE1957) model to estimate the optimal
is divided into a grid with 3% 37 km potential herding effect of the doors andishing mortality and age at first cap-
blocks (20x 20 n.mi.) containing a sam-dandylines is unknown for Alaska pla-ture. Age at first capturé j was varied
pling location at the center of each gridce, as is escapement under the footropigom 1.0 to 10.0 and the annual instan-
block. In areas of special interest, th% tructured Anal taneous rate of fishing mortality was
corners of the blocks have also beend€-Structured Analyses varied from 0.01 to 0.30.
sampled. The sampling gear is a stan- Biomass-based cohort analysis, after
dard AFSC eastern otter trawl with aZzhang and Sullivan (1988), were ap-
25.3 m headrope and 34.1 m footropeplied to Alaska plaice catch at age data Groundfish species in the eastern
Otter doors are 1.8 2.7 m and weigh from 1971 to 1995 by Wilderbuer andBering Sea were first exploited com-
about 800 kg each. At each sampling@hang (In press). This method assumesercially by Japan, initially by explor-
site the trawl is towed for 0.5 h at aknife-edge recruitment with equal avail-atory vessels in 1930 and then by a
speed of 5.6 km/h. The operating widttability for all recruited ages and con-mothership-catcher boat operation in
between the wings varied from aboustant natural mortality over all ages an@ristol Bay in 1933—-37 and 1940-41
10 to 18 m as a function of the amounyears. The input terminal fishing mor-(Forrester et al., 1978). From 1933 to
of trawl warp payed out and therefordality values were estimated using thd 937, walleye pollock,Theragara

History of Exploitation

indirectly as a function of depth. Thefollowing formula: chalcogrammaand various flounders
operating trawheight varied from 2 to 3 (family Pleuronectidae) were reduced to
m as determined from net mensuration. = _Cs, fish meal, and annual Japanese catches
Due to the relatively flat, unobstructed % Bys peaked at 43,000 metric tons (t). During
bottom on the shelf, the trawl is operated 1940-41, the fishery targeted on yellow-

without roller gear. To improve the catchesvhereBy. is the 1995 trawl survey bio- fin sole, Pleuronectesisper for human
of invertebrates, the trawl was rigged tanass estimate, ai@, is the 1995 catch consumption, and catches ranged from
dig slightly into the bottom. in weight. The second run of the analy9,600 to 12,000 t (Forrester et al., 1978).
Estimates of biomass and populatiosis was conducted using the tuned ter- After World War 11, Japanese distant-
are made using the “area swept” methoahinal fishing mortality values, which water fleets resumed operations in the
described by Wakabayashi et al. (1985Were tuned to different ratios of meareastern Bering Sea, with motherships
The mean catch per unit of effortfishing mortalities by age and by yearand independent trawlers targeting yel-
(CPUE) of a group of tows of known Wilderbuer and Zhang (In press) alsdowfin sole in 1954. In 1958 the
area swept is expanded to estimate thiecorporated age composition informa{J.S.S.R. also entered the fishery, fol-
biomass within the total area of a stration from a variety of sources into alowed by other nations in later years.
tum (Armistead and Nichol, 1993). Thestock synthesis model (Methot, 1990) Catch statistics for Alaska plaice can-
area swept is considered to be the prodbr Alaska plaice. Stock synthesis funchot be precise for the earlier years be-
uct of the operating net width betweerions by simulating the dynamics of thecause the species was often included in
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the “other fIatfish” Category Catch Table 1.—Annual catches of Alaska plaice in metric tons (t) by fishing nation in the eastern Bering Sea, 1963-97.

composition data improved in later Catch ()
years pamCUIarly after Implementatlon(ear Japan U.S.S.R. ROK Other Joint Venture Domestic U.S. Total
of the Magnuson Fishery Conservatlon v 6 o o o o o70
and Management Act of 1976 (MFCMA)1964 808 1,085 0 0 0 0 1,893
965 484 516 0 0 0 0 1,000
which established the foreign fisheryi%¢ 200 2o19 9 9 9 9 e
observer progsm. The Alaska plaice 1067 1,339 2,513 0 0 0 0 3,852
1968 1,233 1,396 0 0 0 0 2,629
catch (Table 1) was low until the resumps .9 3127 3815 0 0 0 0 6942
tion of the U.S.S.R. fishery in 1978 andsro 1,356 2,125 0 0 0 0 3,481
onset of the harvests by the Republic af’; S T : ’ : 0 Lo
Korea and other nations in 1980. 1073 1136 2 g 0 g 0 1176
Alaska plaice share similar habitatSes 2,408 84 0 0 0 0 2,492
1976 3,518 102 0 0 0 0 3,620
and distributions with yello_wfm sole 197 >ose 2 9 9 9 9 >oa
and are taken as bycatch with that spesrs 5,204 5,216 0 0 0 0 10,420
H 1 H 1979 3,767 9,896 9 0 0 0 13,672
cies. Yellowfin sole were intensely har- 4./ 3810 o 2078 120 0 o 6.908
vested by distant-water fleets from Jazos: 7,298 0 1315 40 0 0 8,653
panandthe U.S.S.R. inthe early 196085 5700 o a1 1eso 0 0 16,766
with a peak catch of 554,000 t in 1961194 10,405 1573 4012 2,992 0 0 18,982
. . . . 1985 5,702 265 4,833 14,088 0 0 24,888
High exploitation during the 4-year pe-igger -~ — - - — — = _ 46519 — — — — — — — — 0 0 46,519
987t — — — — — — — — 18567 — — — — — — — — 0 0 18,567
riod from 1959 to 1962 caused thegs’ 5 5 o N 61,639 ’ g
populatlon to decline which was re-i9s9 0 0 0 0 13,883 0 13,883
flected in the reduced harvest over thgs’ : : ; : 0089 18029 ooes
following two decades (Wilderbuer et1992 0 0 0 0 0 18,895 18,895
al., 1992). From 1963 to 1971, howeverae ’ ’ 9 ’ 9 g g
yeIIowfm sole annual catches still av-1995 0 0 0 0 0 13,343 13,343
96 0 0 0 0 0 16,106 16,106
eraged 117,800 t. Given the S|m|Iar|tylgg7 0 0 0 0 0 19,829 19,829

of the dlStrIbUtIOﬂS the ye”Ome sole 1Catch of Alaska plaice by nation is presently unavailable.

fishery probably removed a significant

portion of the Alaska plaice population

through bycatch. Catches for the periowvaters (Bakkala et al., 1985), while ju-may reach the outer shelf in winter to-

1963-71in Table 1, therefore, are likelyweniles (< 20 cm) occupy shallowergether with yellowfin sole, as was ob-

underestimated. coastal waters (Wakabayashi, 1972)kerved during spring 1976, but they gen-
After the cessation of foreign fishing This difference in depth preference proerally prefer shallow water. Although

in 1987, the Alaska plaice harvesvides a buffer between the juvenile anthis species distribution overlaps with

peaked at over 61,000 t during U.Sadult populations. Annual AFSC trawlrock sole,Pleuronectes bilineataand

joint-venture fisheries in 1988. Catchesurveys also indicate a summertimgellowfin sole, the center of abundance

therafter have been made by the U.Sexual segregation: female catch ratesf Alaska plaice is located to the north

domestic fishery, with an annual averare greatest at depths > 60 m, while thef the other species.

age of 14,800 t. Based on results of cdhighest catch rates for males occur EE v Life Hist

hort analysis and stock synthesis analy5-55 m depths. arly Lite History

sis, the stock has been lightly harvested, Fadeev (1965) suggests that Alaska The eggs and larvae of Alaska plaice

with an average exploitation rate of lesglaice live year round on the shelf andre pelagic and transparent, with egg

than 5% since 1971 (Wilderbuer andnove seasonally within its limits. Wa-diameter ranging from 1.9 to 2.05 mm

Zhang, In press). ter temperatures may influence the seéMusienko, 1963; Waldron, 1981; Mata-
. ) o sonal movenents and subsequent distrivese et al., 1989). Pertseva-Ostroumova
Biological Characteristics bution on the shelf. Alaska plaice main{1961) described the embryonic and lar-

tain a more westerly wintertime distribu-val development of Alaska plaice from
tion (Fig. 4), possibly to avoid the coldthe west coast of Kamchatka and re-
The summer distribution of Alaskabottom water temperatures that exist oveyorted that artificially fertilized eggs,
plaice in the eastern Bering Sea is athe eastern Bering Sea shelf during winincubated at an average temperature of
most entirely restricted to depths of lester. However, the extent of ice coveragé°C, hatched in 15.5-18 days. Eggs
than 110 m, with major concentrationgnay be limiting the distribution of fish- developing under natural conditions
between 40 and 100 m on the centrahg effort which is used to discern theg—1.5-6.7C) may have a longer incu-
and northern Bering Sea shelf (Fig. 3)wintertime distribution; restricting our bation period.
Fish >25 cm predominate in theagaled knowledge of their seasonal distribution. Little is known about the distribution
population between 20 and 110 m. Alaska plaice are rarely encountereaf Alaska plaice eggs. The available data
Larger fish generally prefer such deepeon the slope during the winter. Theysuggests the eggs are widely distributed

Distribution and Migration
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Table 2.—Summary of Alaska plaice egg distribution information from results of ichthyoplankton surveys conducted in the eastern Bering Sea.

Authority Time period Method Findings

Waldron and Favorite (1977) April-May 1976 Bongo and neuston nets Eggs widely distributed with centers of abundance near the outer Alaska Peninsula,
east of the Pribilof Islands, outer Bristol Bay and northwest of the Pribilof Islands

Waldron and Vinter! (1978) May 1977 Bongo and neuston nets Eggs comprised 28% of bongo samples and 72% of the neuston net samples at 64
locations. Eggs had a wide distribution over the Bering Sea shelf.

Waldron (1981) 1955-79 Bongo and neuston nets Eggs were widely distributed from lat. 55°N off Unimak Island to lat. 59.5°N near
Nunivak Island and from long. 159°W in Bristol Bay to long. 175°W near the shelf
edge.

1 Waldron, K. D., and B. M. Vinter. 1978. Ichthyoplankton of the eastern Bering Sea. U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv., Seattle, Wash., NWFC Processed Rep., 88 p.

over the continental shelf of the Bering
Sea and have been found in varying
densities and spatial concentrations
among the years sampled (Table 2).
Spawning is believed to occur duringeo'N
March—April, and eggs are found from
April to early summer.

Upon hatching, Alaska plaice larvae
are apparently more developed than
other flounders. The larvae are rela-
tively large at hatching (5.85 mm) and
have advanced body differentiation and
eye pigmentation, which may be an ad-
aptation to development at high lati- g5y
tudes and low temperatures (Pertseva-
Ostroumova, 1961). Small larvae are
mainly found in the surface layer, al-
though they occasionally are caught as
deep as 120 m. The yolk sac, ranging | :
from 0.68 to 1.5 mm long and 0.32to  175'w 170°'W 165°'W 160°'W 155°'W 150°W
%rG\/(z)iem;:egggh;%.ggiéébri?n%hlee?lé?he. Figure 4.—\_Ninter distribution of Alaska plaice determined from fishery sam-

. pling, 1978-96.
Although the length at which metamor-

phosis occurs is unknown, young Iar’Eering Sea shelf. Parameters for the vogters for the relationship, weight in

60°N

55°N

ot e B 2 DS Eertalanty equaton fom age stucgrams ~(engthn e are
ures collected in 1988 are as follows:

(Pertseva-Ostroumova 1961).

a b
Growth and Mortality L, (mm) t, K Males 05677 2576
Alaska plaice is a slow-growing long-Males 379.2 1.83 0.204 Females .006148 3.217
lived species, typical of eastern Berind-emales 501.7 2.09 0.156
Sea shelf flatfish. Age and growth stud- Although the length-weight relation-

ies have been conducted by Mosher Values oK are low for both sexes, in- ships for males and females are simi-
(1954), Weber and Shippen (1975)dicative of slow growth. Itis expected thatar, Zhang (1987), using data collected
Bakkala et al. (1985), and Zhanghe natural mortality rateM{) of such a during the 1975 AFSC survey, reported
(1987), based on an examination oflow-growing, long-lived species wouldthat large females (> 26 cm) were up to
otoliths. Male and female fish have beemlso be relatively low. Estimates bf 7% heavier than males of the same size.
aged up to 31 years, and ages greatemge from 0.195 to 0.22 for Alaska pIaM turati ds .
than 25 are not uncommon for fish irice (Wilderbuer and Zhang, In press). aturation and spawning

trawl survey catches. Length-at-age idlatural mortality is likely close to 0.2, During 1986—87, female Alaska plaice
similar for males and females untilwhich is the value used in age-structurethken by the commercial fishery were
about ages 8-10 (30-32 cm) when malmodeling of the eastern Bering Sea popelassified as to maturity state by U.S. ob-
growth slows with the onset of sexualation (Wilderbuer and Walters, 1997). servers using the criteria presented in
maturity (Fig. 5). It is not known The length-weight relationships forTable 3. Most of the females examined
whether differential growth by geo-males and females from the 1990 sumere in the developing stage (Code 2) in
graphic region occurs on the eastermey are shown in Figure 6. The paramMarch, in the spawning stage (Code 3) in
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Figure 5.—Age-length distribution of Alaska plaice as
determined by samples collected during the 1988 east- 500
ern Bering Sea bottom trawl survey. Curves are from .
nonlinear regression of the von Bertalanffy equation. o 5 10 18 20 25 20 a5 a0 e so = en
Length (cm)
April din th ¢ . t . Figure 6.—Length versus weight relationships for Alaska
pril, and In the post-spawning stage In plaice sampled during the 1990 eastern Bering Sea bot-
May and June (Code 4). These observa- tom trawl survey. Lines and equations are the result of
tions suggest that spawning occurs dur- nonllneag regression of the function, weigtwta
ing April through June. (lengthy)-

The length at maturity for female

Alaska plaice was also determined fromiable 3.—criteria used to classify Alaska plaice by maturity stage.

a sample of fish examined during March

N ~ A A Maturity
and April by fitting a logistic equation
: . ode Stage Description of gonads
to the relationship between length and 9 prionots
the proportion of mature females (F|g1 Immature Gonad small, situated close to vertebral column. Difficult to determine sex.lquries orangish
7) as fO“OWS' to translucent, testes translucent. Apparently has not spawned for the first time.
y .
2 Developing Gonad small, to about ¥/ length of ventral cavity. Transparent and/or opaque ova visible to
1 naked eye, testes more opaque and swelling.
I:)|_ = (—(L—LO )) ! 3 Spawning Ova and sperm run under slight pressure. Most eggs translucent with few opaque eggs
1+ exp % left in pale orange ovary.
i ) 4 Spent Ovaries and testes flaccid and empty. Ovaries may contain remnants of disintegrating
whereL = length in centimeter®, = ova, testes bloodshot.
pfODOI"[lOﬂ mature at |engﬂh, LO 50 = 5 Inactive Adults with gonads firm and shaped, but showing no development of ova or sperm.

lengthwhere: P =0.50 = maturation

length andt is a constant. The above equa-

tion can be linearized ton(1/P,_ -L) were 1/Varf) = nP_ (1P ) (Gun-

=Lyso/c— 1k derson, 1977). Regression coefficients
The equation is then of the foryh'=  obtained were then used to estimate

a + bX, and a weighted linear regresi, ., = (-a/b) andc = (-1b).

sion of h(1/P_—L) onL can be applied. ~ The variance ot ., was approxi-

The weights used foY observations mated by using the delta method:

60(4), 1998
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Mature female fish (%)

100~

80

60 -

20

A - = = April

[ ] Combined

Table 4 —Estimates of parameters for the logistic equa-
tion of the relationship between length and the pro-
portion of mature female Alaska plaice in the eastern
Bering Sea. Predicted length at maturity (L, 5,) and the
standard error for L, g, are also shown.

Sample Proportion

month mature

Loso S.E. Lygo
(cm) (cm)

March 0.5379
April 0.4418
Combined 0.4300

31.9985 0.2827
27.9005 7.3571
30.8013 0.3012

Table 5.—Fecundity of Alaska plaice in the southeast-
ern Bering Sea from a sample of 47 fish (Fadeev, 1965).

Length (cm)

Fecundity (x 1,000)

28.1-30.0
30.1-32.0
34.1-36.0
36.1-38.0
38.1-40.0
40.1-42.0
42.1-44.0
44.1-46.0
46.1-48.0
48.1-50.0

56.3

93.2
127.2
159.5
161.8
183.0
268.5
280.8
289.3
312.6

- Ptd
PSS N T TR NN T TN [N SN SN T S [N SN SOUNS WU SR (N SR WY SO N |

0
20 25 30 35 40 45

hydrographic conditions as suggested
by Pertseva-Ostroumova (1961).
Alaska plaice do not aggregate for
spawning but spawn over a wide area of
the middle shelf. Northeasterly surface
currents move the eggs to shallower wa-
The parameter estimates for the pran (Pertseva-Ostroumova, 1961). Théers of Bristol Bay and other coastal ar-
portion mature at length, predictedannual spawning period may vary botteas of the Alaska mainland where young
length at 50% maturity.(0.50) and temporally and spatially due to theplaice apparently live until they grow to
standard errors fak, ., are presented variations in hydrological conditions. Inabout 20 cmin length. Eggs may also drift
in Table 4. The estimatdd, ., was 32 the Bering Sea, Musienko (1970) refrom the eastern Bering Sea to the
cm from collections made in March ancported that spawning apparently start€hukchi Sea through the Bering Strait. A
28 cm from April. The combined valuein early spring immediately after the icestrong current runs northward from the
was 31 cm, which corresponds to an ageelts (early May) and continues untilBering Sea through the Bering Strait and
of 6 to 7 years. Pertseva-Ostroumovanid-June. He also found that peaknto the southeastern Chukchi Sea (Pruter
(1961) reports that Alaska plaice fromspawning in this region occurs at wate@ind Alverson, 1962). Current speeds of
Asian waters reach sexual maturity atemperatures ranging from —1%5® 0.25-0.50 m/sec have been reported from
4-6 years corresponding to a length o4.11°C and salinities ranging from the surface to within a few meters of the
20-21 cm. This may indicate a smalleR9.8%o to 34%. on the seafloor and 32%bottom in the eastern Chukchi Sea and
size at maturity in Asian waters than irto 32.8%o at the surface. Alaska Fisheralong the Alaska coast during summer
the eastern Bering Sea. However, it ifes Science Center observations on tHgleming et af). Alaska plaice length fre-
difficult to suggest the existence of dif-duration and timing of spawning gen-quency distributions collected from the
ferences in age at maturity by area, sinagrally agree with those of PertsevaChukchi Sea in 1977, were comprised
there is a large temporal difference irDstroumova (1961) and Musienkomostly of juveniles ranging from 10 to
the collection times of the two samples(1970), although the AFSC data sugge®0 cm in length although some were as
Fecundity estimates (Fadeev, 1965hat peak spawning may occur in Aprillarge as 40 cm (12 years) (Wolotira €bal.
from the southeastern Bering Sea indi- Observations from egg and larval
cate female fish produce an average alurveys, however, indicate spawninmn R H. 1959. Oceanoaranhic survey of
56,000 eggs at lengths of 28-30 cm, amay occur as late as June (Waldron anfoemnng. 8. £ 19 AUgUSt 10 ZQSeFr)Jtember 1959,
313,000 eggs at lengths of 48-50 crwinter'). This variation in the time of Preliminary report of Brown Bear cruise No. 268.
(Table 5). Fertilization is external.spawning may result from variations indniv. Wash., Dep. Oceanogr., Seattle, Mimeogr.

Spawning of Alaska plaice is reported Rep. 59-30:1-14.

P g P . p — SWolotira, R. J., Jr., T. M. Sample, and M. Morin,

to occur over a 2—3 month period durt waldron, K. D., and B. M. Vinter. 1978. Jr. 1977. Demersal fish and shellfish resources

ing the spring on hard sandy substratdghthyoplankton of the eastern Bering Sea. U.Sof Norton Sound, the southeastern Chukchi Sea,
. . . Dep. Commer., NOAA, Natl. Mar. Fish. Serv.,and adjacent waters in the baseline year 1976. U.S.

of the S_helf reglo_n, _p”manly around theSeattle,Wash., NWAFC Processed Rep. (unnunbep. Commer., NOAA, Natl. Mar. Fish. Serv.,
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Figure 7.—Length-maturity relationship of Alaska plaice

in the eastern Bering Sea, based on data collected by U.S.
observers from the fishery.
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Table 6.—Prey diets of Alaska plaice in the Bering Sea. Table 7.—Polled prey diet and Index of Relative Im-
portance (IRI) of Alaska plaice in the eastern Bering

Authority Bering Sea area Major food items Sea (Lang 1992).
Skalkin (1963) Southeastern Benthic crustaceans, mollusks, polychaetes Frequency
: " of occurrence Numbers Weight

Mineva (1964) Eastern Bivalves, gastropods, polychaetes Prey taxa ) (%) %) RI

Feder (1977, 1978) Eastern Polychaetes, bivalves, amphipods, nemerteans

Allen?® (1984) Southeastern Benthopelagic, epifaunal, sessil infaunal preys Polychaeta 90.4 25.6 60.9 782

Zhang (1987) Eastern Polychaetes, amphipods, Echiura, Sipuncula Bivalvia 37.0 55 5.8 4.2

. . Amphipoda

Lang (1992) Eastern Polychaetes, amphipods, bivalves, decapods (Gammarida) 70.2 50.0 31 372

1Text footnote 4. Decapoda 4.7 0.3 0.2 0.02
Marine worms 47.7 11.3 29.0 19.2

. . . . . Echinod t 12.7 1.0 0.2 0.2
Feeding and Ecological Interactions Bering Sea and found the following.;, " 1) oos 01 0000

important prey items: bivalves such asiiscelianeous ~ 25.4 6.3 07 18

Food habits of Alaska plaice in theYoldia hyperboreaY. johannj and
eastern Bering Sea have been studiddacoma calcareagastropods such as
by Moiseev (1953)! Skalkin (1963)1Cy“0hna alba pOIyChaeteS such ASTable 8 —Results of Schoener's index of diet overlap
Mineva (1964), Feder (1977, 1978) Sternaspia scutataand Scalibregma (Schoener, 1970) between Alaska plaice, yellowfin sole,
.and rock sole of the eastern Bering Sea. Values were

Zhang (1987, 1988), Lang (1992), Langp.; Nephtydae; Terebellidae; amphizaiculated for the lowest possible prey taxonomic level
et al. (1995), and Allen (1984). pods; and ophiuroids. Other Bering Sead at the phylum level.

Skalkin (1963), Zhang (1987, 1988),StUdieS (Feder, 1977, 1978) also founsbecies Yellowfin sole Rock sole
Lang (1992), Lang et al. (1995), ancpolychaetes, bivalves, amphipods, ang .« wxonomic leve!

Allen* also studied trophic interactionsnemerteans to be major food items for Alaska piaice 0.127 0.299
amongAlaska plaice, yellowfin sole, and Alaska plaice. Allefi examined the  *l"™ *c* 0154
rock sole which share a similar habitat andtomach contents of Alaska plaice onh Riaska plaice 0313 0.787
have overlapping distributions. thesoutheastern Bering Sea shelf in 1982, Ye!lowfin sole 0517

According to Zhang (1987), theand found benthopelagic, epifaunal, and

stomach fullness of Alaska plaice wasessil infaunal prey in the stomachs.

lowest after midnight (0300 to 0600 h), Lang (1992) intensively studied theless than 0.3 for the lowest taxonomic
suggesting that feeding does not occdood habits of Alaska plaice from alevel but as high as 0.8 at the phylum
at night. Stomach fullness was greatestample of 513 stomachs, 64 of whiclievel. The highest values were obtained
in the afternoon (1500 to 1800 h) indi-were empty and 449 contained food. Ha® comparisons between Alaska plaice
cating that feeding seems to be activiound that polychaeta prey was the mostnd rock sole@(x,y) = 0.299 at the low-
during daytime, primarily on polycha- commonly occurring prey group, how-est possible taxonomic level but was
etes and amphipods regardless of sexer, gammarid amphipods were alseelatively high C(x,y) = 0.787) at the

and size. quite common. The other prey itemgphylum level). The most important
Table 6 shows prey items of Alaskavere bivalves, marine worms, decapodsommon prey of the two species was
plaice in the Bering Sea. Skalkin (1963and echinoderms (Table 7). polychaetes but the prey species of sec-

found that the major food items of Zhang (1987) found that the patterrondary importance differed; Echiura for
Alaska plaice in the southeastern Beringf food consumption by size group wa#\laska plaice and amphipods, Echiura
Sea were benthic crustaceans, molluskgery similar, with the most importantand Echinodermata for rock sole. The
and polychaetes. All three major foodprey being polychaetes (75.2% for fistdiet of yellowfin sole was different from
types werenot found to occur in stom- >30 cm and 63.3% for fish <30 cm).these two species with amphipods and
ach contents at the same time. Rather, tiidne next most important items wereEchinodermata as the most important
diet often consisted of polychaetes andmphipods (6.7%) and Echiura (5.7%jprey item. Overall, there was less over-
mollusks or only one of the three groupsfor the >30 cm group, and Sipunculdap in the diet between Alaska plaice
Mineva (1964) examined 190 stom+21.7%) and amphipods (11.6%) for theand yellowfin sole than between rock
achs of Alaska plaice in the easters30 cm group. Fish were only found insole and yellowfin sole.
the stomachs of the >30 cm group, usu- Skalkin (1963) stated that the degree
4 Allen, M. J. 1984. Functional organization ofally in small amounts. of food similarity between Alaska pla-
demersal fish communities of the eastern Bering To examine diet overlap amongice and yellowfin sole caught in the
e AN A e & Sl Alaska plaice, yellowfin sole, and rocksame trawl was more than 50%. He also
west Alaska Fish. Cent., 7600 Sand Point Waysole, Zhang (1987) used Schoener®und an unusually high degree of food
SN'AEII'eSnea:\/Itle’Jqugilsl\.liche <eareqation Of(1970) index of dietary overlap to com-similarity between Alaska plaice and
nearshore soft-bottom fishes ir? agsubarcticpare the §|m|lar|ty of their diets for tworock sole due to the consumption of
warm-temperature, and tropical environmenttaxonomic levels of prey (the lowestpolychaetes. Allehhypothesized that,
HBFXJ:'-N"‘E}”USC“ Onfile at U.S. Dep. Commer.tgxonomic level and the phylum level,on the ecological segregation among
Natl. Mar. Fish. Serv., NorthwestAlaska oy 0 gy The analysis indicated that diegpecies of fish, competitive species have

Fish. Cent., 7600 Sand Point Way, N.E. Seattle, . - e ; _
WA 98115. overlap between the three species wake same spatial distribution (habitat)
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and foraging behavior (niche), whilesole which have the most dissimilar dismarily of polychaetes and other worms.
noncompetitive species have either diftribution and lowest for Alaska plaiceThis supports Zhang's hypothesis
ferent feeding behavior or spatial dis-and yellowfin sole which have similar(Zhang, 1987) that the diets of Alaska
tribution. Evidence presented for thelistributions. plaice and rock sole are similar due to
three flatfish species considered here Lang etal. (1995) also examined foodheir reliance upon polychaetes, while
would tend to support the hypothesisabits of the three congeneric flatfishegellowfin sole differed from the two
that these species are not competitivin the eastern Bering Sea and detespecies due to the variety of prey items,
Schoener’s index of diet overlap wasnined that Alaska plaice exhibited theand their areas of highest abundance are
highest between Alaska plaice and rockarrowest diet selection, consisting prispatially separate (Fig. 8). Thus, com-
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Figure 8a.—Comparison of the distribution and abundance for Alaska plaice (white) and rock sole (dark) from the 1996

trawl survey.
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petition for similar prey items among  1.200,000 ¢
species appeared low. In conclusion,
food competition seems to be negligible "% 17

among the shallow-water flatfish spe-
cies inhabiting the eastern Bering Se&
due to differences in food spectra org
spatial distribution. We hypothesize thate
the abundance and distribution o
Alaska plaice may be less than that of
yellowfin sole, because Alaska plaice
are more specialized in terms of their
food habits.

Fluctuations in Abundance

Annual Changes in
Population Biomass

The annual estimates of biomass
from two age-structured models (Fig.
9) indicate a continuous increase in
abundance from 1971 through the midg
1980's and a declining level of abun-ﬁ
dance thereafter (Wilderbuer andg
Zhang, In press). The stock synthesis
model estimates indicate that the popu-
lation biomass increased steadily from
1971, peaking in 1984 at over 947,000
t. The population has been in decline
since, and the biomass is currently esti-
mated to be only 50% of the peak level.
The biomass-based approach to cohort
analysis similarly estimates a prolonged
period of increasing biomass since 1971
peaking in 1988 at 850,000 t and de-
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400,000 +

200,000 +

Zhang (19v8_7)~
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Figure 9.—Biomass estimates for eastern Bering Sea Alaska plaice from biom-
ass-based cohort analysis, stock synthesis, and annual bottom trawl surveys.
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Figure 10.—Year-class strength at age 6 for Alaska plaice as estimated by bio-
mass-based cohort analysis and stock synthesis.

Clining thereafter to 50% of the maxi_TabIe 9.—Estimated biomass and 95% confidence in-

tervals of Alaska plaice from U.S. bottom trawl surveys

mum level by 1995. Compared to then 1975 and 1979-97.

biomass-based cohort analysis mode,,,

Biomass (t)

95% Confidence intervals

syntlesis estimates suggest a higher biq;75
mass from 1971 to 1987. The two modzg7e
els show close agreement for 198793 1980

The annual bottom trawl survey esiees
timates indicate an increase in biomassss
from 1975 through 1984 and a stablgge.
trend during 1985-97 at levels rangingess
from 515,000 t to 700,000 t (Table 9)qop
Due to the large amount of variability1sse
associated with the trawl survey poin{3o’
estimates, the trawl surveys do not dess.
tect thedeclining trend in the population 123
biomass since the mid-1980's estimatefzgs

by the two age-structured models. iggg

103,500
277,200
354,000
535,800
715,400
743,000
789,200
580,000
553,900
564,400
699,400
534,000
522,800
529,100
530,400
515,200
623,100
552,300
529,300
643,400

82,989-124,105
191,893-362,504
288,224-423,706
409,912-661,742
587,034-843,783
614,060-871,887
560,625-1,017,735
457,966-701,990
383,587-724,212
409,133-719,572
309,641-1,089,139
372,787-695,183
386,807-658,775
393,436-664,703
378,004-682,871
377,428-652,954
479,130-767,028
380,524-724,060
344,200-714,400
498,000-788,300

Recruitment Strengths

1970’s and 1980’s which provided the
population increase. Synthesis model
recruitment estimates from the 1971—
77 period were higher than those from
the biomass-based model, resulting in
the higher biomass estimates observed
in the 1970’s and early 1980's (Fig. 9).
The population has declined as the large
year classes, which recruited at age 6
prior to 1988, are now older than the
age where they maximize their cohort
biomass. The lack of recruitment to the
fishable biomass in subsequent years has
contributed to the population decline.

Current Management
and Estimation of Yield

Maximum Sustainable Yield

Estimates of age 6 recruitment fronof light exploitation (Fig. 10). Estimates Estimates of MSY are 54,300 t based
the two age-structured models corrobosince 1989 suggest a lack of good reen the biomass-based production
rate the observed population increaseruitment relative to the consistentlymodel. The stock biomass that would
and subsequent decline during a periostrong recruitment estimated from theprovide this long-term yieldg,,g,) is
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