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INTRODUCTION

The most productive fisheries in the Atlantic region are in the
north, and are centered in the highly productive waters of Georges Bank
and the Gulf of Maine. This northern dominance of Atlantic fisheries is
partly an effect of the unique fish and shellfish production capacity of
the Georges Bank/Brown Bank/Gulf of Maine area, and (perhaps) partly
an artifact of the history of offshore fishing on the Atlantic coast. New
England fishing effort is rooted in its maritime past; catch statistics
reflect fishing effort as well as stock size. However, several stocks,
particularly of offshore shellfish {quahogs and surf clams), are approaching
or exceeding sustainable yields in the Mid-Atlantic Planning Area,
suggesting that the ranking of fisheries in decreasing productivity from
North to Mid to South Atlantic is a real phenomenon. Fisheries data are
difficult to interpret for comparative purposes because unutilized stocks
are seldom assessed and potential is generally not knnown. It may be
that certain populations of the less productive southern waters are simply
underexploited, and could be harvested did the markets and techniques
exist for there use,

All three planning areas of the Gulf of Mexico region support
important commercial fisheries. Estuarine dependent fish and shellfish
abound due to extensive nursery grounds in vegetated (marsh, swamp and
seagrass) coastal waters. Additional diversity is provided to the
ichthyofauna by reef areas in the southern Gulf off Florida and Texas.
Due to the estuarine dependence of most important species, we have
reemphasized discussion of ichthyoplankton in the Gulf region. Abundance
and diversity of finfish and shellfish (including shrimp, scallops and
oysters) and commercial value of such resources reflect coastal rather
than pelagic conditions. In the text whiich follows, we have treated fish
and shellfish of the eastern Gulf with a detailed discussion of
ichthyoplankton. CGUL and WGUL have not been studied as intensively
from the viewpoint of ichthyoplankton, and we have combined
ichthyoplankton and fish and shellfish discussions.

Very productive fisheries in the Pacific region, as measured by
total landings, occur in SCAL. However, many of these fisheries depend
on species caught far from the coast and brought to port in populous
southern California. The coastal waters do support commercial fin- and
shellfish eries particularly in the kelp beds around the Channel Islands.
Commercial and recreational fisheries based on anadromous species
(salmon and trout) in NCAL and ORWA are very important, in terms of
both catch and economic value.

An index of fish and shellfish abundance for the Gulf of Alaska
Planning Areas (Figure 1) was calculated by summing optimum yields for a
number of commercially important fish, and recent harvest totals for
crabs and shrimp, then scaling by relative sizes of Planning Areas. The
Kodiak (KODK) and Shumagin (SHUM) Planning Areas clearly stand out as
having the highest fisheries yields of the four Gulf of Alaska OCS
Planning Areas. The Kodiak region has been an historically productive



fishing and whaling ground, and contains important spawning grounds for
halibut, pollock and other valuable species.

The southeastern Bering Sea supports one of the world's largest
and most productive fisheries. A large proportion of the Bering Sea
catch of fish and shellfish comes from the St. George Basin (SGBA) and
North Aleutian Basin (NABA). This general area also contains the largest
biomass of demersal fish and invertebrates within the southern Bering
Sea. Throughout the Bering Sea, fin fish, shellfish and other
invertebrates are prey for many millions of seabirds and marine mammals.

Generally, the more nothern Planning Areas in the Bering Sea (St.
Matthew Hall, Navarin Basin and Norton Basin) produce smaller
commercial catches of fish and shellfish than SGBA and NABA.

Fish and benthic resources in the central and northern Bering Sea,
however, are exceptionally important to seabirds and marine mammals.
Benthic infauna which seldom are included in fisheries statistics, reach
high densities on the northern Bering Sea shelf (SMHL and NORB), and
are quite important to mammalian benthic feeders: gray whales, walrus
and bearded seals.

The Artic OCS Planning Areas (Hope Basin, Chukchi Sea, and
Beaufort Sea) generally are less productive of fish, shellfish and benthos
than other Alaska Planning Areas, reflecting the limitations imposed by
long periods of darkness, low temperature and prolonged ice cover,
Fisheries are limited to subsistence catches. Nevertheless, fish and
benthic resources in these Planning Areas support large populations of
sea birds and marine mammals, so that these regions are far from
unproductive of fish and benthos.

In summary, four Planning Areas stand out as the most productive
of fish and shellfish within the Alaska Region. In decreasing order of
apparent productivity, these are: SGBA, NABA, KODK and SHUM.



NORTH ATLANTIC

FINFISH AND SHELLFISH

The Strategic Assessment Branch, Ocean Assessment Division, NOAA, has
analyzed finfish and shellfish resources from both the North Atlantic and Middle
Atlantic OCS Planning Areas in conjunction with proposed OCS Lease Sale 82.
Table 1 summarizes data for the most important commercial species.

Sea scallops were the most valuable species economically. However, they
ranked only tenth in total harvest (fish and shellfish combined). North of Cape
Cod, the sea scallop is frequently found just below the low tide line, in
contrast with the Middle Atlantic Bight where temperature preferences restrict
it to deeper waters. In the NATL, the greatest. sea scallop densities occur on
eastern Georges Bank (now Canadian) (Grosslein and Azarovitz 1982).

Atlantic cod rank first. in both total catch and economic value of finfish.
Four stocks are hypothesized to exist off the New England coast: 1) Georges
Bank east of 68° west; 2} Gulf of Maine north of Provincetown, Massachusetts;
3) southern New England, south and west of Nantucket Shoals; and 4)
mid-Atlantic coast, which stock spends part of the year mingled with the
southern New England population. The mid-Atlantic stock favors water
temperatures between O and 10 degrees and the population overwinters off the
coasts of New York, New Jersey and the Chesapeake peninsula.

Current estimates of maximum sustainable yield for cod from New England
waters are 40,000 to 45,000 metric tons. Cod are becoming increasingly
important in the recreational catch from this area. The 1970 U. S. Marine
Recreational Survey (Deuel 1973) estimated that more than 16,000 metric tons
of cod were caught by recreational fisheries from New York to Maine (most
were taken from waters of the New York Bight). By comparison, the commercial
catch for the same area in 1970 was 24,000 metric tons (Grosslein and Azarovitz
1982).

The most productive areas in NATL include Nantucket Shoals, Georges
Bank and the Gulf of Maine, particularly the southern portion of the latter.
Despite heavy fishing pressure, Georges Bank is still one of the most productive
areas of the western Atlantic (Cohen and Grosslein in press).

The latest available commercial fisheries statistics (1982-1984) are
considered preliminary until published, but show some interesting trends in
catches(NMFS 1985 b). Table 2 summarizes commercial catches and economic
value of the most important finfish in the NATL OCS Planning Area. Atlantic
cod, menhaden and herring comprised the greatest commercial catches and the
roost valuable fisheries were for cod and various flounders. Swordfish and
bluefin tuna brought the highest prices per pound but the relatively small
catches caused them to be ranked sixth and seventh in overall economic value.
Over half of the commercial finfish catch was landed in Massachusetts, 149
thousand metric tons out of a total of 260 thousand merit tons. Landings at
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Table 1. Summary of 1977 catch statistics for most important New England
fisheries.

Species Total catch Economic vaue
(10°metric tons) (103 $)
Atlantic herring 50.17 $ 4,957
Cod 34.32 17,096
Yellowtail flounder 16.21 16,942
Ocean perch (adult) 15.02 5,357
Whiting 14.88 2,820
Pollock 12.85 4,072
Haddock 12.85 9,318
Winter flounder 9.06 7,182
Dab (flounder) 7.09 4,913
White hake 4.96 1,409
Scup 3.82 1,383
Summer flounder 2.52 3,071
Gray sole (flounder) 2.49 2,702
Sand flounder 1.75 908
Alewife 171 139
Swordfish 1.30 3,760
Cusk edl 1.24 462
Angler fish (goosefish) 124 989
Red hake 1.13 210
Lemon sole 0.86 943
Unclassified 23.79 1,514
TOTAL FISH 226.6 95,214
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Table 2. Commercial catches and economic value of the most important
finfish in the NATL OCS Planning Area (New England Region) {NMFS
1985b, 1984b, 1983b).

Species Landings 1982-1984 Economic Value 1982-1984
103mt Thousand Dollars
Total Average Total Average
Atlantic cod 141. 32 47.11 110, 186 36, 729
Atl antic nenhaden 112.56 37.52 5,127 1,709
Atlantic herring 88. 96 29. 65 10, 059 3,353
Fl ounders (Atl.) 60. 46 20. 15 72,862 24,287
Pollock 46.12 15.37 18, 839 6, 280
Yel |l owt ai | fl ounder 67.97 22.66 84, 705 28, 235
Whi ting 37.57 12.51 12,634 4,211
W nter flounder 41. 37 13.79 49,813 16, 604
Haddock 46. 89 15. 63 59, 627 19, 876
Butterfish 21.92 7.31 13, 703 4,568
VWi te hake 19. 39 6. 46 7,225 2,408
Ocean perch (atl.) 20. 16 6.72 12,199 4, 066
Scup or Porgy 11.10 3.70 10, 232 3,411
Sunmmrer  f | ounder 10. 08 3.36 18, 631 6,210
Cusk 5.66 1.89 3,042 1,014
Red hake .4.65 1.55 1, 203 401
Atlantic mackerel 4.18 1.39 1, 967 656
Swor df i sh 3.43 1.14 21,948 7,316
Bl uefin tuna 2.58 0. 86 16, 604 5,535
Bl uefi sh 2.55 0. 85 1,014 338
O her finfish 28. 46 9. 49 13,418 4,473
TOTAL 794. 42 556, 384 185, 461
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Massachusetts ports accounted for 64.6% of the 192.4 million dellar commercial
fishery in the NATL Planning Area

Estimated numbers and weights of fish caught by marine recreational
fisheries in NATL from 1980 through 1982 are summarized in Table 3. Winter
flounder and bluefish dominated recreational catches by number caught, and
bluefish accounted for highest total weight landed. Magnitude of total
recreational catch is underestimated in this analysis, because catch estimates
are based only on fish brought ashore in identifiable form for interviewer
identification and enumeration. Fish used for bait, filleted on board, discarded
dead or released alive are not included in these estimates. The 1980-1982
recreational catch accounted for seven to ten percent of commercial landings.
Recreational landings in 1982 were highest in Massachusetts (27,183 thousand
fish), followed by Connecticut (10,385 thousand), Rhode Island (8,149 thousand),
Maine (2,171 thousand) and New Hampshire (812 thousand) (NMFS 1985 b).

Table 4 shows 1982 through 1984 commercial shellfish landings for the
NATL Planning Area. American lobster dominated the catch both in total
landings and in economic value. Long-finned squid {Loligospp.) and “other” crabs
ranked second and third in weight landed, and sea scallops and hard clams
ranked second and third respectively in economic value. Massachusetts and
Maine accounted for most landings. 47% of lobster catch was landed in Maine,
and 81% of total sea scallop catch was landed in Massachusetts.

1977 New England shellfish catch statistics are summarized in Table 1.
More recent data {1982-1984, Table 5) show great increases in catch of surf
clams, ocean quahogs and sea scallops. For example, in 1981, 67,000 metric tons
of sea scallops valued at 71 million dollars were landed in New England
(Anderson 1984).

ICHTHYOPLANKTON

Several general trends are apparent from analysis of 1977 through 1979
MARMAP ichthyoplankton survey data (Smith et al. 1980). Taxonomic diversity
decreased with increasing latitude. Pelagic eggs were most abundant in spring
and summer, and larval abundance peaked in winter and again in late spring and
summer. The winter larval peak was due to sand lance, Ammodytes, a dominant
demersal spawner. Summer larval peak was due to the presence of several
species in the ichthyoplankton, and seasonal changes in species composition were
consistent among years.

Initial spawning success during spring and summer is influenced by onset
of warming of the water column. Early spring warming is followed by greater
spawning success than late warming, possibly in association with greater
concentrations and biomass of phytoplankton and zooplankton.

Fish eggs were scattered or absent in winter (late February to mid-March),
with greatest seasonal abundance over Georges Bank. However, we note that
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Table 3. Estimated total number and estimated weightl of fish caught
by marine recreational fishermen in the North Atlantic OCS Planning
Area (NMFS 1984a; NMFS 1985a).

Speci es Catch #Fish x 10° Vei ght 103me
1980- 1982 1980- 1982

Tot al Aver age Tot al Aver age
Wnter flounder 33, 855 11, 285 10. 64 3.5.5
Bl uefi sh 26, 801 8,934 18.94 6.31
Scup 16, 825 5, 608 3.96 1.32
Pollock 8, 740 2,913 1.85 0.62
Cunner 5, 446 1, 815 0. 34 0.11
Atlantic cod 9, 507 3,169 7.93 2.64
Snel ts 2,230 743 0. 16 0.16
Fl ounders 3,728 1, 243 0.52 0. 17
Atlantic mackerel 4,251 1,417 0. 64 0.21
Tayt og 3,906 1,302 3.75 1.25
Sculpins 2,964 988 0.43 0.43
O her fishes 2,878 959 1.33 0. 44
Sunmrer f | ounder 3,323 1,108 1.09 0. 36
Tunas/ mackerel s 404 202 0. 36 0. 36
Sea robins 3, 284 1,095 0.01 0.01
Striped bass 845 282 1.40 0.70
TOTALS 135, 592 45, 197 55. 16 18. 39
1 An estimate of Part of the total catch, based on fish brought

ashore in whole form available for interviewer identification
and enuneration, from which sanples of |engths and weights were
obt ai ned. Esti mate does not include fish used for bait,
filleted, discarded dead or released alive.
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Table 4. Commercial catches and economic value of the most important
shellfish in the NATL OCS Planning Area - New England Region (NMFS
1985b, 1984b, 1983 h).

Speci es Landi ngs 103mt Economi ¢ Val ue 10°
Dol | ars

Tot al Aver age Tot al Aver age
Anerican | obster 54. 82 18. 27 292, 651 97, 550
Squid - Lol igo 14.54 4.85 9,573 3,191
Crabs - other 7.16 2.39 5, 463 1,821
Sea scal l ops (neats) 18. 57 6.19 197, 653 65, 884
Surf clans (neat) 6. 68 2.23 7,519 2,506
Northern shrinp 6.33 2.11 7,797 2,599
Soft clanms (neats) 8. 65 2.88 40, 977 13, 659
Hard cl ans (meats) 7.39 2.46 52, 166 17, 389
Cl ams- ocean quahogs 4.60 1.53 3,688 1,229
Bay scallops (neats) 1.87 0. 62 22,264 7,421
Oysters (neats) 1.54 0.51 14, 624 4, 875
Squid, Illex 0.77 0.26 239 80
O her shellfish 18. 90 6.3 29,162 9,721
TOTAL 153. 90 51. 30 685, 260 228,420
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Table 5. Summary of 1977 catch statistics for most important New England

shellfish fisheries.

Species Total catch Economic value
(103 metric tons) (103 $)

Crabs

Jonah crab 0.36 138

Rock crab 0.70 163

Unclassified 1.24 922
Total Crabs 2.30 1,226
Lobsters, American 13.65 54,850
Clams

Hard 1.07 5,302

Ocean quahog 1.33 $42

soft 3.79 10,274
Total Clams 6.50 15,875
Mussels 1.14 895
Oysters 0.41 2,130
Scallops

Bay 0.47 3,085

Sea 8.08 29,721
Squid 2.03 1,018
TOTAL SHELLFISH 37.09 112,007
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abundance estimates for Georges Bank and the Gulf of Maine were based on
insufficient survey coverage in the 1977 through 1979 survey years. Atlantic cod
(Gadua morhua and/or haddock (Melanogrammus aeglefinus). eggs (early stage
eggs of these species are nearly impossible to differentiate by standard
taxonomic techniques) were moderately abundant around the perimeter of
Nantucket Shoals, with a moderate concentration of offshore hake (Merluccius
albidius) eggs near the shelf break south of Long Island. Sand lance larvae
accounted for 98% of winter larvae, with the center of distribution off southern
New England.

Greatest egg abundance in spring (mid-April to mid-May) was over Georges
Bank. Haddock, Atlantic cod and yellowtail flounder (Limanda ferruginea)
dominated egg populations on eastern portions of Georges Bank and in the Gulf
of Maine, where concentrations of these species were moderate over Browns
Bank. Egg populations at shoreward stations on Stellwagen Bank and in Cape
Cod Bay were dominated by American plaice (Hippoglossoides platessoides).
Spring egg populations in generai in southern New England were dominated by
yellowtail flounder, with local dominance at some stations by pollock (Pollachius

Spring larval populations were dominated by sand lance, Atlantic cod, and
haddock. A few stations on Georges Bank were dominated by American plaice.

In May, Atlantic mackerel {Scombrusscombrus) spawn off southern New
England, and dense concentrations of mackerel and yellowtail flounder eggs were
found from southern New Jersey to Georges Bank. Near the shelf break along
Georges Bank, silver hake {Merluccius bilinearis) and tusk {Brosme brosme} eggs
were abundant. In the Gulf of Maine, mackerel, silver hake, American plaice and
yellowtail flounder eggs dominated the late spring egg drift.

Summer egg populations (mid-June to early September) were dominated by
Cunner (Tautogolabrus adspersus} nearshore off southern New England, with
silver hake and American hake offshore. Larvae on Georges Bank were
predominantly hake and silver hake. In the remainder of southern New England,
tautog (Tautoga onitis}), windowpane flounder, silver hake and American hake
comprised a dense mixed ichthyofauna. In the Gulf of Maine, redfish {Sebastes
marinus) were found in the deeper central basin and small Atlantic herring
occurred in northern areas.

Egg abundances declined in October in New England waters. Most of the
Gulf of Maine and portions of Georges Bank were void of eggs. Moderate
abundances of summer flounder_{Paralachthys dentatus) eggs were scattered
along the inner half of the shelf off southern New England. Hake eggs occurred
along the shelf on the southern part of Georges Bank. Egg distributions in the
Gulf of Maine were restricted to the western part around Stellwagen Bank,
where nearly all eggs were pollock. Atlantic herring larvae were found in the
Gulf of Maine, and some hake and silver hake south of Nantucket Shoals and on
Georges Bank.
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In November and December, Atlantic cod eggs occurred in the portion of
the shelf that was surveyed, but pollock eggs were most abundant on Georges
Bank and in the Gulf of Maine. Low to moderate concentrations of summer
flounder larvae were found off southern New England. Larvae were absent or
scattered over most of Georges Bank and in the Gulf of Maine, except in the
western portion where Atlantic herring larvae remained.

Recurring patterns of egg and larval distributions and abundance emphasize
the importance of shoal areas as spawning grounds. Fish eggs and larvae were
consistently more abundant along the inner half of the shelf in the southern
New England and Middle Atlantic subareas. Nantucket Shoals, an area too
shallow to survey, is an important spawning area for several species. Likewise,
on Georges Bank dense concentrations of eggs and larvae occurred over the
shallow waters on the center of the Bank, and in the Gulf of Maine, abundance
estimates were highest in the shallow areas around the periphery of the Gulf
(Smith et al. 1980a),

Table 6§ summarizes the spawning times of 42 fish species arranged in six
groups based on life history patterns. Most of these species are spring and
summer spawners, and begin their life cycles at the time of spring warming.
Thus, spawning for these species generally occurs later on the Nova Scotian
shelf and in the Gulf of Maine than in southern New England and on Georges
Bank (Smith 1983). The following discussion reviews stock assessments, with
comments on spawning patterns on larval distributions, of some commercially
valuable species of fish and squids.

Atlantic herring (Clupea harengus} begin spawning in the eastern Gulf of
Maine region and on the Scotian Shelf in August; spawning is concluded in this
area by November. Spawning typically progresses to the western Gulf of Maine
in September and ends there in December. Prior to the collapse of the spawning
stock by 1977, herring used to spawn on Georges Bank from September to
December, with peak activity during late September and early October. The
southernmost extension of significant spawning occurs during October (W. G.
Smith et al.1980b, Smith 1983). Status of northwest Atlantic herring stocks are
reviewed by Sindermann (1979) and by Fogarty and Clark (1983). Herring stocks
along the entire northeast Atlantic coast are very low. During the 1980-81
spawning season, as in the previous three years, herring larvae were centered
along the western and northern reaches of the Gulf of Maine where they
occurred in moderate to low densities. Autumn 1980 marked the first spawning
season within the last 25 years that Atlantic herring larvae were not caught
during the autumn-winter period on Georges Bank, the center of spawning
activity during the 1960's and early 1970's (W. G. Smith et al. 1981 b). In coastal
Maine, nominal 1982 catches showed a drastic decline from 1981 levels, and
recruitment assessment indicates that short-term outlook for population densities
is not promising (Fogarty and Clark 1983).
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Table 6. Spawning seasons for principal coastal species off the northeastern
U.S. {from Smith 1983).

Southern New England Georges Bank Gulf of Maine

Boresl (shallow) species

Se aherring
Americin plalce
Atlantic cod
Pollock.
Haddock

Boresl {deep) specles

[TCh {Tounder

Ott-oac (Qxt)
Feb=Jun A r—Napﬁ‘*
No v-Hay' {Rov-Har
Oct-Har (Dcc-dan‘
Jan-Hay (Har-Ape

Apr-Aug (May-Jun}

Sep-Dec (Sep-Oct
Feb-dun (Apr-Hay
MHov-Hay (Feb-Har)
Oct -Har (Dec-Jang
Jan-Kay (Mar-Apr

Apr-Aug (Hay-Jdua)

Aug-Dec
Feb-Jun
Nov-Hay (Har-May
Ott.H~r {Nec=Jan
Feb-Hay (Har-Apr

Apr-Aug (flay =Jun)

© Redlish AprJul iNay-Jung“ Apr-Aug (Jun-Jul ) * Apr-Aug Jun-Jul
Cusk Apr=Jul {Apr-May Apr-Jul (Apr-May Y Apr-Ju? Apr-Kay
Holflfish Hone reported Nov-~Jan pesk unknown) Hay-Jaa peak unknowa)

.Attantic argeatine
Thorny skate

Werm witer specles
Bluel{sh
Korthern searobin
Scup
Longfin squid
Fours pot flounder
Susmer flounder
Sutterfish

turyptheréa\ species
O¢ean pout
Longhorn sculpian

Hone reported
Probably none

Kay-Aug (Jul )
Jun-Ott (Aug-Sep
Hay-Aug (May-Jdun
Apr-Sep (Jua
Jua-Aug (Jul
Aug-Hov (Oct
Hay~Sep (J{Jul

Sep-0ct  Oct)

Kone reported
A1) year {Apr-Sep)

None reported
Hone reported
Nane reported
Ape=dul {Jun}
Jun-Aug {Jul -Aug
Sep-Hov Oct;
Jun-Sep (Jul

Sep-Ott (Sep)
Nov-Feb (Oec-Jdan

Mar-Nay |Hae}
Al] year {(Apr-Sep)

None reported
Hone reported
None reported
Jul (Jud)

Hone reported
Hone reported
Jun-Sep {Jul )

Sep-Ott $ep }
Nov-Feb (Dac-Jan)

Kov-Feb |Dec-Jan
Yellowtal! flounder.  Apr-Aug {May-Jun Apr-Aug {Hay-Jdun Apr-Aug Bun)*
Winter flounder Fe b-Hay Fe b-Har Kar-Hay (Apr) Apr-Hay r
Hindowpane Kay-Nov |Sep) Jun-ott Wul-Aug) Jua-Oct { Jul-Aug)

Little skate
Winter skate,

Stenothermal specles
Hed hike
Spiny dogfish
Silver hake

A 11 year (Hov-JandJun-Jul
Al Tyear ,Apr-MaylNov-Feb|

Mar-Oct (Aug-Sep)
Kov-Feb {Jan
Apr-0ct [Jun

All yew ?{'av-‘hn LJun-Jdui
Apr-HaydNovy-Feb

All year

Sep-Hay (Jan-Har

Hay-Sep Jun-Julz
Apr-Oct {Hay-Augg

All gar (Ott-Jtn]
Aug-Nov (Sep)

Hay-Sep {Jun-Jul )
None reported
Jun-Oct {Jul-Aug)

Sea raven Oct-Dec (Nov-Dec) ott-Oec {Hov) Oct-Dec (Nov)
Cuaner Apr-Oct {.lua) . Hay-Aug (Hay-Jun) Jun-Sep (Hay-—Jua
American lobster Hiy-Aug {May-Jul Jun-Aug {Jul-Aug) Jul~Aug {Jul-Aug
Vhite hake Oct-Mar {Cec-Feb Oct-Hay [peak unknown} Kov-Apr [peak usnkaowa}
Gooselish Lpr-Aug (-lun) Jun-Aug {(Jun-Jul) Jun-Sep {Jun-Jduil}
Other . R
ATewite , Kar-Apr (Apr) Hone reported Apr-Hay (HaMay N
Blueback Apr=Jun flay) Hone reported Hay-dun {dun}
Sand lance Kov-Har [Jan-Feb) Hov-Rir (Jan-Feb Dec-Apr {Feb-Har)
Atlantic mackerel Ape-Jun (May} Apr-Jul (Hay-Jun) ° Hay-Jul [Jua)st
Guif Stream flounder  J,un-at {Jul-Aug} Jun-Oct {Jul-Aug None reported

Rock crad

Al | year (Kpr-Jua}

A1 1 year {Apr-dun

AYY year {Apr-dua)

Jondh crab Jul (Jul)
Sea Scallop Jul-Sep {Aug) sep-Ott (Sep-Oct} Aug-Ott (Aug-Sep)
Sword({sh None regorted Hone reported None reported

10
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Atlantic cod spawn from late November to April or May, depending on
latitude (Smith et al. 1979 b). The period of peak spawning is related to
environmental conditions. During 1978-79, the third in a succession of three
severe winters, cod spawning peaked in spring, the same pattern observed during
the record cold winters of 1976-1977 and 1977-1978 (Smith et al. 1981a). Cod
larvae are centered over the eastern half of Georges Bank with lesser
concentratinos in the Gulf of Maine and off southern New England. Haddock
spawn from February to June and bottom temperature is an important factor
determining onset and duration of haddock spawning (Smith_et al. 1979b). Major
concentrations of haddock larvae are centered over the eastern half of Georges
Bank, with lesser concentrations in the Gulf of Maine and southern New
England waters.

Year class strength in both cod and haddock is apparently controlled by
the same factors. Both species produced two relatively strong year classes, in
1974-75 and in 1977-78. Moderate winter weather occurred during 1974-75 while
1977-78 was abnormally cold. Thus, winter weather conditions do not seem to
directly influence year class success, although such conditions do affect
temporal spawning patterns (Smith et al. 1981a). Evidence suggests that
anomalous advective processes may play a large role in establishing year class
success for fishes spawned on Georges Bank. Mean circulation on the Bank is
described as a clockwise gyre, a feature that tends to retain planktonic
organisms with its bounds. Although the gyre is believed to be fairly constant,
mounting evidence suggests that episodic anomalies frequently disrupt the
pattern. Two anomalies that could adversely affect cod and haddock larvae are
the on/off movement of the shelf water/slope waterfront, and warm core rings
which spin off the Gulf Stream and move westward along the southern flank of
Georges Bank (Smith et al. 1981a).

Cod and haddock were among the most heavily exploited demersal stocks
during the late 1960's and early 1970's, a time of intense fishing pressure which
saw a 50% reduction in biomass of principal fish species (Clark and Brown
1977). Cod spawning stocks on Georges Bank were reduced to 50,000 metric
tons by the mid-1970’'s, the lowest since 1965 when they exceeded 110,000
metric tons. Haddock stocks on the Bank, estimated at 250,000 metric tons in
1966, were reduced to 23,000 metric tons by 1972, an apparent all-time low
(Smithet al. 1979 b). Recruitment simulations of haddock stocks on Georges Bank
and in the Gulf of Maine suggest that if current fishing levels are maintained,
potential for stock recovery and catch improvement is low (Overholtz et al.
1983).

Nearly all yellowtail flounder (Limanda ferruginea) spawning occurs from
mid-April to late June at bottom temperatures of 4 to 9 “ centigrade. Larvae
first appear in April on Georges Bank and in May in the southwestern Gulf of
Maine. From 81 to 95% of larvae caught in 16 MARMAP cruises (1977-1981)
were spawned on Georges Bank and southern New England (Silverman 1983).
Annual landings peaked at 57,500 metric tons in 1969, but dropped sharply in
the 1970's due to decreased population leves (Clark et al. 1981). Abundance and
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recruitment increased in 1982 relative to 1981 levels in southern New England
and on Georges Bank (McBride and Clark 1983).

Silver hake (Merluccius bilinearis) begin spawning during early May in
southern New England, in late May on Georges Bank and in July in the Gulf of
Maine (Silverman 1982). Peak spawning occurs in July and August. Larvae were
found in the Middle Atlantic Bight between May and December, with peak
abundances in September. Most larvae occur on the shelf between Hudson
Canyon and Martha's Vineyard (Fahay 1974). Larval transport is negligible,
apparently because of diel-depth distributions. Most silver hake larvae are found
at depths of approximately 30 meters during the day, rising to about 15 meters
at night. By remaining at these depths, they are not subjected to the major
advective processes that influence planktonic distributions in near-surface strata
(Silverman 1982).

Offshore hake (M. albidua) larvae primarily occur along the shelf edge and
slope, usually at depths greater than 100 meters. Smallest offshore hake larvae
occur between May and October, and they are most numerous in June and July
on Georges Bank and in southern New England {McKenney 1983). Silver hake
larvae were approximately ten times more abundant than offshore hake larvae
during the five years of MARMAP survey data reported by McKenney (1983).

Catch of Atlantic mackerel (Scomber scombrus) declined between 1981 and
1982, with the United States and Canada accounting for the bulk of the total
international harvest (Anderson 1984). High recruitment success in 1980-1982
year classes has increased harvestable stocks considerably, and at current or
reasonable projected catch rates, Atlantic mackerel populations should continue
to build (Anderson 1984).

Butterfish {Peprilus triacanthus} are short-lived, and population levels are
high dependent on recruiting year class (Waring and Anderson 1984). Stocks
were high in 1984 due to strong recruitment in the 1983 year class, but recent
changes in processing for sale (packing a “"supersmall” category) may result in
heavy fishing and/or discard pressure on first year populations with subsequent
depletion of future stocks (Waring and Anderson 1984).

Long-finned squid_{Loligo pealei} catches were high in 1982 and in 1983
projections (Lange 1983a), while short-finned squid (illex illecebrosus) catch was
low in 1983, and low recruitment projection forecast reduced availability (Lange
1983b). Stocks of both species, however, are sufficient to support current
fisheries and/or optimum vyields.

Witch flounder (Glyptocephalus cynoglossus) spawn over a long season, with
peak activity in May and June {Coltonet al. 1979). Spawning grounds cover
broad areas of the western Gulf of Maine, and shelf water circulation
transports some larvae south across the continetnal shelf south of Georges Bank
{Markle 1975). This species was once managed under regulations governing the
“other flounders” group of International Commission for Northwest Atlantic
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Fisheries. However, catch has increased in recent years, and current levels of
harvest are probably greater than those which the population can support. The
species may be included in the Atlantic Demersal Finfish Plan of the New
England Fishery Management Council {Burnett and Clark 1983).

Redfish {Sebastes facsciatus) landings have declined considerably since the
1970's and demographic parameters indicate an unbalanced population that is
extremely sensitive to recruitment. Projections indicate poor recruitment to the
population, and continued fishing at current levels will result in continued stock
declines (Mayo et al. 1983).
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MID-ATLANTIC

FINFISH AND SHELLFISH

Cape Hatteras and Cape Cod have long been recognized as important
zoogeographic barriers in the Northeastern Atlantic, and the region between
them is designated the Middle Atlantic Bight. Nevertheless, for the purpose of
faunal classification, Grosslein and Azarovitz (1982) have included the area from
Cape Hatteras to and including the whole of George’'s Bank as part of the
“mid-Atlantic region. ” This reflects the fact that the Bank is an extension of
the Continental Shelf proper and in the summer provides suitable habitat for
many warm-water finfish species. These authors, using data obtained from spring
and autumn MARMAP trawl surveys, have reported 180 fish species from this
broad region. Of these, only ten (dusky shark, snake eel, blueback herring, lined
seahorse, striped bass, tilefish, scup, blackbelly rosefish, summer flounder, and
windowpane flounder) are considered principal residents of MATL waters.

No where else in U.S. coastal waters is there as large a seasonal
temperature change as in the Middle Atlantic Bight. For example, in the New
York Bight surface temperatures range from a maximum of 26°C in summer to
<1°C in winter. The extremes of this range decrease with depth; near the shelf

edge at the 150-200m isopleths temperatures range only 7-13°C (Grosslein and
Azarovitz 1982).

The Strategic Assessment Branch, Ocean Assessments Division, NOAA, has
analyzed living marine resouces for MATL OCS Lease Sale No. 76 (NOAA
19829). Data for range, spawning, and abundance of twelve species of
commercial fish and shellfish are tabulated and mapped. (Species included are
deep-sea scallop, American lobster, surf clam, ocean quahog, long-fin squid,
short-fin squid, yellowtail flounder, summer flounder, winter flounder, scup,
tilefish, and bluefish.) The data include consideration of relative economic value
of each species.

Results indicated that the density of marine species in the canyonheads is
approximately five-fold greater than in other areas (for the seven MARMAP
commercially important species examined). MARMAP data do not exist for the
other five species included in the analysis, such as the tilefish {Lopholatilus
chamaelonticeps). Approximately 24% of the spawning and 16% of the range of
the tilefish in Lease Area 76 are located _in the canyonhead tracts, and these
habitats also important to populations of American lobster (Homarus americanus,
22%), long-fin squid {Loligo pealei, 16%), and scup (Stenotomus chrysops, 32%)
(NOAA 1982a). The highest densities of sea scallop in the MATL also occur in
the vicinity of the Hudson, Baltimore, and Norfolk Canyons. As a result of the
analysis, NOAA recommended that canyonheads tracts be deleted from the OCS
Lease Sale.

The “shelf break zone” is also a relatively productive subregion of the
OCS Lease Sde 76 area of the MATL. MARMAP trawl surveys indicate this to
be a region of high fish abundance, comparable to the mouths of the
Chesapeake and Delaware Bays and the productive New York Bight.
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Commercially important concentrations of lobster, long-fin squid, and scup occur
here, as well as nearly half of the spawning grounds and more than 50% of the
range of tilefish. However, more information is needed to fully assess the size
and composition of fish stocks in these waters (NOAA 1982a).

Catch statistics for the most important finfish species in the MATL are
summarized in Table 1 - Middle Atlantic Region (New York, New Jersey and
Delaware) and Table 2 - Chesapeake Region (Maryland and Virginia). Whiting,
scup, and summer flounder dominated the Middle Atlantic catches (Table 1),
whereas menhaden, summer flounder and weakfish (gray sea trout) dominated
Chesapeake catches {Table 2).

Total commercial catches in the MATL Planning Area for 1984, 51
thousand mt, were less than 20% of the 260 thousand mt landed in the NATL
region. Summer flounder were the most valuable fishery followed by swordfish
and tilefish in the Middle Atlantic Region and striped bass and weakfish in the
Chesapeake Region. Analysis of landings by state indicated that Virginia (18
thousand mt) and New Jersey (16.6 thousand ret.) led the region in total fish
landings. Note, however, that preliminary landings of menhaden in Virginia are
severely underestimated. There are only two companies that fish for menhaden
from Reidville, Virginia, neither of which wants their competitor to know the
size of their catches. (Cluney Stagg, Chesapeake Biological Laboratory, personal
communication, June 1985}.

Table 3 summarizes estimated total numbers and estimated weights of the
marine recreational fisheries catch in the MATL OCS Area for 1980-82, the
most recent data available. Bluefish and summer flounder dominated recreational
catches, both in total numbers caught and in estimated weights in 1980. During
1981 spot and bluefish ranked first and second in total numbers caught; bluefish
contributed most to the totai weight of the catch - 41. % of the 42.3 thousand
mt landed. Greatest numbers of summer flounder, bluefish and black sea bass
were caught in 1982; again bluefish dominated the recreational catch in terms
of total mt landed. The total estimated recreational catch decreased in 1982 to
36.6 thousand mt less than half of the 78 thousand mt landed in 1980. Catches
of bluefish, summer flounder and weakfish declined the most during these three
years {Table 3). Estimated commercial finfish catches for the MATL Region
during 1980-82 were 70.76, 59.61 and 57.31 thousand mt respectively.
Recreational fisheries caught significant amounts of fish in the MATL Region;
from 1980-1982 the estimated total weight of the recreational catch was 110%,
71% and 64% respectively of the total commercial fisheries harvests for those
three years. (NMFS 1981a, 1982, 1983a).

Catch statistics for the most important commercial shellfish species in the
Middle Atlantic and Chesapeake Regions are summarized in Tables 4 and 5. Surf
clams and ocean quahogs dominated Middle Atlantic catches whereas blue crabs
and surf ciams comprised the greatest catches in the Chesapeake Region. Blue
crabs were the most valuable commercial shellfish. The total economic value of
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Table 1. Commercial catches and economic value of the most important
finfish in the MATL OCS Planning Area (Middle Atlantic Region) (NMFS,
1985b, 1984b, 1983a).

Species Landings 1982-1984 Economic Value 1982-1984
103mte Thousand Dollars
Total Average Total Average
Whi ting 15. 65 5.23 8, 562 2, 854
Summer fl ounder 9.61 3.20 15, 877 5, 292
Scup Or porgy 10. 04 3.35 10, 797 3, 599
Tilefish 5.53 1.84 12,802 4, 267
Weakfi sh 5.72 1.91 5,941 1,980
(gray sea trout)
Bl uefi sh 5. 30 1.77 2,759 920
Atlantic menhaden 4. 44 1.48 955 318
Yel lowtai | flounder 4.57 1.52 5, 096 1,699
Atlantic mackerel 4.57 1.52 1,333 444
Wnter flounder 4.33 1.44 6, 266 2,089
Butterfish 2.06 0. 69 1,843 614
Swor df i sh 1.34 0. 45 9, 861 3, 287
Red hake 1.84 0.62 693 231
Bl ack sea bass 1.29 0.43 2,079 693
Atlantic cod 0. 96 0. 32 1,269 423
Bigeye tuna 0. 47 0.16 2,829 943
Striped bass 0. 65 0.22 2, 945 982
Bl uefin tuna 0. 27 0.09 1,616 539
atl. flounder 0.22 0.07 185 62
O her finfish 3.70 1.25 4,016 1,339
Tot al 94,763 31, 588
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Table 2. Commercial catches and economic value of the most important
finfish in the MATL OCS Planning Area (Chesapeake Region) {NMFS
1985b, 1984b, 1983a).

Speci es Landi ngs 1982-1984 Econom ¢ Val ue 1982-1984
103mt Thousand Dol | ars
Tot al Aver age Tot al Aver age
Atl anti ¢ nenhaden 38.71 12. 90 3,149 1,050
Sunmer f1 ounder 10. 95 3.65 14,236 4,745
Weakfi sh 3.45 1.15 3,924 1, 308

(gray sea trout)

Bl ack sea bass 1.71 0.57 1,485 495
Scup or porgy 2.27 0.76 1,787 596
Striped bass 1.15 0. 38 3, 558 1,186
Al ewi ves 2.17 0.72 497 166
Bl uefi sh 2.89 0. 96 1,011 337
Atlantic nmackerel 0. 48 0.16 96 32
Atlantic croaker 0. 48 0. 16 364 121
Swor df i sh 0.55 0.18 3,138 1, 046
Butterfish 0.43 0.14 267 89
Dogfi sh shark 3.05 1.02 526 175
Wi ting 0.23 0.08 108 36
Bi geye tuna 0.15 0.08 525 263
QO her finfish 12.61 4. 20 6, 402 2,134
Tot al 81.92 27. 31 42,867 14, 289
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Table 3. Estimated total number and estimated weight! of fish caught
by marine recreational fishermen in the Middle Atlantic OCS Area,
1980-1982 (NMFS 1984a, 1985a).

Speci es Catch #Fish x 10° Wi ght 103mt
1980- 1982 1980- 1982

Tot al Aver age Tot al Aver age
spot 51,731 17,243. 7 3.63 1.21
Bl uefi sh 59, 583 19, 861 59. 57 19. 86
Sunmmer fl ounder 57,817 19, 272. 3 22.74 7.58
W nter flounder 24, 565 8,188.3 5. 69 1.90
Weakfish (sea trout) 25, 826 8, 608.7 24.09 8.03
Atlantic mackerel 13,775 4,591.7 8.07 2.69
Toadfishes 5,728 1,909. 3 0.02 0.02
Black sea bass 22,432 7,477.3 7.74 2.58
Sheepshead 2,268 2,268 0.61 0.31
Scup 12,776 4,258. 7 2.36 0.79
Sea robins 11,521 3,840.3 0.09 0.03
Atlantic croaker 3,688 1,229.3 0.42 0.14
Freshwat er catfishes 1,623 541 0.23 0.12
Toutog 4,958 1,652.7 3.01 1.00
Por gi es 4,979 1,659.7 3.22 1.07
Cunner 4,514 1,504.7 0.08 0.03
Sharks , dogfish3 4,168 1,389-3 1.91 0. 64
O her fishes 6,211 2,070.3 1.30 0.43
Wi te perch 5, 442 1,814 0.81 0. 27
Silver hake 17, 444 5,814.7 3.63 1.21
Atlantic cod 1,104 368 1.41 0. 47
Tot al 352, 462

1 an estimte of part of total catch, based on fish brought ashore in
whole form available for interviewer identification andenumeration
from which sanples of length and wei ght were obtained. Esti mate does

not include fish used for bait, filleted, discarded dead or rel eased
al i ve.

*March 1981- Decenber 1981

3 Includes categories sharks and sharks, dogfish for 1981 and 1982.
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Table 4. Commercial catches and economic value of the most. important
shellfish in the MATL OCS Planning Area - (Middle Atlantic Region)
(NMFS 1985b, 1984b, 1983a).

Speci es Landi ngs 1982-1984 Econonmi ¢ Val ue 1982-1984
103mt Thousand Dol | ars
Tot al Aver age Tot al Aver age
Surf clams (neat) 43. 43 14. 48 44, 282 14,761
Ccean quahog cl ans 29. 54 9.85 19, 668 6, 556
(meat)
Squid Loligo 8.42 2.81 6,066 2,022
Squid, Illex 4.58 1.53 1,182 394
Hard cl ams (meat) 6. 06 2.02 45, 853 15, 284
Bl ue crabs 3.19 1.06 2, 866 955
Sea scal | ops (meat) 3.21 1.07 36, 463 12, 154
Anerican |obster 2.93 0.98 18, 431 6, 144
oyster neats 2.80 0.93 19,614 6, 538
Soft cl ans 0.48 0.16 1,630 543
Bay scal |l ops 0.44 0.15 4, 065 1, 355
O her shellfish 0. 38 0.13 775 258
Tot al 105. 58 35.19 201, 048 67,016
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Table 5. Commercial catches and economic value of the most important
shellfish in the MATL OCS Planning Area (Chesapeake Region) {NMFS
1985b,1984b, 1983a).

Speci es Landi ngs 1982-1984 Economi ¢ Val ue 1982-1984

103mt Thousand Dol | ars

Tot al Aver age Tot al Aver age
Blue crabs (hard) 130.1 43.37 81, 378 27,126
Surf clanms (neats) 29. 67 9. 89 33,410 11 ,136.7
Qcean quahog cl ans 15.21 5. 07 10, 076 3,358.7
(meat s)
Oysters (neats) 18. 96 6.32 66>819 22,273
Sea scallops (neats) 3. 84 1.28 42, 555 14, 185
Squid — Illex 3.35 1.12 971 323. 67
Crabs - other 2.99 1.00 9,220 3,073.33
Squid - Leligo 2.86 0.95 1,781 593. 67
Soft clanms (neats) 1.91 0. 64 9, 442 3,147.33
Hard clams (neats) 1.14 0. 38 5, 756 1,918.67
Anerican |obsters .12 0. 04 966 322
O her shellfish 2.81 0.94 5,572 1, 857.33
Tot al 213.24 71.08 268, 083 89, 361
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the shellfish catch from MATL waters was 3.3 times greater than that of the
finfish catch: 171 million vs. 52 million.

Maryland, Virginia and New Jersey led the region in shellfish harvest. Surf
clams dominated New Jersey catches whereas blue crabs ranked first in the
Chesapeake States. Surf clams were the most valuable shellfish harvested in
New Jersey, oysters were the most valuable in Maryland and sea scallops in
Virginia (NMFS 1983a: 1984b; 1985 b).

ICHTHYOPLANKTON

Although the Middle Atlantic Bight does not possess a large endemic fish
fauna, it is an important spawning and/or nursery area for many major
recreational and commercial fish populations. Spawning seasons for principal
coastal species of the region are summarized in Table 6).

Significant quantities of fish larvae may be found in all areas of the Bight
throughout the year. However, each species has its own distributional pattern,
and a quantitative resolution of that pattern requires a very large logistical
effort. This is because egg incubation times are short {from two days to a few
weeks), and many species spawn over a period of several months and throughout
the entire Bight. Fish eggs and larvae are planktonic and are rapidly dispersed
with currents. Direct estimates of egg development, egg and larval mortality,
larval growth and feeding conditions, etc., require intensive sampling within
representative “patches” of eggs and larvae throughout their development. This
is a difficult and expensive undertaking.

Although investigations of sufficient. scope and magnitude have not been
undertaken, a fairly comprehensive picture of the geographical and seasonal
distribution of ichthyoplankton is available from nine R.V. Dolphin cruises
conducted in continental shelf waters between Martha's Vineyard and Cape
Lookout, NC, in 1965 and 1966. Grosslein and Azarovitz (1982) have summarized
data on the larval distributions of 27 fish species which comprised the bulk of
the larval catches (a total of 87 species were obtained). Data summaries of the
Dolphin cruises are provided in Smith et a. (1979 b). Also included in this report
are the results of monthly cruises during a two-year study of the New York
Bight. Table 7 provides catch summary data for the 27 principal species; Table
8 summarizes seasonal and % total catch data

Winter is the time of minimum spawning activity in the Middle Atlantic
Bight. The January-February cruise caught an average of 1.9 species per
station-l for a total of 13 species, the smallest number for any season. Average
larval abundance, 30 per station-lI, was also the lowest of the four seasons
(Table 8). Sand lance (71%) and cod (38%) larvae were found at the greatest
number of stations. Together, these two species accounted for almost 90% of
the total larval catch, with sand lance alone accounting for 83%. The relatively
high larval densities found off Martha's Vineyard and from Cape Henlopen (CH)
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%, 8. ASpawning seasons for principal coastal species in MATL OCS
anning Area. Period of peak spawning is given in parenth
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Table 7.

Catch summary for larvae of 27 principal fish species taken

during the 1965-1966 ichthyoplankton survey in the MATL OCS Planning Area
(from Grosslein and Azarovitz 1982).

Season Nurmber of species Nurmbers of |arvae
Tot al Aver age-station-| Tot al Aver age-station - 1
W nter 13 1.9 2,264 29.8
Spring 24 3.8 13, 267 161. 8
Summer 23 7.8 23, 955 292.1
Aut um 20 7.0 27,312 333.1
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Table 8. Percent total catch and occurrence of major fish larvae in the
Middle Atlantic Bight (MATL). Data represent the top five species in
abundance, and/or all species which represented at least 5% of total
survey catch (from Grosslein and Azarovitz 1982).

% total catch % occurrence on stations

WINTER

Sand lances 82.8 71.1
Atlantic cod 6.4 38.2
atlantic menhaden 2.8 18. 4
Atlantic herring 2.'5 27.5
spot 1.7 7.9
SPRING
Yellowtail flounder 56. 4 86.6
Winter flounder 17.8 41.5
atlantic mackerel 9.3 17.1
Windowpane filounder 8.6 42.7
Sand lances 3.1 61.0
atlantic cod 0.9 43.9
SUMMER
Yellowtail flounder 19.8 62.2
Hakes 12.0 64.6
Silver anchovy 11.9 50.0
Atlantic mackerel 11.7 45.1
Butterfish 9.4 86. 6
Frigate mackerel 7.5 45.1
Bl uefi sh 6.4 31. 7
Si |l ver hake 5.8 43.9
Four spot fl ounder 4.9 73.2
AUTUMN
Hakes 32.1 91.5
Nort hern searobin 27.1 68. 3
Atl antic nenhaden 17.8 65. 9
W ndowpane fl ounder 7.5 67.1
Sunmrer f | ounder 3.8 79.3
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to Parramore Island (Pl) resulted from catches of sand lance larvae {(Grosslein
and Azarowitz 1982).

Abundance of sand lance larvae from eighteen MARMAP surveys
(1974-1980) (Morse 1982) were used to estimate spawning stock biomass from
Cape Hatteras, NC, to Nova Scotia. Abundance estimates of sand lance larvae
increased twenty-fold, from 490x10°in 1974, when they accounted for less than
50% of the winter larval fish assemblage, to 946 OX109 in 1979 when they
comprised nearly 90% of the winter ichthyoplankton (Sherman et al. 1981). This
change in ichthyoplankton composition was probably a result of the tremendous
fishing pressure placed on commercial stocks off the northeastern U.S. in
thelater 1960's and early 1970’s. By 1975 the biomass of principal finfish and
squid populations in shelf waters between Nova Scotia and Cape Hatteras was
reduced nearly 50% (Clark and Brown 1977).

The dramatic increase in sand lance stocks followed the precipitous decline
in Atlantic herring and Atlantic mackerel stocks and is evidence of a shift in
energy flow within the pelagic component of the ecosystem. Although sand lance
biomass increased fifty-fold from 1974-1978, biomass decreased to about
one-third of the 1978 level in 1980. Whether this shift in species composition is
a long-term trend or whether under present management strategies for herring
and mackerel a return to pre-1960 species composition and biomass levels will
occur, remains to be seen (Morse 1982).

Increases in both larval fish abundance and in the number of species
present were observed during the April-May cruises (Table 7}. Larvae most
frequently found were yellowtail flounder, sand lance, Atlantic cod, windowpane
flounder, and winter flounder (Table 8). Yellowtail flounder comprised the
majority of all fish larvae (56%). W.ithin the areas of greatest larval abundance,
off New Jersey and Delaware Bay, winter flounder were the most abundant
larvae inshore, and yellowtail flounder larvae the most abundant in mid-shelf
waters. These two species comprised 92% of the larvae collected on the three
transects from Barnegat Inlet (BI) to Cape Henlopen (CHe) (Grosslein and
Azarovitz 1982). Four species of larvae, yellowtail flounder, winter flounder,
Atlantic mackerel, and windowpane flounder, comprised 92% of the total | arval
catch from Martha's Vineyard to Cape Hatteras.

Yellowtail flounder spawn from April through August in the Middle Atlantic
Bight; peak spawning occurs in May and June {Colton et al. 1979). However,
most yellowtail spawning occurs further north on Georges Bank and off southern
New England. During the five year period from 1977-1981, these two subareas
produced 81-95% of all yellowtail larvae spawned (Silverman 1983).

Winter flounder spawn from Cape Hatteras to the Gulf of St. Lawrence.
Most spawning occurs in the shoreward half of the continental shelf at water
temperatures of 7-16°C. During May, spawning was observed to occur from
Martha's Vineayard to below the mouth of Chesapeake Bay; eggs were
concentrated from Fire Island, New York, to Cape Henry, Virginia. By June,
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spawning had shifted to the northeast, and eggs were collected only on the
Martha's Vineyard, Montauk Point, and Fire Island transects {Berrien 1978).

An average of 7.8 species per station were caught during July-August
cruises, the highest number of species- station'l for any season (Table 7).
Species distributed over the widest areas were butterfish, fourspot flounder,
bakes, and yellowtail flounder. Yellowtail flounder again dominated the catch
(20% of total seasonal catch) (Table 8). Areas of high larval abundance (more
than 500 larvae per station-1) were more widespread than in spring, occurring
across the entire continental shelf off Martha's Vineyard and Montauk Point
and in three aggregations in mid-shelf waters from Barnegat Inlet to Cape
Hatteras (Grosslein and Azarovitz 1982). Most areas of low larval density were
inshore waters.

Average number of species per station-l and average larval abundance for
the September-October and November-December cruises were comparable to
summer larval abundances (Table 7). Species with the widest larval distribution
were bakes, summer flounder, northern searobin, windowpane flounder, and
Atlantic menhaden (Table 8). There were two areas of high larval abundance:
1) a large area between Fire Island and Assateague Island, dominated by
menhaden, bakes, northern searobin, and windowpane flounder; and 2) a small
area of Oregon Inlet and Cape Hatteras, dominated by striped anchovy and
Atlantic croaker {Grosslein and Azarovitz 1982).

Numerous papers on the early life history of fishes, especially those
important in commercial and recreational fisheries, have been published as a
result of the MARMAP ichthyoplankton surveys. Spawning areas from Cape
Sable, Nova Scotia, to Cape Hatteras, North Carolina, have been summarized in
Colton et al. (1979). Early life history accounts of fishes spawning in the
Middle Atlantic Bight include:  bluefish (Kendall and Walford 1979); Atlantic
menhaden (Kendall and Reintzes 197.5; Judy and Lewis 1983); summer flounder
(Smith 1973); silver hake (Fahay 1974); black sea bass (Kendall 1972); Atlantic
mackerel {Berrien 1978); and sand lance (Richards and Kendall 1973).
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FINFISH ANI) SHELLFISH

Between 1951 and 1964 the former Bureau of Commercial Fisheries (now
National Marine Fisheries Service, NMFS/NOAA/USDC) conducted a study of
demersal fish resources of the SATL Continental Shelf from Cape Hatteras,
North Carolina, to Jupiter Inlet, Florida. A total of 956 exploratory trawl
stations were studied in depths of 12-200m. This study suggests that the SATL
Shelf can be divided into five general habitats (Struhsaker 1969): coastal,
open-shelf, live bottom, shelf-edge, and lower-shelf. Each of these possesses a
distinctive assembly of demersal finfish.

The coastal shelf habitat extends from coastal sounds and estuaries out to
water depths of 16-20m. The bottom is generally smooth, consisting of sand mud.
Due to its proximity to coastal influences, bottom temperatures fluctuate
considerably on a seasonal basis within a range of 10-29"C. Important shrimp
and crab fisheries occur in this nearshore habitat. The finfish fauna is
dominated by sciaenids (drum), Atlantic croaker, spot, southern and Gulf kingfish,
silver perch (yellowtail), weakfish and spotted seatrout, and star, red, and
banded drum (Struhsaker 1969). Music and Pafford (1984) provide detailed
accounts of the life histories and population dynamics of the major marine
sportfishes found in SATL coastal shelf habitats.

Though the transitional boundary is gradual and indistinct, the open-shelf
habitat is arbitrarily considered to extend from approximately the 20m isobath
out to the beginning of the shelf break, 50-60m deep. This habitat comprises
most of the offshore shelf area. Bottoms consist of smooth, slightly undulating
sand and generally slope imperceptibly offshore. Bottom water temperatures
fluctuate less widely, ranging from 11-27°C, and the proximity of the Gulf
Stream normally creates average temperatures which are generally warmer than
those closer to shore. The open-shelf is relatively unproductive; the finfish
fauna is dominated by small numbers of scup, orange filefish, sea robins, inshore
lizardfish, sand perch, and occasionally large numbers of planehead filefish
(Strusaker 1969).

At various locations the SATL Shelf is interspersed with patches of broken
relief called live bottoms -- rock outcropping heavily encrusted with sessile
invertebrates such as sponges and octocorals. Water temperatures are similar to
those of the open-shelf habitats. The live-bottom areas harbor a rich association
of subtropical and tropical species of fish and form the bases for productive
commercial handline and trap fisheries and increasingly important recreational
fisheries. Many of these areas are found at depths greater than 30m, but there
are numerous scattered live-bottom habitats at depths of 18-28m, especially off
the Carolinas. Struhsaker (1969) reported that the most. productive areas were
found off northeastern Florida and South Carolina at depths of 26-46m. Bureau
of Commercial Fisheries trawl catches in these areas averaged 556kg-hr-l as
contrasted with 159ke-hr-1 over the open-shelf habitat of the same regions.

27



S ATL. Finfish and Shellfish

The fourth habitat, shelf-edge, extends more or less continuously along the
entire edge of the Continental Shelf at depths of 50/70 -120m. The bottom types
range from smooth mud to areas of great relief characterized by heavy
encrustations of coral, sponge, and other predominantly tropical invertebrates.
the Florida Current (Gulf Stream) dominates this area and maintains warm
average water temperatures {13-26°C}). The predominant finfish are tropical
species:  seabasses, snappers, groupers, and porgies, with smaller numbers of
wrasses, parrotfishes, and damselfishes. The fishes are usually scattered except
over areas of broken bottom relief where they form local aggregations
{Struhsaker 1969).

Finally there is the lower-shelf habitat, which is geologically a part of the
upper Continental Slope. The habitat occurs at depths of 120->200m, with
predominantly smooth bottoms and cooler water temperatures (10-14"C). In
general, it marks the transition between the continental shelf and continental
slope fauna. The most numerous fishes are the cold-water and high-latitude
forms such as bakes, flatfishes, butterfish, and John Dory (Strusaker 1969).

Five extensive cruises under the MARMAP Program have surveyed the sand
bottom groundfish community in the South Atlantic Bight extending from Cape
Fear, North Carolina, to Cape Canaveral, Florida (Wenner et al. 1979a, 1979b,
1979¢,1979d; 1980). A dtratified random sampling design was used to allocate
data to the 6 depth zones shown.

Table 1 summarizes biomass of trawl-caught demersal fishes in the South
Atlantic Bight according to this MARMAP data base. Large elasmobranchs,
pelagic species, and squid have been omitted. These and the following standing
stock data should be viewed as minimal estimates since the effectiveness of
sampling (3/4 Yankee trawl) was not known. The largest catches normally
occurred over the open-shelf habitat (19-55m depth ranges).

Minimal standing stock estimates of groundfish and demersal bony fishes in
the sand bottom communities of the South Atlantic Bight are summarized in
Table 2. Total groundfish standing stocks were highest in spring; demersal bony
fish stocks peaked in both spring and fall.

Table 3 summarizes commercial catches and economic value of the various
fisheries in the SATL for the years 1980-1982 (NMFS 1983a, 1984b, 1985 b).
These are preliminary catch statistics subject to revision by NMFS. Atlantic
menhaden, an industrial fish, totally dominated the commercial fishery in therms
of weight, whereas swordfish brought the greatest economic return to the
fishermen. Other valuable food fishes included summer flounder, weakfish, king
mackerel and Atlantic croaker. Commercial catches ranged from 129-145
thousand mt valued between 64 and 66 million dollars for 1980-1982. North
Carolina landings dominated commercial fisheries in the SATL accounting for
106.6 thousand of the total 128.6 thousand mt landed in the region in 1984.
Menhaden accounted for 67% of the commercial landings in North Carolina.
North Carolina fisheries also ranked first in economic value - 30.6 million dollars
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Table 1. Mean catch for trawl-caught groundfish, excluding pelagic
species, squid, and elasmobranchs, in the South Atlantic Bight (from Wenner
et al. 1979a-d; 1980)."

Mean Bionass{kg-ha™1)

Depth zone Corresponding Fall '73 Spring 74 Summer '74 Winter- Summer 75
(m) Habitat e.Spring '75
9-18 coastal habitat 11.6 L.b 4.0 15 3.9
19-27 13.4 0.7 3. 5.0 4.3
7855 tpenshe 1 T habi tat 2.0 b4 2.0 6.5 3.5
56-110 she| f-edge habi tat 1.8 5.7 1.3 2.3 1.2
111-183 {ower-shelf habitat 2%2 1.6 1.0 2.7 1.3
188-364 1.4 0.4 0.2 1.0 0.2

{eanverted from mean catch per tou assuming Z.835ha as area suept during standard 30 min. tow (Wenner et
2l 19792}
ai. 17 PR =N
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Table 2. Minimum standing stock estimates of sand-bottom groundfish in South
Atlantic Bight (from Wenner et al. 1979a-d; 1980).

Year Category Mean (10°‘metric tons) 90% confidence interval

Fall, 1973 total groundfish 9.79 7.08-12.50

demersal bony fish 5.00 3.06- 6.93
Spring, 1974 total groundtish 14.06 9. b4-18.48

demersal bony fish 4.07 2,43-5.51
Summers 1974 total groundfish 8.32 5,65-10.96

demersal bony fish 2,11 1,63-2.57
Winter total groundtish 7.23 6.47-11.77
e.spr ngs; 1975 demersal bony fish “2.36 1.07-2.97
Summer 1975 total groundfish 7.2 5.35-13.12
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Table 3. Commercial catches and economic value of the most important
finfish in the SATL OCS Planning Area {South Atlantic Region) (NMFS
1985b, 1984b, 1983a).

Speci es Landi ngs 1982-1984 Econom ¢ Val ue 1982-1984
103mt 10° Dol | ar s
Tot al Aver age Tot al Aver age
Atlantic menhaden 248. 37 82.79 17,548 5, 849. 33
Summer fl ounder 15. 22 5.07 20, 403 6, 801
Weakfish (gray sea 16. 17 5.39 13, 900 4,633. 33
trout)

Atlantic codfish 12.49 4.16 10, 006 3,335.33
Al ewi ves 10. 62 3.54 2,125 708. 33
Bl uefi sh 8.90 2.97 3,425 1, 141. 67
Ml | et 4.65 1.55 2,238 746

Ki ng nacker el 6. 06 2.01 12,536 4,178. 67
Swor df i sh 5.25 1.75 30, 659 10, 219. 67
G oupers 3.41 1.14 8,229 2,743
Scup or porgy 3.31 1.10 4, 507 1, 052. 33
Spani sh macker el 5.90 2.0 3, 898 1, 299. 33
Til efish 3.03 1.01 6, 085 2,028. 33
Bl ack sea bass 1.57 0.52 2,628 876
Snapper - other 1.49 0.50 5, 204 1,734.67
Sharks - unclass. 0.9 0.3 738 246
Tunas - unclass. 0.49 0.16 1,918 639. 33
Striped bass 0. 54 0.18 1,472 490. 67
Spotted sea trout 0. 88 0.29 1,638 546
Atlantic mackerel 0.15 0.08 44 22
Red snapper 0. 38 0.13 1,974 658

Whi ting 0. 60 0. 30 398 199
Yellow fin tuna 0.10 0.03 209 69.67
QG her fish 57. 36 19.12 42, 285 14, 095

Tot al 408. 67 136. 22 194, 749 649, 163
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followed by the east coast of Florida - 19 million. Summer flounder brought the
greatest economic return to North Carolina commercial fishermen, whereas
swordfish were the most valuable catch in the Florida east coast fishery.

Table 4 summarizes marine recreational catches for 1980-82 by number and
by estimated weight (NMSF 1984a; 1985 b). Spot and bluefish dominated the
marine recreational catch in the SATL Region during 1980 (approximately 11 and
7.3 million fish, respectively; whereas, bluefish and king mackerel dominated
landings by weight; 4,550 and 3,850 mt or 16% and 13.5% of the total
recreational catch. Spot, black sea bass and bluefish comprised the largest
portion of the recreational catch during 1981 and 1982; king mackerel and
bluefish ranked first and second in terms of total weight caught for both years.
Catches of king mackerel comprised 27.5% and 14% of the estimated weight of
the total recreational catch during 1981 and 1982. Total commercial finfish
catches for 1980-82 were 170.56 x 103 metric tons (NMFS 1981a, 1982, 1983a);
recreational catches accounted for 14.6%, 11.7% and 14.4% respectively of the
commercial catches for these years. However, menhaden comprised between 58
and 73% of the commercial catches for 1980 to 1982. (NMFS1981a, 1982,
1983a). Thus, recreational fisheries accounted for a significant portion of the
total edible fish catch in the SATL.

Table 5 compares groundfish densities between the South Atlantic Bight
and other areas of the Atlantic and Gulf coasts. Note the importance of live
bottom to finfish communities in the SATL. These MARMAP estimates for sand
bottom habitat are generally lower than published accounts for areas off the
east coast of the U.S. and off Louisiana, but similar to estimates for the OCS
off Texas as given by Moore et al. 1970).

In the MARMAP survey the biomass of the demersal bony fish catch in
the South Atlantic Bight was dominated by longspine porgy (southern porgy,
Stenotomus caprinus) in the 9-18m (coastal habitat) depth zone and by longspine
porgy and orange filefish (Aluterus schoepfi}) in the 19-55m (open-shelf habitat)
depth zones. The spotted hake (Urophycis regius} dominated the catch in the
two deepest zones, 111-366m. Table 6 summarizes these species data.

The general dominance of the longspine porgy in the waters of the South
Atlantic Bight can be seen from the numbers and weight data summarized in
Table 7.In the intermediate depth zones (28-110m) the ubiquitous sand bottom
species, planehead filefish (Stephanolepis hispidus}, inshore lizardfish (Synodus
foetens), sand perch (Diplectrum formosum}, offshore lizardfish (Synedus poeyi),
and northern sea robin {Prionotus carolinus} predominated the MARMAP trawl
samples.

There is an estimated 7403km2 of reef habitat from Cape Fear, North
Carolina, to Cape Canaveral, Florida, of which 7% {1743km?2) has relief greater
than 1m. Additionally, the area northward from Cape Fear to Cape Hatteras,
North Carolina, contains an additional 2040km2 of reef habitat, 1.4% of which
(204km?2) exhibits relief greater than 1m (Parker et al. 1983).
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Table 4. Estimated total number and estimated weight of fish caught by
marine recreational fishermen in the South Atlantic OCS Area, 1980-82
(NMFS 1984a, 1985a).

Species Catch x 103 Weight 103 mt
1980-1982 1980-1982

Total Average Total Average
spot 24,681 8, 227 2.51 0. 84
Bl ack sea bass 15, 968 5,322.7 3.22 1.07
Bl uefi sh 19, 795 6, 598. 33 9.80 3.27
Ki ngfi sher 8,321 2,773.7 1.08 0. 36
JAtlantic croaker 10, 015 3,338.3 1.14 0. 38
Sal twater catfishes 10,467 3, 489 0. 65 0. 22
Mul | ets 10, 080 3, 360 2.22 0.74
Ki ng nacker el 4,424 1,474.7 13. 29 4.43
Gt her fishes 13,998 4, 666 3.74 1.25
Pi nfish 5, 642 1,880.7 0. 32 0.11
G unts 6, 850 2,283.3 0. 47 0.16
Spani sh nacker el 3,715 1,238.3 1.63 0.54
VWite grunt 4, 445 1,481.7 1.2 0. 40
Herrings 9,354 3,118 0.04 0.01
Shar ks 2,100 700 3.79 1.26
summer f | ounder 4, 396 1, 465. 3 1.12 0. 37
Spotted seatrout 4,634 1,544.7 1.57 0.52
Gray snapper 2,462 820. 67 0.32 0.11
Dol phi ns 2, 860 953.3 5. 69 1.90
Fl ori da ponpano 1, 889 629. 7 0.33 0.11
Bl ue runner 2,690 896. 7 0.35 0.12
Pi gf i sh 1,343 671.5 0.15 0. 08
Verm | ion snapper 5,331 1,777 0. 97 0. 32
Red porgy 3,702 1,234 1.43 0. 48
Tot al 209, 285 69, 761. 7 73.09 24. 36
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Table 5. Density estimates for trawl-caught groundfish from the east coast
of United States and Gulf of Mexico (assembled by Wenner et al. 1979a).

Geographic Area Density (kg-ha~l) Trawl Gear
NATL

Gul f of Maine!l 18.5 -55.9 #36 Yankee

George’ s Bank” 11.4-36.1 #36 Yankee

Southern New England} 13.9-71. 4 #36 Yankee
MATL

Mddle Atlantic Bight 7.0-55.3 #36 Yankee
SATL

South Atlantic Bight
--sand bottom 13.1 3/'4 Yankee
--live bottom 27.3 URI 60/80 high rise
CGUL

Louisiana? 9.9-46.3 13.7m flat
WGEUL

Texas? 6.3-13.3 13.7m fl at

Calcy lated from unuei ahted stratitied mean catch ser tow for each year; the standard traul had a sueep

of approx. 12.2m and travel led 3.241kn; suent area calculated to be 3.954has data are maximum and
mini nun values.

Iraicy! ated tron data presented in Table 3 of Moore et ai. (1970); data represent their minimum and
maximum values; swept area ob.7n{ trawl swees) t Ses data.
= 3,723 ha.
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—

able 6. Dominant demersal bony fish species by weight in the South Atlantic

Bight; numbers in parentheses indicate % total weight in each depth zone.

9-18n depth 19-27n depth 28-55n depth 56-110n depth 111-183m depth
Fal 1, 19831

Longsp. porgy (43) Longsp. porgy (54) or. tiletish (33)  Duskyflound. (22) Seot. hake (62)

Cobia (20) Tontate (111) Cobia (12) N. seargbin (11) Longsp. porgy (9)

or. fitetish (11) or. tiletish (5) Sand perch (11) Ins. tizardt. (8) Boarfish (7)

Spring, 19742
Longsp. porgy (47) Or. tiletish (38)  Longsp. sorey (50) Ins. Lizardt. (22) Spot, hake (30)
or. filefish (19) Longsp. porgy (36) Or. tilefish (10)  Verm. snapper (15) Langsg. porgy (25)
Spot (11) Sand perch (7) 5and perch (7) Longsp. porgy (12) Sl . searobin (6.6)

Summer, 1974°
Longsp. poray (30) Or. filefish (44) or. tiiefish (40) Snaketish (19) Sp0t. hake (63)
Sea catfish (14) Sand perch (11) Sand perch (22) Otts. tizardt. (18} Si. searchin (@)
Or. tiletish (10) Pl. head tilef. (10) Ins, lizard{. (15) Wh. bone porgy 15) 3-2ye Flounder (4)

Winter-early spring; 19754

Black drum (31) Longsp, porgy (26) Or. filetish (39) §S. agrgy (26) Spot. hake (372)
or. filetish (11) or. filetish (20) Cohia {15) Dusky flound. (16) 5. searshbin (16)
Longse. poragy (10} Seot (20) Knobbed sorgy {7)  Ins. iizardt. (7) Beardtish (12)

Sumner; 19759
Longsp. porgy (55) Longsp. porgy (37) Or. tiletish (20)  Dusky lound. (29) Snowy grouper {30)
Sea catfish (11) or, tiletish (15) Ins. tizardt. (14) Snake sh (13) Spot. hake (22)
Sand perch (8) Sand perch (10) Sand perch (12) offs. izardt. (9) Deepbod. hoart. (17)

Lenner et al. 1979a; "Longspine porgy” = “Scuthern poray” ot these authors.
Wenner er al 197%9.
Jgenner et al. 1979,
byenner et al.1979d.
Nenner et al . 1980.
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Table 7. Dominant demersal fish by number and by weight in the South

Atlantic Bight (from Wenner et al. 1979a-d; 1980). Numbers in parenthesis
indicate % of total.

Fal 1 1773 Spring 1774 Summer 1974 Wi nter-e. Spr. 1975 Summer 1975

on_basis of totd numbers
Longsp. porgy (45) Longse.

porgy (76) Longsp.porgy (23) Longsp.porgy (71) Longsp.porgy (53)

Spot. hake {9) Spats hake (3) Pl. head {ilet. (21) Spot. hake (7) Otts. lizardt. (6)
Tontate (7) Ins. lizardt. (Z) OFfs. lizardt. (8) B.mouth bass (2) Sand perch (6)

Pl. head filet. (4) Pl. head filef. (2) Sand perch (8) spot (2) Pyg. argentine (3)
Ins. lizardt. (4) G. Stream floun _(2) Spot. hake (5) 5{. searobin (1) Ins, lizardt. (3)

On basis of total ueight
Longsp. porgy (45) Longsp. sorey (38) Or. tiletish (29)

or. tiletish (21) Longsp. porgy (28)

(abia (9) Or. titefish {21) Longsp. porgy (14) Langsp. porgy (12) Or. filefish (11)
or. filetish (9) Ins. tizardf. (6) sand perch (10) spot (7) Sand perch (9)

Spot. hake (5) Sand perch (5) Pl. head tilet. (4) Cobia (5) Ins, lizardt. (8)
Tontate (4) Dusky flound. (3)  Ins.lizardf. (6) Sput. hake (5) Dusky tiound. (5)
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On the basis of principal component analysis, Chester et al. (1984) have
distinguished five reef communities off the coasts of North and South Carolina.
These communities and their principal component finfish are listed in Table 8.
According to Huntsman and Munooch (1978), temperature more than latitude
appears to be the major factor affecting reef fish distributions.

Although the reef fish communities of the South Atlantic Bight have
supported important recreational (headboat) fisheries for more than 20 years and
commercial handline and trawl fisheries for more than 25 years, descriptions of
these communities have been qualitative and superficial. The major exception is
a recently published report by Chester et al. 1984. Effective sampling remains
the single most significant problem in estimating reef fish populations {Barans
1982; Gutherz 1982); no matter what technique is used (trawling is generally not
possible over high-relief bottom) the resulting biomass/population estimates must
be considered as minimum values.

Based on the largest mean trawl catches, Powles and Barans {1980)
estimated SATL reef fish biomass as 27.3kg-ha-l. Species making the greatest
contribution to this trawl-estimated biomass were as follows:

red porgy Pagrus pagrus 10.6kg-hal
longspine porgy Stenotomus caprinus 65 “
tomtate Haemulon aurolineatum 51 ¢
black sea bass Centropristis striata 11

However, these authors caution that estimates for longspine porgy and black sea
bass made via television monitoring of reefs were significantly greater than the
trawl estimates.

Effective management of reef fishery stocks presents specific problems in
their  assessment because of sampling difficulties and the complex
three-dimensional nature of the reef substrate (Barans 1982; Gutherz 1982;
Ogden 1982). Fish communities found on the reefs are particularly vulnerable to
overfishing because of the territorial behavior of most species. Effective
management strategies necessitate knowledge of reproductive strategies of reef
fishes and an understanding of physical and biological factors and mechanisms
controlling recruitment.  Comprehensive reviews of spawning behavior and
reproductive strategies of reef fishes are presented in Colin (1982) and C.L.
Smith (1982).

Richards (1982) discusses the role of physical factors in establishing and
maintaining reef fish stocks and presents a coordinated oceanographic and
ichthyoplankton research program designed to obtain the necessary in-depth
knowledge of oceanographic factors needed to rehabilitate and properly manage
small island fisheries. @ McFarland (1982) reviews knowledge of recruitment
patterns of tropical reef fishes.
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Table 8. Major reef finfish communities of the SATL, coasts of North and
South Carolina (after Chester et al. 1984).

Community Depth (m)  Principal species Conments

! 40-70 red porgy occurs along entire Carol ina
vernilion snapper {(Rhonbopl ites aurarubens) Continental Shelf
red snapper {Lut janus campechanus)
gray trigger fish (Bali stes cargsc is)

i1 )100 snowy grouper (Epi_nephe i us niveatus) deep shel f-break community
warsay grouper (£. nigr itus)
yel louedge grouper {E. flavol imbatus)
blueline tiletish {Caulalatilus micraps)

11 40-70 red grouper (E. mor in) found from Cape Fear s. along
rock hind (E, adscensi anis) SC coast
red king (E. auttatus)
scamp (Mycteroperca phenax)

v SO-100 knobbed porgy (Calamus nodosus) more common s. of Cape Fear 5C
speckled hind {E. drummandhaji )

v 30 black sea bass {Centropristis striata i nshore community

sheep shead {Lalanus penna)
whitebone porgy (C. {eucosteus)

longspine porgy (Stenotomus caprinus)
spottail pintish (Diplodus holbrooki)
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Huntsman et al (1983) examined yield per recruit models for red porgy,
vermilion snapper, white grunt, red snapper, black bass, gag, scamp, snowy
grouper and speckled hind: the most important species to both recreational and
commercial fishing of North Carolina and South Carolina. For all species yield
per recruit at median recruitment ages increased rapidly in response to
increasing the instantaneous fishing mortality rate. By the late 1970's most of
the practical available yield was already being taken from the grounds fished at
that time. Thus large and intensive fisheries are probably not needed to fully
harvest reef fish in the SATL. These models also demonstrated that major gains
in yield resulted when recruitment to the fishery was delayed to age 3 or older.
(Huntsman et al. 1982).

The South Atlantic Fishery Management Council in their management plan

for the snapper-grouper fishery recognized that thirteen species in this complex
are in a documented state of overfishing.

A compendium of life history, ecology, commercial and recreational
catches, estimates of stock size, and population dynamics for SATL
snapper-grouper fisheries are given in the Fishery Management Plan, Regulatory
Impact Review and Final EIS for the Snapper-Grouper Fishery of the South
Atlantic Region (South Atlantic Fishery Management Council 1983a, 1983 b). Fish
families included in the Snapper-Grouper Fishery Management Unit include
shappers, sea basses, groupers, porgies, grunts, tilefishes, triggerfishes, wrasses,
and jacks. [A similar compendium of information for coastal migratory pelagic

fishes (mackerels) is available from the South Atlantic or Gulf of Mexico
Fishery Management Councils (1983 ).]

Live bottom communities in the SATL apparently support greater total
finfish biomass than the reef habitats described in the South Atlantic OCS Area
Living Marine Resources Study (SC Marine Resources Research Inst. 1981a, b;
1982). Seven live bottom stations -- three each on the inner shelf (19-27 m),
mid-shelf (28-55 m), and outer shelf (56-100m} -- were sampled between
Charleston, South Carolina, and Jacksonville, Florida. Results of this study are
summarized in Table 9 Mean biomass estimates of both demersal fish and total
nekton were larger in summer than in winter on the inner shelf; the reverse was

true for mid-shelf stations. Total biomass estimates were greatest at the middle
shelf stations.

A significant portion of the variance in the total nekton biomass was due
to large elasmobranchs [stingrays (Dasyatis spp.) and nurse shark
(Ginglymostroma_cirratum)] and large catches of schooling pelagic fishes [e.g.,
rough scad (Decapterua unctatus, a jack)] (SC Marine Resources Inst. 1981a).
Along the North Carolina coast inner shelf stations, differences between total
nekton and demersal teleost biomass were primarily explained by the presence of
the pelagic butterfish (Peprilus tricanthus). Caution is therefore urged in making
much of these apparent biomass differences.

National Marine Sanctuary Program
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Table 9. Biomass estimates for trawl-caught demersal teleosts and for
trawl-caught nekton (pelagic and demersal fishes and squids) over live-bottom

areas of the South Atlantic Bight (SC Marine Resources Res. Inst. 1981).
Biomass units in kg-ha-l of swept area

Inner Shelf Middle Shelf outer Shelt
winter summer winter summer winter summer
Demercal :
average 25.8 47.4 97. 6 L8.6 15.8 24,4
standard dev. 343 8.0 67.3 18.3 only 1 sample
Nekton:
average 40.2 87.5 109.1 66.2 92.7 7.4
standard dev. 51.8 34.2 73.5 70.8 only 1 sanmple



S AT L. Finfish and Shellfish

Title 111 of the Marine Protection, Research and Sanctuaries Act of 1972
authorizes the Secretary of Commerce to designate ocean waters as national
marine sanctuaries for the purpose of preserving or restoring their conservation,
recreational, ecological or esthetic values. Gray's Reef National Marine
Sanctuary was designated in January, 1981, to provide protection and
comprehensive management for one of the largest and most popular nearshore
live bottom reefs on the SATL Continental Shelf. Located 17.5 nautical miles
(32.4 km) east of Sapelo Island, Georgia, the site encompasses 16.68 square
nautical miles (57 sqg. km) of intermittent live bottom and is a haven for a
variety of marine plants; invertebrates, fishes and sea turtles. Relative to
surrounding areas, Gray's Reef contains extensive but patchy and discontinuous
hard bottom of moderate relief {up t o 2m) and noderate to abundant epibenthic
and fish comunities.

Gray’s Reef supports a mixture of temperate and tropical species. A
variety of algae and invertebrates grow on exposed rock surfaces. Bryozoans,
ascidians, sponges, barnacles and sessile, tubed polychaetes form dense
encrustations.  Sessile scyphozoans such as sea whips, sea fans, and hard corals
and large sponges provide refuges for many smaller invertebrates. other
dominant invertebrates include starfish, brittle stars, crabs, lobsters, shrimps,
bivalve and gastropod molluscs.

Recreational target fish species include bottom-dwelling species of snapper,
grouper, sea bass, porgy and sheephead and seasonal migratory pelagic species
of bluefish, jack, cobia, mackerel and little tunny. Small tropical reef fishes,
including cardinalfish, damsel fish, wrasses, blennies, gobies and angelfish, form
an important, though probably only seasonal, component of the reef ecosystem.
Moray eels and other cryptic fish are found as well as trigger, soap and
goatfish, burrfish, tomtate, cubbyu and jackknife fish, lizard and toadfish and
sea horses. Small schooling fishes, primarily scad and sardines hover above the
reef surface and mid-water fishes such as Atlantic spadefish, amberjack and
barracuda are found higher in the water column (NOAA 1983c).

Table 10 summarizes commercial shellfish landings in the SATL region for
1982-1984. Blue crabs ranked first in total catch for all three years; calico
scallops ranked second in 1984 and shrimp ranked second in 1983 and 1982.
Shrimp were themost valuable shellfish caught in all three years; calico scallops
ranked second in 1984 and blue crabs were second in 1983 and 1982. The
largest landings occurred on the Florida east coast, followed by North Carolina.
Calico scallops comprised the greatest portion of the Florida catch, whereas
blue crabs ranked first in North Carolina. Calico scallops were the most
valuable fishery in Florida; whereas, shrimp brought the greatest economic
return to the other South Atlantic states.

A comprehensive review of penaeid shrimp biology, life history, stock
assessment and the commercial and recreational shrimp fishery in the SATL is
provided by the South Atlantic Fishery Management Council (1981). Shrimp
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Table 10. Commercial catches and economic value of the most important
shellfish in the SATL 0OCS Planning Area (South Atlantic Region) (NMFS
1985b,1984b, 1983a).

Speci es Landi ngs 1982-1984 Econom ¢ Val ue 1982-1984
103nt 10° Dol | ars

Tot al Aver age Tot al Aver age
Bl ue crabs (hard) 77.97 25. 99 39, 315 13, 105
Calico scallops 27.07 9.02 44,756 14,918. 7

(meat s)

Shri nps 32.37 10. 79 163, 693 54,564.3
Hard clans (neats) 3.23 1.08 27,798 9, 266
Oysters (neats) 3.34 1.11 27,103 9,034.3
Bay scal | ops (neats) 0. 32 0.11 1,728 576
Spiny | obsters 0.78 0. 26 4,411 1,470.3
Squid, Loligo 0.2 0. 07 139 46. 3
Sea scal |l ops (neats) 0.09 0. 05 968 322. 67
O her shell fish 1.71 0.57 1,905 635
Tot al 147. 19 49. 06 291, 678 97, 226
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stocks in the SATL are currently near normal levels, though annual variations in
white and pink shrimp stocks caused by severe winter weather continue to
occur. Landings of pink shrimp in North Carolina are strongly correlated with
the average water temperature of the two coldest consecutive weeks each year.
Following the cold winters of 1977, 1978, 1980 and 1981, when temperatures
averaged below 5°, landings were less than 160 mt, whereas landings exceeded
450 mt following the warm winters of 1965, 1974 and 1975, when temperatures
averaged above 8°C. {Hettler and Chester 1982).

Shrimp (mostly white shrimp) and blue crabs together produce an annual
average of 93% (shrimp - 82%, blue crabs - 11%) of the ex-vessel value of
marine products landed in Georgiaa The January, 1977 freeze killed most of the
overwintering juvenile white shrimp population in Georgia waters. The Georgia
Department of Natural Resources responded to protect the remaining female
white roe shrimp by closing all state waters within the 3-mile limit {4.8km) to
all power drawn nets effective noon, May 13, 1977. Approximately 75% of white
shrimp spawning activity occurs during May and June. On July 6 offshore waters
were open to commercial shrimpers to catch brown shrimps which are abundant
only during the summer months, and inside creeks and rivers were open to
commercial bait shrimpers. Sounds, however, remained closed to all power drawn
nets for the duration of the 1977 season. As a result of these management
decisions the estimated surviving 7% of average numbers of spawning white

shrimp propagated enough shrimp to equal 60% of the ten-year average
commercial catch (Music 1979).

Seven species comprised approximately 99% of the 1981 North Carolina
commercial shellfish harvest of 19.710 mt valued at over 21 million dollars.
Ranked in order of value these species were shrimps, blue crabs, hard clams,
sea scallops, oysters, and calico and bay scallops. Additionally, North Carolina

waters support large recreational shellfish fisheries (Continental Shelf
Associates, Inc. 1983).

The calico scallop, Argopecten gibbus occurs at moderate depths of 18-73m
and is restricted generally to the continental shelf of the western North
Atlantic and Gulf of Mexico between approximately 35°N and 20°N latitude. The
commercial calico scallop harvest began in the late 1950's; commercial beds are
located northeast and southwest of Cape Lookout, North Carolina -in 19-31m; off
Cape Canaveral, Florida at depths of 19-74m, extending from the St. John’s
River south to Fort Pierce.
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FINFISH AND SHELLFISH

In comparison to the northwestern Gulf of Mexico {CGUL and WGUL), the
northeastern Gulf (EGUL) possesses greater finfish species diversity. This is due
in part to large areas of “live bottom” {in contrast to the terrigenous sediments
typical of much of the northern Gulf) and in part to the presence of more
tropical species. Catches of demersal fishes on the West Florida Shelf qualita-
tively resemble those from other areas of the northern Gulf but the dominant
families and species are considerably different and in fact resemble those of the
South Atlantic Bight (Darcy and Gutherz 1984).

Darcy and Gutherz (1984) have analyzed finfish data for the northern Gulf
of Mexico and provided standing stock estimates for demersal species. Because
the data are largely derived from trawl samples, these estimates are relevant
only to low-relief bottoms. Table 2 compares various density estimates for
various regions of’ the entire northern Gulf; Table 3 summarizes species
composition of winter trawl samples (Oregon II cruise 85, Jan. 1978) for the
northern (Cape San Bias to Tampa Bay) and southern {Tampa Bay to Dry
Tortugas) EGUL. According to this analysis, the West Florida Shelf, particularly
the northern area, possesses a relatively high demersal fish density comparable
only to waters off Louisiana. Overall (9-93m) winter densities in this area are
greater than summer densities anywhere in the northern Gulf.

Because trawl samplings are necessarily restricted to low-relief bottoms,
these estimates are undoubtably lower than the actual standing stocks. Darcy
and Gutherz (1984) suggest assuming a sampling efficiency of 25%, and therefore
estimate the actual demersal fish standing stock of the 9-93m zone from Cape
San Bias to the Dry Tortugas as 1.7x106 metric tons. Houde et_al. (1976) have
examined ichthyoplankton surveys and concluded that the aggregate total clupeid
standing stock must exceed 106 metric tons in the EGUL.

Darcy and Gutherz (1984) also compared demersal fish densities (based on
trawling surveys) from the northern Gulf of Mexico and the South Atlantic Bight
(SATL) (Table 4). Although conclusions based on trawl data are not without
criticism, it is evident, that the EGUL (West Florida Shelf) supports a relatively
high density of demersal fish, at least during the winter months.

There are at least four distinct bottom communities in the Gulf of Mexico
fishery: white shrimp grounds, brown shrimp grounds, pink shrimp grounds, and
broken-relief areas. The three shrimp grounds differ primarily in bottom type and
in degree of estuarine dependence.

The white shrimp grounds community occupies terrigenous mud or clay
bottoms at 3.5-22m depths and is best developed in the north-central and
northwestern Gulf, particularly the Mississippi Delta (CGUL). This community is
largely estuarine dependent and is dominated by sciaenids (drums), trichiurids
{cutlassfishes), polynemids (threadfins), and ariids (sea catfishes). The Atlantic
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Table 2. Estimated density and apparent standing st ock of demersal fishesin
t he north Gulf of Mexico, summarized over depth of 9-93m (from Darcy and
Gutherz 1984).

Locati on Season Density Area Apparent Standing Stock
kg-hal 103 ha 10°metric tons
Brownsville, TX W nt er 5.6 1631 9.2
_-> Corpus Christi, TYX summer 25.6 1631 41.7
Corpus Christi, TX winter 1.7 2291 17.7
> Galveston, TYX sunmmer 30.3 2291 69.3
Gal veston, X W nt er 13.8 4915 68.0
-->Ship Sheal, LA sunmer 55.0 4915 270.1
Ship Shoal, LA wi nter 76.2 3077 234.5
-->Mobile Bay, AL sunmmer 46.6 3077 143.3
Mobile Bay, AL wi nt er 11.8 1997 23.5

--Appalachicola, FL

Cape San Bias, FL wnter 51.3 5182 265.8
--Tanmpa Bay, FL
Tanpa Bay, FL Wi nter 22.9 7302 167.2

--Dry Tortuga, FL
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Table 3. Fishes contributing more than 1% of total catch biomass (9-93m) at
stations with catches more than 22.7kg for winter trawl samples in EGUL (from
Darcy and Gutherz 1984).

Species Per cent of total fish biomass and [rank]
Tomtate 15.1 (1
spot 8.5 [2]
Pigfish 8.0 [3]
Scrawled cowfish 6.8 [4]
Sand perch 5.1 [5]
Spotted pinfish 4.4 [6]
Pinfish 4.0 [7]
Littlehead porgy 3.7 (8]
Dusky flounder 3.6 [9]
Grass porgy 3.1 [10]
Cownose ray 2.7 [11]
Sea catfish 1.8 [12]
Barbfish 1.6 [13]
Jolthead porgy 1.6 [14]
Bank seabass 1.6 [15]
Sheepshead porgy 1.5 [16]
Gray triggerfish 1.1 [17]
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Table 4. Comparison of demersal fish catch density based on trawling surveys

in the Gulf of Mexico and the South Atlantic Bight (after Darcy and
Gutherz 1984).

Geographic Area Density Trawl Gear
kg-ha-1

South Atlantic Bight 70 - 171 3/4 Yankee

South Atlantic Bight, 27.3 URI 60/80 highrise
live bottom

Gulf of Mexico 6.9 9.2m & 11.9m
West Florida Shelf roller rigged

Gulf of Mexico 34.7 12. Im semi-balloon
West Florida Shelf

Gulf of Mexico, 9.9 - 46.3 13.7m flat
Louisiana

Gulf of Mexico, 6.3 - 13.3 13.7m flat
Texas
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croaker _(Micropogonias undulatus) is the donmi nant speci es (Chittenden and
McEachran 1976).

The brown shrimp grounds community also occupies soft bottoms of mud or
sandy mud, sometimes mixed with shell (Perez-Farfante 1978, cited in Darcy and
Gutherz 1984) at depths of 22-93m. This community is largely found in the
northwestern and north-central Gulf, especially off Texas (WGUL). It is not
strongly estuarine dependent; the fish fauna consists largely of sporids (porgies),
triglids (searobins), sciaenids (drums), bothids (lefteye flounders), and serranids
(seabasses} with the longspine porgy (Stenotomus caprinus the dominant species
(Chittenden and McEachran 1976).

The pink shrimp grounds community prefers calcarecus sediments of firm
mud, sand, or shell (Hildebrand 1955; Perez-Farfante 1978). The major pink
shrimp grounds are found from Tampa Bay to the Dry Tortugas {EGUL}. The fish
fauna is not highly estuarine-dependent and is dominated by haemulids (grunts),
bothids, gerreids (mojarras), carangids (jacks), and serranids.

The broken-relief community is extensive, but disjunctively distributed
throughout the northern Gulf of Mexico and is interspersed with soft bottom
communities (Springer and Bullis 1954). Areas of low relief correspond to the
live-bottom habitat described by Struhsaker (1969) for the South Atlantic Bight
{SATL) whereas high-relief areas correspond to reefs such as the Flower Garden
Banks off Texas {(WGUL} and the Florida Middle Grounds of the West Florida
Shelf (EGUL). Many tropical species are found in the broken-relief communities
and produce a characteristic increase in species diversity near these areas (G. B.
Smith et a. 1975; Chittenden and McEachran 1976).

Although not extensive in area or percent bottom coverage (see
BENTHOS), the reefs of the EGUL are extremely important finfish habitats. At
least 198 reef-fish species are presently known from the West Florida Shelf. Of
these, 143 are considered primary reef fish, i.e., peculiar to the reef
environment. The remainder are alsonormal reef inhabitants but are also found
in other habitats. Common reef fishes of the EGUL are summarized in Table 5
and shallow water reef fishes of the EGUL (from G.B. Smith 1976).

The EGUL ichthyofauna is most closely allied to that of the Florida Keys
and SATL north to Cape Canaveral; 98 of its 101 species occur in these areas
(G.B. Smith 1976). However, the finfish fauna of the Keys area is much richer
than that of the West Florida Shelf. Starck (1968) identified 389 species of
reef-associated fishes at Alligator Reef in the Florida Keys.

G.B. Smith (1976) also notes that groups of fishes with demersal eggs and
short planktonic larval stages (e.g., cardinalfishes and certain pomocentrids) are
not well represented in the EGUL, a phenomenon which he attributes to their
inability to utilize current transport mechanisms in this area. Other fishes seem
to be prevented from establishing significant populations in the EGUL due to its
only marginally tropical nature.
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Table 5. The most common deep water (including Florida Middle Ground)
and shallow water reef fishes of the EGUl (from Smith 1979).

Deep water, > 30m

Shallow water, 12-18m

Serranidae
Bank sea bass
Red grouper
Seg
Scamp
Belted sandfish

Grammistidae

Apogonidae
Twospot cardinaifish

Lutjanidae
Gray shapper

Pomodasyidae {Haemulidae)
Tomtate

Sparidae
Littlehead porgy

Sciaenidae
Jackknife-fish
Cubbyu

Pomacanthidae
Blue angelfish

Pomacentridae
Yellowtail reeffish

Purple reeffish (Middle Ground only)

Cocoa damselfish

Bicolor damselfish (Middle Ground only)

Red grouper

Scamp
Belted sandfish

White-spotted soapfish

Gray snapper

White grunt

Sheepshead

Cubbyu

Blue angelfish

Cocoa damselfish
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Table 5. (continued)

Deep water, > 30m

Shallow water, 12-18m

Labridae
Slippery click
Painted wrasse

Blenniidae
Seaweed blenny

Sobiidae
Spotted goby

Balistidae

50

Slippery click

Hogfish

Seaweed blenny

Gray triggerfish
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ICHTHYOPLANKTON

A fisheries assessment survey of sardinelike fishes in the eastern Gulf of
Mexico was conducted during 1971-1974. The purpose of this survey was to
estimate spawning biemasses, using seasonal abundances and distributions of fish
eggs and larvae (Houde and Chitty 1976; Houde et al. 1976). Figure 2 shows
sampling stations and depth contours during these seventeen cruises (not all
stations were sampled on every cruise).

Houde and Chitty (1976) arbitrarily divided the survey area into halves
along 27°15'N (Figure 2). Table 6 summarizes mean abundances of fish eggs and
larvae from the northern and southern portions of the study area. Mean
abundances of fish eggs were usually greatest in the northern half, whereas fish
larvae had a higher pooled mean abundance south of 27°15'N. During the
fall-winter months, mean abundance of fish eggs (all stations combined) was
<300-10m-2 of sea surface whereas mean numbers exceeded 550-10m-2 during the
spring-summer months. Mean abundance of fish larvae was <350-10m-2 during fall
and winter months, but increased to >500-10m'2 in the spring and summer (Houde
and Chitty 1976).

The 50-m isobath also divided the shelf study area into approximate halves.
Table 7 summarizes mean abundances of fish eggs and larvae by depth zone.
Mean fish egg abundance was usually higher at stations shallower than 50m, but
mean larval abundance was always higher at stations deeper than 50m. As Houde
and Chitty (1976) noted, one reason for this observation is the duration of the
egg vs. larval stages. Fish eggs usually hatch within two days of spawning in
the eastern Gulf precluding the possibility of numbers accumulating over a
period in any area. Fish larvae, however, may range in age from one day to
more than three weeks and may be widely dispersed from their spawning site.
Also, a higher portion of shallow water species are demersal, and their larvae
become demersal a a younger age than larvae of demersal offshore species.
Table 8 summarizes spawning biomass and potential yield of several clupeid and
carangid fishes in the EGUL OCS Planning Area. Houde €t al. (1976} estimated
that the aggregate total clupeid biomass, including menhaden (Brevoortia
patronus) must exceed one million metric tons in the eastern Gulf of Mexico.

Estimates of stock size of round herring ranged from 715x103 metric tons
in 1971-72 to 13 OX103 metric tons the following year. Potential annual yield to
fisheries were estimated at 50-250X103 metric tons (Table 8). This species
spawns from mid-October through May, with peaks in January and February.
Houde (1977a) found a major spawning area for round herring 150km from Tampa
Bay between 27 °-28°N and 83°30'-84°30'W. Larval mortality rates were estimated
at 12.3% -da-1 for 1971-72 and 12.1%-da-l for 1972-73. Approximately 4 larvae
per 1000 eggs spawned survived to 31 days and 15.5mm in 1971-72 while about
12 larvae per 1000 eggs survived to that stage in 1972-73 (Houde 1977a).

i
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Figure 2. Chart of ichthyoplankton survey area, with sampling stations and

depth coutours, in eastern Gulf of Mexico, 1971-1974 (fromHoudeetal. 1976).
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Table 7. Summary of mean abundances (numbers’ 10m-2) of fish eggs and larvae in
the eastern Gulf of Mexico by depth zone (from Houde and Chitty 1976). Numbers
in parentheses indicate numbers of stations occupied.

Date EGBS LARVAE

¢ S50m ) S0m ( 50m ) SOn
2172 4201 (18)  880.3(12) 153,2 (18)  336.7 (12)
/72 820.0 (16)  300.6 (14) %3.5 (16) 489.1 (14)
6/72 no Stations were ) 50m deep
9/72 959.9 (26) 640,1 (B) 742.7 (26)  1093.7 (®
11772 196.4 (34) 161.0 (16) 138 (34) 638.0 (16)
1173 419.0(34) 362.2 (17) 146.1 (34) k5.3 (17)
5/73 955.2 (34) 684.0 (15) 545,8 (34) 767,0 (15)
6-1/73 483.8 (34) 379,7 (17) 328.7 (34) 997.0(17)
B/73 857.2 (34) 348.4 (16) 363.1 (34) 104508 (16)
11/73 3643 (32)  138.1(18) 1215(32)  £98.2 (18)
3/74 no stations were ) 50n deep
5/74 237.4 (39) 354.9 (3) 508.7 (39) 655.5 (3)
Bag ledMeans: 6064 (301) 402,8 (136) 342.2 (301) 739.2 (136)
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Table 6. Summary of mean abundances (number” 10m-2) of fish eggs and larvae in
the eastern Gulf of Mexico (from Houde and Chitty 1976). Cruise area divided
into northern and southern halves along 27°15'N latitude. Numbers in parentheses
indicate numbers of stations occupied.

Date EGGS LARVAE
North South North South

2172 722.3 (13) 221.8 (15) 162.9 (13) 297.1 (15)
5/72 497.2 (ID) 617.8 (20) 406.7 (lo) 418.1 (20)
6172 856.4 (4) 469.8 (9) 340,3 (4) 342.1 (9)
9/72 764.2 (13) 464.0 (21) 764 .4 (13) 863,2 (21)
11/72 146.2 29 205.2 {26) 206.6 (24) 377.7 (2h)
1/73 451.3 (24) 307,0 (27) 219.3 (24) 274.3 @21
5/73 35,2 (24) 898.1(25) £77.2 (24) k.4 (25)
6-7/73 415,5 (25) 481.4 (25) ibb, b(25) 633,0 (24)
B/73 §09.2 (25) 492.4 (25) 621.9 (25) 541.2 (25)
11/73 150.7 (25) 175.142¢6) ‘288.9 (25) 401.0 {24)
3174 191.1 (16) 391.1 (16) 60.4 (16) 50.2 (16)
5174 926,1 (23) 884.5 (19} 497,2(23) 545.8 (19)
Poaled Means: 545.4 (276) 443.4 (725) 380.5 (226) 4B6.9 (255)
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Table 8. Spawning biomass and potential yield (both in 103 metric tons) of several
clupeid and carangid fishes in the EGUL OCS Planning Area.

Species

Stock biomass (year)

Potential Yield

Reference

c lupeidae-herrings

Round herring
Etrumeus teres

Scaled sardine

Harengula Jaguana

Atlantic thread herring
Opisthanena 0gl inure

Spanish sardine

Sardinella aurita

Carangidae --

Round scad

Decapterus punctatus

Rough scad

Trachurus lathanmi

At 1 ant ic bumper

{Rhloroscombrus chrysrus

287 ( 1973-74)

185 (avg. , 1971-73)

372 (1973)

250

27

55

50-250

46.1 -92.3

60.3- 120.6

125

100

Houde et al_1976
Houde 1977a

Houde 1977c

Houde 1977h

Houde and Berkeley

1982

Leak 1981

Leak 1981

Leak 1981
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Scaled sardine also spawn over an extended period, from January to
September, with a peak from May to August. This species spawns between the
coast and the 30-m isobath, mostly within 50km of the coast. Spawning biomass
apparently increased from 1971 to 1973, averaging 185x10°metric tons over this
three-year period (Houde 1977¢c). Larval mortality rates apparently are higher
than for round herring; estimated daily loses ranged 16.7-29.3'%. The most
probable mortality rate bvased on age from the 1973 data when larvae were
more abundant was 24.7%-da-1(Houde 1977¢).

Atlantic thread herring, another coastal species, seldom was sampled at
depths greater than 90m and was most abundant in depths less than 35m. These
fish spawn from February to September; spawning is most intense from April to
August. Houde {1977b} estimated adult stocks of thread herring in the EGUL
ranged 100-400x10°metric tons (1971-1973); estimates of annual potential yield
of adults to a fishery range 60-121X103 metric tons (Table 8). Estimated
probable daily mortality rates of thread herring larvae ranged 12.8 -22.7 in 1971,
and 15.6 -26.3 in 1973. Houde (1977b) concluded that best estimate of larval
mortality was approximately 20%-da-1 for both years.

Although round herring larvae had a lower estimated mortality rate than
either scaled sardines or thread herrings they probably had slower growth rates
at the cooler temperatures (18°-27°C} during which they are spawned. Houde
(1977a) estimated numbers at 15.5mm to represent only 40-120 survivors per
10,000 spawned eggs; this is comparable to the estimate for thread herring
(60-200 _survivors per 10,000 eggs) but higher than the five survivors per 10,000
eggs estimated for scaled sardines {Houde 1977c).

Adult biomass of Spanish sardine in the EGUL is estimated at
approximately 250x10°metric tons, with a potential yield of nearly 125x103
metric tons. If Spanish sardine abundance is similar throughout the shelf area of
the entire Gulf, then the total biomass and yield may be three to four times
those for the EGUL (Houde and Berkeley 1982).

Round scad was the most abundant carangid larva in EGUL samples. Its
average standing stock, 20.4X1010 larvae, was more than ten times greater than
any other carangid species. Rough scad spawns year round at surface
temperatures of 20-32°C over the entire West Florida Shelf from May to
November, but spawning during January and February is restricted to south of
26°15'N. Mean abundance over the entire continental sheif ranged from a winter
low of 1.8 larvae under 10m’of sea surface to a summer high of 53.0-10m-3,

Adult stock of round scad in the eastern Gulf of Mexico is estimated at
350X103 metric tons with a potential sustainable yield of 100 (5-20) x103 (Leak
1981). Adult stocks of round scad and Atlantic bumper are approximately 27x103
each, with a potential sustainable yield of 7x103 metric tons (Leak 1981).

The most abundant fish larvae in the EGUL belonged to the familias
Clupeidae (herrings), Gobiidae (gobies), Bothidae (lefteye flounders), Myctophidae
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(lanternfishes), and Serranidae {seabasses). Sand perch, Diplectrum formusum was
the most abundant serranid larva, followed by red barbier {Hemanthias vivanus).

Serranid larvae were collected over the entire shelf area during all seasons, but
the species that occurred (eleven genera and fourteen species or types} differed
by area, season, and depth zone {(Houde 1982).




CENTRAL GULF 03? MEXICO

FINFISH AND SHELL FISH

Available data on distributions of demersal fishes and penaeid shrimp on
soft bottom habitats of the OCS (shoreward to a depth of 120m) from the Rio
Grande to the Mississippi River Delta have been summarized by Darnell et al.
(1983). This compilation represents one of the most thorough and succinct
discussions of demersal biota of any major OCS area in the world. Species
distributions are based on an extensive bottom trawling survey of shrimp and
demersal fishes conducted by the National Marine Fisheries Service (NMFS) from
1961-1965. The demersal fish data base, which includes more than 200 species,
is derived from monthly trawl surveys (1972-1974) of thirteen transects
extending seaward from 7-1 10m depths (Moore etal. 1970). Much of the

information on demersal fish stocks in the CGUL and WGUL has been derived
from these sources.

Moore et al. (1970) report that average catch of bottom fish was
approximately three times greater in the CGUL (93ke-h-1) than in the WGUL
{(35kg-h-1). The differences were most pronounced in the shallow areas and
became less evident with increasing depths. Catches of bottom fish (all species
combined) were similar in day and night tows, and differences in abundance
between years at the same station were not statistically significant (although
often large). Greatest densities of demersal fish were found in the winter and
summer off Louisiana (CGUL), and in the spring and fall off Texas (WGUL}). The

largest catches were made at depths of 7-46m in the CGUL, and 27-110m in the
WGUL.

Differences in species composition occur between CGUL and WGUL finfish
populations (Moore et al. 1970). In general, the dominant fish of both areas are
the Atlantic croaker (Micropogonias undulates), an estuarine species, and the
longspine porgy _{Stenotomus caprinus), an offshore species -- together these
constituted 47% of the total catch by weight. In addition to these two species,
sand seatrout {Cynoscion arenarius} and sea catfish (Arius felis} dominated hauls
from CGUL waters; inshore lizardfish (Synodus foetens) and silver seatrout
{Cynoscion nothus} dominated hauls made in the WGUL.

There are major changes in finfish species assemblages proceeding from
the Mississippi toward the Rio Grande. Darnell et al. summarize the ecological
conditions as follows:

The eastern half of Louisiana is dominated by low salinity marshlands and
large bays opening broadly to the continental shelf. There is an extremely large
interface between marshland and brackish water.., .The shelf off eastern
Louisiana is influenced seasonally by the Mississippi River outflow which
supplies nutrient rich waters and fine sediments. Surface sediments tend to be
fine grained, and the nearshore bottom waters display intermediate salinities
during seasons of high river outflow. Proceeding westward toward the Rio
Grande there is a general reduction of low salinity coastal marshland and
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reduction in freshwater stream flow. From Corpus Christi Bay and south
evaporation exceeds freshwater runoff, and the Laguna Madre of south Texas
displays salinities greatly in excess of seawater.

Many of the species which spend part of their adult lives on the Gulf of
Mexico OCS are estuarine dependent in the sense that the larval or juvenile
stages require low-salinity nursery areas {(Darnell et al.1983). As a group, such
estuary-related species are more prevalent in the CGUL and off eastern Texas
than in the WGUL because of the availability of low-salinity coastal habitats
from Galveston Bay eastward.

The Continental Shelf of the northwestern Gulf of Mexico contains
numerous rock outcrops, coral or calcareous algal reefs toward the outer Shelf,
and many artificial areas of hard substrate including shipwrecks, artificial
fishing reefs, and drilling rigs. These reef areas are inhabited by characteristic
groups of species. However, many reef-related species known to occur in this
region are not represented in trawl collections, including groupers, snappers,
grunts, etc., and pelagic predators such as sharks, jacks, barracudas, and
mackerels.

Some fish species rarely are collected in shrimp trawls because of their
pelagic habits and/or fast swimming abilities. These include various sharks,
tarpons, clupeids (herrings), carangids (jacks), dolphins, mackerels, wahoos, tunas,
billfishes, etc. Also underrepresented in trawl collections are cryptic species
(e.g., congers and other eels) and very small species (e.g., small flounders).

It is known that many of the larger predatory fish occur in the northern
Gulf of Mexico in spring and summer and migrate to warmer southern waters in
the fail. The distribution patterns of other under-represented fish are not always
well understood. Many of the Shelf residents move from shallower to deeper
waters as they mature. However, this movement is often masked by the seasonal
appearance of large numbers of juvenile fish in shallow waters {Darnell_et al.
1983).

Especially in the CGUL, species tend to be widespread across the Shelf
within their appropriate depth range. However, there are numerous cases of
isolated fish populations off the Texas coast in the WGUL, particularly from
Galveston Bay to the Rio Grande. Darnell et al. (1983) note that these
population aggregates are usually found off the mouths of natural or  man- made
passes which connect the estuaries and | agoons to the waters of the CCS.
Speci es which nmost clearly display this formof insularity include the dwarf sand
perch (winter, spring, and sumer), |ongspine porgy (summer), Atlantic cutlassfish
(spring and summer), and bay whiff (summer); at |east 20 other species have
insular populations in the WBUL on at |east a seasonal basis.

Demersal fish species exhibit high seasonal densities around passes and the
mouths of bays and estuaries. Young of species spawned offshore (e.g., spot and
croaker) may temporarily congregate in such habitats prior to entering inshore
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nursery areas -- such populations are not readily captured by bottom trawls. In
the late summer and fall these maturing young depart the estuaries and bays
and can form large aggregations outside the passes. Species involved in such
behavior, as well as species associated with the mouths of the Mississippi and
Rio Grande Rivers, are discussed by Darnell et al. (1983).

Commercial finfish landings for the CGUL OCS Planning Area (Alabama,
Mississippi and Louisiana) and summarized in Table 1. Menhaden, Brevoortia
patronus (and B.sunteri} dominated the fisheries, comprising from 97% to 99%
of total landings. Commercial finfish landings in the CGUL were the largest in
all the OCS Planning Areas for 1982 through 1984; total landings for the entire
state of Alaska ranked second ranging from 334 to 415 thousand mt for that
time period. Although menhaden, an industrial fish reduced to fish meal and fish
oil is not very valuable on a per pound basis, $0.04/lb, the sheer magnitude of
the catch results in it being the most valuable fish in the CGUL in terms of
total economic return. Louisiana ranked first in total finfish landings both in the
CGUL Planning Area and among all the coastal states in the U.S. Mississippi
ranked second in the CGUL Planning Area, third among all the coastal states in
1984 and fourth in 1983. Red snapper, the second most valuable fishery, brought
the second highest dockside price on a per pound basis, $1.60 in Louisiana;
$1.35 in Mississippi in 1984 (NMFS 1985 b). Swordfish brought the highest price;
$5.25 /Ib., though only 3.6mt were landed in Louisiana. Numbers of fish caught
by recreational fishermen during 1980-1982 in the CGUL area are summarized in
Table 2. Saltwater catfishes, spotted seatrout and Atlantic croaker dominated
catches in 1982; saltwater catfish, Atlantic croaker and red snapper were the
most numerous fish caught in 1981; and Atlantic croaker, saltwater catfishes
and spotted seatrout were the most numerous in 1980. Recreational catches of
Atlantic croaker, and sand seatrout declined substantially from 1980 through
1982.

Table 3 summarizes commercial shellfish catches in the CGUL Planning
Area. Shrimp dominated shellfish catches and were the most valuable shellfish in
the CGUL Area; blue crabs ranked second in total landings, and oysters ranked
second in economic value. Shellfish fisheries in the CGUL Planning Area were
the most valuable among ail the OCS Planning Areas and the entire states of
California and Alaska. Shellfish landings in the CGUL ranked second in total
shellfish landings among the OCS Planning Areas from 1982-1984. Louisiana
ranked first in total shellfish landings among the CGUL states; ranked first in
total shellfish landings among all coastal states in 1984 and second in total
shellfish landings among all coastal states in 1983. The total economic value of

the Louisiana shellfish catch ranked second among all coastal states for both
1984 and 1983.
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Table 1. Commercial catches and economic value of most important
finfish in the CGUL OCS Planning Area (Alabama, Mississippi and
Louisiana) (NMFS 1985b, 1984b, 1983a).

Speci es Landi ngs 10°mt Economic Val ue 10° Dol | ar s
1982-1984 1982-1984
Tot al Aver age Tot al Aver age
Menhaden (Cul f) 2760. 77 920. 26 240, 416 80, 138. 7
Red snapper 3.29 1.10 10, 315 3,438.3
Ml | ets 2.63 0.88 1,229 409. 7
Spotted seatrout 1.49 0.50 3,188 1,062.7
Ki ng macker el 1.03 0.34 1,821 607
@l f flounders 1.03 0.34 1,186 395.3
(and Atlantic)

G oupers 0.3 0.1 663 221
White seatrout 0.74 0.25 451 150.3

(sand and silver)

Atl antic croaker 1.45 0. 48 1, 246 415. 3
QG her finfish 60. 38 20.13 19, 332 6, 449
Tot al 2,833. 47 944 .49 280, 078 93,359.3
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Table 2. Estimated total number of fish caught by marine recreational
fishermen in the Central Gulf of Mexico (CGUL} Planning Area,
1980-1982 (NMFS 1984a; 1985a).

Speci es Catch x 10°1980-1982

Tot al Aver age
Sal twat er catfishes 22,684 7,561.3
Atlantic croaker 22,805 7,601.7
Red snapper 8,360 2,786.7
Spotted seatrout 16,622 5,540.7
Sand seatrout 8,635 2,878.3
Red drum 5,244 1,748
Spani sh macker el 4,149 1,383
Tunas/ mackerel s 836 278.7
Q her fishes 4,273 1,424.3
Ki ngfi shes 1,866 622
Sout hern fl ounder 1,757 585.7
Finfish 1,579 526.3
Herri ngs 3,541 1,180.3
Bl ack drum 2,280 760
Triggerfishes/filefishes 767 255.7
Little tunny/Atlantic bonito 1,162 387.3
Sheepshead 1,807 602.3
Mul | ets 5,657 885.7
Tot al 121, 748 40,582.7
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Table 3. Commercial catches and economic value of most important
shellfish in the CGUL OCS Planning Area (Alabama, Mississippi and
Louisiana) (NMFS 1985b,1984b, 1983a).

Speci es Landi ngs 10°mt Econonic Value 10°Doll ars
1982- 1984 1982- 1984
Tot al Aver age Tot al Aver age

Shrinmp 162.20 54. 07 615, 636 205, 212

Bl ue crabs 32.15 10.72 21, 816 7,272
Oysters (neats) 21.08 7.03 62, 906 20, 968. 7
Squi d 0.03 0.01 12 4.0
QG her shellfish 2.59 1. 30 2,193 1,096.5
Tot al 218.04 72.68 702, 563 234,187.7
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WESTERN GULF OF MEXICO

FINFISH AND SHELLFISH

Commercial finfish for the WGUL Planning Area (Texas) are summarized in
Table 1. Red snapper ranked first both in total landings and in economic value.
Because of their high dockside value, swordfish ranked second in economic value
in 1984 and 1982 and fourth in 1983.

Table 2 summarizes marine recreational fisheries catches from 1980 through
1982. Saltwater catfish were the most numerous fish caught in 1980 and 1982
and ranked third in 1981. Spotted seatrout and pinfish ranked second and thid
in 1982; spotted seatrout and Atlantic croaker were the most numerous fish
caught in 1981. Catches of Atlantic croaker, spotted seatrout, and kingfishes,
Menticirrhus spp. were most numerous after saltwater catfish in 1980,

Shellfish landings for the WGUL are given in Table 3. Shrimp, chiefly
brown shrimp, Penaeus aztecus, and pink shrimp, P.duerarum, dominated landings
and were the most valuable shellfish landed in Texas.




WG UL Finfish and Shellfish

Table 1. Commercial catches and economic value of most important finfish in
the WGUL OCS Planning Area (Texas) (NMFS 1985b; 1984b; 1983a).

Species Landings 103mt Economic Vaue 103 Dollars
1982-1984 1982-1984
Total Average Total Average
Red snapper 0.72 0.24 2,624 874.7
Groupers 0.23 0.08 531 177
Flounders 0.46 0.15 976 325.3
Swordfish 0.21 0.07 1,242 414
Mullets 0.14 0.05 33 11
Tilefish 0.02 0.02 58 58
Tunas 0.07 0.02 74 24.7
Sharks, unclass. 0.10 0.03 115 38.3
Other finfish 21 0.7 2,320 7733
TOTAL 4.14 1.38 8,012 2,670.7



WGUL.: Finfish and Shellfish

Table 2. Estimated total number of fish caught by marine recreational fishermen

in the Western Gulf of Mexico {(WGUL) Subregion; 1980-1982 (From NMFS
1984a; 1985a).

Species Catch x 10°1980-1982
Total Average
Spotted seatrout 16,971 5,657
Atlantic croaker 17,800 5,933.3
Saltwater catfishes 21,699 7,233
Mullets 6,559 3,279.5
Pinfish 10,778 3,592.7
Sand seatrout 8,003 2,667.7
Kingfishes 9,096 3,032
Red drum 4,832 1,610.7
Black drum 2,712 904
Silver perch 1,930 965
Sheepshead 2,942 980.7
Red snapper 2,239 1,1195
Sharks 1,003 334.3
Pigfish 597 298.5
Other fishes 2,324 7747
King mackerel 529 264.5
TOTAL 116,456 38,818.7



WGUL: Finfish and Shellfish

Table 3. Commercial catches and economic value of most important shellfish in
the WGUL OCS Planning Area {NMFS 1985h; 1984b; 1983a).

Species Landings 103mt Economic Vaue 10°Dollars
1982-1984 1982-1984

Total Average Total Average
Shrimps 105.34 35.11 525,580 175,193.3
Blue crabs (hard) 9.90 3.30 6,995 2,331.7
Oysters (meats) 6.43 214 20,568 6,856
Squid 0.03 0.01 18 6
Crab - other 0.01 0.01 7 7
TOTAL 121.68 40.56 553,168 184,389.3
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SOUTHERN CALIFORNIA

FINFISH AND SHELLFISH

Average commercial fisheries catch for the period 1971-75, based on
California Dept. of Fish and Game catch statistics, were plotted in Graphic No.
6 (MMS 1984c}. This report presented annual catches in three categories of
abundance, each referenced to standard blocks of 5,760 acres (2304ha).

The most productive areas were U.S. waters off Baja California and off
Orange, Los Angeles, Ventura, and the southeastern half of Santa Barbara
Counties as well as waters surrounding San Clemente and Santa Catalina
Islands. Nearshore catches, including waters out to the Channel Island region,
were primarily composed of northern anchovy, Pacific bonito, jack mackerel,
rockfish, and squid. Offshore of Baja California, tuna (albacore, skipjack,
yellowfin, and bluefin) dominated the catch. The largest abalone catches came
from waters surrounding San Clemente Island and the Channel |slands.

A more detailed summary of commercial fisheries landings in the SCAL,
averaged for the years 1970-74, was presented in the U.S. Dept. of the Interior,
BLM, 1977 (Visua No. 6). Average catches were summarized in eight abundance
categories referenced to 278km2 blocks. The most productive areas reported
were between Point Fermin and Santa Catalina Island, the only two blocks with
catches >9000 metric tons. Three blocks adjacent to these areas had catches
between 1500-8550 metric tons; two of these extended offshore between Long
Beach and Newport Beach, while the third was midway between Malibu Beach
and Santa Monica and the western portion of Santa Catalina Island. Catch
statistics for this Visual were obtained from California Fish and Game Origin
Block Statistics 1970-1974. Visual No. 5 of the same series delineated artificial
fishing reefs, major halibut and billfish fishing areas, general fishing areas, and
dolphinfish and albacore/bluefin tuna areas.

Status reports on world tuna and billfish stocks are presented in National
Marine Fisheries Service (1981). It is expected that this publication will be
updated in 1985 or 1986 {A.Coan, Southwest Fisheries Center, pers. comm.
1984).

The eastern Pacific Ocean yellowfin tuna fishery is primarily conducted
within an area known as the Eastern Tropical Pacific (ETP), bounded by 40"N
and 30" S latitude, 150°W longitude, and the west coasts of North, Central, and
South America.  For management purposes, the Inter-American Tropical Tuna
Commission (IATTC) divides the ETP into the Commission Yellowfin Regulatory
Area (CYRA) and an outside subregion. As Figure 1 shows, this Area includes
SCAL waters. Longline and surface gear are used to catch five species of tunas
in the ETP: yellowfin, bigeye, bluefin, skipjack, and albacore {(Herrick 1981).
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Figure 1. Eastern Tropical Pacific Ocean, showing manageainent areas for
yellowfin tuna as defined by the TATTC.
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In 1979, U.S. fishermen landed 61% of the total yellowfin catch in the
ETP, followed by Mexico (13%} and Ecuador (5.5%}. The 1979 CYRA quota was
159,000 metric tons. SCAL landings for 1977 (Table 1) were approximately 55%
of this quota. Currently, the yellowfin tuna population is at its lowest known
level and has become increasingly dependent upon one-year old fish. This will
diminish potential yield and result in fishing success being heavily influenced by
recruitment class strength (Herrick 1981).

The skipjack tuna fishery extends from about 33"N to 19°S latitude and
from the North and South American coast to 150°W longitude. Thus, this fishery
includes only a small portion of the SCAL. 80-95% of the catch is taken by
purse seiners. The 1979 skipjack catch in the CYRA amounted to 129,400 metric
tons; 53.8% of that catch was landed by U.S. fishermen, but most of the catch
came from waters south of 15"N latitude {Rinaldo 1981). For comparison, 1977
skipjack landings for SCAL (Table 1) were only 13% of the 1979 CYRA total.

The U.S. fleet landed an annual average of 20,400 metric tons of albacore
tuna between 1969 and 1978. Landings from the SCAL in 1977 (Table 1) were
16% of this annual average. The North American fishery has been declining
since 1972, and preliminary data indicate a 1979 catch of only 4938 metric tons,
one of the poorest years on record {(Weber 1981). Preliminary tuna landings for
1982-1984 indicate that California fishermen landed 34.9 thousand mt of
vellowfin tuna, 31.7 thousand mt of skipjack tuna, and 12.3 thousand mt of
albacore tuna during 1984 (NMFS 1985).

SCAL shellfish landings for 1977 are summarized in Table 2.

The most recent commercial finfish landings (1982-1984) are for the entire
state of California {. SCAL, CCAL,NCAL}. Pacific mackerel dominated California
landings in 1984 - 42.4 thousand mt, whereas yellowfin tuna ranked first in both
1983 and 1982 - 55.8 and 62.0 thousand mt respectively (NMFS 1985 b).

Yellowfin tuna and skipjack tuna ranked second and third in total landings
during 1984; skipjack tuna and Pacific mackerel ranked second and third the
previous two years. Total commercial landings dropped substantially from 1982 -
284.1 thousand mt to 1984 - 195.5 thousand mt. Yellowfin and skpjack tuna were
the most valuable fisheries all three years. Commercial catches of shellfish in
California also dropped substantially during the three-year period from 31.3
thousand mt in 1982 to 12.8 thousand mt in 1984. Dungeness crabs ranked first
both in total landings and in economic value. Northern shrimp ranked second in
both categories.
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Table 1. SCAL finfish statistics (San Diego, San Pedro Districts) for 1977
ufrom NMFS 1984c}.

Species Total Economic Catch in metric tons
metric tons Ranking San Pedro  San Diego
(All Calif.)
Anchovies 78,835 7 78,834 0
Yellowfin tuna 88,018 1 52,527 35,492
Jack mackerel 42,001 6 41,995 5
Skipjack tuna 16,196 2 21 16,175
“Soles’ 1 5 0 0
Rockfishes 662 9 216 446
Bonito 10,143 8 7,628 2,515
Albacore tuna 3,171 4 850 2,321
Sablefish 730 11 726 4
Herring, Sea 0 12 0 0
Pacific mackerel 3,249 3,247 3
Bluefin tuna 3,123 10 2,130 993
Chinook salmon 0 3 0 0
Bigeye tuna 1,503 13 559 944
Pacific yellowtail 816 751 65
Lingcod 1 0 0
Total Fish 248,449 189,486 58,964
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Table 2. SCAL shellfish statistics (Sand Diego, San Pedro Districts) {from NMFS
1984c).

Species Total Economic Catch in metric tons
metric tons Ranking San Pedro  San Diego
{(All Calif.)
Crabs:
Dungeness 0 1 0 0
Rock 265 8 230 36
Lobster, spiny 91 7 40 51
Shrimp 0 2 0 0
Abalone 40 5 23 16
octopus 0 0 0
Oysters 0 6 0 0
Squid 8,284 4 8,274 9
Sea urchins 1,388 3 751 637
Total Shellfish 10,068 9,318 750
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CENTRAL CALIFORNIA

FINFISH AND SHELLFISH

CCAL commercial finfish and shellfish statistics for 1977 are summarized in
Tables 1 and 2 of this section.

Commercial fishery areas for abalone, crabs, oysters, shrimp, squid,
albacore tuna, anchovy {Pacific herring), and rockfish as well as salmon trolling
areas, trap fishing areas (for sablefish), and trawling grounds off central and
northern California were delineated in Visua No. 3 (BLM 1980 b). Tables 5 and 6
from this Visual summarize fishing areas and related information for flatfish and
rockfish fisheries. Sport fishing areas are summarized in Visual No. 4 of the
same series: this includes clam digging areas, prime samon fishing areas and
trolling areas, and salmon/steelhead streams.

Commercial fisheries catches in total weight of fish caught in each
California Department of Fish and Game biock of 2,304ha for Proposed Lease
Sale No. 73- off central and northern California were summarized in MMS,
Graphic No. 4 {1983c). Areas of CCAL with the largest catches, greater than
450 metric tons, were found in and near Monterey Bay (CCAL), and adjacent to
Bodega Bay {CCAL). This Visual also shows major fishing ports and major
anadromous fish streams.

Important commercial species in CCAL include Dover sole, English sole,
Petrole sole, Rex sole, Pacific sandab, Arrowtooth sole and California halibut.
Main Fishing areas for these species are centered off Monterey.

Eight species of rockfish {Sebastes melanops, S. paucispinis, S. goodei, S.
pinniger, 8. mystinus, S. serranoides, S. flavidus, and 8. miniatus) are fished
commercialy in California. In CCAL, S. pavirpins and §. goodei_are taken by
trawl and longline in waters over 40 meteres deep. S.mystinus is caught in
shallower water (to 50 meters) and in CCAL is fished primarily by gill net
(Miller and Gibe] 1973).
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Table 1. CCAL finfish statistics (Santa Barbara, Monterey, San
Francisco) (from NMFS 1984c).

Speci es Tot al Econom ¢ Ranki ng
Metric tons (all California)

Anchovi es 21, 495 7

Yellowfin tuna 0 1

Jack mackerel 5,235 6

Ski pj ack tuna 1 2

“Sol es” 5,095 5

Rockfi shes 5,989 9

Bonito 4 8

Al bacore tuna 3,072 4

Sabl ef i sh 3,250 11

Herring, sea 5,223 12

Paci fic mackerel 41

Bl uefin tuna 0 10

Chi nook sal non 1,137 3

Bi geye tuna 0 13

Pacific yell ow ai l 0

Lingcod 379

Total Fish 50, 921
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Table 2. CCAL shellfish statistics (Santa Barbara, Monterey, San
Francisco) (from NMFS 1984c).

Speci es Tot al Econom ¢ Ranki ng
Metric tons (Al California)
Crabs :
Dungeness 145 1
Rock 222 8
Lobster, spiny 22 7
Shrinp 929 2
Abal one 90 5
oct opus 3
Oysters 335 6
Squi d 4,426 4
Sea urchins 5,893 3
Total shellfish 12, 065
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NORTHERN CALIFORNIA

FINFISH AND SHELLFISH

Approximately 562 species of finfish inhabit California coastal waters.
About 500 species are found north of Point Conception and 400 species are
found in NCAL (Jones and Stokes 1981a, b). Some 200 million pounds of finfish
were landed in 1980 in ports north of Point Conception, with a commercial
value of over 15 million dollars {BLM 1982 b).

Major estuaries in NCAL are important habitat for anadromous fish. Pacific
herring spawn in Humboldt Bay and in Crescent City Harbor (Woodward-Clyde
19823, b). The Smith River estunarine system is a nursery area for surf perch
species and starry flounder (Blunt 1980).

Several rivers in NCAL are used by Pacific saimon species for breeding.
These include the Eel, the Klamath, the Mad and the Smith Rivers. Salmon are

a particularly important gamefish of the region, along with an anadromous
variety of the rainbow trout {steelhead).

“Soles” or flatfish dominated catch statistics by weight (Table 1).
Rockf ishes, sablefish and Chinook salmon were also important commercial
species, and significant catches . of lingcod and albacore tuna were landed in
NCAL ports (Table 1).

Dungeness crab (Cancer magis) is by far the most important shellfish
harvested in NCAL (Table 2). Commercial fishing is done in 4 to 36 fathoms of
water out of Crescent City. Humboldt Bay is an important nursury area for
Dungeness crabs (Blunt 1980).

A clam fishery exists in Humboldt Bay and in Crescent City Harbor, but
total catch is small and value is relatively low (Blunt 1980).

Other shellfish of commercial importance include oceanic shrimp, oysters
and octopus.

Approximately 160 metric tons of sea urchins were harvested in NCAL in
1977. This unique fishery is assuming increasing importance as urchin gonads are
becoming a “chic* item in the urban restaurant trade.
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Table 1. NCAL finfish statistics (Northern District)  from
NEtgs  (19848).
TOTAL Economic
setric tans Ranking

{all Catit.)

achovies d 1
Yelloatin tuna ¢ 1
Jack mackerel 2 b
Skizliack tuna g 2
*Sztas? 2273 5
Backtishas 4154 g
Bopitn il 8
Atbacare tuna 14 &
Satletish 7312 it
Hereing; soa ' 20 12
Fac. mackersl it

Biuetin tuna g 16
Chinosk salaan 1288 3
Bigeyse tuna K 13
fac. vellowtail i

Lingeod 383

TOTAL FISH 17543
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Table 2. NOCAL shellfish statistics (Northern District) ( from Ms4FsS ¢asHe) .

TOTAL Ecanomic
metric tons Rank i n3
(At Catit, )
{rabs
Dungeness 12997
fack a 8
Lokster: sainy g 7
Sheino ELEY ?
Azzizre g 5
Oztopus i3
Cystors 75k
Scuid { 4
Caz urchins &2 3
TOTAL SHELLF i5H 23515
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OREGON-WASHINGTON

FINFISH AND SHELLFISH

Commerical finfish catches are summarized in Table 1. Catches have
decreased from 115 thousand metric tons in 1982 to 96 thousand metric tons in
1984, although 1980's catches are substantially higher than the 69 thousand
metric tons landed in 1977 (NMFS 1983a; 1984b,c; 1985b).

Rockfishes, whose catches decreased substantially during this three year
peiod, dominated landings all three years. Flounders ranked second in total
landings; rockfishes and flounders were the most valuable fishes in the region.
Washington landings were approximately double those from Oregon. Rockfishes
and flounders dominated Oregon landings whereas Pacific cod were the most
abundant fish landed in Washington ports. Rockfishes were the most valuable
fishery in Oregon; red salmon ranked first in Washington.

Shellfish landings are summarized in Table 2. Dungeness crab and northern
shrimp ranked first and second in total landings during 1984; their order was
reversed during 1983 and 1982. Dungeness crabs were the most valuable
shellfish followed by northern shrimp and oysters (order reversed in 1984).
Shellfish landings were more equally divided between the two states; 7.1 and 5.6
thousand mt in Washington and Oregon respectively, than total finfish landings.
Dungeness crabs ranked first in total landings in Oregon. Oysters ranked first in
Washington.  Northern shrimp catches ranked a close second in Oregon and
Dungeness crab landings were second in Washington. Dungeness crabs were the
most valuable shellfish in both states (Table 2).

ICHTHYOPLANKTON

Ichthyoplankton assemblages off the Oregon coast have been examined in a
series of studies from 1969 te 1975 (Richardson 1973; Richardson and Pearcy
1977; Richardson et al. 1980).

Fish larvae were enumerated from 354 samples collected during six cruises
during May-Octover 1969. Three types of gear -- bongo nets, meter-nets, and
[saacs-Kidd midwater trawls -- were employed in sampling. Larval abundances are
summarized in Table 3. Total water volumes filtered over the six cruises by the
various gears ranged 1,938,820m3 for all the Isaacs-Kidd tows to 1 1,370m3 for
all the meter-net tows. Thus, as seen in Table 3, total larval abundances are
usually more reflective of abundances of larvae collected with the mid-water
trawls than with the other sampling gear. The midwater trawl caught the
greatest number of taxa (38 vs. 25 for the bongos and 18 for the meter-net
tows) and also had the greatest frequency of occurrence of major taxa.
However, the bongos caught the most larvae. 1000m-3 of water filtered.
Richardson (1973) concluded that the small estimates of larval abundance for
each cruise from the Isaac-Kidd tows were probably caused by a high incidence
of escape through the net by small larvae.
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ORW A Finfish and Shellfish

Table 1. Commercial catches and economic value of most important finfish in
ORWA OCS Planning Area (NMFS, 1985 b,1984b,19838).

Species Landings 103mt Economic Value 10°Dollars
Total Average Total Average
Rockfish, other 76.3 25.4 33,217 11,072
Flounders 54.4 18.1 30,561 10,187
Pacific cod 35.0 11.6 18,326 6,108
Sablefish 27.0 9.0 14,989 4,996
Red salmon 13.8 4.6 38,762 12,920
Pacific hake 17.3 5.8 1,271 423
Alaska pollock 4.4 15 1,067 355
Chum salmon 11.4 3.8 15,554 5,184
Lingcod 9.0 3.0 4,886 1,628
Silver saimon 13.2 4.4 28,847 9,615
Halibut 6.3 2.1 14,528 4,842
Pacific ocean perch 1.7 2.6 3,416 1,138
Dogfish sharks 5.8 1.9 1,232 410
Albacore tuna 3.9 1.3 5,079 1,693
Pacific herring 24 0.8 1,528 509
Chinook salmon 9.9 3.3 37,929 12,643
Other fish 6.6 2.2 6,404 2,135
Total 308.3 102.8 261,378 87,126
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ORWA Finfish and Shellfish

Table 2. Commercial catches and economic value of most important shellfish in
ORWA OCS Planning Area (NMFS 1985 b,1984b)1983a).

Species Landings 103mt Economic Value 10°Dollars
Total Average Total Average
Dungeness crabs 14.7 4.9 42,815 14,271.7
Northern shrimp 20.0 6.7 24,576 8,192
Oysters (meats) 6.6 2.2 14,277 4,759
Clams (unclasp. ) 2.2 0.7 3,349 1,116.3
Squid 0.7 0.2 343 114.3
Sea scallops 09 0.3 3,226 1,075.3
Hard clams (meats) 0.9 0.3 2,940 980
Soft clams (meats) <0.03 <0.01 43 14.3
Other shellfish 0.9 0.3 881 293.7
Total 47 15.7 95,349 31,783
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Table 3.

water filtered) off the Oregon coast, arranged by type of gear and month (from
Richardson 1973).

Mean abundances of fish larvae (number” 1000m-3 of total volume of

Gear May June July -Aug. Aug. Sept. Oct. TOTAL
Bongo net " 11.2 303.4 -—- 125 0.7 110.4
Meter net 100.0 116.1 42.2 2?24 22.1 1.4 51.7
{saacs-Kidd miduater trawl 4.0 a.7 324 14.2 2.3 04 7.2

TOTAL 4.8 2.2 £5.3 14,3 3.3 0.4 13.7
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Fish larvae collected with surface shallow tows (upper 20m) were compared
with those collected with deep obligue tows (from 200m} at the same stations
during the June and July-August cruises. Approximately the same volume of
water was filtered for each pair of samples. As Table 4 shows, greater mean
larval abundances were obtained with the shallow bongo net tows. In contrast,
the deep tows yielded the greater mean larval abundances for the Isaacs-Kidd
trawls. Anchovies (89.4% of total) dominated the catches from the shallow tows,
followed by lanternfish (5.7%) and smelts (2.9%). Anchovies also dominated
catches from the deep tows, although they were relatively less abundant {73. 1%
of total catch). Lanternfish were taken more frequently in deep tows (23.8%)
and again ranked second; scorpionfishes (scorpionfish and rockfish) ranked third
in abundance.

Anchovy larvae accounted for 78% of total catch in this study. They were
most abundant in the Columbia River plume waters in June and July-August, and
were associated with water with a temperature greater than 14°C. Anchovies off
the Oregon coast comprise the northern subpopulation of the northern anchovy --
the central and southern populations are found off California and Baja
California, respectively. Spawning occurs primarily in the upper 10m of the
water column at temperatures greater than 14°C and, in the northern
subpopulation, appears to be restricted to the warm, near-surface waters of the
Columbia River plume (Richardson 1973).

Larvae of the northern lumpfish, Stenobrachius leucopsarus (a myctophid},
ranked second in abundance followed by the blue lanternfish (Tarletonbeania
crenulous) and various unidentified species of rockfish (Sebastes spPpr. )
(Richardson 1973).

Richardson and Pearcy (1977) found two distinct larval assemblages in a
1.5-yr. survey of an upwelling area off Yaquina Bay, along the mid-Oregon coast.
The “coastal” assemblage, found 2-28km offshore, was dominated by smelts
{Osmeridae), English sole {Parophrys vetulus), butter sole (Isosetta isolepis), and
Pacific tomcod (Microgadus proximus). Samples from this coastal asemblage
averaged 82.6 larvae under 10m2 sea surface. The “offshore” larval assemblage
occurred 37-111km from shore and averaged 73.4 larvae-10km-2 sea surface. This
group was dominated by larval Sebastes spp., northern lumpfish, blue lanternfish,
slender sole (Lyopsetta exilis}, and northern anchovy. Peak abundances in both
larval fish assemblages occurred between February and July when more than
90% of all larvae were caught.

Larvae comprising the coastal and the offshore assemblages form distinct,
geographically separated groups. Ninety-three percent of the larvae in the 53
coastal taxa and 96% of the larvae in the 31 offshore taxa were collected
2-28km or 37-111km offshore, respectively. Both adult spawning locations and
current  distribution  patterns  (predominantly north-south  rather  than
inshore-offshore) seem to account for these distinct assemblages {Richardson and
Pearch 1977).
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Table 4. Comparison of fish larval abundances (numbers’ 1000m-3) as obtained by
paired shallow {(<20m) and deep oblique (from 200m) tows during 2 sampling
periods, summer 1969 (from Richardson 1973).

Gear June July-August TOTAL
Shallow Deep Shal {ou Deep Shallow Deep
Bengo nets 3.h 8.9 456 .8 3.0 233,0 194.3
Isaacs-Kidd miduater trawl 0.3 0.3 231 55.5 10,0 16.1
TOTAL 4.8 1.2 75.0 78.0 34.0 36.1
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Consistent patterns of larval fish distributions were found along the
Oregon coast between the Columbia River and Cape Bilanco during the
winter-spring months over a four-year period. Coastal, transitional, and offshore
assemblages of larval fishes were present during each sampling period. The
region of transition from coastal to offshore assemblages roughtly paralleled the
shelf slope break, i.e., the 200m isobath. Mean abundances of larvae mean
number under 10m’sea surface) from all stations were as follows (Richardson et
al. 1980):

Date ------- > 3/72 4/72 3/73 4/73 3/74 3/75
Abundance--> 56.7 70.3 96.3 47.7 43.6 357.2
The high abundance of larvae in March 1975 was due primarily to large

numbers of smelts. The most abundant larvae caught during ail six sampling
periods are summarized in Table 5.
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Table 5. Most abundant fish larvae caught over a 4-year survey along Oregon
coast, 1972-1975 (from Richardson et al. 1980).

KEY to assemblages: C = coastal; T = transitional; O = offshore.

Smelts (undetermined spp.) c
English sole c
Butter sole c
Sebastes SPP. o
Northern lumpfish T, O
Starry flounder (Platichthys stellatus c
Pacific sand lance (Ammodytes hexapterus) C, T
Cods (undetermined spp.) C
Slender sole 0
Sailfishes {unidentified Cyclopteridae) T, O
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GULF OF ALASEKA

FINFISH AND SHELLFISH

The Gulf of Alaska OCS Planning Area includes the Yakutat and
Southeastern Regulatory Areas of the North Pacific Fishery Management Council
(see Introductory chapter, Gulf of Alaska Fisheries). Most of the data in this
section will divide the northeast Gulf into three regions; Prince William (west
of 144 °30'W; Yakutat (from 144°30'W to 140°00'W); and Fairweather (east of
140°00'W).

Salmon
Five species of Pacific salmon are found in the GOAK: pink samon

{Oncorhynchus gorbuscha), sockeye salmon (Q. nerka}, chum salmon (0. keta},
coho salmon (0. kisutch}, chinook salmon {O. tshawytscha}.

Life history data for these species are summarized in Table 1, and the
average total salmon run, from 1955-1975, is depicted in Figure 1. The samon
run is greatest in Prince William Sound, where an average of nearly seven
million fish have participated in the recent past. In 1979 the Prince William
Sound area exhibited the largest commercial salmon catch (more than sixteen
million fish) of the past two decades (Figure 2).

Generally, the commercial catch of salmon in the Yakutat region (Cape
Suckling to Cape Fairweather) is small compared with that of the rest of
Alaska, though it is important to the local economy. The largest catch reported
in the period 1960-1978 was about 350,000 fish in 1977, although the fishery
exhibited no obvious trend away from an average of more than 225,000 fish
during this period (Figure 3). The commercial fishery off Yakutat utilizes set
gillnets and trolling gear.

There is a small sport fishery for coho, chum, and chinook salmon in the
Gulf of Alaska, but catches are not significant compared to the commercial
harvest (Rogers et al. 1983 h).

Groundfish

Table 2 summarizes estimated biomass of demersal fish groups in the
northeastern GOAK. Flatfish, the dominant group, were 58% of the total fish
biomass. Average catch per unit effort (CPUE} for this fishery, summarized from
NMFS research trawl surveys during the 1970's, are listed in Table 3.

Walleye pollock comprise the majority of the roundfish harvest of
groundfish in the northeast Gulf of Aalaska, accounting for 79% of the catch in
the Prince William region, 55% in Yakutat, and 22% in Fairweather. Distribution
of the pollock catch rates are summarized in Figure 4. The most abundant
flatfish is arrowtooth flounder (turbot., Atheresthes stomias), with greatest CPUE
in the Yakutat region (Figure 5) where it is 42% of the flatfish catch.
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Table 1. Life history information for five species of Pacific saimon
occuring in the northeastern Gulf of Alaska {from Tamm 1980).

Speci es
Cha racteristics Pink Sockeye Chum Coho Chi nook
Freshvater habitat Short streams Streams, rivers, Short and Streans and Large rivers
e d lakes long streams rivers
Length of tine 'young several days 1-4 yeaxs Less than 1 to 2years 3 to 12 nont hs
stay in fresh water to several weeks 1 month
after batching
Length of ocean life 1-3/3 years % to & years % tob5years 1 to 2 years | to 5 years
Year of life at 2 3 to ] 2t 06 2 to 4 3 to 8
e aturity (years)
Average length at SC s 63.5 63.5 61 91. 4
maturity (cm
Average veight at 1.8 2.7 4.1 4.5 10
maturity {xg)
Range of weight at 0.9 to 4.1 0.7 tot.s 1.7 to 20.4 1.7te 13.6 1.1 to s6.8
maturity (kg)
Fecundity {ousber of 2,000 3,700 3,000 3,500 4,800

eggs)
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Table 2. Estimated biomass (metric tons) of demersal fish groups in
northeastern GOAK (Prince William, Yakutat, and Fairweather regions
combined). May-August, 1975 and April, 1976 (from Ronholt et al. 1978).
¢ Depth interval Flat fish Roundfish Rockfish Elasmobranchs All fish
(m
1 - 100 50,400 31,000 300 7,200 88,900
101-200 69,100 42,700 6,700 10,900 129,400
201-400 41,600 8,600 5,400 4,000 59,600
All depths 16 1,1013 82,300 12,400 22,100 277,900

Table 3. Average catch rates (geometric means of CPUE) for demersal
fisheries in northeastern GOAK, estimated from NMFS research trawl surveys
for the period 1973-76 (from Ronholt et al. 1978).

- Ar ea Flat fish Roundfi sh Rockfish Sharks & Rays
Prince WIliam 107 101 2 8

~ Yakutat 166 46 9 22
Fairweather 83 3 3 14
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Figure 1. Estimates of average Pacific salmon run, 1955-1975. Note that these
are organized by northeast Gulf of Alaska districts, Alaska Department of Fish
and Game. Data in 1000’'s of fish (Tamm 1980).
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Figure 2. Annual salmon catch from the Prince William Sound area, GOAK
{Tamm 1980).
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Figure 3. Annua salmon catch from Yakutat region, northeastern GOAK
(Tamm 1980).
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Figure 4. Distribution of standardized catch rates ({CPUE} for walleye pollock
according to NMFSsurvey data (from Ronholt et al. 1978).
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Figure 5. Distribution of standardized catch rates (CPUE) for arrowtooth
flounder, according to NMFS survey data (from Ronholt et al. 1978).
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Arrowtooth flounder are most abundant in the 200-400m depth interval {Ronholt
et al. 1978).

Prince William Sound (Figure 6) is a great embayment in the extreme North
Pacific Rim, surrounded by the Chugach Mountains, Kenai Peninsula, and the
Copper River delta. Major physiographic features of the region include
mountains {which may rise sharply from the water’'s edge to summits over 900m
high), the heavily wooded shoreline, and a rocky irregular coastline. Few sandy
beaches are present, except on the southern shores of Hinchinbrook and
Montague Islands (Rosenthal 1983}. Although the general climate in the
northeastern Gulf of Alaska is generally temperate, there are frequent cyclonic
storms. The temperature range in the upper 5m of the water column of Prince
William Sound is 2-15°C {Rosenthal 1983).

Rosenthal (1983) reported data from four sampling sites believed to be
representative of key habitats in the region. Samples were taken on a seasonal
basis, 1977-79, August and September, and April-August. These sites, the
locations of which are shown in Figure 6, are described as follows:

Danger Island

In the extreme southwest of Prince William Sound, a major reef extends
for approximately 4km off Latouche Point and eventually merges with
Danger Island. The sampling site possesses a steep shore gradient, high
wave and tidal energy, rocky kelp beds, and heavy algal cover.

Schooner  Rock

This small rocky islet off the eastern end of Zaikof Point was the
primary study site in Hinchinbrook Entrance. The site also has a steep
shore gradient and nearshore kelp bed.

Constantine Harbor

This is a small embayment along the north shore of Hinchinbreok Entrance.
The shore gradient is low, with medium wave and tidal energy, a lush
eelgrass meadow, and a bottom substrate of sand, mud, and shell debris.
Rockweed is common in the intertidal zone and laminarian kelps replace
the eelgrass in the deeper parts of the Bay.

Zaikof Point

This site, a narrow rocky shelf on the south side of Zaikof Bay, is
characterized by a moderate gradient, medium energy shoreline, rocky kelp
bed, and heavy algal cover.
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Figure 6. Prince William Sound, northeastern Gulf of Alaska (GOAK), showing
locations of shallow water study sites used in the study of Rosenthal (1983).

96



GO AK Finfish and Shellfish

A total of 68 fish species from sixteen families were collected from these
sites during the course of Rosenthal’s (1983) study, most taken from the shallow
sublittoral zone at depths of 2-30m. Species from Danger Island and Schooner
Rock were associated with exposed rocky coastline habitats, but fishes from
Constantine Harbor were more typical of those found in protected estuaries and
embayments.  Zaikef Point exhibited the highest fish diversity, undoubtedly
reflecting its intermediate habitat types. However, biomass estimates and fish
abundance were generally greatest at the exposed Schooner Rock and Danger
Island sites, and there was a positive correlation between fish biomass and

degree of bottom relief. The following summarizes diversity and biomass data for
each of the study sites.

Zaikof Point 38 species
1110.2 fish -ha'l (fixed-transect)
biomass: 833 kg-ha-1

889.6 fish-ha-l (random-transect)
biomass.  62.7-1350.4kg-ha"1

Greenings (Hexagrammidae) were 56% of the total species taken; the kelp
greenling (Hexagrammos decagrammus} was the most frequently encountered,
accounting for 49% of the total abundance. Other abundant bottomfishes were
Alaskan ronquil (Bathymaster caeruleofasciatus), rock greenling (H. lagocephalus),
and red lIrish lord {Hemilepidotus hemilepidotus). The most abundant schooling
fishes were the black rockfish_{Sebasters melanops) and dusky rockfish (S.
ciliatus) which occupy the multi-layered kelp forest.

Danger Island 32 species

5333.0 fish-ha'l (fixed-transect)
biomass: 4803kg-ha-1

1526.9 fish-ha-l (random-transect)
biomass: 313.9-3549 .2kg-ha-1

Danger Island ranked second in species abundance. Rockfish (Scorpaenidae)
were represented by six regularly counted species; this group comprised 66% of
the fish in the nearshore zone. As at Zaikef Point, black rockfish were the
dominant species of this assemblage. The kelp greenling was the most abundant
and widely distributed member of the solitary bottom fish guild; other important
bottom species were longfin sculpin {(Jordanea zonope), lingcod Ophidon
elongates), and Alaska ronquil.
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Schooner Rock 29 species

7925.0 fish-ha'l (fixed-transect)
biomass, 5480.7kg-hal

4436.2 fish-hal (random-transect)
biomass: 133.7-6833 .5kg-ha-l (north face)
0.33 -3083.7kg-ha-l (south face)

At this second most-exposed sampling site, black and dusky rockfish were
again the most abundant schooling fish. The family Scorpaenidae dominated
sampling sites on both the north and south faces of the islet. The most
abundant bottom fishes were Alaskan ronquil, kelp greenling, wolf-eel
{Annarrhichthys occelatus), padded sulpin (Artedius fenestralis), and Pacific
halibut (_Hippoglossus stenolepis}). Fish densities were highest in the shallow and
sublittoral waters of the north end of the Rock. The large schools of black and

dusky rockfish contributed to the highest biomass observed at the four sampling
sites.

Constantine Harbor 27 species

1211.1 fish-ha-1
biomass: 222.2-268.3kg-ha-1 (early September)
0.55kg-ha1 (April)

Only ten of the 27 species collected were seen with any degree of
regularity at this protected site. Greenings dominated the catch, even though in
contrast to the other sites the kelp greenling did not occur. Whitespotted
greenling {H. stelleri} accounted for 71% of the fish at this site. Other abundant
solitary bottom species were starry flounder (Platichthys stellatus}, Arctic
shanny (Stichaeus punctatus), masked greenling {(H. octogrammus), and cresecent
grunnel (Pholis laeta). Most abundant schooling fishes in the eelgrass meadow
were juvenile yellowtail rockfish (Sebastes flavidus) and young Pacific tomcod
{Microgadus_ proximus). The increase in summer fish biomass accompanied the
influx of fish into the eelgrass meadows.

In summary, summer peaks in both density and species richness, followed
by strong declines during oceanic winter, occurred at both exposed and
protected sites. Bathymetric shifts in areas of distinct relief were very evident
along the exposed rocky coastline. Seasonal horizontal movement of the fishes in
these areas may have been less than a few hundred meters. In contrast, the
inshore fish fauna were rarely encountered in the shallow embayments or along
the extensive shores of Print e William Sound during winter. These fishes must
travel considerable distances in order to find depths and sites suitable for
winter habitat (Rosenthal 1983).
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The major fisheries in Prince William Sound, in order of economic value,
have been salmon {(all species), snow {Tanner) crab, and herring (roe and bait, as
well as herring spawn on kelp, a Japanese delicacy). Landings and economic
value of these fisheries are summarized in Table 4.

Herring spawn in the intertidal and high subtidal zone and egg densities on
favorable substrates can be exceedingly high (Table 6).

If heavy egg deposition occurs in extensive kelp beds, a small length of
beach can represent a large biomass of spawning herring. For example, studies
at Boca de Quadra over a five-year period showed a range of 317.5 -2,630.9
metric tons of herring spawners per linear mile of beach receiving spawn.
Herring apparently spawn over a larger tidal depth range (+3.7m to -11m) in
southeastern Alaska than in the Bering Sea. Depths at which spawning occurs
apparently depend upon availability of suitable habitat (i. e., kelp beds), Depth
preference for herring spawning varies from year to year and from place to
place, as is seen below (Blankenbeckler and Larson 1982, Table 7).

A research trawl survey was conducted in the spring of 1978 to determine
if sufficient groundfish were available to keep processing plants busy during the
slack periods of April-June, between the end of the Tanner crab season and the
beginning of the salmon season. Mean CPUE and estimates of exploitable
biomass are summarized in Table 5.

The trawl survey results indicated that groundfish abundance in Prince
William Sound during the spring was very low relative to most coastal waters in
the Gulf of Alaska. the groundfish taken during this survey were dominated by
species of low economic value, and many of the individuals taken were juveniles.
Parks and Zenger (1979) therefore concluded that there was poor potential for
development of profitable trawl fisheries within the Sound.

SHELLFISH

The distribution of benthic invertebrates in the Prince William, Yakutat,
and Fairweather regions of the northeastern GOAK is summarized in Figure 7.
The greatest CPUE were in the Prince William area and off Yakutat Bay,
Rogers et al. {1983b) have summarized life histories of the various important
commercial shellfish species in this region and have reviewed historical catch
statistics.

Reported commercial catches (metric tons) of snow {Tanner) crabs for
portions of this region are summarized in Table 8.

Figure 8 depicts distributions and relative abundance of pink shrimp for
the northeast Gulf of Alaska. The shrimp fishery was initiated in Yakutat Bay

in the 1979-80 season after intense fishing effort overloaded the handling
facilities at Kodiak. The Alaska Department of Fish and Game set a quota of
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Table 4. 1977 landings and economic values of the principal fisheries

in Prince William Sound, GOAK (Parks and Zenger 1979).

Fi shery Landi ngs Econoni ¢ value
(metric tons, except salmon) $ x 1000
Sal non (all species) 6, 266, 600. fish 17, 000
Snow (tanner) crab!l 2,180 1, 947
Herring 2,260 1,044
Dungeness crab 334 221
King crab 39 117
Bottomfish? 38 25
Shri nmp 79 20
Razor cl ans i 1.6
Marine whel ks or snails 4 0.6
'1977-78 secason
2used primarily for crab bait
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Table 5. Mean CPUE and estimated exploitable biomass for demersal
fish in Prince William Sound, GOAK, based on trawl survey data
obtained in spring, 1978. Total distance trawled was 13,630km (from
Parks and Zenger 1979).

Speci es CPUE Bi omass, netric tons
Fl SH.
Wl | eye pollock 162 15.6
Skat es 59 5.8
Arrowtooth flounder (turbot) 40 4.0
Fl at head sole 33 3.2
Pacific halibut 29 2.9
Eulachon 25 2.5
Spring dogfish 15 2.1
Sculpins 14 1.6
Yellowfin sole 13 1.1
Starry flounder 7 0.6
Rex sole 6 0.6
Sabl ef i sh 5 0.7
Pacific cod 5 0.4
TOTAL 413 41.1
SHELLFI SH.
Snow (Tanner) crab 144 16.2
Red king crab 11 1.3
Si destripe shrinp 5 0.3
TOTAL : 160 17.8
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Table 6. Estimates of densities of herring egg deposition on various
substrates in the Boca de Quadra region near the southeastern Alaska
border in the Gulf of Alaska (Blankenbeckler and Larson 1982).

Substrate type Hi gh Aver age Z substrate
Estimate Estimate utilization
( m?) ( m?) 1979- 1980
Fucus 2.6x10° 519, 120 15%
{rockweed)
0,
M&d to lgw tidal 3.5X106 679, 300 30%
elp and Zostera
Lower tidal large 4.2x10° 697, 640 34%

kel ps (e.g. Laminaria)

Lower ti dal 2.9x10° 1, 500, 000 19%
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Table 7. Depth preference for herring spawning (Blankenbeckler and

Larson 1982).

Area and year % Upper M d and low Sub-ti dal Total %
intertidal tidal

Boca de Quadra

1979 15 27 58 100

1980 15 37 48 100
Juneau

1980 3 0 97 100
Sikta

1978 26 29 45 100
Seymour

1980 40 11 49 100
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Figure 7. Benthic invertebrate catch rate based on trawl surveys in northeastern
Gulf of Alaska, May-August 1975 and April, 1976. Shaded zones show areas
where CPUE was greater than 50kg-hrl.
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Table 8. Reported commercial catches (metric tons) of snow {Tanner)

crabs for GOAK.

Year Yakutat Fai r weat her Al'l Al aska
1971 5,842
1972 7 13 13,669
1973 94 133 27,996
1974 849 281 28,988
1975 917 526 21,254
1976 777

1977 461

1978 449

1979 442

1980 1,147

lcape Suckling to Cape Fairweat her

2yakutat Bay to Cape Fairweat her
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Figure 8. Distribution and abundance of pink shrimp {Pandalus borealis) from
northeastern Gulf of Alaska trawl survey, summer 1975 (from Feder and Jewett
1979).
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680.4 metric tons, and after it was surpassed by 90.7 metric tons the Bay was
closed to fishing for the year. Subsequent experimental trawling in Yakutat Bay
indicated a shrimp density of 23.8 metric tons-km-2 {Rogers et al. 1983 b).

Weathervane scallops_(Patinopectin courinus) occur from California to
Alaska with commercially harvestable beds around Kodiak Island and in the
Yakutat region. Scallops inhabit mud, clay, sandy, or gravel bottoms and are
most abundant at depths of 37-128m with the majority taken around 90m.
Commercially taken scallops range in age from 7-11 years; they are sexually
mature by their third year at a size of 7.6-12. 7cm in height (Rogers et al.
1983 b). Scallop distribution in the northeastern GOAK is shown in Figure 9. The
Yakutat area was important during the first two years of the scallop fishery,
and again in the 1974-77. The fishery was inactive during 1978 and 1979 due to
a decline in the resource and adverse market conditions. The fishery then
resumed in 1980, and this harvest was estimated at approximately 113 metric
tons (Rogers et al. 1983b).
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Figure 9. Distribution and abundance of the weathervane scallop (Patinopecten
caurinus), based on northeastern Gulf of Alaska trawl survey, summer— 1975 (from
Feder and Jewett 1979).
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FINFISH AND SHELLFISH

The continental shelf and nearshore waters of the Kodiak Archipelago are
among the most productive in the world, supporting commercial fisheries for
halibut, salmon, and crab (Rogers, et al. 1983a). The Archipelago (Figure 1) is
located in the western Gulf of Alaska southeast of the Alaska Peninsula. It is
composed of numerous islands, sixteen of which have an area larger than 18km?2;
Kodiak Island (9293km2) and Afognak Island (1813km2) are the largest.
Mountains rise sharply from the ocean floor to elevations of more than 1200m
and the coastline is carved by narrow bays and fjords. Most of the shoreline is
composed of rocky bluffs and narrow beaches. Climate is maritime, with cloudy
skies, moderately heavy precipitation, and average temperatures ranging from
-5°C to 15°C. The continental shelf extends offshore of the Kodiak Archipelago
to approximately 120km.

Fish Population Surveys of Kodiak Archipelago

Fish populations in the nearshore habitats of the Kodiak Archipelago have
been extensively sampled under a comprehensive food habits study (Rogers, et
al.1983a). Study areas included four bays (Izhut, Kalsin, Kiliuda, and Kaiugnak)
located on the eastern side of Afognak and Kodiak Islands {Figure 2). Fishes
were collected using five types of gear. (beach seine, trammel net, townet,
trynet, and otter trawl) according to the different types of habitat to be
sampled (Figure 3). With the exception of the Dolly Varden and adult pink
salmon, the beach seine, trynet, and townet sampled primarily small fishes,
whereas larger fish were taken by the trammel net and otter trawl.

Table 3 summarizes average catch per beach seine haul. Catches were
lowest during the winter; the high summer peak is due in part to an influx of
immigrating pink salmon.  Sculpins, greenings, and salmonids dominated these
beach seine catches. Trammel net catches were dominated by rock greenling
throughout the year (Table 4). The townet sampled surface-dwelling pelagic
“forage fishes” (Table 5), although these were the most incompletely surveyed
group due to the small catches of the net. The large summer catches were due
to the abundance of Pacific sand lance.

Trynet hauls fished the banks and shelves of the study bays. Soles,
primarily rock sole and yellowfin sole, and sculpins dominated the catches in all
seasons (Table 6). Catches increased during spring, peaked in summer, and
remained relatively high in the autumn. Table 7 summarizes otter trawl catches
by season (note catch units in kg rather than g as in previous tables). The
otter trawls fished the deepest portions of the bays, 70-100m; average catches
exhibited | ess of a seasonal pattern in total biomass as conpared with data
obtai ned by other gear which fished the nmore nearshore conponent of the fish
popul ations.  Right-eyed flounders {soles) and sculpins (MYoxocephalus spr. and
yellow Irish lord) dominated catches in all seasons (Rogers, et al. 1983a).
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i
162 159 156 153

Figure 1. Western Gull of Al ask a and Kodiak Archipelago {from Colgate and
Hicks 1983}
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Figure 2. Locations of fish sampling sites for the Kodiak fond habit surveys,
1978  and 1979 {from Rogers, et al. 1983a).
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Figure 3. Sampling gear used in Kodiak food habits suirvey, showing major
habitats sampled by each {from Rogers, el al. 1983a).
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Table 3. Beach seine samples:
Kodiak food habits survey (from Rogers, et al. 1983a).

average catch (g wet wt. ) per haul in

Species Winter Spring Summer Autumn
Masked greenl ing 9.0 45.7 77.7 26.4
Myoxacephalus spp. 6.b 124.5 52.2 152.4
Rock greenl ing 4.1 20.7 23.7 7.7
Dally Varden 3.0 7.5 118.2 40.4
Rock sole 1.9 27.4 35.1 27.5
Pink salmon 1.4 26.7 2201,9
Si fverspotted sculpin 1.3
Chum salmon 10.3
Whitespotted greenl ing 9.1 55.8 3.3
Starry flounder 5.4 9.5 9.8
Staghorn sculpin 26.8
Paci f ic sand lance 33,0 299.0 12.9
Total Biomass 31.3 406.4 2928.0 286 .3
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Table 4. Trammel net samples: average catch (g wet wt. ) per 2-hr set in
Kodiak food habits survey (from Rogers, et al. 1983a).

Spec i es Winter Spring Summer Autumn
Masked greenl ing 12.7 894.9 4471.5° 818.2
Myaxocephal us see. 125.8 2%.2 248.8 859 .8
Rock greeni ing 437.5 6717.1 9951.9 2139.3
Do{ ly Varden 5.7
Rock sole 117.1 h7d .3 1.0 78.3
Pink salmon 9.6
Whitespotted greent ing 2.1 334,9 1290.8 82.0
Starry flounder 1.7 2.8 3.3
Staghorn sculpi n 54 5.5
Kelp greenl ing 3.2 34.4 20.8 68.0
Tomeod 1.9
Yel loytin sale 9.3 11.5
Pacific herring 4.9
Hal ibut b.6 3.9
Pacific cad 3.6 51.0 3.2
Butter sole 1.5
Red Irish lord b6.6 3.3
Unidentified sculpin 23.1
Buffalo sculpin 1.3
Total Bigmass 7.2 0744.4 18 :337.8 4076.5
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Table 5. Townet samples: average catch (g wet wt. ) per 10-min. haul in

Kodiak food habits survey (from Rogers, et al. 1983). a

Spec i 85 Winter Spring Summer Autumn
Pacific sand lance 1.4 80.6
Threespine sticklebacks 1.3 1.1 0.4
Cape 1in 0.6 2.4 0.3 0.4
Chum saimon 4.6 0.2
Pink Salmon 08 7.1
Lingcad 1.1
Praut ish 0.8
Whites. patted greenling 0.3
5i{verspotted sculpin 0.1
Total Biomass 3.3 8.9 90.9 0.4
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Table 6. Trynet haul samples. average catch (g wet wt. ) per 10-min. haul

in Kodiak food habits survey (from Rogers, et al. 1983a).

Species Winter Spring Summer Autumn
Rock sole 240.8 1068.9 1834.4 1370.2
Gymnocanthus spp. 47.5 235.6 323.1 61.3
Yel lowtin sole 12.9 1167.1 3576. 0 b6, 1
Myoxocephal us spe. 12.4 102,3 849.1 177.3
Whit eSpotted green! ing 3.6 76.1 120.1 69.1
flathead sole 3.0 47.3 22k. 8 14.6
Unidentified snailfish 2.8
Starry flounder 2.0 13.9
Staghorn sculpin 15 4,6
Pacific cod 14 4.7
Butter sole 15.6 56.1 12.9
Yellow Irish lord 14.4 184.7
Ha |'i but 10.8 51.5 11.3
Pacific cod 4.7
Arroutooth f lounder 22.5 3.9
Sand sul e 10.3
Lingcod 7.4
Ribbed sculpin 6.3
Total Biomass 338.5 2796.0 7302.8 2335.1
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Survey of Tanner Crab Populations

A trawl survey program was initiated in 1980 to assess Tanner (snow)
crab (Chioncecetes hairdi) populations in the Kodiak and Chignik Management
Districts.  Results from the 1982 surveys pertinent to the KODK OCS Planning
Area are summarized below. Data from the Chignik District will be discussed
under the SHUM OCS Planning Area. The Kodiak Management District is located
south of the latitude of Cape Douglas on the Alaska Peninsula (58°52" N) east of
the longitude of Cape Kumlik (157 °27'W} and west of 150°W.

Principal species caught during the otter trawl survey of northern Shelikof
Strait, Uganik Bay, Uyak Bay (see Figure 1), and in the Chignik Shellfish
Management District were flathead sole (Hippoglossoides elassodon), walleye
pollock (Theragra chalcogramma), arrowtooth flounder (turbot, Atheresthes
stomias), and Pacific cod (Gadus macrocephalus}. Mean Catch rates for both fish
and invertebrate species were as follows:

Shelikof Strait 1944. kg-he-l
Uganik Bay 2366. “ “
Uyak Bay 1748. “ ¢

In Shelikof Strait, total catches were greater in shallow water than in
deep water. In constrast, largest catches in Uyak and Uganik Bays were at
depths of 130-164m.

The principal fish and invertebrate species caught in the Shelikof Strait
(more precisely, the North Mainland fishing section of the Kodiak Tanner crab
Management District; Figure 4) in the 1982 Tanner Crab survey are summarized
in Table 8. Combined male and female Tanner crabs ranked third in average
trawl biomass. Other commercially important shellfish: king crabs, shrimp, and
Dungeness crabs -- ranked 12th, 15th, and 18th, respectively.

A similar otter trawl survey was conducted during the summer of 1981 in
northern Shelikof Strait, offshore of the Alaska Peninsula near Chignik Bay, in
Chignik and Kujulik Bays near the Semidi Islands, and in the Chiniak Gully.
Principal species caught were the same as in the 1982 study, but pollock ranked
first, followed by flathead sole, arrowtooth founder, and Pacific cod.
Distributions and depth patterns for the total catches were not apparent within
each study area. Estimates of the Pacific cod population in the Shelikof Strait
was 6318-8881 metric tons; for walleye pollock, 10,636-20,851 metric tons (Owen
and Blackburn 1983).

Commercial catches of Tanner crabs from the Kodiak Management District
are summarized in Table 9. The 1981-82 Tanner crab harvest (6239 .75mt}
surpassed the 1980-81 catch by more than 910 metric tons. Harvest was the
second lowest in the last seven years. There were 221 vessels fishing in the
Kodiak Management District during 1981-82, an all-time high. Declining king crab
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Table 7. Otter trawl sample;:

average catch (kg wet wt. ) per 20-min.
trawl in Kodiak food habits survey (from Rogers, et al. 1983a).

Species Winter Spring Summer Autumn
Rock sole 43.49 102.6U 38.98 30.93
Yel Tow fin sole 38,73 77.14 n. % 150.44
MZUXUEEEhahJS SPP. 17.44 70.68 40.44 41.57
Hal i but §.57 10.85 31.84 20.01
Flathead sole 3,89 41.71 9%, 76 23.48
Gymnocanthus see. 3.01 30.32 20. %
Starry f lounder 2.90 6.78 2.19 1.16
Pacific cod 1.67 31.30 7.12 19.40
Sand sol e 1.07 3.86
walleye pailack 0,37 3.16 26.23 22.23
Butter sole 0.25 0.67 3.25 1041
Tancod 1.20 0.84 22.74
Stagharn sculpin 0, 17 17.24
Yellow Irish lord 0.17 50.61 i .06 150.44
Arrovtooth f founder 0,15 12.47 8.92 26.31
Sabietish 21.15 4.5
Searcher 0.94 0.66
8ig skate 0.19
Whitespotted greenl ing 0.55
Herring 0.47
Unidentified sculp ins 0.19
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Figure 4. Major Tanner crab stocks in the Kodiak Management District {from
Colgate and Hicks 1983).
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Table 8. Rank and catch per unit effort {CPUE) of major fish and
invertebrate species captured in North Mainland fishing section, 1982,
Kodiak Management District Trawl Survey (from Colgate and Hicks 1983).

Speci es Overal 1 rank cpue (kg-hr'l)
FI SH
Wl | eye pollock 1 631
Fl at head sol e 2 306
Arrowt ooth flounder 4 200
Pacific cod 5 161
Paci fic hali but 6 92
Bi g skate 7 49
Sablefish 8 34
Eelpout 9 29
Eulachon 10 26
Great sculpin 11 24
Al aska pl ai ce 14 14
Dover sole 15 12
Longnose skate 18 6
Skat e 24 3
| NVERTEBRATES
Tanner crab 3 221.1
King crab 12 20.2
Sponge 13 15
Shri np 15 12
Mud starfish 17 7
Dungeness crab 18 6
Oregon triton 20 5
Nort hwest neptune 20 5
Sea anenone 20 S
Weat hervane scall op 23 4
Total kg+hr~! 1944

179 male, 42 female
2, male, 12 fenmale
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Table 9. Commercial catch of Tanner (snow) crabs in the Kodiak Management
District of the Westward Region, Alaska (from Colgate and Hicks 1983).

Y ear Metric tons Catch per unit effortl
1969-70 2,817.8 42
1970-71 3,059.1 44
1971-72 4,298.2 59
1972-73 13,925.3 67
1973-74 13,526.7 59
1974-75 6,191.6 83
1975-76 12,399.9 64
1976-77 9,398.6 48
1977-78 15,096.4 49
1979-80 8,447.7 24
1980-81 5,329.1 25
1981-82 6,239.8 24

Inumber of crabs per pot lift
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catches throughout Alaska and the high market price paid for Tanner crab
contributed to the higher than normal fishing effort (Colgate and Hicks 1983).
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ICHTHY OPLANKTON

Walleye pollock, Theragra chalcogramma, support the largest single-species
commercial fishery in the Northern Hemisphere {Thorsteinson and Thorsteinson
1982). In the Gulf of Alaska this species undertakes a winter spawning migration
into Shelikof Strait via the “gully” that runs between the Semidi and Chirikof
Islands. By early spring the fish have moved into the deeper waters of Shelikof
Strait to spawn. In the following discussion, Shelikof Strait is defined as the
ocean area bounded by 58°30°-56°00'N and 157 °00°-153°00'W (note that this area
extends southwest of the area normally considered to lie within the Strait and
includes a portion of the Shumagin (SHUM) OCS Planning Area. ) (Dunn et al.
1984).

Walleye Pollock -- Eggs

Pollock eggs were found in low abundance in late fall and winter (October,
November and February), and increased in abundance in the spring with catches
peaking in late March and April and declining in May. Few eggs were
encountered in June, July, or Sept. Progress of the spring spawning is
illustrated in Figure 5; highest average egg densities occurred 31 March-9 April
and 20-29 April.

Distribution and relative abundances of pollock eggs during the April
spawning peak are shown in Fi%ures 6 and 7. During early April, egg abundances
were greater than 100,000 -10m-¢ at several stations in the northwest portion of
Shelikof Strait and at one station in slope waters at 156*W (Figure 6}. By late
April, egg abundance had reached 10,000 -100,000 -10m-2 in the center and at the
west end of Shelikof Strait (Figure 7) (Dunn et _al. 1984).

Walleye Pollock -- Larvae

Pollock larvae were found from March to June throughout the western Gulf
of Alaska. Larval abundances increased from March-April, peaked in April, and
declined thereafter (Figure 8). During late April, abundances of pollock larvae
were between 10,000 and 100,000 -10m-2 throughout much of the central Shelikof
Strait and exceeded 100,000 -10m-2 at one station (Figure 9). During the latter
half of May, larvae were found throughout Shelikof Strait and in shelf and some
upper slope waters (Figure 10). Abundances were relatively high, ranging from
10,000 to 100,000 larvae-10mZ at a few stations (Dunn et al. 1984).
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Frequency fnumber of statigns)

Station sbundance

Figure 5. Progress of spring spawning of walleve pollock in the Gulf of Alaska,
as illustrated by frequency distribution of

station abundances of eggs by
successive 10-day period.

Triangles on abscissa denote logarithmic means {from
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Higure 6 Distribution and relative abundance of walleye pollock eggs in KODK
waters, April1-15{from Dunn et al. 1984}
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Figure 7. Distribution and relative abundance of wallave poliock ezgs in KODK
waters, April 16-30 ({rom Dunn et al. 1984).
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Figure 8. Frequency distribution (see Figure 5} of station abundance of walleye
pollock larvae in KODK (from bDunn et al. 1984).
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Figure 9. Distribution and relative abuandance of walleyve
KODK waters, April 16-30 {from Dunn et al. 1984).
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Decapod Crustacean Larvae

Seasonal distribution and abundances of decapod crustacean larvae in the
KODK OCS Planning Area have been summarized by Wolotira et al. (1984) for
surveys conducted in 1978-79. Approximate boundaries of the study area were
55-59°N and 149-155°W, an area of 75,000km2, which encompasses the
continental shelf east of Kodiak and Afognak Islands from the headwaters of
Inhut, Chiniak, Kiliuda, and Kaiugnak Bays {Figure 11) seaward to the 2,000m
contour.

The bathymetry east of Kodiak and Afegnak Islands consists of shallow
banks separated by troughs which run to the continental shelf edge. Four major
troughs -- Amatuli, Stevenson, Chiniak, and Kiliuda -- traverse the continental
shelf, which ranges from 69 to 110km in width (see Figure 11). These troughs,
except for Amatuli, are offshore extensions of deep water trenches out of Izhut,
Chinak, and Kiliuda Bays, respectively, and range in depth from 100-140m. The
troughs are separated by four banks -- Portlock, and North, Middle, and South
Albatross Banks -- with depth ranges of 50-90m {Wolotira et al. 1984).

Abundances of ten different taxonomic groups of decapod crustacean
larvae, including five commercial species, are summarized in the following tables.
Table 10 lists mean normalized numbers in the inshore region (which includes
Izhut, Chiniak, Kiliuda, and Kaiugnak Subareas). Table 11 provides similar
information for the offshore region {Portlock, Marmot, Albatross, and Sitkinak
Subareas).

Crab and shrimp larvae were two to three times more abundant inshore
than offshore. Vertical distribution studies revealed that the 10-50m depth
stratum contained the majority of the larvae sampled. Times of peak abundance
varied through the spring and summer months according to taxonomic group.
Mean densities from all cruises in the inshore region were highest for hippolytid
shrimp, followed by anomuran crabs and pea crabs (Table 10). Hippolytid shrimp
and anomuran crabs had two peaks of abundance in April and May, respectively,
and again in early August. Highest abundances of pea crabs occurred June-early
August. Hippolytid shrimp and anomuran crabs also ranked highest in mean
biomass for all four seasons in the offshore region (Table 11) (Wolotira et al.
1984).
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Table 10. Mean abundances (numbers” 10m-2 sea surface area) of decapod
crustacean larvae in the inshore region of the Kodiak Island Study Area,
1978-1979 (from Wolotira et al. 1984).

------------ SPRING —----—======= —=—————coo= SUMMER ------------—— FALL WINTER
TAXON 3129~ &0~ &121- s/3-  §/31- 6114~ &/2B- /21~ B/1- 8/15- (114~ 3/4-
48 &/17 5/1  5/28 b/ &/26 7118 UZ? B/9 0/21 11/13 3/16

Hippo lytid shrimps 48.9 472.4 30k. 0116.9 97.5 50.9 440.4 560.1613.0 364, O 1.4 2.4
(Hippo lytidae)

Sand shr imps 0.5 4.8 1.4 10.1 5.s 11.8 18.3 10. El 19.7 21.2 ¢c1 o0
(Crangonidae)

Pink or northern shrimp 2.3 23.8 24.5 10.8 1.0 1.6 0.5 1.001D00
(Pandalus boreal is)

Humpy shrimp 1.1 0.7 9.9 1.2 1.5 2.8 2.0 0 C! 0 00D
(P. goniurus)
Anomuran crabs 38.2 15. b 238.8 277.7 182,1 241.2 106.8 98,5 220.4 100.5 24.41.Z

{Anomura sF. )

Red king crab 1.4 1.8 1.0 3<8 1.2 0 0 o 0 0 0 1.7
(Paral ithodes camtschatica)

Dungeness crab 1 1.9 0.8 4.5 55 311.8 51 49 1.0 08B 0.1
(Cancer magister)

Cancer crab o 0 0.5 1.8 27,5 748.9 &31.7 227.1 1469 0. b 0
(Cancer sp.)

Tanner {snow) crab n ) 1.9 93. b 1068 27 3.1 0 O O ghbon.z
(Chiongecetes bairdi )

Pea crabs 0 0 0.8 155.0 339.4 297.9357.7 2075 3394 1582 09 O
(Pi nnather idae)
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Table 11. Mean abundances {numbers” 10m-2 sea surface area) of decapod
crustacan larvae in the offshore region of the Kodiak Island Study Area,
1978 and 1979 (from Wolotira et al. 1984).

SPRING SUMMER FALL W INTER
TAXON 3/28 - 4720 6/19 - 719 10/25 - 11717 2/13-3/11

Hippo lytid shrimp it %.9 1.4 0.5
(Hippo lytidae)

Sand shrimp 0.8 15.0 0.1 0
(Crangonidae)

Pink or northern shrimp 0.6 1.9 0 0
{Fandalus boreal is)

Anonuran crabs 26.4 158.2 0.4 0,5
(Angmura se. )

Red king crab 0.1 0.2 0 0
(Paral ithodes camtschatica)

Dungeness crab 0 4.0 0 0
(Cancer magister)

Cancer crab D 472.4 0.1 1.1
(Cancer Sp.)

Tanner {snow) crab 0.5 25. b 0 0.2
{Chionoecetes bairdi)

Pea crabs g 180.3 0 0

{Pinnotheridae)
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FINFISH

The commercial fishing industry of the Kodiak region and Lower Cook Inlet
is characterized by high volume and low diversity. Major fishing ports are
Kodiak, Homer, and Kenai. The following summarizes information for commercial
finfish and shellfish productivity in the region proximal to Kodiak Island,
including the Shelikof Strait and Lower Cook Inlet.

Salmon

Salmon are the most important and the most economically valuable fish
caught in the KODK and CKIN OCS Planning Areas. The commercial salmon
fishery uses set gillnets, drift gillnets, and purse seines. The fishing season runs
from June through August or September and fisheries are usually located within
the 3-mile (4.8km)limit. In 1980, the Kodiak/Cook Inlet salmon harvest totalled
24.2 million fish, or more than 42,638 metric tons (Representatives of the
Qil/Fisheries Group of Alaska, 1983}.

All five species of salmon are harvested in the Cook Inlet-Shelikof Strait
area. Pink salmon predominate in both areas. Sockeye (red) salmon rank second
in Cook Inlet and third in Kodiak, with opposite rankings for chum salmon.
Cohos rank fourth and kings (chinook) fifth in both regions {Blackburn et al.
1983). Mean annual salmon catches are summarized in Table 2.

Salmon catches are distributed through most of the region, the major
geographic areas of which are shown in Figure 3. Pink salmon harvests are
greatest in the Kalgin Island Area, in Kachemak Bay, along Kodiak and Afognak
Islands, and along the shores of the Alaska Peninsula. Harvest distributions of
the other species are summarized in Blackburn et al. (1983).

A substantial portion of the regional catch comes from the Shelikof Strait
area. Based on catches in the early 1970’s, Shelikof Strait accounts for
approximately 40% of the annual pink salmon catch, more than 80% of the
sockeye catch, 40% of the chum catch, 55% of the coho, and most of the
chinook salmon taken in the Kodiak area

The outlook for the salmon fishery in this region is optimistic, although
weather plays an important role in salmon production. Mild winters enhance
freshwater survival; the early 1970's were relatively poor years due at least in
part to their severe winters.
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Table 2. Mean annual salmon catches (thousands of fish) for the
past two decades in the Kodiak and Lower Cook Inlet regions (from

Blackburn et al. 1983).

Years Pink Sockeye Chum Coha Chinook
KODIAK
1760-1967? 7,740 510 &7 b4 1.2
1970-1978 61346 518 765 27 1,1
LOWER COOK INLET
19460-1969 1>780 1,197 Y 266 13.4
1970-1978 15139 15215 757 183 11,9
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Figure 3. Major geographic regions of the Cook Inlet region {from Blackburn g_té

al. 1983).
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Halibut

Halibut are taken by longline in both nearshore and offshore waters.
Although the season extends across the summer months, actual fishing is limited
to a short opening of only a few days within the period. The fishery is
concentrated in the vicinity of Anchor Point, off the tip and along the south
shore of the Kenai Peninsula, South of Kachemak Bay, near the Barren Islands,
on the east side of Shelikof Strait (including the coastal bays), along the
southwest tip of Kodiak Island, and in the wide bay area on the west side of
Shelikof Strait (Blackburn et al. 1983).

Table 3 summarizes halibut catches in the region over the decade of the
1970's. The decline of the fishery early in the decade was due to incidental

catch of juvenile halibut by foreign trawlers. The fishery has recovered
somewhat, but not to historic levels.

Major halibut spawning sites in the Lower Cook Inlet area include Portlock
Banks and Chirikof Island. Mature fish concentrate from November to March at

depths of 180-450m along the edge of the continental shelf {Blackburn et al.
1983).

Groundfish

The groundfish fishery has been directed at walleye pollock and to a
lesser extent Pacific Cod in the central Shelikof Strait. Foreign fisheries were

not active in Shelikof Strait between 1969 and 1974 and the domestic fishery
has just begun to e€xploit this resource.

Groundfish landings in the Kodiak management area were as follows:

1975 6.4 metric tons

1976 236 “ "

1977 289 “ "

1978 1048 “ "

1979 2063 “ " (through July)

Catches have averaged 80-90% walleye pollock and about 10% Pacific cod
(Blackburn et _al. 1983).

Herring

Commercial herring catches in the Cook Inlet area are summarized in
Table 4. Herring is predominantly a spring fishery (primarily in May), as the fish

are taken largely for their roe (Blackburn et al. 1983). Herring typicaly spawn
in the intertidal zone, primarily upon submerged vegetation.
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Table 3. Halibut catches in metric tons {dressed weight) by IPHC
statistical subareas in the Cook Inlet-Shelikof Strait region, 1969-1978
(from Blackburn et al. 1983).

Year Cook Inlet Northern Shel ikof Kamishak Bay Southern Shel ikat
except Kamishak Strait Strait
1969 234 28 5 227
1970 158 218 36 247
1971 245 33 20 215
1972 187 142 29 451
1273 302 242 15 344
1974 298 100 -=- 11
1975 248 177 b 138
1976 293 148 7 267
1977 329 I 26 172
1978 309 30 4h 57
AVERAGE 260 119 22 223
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Table 4. Commercial herring catches (metric tons) in Cook Inlet region,
1969-1979 (from Blackburn et a. 1983).

Y ear District
Central Kachemak Bay Kamishak Bay
(n. of Anchor Pt.)

1969 551.5

1970 2708.7

1971 125

1972 1.0

1973 14.0 203.8 243.1
1974 36.6 110.2 2108.8
1975 6.0 24.0 4119.0
1976 [Inlet total: 4,086.3]

1977 17.1 291.0 2917.5
1978 60.8 16.6 402.0
1979 171 13.1 417.6
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SHELLFISH

King Crab

The king crab fishery begins in August and extends through the winter.
Principal fishery areas are depicted in Figure 4; catch statistics for the 1970’s
are summarized in Table 5.

King crab was first harvested in the Kodiak and Cook Inlet management
areas in 1951. Catches increased to their historically high values in 1965 when
approximately 43,545 metric tons were taken in Kodiak. The catch has declined
since 1965 and now depends heavily upon newly recruited crabs, i.e., the
success of a single preceding year class.

King crabs move into relatively shallow water in winter where the eggs
hatch during February-April. Females then molt and mate again. King crabs are
known to concentrate in Kachemak Bay for spawning and all the bays on
surrounding Kodiak Island are known or suspected to harbor spawning crabs
(Blackburn et al. 1983).

Tanner (Snow) Crab

Tanner crabs are caught in virtually all the lease area south of Anchor
Point. as summarized in Figure 5. The fishery began in 1967 and by 1972-73 had
become the predominant winter and spring shelifishery with 13,835 metric tons
harvested in the Kodiak area. Since then the annual landings in Kodiak have
varied between about 6000 and 15,000 metric tons, depending primarily on
market price and competition with other fisheries.

Tanner crab catches in Kachemak have fluctuated from about 454 to 1270
metric tons since 1970. Catches in the Kamishak area of Lower Cook Inlet have
yielded 907-132-61 metric tons since 1974-75; during that same period the
Shelikof Strait lease area has yielded 1814-4536 metric tons per season
{Blackburn et al. 1983).

Dungeness Crab

Dungeness crab fishery grounds are shown in Figure 6. Greatest catches
occur in the outer Kachemak Bay, in the lower central Cook Inlet. and along
both shorelines of Shelikof Strain (except on Afognak Island). The bulk of the
catch is taken from July through October.

The fishery began in the Cook Inlet management area in 1961 and in the
Kodiak area in 1962. Commercial harvests peaked in Kodiak between 1967-1970
with an average annual harvest of 2,858 metric tons. Catches declined during
the early 1970's due to a combination of biological, environmental factors and
market factors. The largest catch in the Cook Inlet area, 771 metric tons,
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Figure 4. Locations Of king crab fishery in vicinity of Kodiak Island (from
Representatives of the Oil/Fisheries Group of Alaska, 1983).
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Table 5. King crab harvest (metric tons) northern and central Shelikof
Strait region (from Blackburn et al. 1983).

Fishing Season Conk Inlet District Kodiak Stock
Southern Kamishak 51 &2
{Kachemak Bay) (Barren Island) (Central Shelikat) (Northern Shelikat)

1969-1770 b&4 166 793 358
1770-1971 698 960 394 652
1971-1972 704 1301 107 117
1772-1973 631 1250 73 240
1973-1774 830 1014 163 175
1974-1975 821 1345 474 71
1975-1976 756 831 527 138
1976-1977 444 1420 327 142
1977-1778 111 &b
1278-1979 302 158 53
Average 679 1111 315 201

Leatchpr i mar il y from Viekoda Bay and Kupreanot Strait
ZVicinity of Cape Douglas
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Figure 6. Locations of dungeness crab fishery in vicinity of Kodiak Island and
Lower Cook Inlet (from Representatives of the Oil/Fisheries Group of Alaska
1983).
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occurred in 1963; since then catches have fluctuated widely from about 3 to
340 metric tons.

The dungeness crab catch in the Shelikof Strait portion of the Kodiak
area averaged 576 metric tons between 1962-1969. From 1969-1977 catches
decreased to an average of 213 metric tons though they fluctuated widely, e.g.,
the 1977 catch was less than 4.5 metric tons but the 1978 catch was 206
metric tons (Blackburn et al. 1983).

Shrim

Pink shrimp, Pandalus borealis, is the primary species harvested in this
region, with smaller catches of humpback shrimp (B. hypsinotus), spot shrimp or
prawn {P. platyceros}, and sidestripe shrimp ({(Pandalopsis dispar}). Shrimp are

harvested in Kachemak Bay, in Kukak Bay on the Alaska Peninsula, and in

virtually all of the bays on the west side of the Kodiak Archipelago, including
the north end of Afognak Island.

The Kodiak shrimp fishery began in 1958, with a peak catch of 37,195
metric tons in 1971. Catch quotas were established in 1972 and the fishery was
closed during the period of egg hatch (females carry developing eggs for
approximately six months) beginning in 1973. The catch declined to
approximately 9300 metric tons during the 1978-79 season. The Shelikof Strait
south of Cape Douglas produced an average shrimp catch of 2359 metric tons
from 1973-74 through 1978-79. Catches in Kachemak Bay ranged from 1996-3266
metric tons during the 1970’'s (Blackburn et al. 1983).

Razor Clams

There is extensive recreational and subsistence digging for razor clams
{Siliqua patula} in the region; clams are also taken as bait for Dungeness crab
pots. A commercial fishery exists in Swikshak Beach, just south of Cape
Douglas, and on Polly Creek Beach north of Tuxedni Bay.

Most of the digging in the Kodiak area has occurred on Swikshak Beach,
where there have been four distinct periods with different catch levels:

1960-63 135-191 metric tons dug annually
1964-69 0-9 “ ! ! "
1970-74 60-90 ! “ “ “
1975- 1-2 ! “ “ “

These fluctuations in catch are not related to clam population levels, but to
regulations, market conditions, and the logistics of harvesting in a remote area
on a National Monument (Blackburn et al. 1983).
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Weathervane Scallop

The scallop fishery began in 1967, expanded to 676 metric tons in 1970 in
the Kodiak area, and decreased thereafter. The last landings were made in
1976. The fishery centered on the east side of Kodiak Island.

DECAPOD LARVAE

Outer Kachemak Bay is a major release and settling area for larvae of
king crab and pandalid shrimp. Surveys in 1972 and again in 1976 revealed
similar distributional patterns and areas of greatest abundance for king crab,
northern shrimp, arid bumpy shrimp larvae. Samples from the central portion of
outer Kachemak Bay had the greatest larval numbers of each species, while
samples from the inner Bay and Lower Cook Inlet had fewer larvae. Areas of
greatest abundance of larval coonstripe shrimp, however, were markedly
different from larvae of the other species. Coonstripe shrimp larvae were most
numerous in samples collected along the northern shore of the outer Bay, off
Bluff Point, and the inner Bay near Homer Spit. Larvae of sidestripe shrimp
were distributed in a pattern similar to that of larval king crab, northern

shrimp, and bumpy shrimp, except that sidestripe larvae were not taken from
inner Bay waters.

Dispersal patterns of king crab, northern shrimp, bumpy shrimp, and
sidestripe shrimp larvae were similar. Larvae of all four species were dispersed
into the inner Bay, primarily along the southern shore, and out of the Bay
westward toward Flat Island. Some larvae were also dispersed northeastward
toward Anchor Point. Likewise, dispersal of coonstripe shrimp larvae in outer
Kachemak Bay was southwestward, similar in direction to that of the other
larvae. However, coonstripe larval dispersal from the inner Bay was probably
seaward along the northern shore of the outer Bay toward Bluff Point {Haynes
1983).

Relationships to Current Patterns

Seawater enters Cook Inlet through Kennedy Entrance, then flows
northward along the east side of the Inlet, eventually mixing with turbid,
low-salinity waters from sediment-laden rivers. It then flows southward along the
western shore, around Cape Douglas, and into Shelikof Strait (Haynes 1983).
Two large gyres, one counterclockwise in the eastern half and one clockwise in
the western half, dominate water circulation in outer Kachemak Bay (Figure 7).
Although this two-gyre system is generally stable, it can be altered by strong
winds. Water in the gyres has a typical residence time of one to two weeks,
and net transport in outer Kachemak Bay is northward whether or not the gyres
are well-established.

Water circulation in inner Kachemak Bay is dominated by two
counterclockwise gyres, one near Homer Spit and other near the head of the
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Figure 7. General circulation patterns of surface water in Kachemak Bay and
lower CooOk Inlet, as discerned from data collected during spring and summer
seasons {from Haynes1983}.
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Bay (Figure 7). Surface waters, mostly riverine in origin, flow westward into the
outer Bay whereas deeper waters below 30 m flow from the outer into the inner
Bay, primarily along the southern shore.

Observed dispersals of king crab and pandalid shrimp larvae from areas of
greatest abundance in Kachemak Bay were only in partial accord with water
currents. Larval behavior seens to influence the direction and extent of
di spersal. These crucial behavior patterns are essentially unknown (Haynes 1983).

King Crab Larvae

Outer Kachemak Bay is a major release area for larval king crabs. Stage |
larvae first appear in April; high abundance occurs in MaY. As Figure 8 shows,
highest larval densities in early May are found off Bluff Point in outer
Kachemak Bay. By late May the larvae have dispersed into the inner Bay, and
highest densities occur throughout a major portion of the outer Bay. Two areas
of high density are reported for early June; the entire cross section of the

inner Bay from Homer Spit, and the southwest portion of the outer Bay (Figure
9).

Greatest abundance of glaucothoe larvae has been reported to lie between
Anchor Point and Bluff Point. This must be a major settling area for king crab.

Northern Shrimp Larvae

Dispersal patterns of northern and bumpy shrimp were similar, although
northern shrimp released their larvae earlier (early April) than bumpy shrimp
(mid-April). Only the dispersal patterns of larval northern shrimp will be
presented here.

Larval release occurs in the central portion of outer Kachemak Bay
(Figure 10) (bumpy shrimp release their larvae somewhat farther seaward).
Dispersal to the inner Bay is primarily along the southern shore (Figure 4);
dispersal out of the Bay is in a southwestward directio toward Flat Island
(Figures 10 and 11). During both 1972 and 1976, late-stage larvae (stages V and
V1) of both northern and bumpy shrimp were most abundant in outer Kachemak
Bay (Figures 11 and 12).

Larvae of both northern and bumpy shrimp probably settle in outer
Kachemak Bay. Settling may be dependent upon factors other than changes in
morphology, as there is only a slight morphological change in transition from
zoea to megalopa (Haynes 1983).
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FINFISH AND SHELLFISH

The Shumagin OCS Planning Area includes two of the six Tanner Crab
Management Districts of the Westward Region Registration Area “J’ (Figure 1):
the South Peninsula Management District and the Chignik Management District.
Fisheries data from the Kodiak Management District to the east are discussed
under the KODK OCS Planning Area. These regions are important not only for
information on the Tanner crab fishery, but also as the sites of recent trawl
surveys which provide information on demersal fish and invertebrates.

A trawl survey program (30-minute tows with a 400-mesh eastern otter
trawl) was initiated in 1980 to assess Tanner crab {Chionoecetes bairdi)
populations in the Kodiak and Chignik Management Districts. Areas surveyed in

1981 and 1982 are shown in Figure 2; results from 1982 are summarized in
Table 1.

A similar survey was conducted during the summer of 1981 in the northern
Shelikof Strait (KODK OCS Planning Area} and offshore of the Alaska Peninsula
near Chignik Bay, in Chignik and Kujulik Bays near the Semidi Islands, and in
the Chignik Gully. Results were comparable to those of the 1982 survey. Mean
catch rates for both fish and invertebrates were 2147kg- hr'l offshore of
Chignik, 1817kg-hr'l om Chignik Gully, and 1242kg-hr-l in Chignik and Kujukik
Bays. The Pacific cod population in the Chignik Management District was
estimated at 39,143-75,499 metric tons;, that of walleye pollock, 74,529-135,615
metric tons (Owen and Blackburn, 1.983).

Tanner Crab Harvests

The Tanner crab harvest for 1981-82 in the South Peninsula Management
District was 2081.6 metric tons, a 30% increase from the previous season’s
catch. Fishing effort. in this district was at a 9-year high of 72 vessels. The
harvest for the Chignik Management District was 1469.9 metric tons, an 11%
decrease from the 1980-81 season. Fishing effort. in this District was at an
all-time high, with 45 participating vessels {Colgate and Hicks 1983).

Tanner Crab harvests since 1973 for the two Tanner Crab Management
Digtricts included within the bounds of SHUM are summarized in Table 2.
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Figure 2. Survey areas for 1981 and 1982 (shaded) otter traw! surveys in the
Chignik Tanner Crab Management District (from Colgate and Hicks 19&3).
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Table 1. Rank and catch per unit effort (CPUE)} of major fish and
invertebrate species captured in the 1982 Chignik Tanner Crab Management

District Trawl Survey (from Colgate and Hicks 1983; Owen and Blackburn
1984).

Species Overal 1 rank CPUE (kg-hr~1)

FISH

Walleye pollock 1 491
Flathead sole 2 420
Arrowtooth flounder 3 265
Pacific cod 4 147
Yellowfin Sole 5 78
Pacific halibut 7 55
Rock sole 8 36
Great sculpin 9 31
Sablefish 10 24
Bigmouth sculpin 11 18

Eelpout (unidentified spp.)

[uny
N
—
un

Big skate 13 10
Yellow Irish lord 15 7
Rougheye rockfish 16 6
INVERTEBRATES
Tanner crab 6 68.1
Starfish (unidentified spp.) 14 8
Shrimp 17 5
Weathervane scallop 20 4
Mud starfish 21 4
Dungeness Crab 22 3
Oregon triton 23 3
Hermit crab 24 3
Red crab 27 2
Total kg-hr-1i 1781

‘63 males, 5 females
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Table 2. Commercial harvest of Tanner crabs in the Tanner Crab Management
Districts included within the SHUM 0CS Planning Area (from Colgate and
Hicks 1983).

Year South  Peni nsul a Kodi ak

metric tons cpPyE! metric tons cPUE 1
1973-74 4310.7 57 1906. 3 51
1974-75 2356. 8 54 1566. 4 63
1975-76 5081. 2 75 3141.7 52
1976-77 3072.6 40 2573.2 52
1977-78 3377.6 40 2129.1 45
1978- 79 3939.2 40 1150. 4 33
1979- 80 1976. 8 27 1595. 7 25
1980- 81 1494. 2 21 1657. 3 35
1981- 82 2081.6 22 1469. 9 28
'no. of crabs per pot [lift
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GULF OF ALASKA SUBREGION

{GOAK, KODK, SHUM OCS PLANNING AREAS)

FINFISH

The Gulf of Alaska is bordered by the Alaskan coast from Dixon Entrance
to Unimak Pass. This vast region includes three OCS Planning areas, Plus Cook
Inlet (CKIN) directly north. The coast is rugged and mountainous, deeply
indented by fjords and inlets. Like the rugged coastline, the continental shelf is
irregular and frequently interrupted by submarine valleys. These deep valleys
separate broad bank areas, such as Albatross and Portlock Banks near Kodiak
Island and the Davidson Bank south of Unimak Island (Figure 1); these plateaus
are broader and occur more frequently in the western Gulf {(Alton 1981).

Commercial shell- (crabs and shrimp) and bottom-fishing in the Gulf of
Alaska can be divided into three historical periods {Alton 1981). The first, from
1867 through the 1950's, saw the development of the cod, halibut, and sablefish
fisheries by North American fishermen. The 1960's saw the development of the
U.S. crab and shrimp fisheries and foreign fisheries for bottomfish. The third
and current period began with the Magnusen Fishery Conservation and
Management Act of 1976 which established the 200-mile (320km) Fishery
Conservation Zone (FCZ) outside the 3-mile (4.8km) territorial sea and placed all
fishery resources under the jurisdiction of the Federal Government.

The State of Alaska retains jurisdiction over domestic Gulf of Alaska
fisheries in inshore waters and the territorial sea. The state also has
jurisdiction over those offshore fisheries for which a Federal Fisheries
Management Plan has not yet been implemented: at present, king crab and
shrimp fisheries (Alton 1981).

Catch data for both foreign and domestic fisheries in the Guif of Alaska
are reported by the North Pacific Fishery Management Council (NPFMA). These
data are summarized by Regulatory Areas which in some cases are approximately
congruent with OCS Planning Areas (Figure 2).

In the tables which follow, no attempt will be made to correct for
boundary incongruities and the Regulatory Areas (combined, if necessary) will be
used to estimate fishery harvests from the OCS Planning Areas as defined.
"Groundfish” include any marine fish, except halibut (Hippoglossus stenolepis),
osmerids (smelts), herring, and salmonids. Halibut are excluded from these
tabulations because this fishery has been managed historically by the
International Pacific Halibut Commission {IPHC, Rigby 1984). Sablefish catches
will be reported in dressed weight; ali others will be in round weight (dressed
wt. /0.7). All weight values are reported in metric tons.
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Figure 1.  Principal geographical locations and bathymetry of the Gulf of
Alaska, with OCS Planning Area boundaries superimposed (after Alton1981).
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Figure 2. North Pacific Fishery Management Council (iVP??MC) Regulatory Areas
in Guif of Alaska, with OCS Planning Area boundaries superimposed {after
Shippen and Stauffer 1983).
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The Effect of Joint Venture Fisheries

Table 1 summarizes domestic groundfish catches for the entire State of
Alaska for the decade, 1970-1980. Two important features are relevant to the
Gulf of Alaska:

1.  (Walleye) pollock, Pacific cod, and flounders constitute the principal
groundfish harvests.

2. A sharp increase in total harvest occurred in 1979-80; this was the
result of joint-venture fisheries (foreign processing of catch from U.S. vessels)
which were permitted under the Magnusen Act of 1976. The principal groundfish
listed above figured significantly in this increase.

After an initial catch of 44.6 metric tons in 1978, joint. -venture fisheries
grew very rapidly to a total of 37,296 metric tons by 1980. Although 95% of
the 1980 catch came from the Bering Sea and Aleutians area, significant
increases also occurred in the Gulf of Alaska (Righy 1984).

The contribution of joint-venture harvests makes it difficult to establish
trends in fishery “productivity” for Alaskan waters. Post-1977 harvest data will
be emphasized in the summaries which follow.

Groundfish Harvest Data

Table 2 summarizes domestic groundfish harvests from the three 0CS
Planning Areas in the Gulf of Alaska (assuming the OCS Planning Area
Boundaries and those of the NPFMC Regulatory Areas approximately coincide).
Principal components of the harvest, broken down into domestic, foreign, and
joint-venture catches, are presented in more detail in Tables 3, 4, and 5,
Although domestic groundfish catches have sharply increased, especially with the
contribution of joint-venture fisheries, foreign harvests still dominate the total
groundfish catch.

Walleye pollock (Theragra chalcogramma) accounted for the greatest.
portion of the commercial groundfish landings, with largest catches from the
Chirikof and Kodiak International North Pacific Fisheries Commission (INPFC)
regions (KODK OCS Planning Area). The foreign catch of pollock has steadily
decreased since 1978 while the U.S. portion of the catch has drastically
increased, again the result of joint-venture fisheries.
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Table 1.

catche§ all areas, all gears (from Rigby 1984).

Annual Alaska groundfish harvest in metric tons -- all Alaskan

1970 1971 1972 1973 1974 1975 1976 1777 1978 1979 1980
o' lock 42.0 --- 2.4 24,1 324 --- 185,8 227.8 1064.1 261.612842.8
Sablefish 407.9 270.7 759.1 B875.5 714.9 1088.7 804.7 825.0 1239.1 2488.3 1730.5
Pacific cod 77.5 44,7 65.8 59.0 145.4 130.3 222,1 249. 6 819.6 2281 .217392,0
Yelloutin sole  ~—~—~—~—~- =" ~~- --- --- --- 6.7 2.1 0.8 0.1
Dover sole 0.8 —— - -- —- 7.3 - - 0.6 £ Q—
English sole  ~ =777~ -7 -~ -== i - --= 0.7 7.2 ——-
Flathead sole -== --= -=- -=- — --= 2,8 2.4 28,0 165 ——-
Butter sole ~== — - --- --= --- === --- g1 1.6 ———
Rex sole 0.4 - - — --= -~ 00 -~ ~~~—-
Rock sole =~~~ "7~ T . --- - - 50 19,0 0.2 454
Petrale sole -=- --- I - = -~- — 0.3 -~ 9 0.5
Turbot 910 ~--- --- -=- --- -== --= 2.5 62 -
Starry flounder -—= --= -—— -~ -—- --- 637.2 720,8 325.0 97.2
Flounder 17.5 0.8 70.2 450.7 378.4 3.8 151’3 32.8 75.9 92.7 12669.2
Alaska plaice --= --= --= —== - - " 1.8 2.7 1.3
Pac. ocean perch 537.0 ~-- --= -—- --- - --- 12.4 b6 1721 75.4
Rocktish 5.7 7.1 71.7 86,2 88.2 98.9 128.7 143.3 102.5 270.5 222.4
Li ng cod 19.4 20.5 38.4 54,3 74.3 47.2 31,3 22,2 24.3 32.9 21.7
Bul [head 11.5 3.2 -—- 0.7 26.2 2.3 17.3 2.9 .1 - 24.8
Skates T - - = = T 1.7 0.9 90.8 - 29.3
Unspecit ied b1 --- — -=- -=- 17.8  113.5 127.6 148.5 322.2 1470.%
TOTAL 1217.7 376.4 1007.5 1550.5 1472.2 1389.3 1459.3 2316.0 4385,8 8633.5 47142.4
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Table 2. Total annual groundfish harvests (metric tons) from Gulf of Alaska regions (prepared
prom data in Rigby 1984).

0CS PI arming Area NFFMC Regulatory Area(s) 1777 1978 1979 1900

f0AK Southeastern + Yakutat 1942.0 2940.6 3783.5 2545.2

KOOK Kodiak #Chirikot 0.0 1302.4 4200.8 3202.9

SHUM Shumag 1 n 53,0 82.9  37.4 209.0
164
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Table 3. Total catches (metric tons) of principal groundfish from GOAK OCS Planning Area
(Southeastern + Yakutat NPFMC Regulatory Areas) (data for foreign catches from Stauffer
1983a; domestic catch data from Stauffer 1983a and Rigby 1984; halibut data from IPHC
Annual Reports, 1978, 1979, 1980).

Pollock Sabletish Pacific Atka Pacific Flattish Hal ihut
{od Mackerel Ocean Perch

1?78

total forzign 3520 265 250 2504 5471

joint venture

total domestic 534 1238 110 760 3457
19729

total toreion 5372 406 1 6434 5632

joint venture

total domestic 578 2417 112 45 329 4372
1280

+gtal foreign 4631 2043 171 7614 5884

Joint venture

iotal domestic 420 1637 194 7 4335
1981

total fpr eign 0574 2326 1303 bb74 5441

joint venture

total domestic 32 412
17?702

total foreian 26 2070 | 17 58

joint venture

totai domestic 75 bh 94
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Table 4. Total catches (metric tons) of principal groundfish from KODK OCS
Planning Area (Kodiak + Chirikof NPFMC Regulatory Areas) (data for foreign
catches from Stauffer 1983a; domestic catch data from Stauffer 1983a and
Rigby 1984; halibut data from IPHC Annual Reports, 1978, 1979, 1980).

i lock Sabletish Pacific Atka Pacific Flattish Hal ibut
Cod Mackerel Ocean Perch

1278

total foreign 61 1498 5505 18,808 2022 6312

joint venture

total domestic 490 1 610 86 3705
1972

total foreign 67,597 8797 10,520 2371 5026

joint venture 700

total domestic 2061 72 874 126 55 3138
1780

total foreign 11718 73,581 11,273 3987 6885

joint venture 1023 453 198

total domestic 483 49 444 21 kb 2743
1981

total foreign 76,189 21 32? 13,952 4268 5759

joint venture 16,836 50 18

tota! domestic 721 b6
18z

total toreign 52 3357 171836 3595 6223 7516

joint venture 735772 172 12

total domestic 2129 1910 51
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Table 5. Total catches (metric tons) of principal groundfish from SHUM OCS Planning Area
{Shumagin NPFMC Regulatory Area) (data for foreign catches from Stauffer 1983a; domestic
catch data from Stauffer 1983a and Rigby 1984; halibut data from PHC Annual Reports,
1978, 1979, 1980).

Pal lock Dabletish Pacific Atka Pacific Flattish Hal i but
Cod Mackerel Ocean Perch

1?-78

total foreign 31,301 5520 488 3b43 2530

joint venture ?

total domestic b4 6 157
1977

total foreign 30,218 3970 419 44 2817

joint venture 1

total domestic 22 | 25
1780

total foreign 465647 8621 1718 842 3022

Joint venture 114 13 8

total domestic [ 70 54
17981

total foreign 47,560 113314 3471 1234 3224

joint veature 20

total domestic 230
1982

total foreign 40,279 7030 3163 1746 1412

joint venture 145 21 b

total domestic 82 4480
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Important Fisheries of the Guif of Alaska

The discussion which follows reviews the condition of the major commercial
groundfish fishery stocks in the Gulf of Alaska. “Productivity” of these stocks
will be estimated on the basis of maximum sustainable yield {(MSY} and optimum
yield {0Y). As with preceding text, these estimates refer only approximately to
the areas covered by the OCS Planning Areas.

Walleye Pollock

Yields in metric tons x 103 MSY oY
1978-1982 1983
GOAK 14-29 16.6 16.6
KODK 95.2-191 95.2 143
SHUM 57-114 57 57

Pollock {Theragra chalcogramma) are a semidemersal schooling fish of the
cod family. Most of the Gulf of Alaska resource lies in the KODK and SHUM
OCS Planning Areas (i.e., the Central and Western NPFMC Regulatory Areas)
from the vicinity of Prince William Sound west. to Unimak Pass (Figure 3). The
Gulf stock is apparently separate from that of the Bering Sea and Aleutians.
Major spawning occurs in the Shelikof Strait Region near Kodiak Island, where
pollock from various parts of the west and central Gulf migrate during the
winter and spring months (Alton and Deriso “’'1983).

Four successive strong year-classes (1975-1979) resulted in a substanti al
increase in stock biomass and fishable biomass for the years 1979-82. The range
of surplus production for this period was 484-524x103 metric tons and exceeded
the annual harvest by the fisheries (106-169x103 metric tons). The 1983 estimate
of fishable pollock biomass was approximately two million metric tons, less than
the 1982 estimate of 2.6 million metric tons but still greater than the average
for the years 1976-82 (1.4 million metric tons). The 1984 fishery condition will
depend to a great degree on the abuhdance of the 1980 year class as 4-year
olds. This class had a poor showing in both 1983 trawl surveys and joint-
venture fisheries, but it remains to be seen whether these data accurately
reflect the condition of the fishery {Alton and Deriso 1983).

The good condition of thepollock stocks in the Gulf of Alaska is indicated
by the OY'S being in the upper- portion of the range for the MSY’S.
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Figure 3. Apparent density (metric tons-km-2) of walleye pollock in the Gulf of

Alaska and eastern Bering Sea as suggested from NMFS bottom trawl
(1973-78) atdepths less than 400m {from Alton 1581}.
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Sablefish

Yields in metric tons x 10° 0Y -- 1983
GOAK 3.5 - 475
KODK 3.06

SHUM 1.67

Sablefish (Anoplopoma fimbria) have been harvested by U.S. and Canadian
commercial fishermen since early in this century, but catches initially were
relatively small and generally limited to areas near fishing ports from California
to Alaska. Catches in the Gulf of Alaska averaged 1500 metric tons from 1930
to 1950. Exploitation rates increased markedly when Japanese longliners began
fishing in the Eastern Bering Sea in 1958. This fleet expanded operations to the
Aleutian region and the Gulf of Alaska in 1963.  Catches from the Gulf rapidly
increased to a maximum of 36,500 metric tons (95% from Japanese vessels) in
1972 (Figure 4). Catches have been declining since that time. The distribution of
Japanese sablefish catches in the Gulf are shown in Figure 5.

The decline in sablefish harvests have resulted in substantial restrictions
on the fishery since 1977. These include prohibition of all foreign fisheries east
of 140°W longitude, the most productive region of the Japanese longline fishery.
Annual Gulf of Alaska sablefish landings have averaged 9187 metric tons over
the period 1978-1982 (Stauffer 1983 b). The U.S. sablefish catch has averaged
about 2200 metric tons since 1976, and exceeded 3000 metric tons in 1979 and
1982.

Optimum vyield of sablefish throughout the Gulf of Alaska was set at
22,000 metric tons in 1977, but has been substantially reduced from this value
in an attempt to preserve and rebuild the fishery. In 1983, Amendment 11 of
the Groundfish Fishery Management Plan established the 0Y, S230-9480 metric
tons, at 75% of the estimated EY. This conservative approach is being repeated
in 1984 to promote fishery recovery to its former levels.

Actual landings of sablefish have averaged 68% of the OY from 1977 -
1982.
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Figure 4. Foreign catch of sablefish in Gulf of Alaska, 1967-1978 (from Alton
1981).
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Figure 5. Distribution of Japanese sablefish catches in the Gulf of Alaska in
1972, the year in which the annual longline fishery peaked (from Alton 1981).
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Pacific Cod

Yields in metric tons x 10° 0QY--1982

GOAK 9.90
KODK 33.54
SHUM 16.56

The importance of Pacific cod (Gadus macrocephalus) in commercial
groundfish harvests from the Gulf of Alaska has grown in recent years,
increasing from 2223 metric tons in 1977 to 36,018 metric tons in 1981, then
dropping to 33,563 metric tons in 1982. Domestic landings of cod increased
six-fold between 1981 and 1982, from 991 to 6434 metric tons. Preliminary
figures from the Alaska Department of Fish and Game indicate that the Pacific
cod fishery landed 2460 metric tons in the first five months of 1983, nearly a
three-fold increase over the same time period in 1982. Best estimates of the
foreign catch by the end of May 1983 were 10,660 metric tons, about 41% of
the current total allowable level of foreign fishing allocation {Zenger 1983).

Japan, Korea, the U.S. and a number of U.S.-foreign joint ventures
harvested Pacific cod in the Gulf of Alaska in 1982. Japanese vessels accounted
for the majority (73% of the total catch of 33,563 metric tons); approximately
half of Japan’s catch came from the Chirikof NPFMC Regulatory Area (western
KODK OCS Planning Area). The U.S. catches were greatest in the Shumagin and
Kodiak Regions (SHUM and eastern KODK OCS Planning Areas). The combined
Shumagin and Chirikof areas (roughly the KODK and SHUM 0OCS Planning Areas)
produced 77% of the 1982 cod catch in the Gulf of Alaska in 1982 (Zenger
1983).

The distribution of OY’'S are roughly mirrored inthe distribution of
harvests for 1982. For the Western, Central, and Eastern Regulatory Areas,
respectively, the OY’S are distributed as 28%, 56%, and 16%; the actual catches
were distributed as 34%, 60%, and 6%. Research trawl surveys indicated that
59% of the available cod biomass was located in the Western, 39% in the
Central, and 2% in the Eastern Regulatory Area. Apparent Pacific cod densities
summarized from earlier trawl surveys are shown in Figure 6.

The estimated 1982 MSY for the Gulf of Alaska was 95-190 x 103 metric
tons. Pacific cod stocks apparently are in stable condition, though no strong
year classes have been identified following the dominant 1977 cohort Zenger
1983).
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\f

Figure 6. Apparent density (metric tons-km-2) of Pacific cod in the Gulf Of
Alaska, based on NMFS bottom trawl surveys, 1973-1978, at depths less than
400m (from Alton 1981).
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Atka Mackerel

Atka mackerel (Pleurogrammus monopterygius) are found throughout the
Gulf of Alaska, with highest concentrations in the NPFMC Regulatory Areas
corresponding to the SHUM and KODK OCS Planning Areas, at depths of
50-350m. Spawning occurs in the KODK OCS Planning Area from July to October
in the vicinity of Albatross Bank (see Figure 1). The Gulf stock apparently is
separate from that of the Aleutians (Ronholt 1983a).

These fish are harvested exclusively by foreign fisheries. From 1972-1980
the catch was dominated by the Soviets; Korea and Japan dominated the catch
in 1981-1982. As Table 6 shows, there has been a net downward trend in Atka
mackerel landings in recent years. Catches have declined in relative importance
from second in 1978 to last in 1982, when the catch was at its lowest level
since 1974. KODK normally produces 75% of the annua catch.

Estimated range for MSY, based on average biomass of the early 1970's, is
16,610 - 26,750 metric tons. Two prominent year classes (1976 and 1977)
dominated the Soviet fishery in 1980. Since 3- or 4-year old fish appear to
dominate the commercial fishery, available surplus yield is expected to decline
until the occurrence of strong recruitment (Ronholt 1983a).
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Table 6. Major foreign landings (metric tons) from the Gulf of
Alaska, 1978-1982 (from Ronholt 1983a).

Year Val leye Atka Flounders  Pacific Facitic
pe! lock mackerel (all) cod ocean perch

1978 96,327 195585 14,314 11,369 8, 149

1979 103,187 101950 13,474 13}174 97750

1980 112,996 13,162 15,496 345243 12,447

1961 130)323 10,727 145442 34,968 12,177

1982 92612 &:750 8 1786 26 4936 7 5988
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Pacific Ocean Perch 0Y--1982

14,475

The category “Pacific ocean perch” as employed in the current Gulf of
Alaska Groundfish Management Plan includes five Sebastes species. Although
each has its unique range, all overlap broadly in the Gulf (Table 7).

Pacific ocean perch were the dominant rockfish and a prominent member of
the demersal fish community during the 1950's and early 1960's. A resource
assessment of the Gulf of Alaska made by the International Pacific Halibut
Commission {IPHC) and the Bureau of Commercia Fisheries (BCF, now NMFS) in
1961 indicated high abundances of this species. But similar surveys from
1973-1976 by NMFS revealed marked decreases in stocks (Figure 7).

During the interval between the 1961 and the 1973-76 surveys, the USSR
and Japan conducted trawl fisheries in the Gulf of Alaska which targeted
Pacific ocean perch. Foreign catches from the Gulf peaked at 348,598 metric
tons in 1965. Results of a cohort analysis of the catch-at-age data for the
foreign fishery from 1963 to 1973 indicated that the exploitable stock decreased
92% during that time frame. Thus, annual harvests apparently exceeded surplus
production and prevented any increase in abundance (Ito1982). Today the
Pacific ocean perch population remains severely depressed and shows little sign
of significant recovery in the immediate future. The NPFMC has set MSY at
125,000 metric tons but recognizes that current stock levels are well below the
size required to support such a harvest.

The Gulf of Alaska management plan set the equilibrium yield (EY -- the
annual harvest that allows the stock to be maintained at approximately the
same level of abundance over a period of several years) at 50,000 metric tons.
The allowable biological caich (ABC) may be set lower than the MSY to help
rebuild the depleted stock, although at present it is the same as the MSY. The
0Y may deviate from the ABC for economic, social, or ecological objectives.
Various management allowances are compared with the actual foreign catches
for 1981 and 1982 in Table 8.
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Table 7. Sebastes species included in the “Pacific ocean perch” complex.

Scientific name Common name Geographic Range Depth Range

(m)

S. alutus Paci f ic ocean perch Japan to Bering Sez to s. Cal itornia 35 - 640

3. polyspinis northern rock fish Bering Sea to Yakut:t 70-360

S. aleutianus raugheye rackf ish Aleutian islands to s. California 180-730

5. boreal is short raker rock fish Kamchatka to n. Cal fornia to 305

S. zacentrus sharpchin raockt ish Gulf of Alaska to s California 911-320
1798
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160° 150° 140°

PACIFIC OCEAN PERCK

Figure 7. Decline in catch-per-unit effort {CPUE} of Pacific ocean perch in the
Japanese trawl fishery in the Gulf of Alaska and Bering Sea in the 1960’s and
early 1970's. Data in metric tons/standard unit of effort (from Alton 1981).
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Flatfish 0Y--1982

Metric tons
GOAK 8,400
KODK 14,700
SHUM 10,400

With the exception of Pacific halibut, flatfish catches in the Gulf of
Alaska primarily have been either incidental to those for other fish, or the
result of a low-priority alternate fishery. Although it includes many species, the
fishery is managed as a single stock. Major species, which account for 99% of
the total flatfish catch, include the following: arrowtooth flounder (Atheresthes
stomias), flathead sole (Hippoglossoides elassodon}, rock sole (Lepidopsetta
bilineata), rex sole {Glyptocephalus zachirus}), Dover sole (Microstomus pacificus).

While total flatfish catch has fluctuated between 12,000 and 15,000 metric
tons in recent years, the 1982 catch was only 9,000 metric tons, One apparent
cause of this drey was an amendment to the Fishery Management Plan which
closed all waters east of 140°W longitude to foreign fishing and limited foreign
trawlers between 140" and 147°W to midwater trawling only (Rose 1983).

The MSY of flatfish in the Gulf has been estimated at 67,000 metric tons,
based on an exploitable biomass of 770,000 metric tons. The allowable biological
catch (ABC) is presently considered to equal the MSY, largely because flatfish
are not heavily exploited. However, to protect halibut stocks, OY has been set
at 50% of the ABC. The 1982 OY'S established for the NPMFC Management

Regions, which are summarized for OCS Planning Areas above, are similar to
those of the last five years.
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Pacific halibut

The North American halibut (Hippoglossug stenolepis) fishery operates in
both the northwest Pacific and- the eastern Bering Sea, although 70-75% of the
catch comes from the Gulf of Alaska (Alton 1981] . The American portion of the
Gulf catch has dropped from slightly under 15,000 metric tons in 1960.61 te
7100 metric tons in 1980 (Figure 8). Greatest catches have come from the
NPFMC Regulatory Regions corresponding t0 the KODK and GOA K OCS Planning
Areas. '
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Figure 8. Annual landings (2-yr. average} of Pacific halibut from Gulf of Alaska,
US. and Canadian fisheries (from Alton 1981).
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SHELLFISH

Dungeness_crab

Dungeness crabs (Cancer magister} occur in bays, inlets and nearshore
waters along the open coast. Males grow to a carapace width of 15-18 cm;
females are smaller. These crabs are caught primarily with circular steel
mesh-covered pots fished at bottom depths of less than 40m (Alton 1981).

Annual catches from the Gulf of Alaska reached 4000-6000' metric tons
during the years 1963-1970 and are now cycling between lower yields (Figure 9).
These changes in annual catch do not reflect changes in crab abundance per se,
but appear to relate more to extraneous factors such as market conditions

(Alton 1981).

Figure 10 illustrates the principal fishing regions. The greatest yields have
come from southeast Alaska and off Kodiak Island, regions corresponding to the
GOAK and KODK OCS Planning Areas.

1000 Metric tons
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Figure 9. Annua landings of Dungeness crab from the Gulf of Alaska (from
Alton 1981).
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Figure 10. Average annual U.S. catch of three most commercially important’
crab species in Gulf of Alaska, 1976-78 (from Alton 1981},
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King crab

Red king crab (Paralithodes camtschatica} is the most important of the
three king crab species (red, blue, and brown) taken in the Gulf of Alaska
fishery. Individuals of this species, the largest of the king crabs, may measure
1.5m across spread legs and weigh as much as 11kg, although most commercially
taken crabs (only males are taken} average only 3kg in weight. Red king crabs
are found in the Gulf, Bering Sea, and northwestern Pacific Ocean. Preferred
habitat is over the continental shelf, though some occur at depths greater than
400m. The crabs are taken with heavy, triangular pots. The Gulf of Alaska king
crab fishery is exclusively a U.S. fishery regulated by the state of Alaska.

Annual catches in the Gulf peaked at 38,000-54,000 metric tons in the
mid-1960’s, but have declined since to less than 8000 metric tons (Figure 11).
The fishery is centered around Kodiak Island, corresponding to the KODK OCS

Planning Area (see Figure 10). Abundances in this region are now low due to
poor recruitment {Alton 1981).

Snow (Tanner) crab

Several species of snow crab are found in the Gulf of Alaska, but only
Chionoecetes bairdi is fished commercially. Males reach a larger size than
females, up to 19. 0cm carapace width, though in the Kodiak fishery males
average 15.1-15.5cm.

The snow crab fishery operates on the continental shelf to depths of
400m, using various types of specially constructed pots. This is a relatively
recent fishery; the first significant catch, 54 metric tons, was taken in 1967.
Catches peaked at 27,600 metric tons in 1973 and remained more than 18,000
metric tons from 1974-78 (Figure 12). The most important snow crab fisheries
are in the vicinity of Kodiak Island, corresponding with the KODK OCS Planning
Area (see Figure 10).
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Figure 11. Annual landings {(2-yr. average) of king crab in the Gulf of Alaska

{from Alton 1981).
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Figure 12. Annual U.S. landings of snow {Tanner) crab in Gulf of Alaska (from
Alton 1981).

186



GULFYF OF ALASKA (Subregion) Finfish and Shellfish

Shrim

Commercially fished shrimp (family Pandalidae) in the Gulf of Alaska
include several species, al belonging to the same family. Pink shrimp (Pandalus
borealis) are the most important, comprising more than 85% of the commercia
landings. Harvesting of these small shrimp (0.5kg consists of 60-160 individuals)
is primarily by trawling. Most of the fishing occurs within 20km of the coastline
at bottom depths of 50-200m (Alton 1981).

Although the shrimp fishery in the Gulf dates back to 1915, it expanded
rapidly in 1958 when a combination of favorable market conditions and
development of mechanical peeling machines occurred. Landings peaked at 56,700
metric tons in 1976, and now appear to be declining somewhat (Figure 13).

Although shrimp are fished throughout the Gulf of Alaska, greatest
harvests have been taken from the region offshore of Cook Inlet and west,
corresponding to the KODK and SHUM OCS Planning Areas (Figure 14). Although
more than 90% of the annual catch came from the vicinity of Kodiak Island,
reduced catch quotas in recent years (due to major declines in stock abundance)
have forced fishermen to shift their efforts westward along the Alaska
Peninsula. By 1977 the Kodiak Island catch was reduced to 14,400 metric tons,
while the 1977 catch from waters west of Kodiak increased to 33,700 metric
tons. Since that time, however, the annual catch from this entire region has
declined (Alton 1981).
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Figure 13. Annual U.S. landings (2-yr. average) of shrimp in the Gulf of Alaska

(from Alton 1981).
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Figure 14. Regional annual U.S. landings of shrimp in the Gulf of Alaska,
1976-78 (from Alton 1981).
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FINFISH AND SHELLFISH

Much information relevant to fisheries in the NABA is summarized under
the SGBA OCS Planning Area. Both the major commercial fish species and the

gear employed in the fisheries are similar in both regions (see SGBA Finfish and
Shellfish, Table 1).

Bristol Bay in the NABA supports the largest salmon fishery in Alaska,
with an average annual harvest of 13.8 million fish between 1973 and 1982.
Sockeye (red) salmon_ (Oncorhynchus nerka) are 80% of the catch, with the
remainder divided among the other four salmon species: pink {O. gorbuscha},
coho (Q. kisutchi}), chum (O. keta), and king (chinook, O. tshawytscha). This is
primarily a gillnet fishery, using both drift- and fixed-net methods. The season
commences with the king salmon run in early June; the major sockeye run
follows, extending from late June to mid-July. Pink and chum salmon runs extend
into August and September (Representatives of the Oil/Fisheries Group of
Alaska, 1983).

Bristol Bay is also the center of the domestic herring fishery in NABA. A
total of 27,836 metric tons of herring were taken from the Bering Sea in 1982.
Most of this harvest goes to the Japanese roe market, although significant
guantities are used for food and bait in the Alaska Peninsula area. Both gillnets
and purse seines are employed in the Bristol Bay fishery, although only
gillnetting is permitted in fisheries further north (Representatives of the
Oil/Fisheries Group of Alaska, 1983).

Halibut fisheries are restricted to domestic longline fishermen. Most of

Bristol Bay is a “halibut savings area” where fishing for this species is
prohibited.

Crab fisheries for both king and Tanner crabs occur throughout most of
the NABA OCS Planning Area (Figures 1 and 2). Although there is considerable
overlap, the most heavily fished areas for king crab lie to the north of the
principal Tanner crab fishing grounds (Representatives of the Oil/Fisheries Group
of Alaska 1983).
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Figure 1. Locations of major king crab fishing groundsin the NARA OCS
Planning Area {from Representatives of the oil/Fisheries Gyoup Of Alaska, 1983).
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Area {from Representatives of the Oil/Fisheries Group of Alaska, 1983)
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FINFISH AND SHELLFISH

Commercial fisheries in the St. George Basin and North Aleutian Basin
0CS Planning Areas are diverse, both in the species taken and in the types of
vessels employed. Table 1 summarizes the major fisheries and gear employed in
the SGBA 0OCS Planning Area. Salmon and herring are taken by small boat
fisheries within Alaskan state waters (less than three miles from shore);
medium-sized boats are used in halibut and crab fisheries both within state
waters and within the Fisheries Conservation Zone (three to two hundred miles
offshore). Large trawlers fish offshore for groundfish (Representatives of the
Qil/Fisheries Group of Alaska, 1983).

King and Tanner crab fisheries also operate in these waters; the principal
fishing areas are shown in Figures 1 and 2. Fishing activity for king crabs
centers around the Pribilof Islands and around the Aleutians. Tanner crabs are
lightly fished around the Pribilofs and the southwestern section of SGBA within
the two hundred mile Fishery Conservation Zone.

Salmon

The salmon fishery is a nearshore fishery that extends from Unalaska
Island in the Aleutians to Norton Sound (Figure 3}. Major fishing grounds are
located around Unalaska, False Pass, Cold Bay, Port Moller, Bristol Bay, around
the mouths of the Kuskokwim and Yukon Rivers, and Norton Sound {NORB OCS
Planning Area). The Bristol Bay fishery, the largest salmon fishery in Alaska, is
described under the North Aleutian Basin (NABA) GCS Planning Area. All five
salmon species are taken, although sockeye (red) salmon {Oncorhynchus necks)
comprise nearly 80% of the total catch.

Herring

The domestic fishery for herring, Clupea harengus pallasi, iS centered in
Bristol Bay. The fishery is discussed under the NABA OCS Planning Area
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Figure 1. Principal fishing areas for king crabs, SGBA OCS Planning Area
(Representatives of the Oil/Fisheries Group of Alaska. 1983).

¢ 194



SGB A Finfish and Shellfish

Table 1. Maijor existing commercial fisheries in the St. George Basin.
Speci es Gear Type
Wi tefish (ground fish)
Wil | eye pollock Tr aw For ei gn/ Donesti c
Pacific cod Longline/Trawl For ei gn/ Domesti c
Fl ounders  (others) Traw For ei gn/ Domesti c
Yellowfin sole Traw For ei gn/ Donesti c
Tur bot Traw For ei gn/ Donesti c
Pacific halibutl Longli ne Donesti c
Pacific GCcean perch Tr aw Fore ign
Rockfish (other) Tr aw For ei gn
Sabl ef i sh Longline/Trawl For ei gn/ Donmestic
Atka nmackerel Tr aw For ei gn/ Donesti c
Gther whitefish species Tr aw For ei gn/ Donesti c
Pel agic Fish
Salmonl Gillnet/Seine Domesti c
Herringl Seine/Gillnet/ Donesti c
Traw
Shel I fi sh
Tanner crab Pot Donesti c
C. opilio
C. bairdi
King crab Pot
Red king crab Donesti c
Blue king crab Donesti c
Korean hair crab Pot Domestic
Snails Pot For ei gn
Shrimp Tr awl No Fishery
Pink shrimp
Humpy shrimp
Squi d Gillnet/Longline Foreign
octopus Tr awl / Pot Donesti c
1 Incidental foreign catch (by foreign fleets targeting on other
species) of these species in 1979 was 3,230 netric tons of halibut,
1,162,949 king crabs (nostly brown), 10,269,582 Tanner crabs, 110,473
salnon and 6,547 netric tons of herring.
Source : Dames & Mdore 1983
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95,

Figure 2. Locations of Tanner crab fishery, SGBA OCS Planning Area
{Representatives of the Oil/Fisheries Group of Alaska, 1983).
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Major salmon fishing districts in
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Groundfish

Areas used by the summer and winter groundfisheries in the Bering Sea
are depicted in Figures 4 and 5. This fishery is dominated by Japanese, Korean,
and Russian trawlers. Walleye pollock (Theragra chalcogramma) is the principal
target species. Under present regulations, foreign trawlers are prohibited from
fishing south of 55°30" from December through May. During the winter season
most foreign fishing activity occurs north of the Pribilof Islands in waters over
75m deep. Target species are pollock, cod (Gadus macrocephalus), and turbot
(arrowtooth flounder, Atheresthes stomias). Foreign longline fisheries are
permitted to operate south of the Pribilofs during the trawl closure; however,
proposed regulations would prohibit all foreign fishing in this area throughout
the year. Cod are targeted by the winter foreign longline fisheries with activity
concentrated south of the Pribilofs and north of Unimak Pass.

Foreign fishing activity increases in late April and early May with the
arrival of Japanese mothership fisheries. These fleets fish for polleck and
vellowfin sole throughout the summer and depart for home ports in October.

Domestic harvests of groundfish have just begun. There were no domestic
landings of groundfish in the Bering Sea in 1976; by 1982, 108,566 metric tons
were landed. Most of these fish were pollock, yellowfin sole, Pacific cod, and
Atka mackerel (Pleurogrammus monopterygius}. Much of this harvest was made
through joint venture fisheries (Representatives of the Oil/Fisheries Group of
Alaska, 1983).

SHELLFISH

The southeastern Bering Sea, including the St. George Basin, supports
lucrative foreign and domestic fisheries for king crab, Tanner {snow) crab,
Korean hair crab, shrimp, and snails. Shrimp are harvested by trawling
techniques; all other shellfisheries utilize set pots.

King Crab (Paralithodes spp.)

King crabs occur in the northern Pacific Ocean at water temperatures of
O-10"C. In the eastern Bering Sea, red king crab (P.camtschatica) inhabit the
continental shelf region offshore from the continental slope, being most
abundant up to 160km offshore between Unimak Pass and Port Heiden in Bristol
Bay (Figure 6). This species forms the basis for the commercial king crab
fishery in the SGBA. Second in abundance is the blue king crab (P. platypus)
with a more limited distribution in colder waters along the Asian coast from the
Kurile Islands to the Chukchi Sea. Major centers for the blue king crab in the
Bering Sea are near the Pribilof Islands, St. Matthew Island, and St. Lawrence
Island (Curl and Manen 1982).
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Figure 4. Locations of summer (May-November) groundfishery in the Bering Sea
{Representatives of the Qil/Fisheries Group of Alaska, 1983).
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Locations of winter {December-April} groundfish fisheries in Bering
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200



SGB A Finfish and Shellfish

t ——
2%~ — G 2™
"‘.2,,
50t T
® v~ - [~ 58“
Bl KiNG CRAB
(P pral tmorwl Syortssia 3l
AUSOCT 1573
Csich in k3
}’ 1 o catch
f | <s
357 —d
i j 522
f;!i!, 2023
~4 3§
g. 4 >33
-]
s | S SRSEAS ME S
z0® 5% 70

Figure 6. Distribution and relative abundance {by weight-of catch) inthe eastern
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Red king crabs, the most valuable shellfish in the Bering Sea, have been
harvested by U.S. crabbers since 1947. The most intense fishing occurs within
Bristol Bay and south of the Pribilof Islands, especially in the region bounded
by 56°-57.5°N and 163°-166°W. Over 37% of the 1980-1981 Bering Sea red king
crab catch occurred in the St. George Basin.

Approximately 75% of the total 1980-1981 blue king crab catch occurred in
the fishing grounds surrounding St. Paul and St. George Islands with 14.5%
coming from the western part of SGBA due east of the Pribilof Islands (Curl
and Manen 1982).

Tanner crabs were first caught in the Bering Sea in 1968 incidental to the
king crab catch. The fishery concentrated on C. bairdi stocks until they
declined and in 1977-1978, effort was shifted to C. _opilio stocks. Both species
of Tanner crabs are abundant along the eastern—and northern portions of St.
George Basin.

Foreign fleets have been prohibited from taking king and Tanner crabs off
Alaska since 1979, although many are still caught as a by-catch in trawling or
groundf ish

The U.S. domestic hair crab fishery began around the Pribilofs in 1979 and
is expanding rapidly. National Marine Fishery Service biologists have estimated
that approximately 14 million male hair crabs of harvestable size are present in
the Bering Sea (Curl and Manen 1982).

The Japanese initiated the shrimp fishery northwest of the Pribilofs in
1961 and were briefly joined by the Soviets in 1963. By 1968 stocks were
exhausted and today the only commercial shrimping in the southeastern Bering
Sea is done by a few U.S. trawlers in Makushin and Skan Bays in the southern
portion of St. George Basin.

In 1971 the Japanese also initiated a snail fishery on the continental shelf
around and northwest of the Pribilof Islands. From 1972-1975 approximately 3000

metric tons of edible meats were harvested annually. The snail fishery presents
a potential new harvest for U.S. fishermen (Curl and Manen 1982).

ICHTHYOPLANKTON

Walleye pollock, Theragra chalcogramma, spawn over a large area of the
southeastern Bering Sea. Primary spawning grounds lie between the Pribilof
Islands and Unimak Pass at depths of 100-200m. Spawning begins commences in
mid-February, peaks in mid-April, and continues through June (Kim and Kendall
1983).
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Tanner (snow) crab {Chionoecetes spp.)

The circumarctic range of Tanner crabs extends into the temperate waters
on the east and west coasts of North America and Eurasia, respectively. In the
eastern Bering Sea they are found over the continental shelf from the intertidal
zone to at least 450m. The two species, C. opilio and C. bairdi, are apparently
segregated by water temperature. C. bairdi are usually found in the warmer
slope and outer continental shelf waters (average temp. 4.5” C) of the southern

Bering Sea whereas C. opilio prefers the colder waters (average temp. 2.4*C) to
the north.

Tanner crabs apparently make seasonal, sexually segregated movements
related to reproduction. Immature crabs of both sexes congregate by age group.
After reaching maturity and mating the males leave the aggregation, whereas
the females remain together throughout their lives {Curl and Manen 1982).
Mating season in the Bering Sea is from February to early June. The 30,000 to
80,000 fertilized eggs are carried by the female for approximately eleven
months. Peak hatching period occurs in mid-May (C. bairdi) and mid-April {C.
opilio}. Tanner crab larvae have an average 3-month pelagic life which
encompasses two zoeal and one megalops stage. Larval densities in the southern
Bering Sea are shown in Figure 8.

Sexual maturity is reached at five to six years. Commercially harvested
males are usually seven to eleven years old and weigh 0.9-1.8kg (Curl and
Manen 1982).

Korean hair crab (Erimacrus isenbeckii)

The Korean hair crab is found throughout. the Aleutian islands and as far
north as St. Matthew lIsland. The largest concentrations are found in the

shallow waters along the northern shore of the Alaskan Peninsula and around
the Pribilof Islands.

Females reach sexual maturity at age two {4cm), males at age four (7-8cm).
Males may achieve 12-13cm in length, females are somewhat smaller {10cm). Only
males larger than 8cm are harvested commercially. The fishery is active all year
in the Pribilof Islands, but is restricted to winter and early spring elsewhere
{Curl and Manen 1982).

204



S G B .4 Finfish and Shellfish

7 e 170” 88° 166" e w2
I T 7 ; : o3
W A \ -
~ «E A m ey
\ \~ L L s o |
‘\\ LR XX —~— \‘ﬂ
SR
._ ) )
E - =10’ _/
L -~ wo'-yot
. <
.l =30}
: ~£53

GENSITES OF Tarkifi CRAS LARVAL

Mrr-lure 1330

R Ve

—_—

i ‘= e
172 170 168

Figure 8. Tanner crab larval densities (number- 1000m3} in upper 60m of water
column in vicinity of SGBA OCS Planning Area (from Curl and Manan 1982).
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Shrimp {Pandalus spp.)

Two species of pandalid shrimp, pink (P. borealis) and bumpy (P, gonuirus)
shrimp, are of commercial interest in SGBA. These species are most abundant
along the center outer shelf and slope of the Bering Sea on relatively smooth
sand and mud bottoms (Figure 9).

Pandalid shrimp are protandric hermaphrodites. Pink shrimp become sexually
mature as males when two to three years old. By the fifth year most have
changed into females. Pink shrimp are known to live six to seven years.

Spawning occurs in September and October. Just prior to spawning the
female molts and grows a shell specialized for carrying the eggs. Pandalid
shrimp produce 900-3000 eggs per brood; eggs are carried for seven to eight
months and hatch in the spring. Larvae spend approximately three months in the
plankton during which time they molt perhaps six times. By the end of the
summer they resemble miniature adults and spend part of their time feeding in
the water column and the remaining time on the bottom (Curl and Manen 1982).

Snails (Gastropoda)

The most important commercial species of large marine gastropod in the
SGBA is Neptunea pribiloffensis. This species accounted for 70% of the
Japanese snail catch in the eastern Bering Sea in 1973. Two species of
Buccinium were also well represented in this harvest: B. scalariforme (16%),
and B, angulosum (11%).

Distributions of at least 35 species of snail on the Bering Sea shelf are
mapped in Figure 10. Distribution is patchy, but areas of highest density also
support a large biomass of fish and other invertebrates. Snail biomass in some
areas exceeds 35-km-1 and accounts for 1.7% of total biomass and 6.6% of
invertebrate biomass. Snails are long-lived; Neptunea may live longer than 10
years (Curl and Manen 1982).

Commercia Shellfisheries

Table 2 summarizes the size and economic value of commercial shellfish
catches in the St. George Basin. Since the decline of crab stocks in the Gulf
of Alaska during the late 1960’'s, U.S. fishing activity in the Bering Sea has
increased on an annual basis. Altogether Bering Sea shellfish resources are
worth more than $150 million annually, nearly 70% of the estimated ex-vessel
value of the Alaska shellfish catch in 1980. Foreign trawlers harvest additional

millions of crabs each year as by-caich with pollock and other groundfish (Curl
and Manen 1982).
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Table 2. Tota shellfish catch (U.S. and foreign) in St. George Basin call
area in southeastern Bering Sea {Curl and Manen 1982).

Speci es Number Metric tons Esti mat ed
ex-vessel
val ue
King crab
red 6, 863, 329 22,484 $44,610, 874
bl ue 1, 138, 607 3,779 7,914, 217

Tanner crab
c. bairdi 1, 831, 341 2,062 2,364, 359
C. opilio 9, 706, 408 6, 836 3,164,733

Foreign catch

king crab 639, 760 2,089 4,191,708

Tanner crab 13, 327,721 9,673 6, 397, 306

Korean hair «crab 24,937 25 30, 418

Pandalid shrimp = ———e-- 698 446, 559
TOTALS

Us. $58, 531, 160

foreign 10, 589, 014
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Figure 9. Distribution of two species of pandalid shrimp in eastern Bering Ses,
August-November 1975 (from Curl and Manan 1982).

208



S G B A Finfish and Shellfish

Red king crabs have a spring mating and spawning migration and a
summer/fall feeding migration. During January, females move from offshore
waters into shallower embayments near the Amak Island-Black Hills-Port Moller
area along the north shore of the Alaska Peninsula. Males follow a month or so
later. Females molt on the breeding grounds between February and May;
copulation follows soon after molting. The largest females may produce up t o
400,000 eggs. After the ova are extruded and fertilized, they are carried by the
female for approximately eleven” months. Free-living zoea are released when the
females return to the breeding grounds the following breeding season. King crab
zoea molt through four instars, sinking lower in the water column with each
molt and then metamorphose into glaucothoe larvae. The latter finally
metamorphose into juveniles which resemble the adults in most features except
for size (Curl and Manen 1982).

Larval hatching and peak larval abundance occur from early May through
mid-July in the eastern Bering Sea. Peak larval abundances are found along the
North Aleutian shelf from Unimak Island into Bristol Bay. During the ten weeks
of larval development, the center of abundance may move northeastward (Figure
7). Juveniles settle in shallow coastal areas at depths less than 30m during
their second and third years, with those less than 15mm forming large
aggregations (“pods’) containing thousands of crabs. Such juvenile aggregations
may persist at least into the fourth year, after which the crabs disperse and,
like adults, move offshore to feed in summer and return to shallower waters in
spring.

Sexual maturity occurs at four to six years of age. Male king crabs reach
legal commercial size at about seven years of age. Most crabs taken
commercially are 8-9 years old and weigh approximately 3kg each. Female king
crabs cannot be taken legally.

Little is known regarding the biology of blue king crabs. The populations
in the southern Bering Sea are centered around the Pribilof Islands. Recent
data indicate that, unlike red king crabs, blue king crabs may spawn biennially.
Blue king crab juveniles do not seem to form extensive pods (Curl and Manen
1982),
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Figure 10. Distribution and relative abundance {by weight of catchin kg-km1)
of snails in eastern Bering Sea (from Curl and Manan 1982).
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Walleye pollock accounted for 97% of the 24,611 fish eggs and 59% of the
14,171 fish larvae collected at 64 locations in the eastern Bering Sea
(principally in SGBA waters, although three stations east of 164°W are in
NABA) from 16 April-15 May 1977. These data, plus a set from one cruise in
1978, are summarized in Figures 11 and 12. Greater numbers of pollock eggs
were taken with neuston nets (which sampled the upper 0.25m of the water
column) than with bongo nets. Nevertheless, standardization of catches on a
unit of surface area basis indicated that more eggs were found at depths
greater than 0.25m. Virtually all (96%) of the pollock larvae were caught in
bongo nets, also indicating a distribution below the 0.25 surface layer (Waldron
and Vinter 1978).

Pollock spawning apparently centers on the upper slope area during March,
then moves northwestward later in the season. Based on ichthyoplankton survey
data such as summarized in Figure 1, Kim and Kendall (1983) estimated the total
number of pollock eggs produced during an annual slzoawning season in these
waters at 3.6918 x 10'3, or approximately 283 eggs'm¢. Pollock egg prodution
based on fecundity data suggested that spawning occurred outside the survey
area, and that matchability of eggs was significantly less than 100% (Kim and
Kendall 1983). As Figure 12 shows, greatest larval densities observed on these
survey cruises were found seaward and to the west of the highest egg densities.

Flatfish Eggs and Larvae

Righteye flounder eggs ranked second in abundance to pollock eggs in
ichthyoplankton surveys conducted in these waters in 1977. However, righteye
flounder larvae were only fourth in overall abundance.

Rock sole {(Lepidopsetta bilineata} larvae were the most numerous flatfish
larvae taken in these surveys, with 157 individuals present in 31% of the bongo
samples (none were taken in neuston nets). Rock sole larvae were found at
depths of 100-200m over the continental shelf and were distributed from the
Alaska Peninsula-Aleutian Islands northward to the Pribilof Idlands {Waldron and
Vinter 1978).

Arrowtooth flounder (Atheresthessp.), the second most abundant flatfish
larvae caught (131 larvae in 36% of bongo net samples), were found primarily at
water depths greater than 200m. Arrowtooth flounder larvae were taken from
the vicinity of the Aleutian Islands northward to near the Pribilof Islands during
both April and May 1977.

A total of 117 Greenland turbot {Reinhartius hippoglossoides) larvae were
collected in 34% of the bongo net samples. These larvae were also found along
or beyond the continental slope at water depths greater than 200m from near
the Aleutian Islands northwestward to north of St. George Island in the
Pribilofs. Eggs of two species of flounder, flathead sole {(Hippoglossoides
elassodon}, and Alaska plaice (Pleuronectes quadrituberculatus} were also caught,
primarily during the first half of May. Both species of eggs were found over
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Figure 11. Greatest densities of walleye pollock eggs from six surveys in the
southeastern Bering Sea. Size of each subarea is 0.5 latitude by 1° longitude.
The three subareas with the greatest densities during each survey are indicated.
Irregular line shows 100m isobath (from Kim and Kendall 1983).
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the continental shelf. Greatest concentrations of flathead sole eggs were found
between 55 °30'-56°30'N and 165°-168°W. Most Alaska plaice eggs were caught at
stations with water depths less than 100m (Waldron and Vinter 1978).

Larvae of Other Fish Families

The two families found in greatest numbers during 1977 ichthyoeplankton
survey cruises were greenings {Hexagrammidae) and sculpins (Cottidae), followed
by sand lance {Ammodytidae), smelt {Osmeridae), rockfish {Scorpaenidae),
pricklebacks (Stichaeidae), deep-sea smelt (Bathylagidae}, and searchers or
ronquils (Bathyrnasteridae). Rockfish and one of the greenlings, Atka mackerel
(Pleurogrammus monopterygius), are of commercial importance; the others are
important mainly as forage fish (especially the sand lance and smelt).

Greenings were the second most numerous larvae caught (1,820 larvae);
99% were taken by the neuston nets, i.e., from the upper 0.25m of the water
column. Greenling larvae were also the most widely distributed, being taken at
all but two stations (at which no other larvae were taken). Larvae of the genus
Hexagrammos were the most numerous (1,275); the remainder of the greenings
were Atka mackerel, which were caught at stations throughout the survey area
in both April and May, over the continental shelf as well as beyond the
continental slope. Areas of high abundance of Hexagrammos larvae were close to
Unalaska and Akutan Islands and over the continental shelf at depths greater
than 100m (Waldron and Vinter 1978).

Sculpins were the third most abundant family present in the
ichthyoplankton samples (1,574 larvae, of which 94% were from the neuston
samples). A total of 410 sand lance larvae were caught, 400 of which were
collected in the bongo net samples. Most sand lance larvae were taken in April,
primarily from waters just north of the middle of Unimak Island and the tip of
the Alaska Peninsula. Capelin {Mallotus villosus) were the only smelt collected
and ranked sixth in abundance. Capelin distributions were restricted to within
approximately 120km of Unimak Island and were generally found over the
continental  shelf.

Rockfish larvae ranked seventh in abundance and were generally distributed
over the continental slope and deeper waters. Areas of high abundance were
between Unimak Pass and Unalaska Island during April and May west of the
Pribilof Islands during MaY. No eggs were collected because rockfish are
ovoviviparous (Waldron and Vinter 1978).
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NAVARIN BASIN

FINFISH AND SHELLFISH

The Navarin Basin OCS Planning Area is almost equally divided between
shallow continental shelf waters 40-200m in depth and slope and deep waters off
the shelf which reach depths of up to 3500m.NAVB is probably the most poorly
known of the Planning Areas due to its distance from human habitation and
seasonal ice cover. It is, however, of extreme importance to foreign and
domestic fisheries. Information on fishery resources is available as a result of

studies conducted by the Northwest and Alaska Fisheries Center (NWAFC) of the
National Marine Fisheries Service (NMFS).

Finfish

Finfish species of commercial importance found in the Navarin Basin are
listed in Table 1. Figure 1 summarizes the distribution and relative abundance of
total flatfish catch in the region; roundfish densities for the same area are
shown in Figure 2. Note that the highest abundances (especially of the
roundfish) generally follow the continental shelf break.

Groundfish species that occupy inner shelf regions during the summer {e.g.,
vellowfin sole, rock sole, Alaska plaice, and Pacific halibut) migrate to deeper
waters in the winter and spring. As a result of shifts to deeper water and some
southward movements, commercially important demersal fishes are more abundant
in the central Bering Sea during the winter and spring than in the summer. The
importance of groundfish in NAVB as compared to the Bering Sea can be seen
in Table 2, which gives the percentage of the foreign groundfish catch from the
Bering Sea taken from the Navarin Basin. Pollock comprised most (84%) of the
Navarin Basin catch and also the greatest portion {37%) of the entire Bering
Sea harvest. All told, the Navarin Basin accounted for nearly 33% of the total
Bering Sea fish harvest during 1S77-1979 (Thorsteinson et a. 1984).
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Tablet, . Commercially important finfish species found in the Navarin Basin

Region (from Thorsteinson et al. 1984).

Common nane

Scientific nane

Herrings
Paci fic herring

Sal non
Chi nook sal non
Chum sal non
Coho sal nmon
Pi nk sal non
Sockeye sal non

Codf i shes
Pacific cod
Wal l eye pollock

Rockfi shes
Bl ue rockfish
Darkblotched rockfish
Dusky rockfish
Pacific ocean perch
Rougheye rockfish
Shortraker rockfish
Silvergray rockfish
Shortspine rockfish
Thornyhead rockfish

Sablefishes
Sabl efi sh

Greeni ngs
Atka rmackere

Fl ounders
Al aska plaice
Arrowt ooth flounder
Bering flounder
Fl athead sole
Greenl and turbot
Pacific halibut
Rock sole
Yellowfin sole

Cl upei dae
Clupea harengus pallasi

Salmonidae
Oncorhynchus tshawytscha

0o keta
0. kisutch
0. gorbuscha
0. nerka

Gadi dae

Gadus macrocephalus

Theragra chalcogramma

Scor paeni dae
Sebastes mystinus
. _Crameri
ciliatus
alutus

[P

aleutianus
borealis
brevispinis

[0
.

Sebastolobus alascanus
S. altivelis

Anopl opomat i dae
Anoplopoma finbria

Hexagr amm dae

Pleurogyrammus monopterygi us

Pl eur onecti dae

Pleuronectes quadrituberculatus

Atheresthes stomias
Hippoglosscides robustus
H elassodon

Reinhardtius hi ppogl ossoi des

Hi ppoglossus stenolepis
Lepi dopsetta bilineata
Limanda aspera
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Figure i. Distribution and relative abundance of flatfish {all spp} taken during

the NWAFC eastern Bering Sea survey,

1981.

NAVB 0OCS

boundaries are outlined {from Thorsteinson et al. 1984).
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Figure 2. Distribution and relative abundance of roundfish (all spp.) taken
during the NWAFC eastern Dering Sea survey, 1981. NAVB 0CS Plaaning Area
- boundaries are outlined {from Thorsteinson et al 1584).
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Table 2.. Comparison of commercial finfish harvests from Bering Sea and
Navarin Basin, as measured by average groundfish catches of foreign
nations, 1977-79 (from Thorsteinson et al. 1984).

Speci es Mean Bering Sea Catch Navarin Basin Catch
(metric tons) Mean % of mean Bering % of total Navarin
catch Basin catch

Walleye poiiock 9171533 340,600 37.1 93.8
Pacific cad 40,033 11,867 29. b 2.9
Yellgufin sole 90, 547 367 3.8 9.1
Greenland turbot 8,967 2,033 22.7 0.5
Other Flounders 33,530 23,800 8.5 5.9
Pacific ocean perch 5, 833 733 12.6 0.7
Other rock fishes 12,166 1,733 14.2 0.4
Sabletish 2,800 290 10.4 (0,1
Atka mackerel 22 1867 20 0,1 0.1
Others 40,300 21 1800 36.2 5.4
TOTAL 1,244,596 406,343 32.6
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The most abundant species of demersal fishes taken during the 1981
cooperative U.S.-Japan survey in the Navarin Basin are as follows:

Species Catch Per Unit Effort
(kg-ha1)
Walleye pollock 63.0
Greenland turbot 15.5
Pacific cod 15.0
Flathead sole 4.0
Arrowtooth flounder 2.6
Sablefish 1.7
Pacific halibut 0.2
Rock sole 0.2
Alaska plaice 0.2
Pacific herring <0.1

Yellowfin sole were not caught during the summer cooperative survey
although they are found seasonally in NAVB (winter and spring, as is evidenced

by presence in the commercial catch summarized in Table2:; Thorsteinson_ et al.
1984).

Commercia Fisheries

The Navarin Basin is an area of productive fisheries and intense foreign
fishing effort. Under the Fishery Conservation and Management Act of 1976, six
nations were permitted to fish these waters in 1980-81. Combined catches of the
Japanese mothership and South Korean groundfish fisheries accounted for
approximately 97% of the foreign catch in 1981 and 95% in 1980. The largest
catches (>20,000 metric tons) in NAVB generally occurred along the continental
shelf break. Since Japan conducts the major foreign fishery in the eastern
Bering Sea, Japanese catch statistics provide a reasonally good index of fishing
effort {Table 3). As seen in Table 3 , fisheries within NAVB accounted for 32%
of the pollock, 25% of the cod, and 58% of the Pacific herring caught in the
Bering Sea. Herring was designated a prohibited species in 1978, hence the
cessation of the catch of this species by 1980. Additional conservation measures
included prohibiting foreign fishing fleets from taking halibut and king crabs
(1977) and Tanner crabs (1979}. Large numbers of these prohibited species are
caught as by-catch, but all must be returned to the sea

Japan also has a directed gillnet fishery for salmon in NAVB. Most of the
pink and chum salmon caught in this fishery are thought to be of Asian origin.
About 75% of the sockeye saimon caught are immature; of these, about 40% are
from Bristol Bay stocks. The chinook catch is of special concern since nearly
all the fish are immature and ultimately destined for western Alaska rivers,
primarily the Yukon and the Kuskckwim {Thorsteinson et al. 1984).
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—

able 3. Annual mean groundfish catches (metric tons) by Japanese within
the Navarin Basin, 1972-1981 (from Thorsteinson et al. 1984).

Year Wal leye Flat tishes Pacific Pacific O her Total Catch
Pol I ock Cod Herring  Commercial Species

1977 294,275 17,846 9,504 31417 1>777 336,775

1978 288)140 2117 131393 1,953 1,522 3541327

1979 199] 846 151943 6,478 11310 1,169 235,239

30 303,117 17,579 5,737 47 21204 338,05

1981 124,022 2,218 13079 0 93 128,375

Mean NAVB catch, 1972-1981
348,557 17,037 5,004 11818 L7 389,100

Mean Bering Sea catchs 1977-1981
1,078,033 141,684 35,353 3y164 81804 11267 03

% Bering Sea catch within NAVB:
32% 12% 25% 56% 20% 31%
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Commercial Shellfisheries

Currently there is no foreign commercial fishery for shellfish NAVB waters.
As mentioned above, both king and Tanner crabs are prohibited species and
must be returned to the sea when caught. Estimated biomass of the potentially
commercially important crab species, based on a comprehensive NMFS-Japan
cooperative summer survey in 1981, are provided in Table 4 . Tanner crabs were
the most frequently caught crab species during these trawl surveys. Greatest
concentrations of _Chionoecetes opilio were found in water deeper than 120m; all
C. bairdi were taken a depths of 120-200m.

Locations of the domestic fishing grounds are shown in Figures 3 (king
crab) and 4 (Tanner crab).
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Table 4 .  Estimated biomass (metric tons) of crab species of potential
commercial importance, based on 1981 comprehensive NWAFC-Japan cooperative
survey covering eastern Bering Sea shelf and slope waters to 1, 100m depth
(from Thorsteinson et al. 1984).

Speci es Navarin Basin Total survey area
bi omass bi omass

Red king crab
Paralithodes camtschatica 0 121, 500

Blue king crab
P. platypus 1, 200 27,500

Tanner crab
Chionoecetes opilio 55, 400 292,520

Tanner crab
¢. bairdi 20, 500 97, 900
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Figure 4. Former location of Tanner crab fishery, NAVB OCS Planning Area
{Representatives of the Oil/Fisheries Group of Alaska, 1983).

225



NORTON B ASIN

FINFISH ANI) SHELLFISH

The following discussion pertains to the northern Bering Sea, with Norton
Sound as its principal focus. NORB is the main OCS Planning Area in this
region. A 1976 BLM/OCS survey cruise and its resulting data base covered this
region plus the Bering Strait and Hope Basin to the north. Additional fishery
and invertebrate fauna information will therefore be found in this discussion and
under the HBAS OCS Planning Area.

Figure 1 illustrates the northern Bering Sea region. South of Norton Sound
is the Yukon Delta, the northwestern portion of the vast Yukon-Kuskokwim
deltaic complex which extends into the Bering Sea. In relation to proposed OCS
development in Norton Sound the Yukon Delta is defined as the section of the
Alaska coastline extending from Stebbins (near Stuart Island) west and south to
Cape Romanzof.

A moderate-scale commercial salmon fishery exists in the Yukon Delta and
Norton Sound region. Yukon River stocks are also heavily used for subsistence
in the interior of Alaska, the Yukon Territory, and British Columbia. Other
fishes taken from the Delta region include herring, smelt, whitefish, saffron cod,
tom cod, and Arctic (blue) cod. Crabs, squid, and mussels are also taken {Menzel
and Wright 1982).

The commercial fishery in Norton Sound proper is small, targeting four
species of salmon, herring, and king crab. Except for a small subsistence king
crab fishery through the winter ice, all fishing occurs from late spring through
early fall. The king crab fishery is centered in the eastern portion of NORB,
as shown in Figure 2.

Bottomfish in the Norton Basin OCS Planning Area are substantially less
abundant than in other Alaskan regions despite the abundance of benthos
present. As a result, there is no commercial fishery for groundfish in the NORB.
Although Norton Sound contains approximately 15% of the continental shelf of
the eastern Bering Sea, bottomfish comprise less than 3% of the potential
eastern Bering Sea resource. Likewise, although Norton Sound has nearly twice
the continental shelf area of the northeast Gulf of Alaska, its bottomfish
resources are about 35% smaller.

Fish Fauna
Norton Sound and the southeastern Chukchi Sea support about 87 fish

species in fifteen families, 78 spp. are considered marine forms. The following
families comprise more than 85% of the total fish fauna {Wolotira et a. 1977):

Famil % of total spp.
Cottidae (sculpins) 23
Salmonidae (trout] 16
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Figure 1. principal geographic features of the northern Bering Searegion, With
OCS Planning Areaboundaries superimposed (after Zimmerman 1982).
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Figure 2. Location of commercial king crab fishery in NORB OCS Planning Area
{from Representatives of the Oil/Fisheries Group of Alaska, 1983).
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Pleuronectidae (righteye flounder) 13
Zoarcidae (eelpouts) 11
Strichaeidae (pricklebacks) 8
Agonidae (poaches) 7
Cyclopteridae (sailfishes) 7

The majority of the fish (74%) are benthic species. Due to the relatively
shallow waters of the region (maximum depth rarely exceeds 50m), there are no
deep benthic species. The remainder can be considered pelagic, including a
substantial number of anadromous and euryhaline species. Most pelagic species
are of commercial importance, including such genera as Clupea (herrings),
Osmerus (smelts), Oncorhynchus (salmon), and Salvelinus (trout).

The fish fauna of Norton Sound, the southeastern Chukchi Sea, and
adjacent waters are characterized by three distinct groups: (1) those coldwater
groups indigenous to Arctic marine waters including such taxa as Arctic cod,
longhead dab, Arctic flounder, and a number of cottoid and blennioid Species;
(2) a subarctic boreal group whose distribution is centered south of the study
area in the Bering Sea or regions of the eastern and western Pacific which
includes saffron cod, sole, Alaska plaice, starry flounder, Pacific herring, and
others; and (3) an anadromous fresh-water group with several forms such as
char, whitefish, and smelt whose marine distribution occurs only in the estuarine
and other near-shore environments. (Wolotira et al. 1977).

Commercial_and Subsistence Fisheries

Commercial fisheries in Norton Sound and the southeastern Chukchi Sea
are limited to harvesting salmon, herring, and king crab. Subsistence fisheries
also rely heavily on these species; in addition they utilize limited amounts of
groundfish and other shellfish. The major species of finfish and shellfish
harvested in both commercial (*) and subsistence fisheries are as follows:

*Chum salmon “*Pink salmon

*King (chinook) salmon *Coho (silver) samon

*Sﬁsgf _(ﬁockeye) salmon Y\Il:)hit_?fishh gC_oregonus spp.)
isl acific herring

Toothed smelt Arctic cod

Saffron cod Greenling (Hexagrammus SP.)

Sculpins Halibut

Flounder (righteye) Clams

*King crab

Salmon -- Gillnetting is the principal commercial fishery in Norton Sound.
All five species are harvested, though pink (Oncorhynchus gorbuscha} and chum
(0. keta) salmon comprise the majority of fish taken. Annual salmon catches in
both commercial and subsistence fisheries are summarized in Table 1. Salmon
harvests for the entire Yukon River system averaged 860,000 fish (3,600 metric
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Table 1. Commercial and subsistence salmon harvests (numbers of fish)
in Norton Basin, 1970-1979 (Alaska Dept. of Fish and Game, 1979a).

Year Commer ci al Subsi st ence Tot a

1970 178, 218 61, 328 239, 546
1971 141, 977 44,581 186, 558
1972 149, 494 34,588 184, 082
1973 176, 797 25, 201 201, 998
1974 315, 829 24,635 340, 464
1975 251, 861 26, 886 278, 747
1976 193, 060 33, 753 226, 813
1977 257, 325 50, 189 307,514
1978 531, 948 60, 711 592, 599
1979 350, 344 49,176 399, 520
AVERAGE 254, 685 41, 105 295, 790
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tons) from 1960-1979, approximately three times the harvest from the Norton
Basin region. Adults of ‘all saimon species are found nearshore or in bays or
estuaries from the time of ice breakup until mid-August. Principal salmon rivers
in the region include the Unalakleet, Shaktoolik, Koyak, Kwiniuk, Tubutulik,
Kochavik, the Nuikluk-Fish Rivers which empty into Norton Sound, and the
Kuzitron, Agiapuk, and Pilgrom Rivers which flow into Port Clarence (Burns et
al. 1982).

Pacific herring -- This is the most important pelagic marine species in
Norton Basin. Herring move into inshore waters in dense schools during ice
breakup in early June. Spawning occurs in the littoral zone among Fucus and
Zostera beds and eggs hatch in about three weeks. Most Pacific herring
overwinter offshore to the south of Norton Sound. The presence of two
independent herring stocks has been hypothesized: one in Port Clarence and
northward into the Chukchi Sea, and a second found in Norton Sound and
southward into the eastern Bering Sea (Burns et al. 1982). Commercial harvests
are summarized in Table 2. Domestic herring catches have been small and
sporadic.  Japanese fishing effort increased dramatically in 1969-1971, but
subsequent catches, even under heavy fishing effort, have not reached the 1969
peak of 1270 metric tons.

Relative Abundance and Apparent Biomass of Fish and Invertebrate Species

NOTE: Certain of the summary figures that accompany this text are
germane to both NORB and HBAS OCS Planning Areas.

The major geographic features of NORB and HBAS are delineated in Figure
4.  Wolotira et al.(1979) obtained biological samples from both these OCS
Planning Areas. NORB can be subdivided into two sections. The northern Bering
Sea, an area of nearly 47,000km2, includes waters with depths of 9-65m from
165°W west to the US-USSR Convention Line of 1867 and from St. Lawrence
Island north to the Bering Strait (including Port Clarence). The Norton Sound
subarea, containing more than 31,000km?2, includes waters of 9-30m deep in most
of Norton Sound east of 166°W. The latter subarea is the occasional site of
substantial foreign herring fisheries as well as the location of commercial
salmon fishing and subsistence fisheries for the residents of coastal towns and
villages such as Nome, Unalakleet, St. Michael, and Stebbins (Wolotira et al.
1977).

Total apparent biomass of all fishes and invertebrates in NORB was
estimated at, approximately 210,000 metric tons {Table 3). Fish were 17.5% of
the apparent biomass, and invertebrates 82.5%. Cods were the dominant fish
family (10% of total biomass) followed by righteye flounders (3.5%) and sculpins
(2.8%). Echinoderms were the dominant invertebrate phyla, and starfish the
dominant taxa accounting for 50% of the total estimated biomass. Commercially

important (or potentially important) invertebrates were 9.1% of estimated total
biomass (Wolotira et al. 1977).
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Table 2. Commercial harvests of herring (metric tons) for U.S.

domestic and Japanese fisheries in Norton Sound (Wolotira et al.
1977).

Year U S  donestic Japanese
1968 125
1969 1270
1970 7.3 54
1971 17.7 621
1972 15.3 11
1973 32.3 25’
1974 3.1 720
1975 NA 5
1976 7.7 5
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NORTOM SOUND SHELF REGIONS and DEMERSAL BIOMASS
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Figure 4. Major geographic features of NORB and HBAS OCS Planning areas in
northern Bering Sea and southern Chukchi Sea (from Woletira et al. 1977).
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Based on CPUE’S, saffron cod dominated fish catches in both subareas of
NORB, followed by staghorn sculpin in the northern Bering Sea and starry
flounder in Norton Sound. Starry flounder ranked third in the northern Bering
Sea and yellowtail sole, another righteye flounder, ranked third in Norton Sound.
Invertebrate taxa were dominated by _Neptunea heros, a large gastropod snail
and one of the species commercially harvested in the eastern Bering Sea by the
Japanese snail fishery (Macintosh 1980), and by red and blue king crabs.

Average 1976 survey catch rates for all taxa combined in NORB and HBAS
0CS Planning Areas are shown in Figure 5. Norton Sound had the highest rate
of al subareas, 57.5kg-km-l. Average catch rate for the entire survey area was
approximately 43.2kg-km'! trawled. Distribution and relative abundance of the
total fish catch for these two OCS Planning Areas are summarized in Figure 6.
Again, Norton Sound provided the highest catch rates, 10.9kgkm-l (Wolotira et
al. 1977).

Distribution and relative abundance of all invertebrate taxa are shown in
Figure 7. The invertebrate fauna contributed 81-93% of the total catch rates by
subarea. As with fish, Norton Sound provided the highest invertebrate catch
rate. Rates were lowest in the northern Bering Sea, 31.3kgkm-1 (see Table 3).

Echinoderms were the most abundant component of the demersal
invertebrate community in both the NORB and HBAS 0OCS Planning Areas,
accounting for more than 180,000 metric tons. Starfish comprised most of the
echinoderm catch and were most abundant in Norton Sound (Figure 8), where the
catch rates averaged 38.2kg-km'l. Ten shrimp species of possible economic
importance were caught during the 1976 BLM/OCS survey. Shrimp catches in

NORB averaged 0.3kg-kml and were even lower {0.2kg-km-1} in the vicinity of
Kotzebue Sound.

Total molluscan biomass for the entire 1976 survey was estimated at more
than 200,000 metric tons, of which 97% consisted of snails. Snail and clam
distributions are depicted in Figures 9 and 10, respectively. Average snail
catches were greater in the offshore areas of both NORB and HBAS. Pelecypod
mollusc (clam) catches were small throughout the study area, with the greatest
catches, 0.2kg-km-1, taken from Norton Sound (Wolotira et al. 1977).
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Figure 5. Distribution and relative abundance (by weight} of total fish and

invertebrates in NORB and HBAS OCS Planning Areas, based on 1976 BLM/QCS
survev (Wolotir- ot al. 1977).
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Table 3.

Apparent biomass (metric tons) and average Catch Per Unit

Effort (kg"km-I) for major taxonomic groups in the NORB OCS Planning

Area, as estimated from 1976 BLM/OCS survey (Wolotira et al. 1977).

Taxan Northern Bering Sea Norton Sound Total
Biomass CPUE Biomass CPUE Biomass

FISH
Gadidae (cods) 11674 2.75 < 12,544 b.74 Z0,218
Pleuranectidae {rt.eye flounder) 1,999 0.72 5,328 2.86 7,327
Cottidae (sculpins) 4,547 1.63 11356 0.73 5,903
{lupeidae (herrings) 453 0.16 181 G.10 &34
Zoarcidae {eelpouts) 387 0.14 186 0.10 573
Cyclapter idae {snai I T ishes) 224 0.08 10 0.01 234
Stichaeidae (prick lebacks) 23 0.01 130 0.07 153
fgun i dae {poaches) 19 0.03 78 0.04 157
Other f i sh 211 0.0? 50 0.02 261
TOTAL FISH 165632 5.97 20,231 10.87 3658463
INVERTEBRATES
Gastropod mal luscs 61348 2.29 3,07 1.65 7,439
Pe I ecypud no | fuscs 99 0.04 302 0.16 401
Crustaceans:

Ch i onoecetesse. 1,210 0.43 55 0.03 1,265

Paral ithodessp. 1,515 0.54 3,588 1.93 5,103

Te | emessussp. 330 0,12 1,023 0.55 1,353
Total commercial !y important

invertebrates 10,458 3.75 8,461 4.45 19,119
Starfish 34,264 12.30 70)893 38.10 109157
Other echinoderms 22 3b2h 8.12 Vil 0. 06 22} 747
Qther invertebrates 195243 6.90 7,011 3.78 265254
TOTAL _ INVERTEBRATES 86,591 31. 08 86,686 4 58 173,277
TOTAL CATCH 103,223 37.05 106,917 97.46 210)140
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FINFISH AND SHELLFISH

Certain of the finfish and shellfish data for the Hope Basin OCS Planning
Area were obtained from surveys which included the northern Bering Sea to the
south. Therefore, fishery information germane to HBAS can also be found in the
“Finfish and Shellfish” summary for the Norton Basin (NORB)} OCS Planning Area.
Norton Sound and the southeastern Chukchi Sea support about 87 fish species in
15 families; 78 species are considered marine forms. The following families
comprise more than 85'% of the total fish fauna {Wolotira et al. 1977):

Family % of total spp.
Cottidae {sculpins) 23
Salmonidae (trout) 16
Pleuronectidae (righteye flounder) 13
Zoarcidae {eelpouts) 11
Strichaeidae {pricklebacks) 8
Agonidae (poaches) 7
Cyclopteridae (snailfishes) 7

The majority (74%) of these fish are benthic species.

HBAS can be subdivided into the southeastern Chukchi Sea and Kotzebue
Sound (see NORB “Finfish and Shellfish”, Figure 4). The southeastern Chukchi
subarea contains approximately 41,000km2 and includes mostly offshore waters
from 25-60m in depth from the Bering Strait to Point Hope. The subarea also
encompasses nearshore areas along the north coast of the Seward Peninsula and
north of Kotzebue Sound in waters deeper than nine meters. The Kotzebue
Sound subarea, approximately 12,000km2, includes all waters of Kotzebue Sound
deeper than nine meters, and waters outside the Sound west to approximately
166°W and north to 67°30'N (Wolotira et al. 1977).

Total apparent biomass and average catches of major finfish and
invertebrate taxa from HBAS are summarized in Table 1. The total apparent
biomass, 127.5 metric tons, was 61% of the apparent biomass of the NORB OCS
Planning Area south of the Bering Strait. This is close to the apparent areal
ratio of the two Planning Areas (68%}, suggesting that the average fish and
invertebrate biomasses are similar in these two regions. Kotzebue Sound (HBAS)
ranked below Norton Sound (NORB) in total CPUE {42.9kg-km-1 trawled vs.
57.5kg-km-1 trawled, respectively; Wolotira et al. 1977). Finfish accounted for
8.396 of the total apparent biomass. Cods, righteye flounders, and herrings were
the dominant fish families in HBAS. Starry flounder, Pacific halibut, and saffron
cod dominated fish catches in the southeastern Chukchi Sea whereas herring,
saffron cod, and toothed smelt were the most abundant in catches from
Kotzebue Sound.

As with NORB to the south, starfish were the most abundant invertebrates
in HBAS, accounting for 44% of the total apparent biomass and 48% of the
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Table 1. Apparent biomass (nmetric tons) and average catch per unit
effort (kg-km'') for mmjor taxonomic groups in the HBAS OCS Planning
Area, estimated from 1976 BLM/OCS Survey (from wolotira €t a. 1977).

Taxon {hukeh i Sea Kotzebue Sound Tota |
Biomass {PUE Bigmass CPUE Biomass

FI1SH
Gad i dae (cods) 1,447 0.59 {)027 1.40 25474
Pleuronectidae {rt. eye Flounder) 2,783 1.14 399 0.55 3,182
Cottidae (sculpins) 695 0.28 101 0.14 79
{lupeidae (herrings) 637 0.26 1,407 2.20 2:244
Zoarcidae {eelpouts) 250 0,10 65 0.09 315
Cyciopteridae {snai | Fishes) 333 0,14 7 0.01 340
Stichaeidae (prick febacks) 45 0.01 24 0.03 69
Aganidae (poaches) 83 0,03 8 0,01 91
other fish 8 0.02 2 - 10
TOTAL FISH 6,601 2.7(| 3,980 5.44 10,581
INVERTEBRATES
Gastropod ol luscs 81649 3.54 171253 171 2,902
Pelecypod nol luscs 191 0.08 40 0.0 231
Crustaceans:

{hionoecetes sp. 3:879 1.59 37597 4,91 71476

Paral ithodes sp. 7 0.03 13 0.02 89

Telemessus sp. 1,199 0,49 217 0.30 1,414
Total commercial ly important

invertebrates 151165 6.20 5,295 7.24 20,460
Starfish 38 842 15,89 17,252 23.57 56,09
Other echinoderms 4,221 1.73 42 0.06 4,263
Other invertebrates 317337 12.81 4,804 6.56 36]141
TOTAL _INVERTEBRATES 891545 36.63 27,393 37.43 116,958
TOTAL CATCH 965166 39.33 31,373 42.87 127,539
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invertebrate biomass. Commercially important invertebrates, led by tanner crabs
and the gastropod Neptunea heros, were 16% of the estimated total biomass.

Distribution of Tanner crab catches during the 1976 survey are shown in
Figure 1. These crabs were most abundant in Kotzebue Sound and the
southeastern Chukchi Sea, where catches averaged 4.9kg-km-l and 1.6kg-km-1,
respectively.

Ten shrimp species of possible economic importance were taken during the
1976 survey. Largest shrimp densities were found in the southeastern Chukchi

Sea (Figure 2), where the catch averaged 0.5kg-km'l. Average catches in
Kotzebue Sound were only 0.2kg-km1 trawled.
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tigure 1 Distribution andrelative abundance (by weight) of Tanner crabs in
NORB and HBAS 0OCS Planning Areas, based on 1976 BLM/0CS survey (Wolntira
et al. 1977).-
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NORB and HBAS OCS Planning Areas. based on 1976 BLM/OCS survey (Wolotira

et al. 1977).
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CHUKCHI S E A

FINFISH AND SHELLFISH

The Chukchi Sea (formerly Barrow Arch) OCS Planning Area occupies much
of the continental shelf overlying the northeastern Chukchi Sea. The
northeastern Chukchi Sea is a transition zone between the Arctic and Pacific
Oceans and their associated fish communities. The fish fauna of CHKS is
basically Arctic in origin but is enriched by a continental input of southern
species from the Bering Sea which probably disperse northward with the Alaskan
Coastal Current (Craig 1984a).

The northeastern Chukchi Sea possesses three major aquatic environments,
each characterized by a somewhat distinctive water mass {Craig 1984a).

1) outer shelf waters: cold offshore and bottom waters variously
composed of Bering Sea water, the relatively cold offshore portions of
Alaskan coastal water, and, on occasion, Arctic Ocean water.

2) nearshore shelf waters: dominated by relatively warm, inshore portions
of the Alaska Coastal Current.

3) still warmer brackish waters: found adjacent to the coast, these
persist only in lagoons.

The outer continental shelf water of CHKS is cold (<3°C} and saline
(approximately 31ppt), and is normally found severa tens of kilometers or more
offshore. However, the water may intrude closer inshore in bottom waters during
periods of wind-induced upwelling.

Nearshore shelf waters are dominated by parts of the Alaskan Coastal
Current which flow parallel to the shore toward the northeast during summer
months. The core of nearshore shelf waters are found from 20-30km seaward of
the shore along most stretches of coast to as far as 100km off Ledyard Bay.
The main water mass is usually found at the surface, remaining less than 30m
deep. Water temperatures can reach 5-10°C in the summer; salinities are usually
less than 31.5ppt {Craig 1984a).

The warmest and least saline aquatic habitats occur very near the coast,
particularly in the three largest lagoons: Peard Bay, lower Kuk River
(Wainwright Inlet), and Kaseguluk Lagoon Lagoon waters are warmed
by the sun, and freshened by stream discharge and in_situ ice melt in summer
months. Low flushing rates allow the warm, brackish waters of the lagoons to
be retained in spite of coastal upwelling conditions. Water conditions are,
however, highly variable. For example, during the summer months water
temperatures in the Kasegaluk Lagoon range from 5 to 13°C, salinities from 1 to
26ppt, and turbidity from 1 to 140 NTU (clear to very turbid). Lagoon waters
may also become stratified, with a layer of warm brackish water overlying cold
marine waters after winds push surface waters offshore (Craig 1984a).
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CHX S Finfish and Shellfish

Principal demersal fish species {>5% of numerical catch) taken from
of fshore CHKS OCS Planning Area waters.

Deep Shallos  Bottomx  Midwater Gill
(>14 m) (<14 m} TFrawlt Trawlst Net*
Fish Species n=19 nr=10 a=10 n = 81 n=16
ot BT A 55 55
A s said 17 5 54 85
Shorthorn sculpin 9 16
Myoxoeephaius scorpius
Hamecon
Artedieflus scaber 1 10 /
Polar esipout 23
Lycodes polaris
Snailfish s
Liparis sp.
Spatulates sculpin 5
Icelus spaida
Pacific sand lance 10
Ammodytes hexapterus
Pacific herving 100
Clupea harerngus pallasi
Others 12 g 3] 5
Number of fish caughe 20.721 599 192 — 24
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3

Table 2. Principal fish species (>5% of numerical catch) taken from nearshore

® waters of the northeastern Chukchi Sea; dat@ in percent. composition {from Craig
1984a).
@
Wain Peard
Point Lay wright Bay
Gill Fyke Gill Misc. Gill Fyke
Fish Species Net* Net* Nett Netst Nett Net§
Pacific herring 3 5
@ Clupea harergus pallasi 5
Rainbow smelt
Osmerus mordax 19 6 9
Fourhorn sculpin
Myoxocephalus quadricorais H 20 29 32 29 24
Arctic flounder
@ Liopsetta glacialis 10 13 5 2
Arctic cod ,
Boreogadus saida 39 42 70
Capelin 25
Mallotus villosus -
Saffron cod 6
@ Eleginus gracilis
Least cisco 61
Coregonus sardineila
Others 7 3. 5 14 ‘1 i
Number of fish ceught 1,002 13.335 150 4.684 51 11.896
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Table 3. Catchpur unit effort (CPUE) of fish taken by fykenet, comparing
various | ocations zj'long the Chukchi and Beaufort Sea Coast“nes; data in
fish-net-day-I (from Craig 1984a).

Beaufort Sea
Chukeli Sea Sagavan-  Eastern
Point Peard Simpsos  Prudhoe irktok Beaufoit
Lay Bay Lagoan Bay ~ Delta Sea
(1983y* (1983 (1978}  (198D1)§ (1982)1 (1982
Anadroms fishes |
Least cisco 0.1 1 25 24 13 0.1
Arctie cisco 0 0 17 55 154 6
Arctic char 0.1 0 19 9 28 5
Byvad whitefish. el a 3 3 3. 0
G 5§ H 6 ? i 0.1
Total 5 2 80 91 225 1
Marine fishes
Arctic cod 183 408 390 180 148 80
Fourhorn sculpin 9 3 142 369 86 147 40
Others 191 39 14 ? 3 0.2
Total 467 598 773 266 2938 120
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Figure 2. Locations of principal “warm-water” areas along coast of CHKSOCS
Planning Area, also showing postulated cold-water barriers which are believed to
hinder the dispersal of anadromous ciscoes and white fishes between these more
favorable habitats (from Craig 1984a).
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The fish fauna of the northeastern Chukchi Sea strongly resembles that of
the western Beaufort Sea. Both areas have a very low diversity of fish species,
about 20% of the number of species present in the Bering Sea and the northern
Pacific Ocean. Only 72 species have been recorded in or near the CHKS OCS
Planning Area, and 74% of these are common to the Beaufort Sea. An additional
25 species are found in Chukchi Sea waters south of Point Hope {HBAS OCS
Planning Area) which are more directly influenced by northward flow from the
Bering Sea. At least some of the marine fish species of the Chukchi Sea are
thought to maintain their populations only through continual recruitment of eggs
and larvae transported north from the Bering Sea. It is hypothesized that
population levels are kept low by cold winter water temperatures and
consequent high mortalities (Craig 1984a).

Fish species composition differs between nearshore and offshore waters in
the northeastern Chukchi Sea. The nine principal species in offshore waters are
marine: four sculpins, Arctic cod, polar eelpout, sand lance, snailfish, and
Pacific herring (Table 1). Juvenile Arctic cod (mostly young-of-the-year) and
Pacific sand lance were virtually the only fish caught by surface and mid-water
night trawls in the eastern Chukchi Sea between Icy Cape and Cape Lisburne.
Average density of juvenile cod was 281000m-3 or about 0.7 metric tons-km2 of
sea surface (Quast 1974). Quast (1974) described Arctic cod as a key element in
the Arctic Ocean ecosystem.

Major fish in nearshore habitats consisted of two species also common in
offshore waters - Pacific herring and Arctic cod - and six other species,

rainbow smelt, least cisco, capelin, saffron cod, fourhorn sculpin, and Arctic
flounder (Table 2).

Most of the inshore fish species are marine rather than anadromous, which
distinguishes the nearshore fish component of the northeast Chukchi Sea from
that of the southeast Chukchi and the Beaufort Seas. The scarcity of
anadromous fish in the Chukchi relative to the Beaufort Sea is apparent in
Table 3. Craig (1984a) noted that this difference may be, in part, an artifact.
since virtually all the Chukchi Sea data used in these comparisons were
gathered during a single summer (1983) and may or may not be representative of

typical conditions. There are, however, two factors whicrical catch) taken from
offshore CHKS OCS Planning Area waters.

1} Small local stocks of anadromous fishes: streams flowing into the
northeastern Chukchi Sea are relatively small drainages having marginal
significance as anadromous fish streams. Also, fish use of these drainages is
thought to be restricted by limited availability of overwintering habitat.

2) Cold-water barriers to coastal dispersal: Another source of
anadromous fish stocks to CHKS is their dispersal from adjacent. coastal regions,
the Beaufort Sea, and the southern Chukchi Sea. In the Beaufort Sea the
coastal dispersal of anadromous fishes is apparently dependent on the
occurrence of a narrow band of relatively warm, brackish water (5-10"C;
10-25ppt salinity) which lies immediately adjacent to the shoreline during summer
months. A similar warm-water band is apparently not as presistent along the
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northeastern Chukchi Sea except in isolated pockets: Kasegaluk Lagoon, Kuk
River, and Peard Bay (Figure 2) (Craig 1984a).

There is no commercial fishery in the CHKS OCS Planning Area, and sport
fishing is extremely limited. Subsistence fishing is important, however, in the
villages of Wainwright, Point Lay, and Point Hope. During the summer gill nets
are set along the shore to catch salmon (mostly pink) and varying proportions of
Arctic char, ciscoes, and white fishes. In the fall, villagers travel inland to
fishing camps on the Kuk, Utukok, and Kukpowruk Rivers to catch both
anadromous and freshwater fishes. Rainbow smelt are taken in the winter,
especialy in the lower Kuk River (Wainwright Inlet: Craig 1984a).

One of the most significant aspects of fish resources in the CHKS 0OCS
Planning Area is their important position in the marine food web. Forage fishes
are the mainstay of large populations of marine mammals and seabirds in the
northeastern Chukchi Sea. It has been estimated that as many as 25 million
Arctic cod are consumed annually by seabirds at Cape Thompson alone. Changes
in availability of forage fish species are thought to be the primary reason for
observed fluctuations in the distribution and reproductive success of these
seabirds and marine mammals (Craig 1984a).
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BERING SEA SUBREGION

(NABA, SGBA, NAVB, SMHL OCS PLANNING AREAS)

FINFISH AND SHELLFISH

The southeastern Bering Sea is one of the world’'s major fishing grounds.
Historically, most of the past harvests in the region have been taken by foreign
fleets from Japan, South Korea, Taiwan, and, until 1980, the U.S.S.R. Today,
U.S. trawlers fish in the southeastern Bering Sea in joint venture with the
U. S. S R, Korea, Japan, East Germany, and West Germany. Although many of the
stocks were overfished during the 1960's and early 1970's, present evidence
suggests that most of the resources in the Bering Sea-Aleutian management
system are in good condition; this includes stocks of pollock, cod, most
flatfishes, and mackerel. Stocks of Pacific cod and yellowfin sole are at
historically high levels of abundance. However, Pacific ocean perch and sablefish
stocks are in relatively poor condition at present and appear to be remaining at
low levels of abundance {Bakkala and Low 1983).

The St. George Basin (roughly equivalent to the SGBA OCS Planning Area)
constitutes a major portion of the Bering Sea fishing grounds and contributes
approximately one-third of the total catch from this region. In 1977, for
example, of the total international catch of 1.15 million metric tons taken in
the southeastern Bering Sea, 453,000 metric tons were caught in the St. George
Basin (Thorsteinson and Thorsteinson 1982).

The Bering Sea region has been divided into a number of subareas for the
purpose of fishery management or survey. None of these subareas are congruent
with the OCS Planning Areas as presently defined. In general, the southeastern
Bering Sea OCS includes virtually all of the continental shelf waters of the
North Aleutian Basin (NABA), St. George Basin (SGBA), and portions of the
Navarin Basin {NAVB) and St. Matthew-Hall (SMHL}. This includes portions of
Statistical Areas 1 and 2 of the International North Pacific Fisheries
Commission {INPFC; Forrester et al. 1983; Figure 1) and Subareas 1, 2, 3N, 3S,
4N, 4S, and 5 of trawl surveys conducted by the Northwest and Alaska
Fisheries Center (NWAFC, NMFS; Figure 2). Unfortunately, most summary
statistics from the above and other data bases have not been categorized by
OCS Planning Area. For this reason, and because of, major foreign catches in
the region, it is difficult to provide a detailed evaluation of the fishery
“productivity” of the individual Bering Sea Planning Areas.

The approaches taken here are: (1) to examine biomass and relative
abundance of demersal fish in the region as provided by extensive annual trawl
surveys (RACE data base), and (2), because, as will be shown, comparisons
between years may introduce uncertainties due to changes in sampling area,
gear, or both, to estimate equilibrium vyield (EY, the harvest that would result in
an unchanged population size on the average) for the most abundant species.
The last parameter, which is based on estimates of current stock size and
recent recruitment data, provides some indication of future commercial
productivity of a fishery.
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The Resource Assessment and Conservation Engineering (RACE) Division of
the NWAFC has conducted annual surveys for crabs and groundfish in the
eastern Bering Sea since 1971. Catch statistics of groundfish, shrimp, and
herring for the years 1971-1976 are summarized in Forrester et al: 1983. It was
not until 1975, however, that the eastern Bering Sea OCS was sampled in a
comprehensive multi-vessel survey under this program {Pereyra et al. 1976). This
1975 study has served as a model for subsequent surveys. Care should be taken,
however, in comparing the summary results of these studies from year to year,
as coverage was not always the same. More will be said about this below.

The 1980 survey (see coverage in Figure 2) is summarized here. Trawl
samplings for demersal fish were made from MaY through July in continental
shelf waters less than 200m in depth. Two vessels were used to sample 329
stations over a tota aea of 467,524km2 {average sampling density:
1,421km2-station"]).  Estimated abundance based on biomass of the various
categories are summarized in Table 1. Total biomass was estimated at 8.72

million metric tons; finfish accounted for 6.25 million metric tons, or 72% of the
total (Umeda and Bakkala 1983).

Based on estimates from subareas 1-4, which were sampled both in 1980
and the previous year, total biomass (fish plus invertebrates) decreased 14%
from 9.98 million metric tons in 1979 to 8.56 million metric tons in 1980. Total
fish declined from 7.32 to 6.16 million metric tons (16%); all major fish groups

with the exception of flatfish and skates decreased in abundance as measured
by biomass.

Relative productivity of the region can also be estimated by examining
sampling or fishing success, i.e., catch per unit effort {CPUE). Figure 3 depicts
distribution and relative abundance in CPUE of total fish taken during the 1980
NWAFC survey. The relative richness of the NABA and SGBA OCS Planning
Areas are obvious from this figure. Figure 4 depicts distribution and abundance
of cods, primarily walleye pollock and Pacific cod, from the 1980 NWAFC
survey. Cods are widely distributed over the Bering Sea outer continental shelf
and slope. Figure 4 shows abundance {(CPUE} of all flounders. Greatest densities
were at depths between 40 and 100m in the NABA and SGBA OCS Planning
Areas. Together, cods and flounders account for over 86% of the total
estimated fish biomass from the 1980 survey (Table 1).
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Figure 2. International North Pacific Fisheries Commission (INPFC) Statistical

Areas for the Bering Sea and Aleutian Islands (from Bakkala and Low 1983} .
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Table 1. Summary of apparent biomass of major taxonomic groups from
the NWAFC (Umeda and Bakkala 1983).

Taxon Estimated biomass Proportion of
for total survey of total bionass
area (t)
Gadi dae (cods) 2,419, 193 0.277
Pleuronectidae (flounders) 2,995, 395 0. 343
Cettidae (sculpins) 281, 052 0. 032
Zoarcidae (eelpouts) 371, 461 0.043
Agoni dae (poachers) 17, 340 0. 002
Rajidae (skates) 114, 858 0.013
Gt her fish 55, 285 0. 006
Porifera (sponges) 24,327 0.003
Coelenterata (coelenterates) 12,024 0. 001
Mollusca 167, 196 0. 019
Gastropoda (snails) 148, 734 0.017
Pel ecypoda (bival ves) 762 <0.001
Cephal opoda (squids & octopuses) 17, 395 0. 002
O her mol | usks 304 <0. 001
Crustacea 1, 317,039 0.151
Chionocetes sp. 808, 006 0. 093
(Tanner crab)
Paralithodus sp. 381, 052 0. 044
(king crab)
O her crab 117, 391 0.013
Total crab 1, 306, 451 0. 150
Tot al shrinp 10, 490 0.001
Ot her crustaceans 98 <0. 001
Echinodermata 702, 705 0.081
Ast eroi dea (starfish) 607,114 0. 070
Ophiuroidea (brittlestars) 55,726 0. 006
Echinoidea (sea wurchins etc.) 30,913 0. 004
Holothuroidea (sea cucunbers) 8, 952 0. 001
Asci di acea 46, 240 0. 005
Ot her invertebrates 197,775 0.023
Tot al i nvertebrates 2,467, 306 0.2863
Total catch 8,721, 890
Geographi cal area (km3) 467, 524
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The relative order of abundance of the twenty most abundant species
taken in the 1980 survey is provided in Table 2. These twenty species were
70% of the catch for the total area. For the most part, the catches from the
various subregions were dominated by the same fish species (Table 3). Yellowfin
sole was the most abundant species in the inner shelf areas, where CPUE
ranged from 37.4 to 98.6kg-ha-l, but became less abundant over the outer shelf
bottom (average CPUE 26.1 -57.3 kg-hal) where walleye pollock dominated the
catch. Umeda and Bakkala (1983) have reviewed commercial fishery and other
data and conclude that the 1980 survey seriously underestimated pollock
abundance, possibly because of the semi-demersal nature of this species. Thus,
the apparent walleye pollock biomass for 1980 (1.51 million metric tons) is only
50% of the estimate for 1979 (3.05 million metric tons), although no severe
reduction in commercial fishing success was observed.

The comprehensive trawl surveys also provide the most recent biomass
estimates of demersal fish populations that are available for the eastern Bering
Sea (Sample 1984}. Table 4 summarizes trawl survey data by species for
approximately the last decade. Once again, care should be taken in establishing
clear trends by comparing different years, as the discussion above for walleye
pollock indicates. For example, Sample {1984) suggested that the three-fold
increase in pollock biomass between 1982 and 1983 could well have been due to
increased fish vulnerability to sampling gear employed. It is clear, however, that
the most abundant fish in terms of CPUE also contribute the largest part of the
total demersal fish biomass in this region.

Equilibrium yield (EY) is defined as the amount of harvest which will
result in an unchanged population size on the average. The EY for the entire
groundfish complex in the eastern Bering Sea has been estimated at 2.0-2.1
million metric tons (1981 & 1982; Bakkala and Low 1983). Estimated EY’s for
important components of this complex are summarized in Table 5. Additional
information regarding the biomass and distribution of these fish is presented
below.

Walleye pollock EY = 1.3 million metric tons (1981)

W alleye pollock {Theragra chalcogramma)} in the eastern Bering Sea
supports the largest single species fishery in the North Pacific (Bakkala and
Wespestad 1983a). Pollock became a highly sought-after species with the
successful implementation of mechanized minced-fish processing on Japanese
commercial vessels in the mid-1960's. As a result, pollock catches increased
from 175,000 metric tons in 1964 to 1.9 million metric tons in 1972. Catches
since then have declined, due both to catch restrictions placed on the fishery
and to declining stock abundance. Reported 1981 catches were 973,000 metric
tons in the eastern Bering Sea {Bakkala and Wespestad 1983a). These authors
estimated total biomass at 10-12 million metric tons. However, low recruitment
of the 1979-1981 year classes has caused a decline of overall pollock biomass
from 11.0 million metric tons in 1979 to 7.8 million metric tons in 1982. Pollock
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Table 2.

S S S S S SARN

Rank order of abundance of twenty most abundant species of

fish taken during the 1980 demersal trawl survey in the southeastern
Bering Sea (after Umeda and Bakkala 1983).

Rank Speci es CPUE Proportion of
(kg-ha-| total CPUE
1 Yellowfin sole 40. 92 0. 219
2 Wil l eye pollock 32. 27 0.173
3 Pacific cod 19. 41 0.104
4 Al aska plaice 7.46 0. 040
5 Rock sole 6. 05 0.032
6 Wattl ed eelpout 4. 41 0-024
7 Greenl and turbot 3.68 0. 020
8 Flathead sole 2.75 0.015
9 Sparse toothed 1lycod 1.63 0. 009
10 Shortfin eelpout 1.63 0. 009
11 Skate (unidentified) 1.45 0.008
12 Plain sculpin 1.08 0. 006
13 Longhead dab 1.03 0. 006
14 Arrowt ooth fl ounder 1.02 0. 005
15 Pacific halibut 0.92 0. 005
16 Yellow Irish lord 0.92 0. 005
17 Butterfly sculpin 0. 84 0. 005
18 Sculpin (unidentified) 0.73 0. 004
19 Myoxocephalus sp. 0.61 0.003
20 Shorthorn sculpin 0. 56 0-003
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Table 4. Biomass estimates of demersal fish taken during comprehensive
trawl surveys of the eastern Bering Sea by NWAFC (Sample 1984).

Year

Species 1975 1979 1980 19681 1982 19S3
walleye pollack 2,426, 400 2,878,500 1,508,600 2,543,600  2.666,600 6,050,600
Pacific cod 64, 500 734,600 907, 300 840, 100 1,013,900 1,126,400
yellowfin sole ! ,038,600 1,807,700 1,913,000 2,065,100 3,322,500 3,951,500
Rock sole 170, 182,800 283, 000 287, 400 7100 100
fl‘t_ha.d sol e 113,000 101,800 128.400 155, 200 204, 300 219, 200
sasks Pl ai cE 127,300 283,000 248, 800 438, 300 654,100  745.400
Geenland turbot 126, 700 143,300 172,200 87, 400 37,700 35,100
Arrowtogeh | lounde [ 28 88 42,000 47,2100 50, 200 70,000 149, 300
racific halibut 0 6 64,200 43,200 46, 500 70, 500 90, 100 4
Sculpins 269, 200 281,000 4, 400 291 300 277,000
Eelpouts 9 ,600 360, S00 371,500 147, 400 118,500 68, 600
Poachers 12,800 28, 200 17,300 11,200 13,800 13, s00
Skates 42,000 74,000 114,900 239, 000 167,900 188, 200
other fiSh 133,700 193,700 117,500 37, S00 193, 000 14,300

TOTAL 4,535,000 7,261,000 6,254, S00 7,293.300 9,421,200 13,859,200
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Table 5. Equilibrium vyield (EY} estimates for leading commercial
demersal fish in the eastern Bering Sea.

Speci es EY (metric tons) Reference

Wil l eye pollock 1, 200, 000 Bakkala & Wespestad (1983a)
Pacific cod 55, 000 Bakkala et al. (1983)
Yellowfin sole 200, 000 Bakkala & Wespestad {(1983b)
Greenland turbot 65, 000 Bakkala & Sanple (1983)
Arrowmt ooth fl ounder 20, 000 Bakkala & Sanple (1983)

M scel | aneous flatfish 61, 600 Bakkala (1983)

Sabl ef i sh 2>000 Narita (1983)

Pacific ocean perch 1, 700 Ito (1983a)

M scel | aneous rockfish 3,100 Ito (1983b)

Atka nmmackerel 25, 000 Ronholt (1983b)
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Table 5. Equilibrium yield (EY) estimates for leading commercial
demersal fish in the eastern Bering Sea.

Speci es EY

(metric tons)

Ref erence

Wal l eye pollock

Pacific cod

Yellowfin sole
Greenland turbot
Arrowtooth fl ounder

M scel | aneous flatfish
Sabl ef i sh

Pacific ocean perch

M scel | aneous rockfish

Atka macker el

1, 200, 000

55, 000

200, 000

65, 000

20, 000

61, 600

2,000

1, 700

3,100

25, 000
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biomass in 1983 is believed to be at least 7.8 million metric tons and possibly
higher (Bakkala and Traynor 1984).

Pacific cod EY = 55,000 metric tons

Like the walleye pollock, Pacific cod (Gadus macrocephalus) is widely
distributed over the Bering Sea continental shelf and slope north of St.
Lawrence Island, although the greatest numbers are found south of the latitude
of St. Matthew and Nunivak Islands. Juvenile cod {<i year) apparently inhabit
nearshore waters; age four and older cod are primarily found on the outer shelf
and slope {Bakkala 1984 b). Since 1970, total catches in 1980 and 1981 (49,286
and 59,916 metric tons, respectively) increased markedly, primarily because of
the new joint-venture and U.S. domestic fisheries {Bakkala et al. 1983). Japanese
fisheries continue to account for the major portion of the catch, as they have
since 1964. Abundance in the region has also increased: biomass estimates for
1975 were 64,500 metric tons, compared with 1,013,900 metric tons in 1982;
CPUE increased from 2.7kg-ha-l in 1975 to 22.2kg-ha-l in 1982 (Bakkala et al.
1983). A strong 1977 year class has placed the Pacific cod at a high point in
its natural cycle of abundance. Commercial harvests cannot be adjusted to
maintain the stock at this high level, but should be increased to take advantage
of the available surplus before it is lost to natural mortality. Wespestad et
al.(1982)projected that catches of 228,000 metric tons could be taken from the
eastern Bering Sea population in 1983 and 118,000 metric tons in 1984, after
which catches might have to be reduced below 100,000 metric tons. Survey
results from 1983, however, indicated that Pacific cod biomass in the eastern
Bering Sea remained about the same as for 1982 (1 million metric tons). Thus
Bakkala and Wespestad (1984a) revised the allowable 1984 catch upward to
232,500 metric tons. Projected acceptable eastern Bering Sea catches for 1985
and 1986 are 142,400 and 111,400 metric tons respectively, and projected
acceptable catches in the Aleutian Islands for 1984 through 1986 are 58,800,
36,000 and 28,200 metric tons {Bakkala and Wespestad 1984a).

Yellowfin sole EY = 310,000 metric tons

The population of yellowfin sole {Limanda aspera) in the eastern Bering
Sea was substantially reduced by foreign exploitation in the early 1960’s. The
resource began to recover in the early 1970's and abundance in 1982 {biomass =
3,300,000 metric tons) was estimated to be as high or higher than pre-1960
levels (Bakkala and Wespestad 1983b; 1984b). Similarly, CPUE from the NWAFC
trawl surveys has increased, doubling from 1975 {20kg-ha-1) to 1979 (41kg-ha-1),
with levels for 1982 and 1983 at 70.3kg-ha-1 and 86.5kg-ha-1, respectively. Some
of the data for recent years may reflect sampling gear modification, however.
The primary reason for the increase in yellowfin sole since the early 1970’s has
been the strength of the 1966-70 year-classes. Results of NWAFC surveys in
1980, 1981 and 1983 indicate that a new series of strong year-classes for
1973-77 have entered the population as well. Abundance projections based on
long-term average recruitment levels indicate that. the yellowfin sole population
can be expected to remain at about its present level through 1985, supporting
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annual catches at an EY of more than 200,000 metric tons {Bakkala and
Wespestad 1983 b). Because survey biomass estimates for 1982 and 1983
exceeded projected biomass for these years, Bakkala and Wespestad (1984b)
estimated EY for 1984 at 310,000 metric tons.

Turbots EY = 67,500 metric tons

The turbots, arrowtooth flounder (Atheresthes stomias} and Greenland
turbot {(Reinhardtius hippoglossoides) have similar bathymetric distributions in the
eastern Bering Sea. Adults are generally taken in waters of the continental
slope, but juveniles are restricted to the shelf region. Greenland turbot are
distributed throughout the eastern Bering Sea with highest concentrations along
the continental slope at depths greater than 200m. Arrowtooth flounder are
restricted to the southern portion of the eastern Bering Sea and along the
slope, with highest abundance at depths of 100-700m (Bakkala and Sample 1983).
A long period of relatively small turbot catches in the 1960’'s was followed by
substantial increases, to an all-time high of 103,000 metric tons (combined
species) in 1974. Catches declined to combined levels of 71,000 and 74,000
metric tons for 1980 and 1981, respectively. Maximum sustainable yield (yield
that can be sustained when the population is fully exploited and reduced to half
its virgin biomass) for Greenland turbot in the eastern Bering Sea has been
estimated at 72,000 metric tons. Catch rates and biomass estimates for
Greenland turbot declined sharply in 1981 and 1982, and remained low in 1983,
as a result of poor recruitment of the 1979-1981 year-classes. From 1983 to
1984, EY decreased from 65,000 to 47,500 metric tons. The adult arrowtooth
flounder population appears stable, with good juvenile recruitment. The 1983
and 1984 estimated EY’'s were 20,000 metric tons; estimated MSY is 24,200
metric tons (Sample and Bakkala 1984).

Miscellaneous flatfish EY = 61,600 metric tons

The following small flatfish, all of which are primarily found in continental
shelf waters, are lumped in this category:

flathead sole Hippoglosoides elassodon
rock sole Lepidopsetta bilineata
rex sole Glyptocephalus zachirus
Dover sole Microstomus pacificus
starry flounder Platichthys stellatus
longhead dab Limanda proboscidea
butter sole Isopsetta isolepis

Biomass estimates based on trawl survey data taken since 1975 suggest an
increase in this species complex in the eastern Bering Sea from 421,400 metric
tons (1975) to 1,631,800 metric tons (1982). Again, the apparent increase since
1981 may reflect changes in sampling gear- Evidence suggests that the
populations of most of these species are in good condition and should be
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capable of supporting harvests at approximately the upper end of the maximum
sustainable yield; this is the basis of the estimated EY.

Alaska plaice EY = 70,000 metric tons

Alaska plaice (Pleuronectes gquadrituberculatus) have not been exploited at
the same rate as other flatfish until fairly recently, probably because their
inshore distribution has kept the species separated geographically from the main
fishing areas {Bakkala 1984a).

Sablefish EY = 6185 metric tons

Sablefish (Anoplopoma fimbria) are found along the continental shelf and
slope of the North Pacific, including the Bering Sea, from Hokkaido, Japan, to
Baja, California. The eastern Bering Sea fishery was initiated by Japanese
longliners in 1958. Catches peaked in 1962 at 28,520 metric tons. As the fishing
grounds were preempted by the expanding trawl fisheries, new longlining areas
were established in the Aleutian region (where catches peaked at 3,580 metric
tons in 1972). Declining stock abundance has now reduced catches in both
regions; catches by all nations in the eastern Bering Sea were only 2,578 metric
tons in 1981, and 3,839 metric tons in 1982. The combined maximum sustainable
yield for this region has been estimated at 15,100 metric tons. However,
because some stocks are depleted, and because sablefish productivity is thought
to be related to overall condition of the resource throughout the extent of its
range, the EY has been set much lower, especially for the eastern Bering Sea
(Narita 1983; 1984).

Pacific _ocean perch EY = 12,160 metric tons

Technically a rockfish, Pacific ocean perch {Sebastes alutus} are found in
commercially useable concentrations along the outer continental shelf and upper
slope regions of the North Pacific and the Bering Sea. Two main stocks have
been identified in the latter, one along the eastern Bering Sea slope, the other
around the Aleutian Islands (Figure 4). Stocks were seriously depleted by
Japanese and Russian fisheries in the 1960’s. Catches in the eastern Bering Sea
peaked at 47,000 metric tons in 1961 {the peak catch in the Aleutian region
was 109,000 metric tons in 1965). By 1982, Pacific ocean perch harvests were
but a small fraction of historic levels: 600 metric tons from the eastern Bering
Sea slope and 1,500 metric tons from the Aleutian region. Cohort analysis of
stocks indicated that mean stock biomass in the eastern Bering Sea fell 84.6%
from 1963-1976 (Ito 1982). Biomass estimates for 1979 (6,400 metric tons) and
1981 (9,800 metric tons) remained low, and decreased further, to 5,505 metric
tons, in 1982, although these must be taken as underestimates because the fish
are known to occupy the water column above the area sampled by bottom
trawls. The low EY may dtill be too high {Ito 1983a; 1984a); both the eastern
Bering Sea and Aleutian stocks are in very poor condition, and there is no
consistent evidence to suggest that either is rebuilding to former levels of
abundance.
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Figure 4. The two main stock areas of Pacific ocean perch in the Bering Sea
{Ito 1983a).
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Miscellaneous rockfish EY = 14,100 metric tons

This category includes all species of_Sebastes (except 8. alutus, the
Pacific ocean perch) and Sebastolobus. Although historically they have been
lumped together in commercial catch statistics, since 1977 rockfish species have
been identified in commercial catches by U.S. observers. The Aleutian region
has accounted for the largest portion of Bering Sea rockfish during 1977-81,
with a range of 17,700-20,000 metric tons. The next most productive area was
Bering Sea INPFC Area 2 (see Figure 1), where total catches ranged from 1,300
metric tons (1977) to 13,100 metric tons (1981). Rockf ish biomass estimates
based on a 1981 U.S.-Japan cooperative trawl survey were 12,600 metric tons in
the eastern Bering Sea. Higher estimates (e.g., Ikeda 1979) have been
questioned as to the accuracy and validity of underlying assumptions in
extrapolating from limited data. The rather conservative EY for the eastern
Bering Sea is based on a population 28% smaller than that in the Aleutians,
where the EY is estimated at 11,000 metric tons {Ito 1983b; 1984 b).

Atka mackerel EY = 25,500 metric tons

Atka mackerel,_ Pleurogrammus monopterygius, are found throughout the
Aleutian and Komandorskiye Islands, westward to the east coast of Kamchatka,
northward to the Pribilof Islands, and eastward throughout the Gulf of Alaska to
southeastern Alaska. Most of the commercial catches come from the Aleutian
region, which produced more than 76% of the total Bering Sea landings from
1978-1981. Atka mackerel is apparently the third most abundant species in the
Aleutian Islands region after the walleye pollock and the grenadiers (rattails,
family Macrouridae; Ronholt 1983b). Total landings increased throughout the
1970’s, peaked at 24,250 metric tons in 1978, and then declined to 19,700
metric tons in 1981. Landings have generally increased in the eastern Bering
Sea and declined in the Aleutian region. Maximum sustainable yield, based on a
joint U.S.-Japanese trawl survey in 1979-1981, ranges from 22,666 to 28,300
metric tons. As there is no evidence to suggest that the population is radically
changing, the recommended EY is based on the midpoint of the range of
maximum sustainable yield {Ronholt 1984).

ICHTHYOPLANKTON

In terms of biomass and density in the nearshore region of the
southeastern Bering Sea, the dominant marine fishes are Pacific herring {Clupea

harenque pallasi), capelin (Mallotus villosus), and yellowfin sole {Limanda aspera).

Pacific herring

Herring abundance in the eastern Bering Sea appears to have increased
since 1978 in all major coastal areas. Estimates of spawning biomass were
187,210-334,723 metric tons in 1978 and 258,079-637,583 metric tons in 1979.
Bristol Bay contains the largest assemblage of spawning herring in the entire
state of Alaska. Maost spawning in northern Bristol Bay occurs from the
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intertidal zone down to a depth of 5m. Herring shed their adhesive eggs
primarily onto rocks covered with Fucue, though almost any substrate is used
under conditions of dense spawning. The fish also spawn in shallow bays,
beaches, or slough areas where_Zostera, rye-grass {Elymus sp.} roots, and sedges
(Carex sp.) are exposed at low tide (Kinnetic Laboratories Inc. 1984).

Capelin

During 1976 capelin were the most geographically widespread forage fish
species found in the eastern Bering Sea and ranked second in abundance (next
to herring) at onshore stations between Ugashik Bay and Unimak Island. Capelin
spawn along clean, fine gravel beaches {Kinnetic Laboratories Inc. 1984).

Yellowfin sole

Yellowfin sole dominates the biomass of marine fishes within the nearshore
zone of the North Aleutian Basin. Current biomass estimates are two to four
million metric tons. This species is the dominant flatfish on the eastern Bering
Sea shelf and ranks second in biomass only to walleye pollock. Yellowfin sole
are found on the outer continental shelf and slope at water depths greater than
100m during the winter and early spring. They migrate to inner shelf waters
(15-75m) where spawning occurs in summer. Young remain in the shallow
nearshore nursery areas for several years before dispersing to more offshore
waters at 3-5 years of age {Kinnetic Laboratories Inc. 1984a).
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Table 3.

Umeda and Bakkala 1983).

Rank order of abundance in each of the southeastern Bering Sea
subareas of five most abundant fish taken in 1980 demersal survey (data from

Rank Species Ranking in sampling subareas (see Figure 2)
inner continental shelt outer continental shelf
1 4N 45 2 3N 3s 5
1 Yel loutin sale 1 i 1 3 )20 7 e
2 Walleye pollock 2 2 2 1 1 1 [
3 Pacific cod 3 3 4 2 2 2 4
4 Alaska plaice 5 4 3 16 18 13 5
5 Rock sole A 12 5 h 20 & )20
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EINFISH AND SHELLFISH

The fish fauna of the Alaskan Beaufort. Sea is typical of the "Inuit
fauna,” a fairly distinct assemblage of marine and anadromous species extending
from the central Canadian Arctic westward through Chukchi Sea and Siberian
coastal waters. A total of 37 fish species has been collected in nearshore
brackish waters, and 40 in offshore marine waters (Craig 1984 b).

Southern Beaufort Sea drainages support nine major species of anadromous
fishes: Arctic char, broad and humpback whitefish, least and Arctic cisco, chum
and pink salmon, rainbow smelt, and inconnu (Table 1). Anadromous species
generally spawn in the larger North Slope rivers in the fall and winter (Figure
1}).  Their young remain in fresh water for a variable period, depending upon
species, after which time they migrate to coastal waters. The immature fish
enter coastal streams each summer to feed, and return to streams and lakes in
fall to overwinter and, when mature, to spawn (Craig 1984 b).

The two largest drainages, the Mackenzie and Colville Rivers, support the
largest numbers of anadromous species. Each river has spawning populations of
Arctic char, ciscoes, whitefishes, and smelt, and each supports relatively small
salmon runs. Between these two large rivers is a 400km distance over which
almost no anadromous stocks (with the exception of Arctic char) are found.
Streams in this region have been classified as “mountain streams” since they
originate in the Brooks Range. These streams commonly contain perennial
springs which are associated with the spawning grounds of Arctic char (Craig
1984b).

Streams to the west of the Colville River (Figure 3) differ importantly
from mountain streams in both habitat and fish fauna. These streams drain the
tundra-covered slopes of the Arctic foothills and coastal plain physiographic
provinces and support spawning populations of whitefishes, ciscoes, and small
runs of salmon (Table 1).

The occurrence of a band of turbid, brackish (10-25 ppt}), and relatively
warm (5-10”C) water is characteristic of the Beaufort Sea coastline during the
open-water season (July-September). This estuarine band varies in depth and
width with freshwater input from spring runoff, nearshore currents, prevailing
winds, and topographical features (Craig 1984 b). Seasonal use of these nearshore
waters by anadromous and marine species varies. The anadromous species - char,
whitefishes, ciscoes, salmon, and smelt - begin arriving at the start of spring
ice breakup (5-20 June), disperse along the coastline in this brackish water
band, and return by fall to their respective river drainages to spawn or
overwinter.

According to Craig (1984 b), the summer coastal division of anadromous

species depends upon three factors: “l) proximity of freshwater sources of
anadromous fish stocks; 2) migration timing; and 3) daily responses to
temperature and salinity fluctuations in the nearshore environment. ”  Some
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anadromous species (e.g., whitefishes and least ciscoes) do not disperse far from
their rivers of origin, whereas others (e.g., Arctic ciscoes and at least some
Arctic char; Figure 4) disperse widely from their natal streams and are common
along the entire Beaufort Sea coastline.

Marine species - Arctic cod, sculpins, and sailfishes - increase in
abundance in nearshore waters as the summer progresses and salinities increase.
They do not undertake the appreciable parallel migrations hugging the coastline
as the anadromous species do. During a year-round study of coastal fishes in
Alaskan Beaufort Sea waters, Haldorson and Craig (1984) found the summer
nearshore fish community dominated by three anadromous species. Arctic cisco
{Coregonus autumnalis), least cisco (C. sardinella}, and Arctic char (Salvelinus
alpinus); and two marine Species: Arctic cod (Boreogadus saida), and fourhorn
sculpin {Myoxocephalus quadricornis}. In the winter months, however, rainbow
smelt {QOsmerus mordua dentex) dominated fish fauna in nearshore waters,
accounting for 56% of the 2803 fish caught under the ice in gill and fyke nets.
Next in order of abundance were fourhorn sculpin (37%) and Arctic cod (5%).
The authors caution, however, that the low numbers of Arctic cod may reflect
their relative invulnerability to gill nets rather than actual low densities. In the
winter pre-spawning assemblages of rainbow smelt were found in Harrison Bay,
near the mouth of the Colville River. Gill-net catch per unit effort (CPUE)
peaked around February (22.2 fish-net-da-1), declined in March (16.1 fish

net-da-1), and reached a low of 5.8 fish- net-da-l in May (Haldorson and Craig
1984).

Arctic cod predominated at most winter sampling stations, especially in
marine waters. Only cod (N = 65} were caught at the 175-km offshore sampling
site, and at Narwhal Isiand {N = 9). Cod were 78 of 97 fish (80% of catch) at
the Boulder Patch in Stefansson Sound, 9 of 16 fish (56% of catch) at Flaxman
Island, and 26 of 70 fish (37% of catch) at Simpson Lagoon. In contrast, there
were no cod in the 150 fish taken in the brackish waters near Colville Delta
and only a few (0.4% of 2612 fish) were captured at Thetis Island, in the
nearshore waters near the Colville River (Craig 1981; Craig et al.1982}.

As opposed to the nearshore brackish waters with their characteristic
lower salinities and higher water temperatures during the ice-free months,
marine coastal waters are cold (-1 to 3“C) and saline (27-32ppt} and are
identified by water mass characteristics rather than by distance from shore.
These marine coastal waters occupy the entire water column in more offshore
areas and may extend into nearshore bays and lagoons as a subsurface wedge of
water under a lens of brackish water. Forty fish species have been collected in
offshore waters, although sampling effort has been low. A trawl survey of
waters 40-400m deep near the southern edge of the ice pack resulted in low
fish catches. An average of eighteen fish of four species were caught in the 35
five to ten-minute trawls. All-told, seventeen fish species were collected and
three, Arctic cod, Canadian eelpout (Lycodes polaris), and twohorn sculpin
{Icelus bicornis), accounted for 65% of the catch (Frost and Lowry 1983).
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As previously reported for the CHKS OCS Planning Area, the Arctic cod is
considered a key species in the Arctic Ocean ecosystem because of its
abundance, widespread distribution, and importance in the diets of marine
mammals, birds, and other fishes {(Quast 1974; Craig et al. 1982; Craig 1984b).
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Table 1. Principal stocks of anadromous fishes in Beaufort Sea
drainages. Minor and incidental catches have been excluded {from Craig
1984 b).

Drainage Arctic Broad Humpback Least Arctic- Chum Pink
char  whitefish whitefish cisco Bering salmon salmon
cisco

Ra i nboy
smelt

U.S. -Canada Border

Clarence
Kangakut
Egaksrak
Aichilik
Hulahula
Canning
Shaviovik
Sagavanirktok

X X X X X X X X

Frudhkoe Bay

Colvi lie X

Fish

[kpikpuk

Qumal ik

Jopagoruk X
Meade X
Trrary X

X X X X X X X
xX X X X X X X
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Figure 4. Summer dispersal patterns of Arctic char (top) and recapture location
of char tagged in Simpson Lagoon (from Craig 1984 b).
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Bering Sea and A eutian Islands region in 1982.
NOAA,  NMFS, NWAFC.
NOAA Tech. Mere. NWS F/NWC-42. 187pp.

ALASKA NABA SGBA NAVB SMHL
Finfish: CPUE by species; Goundfish;
Bi omass, MSY; Resource assessnent; FEastern Bering Sea.

Report assesses condition of groundfish and squid stocks in the
eastern Bering Sea and Al eutian Islands region through 1982.
Assessnments are based on species-by-species analysis of data
collected from comercial fishery and research vessel surveys.
Estimates of MSY and EY are calcul ated.

230



BIBLIOGRAPIHY - Finfish, Shdelfish, & Ichthyoplankton

BAKKALA, R. G. & T. M Sanple. 1983.

Geenland turbot and arrowooth flounder.

pp.81 - 95 Int R G Bakkala & L.- L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering
Sea and Aleutian Islands Region in 1982.

NOAA,  NVFS, NWAFC.

NOAA Tech. Mere. NWFS F/NWC-42. 187pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Greenland turbot; Arrowtooth fl ounder;
St ock assessnent; Commerci al catches; Eastern Bering Sea.

Report sunmari zes commerci al cat ches, relati ve abundance, bi omass
estimates, age conposition, and estimates MY and EY for

Greenland turbot and arrowmooth flounder stocks in the -eastern
Bering Sea and Aleutian Islands region.

BAKKALA, R G & J. J. Traynor. 1984.

Wl l eye pollock.

pp.l1 - 20 In: R G Bakkla & L. -L. Low (cd.).

Condition of groundfish resources of the eastern Bering Sea
and Aleutian Islands Region in 1983.

NOAA,  NVFS, NWAFC.

NOAA Tech. Mere. NWS F/NWC-53. 189pp.

ALASKA NABA SGBA NAVB SMHL
Finfish: Stock assessment; Walleye pollock;
Fi sheries nanagenent; Traw surveys, Commer ci al cat ches, cpue.

Report assesses condition of walleye pellock in eastern Bering Sea
and Aleutian Islands region through 1983. Bi omass and EY estimates
are given.
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BAKKALA, R G & V. G \Wspestad. 1983a.
Wil |l eye pollock.
pp.1 - 27 In: R. G Bakkala & L.~ L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1982.
NOAA, NWFS, NWAFC.
NOAA Tech. Mere. NMFS F/NWC~42, 187pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Walleye pollock; Bionmass estinates;
Catch statistics.

Data about commercial catches, and age and size conposition
of walleye pollock in the eastern Bering Sea and Al eutian
Islands region are reported. Estimates of relative abundance,
bi omass, MSY and EY are made using both cohort analysis and
research vessel surveys.

BAKKALA, R G & V. G Wspestad. 1983b.

Yellowfin sole.

pp.531 - 79 In: R G Bakkala & L. -L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering
Sea and Aleutian Islands Region in 1982.

NOAA, NMFS.

NOAA Tech. Mere. NWFS F/NWC-42. 187pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Yellowfin sole; Commerci al cat ches;
Abundance projections; Stock assessnent; Eastern Bering Sea.

Data from commercial catches are summrized, biomass from both
research vessel surveys and cohort analysis is estinmated, stock
abundance for 1982-1989 is projected, and MSY and EY are estinated
for yellowfin sole in the eastern Bering Sea and Al eutian

I slands region.
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BAKKALA, R. G & V. G \Wspestad. 1984a.
Pacific cod.
pp-21 - 36 Int R G Bakkala & L. -L. Low (cd.).
Condition of groundfish resources of the eastern Bering Sea
and Aleutian Islands Region in 1983.
NOAA,  NVFS, NWAFC.
NOAA Tech. Mere. NWS F/NWC-53. 189pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Stock assessment; groundfish;
Pacific cod; fisheries nanagenent; traw surveys.

Report assesses condition of Pacific cod in eastern Bering Sea and
Aleutian Islands region through 1983. Projected biomass and
acceptable biological catch given through 1986.

BAKKALA, R G & V. G Wspestad. 1984b.
Yellowfin sole.
pp.37 - 60 In: R G Bakkala & L. -L. Low (cd.).
Condition of groundfish resources of the eastern Bering Sea
and Aleutian Islands Region in 1984.
NOAA,  NVFS, NWAFC.
NOAA Tech. Mere. NWFS F/ NWC-53. 189pp.

ALASKA : NABA SGBA NAVB SMHL
Fi nfish: Stock assessnent; yellowfin sole;

fisheries nmanagenent; traw surveys; bimass, MY, EY.

Report assesses condition of yellowfin sole in eastern Bering Sea
through 1983. Abundance projections given through 1989.
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ALASKA NABA SGBA NAVB SMHL
Finfish: Pacific cod; Stock assessnent;
Commercial catches; Abundance projection; Eastern

Report summarizes commercial catches, assesses relative abundance,
estimtes biomass, analyzes

abundance of Pacific cod

Islands region. Estinmates of
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BERRIEN, P. L.. 1978.
Eggs and larvae of 'Scomber scombrus' and 'Scomber
japonicus' in continental shelf waters between
Massachusetts and Florida.
Fish. Bull., U S 76 :p.95 - 116.

ATLANTI C: MATL
Ichthyoplankton: Abundance; Di stribution;
'Scomber scombrus'; 'Scomber japonicus'

Collections of eggs and larvae of 'Scomber scombrus' and

*S. japonicus' taken during R.V. Dolphin cruises are summarized.
‘S. scombrus' eggs were collected on the shoreward half of the
continental shelf waters north of Cape Hatteras during spring and
summrer and ‘'S. japonicus! eggs were collected in the seaward half
of shelf waters south of Cape Hatteras during the winter and
spring.

BLACKBURN, J. E., K Anderson,
c. |I. Hamlton, & S. J. Starr. 1983.
Pel agic and denersal fish assessnent in the |ower
Cook Inlet estuary system Final report.
pp.107 - 382 In: NOAA National Ccean Service (cd.).
Environnental Assessnent of the Al askan Continental Shelf.
Final reports of principal investigators. Vol.l7.
Bi ol ogi cal Studies. Prepared for MVB. Washi ngton, D.C.

ALASKA CKIN
Finfish: Groundfish; Nearshore communities;

Growt h; Food habits; Abundance & distribution.
Shel | fi sh: Comerci al har vest ; al spills;

Nearhore community; Food habits.

Report sunmari zes distributions, relati ve abundance, seasonal
movenents and food habits of the nearshore community of fishes and
conmercial invertebrates in |ower Cook Inlet. Report  reviews
available information on the fisheries of Cook Inlet and Shelikof
Strait and describes the potential for inpact of oil related

activities on marine resources of the area.
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BLANKENBECKLER, D. & R Larson. 1982.
Pacific herring spawning ground research in
sout heast Al aska, 1978, 1979 and 1980.
AK Dept. Fish & Gane. Anchorage, AK
Rept. No. 69. 5lpp.

ALASKA GOAK
Finfish: Herring; Spawning.

BLUNT, C. E, JR. 1980.

Atlas of California coastal rmarine resources.
CA Dept. Fish & Game, CA Resources Agency.
134pp.

PACI FI C: NCAL
Finfish: Marine resources.

Ceol ogical survey maps depicting wuseful information about kelp,
vertebrate, and invertebrate |ocations are presented. Maps show
locatons of refuges, estuaries, wlderness areas, ASBS's, etc.
Nearshore and intertidal rocky, boulder, & sandy beaches are

i ndi cat ed.

BUREAU OF LAND MANAGEMENT. 1977.

Proposed OCS Sale 48ES, Southern California
O fshore Area. Visual No.53: Sport Fishing.
Vi sual No.6: Commerci al Fi sheries.

PACI FI C: SCAL
Finfish: Maps; Commer ci al | andi ngs;
Pel agic fishes; Tuna; Abundance categories.

Map plots average commercial fisheries catch for period 1971-
1975 in three categories of abundance, each referenced to
standard blocks of 2304 ha. Annual catches are based on

CA Dept. Fish Gane statistics.
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BURNETT, J. & S. H dark. 1983.

Status of wtch flounder in the @lf of Miine- 1983.
NOAA, NMFS, NEFC. Wods Hole, MNA

Wods Hole Lab. Ref. Dec. No. 83-36. 3lpp.

ATLANTI C: NATL
Finfish: Wtch flounder; Marine Resources.

This report provides catch and stock assessment for wtch
flounder populations in the @ilf of Mine. This is a valuable
report because wtch flounder was not specifically nanaged
before 1977 and since then has been unregulated (and therefore
only partially nonitored).

BURNS, J. J., L. Javela,

W Drury, & L. Thorsteinson. 1982.

Il. Interdisciplinary Session B and C I npacts of
potential OCS developnent on the eastern and western
Norton Sound regions.

pp.8 - 40 In: S T. Zimrerman (cd.).

The Norton Sound Environnent and Possible Consequences of
Ol and Gas Developrment. Proceedings of a synthesis
nmeeting, Anchorage, AK, Cctober 28-30, 1980.

NOAA/BLM, OCSEAP. Juneau, AK

ALASKA : NORB
Finfish: Fishery resources; Physi cal habi t at ;

al pollution assessmen NE Bering Sea; D stribution; Abundance.
Benthos: Physical habitat; aQl pollution assessnent;

NE Bering Sea.

Report summarizes mmjor oceanographic and transport - related
events in Norton Sound, discusses distribution of bent hos,
shell fish, denersal and pelagic fishes, salnmon, birds, and

marine manmmal s, assesses effects of oil spills on shoreline
areas, and the biota, and considers four specific oil spill
scenari os.
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CHESTER, A J., G R Huntsman,
P. A Tester, & C. S. Manooch, IIl.. 1984.
South Atlantic Bight reef fish communities as
represented in hook-and-line catches.
Mar. Sci. 34 :p.267 - 279.

ATLANTI C: SATL
GULF OF MEXI CO
Finfish: Reef fish comunities; Catch;
Species distribution; Headboat fishery.

Analysis of catch records from the recreational headboat fishery
and research cruises revealed five reef comunities off the
coasts of North and South Carolina. A conplex, inner shelf
community dominated by black sea bass and porgies occurred

in waters less than 30 nmeters throughout the study area. A
deep shelf-break community consisting of groupers and blueline
tilefish was found at depths greater than 100 neters. Three
communities were defined in the nmd shelf (30 - 100 neters)
regions.

CHITTENDEN, M E., JR & J. DL M Eachran. 1976.
Conposition, ecology, and dynamics of denersal fish
communities on the northwestern @lf of Mexico continental
shelf, with a simlar synopsis for the entire Qulf.
Texas A&M Univ. Sea Gant College. College Station, TX
TAMU-SG-76-208 . 104pp.

GULF OF MEXICO EGUL

Finfish: Demersal fish comunities Population dynam cs;
Faunal assenbl ages.

Shel I fish: Wite shrinmp grounds; Brown shrinp grounds;
Faunal assenbl ages.

Overall and seasonal conpositions of demersal fish comunities
associated with white shrinp grounds and brown shrinp grounds
on the continental shelf of the northwestern Gulf of Mexico
are described for fifteen species each of which made up

more than three percent of the catch on a given shrinp
ground.
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Changes in bionass of finfishes and squids from the

Qlf of Mine to Cape Hatteras, 1963-74, as deternmined from
reserch vessel survey data.

Fish. Bull. 75 :p.1 - 22.
ATLANTI C: NATL MATL
Ichthyoplankton: Spawning stock estimtes; Cod,
Haddock; Commercial |andings; Bottom traw  surveys.
Trends in finfish and squid biomass from 1963 - 1974 for ICNAF

Subarea 5 and Statistical Area 6 are reviewed. Landi ngs for

maj or commercial groundfish species and pelagic species are
exam ned. Analyses for four strata sets (southern New England,
Mddle Atlantic, Georges Bank, and Qlf of Maine) include
adjusted and wunadjusted bionass estimates, stock size estinmates,
and maxi mrum sustainable yields.

CLARK, S. H, L. O Brian,
& R K Mayo. 1981.
Yellowtail flounder stock status - 1981.
NOAA, NMFS, Wods Hole, NMNA Lab. Ref. Dec. No.81-10.
47pp. (not seen by investigator.)

ATLANTI C: NATL

Finfish: Stock assessment; Catch data;
'Limanda ferriginea' .

Ichthyoplankton: Yellowtail flounder; Conmercial I andi ngs;
Spawni ng; Stock assessnent.
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COLGATE, W A & D. M Hicks. 1983.
Investigations of Ilife history and fishery for
Tanner crab ('Chioncecetes bairdi') in the Wstward
Regi on, Al aska, 1982.
AK Dept. Fish & Gane.
Technical Data Rept. No. 96. 115pp.

ALASKA : KODK  SHUM
Shel |l fish: Tanner «crab; Stock assessnent;
Commer ci al fishery; Catch, CPUE; Black Mt Syndrone.

Surveys to assess Tanner crab populations were conducted in the
North Mainland fishing of the Kodiak Managenent District and in the
Chigni k  Managenent District. Report analyzes stock size, age
conposition and comrercial fishing effort.

COLIN, P. L.. 1982.

Aspects of the spawning of western Atlantic reef

fishes.

pp.62 - 78 In: G R Huntsman, W R N chol son,

& W W Fox, Jr. (eds.).

The Biological Basis for Reef Fish Mnagenent.

Proceedings of a workshop held Ot 7-10, 1980, St. Thonas,
Virgin |slands.

NOAA,  NWFS. NMFS~SEFC~80 .

ATLANTI C: SATL
Finfish: Reef fishes; Spawning;
Behav: or; Study techniques; Spawning hab: tat.

COLTON, J. B, JR, W G Snith,
A W Kendall, Jr., P. L. Berrien, & M P. Fahay. 1979.
Principal spawning areas and times of narine fishes,
Cape Sable to Cape Hatteras.

Fish. Bull., U S 76 :p.911 - 915,
ATLANTI C: NATL  MATL
Ichthyoplankton: Spawning; Yellowtail flounder;

Stock estinmates.

This paper looks at principle spawning areas and times for 35
species of marine species from 14 fanilies. Area surveyed was from
Cape Sable, Nova Scotia to Cape Hatteras including the Mddle
Atlantic Bight and @l f of Maine.

290



BIBIL.IOGR AFPHY - Finfish, Shdlfish, & Ichthyvoplankton

CONTI NENTAL SHELF ASSOCI ATES, [INC.  1983.

Jupiter, FL. .

North Carolina fisheries and environnental data

search and synthesis study. Prepared for MVS, New York
oCcs Ofice. Final report, 21 June 1983.

Rept. No. 14-12-001-29189. 18pp.

ATLANTI C: SATL
Fi nfish: Recreational fisheries; North Carolina.
Shel | fish

CRAIG P. C. 1981

Fi sheri es. Chapt.1.4 In: S R Johnson (cd.).

Ecol ogi cal Characterization of the Sale 71 Environnent.
pp.-31 - 38 Int. DL W Norton & W M Sackinger (cd.).
Beaufort Sea (Sale 71) Synthesis Report. Proc. synt hesi s
meeting, Chena Hot Springs, AK, April 21-23, 1981.
NOAA/BLM, OCSEAP. Juneau, AK

ALASKA BEAU
Finfish: Colville River estuary;, Relative abundance; CPUE;
O fshore fishes; Nearshore fishes; Distribution.

The limted data on distribution and relative abundance of fishes
in the Colville River Delta-Harrison Bay Region, Sinmpson Lagoon,
and nearshore areas, and in the offshore waters of the western
Beaufort Sea are sunmarized.

CRAIG P. C.. 1984a.

Fi sh  Resources. Chapt. 6.

pp.117 - 131 In: J. C  Truett (cd.).

The Barrow Arch Environment and Possible Consequences of
Ofshore Gl and Gas Developnent. Proc. synthesis neeting
G rdwod, Ak, 30 Ot - 1 Nov 1983.

NOAA/MMS, OCSEAP. Juneau, AK

ALASKA : CHKS
Finfish: Nearshore fishes; Subsistence fisheries;
Physi cal oceanogr aphy; O fshore fishes; Di stribution; Abundance.

Available data on fish fauna of northeastern Chukchi Sea are
summarized in relation to the three mgjor aquatic environnents
and discusses the subsistence fisheries of the region.
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CRAIG P. C.. 1984b.
Fish use of coastal waters of the Al askan
Beaufort Sea: A review
Trans. Am Fish. Sot. 113 :p.265 - 282.

ALASKA BEAU
Finfish: Anadronpbus fish; Beaufort Sea;
Seasonal distribution; Trophic relations; Harvests.

Article reviews available information on the Beaufort Sea fish
fauna, discusses wutilization of freshwater and brackish nearshore
habitats and describes seasonal distributions and novenents.
Commercial and subsistence harvests are briefly discussed

as are habitat alterations associated with oil drilling
activities. An excellent review

CRAIG P. C, W. B Griffiths,
L. Haldorson, & H M Elderry. 1982.
Ecol ogical studies of arctic cod ('Borecgadus
saida’) in Beaufort Sea coastal waters, Al aska.
Can. J. Fish. Aquat. Sci. 39 :p.395 - 406.

ALASKA BEAU
Finfish: Colville River estuary; Distribution; Abundance;
Feeding ecology; Life history strategy; Arctic cod.

Life history, ecology, feeding habits, spawning, distribution
and relative abundance of Arctic cod in the coastal waters of
the Beaufort Sea are exam ned. This is an excellent paper on
a key species in the Arctic food chain.
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CURL, H E. & C .4. Manen. 1982.
Shel | fish resources. Chapt.7.
pp. 141 - 159 In: M J. Haneedi (cd.).
The St. Ceorge Basin Environnent and Possible Consequences
of Planned Ofshore Gl and Gas Devel opnent. Proceedi ngs
of a synthesis neeting, Anchorage, AK April 28-30, 1981.
NOAA/ BLM OCSEAP. Juneau, AK

ALASKA : SGBA
Shel | fish: Distribution; Abundance;
Life Histories; Commerci al fisheries; Petrol eum pollution.

Report sunmarizes available information on distribution and
life histories of comrercially valuable shellfish in St. George
Basin and attenpts to assess their vulnerability to oil spills.

DAMES & MOORE . Anchorage, Ak. 1983.
A prelimnary assessment of conposition and food
webs for demersal fish assenblages in several shallow
subtidal habitats in Lower Cook Inlet, Al aska.
pp.383 - 450 In: NOAA National Ocean Service. (cd.).
Environnental Assessment of the Alaskan Continental Shelf.
Final Reports of the Principal Investigators. Vol.l7
Bi ol ogi cal studies. Prepared for MMS. Wshington, D.C.

ALASKA : SGBA

Finfish: Feeding ecology, Demersal fish assenblages;
Food webs; Subtidal habitats; Cook Inlet.

Report estinates relative abundance of dominant species of fish
assenbl ages that inhabit nearshore waters of Lower Cook Inlet.
Data on tenporal variations, seasonal di fferences, trophic
interactions, food habits, and spawning or reproductive

behavi or of conspicuous fish species are included.
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GQULF OF MEXI CO EGUL
Fi nfish: Distribution; Density;
CPUE; Standing stock estimates Demersal fish.

A 12.2 neter seni-balloon shrinp traw was towed at 338 stations.
Total catch and fish caught per 20'x 20" grid zones are reported.

DARNELL, R M, R E. Defenbaugh,
& D. Mdore. 1983.
Northwestern Gulf Shelf Bio-Atlas. A study of the
distribution of denersal fishes and penaeid shrinp of soft
bottoms of the continental shelf from the Ro Gande to the
M ssi ssi ppi River Delta.
MMS, cul f  of Mexico CCS. Open File Rept. 82-04. 438pp.

GULF OF MEXI CO CGUL
Finfish: Demersal fish.
Shel | fish: Penaeid shrinp.

DEUEL, D. G 1973.
1970 Saltwater angling survey.
NOAA, NMVFS. Washi ngton, D.C.
Current Fisheries Statistics NO 6200. 54pp.

ATLANTI C: NATL

Finfish: Fishing Surveys; Recreational Fi sheri es;
Catch Effort.
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& R D. Bates. 1984.
Distribution and abundance patterns of eggs and

larvae of walleye pollock, 'Theragra chalcogramma' in the
western @lf of Al aska.

NOAA, NMFS, NWAFC.
NWAFC Processed Report 84-10. 66pp.

ALASKA : KODK
Ichthyoplankton: Distribution; Abundance.

EBER, L. E. & N Wley. 1982.
Revised update and retrieval system for the CALCOFI
Cceanographic Data File.
NQAA, NMES.
NOAA Tech. Mere.  NOAA- TM NVFS- SWEG-24.  69pp.

PACI FI C: SCAL CCAL NCAL
Finfish: CALCOFI Data Base.
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Cccurrence of silver hake, 'Merluccius bilinearis’,
eggs and larvae along the Mddle Atlantic Continental
Shel f during 1966.
Fish. Bull., U S 72:p.813 - 834.

ATLANTI C: NATL MATL

Finfish: Distribution; Abundance;
'Merluccius bilinearis'

Ichthyoplankton: R.V. Dolphin cruises; Silver hake;
Early life history; Distribution.

Col l ections nade during R.V. Dolphin cruises throughout 1966

were examined for silver hake eggs and |arvae. The seasonal

and spatial distribution and range of eggs and larvae is reported
and location of spawning area is suggested. Evidence is presented
that there is size-related diel vertical migration by postlarvae.

295



1131 E3LIEC)GR. Al P’ EI |l % - Finfish, Shellfish, & Ichthyoplankton

FEDER, H M & S. C Jewett. 1979.
Environnental assessment of the Alaskan continental
shel f. vol . 4. Bi ol ogi cal studies: Di stribution and
abundance of some epibenthic invertebrates of the
Nort heastern @ulf of Alaska wth notes on the feeding
bi ol ogy of selected species.
Prepared for NOAA, OCSEAP. Boulder, GO
Univ. AK Inst. Mar Science. Fai rbanks, AK. 8llpp.

ALASKA : GOAK
Shel | fish: Invertebrates; Traw survey;
Di stribution; Abundance.

FOGARTY, M J. & S. H dark. 1983.
Status of Atlantic herring resources in the Qlf
of Miine region - 1983.
NOAA, NVFS, NEFC. Wods Hole, MA
Wods Hole Lab. Ref. Dec. #83-46. 33pp.

ATLANTI C: NATL
Ichthyoplankton: Fish; Mrine resources;
Atlantic herring.

This report provides data and projections on Atlantic herring

fisheries. Despite the title, it addresses assessnments based
on a Cape Hatteras to Nova Scotia area.
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ALASKA NABA SGBA NAVB SMHL
Fi nfi sh: G oundfish; Herri ng;

Catch statistics; Bering Sea, NE Pacific; Catch effort.
Shel | fish: Shrinp; Catch statistics;

Catch effort; Bering Sea, NE Pacific.

Commercial catch statistics for groundfish, shrinp, and herring
fisheries in the Bering Sea and northeast Pacific for the

years 1971-1976 are reported by nmjor species and country.
Tables of fishing effort, gear, catch, and country for

principal groundfish species are presented for each area.

FROST, K J. & L. F. Lowy. 1983.
Demersal fishes and invertebrates trawed in the

northeastern Chukchi and western Beaufort Seas, 1976-77.
NOAA, NMFS. Seattle, WA
NOAA Tech. Rept . NMFS-SSRF-764 . 22pp.

ALASKA BEAU CHKS

Finfish: Demersal fishes; Trawl survey;
Abundance; Life  histories; Di stribution.

Benthos: Epifauna.

Data on size, reproductive ~condition, and food habits are presented
for several species of finfish and shellfish.
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Finfish: Bottom traw surveys; Sanpling problens;
Comer ci al | andi ngs; Shellfish abundance.

Distribution and seasonal novenents, population size, fisheries,

reproduction, growh, |life span, feeding interrelationships, and

sensitivity to pollutants and natural environmental factors is
summarized for 43 inportant species of Mddle Atlantic Bight

finfish and shellfish. Annual conposite distribution, occurrence

and spawning data for each of 18 species of fish larvae is
pr esent ed. Summaries of seasonal occurrence of 27 species of
fish larvae is also included.

GUTHERZ, E. J.. 1982.
Reef fish assessment - snapper/grouper stocks in the
western North Atlantic south of Cape Hatteras, NC
pp.124 - 141 In. G R Huntsman, W R N chol son,
& W W Fox, Jr. (eds.).
The Biological Basis for Reef Fishery Managenent.
NOAA, NWFS, SEFC.
NOAA Tech. Mere. NWFS- SEFC 80.

ATLANTI C: SATL
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Snapper - gr ouper st ocks; Fi nfish surveys; Habitat eval uati on.

HALDORSON, L. & P. Craig. 1984.
Life history and ecology of a Pacific-Arctic
popul ation of rainbow snelt in coastal waters of the
Beaufort Sea.
Trans. Am Fish. Sot. 113. :p.33 - 38.

ALASKA BEAU
Finfish: Rainbow snelt; Seasonal di stribution;
Life history; Age; Gowh; Beaufort Sea.

Paper exanmines |life history, ecology, seasonal distributions,

food habits, and spawning of rainbow snelt collected from
coastal waters of the Al askan Beaufort Sea.
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Report evaluates status of weastern Pacific yellowfin tuna using
general production nodels and age-structured nodels.
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The relationship of wnter tenperature and spring

landings of pink shrinp, 'Penaeus duorarum', in
North Carolina.
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The effect of winter tenperatures on the amount of pink shrinp
landings the following spring is established in this study.
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Bulletin summarizes catches of fish eggs and larvae from seven
cruises during 1971-74 to the eastern @ilf of Mexico. Tabul ar
data on clupeid eggs and larval densities, zooplankton volunes,
surface tenperatures and salinities and station positions are

i ncl uded. Spawning areas are delineated and briefly discussed.
Report summarizes standing stock estimates of clupeids in the
eastern @ulf and techniques used to obtain them

HUNTSMAN, G R & C S Manooch, 111. 1978.
Coastal pelagic and reef fishes in the South
Atlantic Bight.
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ATLANTI C: SATL
Finfish: Coastal pelagic fishes; Ofshore reef conmunity;
Recreational fishing; So. Atlantic Bight; Resource nanagenent.

Chapter briefly describes the recreational fisheries for coastal
pelagic fishes and offshore reef fishes in the South Atlantic

Bi ght . The authors describe physical environment in which these
fisheries occur, the pertinent aspects of the biology of the

fish species and communities supporting recreational fisheries,
and nost inportantly suggest the constraints that the environnent
and the biological characteristics of the target species place

on use of these fisheries. This is an excellent review
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PY Yield per recruit nodels for red porgy, vermlion snapper, white
grunt, red snapper, black sea bass, gag, scanp, snowy grouper, and
speckled hind are devised in this paper. These nodels are used
in an exam nation of the mangement of reef fishes in the South
Atlantic Bight. A prelinmnary estimate of maxi mum sustainable
yield is calculated from annual total recreational and
comercial catches.
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Report summarizes regulations for the Pacif: ¢ halibut fishery in
o 1978, assesses stock condition, and summarizes conmerci al | andi ngs
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®
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Finfish: Halibut; Commerci al | andi ngs;

Stock assessnent; Fisheries regulations; Catch, CPUE.

Regul ations for the Pacific halibut fishery in 1979 are sumarized,
Stock condition is assessed, and commercial |andings by port and
country, catch, CPUE, and effort by statistical area, region,
regulatory area and country are sunmarized.
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St ock assessnent; Fisheries regulations; Cat ch; CPUE.

Report summarizes regulations for Pacific halibut fishery in

1980, assesses stock condition, and sunmarizes conmmerci al | andi ngs
by port and country, and catch, CPUE and effort by statistical
area, region, regulatory area and country.
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the @ulf of A aska and Bering Sea regions.
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NWAFC Processed Rept. 82-15. 157pp.

ALASKA : GOAK KODK SHUM NABA
SGBA NAVB SMHL
Finfish: Pacific ocean perch; Stock assessnent;
Cohort anal ysi s; Recrui t nent .

Conprehensive paper reviews and summarizes pertinent background
information on the biology and fishery of Pacific ocean perch
in the @lf of A aska and eastern Bering Sea. Cohort analysis
is applied to catch at age data from @il f of Al aska and

Bering Sea stocks to obtain absolute abundance estimates.
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Finfish: Pacific ocean perch; Commer ci al cat ches;

Stock assessnent; Al eutian stock; Eastern Bering Sea

Report analyzes relative abundance and commercial catches,

st ock.

and

estimates biomass, MY, and EY for the eastern Bering Sea slope

stock and the Aleutians region stock of Pacific ocean perch.

ITO, D. H. 1983b.
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pp.151 - 162 In:. R G Bakkala & L.- L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1982.
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ALASKA : NABA SGBA NAVB SMHL
Finfish: 'Sebastes',K 'Sebastclobus' Rockfish;

Commer ci al cat ches; St ock assessnent; Eastern Bering Sea.

Commercial catches are analyzed and bionass, MY, and EY are

estimated for all species of 'Sebastes' and 'Sebastolobus' other

than Pacific ocean perch, ‘Sebastes alutus' from the eastern
Bering Sea and Aleutian 1slands region.
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fisheries managenent; traw surveys; conmer ci al cat ches, cpue.

Report assesses condition of Pacific ocean perch in eastern Bering
Sea and Aleutian Region through 1983. Pacific ocean perch catches
from Japanese vessels are analyzed from 1968-1982. Popul ati on
abundance, bionass estimates, MY and EY are given for eastern
Bering Sea and Aleutian regions.

ITO D H. 1984b.
O her rockfish.
pp.143 - 155 In:. R G Bakkala & L. -L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1983.
NOAA, NWFS, NWAFC.
NOAA Tech. Mere. NVFS F/NWC-~52. 204pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Stock assessnent; 'Sebastes';
'Sebastolobus'; Fisheries managenent ; Commer ci al cat ches.

Report assesses condition of rockfish species except Pacific ocean
perch in eastern Bering Sea and Aleutian region through 1982.
Analysis of conmmercial catches in both foreign and joint venture
fisheries from 1977-1982 given. Bi onass estimates, MY and EY for
both eastern Bering Sea and HRleutian regions.
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coast of the United States.
NOAA, NMFS.
NOAA Tech. Rept. NMFS-SSRF-774. 23pp.

ATLANTI C: MATL
Ichthyoplankton: MARVAP; Atlantic nenhaden;
Early life history.

Collections were nmade nmonthly from Cape Canaveral, FL to Martha's
Vineyard, MA. for Atlantic manhaden eggs and |Iarvae. Seasonal
distribution and abundance & distribution along the coast and in
the water colum were deternined and conpared with the seasonal
distribution of adults.

KENDALL, A W, JR 1972
Description of black sea bass, 'Centropristis
striata' (Linnaeus), larvae and their occurrences
north of Cape Lookout, North Carolina, in 1966.

Fish. Bull. 70 :p.1243 - 1260.
ATLANTI C: MATL
Ichthyoplankton: Larval Descri pti on; Di stribution;
Black sea bass; Early life history; R.V. Dolphin cruises.

Black sea bass ('Centropristis striata') larvae collected on
R.V. Dolphin cruises are described. Verti cal distribution and

tenperature and salinity of surface waters where black sea bass
occur were reported.
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menhaden eggs and larvae along the middle Atlantic coast
from R V. Dolphin cruises, 1965-66.
Fish. Bull. u. s. 73 :p.317 - 335.

ATLANTI C: MATL
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Early life history; R.V. Dolphin cruises.

Seasonal spawning and larval distribution of Atlantic nenhaden

are reported. Total larval <catches (densities and abundances)

by station are summarized for collections made during R.V. Dol phin
Crui ses. Data includes nmonthly occurrences, tenperature and
salinity ranges, and depth and diel distributions. Part of the

observed annual variation in year classes was attributed to
cold-related nortality of larvae entering MATL estuaries in late
fall.

KENDALL, A W, JR & L. A. Walford. 1979.
Sources and distribution of bluefish 'Pomatomus

saltatrix', larvae and juveniles off the east coast
of the United States.

Fish. Bull. 77 :p.213 - 227.

ATLANTI C: MATL

Ichthyoplankton: Spawning; Lar val Distribution;
Bl uefish; Surveys; Early life history.

Spawni ng, seasonal mgrations and early |Ilife history information
is presented for bluefish ('Pomatomus saltatrix'). The spatial
and tenporal distributions of two nain spawning concentrations
(possibly two different populations) are reported. Mvenent of
juveniles from the two main spawining groups is tracked shoreward,
seaward and along the continental shelf and in to the estuaries

of the Mddle Atlantic Bight. A small resident population of the
South Atlantic Bight is also suggested.
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Wods Hole Lab. Ref. Dec. 83-38. 27pp.
ATLANTI C: NATL
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Mari ne Resources; Squi d.
This report updates fishery characteristics of |ong-finned
populations in mddle Atlantic and New England waters. It
provides brief but valuable discussions of nmanagement and b
LANGE, A M T.. 1983b.
Status of the short-finned squid ('Illex
illecebrosus') off the northeastern USA
NOAA, NVFS, NEFC. Wods Hole, MA
Wods Hole Lab. Ref. Dec. 83-30. 1lapp.
ATLANTI C: NATL
Fi nfi sh: Fi sh; Shel | fi sh;
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This report wupdates fishery characteristics of short-finned
squid stocks of western Atlantic waters. Val uable for  brief
di scussions of biomas, biology, and nanagenent.
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in the eastern @lf of Mxico, 1971 - 1974.
Biol. Oceanog. 1 :p.1 - 27.

GULF OF MEXI CO EGUL
Finfish: Ichthyoplankton; Early Life Hstory;
Larval Standing Stocks; Spawning.

Standing stock of larvae and adults and potential sustainable yield
are reported for several species of carangid fish from the eastern
Qul f of Mexico.

MACI NTOSH, R A.. 1980.
The snail resources of the eastern Bering Sea
and its fishery.
Mar. Fish. Rev. My, 1980 :p.l15 - 20.

ALASKA : NORB
Shel I fish: Distribution; Catch Rates;

Conmercial harvests; ‘Neptunea heros'; Eastern Bering Sea.
Distribution and catch of various snail species which are
commercially harvested by the Japanese snail fishery in the

eastern Bering Sea are reviewed.

MANOCCH, C. S. 1l1l., L. E. Abbas,
& J. L. RosS. 1981.
A biological and econonmic analysis of the North
Carolina charter boat fishery.
Mar. Fish. Rev. 43 :p.l - 11.

ATLANTI C: SATL
Finfish: Charter boat fishery; Catch & cpue;
Econonmic analysis; Bottom fishing; Trolling.

North Carolina’s 135 charter boats were surveyed during the
1978 fishing season to obtain information on catch, effort and
profitability of the fishery. Speci es catch and CPUE data

are presented by nonth, geographical area, type of fishing
trip, and are conpared with results obtained in a sinmlar

study in 1977. Econonmic and related descriptive data are
presented by nunmber of trips and district. This is a thorough
though dated regional study.
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ATLANTI C: NATL
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MAYO, R K, U B. Dozier,

& S. H Cdark. 1983.

An assessnent of the redfish, 'Sebastes fasciatus'
stock in the @ulf of Mine - Georges Bank region.
NOAA, NMFS, NEFC. Wods Hole, MA

Wods Hole Lab. Ref. Dec. No. 83-22. 39pp.

ATLANTI C: NATL
Fi nfish: Redfish; Marine resources.

This report wupdates fishery statistics for northwest Atlantic
stocks of redfish. It provides valuable population and harvest
proj ecti ons.

MC BRRDE,L, M M & S. H Cdark. 1983.
Assessment status of yellowail flounder (’Linanda
ferruginea') stocks off the northeast United States, 1983.
NOAA, NMFS, NEFC. Wods Hole, MA.
Wods Hole Lab. Ref. Dec. No. 83-32. 50pp.

ATLANTI C: NATL
Fi nfish: Fish; Marine resources;
Yelowtail fl ounder.

This report assesses yellowail flounder stocks from New England
to the middle Atlantic. It lacks a detailed projection of
future fishery characteristics.
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Recruitnent patterns in tropical reef fishes.

pp.83 - 91 In: G R Huntsman, W. R N chol son,

& W W Fox, Jr. (eds.).

The Biological Basis for Reef Fish Mnagenent.

Proceedings of a workshop held Ot 7-10, 1980, St. Thonss,
Virgin |slands.

NOAA,  NMFS, SEFC.

NOAA Tech. Mere. NMFS-SEFC-80.

ATLANTI C: SATL
Finfish: Reef fishes; Recr ui t ment ;
Larval di spersi on; Repr oducti on; Spawni ng patterns.

Paper reviews reproductive and recruitnent processes in reef
fishes.

MC KENNEY, T. W 1983.
Distribution and abundance of 'Merluccius albidus'
larvae in shelf waters off the northeastern
United States, 1977-1981.
| CES, Dener sal Fish Committee.
ICES C M 1983/G:48. 15pp.

ATLANTI C: NATL
Ichthyoplankton: Distribution; Abundance;
MARMAP ; 'Merluccius albidus'; Spawning.

Density (nunmber per 10 square neters] and abundance estinmates for
offshore hake larvae in 4 subareas of western North Atlantic, from
Cape Hatteras, North Carolina, to @lf of Miine, 1977-81 are
reported.
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NOAA/ BLM OCSEAP. Juneau, AK

ALASKA : NORB
Fi nfish: Yukon Delta; Coastal habi t at ;

Natural resources; Gl spill pollution; Physical transport.
Benthos

The Yukon Delta and its natural resources are briefly described
and unique factors which may influence the nmovenment of spilled
oil in the Bering Sea and Norton Sound near the Yukon Delta are
di scussed.

M NERALS NMANAGEMENT SERVICE. 1983c.

Final environmental inpact statenent for 0©0CS
sale No. 73. Proposed 1983 outer continental shelf
oil and gas lease sale offshore central California.

MVB, Pacific 0CS Ofice. Los Angeles, CA 2 Vols.+ G aphics.

PACI FI C: SCAL
Fi nfi sh: Anadronobus fish streans; Comer ci al fisheries.

Bi ol ogi cal (eg. harbor seal pupping sites), chemcal, and
physical factors that influence the marine comunity near Santa
Barbara Channel, north to Morro Bay are detailed.

M NERALS MANAGEMENT SERVICE. 1984c.
Proposed Southern California Lease Ofering
(Feb, 1984). Comer ci al Fi sheries. Graphic No. 6.

PACI FI C: SCAL CCAL
Finfish: Maps; Commer ci al | andi ngs;

Average catches; Abundance categories; Fisheries production.
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Commercial fisheries landings averaged for the years 1970-
1974 are summarized in eight abundance categories referenced
to 278 km squared bl ocks.
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ATLANTI C: SATL
Finfish: Traw  surveys; Species conposition.

Demersal fishes were collected nonthly with a shrinp traw at

33 to 60 stations in 7-110 neters between the Mssissippi R ver
Delta and the US-Mexico border from 1962-1964. Tabular results
of catches per hour of denersal fishes by year, station, depth,
transect, and nonth. Rel ative abundance mnapped by season.

Data base presented so thorough in coverage that it formed

basis of Northwestern @ulf Shelf Bio-Atlas (Darnell et al. 1983).
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Spawni ng stock biomass estimates of sand |ance,

'Ammodytes' sp. , off northeastern United States, deternined
from MARMAP plankton surveys, 1974-1980.
International Council Explororation Sea.
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ATLANTI C: MATL
I cht hyopl ankton: Density;, Mortality;
MARMAP; Sand |ance |arvae; Abundance.

Spawni ng stock estimates of sand |ance from Georges Bank to Cape
Hatteras 1974-1980 are calculated based on egg survival rates.

Mean larval <catch and larval nortality for 1974-1980 are reported.
Estimated larval nortality rates are related to length of |arvae.
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ATLANTI C: SATL
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Resource assessnent; Penaeid shrinp; Blue crabs.

This report summarizes seasonal abundance, geographi cal
di stribution, spawning activity, and other |l|ife history information
for the comercially inportant shrinp species (especially white
shrinp) and blue crabs.
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Spawni ng; Sportfishes; Sciaenids.

Report is a conprehensive review of Ilife history and ecology
including seasonal novenents and migration patterns, age
distribution, growh rates, food preferences, feeding habits,
spawning times and locations, fecundity, etc. of eleven
species of Georgia’'s inshore marine recreational sportfishes:
spotted seatrout, weakfish, red drum black drum southern
flounder, summer flounder, sheepshead, Atlantic croaker, spot,
southern kingfish, and gulf kingfish.

315



BIBLIOGRAPHY - Finfish, Shellfish, & Ichthyoplankton

NARITA, R E.. 1983.
Sablefish.
pp. 111 - 125 In: R G Bakkala & L.- L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1982.
NOAA, NMFS, NWAFC.
NOAA Tech. Mere. NWFS F/NWC-42. 187pp.

ALASKA NABA SGBA NAVB SMHL
Finfish: Sablefish; Comercial catches;
Stock assessnent; Eastern Bering Sea; Traw surveys.

Commercial catches, estimates of abundance from research trawl
surveys, and estimates of MSY and EY for sablefish in the
eastern Bering Sea and Aleutian Islands region are sunmarized.

NARITA, R E.. 1984
Sabl efi sh.
pp.91 - 107 In: R G Bakkala & L. -L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1983.
NOAA, NMFS, NWAFC.
NOAA Tech. Mere. NWS F/NWC-53. 189pp.

ALASKA NABA SGBA NAVB SMHL
Finfish: Stock assessnent; Sabl ef i sh;
Fi sheries nanagenent; Trawl surveys; Commercial catches, CPUE.

Report assesses condition of sablefish in eastern Bering Sea and
Aleutian region through 1983. Sabl efish catches of foreign
fisheries were analyzed for 1964-1982. Popul ati on abundance,

bi omass estimtes, MSY, and EY given for eastern Bering Sea and
Al eutian regions.
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NATI ONAL MARINE FISHERIES SERVICE. 198la.
Prelimnary fishery statistics of the United
States 1980.

NOAA, Nat i onal Fi sheries Statistics Program
Washi ngton, D.C.

ATLANTI C: MATL SATL
Finfish: Comerci al cat ches; Econom c val ue;
Catches by states.

Shel | fi sh: Conmrer ci al cat ches; Econom ¢ val ue;
Catches by states.

NATI ONAL MARINE FISHERIES SERVICE. 1981b.
Status reports on world tuna and billfish stocks.
NOAA, NMFS.
NOAA Tech. Mere. NOAA-TM-NMFS-SWFC-15. 302pp.

PACI FI C: SCAL
Finfish: Tuna stocks; Billfish stocks;
Fi sheries managenent; Conmmer ci al fisheries; Stock assessnent.

Report summarizes results of the NMFS, Southwest Fisheries Center’'s
Second Wrkshop on Tuna and Billfish Research, Dec 15-17, 1980,

San Clemente, CA Included are sixteen status reports on 25
different species or stocks of Atlantic, Pacific, and Indian

Ccean tuna and billfish which include nost of the world s tuna
stocks of direct and indirect interest or inportance to US.

comer ci al and recreational fisheries, the canning industry and
consumners. Publication wll probably be updated in 1985 or 1986.

NATI ONAL  MARINE FISHERIES SERVICE. 1982.
Prelimnary fishery statistics of the United
States 1981.

NOAA, Nat i onal Fisheries Statistics Program
Washi ngton, D.C.

ATLANTI C: MATL SATL

Fi nfish: Comerci al cat ches; Econom ¢ val ue;
Catches by state.

Shel | fish: Commerci al cat ches; Economi ¢ val ue;
Catches by state.
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NATI ONAL MARINE FI SHERIES SERVI CE. 1983a.
Prelimnary fishery statistics of the United
States 1982.

NOAA, Nat i onal Fisheries Statistics Program
Washi ngton, D.C.

ATLANTI C: MATL  SATL
GULF OF MEXI CO WGUL
PACI FI C: ORWA

Finfish: Comerci al cat ches; Econom ¢ val ue;
Catches by states.

Shel | fi sh: Contrer ci al cat ches; Econom ¢ val ue;
Catches by states.

NATI ONAL MARINE FISHERIES SERVICE. 1983b.
Status of the fishery resources off the northeastern
United States for 1982.
NOAA, NMFS, NEFC, Resource Assessnent Di vi si on.
NOAA Tech. Mere. NMFS-F/NEC-22. 128pp.

ATLANTI C: NATL MATL
Fi nfish: Stock assessnent; Abundance;

Catch; Fisheries nmanagenent; Shel | fi sh.
Bent hos

The general status of nmmjor finfish and shellfish resources off
northeast coast of the US. from Cape Hatteras to Nova Scotia
through 1982 are summarized. Stock assessnent, commercial and
recreational catch data, and managenent information is provided for
24 fish species or species groups and 8 shellfish species.
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NATI ONAL MARINE FISHERIES SERVICE.  1984a.
Marine recreational fishery statistics survey,
Atlantic and @Qlf Coasts, 1979 (revised) - 1980.
NOAA, NWFS, Nat'l Fishery Statistics Prog. Wshington, D.C.
Fishery Statistics No. 8322.

ATLANTI C: NATL MATL SATL
GQULF OF MEXI CO CGUL
Fi nfi sh: Recr eat i onal fisheries; Statistical surveys;

Tot al catch; CPUE; Fishing nethod.

Recreational fisheries statistics (estimated total catch and
estimated weights) are tabulated by species for each subregion,
North Atlantic, Mddle Atlantic, South Atlantic, and Qlf of

Mexi co. Estimated nunbers of fish caught by species or species
group are presented for each state. For each region estimted
nunber of fish caught by species are presented by node of fishing
and area of fishing.

NATI ONAL MARINE FISHERIES SERVICE. 1984b.
Prelimnary fishery statistics of the United
States 1983.

NOAA, Nat i onal Fisheries Statistics Program
Washi ngton, D.C.

ATLANTI C: NATL MATL SATL
GULF OF MEXI CO CAUL WGUL
PACI FI C: ORWA

Fi nfi sh: Comerci al cat ches; Economi ¢ val ue;
Catches by states.

Shel | fish: Commerci al cat ches; Economi ¢ val ue;
Catches by states.
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NATI ONAL MARINE FISHERIES SERVICE. 1984c.
Fishery statistics of the United States, 1977.
NOAA , NMFS, Nat'l Fishery Statistics Prog. Washington, D.C.
Statistical Digest No. 71. 407pp.

PACI FI C: ORWA
Fi nfish: Comerci al statistics; Mar ket val ue;

Fishing gear; Fishing vessels; Catch by species.
Shel | fish: Commercial catch data; Market val ue;

Fishing gear; Fishing vessels; Catch by species.

Tabul ar sunmaries of comrercial catches of finfish and shellfish
are presented by species, by regions (Atlantic, Qulf of Mexico,
and Pacific) and by individual states for 1977. Nunbers of
fishing vessels and fishermen and econonic value of catches

(dockside value by species) and processed products are also
present ed.

NATI ONAL MARINE FISHERIES SERVICE.  1985a.
Marine recreational fishery statistics survey,
Atlantic and @lf Coasts, 1981-1982.
NOAA, NVFS, Nat i onal Fishery Statistics Program 215pp.
Current Fishery Statistics ¥No. 8324.

ATLANTI C: NATL MATL SATL
GULF OF MEXI CO CGUL
Finfish: Recreational cat ches; Bi onass;
Fi shery surveys; Catch and effort; Mdes of fishing.

NATI ONAL MARINE FISHERIES SERVICE. 1985b.
Prelimnary fishery statistics of the United
States 1984.

NOAA, National Fishery Statistics Program
Washi ngton, D.C.

ATLANTI C: NATL MATL SATL
GULF OF MEXICO CAUL WGUL
PACI FI C: ORWA

Fi nfish: Comerci al cat ches; Econom ¢ val ue;
Catches by states.
Shel | fish
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NATI ONAL OCEANIC & ATMOSPHERIC  ADM NI STRATI ON. 1982a.
NOAA comments on the draft environmental i npact
statenent for Md-Atlantic OCS |ease sale no. 76.
NOAA, Strategic Assessnent Branch, Envir. Assess. Di vi si on

ATLANTI C: MATL

Fi nfi sh: Marine resources; Finfish resource analysis;
ORCA data base.

Shel | fi sh: Resource analysis.

Comments contained within this report are divided into two
secti ons. The first section is an analysis of tract deletion
alternatives and the second section comments on nmarine mamals,
fisheries, and natural hazards infornation presented in the
draft  environnental i mpact statenent.

NATIONAL OCEANIC & ATMOSPHERIC ADM NI STRATION. 1983c.
Gay's Reef National Marine Sanctuary
Managenent Pl an.
NOAA, O fice of COcean & Coastal Resources Managemnent.
Washi ngton, D.C. 107PP.

ATLANTI C: SATL
Finfish: National sanctuary; Live bottom reef;
Managenment plan; Resource studies; Recreational progr ans.

This nmanagenent plan focuses on the special resource features of
Gay's Reef National Marine Sanctuary, a large expanse of live

bottom reef located 17.5 nautical mles east of Sapelo Island, GA
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NORTON, D. W & W M Sackinger (eds. ). 1981.
Beaufort Sea (sale 71) synthesis report. Proceedings
of a synthesis nmeeting, Chena Hot Springs, Al aska,
April 21-23, 1981.
NOAA/BLM, OCSEAP. Juneau, AK

178pp.
ALASKA : CHKS BEAU
Finfish: Natural resources; Habitat evaluation;

Pol lution inpacts; O fshore drilling; Physi cal oceanogr aphy.
Benthos: Natural resources; Habitat eval uati on.

Section 1 of this synthesis report summarizes available data on
the flora and fauna of the Sale 71 environnent, discusses w nds,
tides, and storm surges in the region, and discusses the physical
characteristics of the area. Section 2 considers

interdisciplinary process analyses, impact prediction, and

i ssue deci sions.

OGDEN, J. C.. 1982

Fi sheries management and the structure of coral

reef fish communities.

pp.147 - 159 In: G R Huntsman, W R N chol son,

& W W Fox, Jr. (eds.).

The Biological Basis for Reef Fish Mnagenent.

Proceedings of a workshop held Ot 7-10, 1980, St. Thonss,
Virgin |slands.

NOAA,  NMFS, SEFC.

NOAA Tech. Mere. NMFS-SEFC-80.

ATLANTI C: SATL
Finfish: Reef fish comunities; Fi sheries nanagenent;
Trophic rel ationships; Di sturbance response; Recr ui t nent .

Paper reviews the status of know edge (or lack of it) of
community structure of <coral reef fishes and its relevance

to fisheries nanagenent problens. Excellent review of conplexities
of coral reef fish communities.
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OVERHOLTZ, W J., S. H dJdark,

& D. Y. Wite. 1983.

A review of the status of the Georges Bank and
@l f of Miine haddock stocks for 1983.

NOAA, NMFS, NEFC. Wods Hole, MNA

Woods Hole Lab. Ref. Dec. No. 83-23. 3lpp.

ATLANTI C: NATL
Fi nfi sh: Haddock; Marine Resources.

This report is an up-to-date stock assessment of New England
haddock popul ations. Particularly valuable for its long and
short term outlook predictions.

OEN D L. & J. E Blackburn. 1983.

Bottomfish catch and trawl data from an otter traw
survey in N Shelikof Strait, Chignik area and Chiniak
Qlly, Alaska, July and August 1981.

AK Dept. Fish & Gane.

Tech. Data Rept. No. 82. 68pp.

ALASKA : KODK  SHUM
Fi nfish: Traw survey; Stock assessment;
Bot t onf i shes; Cat ch, CPUE; Distribution.
Shel | fi sh: Tanner crab; Stock assessment;
Distribution; Cat ch, CPUE.

Report assesses abundance, di stribution, and size-age-sex
conposition of bottomfish stocks in northern Shelikof Strait,
Chignik and in Chiniak Qully. Distribution and CPUE for major
taxa are tabulated and presented in figures.

OEN D L. & J. E Blackburn. 1984.

Tanner crab and bottom traw survey of Northern

Shelikof Strait, Uyak and Uganik Bays, and the Chignik area,
July and August 1982.

AK Dept. Fish & Gane. Tech. Data Rept. No. 113. 42pp.

ALASKA : SHUM
Finfish: Traw survey; Groundfish assessnent;
Pacific cod; Shelikof Strait; Distribution & abundance.

Report assesses, abundance, di stribution, and size-age-sex

conposition of bottomfish stocks in Northern Shelikof Strait,
UWok and Uganik Bays, and the Chignik area.
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PACIFIC MARINE FISHERIES COMM. . 1984.
36th Annual Report of the Pacific Marine Fisheries
Conmmi ssion for the year 1983.

PACI FI C
Finfish: Commercial fisheries; Landings by species;

Fishing gears; Recreational fisheries; Fisheries managenent.
Shel I fish: Landings by species; Fishing gear;

Fi sheries managenent; Comrercial fisheries.

Report gives tabular landings of comrercial and recreational
catches (where applicable) by species and by state for the
Pacific Coast. Market conditions and nunbers of fishernen
and types of gear enployed are also discussed.

PARKER, R O, JR, D R Colby,
& T. D. WIlis. 1983.
Estimated anount of reef habitat on a portion of the
US south Atlantic and @ilf of Mexico continental shelf.
Bull. Mar. Sci. 33 :p.935 - 940.

ATLANTI C: SATL
GULF OF MEXICO EGUL
Finfish: Reef fish conmunities; Bottom surveys;
Mappi ng; South Atlantic shelf; @ilf of Mexico shelf.
Bent hos: Reefs; Bottom surveys;
South Atlantic shelf; @lf of Mxico shelf; Mpping.

The anount of reef habitats (rock, coral, and sponge) on the
continental shelf of the South Atlantic and Qlf coasts was
estimated from observations nmde wth subnersible television.

Percentage of all reef habitat and reef habitat greater than
one neter are given for the following strata: Cape Hatteras -
Cape Fear, Cape Fear - Cape Canerval, Key Wst - Pensacola,
Pensacola - Pass Cavallo, and Pass Cavallo - R 0 Grande.
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PARKS, N. B. & H Zenger. 1979.
Trawl survey of demersal fish and shellfish

resources in Prince WIIliam Sound, Al aska: Spring, 1978.
NOAA, NMFS, NWAFC.

NWAFC Processed Rept. 79-2. 49pp.

ALASKA : GOAK
Finfish: Demersal fish; Resource assessnent;

Prince WIliam Sound; CPUE; Bionass; Di stribution; Abundance.

Shel | fish: Resource assessnent; Di stribution;
Abundance; Bi onass.

Report assesses distribution, abundance, and biol ogi cal condition

of demersal fish and shellfish resources wthin Prince WIIliam
Sound based on a traw survey during April-My, 1978.

Feasibility and inpact of a traw fishery in the Sound are
eval uat ed.

PEREYRA, W T., J. E. Reeves,

& R G Bakkala. 1976.

Demersal fish and shellfish resources of the
eastern Bering Sea in the baseline year 1975.
NOAA, NMFS, NWAFC. Seattle, WA

NWAFC Processed Rept. 619pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Demersal fish; Traw survey;

Bi onass estimates; CPUE; Size & age conposition.
Shel I fish: Biomass estimates; Trawl survey;

Commercial catches; CPUE.

Results of baseline traw survey in eastern Bering Sea in 1975

serve as a reference for the triennial trawl surveys in that area.

Comer ci al catches, size and age conposition, and estimates of
relative abundance and biomass by species are reported.
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PEREZ- FARFANTE, |.. 1978.
Shrinps and pawns. Unpaginated
In. W Fischer (cd.).
FAO Species Identification Sheets for Fishery Purposes.
Western Central Atlantic Fishery Area 31, Vol.é6.
FAO, Rone. (not seen by author).

GQULF OF MEXI CO EGUL
Fi nfish: Benthos.

POALES, H. & C. A Barans. 1980.
Goundfish nonitoring in sponge-coral areas off the

sout heastern United States.
Mar. Fish. Rev., My 1980 :p.21 - 35.

ATLANTI C: SATL
Finfish: Reef fish; Bionass.

QUAST, J. C.. 1974
Density distribution of juvenile Arctic cod in the
eastern Chukchi Sea in the fall of 1970.
Fish. Bull. 72 :p.1094 - 1105.

ALASKA : CHKS
Finfish: Arctic cod; Density distribution;
Esti mated bionmass; Depth-density relation; Chukchi Sea.

Vertical and horizontal distribution of juvenile Arctic cod

in the eastern Chukchi Sea are exan ned. Biomass is also
esti mat ed.
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REPS. OF OL/FISHERIES GRP OF AK.  1983.

A manual for geophysical operations in fishing areas
of Al aska.

Schio Al aska Petroleum Co. Anchorage, AK

ALASKA : CKIN NABA SGBA NAVB
NORB
Fi nfi sh: Comerci al fisheries; Fi shing et hods;
Geophysi cal operati ons; Fi shing areas, seasons.
Shel | fi sh: Comerci al fisheries; Fi shing techniques;

Fi shing areas, seasons.

Manual prepared for conpanies operating seismic survey vessels and
for the fishing industry in order to avoid potential operating
conflicts. Fishing seasons, areas, gear and vessels utilized are
summarized by species for Cook Inlet/Kodiak Island, St George
Basin/North Aleutian shelf, Norton Sound and Navarin Basin.

RICHARDS, S. W & A W Kendall, Jr.. 1973.

Distribution of sand lance, 'Ammodytes' species,
larvae on the continental shelf from Cape Cod to Cape
Hatteras from R.V. Dolphin surveys in 1966.

Fish. Bull., U S 71 :p.371 - 386.

ATLANTI C: MATL
Ichthyoplankton: Distribution; Abundance;
R.V. Dolphin cruise; Early life history.

The abundance and distribution of sand lance l|arvae ('Ammodytes'
sp.) collected during the R.V. Dolphin cruises are reported.
Spatial and tenporal distributions, as well as diurnal migratory
patterns are described. Spawning is reported to occur from late
Novenber to late March both offshore and inshore.
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R CHARDS, W J. . 1982.

Planktonic processes affecting establishnent and
mai ntenance of reef fish stocks.

pp.92 - 100 Im: G R Huntsman, W R N chol son,

& W W Fox, Jr. (eds.).

The Biological Basis for Reef Fish Mnagenent.

Proceedings of a workshop held Ot 7-10, 1980, St. Thonss,
Virgin 1Islands.

NOAA, NMFS, SEFC.

NOAA Tech. Mere. NMFS~SEFC-80.

ATLANTI C: SATL
Fi nfish: Reef fishes; Stocks;

Bi ol ogi cal factors; Physical factors; Proposed research.

Paper provides background material and outlines types of
experinents needed to solve problem of how reef fishes which
have pelagic early life stages are recruited and naintained
in the mdst of strong oceanic currents.

RI CHARDSQN, S. L.. 1973.
Abundance and distribution of larval fishes in
waters off Oregon, May-Cctober 1969, wth special

enphasis on the northern anchovy, ‘'Engraulis mordax'.
Fish. Bull. 71 :p.697 - 711.
PACI FI C: ORWA

Ichthyoplankton: Abundance; Distribution; Seasonal occurrence;
Gear conparison; Northern anchovy; Or egon.

Paper discusses species conposition, abundance, frequency of
occurrence and doninance of larval fishes off the O egon
coast . Catches by three types of gear - bongos, neter net,

Isaacs~-Kidd wmidwater trawl are conpared as are shallow tows and

deep tows from the sane stations.
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RI CHARDSON, S. L. & W G. Pearcy. 1977.
Coastal and oceanic fish larvae in an area of
upwelling off Yaquina Bay, Oregon.

Fish. Bull. 75 :p.125 - 145.

PACI FI C: ORWA

Ichthyoplankton: Coastal assenblages; O fshore assenbl ages;
Di stribution; Abundance; Circulation patterns.

Coastal and offshore assenblages of larval fish are described
from a one and a half year ichthyoplankton syrvey off

the nid-Oregon coast. Distribution patterns, seasonality,
speci es conposition, doninance and relative abundance of

larval fishes are discussed.

RICHARDSON, S. L., J. L. Laroche,

& M D. Richardson. 1980.

Larval fish assenblages and associations inthe
northeast Pacific Ocean along the Oegon Coast,
Wi nter-spring 1972-1975.

Est. Cstl. Mar. Sci. 11 :p.671 - 699.

PACI FI C: ORWA
Ichthyoplankton: Fish larvae; Associations;
Coast al waters; NE Pacific OCcean; Oegon coast.

Patterns of larval fish distributions found along the O egon
coast between the Colunbia R ver and Cape Blanco during the
winter-spring nonths of 1972 to 1975 are described. Coast al
transitional, and offshore fish assenblages are considered.
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RIGBY, P. W. 1984
Al aska donestic groundfish fishery for the vyears
1970 through 1980 with a review of two historic fisheries—
Pacific cod (’'Gadus macrocephalus') and sablefish
('Anoplopoma finbria').
AK Dept. Fish & Gane. Anchorage, AK
Tech. Data Rept. No. 108. 446pp.

ALASKA : GOAK KODK SHUM
Fi nfish: Sablefish; Pacific cod;
Domestic fisheries; H storic review, G oundfi sh.

Report briefly reviews donmestic groundfish fisheries of Alaska
and provided detailed catch statistics for years 1970-1980.

The nore historically significant fisheries for Pacific cod and
sabl efish are discussed in nore detail and catch data for
earliest vyears of these fisheries are provided. The report

is the nost detailed tabulation of Alaska s donestic groundfish
fisheries available.

RINALDO, R G. 1981.
Status report: Eastern tropical Pacific
ski pj ack tuna.
pp.163 - 181 In: NWS (cd.).
Status Reports on Wrld Tuna and Billfish Stocks.
NOAA,  NVFS, SWFC.
NOAA Tech. Mere. NOAA- TM NMFS- SWFC- 15, 302pp.

PACI FI C: SCAL
Finfish: Skipjack tuna; Eastern tropical Paci fi c;

Stock assessment; Fishery nmanagenent; Commerci al fisheries.

Paper analyzes stock structure of skipjack tuna in the
estern tropical Paci fic.
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ROGERS, B. J

., M E \Wangerin,

& D. E. Rogers. 1983a.

Seasonal conposition and food web relationships of

marine organisnms in the nearshore zone of Kodiak Island -
including ichthyoplankton, zooplankton and fish. A report
on the fish conmponent of the study.

pp.541 - 658 In: NOAA, National GOcean Service (cd.).

Envi r onnent al Assessment  of the Alaskan Continental Shelf.
Final reports of principal investigators. vol . 17.

Bi ol ogi cal  Studies. Prepared for MMS. MWashington, D.C.

ALASKA : KODK
Finfish: Feeding Ecology; Catch, CPUE;
Food webs; Kodiak Archipelago; Nearshore fish comunity.

Feeding habits of forty species of nearshore fishes from the
Kodi ak Archipelago are described. Food webs were constructed
for those species of fish that contributed over five percent
(weight) to the mean CPUE

ROGERS, B. J., M E \Wngerin,

K. J. Garrison, & D. E. Rogers. 1983b.

Epipelagic meroplankton, juvenile fish and forage

fish: Distribution and relative abundance in coastal
waters near Yakutat.

pp.-1 - 106 In: NOAA, National OCcean Service (cd.).
Environnental Assessnent of the Al askan Continental Shelf.
Final Reports of Principal Investigators. Vol.l7.

Bi ol ogi cal  Studies. Prepared for MVB. Washi ngton, D.C.

ALASKA : GOAK
Finfish: Forage fish; Life History;

Dener sal fish; Pacific salnmon; Comercial cat ches; CPUE.
Shellfish: Life history; D stribution; Abundance;

Comercial fisheries; @ilf of Al aska; Meroplankton.

Report sunmarizes life  histories, di stribution, abundances, and
reviews history of the comrercial fisheries (when applicable)

of forage fishes, Pacific salnon, denersal fishes, starry flounder,
Pacific halibut, and shellfish in the northeast Qulf of Al aska.
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RONHOLT, L. L.. 1983a.
Atka mackerel.
In: G Stauffer (cd.).
Condition of Goundfish Resources of the @ilf of Al aska
Region as assessed in 1983.
NOAA , NMFS, NWAFC.
NWAFC Processed Rept. 84-02. 24pp.

ALASKA : GOAK KODK SHUM
Finfish: Atka nackerel; Commerci al | andi ngs;
Si ze conposition; Stock assessment; @lf of Al aska.

Report summarizes comercial landings (foreign) of Atka
mackerel in the @lf of A aska and discusses limted data
available on stock condition.

RONHOLT, L. L.. 1983b.
Atka mackerel.
pp.163 - 177 In: R G Bakkala & L.~ L. Low (cd.).
Condition of Goundfish Resources of the Eastern Bering
Sea and Aleutian Islands Region in 1982.
NOAA, NMFS.
NOAA Tech. Mere. NWS F/NWC-42. 187pp.

ALASKA : NABA SGBA NAVB SMHL
Finfish: Atka nackerel; Abundance.

RONHOLT, L. L.. 1984
Atka mackerel.
pp.157 - 169 In: R G Bakkala & L. -L. Low (cd.).
Condition of Groundfish Resources of the Eastern Bering Sea
and Aleutian Islands Region in 1983.
NOAA Tech. Mere. NWMFS F / NWC-53. 189pp.

ALASKA NABA SGBA NAVB SMHL
Finfish: Stock assessnent; Atka nmackerel;

Fi sheries managenent; Commrer ci al cat ches; Bi onass estinmtes.
Report assesses condition of Atka nackerel in Aeutian |slands
region through 1983. Abundance, commercial landings , age

distribution, MY and EY are given.
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RONHOLT, L. L., H H Shippen,
& E. S Brown. 1978.
Demersal fish and shellfish resources of the Qlf
of Alaska from Cape Spencer to Unimak Pass, 1948-1976,
a historical review
pp.1 - 955 In: NOAA (cd.).
Environnental Assessnment of the Alaskan Continental Shelf
Final reports of principal investigators. Vol.2.
Bi ol ogi cal  Studi es.

ALASKA GOAK
Finfish: Demersal fish; Traw surveys;
CPUE; Standing stocks; Resource nanagenent.

ROSE, C S.. 1983.

Flatfish.

In: G Stauffer (cd.).

Condition of Goundfish Resources of the @ilf of Alaska
Region as assessed in 1983.

NOAA, NMFS, NWAFC.

NWAFC Processed Rept. 84-02. 1lpp.

ALASKA GOAK  KODK  SHUM
Fi nfish: Flounder; sol es; Commer ci al | andi ngs;
Stock assessnent; Fisheries nmmnagenent; Qulf of Al aska.

Condition of stocks of flatfishes (mmjor species include
arrowtooth flounder, flathead sole, rock sole, rex sole, and
Dover sole) is assessed. Commer ci al landings are sunmarized
by region and country.
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