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The facts,  conclusions and issues appearing in these reports are
based on interim results of an Alaskan environmental studies program managed
by the Outer Continental Shelf  Environmental Assessment Program (OCSEAP)  of
the National Oceanic and Atmospheric Administration (NOM),  U.S. Department
o f  Ccnmnerce, and primarily funded by the Bureau of Land Management (ELM),
U . S .  Deparment  o f  I n t e r i o r , through interagency agreement.

DISCLAIMER

Ment ion  of a commercial company or product does not constitute . .
an endorsement by National Oceanic and Atmospheric Administration. Use
for  publ i c i ty  or  advert is ing  purposes  o f  in format ion  f rom this  publ i cat ion
concerning  propr ietary  products  or  the  tests  o f  such  products  i s  not  author ized .
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INTRODUCTION

Alaska’s Continental Shelf supports abundant and diverse fish and
shel l f i sh  populat ions . At the  s a m e  time, these areas contain or may
contain natural gas and oil. Since the 1970’s, the Outer Continental
Shelf  Environmental Assessment Program (OCSEAP)  has been funding re-
search over much of the Alaskan shelf, These  s tudies  co l lec ted  b io lo -
g i c a l ,  c h e m i c a l ,  g e o l o g i c a l , and physical baseline data to be used in
m a n a g i n g  Che natural resources of  the shelf .

T h e  shelf off Yakutat represents  only  a  smal l  port ion  o f  Alaska ’s
Continental Shelf ;  however,  it  supports several fish and shellfish taxa
o f  c o m m e r c i a l  a n d  e c o l o g i c a l  i m p o r t a n c e  ( T a b l e  1). While  adult d is tr i -
butions and abundances for many taxa are known from commercial trawl
catches ,  re lat ive ly  little is known about  epipelagic  larval and egg
stages  o f  these  taxa or about forage  f i sh  which  a lso  f requent  the  epi-
pe lag ic  zone .

This report constitutes Part I  of  a proposed two-part study of  mero-
p lankton  (pe lag ic  eggs  and  larvae  of f i sh  and she l l f i sh) ,  juveni le  f i sh ,
and  forage  f i sh  in the Yakutat  Bay  area ,  and is  pre l iminary  to field
work to be conducted in spring, summer, and fall  of  1981.  The  spec i f i c
ob jec t ives  o f  th is  report  were  to: 1) review and analyze information on
the distribution and abundance of  the selected taxa and on the basis of
th is  in format ion  to  assess  the ir  probable  occurrences ,  geographic  d is tr i -
but ions , and re lat ive  abundances  in  the region off Yakutat; 2)  present
informat ion  on  general spawning biology, history of the commercial f ish-
e r i e s ,  a n d  adult c a t c h  s t a t i s t i c s .

Part  11 of the study will inc lude  three  f i e ld  sampl ing  per iods
(2-  3weeks,  each)  and  the  ob jec t ives  will be to: 1 )  d e t e r m i n e  s e a s o n a l
o c c u r r e n c e ,  s p a t i a l  d i s t r i b u t i o n , and relative abundances of  epipelagic
l i fe  s tages  o f  se lec ted  spec ies  o f  commerc ia l ly  important  f i sh ,  she l l -
f i sh ,  and  forage  f i sh , 2 )  assess  the  potent ia l  vulnerabi l i ty  o f  those
spec ies  to spil led hydrocarbons with respect to position in the water
column, season, relative abundance in the study area, and known effects
on  epipelagic  life stages  of the organisms$ a n d  3 )  i d e n t i f y  i n f o r m a t i o n
gaps and present an approach for future study in the region.



T a b l e  1. T a r g e t  s p e c i e s  for Yakutat  meroplankton  and juvenile  f i s h  a n d
forage f i s h  survey,  198Q-1981*

L i f e , ” S t a g e
Egg Latvae Juveni le Adult

Taxa

Forage Fish
Pacific  herr%ng-C2~ea harengus paZ2ue<
l?acific s a n d  lance-Ammodyties  ?waxt@ews
CapeMn-Ma2Wus Vi-lksus

s
x
x

x x
x x
x x

Salmon
Pink sahxm-ticorh~chus  go~busck
Chum salmon-O. keta
Coho salmon=Oo Msutch
S o c k e y e  saldiOn-O.  nerdw
Chinook salmon-O. *shUIJyttlcti

Deruersal  f i sh  and  she l l f i sh
Pacif5c cod-(%zdus  macrocepti2us
Walleye  pollock-!l’heragra  c?hat?cogrma
P a c i f i c  ocean  perch-Sebaskes  alutixs
Sablefish-Amplopoma  j%?nbria
Arrowtooth  flounder-AthePe8~&es  stodas
P a c i f i c  halibut-H{ppoglos~us  s~enolep{s
Starry flounder-PZat~chth?@  stella+us
B u t t e r  sole-lsopsetti  ?%ozep;s

Ilungeness  crab-Cancer mag<ster
Tanner crab-fi<onecetes  ba<rd$
Weathervane  scallop-Patiwpeetew  .cawinus
Razor  clam-l%liqu  patu~a

x

x
x
x
x
x

x
x

x
3s

x
x
x
x
x
x

X*
#
x
x

x
x
x
x
x

x
x
x
x

W?urther sorting and analysis to zoea and megalops  s tages .



—

STUDY AREA

—

T h e  Yakutat region is located in the northeastern  Gul f  o f  Alaska
about halfway between PFince William Sound and southeastern Alaska. It
is largely open coast,  with the exception of  Yakutat B a y .  M o u n t a i n s
rise from sea level rather  abruptly and, in some areas ,  at ta in .
heights of  900 to 5,400 meters. From many of these emerge large alpine
g l a c i e r s .  T h e  c o a s t l i n e  is i n t e r s e c t e d  by a large n u m b e r  o f  g l a c i a l l y
fed rivers and streams and the shoreline is composed of wide sandy
beaches. T h e  C o n t i n e n t a l  Shelf is about 60 to 90 km wide,  except for
incursions at Yakutat  Bay and Dry Bay (Alsek  Canyon). The waters over
the  she l f  support  commerc ia l  f i sher ies  for salmon, halibut,  groundfish,
king  crab ,  tanner  crab, Dungeness  crab ,  shr imp,  and sca l lops .

The  Alaska  current is the prevailing current of the area and flows
in a northwesterly direction at about 16 cm/sec  (Arct i c  Environmental
Information and Data Center and Institute of Social, Economic, Govern-
ment Research, 1974). At Yakutat, the diurnal tide range is about
3 .1  m. Because of  the close proximity to the sea, there is a  marine
influence on the climate, resulting in cloudy skies ,  fog ,  heavy  annual
p r e c i p i t a t i o n , and fairly mild temperatures. Rain  occurs on an average
of 63% of the days in a year, and  the  average  annual  prec ip i tat ion  to -
tals over 335 cm (132  inches ) . The prevailing wind direction is west-
erly and the average wind speed is 7.7 knots, Sea ice is not g e n e r a l l y
found a l though p ieces  o f  ice do break off In s i tes  o f  coasta l  g lac iers
(Brewer et al .  1977).

Sampl ing  is proposed for April-May, July-August,  and October.  Aver-
age air temperatures for these months are about 20, 60~ 120, 120, and
4.50c, respect ive ly  and  the f requency  o f  prec ip i tat ion ,  based  on  hourly
observations ~ ranges  f rom 24 .9% in April to 41.0%  in O c t o b e r . The per-
cent frequency of  occurrence of  obstructions to vision (fog) based  on
h o u r l y  o b s e r v a t i o n s  is 9.0, 9 .7 ,  19.7, 21.3,  and 10.8 for  the  above
months, respectively (Brewer et al. 1977).

The proposed study area (Fig. 1) encompasses the waters of the Con-
t i n e n t a l  Shelf  between  Point Manby (on the north shore of Yakutat  B a y )
to Cape Fairweather. Yakutat Bay opens to the southwest,  extending in-
land for about 63 km before it bends to the south ending in a diverti-
culate f j o r d ; the longer arm (Russell  Fjord) is an additional 58 km.
Depth at mid-bay is about  60 fm. Hemlock-spruce forests are located
around the main part of the bay with meadows and barren areas in the
v i c i n i t y  of t h e  g l a c i e r s  a t  the head of the f j o r d s .

The coniferous forests extend southward from Yakutat Bay to Dry Bay
but are i n t e r r u p t e d  b y  a strip of watersedge tundra  in t h e  l o w - l y i n g
areas  near the coast. This area is cons iderably  moist ,  conta ining  many
river drainages. T h e  C o n t i n e n t a l  Shelf in this vicinity is r e l a t i v e l y
wide. Dry Bay itself  is very shallow and is fed by the Alsek  R i v e r ,  t h e
l a r g e s t  river in the  area. From just south of Dry Bay to Cape

9
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Fai~eather, the hemlock-spruce forest continues in a thin coastal
s t r i p . The local relief  is much greater here and is comprised of alpine
meadows, peaks above timberline,  glaciers,  and barren rock. The 4670-m
tal l  Mt .  Fairweather  i s  here .  The  Cont inenta l  Shel f  i s  a lso  re lat ive ly
wide south of the Alsek Canyon and contains the Fairweather Ground, which
has depths of only 30-40 fm.
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DISCUSSION

Studies  o f  distributions a n d  a b u n d a n c e s  of fish eggs and larvae
have been  conducted  in var ious  parts  of Alaska  (Table  2). In s o m e
cases, studies  have  been  located  in i m p o r t a n t  f i s h i n g  areas such as the
Bering  Sea, Kodiak shelf, and Cook Inlet. Other  surveys have been re-
stricted  to single larval $pecfes (Lisovenko  1964;  T h o m p s o n  a n d  Van
Cleve 1936) and in some,  larval  f i s h  w e r e  s e c o n d a r y  to trawl c a t c h e s
(Aron 1958) or zooplankton  surveys (LeBrasseur  1970). E m p h a s i s  h a s
g e n e r a l l y  been on  sampl ing  in che spring  and summer when the ichthyo-
plankton  fauns in the Northeast  Pac i f i c  is more diverse and a b u n d a n t .

Few studies  have  included  stations adjacent to or near the p r o p o s e d
Yakutat etudy  area. Lisovenko  (1964)  r e p o r t s  c a t c h e s  o f  r~ckfish larvae
near Yakutat  and Thompson and Van Cleve  (1936) surveyed shelf waters for
halibut eggs and larvae. During October,  English (1976) included a
three-stat$on  transect off Yakutat  Bay during an ichthyoplankton  s u r v e y
o f  t h e  Gulf of Alaska. Results of  these studies and ichthyoplankton
s t u d i e s  %n other areas  are  inc luded  in sect ions  for  indiv idual  spec ies .

Spawning times for the proposed taxa are known from other areas
( T a b l e  3) and can be used to predict the time  of occurrence  o f  eggs  and
l a r v a e  i n  t h e  Yakutat area  (Table  4 ) . Winter spawners include Pacific
s a n d  lance, sablefish~ P a c i f i c  h a l i b u t ,  P a c i f i c  c o d ,  a n d  arrowtooth
f lounder . The following are spring and/or summer spawners: P a c i f i c
h e r r i n g ,  capelin, wal leye  pollock, Pac i f i c  ocean perch ,  butter  sole,
starry flounder,  razor clams, w e a t h e r v a n e  s c a l l o p s} tanner  and Ih.uageness
c r a b s . Spring and summer sampling in the Yakutat.  area should  yield the
most  kfnds and greatest abundances of  f ish and shellf ish eggs and larvae
as well as  juveni le  salmon  and  adul t  f orage  fish. However, juveniles of
some spec ies  wi l l  most  likely  occur in fall.

6eneral  d i s t r i b u t i o n s  of eggs and larvae  in the Yakutat  area  can  be
estimated from knowledge of spawning behavior of adults. For example,
some species--herring and capelin - -spawn in bays or on beaches and their
larvae  are  located  near  these  inshore  areas .  However  d is tr ibut ions  of
pe lag ic  eggs and larvae are not.  static,  but change over time as larvae
a n d  eggs are  t ransported  by currents and later,  for larvae~ by their o w n
power. It would  not be unusual to f ind herring and capelin  at  some
shelf stations. Similarly,  spec ies -which  spawn in  deep  water - -ha l ibut ,
arrowtooth  f l o u n d e r ,  sahlefish--are  n o t  e x p e c t e d  to occur as larvae in
the inshore areas, but perhaps at some shelf  s tat ions , The remainder of
the fish spec ies  probably  spawn t h r o u g h o u t  d e p t h s  of the shelf and their
eggs and larvae should  b e  w i d e l y  d i s t r i b u t e d .

P r e d i c t i n g  a b u n d a n c e s  of eggs and larvae in the Yakutat  area is
more d i f f i cu l t  for s e v e r a l  r e a s o n s : 1)  lack of past catch data in t h e
Yakutat  area; 2) lack of data on year to year variations in t i m i n g  a n d
abundance of  eggs and larvae,  and 3) limitations of using abundance  data
from other  s tudies  in other areas,  due in part to d i f f e r e n t  m e t h o d s ,

. . . .
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Table 2. Summary of studies which include data on
fish eggs and larvae from the Northeast Pacific.

Locat ion Dates Reference

Bering Sea

Kodiak Shelf

Kodiak Bays

Cook Inlet

NE P a c i f i c

Willapa  Bay to
Dixon Entrance

Gulf of Alaska

Gulf of Alaska

Northern Gulf
of Alaska

Northern Gulf
of Alaska

Gulf of Alaska

Jun-Sep  1958
Mar 1959

Jun-Jul  1962

Apr-May 1977

May-Jun 1971

Apr-May 1972

Ott-Nov 1977
Mar-Apr  1978
Jun-Jul  1978
OCt-NOV 1978
Feb-Mar  1979

Mar-Aug 1978
NOV 1978
Mar 1979

Apr-May 1976
Jul-Aug 1976
Ott 1976
Feb 1977

Ott-Nov 1971

Jul-Sep 1957

May-Sep  1956
Mar-Sep  1957
Mar-Aug 1958
Mar-Jul  1959

Apr-Jul  1963

Sep-OcC 1975

Jan-Jun 1928-
1934

Musienko  1963

Kashkina  1970

Waldron  a n d  Vinter 1978

Dunn and Naplin 1973

Dunn and Naplin  1974

Kendall et al.  1980

Rogers et al.  1979

English 1977, 1978

Naplin  et al. 1973

Aron 1958

LeBrasseur 1970

Lisovenko 1964*

English 1976*

Thompson and Van Cleve*
(1936)

*Studies which included some stations near the
proposed  Yakutat  meroplafiton study area.
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Table 3 . Spawning times, by months and geographical areas, for proposed fish species in the Yakutat
meroplankton  and forage fish survey -  continued.

sp@c  Us Jon ~eb Mar Apr WY Jun Jul Aug Sep Ott F30v Dec Area References

Butter sole x x
x
x

Starry flounder x
x
x

hcific halibut x
x x
x x

Arrwtooth  flounder# x x
w

x x x
x x
x

x . x
x x

x x

x

x

Oregon
British Columbia
Skidgate Inlet, B.C.

x California
Puget Sound
British Columbia
Bering Sea

x x British Columbia
x x Northeast Pacific

X x x x Bering Sea

x North Pacific

Richardson et aL(In press)
Hart 1973
Levinga 1968

Orcutt 1950
Har,t  1973
Hart 1973
Musienko  1963

Hart 1973
Bell and St. Pierre 1970
Pertaeva-OstrOumova  1961

Pertseva-Ostroumova  1960

~Ref erences for herring, capelin,  and sand lance summarized from Macy et al . 1978.
,Time of mating.
Time of release of larvae.



Table 4. P r e d i c t e d  time(s)  o f  occurrence  for  egg ,  larval ,
j u v e n i l e ,  an?/or  adult s tages  o f  fish a n d  i n -
v e r t e b r a t e  eaxa  in the yakutat s tudy  ar@ab

Prom-d s&limu  aw+n$ihe
species Stilgc% APr-M.ey @l-Aui3 ode Rosuwkti. .

larvae
juveqihm
edulQ3

larwe
juveniles
adulm

Lsmae
juveniles

Q~@
larvae
juveniles

larvae
juvenilen
adul.ta

juveniles
adults

jweniles
tadulm

juveniles
adulta

juveniles
adults

juveniles
dulm

larvae
juveniles

e?gge
larvae
juvetile8

efg~e
Larvae

e~gs
lamae

egfge
Lerwe

a$gs
larvae

%$@
Iervae

e$g,s
larvae

larvae

x

x

x

x

x
x

x

x

x

x

x

%
x

x

x

x

x

Capswl x

FacMfc cod

walleye  pollock

x
a

x
x

x

x

x

x
x

&and lance x

Pink walmon

Chum d.sion

Cdo klallson

Sockeye salmon

x
x

x
x

x
x

x
.%

Chinook salmon

Etockfi6h
(Sebmtes spp.)

Seblefieh

x.
x

x x
x

Otcur in tinter
x
x

Occur  prkirlly
h wincer

Arrwtooth
flounder

Pacific halibt

Starry flounder

Sutter  sole

B.esor C*

x

C&cur in
winterx

x

x
.

x
x

*88 bpprox.  90 u
Settle  et
approx.  325u

SCdhp

-neee crab
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gears ,  and express ions  o f  catch  s tat is t i cs .  However ,  a f ter  sampl ing  i s
underway, it  should be possible to compare relative abundances of  taxa
b e t w e e n  Yakutat  and other areas in Alaska. In addi t ion ,  thorough know-
ledge and duplication of methods used in Kodiak ichthyoplankton  work
( R o g e r s  et al. 1979; Kendall et al. 1980) will a l low compar isons  between
catches in the western Gulf of  Alaska and in the eastern portion off
Yakutat.

Forage Fish

Forage fish may be defined as those species that are present in
s u f f i c i e n t  q u a n t i t i e s  during their larval~ j u v e n i l e ,  and adult s t a g e s  t o
c o n s t i t u t e  a  major part of the diet of larger p r e d a t o r s  i n c l u d i n g  b i r d s ,
marine mammals, and fish. Important  forage  f i sh  spec ies  in the Yakutat
a r e a  i n c l u d e  P a c i f i c  h e r r i n g ,  s a n d  IanceB and capelin.

—
P a c i f i c  H e r r i n g  (Clupea  harenguc pallasi)

—

—

. .

—

—

General .Biology. In the  eastern  Pac i f i c ,  herr ing  are  d is tr ibuted
from northern California through Canada and Alaska to the Beaufort  Sea
(Hart 1973).

Pacific herr ing  are schoo l ing  f i sh  and the ir  local d i s t r i b u t i o n  i s
re lated  to environmental  and biological  factors such as salinit.yt tem-
perature,  food sources,  age,  and spawning condition. In general,  during
fall or early winter,  large schools of  mature herring move inshore and
remain there until  spawning. After spawning, schools either move into
deeper water offshore to feed or remain inshore. In the Gulf  of  Alaska,
feeding schools during summer are not as dense as wintering schools and
have been reported close to the surface in passages in Southeast  Alaska
a n d  Prince William  Sound (Macy et a l .  1978).

The primary commercial concentrations of herring in the Gulf of
Alaska have occurred historically in Southeast Alaska, Prince William
S o u n d ,  and Kodiak  Is land . In the past, s m a l l - s c a l e  f i s h e r i e s  h a v e
o c c u r r e d  in Cook Inlet, Chignik, Shumigan Is lands ,  and  Yakutat. H e r r i n g
are  also important  as prey items  for  many invertebrates ,  f i sh ,  b i rds ,
and marine mammals. Eggs, larvae,  j u v e n i l e s ,  a n d  adults  o f  P a c i f i c
h e r r i n g  are c o n s u m e d ,  often in large q u a n t i t i e s  (Macy  et al. 1978).

A  ccnnpreheneive  review  of the biology  a n d  early l i f e  h i s t o r y  o f
Pac i f i c  herr ing  is given by Macy et al. (1978) and is s u m m a r i z e d  b e l o w .

.-
Pac i f i c  herr ing  are  late -winter  to l a t e - s p r i n g  s p a w n e r s ,  d e p e n d i n g  ,

on geographic  locat ion . In general,  southern stocks spawn earlier than
the more northern  populat ions . In Alaskan waters, herring spawning oc-—
curs in March through June in Southeast Alaskaj  April and May in Cook
Inlet  and Prince William  Sound,  April through June in Kodiak  and  western
Alaska, and May and June in the Bering S e a .
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In .ALMca,  Pacific herring g e n e r a l l y  are mature  at age 3 or 4 a n d
a t  l e n g t h s  of 15-20 cm. F e c u n d i t y  is related. primarily to body  length
and s e c o n d a r i l y  to age, hence  large} old herrfng  produce  the most  eggs.
F e m a l e s  m a y  produce  between  10,000 and 134,000 eggs. Pacific herr ing  in
North America  are generally  smaller  and  produce  fewer eggs than Asian
s t o c k s .

Large schoo ls  of mature  fish move  into  sheltered  bays ,  along  s t e e p
or shelving rocky  beaches ,  or along open  sand  beaches  to spawn. Spawn-
ing takes place in shallow water  at  h igh  tide and the water  may become
d i s c o l o r e d  with milt. Eggs  are usually deposiEed  o n  v e g e t a t i o n ,  but m a y
also be attached to gravels  b o u l d e r s ,  logs%  and t r e e  limbs. Eggs may be
d e p o s i t e d  in several  layers, a n d  two to f o u r  layers are  coruaidered opti-
mal for larval production. Salinity  and temperature during  spawning are
var.iablet and ranges of 8-280/oo and 5-9°C a r e  r e p o r t e d  as c o n d u c i v e  t o
the spawning of herring in North America.

Eggs hatch in 12-50  days$  depending  on  water t e m p e r a t u r e . In Prince
William Sound,  a v e r a g e  h a t c h i n g  time  was 12 to 21 days, Normal  develop-
ment occurs at t e m p e r a t u r e s  of 5-9.2°C and salini~ies  of 6.7-25.8°/oo.
Fraser (1922) d e s c r i b e s  egg d e v e l o p m e n t  a f t e r  f e r t i l i z a t i o n .  Newly
h a t c h e d  larvae  are 4-8 mm long, and herring reach 90-100 mm by the end
of their first y e a r . Transformat ion  f rom larval  to  juveni le  fish begins
at about  3 5 - 4 0  mm.

F o o d  of f i r s t - f e e d i n g  larvae consists of small, r e l a t i v e l y  i m m o b i l e
phnktomk o r g a n i s m s  such as i n v e r t e b r a t e  eggs, d iatoms,  and copepod
naupliie Postlarval (20-100 mm) herr ing  feed  pr imari ly  on  copepods,  fol-
lowed by cirrepedes ~ molluscs9 ova9 and o t h e r  zooplankters. Food items
of j u v e n i l e  h e r r i n g  include mysids,  euphausids,  and ~phiPodse Herring
do not have  a strong pre ference  for  particular  foods, but  consume organ-
isms  of a suitable  size which p r e d o m i n a t e  in che p l a n k t o n .  H e n c e  f o o d
habits may differ among locat ions  and  seasons.

History  OS the Fishery. Yakutat  Bay ‘has supported a commercial
h e r r i n g  fishery only twice An recent years. In 1970--1971 and 1972-1973,
the catches w a r e  4 4  and 158 short  tons, r e s p e c t i v e l y . These catches
w e r e  insignificant  compared  to those in Southeast  Alaska  which  were
4,093 and 5,837 .aIwmt tom, r e s p e c t i v e l y  040berly  1973, 1974).  The h e r -
r i n g  fishery at Yakutat s u p p l i e d  the local  bait f i s h  m a r k e t ,  a l t h o u g h
generally f i s h e r m e n  rely on outside  s o u r c e s  (Don Ingledue,  Alaska Ile-
partuwnt  of Fish and Game @DF&G),  personal  communicat ion) .  The  current
s e n t i m e n t  %s that the herrins p o p u l a t i o n s  should  be p r e s e r v e d  as a food
source for king salmon  in Ehe area (AIex  lkogalls  ~F~G$ P e r s o n a l
communication).

Distribution  and Abundance.

Adult@. $pami~ areas of P a c i f i c  h e r r i n g  in the Gulf of
Alaska  are! shown in Fig. 20 Currently, an e s t i m a t e d  2 , 0 0 0 - 3 , 0 0 0  tons of
herring Bpawn  from April to early M a y  along %he east shore  o f  Yakutat
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Figs 2 . Spawning  areas  of Pacific herring in the Yakutat  area
a n d  G u l f  of Alaska  (1-Shumigan  I s l a n d s ,  2-Chignik,
3-Kodiak Island, 4-Kachemak  Bay, 5-Prince William Sound,
6-Yakutat, 7-Southeast Alaska).

S o u r c e s :  A . Brogan, personal communication;
lfacy  e t  a l .  1978.
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My. A population ~stimated  t o  b e  three Mwes  that @ize spawns In
Russell  Fjord; however, b e c a u s e  of ice the  area  is i n a c c e s s i b l e  at t h e
time of spawni~g,  so t h e  actual size of that population  is u n k n o w n  ( A .
Br=ogall, perscmal  communicat ion) .

Larvae. Initially,  we would  e x p e c t  to find h e r r i n g  larvae  i n
greatest a b u n d a n c e  close to the spawming groq~cls.  U n f o r t u n a t e l y ,  these
areas are in shallow water  and are often nQt a c c e s s i b l e  to p l a n k t o n
gear. W e  may catch small larvae  which drift. out into Yaku\?t  Bay during
late April  and May, but the peak in larval abundan~e  E@Y OQCPr  latere
By July am? Augustj  herring  larvae will @ actively school~qg n e a r  t h e
ppawning  grounds. T h e s e  SC~OOh may reach de@per  water by late s~mer,
r e s i d i n g  below  the s u r f a c e  during  the  ghay and rising to the s u r f a c e  at
dusk  (~Cy et al. 1978). T h e s e  h e r r i n g  may be capt~red  by p lankton  gear
at night, but’otherwise  will p r o b a b l y  a v o i d  capture. Lampara  net  sets
at dusk and. beach seine hauls in Yakut.at  Bay during tfie s u m m e r  m a y  yield
herr ing  juveniles. At &he end of summer, juvenile  h e r r i n g  msy e i t h e r
m i g r a t e  to o f f shore  waters  or r%~in inshore. No ove knows if t h e y
remain in Yakaatat Bay t h r o u g h  the w i n t e r .

General Biology. Pacific sand lance range f rom southern  Cal i fornia
to Alaska  and the Bering  Sea (Hart 1973) and are md.nly  in shallow w a t e r
c l o s e  to shore.  Because  they  lack  a  swim bladder$  sand lance exist by
a c t i v e l y  swimming~ rest ing  on  the  bot tom (Trumble  1973)j  or  burying  in
sand  or f i n e  gravel (Nikol’skii  1954 c i t e d  in Macy et al. 1978). They
m a y  form large pelagic feeding schools during the clay and return to the
bottom at night (Trumble 1 9 7 3 ) .

Sand lance adults and larvae  are an important food item to many com-
merc ia l ly  important  fish such as juvenile sockeye and coho salmon  (Straty
and Jaenicke 1971), cod, chin~ok s a l m o n ,  halibut$ Mng c o d  ( B e a n  1 8 8 9 ;
Hart  1973), a n d  h a k e  (@tram a n d  Haegele  1972).  Sand lance are also COn-
sumed by fur seals a n d  b i r d s .

Spawning  of Pacific sand lance in the  Northeast  Pac i f i c  probably
occurs in winter  (Trumble 1973). Sand lance up to 15 mm long were
caught during  early March near  Kodiak  Island,  w h i c h  a l s o  i n d i c a t e s  t h a t
sand  lance spawn during  t h e  w i n t e r  ( R o g e r s  e t  al. 1979)9

Fecundity of  Japanese sand lance is about 1,000-8,000 eggs, and
spawning takes place at depths o f  25 -100  m in a r e a s  o f  s t r o n g  currents.
Spawning  fishmey b e  1-3 y e a r s  o l d  (Ramada 19661.  Eggs are demersal,
adhesivet  and are d e p o s i t e d  in Clusters  of three or four eggs on a  s a n d
bottom. Mature  eggs a r e  . 7 2 - . 9 7  m m  in USSR (Nikol?skfi i954 cited in
Macy et al. 1978),  .66 m m  in Jap8n (Inoue  e t  al. 1967), and .67-.91 m m
$n %he Atlantic  (Williams ee al. 1964). D e s c r i p t i o n s  o f  sand  lance eggs
are given in W i l l i a m s  et al. ( 1 9 6 4 ) .

.
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Larvae hatch at 3-4 mm and under natural conditions remain buried
in the s a n d  until the yolk s a c  is a b s o r b e d .  At t h i s  point, larvae
become  planktonic  and remain  so until  m e t a m o r p h o s i s  to the adult  s t a g e
a t  3 0 - 4 0  mm (Trumble  1973). Larval i l l u s t r a t i o n s  a r e  g i v e n  in Kobayashi
(1961)0

First-feeding larvae consume diatoms and dinoflagellates,  but they
switch to eopepod  nauplii  and copepods  a s  t h e y  g r o w  (Trumble  1 9 7 3 ) .-.

Distribution, and Abundance

Adults. At present , there  is no fishery in the  Northeast
Pacific on sand lance; however,  they are commercially f ished in J a p a n e s e
waters .  Their  d is tr ibut ion  and abundance off  Yakutat i s  unknown.

Larvae e Sand lance larvae are relatively abundant in plankton
hauls in the Bering Sea and Gulf of A l a s k a  during s p r i n g . In the Kodiak
area , small (5-15 mm) larvae were  found with in  the  bays  as  well as dis-
t r i b u t e d  o v e r  the shelf. In summer, the larvae (averaging 35-45 mm
long) disappeared from the bays,  but continued to be caught offshore.
N o  larvae w e r e  caught during  fall (Table  5).

In  the Yakutat  a r e a , the largest  catches  of larval sand lance  wi l l
probably occur during  April and May. They may be caught anywhere from
Yakutat Bay to the 100 fm contour, although they may be concentrated
nearshore. Older  larvae and juveniles may occur in the study area
during summer and be distributed throughout the area. We expect that
only juveniles and adults occur in October and in re lat ive ly  low abun-
dance compared to other months. Because the eggs are demersal,  they
will not be sampled  by the  p lankton  gear .

Capelin  (Mallotus  villosus)

General  Biology. Capelin  occur along the Northeast Pacific coast
f r o m  the Strait of  Juan de Fuca to A r c t i c  A l a s k a . They  are espec ia l ly
a b u n d a n t  in the Bering Sea and along the Aleutian Islands (Macy et al.
1978)0

Capelin  are an Important forage food for fish and marine mammals,
particularly during  spawning migrations. Predators on capelin  include
salmon,  cod ,  dogf ish , Arctic char, seals, porpo ise ,  and  killer and ba-
leen whales. T h e y  are also eaten by gulls and terns.

R e p r o d u c t i o n  and early Life history information for capelin  have
been summarized  by  Trumble  (1973), Jangaard  (1974),  and recently by Macy
et al.(1978)e In the Straits of Georgia and near Sitka ( s o u t h e a s t e r n
Alaska)  spawning  occurs in the fall. However, at Kodiak and in Bristol
B a y ,  capelin  spawn in late s p r i n g . Capelin  in the Bering Sea  spawn i n
Bummerj and far-northern (Pt. Barrow) populations spawn in late summer.
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‘l?dlle  5 ● D i s t r i b u t i o n  a n d  a b u n d a n c e  of larval sand lance in the Northeast Pacific Ocean
and Bering Sea,

Station Larval
Locat%m The Gear depths, n length, m Abundance Refemmca

Ber$n$ Sea

BerinjI  Sea

18er%ng Sea

Kodiak !Nte2f

Kodiak  Say%

Kodiak She2f

cook Xmkt

Apr-Nay 1977

hi-sap 1958
war 1959

APr-may 1972

Mar-&9$ 19?8
N@? 1970
Nar 1979

Ott-kv 1977
Uim+pr 1978
Jim-Jul 197S
Ott-Nrsv i97$
l%b+ar 1979

fqr+ey 1976
.JUI 1976
AUg 1976
Ott 1976

boli$jol

cd

cm

bongo

bongo

Faqo

bee$o

1OO-2OOO
(caught
at
stat ion.
<200n)

20-120

33-2100

31-171

4O-1OOO

35--210

6.7-29

10.0-47.0

7.4-33.7
35.9-95.6

5-13

5-34

5* 5-58

Third most e.bundant  larvaa;
accounted for 3% of ell Iarme
caught.

Average catch of 6 hrvee  per
haul; ranged Eros O-465 per
haul.

Caught in Iete Yuly-ear& Sap.
averaged about 8 larvae per
hmtl .

Second moat abamdmt Iarwae
caught; accounted for 11.3% of
all 2arvae cm@t.

Second met abandant  overall;
occurred pr-r%ly Mar-hit.

?bat dazndmt Iervae caugkt

Most dtundent  duriog Aw-N8Y;
catches ranged  from 0-344 par
101a2 or 0-1296 per 1000 fa3.

Neldron and
Vinter 1978

PkmEenke 1963

Ounn and
Naplln k974

Eogere at al.
1!379

KQmdan Et
al. 1980

1
w? o net 60 cm Openill  , 505V  mesh.
2ti%eal p&kton net, 88 cm opening, S0. 140 awtt.

.,.
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titure capelin  range  in length from 89-146 mm. Fecundity varies
a m o n g  locations and ranges from 3,020-6,670 eggs per female  in Br i t i sh
Columbia  to 1 5 , 0 0 0 - 5 7 , 0 0 0  eggs per female in the S e a  o f  J a p a n .  L a r g e r
fish may account for higher fecundities  in some areas .

During  most of  the year, capelin reside in large  schoo ls  in b o t t o m
waters, somet imes  far  f rom shore .  However ,  in the spring these  concen-
trations move toward shore and about one month before spawning~  are
located  at about 5 0  m  depths  or less.

Capelin  commonly spawn on beaches, avoiding rocky areas, and pre -

f e r r i n g  s a n d  g r a i n  sizes of 0.04-.2 mm. D e p o s i t i o n  of eggs occu~s at
night or on overcast days ,  and  ~pawning  may be  greatest  just  after h i g h
tide. One or two males accompany a female CO the beach where fertili-
zation takes placep  and eggs are  subsequent ly  bur ied  in  the  sand by w a v e
a c t i o n . S p e n t  females  return to deeper water and it is not known if
females spawn more than one batch of eggs in a given season. Males may
remain  inshore  to  fer t i l i ze  other f e m a l e s . Spawning in deep water may
also occur in Alaskan waters. Postspawning  mortality is assumed to be
high and may be as high as 90% of the fish spawning for the first time.

Capelin  eggs are 1.0-1.1 mm in d iameter  and stick to gravel or
sand. Hatching occurs in 1-4 weeks$ depending on water temperature.
D e s c r i p t i o n s  o f  capelin larvae are given by Templeman  ( 1 9 4 8 ) .  N e w l y
hatched  larvae  are  swept  out to sea and spend most of their early life
in deep water.

Distribution and Abundance

Adults. Currently there is no large-scale commercial f ishery
on capelin stocks in the Northeast Pacific and only a l imited recreation-
al f i s h e r y . The abundance and distribution of  adult capelin offshore
from Yakutat are unknown.

Larvae. Larval capelin  have been sampled from the Bering Sea,
Kodiak  Shelf,  and Gulf o f  A l a s k a . In several studies,  they were numeri-
cally important  components  o f  the ichthyoplankton  (Table 6). i n i t i a l l y ,
capelin  larvae are  located  nearshore  in close proximity to the b e a c h e s
where spawning occurred. This  can lead to large c o n c e n t r a t i o n s  o f  l a r -
vae during summer, and this occurred in Kodiak bays and lower  Cook
Inlet. After hatching , larvae  are immediately susceptible to transport
by local currents and thus are dispersed over the shelf. By fall a n d
winter , the larvae have metamor-phased into mobile  juveni les  and range
from  n e a r s h o r e  to the edge  of the s h e l f .

Capelin  spawning in the Yakutat study area takes place on beaches
between  Dry Bay and Yakutat B a y  (Fig. 3) f r o m  July to  m$d-August. It i s
a relatively  large p o p u l a t i o n  (A. Brogan,  personal  communicat ion) .  We
expect to catch larval capelin  during July a n d  A u g u s t  n e a r s h o r e  as w e l l
as out go the 100 fm c o n t o u r . In che fall we w i l l  p r o b a b l y  c a p t u r e
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F i g .  3 . Spawning areas of  capelin  in the Yakut  at area.
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juvenile  capelin, Eggs will probably  not  occur in the plankton  s a m p l e s
b e c a u s e  of their demersal,  adhes ive  quality,

Eulachon  were not targeted for this SfXIdY; ~ow@~er, s~W@ t~eY ~~@
a potentially  important species  to ~~e e c o l o g y  of the Yakutat area, w e
h a v e  included  chis sect ion  in the  report .

L a r g e  numbers of adult eulachon  s p a w n  in the Yakutat study a r e a
durtng March to e a r l y  June ( A .  B r o g a n ,  p e r s o n a l  ccmunun$cation).  Eula-
chon are anadromous,  somet imes  trave l ing  tens  of miles  upstream to
spawn. The eggs are spawned over gravel and sand and become  attached to
the sediment by an outer adhesive membrane. The larvae are  carr ied  out
to sea as soon  as t h e y  hatch and little is k n o w n  about their marine
life.

Eulachon are not  present ly  explo i ted  commerc ia l ly  in Alaska, al-
t h o u g h  t h e y  are a n  i m p o r t a n t  forage fish (Macy et al. 1978). We expect
to see larval eulachon  at  nearshore  s tat ions  during spr ing  and/or  sum-
mer,  However ,  i t  will be d i f f i cu l t  to d i s t i n g u i s h  a m o n g  s p e c i e s  of
smelt when the  larvae are small  ($,e.~ prior t o  t h e  d e v e l o p m e n t  of fin
r a y s ) .

P a c i f i c  Salmon

The FiShery

The first salmon cannery in Alaska  which became operative in 1857,
was IocaEed  on Prince of Wales  I s l a n d . Since that time, the s a l m o n
f ishery  has  become the dominant fishery in Alaska. Salmon r e p r e s e n t e d
3 9  to 63% of the value  of the total c o m m e r c i a l  catch of fish a n d  s h e l l -
f i s h  in Alaska  b e t w e e n  1966 and 1 9 7 7  ( T e r r y  et al. 1980).

Generally, the commercial catch of salmon  in the Yakutat  m a n a g e m e n t
area (Cape  S u c k l i n g  t o  C a p e  Fairweather--aee  Fig. 4) is small r e l a t i v e
to the rest of Alaska; h o w e v e r ,  the salmo=ishery  is i m p o r t a n t  to t h e
local e c o n o m y .  O f f  ??akutat,  this f i s h e r y  is by set gillnets  a n d  troll-
ing gear. Boats in the setnet f i s h e r y  are small  ( < 2 5  f t  long), general-
ly with a crew o f  one ,  and p r i m a r i l y  b a s e d  in Yakutat. T r o l l e r s  are
much larger (35-45 ft.)~ with a c r e w  o f  t w o  to three! and most a r e  based
outside  the area ( T e r r y  et al. 1980}.

Host o f  the salmon from the Yakuzat  area are produced  at the scmth-
east edge of the bay  and  iD coastal  river s y s t e m s  to the s o u t h e a s t .
Thust  se~met  site~ are Ioeated  p r i m a r i l y  in Yakutat Bay and to the south-
SMM32 ~long the coast  (Mc~an and Delaney 1978)0  In the Gulf of ua~ka
cher~ ha a small sport fishery  on coho,  chum, and chinook salmon, which
is insignificant  compared  to the commercial catch.
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Stern et al. (1976) e s t i m a t e d  that if the average  catch in the
Yakutat  District w a s  3 0 %  of the run, t h e n  annual runs  to the d i s t r i c t
average  about  . 4  million salmona with a p o t e n t i a l  of up to 1.3 million,

All five !spec%es of North American salmon are anadromous,  although
some pink salmon  spawn  intertidally. Adultm s p a w n  in the fall and fry
emerge  frm the gravel the following  S~~iIl~e ChtmI$ pinlt$ and most
c h i n o o k  fry migrate  directly  to saltwater; h o w e v e r ,  s o c k e y e  f r y  gener-
ally reside  in f r e s h w a t e r  nur~ery  lakes for 1-2 years. Coho  and some
c h i n o o k  fry remain  in f r e s h w a t e r  for about  1 year, entering s a l t w a t e r
t h e  following  spring as s m e l t s . If entering an e s t u a r y ,  most  j u v e n i l e s
remain near the water surface and g r a d u a l l y ,  as the s u m m e r  p r o g r e s s e s
move offshore. Fry entering an unprotected coastline tend to m o v e
directly  offshore  over t h e  C o n t i n e n t a l  Shelf.  By J u l y - A u g u s t ,  t h e
c a t c h - p e r - - u n i t - e f f o r t  {CPUE) of juvenile  salmon  is h igh  over  the s h e l f ,
i n d i c a t i n g  m o v e m e n t  from estuaries and coastal rivers. Many chum a n d
pink salmon  remain over the shelf as late a s  O c t o b e r ,  but after O c t o b e r
t h e  a b u n d a n c e  of all spec ies  is low because the juveni les  have  moved
o f f shore  over  deeper  waters .

While  in waters over the Continental  Shelf,  t h e  juveniles m a y  mi-
grate h u n d r e d s  of miles, generally  in a counterclockwise  d i r e c t i o n  a l o n g
the broad arc of the  Gulf o f  A l a s k a . Juveni les  f rom stocks as far south
a s  C a l i f o r n i a  mix  with those from Alaska in coasta l  waters  o f f  Yakutat.

Mult salmon  bound for s p a w n i n g  g r o u n d s  in the northeast  Gulf also
t e n d  to migrate  e x t e n s i v e l y  along the coast. Adults  tagged o f f  Yakutat
have  returned  to  spawn in southeastern  Alaska .  (This section was de-
rived from Stern e t  al. 1976.)

Pink Salmon  (Oneoptinchue  gophuscti)

General Biology. P i n k  salmon  occur along  the west coast of N o r t h
America f r o m  C a l i f o r n i a  to the A l e u t i a n  Islands  and A r c t i c  O c e a n .  They
usually  spawn after t w o  immmers  at s e a  in the late summer o r  early fall.
T h e  average size at maturity  is 1.4-2.3 kg, a l t h o u g h  t h e y  can a t t a i n  a
m a x i m u m  size of 5.4 kg and 76 cm long. ??ecundity  is related  to l e n g t h ,
with usually 1 , 5 0 0 - 1 , 9 0 0  e~gs per f e m a l e .  Spawning  is in coastal
stream and rivers or in the intertidal  zone. Eggs develop  in gravel
durfmg  the winter and fry tnmerge  the followi~  spring.  Fry  emerging in
fresh-ter  @grate i m m e d i a t e l y  to sa l twater .  During  their first s u m m e r
at seas the fry remain close to shores feeding primriy on zooplaakton,
imseces, and epibenthic  cmstacea (Rogers  et al. 1980).  Pink  salmon  in
tkm Gulf of Alaska prd~r temperatures  of ‘7-15°C. Thus, t h e y  are pri-
marily  surface  dwellers, avoiding the thermocli.ne  (Stern et al. 1976).
Tbe wturiag fish grow rapidly in their  last spring  and swmr at s e a ,
feediag aztensively  cm euphusid~,  eopepods,  amphipods,  fish and squid.
(Host & &he +gmeceeding was m o d i f i e d  from Hart  1973).
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Distribution and Abundance. Experimental purse seine catches of
juvenile  Pink salmon  were low over the Continental Shelf  near Yakutat in
~pril-June,  but high July-October, therefore migration from estuaries
and coastal rivers probably begins in July (Stern et al. 1976) . Af ter
October,  they migrate offshore.

Spawning runs peak during August (Fig. 5), the adults returning to
spawn in several streams, rivers, and along some beaches in Yakutat  Bay.
Two spawning sites are of major importance, one located near the town of
Yakutat  and the other in the Situk River  to  the  southeast . Adult pink
salmon have been observed in a few other rivers$ but spawning sites have
not been verified (McLean and Delaney 1978).

Pink salmon  catches in the Yakutat District average only 0.1% of
t h e  c a t c h  in the  ent i re  s tate  (Table  7). In the Yakutat  area, pink
salmon ranked third in the number of salmon  landed, whereas they ranked
f i rs t  in  the  s tate  o f  Alaska .

Chum Salmon (Oncorhynchu8  keta)

General Biology. Chum salmon range from northern California
through the Aleutian Islands to the Arctic Ocean. Their maximum size at
maturity is 102 cm and 15 kg. Most return to spawn after 3-5 years at
sea , although the range is 2-7 years. This species tends to spawn later
than the other four species of  Pacific  salmon--one stock in Br i t i sh
Columbia spawns as late as April, In Asia, where  there  are both  fa l l
a n d  spring runs~ spring run females carry 2,000-3~000  eggs~  whi le  those
s p a w n i n g  in the fall  run carry 3,000-4,000 eggs. Spawning takes place
in coastal rivers and streams. In the spring, after fry have emerged
from gravel,  they migrate directly to sa l twater ,  genera l ly  between Apr i l
and July. Juveni les  consume zooplankton,  insects, and small epibenthic
crustacea  such as amphipods, where they occupy the coastal strip (Rogers
et  a l .  1980) . Chum salmon  can tolerate a tide range  o f  temperatures ,
and perhaps for this reason they are not closely tied to the surface
waters  as  are  p ink  and sockeye  salmon  (Neave  et al.  1976) (the preced-
ing, with noted exceptions, was derived from Hart 1973).

Distribution and Abundance. In the Yakutat Distr ic t ,  runs  o f
returning spawners peak in September (Fig. 6), although the migration
continues well  into October. Only two watersheds contain documented
spawning sites: the Italio River and East Alsek River drainages, al-
though chum have also been observed in the Situk,  Ahrnklin,  Akwe, and
Alsek  River d r a i n a g e s . Since the runs are quite sparse, the average
yearly catch (1959-1979) has been only 10,000 fish as opposed to
6 , 0 1 4 , 0 0 0  i n  Alaska  (Table  8). Chum salmon rank fourth in the number of
salmon caught in Yakutat and third in Alaska.

Near Yakutat,  juveniles occupy the coastal strip between July and
October (Stern et al. 1976) and are probably in the  estuar ies  somewhat
e a r l i e r .
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Sources: A t k i n s o n  et d. 1967; McLean and

Delaney  1978; and Stern e t  al. 197’6.
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Table 7 , The commercial catch (numbers x 1000) of pink
salmon in the Yakutat District,  southeastern
Alaska, and Alaska, 1959-1979.

Southeastern
Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

12
14
65
28
79
40

4
1

32
2

64
4

80
3

17
4

80
29
75
30

152

7,851
2,985

12,638
11,585
19,145
18,581
10,880
20,438

3,111
25,085

4,870
10,657

9,345
12,400

6,455
4,889
4,027
5,330

13,458
19,988
10,304

10,930
16,079
21,506
439864
34,276
45,291
20,347
40,051

6,559
44,727
25,767
31,147
23,528
15,920

9,802
9,859

12,984
24,751
28,098
52,668
48,518

f 40.8 11,701.1 28,333,7

—
Sources: Internat ional  North  Pac i f i c  F isher ies

Commission 1979; Alaska Department of Fish and Game,
preliminary data.
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Fig. 6. Spimriing  ‘sites of chum s a l m o n  in the Yakutat  a r e a
(dots)  . The inset graph shows  the  average  timing of
chum salmon  runs to the d istr i c t  with 9 5 %  c o n f i d e n c e
intervals  cm selected  dates  (detemined  from weekly
catch statistics~  1963-1972)-

Sources: iitkinson et al. 1967 ;  McLean  a n d
Delaney 1978; and S t e r n  et al. 1976.
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T a b l e  8 . The commercial catch (numbers x 1000) of chum
salmon in the Yakutat District j s o u t h e a s t e r n
Alaska, and Alaska, 1959-1979.

Southeastern
Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

37
12
12
18
11

6
4
3
4

14
15

7
5
8
9
4
4
8
8
6
7

1,291
1,019
2,559
1,996
1,479
1,936
1,474
3,273
1,810
2,644

561
2,446
1,946
2,942
1,832
1,683

687
1,031

632
597
786

4,086
6,625
5,631
7,149
4,464
7,271
3,364
6,456
3,654
6,082
2,953
7,500
7,679
7,065
6,020
4,730
4,322
5,925
7,177
6,368
5,757

? 10.1 1,731.2 6 ,013.9

Sources: I n t e r n a t i o n a l  N o r t h  P a c i f i c  F i s h e r i e s  ,
Commission 1979; Alaska Department of Fish and Game,
preliminary data.
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Coho Salmtm (i?WoI$2.Y%ch.48 k%ui$ch)

General Biology. This species  is distributed  along t h e  w e s t  coast
of North  America from  central  California to the Aleutian  Islands  and Nor-
ton Sound,  with a csnter  of a b u n d a n c e  between Oregon  and scwtheas&ern
Alaska. Coho range up to 98 c m  long and 14 kg in weight.  They .spam  in
the late fall in rivers and s t r e a m s . Fecundity  is related  to the size
of the female with 2t5CMl  eggs per female  55 cm long to 5$000  eggs per
female  70 cm long. Fry emerge  in the early spring  and r@ain in
freshwater  for about  1 y e a r . Foods  of juveniles that have r e a c h e d
s a l t w a t e r  include zooplmkton~  inseets$  small  epibenkhic  crustacea s u c h
as gammarid amphipods s other benthic  o r g a n i s m s ,  and fish (Rogers et al.
1980). After the coho migrate  o f f s h o r e ,  t h e y  f e e d  on squid,  amphipods,
and Sh~imPe The m a t u r i n g  salmon  f e e d  a n d  grow a great deal  on their
homeward migration. Their favored f o o d s  include herring  and P a c i f i c
sand  lance. (The p r e c e d i n g  section  is primarily derived from Hart
1973).

E x p e r i m e n t a l  Ionglining  and gillnetting  in the Gulf of Alaska h a s
r e v e a l e d  t h a t  coho salmon  most f requent ly  occur near the surface b e t w e e n
0-10 m and that they  do not m o v e  below  the thermocline  ( G o d f r e y  ec a l .
1975)*

Distribution  and ilbundame. The highest fXUE of juveni le  coho
salmon  in c o a s t a l  w a t e r s  off Yakutat  o c c u r s  during  July and Augusts
after which~  most apparently move offshore. A large proportion, how-
e v e r ,  m a y  reside  in coastal water  t h r o u g h o u t  their lives (Stern et al.
1976).

Spawning  runs to the Yaikutat  District  peak  between  late  August a n d
mid+eptember  (Fig. 7). Coho occupy nearly every stream in the _Yakutat
area~  and spawning  populat ions  have  been  observed  in many of these. A
large p o p u l a t i o n  spawns in the Situk/Ahrnklin  River  d r a i n a g e s .

Coho  are the second most  numerous salmon  in commercial catches off
Yakutat,  but they only rank  fourth in Alaska.  O v e r  5% of t h e  &otal
catch of coho in Alaska orginated  f r o m  t h e  Yakutat  D i s t r i c t  (Table  9).

Sockeye Salmon (tio@4nchu8  nerka)

General Biologye In North America ,  sockeye  salmon  a r e  d i s t r i b u t e d
from northern  Cal i fornia  to the Aleutian  Islands  and the  Canadian  Arc-
ti~e They usually mature after 2 - 3  y e a r s  at sea$ with a m a x i m u m  length
at maturity of 84 cm long. Spawning  occurs in rivers, streams, and on
beaches  of some lakes. Spawniq g r o u n d s  usually h a v e  access to lakes
where  the fry generally  reside for 1-2 years. The number  d eggs p e r
female  is related to size of the fish and ranges from 2 , 2 0 0 - 4 , 3 0 0 .  T h e
length of incubat ion  is t e m p e r a t u r e - d e p e n d e n t  and ranges  from 50-150
dsys, After hatching, the alevins remain  in gravel for 3 - 5  weeks.  Fry
usually  migrate into nursery lakes after emerging  from t h e  gravel.
MLgmtimw of smelts  out of lakes begin in the spring  w h e n  w a t e r
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Fig. 7. S p a w n i n g  sites of coho salmon  in the Yakutat area
(dots) . The inset  graph  shows the average timing
of coho salmon  runs to the  d is tr i c t  with  95% con-
fidence intervals on se lec ted  dates  (determined
from weekly  catch statistic~,  1963-1972) .

Sources: Atkinson et al. 1967; McLean and
Delaney  1978; and Stern et al. 1976.
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T a b l e  9 . The commercial catch (numbers x 1000)  of &oho
salmon in the Yakutat  Distr i c t ,  southeastern
Alaska ,  and Alas~? 1959-~9790

Southeastern

Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

139
121
130
190
146
170
125

67
120
122

60
39
41
56
43
79
38
52
83

130
95

1,024
721
889

1,223
1,275
1,588
1,548
1,227

866
1,543

596
759
914

1,509
836

1,278
427
824
708

1,573
1,102

1,433
1,404
1,314
2,039
2,022
2,558
1,998
1,921
1,489
2,751
1,133
1,527
1,448
1,831
i ,457
1,855
1,014
1,432
1,593
2,614
2,935

x 102.3 1,121.5 1,888.4

Sources: Internat ional  North  Pac i f i c  F isher ies
Commission 1979; Alaska Department of Fish and Game,
preliminary data.
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surface temperatures  are 4 - 7 * C . W h i l e  in the coasta l  s tr ip ,  the
juveniles consume  i n s e c t s , zooplanktons  mall epibenthic c r u s t a c e a n s ,
and small fish (the p r e c e d i n g  was m o d i f i e d  from  Hart  1973).

While in sa l twater ,  sockeye  stay in the upper 60 m between mid-lfay
a n d  early June. They  cont inue  ‘ to  be  in the upper 36 m in late June-
July and are mostly  s h a l l o w e r  than 10 m during the  summer. Sockeye sal-
mon migrate toward the surface at night and probably always remain above
the thermocline. During  the winter,  approximately 90% of the sockeye
c a p t u r e d  b y  test gillnets  were within  15 m of the surface (Stern et al .
1976). A c c o r d i n g  to G o d f r e y  et al. (1975), sockeye  tend  to  be in
s h a l l o w e r  water  than the o~her four species of salmon.

Distr ibut ion  and Abundance .  Juveni le  sockeye  are in the coastal
be l t  in July  and August ,  after which they migrate  o f f shore  (Stern  e t  a l .
1976).

M a t u r e  s o c k e y e  s p a w n  in several rivers in the Yakutat  area (Fig. 8).
More  sockeye  are caught commercially in the Yakueat  area than any other
s p e c i e s  of salmons  but  t h e  catch in ‘lakutat  is less t h a n  1% o f  t h e  total
catch of s o c k e y e  in Alaska  ( T a b l e  10). T h e  p e a k  o f  the run to Yakutat
occurs i n  early July.

C h i n o o k  Salmon (Omorhzjnclzus  tshalqytsehu)

General  B i o l o g ye This s p e c i e s  is d i s t r i b u t e d  from central C a l i -
f o r n i a  to t h e  A l e u t i a n  Islands  and north  to Norton Sound,  and p o s s i b l y
Kotzebue  Sound. The  largest  o f  “ the  Onc?orhync?hus species,  chinook  sa l -
mon,  mature  at a maximum of 147 cm and 59 kg. Spawning  r- occur
throughout the year. M a t u r a t i o n  is usually after the fourth  or f i f t h
y e a r  at sea and o n e  female  carries  an average of 4,800 eggs. T h e  f r y
g e n e r a l l y  m i g r a t e  to sea soon  after batchiag,  although  some reside  in
f r e s h w a t e r  for about  one year. Af ter  reaching sa l twater ,  the  juveni les
c o n s u m e  a v a r i e t y  of small  fish~ ~ooplankton~  and  small epibenthic  c r u s -
t a c e a n s  (from Hart  1973).

C h i n o o k  salmon  cmeupy the g r e a t e s t  v e r t i c a l  range  of all the
P a c i f i c  salmon. T h e y  were  f requent ly  captured  in herr ing  trawls off the
w e s t  coast of British  Columbia  and were common in water  20-110 m  d e e p
( T a y l o r  1969, cited i n  Major  et al. 1978). Chinook salmon  were captured
In these trawls  even during  the  s u m m e r  w h e n  all the o ther  spec ies  o f
salmon were in sur face  waters .

Distribution and Abundance. Like  coho  salmon,  a large p r o p o r t i o n
of ch inooks  may res ide  in the coastal belt o f  the  Northeast  Pac i f i c
( S t e r n  e t  al. 1976). The  highest  CPUE for juvenile chinook salmon is in
July-August~ after which,  most  apparent ly  move  o f f shore  (Stern  et al.
1976).

C h i n o o k  salmon  spawn in only two rivers near Yakutat: the Situk  and
the Alsek (Fig. 9 ) . Their spawning  migrat ion  is ear l ier  than the  o ther
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Atkinson  et al, 1967; McLean  and
and Stern et al. 1976.
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Table 10. The commercial catch (numbers x 1000) of
sockeye salmon in the Yakutat  District,
southeastern Alaska, and Alaska, 1959-1979.

Southeastern
Year Yakutat Alaska Alaska

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

77
48
83
81
53
92

123
185
88
81

118
112
129
131
128
83
73

130
184
128
166

891
588
744
772
678
924

1,085
1,054

972
831
812
668
623
917

1,011
687
245
595
995
692
996

8,077
17,834
16,081
9,297
6,215
9,966

29,770
15,073

8,576
8,130

11,417
27,634
14,180
6,590
4,490
4,869
7,455

11,783
12,049
17,787
28,789

5? 114.6 839.0 13,803.1

Sources: I n t e r n a t i o n a l  North Pac i f i c  F isher ies
Commission 1979; Alaska  Department of Fish and Game,
preliminary data.
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Pig. 9. Spaming  sites of c h i n o o k  salmon  in the Yakutat  a r e a
(dots)  . The inseti  graph s h o w s  khe a v e r a g e  timing of
c h i n o o k  salmon  runs to the d istr i c t .  with  95% con-
fidence intervals on selected dates ( d e t e r m i n e d
from weekly catch s t a t i s t i c s ,  1 9 6 3 - 1 9 7 2 ) .

sources: A t k i n s o n  et al. 1967; McLean  a n d
Delaney  1998; and Stern et al, 1 9 7 6 .
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s a l m o n  s p e c i e s} with the peak of the migrat ion  occurr ing  in  early J u n e
to mid-.llune. Annual catches have averaged only 4,200 fish. Chinook are
t h u s  the least a b u n d a n t  salmon  in the Yakutat Distr ic t  and a v e r a g e  l e s s
than 1% of the total  catch of c h i n o o k  salmon  in Alaska  (Table 11).

Demersal  Fish and S h e l l f i s h

In recent  years, there have  been a number of e x p l o r a t o r y  s t u d i e s  o n
distr ibut ion ,  abundance ,  and species  composition of  ground fish spec ies
in  the  Northeast .  Pacific Ocean and the GuM of Alaska. Hitz and Rathjen
(1965)  conducted a survey  during the summer and fall of 1961 and the
spring of  1962 in the northeastern  GuM of Alaska f rom Dixon Entrance  t o
t h e  Kenai  Peninsula  (Fis. 10). They  trawled  617 stations to obtain an
accurate account of  the bottom topography to determine the extent of
trawlable  ground  and the  abundanse  and species  c o m p o s i t i o n  of demersal
f i s h  and s h e l l f i s h . A summary showing the ranking of species and
s p e c i e s  groups  by depth (0-250 fm) is presented in Table 12.

Ronholt et al. (1978)  reported  on  cru ises  that  took  place d u r i n g
June-August 1962,  September-November 1962, and April-October 1973-1976
f r o m  C a p e  S p e n c e r  t o  Unimak Pass (Fig. 10). Alverson (1968)  evalmted
avai lab le  in format ion  on  explo i ted  and unexploited fish and shellf ish
r e s o u r c e s  of the Northeast Pacific to docwnenE  general  d is tr ibut ion  and
stock magnitude. Maturgo  (1972]  compiled  a report  f o r  t h e  S h e l l  Oil
C o m p a n y  with figures on catch statistics gathered from about 2,500 ex-
ploratory drags by the National  Marine Fisheries Service (NMFS)  f rom
1 9 5 0 - 1 9 6 8  in the Gulf of Alaska.

Most catch stat is t i cs  ( fore ign  and domest ic ,  where  domest i c  in -
cludes both Un%ted States and Canadian catches) originate from the
Internat ional  North  Pac i f i c  F isher ies  Commiss ion  (INPFC).  The INPFC’S
N o r t h  P a c i f i c  region contains  eleven areal d iv is ions ,  and  these are
p r e s e n t e d  in Fig. 11. One  o f  these  is the Yakutat area, and it e x t e n d s
f r o m  147°W l o n g i t u d e  to 137°W l o n g i t u d e .  O t h e r  c a t c h  s t a t i s t i c s  come
from the Bureau of Land Management’s (M&l) Yakutat  Management area (Cape
S u c k l i n g  to Cape Fairweather)  or the  var ious  regulatory  areas ,  reg ions ,
and s tat is t i ca l  areas  (see Fig . 12) of  the International Pacific Halibut
Commission (IPHC).

Pacific C o d  (Gadus  macrocephahs)

General Biology.  Along the shores of  western North America,
Pacific cod occur from Santa Fionica, California,  through Alaska to the
Bering  S e a  (Hart 1973). The northern limit is reported as St. Lawrence
Island  (630N)  in the  Bering S e a  (Ketchen  1961). P a c i f i c  cod u n d e r g o
seasonal  vertical migrationaie  descending  to depths of 300 fm in w i n t e r
and e n t e r i n g  s h a l l o w e r  water  in esrly ~~r. The extent of  these mi-
grations is in f luenced  by  seasonal t e m p e r a t u r e  cycles (Ketchen 1961).

—
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Table 11. The commercial catch (numbers x 1000) of
c h i n o o k  salmon in the Yakutat Districts
southeastern Alaska, and Alaeka,  1959-1979 .

Southeastern

Y e a r YakutqC Ala8ti Alaska

1959
1960
1961
1962
1963
1964
1965
X966
1967
1968
1969
1970
1971
1972
3973
1974
1975
1976
1977
1978
1979

1

:
3
1
2
1
2
2
4
5

10
10
6
4
8
6
6
2
3
4

365
3 Ml
230
ylffl
258
357
287
308
301
332
314
322
334
287
344
347
301
242
310
389
374

607
547
504
461
501
639
5$1
540
611
611
639
646
662
553
551
556
455
533
646
794
824

325.9 623.0
x 4.2

Sources: Internatioml  North P a c i f i c  F i s h e r i e s
Commission 1979; Alasks  Department of Fish and Game,
preliminary data.

42



II I I 1 I I I ! I I I i I II I I I 1

5s

..”. .
.“. .

Fig. 10. Trawl surveys in the Gulf of  Alaska:
A- Dixon Entrance to the Kenai Peninsula (Hitz and Rathjen 1965);
B - Cape Spencer to Unimak Pass;

- Yakutat r e g i o n ;
;1~- F a i r w e a t h e r  r e g i o n  (Ronholt  et.  al .  1978).
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Table 12. R a n k i n g  of individual species or species groups by catch-per-unit-effort and depth for the
N o r t h e a s t  P a c i f i c .  Figures in p a r e n t h e s e s  a r e  pounds  caught per hour t r a w l e d .

Oepth (h)

1-50 51-100 101-150 151-200 201-250 All de,pths

PMIHC  COD (296) ARRWTOOTH  FLOUNDER (366) ARROWTOOTH FI.4NINOER  (355) Ikmrt urchin  (1,179) Oover sole (499)

STARRY  m.oumosu  (125)

Starfiab (81)

HAMBUf (61)

nmfGRWEss  CRA8 (38)

EagMsh sole (37)

Flatheed  Sole (25)

SA5LSFMN (:3)

Skete (M)

SCALLO?  [ko)

Rex sole (10)

WALLETS FimocK  ( 10)

ROek sole (9)

WALLE3$ M.340cK (849

Starfish  (78)

PACIFIC  COO (74)

P.O. P. (58)

Meart  urchins (539

MAs.nm (M)

skate (31]

SA%L2F1W  (24)

NMzHsss  CRAs (15)

Misc. invertebrate {12)

Rex sole (11 )

Mgflsh (9)

Were  urchiw (252) AxWWTOOTM FLOUNDKR (386) SABLS3’ISH  (628)

P.O.P.  [204)

mmER  CRAS (106)

WALLEYE POLLOCK (91)

Flathead tsole (7$)

f@rZetiWWe  (55)

Starfish (49)

sABLEFIsEi  (42)

Skate (36)

Oover sole (35)

Rex sole (31)

Misc. in~ertebrate (18)

S&IBUf (18]

PACIFIC COD (12)

P.O. F. (m)

Oower sdola (135]

Flathead sole ( 72)

Rex sole (59)

WALIBU2 ($3)

WALLETS POLLOCK  (30)

Sabaei@zobue (23)

SABLEHSM  (19)

Skate (18)

Starfish (9)

TANNER CRAB (5)

Other fish r+p. (5)

Shrimp (2)

other fish Sp. (3.61)

Ro@Wye (336) “

ARRWTWTH FLOU!+lOER (218)

Seart urchins (148)

Starfish (132)

Se&zetoZobua (74)

ikX SOb? {24)

Sklte (20)

Misc. invertebrate (19)

HALIBUT (8)

TAwNER CRAB (8)

Other rockfiah (1)

PACIFIC  COD (0. 3)

ARROMTOOTH FLOUNOk31 (330)

Heart urchins ( 1~1 )

P.O.P. (101)

Flathead sole (82)

PACIFIC  COD (76)

TANNER CRA8 {75)

WLLEYE FOLLOCK (72)

Starfiah (67)

SABLEFRN+ 439]

Oover sole (3S)

SALIBUT  (32)

Skate (29)

WTTER SOLE (26)

Selxr49Wdn.k9 (22*

Rex sole (20)

12#gfish  (9) Oover sole (7) Rw@aye (9) Misc. inwrtebrat@  (1) Oogflah (0) STARRY  FLMNOER (16)

source:  Hit* and Rmhjen (1965)
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rig. 12. The northeastern Gulf of  Alaska showing a section of the Inter-
national Pacific Halibut Commission’s regulatory area 3A (Cape
SDencer -  dot ted  l ine  - to Kupreanof  Point ) ,  the  Yakutat  r e g i o n ,

a;d s tat is t i ca l  areas  19  and 20 .

Source: Mayer  et al. 1977.
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S p a w n i n g  of Pacific cod occurs in winter.  Eggs are thought to be
demersal  ( T h o m s o n  1963; Forrester  1964)  and range in d i a m e t e r  from .98-
1.08mm (% = 1.02 mm). Fecundity  ranges  from  1.5-3.0 million eggs for
females 60-90 cm long (Thomson 1962). The size of  f ish at first m a t u r i t y
varies with area. In western Kamchatka,  50% of female Pacific cod were
mature  at about  70 c m  (Moiseev  1953,  cited in H a r t  1973)  while  c o d  in
Bri t ish  Columbia  were mature  at 55 cm for females and 50 cm for males
(Thomson 1962). A g e  of first maturi ty  is 2 or 3 years for both sexes
(Ketchen  1961).

Hatching of eggs occurs in 1-4  weeks depending on water tempera-
ture : 8 days at ll°C, 17  days  at 5°C, and 28 days at 2°C,and n e w l y
h a t c h e d  larvae range  from  3 .5 -4 .0  mm (Forrester  and Alderdice  1 9 6 6 ;
Forrester 1964). Larval illustrations  are given by Gorbunova  ( 1 9 5 4 ) .  A t
o n e  year, young  cod  f rom Bri t ish  Comunbia are 23-26 cm and at two  years
are 44-49 cm (Hart 1973).

P a c i f i c  cod t e n d  t o  eat small epibenthic crustacea  a n d  zooplankton
when they  are  small (Rogers  et al. 1979), but as they  grow,  they  re ly
less upon these organisms and more upon shrimp  and fish. Several au-
thors have named shrimp as the most important (and  fish second) food
item f o r  P a c i f i c  cod ( H u n t e r  1979;  Feder  1977;  Forrester  1969;  H a r t
1 9 4 9 ;  Karp  and Miller 1977).

History of the Fishery. Unlike most demersal  spec ies ,  there  has
been a sizeable domestic fishery for cod for many years, the United
S t a t e s  f i s h e r y  b e g i n n i n g  In the Okhotsk  Sea in 1857. Until the t u r n  o f
the century most fishing was in Asia and in the Bering Sea, but in 1907
processing stations were established in the Shumagin Islands and areas
south of the Aleutian chain became more important. Cod line vessels
were  used  during  the early days of the f i shery ,  but  were  d iscont inued  in
t h e  early 1950~s. Cod landings peaked during World  War I at about
2 0 , 0 0 0  m.t. and in the 1960’s have averaged about 10% of  that (Table 13).

The Japanese catch most of their cod in the Bering Sea. In the
Gulf of  Alaska cod are taken in their stern trawl f i shery ,  but  between
1969  and  1971 less than 1% of this catch was Pacific cod.  T h e  J a p a n e s e
s t e r n  trawl f i shery  has  ex is ted  in the Gulf  since 1963, buts  except  f or
one  year ,  the  Yakutat area  has  contr ibuted  very  little to this catch.
Xt has ranged  f rom O to 7.2X, except  for  1968 w h e n  it was  30.5%
(Forrester  et, al. 1 9 7 8 ) .

Distribution and Abundance

Adults. Pacific cod are relatively abundant and widely dis-
t r i b u t e d  in the Gulf o f  A laska . In a  t r a w l  s u r v e y ,  Alverson (1968)  re-
ported that f or  the  Northeast  Pac i f i c , cod  ranked  fourth by f requency  o f
occurrence  and fifth by abundance. Hitz and Ratihjen  (1965)  r e p o r t e d
that b y  c a t c h - p e r - u n i t - e f f o r t  (CPUE by weight ) ,  cod  were  the fourth m o s t
important f ish species over all depths (1-250 fm) and thst they were t h e
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United

Year States Canada $a~an

1956
1957
19’58
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

4,426
5,364
5,738
6,(333
2,474
1,390
1,439
2,887
2,907
4,597
4,578
3,986
2,681
1,730
1,263

2,338
3,858
4,562
4,167
3,126
2,063
2,693
4,047
7,050

11,098
12,160
6,601
6,731
4,394
2,915

--

--
--
180
193
584

1,358
2,156
1,059
1,345
1,774

S o u r c e :  Forrester  et a l .  1 9 7 8 .



most important  s p e c i e s  at depths  of  1-50 fm (Table 12). ‘ F u r t h e r m o r e$

Alverson et al. (1964) n o t e d  t h a t  c o d  occur in shallower waters t h a n
walleye  pollock. Ronholt  et. al. ( 1 9 7 8 )  r e p o r t e d  that cod  were  more
abundant  in waters  ‘to the north and west of  Yakut.at than in w a t e r s  o f f
Yakutat. For  example, during the survey  expeciitiom of A p r i l - O c t o b e r ,
1 9 7 3 - 1 9 7 6 ,  Pacific cod in the Fairweather  reg ion  (Yakutat  Bay to C a p e
S p e n c e r )  c o n t r i b u t e d  only 1.1% to the total catch in the entire s t u d y
area .

Larvae  and llg~s. Pacific cod are reputed to spawn at depths
o f  100-250  m in the Bering Sea (Musienko  1970). In the Yakutat  area, w e
c a n  expect  to find larvae d i s t r i b u t e d  o v e r  the Bhelf. Larvae have been
r e p o r t e d  f r o m  t h e  p l a n k t o n  in June and July in the Bering Sea (8.8-
11.6 mm) (Musienko  1963),  May and  July in Cook Inlet (5.3-9.0 mm), A p r i l
a n d  M a y  in Kodiak  bays (Rogers et. al. 1979), and March-Apr i l ,  June-July
o n  t h e  Kodiak  Shelf ( K e n d a l l  e t  d. 1980). In every case, catches of
c o d  larvae were  low re lat ive  to  other larval fish tam f o u n d  a t  t h e s e
times. In most cases, walleye pollock was the dominant gadid  larvae
c o l l e c t e d .

Spawning occurs in winter and eggs are demersal,  hence not accessi-
ble to plankton tows. We expect  to find larvae in A p r i l - M a y  and J u l y -
A u g u s t  in the Yakutat.  area.

W a l l e y e  Pollock  (Theragra c?halcogrma)

General  Biologye Walleye pollock range  f r o m  c e n t r a l  C a l i f o r n i a
through the Bering Sea (Hart 1973). In Alaskan waters,  some of the
largest  c o n c e n t r a t i o n s  o f  pollock are in the  n o r t h e a s t e r n  shelf of t h e
B e r i n g  Sea (Serobaba  1968)  and in the western Gulf of Alaska ( H u g h e s  a n d
Hirschhorn  1978). Walleye  pollock  are found from the sur face  to  be low
200 fm (366 m) although most catches are primarily between 50 and 300m.
It is poss ib le  that  pollock are bathypelagic  at d e p t h s  g r e a t e r  t h a n
2 0 0 m  (Hart  1973).

W a l l e y e  pollock are late winter to spring spawners  throughout  the ir
range. In British Columbia, larval pollock  (4-22 mm) occur during April
and Play and in the western Gulf of Alaska ~ over  85% o f  adult pollock e x -
amined  had spawned prior to their collect$ori in May, implying Chat spawn-
ing occurred in March and April. Ripe males and females were obtained
as la te  as August  but w e r e  less t h a n  0.1%  of t h e  f i s h  s a m p l e d  ( H u g h e s
and Hirschhorn  1978). S p a w n i n g  in the Bering Sea begins  in late Febru-
ary with fish in the  southeastern  Bering Sea spawning  first. Host  spawn-
ing occurs from late March to mid-June with the highest spawning rate in
May (Serobaba 1968).

Sexual maturity is reached at age 3 for both sexes, although a
small percentage of  2-year-old  males  were in a s p a w n i n g  c o n d i t i o n  n e a r
Kodiak. Lengths of f irst-mature fish from the Gulf of Alaska were  29 -32
cm for males  and 30-35 cm for females  (Hughes  and Hirschhorn  1978).
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Table 14. Annual Japanese catches (m.t.) of walleye pollock
in the Yakutat  region and the Northeast Pacific,
1963-1970.

Northeas i
Year Yakutatl P a c i f i c

1963
1964
1965
1966
1967
1968
1969
1970

--

3
--

63
805

3,107
1,878

292

1,141
1,126
2,746
9,117
6,526
6,345

17,993
9,701

1
2Cape  Suckling to Cape Spencer.

Shumagin to Columbia regions.

Source :  Forrester  e t  a l .  1978 .

—

—
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similar study Rcmholt  et al. {1978) reported  that during A p r i l - O c t o b e r ,
1 9 7 3 - 1 9 7 6 ,  polled ranked highest in relative apparent  abundance  o f  a n y
species captured. Ritz and Rathjen  (1965)  reported  t h a t  POIMNAC oc-
curred over a wide  depth  range~  but  were  most  ab.mian~  in cztches  f r o m
be@een 51 and 200 f a t h o m s  (Table 12). In the Rdlolt et ale (1978)
stmdy~ c a t c h e s  In the Fairweather  area w e r e  low during  all eruiaes and
comprised  o n l y  0 . 2 %  o f  the total catch duriq the latter eqaise (April-
Occober,  1973-1976).

Larvae and Eggs. W a l l e y e  polloclc  larvae and eggs are  important
c o m p o n e n t s  of the ichthyoplankton  during  early spring  (Apr$l-May)  in
various parts  of Alaska including  areas in t h e  s o u t h e a s t e r n  Bering S e a ,
Kodiak  shel~~  and C o o k  Inlet. Eggs occur in the sur face  waters  and are
dist@buted  throughout  the water c o l u m n .  Larvae  are  caught m o r e  f r e -
quent ly  and in higher abundances  in subsurface waters than at the sur-
f a c e . During April  and May larvae range f r o m  h a t c h  s i z e  (3.5 m )  to 13
m m ,  a n d  b y  summer, larvae a r e  16-38 m (Table 15) .  We expect tO f i n d
pollock  eggs d i s t r i b u t e d  t h r o u g h o u t  the Yakutat study area during  A p r i l
a n d  May. In July, eggs  may occur, bat in lesser a b u n d a n c e  than  d u r i n g .’
spring samplinga L a r v a e  are If.kely to be found during spring  and s u m m e r
and d i s t r i b u t e d  o v e r  the shelf area. Pollock o v e r  38 mm are not likely
to b e  caught by plankton  nets, bua m a y  be caught  in other gears. These
juvenile  pollock  may occur during  O c t o b e r .

Pacific  Ocean Perch (Sebastes  alutus)

General Biology. Paeifie  ocean  perch occur mainly  o f f shore  f rom
s o u t h e r n  California  to the Bering Sea . In the G u l f  o f  A l a s k a ,  P a c i f i c
ocean perch  are at depths  ranging  from 50-450 m  b u t  usually a r e  f o u n d
near 1 8 0  m (Major  and Shfppe~  1970). A well defined oxygen deficient
layer  may prevent  movement  into deeper water (Lyubhnova  1965).  Distri-
but ion  may a lso  be  affected by food  avai lab i l i ty ,  s tate  o f  matur i ty ,  and
e c o l o g i c a l  f a c t o r s  (Major  and Shippen 1970)0

Roc4cfish  mate before ovulation and sperm are stored in the ovary .
Fertil ized eggs are retained by the female (ovoviviparous)  and larvae
a r e  e x t r u d e d  o n e  to two months  later (DeLacy  et al. 1964). D e s c r i p t i o n s
of intraovarian  larvae  of s o m e  rockfish  spec ies ,  including  Pacific o c e a n
perch are given in Efremenko  and  Liaovenko ( 1 9 7 2 ) .  F e m a l e s  contain b e -
t w e e n  2tO00-69,000  eggs in the Gulf of Alaska  (Lisovenko  1 9 6 5 )  a n d
3 1 , 0 0 0 - 3 0 5 , 0 0 0  eggs off  Oregon  (Westrheim  195$). Lyubimova  (1965) r e -
p o r t e d  1 0 , 0 0 0 - 2 7 0 , 0 0 0  larvae may be released and larvae  are e x t r u d e d  at
a s i z e  o f  5--$ m m  (Parak.etsov  1963; Lisovenko  1964; Westrheim 1975).  S e p -
a r a t i o n  0% rockflsh larvae  by s p e c i e s  is difficult  from p l a n k t o n  samples
and larvae  will only b e  i d e n t i f i e d  as S@baste8 ispp.

h the Gulf  of Alaska, larvae w e r e  in upper  layers over 2 0 0 - 2 5 0  m
depths  (Lisovenko 1964). h the Bering S e a ,  r e l e a s e  of larvae w a s  docu-
s~n%ed at 390-4Qo m ~ept~s  and larvae a=ended  tO ~5Q m  off the bottom
(Moiseev  and Paraketsov  1961). Juvenile  P a c i f i c  o c e a n  perch  remain
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Table 15. Distribution and abundance of  walleye pollock eggs and larvae in the Northeast Pacific
Ocean and Bering Sea.

Station Larval
Stage Location Tiute Gear depths, ❑ lengths, mm Abundance Reference

Larvae Bering Sea Apr+ltiy  1977 Accounted for 84% of
larvae caught in boogQ
tows; 34-108 larvae per
haul or 194-695par 10r#.
Accounted for 6% of larvae
caught in newton net.

Naldron and
Vinter 1978

bongo 1
neuston2

100-2000 3.1-11.8

Eggs Bering Sea Apr-klny  1977 bongol 1OO-2OOO
neuston2

Accounted for 98% of qMJE
caught in the bongo;
32-i5b er haul or 1?2-910

!per 10M . Comprieed 97%
of all @g$a in the nelsstosl
hauls; 15-162

r
r bau.1 or

.6-6.7 per 10M .

larvae

Larvae

Eggs

Larvae

Earing Sea

Bering Sea

8ering Sea

Bering Sea

Ma9-Jun  1971 bongo

C’p~3

C!PN

CPN

5.Ii-8.O

16, 27

135-36004 5-13
21-38(fry)

77-37014

3.5-5.2

Accounted for 1. 5~ of E21
larvae.

Duon and
Naplin 1973

i%ehkina 1970

tl

Jun-Jul  1962

.hItt-JU~  1962

Ooly 2 larvae tnbn.

only 16 st~e I and 11
eggs.

Jun-$ep 1958
Her 1959

Naxifaum concentrate ion
occurred in Mar and uaa 60
larvae per m2.

Bueienko 1963

Neaa spawning in March,
tb9ximum concentration tras
598 eggs per m2.

Eggs 8ering Sea Jun-Sep 1958
Her 1959

(TN

Kodiak Shelf Apr+ley  1972 bongo Comprised 62% of all
larvae; mean catch uae 192
per 10n2; range vas
0-12,118 larvae per 10m2.

Ounn and
liaplin 1974

larvae

mgga Kodiak Shelf Apr+iay  1972 bongo Accounted for 972 of all
eggs; =ean catch uaa 1792
per 10M2; range uaa
0-104,645 eggs per 10M2.



Table 15. D i s t r i b u t i o n  and abundance  o f  wal leye  pollock eggs and larvae in the Northeast  Pac i f i c
Ocean and Bering Sea - continued.

.——.—
station Larval

Stage Location Time Gear depths, III lengths, mm Abundance Referenc&

Lanwe Kodiak Shelf Nov  1977
Mar-Apr 197%
Jun-Jul 197E
Ott-Nov 1978
Feb-Nar 1979

Eggs Rediak Shelf NW 1977
Wr-Apr 1978
Jun-Jul 1978
OCC-U09 1978
Feb-Nar 1979

Larvae Kodiak 8ilyS Ner-Au$j 1978
NOV 1978
Nar 1979

Lm
*

Eggs Kodiak  Bays Nar-ibg 1978 bongo
kV 1978 neuston
Nar 1979

bongo 40-1000 Second  ocwt abundant Kendall et
larvae  during M%r-Apr. al. 1980

bongo 40-1000 Neat abundant egg species
neua ton in each gear type during

t4er-Aps.

Larvae Cook Inlet Apr-Ney 1976
JU1-AUg  1976
Ott 1976
Feb 1976

**

bongo 39-171 In the b@gQ - eleventh Rogers et al.
neuaton tmst abundant larvae over 1979;

all craisea and statione; Garrison amd
average catch per bay waa Rogers S980
0-102 larvae per 1000a#.
Ranked 28th &m neuaton
catches over all cruises
and Wationa.

Second !eost abundant egg
from bongo twuls over all
cruises and atat9.ens; mean
catch par bay ranged froa
0-8!3 per 10(Kh#.  Ranked
third over all crqlsea and
stations in neuaton  hauls;
mean catch per bay ra~ed
from O-S03  per kOOOa?.

b o o
?!

35-210 3.6-9.4 Host abundant Iaruae in Ea@tsh 1977,
NIO 6-13 Apr czuise; 32,083 1978

larvae  caught over 13
statfwns.

lBongo net, 60 cm diameter, 505u mesh.
2Sameoto neuaton sampler, .3111 x .5B, 50511 mesh.
3Conical plankton net, No. 160 s=ah.
4DePth~  of ~tationa  Where larvae  occurred.
5Non~Io~ing  p~nktOn net, Im, 571u me!?h.

1 & I 1 1 I I I I
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pelagic for 1-3 years before descending to a near bottom habitat (LYubi-
mova 1964; Carlson and Haight 1976). Juveniles make nocturnal vertical
migrations to feed on planktonic  crustaceans and the major food item of
adul ts  are  euphausiids  (Somerton 1 9 7 8 ) .

History of the Fishery. United  States fishermen began to commer-
cially  exploit  Pacific  ocean perch in 1946 off  the Oregon coast. Pr ior
to 1946, other rockfish  species were commercially fished in California
and eventually the fishery moved northward. The Oregon-Washington areas
became important fishing grounds and from 1961 to 1970, the bulk of the
catch was from the Charlotte to Columbia areas. The  f i sh ing  e f for t  by
United States f ishermen for demersal  species in the Northeast Gulf of
Alaska has been low but there are plans to develop a groundfish fishery
at Yakutat  and four other Alaskan communities (Terry et al .  1980).

The  bulk of the fishing has been carried out by foreign trawlers
(Japanese,  Soviets,  South Koreans, Poles) and competition between them
and domestic fishermen has been low in the Gulf of Alaska. By f a r ,  t h e
Soviets and Japanese have carried on most of the fishing here. The
Soviet f ishery for Pacific  ocean perch began in the Bering Sea in 1960
and briefly centered on the Gulf of  Alaska before moving southward.
Catches of  over 225,000 m.t. were reported for the Gulf in 1964 and 1965
( F o r r e s t e r  et a l .  1978) . The Japanese, though, have largely concentrat-
ed on the eastern Gulf area. From 1966 to 1968, Yakutat (INPFC area)
yielded the second highest catch of  Pacific  ocean perch (21% of all
areas  in the northeast Pacific region) in the  Japanese  s tern  trawl  f i sh-
ery . The Japanese catch of Pacific ocean perch at Yakutat  from 1965-
1974 is given in Table 16.

Distribution and Abundance

Adults . In the Gulf of Alaska, feed ing  schoo ls  o f  Pac i f i c
ocean perch occur in the Unimak, Shumagin,  Kodiak and Yakutat  regions
during spring and summer (Lyubimova  1965). Both Pacific ocean perch and
f lat f i sh  const i tute  a  major  port ion  o f  the  s tanding  s tock  o f  demersal
f i sh  in  the  Gul f . By  1972, catchable stocks of Pacific ocean perch were
reduced to about 39% of their original levels in North America (Quast
1972). Even so,  Pacific ocean perch are quite abundant. Alverson  (1968)
reported that Pacific ocean perch ranked second by abundance and sixth
by frequency of occurrence . Hitz and Rathjen (1965)  r e p o r t e d  t h a t  (by
CPUE) Pacific ocean perch were second in importance behind arrowtooth
flounder and they became more important with depth (Table 12). Pacific
ocean perch  is abundant  in the vicinity of Yakutat. Ronholt  e t  al.
(1978) reported that from 1973-1976, 17.6% of the total estimated Pacif-
ic ocean perch biomass (Cape Spencer to Unimak  Pass, excluding the
Shumagin r e g i o n ) , o c c u r r e d  in the Yakutat and Fairweather  areas . Pacif-
ic ocean perch seems to occur in large concentrat ions  around submarine
canyons  (Reeves  1972)  such as off Dry Bay (Hitz and Rathjen 1965). C o m -
parisons of CPUE by decade (1962-1976) in both the Yakutat and Fair-
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Table 16. Annual  c a t c h  (m.t.) o f  P a c i f i c  ocean  p e r c h  in the
Yakutat  reg ion ,  the  Fairweather  area ,  and  total
catch for the N o r t h e a s t  P a c i f i c .

Year Yakutatl Fairweather2 To ta 1

1965 33 . - 4 2 , 4 7 6 ;
1966 422 - - 6 8 , 7 0 2 3

1967 13,615 - - 7 3 , 2 6 63

1968 30,890 - - 7 3 , 4 2 93

1969 18,395 - - 6 6 , 3 3 03

1970 10,398 -... 51,785

1971 13,545 4,623 31,579:
1972 14,943 5,650 3 0 , 4 8 84

1973 16,100 5,710 3 5 , 4 8 84

1974 10,901 4,826 24,683

1
Ca e Suckling to Cape Spencer.2P

3Yakutat Bay to Cape Spencer.
Shumagin,  Chirikof, Kodiak, Yakutat, and southeastern

to Co ception  a r e a s .
t

Cape Spencer to Unimak Pass.

Sources: Forrester  et a l .  1 9 7 8 ;  Ronholt  e t  a l .  1 9 7 8 .
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w e a t h e r  r e g i o n s  by Ronholt  et al. (1978) seem to indicate a moderate
decrease in Pacific  ocean perch abundance. The largest decreases were
in the  upper  slope  area.

Larvae. Plankton studies from Alaskan waters  report the dis-
tribution arid a b u n d a n c e  of rockfish larvae as Sebastes  spp. due to the
difficulty of separating species which may co-occur in p lankton  samples .
Sebastes spp. have  been  reported from the majority of  spring, summerP
and fall  cruises in Alaskan waters  and s igni f i cant  concentrat ions  o f
larvae have been reported from the Yakutat  region during April and May
(Lisovenko  1964) .

Larvae may be distributed over the shelf, but more dense concen-
trations have been reported for areas over the slope (Lisovenko  1964 ;
K e n d a l l  e t  al. 1980). They are also reported from bays in Kodiak Island
( R o g e r s  e t  al. 1979). Rockfish  larvae have been caught in surface and
subsurface tows and in greater abundance in tows during the night
( K e n d a l l  et al. 1980). Rockfish  up to lengths of 30 mm seem to be sus-
ceptible to capture in plankton nets (Table 17).

In the Yakutat  s tudy  area, we  expect  to catch rockfish l a r v a e  i n
all  seasons with relatively higher catches  dur ing  spr ing . Larvae may be
distributed over the shelf  area and possibly at higher densities near
the shelf  edge.

Sablefish  (Anoplopoma fimbria)

General Biology. Sablefish  (or black cod) exist along t h e  N o r t h
American coast  in the offshore waters from Cedrus  Island, Baja Califor-
nia to Alaska and in the Bering Sea.

Sablefish  spawn primarily from autumn through winter. From Van-
couver Island to Oregon, spawning occurred from September to the end of
February, and in the Bering  Sea spawning peaked in fall  and ended in
ear ly  spr ing . However, some spawning continued into summer.

On the Pacific coast of North  America , 50% of sablefish  caught were
sexually mature at ages 5-7 years and 60-70 cm in length. In the Bering
Sea, 50% were sexually ~ture  at 5-6 years and 60-62 cm in length
(KOdolov  1968)0 Fecundity  is high and increases with age for Bering Sea
sablefish: 725 cm length  - 438,000 eggs;  740 cm length -  468,000 eggs;
and 825 cm length - 5 0 3 , 0 0 0  eggs (Kodolov  1968).

It is thought that sablefish  spawn at considerable depth and probab-
ly beyond the  cont inenta l  s lope .  Eggs  are  pelagic,  smooth, have a nar-
row perivitelline  s p a c e , and range from 2.056-2.097 mm in diameter
(Thompson 1941). Larvae have been il lustrated by Kobayashi  (1957) and
post-larvae (21-35 mm) are described by Brock (1940).

—-
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Table 17. Distribution and abundance of  Sebastes  spp. larvae in the Northeast Pacific Ocean and
Bering Sea.

Station Larval
Location Time Gear depths, m length, mmI .Abundance Jbakm3nne

Bering Sea

Bei’iw  Sea

Bering  Sea

Bering Saa

KodiaR Shelf

Kodiak Shelf

Kodiak 2WYS

Cook Inlet

Apr=+lay 1977

Flay-3un 1971

Sun-Jul  1962

Jun-Sep 1958
Nar 1959

APr-MaY 1972

Ott-t?ov 1977
?lar-Apr  1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Mar 1979

Mar-Awg 1978
Nov 1978
Mar 1979

Apr-May  1976
Jul 1976
Aug 1976
Ott 1976

bongn 1
neuston2

bongo

CIW3

CPN

bongo

bongo
neuston

bongo
neuston

bon o
NI&

100-1000

58-3600

40-1000

31-171

35-210

5.0-8.3

3.6-8.0

8.2-14.6

5.3-19.4

3.0-1 $.0

Fourth in abundance in bongo
haula, comprising 3.7% of larvae
causht. Accounted for .7X of
all larva=  from neuaton  tows.

Accounted for 51% of larvae
caught .

Total of 13 larvae caught.

Caught in surface tom during
July and August.

Represented leas than .1% of
all larvae caught.

Occurred in bongo during summer
and fall, second most abundant
larvae durfmg summer. ,Fresemt
in sunmer, fall, wd Wimter ‘in
neuaton catches.

Occurred June-Au&sst in
relatively lcw abundances.
Ranked 13th in bongo catches
and 20th in neuaton catches
overall etationa and crufaee.

Larvae caught daring 811
cruises. Total numbers caught
per cruise ranged from 3-57.

Waldron and
Vinter S978

Dunn ana
IWxpl.in 11973

Kashkina 1970

Nuelenko 1963

Dunn anti
Naplin 1976

Kendall et
al. 1980

Rogers et al.
1979; Garrison
and Rogers  1980.
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Table 17. Distribution and abundance of  Sebastes  spp. larvae in the Northeast Pacific Ocean and
Bering Sea -  continued.

Station Larval
Location Tie Gear depths, rn length, ~ Abundance Reference

Gulf of Alaaka Sep-Ott 1975

Gulf  Of Alaska APr-Jul 1963

Gulf of A2aska Suimaer 1957
Summer-Fall
1958

Northeast
Pacific

Nay-Sep 1956
Nar-Sep  1957
Mar-Aug  1958
Mar-Jul  1959

Northeast Ott-Nov 1971
P8cific

90-3000

bongo 4-16 Moat abundant larvae caught, 93
NIO specimens.

CPN Mgheat concentration: ~
Yakutat - 100-200 pe~ m ;
Kodiak - 40-50 per m ;2
Shumagin - 20-30 per m ;
Unimak - 10-15 per m2. -

IKMT5 Reports atchea of peat larvae
and juveniles. Data not
quant if Iable.

NM Most frequently occurring
larvae during 1956-1959.

bongo 10.6-30.6 Represented 2.3% of all larvae
caught.

English 1976

Liaovenko
1964

Arm 1959

U43rasauer
1970

Maplici  et al.
1973

lfmngo net, 60 cm diameter, 505LI  -Sh.
2Sa=oto neu~ton sampler,  .3m x .5m, 505P -h.
3Conical  plankton net, No. 140 mesh.
4Noncloning  plankton net, lm, 571u mesh.
51saacs-Kidd  midwater  trawl, 3’ and 6’.
6~orPac  net.
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Larvae  and young  in early stages led a pelagic life atid remain  in
u p p e r  layers  at sur face  temperatures  of 9=-16°C. Brock (1940) o b s e r v e d
larvae 21-35  mm long in surface waters  100-180 miles  from  the Oregon
coast during  Ray. In summer  large numbers of young sablefish  r e m a i n
over the c o n t i n e n t a l  slope  and s h e l f  although  juveniles measuring 7.6-
26 c m  are al~o in surface waters along t h e  .sbores  of the Uaited S t a t e s ,
C a n a d a ,  and Will heated bays  in Alaska  (Kodolcm 1968)  and s c h o o l s  of
juveniles  o c c a s i o n a l l y  come i n s h o r e  into h a r b o r s  (Cox 1948, cited in
Hart  1973)s $lhen fry are about 12 cm and 5-7 months  old t h e y  a p p r o a c h
t h e  shelf  or upper slope  and m a s s i v e  descent of fry takes place In t h e
fall at sizes of 30 cm. In winter, young  are on the shelf o r  a d j o i n i n g
parts  of the slope  (Kodolov  1968).

Sablefi6h are c h i e f l y  p$$civorous  (Shubnikov,  1963; Grinols  a n d
Gill, 1968; Rogers  et al. 1979)  but  also consume  ophiuroids,  shrimp  and
o t h e r  i n v e r t e b r a t e s  (Shubnikov3 1963). Shrimp ranked  a  high second in
the diet  of sabl.efish caught  in the  n e a r s h o r e  z o n e  of Kodiak  Island
( R o g e r s  e t  al. 1979).

The H i s t o r y  of the Fishery. The  f i shery  for sablefish dates  back
to b e f o r e  1900 off Washin~ton  a n d  British Columbia  and it later e x p a n d e d
co California,  Oregon, and Alaska. During  b o t h  World  Wars,  black cod
was in demand. H o w e v e r ,  r e c e n t l y  it has not been importaat  to the domes-
tic f i s h e r y . United States landings in the  Northeast  Pacific  from 1956
to  1970 a v e r a g e d  o v e r  1,000 m.t,, and  ranged  f rom 739 to 29485  m.t. The
bulk was caught  by Iongline  gear (Table  18 ) .  Most  o f  the C a n a d i a n  long-
Iine fishery is off the southern  British  C o l u m b i a  coast a n d  s o u t h e a s t e r n
Ala Ska . Since  1957, yearly c a t c h e s  b y  t h e  C a n a d i a n s  in the the North-
east Pac i f i c  have  not e x c e e d e d  ljOOO  m.t.

Al though the  Sov iets  have  no  spec i f i c  f i shery  for  sablefish, the
Japanese  have  been  f i sh ing  for  th is  spec ies  s ince  1958.  Their o r i g i n a l
e f f o r t s  w e r e  in the Bering  Sea and by 1963, they were  f i s h i n g  in the
Gulf of  Alaska  (Table  19); first w i t h  sunken  gillnecs,  then t r a w l e r s ,
t h e n  Ionglitw  gear. By 1968, the bulk of sablefish  w e r e  t a k e n  b y  long-
Iine gear a n d  in 1970, the total catch b y  t h e  J a p a n e s e  in the Gulf of
Alaska  w a s  nearly 30,000 m,t, Yakutat and southeastern Alaska have
b e c o m e  m a j o r  fishing grounds for sablefish to the Japanese and in 1 9 6 8
t h e s e  areas  c o n t r i b u t e d  79X to their total sablefish  Iongline  catch
(Reeves 1972).

D i s t r i b u t i o n  and Abundance

Adults  e Sablefish are an i m p o r t a n t  s p e c i e s  of groundfish  in
the Gulf o f  Alaska. In a trawl s u r v e y  of demersal  speeies~  Alverson
(1968) reportxxl  that they ranked  a s  the eight m o s t  abundant  tand f r e -
q u e n t l y  caught  fish in the Northeast  Pacific  O c e a n .  They  are r e l a t i v e l y
important  at all d e p t h s ,  but  a r e  c a u g h t  mainly  in water  deeper  than 2 0 0
fm [Table 12). Sablefi.sh were  t a k e n  mainly  from  the d e e p e s t  50 fm in-
terval trawled  (1-250  fm)~ and off Yakutat  the CWUE  was highest in the
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Table 18. Annual total catch (m. t.) of sablefish  by the United
States , Canada, and Japan in the Northeast Pacific.

United
Year States Canada Japan

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

2,485
924
852

1,254
1,505

919
1,910
1,085

940
988

1,084
749
739

1,104
1,444

354
1,019

383
362
705
306
428
396
637
649
970
591
577
391
327

1,819
1,047
2,217
3,952
7,526

17,570
24,673
29,811

Source: Forrester  e t  a l .  1978 .



Table 19. A n n u a l  c a t c h  (m.t.) of sablefish in the Yakutat
r e g i o n  b y  vear and the total c a t c h

for the N o r t h e a s t  P a c i f i c . Catch data for 1971-1974 for stern trawl only.

Yakutatl Tota12

Long- Stern Long- Stern

Other Total l i n e trawl other Total
Year 1 ine trawl

229 229 261 1,558 1,819
1963 1,046 1 1,047
1964

4 4 2,140 77 2,217
1965

32 32 3,841 111. 3,952
1966

1,631 569 6,893 64 7,526
1967 213 1,418

1968 3,112 2,454 5,566 12,029 5,541 17,570

6,787 19,639 5,034 24,673
1969 5,121 1,666

8,253 25,670 4,141 29,811
1970 6,935 1,318

1,290 3,182 .- - -
1971

- - - -- -- -

1972 2,666
6,521 - - - -- - - -- -- -

1973 1,687 5,393 -. - -- - - -- -- -

1974 1,280
3,100 .- - -- - - -- - .-

1Approximately Cape Suckling to Cape Spencer.
2

T o t a l  catch for  1963-1970  includes Shumagin,  Chirikof, Kodiak ,  Yakutat,
and southeastern

to Conception areas. Total catch for 1971-1974 includes Cape Spencer to Unimak Pass.

Source:  Forrester  e t  a l .  1 9 7 8 ;  Ronholt  e t  a l .  1 9 7 8 .
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canyon off  Dry Bay (Hitz and Rathjen 1965). Furthermore ,  Terry  et al.
(1980) reported that commercial quantities of  black cod adults  are most
abundant  from 200 to 500 fm. A c c o r d i n g  to Ronholt  et al. (1978), t h e r e
appears  to  have  been  a general decline in the density of  sablefish  in
the eastern Gulf of Alaska from 1962 to 1976. The importance of the
catch from the Fairweather  area  (Cape  Spencer  to Yakutat  Bay) in rela-
tion to other areas (Fairweather  through Kenai)  varied by date. Fair-
w e a t h e r  area ranked second and first in the catch of sablefish, conta in-
ing 28% and 69% of the total catch  respect ive ly .  However ,  dur ing  Apr i l -
O c t o b e r j 1973-1976~  this area contained less than 2% of the total catch .

Larvae and Eggs. Sablefish  larvae (11.5-43 mm) have been re-
ported from plankton sampling during spring and summer in the Bering Sea
(Waldren a n d  Vinter  1978; Kashkina  1970;  Kobayashi,  c i t e d  i n  Kashkina
1 9 7 0 ) ,  a n d  during  the summer o f f  the  Kodiak  Shelf  (Kendall  et al .  1980).
In the Bering Sea, larvae were over depths of 105-II5  m and in Kodiak
they occurred at stations near the shelf break. Larvae have been caught
in both surface (neuston)  and subsurface (bongo) plankton tows, but
usual ly  in relatively low a b u n d a n c e .

It is unclear if sablefish in the  eastern  Gul f  o f  Alaska  spawn in
fall or winter or throughout both seasons. However,  since young remain
pelag ic  through fall of the following year they may be In p lankton
samples during spring and summer. Since  larvae  are  re lat ive ly  wel l
developed by summer, they may be able to avoid plankton gear except at
n i g h t . Lampara sets at  the  sur face  may y ie ld  larger larvae a n d  j u v e -
niles in late summer. Larvae  are expected to occur over the shelf  area
and possibly be more abundant at deeper stations.

Arrowtooth  F l o u n d e r  (.4khereste8  etiomias)

General Biologye Arrowtooth  flounder range from central California
to the eastern Bering Sea . They are generally caught at depths from 400
to 499 fm (730-900 m) and young have been caught at depths greater than
7 0 0 m  (Hart  1973) .

Little i n f o r m a t i o n  is avai lab le  on  the  early life history of  arrow-
tooth  f l ounder . Spawning is thought to occur in December-March, with
peak activity in January and February, at depths greater than 150 m, and
at  temperatures  o f  2-3oC (Pertseva-Ostroumova  1960) .

In the Asian arrowtooth  flounder,  A. evermanni,  f emales  reach  sexu-
a l  m a t u r i t y  a t  9 or  10  years  and males  at 6 or 7 (Pertseva-Ostroumova
1961). Eggs are large, 2.5-3.5 mm and bathypelagic-developing  in deep
water. Larvae  are  d is t inct  f rom other  flatfish  in that they have  s p i n e s
on the preoperculum  and above the eyes. Descr ipt ions  and i l lustrat ions
o f  larvae a r e  g i v e n  in Pertseva-Ostroumova  (1961).

_-
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ArTowtooth flounder f eed  largely on crustaceans  and fish.  Smith  et
al. (1978) reported  -that the most f r e q u e n t l y  c o n s u m e d  f o o d  was euphau-
siids and that they i n c r e a s e d  in importance  as the fish grew to 3 5 0  mm
long. For larger arrowtooth f l o u n d e r , fish became the most i m p o r t a n t
food . Rogers  et al. (1979)  indicate  that arrowtooth flounder  feed
primarily  upon fish and secondarily  upon shrimp.  This specialized
feeding  is further  echoed  in the literature;  Hart  (1973) listed  shrimp
and herring,  a n d  Hunter  (1979) stated that fish ( m o s t l y  pollock) comp-
rised c o m p r i s e d  98,6%  to the ~ight of the diet of arrowtooth  f l o u n d e r
sampled near Kodiak Island.

H i s t o r y  of the Fishery. Arrowtooth  flounder  o r  turbot is one
species of flatfish  important  to domest ic  commerc ia l  trawl  f i sher ies .
‘&wever, United States-and Canadian efforts have largely been south of
the Queen C h a r l o t t e  ~@~iORe

J a p a n e s e  e f f o r t s  f o r  flatfish in the Gulf are small c o m p a r e d  t o
their  effort in the Bering  S e a ,  but c a t c h e s  in the  Gulf of Alaska  f r o m
1963 to 1970  averaged  around  4,000 m.t. In 1969 and 1970, about  4 0 %  o f
this was arrowtooth f lounder  (Table  20 ) . Japanese catches of arrowcooth
f l o u n d e r  f r o m  1969 to 1974 in the Gulf of Alaska a v e r a g e d  2,371 m.t.

Distribution and Abundance

A d u l t s .  T h e  arrowtooth flounder  is a very common s p e c i e s  in
the n o r t h e a s t e r n  Gulf of Alaska. A c c o r d i n g  to Alverson (1968), it w a s
the most frequently encountered and most abundant demersal  species in
the northeastern  Pac i f i c . In fact, in one study, it o c c u r r e d  i n  9 0 %  o f
all trawl  t o w s  in t h e  Gulf {AJ.verson et al. 1964). These  large a b u n -
dances and high frequency of occurrence are perhaps related to its wide
g e o g r a p h i c  and/or  b a t h y m e t r i c  distribution.  Hitz and Rath.jen (1965)
r e p o r t e d  that it was the m o s t  i m p o r t a n t  s p e c i e s  (by CPUE in Ibs) for all
depths  (1-250  fm) a n d  that for e a c h  50 fm i n t e r v a l  it ranked  in t h e  t o p
f i v e  (Table  12). F u r t h e r m o r e ,  Taylor (1967) stated  that catches  of
arrowtooth  f l o u n d e r s  (using a midwater  trawl) were  highest n e a r  t h e  sur-
face at night. Within the n o r t h e a s t e r n  Gulf area, arrowtooth flounder
are v e r y  a b u n d a n t  (CPUE) off Yakutat  Bay  (Ronholt  et al. 1978) a n d  o f f
D r y  Bay (Hltz and Rathjen 1965) with the latter y i e l d i n g  up to 4 , 5 0 0  Ibs
per hour trawled. Comparisons between 1962 surveys and 1973-1976  sur-
veys indicate  an a r e a - w i d e  change. Ronholt  et al. (1978) s t a t e  t h a t  t h e
CXWE for almost all species  declined from  one period  t o  t h e  n e x t  and
‘that  the CPUE ratio between “decades” ’  showed a moderate  decrease  for
srrowtootb  flounder in t h e  FairWeather  region (Yakutat B a y  to Cape
Spencer)  and a mderate  flncreeise  for an=owtooths in the Yakutat  region
(Cape  Suckling to Yakutat  Bay). Both  areas contributed a cabined  27 .5%
to the total (Cape  Spencer  to Unimak Pass, except  the Smmag$n region)j
during A p r i l - O c t o b e r ,  1973-1976.
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T a b l e  20. Annual Japanese trawl catches (m.t.) of arrowtooth
flounder in the FairWeather and Yakutat  regions, and
in the Gulf  of  Alaska, 1969-1974.

Gulf of
Year Fairweatherl Yakutat2 A l a s k a3

1969 359 474 1,467;
1970 504 301 1,538
1971 88 125 1,293
1972 166 202 1,612
1973 216 1,406 5,110
1974 50 356 3,157

ii 230.5 477.3 2 ,371.1

~Yakutat  Bay to Cape Spencer.
3Yakutat Bay to Cape Suckling.
~Cape Spencer to Unimak Pass .

This compares with a total Japanese catch (of  all  f latfish
other than halibut) of  3,480 and 4,091 m.t. for 1969 and 1970,
r e s p e c t i v e l y .

Sources: Ronholt  e t  a l .  1978 ;  Forrester  e t  a l .  1978 .
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Larvae and Eggs. Catches  of arrowtooth flounder  Lsrvae and
eggs are reported  from  the e a s t e r n  Bering Sea, Kodiak  Shelf  and Gulf o f
Alaska  in winter  and s p r i n g . L a r v a l  eatche~ were  re lat ive ly  low partly
because  of the time  and location of plankton s u r v e y s .  G e n e r a l l y ,  larvae
are most  often taken in waters  b e y o n d  the shelf (>200  m) and over depths
as d e e p  a6 3~000  m. P l a n k t o n - c a u g h t  larvae range in length from 5-=38 mm
(Table  21).

In the p r o p o s e d  study  area, eggs and larvae are e x p e c t e d  to o c c u r
p r i m a r i l y  at s tat ions  near the edge  of the shelf  during A p r i l - N a y ,  h o w-

ever  they may drift landward  into  shal lower  s tat ions . Larvae may trans-
f o r m  at fairly  large size~ (Musienko 1963) hence r e m a i n i n g  s u s c e p t i b l e
to plankton  nets through summer. By October ,  arrowtooth f lounder  juve-
niles will have  a s s u m e d  a demersal  l i f e s t y l e  and be out of r e a c h  o f  o u r
gear .

Starry  Flounder  (Platiehthys  steZZatus)

General Biologye Starry f l o u n d e r  occur o f f  the mast of North
Amer$ca  from  s o u t h e r n  C a l i f o r n i a  to the Bering Sea at depths  of a  f ew
inches  to  approx imate ly  150  fm {Hart 1973). Adults  s e e m  to prefer  s o f t
s a n d  but may be  found on &ravelj  c lean shi f t ing  sand,  hard  stable sands
and mud substrates; h o w e v e r ,  they avoid rocky bottoms (Orcutt 1950) .
Starry flounder are euryhaline  and may be found at river mouths  and in
some cases many miles upstream. They spawn at sea at depths of 11-75 m
(Musienko  1970).

S p a w n i n g  of starry flounder occurs in winter through early spr ing
a n d  t a k e s  place in shallow water. Age of m a t u r i t y  f o r  males  is t w o
years when they are about  300 mm, whereas as females mature a~ three
y e a r s  (350 mm)e S p a w n i n g  o c c u r s  once per season and in a relatively
s h o r t  p e r i o d  of time. A 565  mm female was reported to release about 11
mill$on  eggs (Orcutt  1950).

Starry  f lounder  eggs  are  pe lag ic , lack o$l g lobules ,  and  are  .89-
. 9 4  m m  long in C a l i f o r n i a  waters (Orcutt  1950) and .97-1.01 m m  i n
J a p a n e s e  waters (Yusa 1957). At present ,  ear ly -middle  stage eggs of
starry flounder  cannot be d i s t i n g u i s h e d  f r o m  early s tages  o f  severa l
o t h e r  pelagic flatfish  eggs from plankton  s a m p l e s .

At 12°C d e v e l o p m e n t  of eggs takes about  68 hours .  At colder  t e m -
p e r a t u r e s  (2.0-5.4°C)  eggs hatch in about two weeks.  Egg a n d  larval
deve lopment  has  been  documented  by  Orcutt  {1950) and Yusa (1957). ~~wly
h a t c h e d  larvae are 1.93-2.08 mm, s lender ,  t ransparent ,  and  pe lag ic .
Estuarine condi t ions  may be important  to juvenile starry flounder  as
large number of O-1 year age  classes h a v e  b e e n  caught  u p s t r e a m  in the
C o l u m b i a  River (Haertel  and Osterberg 1967).
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Table 21. Distribution and abundance of  arrowtooth flounder eggs and larvae in the Northeast Pacific
Ocean and Bering Sea.

—.- --.-——.---— —.
S ts t ion Larval

Stage Location Time Gear depths, m length, mm Abundance Reference

bongo 1 100-2000
(caught at
~tatione
>200 m)

12$1-3109 2

Bering Sea Apr-t4ey 1977 8-1o

6-13

13 (June)
27-38
(July)

6.1-7.0

7-8

5-10

Corapri#ed  1% of all larvae
caught, but second moat
abundant flatfish.

Waldron and
Vinter 1978

Law%F!

Accounted fnr 9.0% of all
larvae, 87% of all
flatfish caught.

Sering Sea Hay-Jun 1971 bongo

C P N3

Ouna and
Naplin !973

Larvae

Sering Sea Jun-Sep 1958
Mar 1959

540-3100 Rare Mu~ienko  1963M rvae

brvae

Larvae

Larvae

Kodiak Shelf Apr+fay  1972 Comprised .2% of all
larvae.

Duon and
Naplln 1974

LeBrasseur
1970

Kendall et
al. 1980

m
NFN45

IKMT

Rare, catches ranged from
1-5 per haul.

NE Pacific Apr+ay 1957
Mar-Jul  1958

Kodiak Shelf Ott-Nov 1977
t4ar-Apr  1978
Jun-Jul 1978
Ott-Nov 1978
Feb-Mar 1979

40-1000
(caught at
stations
>200 m)

Feb-Nar 1979: Overall
mean catch 8.2 per ld,
only flatfish larvae
present.

Nar-Apr  1978: Overall
mean catch 7.5 per 1~,
second abundant flatfish
larvae caught.

Feb-t4@r  1979: Fourth
abundant egg taxa out of 6
species occurring.

,,,, 1, 18 ,, ,, ,,

lfbngo net, 60 cm opening, 505P mesh.
2Depth8 of ~tations where larvae  were caught.
3Conical plankton net, No. 140 mesh.
4Norpac net .
51saace-Kidd  midwater  trawl, 3’ and 6’.
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amphipods  while  Hunter  (1979) reporEed  that they
to Cross  e t  al. (1978)  polycheaces  a n d  gammati.ds

ate  clams. A c c o r d i n g
predomixmttkl  in the

diet. Skalkin (1963) listed  clams,  polycheatas  and s a n d  lance a s  impor-
tant foods  and Miller (1967)  d i s c o v e r e d  that priapulids  and nemertian
worms predominated by volume.

History of the Fishery, Starry f lounder  is not a species e x p l o i t e d
b y  either  d o m e s t i c  or f o r e i g n  f i s h e r i e s ,  although  flatfish  in general
a r e .  U n i t e d  States  exp lo i tat ion  o f  flatfish  has c e n t e r e d  on s p e c i e s
found in relatively deep water from the Queen Char lot te  area south
( l a n d i n g s  averaged  22 ,000  m.t. f r o m  1 9 6 1 - 1 9 7 0 ,  Forrester  et al. 1978).

J a p a n e s e  and Soviet  fleets  have  f i shed  largely in the Bering S e a
f o r  yellowfin  sole. The Japanese have done  some fishing for flatfish in
the Gulf  of  Alaska and up to 87% of t h e  c a t c h e s  (of flatfish  o t h e r  t h a n
h a l i b u t  and arrowtooth f l o u n d e r )  in their trawl f i shery  are  f rom the
Yakutat and Fairweather  r e g i o n s  (Table  22). Thfs f i shery  is o u t s i d e  t h e
zone of maximum abundance of starry flounderj  so probably very few of
the fish taken by this f ishery are starry flounder.

—

—

—

Di.scributf.on  and Abundance

Adults . I n  relation to other demersal  s p e c i e s ,  s t a r r y  f l o u n -
der are not very abundant in the northeastern Gulf o f  Alaska .  Catches
of s t a r r y  f l o u n d e r  in the study by Hitz and Rathjen  (1965) w e r e  s i m i l a r
t o  t h o s e  of butter sole. Overal l ,  s~arry flounder ranked as the sixt-
eenth most  important species by CPUE (weight), but was  common (ranking
f o u r t h )  in areas  that  were  less than 50 fm deep  (Table  12). Within
10 fm increments , s tarry  f lounder  were  mainly caught  (CPUE)  between  11
and 20 fm and 21 and 30 fm (Alverson  1960).

Larvae and Eggs. Late stage starry f lounder eggs have been
reported from plankton samples during  spring  (March  28-April  20) and sum-
m e r  (June 19-July  9 )  o f f  Kodiak  Island ( K e n d a l l  et al. 1980) and  s tage  I
eggs have been collected off  Kauichatka  on the western Bering Sea in July
(Musienko 1963). In both instances,  only small numbers of eggs were
caught.

L a r v a e  in the Kodiak bay and shelf region were only caught in sum-
m e r  and in low a b u n d a n c e  ( R o g e r s  e t  al. 1979; Kendall  et  al. 1980).
Only  one 17 mm larvae was reported in July 1976 from Cook Inlet ( E n g l i s h
1977).

Starry flounder  larvae were relatively more abundant off  Oregon
where  they occurred March-June, ranged from 3-9 mm, and were the fourth
most abundant  flatfish and eight most  abundant  larvae  in a coastal
a s s e m b l a g e  o f  larval fish ( R i c h a r d s o n  and Pearcy 1977). In Skagit B a y ,
W a s h i n g t o n ,  larval starry flounder were  the predominant  flatfish species
during March-June (Blackburn  1973).
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Table 22. Annual  Japanese  trawl  catches  (m.t.) of flatfish other than
halibut and arrowtooth flounder in the Fairweather and—
Yakutat regions, and the Gulf of Alaska, 1969-1974.
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—

—

—

—
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—

—

Gulf of3
Year Fairweatherl Yakutat2 Alaska

1969 124 160 361
1970 162 31 222
1971 69 127 502
1972 562 903 2,099
1973 1,687 1,662 6,230
1974 249 852 3,524

i 475.5 622.5 2 ,156.3

1
2Cape  Spencer to Yakutat Bay.
3Yakutat  Bay to Cape Suckling.

Cape Spencer to Unimak Pass.

Source: Ronholt  et al .  1978.
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O n l y  late stage starry flounder eggs.  cam be ident~fied  a n d  a r e
e x p e c t e d  to occur in  the  Yakutat a r e a  during  spring  and swmmer. They
m a y  ini&ially be d is tr ibuted  nearshore  (<50  f ro ) ,  but will probably  be
d i s p e r s e d  over the Shelf. Larvae  can b e  e x p e c t e d  during summer and
d i s t r i b u t e d  over the entire a r e a .

P a c i f i c  Halibut  (h’<ppoqZossW stenolepis)

General Biology. P a c i f i c  h a l i b u t  occur as far south as S a n t a  R o s a
Island, California  (34°N)  ad a s  f a r  north a s  Norton Sound (63°31’N).
Halibut are ~nerally  associated with water temperatures of 3-8°C and
greatest catches occur over banks where bottom temperatures are within
this range (Thompson and Van Cleve 1936).  The  bathymetr ic  range  for
halibut $s between  15 and  600  f m .

Pacific halibut  s p a w n i n g  occurs m o s t l y  in the winter in the ldorth-
east P a c i f i c  and m a y  begin  in fall in the Bering Sea. Halibut spawn at
bottom  temperatures  of 3-8°C and laboratory reared  eggs hatch in 12-
2 0  d a y s  at 5-8°C (Forrester  1973). Age of f i r s t - m a t u r i t y  for female
halibut  is reported to be 8-16 years with an average age of  12 years,
A v e r a g e  a g e  for males  is 7-8 years [Bell and St.. P i e r r e  1970). Spawning
occurs once a year and number of eggs released is related to length a n d
weight of female  h a l i b u t . Large females (140-180 cm) may produce 2-3
mi l l ion  eggs  (Kolloen 1934) . Eggs range in size from 2.9-3.8 mm, have a
large c o l o r l e s s  y o l k  w i t h o u t  oil g l o b u l e s ,  and a small perivitelline
space . D e s c r i p t i o n s  and il lustrations of  eggs and larvae are given by
Thompson and Van Cleve (1936).

Spawning takes place in relatively deep water (275-412 m) along  the
edge of the Continental Shelf  and eggs have been found between 40 and
1,488 m with concentrations at 300-200 m (Thompson and Van Cleve  1936;
Pertseva-Ostroumova  1961). Eggs and larvae are transported horizontally
at depth  by  subsurface  currents  and in  the  Gulf of Alaska  are  carr ied
o f f shore  in a counterclockwise direction around the gulf. Larvae hatch
at 6-7 mm in length (Forrester  1973) and are located deeper than egg
concentrat ions  (i.e. ~ 200 m). A s  larvae deve lop ,  they  r i se  in the
w a t e r  column  and at 3-5 mon~hs  o f  age  are  at  100 m or less a n d  a r e
carr ied  onshore  by sur face  currents . At 6-7 months (about May and June)
larvae have metamorphosed and are on the bottom in shallow coastal bays.
Juveni le  halibut may remain inshore 1-3 years before moving offshore
(Thontpson and Van Cleve 1936). Movement of  juveniles occurs in direc-
tions oppos%te  to drift  of  eggs and larvae and has been hypothesized as
the factor  for  rep lenishing  hal ibut  populat ions  (Skud 1977).

T h e  d i e t  of halibut cons ists  mainly  of fish, crab, a n d  s h r i m p
(Rogers  et al. 1979). Hunter  (1979) and Novikov (1963) d i v i d e d  h a l i b u t
into s ize  groupings  and  in each  study ,  hal ibut  less tha 300mm  long h a d
eaten shr imp (Hunter  listed  fish and crab also). Those lomger  than
300  wan switched  to  f i sh ,  although  according  to  Hunter, c rab  was  of
secondary importance.
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History of the Fishery. The commercial halibut fishery began in
1888 off the coast of Washington and during the early years the bulk of
the fishing was in the Southeast Alaska through Columbia areasj  but by
1916 the f ishery had expanded as far as the Shumagin Is lands .  The
International Fisheries Commission (which in 1953 became the Interna-
tional Pacific Halibut Commission) was formed in 1924 to manage the
over f i shed  resource . By 1954 production rose to 43,000 m.t., taken f rom
the entire Halibut Convention Area (Forrester ec al. 1978). Both Canada
and the  United  States  have  h is tor i ca l ly  been  act ive  in  the  f i shery .  By
the late 1970’s  the total catch was about one-half  of the  1954  catch  and
regulatory area 3A contributed the majority of  the total (Table 23).
T h e  c a t c h - p e r - u n i t - e f f o r t  (CPUE)  for  se lec ted  s tat is t i ca l  areas  and
regions (1931-1979) is  presented in Table 24.

Distribution and Abundance

Adults . The  Yakutat region extends from the east side of
Prince William Sound to Cape Edward (south of Cross Sound). Within the
Yakutat region are statistical areas 20 and 19. Area 20 extends from
Sitkagi Bluffs (just north of Yakutat  Bay) to an  area  around the  Danger -
ous River, and area 19 goes from the latter point to a point between
Lituya Bay and Icy Point (Fig. 12). H i s t o r i c a l l y  t h e  CPUE for the
Yakutat region was usually higher than the CPUE for the entire Northeast
P a c i f i c  ( t o t a l )  a n d  t h e  s e c t o r  j u s t  n o r t h  o f  Yakutat (IPHC s t a t i s t i c a l
area 20) has had higher CPUE than the sector to the south (IPHC  statis-
tical area 19),  but in recent  years  ne i ther  sector  has  cons is tent ly  been
higher  or lower .

Larvae and Eggs. Knowledge of spawning locations in the
Northeast Pacific is l imited, although major sites are known from Cape
St. James, Langara  Is land , and Frederick Island in British Columbia, and
Yakutak, ‘“W”’ grounds, and Port lock  Bar& in the Gulf of A l a s k a . Other
spawning sites have been reported near Goose Islands, Hecate Strait, and
Rose Spit  in British Columbia, and Cape Ommaney, Cape Spencer, Cape St.
Elias,  Chirikof, and Trinity Grounds in Alaska. Spawning concentrations
also  occur  in  the  Ber ing  Sea  (Skud 1977).

Distribution and relative abundance of halibut eggs and larvae were
examined in the Gulf of Alaska by Thompson and Van Cleve  (1936). Eggs
and early stage larvae were commonly taken at depths greater than
100 fm, but may drift  onto shelf  waters during larval development.
Other  p lankton surveys  in Alaska report halibut larvae in spring in the
Bering Sea (18-23 mm; Waldren  and Vinter 1978), Cook Inlet (13 mm;
Engl$sh  1977) and Kodiak Shelf (14.4, 17.8 mm;  Engl ish  1977) . In most
cases larvae were caught at stations >200 m and in low abundance .

The Yakutat area supports a large spawning population of  Pacific
halibut;  however, since spawning occurs in winter, and at depths >200 m
eggs will probably not be taken during the proposed sampling months.
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Table  23 . Catch  o f  Pac i f i c  ha l ibut  ( lb )  and  e f for t  ( in  s tandard  skates ,
where one skate is 1,800 ft  long with 100 hooks) for IPHC
regulatory area 3A, 1975-1979.

Year
United  States

3ffort Catch
Canada

E f f o r t Catch

Total Catch
in North
America

1975 1,412 8,841 489 3,772 12,613

1976 1,567 9,052 616 4,130 13,182

1977 1,276 7,842 405 2,717 10,559

1978 1,493 11,276 386 3,100 14,376

1979 1,410 10,031 153 1,63$ 11,669

Sources: Myhre et  a l .  1977 ; Internat ional  Pac i f i c  Hal ibut
Commission annual reports and unpublished data, 1976-1979.
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Table 24. Catch per unit effort of  halibut from IPHC stat is t i ca l  areas
19 and 20, the Yakutat region, and over all area.

Al 1
Yearl Area 19 Area 20 Yakutat areas

1931-1935
1936-1940
1941-1945
1946-1950
1951-1955
1956-1960
1961-1965
1966-1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

69.7
84.0
88.5
76.9
96.0

106.8
100.5 ,

91 .5
77.9
85.0
81.2
59.1
68.8
14.5
53.9
82.2
92.1

72.7
82.9

1 0 2 . 6
92.1

109.3
105.9
111.8

94.0
96.1
73.0
72.3
56.4
83.4
16.5
48.3
77.9

109.8

75.0
88.8

109.1
91.3

108.9
117.3
111.7

95.4
88.3
79.4
73.7
71.0
73.2
58.4
53.8
79.5

105.8

62.7
79.7
97.0
98.3

116.2
124.9
110.1

98.7
89.5
80.9
64.9
62.2
63.3
54.0
60.2
67.3
70.8

.
~1931-1970 are 5-year averages of annual means.

Sources: Myhre  e t  a l . 1977 ;  Internat ional  Pac i f i c  Hal ibut
Commission annual reports and unpublished data, 1976-1979.
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D u r i n g  spring and summer larvae  may “stray”  up over the Shelf and be-— —
caught  within the study area,

General  Biology. Butter  sole occur from southern  California  to
southeastern  Alaska  in shallow water but are occasionally at 150-200 fm
(274-366m) in western  Alaska  (Hart 1973}.

Butter  sole s p a w n  in l a t e  w i n t e r  to early spring, E g g s  a r e  plank-
t o n i c , s p h e r i c a l ,  h a v e  a narrow perivitellirie  space, lack oil g l o b u l e s
and range  in  length from .93-1 .1  mm (% = 1.0 mm; Levings 1 9 6 8 ) . Hence
at  ear ly -middle  s tage  of deve lopment  eggs  of butter sole are indistin-
guishable  f rom severa l  o ther  flatfish  species  (Richardson  et al. in
p r e s s ) .  S p a w n i n g  in Skidegate  Inlet, Br i t i sh  Columbia  o c c u r r e d  at
d e p t h s  o f  15-35 fm (Manzer  1949;  Levings 1968)  a n d  at c o n d i t i o n s  o f  4°C
a n d  25°/oo (Levings  1968).

Larvae are abundant off Washington and Oregon in winter and spring
(Richardson et al. in press)  and were found in Kodiak bays and shelf
d u r i n g  J u n e - A u g u s t  ( R o g e r s  e t  al. 1979;  Kendal l  et al. 1980).  T r a n s f o r-

mation from larval to juvenile characters takes place when larvae are
18-23 mm. RecenKly transformed benth.ic  juvenfles seem to be offshore
rather  than in bays and o~her nearshore  habi tats  (Richardson  et al. in
press ) .  Average  length at age two is 143 mm for males and 190 for
females. By age 10, females are 394 mm and males average 352 mm (Hart
1943)* Eggs and larvae  are described and illwtrated  by Richardson et
a l .  (in p r e s s ) .

The food of butter sole includes marine worms, young herring,
shrimp and sand dollars (Hart 1973).

History of the Fishery. Al though flatfish have been one of the
most  important  groups  of fishes exploited by the United  States and
Canada,-butter  ~ole-are not commerc ia l ly  important ,  whereas  arrowtooth
f l o u n d e r ,  D o v e r ,  petrale, English,  Rex,  and rock sole a r e .  F u r t h e r m o r e ,
Japanese and Russian efforts have concentrated largely on yellowfin  sole
in the Bering Sea . There  are  a  lack  o f  catch  s tat is t i cs  spec i f i ca l ly
for b u t t e r  sole. American catches  of flatiish since 1958 have been dom-
inated  by  the  Dover  sole (Forrester  et al. 1978)  and fishing has largely
occurred at depths where this species occurs. Hitz a n d  Rathjen (1965)
reported that from 1-250 fm, Dover sole was most abundant between 201-
250 fme Furthermore, United  States and Canadian efforts have been from
the Charlotte area south. For  flatfish  other than  halibut and arrow-
tooth f lounder , t h e  Yakutat  a r e a  (Cape Suckling to Yakutat Bay)  and the
Fairweather  area  (Yakutat  Bay  to Cape  S p e n c e r )  ranked  first and s e c o n d ,
r e s p e c t i v e l y  in annual Japanese  trawl  catches from  Cape  Spencer  to lJni-
mak P a s s  (Ronholt  et al. 1978).
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Distribution and Abundance
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Adults . Butter  sole are not one of the  more  abundant  f i shes
of the Gulf of Alaska . Hitz and Rathjen  (1965) reported that butter
sole ranked thirteenth by CPUE (weight)  for all  depths (1-250 fm) but
s e c o n d  for the 1-50 fm interval (Table 12).

Larvae and eggs. Catches  of butter sole eggs and larvae have
only been reported in a few plankton studies from Alaskan waters.  In
Kodiak, larvae were in bays in June-August, ranging in length from 3.0-
11.0 mm in June to 8.5-21.0 mm in August.  They ranked fifteenth in
abundance over all times and stations (Garrison and Rogers 1980). In
the offshore shelf  region butter sole larvae occurred only during the
summer cruise (June 19-July 9) and ranked eleventh in abundance (Kendall
e t  al. 1980). In Cook Inlet, larvae were present in early and late May
cruises with higher catches in the latter time period. Larvae were
small, ranging from 2.1-6.7 mm. No larvae were caught in July or August
(English 1977).

—

Off Oregon and Washington, however, larval butter sole are a domi-
nant member of the ichthyoplankeon and ranked fifth in overall abundance
in April and May (Waldron 1972) and third in abundance in a coastal
assemblage of  larval fish off Oregon (Richardson 1977; Richardson and
Pearcy 1977) .

Butter sole spawning is expected to occur shoreward of 50 fm and
possibly within Yakutat Bay during late winter-early spring. Eggs and
larvae may be concentrated at nearshore and bay locations during spring
s a m p l i n g  (April+ay),  but probably distributed over the shelf  during
summer. By October,  butter sole larvae will  have transformed to juve-
niles and assumed a benthic  habitat, hence they are no longer suscepti-
ble to plankton nets.

Dungeness  Crab  (Cancer  maqister)

General Biology. The Dungeness  crab is an important commercial
species and occurs from Baja California to Amchitka  Island, Alaska. The
northeastern  Gulf of Alaska supports substantial commercial harvests.

Dungeness  crabs  inhabi t  bays ,  estuar ies , and open (coastal)  ocean
from the intertidal zone to depths greater than 50 fm. They  are  usual ly
most  abundant  on sand or mud-sand bottoms (Hoopes  1973). The distribu-
tion of  these crabs by depth seems to vary with life history stage and
season. Butler  (1956) found that  post - larval  s tages  were  abundant  on
shallow (<5 fm) sand bottoms; McKay (1942)  observed  juveni les  (2 -3  3 /4” )
buried  in intert ida l  sands  in late winter and in spr ing ,  and conc luded
that adults  migrate offshore during winter and return to the nearshore
in the s p r i n g .
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The sex ratio a p p e a r s  to bk unequal,  with the s e x e s  s e p a r a t e d  g e o -
g r a p h i c a l l y  [McMynn 1948,  cited in M a y e r  1972). Sexual m a t u r i t y  is
r e a c h e d  in 2 years for  females  and 3 y e a r s  for males  (Hoopes 1973).
According  to  var ious  authors, th is  corresponds  to a carapace  width of
>  llOmm f o r  m a l e s  and about 100nyn for females  (Butler 1960).  Butler
(1961) reported  that both s e x e s  m a t u r e d  at the e leventh  or twel f th  post-
lamal instqr. Males  are  po lygamous  and mating occurs when adults  m o v e
into shallow water during  t h e  spring  molt p e r i o d .  T r a n s f e r  of sperm c a n
only occur after the female h a s  molted and before her n e w  @hell h a s
hardened. F e m a l e s  t h e n  carry viable sperm in their  oviducts t h r o u g h o u t
the summer. In Ehe fall, e g g s  p a s s  through  the o v i d u c t . ,  ape  f e r t i l i z e d ,
and then carr ied  under  the female~s  a b d o m e n  (Hoopes  1973). Egg bearing
o c c u r s  during  October  to June in Br i t i sh  Columbia  (McKay 1942) a n d
larvae  emerge between December  and April off  Oregon (Reed 1969,  cited in
Mayer 1972). T h e  number of eggs depos i ted  by  a  female is re lated  to
8ize; as many as 1.5
(Hoopes  1973).

Eggs hatch into
have been carried  by

million ~~gs hive b e e n  gound on  a  single female

f r e e  swimming larvae during the s p r i n g ,  after t h e y
the female  f o r  7-10 months  (Hoopes  1973). T h e  d i s -

t r i b u t i o n  of planktonic la~ae  is a s s u m e d  t o  be a s s o c i a t e d  with the
n e a r s h o r e  location of the female in late spring (Mayer ’  1972).  L a r v a e
first hatch as 1.16 mm long zoea with a  rostrum and three spines  on the
front of  the head and then progress through five stages by a series of
molts taking  3-4 months  (Hoopes  1973).  T h e  z o e a  t h e n  t r a n s f o r m s  i n t o  a
13 mm long megalops  that  resembles  the juveni le  crab, and there is only
o n e  megalops  s t a g e  (Poole 1966, cited in Mayer 1 9 7 2 ) .  W h e n  t h e  megalops
s t a g e  i s  completes  it set~les out .  as a  p o s t - l a r v a  or juvenile. This
o c c u r s  a f t e r  a larva l  per iod  of 128-158 days  (as  ind icated  by  post-
l a r v a l  instars; Poole 1966, c i ted  in M a y e r  1972).  At K o d i a k ,  l a r v a e
spend up to 3 months  in the  plankton (Alaska Environmental Information
a n d  D a t a  Center  (AEIDC)  1975),  with a peak of larval  re lease  in  spr ing
o r  e a r l y  summer ( K e n d a l l  e t  al. 1980).  In g e n e r a l ,  l a r v a e  i n  i n s h o r e
areas (Kodiak) are within the upper strata of the water column  during the
day (70% found between 10-30 m) and dispersed into deeper strata at night
(50% plus were between 50-90 m), while those larvae  in offshore areas are
usual ly  deeper  at  night (Kendall  et  al. 1980).

During the first year, a juveni le  crab  may molt as many as six
times, thus  growth is rapid. After  the first year ,  the  carapace  width
is approximately 25 mm and after the second year it is approx imate ly
102 mm (lioopes  1973)0 All of this g r o w t h  occurs during a 1 to 2  d a y
molt ing  per iod . Both  sexes  grow at about  the same rate until s e x u a l
maturity is reached, after which males grow  f a s t e r  (Hoopes  1973).  T h e
i n c r e a s e  in size decreases  with each molt. Increases  are about 40% in
t h e  early post-larval ~tages and 10-15% when the  crabs are about  13.0-
13,5 cm (McKay and Weymouth  1935). Males  may reach as much as 20 cm ~n
carapace  width, while females may exceed 15 cm in width.  T h e  c o m m e r c i a l
s i z e  at Kodiak  is 6 3 / 4 ”  or roughly 17.1 c m  (AEIDC 1975).

76



—

—

—

Dungeness  crabs are carnivores, frequently eating crustaceans
( s h r i m p ,  c r a b ,  b a r n a c l e s ,  amphipods,  and isopods),  clams and polycheates
(Mc~y 1942; Hoopes  1973). Larval stages of this crab are preyed  upon
by a variety of  fish s p e c i e s . Juveni les  are  canabalized  by adults ,  whi le
juveniles and adults  are consumed by many larger fish (Mayer 1972).

History  o f  the  Fishery .  The fishery for Dungeness crab is one of
the older ones in Alaska with commercial harvest at Kodiak, Cook Inlet,
Southeast  Alaska ,  l!akutat (Fig. 13), and the Copper-Bering rivers and
Prince William Sound. Most f ishing is done by crab pot or trap baited
with razor clams, squid$ or herr ing  in about 3 to 30 fm o f  water . D i f -
ferent areas allow  a different number of  pots per boat. In Yakutat,  a
boat may carry a relatively high number -  up to 600 (Mayer 1972).  Al-
though the Yakutat  crab fishery has been stable since 1960 (except for
low harvests of  1975-1977),  the f ishery is declining in most areas of
Alaska  (Terry  et  a l .  1980). The catch is possibly influenced by the
s u p p l y  of other species of crab and the fishery for Dungeness crab in
t h e  P a c i f i c  N o r t h w e s t  (Ronholt  et al. 1978].  Also ,  the  f i shery  primar-
ily depends on one year class, so f luctuations occur from year to year
(AEIDC  1975).  E v e n  s o , production in the Yakutat management area aver-
aged over 1.3 million pound for the past 10 years, which is an important
contr ibut ion  to  the  total harvest in Alaska  (Table  25) . From 1969 to
1975, 89% of the United  States catch (from Cape Spencer to Unimak  Pass)
came from 24  subareas  (Ronholt  et al. 1978). Included were Yakutat Bay
(2.8% of the total), Yakutat Bay to Dry Bay (7.5%), and Dry Bay to Cape
Fairweather (2.2%). See also Table 25 for the catch from 1971-1975 for
the  ent i re  Fairweather  r e g i o n .

Distribution and Abundance.

Adults. T h e  Dungeness  crab is widely  d is tr ibuted  in  the  Gul f
of Alaska. Hitz and Rathjen (1965) reported  that  th is  spec ies  large ly
inhabits depths between 1 and 100 fm. The Yakutat area has large concen-
t r a t i o n s  o f  Dungeness  c r a b . MaLurgo  (1972, cited in Anonymous 1976) pre-
sented figures which indicated Yakutat (Cape St. Elias to Cape Spencer)
had  the  h ighest  catch-per -uni t -e f for t  (174  lbs/hr of trawling) in the
Gulf o f  A laska . Furthermore, surveys in the early 1960’s ( reported  in
Ronholt et al. 1978)  show that the Yakutat  (Cape  Suckl ing  to  Yakutat
Bay) and the Fairweather  (Yakutat  Bay to Cape Spencer)  regions contain
about 20% of the total biomass of  Dungeness  crab in the Gulf of Alaska
(Cape Spencer to the Kenai  Peninsula) .

Larvae. Since the eggs are carried by the adult  crab ,  they
will not be in the plankton. L a r v a e  will probably be largely in near -
shore  areas  in the spring, and their d is tr ibut ion  assoc iated  with  the
locat ion  o f  the  females  at that time. As the season progresses larvae
should become more dispersed by the currents and be in offshore areas as
well. Since the larval period-is about four months,  Dungeness  crab
vae should be caught by our plankton gear in both the April-May and
July-August cruises. We expect zoea to predominate in the former
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Table 25. Annual catch (lb x 1000) of Dungeness crab in the
Yakutat  and Fairweather regions,  and the total
Alaskan catch.

Year Yakutatl Fairweather 2 Alaska

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

1,669
1,993
2,347
1,632

541
529
124

1,900
1,496

859

443
1,014
1,136

240
216
--

--
--
--

3,749
5,448
6,423
3,818
3,034

--
--

--
--

1
Cape Suckling to Cape Fairweather.

~akutat Bay to C a p e  Fairweather.
Sources: Terry et al.  1978; A. Brogan, personal commu-

n i c a t i o n ; Ronholt  et al. 1978; Alaska Department of Fish and
Game 1975.

—

—

—
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s a m p l i n g  period  and the megalops  sCage to be more abundant in the latter
period than  in the f o r m e r . W e  a l s o  expect that the larvae will be cap-
&ured l a r g e l y  in the upper 50 m d u r i n g  the day and slightly  d e e p e r
d u r i n g  the night.

Tanner Crab (C%~onocekes  ba{rd$)

General Biology. Tha name tanner crab is often used to describe
the species  of Cln..onucetese L7tionmetes  bai~di is the p r i n c i p l e  s p e c i e s
of t h e  C o n t i n e n t a l  Shelf  off Yakutat, b u t  s o m e  r e f e r e n c e s  to C. opilio
a r e  m a d e  where  l i fe  h is tory  in format ion  on C. bairdi is l a c k i n g .

CWoneceties  bairdi  is the commerically e x p l o i t e d  s p e c i e s  i n  t h e
Gulf of Alaska  ( commerc ia l  harvest  began in the late 1960 ’s ) . It occurs
from Puget Sound,  Washington to the Bering Sea and from shoal water to a
depth  of 259 fm (Brown 1971).

The sex ratio is approx imate ly  one  to one (Hilsinger 1976),  but
appears  to be similar to Wenners (1972)  “anomalous”  pattern  where  the
ratio changes from differential mortality and growth of one and then the
other sex. The age at which tanner crabs mature is not well k n o w n
because  o f  the  d i f f i cu l ty  in aging t h e m ;  h o w e v e r ,  s i z e  of the female  at
maturity may vary between 71 mm-116 mm. The size and age at maturity is
perhaps a function of  growth per molt,  frequency of molting, and timing
of gonad maturation. Matur i ty  o f  C. op<l~o  is reached by the ninth post-
megalops molt,  at or a b o u t  a g e  6  o r  7  (Eldridge  1972). It is unknown
whether the female can mate after her shell has hardened (I)ungeness
f e m a l e s  c a n n o t ) .  Mating  occurs in late winter  or early spr ing  in  shal -
low waters (Science Applications, Inc. 1 9 8 0 ;  Hilsinger  1976)  a n d  ehe
fert i l i zed  eggs  are  carr ied  by the female for about 11-12 m o n t h s ,  a f t e r
which ,  they  hatch and larvae are released, usually in two  batches
(Eldridge 1972a). There is much variation in the number of eggs that
are  carr ied . Hilsinger (1976) gives  a range of 24 ,000  to  318 ,000  eggs
p e r  f e m a l e ,  and AEIDC (1975)  reports a range of  5,000 to 1 4 0 , 0 0 0  e g g s
per  female with an average  of 30 ,000  to  80 ,000 .  The  var iat ion  in  egg
number  may be accounted for by varying sizes of the females and by a
d e c r e a s e  i n  c l u t c h  size in old c r a b s  ( T e r r y  et al. 1980).

Larvae drift  with the surface waters and go through four develop-
mental  s tages ;  a  prezoea  stages  two zoea stages, and a megalops  s tage .
In Kodiak, larvae occur in the spring and summer (Science Applications,
Inc. 1980). Bright (1967, cited in Eldridge  1972)  c o n c l u d e d  t h a t  i n
Cook Inlet,  larvae develop quickly, about two weeks from the prezoea
to t h e  f i r s t  j u v e n i l e  s t a g e . Early and  late  larval  stages  o c c u r  i n -
s h o r e  at Kodiak  during  most of the years perhaps because of  a p r o t r a c t e d
per iod  o f  larval re lease  (Kendal l  e t  a l .  1980).  A b o u t  9 8 %  of these tan-
ner crab larvae in nearshore waters are between 10-50 m during  the day,
a~d about 74% are between 50-90 m at night.
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Megalops  settle out in the  summer a n d  i m m e d i a t e l y  c o v e r  t h e m s e l v e s
in  debr is  where  they  beg in  to feed on detritus (Eldridge  1972).  M o s t
growth  work has been done with C. Opil$o and such studies indicate that
tanner  crab females  cont inue  to grow only until  sexual  maturi ty  i s
reached  and that males continue to grow after they matures  reaching com-
mercial size in two additional molts and maximum size in two further
molts (Anonymous 1971 ,  c i ted  in Eldridge  1 9 7 2 ) . The growth rate
decreases with increasing size. The average age of tanner crabs is
probably about 12 to 16 years, with  a  maximu  life span of 17 y e a r s
(Eldridge  1972) . Maximum size of females is about 13 cm in carapace
width and maximum size of males  is about 20 cm (AEIDC  1975).

Chionecetes  feeds largely  upon ophiuroids,  decapods, amphipods, and
b i v a l v e s  (Eldridge  1972), but Paul et al. (1979) reported  that  s tomach
contents typically reflect the benthic  species common to any given sta-
t ion  and  that  crabs  o f  d i f ferent  size, sex , and state of maturity con-
sumed similar prey. Tanner crabs are in turn fed upon by many large
fish.

History of the Fishery. The tanner crab fishery began in 1968,
supplementing the king crab fishery and remained relatively small until
technological problems with meat extraction were solved. The total
c a t c h  r o s e  to almost 64 million lb in 1 9 7 4 . The fishery at Yakutat
occurs largely from January through April and catches increased there in
1974 (Table 26; note  the  d iscrepancy  in  the  l i terature  for  catch  data  in
the Yakutat  management area compared to the FairWeather region). The
Yakutat management area (Cape Suckling to Cape Fairweather) contributed
over 2.5 million lb in 1980 (A. B r o g a n ,  p e r s o n a l  c o m m u n i c a t i o n ) .

—
Distribution and Abundance

— Adults. Tanner crabs are quite common in the northeastern
Gul f  o f  Alaska. Hitz and Rathjen (1965) reported that tanner crab were
the sixth most abundant species (CPUE)  in their trawl samples and that
they were most abundant between 51 and 150 fm (Table 12). Logbook data
from f i shermen in the Bering Sea and Aleutians (Adak Island) to south-
eastern  Alaska show the highest catch per pot was in depths of 100-120
fm (Brown 1971). CPUE data (NMFS exploratory drags, 1950-1968) indi-
cates that tanner crab abundance for the region from Cape St. Elias to
Cape Spencer is  second only to the Cook Inlet region at 200 lbs/hr of
t r a w l i n g  (Maturgo  1972, cited in Anonymous 1976). Tanner  crabs  are
distributed throughout the Yakutat  area (Fig. 14), and a high abundance
in the Fairweath.er area (Yakutat  Bay to Cape Fairweather) contained an
e s t i m a t e d  12% of the total tanner crab biomass in the Gulf of Alaska
d u r i n g  J u n e - A u g u s t ,  1962 (Ronholt  et al. 1978).

Larvae. Eggs are carried by the female and therefore,  will
not be captured by plankton gear. Larvae drift  with the surface waters
during their development, and we may find them throughout the study area
in all three  sampl ing  per iods ; larger abundance may occur during the
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Table  26 . Catches  ( lb  x 1000) of tanner crab in the Takutat a n d
Fairweather regions,  and the total catches in Alash.

. .

Year Yakutitl FaiWeather2 Alaska
,.

1971
12,880

1972 15 29 30,135

1973 207 293 61,719

1974 1,872 620 63,906

1975 2,021 1,160 46,857

1976 1,714 - - . .

1977 1,016 - - - -

1978 990
- - - -

1979 974 -. - -

1980 2,528
- - - -

1
Cape Suckling to Cape Fairweather.

~akutat  Bay to Cape Fairweather.

Sources:
cation; Alaska
1978.

Terry et al. 1980 ;  A .  Brogan,  personal  communi-
Department of Fish and Game 1975; Ronholt  et al.

—



aI1UO 

noltudhtib nwornlo e 

aaem nitaI iotm .s 

* AVKnY4
e So

NO. 138.

YIMEViHI

f.ø
MEVIH
VbE

-.

—

—

.

--

. .

138”

. .
,,. ,.,,,

“..%. .,., . ,,,,, ,.,. ,.

“59”

. . . . . . . . . . .

TANNER CRAB

/ ; .,,.
,..

. “‘\

‘ km’.,,,.“ y CAPE
‘.\,FAIRWEATH ,,.’ ,’~e++ . ~.q,<’”14  ,;”.’.. . “ w~+io,

@ -Mal j,:. . .
:“j i %o~...,,: ~~~ ,,,”.

. . . ,:,*U?......,.,  L “\ ..,,’,,. . . . .
~ :“, j “ . . . ‘.::,

,. ... . . .
“ . ,.,, ) v ;..,J x,
“&:FAIRWEATHER  .“,

-58” I I i 1 ., .,.. . .

Fig.14. The  d is tr ibut ion  and major fishing areas of tanner crab
in the Yakutat a r e a .

Source: McLean and Delaney 1978.

83



spring and summer. During  the day larvae  should be captured mainly in
the upper 50 m of the water column  and during the night, 50-100 m below
the  sur face .

Northern Pink Shrimp (PanclaZus boreaZis)

Pink shrimp  were not targeted for this study; however ,  s ince  they
are a potentially important species to the economy of Yakutat,  we have
inc luded  th is  sect ion .

The shrimp fishery in Alaska  has largely been centered around
Kodiak. However,  during this past season, the fishing effort there was
too  intense ,  which resul ted  in o v e r l o a d i n g  the handl ing  fac i l i t ies  at
Kodiak.. Shrimp fishing was then initiated in Yakutat Bay. The ADF&G
set a quota there of 1.5 million lb and after this was  surpassed  by
2 0 0 , 0 0 0  lb, the bay was closed  to  the  f i shery  for  the  year .  Af ter  the
c losure  o f  the  f i shery ,  exper imental  t rawl ing  in Yakutat  Bay indicated a
density of  about 136,000 lb/sq mile (A .  Brogan,  personal  communica-
t i o n ) .

Weathervane  S c a l l o p  (Pa$z%upectZn caur+zus>

General Biology. The  weathervane  scallop occurs from California to
Alaska, with commercially harvestable beds around Kodiak Island  and in
the  Yakutat  reg ion  (Hennick  1970a),

Scallops inhabit mud , clay, sand, or gravel bottoms, and usually
l ive  in a slight depression in the sedimen~  sur face .  They  are  most
abundant between 20 and 70 fm (AEIDC 1975), with the majority around
50 fm.

Sexes are separate in scallops and the sex composition of mature
i n d i v i d u a l s  is approx imate ly  one  to  one  (Hennick  1970a).  Hennick
reported that most scallops are ~t~re when three concentric rings are
present on their upper valve. Haynes and Powell (1968)  reported that
most scallops less than 76 mm are immature, ??ert.ilization  is e x t e r n a l .
Depending on the sex, the eggs or sperm are expelled on different sides
of the hinge. Spawning takes place once a year, in June or early JUIY
(Hennick  1970a), and is possibly induced by changes in water tempera-
t u r e . Fertil ized eggs settle to the bottom and attach for a maturing
period of  a few days before hatching (AEIDC 1975).

L a r v a e  a r e  f r o m  80 to 200 p long and drift with the tides a n d
currents for 2 to 3 weeks (AEIDC  1975).  They then metamorphose and
sett le ,  a t taching  with  the  he lp  o f  byssue  t h r e a d s .

A t t a c h e d  j u v e n i l e s  range in size (valve  height) from 6 to 75 mm; b y
their third year, when many are sexually mature, they may be 7.6 to
12.7 cm in height. Their maximum size is around 23 cm. Scallops caught
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commercially range from 7 to 11 years old, but some live more than
15 years (AEIDC 1975). Scallops feed by fi ltering plankton from the
water.

History of Fishery. The catches for the Yakutat  management area
and all of Alaska are presented in Table 27 for 1968-1977. The Yakutat
area was important during the first two years of the fishery and then
again during 1974-1977 when catches were low. A decline in the resource
and adverse market conditions rendered the fishery inactive in 1978 and
1979 (Terry  et  a l .  1980). This past year (largely May-August,  1980),
however, the fishery was again active and A, Brogan (personal communi-
cation) estimates the harvest to be at about 250,000 lb.

Distribution and Abundance

Adults  . In 1968, the Viking Queen experimentally f ished for
scallops from Cape Fairweather to Kodiak Island. Only the Kodiak and
Yakutat  regions supported commercially  harvestable populations (Hennick
1970b). Scallops were more abundant in the Yakutat region but grew
slower and were smaller at maturity than the scallops at Kodiak (Hennick
1970a). Figure 15 shows the distribution of sea scallops within the
Yakutat area . Alverson  (1968)  reported  that  sca l lop  catches  were  h igh-
est at Cape Fairweather, off Icy Bay and east of Cape St. Elias.

Larvae and eggs. Sea scallop eggs are demersal. Veliger l a r -
vae are small (80-200 P) and present in the plankton during the summer.
They should be distributed throughout the study area and if any of the
larger larvae are captured it will be during the July-August sampling
per iod .

R a z o r  Clam (SiZiqua patula)

General Biology, T h e  P a c i f i c  r a z o r  c l a m  (Siziqua  patuza)  iS a n
important recreational and commercial species on the West Coast. Popula-
tions extend from northern California to the Aleutian Islands, occurring
in almost 50 different sites in Alaska.

Razor clams are on sandy surf-pounded beaches and occur in fair
numbers to a depth of 30 ft (Cumbow 1978) . Densities within a
particular habitat are a function of topography, substrate type, and
t idal  reg imes . In general, the majority of  clams inhabit areas between
-0.91 m and +0.91 m of the mean lower low water mark (Kaiser and
Koenigsberg 1977). At Yakutat, the estimated upper habitable tide level ,
relative to mean lower low water, is +1.14 m (Nickerson 1 9 7 5 ) .

Sexes are separate in razor clams and the spawn ripens in the foot
(Cumbow  1978). The number of males and females seems to be equivalent
and individuals of  both sexes reach maturity at approximately 2.5 years.
The influence of  growth is greater than the process of  maturation in
determining the age at which a clam can spawn (Weymouth  et al. 1925).
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Table 27. A n n u a l  c a t c h  (lb x 1000) of scallops in the Yakutat
area , and the total Alaskan catch, 1968-1977.

Year Yakutat Alaska

1968 903 1,734

1969 836 1,888

1970 23 1,440

1971 85 931

1972 128 1,167

1973 174 1,109

1974 357 504

1975 139 436

1976 190 265

1977 22 22

2 285.7 949.6

Source: Terry et al .  1980.
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C l a m s  on one secgion of beach  spawn s imultaneous ly  (M~illin  1924). The
eggs and sperm are discharged through the excurrent siphon. A single
female may produce 6-10 million eggs annually (Nosho  1972; Cumbow 1978).
Fertilizatiori  occurs randomly and fertil ized eggs  may hatch &thin a few
hours  to within a few days (Nosho  1972) . The  eggs  are small;  ripe ova
m e a s u r e  slightly  greater  than 90  microns  (Nickerson  1975). The onset of
spawning  occurs  when seawater temperatures reach around  13*C (Nosho
1 9 7 2 ;  Weymouth  et a l . 1925;  Fraser 1930),  but varies somewhat  with  area
(Bourne and Quayle  1970), and may cont inue  throughout  the  summer a n d
f a l l  (Cumbow 1978). Nickerson  (1975)  r e p o r t e d  that razor  clams in  the
Cordova area would spawn if sustained water temperatures of 5.5 to 8.8oC
occurred for a period of  30 d a y s followed by an abrupt increase in tem-
perature. ‘Therefore,  some spawning may take  place  from early June to
September ,  but  the  major i ty  o f  the activity is in July and August (Wey-
rnouth e t  al. 1925; Nosho 1 9 7 2 ;  Nickerson  1975)9

By 10 days the larva reaches the early swimming stage and by 3
.

weeks it  has the shape of  a clam (McMillin  1924).  At this time, the en-

tire animal is transparent and a velure extends from within the valves.
Two weeks later, very few larvae are in the plankton; each larva has
a l m o s t  d o u b l e d  in size and a foot has appeared (McMillin  1924).
“ S e t t l i n g ” seems to occur 8-10 weeks after spawning (Kaiser and
Koenigsberg 1977). Larvae are distributed by ocean currents and, accord-
ing to Mc?tillin  (1924), most of the last two weeks of the swimming stage
is  spent  in  the  sand. The length of  larval existence of  razor clams is
longer  than for  many other  molluscs  (Weymouth et al. 1925),  and  the
clams settle  out at a b o u t  3 2 5  v.

Some clams may reach 12.5 mm by their first fall and 89 mm by their
s e c o n d  fall (Cumbow  1978)S  g r o w t h  i s  d e p e n d e n t  uP~n 10cation  and  te mp e r a -

ture . In general,  Alaskan razor clams grow slower than their coun-
terparts  in Washington, but l ive longer. The l i fe expectancy of  razor
clams in W a s h i n g t o n  i s  about  8 to 11 y e a r s ,  w h i l e  t h a t  o f  clams in Alaska
i s  a b o u t  11 to 19 y e a r s  (Cumbow  1978; Weymouth a n d  McMillin  1 9 3 1 ) .  Juve-
nile mortalities may reduce the number of clams  that have set to about a
third  by late fall (Weymouth  e t  a l .  1925). Heavy surf causes much of
this reduction, and adult mortality is estiamted  at about 10% per year
(McMillin 1924).

The diet of  razor clams consists mainly of  diatoms, which are very
abundant during the summer months.

History of the Fishery. Commercial razor clamming began in Alaska
in 1916 when a small  cannery  at  Cordova  went  into  operat ion .  Historical-
ly, Cordova  remained  a  majo~  growing  area, along  with Cook Inlet  a n d
Swikshak. Since 1916,  the  industry  has  had it ups and downs.  T h e s e
downs have been caused by poor growing conditions, adverse market condi-
tions, governmental regulations and restrictions (size and poundage
Iimitatlons, and season c l o s u r e s , etc.)~ compet i t ion  frcm fore ign  and
east  coasz clam packers ,  and  sani tat ion  problems (Nickerson 1965).
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Perhaps the largest blow to the industry came in 1964 when the Alaska
earthquake destroyed much of the razor clam habitat. The razor clam
harvest in Central Alaska has averaged over 169,000 lb annually from
1960-1969 (Nosho  1972). This is a decline from the 1940’s and 1950’s
and Nosho (1972) feels this may be a result of over f i shing ,  lack of
marketing resources, increased productions costs,  and/or increased
educat ion  on  the problem of paralytic shellf ish poisoning in Alaska.

Cordova is by far the major area for commercial production with
harvests during the 1960’s averaging over 141,000 lb. Production has
fallen since 1969 and from 1970 to 1973, an average of only 31,750 lb
was harvested (Nickerson 1975).

Distribution and Abundance

Adults. Yakutat does not have a commercial razor clam fishery
because clam beds in the area are inaccessible. Clam beds are probably
within a second shelf  of  breakers that are about one-quarter to one-
half  mile offshore at a zero tide along the open coast (A. Brogan,
personal communication) (Fig.  16). Other sources (Kaiser and Koenigsberg
1977;  Nickerson  1975) claim that a small bed of clams occurs in a slough
near the town of Yakutat and clams there are in subsistence quantities.
According to A. Brogan (personal communication),  however,  they are not
razor clams.

Larvae and eggs. Razor  clam  eggs are very small (-90U)  and
quickly hatch into larvae. Therefore, we probably will  not f ind any in
our samples. If they are captured, however, the most likely time would
be during the July-August sampling period. Larvae are also quite small
but our plankton gear should capture some. This could occur during
either the summer or fall, but most likely in ,the s u m m e r . Eggs and
early larval stages will  be mainly close to the shore but can occur
throughout the study area because they are dispersed by the ocean
currents during a development period of up to 10 weeks.
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SUMMARY

1) The ichthyoplankton  and meroplankton  components of  the zooplankton
communit ies  off Yakutat are virtually unstudied. Inferences on sea-
sonality$  reproduct ive  b io logy ,  e tc . of key species must be drawn
from studies in other areas.

2 ) Pac i f i c  sand lance, sablefish, hal ibut ,  Pac i f i c  cod ,  and arrowtooth
flounder spawn in the winter whereas herring, capelin,  walleye
pollock, Pac i f i c  ocean perch ,  butter  so le ,  s tarry  f lounder ,  razor
clams , weathervane scallops,  tanner crab, and Dungeness  crab repro-
duce in the spring or summer. Juvenile salmon and adult forage
fish will probably be most abundant in the spring and summer. We
expect to sample the greatest diversity and densities of  organisms
during these warmer seasons of the year.

3) Herr ing  and capelin  spawn in bays or on beaches and initially,
the ir  larvae  wi l l  be  inshore .

4 )  H a l i b u t , arrowtooth flounder, and sablefish spawn in deep water off-
shore. We do not expect to see their larvae inshore. The other
species of  f ish spawn at a variety of depths, hence their larvae
will  be widely dispersed.

5) Salmon spawn in nearly every stream in the Yakutat area, but the
most important spawning areas are the southeast shore of Yakutat
Bay (pink salmon) and coastal rivers to the southeast of the bay.

6) There has been a herring fishery in Yakutat  Bay only twice in
recent years. About 2,000 to 3,000 tons spawn yearly in Yakutat
Bay and a larger population spawns in Russell Fjord. Herring serve
as important forage fish to other species such as chinook salmon.

7 )  P a c i f i c  s a n d  l a n c e , capelin,  and eulachon are probably all  abundant
off Yakutat, but actual densities are unknown. There is no commer-
cial  f ishery on any of these species,  but they are important
sources of  food to larger fish, mammals,  and birds.

8) The Yakutat  area is not a major producer of salmon relative to the
rest of  Alaska; however, adults on their spawning migrations and
juveniles from stocks far outside the Yakutat  area mix in waters
o f f  Yakutat. Juvenile salmon are most abundant offshore over the
Continental Shelf during July and August, although catches of pink
and chum salmon  are still high in September and October.

9) G e n e r a l l y , there is no domestic (United States or Canadian) commer-
cial f i shery  by  groundfish fleets in the Gulf of  Alaska beyond the
Queen Charlotte Islands; however, there are plans to develop a
groundfish fishery in Yakutat and four other Alaskan communities.
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C u r r e n t l y ,  groundfish  stocks off Yakutat are  pr imari ly  fished by

10)

11)

12)

13)

14)

15)

16)

17)

18)

the Japanese.

Pacific  cod and walleye pollock
in the Gulf  of  Alaska. Catches
Alaska are,  however,  relatively
in the Bering Sea.

are abundant and widely distributed
by the Japanese in the Gulf of
insignificant compared to catches

Pacific ocean perch and sablefish are both abundant off Yakutat and
this area is one of  the most important areas to the Japanese fish-
er ies  on these  two  spec ies .

The arrowtooth  flounder is widely distributed and abundant in the
Gulf of Alaska and it is an important species in the domestic fish-
eries to the south of  the Queen Charlotte Islands. The Japanese
p r i m a r i l y  f i s h  f o r  flatfish  in the  Ber ing  Sea ,  so  the ir  e f for ts  o f f
Yakutat a r e  n e g l i g i b l e .

T h e  n o r t h e r n  Gulf of Alaska (IPHC’S  area 3A)swhich  includes Yakutat,
is the most significant domestic halibut fishing area.

Starry flounder and butter sole are relatively uncommon in the Gulf
of Alaska and they are not commercially important species. How-
ever ,  flathead,  E n g l i s h , Dover, and rex sole are abundant in the
Gulf of Alaska and the last three species are commercially
explo i ted  by  domest i c  f l ee ts .

There are high concentrations of both Dungeness and tanner crabs
off Yakutat and catches in the area are important relative to the
overal l  catches  in Alaska .

In 1980, there was a shrimp fishery in Yakutat Bay and there are
estimated densities of  136,000 lb/sq mile remaining in the bay.

T h e  weathervane  scallop f ishery off  Yakutat was active in 1 9 6 8 ,
1969, and 1972-1976 followed by a crash caused by low densities of
scallops and poor market conditions. The fishery was active again
in 1980.

The razor clam  beds near Yakutat  are inaccessible and therefore
there  is no commercial or sport f ishery on them in the Yakutat
a r e a .
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From the nearshore survey samplinq,  primarily in Kamishak 9ay, the
n~rerically pr:dcminant taxa in the beach seine catches were Pacific sand
lance, juvenile cnwTI sainon, Dolly Varden, juvenile pink salmon, Pacific
herring, longfin smelt, wbitespotted  greenling, ?acific staghorn sculpin,
Nvoxoceohalus  ~,, and starry flounder. The weight predominant taxa in
tn? try net catches were yellowfin  sole, T~rrner crab, butter sole, flat}ead
sole, Pacific halibut, rock sole, arrowtooth flounder, king crab, :b/o.<o-
cmhalus ~., and walley~ pollock juveniles. The numerically predfi:—_
taxa In the tow net cacches were Pacific sand lance, Pacific herring,
whitespotted greeniing, capeljn, juvenile pink, sockeye, chum and chinook
salmon. The numerically pradcminant species  in the gill net c~tch<s
‘w:re adult Pacific ilerrin~, chum salmon, Dolly Varc!err, and Bering cisco.
The numerically predominant species in the trarwel nec ‘were adult Pacific
herring, whitespotted  gre:nling, sturgeon p~acher, yello,~fin sole, mas!<ed
greenling and Pacific staghorn sculpin. Features of distribution, sea-
sonality and growth are p?es?nted.

A survey of nearshore fish while SC(13A diving at 3 t~ 23 ~ 5:l~\Y
the surface ‘was conducted and is included as Appendix 11. The c2:lposi-
tion of the ichthyofauna  ‘;~as different at each location. Non-.scnooling
species predominated the nearshore fish f~una in all rocky locations.
Sculpins, greenings, ronquils and rf)ckfishes  were the major families
in tne rocky suetidal zons. Howe’jer, only greenling ‘were common on rock
habitats in Kamishak Bay. Black rockfish and dusky rockfish were the
most abundant schooling fish in the rocky subtidal zone in Kachemak Bay,
wyile Alaskan ronquil and kelp greenling were the predominant demersdl
s~scies. Mhitespotted  and rlasked greenling were the predominant demersal
fishes on rock habitat in Kamishak Bay. Flatfish predominated the
danersal fish?s of soft substrates in both Kachema~ and Kamishak bays.
Important species on a sand beach in summer included Pacific sand lance,
Pa.ciflc staghorn sculpin, English SOle, rock sole, sturgeon poacher

and Dolly Varcl?n w’nils only Pacific sand lance, Pacific staghorn sculpin
anti stir-f smelt were se~n in winter.

Food habits were detetiined by stcmach analysis for several sp:cies,
including sand lance, herring, salmon, Do]ly Varden, smelt, flounders and
scul pins. Generally, each species had eaten a variety o-f prey, includiqq
copepods, deca~od larvae, fish eggs and larvae, ganmarid amphipocs, cla~s,
polychaetes, and insects. Food habits of other cmmsrcially i~partant
sg~ci~s, includi~q cr~~s, shrimp, halibut and pacific c~d, ,je~e ~~~,fiar~zed
frcm Iiteraturs.  -
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The residenc~ ti,ne of oil spill contamination in lower COOS in;ec.
and Shelikof Str~it depends upon the retention of oil in the water
column, in coastal sediments, and along the shoreline. The vdrious
e~,tir~nme~t~l conditi~n~  affecting the retention of oil in the rlarine
environment inlcud~ circulation, tidal range, suspended sediments,
bathymetry, bottcm type, coastal morphology and winds. The physical
processes and environmental conditions which will determine the residence
time of ail or other contaminants in lower Cook Inlet as a whole as AI
as in each of the natural regions of lower Cook Inlet and Shalikof Strait
are di~c~ssed, ‘Jrilling  muds and cuttings, discharged during drilling
of exploratory wells may result in adverse impacts to the marine environ-
ment such as toxicity to marine life, pollution of the substrate and
smothering of benthic organisms. Relative sensitivities of pelagic and
demzrsal species are given.

Polluted formation waters may affect both individual or~anisns ~nd
entire populations by causing short term (acute of lethal) biological
effects such as death or long term (chronic or sublethal) effects
including abandonment of a habitat and interference with the growth
and reproduction.

Conflicts between drilling platforms and the ccamercial fishing
industry may result in physical loss of fishing area, interference with
fishing gear and vessels, direct effects of oil pollution on cmnmercial
species, and tainting of commercial species by oil pollution.

I;npacts on the narine ecosystem by shore-based facilities arise
frcrn habitat destruction (site preparation or alteration), siltation of
adjacent waters, the use of cooling waters, oil pollution, and inter-
ference with commercial fishing.

Dredging during pipeline laying affects fish resources in the coastal
environment by 1) the physical destruction of benthic habitat, 2) altering
water quality through the suspension of sediments which may contain toxic
chenicals and have a high biological oxygen demand, 3) smothering benthic
organisms when suspended silt and over burden are depositd on adjacent
areas, 4) mdifying water circulation patterns through the alteration of
natural bottom contours and features, 5) modifying salinity concentrations
in estuaries by changes and disruption of freshwater inflow, and 6) direct
mortality when marine life is swept into dredging equipment. T$e effects
of dredging may be short on long-term, depending  upon the area dredged, nns
amount of material removed and tne extent to which bottcm contoIurs dnd
rta’tiral  features are altcreci.
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-!.
IEIS study is p~rt of a survey OT the ne~rshors fin~ish and comerci~i
crab resources and food web relationsfiips  of lower Cook Inlet. Sl>urc<
na~erial incllJdes field c~llec~i~fls and food ‘hd’b;~S dn~~~~is  ~v~jc~ ~~~-,.

sticute the bulk of the report. Fiel.~# ~ol~ections  ~~ere l~~d~ from flpr~~
ttrough October with collections in ;oril and October nade in Kache~at
Bay and the remainder made in northern Kamishak Bay. This stud~’ is only
one of a coordinated set of studies of several aspects of the Cook IIle~
system which include bird, mammal, benthic invertebrates, pl~nkton ari,:
several other studies by OCSEA? investigators.

Specific Objectives

1. Determine the feeding habits of principle life stages of domin~nt
pelagic and demersal fish and provide an initial description of
their role in the food web.

2. Describe the distribution and relative abunddnce of pelagic and
demers~l fish and their se~sonal changes.

3. Identify areas of unusual abundance or of appdrent importance t~
fish, especially commercially important species.

4. Review all past information on the fisheries in lower Cook “Inlet
including commercial and sports catch statistics in order to cle-
termine the past and future trends in the i~portance  of tJIese
species and to define the geographical and seasonal locations of
fishing areas.

5. Define the geographical locations and sedsonal uss of spawning areas
to the highest resolution possible.

6. Identify the geographical and seasonal locations of important prey.

7. Describe and evaluate the potential for impact on commercial, poten-
tially commercial, and sports fisheries by OCS oil and gas explora-
tions, development, and production based on the findings of the above
six objectives pllJs existing information on the sensitivity of VtIriOUS
life stages of these species, and geographical areas of potential risk.

Relevance to Problems of Petroleum Development

Oil exploration in the Cook Inlet lease area constitutes a potential for
environmental degradation and it is d legal requirement of the leasi~g
agency, Bureau of Land Management (BLN), to consider this potentia? as e
part of the cost of leasing. This study was funded by BLM as a part  of
tt?e program to satisfy their requirements.
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The personnel of the OCSEAP Juneau Project Office contributed cJ’Isii~rJ~ly
t3 the p13nninq and execution of this study, especially Cisot-qe Lapi2ne and
?~ui Becker. ~11 vessel support and field camp support was drrangecl by them.

Tne enploy2es that conducted the sampling did a fine job and they were Jay
Fiel,j, crew ~~<~der, Jj~ ~~cjna, L)an LOCk~, Robert Sanderlin, Harry Dodge and
Tom Eledsoe. Karen Anderson conducted all the food habits analysis and
Bill Johnson created the computer routines to analyze the data.

This study was supported by the Bureau of Land Management through interagenc:l
agreement with the National Oceanic and Atmospheric Administrati~n, under
which a multi-year program responding to needs of petroleum develome:lt of t,ne
Alaskan continental shelf is managed by the Outer Continental Shslf Environ-
mental Assessment Program (OCSEAP) Office.

CURRENT STATE OF KNONLEDGE

In the Cook Inlet area prsvious survey type data on marine resources is
larqe?y lacking. The National Narine Fisheries Service (NMFS) con-
duc;sd approxinatt?ly  85 otter trawl hauls in Cook Inlet during ?953, 1961
~TIJ ?~~~ ~fid these are sullmarized by Ronholt et al. (1978). The v~ssels
;rere rigged for crab and oRerated between  ~id-JUly  and late Ss!ptw,uer.

A compilation of existing information on the Cook Inlet fisheries ‘MS
prmared by the Alaska Department of Fish and Game under a program funded
by ‘the Federal Coastal Zone Management Program ilevelopment Funds (;!cLean
et al., 1976). This work included a ‘written  narrative and a portfolio of
mapped data. The narrative included characterizations of each fishery and
the tabularizations of statistical data. Historical catch, effort, econcmic
value, and escapement statistics were included. The map section include~
distribution mappings for all significant finfish and shellfish s:eciss,
major fishing areas for all commercial species, critical salmon an:i shell-
fish spawning areas by species, where known, and shellfish rearing areas
by species, where known.

A study of the effects of oil on biological resources was funded by
State of Alaska as a result of public concern over Alaska’s 2Sth d~
Gas Lease Sale of subtidal land in Kachemak Bay. These studies inc
the fisherv resources, birds, coastal rmrpholoqy, circulation afld a
thesis of “the impact of oil on the Kachemak Ba~-environment (Trasky et al .,
1377).

The studies initiated in 1976 under the Outer Continental Shelf Environ-
mental Assessment program (OC.SEAP) were hastily assembled and were faced
with a paucity of data concerning what to expect. The scope was broad: as
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much of the inlet as could be physically covered efficiently. Sampling
was conducted with beach seines and surfacs tow nets from the east Fore-
lands to Port Graham on the east side of the inlet and from Amakdedori
Beach to Chinitna Bay (with a few samples further north) on the west
side,of the inlet. Surveys were repeated monthly during June throuch
September of 1976. An otter trawl was successfully used in the central
portion of the inlet during June, July, August, Sept.wber 1976 and Narch
1977. A power purse seine and gill nets were used to study pelagic fish
during July, August and September 1976. A number of conclusions resulted
from this study as did some questions (Blackburn, 1978).

In preparation for Cook Inlet Oil Lease Sale No. 60 a summary of available
information on the Cook Inlet - Shelikof Strait area was prepared in Octo-
ber 1978 (Marine/Coastal Habitat Management, M.C.H.!!., 1978). Much of the
historical information reviewed in the current report was reviewed in that
document, also. The I’I.C.H.14. document addressed fisheries resources,
marine birds, marine mammals, circulation, and hazards and potential impacts.

The M.C.H.M. prepared a report with recommendations for minimizing the
impacts of hydrocarbon development on living resources in Cook Inlet
(Hamilton et al., 1979). This study was focused on impact potentials
and their interaction with known resources. Materials from that report
have been incorporated in this report.

Since this project was initiated the lease area has been expanded into
Shelikof Strait. Information on resources in Shelikof Strait is quite
limited. Ronholt et al. (1977) gathered together the results of
all past NMFS trawl surveys in the north Pacific area, including those
conducted in Shelikof Strait and lower Cook Inlet. From this report
general species abundance carI be obtained but distributional features
within Shelikof are not clear.

Various fisheries have existed in the lease area for some time and in-
formation based on these fisheries and supporting management of these
fisheries has been accumulating. A summary of pertinent information
follows.

Salmon

All five species of Pacific salmon are harvested in the Cook Inlet -
Shelikof Strait area. Pink salmon predominate in numbers of fish
throughout the area with red salmon second in importance in Cook Inlet
and third in the Kodiak area while chums are second in importance in
Kodiak and third in Cook Inlet. Cohos rank fourth and kings fifth.
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Pink salmon harvests are important throughout the area (Figures 1
and 2) with greatest catches generally north of Anchor Point, in
Kachemak Bay, along Kodiak and Afognak islands and scattered along
the shore of the Alaska Peninsula. Pinks spawn in virtually every
stream with suitable spawning habitat throughout the ar~a (Figures 3,
4 and 5). Pink salmon runs are not well known in the streams north
of Anchor Point on both sides of Cook Inlet, due to silty water- which
makes counting frum an airplane impossible, and emphasis has been
placed on red salmon in this area. Over a million pink salmon have
been estimated to return to the Susitna in one year (Ncl.ean et al., 1976).
On the west side of Cook Inlet, from Bruin Bay to Cape Douglas there are
eight rivers with runs of pink salmon estimated at about 10,000 or more.
On the east sjde of Cook Inlet from Kachemak Bay south there are five
rivers with runs of pink salmon estimated at 10,000 or more. On the
Alaska Peninsula shore of She’likof Strait there are seven streams in
which average aerial counts exceed 10,000 pink salmon and on the Sheli-
kof Strait side of the Kodiak Archipelago there are 14 streams in
which average aerial counts exceed 10,000 pinks. Nlost notably the Karluk
River and Red River on southwest Kodiak have averaged 380,000 and 320,000
pinks respectively (Figures 3, 4 and 5; App. Table 24). Both these rivers
have much stronger runs on even years and each had more than a million
fish in 1978.

Red salmon are harvested in nearly all areas of Cook Inlet - Shelikof
Strait to some extent, but the greatest catches are in Cook Inlet north
of Anchor Point, on the south side of Kachemak Bay, in the bays on the
west side of the Kodiak Archipelago and in the Cape Igvak area of south-
west Shelikof Strait wlnere reds destined for Chignik are caught .(Figures 6
and 7).

Since
going
large
24).
while
are a

red salmon normally reside in a lake for one or two years before
to sea, there are fewer rivers that contain them and the few real”
systems produce the bu~k of them (Figures 3, 4, and 5; App. Table
In upper Cook Inlet, the primary rivers are the Kenai and Kasilof:
considerable runs have been counted in the Susitna River. There
few other red salmon rivers in lower Cook Inlet, the Iarqest are

Y

Crescent River, immediately north of Tuxedni Bay, Enqlish 13ay River on
the tip of the-Kenai F’enin~ula  and Mikfik Creek-in s~uthern ~amishak Bay.
Kamishak Bay is unique in the number of small red salmon streams present.
On the Alaska Peninsula side of Shelikof Strait there are runs of over
5,000 reds in tio rivers. On the .Shelikof  Strait side of the Kodiak
Archipelago there are 13 streams with red salmon runs, most notebly the
Karluk and Red rivers with average returns of 350,000 and 150,000 reds
per year in the last ten years. In addition there are three rivers with
more than 10,000 (two of which have been surveyed only in 1978).

Chum salmon are harvested throughout the lease area (Figures 8 and ‘3)
with greatest catches between Anchor Point and the Forelands, in Chinitna
3ay, Iliamna - Iniskin Bay in Kamishak, in the Port Chatham area on the
tip of the Kenai Peninsula, in the Kukak Bay area and Nide Bay on the
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Alaska Peninsula and ~n most of the bays on the Shelikof Strait side
of the Kodiak Archipelago.

Chum salmon, like pinks, do not rear in freshwater but go to sea im-
mediately after they emerge from the .grayel. Thus they are found in a
large number of streams {Figures 3, 4 and 5; App. Table 24). In upper
Cook Inlet little reli@le information ex!sts on where they spawn or
their run size. They use the Susitna extensively but they are the only
salmon not found in the Kens’i and Kasilof rivers. On the west side of
lower Cook Inlet there are a number of streams with chum salmon. There
are 10,000 chums in a stream on Chinitna Bay, 10,000 in a stream on
Iniskin My, 10,000 in a stream on Cottonwood Bay, 5,00!3 in a stream in
Llrsus Cove, and on the south side of Kamishak Bay there is one stream
with 50,000 and three with 10,000 chums each. There are few chums in
the Kachamak Bay area. There is a run of 1,000 in a stream on Se?dovia
Bay, 5,000 in a stream on Port Graham and 2,000 in a stream OFI Port Chatham.

on the Al@ska Peninsula side of She’likof Strait chums are wiclespreacl with
25 rivers having runs of greater than 1,000; three of these have runs
greater than 10,000. On the Shelikof Strait side of the Kodiak Archi-
pelago there are 16 rivers with more than 1,000 chums; six of these rivers
have more than ?0,000.

Coho salmon are harvested throughout the lease area to some extent (Fig-
ures 10 and 11). Greatest catches are made north of Anchor Point,
near the Karluk River and along the west side of the Kodiak Archipelago.

Coho salmon spend a year or more of their early life ~n a stream before
going to sea, thus suitable freshwater habitat is important to them.
Their run size is not well known, partly because they are the latest
spawning salmon in many streams. They are known to use the Susitna River
extensively and 30,000 are estimated to return to the Kenai River. There
are a number of rivers with substantial runs of coho between the Kenai
River and Kachemak Bay, but the south side of Kachemak Bay has fewer coho
salmon streams (Figures 3, 4 and 5; App. Table 24). On the west side of
the inlet cohos are present in virtually every stream north of Chinitna
Bay, but run sizes are not known. South of Chinitna Bay there are 13
streams with cohos, six of which contain runs of 1,000 or more. In the
Kodiak area cohos are much less common. One stream on the Alaska Peninsula
side of Shelikof Strait contains about 3,000 coho and seven streams on
the She!ikof Strait side of the Kodiak Archipelago contain coho. Of these
the Karluk and Red rivers contain the only s~zeable runs with about 8,500
and 1,000 respectively.

Chinook salmon are caught in small numbers throughout the lease area
(Figures 12 and 13). Greatest catches are in the upper inlet, espec~ally
along the east shore, and in the various bays of Kodiak on Shelikof Strait.
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The sal,~on fishery is conducted durinq the months of May through September
(Figure 14) with almost no catch in Kodiak in Nay (the figure is constructed
frcm weekly catches and week ending dates, thus some June catch could be
taken in the last days of $lay) and only a little catch in Cook Inlet in
ilay. Tne red salmon fishery is the earliest in the <odiak region while
kings are the earliest in Cook Inlet. In both areas pinks peak in late
July and early August. Reds peak in July in Cook Inlet and late June to
early July in Kodiak. Chums peak in July and August in both areas and
~OhOs peak in late  JUIY in cook Inlet and in Auqust in Kodiak. In the
Kodiak area the echo run is size~ble in ~s~tenbar and the species is con-
sidered to be underutilized. King salmon ~arv~~ts are size~ble in Gune
and July in both areas.

Although salmon (are anadranous, pinks and chuns often spawn in sections of
streams that are within tidal influence. This practice  is extensive through
out the ~ease area south of the latitude of Anchor Point. Specific strems
in which intertidal spawning is kncwn have  been identified in Kachemak and
Kamishdk bays (Figure 15). On the Alaska Peninsula and the Kodi~k archi-
pelago virtually every stream is utilized in the intertidal portion. On
Kodiak this spawning substrate is core imgortant than in other areas as
the rivers with t“he largest runs of pinks and chums are used the most in
the intertidal portions.

The salmon fishery in both the Cook Inlet and Kodiak areas began in 1832
but catch data w~s first recorded in 1894. Initially the fishery was di-
rected at sockeye salmon in both areas and other species were further
exoloited  later. In the Kodiak area, sockeye catches peaked at ov:r- three
mi~lion per year for the 1900-1909 period and have since declined (Table 1).

The K.arluk River was very important in this ~arly fishery and eff~rts are
being expended to increase the productivity of the sockeye systms on Kodiak.
The production of rockeye in Cook Inlet developed nore slowly with peak
production of more than 1.6 million in the 1930’s and 1940’s (Table 2).
Catches of sockeye have declined since that time. Pink salrmn catches e;(-
panded through the 1920’s in Kodiak and through the 1930’s in Co~k Inlet.
Chum salmon production has been relatively stable in the Kodiak area since
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Hamilton et al. (1979).



about the 1920’s but has expanded slowly in Cook Inlet so that about
6-700,000 are taken each yeav.in each area. Coho production in the
Kodiak area peaked in the 1930’s and 40’s at about 130,0G0 annually
and has since declined to about 40,000. Cohos are currently under-
utilized in the Kodiak area as a large share return after most of the
other sallnon fisheries are completed. Coho salmon harvests in Cook
Inlet have remained fairly stable at 250,000 annually except for har-
vests of 400,000 in the 1940’s. Chinook salmon harvests have never
been very big in the Kodiak area but were greatest in the 1900-1909
time period. In Cook Inlet, Chinook harvests have been substantial,
pe~king in the 1940’s and 1950’s but declining considerably since then.

A substantial portion of all salmon production in the Kodiak area has
come from Shelikof Strait. Virtually all the sockeye and chinook pro-
duction has been in Shelikof as the Karluk River and Chignik River
have been very important systems.

The Kodiak data discussed above includes the entire Kodiak area. Based
on catches in the early 1970’s the She?ikof Strait region accounts for
about 38% of the annual pink salmon catch, 84% of the red salmon catch,
40% of the chum salmon catch, 55% of the coho catch and the bulk of the
chinook catch in the Kodiak area.

The outlook for the salmon fishery in the lease area is optimistic. Im-
protied  management, habitat rehabilitation and enhancement of salmon runs
will probably improve the returns in the future years. The early 1970’s
were relatively poor years due to several severe winters which greatly
reduced freshwater survival and the later 70’s were much better because
of mild winters. In the future, weather will continue to be very impor-
tant to the production of salmon.

Table 1. Nean annual salmon catch in thousands of fish in the Kodiak area
by decade and species, 1893 through 1978.

Years
Species

Pink 5ockeye Chum Coilo Chinook

1893-99
1900-09
1910-19
1920-29
1930-39
1940-49
1950-59
1960-69
1970-78

’46
972

3,140
8,078
7,947
5,043
7,740
(5,346

2,772
3,160
2,200
1,558
1,537
1,416

392
51(3
518

2;.5
320.0
437.6
482.6
827.0
675,9
7?54. 5

15.4
56.4
45.8

130.6
138.5
84.5
40.7
44.0
27.4
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Table 2e }Iean  annudl salmon catch in thousands of fish in the Cook Inlet
~rea by decade and species, 1893 tnro~~h  1972.

Species
‘fears Pink Sockeye Chum Coho Chinook

1893-99
1900-09
1910-19
1920-29
1930-39
1940-49
1950-59
19~o-(59
1970-78

38
89

574
367
592

1,304
1,297
1,780
1,139

382
487

1,396
1,251
1,609
1,658
1,353
1,197
1,215

57.2
70.3

137.4
315.2
592.1
717.2
756.6

‘41.2
69.0

132.5
250.0
273.2
406.1
230.4
266.5
183.4

19.5
40.3
53.5
49.3
67.9
91.7
79.0
13.4
11.9

Halibut

The halibut catch is widely distrihutsd throughout. the lease area (Fig-
ure 16). The catch is reported by ruch larger statistical areas thdn
is the catch for oth~r species. Log book data is collected from the com-
mercial fishermen and examined for distribution of effort, among other
things. There are a few areas where effort tends to be more concentrated
than others and these areas, illustrated in Figure 16, are generally in
the vicinity of Anchor Point, off the tip of the Kenai Peninsula south
of Kachemak Bay, near the Barren Islands, along the south shore of the
Kenai Peninsula, on the east side of .Shelikof Strait and into the bays,
along the south west tip of Kodiak Island and in the Mide Bay area on
the west side of Shelikof Strait (International Pacific Halibut Commis-
sion 1978a; personal communication), There has also been a seasonal
trend in the location of the fishing activity. As halibut migrate sea-
sonally from deeper water in winter to shallow in summer the fishery
follows. In the early season, about May, the fishery is most active in
deeper areas and in mid-summer some of the activity is as shallow as
10 fathoms. Some of the fishermen have reported that halibut seem to
follow the salmon into the bays and halibut have been found with salmon
in their stomachs (R. Myhre, personal communication).

The ctitch of hdlibut by subarea for the last ten years is presented in
Table 3. Statistical area 261, which represents Cook Inlet except
Kamishak !3ay has averaged 575,000 lbs. per year during this time and
Kamishak, area 272, has averaged about 44,000 lbs. per year. Northern
and southern Shelikof Strait, statistical areas 271 and 281 respectively,
have averaged 263,000 lbs. and 491,000 Ibs, per year.
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Figure 16. Halibut. statistical areas and locations most actively fished in Cook Inlet
and Shelikof Strait. Halibut fishing is conducted throughout the lease
area and the hatched locations tend to be fished more heavily. Redrawn

from Figure 2 I.P.!i.C. (1978) with greater detail added by the author.
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or until the guideline harvest is taken. On Decmber 1 the fishery re-
opefl~ for eight inch crab in the Kodiak area and remains open  through

Jan~ary 15. ItI the Cook Inlet area the eight inch season is,p>en~$ and
closed b.y emergency order but is restricted to the ~ugust 1 zlrougn .
March 15-season.

King crab mcwe into relatively shallow water in ~rinterw~er: their eggs
hatch during the Febrl~ary  through April time per~od. This IS fallowed
bymoulting and mating so that the female carries eggs for about 11 months
of the year. During this tlrn~ the adults are quite concefitr~ted.

King crab dre known to concentrate in Kachenak Bay for spawning. NJch
less is known about the .Shelikof Strait and Kamlshak Bay stocks. Nearly
all of the bays on Kodiak are known or suspected to harbor spaw!ing con-
centrations and ~irtually all shallow water is used by crab durlngospawn-
ing. Greatest concentrations are undoubtedly in the IJganlk Bay, VlekocIa
Bay arid Ku@’eanof  Strait areas. The spawning location used by Kamishak
Bay king crab is not known. They clearly move into shallower water in
winter, into Kamishak Bay, but areas of concentration are not known nor
is the extent of inshore movement.

Table 7. King crab catch in thousands of pounds by area and fishing
season, 1960-61 season to present.

.

Cook Inl?t District
Southern’ Kamishak

Fishing Season Barren 1s.

Kodiak by Stockl
5

~

60-61
61-62
62-63
63-64
64-65
65-66
66-67
67-68
68-69
.69-70
70-71
71-72
72-73
73-74
74-75
75-76
76-77
77-78
78-79

3,338
1,999
2,304
1,790
2,192
1,852
1,412
7,123

751
1,465
1,540
] ,998
1,391
1,962
1,811
1,667

978

666

772
3,138
4,884
4,684
3,299
1,637
1;168
2,327
1,711
1,689
2,116
2,868
2,756
2,236
2,965
1,833
3,130

2,713

1.885 383
3;1%’ 1,293
2$605 344
3.041 48
2;578 109
1,181 110
19312 103
1,520 1,02’7
1,476 676
1,748 789

880 1,438
236 258
206 529
360 386

1,045 156
1,161 304

722 314
244 142
349 1?6

lStock 5 is central Shelikof Strait and catch is primarily iv ~ie~od~ Bay
and Kupreanof Strait. Stock 6 is northern Shelikof Stra~t Tn the v?cln-

~ity of Cape Douglas.
Southern District of Cook Inlet is essentially Kachemak Bay.
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Figure .22. Herrinu spawning areas and feeding areas in waters of Shelikof
Strait, The spawning areas are marked along the shoreline and
the feeding areas are most likely al? areas within the hatched
area. There is ver,~ little information available on feeding
areas. The two areas marked 1 are reported but unsubstantiated
spawning locations, Data from Rounsefell (1929) and ADF&G156 biologists.
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Herring spawning areas and feeding areas in waters of Cook Inlet. The spawning
areas are marked along the shoreline and the feeding areas are most likely all
areas within the hatched area. There is very “little information available on
feeding areas but the central area between Kachemak Bay and Augustine Island
appears to have less herring in surface waters than along both shores, although
herring consistently occurred in small numbers in otter trawls in this area.
The spawning location marked 1 is based on the presence of mature fish in the
fishery and the presence of larvae in summer, and its actual location and ex-
tent is not known.
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Herring spawning has been documented or rqorted in nearly every bay on
the west side of Kodiak Island (Figure 22); On the west side OF Shelikof
Striiit herring spawning has been documented only in Kukak Bay. Herring
spawning has been reported in virtually  every cove and bay on the south side
of Kachetnak Bay and on the Homer Spit. Herring concentrations have been
seen throughout Kamishak Bay ~n the spawning season and spawning has been
specifically identified off tlw Douglas River, in Bruin Bay, Ursys Cove,
Iniskin Bay, Oil Bay and Dry Bay (Figure 23). In the upper inlet the
waters are too murky to confirm spawning of herring but an active gill
net fishery yields matuw adult herring in the vicinity of the Kenai River
during spawning season and larval herring were found to be abunddnt in this
area throughout the summer by this project in 1976.

The bulk of herring spawning occurs during Nay; however, they also have
been reported to spawn in late April and in early June in lower Cook
Inlet and as early as April 18 in Uyak Bay and as late as the first week
of July in Red Fox Bay on Afognak Island (A13F&G staff).

Herring typically spawn in the intertidal zone, primarily upon vegetation.
On the west side of Kodiak Island herring commonly spawn upon eel grass
(Zostera), hair kelp (Llemarestia) and rockweed (Fucus). Herring spawn in
Kamishak Bay has been found on crab pots at considerable depth, but it is
believed that most spawning occurs in the intertidal or immediate subtic!al
zone.

King Crab

King crab have been taken in virtually all of the lease area south of
Anchor Point. Areas of greatest king crab catches are Kachemak i3ay, a
large area that encompasses Kamishak Bay, the central inlet toward the
8arren Islands and north central Shelikof Strait; a small area in Viekoda
Say and Kupreanof Strait where approximately 4mil?ion lbs. have been
landed in the nine years summarized and the southern end of the lease
area encounters the fringe of the hi hly productive area at the south

7west end of Kodiak Island (Figure 24 .

King crab was first harvested in the Kodiak and Cook Inlet management
areas in 1951. Since that time the catches increased to their histor-
ically highest values in 1965, when approximately 95 million Ibs. were
taken in Kodiak, and have since declined (Table 7). The fishery now
depends primarily upon recruit crab and thus the catch in any season
depends heavily ~po~ the reproductive success of a single year class.
Catches were very low in 1972, 1977 and 1978, but a very large group
of recruits will enter the fishery in 1979 and 1980. The king crab
catch in the Kodiak management area is greatest on the south end of the
island, with Shelikof Strait providing a relatively small portion of the
catch.

August ? in the
ember 30 in the

The king crab fishery operated during every month of the year through
the 1960’s. Now it opens September 1 in the Kodiak management area and

Cook Inlet management area and remains open until Nov-
Kodiak area and until March 15 in the Cook Inlet area,
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Total catch of herring in tons during 1969 through 1977
by statistical area in Shelikof Strait.
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The herring fishery began in 1914 and during the period of 1914 to
1!?28 there was a substantial herring fishery in Kachemak Bay wi~h
annual catches over 1,000 tons per year in nine years and a nax~muln
catch over 9,0C0 tons in 1925 (Table 4).

Table 4. Commercia?  catch of herring in Kachemak Bay during 1914
through 1928 (Rounsefell, 1929).

Year catch, tons Year Catch, tons ‘fear Catch,tons

1914 155.7 1919 2,648.2 1924 7,040.0

14*7 1920 959.2 1925 9,614.2
1915
1916 69.2 1921 2,611,0 1926 7,136.2

1917 943,4 1922 503.8 1927 3,590.7

1918 1,985.0 1923 3,781.2 1928 2,152.1

The stocks were depleted, however, and the fishery ended.
Between 1929 and

1968 there was little fishing, with herring taken only for bait, thus there

are no catch records. From 1969 through the present there has been a sub-
stantial herring fishery in Cook Inlet, primarily during the spring as her-
ring are taken for their roe. The harvest has been in Kachemak Bay but be-

ginning in 1973, the Kamishak Bay area has been heavily fished and the area

near the Kenai River and the east Forelands has been fished (Table 5).

Table 5. Commercial herring catch, Cook Inlet, by area, in tons of fish.t

District

Year Centralz Southern3 Kamishak

~ 9fj9

1970
1971
1972
1973
1974
1975
1’976
1977
1978
1979

14.0
36.6
6.0

17.1
60.7
17.1

551.5
2,708.7

12.5
1.0

2!)3.8 243.1
110.2 ‘2,108.8
24.0 4,119.0

Inlet Total 4,086.3
291.0 2,917.5
16.6 402.0
13.1 417.6

~Source - McLean et a?. 1976, and ADF3G catch statistics
‘The Central District is north of Anchor Point in Cook Inlet.
3The Southern District is Kachemak Bay for this ‘ata*
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Population estimates have been calculated fron the trawl surveys in
Shelikof Strait. These surveys are known to be underestimates since
pcllock are not all on the bottom, many are in the water colurm and not
available to the gear. In 1961 there were an estimated 3,0!30 nt (netric
ton) in Shelikof Strait and in 1973-76 an estimated 14,000 mt. The
outlook for bottomfish  is continued expansion at a slow rate si~c~ it is
d high volume,  low profit product.

Other species caught in Shelikof in limited amounts have been sablefish
and rockfish. Sablefish constitute about 3 to 5% of the catch of the
March-April fishery and are all about 40 to 50 cm, and about age 2 (Low
etal., 1976). Some rockfish have been caught but nothing is known of
their distribution or abundance.

Flounders are collectively a relatively abundant group of fish in all
areas. From a survey conducted between 1973 and 1976, flounders con-
stituted 33% of the trawl caught biomass in the Gulf of Alaska and 29.5%
of the biomass in Shelikof Strait (Ronholt et al., 1977). Some floun-
ders have a limited commercial market. Yel lowfin sole, flathead sole,
butter sole and Alaska plaice have been utilized. The potential for a
flounder fishery is quite limited, however, since most contain relatively
little flesh and trawling for them is detrimental to the va”
but also caught.

Spawning areas for walleye pollock are not specifically del
the winter concentration in Shelikof is a spawning aggregat
fish are adults full of ripe roe. Durincl 1979, the fishery

uable hali-

nested but
on. The
was very

actively catching pollock and Pacific cod and during late ~pril the”
catch rate dropped precipitously when the fish apparently spawned.
There have been no plankton surveys in Shelikof  Strait but in 1972 and
again in 1978, National Marine Fisheries Service (NNFS) sampled plankton
on the east side of Kodiak. These surveys extended to the south end of
Kodiak Island and extremely high densities of pollock eggs were found
in this area (Dunn et al., 1979; Dunn and Naplin, 1974). Since water
flow in Shelikof is to the southwest (Science Applications Inc., 1979)
eggs spawned in Shelikof would be transported to the southwest end of
the island.

Em@.
The fishery for herring in the lease area in recent years has been con-
ducted in Kachemak Bay, on the west side of the inlet near the Fopelands,
throughout Kamishak Bay, in Kukak Bay, in all bays on the west side
of Kodiak and Afognak islands, except Malina Bay and in southern Shelikof
Strait between Uyak Bay and Cape Ikolik (Figures 20 and 21). According
to Reid (1971) between 1936 and 1959 herring were taken in generally the
same areas of Shelikof Strait but more were taken in central areas of
Shelikof and herring were taken in Kinak and Portage bays on the south
shore of the Alaska Peninsula.
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Table 3. Catch of halibut in thousands of pounds dressed weight by
statistical subarea in the Cook Inlet Shelikof Strait region
for 1969-1978. Data courtesy of the International Pacific
Halibut Commission. See Figure 16 for location of statistical
area.

Year
Statistical Area

261 271 272 281

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

515
349
541
416
665
658
547
646
726
682

62
481
73

313
533
220
390
327
163
67

11
80
43
65
34

500
544
473
994
759
244
304
589
380
125

Bottomfish

The bottomfish  fishery has been directed at walleye pollock and to a
lesser extent, Pacific cod in central Shelikof Strait (Figure 1!2). The
history of the bottomfish fishery in the lease area is short. The for-
eign fisheries were not active in Shelikof Strait between 1969 and 1974
(Ronholt et al., 1977). The domestic bottomfish fishery in the Kodiak
area has just started to exploit the resource. In the Kodiak manage-
ment area, the landings of bottomfish  have been 14,000 Ibs. in 19759

520,000 lbs. in 1976, 638,000 lbs. in 1977, 2,311,000 lbs. in 1978and
4,548,000 lbs. through July 1979. The bulk of these catches were in
Shelikof Strait in each year.

During February through mid-April of 1979 catch rates averaging 4,000 lbs.
per hour and ranging from 2,000 to over 6,000 lbs. per hour were document-
ed in the domestic bottomfish fishery in Shelikof Strait by observers.
The catches were 80 to 90% walleye pollock and about 10% Pacific cod. The
extent of the area of abundance of these fish is not known. The fishery
has not fully utilized the resource so the distribution of the catches
does not reflect the distribution of the fish. There have been several
research surveys that include this area and these have all been summarized
by Ronholt et al. (1977). The surveys were in the summer, not during the
February through mid-April period when pollock were abundant. Reliable
distribution features (areas of greater or lesser catches) are not discern-
ible from the data. A 1973 survey summarized in a different way by Hughes
and Alton (1974) shows greatest pollock catches in the summer to be at
less than 100 fathoms with catch rates of 1$100 lbs. per hour in northern
Shelikof and 4,100 lbs. per hour in a small area in southern Shelikof.

148 The deeper water in mid-Shelikof yielded smaller catch rates.
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Figure 19. Tbtal catch in thousands of pounds of walleye pollock and
Pacific cod durin~ January 1978 through May 1979 by sta-
tistical area in Shelikof Strait.
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The halibut fishery has a long history of consistent production, until
recent years (Figure 17). The total annual catch reached 69 million lbs.
in 1915 and fell to 44 million lbs. in 1931. There?iter, the annual
catch generally increased and exceeded 70 million lbs. in 1962 but fell
below 25 million pounds in 1974 (IPHC, 1978a). Incidental catch of juve-
nile halibut by foreign trawlers was identified as the cause of the recent
decline. The halibut commission has conducted surveys of the abundance
of juvenile halibut in the Bering Sea and Gulf of Alaska. In the Bering
Sea the abundance of juveniles declined from about 45 per hour of traw-
ling in 1963 to less than 5 in 1972 and it has since increased to nearly
20 in 1977. In the Gulf of Alaska a similar catch rate
to about 20 per hour in 1975-76 and increased somewhat
1978b). Since there is wide migration the abundance of
Bering Sea directly affects abundance of adult halibut
and Shelikof Strait areas several years later. The out’
for increased catches in the 19801s but not as great as
(IpHC, 1978 b).

The commercial fishinq season for halibut was closed in

in 1963 declined
n 1977 (IPHC,
juveniles in the
n the Cook Inlet
ook is, therefore,
historic catches

w i n t e r  t o  m-otect
fish on the spawnirig ~rounds  by treaty with Canada in 1923. The active
fishing season from 1960 through 1978 in area 3A, which includes lower

“ Cook Inlet and Shelikof Strait is presented in Figure 18. During 1976
and e a r l i e r  y e a r s  t h e r e  w a s  a  v o l u n t a r y  l a y  u p  p r o g r a m  w h i c h  w a s  i n s t i -
t u t e d  by t h e  f i s h e r m e n  t o  e x t e n d  t h e  d u r a t i o n  o f  t h e  f i s h e r y ,  t h u s  a v o i d -
ing long periods of dangerous overwork, overfishing of some portions of a
stock to the exclusion of others and a? lowing a more orderly delivery of
product. The system failed due to lack of support by the fishermen. Be-
ginning i n  1977 ,  the  In te rna t iona l  Pac i f i c  Ha l ibu t  Commiss ion  ins t i tu ted  a
s p l i t  s e a s o n  c o n s i s t i n g  o f  f o u r  f i s h i n g  p e r i o d s  o f  a b o u t  1 8  o r  1 9  d a y s
duration with closed periods of 15 days between. As in the past the fish-
ing season was closed when the catch limit was attained, regardless of the
designated fishing periods.

Mature halibut concentrate on spawning grounds along the edge of the con-
tinental shelf at depths from 182 N to 455 m during November to March.
Ilajor spawning sites in the vicinity of lower Cook Inlet include Portlock
Banks and Chirikof Island. In addition to these major spawning grounds,
there is reason to believe that spawning is widespread and occurs in many
areas, although not in concentrations as dense as those mentioned above.
Evidence to support this conclusion is based on the widespread distribu-
tion of mature halibut during the winter months as indicated by research
and commercial fishing (IPHC, 1978a).

Spawning of halibut on the Cape St. James spawning ground occurs from
December through March with a peak in mid-January (Van Cleve and Seymour,
1953).
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Figure 17. Annual catch of halibut in millions of pounds in statistical areas

26, 27 and 28 from 1930 through the present. Areas 26, 27 and 28
are 60 mile wide areas perpendicular to the coast. Area 26 includes
Cook Inlet, area 27 includes the northern half of Kodiak and area 28
includes the southern half of Kodiak. Areas 261, 271, 272 and 281,
shown in Figure 16, are subdivisions of ZC> 27 and 28 with dj~its added”
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Commercial halibut fishing season openings, 1960 through 1979.
Source, Int. Pac. Halibut Comm, annual reports.
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Tanner Crab

Tanner crab have been taken in virtually all the lease area south cf
Anchor Point. Areas of greatest T~nner crab catches are Kachemak ~ay,
the entire area on the western half of the lower inlet, including the
northern half of Shelikof Strait and a strip down the eastern side of
the southern half of Shelikof Strait; Uyak Bay and Viekoda Bay-Kupreanof
Strait (Figure 25).

The Tanner crab fishery has been in existence since 1967. The c~~c~es
increased in the first few years of the fishery and by the 1971-72 fish-
ing season, harvest was less than 10 million lbs. in the Kodiak manage-
ment area. As king crab abundance declined in the late 1960’s and early
70’s, markets opened up, prices increased and more vessels participated
in the fishery. By the completion of the 1972-73 season, Tanner crab
had become the predominant winter and spring shel lfishery  with 30.5
million lbs. harvested in the Kodiak area. Since that time the annual
landings in Kodiak have varied between about 13.6 and 33.3 million lbs.,
largely due to disputes over price and competition with other fisheries.

}Iithin the lease area, catches reached 2 million Ibs. in northern Shelikof
Strait and 1.4 million lbs. in Kachemak Bay in 1969. Since that time
catches in Kachem~k have fluctuated between about 1 to 2.8 million lbs.
per year. The fishery in Kamishak and northern Shelikof Strait expanded
a little more slowly at first. About 2 million lbs. were landed from
Shelikof and virtually nothing from Kamishak in 1969 but by the 1973-74
fishing season about 4.7 million lbs. were taken in the Kamishak area of
lower Cook Inlet and an additional 9 million lbs. were taken in Shelikof
Strait. Since that time the Kamishak area has yielded about 2 to 3
million lbs. per year and Shelikof has yielded about 4 to 10 million lbs.
per year.

The outlook for the Tanner crab fishery is essentially unchanged. There ‘
are no indications at this time that future catches will differ from the
historical performance.

The Tanner crab fishing season has included landings in every month of
the year, however, there were problems with crab dying in the tanks be-
fore delivery, termed deadloss, during summer. Apparently Tanner crab
could not survive summer surfacewater  temperatures. The fishery has
been restricted to the winter-spring time period. In Kachemak Bay the
season extends from Decmber 1 through April 30; in other areas of Cook
Inlet it Is December 1 through May 31 and in the Kodiak management area
the season is from January 5 through April 30. All these areas are closed
earlier when the catch reaches the guideline harvest level and seasons may
be changed by the Alaska Board of Fisheries.

Spawning areas of Tanner crab are not known. Very little
ists on the life history of Tanner crab. Juvenile Tanner
found to be abundant in a few specific locations. Howard

information ex-
crab have been
Feder (personal
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communication) in OCSEAP research found them in the vicinity of Cape
Douglas, as did this research project in 1976-77. Dennis Lees (per-
sonal communication) found concentrations of juvenile Tanner crab in
the area of Iniskin Bay.

As Figure 25, depicting the distribution of the Tanner crab fishery,
indicates, this species is more widely distributed than king crab.
This generalization also appiies to available trawl data. Studies con-
ducted in Kachemak Bay and lower Cook Inlet (Trasky et al, 1977) found
king crab spawning and settling areas but did not document a Tanner crab
spawning area in Kachemak Bay. The available information suggests that
Tanner crab spawning is widely distributed and areas of high concentra-
tion of juveniles are known.

The areas utilized by Tanner crab for spawning should be researched.

Dunqeness Crab

Catches of dungeness crab have been widespread throughout the lease area
south of Anchor Point but greatest catches have occurred in outer Kache-
mak Bay, in the lower central inlet and along both shorelines of Shelikof
Strait, except on Afognak Island (Figure 26).

The dungeness crab fishery began in the Cook Inlet management area with
a 190,000 lbs. harvest in 1961 and a 1.9 million Ibs. harvest in the
Kodiak area in 1962. As a result of favorable market conditions and
large virgin stocks in the Kodiak area, commercial harvest increased
and peaked in the four year period from 1967=-1970 with an average an-
nual harvest of 6.3 million Ibs. During the early 1970’s the fishery
in the Kodiak area declined due to biological and environmental factors
accompanied, sometimes, by adverse marketing conditions. In t.hemid
1970’s low prices and other more lucrative fisheries have kept the dun-
geness production at a low level. In the Cook Inlet area the greatest
catch, 1.7 million Ibs. occurred in 1963, since then the catches
have fluctuated widely from about 7,000 to 750,000 pounds.

The Shelikof Strait area has yielded over 2 million lbs. in one year and
yields averaged 1.27 million Ibs. between 1962 and 1969. Statistics since
that time are not clearly accurate but catches have apparently averaged
about 470,000 Ibs. in Shelikof Strait between 1969 and 1977. Catches
have fluctuated widely with the 1977 catch less than 10,000 lbs. and the
1978 catch 455,000 lb-s.

The outlook for the dungeness crab fishery is no different frm its his-
tory. The stocks are in satisfactory abundance but market conditions will
probably continue to fluctuate from year to year.

The bulk of the dungeness catch is taken during July through October in
both the Cook Inlet and Kodiak management areas. The Cook Inlet area is
open year round except for two areas i’n Kachemak Bay; inner Kachemak is
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open September 1 through Apri”l 30 and the northern portion of the outer
bay is open May 1 through December 31. IiI the Kodiak management area,
that is Shelikof Strait, ctunge’less cr~b may be taken Ptay 1 through Oecem-
ber 31 except south of Cape Ikolik where the seeson does not open until
June 15.

Dungeness crab spawning areas are not identified anywhere in the lease area.
In Kachemak 2ay only a couple of egg bearing females have been seen, and
these in March or April (this is a lack of knowledge, not a lack of spawn-
ing). Movements of dungeness crab are poorly known. In Kachemak Bay they
have been shown by tagging data to move to deeper water in the fall, about
October through November. At about this time the catch rate decreases mark-
edly. In the early summer, about June, the catch rate rises, as the crab
apparently move to shallower water. Dungeness are believed to carry their
eggs through the winter as they do in areas further south (Al Ilaviss per-
sonal communication; i+cLean et al., 1976). “

YmJ2
The shrimp fishery in the lease area is conducted 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 (Figure 27) including th~ north
end of Afognak Island.

The pink shrimp

=c:::::::Y;:::z::!h2:  f::::’i:::l

Pandalus borealis is the primary species harvested, but
the humpback shrimp
shrimp or prawn & Iat ceros
are also utilized. A small fishery specifically targeted at the large spot
shrimp for local markets exists in Kachemak Bay; prawn pots or traps are
used to harvest the shrimp which occur primarily in rocky areas. How-
ever, the majority of the shrimp harvest is trawl caught from vessels
ranging in length from 40 to 90 feet. As the shrimp fisheries in Kachemak
Bay and Shelikof Strait are widely seperated, differ in nature, and are in
different fishery management units, they are discussed separately.

The Kodiak shrimp fishery began in 1958 with a harvest of 2.9 million
pounds. Since 1960, the shrimp fishery has steadily developed and the
greatest annual catch in the Kodiak area, 82 ~i?~ion lbs., occurred in
1971 e In 1972, quotas were established limiting the total yearly harvest
and in 1973 a ccanplete  closure during the period of egg hatch was estab-=
lished, creating a fishing season of May 1 through February 28. Since 1971,
the catch declined to 20.5 million lbs. during the 1978-79 fishing season.

Shelikof Strait south O-F the latitude of Cape Douglas is part of the
Kodiak management area and has been the site of a shrimp fishery since
the early 1960’s. Although catches from this area have been a relatively
minor portion of total Kodiak area catches, the most consistently produc-
tive sections, Uyak, Uganik, West Afognak, Northern and Kukak, have yield-
ed total annual catches of 4.0 to 7.8 million lbs., with a mean of 5.2
million lbs. during the six fishing seasons 1973-74 through 1978-79.
In the 1978-79 season, wide Bay and Puale Bay, on the Alaska peninsula,

164



15 0 20 do 60 ‘0 100 km  -

} J

50 miles
‘“~

,..

I

I
Fi-qure 27. Shrimp catch areas and mean annual catch in millions

of pounds in Cook Inlet and Shelikof  Stra~t.
Mean

annual catch is based on 1973-74 through 1978-79

1 fishing seasons.

165

I

I



produced 9.6 million pounds. T!Iis catch occlJrre:~ ~hen severe catch de-.
clines in known shrimp grounds o-f the Kodiak and Alaska Peninsula area
forced fishermen to explore unfished areas. The Uyak and Uganik sections
on Kodiak Island nave consistently produced the highest annual catches
since 1973-74, with the Kukak Bay and West Afognak sections ranking as
the third and fourth consistently large producers, respectively. An-
nual fluctuations do not necessarily represent changes in abundance, but
rather fluctuations in fleet effort in response to discovery and c!evel-
opment of more productive fishing grounds elsewhere.

The outlook for the shrimp fishery in the bays of Shelikof Strait is not
substatitially  changed from its history. In Wide and Puale bays adult
shrimp seem to be absent in 1979. Population trends have not been de-
tected in other areas.

The shrimp fishery in Kachemak  Bay yielded catches fluctuating between
25,000 Ibs. per year and 1.9 million Ibs. per year during the 1960’s.
In 1970, 5.8 million Ibs. were harvested and the catch has remained sta-
ble since that time, with total annual catches ranging froy 4.4 to 7.2
million lbs. through 1978. Indications are that shrimp catches will con-
tinue at about the same level.

Prior to 1971 there were no closed seasons and the fishery was pursued
throughout the year. In 1971 some areas were closed during March and
April, the period of shrimp egg hatching. Beginning in 1973 the months
of March and April have been closed throughout the Kodiak management
area while in Kachemak Bay the months of April and May have been closed.
blith the increased fishery in recent years there have also been closures
for management purposes.

Shrimp life history involves a period during which the female carries
developing eggs. In pink. shrimp this is about six months. Shortly
before the eggs hatch, the ovigerous females tend to congregate in deep
holes near the mouths of bays where they remain for egg hatching. Stu-
dies were conducted in Kacheinak Bay that followed the larvae through
their pelagic phase until settling so that the outer portion of Kachemak
Bay is a known shrimp spawning area.

No other areas are known to be shrimp spawning areas with the same level
of established knowledge, but it goes without saying that every popula-
tion reproduces. The fished populations have been observed through the
fishery to congregate in the outer portion of a bay, in a deep hole,
where egg hatching occurs. Thus shrimp spawning areas are probably
located in Kukak Bay, Wide Bay, Puale Bay, Uyak Bay, Uganik Bay, Yiekoda
Bay, Malina Bay, Perenosa Bay and probably a few other bays.

Razor Clams

Commercial digging of razor clams (Sil iqua patula) has been conducted on
Swikshak Beach which is just south of Cape Douglas and on Pony Creek Beach,
which  is just north of Tuxedni Bay. Extensive recreational and subsistence
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digging is widespread In the lease area. IW?or clam9 are also dug for
use as bait for dunyz!ness crab from whichever beach is handy for the
fisheman.

In thg+ Kodiak area, virtuallj all the digging has bsen conducted on
Swikshak 8each, Since 1955 there have been fouv distinct periods with
different catch levels, Frcmi 1960 tlw’ough 1963 there were 297,009 to
421,000 Ibs. dug each year, from 1964 through 1959 annual harvest ranged
fmn zero to 20,000 lbs., from IWO throu h 1974 anriual harvest rangsd

7from 132,000 to 198,000 lb~, and since 19’5 there have been only a few
thousand pourids h a r v e s t e d .

The causes of the f’?uctmatioti~ in catch are iwt relabxi to the population
of clams but to n+gulations~ti  ar’ket conditions and logistics of harvest-
ing in a mnote area on a National !+loiitiinent.  The future af the razor
clam fishery is difficult  to preciick, There exists a pbtential to har-
vest perhaps as much as a million poutids of clams per @ar in the Kodiak
area. 17 mechanical digging is develbped~ this potential may be realized.

This fishery is conducted entirely dtiring the suminer months.

Weatherv,ane. ScdllQ@

The fishery for weathervarie ~callup$ ~~,~$inbpettin  caurinus} has been con-
ducted primarily on the east side of Kod!ak with about 24,000 ?bs. per year
or 3.5%”of the ~otal catch coming frdhi Shelikof Strait during 1970 through
1976 (Table 8). The catch hds beer-i p~imarily  on the eastetn arid western
shores in the southern  half of Shelikof Strait (Figure 30).

Table 8. Histor?c  mmmePcial Catch of weathetwane scallops in the Kodiak
area and the Sheliktrf portion of the Kodiak area.

Year’ Tvbij, . .,.. . . .

.—

lData $or Shelikof Strait is not readily Waflable for 1967,68, and 69.
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The scallop fishery began in 1967 and expanded in the Kodiak area to 1.4
million lbs. in 1970 and decreased thereafter, with the last Iacdings
made in 1976. A considerable amount of explorati~fl  was conducted by the
fishermn and it is considered likely that al~ productive areas have
been id~ntified.

The future of the scallop fishery w’ill depend upon a number of unpre.
dictable factors. For example, at this writing there are rumors that
the east coast scallop fishery has declfned and the vessels are consider==
imj traveling to Alaska to fish for scallops. If this occurst there will
probably be another period of scallop production.

STUDY AREA

The study area for this project includes lower Cook Inl?t from the Fore-
Iands south, includ?ng Kachemak and Kamishak bays, Kennedy Entrance and
all of Shelikof Strait.

Cook Inlet receives the waters of several substantial rivers including
the Susitna, Hatanuska, Knik, 20!411e, !+anai and Kasilof. These and
others are g“lacier  fed and contribute sufficient suspended material to
the inlet that the entire upper inlet and a substantlpl  portion of lower
Cook Inlet contains intensely silty waters. The shoreline around Anch-
orage and into lower Cook Inlet consist of vast deposits of silt. Ap-
parently, considerable areas of the bottcm of lower Cook Inlet are cov-
ered by sand, which may be of overriding importance ~n the ecology of
considerable portions of the inlet. Water flow in lower cook Inlet is
dominated by tides and gmerally follows bathymetric contours. Tidal
current velocities exceed 4 knots in the central and lower inlet and
exceed about 7 knots at the Forelands. The central part of lower Cook
Inlet is a region of high tidal energya especially on the eastern side
but the Coriolis  effect results in reduced tidal energy on the west
side. Several features of mean flow (nontidal) are disputed but highly
silty fresh water enters in the upper inlets flows out primarily along
the west side in the lower in?et and replacement inflow of entrained
marine waters flows north along the east side of the inlet. Harine
water enters through Kennedy Entrance and part of it exists through
S.helikof Strait. The waters of Kachemak Bay are exchanged little with
the water of the inlet (Science Applications Inc. 1977).

In Shelikof  Strait the mean water flow Is constantly to the southwest
(Science Applications Inc. ?979) and the freshwater that exists in lower
tQOk inlet is found along the western side of $helikof, with a gradual
widening of the plume to the southwest (Marine Coastal Habitat Manage-
ment, 1978). In the summer this water is of relatively low salinity and
high in Wmperaturewhile  the suspended sediment load remains sufficient
for the water to be identified from satellite fmagery (Marine Coastal
Habitat Management, 1978).



SOURCES, METHODS A?ID RATIONALE OF DATA COLLECTION

The field collectiorrs for this study were made in part of i(achemak
u(!cI northern Kimishak Bay. The work in Kamishak Bay was conducted

Bay
cor?-

tinously from flay through Septenber. Collections were made with beach
seine, try ne~, gill net, trmmel net and surface tow net. These are
described in detail below. Temperature and salinity were measured with
a Yellow Springs Instrument co. !Iodel 33 Temperature/Salini  ty meter.
Sampling locations are illustrated in Figures 31 and 32.

The field crew consisted of four people who were housed in camp facil-
ities in Cottonwood Bay during !lay through September. During April and
l~ovember they stayed in Iiomsr and the Kasitsnd Bay field station respec-
tively. Two outboard skiffs, one 17 ft. (5m) and one 21 ft. (6.4m) in
length were used for sampling and the M/V HUMllINGER was irregularly
available for to~ net and try net sampling beginning in May.

The beach seine was constructed as shown in Figure 33. Approximately 50
ft. (15 m) longlines of rope with small anchors were attached to each end.
The net was set in an arc such that each end of the net was usually within
10 ft. (3 m) of the beach and the net was immediately retrieved. Sampling
stations were informally selected on suitable bedches so as to evenly
cover the study area. Once stations were selected, they were visited on
each successive cruise. Stations sampled by Blackburn (1978) ware
resampled.

The try net was a standard 20 ft. (6.1 n) try net purchased from ?Ic!leir
Net and Supply Co. It had a 22 ft. (7 m) foot rope, a 20 ft. (6.1 m)
headrope, and was made with 1-1/2” (38 mm) W webbing throughout with a
1-1/2” (38mn) #18 bag and was dipped in green gard. Otter boards were
15” ~ 30” (38 cm x 76 cm). It was equipped with a tickler of 3/8” (9.5 mn)
chain which was slightly shorter than the footrope so that it preceeded
the footrope when the net was in operation. It was pulled at about 3.5 kph
so that about 0.6 km were covered in one tow. The net was considered to
open about 5.3 m horizontally and 0.7 n vertically so that one tow sampled
about 3200 m of bottom. Sampling stations were selected in the field.

Gill Net

Gill nets were 6 ft. (1.8rn) deep and 100 ft. (30.4m) long and each
consisted of 25 ft. (7.6 m) long panels of 1“, 1-1/2”, 2“ and 2-1/2” (25
mm, 38 mm, 51 mm and 64 nm) stretch mesh knotted nylon. The nets were
hung to float, were anchored in the immediate vicinity of beach
seine stations and retrieved after about a one hour soak.

Trammel Nets

The trammel nets were constructed of three adjacent panels (two outer
172 and one inner) each 150 ft. (45.7 m) by 6 ft. (1 .8 m). The two outer
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panels were :nade with 2 0 ” (LI.5 m) stretch ne>h of =9 twine 8 nejh deep
by 158 mesh long. The single inrter panel was 2“ (51 mm) stretch mesh
of :139 b,~ine, 68nesh deep by 2015 Imesh long. All panels ware w$ite
knotted Pylon. The leai line was 75 lb. lead core rope and tfie float-
Iine was 1/2” (13 run) poiy foa~l core line.

Tfie tramnel nets were h~ng to sink and were fi~hed on the bottm. A
single net was anchored in tke im:~,ediate  vicinity of a beach seine sta-
tion and ‘was retrieved after approxilnately  ~ one haur soak.

The ‘cow net w~s constructed as illustrated in Figure 33. It was held
open vertically by spreader bars of 2“ (5I mm) galvanized water pipe
and was held open horizontally by a towing vessel on each side. It
opened approximately 10 ft. (3m) vertically and 20 ft. (6.1 m) hor-
izontally when fishing. It was towed at the surface between a skiff
and the charter vessel on approximately 100 ft. (30.4 m) of line for
10 minutes at approximately 3.5 kph so that a’aol.jt 0.6 km were covered
in one tow. Sampling stations were informally selected to cover the
study area.

Sample Handlinq

Immediately after capture, catches were sorted to species when possible,
counted, weighed and recorded. Life history stage was recorded when it
was possible to determine and for some species the catches were sorted
by life history stage, i.e. adult, juvenile and larval. The stcrnach was
rmoved from large fish after they were weighed, measured and the data
recorded. Small fish were preserved whole for food habits analysis and
lengths of these wer~ not taken in the field. Lengths were recorded frcnn
a large portion of the fish that were not used for food habits analysis.

I!aturity state of adult fish was rscorded when they were opened for sto-
mach removal and in some cases sampl~s of fish were opened expressly to
determine maturity state. Lihen sex products were observed to flow freely
frm fish this was recorded. Due to the lack of knowledge of the appear-
ance of the gonads before and after spawning for the many species handled,
the maturity state observations are considered of value only when freely
flowing sex products were observed.

Data Limitations

The community of fishes  observed during faunal sijrveys and the relative
importance of species or species groups within the community is largely
a function of the sampling tools employed. Try nets, beach seines, tow
nets, and especially trammel nets and gill nets are selective. Sizes
and even species of fish captured are influenced by such features as
mesh size used, ge~r configuration, towing speed and method of employment
(beacn seine way be set far fron the beacn and pulled toshore or set
with the ends nearly ashore, as it was in this study). Passive Spar such
as the tranmel  net and gill net depends upon the activity of the fish to

This section is adaptec! from a similar discussion for trawls by Alv~rson
et al. (1964). 176



:.42 presence oi th2 ne-:, body size and shape, presence of spines, bebzvior
and CJther  F:atures. Even species w~thln the size range which theoretically
would be retained if engulfed by a towed  net may d~~f~~ i n  t h e i r  ability
to avbicl the r!outh of the net. The selective ‘featui% of all gears th~;
alters the species composition and size~ zind quantities of speciss
captured from thdt which occur in its path. The degrde to which “appawt”
distribution and rslative abundance  differs from the actual is unkncwn.
Subsequent discussions of distribtition  i+ifid Wlutive abundance of species
reflect the result$ obtained with the’ sd!npllng gear employed.

The beach seine and tow net eiich yielded large number$ of age 0 fish,
~ncluding larval, past laiwal and etirly juvenile  stages. The early stages
were difficult to Identify and too tiume~ous for field crews to include in
the data. However, $.ai?iples  were routinely taken, identifications made, and
estimate$ of abundant@  {1S 10i 100 or 1,000) entered in the data. Utten
these fish (~lmost WC1USIVE21Y herring ancl sand lance) became juveniles
they were still coded as Iatvde to eliminate the problem of interpreting
an increases in abuirckince over a short time peYiod.

Specimens for food habits analysis were selected from those captured using
the list of priorities and maximum fltimbdr,per cruise shown in Table 9.
The total time available for food identification was allotted by cruise
and as many specimens were examined as time allowed. During the sample
analysis the project was extended and due to State of Alaska anployment
rlilesj the time available could tiot be extended without an extended de-
lay, hence available time was less for drialysis of later cruises.

Food habits analysis began with determination of the length, in mm and
weight to the nearest O.(I1 gm for fish less than about 300 gms and to
the nearest 0.1 gm for larger fish. The stomach was removed, its fullness
estimated and the weight of the total cd@4its was determined to the near-
est 0.01 gm. The gut catitetits of many of the SIvall fish, especially the
salmon, was so small that this was itiadequate. The food items were sepa-
rated, identified to the lowest possiblE! Wonj counted and the weight de-
termined by we~ghing or by estimating propur’tions.
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Table 9. Priority list for selection of specinens  for food habits analysis.

Vlaximurn  number
PRIORITY analyzed per cruise

1
2
3
4
5
6

:

1:
11
12
13
14
15
16
17
18
19
20
21
22

Sand lance
Herring
Dolly Varden
Chum Salmon Fry
Chinook Salmon Fry “
Red Salmon Fry
Coho Salmon Fry
Pink Salmon Fry
Whitespotted  Greenling Juvenile
Uhitespotted  Greenling Adult
Masked Greenling  Juvenile
Masked Greenling Adult
Capel i n
Eulachon
Longfin Smelt
G r e a t  Sculpin
Yellowfin Sole
Starry Flounder
Rock Sole
Staghorn Sculpin
Pollock
Pacific Cod

25
25
25
25
15
15

1:
15
10
15
10
20

1:
20
10
10
10
10
10
10
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Table ]0, Fish species captured in Cook Inlet by beach seine, gill net,
trammel net, tow net and try net April-October, 1978.

Pztr9)~:/zovti &e
Arctic lamprey

Sqwz l-idae
Spiny dogfish

Rajidae
Big skate

sa~m~~~e
Bering cisco
Pink salmon
Chum salmon
Coho salmon
Sockeye salmon
Chinook salmon
Dolly Varden

Clxpeidae
Pacific herring

os,72:fyz&e
Surf smelt
Capelin
Longfin smelt

Gadidze
Saffron cod
Pacific cod
Pacific tomcod
Walleye pollock

Zoarcidae
Wattled eelpout

G%terosteidae
Threespine sticklebacks

Scorpaenidae
Rockfish

Zexagramnidae
Masked greenling
Whitespotted greenling
Li ngcod

Lanpetra jcqmniea

Squalus acanthias

R~”a binoculata

Coregonus  Zaurettae
Oncoz+zynchus  gcwbuseti
Oncorhynchus  keta
Oncorhynchus  kisutch
Oncorhynehus nerka
Oncorhynchus  tsti~tscha
Salvelinus  malma

Clupea  harengus  pal?lasi

Hypomesus  ~retiosus
Mallotw  vzllows
Spirinchus  thaleichtkys

E2eginus gracilis
Gadus macrocephalus
Microgadus  proximus
Theragra chalcograma

Lycodes palearis

Gasterosteus aculeatus

Sebastes sp.

Hexagrcnmnos octogramrus
Hexqra?mnos stelleri
Ophiodon elongatus
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Table 10. [continued)

Anoplopcmatidae
Sablefisti

Cott<clae
Padded sculpin
CrestGil sculp~n
Sivl@Pspotted $cul~iit
Shar~fiose sculpin
Spjnjhead s$ulpin
Buffdlo SCU~~in
Thredtled sculpin

.Irisli Lord
Yellclh Irish Lard
BigrndUth scu~pih
!iortllkrn  scul~~?l

Pacific staghorn SCU~Piil
Plairi sculpin
Great sculpiti
Ribbed scti~p~ti

Agozdae
Sturgeon poacher
Smooth aligatovf~sli
FourhoPn poactleP
!3ering poacher
Tubenose  poii~hdr

CycZo@@idae
Ribbon snai~fi~h
T~deptml sK!dilTjSh
SIipskin smallfi4i
SHOwy snail+isti
Flingtail smilfish

!134dlodotitlliaa
Pacific sandfish

Bath?jmstetici?cze
Alaska rcmquil
.Searchel-

SWc?kaeidae
Snake prickleback
Daubed shanfiy

Pho-z%ctze
Crescent cjuRnel



Table 10. (continued)

Amw~cl$tid.ze
Pacific sandlance /hnmodLJt&s h.zxa>terus

-D~~~~flg~~i&g

Arrowtooth flounder
Rex sole
Flathead sole
Pacific halibut
Butter sole
Rock sole
Yellowfin  sole
Dover sole
English sole
Starry flounder
Alaska plaice
Sand sole

Athtmesthes stomias
GlyptoceplzzZus  z~chirus
Hippoglossoides  elassodon
h’ippoglossus stenolepis
Isopsetta isolepis
Lepidopsetta bilineata
Lirranda aspera
Microstomus  pacificus
ParophrLts  vetuhs
Platiehthys  stelZatus
Plewonectes  qumiritubePcuZUtus
Psettichthys melanostietus
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‘3:Ie & Qel?:ite  abunda~ce jnd rank  O F  mqjor ta?a  f r o m  t r y  net catches  in COOk lnl?t. ‘P~ii-flctO~er 1978, T h e  weiqht  wccwt  ?+ tG:31
.a?d -ank are besed  on the  t o t a l  ko captured in a l l  c r u i s e s ._——.. — .—.. ——————.  .—..

MJQIL !4AY ,1”$,~ JULY tlJ~LJs~ SEPTENBE8 0CTU3ER .:’. :<<..
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— —— _—— .  . .  — — — - .  — — —  .—
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F:atywd  w\~ 2 . 7 5.1 5.?

p;:ific h?l]bu; 2 . 5 2 . 9 0.9
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Amutocth F1 ound~r yj 2 . 6

..)n~  c r a b
,~vamce~hdlus ~.
. i i I eye oo-l%cn 1.1
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‘,>5’.? ~. ?el~tive a b u n d a n c e  and  rdnk  o f  rdjor taxa  f r o m  t o w  n e t  catchQs  i n  <sok  rnl et, ADrl I - O c t o b e r ,  1 9 1 8  base.i on tOt J]  ntier  CaPttirti
i .  all cri, ises, larv~l ;t&qe e x c l u d e d .  :

_ — —  . — — - .  — —  .  .  . . — .  .  .  — . .

1.3
34.8 2Y ;
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1.2
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0 . 9

rr. ~
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{If l~rval $tage~  are included the rank a“d ~ercent  of t o t a l  catch  of t h e  tog f o u r  tax.?  is: P a c i f i c  herrinq. ] , 43.4~i Pacific s*l~IIce, 2.
Cace;  in, 3 ,  7.0~ a n d  ‘Vhltesnotced  qreenlinq, 4, 3 . 0 ” .

Table  ~k. R e l a t i v e  ~bundance  a n d  r a n k  ~f wjor taxa F r o m  qill net  c a t c h e s  iv C o o k  Inlet, loril -October, 1 9 7 9  based  o n  t o t a l  number
cantured in  a l l  crIJIses,  l a r v a l  staoes  e x c l u d e d .

— — — — —  . -———

APO!L WY JuNE JuLY fd3GuST SEPTEMBER 0CT2’dEN OYEMLL
H 1 - 1 5  16-3T l=lT_T’FT5 T-75 16-3T ~-~ 1-]5  1 6 . 3 0  ~ Rank X o f  t o t a l

Daci Ci7 herrinq 85 7 2 5 . 0
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DOi!, ‘Iarden 50. ?
~~rI.T ~j~~~ 1 4 . 3
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— —.———— —.——— . -  .—— .—

Tab{? ~6. R e l a t i v e  a b u n d a n c e  a n d  rank of  najor taxd f r o m  trammel  net c a t c h e s  i n  Cwt. i n l e t ,  A p r i l - O c t o b e r ,  1 9 7 9  Lmsed  o n  total number
caotured i n  a l l  c r u i s e s ,  larval st~qe  excluded.

—-——
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—— ——
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4 u-i~arily bj’ bej~h seine, gill net.The nearshore habitat was sanpls., , ,
a~~d trammel ll~t (T~~~~j Is, ]~ ~~,-j  z~)e This zone is tfie first rarine
~rea o~~u~ied by j~v~nil~ pi~~ ~nd ChUm sal::on when :k~~l enter s~~t
dater in +he spring. These two species were the nest ~buniant t~xa
in April and early Nay b~iich seine catches. kol ly ‘icar(~sn wera ths pre-
dcwinant species in the nearshore habitat in terns of bicmass. They
constituted 3’0% of the weight of the beach seine catches throughout
the study. This species did not appear in April; the first Dollies
were captured in early May and they increased in abundance until at
least early June, since they spend the winter in streams as well as
intermittent periods durinq the summer in streams. Dollies are gen-
erally restricted to the immediate nearshore zone. They only occurred
in abundance in the bedch seine and gill net.

Sand lance were the numerically predominant species in the beach seine
catches. They are prinarily a pelagic species that also occurs near-
shore. During April and early Nay they tended to occur sing?y, which
is unusual for this schooling species.

A small number of Myoxocephalus ~. juveniles (essentially all great
sculpin)  about 5 to 12 cm in length and one year of age occurred regularly
in the nearshore zone during April, Ffay and early June. These same fish
were found in the nearshore zone in Kodiak at the same time (Blackburn, 1
1979a). A few whitespotted  greenling occurred in the ~~ril nearshcre
samples that were pelagic phase juveniles less than one year of age.

Although it does not appear in the samples, herring use the nearshore
zone during the April through early June tine period to spawn. A con-
siderable herring fishery occurs each year in the immediate vicinity
of the field studies in Kamishak and also in Kachemak bays, as was dis-
cussed in Status of Knowledge. In the Kamishak area the spawning period
of herring was accompanied by the greatest mammal predator activity seen
during the summer. Seals and porpoise were common throucjhout the area
traversed by the field crews in late Uay.

During June through early September the nearshore zone was utilized more
than at any other time period. This is associated with the movement to
shallower water during su:nmer by virtually every fish species (Blackburn,
1978 and 1979). Sand lance occurred in modest numbers through most of
this tine, being more abundant in early June and much more abundant in
early September.

Larval herring were abundant throughout the summer, particularly in the
latter half as they became large enough to be retained by the net and also
be seen. They were abundant at all locations and seemed to be largest at
stations located inside bays.

As in the spring, juvenile chum and pink sall~on continued to be abundant
in the nearshore zone through the summer. Chums were present in abundance
lciter than were the pinks. Dolly Varden continued to be abundant in the
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smne7 but the ju/enile great scl~l~in decreased in abundance in the suw-
~~r. Both longfin smelt and saffron cod were cominon through the summer.
These -fish were fo~nd to be more ablundant further north in the inlet, at
least on the east side, in 1976 (Blackwrn, 1378). 13erirlg cisco were
most abundant in June and July. This species was found only nearshore
and in bays near stream mouths. It was not taken south of Bruin Bay or
in Kodiak waters (Blackburn,  1978 and 1979a). Staghorn sculpin and starry
flounder were both common summer inhabitants of the nearshore zone, and
both are known to enter fresh water (Hart, 1973). Preliminary work on
species association conducted on beach seine catches made in 1976 and on
samples from this study suggests that staghorn sculpin and starry flounder
occur together but rarely with rock sole. Observations suggest that
staghorn sculpin and starry flounder tend to occur in muddy habitats near
stream mouths while rock sole occur in rocky areas.

During early autumn most of the fish species depart the nearshore zone,
however, sand lance apparently move into it in greater numbers. This
influx of sand lance was found in Kachemak Bay and off Kodiak (Blackburn,
1978, 1979a and b; Harris and Hartt, 1977), however, sand lance were
never as abundant in Kamishak Bay as in Kachemak Bay and off Kodiak
while evidence of an autumn movement to inshore waters of Kamishak Bay
consists of a single large catch in early September. Thus, the autumn
inshore movement of sand lance into Kamishak Bay apparently is not as
important as it is in other areas.

Nest of the juvenile salmon deuart the nearshore zone in late summer o r
early autumn. Juvenil~ pinks were much less abundant after mid-July and
were present in trace amounts after mid--August. This agrees with timing
found by other investigators (Blackburn, 1978; Harris and Hartt9 1977;
Stern, 1977). Juvenile chum salmon were relatively abundant in the near-
shore zone until mid-August and common through mid-September. Dolly Varden
were ccmmon through September in Kamishak, but their numbers were somewhat
reduced in September, and considerably lower in Kamishak Bay in October.
Longfin smelt were common through late September, which is as late as
sampling was conducted where they were found. The adults were filling
with spawn in preparation for winter, when they ascend rivers to spawn;
they probably remain common in the marine nearshore zone of the upper
inlet through much of the winter, depending upon the duration of their
freshwater existence, but this is not known. Pelagic whitespotteci green-
ling juveniles were much less abundant after mid-qugust. The juveniles
are all young-of-the-year which are pelagic in early summer. They beccme
dmersal in mid-summer and apparently are mature in their following summer.
Juvenile tiyoxoce~halus  (virtually all great sculpin in the beach seine)
were more common in the autumn than they had been in summer. In the
autumn these are young-of-the-year which are 45 to 65 mm in length, after
occurring as larvae in mid-summer. This taxon apparently is one of the
few that is common in the nearshore zone through the winter.
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D~ring ~~e e~rly Su[lmer a Coilple ~f relatively large catches of sand
lance occurred, as well as some large catches of jl~venile herring and
edult capelin with flowing sex products. The y~i,n~-of-the-year  white-
spotted greenling were common in small numbers (they apparently are
not a schooling fish) through the summer. Juvenile sockeye salmon
were common in June and early July. In July and August juvenile pink,
chum and chinook salmon were relatively common.

Demersal Habitat

The d.emersal  habitat was sampled primarily by try net. In April one
trawl in Kachemak Bay behind the Homer Spit yielded a large catch of
king crab. In Kamishak Bay, yellowfin sole were the predominant species
(Tables 12 and 17) with the largest catches in late Nay and early June.
It was hypothesized from work in 1976 (Blackburn, 1978) that yellow-
fin sole were most common in Kamishak Bay in June and July and moved
to deeper water in August. The current data supports that hypothesis.
Tanner crab were quite abundant in Kamishak Bay, with greatest abundance
in June and July and lesser abundance in late August. It is hypothe-
sized that this is the result of relatively warm water (11.5° C at 14 m
on August 15, 1978) present in Kamishak Bay in late summer. Butter sole
were much more abundant in late May and June than they were later jn the
summer. Flathead sole were present in progressively greater abundance
through the summer while halibut, rock sole and arrowtooth flounder
showed no meaningful trends of abundance through the summer.

In October, sampling was conducted in Kachemak Bay and one try net haul
behind the Homer Spit resulted in another large catch of king crab.

Food Habits

Species examined for food habits had generally taken advantage cf a variety
of prey in more than one prey group; i.e., small zooplankters,  large zoo-
plankters, fish, insects, epibenthic crustaceans, and benthic invertebrates.

Small zooplankters were eaten by young fishes and small mouthed fishes.
Copepods were the most important of these plankters, and were eaten by
pink fry, herring and sand lance all season, by chum, sockeye and green-
ling juveniles early In the season, and by a surf smelt and a small rock
sole.

Larger zooplankters  were eaten by most fish examined except flounders.
Decapod larvae were the most important, eaten especially by chinook,
sockeye, coho and Dolly Varden juveniles, surf smelt, longfin smelt and
pollocl(. Chaetognaths and euphausiids  were especially important to cohos.

Fish eggs and larvae \vere eaten by most species examined, and either be-
came a part of the food composition, or the dominant food. The most im-
portant fish feeders were chinook, coho, sockeye and chum juveniles,
Dolly Varden (especially adults), staghorn sculpins, and a yellowfin sole.

Insect larvae and adults were important all season to all salmons and Dolly
190 Varden juveniles.



Epibenthic crustaceans, especially gammrid amphipods, w@Pe eaten by all
species exwlined. Gammarids  were most important to chum juvenilas, adul”t
white spotted greenling, Dolly Warden juveniles$ Iongfin smsltj saffron
cod, small great sculpins and starry flounders.

Benthic invertebrates were food for flounddrs,  especially rock sole and
butter sole, which ate clams ad polychaettki.

14iltw- TwWm@ire

The water temperatures irlcreased from about
values of over 16° C in aarly to mid-August
(Figures 34 and 35). Th# temperatures were
offshore.

6.5” C in laix May to peak
and declined thereafter
high~r near the beach than

Temperature profil’W we~a niade at two offshore sampling locations on
August 15, 1978 with the resultin

7
observation that even at 14 m depth

water was abdtit 11.56 C (Table 21 .

Table 21. Temperature profiles for two sample locations on August 15, 1978.

L.OCATI ON.S
3P 33’ 15” N 59° 32’ 15” !1

lE13° 12’ 00” M 153° 09’ 00” M

Depth, m Temperature Co Temperature C“

0.5 12.2 13.0
1 11.9 12,9
3 12.0 12P4
!5 11,8 12.1

II*5 12’0
;: II*5 11.4

These temperatures are relatively high and are due to the hydrography of
lower Cook Inlet. The water’ In the upper inlet flows south on the west
side and is replaced with northet?y flow on the east. Thus the water on
the west side of the inlet has beeti heated by exposure to the vast inter-=
tidal mud flats of Cook Inlet. This feature undoubtedly makes the water
temperature on the west side of the inlet unusually sensitive to seasonal
changes in air temperature and insolation.
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?<lative  Aburldance,  S~atial-Temmral  Distribution and Growth, by Soecies—

Tne beach seine and tow net effort b-v ce~gr~.phic dress is presented in
Ta51es  22 and 23 for ccnpariso:l witfi s~rnilacly  ~repar~d catch tables t!lat
fol Icld.

King Crab ~r~lithodes’  ’carntschatica  )

King crab were not exawin?d  for food habits in this study. Fish and epi-
benthic invertebrates were eaten by king crab in other studies (Fetier,
etal., 1979). Bering Sea king crab ate pelecypods,  gastropod, asteroids,
ophiuroids, echinoids, decapods, polychaetes, algae, crustaceans and
coelenterates  (McLaughlin and Hebard, 1961). Kodiak king crab ate mollusks,
crustaceans and fish (Feder and Jewett, 1977).

Predators of king crab included halibut (Gray, 1964), Pacific cod
(Kasahara, 1961), and sculpins, cod and halibut (Rosenthal et al.,
1978). King crab larvae were eaten by sand lance, Dolly Varden and
juvenile sockeye salmon in this study.

Tanner Crab (Chinoecetes bairdi)

Tanner crab ranked second in weight abundance in the try net (a figure which
excludes two large catches of king crab in K~chemak Bay). They were ccxmon
throughout the summer but catches were considerably lower in Auqust. It is
hypothesized that they departed the shallows of Kaiishak 3ay to-
water, since they were considerably less abundant in Auqust and

avoid wan
water tem-

peratures were high.

The large najority of the Tanner crab captured

Tanner crab were not examined for food habits
crustaceans and invertebrates were prey itms

were very small.

n this study; epbenthic
n other studies.

Yasuda (1957) reported Tanner crab consumed echinoderms. decaoods. amphi-
pods and bivalves in Japan. NcLean et al. (1976) repor~ed ju~eni~e Tanners
consumed dead and decaying mollusks, crustaceans and fish remains in Cook
Inlet and Kodiak. Feder et al. (1977b) reported they consumed clams, her-
mit crabs, barnacles and crangonici shrimp In Kodiak. Feder and Jewett
(1977) reported Tanner crab ate polychaetes, clams, fish and plant material.

Kodiak Tanner crab were preyed on by great sculpins$ rock sole, starry
flounder and halibut (Hunter, 1979), and Yellow Irish Lords (AilF&3 staff),
Cook Inlet Tanner crab were preyed on by halibut (Feder et al., 1977a),
and Tanner larvae were preyed on b)l Dolly Varden, longfin smelt ?nd pol-
lock in this study.

Dungeness  Crab (Cancer maqister)

Dungeness crab were not examined for food habits in this study. iicLean et
al . (1976) reported dungeness fed on crustaceans, mollusks, worm, seaweed,
and young dungeness in Kodiak and Cook Inlet.

194



Ii

S C
CQ6

4ne :' '
:o-o' .

S

. '' :o;)r,

to;v

,>. ,l,,,j  t
. .

-,, ”G’.
,.,. ,

1“- i~ ‘3-Y!

:Ilet
?.\,

‘-15 -T- II
,1,

i-l’
,...,

1 ;.-.s1 —-
5“
1
2
6
3

i

.—
3
1
2
3
3

2
2
3

12
7

1
2
5
5
4
?

j
Id
4
1
2

4
5 19

a
5 4

I7

.4!7,9 I L MAY
Lqcat  ion

Ju’iE JUL I AUGUST sEPr;Y3ER
m i-.~-lhql l.]~

Oq?
16T0 1.1s 16.31 IT5 16-31 1.15 16.30 T:tal

—+—.—..-—...—-.——.......—— -- .——— — — — — — . — _ _ — -  . —  _
rlil %?
Oil B?y W lli?mn* Bdv

3
2

3
12 11 15 15 64

,Jrsus Cove 6 4 1? ?,
Rock,# b“? 7
Cgntact  %<-It ; 2
Kachemk  33,/ lJ 10
—.-— .  . . — .  —  . — .  — . . .  . . -  — . - —  - - . — — -  - —  - - - - - - -  - - - - — —  .--. —..- _______ . . . . . .. —- . . . . . .. ——  - .._. .— . .

c,mk 1“ let f,.”
____ —___ —__ .—. . - —___________ ____ ._. —_____ -—. — . . ..—. — . . .

+WIL MY JI,N: JI’LY NmJsr 5fPTf48Efl
Loca:ioo ii 3 i. 12----3~-3~ r--w’–– lrm R-iT’”mm F13--  I-637 ~]% -1~: yfl

. . .. —- .—— — .-
fl$ WWR

I -11- !4: ,“—-— .———— —.- —-. .--— ——— -.--—————  .—— ——— —-—-— ..---— — . . ..--—
0.3 0
0 0
0.?
0.1 {
0.! @.3

0
1$!,7
15.0
0.9
0

0
0
0
J .2
3 .2

3.3
05
!.?
0
0

03 0
0 0

R
;.2 0
0 D

0.7
0.1
0
0
3.5

!3.2
0

0 0
0

0

— ———. - —.——. .—— ——. ——
b!?? [L _MJ ~_ Jb:iE JbLY AUGUST sEpTEW5ER

Locatl Yn m 175 16.3-I 1-15 16-3i3 FIT-----lK=7Ji
0LiJ3Sl

~ 16-31_ r.7T---w3ti -wi- .@3n——-— .— —-.. — —
Of I 8ay
Oil 8ay to II i.~mna 3ay
[Ir%us COUP
Qockv Coue
Contact  I@int
Uacwnms Sav 0

. . . .- —--- .. --—.

o:29.2 0.1 6.1 3.5 1.s o
Q.2 1.2 0

0.9
0

. ..— — . ..— -. -.-— .- —.- -.. .-. —---- ..- . . . . .
0

.Juw
la< lo-mL,<c.Ir !,])> . . . . . . . . . .-

nl 0 n II
. — . . .

(?
11
0
(l
0.1.
0

I
1.(I
1 3
0.2
0

0.2
0
0

L!
o

,,
;, ,
1,)

:+. J1
,.

8.< 0 n !3
In 0.5 n.] 0./
2.4 n~ 4.? 2.?
6.8 0 1.1 2.0

7n. n 74n. o
o

195



CELJ uq JuA5t4GpLç pA gIIJ 2fJk.iub
e.ç&u p\ jLAj 2pLJtb uq qscii12 uq bip5ucpJc ck.;g-

aoq 9i2 uo 6xcaJiuq ju çpi2 iqA nqi; L)oLGq

?Ic!.edn et al. (1976) cited Berkeley’s 1929 st:.}dy  in w~ich shrimp ccnsuned
de?d dnifial naterial and _living anphipods, el~phausi ids, limpets, annel ids
and Gther shrinp. Crow (1976) reported shrimp in Kachendk Day consumed
detritus, algae, and fragne(]ts  that a~peared to be shrinp, copepods,  and
crabs. Feder et al. (1’378) reported the sand shrimp, Cranaon dalli coP-
suned polycnaetes, benthic ford~inifara,

—  —
amphipods  and other crustaceans.

Stickney (1979) reported F’andalus  borealis larvae consumed diatoms, eggs,
invertebrate larvae (especially calanoid and copepod naupli i), and spionid
polychaetes.

Shrimp larvae and young were preyed on by pink, sockeye and coho juvenile
salnon, sand lance, walleye pollock, longfin smelt, surf smelt, small
great sculpin, starry flounder, and rock sole in this study. Kodiak shrimp
were preyed on by Pacific cod, great sculpin, rock sole, sand SOIS, and
halibut (Hunter, 197’3). Shrinp in the Cook Inlet-Kodiak survey (l!cLean et
al., 1976) were consumed by Pacific hake, Pacific cccl, sablefish, ~ingcad,
flounders, rock fish, skates, rays, halibut, salnon and narhr seals.
/lacDonald and Petersen (1976) reported Beluqa p}hales,  Steller’s sea ?ions
and hdrbor St2d]S preyed on shrimp, and Hatch et al. (1973) reported glaucous-
‘winged gulls, kittiwakes, and tufted puffins preyed on shrinp.

Pacific Herrinq

Pacific herring ranked second in nu~erical  abundance in the tow net, first in
the gill and trammel nets and fifth in the beach seine. They were taken
throughout the sampling season in Kamishak Bay but \iere taken only as young-
of-the-year in Kachcwak Bay. Single large catches occurred in late l!ay in
the tow net and late June in the beach seine.

Herring are known to spawn in Kamishak Bay as discussed in Status of Knowledge
During ;Iay there were over 50 vessels in Kamishak Say either fishing or tender
inq (buying for a processor) herrinq and there was a large floating processor,
the Y!’2DAR!I KP1!3T, anchored in Inisk~o Bay. There were also a considerable nun]
ber of seals, porpoise, and birds in the area, apparently to feed on herring.
Aftsr the herring completed spawning in late May or early June, the level of
activity diminished considerably.

Herring larvas were captured in abundance throughout the Kamishak Bay area.
The tow net caught from a few to th~usands of herring larvae on virtually ever;
haul . The beach seine also ceught considerable numbers of herring “larvae. In
terestingly, very few larvae of any other species were cdptured. The earliest
larjal herring was taken from a fish stomach in ebout nid-Play  and was a50ut
8-10 rvn, s,~ggesting it resulted from a mid-April spawn.

Distribution of catches did not suggest that there were locations of greatest
abu~dance (Tabl~s 24 and 25}.
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Herrin] fr~n :~icl-?idy through October were examined for stomach cont?nts.
The 13~ ~p~cii~ens had consu~’!ed 20 prey items (Figure 37).

C,OpQpOdS iwra an inportant food i~ eight time periods. In late May 89%
copepo~s  (vostly non-calanoid}  were consumed~ in late June 74% (mostly
calanoic!), in July 15ii (mostly calanoid) and 21% (calanoid), in late
August 38: (calanoid), in September 74% (calanoid)  and 76”2 (nostly cala-
noid), and in October 78% (mostly calanoid).

In late t!ay 5% barnacle larvae (mostly cyprqds) were con$wned, in late
June 35;i (mostly nauplii), in Ju?y 64% (mostly nauplii) and 92 {nauplii
and cyprids) and in early September 10% (nauplii).

Fish and larvae were 8% of the early June diet, 9% and 21% of the July diets
and 88% o f  the early August d i e t . Cammarid amphipods were 91% of contents
of the two stomachs examined in early June, 10% and 24% in Sept@anber,  and
1% or less in other time periods. Mysids were 242 of the late July diet
dnd 54% of tfie late August d ie t , Gastropod veligers were 52 ~nd 20:! c:
tbp July diets and 12% and 81 of the August diets. Ch{letqnatils w:-e con-
sumed b) the one herring examined in October, comprising 212 of its diet.

Zooplankt~n, fish and epibenthic crustaceans were also herring foods in
other studies. Forsberget al. (1977) found small planktonic org~nisms,
Cal~ianassa larvae, harpaticoid copepods, and amphipods were prey for
herring  iri Til lamoak Bay, Oregon. Kron and Yuen (1976) found juvenile
salmon were prey for herring ill Tutka Bay.

Predators o: herring included Pacific cad and halibut (Hunter, 1979);
great sculpins and rock sole (Rogers et al., 1979); and king salnon,
sockeye and coho smelt (FicLean et al., ?976]. Larval herring in this
study were eziten by other herring, sand lances Dolly Varden, pink, chum,
sockeye and chinook salmon juveniles, eulachon and staqhorn sculpins.
}!erring were eaten by murres (Hatch, 1978) and Stsller-’s sea lions and
harbor seals. (?!acllonald  and Peterson. 1976).

Bering cisco consistently occurred in low abundance in the beach seine,
gil! net and trammel nst. Largest catches were in inner Oil gay and in-
ner Ilidfnna hy, near or in freshwater influence.

The stomach of one tler~n~ cjsco caught in late June contained 60,320 cala-
noid copepods, weighing 4,6 cjms.

Pink Salmon

Juvenile pink salmon ranked fourth in n{~neritial  abundance in the beach
seine and fifth in the tow net, They were captured in the beach seine
from April through early September with greatest catches in April in
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:a~h:mak Bay and late. June - early July in i<anis’nak  Say (Table 16). Tow
net catch Gf juvenile pinks was greatest in late Ju1:J and early AugwtS
a s tney began to rwe offshore. The timing of ~eak ~bundance  is identi-
cal to that detemined in 1976 but this dat~ set contains half r~nthly
frequency while the former provided monthly frequ:ncy.

Beach seine catches of juvenile pink salnon were much greater in Rocky
Co,/e than elsewhere  (Table ~~), a feature also seen in 1976. Tow net
catches were primarily in Ursus Cove and Rocky Cove (Table 27) but t!lis
feature is questionable as the tow net catches were highly variable and
did not clearly cover all areas when juvenile pinks were abundant.

Juvenile pink salmon grew from 30 to 40 mm in April and Nay and to about
80mm in late August and Septanber (Figure 33).

Eighty-four pink salmon fry and juveniles caught in April and from June
to mid-September were examined for stomach contents; 22 prey itans were
identified (Figure 39).

Copepods ccmprised  30% to 100% of the stomach content weight in time
periods before Septaber; none were eaten in this nonth. Flore non-calanoid

copepods were consumed in April and June and nors calanoids in July and
August. Shrinp larvae comprised 6% of contents in April and 10% in late
June. Gastropod veligers comprised 4% in late July and 8% in early
August. Insect larvae comprised 6% of stanach contents in April and insect
adults up to 37% during and after July.

Gammarid amphipods  comprised 3% to 2% of stomach” cootents before September
and 66% of the contents of the one juvenile examined in this month. Cuma-
ceans were present in stomachs frGm mid-June to nid-qugust,  comprising 12
to 7% during three cruise periods and 50% during early July.

Herring larvae (13%) were consumed by pinks in late June. In a Cook Inlet
study by ADF&G in 1976 pinks over 80 mm changed to a fish larvae
the present study pinks were 80 mm by August, but no fish larvae
during or after this month.

Hermit crab larvae, polychaete larvae and barnacle larvae were a“

Food habits in this studv were similar to those in other stidies

diet. In
were found

so consumed

where rIinks.
consumed plankters, insects, fish larvae and epibenthic crustaceans. A;nan
(1 958) found young pinks preyed on copepods and di ptera. Manzer (1969)
found juvenile pinks preyed on copepods and Iarvaceans in Chatham Sound.
Bailey et al. (1975) found Traitor’s Cove pink fry fed on copepods,  barnacle
nauplii and cladocerans.

Juvenile pink salmon in Kodiak fed on calanoid and harpacticoid copepods,
eggs, zoeae, fish larvae, and insects (Gosho, 1977), and calanoid and har-
pacticoid copepods and gammarid amphipods (Rogers et al., 1979). Pink fry
in Tutka %ay fed on copepods, decapods, invertebrate eggs, barnacle nauplii
and cyprids, insect larvae, and gammarids (Kron and Yuen, 1976). Northeast-
ern Pacific pinks over 40 cm preyed on amphipods, euphausiids  and fish

{
Le Elrasseur, 1966), and Kodiak adult pinks preyed on fish (Rogers et al.,
979) ,
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Food habits in this study were sirrri?ar  to thos@ in other st~di@~ where
zoGplank:2rs, insects, fish larvae, and epibenthic crustaceans ~~ers eaten.
Annan (1958) reported young chums ate copepods, diptera larvae, isopods
and arnphipods. Nanzer (1969) reported juvenile chums in Chathm Sound
ate copepods and Iarvaceans. Forsberg et al. (1977) reported juveniles
in Tillwwok Bay, Oregon ate insect larvae and adu~ts$ and fish ?arvae-
Bailey et al. (1975} reported chum fry in Traitor’s CQve ate copepods,
Iarvaceans,  dipteran  larvae claclocerans and invertebrate eggs. They also
found chums selected for cladocerans, decapod zoeae, Iarvaceans  and beri-
tnic and intertidal animals, and against barnacle naupl ii. Rog?rs et
al. (1979) reported chum juveniles  in Kodiak ate insects, harpacticoid
copepods  and gaimnarids.

~h~~ salmon fry were preyed on by sand lance and staghorn sculpins (tfiis
s~~dy) and by juvenile cohos (Parker, 1971). Chums were also eat?n by
murres (Hatch et al., 1973).

Cdho Sa?mo’n

Coho salmon ranked tenth In numerical abundance in the tow net catches and
lSth in the beach seine catches. They were taken from June through October
with peak abundance of juvsniles in early June through early JUIY and peak
abundance of adults in late August (Tables 16 and 13).

The tow net catches did not show distri~utional  features (Table 30) but the
beach seine catches tended to be greatest in Iniskin and Cottonwood  bays
and to a lesser extent in Iliamna Bay and Ursus Cove, based g!i.mrily ~ri
repeated catches and aburrdance  (Table 31). Known runs in ths ~tudy area
inc~ude 500 coho in the Iftiskin River$ 2,000 coha in Dutton Creak at the
head of Cottonwood !3ay, about 1J50C in the stream’s tributary to Ursus Cove
and less than 500 in the Amakdedori River.

Juvenile coho ranged fron 8 to 15 cm in length with a mean of 10.7 cm,

Eight coho salmon juveniles from mid-June, July and October hauls were
examined for stomach contents (Figure Q7.). Of the 13 prey item found,
fish were important in each month. The one coho examined in June had
eaten 26% unidentified fish lart’a: by weight. The four coho in late July
had eaten 56% fish larvae$ mostly sand lance, and the one cnho in Octobsr
had eaten 47t fish larvae, nostly snake prick?e~acks.
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Faod habits in this study were similar to those in ot’ner studies, where
fisi~, plankters, insects and epibenthic crustaceans were eaten. Farsberg
et al. (1977) reported cohos ate fish Iarvae, ilecapods and amphipods in
Oregon. ‘~anzer {1959) reported juvenile cohos in Chatham Sound ate her-
ring and sand lance larvae. }lcLean et al. (1976) reported coho snol t ate
herring larvae, sand lance, greenling, rock fish, eulathon, insects, copel-
pmis, amphipocis, barnacles, crab larvae, and euphausiids  in Cook Inlet
and Kodiak. Rogers et al. (1979) reported juvenile coho~ ate calanoid
and harpacticoid  copepods, crab larvae, garnmaricis and fish in Kodiak.
Parker (1971) reported .juveriile cohos preyed on pink and chum fry in
British Columbia.

Sockeye SalrnOn

Juvenile sockeye salmon ranked sixth in numerical abundance in the tow net
catches but were rarely captured in the beach seine (Table 12!). They oc-
curred frcm early June thrwgh early July. They ranged from 7 to 10 cm
in length with a mean of 8.5 cm. The ar~a that they were captured in the
tow net, Oil Ba,y to Iliamna Bay, reflects the area sampled during the period
Of their oc~urrence {~a~le 2Z).

There are a few streams on the west side of Cook Inlet with small runs of
sockeye but by far the majority of the sockeye return to rivers on the east
side of the inlet. The fish captured were not taken in proximity to a knawfi
spawning stream and it appears most likely that they were from other areas
of Cook Inlet.

Stomachs of 32 juveniles ockeye salmon collected in June and early July
were examined for contents. Twenty prey i terns were present (Figure 43).

The one sockeye sampled in early June had consumed 78% noii-calanoid  cope=
pods by Weight. Sockeyes in late June and early July had consumed 6“< and
43 calanoid copepods. Insects conprised 7%, 8% and ~g~ of st~ach contents
in the three time periods.

Fish eggs comprised 50% and utiidentffied  f~sh larvhe comprised 7% of stomach
contents in late June. Fish larvae comprised 26% of stomach contents in
early July; 7% of this was sand lance larvae, and 3% was he~ring larvae.

Shrimp larvae formed 30% of the diet in early July, crab larvae f~rmed 10%
in late June? gamwarid  amphipods formed 7% in early June, and cwnaceans
formed 7% and 12% in early July,

Zooplankton,  insects, fish and epibenthic crustaceans were also prey found
in other studies. Le krasseu~ (1966) reported mature sockeyes from the
Northeast Pacific consumed amphipods~ euphausiids~ arid squids and immature
sockeyes consumed plank-tonic species, especially copepods and Iarvaceans.
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Dell (1963) reported immature Aleutian sockeyes im-eyec! cn larval fishes,
euphausi ids, a~phipods and squid. HP also cited earlier studies in
which sockeyes preyed on euphausiids, amphi~ods, ca~anoid copepods, dnd
molluscs  (Andrievskaya, 1958), and euphausi ids, arphipods, crab larvae
and copepoc!s  (Synkova, 1951).

llcLean et al . (1975) listed insects, copepods, amphipods, decapoc!s,  bar-
nacle larvae, ostrdcods, euphausiids,  and larval and juvenile sand lance,
rock fish, eulachon, starry flounder, herring, and prickleneads as ~~~y
items for sockeye smelt in the Cook Inlet and Kodiak areas. Carlson
(1963) reported insects, copepods, amphipods, euphausi ids, anor!uran
larvae and sand lance as prey items for Bristol 3ay sockeye juveniles.
Simenstad and Nakatani (1977) reported harpacticoid copepods as the rM-
jor prey and gammarid amphipods, nysids, and fish as minor prey of ju-
venile Attu sockeye.

Sockeye fry were preyed on by Dolly Varden, Arctic char, squawfish (in
freshwater), prickly sculpins (in freshwater), rainbow trout, and coho
salmon (McLean et al., 1976), and tufted puffins (Hatch et al., 1978).

Chinook Salmon

Juvenile chinook salmon ranked eighth in numerical abundance in the tow net
and 23rd in the beach seine catches, They occurred from late June through
October and appeared to be most abundant in July and AuglJst (Tables 15 and 18)
The distribution within the sampling area is nat clear as they were too infre-
quently captured (Tables 33 and 34).

A total of 47 juvenile chinook salmon were measured and they ranged $rcn 7 to
18 cm. Two fish in late June averaged 90 mm, 14 in late July averaged ’25 mm,
11 in early August averaged 96 mm and 15 in late August averaged 115 mm.

There are a few streams on the west side of Cook Inlet with small runs of
chinooks but by far the majority of them spawn in streams on the ealst side
of the inlet. It appears most likely that these fish were from other por-
tions of Cook Inlet.

Stomach contents of 44 juvenile chinook salmon caught from July to mirl-
September were examined. Ten prey items were found (Figure 42).

Fish was 88% by weight of stomach contents in early July; 73% of that was
herring larvae and 2% was stichaeid larvae. Fish was !35% of contents in
late July; 37”; of that was herring larvae. Unidentified fish l~rvae and
juvenilss were 512, 36% and 5% of contents in the following time periods.

Insects formed 12%, 4%, 41% and 23% of diets in July and August, and 92%
of the diet of one fish examined in September. Crab larvae occurred in
stomachs in July and August, forming 4%, 1%, and 3 to 6’% of the contents.
Mysids and gammarid amphipods  were 4? or less of contents when present.

Food habits in this study ylere similar to those in other studies where
fish, plankters, insects, and epibenthic crustaceans were eaten. Yc)Jng

chinook ate copepods and dipterans (Annan, 1’)58), ~rld dipterans, decapocls,
212 amphipods, isopocls and herring and smelt juveniles (Forsberg et al., 1977).
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D~l?:i Varden were captured primarily  irr the beach seine
third in numerics? abundance. They occurred in greatest
through August (Table 16). They were widely distributed
abundant  in Rocky Cove and adults less abundant in Irrisk
Iliamna bays (Tables 35 and 36).

Most of the Dolly Warden were juveniles and -their growth

n wfiich they r~rrked
numbers in ~IJrIE?
with juvsniles  most
n, CottoniVood, and

during their first
year at sea is clearly evident, with 130rnm fish (90 to 170wR} in late May
qrowing to ldOrnm (170 to 180mm) in late July and about 200mm (14C to 240 mm)
;n late September (Figure 44). The size of other age classes cannot be deter-
mined f’rom the length frequency data.

b~lly Varden juveniles c~ught fron May through October were examined for
stcrrnach contents. The one Golly Varden examined in early May had ~n empty
stmach. All but three of the 177 Dollies from the remaining c]tches had
cecsumed 36 prey items (Figure 45).

Fish larvae and juveniles were a major food in each time period. Fish
was 33% of the diet in late l%y (15% sand lance juveniles, 6% ?ongfin
s[nelt larvae, 6% chum salmon fryg and ~% unidentified Sdllmon fry)~ 192
in early June (Irish Lord larvae), 16% in late June (8% salmon fry and
2% greenling  juveniles), 7% in early July (snake prickleback larvae) 11;;
in late July (unidi=mtified  larvae), 16% in early B.ugust (5% herring lar-
vaa), 23% in late August (12Z herring larvae), 44% in early Septenber
(18% herring larvae, 6% herring juveniles and 8% sand lance juveniles],
262 in late September (23% herrfng larvae), and 78% in October [24X s~~rid
lance juveniles, 52% salmon fry and a trace was staghorn sculpin Iarvae).

Gamrnarid arr~hipods were 22% to 80% of the diets from mid-~la.y throuqh Octo-
ber. Telmessus ~ (horse crab) megalops were 13”4 and Dun~eness
megalops were 14% of the early June diet, and ~. cheiragonus was 16% of
the late Jun& diet. Cumace&ns were consumed from mici-l+!av to nlid-Auqust
and were 2-18% of the diets, Mysids were consumed from ~id-~lay  to ~cto-
bqr, and were 8% of the contents or less before September, and 30% and
172 in this month.

Insects were consumed from mid+lay through October, especially; in late
July and early August when they were 42’% and 66% of the diets. Copepods,
is~pods, euphausiids,  shrfmp atid polychaetes  were also consumed.

Eight adult Dolly Varden in late May and early Jurre were also examined
for food habits (Figure 46). It-r May 58% of the diet by weight was sand
lance juveniles, 6;: was capelin Iarvaa and 36% was polychaetes. In ~vne,
76% of the diet was herriflg juveniles, 10% sand lance juveniles, and 12%

walleye pollock juveniles.
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The adult capelin were !3 ix 12 CCI (mean 10.7 cm) standard length and the
larvae c~pcured in October ranyd from 2 to 5 cm {man 4.0 cm) in
stanc!ard length.

The len~th cmnpos~tion  of larval capelin was bimod~l, with peak numbers
at 2 to 3 m dfid d-t 5 cm, suggesting either prolonged spawning or two
different spawning tines.

Capelin were prey for Pacific cod and halihut (Hunter, 1979), Dolly ‘l~rden
(Kron and Yuen, 1~76), Dolly Varclen, chum salmon juveniles and yellowfin
SO~f2 (this study), h~rring, cod, salmon, se~ls, wbaies, murres, puffins,
Lj’Jl~S,  tpr~~, shear,~aters and sea pigeons (Templauan,  1948) and cormorants,
glaucous-winge~ gIu~l;,  kittiwa~es, horned and t[ifcsd putfins~ Artic and
Aleutian terns and murres (Hatch et a?.3 197S).

The ycJur?g reach about 40 to 60 cn during their first ilinter and are an
important f~ood for scme sea birds during winter. Sanger et al. (1379)
fOUnd marbled nurrelets specialized on juvenile c~pelin in the winter
and ccmmon curres feed to a limited extent orI cage?in.

Lorqfin Smelt

Longfin smelt ranked sixth in numerical abuwiancs  in the beach seine ani
25th in the try net. They occurred throuqhxit ti~s summer iil X)3mishak Ldy
ijrIcl their abunc!anc? was strongly related, on a cruise by ctwise l)liir, %0 tll?
V,jat?r tran:~ar?nc,i. ThI~y only occurred at gr~ater than 1.0 fish p+r hiul in
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Neither of the dbove distribution features are surpris~ng s~nce th~j~
fish were fou!ld “tO be prl:narily inhabitants of the upper portion (Jf
?o.~er CoLIk Inlet by sampling in 1976 (Blackburn, 1979). Their occur-
rence in the s:udy area is strongly related to hydrographic features
that affect the boundary of their primary habitat area.

The age 1 longfin smelt appeared in late Nay at 5 to 6 cm a~ld grew to
about 8 to 9 cm by late September. Age O longfin sme?t appeared i.it 3
to 5 cm in early September. Age 2 and older were 8 to 15 cm in late
F!ay with a mode at 11 cm (Figure 48). Longfin smelt are considered to
spawn at the end of their second year and are not known to survive to spawn
a second time, Some of the larger individuals may be age 3 smelt.

Stomachs  of 25 Iongfin smelt caught in late Nay and early June contained
17 prey items (Figure 47). Gammarid amphipods comprised 4’3% and 35% of
stomach contents by weight for the two time periods, shrimp larvae com-
prised 16% and 29%, and isogc)ds comprised 9% and 10Z. Tanner crab r,e~a-
lcps (Chionoecetes  tmirdi) comprised 17% of the diet in late Pay and fiy-
sids and cwnaceans =omprised 8% in early June. In addition to epi-
benthic crustaceans and ciecapod larvae, small plank’cers, and fish eggs
and larvae were consuned.

Longfin smelt from an ADFAG Cook Inlet study in 1976 were examined for
food habits. TtIe 100 fish had eaten amphipods, copepods, and mysids,
and to a lesser extent, barnacle Iarvae$ crab larvae, cumaceans, and
chaetqriaths.

Larval ?ongfin smelt were eaten by sand lance in this study.

Surf Smelt

Ye7y few surf smelt were captured and all were in the beach seine. The
stcmach of one surf smelt in late Nay contained shrimp larvae, copepods,
jsopods and a few barnacle cyprids (Figure 47). Plankters and epibenthic
crustaceans were also smelt prey in a study by Forsberg et al. (?977),
who reported surf smelt in Tillamook Bay, Oregon ate decapod larvae, cope-
pods, larvaceans, barnacle cyprids and amphipods. Osmerids ‘,tere preyed on
b~t Pacific cod, ~~eat sculp~n, rock sole and gellowfin  sole in Kodiak
(Rogers et al., i979).

Saffron Cod

Saffron cod were captured in wodest numbers throughout the sti~dy area, in
the nearshore zone. ‘The stomach of one saffron cod in late My contained
52X isopods by weight and 48% gammarid amphipods (Figure 49). OIJrinq one
beach seine, several saffron cod had longfin smelt in their nouths.

219



:"ccc
r' :o jj

U

U o os

00
00

C
)

00

P
o

o
0

0
0

0
-

——. — . ..—. —.
0.1
12
15
3.:

. . . . .

——. —

07
>
“ 5,. ,

——— —. —

6.!
l.:
0.5

2.0 1.:
0 ;.0
0.5 ,., :

.:.:

0
0

c., : :

220



L)
O

J
J

C
U

c
(1.!

C
u

C
u

C
)

C
u

C
J

(U
C

)
-ii

V
)

U
)

U
')

U
)

U
)

1/)
L')

1/)

kL
(1flG

U
C

?

LL

yndn iJ2

= 103
bç 1-12

—

—

--

clm

Nay 15-31
N=92

June 1-15
N = 6 2

June 16-30
N=30

July 1-15
N = 21

Ju~y 16-3?
N=64

N - 3

L

r
I

August 16-3
N = 3

._&s.L C!24nzb

20

Length in cm.

30 221

Fjqu~(: ~g. Relative Ienqth frequency of Ionqfin smelt by time of caoture. The
catch by all gears and areas is combined; April 1978 and October 1978
catches were in Kachemak Bay and others were in Kamishak Bay.



bn
5

ct
O

b9
1i

ir1
sb

nu

20

v=J
Ng J9-3J
2)OU coq

59

l-n
n
o

Nalleye Pollock
May 16-31
N=1O

.

CL
E.-
“L
-c
m

s
o
Q.
o
m
u

Figure 49. Walleye pollock and saffron cod diet comr)ositions  by major food
item and time. Catches were in Kamishak Bay. N = number of
stomachs examined.

222



Pacific Cod

Only four indiyiduiils Gf Pacific cod wsre capturd, The;/ ,’aT;JI~  frcm 5
~J ~q Cll arid 211 bu~ t~i~ smallest one were cdpzu red in the tr. ~ :13Z.

T+e primary habitat cf the adults of this ccmclercially utiliz~ spscits
is in water’ dsep~r tilan 40 fathoms b!~t the juveniles are c;$i:~j~ in shd?-
low wat2r in some areas.

paci~lc cod st~~chs wer-e not examined for prey i~ms in this Study.
~ther studies reported COCI ,~te fish and ep ibenthic crus taceans amd
other inv~ftebrates.

Kasahara  (~g(jl) re;or~ed on studies in the North Pacific Ocean. In Kam-
chat!<a and the Bering Sea, small Pacific cod ate small crustaceans, in-
cluding amphipods, and other invertebrates. Adult cod ate herring, sand
lance, pol~ock, tanner crab, king crab, flounder, salmon, greenling,  cape-
lin, cottids, young cod and mollusks (squid and octopus).

Simenstad and Nakatani (1977) found juvenile pacific cod consumed girmarid
amphipods, isopods, sand lance and other fish, polychaetes  and sea’ c:JclM-
bers in their Attu study, and adll?t cod ate decapods, gammdrids, polych~etes
and fish in their’ Amchitka study. Feder et al. (1977~) report>d cud cor)-

Sinens:ad (1977) rep;rted co~”ate edp’$ausiids,  shrimp (73nd3?\Js and Cranco(l
spp.!, Iris+ !-crd, flounders,

— .
osmerids, and stichaeids in C’jok Inlet an4

Kocli ak,

Other Kodiak studies reported cod ate!. bairdi. hermit crabs, r;ysids,
euphausiids, pol lock, sand lance and flat-~Feder and Jew?tt, 1977),
~. borealis and other shrimp, ~. balrdi and other crabs, herring, wall~ye
pol~~, eelpouts, cottids, searchers, sand lance, arrowtooth flounder  and
flatheac!  sole {Hunter, 1979), and P. borealis and other shrinp, g~rmrids,
sand lance, herrinq,

—,
cottids, osmerlds, flounder and salmon (Z;gers et a? . ,

1979).

Pacific cod were eaten by other cod (Kasahara,  1961), and birds, incll~ing
glaucous-winged gulls, horned puffins and tufted puffins (Hdtcn et al.,
1978).

Malleye Pollock

Walleye pollock r?nked 15kh in abundance and were captured i:l II”; of t’le
try net hauls. They occurred only occasional in other ~~ears. All pol-
lock clptured were juvenfles  apparently of age O or 1 (Flgume 53). -\;e
O pollock grew from about 4 cm in July to 12 Cn in October  (oas?d on six
fish)  dnd age 1  pollock  grew From ~bout 12 cm in early June to !3 or 19 cm
by late August.

Tenwalleys pollock in late Flay wers examined for food habits (Figure 49).
Thzy had eaten G5’: ~.~nner crl~~l r~~qalop~ (~~ionoce~~s  hair-d~ ) by !-i?j(;ht,  1~~,

.  — .
gmmrid mphipodsj  5:. shrimp, 3%’mysids,- and less than 1:’i pl~tm(Lev;  Z~Ij
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Lar~al walleye pollock were eaten by 9olly Varden in this study. Pol~J:t
were also eaten by Pacific cod and halibut (Hunter, 1979; IPHC, 1273),
lar~sr pollock (Feder e t  a l . , lg7?a}, kittiwakes, nurres afld tufted puf~inj
(Hatch, 1973) , and harb~r seals (!lacDonald and Petersen, 1976).

Pal;i Fic Ocean Perch—

Car;son and ‘sight (1975) reported SE Alaskan perch juveniles  coflsIJmed
co2:oods and e’-tphausiids and, to a lesser extent, amphipods, chl?;cqnaths,
lar.~al and adult shrimp, pteropods and fish. Srxith et al . (1977) report~d
perch juvenil~s consumed planktonic  crustacea, eup!lausiids  and pand~lid
S’lrillp, and adults consumed eup$ausiids, pandalids, squid and fish in t!:+
GUI : of Alaska. ~n the sme study, Smith reported Bscirtg Sed p~rcfi con-
smed euphausiids, nysids and squid.

:Iac!lonald  and Petersen (1’376) r’eportxl predation on rock fish by St,~l le(-
sa lions and harbor seals.

!Jlhitespotted  Greenlinq— .

‘,~tiitespotted greenling  ranked secGnd in trammel net catches, thi~”ti in
tow net catches, seventh in beach seine catches$ tenth in gill ne~ and IIth
in the try nst. Its appearance in iill the gears is due to the pr-;scoce of
b~t$ pelagic juveniles and demersal adults. The trammel ,let c.]oture~

d<,ilts and its catches displayed no significant seasonal feature. T,!?
try net captured primarily adults, including a considerable portion of
age 1 (about 13 to 18 cn) whitespotted greenling, which apparently le~e
more abundant late in the summer. The tow net capturscl  pel~gic juvsnilss
(ags 0) which were most abundant during June through early August :wi Lh a
peak abundance in late June (T~ble 33). The beach seine captured prinarily
juveni~e and a few adult whitespott?d greenling. The seasonality  of ju~-
riile whitespotted greenling in the beach seine was the same as in the to~l
net. Distribution of juvenile and ad!ult whitespotted  greenlinq shw little
bit a decreased abundance in Oil Bdy (Tables 39 and 40).
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boq irisj niq i2 edi2
o 1i<g cou2riu6q gpjbQ:2) cLcboq2e 2JL1Lb pLYcpAnk.qu CLgp2) jj
oucugJ (j) onuq ti boçq uJJud (Ju -1j Cu) ju ;pe nj

uq jYUCG coiq JGx LUW2 ijo q; .oc 42u uq icpq
dLJq uq ccihL6j ji Ybpiboq2 .i;LbcçJco142 giq iap iucjqiva
jiu ThAGUJjG2 uq Yqnç2 Cou2flwq jgtj 2i..iub uq

2r1qie2 gj2o ods gj (j) .o1uq vcjg i2bocc;q s&u-
Ju uq e)i upJic ck.rI2gCGgu2 & ooq OL GUj_ 4u

A total of 12 white spotted greenling with flowing sex products were ob-
served. All of these were over 20 cm in length and two were seen on
July 15, nine on August 7 and one on September 6.

Ths masked greenling was the only other species of the genus Hexaqrmms
captured in Kamishak Bay. This contrasts drastically hntti Kodiak ,.nere
fi~e species were taken. In addition, the abundance of grsenlings Iwas
tTIIJCh greater in Kodiak. Simenstad et al . (1978) established the ivpsrtance
o f kelp beds to the abundance of this group and the general absence of
ke?g in Kamishdk Bay przbably plays a part in gr?enling a5undance.

Stcmachs of 31 juvenile ;:nd two alldlt whitesp,?tted >reenling  were exmined
for contents (Figure 52). The juviniles, frm April, ??te ;’ay and June
catches, had preyed on 12 food items. Copepois made up 130’2 (mostly non-
calanoid)  of the diet in April, 93ci (nostly c~l~noid) in late Play, and 99%
(ri]n-cala  noid) in early Jjne. G~~xmarid amphip~as Mre 7; of the. late ?;ay
di?t and 713 of the late June di~t. Sarnacle  cypricis, cuinaceans, dscapod
13r]ae, polychaete  larvae ?;ld fish eggs and larvae were also consumed in
Jur12.

Ths two adults in late ;!a,y had preyed on qarmarids and nysids. Their sto-
m.~chs also contained 57!: un~dentified  invertetir.~tss.
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this taxon was not fol~nd-in  th? inl~t north of Anctor ~ofnt (5’lack5urn,
1973), 2 feature consistent witti their a5serrce in ,Jil 3ay.

Age 0 Flyoxocephiilus  appeared in late May and early Jurie at ? to 2 cm and
grew tlo 4 to 7 ci’ io late Saptsmber. Age 1 ~-lyoxaceshalus were present in
April and ;Iay at 5 to 12 cm but t$is age class ‘#as cco infrequent later
to follow its growth.

It is fe!t that qrs.at scul pin juv~niles  are comnon nsarshore  inhabitants
dur-in~ ~yirr~er since age 1 great sculpin Wre cmm:l in April, b2~0r~ otirer
fish occtirr-ed, age O ;Iere ccmmon in the fdll and diur~nq s:]wner tilis taxon
was less abundant.

Forty-on? grm~ sculpins (50-190 rm) frim Apr~l ~0 nici-June catches were
examine’~ for stomach corrtants; eigfit food items were found (Fi~f~ie 53).
Garrmarid  emphipods were 75$ t~ ~% of the diets in each time pefliod. Pink
sal inon fry wra 17% and mysids l~ere 5% of the diet in April.

Epibenthic  crustaceans and fisfi wer~ also prey for juvenile and ac!ult great
scu? pins in other shrji es. Simens tad and llaka~ani (1977) rqmrted fish,
crabs, gmnarid znphipgds and isopods as prey fcIr zdult Attu great jcul pins.
Feder et al. (1977a) reported c~atis (Chiogoecetes  bairdi and Iiyas), cnd
Cranaon cidl+~~ as pt-sy fdr lower took Inlet great s-s. Sirrenstad (1377)
reportxi fl~fr, S!l~iilp, and euphausiicis ,2s prey f~r gr-<:at sc~lpins in lower
Cook Inlet ~nd Kodi~k.
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Sand L~nce

Sand lance were captured in qreatest nuinbars in edtsl:j su(~lmer, hpfore abl)l-it
mic l-June, and in late summer after September 1 (Tatiles  15 and 15;. The
catch distribution strongly suggests th~t sand lanc~ were most c~]n!iO1l bs -
tween the mouth of Iliamna Bay dnd Oil Uay. Virtu Jlly all the sand lance
captured in the tow net were in i)il Bay and between Oil Bay and Iliamna
Bdy (Table 43). The beach seine yielded them in more areas, with single
Icirqe catches in Ursus Cove and between 3ruin Bay and Rocky Cove. The
mos~ consistent beach seine catches of sand lance were in Iliarma !3ay, at
one station at the mouth of the bay. !lithin Iniskin, Cottonw~M ~nd Iliamna
bays, sand lance were infrequent (Table 44).
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Copepoc!s  comprised 41 to 9S’% by Weight of tfie diets; nor$-c~lan~ids  wer:?
eatsn in April, and mostly calanoids  from May through October. Barnac:e
(cirripede) nauplii comprised 17% of the diet in late May, ?7% and 62 in
June, and 24% in late August. Barnacle cyprids comprised 6% of tfie diet
in Idle F!ay, 4% and 3% i~ Jur-ie and 3% in ~ar;y July. Larvaceans comprised
41%, 4% and 5’: of the diets in September drid October.

ShrirIp larvae were 15% of the diet in April, 27% in early May, 31% jn
early JurIQ~ 10% in early Augusti and 5% in Octdber. Fish larvae com-
prised 28% of the April diet and chaetognat.hs  comprised 19’I of the Octo-
ber diet. Djatoms, gamfiarid  atigihipods, crab larvae, gastropod veligers,
polychaete  larvae and f~sh egg’s were 6% or less of diets when present.

Sand lance from ah ADF&G Cook Inlet study in 1976 were examined for food
habits. The 100 fish had fed on copepods; barnacle larvae, larvace~ns,
and cladocerans, and to a lesser extent ori amphipods, gastropod veligers,
mysids, crdb larvae and chaetogrraths,

Plankton, fish larvae and epibenthic crtist~cean$ were dlso food for sand
lance in other studies. Truflble (1973) reported small sand lance lerv~a
in the eastern North Pacific COnSU~ed dietcns and dinoflagellates,  and
larger sand lance consumed copepodr, nauplli, chaetogn~ths,  fish larvae,
a~pfiipods and anriel ids, Simenstad and Nakatani (1977) reportx! sand lance
in Attu waters consumed copepods, chset~griaths,  garmna~id  amphipods, and
palychaetes.  Rogers et al, (1 979) reported Kodiak sand lance consumed
calanoid copepods, gammarids, barnacle Ia$vae and, to a lesser extent,
shrtfip, harpacticaids,  cladocerans  (?odon), and eggs.

Sand lance were food for Pacif-ic cod, rock sole, sand sole and halibut
(Hunter, 1979), pollock, whitespotted  greenling, great sctilptns and yellow-
fin sole (Rogers et al., 1979), king salmon, sockeye and coho smelt (NcLean
etal., T976), herring (Trumble, 1973), arid Dolly V~rden, sockeye and coim
juveniles, and staghorn sculpins (this study).

Rock ~O?e

Rock sole ranked sixth in abundance in the try net, eighth in the trammel
net and -twelfth in the beach seine. seasonal features are only apparent
in the beach seine catches which indicated greatest  abundance fr~m lat:e
May through July. Nearshore smipling in Kodiak during this same time irt-
dicated the same p~t~ern , a peak abundfiace in early summer and a gr~dua”l
decline later. Tiiey have been observed by dfvers in Kodiak to enter thc~
ne~rshore  zone in about March or April fn abundance and their age zero
young, less than an inch in length are abundant in early June and later.

Distributional features of abundance are rtdt apparent in the be?ch seine
catches [Table 45). Gt-owth of rock sole from the length frequency cia:a
requires a bit of imgindtion but is a~p~reot. Modes at 5 and 10 c’n in
October mark the size of age O and 1 rock sole and weak modes for age ~Is
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appear to grow frcn about 5 to 6 cm in early June ~hrou~h 8 to !3 ciI in
late August. Nodes representing age 2 rock sole apoear in Play ~lld Jure
at shout 10 cm and inc’reiise in size to perhaps 14 or 15 cm by t!le end
of tne su;u:er but t;lis year class i5 much less corix]n at this time (Fig-
Lire 57). The suggested growth rate is about 5 cm per ye?r. Other age
classes c~nhot be identified.

Ten rock sdle caught in Hay had eaten 12 prey items [Figure 58). One
ju’ienile (56 mm) in early Nay had consumed 25% calanoid copepoc!s  by
weight and 75’% non-calanoid  copepods. Algae formed 49% of the i~ine
adult diet$ in late Nayj and gammarid amphipods, limpets, chitons,
bivalves, and po?ychaetes were also present.

Rock sole ih other studies preyed on benthic and epiberithic  invertebrates
as in this study, and also on fish. Bering Sea rock sole fed on po?y-
chaetes, ~~l?usks, shrimp, sand lance and echinoderms (Shtibnikov and Liso-
veriko, 1564), polychaetds  and mollusks (Skalkin, 1963) and polychaetes,
pelecypods and amphipods (Smith et al ,, 1977).

Rosenthal (1978) reported rock sole ate sand lance, amphipocls, opistho-
branch snails, bivalves, polychaetes  and herring eggs in the NE Gulf of
Alaska, Simenstad (1977) reported lower Cook Inlet rock sole ate poly-
chaetes and gastropod, and to a lesser extent bivalves, mysids and shrimp.

Kodiak rock sole fed on polychaetes and clams (Feder and Jewett, 1977);
~il(j ~~;,ychaetes,  sand lance and other fish, amphipods, clam siphons, and
whole clams (Hunter, 1979). Polychaetes , clam siphons, and gammarids
were eaten by juveniles and adults and sand lance, herrring cottids,
hexagrammids,  osmerids, stichaeids, and flounder by adults in Kodiak
(Rogers et al ., 1979).

Rock sole are preyed on by great sculpins, sand sole and halibut (Hunter,
1979).

Yel lowfin Sole

Yel lowfin sole ranked first in abundance in the try net, fourth In the
trammel net and were rare in the beach seine. This indicates that they
are less frequent in the 10 to 30 ft. depths where trammel nets were set
than a little deeper and further offshore and were rare in the intertidal
zone. They were most abundant in late Way and early June in the try net,
which supports the rnigratim pattern hypothesized from work in 1976 and
1977 (Blackburn, 1978)+ They were abundant in deeper water south east of
Augustine Island in August through March and alnost absent in June. They
apparently move into the shallows of Kamishak between March and Ray$ prob-
ably for spawning as this species is a summer spdwner (June and July) in
the Bering Sea (Pereyra et al., 1976) and one ripe male was captured in
mid-June.

Growth of yellowfin  sole is riot clear from the length frequency r!ata. One
age class appears to have grown from about 5 to 6 cm in June to 9 CT in
October (Figure 59). Growth cannot be identified from larger fish, ho’fi~~er.
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}]cl_edn et al . (1975) reported Kodiak and Cook Inlet halibut consu[led
fisfies,  crabs, clams, squid and other invertebrates. I?HC (1973) re-
ported halibut young ateC_. baird~, hemit crabs, sand lance, pollock
and zero-age rock sole. Smitiiet al. (1977) reported small halibut ate
small crustaceans and larger halibut ate shrimp, crab and fish, inc~uding
sand lance.

Amchitka halibut consumed Pacific cod and Erirnacrus (horse crab) (Isak-
son et al., 1971), and armorhead sculpins,  pol lock, sand lance, and rock
sole (Simenstad, 1977).

Halibut were preyed on by Pacific cod, sand sole and other halibut
(Hunter, 1979) , and Stel ler’s sea lion (F!acDonald and Petersen, 1976).

Butter Sole

Butter sole were captured throughout the
they were the third most abundant taxon.
and June and catches were greater within
to Iniskin Bay shoreline than at similar
May and June.

One butter sole in late Nay was examined
56% polychaetes by weight, 25Z bivalves,
(Figure 58).

sunner in the try net, in which
They were most abundant in $lay

about four miles of the Oil 6ay
depths off Ursus Cove, during

for food habits; it had eaten
and 19% gammarid amptiipods

Benthic and epibenthic  invertebrates were also food items for butter
sole in Kodiak (Hunter, 1979), where bivalve siphons, small crabs,
polychaetes, whole bivalves, and gastropod were consumed. One large
sole had eaten a sea cucumber in Hunter’s study. Simenstad’s  (1977)
Cook Inlet Kodiak study found shrimp, mysids, bivalves, gastropod, fish,
and polychaetes were food items of butter sole.

Area bv Ar?a

Kachemak Bay

The following speci?s ar? considered critical based on their direct
ccmnercial utilization within the area: king crab, tanner crab, Dungeness
crab, herring, shrimp, halibut, and pink, chum and sockeye salmon. Co!lo
and chinook salmon are less common in Kachemak Bay but should be consid-
ered critical species based on their high sport and commercial value and,
independently, on the presence of both juveniles and adults feeding and
migrating in the area. Pacific sand Ianc? and capelin are considered
critical species as food fish for a wide variety of organisms. Razor
clams are found in this area, are utilized for sport and subsistence and
should be considered critical. Dolly Varden are ccrnmon in Kac!-temak 3ay
and are used for sport, subsistence and a small amount is commercially
harvested thus they sould be considered a critical species. Rockfish
are utilized to some extent for sport, subsistence and are sold to a
limited extent thus they should be considered at least an important
species. Pacific cod and walleye pollock are used for crab bait and

244



are fajrly comimn in Kachem!t Bay and must be considered as important.
Floti”xiers  should collectively be considered important as t!hey are quite
com~;on in the demersal zone and some undoubtedly spawn in Kdcnemak Say.

LoweP Central Zone

The following species are considered critical based on their direct
commercial utilization vfithin the area: king crab, tanner crab, hali-
but, herring, and sdlmort. Salmon also uti?ize this area as a nigra-
tory pathway both into and out of the inlet and for feeding. Sand
lance cwst be considered critical as a forage fish species. Razor
clams are found in this area, are probably utilized to some extent
and should be considered important. Pollock and cod are found in the
deeper part of this area and should be considered important. Dungeness
crabs are harvested to some extent in this area and should be considered
important. Flounders should collectively be considered important as
they are quite common in the demersal zone.

The food Organisms listed as critical i.a+iadwmak  Bay are also crit-
ical in this area.

Kamjshak Bay

The following species are considered critical based on their direct
commercial utilization within the area: king crab, tanner crab, Du~-
geness crab, herring, halibut, and pink, chum and silver salmon.
Sockeye salmon and king salmon adults must be considered to migrate
tti,ughout  the inlet on their return and juveniles were found to feed

!in his area. Therefore both sockeye and king salmon are also con-
sidered critical species. Pacific sand lance are considered critical
species as a food fish for a wide variety of organisms. Razor clams
are found in this area, are probably exploited to some extent and
should be considered an important species. Flounders should collec-
tively be considered important as they are quite common in the demersal
zone and at least some apparently spawn tn Kamishak Bay.

The food organisms listed as critical in Kachemak Bay are also critical
in this area.

Kennedy Entrance

The following species are considered critical based on their direct
utilizaiton  within the area: king crab, tanner crab, halibut, pink
salmon and chum salmon. All five salmon species migrate through
this area on their way into Cook Inlet and to Kodiak and thus they
must be considered critical. Sand lance apparently use this area
and mst be considered a crjtical  species based on their use as a food.
Capalin use of this area is not known but could be extensive; in which
case it would be a critical species. Dungeness crab are harvested to
some extent in this area and must be considered important. Pol lock
and cod are found in this area and should be considered important.
Flounders should collectively be considered important as they are
quite common in the demersal zone.

.
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The food organisms listed as critical in Kachemak Bay are also
critical in this area.

Kalgin Island

The following species are considered critical in this area based on
their commercial utilization: halibut, all five species of Pacific
salmon and Pacific herring. Razor clams are extensively utilized for
sport and are therefore a critical species. Sand lance, longfin smelt
and saffron cod are not known to be of direct food value but may be
important as food of beluga whales which are common in the inlet.
Longfin smelt, saffron cod and herring occur in considerable abundance
and are probably grouped or schooled during winter and provide a likely
food source for belugas.

The food items listed as critical in Kachemak Bay are also critical in
this area.

Shelikof  Strait

The following species are considered critical species in Shelikof Strait
due to their commercial utilization: king crab, Tanner crab, halibut,
all five species of Pacific salmon, Pacific herring, shrimp, walleye
pol lock, Pacific cod, dungeness crab and black cod. In addition sand
lance and capelin are considered critical as food. There is no sueci-
fic knowledge of their presence in Shelikof Strait but all available
evidence suggests they are abundant. Razor clams are abundant along
the shores of Shelikof, are commercial exploited and should be considered
critical.

Various rockfish including the valuable Pacific Ocean Perch may be crit-
ically important in Shelikof Strait, but there is no specific knowledge
of their distribution or abundance there. Thus they are classed as im-
portant.

The food items listed as critical in Kachemak Bay are also critical in
this area.
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DISCUSSION

The discussion addresses six geographic areas separately. They are
Kachemak Bay, the Lower Central Zone, Kamishak Bay, Kennedy Entrance,
Ka?gin Island ~rea and Shelikof  Strait. The boundaries Of these areas
are shown in Figure 61.

Acute Oil Spil]s

Kachemak Bay

Habitat location and ~~p~m Three habitat types will be addressed.
These are demersal, pelagic and nearshore. The demersal habitat is
located on, in or very near bottom. The pelagic habitat is the entire
water column and the nearshore habitat type is both pelagic and demer-
sal but in the immediate vicinity of shore.

Use by key species Including life history stages. Critical and
important species which use the dernersal habitat within Kachemak Bay
are juvenile and adult king crab, tanner crab, Dungeness crab, shrimp,
halibut, flounders, walleye pollock, Pacific cod and rock fish. Adult
capelin$ normally considered a pelagic species, are found near or on
bottom in the April-June period before their spawning.

The major catch area for king crab, tanner crab, Dungeness  crab and
shrimp is in the western half of the outer bay, although some catch
occurs in virtually all of the bay. According to Trakky et al. (1977):

V3ut.er Kachemak Bay was shown to be a major area for both
release and settling of several species of commercially
important shellf~sh larvae. Initial release of king crab
and pink and bumpy shrimp occurred primarily in the cen-
tral and southern portions of the outer bay. King crab
larvae were primarily distributed from the central part
of the bay towards Anchor Point while bumpy shrimp larvae
were ctistrihuted westward toward the mid-portion of the
lower inlet. Areas of settling for k?ng crab larvae
included the entire mouth of Kachemak Bay, however, the
highest density was found along the northern shore off
Bluff Point.

The distribution of larvae is partially related to water
movement patterns and may reflect entrainment in the gyres
found in outer Kachemak Bay. Larval abundance was espe-
cially high at stations within the central area of outer
Kachemak Bay in the vicinity of the gyres...

Sampling conducted throughout Kachemak Bay and along the
coast of the lower Kenai Peninsula indicated the importance
of rocky, relatively shallow (less than 30 m; 90 ft. depth)
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habitat for post-larval king crabs,..The  Anchor PQfnt
to Bluff Point area, in particul~r is considered crit-
ical to the maintenance of king crdb stocks within the
Bay. 1’

The major cdtch ar~a for halibut is the 10 to 30 fathom deep zone
(Trasky et al., 1977] and the halibut co~~ission  has id~r!tified an
area ii the vicinity of Bluff Point to Anchor Point and another o
the south Kenai Peninsula where greatest effort is expended for
halibut [Figure 16).

Flounders occur virtually everywhere on tha continental shelf bqt
areas of higher abuodance within Kachemak Bay are not known. Aciu”
Pacjfic cod and walleye pollock are commonly found deeper than 40

f

t

fdthoms but juveniles also occur shallowr. Modest nu~bers of both
occur in IQchemk Bay but distribution features are not known.

Wtical and impor$ant species which use the pelagic habitat within
Kacheinak Bay are: adult salmon of all five species migrating to their
home stream and alsQ feeding; juvenile  salumn of dll five species
feeding and migrating to sea; larval, juvmi~e and adult herring,
capelin and sand lance, all feeding; larval king crab, tanner crab,
Ilungeness  crab, shrimp, flatfish and razor clams, all feeding: lar-
val$ juvenile and adult pollock, Pacific cod and rock fish, all
feedipg.

The salmon catches in Kachemak Bay are greatest. along the southern
shore where pinks and reds are caught in greatest abundance, These
species plus king, chums and cohos are harvested throughout the
bay (Figures 1, 6, 8, 103nd 12). Pink salmon spawning streams are
numerous on the south side of Kachemak Bay, There is a run of 15,00!3
reds in the English River and several ri~ers with modest runs of cohos
and chums on the south side of Kachemak Bay (Figure 3). Areas where
spawning of p~nk and chum salnmn occurs within tidal influence are
common m the south side of Kachemak Bay (Figure 15). These are ex-
tmmly important as they provide the most predictable production of
avy of the spawning areas, This is due to the influence of the ocean
watgrs which moderate the Affects of extremely cold waters which freeze
spawn deposited upstream.

Juvenile salmon enter the pelagic zone ~n early summer wher~ they can
be found through at least early Autumn. Some af the areas of Kachetnak,
especially  the bays on the south side are used by large numbers of
juvenile pink salmon. These fish typically use protected hays exten-
sively in early summer.

Herring spawn in the intertidal zone in the late April through early
June time period and their larvae hatch in about two weeks and dis-
perse through the upper layers of the pelagic zone. They feed in the
pelaglc zone throughout the summer and attain about 30mm and meta-
morphose to juveniles in middle September. JuYenl12s  and adults also
dpe df~persed  throughout the pelagic zone of Kachemak Bay throughout
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the summer. Through the autumn and winter months herring move to
deeper water, still within the pelagic zone. They are commonly captured
by shrimp trawls during winter months.

Capelin spawn in the intertidal zone beginning in late May through about
mid-July. Eggs are deposited in sand and small gravel (Templeman,
1948). They hatch in about two weeks and disperse through the surface
layers of the pelagic zone. They reach about 20 to 45 mm by September -
October, but remain larval through their first winter. They are smaller
than herring juveniles in September due to their thin larval form. They
apparently remain in surface waters through the winter where they pro-
vide important forage for birds (Sanger et al., 1979). They metamor-
phose to juveniles in the spring at about 12 months of age and 65 to 70
mm. They remain in the pelagic zone in their second summer and possibly
in the following winter. As they approach 24 months of age they mature
and occur in large concentrations and may be found in surface waters and
near bottom, before spawning. They hay survive and spawn repeatedly as
some larger capelin do occur.

Sand lance spawn probably in midwinter and probably subtidally in sand,
but this is not. based on knowledge from the Pacific Ocean. The larvae
hatch apparently in midwinter and are 20 to 50 mm by late June (Figure
54). All age classes are found in surface waters of the pelagic habi-
tat. Large catches of larvae were made in Kachemak Bay (Blackburn,
1978). The young-of-the-year grow to about 60 to 90 mm by September and
apparently mature at 24 months of age. Sand lance seem to be common in
intertidal habitat during winter where they bury in sand for protection.

Most all marine species are found in the pelagic zone at some time in
their life history. The larvae of crab, shrimp, razor clams, flatfish,
walleye pollock,  Pacific cod and rockfish are included. In addition,
juvenile and adult pollock9 cod and rockfish commonly feed in the pel-
agic zone.

Critical and important species which use the nearshore habitat within
Kachemak Bay include a large portion of both the demersal and pelagic
species. They are: adult salmon of all five species migrating to their
home stream and feeding; juvenile salmon of all five species feeding and
migrating from rivers to sea; salmon eggs and alevins in intertidal por-
tions of streams; herring eggs, larvae, and adults during spawning; sand
lance perhaps for spawning in winter, for protection in winter and for
feeding throughout the year; juvenile king and tanner crab for feeding
and adult king crab during winter; Dungeness crab juveniles and adults
for feeding in summer; some flatfish species; Dolly Varden for feeding
the nearshore zone throughout the summer; rockfish juveniles and adults
reside in kelpy and rocky areas which include the nearshore zone; and
razor clams are found in the nearshore zone.

Of special importance in the nearshore zone are the spawning areas of
herring, capelin and salmon. Salmon eggs, since they are actually in
streams are not as exposed but this is an area where polutants may re-
side a long time once they come to rest.
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The following organisms were found ‘co be very important food items
from food habits analyses: copepods, gammarid amphipocis, decapod larvae,
chaetognaths,  euphausiids  and fish eggs and larvae. Copepods wer~
separated into calanoid and other. Other copepods were not positively
identified but most were probably harpacticoicl  copepods. Calanoid
copepods predoin~nate the zooplankton (Oa,mkaer, 1977). They are
generally short lived and numbers respond ‘rapidly to food supp?y so
that generally abundafice is greatest during the seasans of high pro-
ductivity, that is spring, summer and possibly inta fall. The most
abundant calanoicls are common in the inlet and the open ocean and in
<achemak Bay calanoids migrate to the surface at night contributing to
a considerable night increase in plankton (Damkaer, 1!377).

Haroacticoid  coPePods are qenerally epibenthic  and am utilized most in
the’ nearshore zone. No in~onuatiofl  ii available on d$stribut
dance or seasonality  of harpacticoids.

b.mmarid amphipods are epibenthic and generally live for more
year. They are ub~quitious,  as are copepods and no specific ~
tion is ava~lable on distribution, abundance or seasonality.

on, abun-

than a
nfonna-

Decapod larvae and fish eggs and larvae are ephemeral taxa and are
discussed above. Chaetognaths  are ubiquitous and short lived pre-
datory plankters. Data is not available on distribution, abundance
or seasonality but the likely pattern involves spring and summer
abundance with Iasser numbers throughout the year. Euphausiids  are
plariktonic and most live for a year ornmre. Information on distri-
bution and abundance is not existent in the Cook Inlet area but Dunn
et al. (1979) found larval, juvenile or adult forms virtually every-
where on the east side of Kodiak in October-November, Plarch-April and
June-July cruises. The adults tend to be more spotty in distribution
and the different species are in somewhat’ different areas.

Fish eggs were not identified but some were definitely planktonic
such as flounders and cod release. These species are discussed above.
Larva? fish include a wide variety of types but the most abundant are
capelin, smelt sp., and sand
Some flounder and cod larvae
and herring larvae are local”
Kamishak Bay in this study.

Seasonal ity-critical periods
Bay is utilized by juvenile i

lance in KiaLhemak Bay (English, 1 979).
were important in numbers (English, 1!379)
y abundant, as they were found to be in

of use. The demersal zone in Kachemak
nd adult king crab, Tanner crab, dungeness

crab, shrimp, halibut, flounders, walleye pollock, Pacific cod, rock
fish and others during the entire year. There is no time when the
demersal habitat is any less critical, based on presence of resource.

The pelagic habitat in Kachemak Bay is used intensively by juvenile salmon
during about June through at least September and by adult salmon during
the same time period. Herring use the pelagic habitat in Kachemak Bay
throughout the year although during winter they probably are somewhat
restricted to the deeper zones while during summer all life history
stages are present in the surface layers. Sand lance and capelin use
the pelagic zone throughout thz year.
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Larval stages of a large number of marine organisms are ephmeral
inhabitants of the pelagic zone and data on season of occurrence is
scarce. Shrinp larvae are reported to hatch in Ilarch and April and
require two to three months of planktonic  life (:lcLean et al., 1976).
Haynes (1977) found larvae of Pandalid shrimp in Kachemak Bay to be
abundant in early May 1976 in early developmental stages. By mid-July
they were still common but in late developmental stages. Based on
that information the best guess for time of larval shrimp occurrence
in the plankton is about April 1 through July 31.

King crab lar~ae were found in the plankton of Kachemak Bay from early
Nay through mid-July but by late June a large proportion of the larvae
were glaucothoe  larvae, the stage at which settling occurs and by mid-
July the abundance was considerably reduced (Haynes, 1977). In early
May a cons~derable  portion of the larvae were advanced beyond the first
larval stage. Based on this information larvae of king crab are pro-
bably present from about early April through early July.

Existing information on Tanner crab is quite sparse. They are reported
to release larvae from April through July (Kaiser, personal cunmunica-
tion) and require two r~nths for larval development (McLean et al.,
1976). Based on that information they should be present during April
through Septmber.

The larval release period for dungeness crab is not known. Existing
information from a number of sources states that eggs are released
during time periods from early October through late Nay (Kaiser, per-
sonal communication). English (1979) found few dungeness larvae in
Kachemak during summer sampling thus will probably shed little light
on this problem when his data is fully analyzed. The larval stage is
reported to last four to five months (McLean et al., 1976).

!4alleye pollock and Pacific cod spawn planktonic eggs in the spring.
The eggs hatch in a few days to planktonic  larvae. The duration of
the planktonic stage is not known but the duration of presence in
the pelagic zone encompasses the entire life cycle of these species.
Eggs and larvae are probably present from late March through early
June. Juveniles and adults are present year round.

Flounders also spawn pelagic eggs which hatch into planktonic larvae.
Specific studies have not been conducted in this area but the general
time for flounder spawning is spring and early summer, at least.
Thus flounder eggs and larvae are probably present during the time
frcrn late March through at least September. Rock fish larvae are
present within this time period also and further refinement is not
possible.

Razor clams are reported to spawn when surface water temperatures reach
13° c. In Cook Inlet this is reported to be mid-July (McLean et al.,
1976).

The nearshore habitat is used by many of the same species as the pel-
agic habitat and also by some of the demersal species. Time of use by
the species ccmmon to these habitats is the same as presented above.
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Juvenile salnon use the nearshore habitat during Plarch through July.
Dolly Varden are present from about mid-May through September or e~rly
October. Rerrincj spawn is present during late April, I!ay and early
June. Capelin spawn is presertt from late May through probably about
mid-lhlly. Halibut occur occasionally in the nearshore habitat during
mid to late s(ummer. Kfng crab occur in the nearshore habitat during late
winter and spring. Sand lance are present in the nearshore zone year
round and eggs may be present in mid-winter. Dungeness crab use the
nearshore zone in summer.

The time Qf use by the important food organisms is discussed in the
previous section.

Potential far long residence time of contaminant.

Weathering of oil. Every year 80,000 metric tons of petroleum
are introduced into the marine environment during oil and gas cfrill-
ing and production operations. Of this total, approximately 60,000
metric tons or 3/4 of the total input is lost during major accidents
resulting from blowouts, pipeline repture and other unpredictable
happenings. Minor spills and discharge of formation waters [brines)
during normal drilling and production operations account for the re-
maining 20,000 metric tons. As worldwide petroleum production in-
creases, so will the 10ss of oil. By 1980, if the rates of losses
remain the same, the tt3tal input of oil into the marine environment
from offshore drilling and production may reach 200,000 metric tons
per year (Clark & PlacLeod,  1977).

Petroleum or petroleum products released on the surface of marine waters
immediately undergo weathering processes which disperse and break down
hydrocarbons by physical, chemical and biological means. physical a~d
chemjcal weathering processes involve spreading, evaporation, dissolution,
emulsification, sedimentation and photochemical  modification (Clark and
MacLeod, 1977). Biological pracesses involve the degradation of oil by
microorganisms (biodegradation) and possible uptake by larger organisms.

The weathering of oil is affected by a variety of factors, such as
location of the spi?l, wind, waves, currents, water depth, salinity,
organisms, nutrients and kind of oil spilled (McAuliffe, 1977).

Spreading. Spreading, the dissipation of oil cm the sea
surface to form slicks, will greatly enlarge the area of a surface
0+1 slick. The extent of spreading is primarily dependent upon the
chemical and physical nature of the spilled oil although winds, waves
and currents are also contributing factors (NAS, 1975).

According to an oil spill trajectory study by Dames and Moore, 1979,
wind drift factor current is the primary driving force of oil slick
movement. Net current and tidal current are secondary forces.
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Spreading and dispersion accelerate the weathering process by increasing
the surface area of the oi”l that is exposed to air, ‘iight and seawater.
Generally, the lighter the oil the faster the oil will spread (games &
Moore, 1975a)e A representative calculation of oil spreading indicates
that a 62,000 barrel oil spill would, after 11 days, spread to a diameter
of 9.8 n.mi. (18.2 km. ) (ADF&G, 1978a).

In calm water, gravity and surface tension cause oil to spread over the
surface in a thin, continuous layer and in a circular pattern. In open
water, spreading is aided by waves, wind and water currents causing
elongation and distortion of a surface slick (Clark & llacLeod, 1977).
In areas where there is restricted circulation, such as a gyre in a bay,
surface spreading alone would greatly increase the area of the bay which
would be affected by a spill.

On a calm sea spreading oil passes through the following phases:

1. During the first hour gravitational and inertial forces increase
the diameter of a spill. According to Fay’s data, a 10,000
ton spill of oil could increase by a factor of eight in the
first hour.

2. During the period from one hour to one week after the spill,
gravity and viscosity cause the diameter of the spill to
increase by five times that reached during the first (one
hour) phase.

3. After one week, if any oil remains on the water surface, it
would be spread over an area in a thickness of approximately
8 mm. (Clark and NacLeod$ 1977).

Crude oil and most types of refined products which spread across the
surface of quiet or confined waters can be cleaned up or at least dis-
persed. However, no satisfactory method has been found for cleaning up
heavy fuel oil that tends to solidify when spilled into cold seawater
(Clark & MacLeod, 1977).

After oil is spilled at sea, components of oil that have low molecular
weights immediately begin to vaporize into the atmosphere or are leached
into the seawater (l’iAS, 1975).

Evaporation. After a spill the first changes to take place
are evaporation of the volatile components and alteration of the physi-
cal properties of the remaining slick. The rate and extent of these
changes depend upon the chemical and physical nature of the components
of the spilled petroleum, the wave action, wind velocity, and water
temperature. Feathering studies show that most hydrocarbons smaller
than C15 (boiling point less than 250 C) will volatilize from the sea
surface within ten days; lighter petroleum components evaporate within
hours. Hydrocarbons from C15 to C25 (boiling point range 250 to 400 C)
will evaporate in limited amounts and will tend to remain in the slick.
Hydrocarbons above C25 will be retained (Clark and i?acLeod,  1977). A
study by Kinney et al. (1 970) showed that hydrocarbon compounds below
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Eetween 39 and 50Z of the hydrocarbons in a typical crude petroleum
spill on the sea surface will be relloved by evaporation
oil would probably lose about 10% of its hydrocarbons.
hydrocarbons of a No. 2 fuel oil and almost 100% of the
gasoline or kerosene will vaporize (Clark L ~lacLeod, 19~
!400re, 197$b stated that significant quanitites of spil”
removed from the surface waters by evaporation. An oil

Bunker C fuel
About 752 of the
hydrocarbons of
7). flames &
ed ail ma!~ be
spill or blowout

in Kachemak Bay and in Chinitna B~y might behave similarly to light
Arabian crude oil in whflch as much as 20 to 40% of the oil may evavorate
in several days depending on the temperature of the oil and the wind
conditions.

If petroleum is spilled itian open ocean, evaporation may be complete
before the slick reaches the shoreline. Wind and waves tend to increasz
evaporation rates because of sea spray and bursting bubbles will inject
petroleum components into the marine atmosphere. In most areas, these
hydrocarbons remain in the atmosphere only temporarily and are then
redeposited in the ocean at a distance anywhere from a few meters to
several hundred kilometers from the area of injection (Clark & NacLeod,
1977).

13issolution. After a spill, soluble components of a slick are
lost from the sea surface to the tiater column by a process called disso-
lution. This process starts immeidately  upon contact of the oil with sea-
water. Low molecular weight aliphatic and ’aromatic hydrocarbons, also
lost by evaporation to the atmosphere, are removed from an oil slick by
dissolution into the seawater. The rate of dissolution depends on am-
bient weather conditions {e.g. air and water temperatures, wind velocity,
sea state, currents and waves) and on the physical characteristics and
chemical composition of the petroleum (Clark and lWacLeod, 1977). Hydro-
carbons with higher molecular weights are less water soluble and are not
as rapidly removed from the slick, as are the lighter molecular weight
hydrocarbons, although gradually they will be leached out by seawater
(rlAS9 1975).

Emulsification. Whereas evaporation and dissolution help
disperse the soluble parts of an oil spill, emulsification is an im-
portant method of dispersion for the insoluble components of petro-
1 cum. Emulsions can be of two types: oil in water or water in oil.

Oil in seawater emulsions are relatively unstable and are easily dis-
bursed by currents and rough seas. Following the Arrow spill in Cheda-
bucto Bay in Nova Scotia, Canada, fine particles o~ranging from 5
micromillimeters to several millimeters were found in the water column
and dispersed as far as 250 km away from the spill site. The eventual
fate of oil in water emulsions appears to be dissolution in the water
co!umn or association with solid particulate matter or detritus and then
eventual biodegradation or incorporation into the sediments (NM, 1975).
Oil in water emulsions disperse in the sea and degrade more rapidly than
a continuous oil slick (CIRO, 1978). Seawater in oil emulsions eventually
break up or combine with particulate matter, sand or other detritus and
are subsequently biodegraded or incorporated into sediments (Clark and
MacLeod, 1977).
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h’ater in oil emulsions usually form when the nore viscous oil such as
high dsphalt  crude petroleums and residual oils are spilled. These
enulsions form semi-solid qei-like lumps referred to as “chocolate
rlr)usse” in reports follcwi~g the Torre~; Canvon incident. Crude petro-
leum containing hiqh levels of asphaltenes such as those from Kuwait
and Venezuela, ‘can-produce a mousse that is stable for several months
whereas petroleum containing low levels of asphaltenes, including those
from Libya and Nigeria, produce a relatively unstable mousse (Clark and
NacLeod, 1977).

The fate of water in oil emulsions has been indicated as a source of
tar ball formation (NAS, 1975). During large spills, thick layers
of oil persist for long periods of time and large aggregates of mousse
can be pr~duced. Mousse washed ashore becomes incorporated with sand
and debris eventually forming thick balls of oil called tar balls.
Tar balls appear to be fairly resistant to dispersal, oxidation and
bacterial attack and thus degrade very slowly. Mave action and tur-
bid waters, both characteristic of Cook Inlet, aid in the formation
of tar balls (Dames and Moore).

Sedimentation. Another process that. removes oil from the
surface of seawater is sedimentation, a process which involves the
sinking of petroleum components. Petroleum sinks ~hen its density
becomes greater than that of seawater. Evaporation and dissolution,
which have been discussed previously, combined with other processes
such as cxidation cause oil to sink. The surface of tar balls formed
by this process undergo degradation into many, small dense particles
of oil which can then sink (Clark and klacLeod,  1977).

Oil also sinks when it adheres to particulate matter such as organic
materials, clays, silt, sand, glacial flour, and shell fragments sus-
pended in the water column,’ Turbelent waters agitate the petroleum and
particulate matter causing the oil and particles to agglutinate. During
calm seas these particles sink to the bottom. Large quantities of
suspended sediments are found in coastal bays and estuaries. 14hen an
oil spill in these areas is agitated by wind and waves, adsorption will
occur and particulate matter coated with oil will sink to the bottom
(Clark and MacLeod, 1977).

The rate of sedimentation in the environment is not known although
observation shows that a considerable amount of sinking can take place
within a few weeks after a spill. Lateral spreading of sedimented
petroleum can occur for several months after spills. Sedimented petroleum
is likely to be concentrated rather than dispersed in estuaries because
of the method in which water moves into and out of the estuary. The
long residence time of oil in intertidal areas depends upon wave action
in the area and upon sediment and substrate types (Hayes et al., 1977).
Oil spilled in shallow offshore areas can sink and then be rolled along
the bottom by waves and currents. The oil accumulates particles of
sand, shells, rocks and pebbles forming hard, tarry masses (Clark &
hiacLeod, 1977).
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Photochemical  modification. Another method of oxidizing
spilled oil is by phot~chemical processes. Comp~red to spreading
and evaporation, photochemical  modification is a slow process
(}!cAuliffe,  1977). Oil spread in a thin film or in dispersed drcp-
Iets near the surface of the water generally photooxidize more quickly
over a long period of time than “chocolate mousse” or tar balls
(Clark and”i4acLeod,  1977).

Freegarde and Hatchett  estimated that an oil S1
thick (2 metric tons per km2) could be degraded
in 100 hours of continuous exposure to sunlight
of sunlight per day an average oil slick in the
in a few days (Clark & MacLeod, 1977).

ck 2.5 micromillimeters
by photochemical  processes

Thus assuming 8 hours
open ocean could deccmoose

Biodegradation. Microorganisms including bacteria, yeast,
and fungi that are capable of oxidizing hydrocarbons are present in
almost all natural waters {Clark and MacLeod, 1977). Studies by
Kinney et al., 1970, showed that Cook Inlet water degrades Cook Inlet
crude oil. Cook Inlet waters appear to have a large capacity for de-
‘grading crude oil. Biodegradation is essentially complete within one
to two months. Their studies found that microorganisms that are capa-
ble of oxidizing hydrocarbons are found throughout Cook Inlet number-
ing about 103 per liter or about 10% of the total population. It ap-
pears that biodegradation is more important than physical flushing in
removing hydrocarbons from the marine environment.

Once a spill has occurred, the dispersed oil becomes an increased food
source for these aquatic organisms. The rate at which oil is degraded
depends on environmental conditions, the type of oil spilled, and the
number and types of microbial populations present (Clark &MacLeod,
1977). Biodegradation appears to be the major method of removing hydro-
carbons from the marine environment (McAuliffe, 1977).

Hydrocarbons may also be ingested by larger organisms. Fish tend to
eliminate ingested hydrocarbons more quickly than clams or oysters
(h?cAulifte, 1977). The ingested material may either be incorporated
into the tissues or eliminated in the feces (Clark .& NacLeod, 1977).

L,ong residence time of oil. The potential for long residence time
of oil spill contamination in Lower Cook Inlet and Shelikof Strait de-
pends upon the retention of oil in the water column, in coastal sedi-
ments, and along the shoreline. The various environmental conditions
affecting the retention of oil in the marine environment include cir-
culation~.  tidal range, suspended sediments, bathymetry~ bottom type>
coastal morphology, and winds.

The following charts discuss the physical processes and environmental
conditions which will determine the long residence time of oil or other
contaminants in Lower Cook Inlet as a whole as well as in each of the
natural regions of Lower Cook Inlet and She?ikof Strait as designated by
OCXEAP (Figure 61). These regions include 1) Lower Central Zone, 2)
Kamishak Bay, 3) Kachemak Bay, 4) Kennedy Entrance, 5) Kalgin Island

2 5 7



Area, and 6) Shelikof Strait. Also discussed is each region’s vulner-
ability to oil spills and retention of oil contamination as determined
by scientific research.

Relative sensitivities of key species. These are discussed in
Table 51.

Lower Central Zone. All the subsections for this zone are
addressed under Kachemak Bay. Critical species for this area are
identified in Results under Area by Area. Potential for long res-
idence times of contaminants is addressed specific to this area in
Chart III.

Kamishak Bay. All the subsections for this zone are addressed
under Kachemak Bay. Critical species for this area are identified
in Results under Area by Area. Potential for long residence times
of contaminants is addressed specific to this area in Chart IV.

Kennedy Entrance. All the subsections for this zone are ad-
dressed under Kachemak Bay. Critical species for this area are
identified in Results under Area by Area. Potential for long res-
idence tines of contaminants is addressed specific to this area in
Chart Y.

Kalgin Island Area. All the subsections for this zone are ad-
dressed under Kachemak Bay. Critical species for this area are
identified in Results under Area by Area. Potential for long resi-
dence times of contaminants is addressed specific to this area in
Chart VI.

In addition, longfin smelt and saffron cod use the pelagic and near-
shore zones of this area for feeding. Longfin smelt are anadruitous
with eggs hatching in winter or spring. Larvae or juveniles were
30 to 50mm in early September (Figure 48) thus larvae are present
all summer, and juveniles and adults are present year round.

Saffron cod apparently spawn in December to February and larvae hatch
in April and are planktonic  for two to three months (Andriyashev,  1954).
Thus larval saffron cod are probably present in this area during April,
May and June and juveniles and adults are present throughout the year.

Shelikof Strait. All subsections for this zone are addressed
under Kachemak Bay. Critical species for this area are identified
in Results under Area by Area. Potential for long residence times
of contaminants is addressed specific to this area in Chart VII.

In addition, black cod juveniles and all life history stages of Pacific
Ocean Perch use the pelagic and demersal habitats in Shelikof Strait
for feeding throughout the year.
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AOFAG, 19?U

The f~l]owing discussion crf Lowur flwrk Ifrl&t  circulation i.& taken
uhtaine,d fmn BrIrtIank (1977), Cit’cu]atior?  Studies in ticfrt?mak Bay,

f]’Qlll Resource l{eptrrt fur Cook Inlet Sale Nu. 60, ALIf&G,, 197LJ. Iurll,cr detail IIUy iJC
and Lower COOA Inlet..

Lower CUok Inlet circulation iS r!xceptimd]ly compl”ex due to the large tidal range and seasonally variable freshwater rulwft  drld wind>. i]rrring thd
spring, summer and early fall tiIe freshwater  runoff from the upper ln?et is high @ southerly winds are more frequultt.

Intrud.iny seawater froni tile Alaska Current enters  Cook Inlet. throrrgh  Kenneciy. Entrance (Figure 62 ). Coiistal divergfincu  I.auscs upwcllill~ nurtiiwest of
the Chug~ch  Islands, and these upwelledwaters subsequerrt-ly  enter outer Kaciremak fidy irnd are fncorpora&d,  iritm the Q&%ttirn coul!lt!rclu~kwisc  (CCM) gyre.
As a consequence crf offshore divergence, Intruding Gulf of fil~ska surface waters irre divert~d of’fsimre  and bypass ouler Wheimk Uay,  iLILtIOU@ At ledst

soIJti uf this water is incorporated $ntcr the clGckwise  (CW) gyre in western outer KdChelodk  Bay.

Aiter reaching Anchor Point, the northward intrusion of seawater is diverted strongly to the west. A CCki gyre is dpi,d WnLly IJruduLd  ill tile centroi
lower In)u.t soutfr of ti~is we$tw~rd  diversion. Strong westward flow has also been otrserv.ecl  Immediately south of tile LC14 gyre.

A sigllific~nt.all~ul~t rrf the int,rud,ing.  seawater continues. north and northwest of Anctror Point; where it encounters the strung soutiwrd  flow of turbid,
low sdiinity water from the upper lrrlet. Net ncw’thward flow may extend significantly farther north to the vicinity of r.iw [ast and Wst ~ur~ldn(!s.
Strong north-south mixing is trpparenb in the arr!a west of’ Ninilchik. This partially mixed wa,tar iscam-ied.,wes.t: iwtu tile Nid-cimml Rip.

Tile most intense southward flow,of turbid, low salimi’t.y  water frcrm tile upper Inlet occurs in a relatively narrow strt!dm Iretweell  tile l’lid-ci~mel and \leSt
RI PS.., ih~ c,onwrgence a.f the intruding, seawater with this strong southward flow produces a frontal zone (tile Mid-cit,mnel  Rip) along whicil the inure
dense seawater flows under tiw less dens.r?  sou.tilwatxt  flm-of turbid  water. Convergence along the Mid-channel Nip. is oust intense between ti]el’atitudes
of Alicimr P(rirrt~W1. Kasilof. In the. channel: sowti~ of the South Kalgln Lsland Shoal tile lntrud~nq seawater, after flowing under the stror]g sou L~wmrd
flowing st.redm ~f. turbid wate.r, apparently surfaces again ~n the ci~annel west of the South Kalgin klarrd Shoal.

Atter ccmverqence  and intense mixing along the, Mid-channel RifI between Anchor Point and Kasilof, intruding seawater is carried south in L}Ie we$tbm
Ildif Ot Llld 10WJJr [rI]@t. Im the 10WW [nlet.  south of Ninilctiik, the somtilward outflow. of turbid-, low salinity water frw the upper lr!]=L  is nDsLly
constrained  to wtst of the kiid-ci~anntil  Rip. After p.assiwje ti~rougi~  Kami’s.hak Bay, the turbid water autflow:is eventuality dlscharg~d  into >hclikuf  Strait.
liiQ trOIILdl  zcm defined  by by the. t4id-channel kip continues. struth tilrough Kamishak  Bay and into Sheli-kofi  SLrdit; however,
I%iquently.  very ill-defined in southern Lower Cook Inlet.

i-L is rd~he!”  weirk a]]d

Convergence a,lo.ng the, Mid-ci~amnel Rip collects  crrnsir.lerable  debris from surface. waters in eaH.ernLawer Cook. Inlet. Evidence suggests Iiuch of this
debris nkty b-e held in the. vip.(prillwt.lybeL  weewthel&titudes of Anchor Point a,rrd Kasilof) for considerable {several months  or niore) kfiriods  of time.

Mrr>t  of this debris isev.entua.lly  carried: stnrth along tire rip and’ int,o Kamtshak. Bay. Sizeable  accumulations of deb~is  iwe founciin  K%mishak Udy wlIcre
it a,ppdrently,  linytirs in gyres. or’ eddies umtil blown a-silore. Arnakdedari Beach and the south shores of Kauiishdk  Bay aIe tile eventual dcpositiun~l
sites ofirmich of this debris, altilougfr significant aitrourris d.re probably carried into ShelikoF  Strait.

Major alterations. in s.urfdce transpart can be produced by persistent mmferate  to strong winds. Strong w~nds i~ave been observed to eliminate the
Kiiciierr,ak  Bay gyre. systems, and other gyres within the, inlet are probably also suscsptjb}e. P&rs.fsLent (%3 day) S.t-rr.wry  sorrthr?Ply. wind.s tidM@ ken.
obsarverl to grwatly increase northward surface WWrspc!rt in the lower Iiilet and, as a- oxms.equence,  generate a strong, southward flowing tiountercurrerrt

,

tit Mrth. Corrdation  of rrrost. regicwwl scale Perturbations crf Lower-Cook Inlet circulation  with winds, howevw’,  has been severely inhibited by ldck
Of aL&l’dt@ off5.ilore weather

As ob>erved,  i]) Kachemak Bay.,

data:

Lhe larger tidal’ rdn~C?S’  stiem tn enilance circulation through coa$~al @fl~JY~nts  and ~tt~er ~reds which> during periods uf



smaller tides, contdin gyres or a relatively sluggish circulation.

N
m The nmst significant initial transport mechanism in Lower Cook Inlet and Sllelikof  Strait is the tidal current. TyPicd] tlddl CUrIY2Ht  velocities Of
0 approximately I-4 knots dre experienced throughout most of Lower Cook Inlet and many areas of She]ikof  Strait, althouyh velocities in Shelikot Strd

are apparently somewhat less ti}an  in Cook Inlet. Tidal Current velocities much in excess of 4 knots are common locally in Lower Cook Inlet. lhe t
current directions generally conform roughly with the morphology of the basin and shoreline.

Us. Codst Pilot 9

At the entrance to Cook Inlet the tidal currents have an estimated velocity of 2 to 3
velocities occur in the vicinities of Iiarriet Point and the East dnd West Forelands.
and West Forelands. It is estimated that the velocity during a large tide is as much
between Harriet Point and the southern end of Kalgin Island.

knots, and in general increase up the Inlet. Very large
The current velocity has been med>ured  at 5 knots nedr ttle Edst
as 8 knots between East and West For-elands ~nd probably more

In general, the direction of the current is approximately parallel to the trend of the nearest shore and. when flats dre uncovered, para
edges. off the various bays a set Illdy be expected, toward the bay on a flood current and from the bay on an ebb current.

TIDAL RANGE

Sharma & Liurrell,  1970

The mean tidal r~nge in Cook Inlet

U.S. Coast Pilot 9, 1977

The diurnal range of

SUSPENDED SEDIf4ENTS

Feeley  & Cline, 1977

s of great magnitude. Tides up to 12 m are conmm at Anchorage.

tide in Cook Inlet varies from 14.3 feet at Port Chatham to 29.0 feet at Anchorage.

lel to their

The distribution patterns of particulate material in Lower Cook Inlet show a direct relationship to water circulation. The inflowing  relatively
nonturbid Gulf of Alaska water moves along the eastern coastline until it reaches Kalgln Island where it mixes with the hiyh!y turbid brackish water
from UBoer Cook Inlet. Under the influence of tidal currents and coriolis forces, the turbid water moves southwest along the western coast into
Shelikb~ Strait where the particulate matter disperses and settles to the bottom. - This counterclockwise circulation pattern gives rise to extremely
large horizontal gradients in suspended matter. However, tidal mixing is extensive and rapid; and, therefore, no Vel”tiCdl  suspended matter gradients
are observed during the winter nonths in the central regions of Lower Cook Inlet.

The surface dnd near-bottom suspended matter distribution patterns in Lower Cook Inlet are remarkably similar, indiCdLing thdt Cook Inlet is
Characterized by unusudlly high horizontal grddienls and no vertical yrddients during the winter season. On the edsLerll  side, tile in flowiny Gulf oi
A]dskd wdter hds suspended mdtter ccrncentrations  ranging between 0.5 and 5.0 mg/1. On the western side, the outflowing turbid water, whlCh Contdlns
mecildnicuily  dbrd&d rock debris from Upper Cook Inlet and htrs particulate concentrations ranging from 5.0 to ?00 my/1, iS LfdllS.  pOrkd  l)d>t  Augu>llnc
[S~crnd  to Kamisllak  ~dy, where a portion of the suspended materid~ settles out and the relilaining  material is transported dlound cape Douglas  into
Silelikof Strait and is dispersed.

Uurbank,  1974

Tidal currents within Cook InIet, as interpreted from the bottom sediment distribution (Figure 63 ), are sufficiently strong to prevent deposition of
material finer thdn sand. Facies 2 (gravel) probably represents a true equilibrium size distribution. The gravels are most likely palimpsest  glacial
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Figure 62. Net surface circulation in Lower Cook Inlet, based primarily
on data collected during the spring and summer seasons.
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8-10

Deltas of heavy sediment laden streams entering are~s
of low wave energy and deltas of smdller  streanls. LOW
w~ve energy  conditions and coarse grain size woulct allow
011 to remain for yeiirs; fresh water plume would probably
keep oil off delta during periods of high run-off. 2.51 of
codstline has a risk rating of 6-L(.

Stable shorelines (some low erosional bluffs and minor
depositiondl features) and tide dominated bayhead
depositional  systems. Stable mountainous shorelines are
dominated by steep valley walls, pocket beaches of mixed
sand and gravel and extensive tidal flats. Stable
lowldnd and hilly shorelines are genera’l]y  sediment
starved and fronted by thin. tidal flat deposits covering
wide rock platforms. Extensive sand waves and shoals,
mud flats and salt marshes are found in the depositional
zone at the head of tidally dominated bays. Almost
all areds subject to long-term oil spill damage,
especially salt marsh areas and tidal flats; fewer
problems at mouth than at head of embayment. Lower
parts of intertidal areas would be flushed by tidal
currents; oil may not enter area if fresh water run-off
i$ high. 39Zof the coastline has a risk rating of
8-10.

Oil could remain in place for several years.

Long-term pollution of 10 years or longer c411 be expected
in these areas.
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Chart TI , Kdchcmdk  Bay.—

CIRCULA11ON

Burbank, l!f77
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ion in outer K~ch~wlak Bay (figure 66) is dominated hy two large yyres, a counterclockwise (CCW) roLa iitg yyre tn the
(CW) rotating yyre in the western half. The two-gyre system appears relatively stable unless altered I y st!ong winds.

Net trdnspurt  tn outer Kdclwak B~y is g~nertil~y northward whether or not tl,e ~rcs are present.

Varidtiun  in the tiddl range causes a vdriation  in the size and shdpe Of the two-gyre system. Extreme tidal ranges mdy c~u~t enlargeuwnt of tile
CW gyre ~~ith COllCOl1911itdnt  diwinuation or destruction of the CCW {gyre. [ncredse tn the tidal ranye, accompanied by tnC1’edSln~  tidd] current velocities,
tends to increase net northwdrd transport of surface waters throughout the outer bay.

SU1’fdCt  waters  in OUter Kdchemak  Bay are apparently derived largely  frOm COdStal upwelling (diver ence) northwest of’ the Chugach Islands.  (his Illdy
!Sl~nifiCdlltly  incl”ease dvaildble  nutrient concentrations and greatly enhance biological productlv ty in outer Kachenwk  ~dy.

W~Ler in the gyres has a typicdl residence time of roughly I-2 weeks, although longer residence times are possible. Northwdrd flowing scdw~ter  is
incorporated into tile gyres slung their southern periphery while a loss of water is incurred along the northern peripliery  of tile yyrts.

Intrusion of sedwdter into Kac}lemak Bay occurs primarily along the southeastern shore. Near the entrance to the Inner b~y the flow turns north,
normally (during periods of hiyh freshwater runoff) bypassing the inner bdy. Strong surface outflow from the inner bay (during spring and suwwwr)
al>o turns north and flows along the northeatt shore of the outer bay.

M~Jur change$ in the Kachemak Ihy circulation pattern are comparatively infrequent during the more quiescent spring and summer montl~s,  S~JeCjfiC.dlly
Mdy to August. f.leginning in later summer (September) and continuing through winter, strong seasonable storms tend to frequently alter this circulation.
Indirect evidence suggests that east or soutileastward surface transport from central Lower Cook Inlet. into outer Kachemdk Bay can occur, however. the
Crcednographic  or metcorolugic  conditions required to induce such transport dre not known.

~UrfdCC dIId subsurface (100 ft; 30 m depth) circulation is generdlly  similar unless the surface currents are altered by persistent strony winds in
eItller KdClleiildk ~dy or Lower Cook Inlet. III suciI cases, subsurface compensatory currents which differ warkedly from Lhe surfdce currents l~~ve
developed.

Inner Kachcmak&- Innc’r  Kaci]emak Bay is a positive, partially mixed estuary wherein fresh water input (from rivers dlld precipitation) is greater
~evaporation, and tidal currents cause considerable verticdl  mixing. The horizontal circulation (Figs. 67 and 68 ) is characterized by two
counterclockwise (CLW) rotating gyres. The norti]eastern gyre is elongated whereas the southwestern gyre is fairly synunetrical.

Fresh wdter, introduced primarily by the Fox, Bradley and Marlin Rivers at the head of the bay, flows out of the bay along the northwe~t shore.
A significant amount of this outflow is diverted offshore in the region where the two gyres meet. The gyre movements and horizontal mixir,g processes
tend to distribute the fresh water lityer  throughout the ~nner tray.

Vertical and horizontal mixing processes increase the .ialinlty Of the surface water outflow near the mouth of the bay and yreiitly  increase the voluule
of tile Surfdce water outflow  from the inner bdy. Surface outflow into the outer bay occurs across the entire entrance to the inner bay; $ubsequent
trirnsport  is northwest along the northeast shore of the outer bay. The intensity of the surface outflow from the Inner bay is prObc!bly greatly
diminished during fall and winter when river runoff is low.

Seawater intrusion Into tlw irrner bay apparently occurs primarily below 100 ft (30m) depth in the vic~nity  of the entrance, Vertical inixingoccurs
throughout the water column withi!l the inner bay.
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Dan@s hl’!mm, 1975

Outer. itachemak i3a$- Information available fmm the National Ocean Survey (1973) anti the Al~ska  Department of
surface currents In outer K~Cbemak  Bay are hl@l~ varidhlej but generally less than 1 knot. Both the current
a funct$on  primarily of the range of tidal fluctuation over any given tldf!. Tidal currants outside the mouth
higher and more uniform, possibly in absence of boundary effects from the shoreline.

Fish & Game (1975) indicate  that the
direction and magnitude appedr to be
of the ihy appear to be sllght]y

The tidal traverse, or $Istance  which a water particle maY move during a flood or ebb tide, varies as a functionof  location within the My iis well as
the duration and amplitude of the tidd~ fluctuation. lidal traverses may be less than Zmlles or greater than 10mi}es.

TIDAL RANGE

Dames &Moore, 1975a

Table 48.

Datum

Estimated  MgheM14aCer

Mean Higher High Water

Mean High 14ater

Mean Tide Level

Mean LQW Mater

#lean Lower Low Wager

Estlma2ed Lotiest Mater

SEMMARYOFTIIMLBAWM  FOR KACNMK

17,$ 18.2

17.0 17.5

9.3 9,5.5

3.6 1.5

‘0.0 0.0

-5.5 -5.0

Lat. XP26.6’; Lang. 151943.0’
lat. 59036,0’; Long. 151%9.7’
lat. 59°36*; Lcmg. 153°25’
i-at.. 59049’; LQng. 1S4°50’
ilighest and lowed.  Ie$%%obseryed

OAY

stifiPEiiDEb 5EDM4Eii3S

odllws ii More,  1975A

The oceiinic waters which flow past the entrance
!@ 1. ‘Consequently waters within  Kaciw?mak  Bay

to K~chemak Bay art? relatively clear, having
are similarly c~tar. Available measurements

suspended sediment concentrat4cms 4$1 thewderof I to 2
indicate the %!spended sedtment  concentrations are



generdlly 3 n@l or less throughout the year. Where glacial streams flow into Kachemak  Bay, such as in the vicinity of China I%ot ~dy, the
m water IIIJY be relatively turbid, especially during the summer nonths when streamflow  is greatest. Suspended sediment concentrations mUy dlso be
~ higher ~long the beaches due to turbulent mixilig and resuspension of sedinwnts  in the nearshore zone. Burbank (1974) reports tlIiit ttlis nc~rshore

turbid wdter is geuer~]ly  IIu!i ted to areas with water depths less tlt~n 18 feqt. This nearshore turbir.i zone mav enhmce lhe att~ctuwl,t  dlld
depos~tlon  of oil of it IIIoves  towdrd S}lure.

Kinney et al,, 1970

A suspended particle  of sedln&nt lids approximate

IL=ms & Moore, 1975a.

y a 90% ch~nce of being flushed out of

lhe suspended matter thdt Is characteristic to much of Cook Inlet water is an important
oil becomes attached to sedlnrent particles the specific gravity of the oil and sediment
particles sink into the water column (where they would be influenced by currents) or to
Kachemak B~y, this sedimentation process would not be as apparent.

UATIIYMEIRY.

Ilurbdnk,  1977

Cook nlet because ot’ river inl)ut dntl entratl)e~ flow.

factor for oil sp~lls occurrinq  within the Cook Inlet ared. If

Walter depths Ir] Outer KaChenldk Bay are from 20 to 40 fathoms (120 to 240 feet) and water depths
to approxim~tely 50 fathoms (60 to 300 feet) (Figure 6$1 ).

BUTTOM TYPE

Shaw & Lotspeich,  1977

becomes greater than the specific grdvity of Sd]t water and tl!e
the bottom substrate, Wilere waters were clearer, such as in

n Inner Kachemdk Bay vary between less thdn 10 fathoms

SiI~w and Lotspeich noted that in general, the resence of smaller sediment particles in the substrate indicates calmer-waters from which suspended
fOt’gaoic Illdterldls  will settle out dnd which WI 1 favor the growth Of organisms. Thus, substrates composed of silts and clays typically contain more

organic m~terial including hydrocarbons than do sands.

~riskell & I-kImes  & Moore, 1977

Liottom types iII Kachernak Bay were identified during a study to determine the composition and distribution of major infaunal organisms in Kachemdk Bay.
The study found that t

$5
four nujor substrate types,, namely, rock, sand, silt and shell debris, combine to fomr six major geological facies in outer

Kachemak  tlay (Figure ).

Boulder - LoI~e Cobble Facies - This fdcies predominates over a substantial portion of the lntert.idal and subtidal  regions of outer Kachemak Lhy down
%iFiiil_T8 m) depths  (Figure 70 ).Ei_iiiJ te y

Northern Shell &bris Fdcies - This facies spdns the northern portion of the outer bay at depths from 10 fathoms to between 20 and 30 fathoms
“~i~r~–”~~~-.  ll=fi~l debris, ti]e substr~te contdlns  varyiny quarrtities  of silt, sand and cobble.

Southern Shel 1 lkbris Facies -
=T(c

In subtidal  areds along the southwestern edge of the bay is another fdcies characterized by fine to co~rse shell

v
he area is exposed to strong currents. Depths range from 10 to 40 fathoms, This area Is considered distinct from the

northern shell reg on becduse of differences between the infaunal assemblages.



Sand FaciJ?s  - Saud dominates the substrate tn the western Centrdl portion of the outer bay (Figure TO ). General ]Y, Lhe area au[)edrs sweet by
weaker currents than the ~hel] debris regions. Circulation studies  indic~te the occasiol~l” pr~sence  ot j large c}mc~~jise  gyre ov& this aria (-hrbank,
19/6). The 5u&. trdte SUl”fdCe is mainly characterized by ripple nmrks. lr~ conflict with the hypothesis suggesting weaker currents, I;owevt?r,  was the
presence of sandwaves  appro~imately  six feet high at one station. The cres%s were oriented generally in iJ magnetic east-west direction. These
waves appe~red  to consist of coarse sand, gravel and shell debris. The Sub!icrat.e  becomes fncredsingly  silty to the edst,
Toward the northern and western margins of the facies,

I!ear the muddy sand facies.
fine shell debris becomes more abundant.

Thewddy sand (or sandy mud) facies is centrally loca~,gd in the outer bay and varies in depth from 15 to 40 fathoms (Figure
he botfmn  is flat and smooth, indicating fairly weak currents. tiell debris is generally lacking,

Silt Facies - This facies occupies the deep troughs (deeper tim 30 fathoms) leading from the inner bay to Lower Cook Inlet (Figure 70 ).
Ricroreliei’_  varies,  appearing either flat, slightly rippled or pitted with burrows. The S.ubstrdte  varies from iJ cohesive anoxic  clay to a ]Gos~
silt mixed with slight anwunts of shell debris or fine sand.

W 1 NDS

Ddmes & Wore,  1975a

Normally, in sheltered areas, such as Kachemak Bay, locally generated wind drift currents are not felt below depths greater than 5 feet from the water
surface, Winds are not as strong in Kachemak Bay as in Cook Inlet proper or the Gulf of Alaska due to the resence of the Kenai Mountains to the east
and southeast. IKachemak Bay is oriented northeast to southwest, while Cook Inlet is situated north to nort east to south-southwest. Northwest winds
at the mouth of the Bay are not obstructed by land and are estimated to be 30 to 100% greater than those at Homer. Winds at Nomer are predominantly
from the north and northeast and also from the west and southwest. Maximum monthly wind speed at Homer is ?.8 knots.

VULNERABILITY OF KACtiENAK BAY TO OIL SPILLS

Dan~s A Moore, 1979

A study by Dames & there was initiated to provide information on shoreline areas that would probably be impacted by hypothetic~l  oil spills from nine
selected locations in Lower Cook In?et. These sites correspond to recently leased tracts and

r
robable future pipeline locations. The analysis was

based primarily on an oil spill trajectory model with winds and net and tidal currents being tle environmental factors affecting the spill. The

~ ). fhe probability that Kachemak  Bay would be impacted was 3% (Figure 72 ).
ults of this study showed that Kachemik Bay would be impacted within three days after an oil spill from any of the nine spill locations (Figure

‘The short time that it will take the spilled oil to reach
hchemak Bay means that the oil will have minimally dispersed, therefore, moru oil will be available to im#act the shoreline and the toxic
constituents will not have been degraded. These factors will greatly affect fish and wildlife resources in Kachemak  Bay. The rapid movement from
spill site to shoreline impact makes containment and control difficult unless the necessary resources are in the imnediate vicinity and are
mobilized Quickly once a spill release occurs.

Dames ii Noore, 1975a

This study indicated that oil entering the two gyre systems along the southern halfof Outer Kachemak Bay could retain oil for sevt?ral tidal cycles
before bein!j  transported elsewhere which could potentially affect the valuable fishery resources in this area. These resources include shrimp.. herrimg,
Dungeness  crab, tanner crab and king crab. Once the oil breaks  loose from the gyre, it could potentially flowt.o  themorth or south margin of
Kachemak Bay depending on the stage of the tide and the wind conditions.

Fiyures 73 and TO show predicted oil spill trajectory for both varying winds at Homer and with a 10 know northwest wind at Homer.



Trasky et al., 1977

Coa>tal flordlol~  - The shores of Lower Cook Inlet,
-i T

indluding Kachemati Bay, were classified accordir,y to their envirulmw!ltal  s+~scc;]tibility to
~~ills i_lgure 6$ ). Uo>cd,upof~  I.I,c polcfltial residence t illw of oi I wliich migilt  iIIIpi  IIgti upon the shorel  Iwo d t~td] (Jf ~].~~  Of the L!lOrL’lifW
wds cl~isified ~s havlmj a high rlik v~luc (6-IO) in which deposited 011 could potentially rem~iii iu place tor scvur~l to over 10 ye~r>.
areds within ~h,baymcnts would be the most $cvere]y affected by dn oi] spill dnd would have the longcjt oil r-es idencc time.

\}lurc
Sd] t llldl’>tle$  dlld tidol

fldLS rI]OIIQ  tlIIJ W>t ShOt’C Of the Inlet dlld Lhe i[ltel’kiddl  zone of the ](J\#el” SllOt’el  ill~ Of Kdcliem~k  ~dy dre also CUII$ldeI’ed pal. LiCUldlly  susc<plihle.
Studits of geomorphic indicators $how tlldt lhe general trend of cuiirse-yr~ined sediment trdnsport  b wave -lnduccd luIIgs IIo Ie cur!cllLs  is i,~”illl~~i Iy
i ntu bolh the l~rge embdywents  ( KdLhenldk  ~nd Kamishak  UJys ) and tile Sllldl 1 er enhaymtin ts ([t gUIU 751. This Lrdflsi,orl  ijlcredsus  tl,ti pOiIJflkid]  for
contiimindtion  of embaybd shores. COnVenti(JflfJ] oil spill cleanup procedures were deemed to he ineffective on a mdjur portion of su~ceptible  shorelines
in I.ower Cook lnlist.

Circulation - Net northward trdnspor’t  of cledr oceanic waters entering Lower Cook Inlet Was ShOwfl to occur primdri]y  d~ong tile edSt side of Cook
~~~~~re 62 ~. lurbld, relatively fresh water 5 originating ]argely in tfpper Cook Inlet, is c~rried  out of tl:e Inlet dlong tile western side.
A strong westward deflection of the intruding sewater occurs at the latitude of Anchor Point.

Gyre systwn$ were found in both inoer and outer Kdchemak  Bay. The outer Bay gyre system typically tretains  water within  tile gyres for periods of 1-2
weeks, and Illdy be of ktiy iwlJortance  to the development and surviv~l of commercially  important shellfish larvae. Because the gyres contain trcnwndous
numbers of l~rv~e tiley are d]so potential hazdrd areds. If oil or other pollutants entered the gyre system during Lhc spring or early sunulter wunths
when larvdl COnC~lltl’dtlOnS  are high the result could be the mortality of substantial numbers Of larvae as they come in COllldCt  with tlte pollutant. The
gyr~ sYStem ~~uld ~1~0 ellh~nce dispersion of oil and other pollutants throughout outer Kacherrrak  Bay, increasing ttle potential for contamination of shore
areds.

Ldrva] ftlell  fish - outer Kachernak Bay was shown to be a major area for both reledSe and settling of several species of commercially tmportdnt
mia~. Initial release of king Crdb and pink and bumpy shrinw occurred primarily in the central and southern portions of the outer ilay.
King Crdb larvae were primarily distributed from thti central ptirt of the Bay toward Anchor Point while bumpy shrinp larvae were distributed westward
toward the mid-portion of tile lower Inlet. Areds of settling  for king crab larvde included the entire mouth of KdL.heMdk Lldy, howtiver,  the highest
densily wa~ found along the nurthern  shore off Bluff Point.

~ The distribution of larvae is partially related to water movement patterns (Figure 66 ] and may reflect entrainment in the gyres found in outer
N Kachcmdk  ~dy. Larval abundance was especially htgh at statfons within the central area of outer Kachemak Bay in the vicinity uf the gyres,

An oil siJi]~ anywhere within tile outer BdY could eventually disperse throughout the gyres, resulting in mixing of oil with the hfgh concentrations of
shell flsil  larv~e. Since the larval stages are highly sensitive to low levels of oil, the result could be the reductfon or elimination of an entire year
class of conwrcidlly  important shellfish larvae.

Shr~~ - The majority of the diatoms and some of the macrophytes found in the stomachs of commercially important shrimp (pink, coonstripe  ~nd
~{dest_ripe) in Kachemak Bay dre species cowmon in the marsh/mud flat areas along the south side of Kachemak Bay. Pollution of these n,arsh  areds
by oil cuuld have an adverse impact on the shrimp resource of Kachemak Bay by destroying potential food organisms or the productive capability
of tile fn~rst)es themselves,

Pfedictio!! of Pollution Trtinsport  - Prediction of pollution transport wfthin Kachemak Bay or Lower Cook Inlet involves a number of transport mechanisms,
~~jlil~hare  variable with tfii,e and with location within the Inlet. The tidal stage at which a spill occurred would normally be the most
significant lnitidl variable in det.ermindtion  of a pollutant’s trajectory. Depending on the range of the tide and the tidal sLage at the time of
initidtionof a continuous spill, the spill could be expected to produce a surface slick 5-10 n.mi. (9.3-18.5 km) long within about 6-12 hours.

Spreading and horizontal mixing processes would also tend to enlarge the area of tile spill. Surface spreading of an oil slick wotrld be a particularly
significant process in areds such as the gyres in outer Kachemak Bay where tire surface slick could be retained for 1-2 weeks or more.

In the absence of winds, the net circulation will be the dominant control of long range transport. In outer Kachemak Ba , the typical net surface
!current velocities of 0.15-o.2 kts (7.5-15 cm/see) (Ffgure  66 ) would cdrry a slick roughly 3.6-7.2 n.mi. (6.7-13.3  km /d~Y either within or outside
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of the gyres . Oil dlong the southern !ltIor& of outer Kachemak Bay would normally be c.arr~s?d eas Lward along the southern codst, with d Illgi)  pr”otldllility
of coastal hnpingcmcnt  and trans ort into the various enihsyments  along the southern coast,

!
The strortg surface water MMfluw from lmwr K.ti[licmdk UCIy

during the sprin!l and sunwerwou d normally prevent intrusion of $urface gil into the innt.?r tidy. Ih]wtiver, reduction  in fresh wdkr runut~ dut~!lg fall
and wintw may uredtly  incredse  the vulntirdblljty of the inner Iiay to intrusion of surfdce pollutants.

%

The mn’f~cewatet’  outflow from inner Kacht!mdk Bay, which flows northwest along the north~!rn SIMMW of the outer B~y, nwy provide thu norlhust shore with
scum? qree of” Proltitition  from impingement af oil by ttoldin oil contaminated water offshore, however, marked sepa~ation  of nearshore frcbh w~tcr trom

?the more saline offshore water is essentially  a suwnertiwe  hlyh runoff period) phenomenon, The increased suspended sedtment  concentrations Ioutld along
the northern shore would probably enhance deposition of oil by adsorption w suspended sediments. The bottom environmertt  d}ong the northern shore is a
critical nursery araa for settllmg  crab larvde.

Oil retention within the outer Kachemak  Bay gyre System could normally  be expected and would-be partic~l~lydel~t~rious durin ,tj~e crab and shrimp
spawniag  period. The highest concentrations of larvae in outw Kachemak  Bay are typically found’itl ttie regibti of ttie’eas’tern i’cc,,) gyrt?.

Surface oil transported out of Kachenkik Bay wauld normally be carried north and northwestward in eastern Lower Cook inlet. The m~jor tide rip~ (tl’IJlltdl
zones) in central Lower Cook Inlet (primari~y the Mid-channel Rip) would probably collect- a considerable mount of surf~ce oil origin~ting in eastern
Lower Cook inlet. Extreme mixing processes along the Mid-channel Rip would likely also sink a large proportion of 0$1 following adsorption on suspended
sediments.

Mind influence can frequently overshadow all uther transportand dispersion processes and may on the averaga, be the single most important force
effecting surf~ce cdl transport in Lower Coak Inlet. Notonly does the wind have a direct influence on kransport  of surface oil, but the net circula-
tion itself may. be altered lIy pe.rsisten% winds. Impingement on shore areas fre uently requires some onshore. wikl fhfluence on either the net circula-
tion or the surface-slick. !Favorable winds (northeast, east or southeast) coul sweep the Bay clear of surface oil and might preclude aily significant
damage w-itttl~  Kad’umak  Bay. On the other hand-, winds fromother  dire’c”bions  could read4?y  drive an oil slick ashore wfywhere  in 0U4W Kachenmltliay.
For example, a. moderate.o  nshore.windwith  as:peed of 15 kts (7.7 m/see) wuuld”c  ause ati oil s~lck to drift onshore at tispeed  of rougtily O.45 kts
(23 cm/zec), Such a wind could-drive  an oil slick from the central outer Bay th any shore in outer Ktrchemak Bay in less tlian 24 tlours.

Due to the great variability in wind directions during  all seasons of the year, and the lack of adequate offsilore wind dat~ in outer Kaciwmak  L?JY and
Lower Cook inlet, it is difficult to characterize the. probability of shore impingerni?nt  due to wind-indticed  transport. Strong north and northwesterly
winds. during the winter raise the probability of onshore transport lfiKachemak  Bay. Southerly and southeasterly winds. more frequent during the sununer
months,  ~fford  oute~ Kachemak  Bay a greater degree of prot~ction from onstiore  tmlsport.

Assessmeilt of potential oil transport, retention and shore impingement in Kachemak  L%y due to an oil spill can at present by @ated on’ly in terms- of
ueneral urobabilitv  of occurrence. There: is little doubt that outer Kachemak  Bay is’ttighly vultierabls  to the sprt!atiitig  of oil thtti@o’@t+tlre  Bay atfcf
to retention.of  oil within the gyre systenrfor s.lgnlficant-p  eriad$ of time. The typical net circulatiori  would moreover cmv a surface oil’ slick to
within at
pi)tenti d ‘

least a few miles of ~tis:t ol-the;coastline, increasing the pt’ubatiil”ity  of shore impitrgment in the presence of
~ore$clagical  damage wswsl’d’be  g.pemtest i.f’oil wtis.to tie introduced into- thesoM.kit$rn  halfof the’ ctwter bay.in

ons~tore wind transport. The
the spring or sumier mantlis.
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CIRCULATION

The Lower Centrdl Zone primartly  includes
Oil Bay to, and including. Chinitna Bay.
Lower Cook Inlet.

Dames & Moore, 19751J—

Dames and Moore studied the meteorological

offshore waters
Therefore, IIDSt

Ctlartlll . Lower C~ntra] zone

(see Ffyure Gl ). The only $horeline  area within this zone extends
of the information regarding circulation in the Lower Cent.rdl Zone is

from approximately
found on Chart 1

and oceanographic effects of oil spills in Chinitna Bay, from which the following information was excerpted.

Virtudlly  no qu~ntitative  data 1s available for circulation patterns in Chinitna Bay, although fishing gear and cargo lost north of Chinitna B~y and wn
the east side of Lower Cook Inlet have been recovered in Chinitna Hay,

[idal currents generally flow parallel  to the coastline tmd reverse directions approximately every six hours and traverse 6 to 12 mi dur
or ebb tide. lides are diurnal and maxiwwn tidal currents ale slightly greater than 3 kfiots during the flood and ebb tide.

Ourbankl  1977— —

In the vicinity of Anchor Point surface and subsurface waters are transported westward. As they move offshore, the currents turn suuthw
Kdmishdk Bay. Ap[Jarent.iy, a yyre exists about 15 n. mi (28 km) westsouthwestward of Anchor Point (Figure 62 ).

The currents north of Anchor Point rrove in a north-northwestward direction.

Dames & Moore, 1979

The net current field in the middle port
inlet.

T1t)AL RANGE

l)dIIu2s & Wore, 19752

ng each flood

stward  totidrd

on of Lower Cook Inlet west of Kachernak Bay s relatively well defined compared to the southern portion of the

The tidal range and beach slope determine the areal extent of beach that may be affected by surface oil. Tides in the Chinitna
ccmosed of diurnal and semi-diurnal components, both of which h~ve a stronu influence on tidal phase and amplitude. A sunundry

Bay dred are
of tidal datum

for’ Cllinitna  Bay and adjacent waters is provided in Table 49 .
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W
~ !itldl’llld  & Lhlrre]l,  l~~o————— —

!Xdlll,L!lltS  in the LOWer Central ZOlle

W INt)S

Ddmes & h!oore, 1915tI

fhe ~hjnlt[ld ~dy area is exposed to
Winds arc generally from the north,
is calculated to be 67 knots.

~U1.fiERAUILIIY  OF LLAIER CENTRAL 70NE

DwIres & Moore, 1979

are prinkrr ly gravelly sand with minorsilt and clay components (Figure 63 ).

strong offshore winds from the northern
northeast, south and southwest.

, western and southern sectors and rorn the dr~inage winds of Mt.. IIldluna.
Maximum wonthly wind speed is 10-15 knots A It)-year extreme 1 Iminute wind speed

TO OIL SPILLS

A study by Dal,es & Moure wds initiated to provide information on shoreline areas that would probably be impacted by hypothetical oil spills fron
nirw selected loc~tiolls in Lo!wer Cook Inlet. “[hese sites correspond to recently leased tracts and probable future pipeline locations. Tile analysis
wds based prim~rily on an oil spill trajectory model with winds and net and tidal currents being the environmental f~ctors affect~nrj the spill. I
According to the study the shoreline on the west side of Lower Cook Inlet from Iliamna Bay northward to Chinitna Bay is a critical imlact trre~
botli in terms of tl!e amcmnt uf time for an oil spill to impact the coastline and the annu~l probability of exposure to an oil impact
Figure 71 ). Anchor I’oint, on the east side of the [n]et, was considered dn area of concern, although to a lesser degree. figure
tl,~t  oil would impact most of the western shoreline of the Lower Central Zone within 1 to 3 days and the .probability  that a spill cou
dl]y ollC Of the pOt~lltiiIl oil si~il] sites was primdrily  1-3~ or 3-6%.

Ilayes  et al., 1977

Most of this coastline has a ri~k rating of 1-2 or ?-4 (Tdble 47 and Figure 75 ) although the heads of bays, such ~i Chlnjtnd uJ:
Sait mar>hus a!id  Lidd] flats are located, have d risk rating of 8-lU which would subject areas to ]ong telm oi] spill  odllla~~.

[Jdmes & l,bot~19]5b——

see
72 shows
d occur at

, where

[his study by Dwe> & More, used to assess the behavior of a potential oil spill at the proposed drilling site of Phillips Petroleum Company
JUSC LtdSL Of Chinitna  Bdy, showed that with a StrOllg  On$tlorc wind, it would be possible for oil to reach the shore within several hours. Winds
from d westetv~  direction will tend to propdgate  thb oil turtller  offshore while winds from an eastern direction will for~e the oil towdrd SI,OI’C.
H;yr;; ~ ~7d.20  ~~oi$ 7i3 ~nd 79 show movement of oil froma spill occuriny at low and high tide with winds from the nortt,c~s and south-

Tidal currents generally flow parallel to the coastline,
6 to 12 miles duriny e~ch flood or ebb tfde.

reverse directions approximately every six hours dnd traverse
I

If an oil spill occurs at high tide with onshore wind conditions, the orientation of Chinitna Bay is such that the net surface drift mdy carry the
spiil into the Bay and orlto the beaches.

Suspended sediments
to the sediment ~nd

present in the offshure  area of Citlnitna  Bay may contribute to the formation of oil and sedinwnt  pdrticles  in which oil is absorbed
the mixture sinks irrto the water column or onto the bottom substrate, thus contaminating it.

I

I
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transported past AUCIUS
LdlJe  ~OUgldS llltO she!

DATIIY!HETI{V.

Muench et al l., 1Y7U

ine Islisw.1 into Kamishak holy, wlw e d portion of it settles out. The remaining susp~nded  material is transported iiround
kof 5tr~it and is dispersed.

Wter depths in Kdmishak  Ildy range from 10 10 20 fdthulns

ISL)[l L)M IYI’E

hrbdnk, 1974—

(Figure 64 ).

No size dtstributlcm data are availisble for bottom sediments in Kamishak Bay, dlthough  the extensive mudflats indicdte  lhdt a signit’ic~nt  wnuunt
of ttw tiner, suspended mdtt’rial cdrried from Uljpcr Cook Inlet ~s dcposlted  in Kamishdk  Bay. A narrow and dililinish~d ulume of su51JeIIcled
sediments p~sses out of Kamishak Bay and into Sllelikof Strdit along the wejtern shore, -

jhdW & Lotspeich,  1977

“This sLudy was conducted to determine the amounts and types of hydrocarbons present in three selected locations in Lower Cook Inlet. The
illti?rtldd] reyi Oll Of o[l~ Of theje dr&IS, Douglas Bay, was found to have bottom sediments consisting of fine sand. Sands generally do not retain
hydrocarbons ds readily as do silts and c~ays..

WINUS

Refer to Clldrt 1 , Lower Cook Inlet, Ninds for a general discussion of wind patterns. Specific data is not available.

VULNERALillllY  Of KAflISllAK BAY TO OIL SPILLS

Ddl(lti~ & wore ]979——

rhis oil spill tI’dJeCtOry  study showed that the coastline from Ilitnnna  Bay (the northern side of Kamishak Bay) to Chinitna  Bay was a cr
to both Lhe ~hort time that It would take oil to contdct the shore} ilte (prinkirily  1 to 3 days) and the probability uf oil from a spill
area (1 to 3Z and 3-6%) (See Figures 7] and 72 ). Augustine Island, located in Kamishak Bay, is also an area of concern but to a
thdn ttle Lriti Cdl areds.

tiCdl area d u e
lll[~d  Ctillg this
esser degree

The model did not show the shoreline areas of Kanlishdk Bay being greatly impacted by oil apparently because only one oil spill site located in
the central portion of Lower Cook Inlet below Augustine Island WJS used in tlw model. If more than one site would Ilave been considered in this
ar’ed,  there might have been more impact on Kamishak BcIy. Nind from the east could drive a trajectory directly Into Kwishak Bay if the spill
site were Iocdt.w.l in tile central portion of Lower Cook Inlet, reasonably close to and slightly  south of Augustine Island.

ADt&G, 197Ub—

Uritt card ~Id bott\e trajectories have shown that Kamishak Bay, especially
f)dl’LiCU]drlY  susceptible to po}lution from most areas in Lower Cook Inlet.
Kamishak Bay.

between Ursus Cove and
Lease trdcts northeast

Amakdedori  Beach, and Augustine lsl~nd are
of Augustine ]Sidnd pose the grcdtest threat to



Chart v. Kennedy [ntrance

m Circulation——
w
* Refer to Chdrt I , Luwur Cook Inlet, Circulation for yenerdl description of waters entering Cook Inlet tllrouyh  KeIIIIedy [lltt’dnCP.

Burbank, 1977

A larye pt-oportion ot tile $.c~w~ler influx through Kennedy Entrance proceeds northward up the east side of the inlet (Figure 62 ).
transport Iuay occur fllUl~did Lely ufter pdssdgti Lhrough Kennedy Entrance, however,

$IJIIHI  WeStWdrd
circul~tion between Augustine and the B~rren ls~arld~  is poo]ly

understood,  althougtl ttlere is some indication that circulation Illdy be very sluggish in part of this region. Coastal divergency or upwelling  ~lony
the tip of the Kenai Perrinsuld northwest of the Churych Islands diverts the inflowing  Gulf of Alaska surface wdter offshore such that outer Kacllenuk
tl~y is largely  byp~ssed. Surfdce  water entering outer Kachenmk Bay is comprised prinldri]y of this upwelled  water. lhe upwelled  wdter, together
with relirtively  fresh surface w~ters discharged from ilwrer Kachemdk Bay, is eventually ciirried  out of Kachemak  Bdy along the noltlleast shore iirrci
contif]ues  nolth ~s far as Cape Starichkof.

Odrrles & Moore, 1979

The net current field in the Kennedy Entrance

U.S. CodsL Pilot 9, 1977

area is quite variable.

Currents in Kennedy Entrance have a velocity of 2 to 3 knots and generally do not exceed 4 knots. Tidal current velocities in the Barren Islands
dre estirrk.rted  at 2-3 knots.

TIDAL RAIIGE

Refer LII Chdr’t I , Lower Cook Inlet, Tiddl Range, for a general dsicussion of tidal range.

!. U5PENIJ[U S[.L)l MEN”IS

Feeley  & Cline, 1977

GrJlt  of Alaska water, flowing into the east side of Cook [nlet through Kennedy Entrance, is relatively nonturbid having suspended matter concentrations
raligir]g  between 0.5 and 5.0 Ng/1.

BATIIYMETRY

Muench  et dl———J978—

klater depths in the vicinity of Kennedy Entrance riwrge  from 50 to /0 fathoms (Figure 64 ).

tsf)[TOM  TYf’E

Sharrna &+furrell, 1970

The portion of’ the Kenrwdy Entrdnce  ared which is located north of a line drawn between the Chugach  Islands and thr?t3drrerl  Islands (Figure 63 )
has bottonl SedinltinLs  cr_rmposed of $andwith  variable amounts of gravel and silt-clay,

5haw & Lotspeichl 1977——
Koyuktolik Day (OL)~tf511  Bay) have bott,om sediments composed of f’fne sand

u 1 MM.—

Refer to Lhiirt I , Lower Cook Inlet, Winds, for a general discussion

and silt.

of winds in Cook Inlet.
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to bpe ET fzabeth dnd the shorettnes of the Barren Islands were crlttc~l  ~rcos from the
According to the model, Loti] tireas would be hpacttidby the spill within ~ to s days, with
and 72 ). “frd~cciMrfe5 from site 5, west of the ~huqdch ~s~ancts,  Were shown ~o im])act.

thk thugachislanih. Tmjectories  froinsttes-l anabk were shown”to extend  into the Gulf of ~laska. Therefor~, possibili~y of exposure tobtl spills
is seri%m  the eastern SW of the kefrai Pesttnsula  as well as Kodiak Island,

~es et al., 1977

t%ch of the caastline  in the Kennedy Entrance ts r%k%dhavimg a. l-2 or 2-4 risk rating (Figure 65 amdT~bTe  47 ). These ared~ are generally
low risk areas where o*1 can he removed bv wdve erosion. Oi} mav be retained in these areas. where aravet beixhes.  occur.  where dewas?tiuos] berms

W-races are fmmi.- Mrial of @it is possible on beach faces. Itigh risk [U-10) ~re~s ~re found in
IQuktofik @O!J Fish.) by. Salt mbrshes arut tide flats in these areds are sub~ect to ionq term oil



IIftILN IV 

I AJ(iiI I ) 

iowoi nr noiiiIunlD to iioi2uJb oii1ujiJ i1iL ou3 soJ I Ji&iIi (3 i,t'jI 
I iUp1tN tIi ni vibw to Jiiitivuiii 

c-I 

'0 
Cook Inlet \Aicil  also inc

“[lie tidd] currents  dt tlIe elltrdl]~e to Cook Inlet halve  dn cstimdtcd velocitv  of 2? to j knots. and in qener’al increase uu the inlet. VLrv ]Jroc
uuloci tics II IJVIJ been  medsur’c!cl in the vicirlillcs  at Ildi’riet I]uiilt drrd tile [dst and Uest Fore] ands and the eiltrances to F.nik  ~nd Turndwlll  Arms-’: IIle
currcnl vcluclty I
curreuL  during a
ls)dlld.

li]e currents on e

In Tuxedni Channu’

d$ medsured by the survey ship McAi/lliUR  df, 5 ktmts nt?dr  the East and Uest i_o)’elands, and if. is esti!lrdted titdt Llie ie]ucity  of the
aryc tide is as much ds U knots between East and IWL fore}drrds ~nd probably mare between I{ar’riet Point and tile soutltcrn end IJi Kdlgin

tlwr side of Kalgin Isldnd redch a velocity of 3 to 4 knots at times.

the current floods nortilwcst at d velocity of 1,} knots and ebbs south at a velocity of 1.9 knots.

lhe currents are very swift at Ilarriet Point, exceeding 5 knots on large tides. Uith southern
arid tblyin island, extending some distance soutil.

In geil~rd], the direct icr[i  of the current is approximately  pardllel to the trend of tile nearest
edges. off tt,e vdrious bays a set wdy ire expected, toward tile tJJy on a flood currerlt and fr-uni

TIIJAL RAN(X

U.S. CIJaSt Pl]Ot !), 19)7.—————

The dlurndl tidd] r~nge dt Tuxcdlli Chdnntl ij 16.6 futit.

SIJ>i’tNLJ[lJ  SEIJiMENrS———

~eeley & Cline, 1977—

breezes dangerous tide rips occur between IIarriet Point

shore am.t,  when flats are uncovered, parallel to tt!elr
tlie bay on al] tbb current.

On the mstern side of Lower Cook Inlet the inflowing Gulf of Alaska Walter has suspended matter
the wcttmn  side of the [nlet, tt,e outflowing turbicl-wdter, which contains mechanically abraded
com.enLrdtions rdnqinq fron) 5.0 to 200 iM/1. is tr~nscmrted mst Auudstine I>land to Kamishak  Elav. where a uortion of the susuended nl~Leria]  settles

concentrations ranging between 0.5 and 5.0 mg/1. (lrr
rock debris from Upper Cook Inlet and has particul~tc

out. ll~e rmdillini rn;teritil is tr~nspor~~d”around  LI;JC Oougias  int~ Shelikof Strait and is disp;&ed. ‘

uJJrlJdllh, 1’3/4

~lcdr SCdWdter enler$ Cook Inlet frti(n ttle  bdjt Wtiere it 1S carried into tt)e Inlet mouth fJy tile westward f]c)wifl(j  Aldskd CurrenL.  t)riVr?fl  by the tldJ]
flux arid LOrlolis  force, thi> Wter  works its wdy up tllc lower Inlet dlong the edstern shore. In tile t’egion of the ~Ot’eldfldS.  bdsin gmletry Jets t h e
flooding seaw~ter  to the wc>t sidti of tile Inlet to pruduce  a neL clockwise gyre in Lhe region bounded by tlie EdSt, Hest dnd North Forelands.  This gyre
appcor$ to Lrreak down nol”tll of tlw North Foreldods into a roughly northeast-southwest pulsation.

Fresh wdtet’  input frofn the turbid Knik Arm dnd relatively clear Susitnd River waters are partially rrllxed  in the upper Inlet and cdrried in d general
southwcstwdrrf direction on the tbir tide. Although the outflow of turbid fresh water must certainly intrude Into the region of rt?ldtively  clear seawdter



in south ddslern I.owr fkok Inlet would be a significant threat to fi~h dnd wildlife resources in north easteirl ar~as of Lower Cook Inle L, p~rticul,]rly
tile Kelldi/llik13ki  dnd Kolgin  !>I,,ILLI  al”t’as.
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CIRCULATION

tiOAA, 1979

The Alaska Stream divides northeast of Kodiak, Water 1S transported northwest into the Amatuli Trough while the nwin part of tile stream Continue!
along the Kodiak Shelf break. }fi,ch of the water flowing into the funatuli Trough flows directly ‘into tihelikof  Strait while the rest turns northward
ond enters Lower took Inlet. The offshore flow of water is dominoted  by the Alaska Stream, whereas  the flow ‘in onshore regions is don]inaLedby
tidol currents. The shelf break is considered the dividing line between the two systems.

ADf&G, 197~a

Circulation in Sh~likaf Strait is less well known than in Lower Cook Inlet. Figure Sfl shows that the major portion of Alaska Cut-rent wat[?r<
which enter Kennedy and Stevenson Erjtrances  are primarily diverted directly inLo Sheliknf Strait, where net transport is in a suutl]westwarfl  direction.
Tile turbid and relatively lmv salinity water flo}Jing out of western Cook inlet around Cape Douglas  is apilarent  ttiro~~l]~ut  Shelikuf Strdit  on U)e
Alaska Peninsula sjde. 3he boundary between this turbid water and the cledr seawater on the Kodiok side is a continuation of the s~ile frontal  zonP
which characterizes the Mid-channel RiD in Lower Cook Inlet. As this turDid water moves southwestward throuqh the Strait, it exper~encc’s eastward
dispersiw or transport to the Kodiak ~slan.d side.

There is eyidence for the existence of a
southwest of Kadiak Isla.ncl. Complex and

A large p,rap.ortion of the water5  leaviag
Unlmak Pas+,

CURRCNTS..p-

NO<rLA,  i979

.cIoekwlse {anti.cyclonic)  gyre in the Strait near Katmai Bay,
variible eddies may be found in the western $trait near Wide

Shelikof Strait continues tJestivard along the southern Alaska

Current velocity dab shows that there is a general southwestward
in cenLr,il  tud~as tern Shelikat $trait. Flow in western $helikof
may be reversed wjtt]  gyres or eddies.

ADF&G. 1976a

CtJrrent velocity data ftw$helikof  Strait  is limited, U.S. Coast
Alaska Peninsula side, whereas tidal current velocities appear to

and a counterclock.w
Bay.

Peninsula, probably

se  (cyclonic)  c i r c u l a t i o n

at least as far west as

flow of surf’ace wat@rs at a speed of appr~ximiit.ely 0.3 to 0.8 knots (1’3 to40 cm/see)
Strait appears to be somewhat less than in the eastxrn  strait  and the fltw ditccticm

Pilot 9 Indicates tidal currents of 1 knot (50 ctdaec) ba~e been remr~efi on the
be less along the west coast of Afognak Island. NOAA current. metci- uiea${ircm.nt,s  a

few miles east of Cape Douglas $howed a mean southward current velocity of approximately 1 knot {50 cm/see). Preliniinary  t.irculation  m]drl~ny Ly NO/\A
indicates a gericv-al southwestward surface flowof roughly 0.3 - 0.8 kts (15-40 low [n the w?sLcrn
Strait is somewhat less than in the eastern Strait, and the flow direction may

cm/$ec) \n centra~  and eastern Shelikof 5_trait..
he reversed within eddies or gyres,

SUSPENDEO SEDIt4ENT$

ADF&G, 197.!ia.—— .—

The major portion of Alaska CurrPnt waters
transport is in a sou Lt+lestward  direction,
apparrwt throughout Shelikof Strait on the

which enter Kennedy and Stevenson Entrances are diverted rfithf?r’  directly into $helikof Stroit, wl,l’ro npt
The turbid and relatively low salinity water flovJinq out of western Cook inlet around CaD~~ I)ouglos is

Alaska i’eninsula side. The boundary b~tween this tu~bid  water and the clear seawoter LIV lhe l’odiak sido is

,



a continu~tion  of tile  s~li~e front~ll zone which characterizes the Mid-channel Rip in Lower Cook Inlet.
w the Sti’sit, it experiences eastward dispersion or transport to the Kodiak Island side.
o
0 There is evidence [or the existence of a clockwise (anticyclonic)  gyre in the Strait near Katmai Day,

southwest of Kodi~k Iqland, Comp]ex and variable eddies may be iound in the western Strait ne~r Wide
broken arrows ilI l“igur~ _~O .
A la~’ge  proportion of tl,e waters leaving Shelikof Strait continues westward along the southern Alaska
Unimdk I’ass.

As this turbid water moves soutl:wectward  through

and a cnunterclock.wise (cyclonic)  circul~tirrn
Bay: circulation in thi< area i$ indicat.pd  bV

Peninsula. probably at least as far wr$t as

ERIS satellite imagery (Burbank, 1974) si~ows a distinct widening of the surface suspended sediment plume (originating in Cook Inlet) as the Cook Inlet
w~ler is carried soutln~estward through Shelikof Strait. In Figure 81 , which is a sct,ematic rendftion  of an original ERIS image, the surface
su~pend?d sediment plume has dispersed completely across the Strait at the southwestern entrance to the SLrait. After pas~ing out of Shelikof Strait,
the suspended sediments rapidly diffuse and settle out. Shelikof Strait provides a channel to the sea for all sediments discharged from Cook Inlet.

Other ERTS imagery shows characteristic bulges along the eastern boundary of the plume. These may be the resul t of eddy circulation, strong local
‘wir,ds such as williwaws, or transient reversals in the southwestward flow caused by the flood tides. U.S. Coast Pilot 9 indicates the flood tide <cts
Into tile Strait from both ends.

m&?..Y_Qu!!~?  1977
The distribution patterns of particulate material in Lower Cook Inlet and Shelikof Strait show a direct relationship to water circulation. Tbte
inflowinq  relatively nonturbid Gulf of Alaska water moves along the eastern coastline until it reaches Kalgin Island where it Inixr+s with the highly
turbid brackish water fvom Upper Cook Inlet. Under the influence of tidal currents and coriolis forces the turbid water moves southw(,st  along the
western coast into Shelikof Strait where the i]artlculate  matter disperses and settles to the bottom. ‘This counterclockwise circulation pattern giv?s
rise to extremely large horizontal gradients in suspended matter, However, tidal mixing is extensive and rapid; and, therefore, no vertical suspended
matter gradients are observed during the winter nmnths in the central regions of Lower Cook Inlet.

!Ouench et al., 1978

Water depths in Stevenson Ent.r~nce  reach 100 fathoms.
Shelikor  Strait (Figure 64 ).

Depths increase southward reaching approximately 150 fathoms  near the southern entrance of

BOTHIM IYPE

Burbank, 197f’t-

Thc bottom sediments in Shelik.of Strait art! gr?nerally  characterized by mud, grading from sandy mud with pebbles near Lhe Look lnl~t end to sandy [J!’,)y
murf near the cenler, and finally tcj very soft gray mud at the southwest end of the strait.
Shelikof Strait south to the continental shelf break.

Mud also f{lls the channel which incise~ tile shel f from

w Ifws——
AUF&G, 1978a—

Wind has a profound effect on the circulation, particularly the near-surface circulation, and greatly compounds the variability of the cirulatlon
reqime. Winds in Slielik.of  ~t~ait generally blow either up (Southwest to northeast) or down the Strait, Gales are a fr~quent occurrence in the Strait,
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Table 50. Scale of environmental susceptibility to oil s~]j.11 impact duration from Hayes et al. (1977).

Uiscu$Lion(Jil> ill V u l n e r a b i l i t y  Scd&— Longevity of Spilled Oil

1 Jtraight  rocky headlands: Most areas of this type are exposed Oil that goes ashore could be expected to be
to 11.dxlmum wdve energy. \/aves reflect off of the rocky scarps dispersed within a few weeks.
willl greal Iorce, readily dispersing the oil. III fact, waves
reflecting off the scdrps at Iligh tide tend 10 yener~te  a
surfic ial return flow that kecijs  the oil off the rocks. Even
if oiled, ndtural cleaning will only require a few days or
weeks, NO human intervention is necessary. ‘There may be some
problems in areas of gravel accumulation and in tidal pools.
Pocket bedches may be particularly hard hit. Approximately
10L of eastern coastline of Shelikof Strait is of this type.

2

3

4

Eroding wave-cut platfrrrms: [hese areas are also swept clean These areas would prob~bly be free of oil
by wOve action. The rate of rerrnval  of the oil is a function within 6 months.
of wdve c]imate and the irregularity of the p]dtfOrm, but
is generally under d year. SOIIIC problem~ in areas of gravel
accumulation and in tidal pools. Pocket beaches may be
particularly hfird  hit. In general, no clean-up measures are
needed for this type of co~st. IIowever,  there are large
biologic populations in these areas, Most of these areas,
10.72 of the eastern codstline  of Shelikof  Strait, occur in
highly exposed areas.

Flat, fine-cyained sandy beaches: Beaches of this type are Same as above,
gtinerally  flat and hard packed. Oil that is emplaced on such
beaclws will not penetrate more than a few centimeters at rrost.
Usually Lhe oil will be deposited on the surface of the sand
where it can be removed by elevated scrapers or other road
grading mdchlnery. Furthermore, these types of beaches
change slowly, so s~nd deposition and resultant buri~l of
oil will tdke pldce dt a siow rate. There are no beaches of
this type dlOng the eastern shoreline of Shelikof  Strait.

Stee,er, medium to coarse- rained sand beaches: On these
b~fie depth of pen~ration wou~ be ~re~ter than

Possible pollution of up to one year.

tor the” fine- grained beaches (though still ;nly a few
cel,timeters),  but rdtL!S of burial of the 011 would be greatly
incre~sed  (ds much as W-1OO cm within a period of a few
dtiys on hcirches of this class). In this situdtion, removal
of the oil beco!:jes a serious problem, since removdl of the
oiled sediments will often result in large scale erosion, as
tile beiicll chdnges into d new equilibrium state. Additionally,
buri~l of thu oil preserves it for release at a later
date when the bedch erodes as part of the natural beach
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10

to p r e v e n t  oil frwm en~ering these  Jreds  (tJooms,  skimcrs,  etc).
Once these beaclies iire ofled, expect severe biological damage,
deep penet.r~tiol}, difficult cle~n up and longevity up to t?
years.

Protected estuarine tidal flats: If oil reaches a quiet,
protccte[estuari~~  it will remain there for long
periods bec~use  n~tural cle~ning  progresses at m extremely
slow rdte. Because of tlie low intensily  of marine  process
pardmeter-s, removdl  of the oil will have to be accomplished
by natural chwicirl  and bicryenic proc~sses.  This will tdk.e
many years, dependent on the amount of oil deposited. Because
of their high biologic populations, these environments are
very sensitive to the toxic effects of oil. lhese areas
are r~ru (1.1X) along the eastern coastline of Shelikof
Stra]t occuring only at fjord he~ds  dnLf at river mouth
estudries.

Protected estu~rinc  salt rmrshes: In sheltered estuaries, of]
iruifl a spl]~”may  have ~ng-Lcrm deleterious effects. lhese
areas are extremely importdnt biologically, supporting large
communities of organisms ~nd are generally associated with
tlie protected tidal flats (/9). They dre also rdre, representing
only 0.7% of the eastern  co~stline  of Shelikof  Strait,

Same as above.

Same as above.

u
o
m
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Table 51 Acute/toxic,. physiological and behavioral ei’foct.c  of pet.ro.leum hydcncarb.ons  on fish r{’sourcf’!.,

~e_c..es Reference__._-..~~~f~f ExPerim~nt Petroleum Prudwt Concentration Effect and Cvalual l-on—.....— .——— ——. .— —

mm

!E!wI!Yfc  Ef fec~

King Crab
( Paral i t~lades.
~m
1 m-vae

Adult and larvae
Kirta Crab
( Pa~al  i thocies
timtscha.ti  ca)
and Oun.geness Crab
(Cancer nmgis.ter)—-

Karinen and Bioassay 48 hr TLf4
Rice, 1974

Mecklenburg Bioassay
et al.. 1976 96-IzO hr LC50

CaTdwell  et al., Bioassay
1976

Rice et al., LSioa5says
197611

Prudhoe Bay crude ofl .056-1 .00 mgclil/
liter af seawater

Cook Inlet crude ..93-4.75 ppnr total
water so.Tuble hydrocarbons.
fraction

Cook Inlet crude
water soluble fract+on
and seawater sa’iutims
of benzene or naphtha.lene

Cook. ~nlet crude uil water-soluble
No, 2 fueT oil, fractions of oiTs
Prudhoe Bay crude measured as ppm of
Oi 1 oil tIy IR method

Iledlan tolerance  limits for 48 hr. T1.t? far
both premol t and  pmtntnl t tanner crabs  was
e%t imatefzk to.. b? . !,G mg oi 1 / I i ter.

Molting success  of premu}t  crfibc. after eY.po-
sure to .32 mI oll/literwas signitirantly
lower than the mol tirrg  SUCCPSS of cnntrol
crid3s. railu,re to owlt usuJlly re$ultcd in
cieath.

itolting success in King crab larvae was
reduce&  to, ahmt zcvo hy cxpmsu~e to 1.2 ppm .
WSF for 48 hours. Fatlure to molt usually
results in cieatil. 50 percent of the larvae
tested d+edwfthin 96 and 170 hrs after being
exposed  ta 1.37 ppmard  .93 ppmof took Inlet
crude respectively.

Toxic effects were observed at. levels as low
as .0049 mg/T (as naphthalene) for t~ie crude
oil , and .13. mg/1 and 1,1 mgfl fo~ the benzene
and naphtha.lene, re~pectiv~ly.

96 hr TL14’s far fidult iting Crab were 7.35 ppm
and 4.2!1 ppnr for Prudhoe  Bay and Cook Inlet
crude oil respectively. 96 hr TLt4 far No. 2
fuel oil was 5.10 ppm.

Tanner Crab larva= were killed by 8 ppmuf oil
after 96 hrs of exposure. f.xposure  to tiSF of
Cook Inlet crude oil at low levels (.9 ppm -
3 ppm) caused moribundity in Tanner aml
DIJngeness Crab larvae. Fiorilmndity  PLW14
uwally  last fcw severs’r dzys before animal
would die.

loxicit.y of hydrocarbons is greater during
molting. Crab larvae molt more frequently
than adults and are, tiwreforc, more sons i t ive
to hydrocarbon pollution.

ppm = parts per million
ppb = parts per billion
LC50 = concentration required to kill 50% of the tmt animals
ILi4 = median tolerance limit - lhe concentration required to

kill 501 of the test animals within certain time llmits
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PIIYSIOLOGICAL  EFFECTS

T~nrwr  ~!’dlJ Karincm ~nd liIodssiJy  48 hr TLM Prudl]oe Udy crude .32-.56 ml oil/
(#:~:~etes Rice, 1974,-— . ——— liter of seawaLer
——

King Crdb
(PilrdlithLxles
WCrim)—

(Lhl(JnbecL!tL5
&j~~—
— .

Smith and Bioas~ay
Ilonnett,  1976

Rice et al., Bioassay
19761)

I{ice and Bioassay
Karinen, 1976

Cook Inlet crude low concentration
of the WSF of Cook
Inlet crude oil

Cook Inlet crude less than 4.21 pprn
WSF

Cook Inlet crude water soluble
oi I f ract ions

Postmolt crdb> lo>t a  subs~dntial uull:ber ot
legs due to expo>ure  to oil levels as low ds
.32 IIil oll/litLr. SOIIIU Idrvdc Idi led to molt
but survived. tsllet exposure of prclnolt
tanner crdb 1 to 4 weeks before molting
probably lids  d d~trlil{tl]td~ effect on molting.

Crab gills dfter 6 day exposure to tile w~ter
SO IU&Ile frdCti Oll Of Cook [l)~(?t crud~ oil
>Ilowed: (1) cxt~ns.ive vdcuulu~tion,  (Z)
nucleus chdncje, (3) cytopldsm modi ficdtions,
(4) fewer mitochondrid  ~nd Llebbing. (5)
swollen rough endoplasmic reticul~m cisternae
and (6) distorted inlerdigit~tions  along
later and bd$dl cell surfaces. Vticuoldtion
was al~o present in blood cell cytopla5m,  dnd
the perinuclear  space was enlarged. Some uf
these changes Indicate  ll10rlJl101b91C ddwdgc
related tu the altered metabol  ic response to
sublethal crude oil exposure.

Exposure of juvenile and adult King Crab tm
the water soluble fractiuns  of Cook I!llet
crude resulted in significant decrease in
their respir~t. ]on rate. Specimens recovered
after remuvdl  to cledn water.

When placed in w~ter containing the WSF of
Cook Inlet crude oil, King C]ab larvae accumu-
lated significant quantitie~  uf arunmtic
hydrocarbons. Biomdgnification  of some
compounds Up to 1,260 times amhi ent leve Is
occurred. Crabs depurated within 96 hrs after
rernovdl to clean water.

Spawning female King and Tanner Crab were
exposed to tile w~ter solulIle fraction~ of Cook
Inlet crude oil. Preliminary findings
~ndicate that the 01] hdd ]lttle effect 011 the
water Imrclening ut the eggs or the attachnient
of tile eggs to the pleopodal setae; however,
cleve Ioimlent may be affected.



Species Reference Tyi]e of Experiment Petroleum Product Concentration— Effect dnd Lvdludtion—.— —

Physiological Effects

Pink Shrimp Rice et al., Bioassays Cook Inlet crude oil
(~dIl(icll  US

water soluble Pink  shr imp dccurnulate  napllthalcrres from  the
1976b

GG’FzNK)
frdction of Cook w a t e r  ~olublc frdctton in the scdwdt~r,

—- Inlet crude oil Accumulations in t issue dre  up to 260 tiu,es
background levels. Deputation in shrimp
after return to clean wfiter is slow and may
take sever~l weeks.

SALktONIDS

Acute/Toxic Effects

Pink Salmon fry
(Onchorh  nchus
W*

Juvenile Coho
~ (Onchorh  nchus
o 4=
S-S d 1 mull
(Onchortl nchus
LZl@—

Eggs, Alevins,  and
fry of Pink Salmon
(Onchorh  nchus
~-Sc r

Pink Salmon fry
(Onchorh  nchus
e—

Rice, 1973 biocrssay-acute Prudhoe Bay crude .75 mg-497 mg oil/
toxicity effects oil - water soluble liter of seawater

fraction

Morrow, 1973 96 hr bioassay Prudhoe  Bay crude oil 500 ppm - 3500 ppm
- water soluble in seawater
fraction

Rice et al,, 96 hr bioassay Prudhoe Bay crude oil .075 ml - 4 ml
1975a (mechanical mixtures oil/liter of fresh

of oil and water) and seaw~ter

Rice et al., 96 hr bioassay Cook Inlet crude, No.
1976b 2 fuel, and Prudlloe

Bay crude (oil-water
dispersions, ~nd water
soluble frdction)

Observed 96 hr TLM levels for Pink Salmon
fry were 213mg oil/liter in ~une, and 110
mg/liter in August. Fish showed dramatic
seasonal differences in sensitivity to oil
pollution. Older fry were wore susceptible
to oil toxicity Lhan younger fry and were
more sensitive in their detection and
avoidance of oil. Older fry in seawdter
avoided oil cone. as low as 1.6 my of oil/
liter of water.

500 ppm  - 3500 ppm produced up to 100Z
mortalities in juvenile Coho ~nd Sockeye
Salmon. Stress behavior began within 45
minutes of fotml~tion  of oil slick. Mortal-
ity Fates were directly related to oil
concentration and inversely related to
tempera ture.

Standard 96 hr bioassays  with “tOtdl” oil
solutlons  in fresilw~ter  dnd sc~wdter deter-
mined differences in cieve]oping life stdycs
of Pink sdlllIOn (O~}lorhyrlchuS qorbu<,cl,a).
Eggs were the most r=stant iin~en,ergent
fry (yolk s~c absorbed) the most sensitive
to acute  q-ddy exposures, I n  fresh wdtur,
the 96 hr [Lki of fry was 12 ppm. If! sea-
water it was 6 ppw.

Acute toxicity of the water soluble fractions
of f’rudhoe Bdy and Couk Inlet crude oil to
Pink Salmon fry was 1.41 ppm and 2.92 ppm
respectively. The 9.5 hr TI.14 for No. 2 fuel
oil was O.ul pimt.



specie~ Referetlce Tfle GF@crimerlt Petroleum ProrJuct Concentration
u — — — —  - — - Effect and [vdluation— ———-—_—

~ Pink Sal Oitin fly l~icc  dnd bioassay
(Oi,chorh nchbs
-+

harinerl)  ]976
@use d

Pink !ialimn fry
(thchor nchus

+1—mc 1

Tt)omas and Rice, toxicity -
1975 respiratory effects

Pink S~lmon Fry I{ice et al., toxicity effects
19/7

Coho Sirlmon Malins et all., spill
(~;::::ynchus 1977
—.

diesel fuel unknown

Coho Salmon Roubal et al., flow through
(Lhl.tiory(,cus kisutch)  1970 bioassdy
3Ldlry f~d~
(~~~tichth ~

3s tmht u s— —.—-

Cook Inlet  CIU(iI_?  oil f{espiratory  rdtes in i’ilik S~lMUn  fry incredsed
sicjnifical,tly  during  e x p o s u r e s  t o  water

soluble trdctlo[ls of Couk !nlct crude Oil ds
lGW as 30 perceilt  of 96 hr TLF! value.

Prudiloe  Bay crude 2.83 and 3,46 ppm Opercular  rates increased significantly for
ds long as 9 to 12 hrs after exposure to suLJ-
]ethdl concenl, dtions of the wdter--soluble
fractions of Prudhoe Liay crude oil. Observed
changes occurred at aproxirudtely 201 of the
96 hr LC50.

WSF Cook Inlet and sublethal Breathing and coughing rdt(,s incredsecl in
Prudhoe Day crude proportion tG oil concelltrdtions. Signi ficant
and No. 2 fuel oil responsrs  were detected iit about 30t of the 96

hr TLM. Urt’dthlng and Couglllng rdtes remdined
dfJOVe  normal during exposure for 72 hrs.
Increased oxygen consumpt ion wds observed in
fish exposed to oil concentrations that were
50Z of a 96 ht. TLM.

Spill of diesel fuel blinded Coho Salmon
located in rearing pens adjacenL to spill.
Changes  in ttle eyes included  hydrdtiotl and
cloudiness.

i{dintrow Trout exposed 24 hrs to refiilery  waste
dilutions with thresi,hold odor number of .25
acqui~ed  dn oily ta~te. tistl (trout) keijt in
ca~es  in tile rlvci. 15 u!i (2.3 km) below
refinery mstewater  discharge point acquired
an oily taste with river w~ter odor levels of
at led$t 1.0.

WSF Prudt,oe Bay Crude 0.9 \ 0.1 ppm WSF Cuho salmon and starry flounder exposed to 0.9
Prud~oe Bay Crude ppIII Of d kIsF of prudhoe Eiy CrU&?  011, biocon-

centrated low wolecular weight aromdtic  hydro-
carbons IJp to 1700 time~ the concentration in
ti~e wdtcr. tenerdi]y,  stdrry flounder
dCCIillAJ~at12d  the (jWdtC!St  dlllUUllkS. Alkylated
aromatic hydrocarbons accumulated in tissur?s
to a greater degree tilan unsubstituted
derivativ~>,  dnd dccurwlations  of substituted
benzellcs  ~nd noiJilCilalencs  in muscles increased
in reldtfon  to the degree of alkylation.
Co,qjle~ mixtures of aromatic hydrocarbons were
found in gills and liver of ~tarry flounder.
Accutuuliited hyr,tro~~rtrolis  were retained in
$t~rry  flounder mu~cle fur ~ longer period
th~n in cOiib s~imtin lissuc after removal tO
Clean  Wdt~r Llldn  ffl CIJkKJ $d]lllOn  l!lu!i~]~.

I{dillbow  [rout. Krisi)ndswami  & \tatic  Liodssay  and
(5011:!cI {j~lrdficrii)

petroleum refinery sublethal
Kupcharlko field ob~ervation clfluent



S p e c i e s KeTerenLe I yp e or txperlment I’etroleurn  Product Concentrate ion tffect  and Evaluation————.————— .—. . . . .

Benavior’a?  Effects

Pink Sdlmorr
(Onchorh  nchus
,~

~uveni]e Coho
(Orrchorh ~C}ius

klsutch~
S=Salmon
(Onchorh nchus
-

w
I-J

W Rainbow Trout
(Salmo airdnerii)

%--l---A~Ic a mon
(Sahno  salar).— .

Atlantic Salmon
(Salmo  salar)

OTHER FISH

Acute/Toxic Effects

Rice, 19/3

Morrow, ?913

Sprague and
Drury, 1969

Rice, 1973

Kuhnhold,  1972

LtiUdbSdy Pruclhoc  Ddy crude
avoidance tests oil - water soluble

fraction

96 hr bioassdy Prudhoe Bdy  crude
(surface oil slick
in aerated tank)

bioassay phenol

avoidance copper and zinc
pollution

bioassay

}Icrring Larvde Rice et al., bioassay

‘;%:ila’’n’us  ,,,,
(96 hr TLM)

./5 rng - 16..0 mg
oil/liter. Used
water soluble
fraction only

.0”01  ppm - 10 ppm

sublethal

Pink Salmw fry showed clear avuidhnce
responses to oil concentration of 16.0 ~nd 1,6
mg oil/lit&r  in June and August respectively.
Avoidance in Atlantic salmon is well docu-
men ted. Avoidance could have an adverse
impact on salmon populations by changing
migration during critical periods such ~s fry
outrnigratiafl  or return of adults to spwning
streams.

Change was observed in Lehaviar of sdlmon
under oil film. Wit.hlrr 2 to 4 hrs, the fry
toQk up a position at the water oil intet’fdce,
with their dorsal and caudal fins touchiny the
oil. After lZ to 24 hrs exposure ttle less
resistant individuals lost equilihriunl and
began s$Jivsning vertically. Most animals died
shart]y ~fter becoming verticdl.  Animals
eXi)OSed to crude oil shawed ~bnornlal values
for blood pli, K+, and L1-. In conjunction
with observed behavioral abnormdlit.  ies, thi:s
suggests very stroriyly that the chemical C02
and H2C03- bdlance had been rtps~t.

Avoidance reactions were inconsistent event at
lethal levels. Fish showed no signs of detec-
tion even though the phenol was lethal to
them.

Althaugh&ig~ly  notivated by their instinct to
niigrate upstream when Atlantic salmon re~ched
a sublethal cone. of copper and zinc pollution
in the t4iranlichi  River, they aborted their
upstrealw llligration and reLurned downstream.

Venezuelan and .5 gmoillliterof 100% nrortality of eggs in 3 and 6 days with
Libyan crude oil water Venezuelan and Libyan crude t’es. pectively.

Cantrols developed norwally. Ldrv~e which
hatch froweggs which have been exlJosed to oil
are usually deformed.

3 p m  o f  Uie vJater soltible fr~ction of Look
YIn et crude 011 MS Sufficient to kill t,crring

ldrvae w~thin 96 i!rs.

Cook Inlet crude water soluble
fraction



~~~cies Reference Type of Experiment Petroleum Product. Concentration— —— Effect and E,Jalu~tioil——..—

IIerrilig Wil>on, 1976
(CluPe~ hartngus)
Lwun sole
(Micro>  tonws kitt)

100 h r  Lioassdy uil ciispersanls.
Atlds, IsaSol AD6,
BP1OO2, Cot-exit 7664,
D-tar, Finasol  ESK,

.5 ppm - 400 ppln TIIe  LC50 vdlues of B di~persdllt> rdnqdd  from

4 to 35 ppul. Tt!e v~lue for Corcxit 7~64 WJS
40U ppm. “The dltf~rcnce in toxicity wds
assocl~ted with the composition of the

tloughtoslov,
Penetone 861, Slix

“intermediate oil”
with large concentra-
tions of aromatic

dispersants  and the level
carbons.

Spill caused extensive ki’
19t19 .

of arollldt 1  c  l l y d r o -

1 of herring inHerring Zitko and
(Cluptia harerrgus) Tibbo, 1971

spill in Nova
Scotia

hydrocarbons

Selected Alaskiin Rice et all., static bioassay Cook Inlet crude
No. 2 Fuel Oil

and

and

water soluble
fractions of oils
measured as ppm by
IR method

Fish were consistently aulon,j the more sensi-
tive species with 96 hr TL!.1’s  from 0.81 to
2.94 ppm. Sensitivity of some invertebrates,
primdrily subtidal organisms , equaled that of
fishes while intertidal invertebrates were
consistently fintung the most ]es.istant  species.

96 hr TLhl’s for Saffron Cod were 2.28 dnd 2.93
ppm for Cook Inlet crude and No. 2 Fuel Oil
respectively.

Ildrine [ishes and 1976a
invertebrates

Saffron Cod Rice e’
(tleginus  gracillis) 1976a

all.,

1, 1977

s t a t

spil

c bioassay Cook Inlet crude
No. 2 Fuel Oil

water soluble
fractions of oils
measured as ppm by
lR method

Cod and pol lock Longwe
(G~du~worhua dnd
~aL~5~irUllS  ). — — —  —

81YL #6 fuel oil
20% #2 fuel oil

Over lj of the cod and pollock eggs collected
near the ~ Merchant spl 11 were corltaminated
try adhering t~~~l drol}lets. A signifi-

unknown

cant numbei of the eggs collected were zither
dead (up to 46 Z,) or grossly m~l formed enibryos
(l B’Z). !ipawning hdd just occurred.

Larvae of sand Idunce were Sall]pled  in arcia of
Ar o Merchant spill.
Ae-tirply at i!et;~ul~;~;~;fwl;;[~e
the area of the tttick  slick.

Sdfld launce Longwell, 1977 spill 80% #6 fuel oil
20% #2 fuel oil

unknown

l’hyiiologic~l  Effects

oil dispersant

benzene fraction

5-10 ppmIlcrring  and Sole Wilson, 1976 bioassay
eygs ~nd larvae

Oil dispersants dt levels from 5-10 ppm caused
abnormalit ies in developing herring, ~ole and
plalCe eggs dnd larvae.

Considerable physiological stress was noted.
Influence on the total metabol  ic rate (higher
cone. = delay of Metdbo]ic  rate) was also
observed.
Although eggs are relatively resistant and
reqwite a greater  awount of exiwsurti before
mortality, that tixposure usually tnduces
abnormal I tie> whose effects are permLsnen  t and
irreversible, cvcntuolly  causirl~  death. On
the uttler hd!!d, exposed  ]dt”VdU flid~ Sollk!till!c$
partially r~cuvcr.

}Ierring (Clupea Struhs~k.er bioassay
hdren~) egrjs dnd et al,, 1974
me

48-120 hr
water soluble
f r a c t i o n
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Species RS fe rence Type of Exferimunt Petroleum Product. Concentration Effect and Lvdludtion——. . ——-— . . . . ..e— .

English sole held on contimnated  sw.limellts
for ov~r 4 monthj had a hi$her  fr~quency  of
liV@r iIbnorllldlit,ies dnd weight loss lhan did
control fish on unctrntarnin~ted  sediment.

bioassay

toxicity effects

Prwlhoe  My crude wter soluble
fraction

I@llsh sole exposed to oil contamirmted
sediments fur 4 months gained weiqht slower,
had a higher frequency of liver dbnormdlities.
a higher ln~idence of parasitic infestation of
the gills,  dJMI  were le5s d~tive than control
fish.

McCain, 1978 Al~skdn crude 0.2% oil/sediment

Spedrs, 1971 field observation p e t r o l e u m  w a s t e s unknown L o w e r  y i e l d s  o f  f i s h e r y  species were found i n

smdll tidal creeks receiving petroleum wcistes
than in similar creeks not re~eiviny  such
additions.

Fishery

Behavioral Effects

Cook inlet crude oil sl~ck Qn
surface

Herring larvae did not avoid an oil slick but
would repeatedly swim up to ttie surface dnd
touch it, Did not appear to be able to detect
the slick. Larvae wer=s eventually overc~me  by
the oil and settled to the bottom.

Herring Larvae
(CluM?a harengus
+1p a  asl

Rice et al.,
1975

bioassay
{96 hr TLM)

w
Ln

Venezuelan and water soluble
Libyan fr4ction

Larvae were un~ble to avoid contaminated
w~ter, especially when oil was present as a
dispersion. Author beli~ved chemerecsptors
were blocked or dehtroyeii. Ldrvde would have
little chirnce of survival  if they rtiirained in
oil diqm-sion.

Herring larvae
(Cltipea harellgus)

Kuhnholdh  1972 bioassay

CLAMS, MuSSELS ANiJ SCALLOPS

AcutelToxic Effects

Pink Scallop
(Ch~allws rubida)

Prudhoe  Bay crude, water soluble
Cook Inlet crude, fraction .80-3.15
and No. 2 fuel oil Qpl]]

JP5

96hrTLM for scallops was 2.07 ppmancl 3.15
pprn for Prudiloe  Bdy and Cook Inlet crude oil
respectively. 96 hr 7Lf4 for No. 2 fuel oil
was .80 ppm. Scallgps  ~orrtinuecf  to die UP to
4 weeks after exposure to khe WSEOf cwd.@ Qil.

Rice et al.,
1976.

bioassay
(9G hrTLM)

Thousands of dead and extrerrwly  weak cockles
were found throughout spill area. Area w~s
declared a health iiazard  and residents were
advised not to eat the cl~ms.

Lechner, 1970 oil spill
observation

Cockles
(Cl inocardium  SP. )

fuel oil 300,000 razop clam~ were killed in less than
a week by d fuel oil spill.

Razor Clams
(Siliqua SP. )

?egelbr?rg, 1964 oil spill



!3pecies Reference Type of [xperimcnt Petroleum Product Concentration Effect arrri Evaluation—

Plussel  (M Lilus
*

Kantcr, 1974 biodssay crude oil lxlo3ppm - lxlo$rJpm Mytilus  succul,bcd faster and jn higiler numbe s
ci.i]ifornlanus at oil concentrations of lxIOJ  ppm than lxIO $

pprrr and 1X1~4p[Jm. Ldrger experlnlt!ntd] dnlllld~S
e x h i b i t e d  significantly hlylier m o r t a l i t i e s

than their smdller counterparts. f40rtdlity
Vdried  by SedsOn.

Soft-shell clam Thomas, 1976 observation of Bunker C oil
(My_ drenaria) spill

Physiologic~l Effects

Soft Shell Clam ‘iitdinken,  1976b flow-through
(~ arenar-ia) bioassay

u

m

Mussel (Mytilus Fossato  drld flow-through
edulis) Canzonier,  1976 bioassay

No. 2 fuel oil

diesel fuel

SCdllOpS and Other Hlumer et al., observations of No. 2 fuel oil
Shell fish 1’370 fdlmouttl,  Mass.

oil spill

Pink Scallops Rice and lrtoassiiy Cook Inlet crude
(~hldll~S  rubidd) Karinen, 1976.— 011

tMuLsel (Mytilus L!lumer etal,, No, 2 fuel oil, No. 2 fuel oil
edul Is) 1971 Wr?st FJIIIIOULII spill

field ubs.erv~tlcm

unknown Mortalities of the soft-shell clam (~
arenaria) from the 1970 Cheriabucto Bay spill
range~rom 19X to 732 in the areas sampled.
Many clams left their burrows as these filled
with oil. The C!dms either died on the surface
or were eaten by predators. Soon after, cldms
started to die within their burrows. Dead
C]dms were visibly contminatcd  with oil and
mortalities were propurtiondl to surface oil
cover. In areds where the substrate become
contaminated with oil, chronic mort~lities  in
the clam population continued up to 5 years.

10, 50 and 100 ppm Sulmcute oil exposure rc>ulted in a depletion
of glycogcn and general leukocytosis particu-
~drly evident in the blood sinuses of the
pallium  and mantle membrane. There was also
an irrcredse  in vacuoldtion of the diverticula,
stomach and intestines. The increased vacuo-
lation of oil-exposed clams may also re(Jresent
inclusion and intracellular compartmentaliza-
tion of hydrocarbons.

200-400 ug/liter Mussels were exposed for as long as 41 days to
diesel fuel adsorbed on Kaolin pdrticles.
}Iydrocarbons  were accumulated in the tissues
in excess of 1,000 times the exposure levels.
After removal, mussels began to depurate  but
still retained significant f’rdctioos  Jf’ter 32
di)ys  ,

t{]drocarbons ingested by silellflsh becdme part
of their lipld pool. Oil wds incorporated i?]
the adductor muscle of scallops.

Found that the growth rdtc of pink scallops
may be reduced as the result of oil exposure.

Gon~ds of mus,, els failed tr.r develop in
affected areas.



Pink Scallops
(Chl~tlysrub ida)

Clams ‘(5axidcrnus
gigiwrwus  and t&
arennria~  .3nd
KKJJ’W1U5

Oysters

Oysters

Behavioral EffecT~

Softshell  Clam
(~ arenaria)

K&nter  et d]., 13itmssay
1971

.t{iw cx al., biaas~iry
1976 (96 ilr lLM)

Mix et al., 1976 Arralysis.of
.tackqround  hyihxw
carbon levels

Swedmafk., Gr.arrmo  toxicity ef$ects
‘% Kill berg,, WZi

NAS 1975 observation
reports

Ehrhardt,  197.2 field observation
.Andersm,  R, 1975

5tainken, 197Ea bioassay 96 hr

crude 011

Prudhoe  Bay crude,,
Cook Inlet crude,
and No. .2 fuel Uil

carcinogenic, poly-
cycli.c aromatic
hydrocarbons
(benzo-a:pyrsene  ]

oil pollution

chmric pollution
brines and spills

chronic pollution
(ship channel )

No. 2 fuel oil and
Louisiana crude

Coal oil point m u s s e l s  w e r e  m o r e  r e s i s t a n t

than IIIUSSQ]S”  f r o m  other areas, suggesting thdt
cliron_lc exposureb lead to selec Licrn for
tolerant forlds. Alternative that inherent
phy5iO~OgiLd]  VArldbi~it~ betW~&fl pOfJIi~atiOn5
nay atc~uflt ffir differences in Oil kOIErdllce
is not eliminated dnd is 5ugrystecl.by  zhe
10-100 fold difference in tolerance of mussels
from 2 nonseep  aref3 samples.

.80 - 3.15,ppm %allops=t truinukstd  s%gnificiint paraffin
concel)triritons. Scallops r~pidly iwcun,uldt.ed
naphthalenes. Oepurationwds sluwbut steady.
After 120 hrs certdin fr~ctions  were still
detectable.

iletectable  levels of .ctirr”inogenic  bewtoa-
pyrenes were found in bivalves from43 ot 44
sampling sites. kligh levels were present in
-mussels .zmllected from -indu~trial  dock areas.
Significant Iwels were present in Ma

ha~enaria  co:lk.cted  near industrial OIZ s.

stibl.ethal -%allmps  and mussel sare considerably less
tolerant to oil pollution than mussels. At
sublethal ~oncentrations the ability o-f the
bivalw~s  ticlohe  their st~ells was greatly
i mpalred. ‘Exposure “to diesel @i} Illicited
the most severe effeczs.

530 ,ppm im Tainting of oysters in Lotiisiana  oil fields.i~
‘s.edilrnenT.s frequen~ly wpor.twi  and% ,gene~ally  associ-

ated with sediments cunh~niwg  high levels of
pet.roliwnh  ydrocarbons {500 <ppm). Tainted
oysters ‘mu5t be ,Pemovt!d  to un,ptr:lluted  areas
for several  months to midw? ‘them marketd’ble,

Oysters collected at ttrenrouth of Houston Ship
Channel siuwedinuch ‘higher concentrations of
hydrocarbons than ihose col%rkd across tfre
bay., 237 and 2 ugfg respectively.

oil water emulsi.ofr With increased concentration of oil, clams
(sublethal ) increased IliuCus secretion and decreased

tactile responses. General behavioral
sequence: successively impaired  activity;
iiwnobil~zation and death. Increased n.etabolic



Species Referelice Type of Experiment Petroleum Product Concentration Effect ~nd ~VdlUdtlOn .._—.—

demands for mucus production dnd ex~retion and
the disruption of normal physiological and
biochemical processes occurred dt much lower
concentrations than the LC50 value indicates.
LC50 values: Phenol 565 ppm; and #2 fuel oil
475 ppm.

Clam (Macorna Taylor and bioassay in situ Prudhoe Bay crude
bal tlc~ Karinen,  1976— experiment oil

0.234 and 0.367 Hater soluble tr~ction  of oil and oil-treated
ppm naphthalene sediment inhibited burrowing and caused clanls
equivalents to move to sediment surface where ti]ey would

be vulnerable to predation or die from
exposure.

w
m



Drillinq Cuttings and Drilling Muds. .

P o t e n t i a l  f o r  loriq r e s i d e n c e  time of c o n t a m i n a n t .  L?uring  the
exploration and development  phases of oil development, exploratory walls
are drilled to detsrmine i-F oil ancl/or  gaa are present. If hydro-
carbons are discovered in commercial quantities, platforms are erected
and many development wells are drilled to extract these hydrocarbons
frcm the oil bearing formation. During drilling, adverse impacts to the
marine environment may result from the discharge of drilling muds and
cuttings into marine waters, III 1976, the U. S. Department of Interior
estimated that approximately 84 exploratory wells and 520 production
wells could be drilled in the Lower Cook Inlet oil and gas lease sale
area during the life of the field. They predicted that as a result of
drilling a total of 210,000 cubic yards of cuttings and approximately
172,000 barrels of drilling muds could be discharged into the marine
eny~ornment. The discharged muds and cuttings produce a surface plume
of muddy water that can be distinguished for a few hundiwi feet down-
current and then as an accumulation of cuttings on the bottom (Sheen
Technical Subcommittee, 1976).

Drilling muds. Drilling muds are special mixtures of clay,
‘water (or oil) and chemicals which are ci~culated into the drilling
hole to cool and lubricate the drill bit, to remove formation cuttings
from the hole, and to prevent blowouts by holding back formation pressures
exerted by oil and gas accumulations (?lcDermott & Co., undated). Through-
out drilling the muds are recirculated after cuttings and other debris
are renoved. Large volumes of mud are discharged into the marine environ-
ment usually after surface casings of wells have been set or the wells

are drilled (Sheen Technical Subcommittee, 1976), In some cases, the
muds are stored for future drilling activities at the end of drilling
{USFWS, 1978b).

Drilling fluids and their chemical components have been shown to
be acutely toxic to fish (including coho salmon) and marine lnver~e-
brates (Oaugherty, 1951; Fa?k & lawrence, 1973; 6. C. Research, 1975).

.Beside  the effects of toxicity, another potential adverse impact
of drilling muds results from the accumulation of muds on the bottom.
Pluds settling on the bottom may result in the smothering of benthic
(bottomdwel 1 ing) organisms  which are in~dpable of moving out Of the
disturbed area (Dames & Moore, 1978). Diesel oil or other chemicals
added to muds to facilitate the drilling of deep wells can adhere to mud
particles and ~ettle to ~he. bottom causing pollution of the substrate.
Filter feeding animals sueiI as clams filter out the 011 from the sediments

and concentrate it ciiusing them to develop an i.inpdlatable, oily ~as~~.
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I Idmil ton, et al. , 19/9
w
N
o D r i l l i n g  Muck - “[he et fects ot cirllliny rr,uds  on the marine environment is reldted  to: 1) the composition of the mud, 2) the quJntity  ~nd r~te of

mud discharged, and 3) the receiving waters. Simple drilling muds without additives c~n be classified as low to moderately toxic comimunds.  Adverse
effects will result primarily from disctmrying  muds into shallow waters, into water bodies with limited circulation or mixing, or into waters containing
hiyh concentrations of eggs, larvde or sensitive juvenile adult organisms. Drilling muds which contain highly toxic additives to deal with specific
drilling problems dte toxic under any circumstances, however, the biological effects of these muds will be most severe in ~reas where lil,f.le
dilution or mixing occurs.

The dischdt’ge of large quantities of drilling muds over a long period of time such as froma development platform, will debilitate and possibly
kill orgtinislos  which may survive one time discharges of muck from a single exploratory well. Long term mud discharges are more likely to result

in lethal accumulations of toxic muds in sediments and smothering. The sudden discharge of a quantity of mud is potentially more destructive
than the continuous discharge of a similar anmurrt over a long i]eriod  of time because less dflution will occur and the area of acute toxicity
will be several times larger.

[he discharge of drilling muds into productive dquatic environments with ldrge numbers of non-rmbile  benthic or planktonic  orgdnisn~s  is potentially
more &Illldging thdn discharging drilling  nruds into ~terile  environments or are~s supporting mobile organisms which could ledve Lhc area. In deep
well-mixed marine w~ters, where muds are rapidly dispersed, the biological effects of mud disch~rges are limited to a smali area surrounding thti
point of di~charge.  However, in shallow wiiters with weak currents little dilution wil} occur and drilling rm.rds are llkely to be sufficient to
.ddversely  affect marine oryinisms. Without dispersal drilling muds may settle directly to the bottoru  and may build up to toxic levels in m,trine
sedinwts. Suspended solids from the dischdrge may also reduce light penetration and primary productivity in the atwd.

Urill Cuttings - Clean drill cuttings are non-toxic and their primary effect on the aquatic environment will be smothering of non-mobile benthic
organisms such as clams, anemones and marine plants. The mdgnitude  of this effect will depend upon the volume of cuttings ~ischargetf, the
benthic conwunity in the receiving waters, and the sediment transport processes in the area. The volume of cuttings discharged from a platformw  ill
depend upon the depth of a well and the number of wells drilled. A shallow well will produce less cuttings than a deep well, and a ~ingle exl]lordtory
well will produce considerably less cuttings than a producing platform where as many as 20-30 wells may be drilled during the life of the titl,J.
Usiny 2 million pounds of cuttings as an average per well, 40-60 million pounds of cuttings may be disch~rged  from ~ production plJtform. If
sediment transport processes are weak these cuttings will be deposited in a small area surrounding the discharge pipe, but if current~ are strong
t,he>e cuttings may be thinly distributed over a several square mile area. If sediment transport processes are weak ~nd tl,e platform h~ppens to
be located in ~ unique ~red, such as d larval king crab settling are~, and the cuttings pile covered it, the effect could be significant. llGwl?v&r,
with the strong currents and the limited number of known critical habitats iil the marine waters of Cook Inlet, it 15 unlikely that the discl!~rge
of clean drill cuttings will be a significant problem. Drill cuttings, however, may be contaminated with drill muds, chemicals, and hydrocarbons
Ironl  the producing formdtion. The toxicity of these cuttings and their effect on the nmrine environment will generally be ttl~ sdrne as the
cunt~min~ting compound, and their disposal should be handled similarly,

Lbnws & Moore, 1978

Odmes 3 Noore con(iccted  a study to assess the effects of discharging drilling muds and cuttings during the drilling of a C.O.5.T. well 35 ndu
west of Homer in Lower Cook Inlet. This well was located within the Lower Central Zone area. The study concluded that strong tidal current>
ddditlOn to a turbulent wake created by the semisubrnersible exoloratorv  drillincr  ria caused discharged drillinrr muds to be rapidlv  diluted (It

lCdl miles
in
,000:1)

wilhirr  100 m of the vessel. The anwun~ of total suspended sollds disc~~arqed  wi~hin-lOO  m of the dr~llinq ‘vess;l was medsured”ut  &.1 n~g/1 compared to a
Lypical b~ckqround  level in Lower Cook Inlet of 2 to’2t)mo/l. Or-ill cutt{ngs were sepcrrated  from the drilling nwds upon di$ch~rgc  into the receiving
w~ters. The-drilled cuttings fell to the sea floor where~s  the finer drilling  muds remained near the surface. in some cases,

t o  t h e  c u t t i n g s .

the drilllng IliuJs  adtlt?red

Cuttings did not dccuwulate  in a s te on t e se~ floor but were mixed into the bottom to a depth of a{,proximately L! to 9 cnl below tile
surface. ~!Cuttings, accumulation rates were 5.5 x 10- g/hr/rn 85 m n rth of he drilling site, 1.25 g/hr/m2 100 m north of the drilling  site,
4.26 x }0-1 g/hr/nlL 2(IO m north of the drilling site, and 3.20 x 10 ‘~ g/hr/u~ 400 m north of the drilling site,

LfL14,  1978

Due to the l~ck ot sciuntific~lly  generated information with regard,to  the’fate and effects of drilling fluids disposed of into the marine ecosYstcm,
ZeVNdl field  sLudi~s  huvc been conliucted in an e f for t  to  determine the e f fec ts  o f  such d ischarges  & ~.

Mobil oil Corpor~tiun funded ~ monitoring study of their drillinij operations near the East Flower Garden Lhmk offshore fexas. Sedinwnt  and sw V: Jter



Field “effects studies” ( i n  r e a l i t y , ‘(rig  mrmitoriny”) h~ve  been performed in tht Gulf of Ncxi co, near the “r~nner Iiank> ot’ $outllcrn C~lifornia,  and in
Loc!i l~ilet, Alaska. A f)ti;ber  of these have docunwnttd increases in Iwtdl concentrations in the seriiments surrounding tlie p]dtfoms.  Union Oil’s jtudy
~t +L5 ol,cratio[,s nc~r the kie~t [lower  fi~rden Bank, off Texti5, demonstrated increases in barium co~lcentrations  trom 5U to 1300 ppm (I)redrillirrg) to
4 u’ to /tIOO UW,I (lJostdrlll  ina). Mobil’s studv 01 the Ed~t flower  GdrdCII fldnk demol]strdted increases in bdrium (Irou! ?? to 425 OWN), iron (Ir’orn  8.5 to
lj; utM ppm),’; rid’’ leajd (trom ~~6 to 12.7 ppm). ”
did tWO BL14 studies off Tex~s) showed similar
drilling sites.

“[ftcct.s”  of drilling platforms have been dii
tile drilling operations on the reefal communi

Other studies (Continental tril near the ibker Bank, Texas, Burnwfi Oil and Gas ne~r ~~etsori ~ank, [exas,
illcrL!dSes. Generally, the incre~$ed  metal concentrations were con firwd to wii.l)in 200 to 500 meters of the

icult to document. The Union Oil Study of tile Ilest  Flower G~rden hrrk t’ound “no discernible effect from
ies. ” Ocean Production Company performed a monitoring study of their drilling activities on tile Georges

ihnk. and found no effect of drillina  muds on 1]}{. susoended  solids. turbiditv  (cxceot  within 100 vards of the ou-tfdll), soluble  bariuw and chromium in
sed tiater. Shell was not able to do~lrment aliy’a~cumuiation of driiling muds-o; effects on tile re~fal communities ass~ciated  with its activities on tile
Tanner Bdnk. 011 coml,any reports tend to cmphdsize  tile “positive reef effect” of pldtforms  and use this ds evidence of the liick of adverse effects of
d~illiny mud discharges.

The possibility of adverse effects  hds ~een suggested in at least two instcrnces. An EPA flow-throug!l infdundl conmunity  devclq,ment study revealed ~hdt
expo~ure to drilling mud reduced the number of settling macroberrthic  infaunal individuals by 72%; the number of se~ drwrnones (close rel~tives of corols)
WAS 93% lower than controls.

The [)ame$ and Moore study to Arco silowed decre~sed  abundances of the “[!~st  important” species in the inmediate vicinity of the platform than at a
control site, although there “mdy Imve been” fewer organisms there prior to drilling.

Oidiuk & Wri ht 1975 - A study conducted to assess the effects of the de osition of thin layers of drilling wastes  on the surviv~l of a benlhic
orgdnism +-r-- fin turtiern Can~da slwwed th~L if tile suspended solids in 1.6 x 96 1 of drilling mud settled out uniformly they could bldnket an ar~a of UP to
95 hectdr-es to a depth of 1 m. The same volume could cover a 32 hectare and 14 hectare area to depths of 3 and 7 mn respectively. A thin layer of
drilling eftluer,ts  could adversely affect benthic organisms.

w
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!lrill cuttings, Drill cuttings, c[jvposed of bottom sedivents and
pieces of pulverized rocks from underlying  sedimefitary  geologic formations,
ars produced during well drilling. These materia!s  a’iong with Smm
drilling cuds are discharged into the surrcundinfj waters. Approxiinately
2 milli~n pQtJnds of drill cutt~ngs may bs discharged in the course of
drilling a single well and as many as 20 wells may be drilled from a single
platform. Because of their coarseness, most of the cuttings will rapidly
settle out from the disc~iirged rna~erial and collect on the bottom near
the point of discharge. To what extent they accutnulate  and form piles
depends largely on the speed of currents tn the drilling area, although
wave energy may be inportant in some areas. In shallow marine waters
where currents are low (less then 0.25 knot) discharged cuttings have been
reported ta accumulate as nounds zipproximately 46 m (150 ft.) in di~meiler
(Zingula, 1975) and up to 6m (20 ft.) in height (Carlisle et al., 1964).
If there is an accumulation of mterials, tk less mobile species of
animals living on the bottom may be smothered.

Relative sensitivities of key species. The relative sensitivities
of key species are presented in table 52.

Potential for long residence time of co~t~~fn~~te The discharge of
fornation  waters from offshore drilling platforms or onshore treatiient
facilities may adversely ilvpact aquatic organisms. Crude oil as it comes
from the ground is generally nade 11P of natural gas, petroleum  and water.
The water, called formation or prcdtic~d water, is contaminated with,
hydrocarbons and may be contaminated with heavy metals and hydrogen
sulfide  dll of which lmay pollute marine and freshwater environments
(L’sms,  197Sd). Before the crude oil $s delivered to a refinery, the
~iater rwst be separated from the oil and gas. This process takes place
either on the offshore production platform or the crude oil is transported
~shore by pipeline and the oil, water and gas are separatsd at onshore
tr~~trwnt facilities. Once the formation water is separated from the oil
and gas, it is generally treated by heat or chemicals and discharged back
int~ marine waters, sometime in the same location for several years
(USFMS, ?978d; P?ackin, 1973). Formation waters may also be injected into
disposa? wells or pumped back into reirtjection  wells to maintain pressure
(t.m:, 1~76]. The amount, and tlwrefore the effect, of the discharged
formation waters on biological communities in the receiving watws is
determined by the size of the trea+ment faci?ity and ability of the
receiving waters to zccofiiinodate  the wastes. Because onshore treatment
facilities nay collect oil from severdl offshore platforms, the amount
of formation waters discharged- will be considerably greater than that
discharged fi-om treatment facilities on individual  platforms. It may also
be assumed t5zt the biological effects from a single onshore treatment
facility discharging formation waters into shal?ow nearshore waters might
be significantly greater than the collective effects o-f formation waters
discharged from several offshore platforms.
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Species Reference
w

Type of [xpcriment Petroleum Product———— Concentration Effect dnd [valuation
N

. — —  _——. —
& Brodn trout tlerbert et d], , Field observatioris Suspended mlnerdl

(Sd]lhO truttd)
1,000 p p m River fisher-ies of brown trout were severely]96]

.— solids reduced tJy 1,000 ppm china-clay wdstes (con-
tainillg  nll Cd, clay and s~nd in vdrious pro-
portions). Population reduction was due to
Cessation of reproduction, r~duction of tlii?
aquatic invertebrate population and gill
damage.

Rainbow trout
(~. g.2irderni)

Behavior~l Effects

Kainbow  trout
(j. gdirderni)

OTHER FISH

Acute/Toxic Effects

White fish

1963
Herbert & Richards Toxicity effects Spruce fibre

Uiodssay

Lawrence & Behav oral
Scherer, 1974

Mud from Imperial
Oil’s Inunerk B-48
Beaufort Sea and
supernatent fraction

Lawrence & Acute toxicity Mud from Imperial
Scherer, 1974 bioassay Oil’s Imnmrk B-48

Beaufort Sea

Stdghorn sculpin Dames & Moore, Static bioassay Orilling fluids
(Leptocottus armatus)  1978 “

Bluegill Pruitt et al., Bioassay and Pentachlorophenol
(LcPomis  macrochirus) 1977 t i s s u e  dccurnulatlon (PCP)

Physiolorjicdl  E.t’fr.!cts_ _ _ _ _ _

Stdrry  tloundur Vdl’dlld5i,  19/u Uiod>sdy Cddmluin dnd le~d
(Pldtirhks  stcll{ttus).  — Pdt’tidl tlow t h r o u g h

CIJfi13 Sdqllron

(Q. kisutch)

50-200 ppm

Sublethal

Rainbow trout h~d a 20-40% reduction in growth
growth after 40 weeks exposure to ~Ll dnd 100
ppm spruce pulpwood.

Response to mud suspensions and the super-
natent fraction was neutrdl at 100 ml/1 shift-
ing to preference at 1000 ml/1. Auoidance was

observed at 10,00L1  ml/1 of supernatent.

25,000 ul/1 The 96 hr LC50 for whitefish was 25,000 ul/1.

5-20% by volume Based on a small sample and limited number of
organisms, the 48 hr LC50 value for staghorn
sulpin was 10-20% by volume.

LC50 and sublethal The 96 hr median lethal concentration (LC50)
was 0.3 mg PCP/1 for bluegill. Fish exposed
to sublethal concentrations (0,1 mg/1) accumu-
lated PCP in various tissues from 10 to 35o
times the ambient concentration. The liver
had the greatest concentration followed by the
digestive tract, gills and muscle. Upon
removal from PCP-contaminated  wdter the fish
rapidly eliminated PCP. Residues ranging from
0.03 to 0.6 ppm were still detectable, hoi+ever,
16 ddys after fish were placed into a clean
environment.

150 ppb Stdrry floumit?r  dnd CL)I1O  ~d]tmwt exposed to
150 ppb c~drniurn and lc~d in scdw~ler dt 10°
and 4oC dcLunuldled concrntriltiuns of these
rrretdls in the skin, mucus, brdin, posterior



Species Reference Type of Experiment Petroleum Product Concentration Effect and Evaluation

O1-HER II{VERTIBKATES

Acute/loxlc  Effects

Mysids D~nws & Moore, Stat
1978

c biodssay Drilling flu ds

Copepod/nysid Nalco, 1976 24 hr and 40 hr Whole mud and whole
static biodssay mud + paranormal dehyde

(1.0 lb/barrel)

Physiological Effects

Chironomid Didiuk & Wright, Physiological
(Chironomus  tentdns)  1975

u
M
co

1-20% by volume 96 hr LC50’S were 1% to 5% by volume for well
mixed solutions and 10 to 15% in mixtures with
no continuous mixing.

Tiie mud and paraformaldehyde  mixture (4-1OX
ex ected field concentrations for pardfor-

!ma dehyde) resulted in complete mortality at
all concentrations. Significant mortalities
also occurred in concentrations of mud
Supernatent 25.7% for n~sids dfld 10Z for
copepods.

Waste drilling fluids 1, 3, 7 m layers on Populations of Chronomid  larvae treated with
sediment surface 1 m, 3m, and 7 m layers of drilling waste

achieved only 65%, 47% and 12% emergence
respectively, with peak emergence occurring
22, 23 and 25 days respectively after n,ud
addition. Controls achieved 84% emergence
with peak emergence occurring on the 16th day.
Organisms from contaminated substrates were
smaller in size. Muds appeared to interfere
with the feeding mechanism.
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Mdckin& 197] ofld ]~ - ltlf! uI”!cI-1>  [Jf fOrll:dtiOrl  waters  seem to decline fdrther  trOlll the point of dischar~e bccduse ut Lfi]ution by wdrloe wdLel’s. Mdckn.—

stuf.litid the effect of produced wdter5 on the mdrine pldnkton, benthic (bottom) , and pelagic communities of six oil fields locdted in l“ex~s  estuaries.

Bottom cmnmmititis  within 5U tect ot heavy discharges were almost completely destroyed, whereas organisms from 150 to 200 feet appeared  to receive

l10tlCtr3b]C ~Ut ]PSS llllpZILt. At JI!tJ feet no  short  term inlpact  w a s

Maci.in  &  H o p k i n s , 1962 - In a study by Mackin tinfi Hopkins (1962)

Site suffered very hedvy murtdlitles near the bottom  hnd slightly le5s

between 75 and 150 fcbt there w~t cvldence ot stunted growth. Beyond

wdtt!r dlichdrges.

observed.

n Louisiand, trays of oysters placed within 25 feet of the formation water dischargd

at the top of the water colunrn. Some mortdlity was observed out to 75 feet dnd

50 feet the report did not discuss any evidtin~e  of adverse etfect~ from formdtion
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Relative sensitivities uf key speciis. Tll@ relative sensitivities
of key species are presented in table 53,

Interference with ~~shjnq Acti.vitie$

Conflicts between drillifig  pla
industry can be classified into one
lJSS of fishing areas; interference
effects of oil pollution on commerc”
species by oil pollution

forms atid the comercial fishing
of the following cateqciries: physical
with fishing gear and vessels; direct
al species; and tainting of commercial

Fishing areas may be lost if numberou$ offshore structures take
up space in prime fi~hing grounds (.St& Anant, ?971). Samisu’omersible
drilling platforms, with their larga anchor network, rlay Occup<v up to
four square miles. In areas with Strong currents, ttie navigation pro-
blems associated with avoiding such structures remove even larger tracts
of fishing ground~~ The disposal of drill cuttihgs may renove small
a;wunts of fishing grounds from production.

Interference with fishihg gear by support vesse?s and vessels involved
in the moving OF drilling ricjs is a major impact of ci? development.
vessels ooerating in areas with fixed fishing gear (crab gear and halibut
lines) uf’ten cut bouy and mooring lin~s. The gear thus becones impossible
to locate and recover. Tow ropes and nets can also be cut and f>:~lecl by
the operation of vessels through congested flshihg areas. Incr@ases in
the number of vessels and drilling platforms in an area increases the
time spent in natii~atfon and decreases the time avai?ahle for fishing.



~ %pec ics p,C ferenC~ Type of [xperiu!ent p~tf’OlelJIII Product Concentration— Effect and Ev~luation-. — — . .
w
S I_dthead Minnows Mount, 1974 Toxicity effects Heavy metals 0.07 too.12 ug/1 Fath?j~ minnws did not sp~wn cind I!dles did

(hiercury) not devclup  sexu~lly  when exposed to Illcrcury
concentrations of u.12 ug/1. Nd toxic dftt’cts
wer~ fluted dt 1).07 ug/1.

Fathead  Minnows Pickering, 1974 flioass~y Heavy metals 380 urJ/1 Survival, growth  ~nd reproduction of fathedd
toxicity effects (mercury) lillnnOW wds UHdtfeLted dt dnd below a nickel

concentration of 3LI0 ug/1.

Fish McKiIIi,  1974 Toxicity elfects heavy rrwtals
(niercury)

Concentrations of mercury in excess of 10,UOO
times those present in surrounding w~ter have
been found in ffsh.

Echauioral Effects

Channel Catfish Bonn & Follis, Bioassay }Iydrogcn sulfide sublethal When catfish uf varying ayes were exposud to
(Ictalurus  punctatus)  1967 Iyl sublethal concerltratiuns of unior,ized hydrugen

sulfide (0.2 pp:c of TLM for given PI{) they
exhibited n~rvuusness  aruf excessive novcmcnt.

sHRIhiP

Acute/Toxic Effects

Sh ri Ilip Nirrurro  et al., Flow through Heavy metals
(P:i~ao~s duorarum 1977 bio~ssay and.— (cadmibm)
and Pi atmonetes toxicity te5ts
vu 1 g;fi~

CLAMS, OYSTERS, MUS5ELS

Acute/Toxic [ffects

Oys te I’S Oliveira, 19Z4 Toxicity effects I{ydrogen Sulfide
1{2s

.079 mg/1 to rhe 96 hr and 30 day LC5LI’S  for pink. shriny
1,205 nig/1 (P. duorar~m) were 3.5 n,gCd/1  dildo.l[~ln.—

C7/1 respectively, The 9~ hr ~nd 29 d~y
LC5(I’S for grass shrinp (P, vulyuris)  were
0.76 wq Cd/l ~nd 0.]2 rng ~-d/~ r’espe~tively.
Shr~rq.r bioaccumul~ted  cadnlium up to ’57 times
surrounding wdter concentr~tions. Uioaccunkr-
lation occurred at concentrations as low as 2
ug/1 . Exposure.of  shrimp to cadmfum  concen-
trations close to LC50ts resulted in blackened
gills, which were sloughe~  oFI  lJY SurvlvinY
sl,!lmp dtt~r r e t u r n  10 clt’dn wter. COdn$lu:n
was also accuu,ulateci  from contwlllll~ted  food
but at a vucti lower rate.

iiydrogen  sulfide yenerdtcd  by J deposit on the
bottom of a bdy was an imllot’tdrlt f~ctor in
causfng the deaLh of youILg oysters.



~cif:>— — — — — .
:
m Copulllxl

(A,(.ti~ tons~)— .-—

Benthic orgdnisms

I{uference Type of l“xjwriwent f’(, Lroleum Product ~(jr,ce,)tr~tf~n.— Fff~Ct  dlld [Vdl Udtl Oll——— .—— ——— —.—-—

Lcntilc, 197~ Uiodq>ay llc~vy  mctal~ (n i cke l )  625 ug/1 A four rtdy  eXIJO<. UI’U to Itickcl cunccntrdtlan’,
Ot 625 ug/1 ki l led o(,c-il~lt of tllc pu[wldtion
of the mdrlrw CUP UI.IG, J, Arctii+ toli~d..—-. — ——

ArlosL}’ong  et a]., Observation of lormdtion water Undiluted effluent
19?9

Sediments l!I m from brine  out.lloIw  lrl d shall low
outflow 15 pprn total oil, bay hdd hydruc~rbon concentrations 4 times ds

1,62 ppm tot~l great dS COnL~lltldtliJnS  ill tt,~ CfflU12nt Wlli}e
ndl]iltha]enes bottom wdt,er 15 n! from outfall IIad 3 orders of

magnitude less. lhti bot~om w~~ devoid uf
organisms wltllin 1$ m of outfall ~rld i.mnthic
faunas were severely depressed at 150 m. Use
of a stcond  t~m~ordry outfdll resulted in
rapid buildup of naphth~lelws in the surround-
ing sedinwnts which persisted for ~t least b
months following sl,utdowrl. ~12fItlljC ~dUlla WdS

a l s o  s e v e r e l y  d e p r e s s e d  n e a r  Lhis outfall.

Studies of formation water dischdrge in 6
oil fields In Texas estu~ries showed bottom
ccmwrnities  d]lliOSt totally destroyed Within
50 feet of hc~vy discharges with lessenil]g of
effect out to 300 ft. A zone of stimulated
growth wds observed from 400 ft to scvcrdl
thousand feet out.

tiydrogen sulfide and ctiemic~lly simil~r
mcrcaptdns (i{S}l)  dre poisunous  to wu>t fi>h
and III02L invertebrates Ot levels up to 1 j]ljllf

Bottom trnd Pelagic 14ackin, 1971
Caumunities

Fish ~nd fnvert. ~hdW, 1916

Toxicity effects Formation water

Literature review
“fisl)n’ercaptans

c1 ppm
water quality

Physioloyicdl  Effects

UP.!!!M* Biesinger &
Christensen, 1972

oxicity effects tlcavy  metals
(lead)

Dapllilla mdqna Bie5inger & bioa5sdy
Cl,ristcn5eJl,  1972

~!~~,rlia Sp.

Aqu,i tic SPCC’
(trc~hwdter)

iieavy metals
(nickel )

AnderLon,  1944 toxicity effects Ileavy metdls
(arsenic)

es Gilderll~us, 1966 Toxicity effects Ileavy metals
(arsenic)

0.3 ug/1

subletilal

4.3 to 7.5 mg/1

2.3 rrlg

O~phnia  major (d small zooplirnkton
showed 16% reproduction in,pairwent
exposed to d lead concentration of

org~nisw)
when
0.3 Ufjl.

A 16% reproduction impalrrwnt was observed In
D.I ilnia ma nd expojcd  tO nfCkel  COfl C?ntrdti OnS
i3’%0–lyfl–

Toxic effe~ts and symptum$  of invmbilily  in
Diidwria sp. occur at concerrtrdtions  of 4.3 to
&–mg As/l.

Reduced growth of ffsh, bottom fauna and
plankton occurred dt cor, ccntrdtiorls ot ar$erlic
of 2.3 lllg/1.



Oil pollution also reduces the nuj:h~rs of fish and shellfish
v:~]jc~ dri? ~vdjlahle t,C) tb6? f~sll~.ry. ~h? r~pr~cltic~ive  and etirl.y
Jsvalopl’:ent  S::ges OF fish dnd cr~stdceans life history are the :mst
vtilne~able. ~lany fish speci~s, such as Pacific salr?on and hsrri~g,
seasonally concentrate in small areas alcng the coastline and con-
tamination ~f these irnpo,rtant  or critfcel habitats and the loss of these
p~pulations  could have serious conseque~lc@s OFI s~~~~rcia? fi~~lin9
(flichael,  1976). Also of impo~tance is ths avoidance  Qf oil polluted
areas by target fish arid the reluctance of fishermen to use thei~ boats
anq gear in oil contaminated waters. Fish in the area Qf a spill are
often tainted with an oily o.r chemical taste making them unpalatable
and therefore undesirable for human consumption (?lelson-%titfi, 1973).
Even if no tainting has actually occurred, the public is often reluc-
tant to buy fish~ri~s p~oducts from areas where there has been an oil
spill or which are kn’own to be polluted. The majority of oil spills
in Lower Cook Irrlet are related to drilling platform activities although
the largest (vcrlu.me)  spills are caused by tanker accidents and submarine
oil pipeline ru~tu~es (FERC, 19/8),

Table 54 and Figure S2 show the locations of ~ajor fishing. areas
acd proposed exploratory drilling platforms  in Lower CQo.k Inlet ~nd
Shplikg.f Strait.

Potential Shore-based Facilities-Tanker Terminals.

Impacts or-r the marine ecosystem by shore-bassd facilities arise
from habitat destruction (site preparation or alteration),  siltation Qf
adjacent waters, the use OF cooling waters, oil coll(lticm, and inter-
fer~nce with commercial fishing.

Habitat destruction  and alteration occur during the cle:~~in~,
gr~c$i.ng, filling, and paving required to construct buildings, build
~ccess ro~ds, and estab~isn utility right af ways. The Wrourlt of
l’,~bitat altered by construction activities will d~p~nd on the avail-
ability of existing onshore facilities s!Jch as cons~ruction docks,
refineries, and tanker termin~ls.

AS a result of site preparation processes, habitats of local fish
and wi~d~if~ pool~la~ions are oftan altered Or destr(-,yed. Species that
are sensitive tb disturbance will abandon the area ~tiSF’,lS
sit? preparation alters a small part of a species ‘~bitat’~~’~)~h~”f
surrounding area is not at peak carrying capacity, th@ d~~~~aced sPecies
may successfull~~ relocate nearby. However, if the disturbed area is
large in relation to the total available habitat OF if a species has
specific habitat requirements and the area destroyed provided the only
suitable habitat, the species may be eliminated from the area. It is
also possi~]le  that site p~eparation  could create new habitat wqich will
he colonized by different species from the surrounding  area (IIEX5C, 1976).
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Site preparation in wetlands can alter the water and ciraina~e  patterns,
The resulting vegetation changes may ifl turn change the composition of
ffs$ and wildlife species using the area (NPRA, 1978).

Siltation of marine and fresh waters occurs during construction as
natural ground vegetation is removed and soils are exposed to the erosional
processes af wind and water. $~ltation of adjacent shoreline habitats can
also occur if the shoreline is altered, therefore changing current pat-
terns and altering Iongshore sediment transport. Siltation blocks light
penetration to aquatic organisms and can ev~n~u~lly  chitnge  an aquatic
ha~i~a~ to ~ terrest~itil habittit. In addition to sediments, runoff from
constructiy  sites often contain contaminants, including metals ~rom
w~lding, ~~veting and paln~ spills; oil arid ch~m{~als;  bacteria arid

other unde~irable  ma~t~r$ all of which may pollute coastal waters. Fresh-
water storm runoff flowing into nearshore wa”ters changes the salinity and
increases the stress on coastal marine resources (USFUS, 1978c).

Shore-based facilities requiring cooling waters withdraw these
wdters from nearby lakes, estuaries, rivers, and wells. The aquatic life
in these natural waters is threatened by passage through plant cooling
systems (entrainment), by entrapment on the protective screens of water-
intake structures (impingement), by the discharge of heated water into the
aquatic environment {thernal pollution) and by the scidition  of chwlici~ls
t:, kill built up alqae, bdcteriii  and PlarIktoJI  growth (chemicdl pollutign)
(PS~:;~5, 1$’~~~; IIurarka,  1977]. Tb,e quantity of ~iat~r required b.Y clos~?d

(re~yclecl) c~aling s~stans is CIUCiI less than that required bY open (once
~~’.~~gh)  systkwsY tharefore the iripacts, althcugh the same, are on a
smaller scale.

Although development drilling, production, transportation of cil,
and oil processing have been chiefly responsible for most of the ~;orldis
~l,~jor and minor spil~~, shore-based support activities and f~cil ities,
SUCh as fuel stor~ge areas, refusling stations, and support bases, ar~ also
re~ular sources of spilled oil. Table 55 gives a breakdown of marine oil
SPIIIS (by activity) in ~;dition to other sources of oil in the rarine
envjr~nment. Oil spills attr~ct considerable public attention kcaus~ of
their ~atastr~pic  irpdcts ~u~ the l@ng.rdnge i~pdcts frcllil ChrOniC Oil
contti:]lindtion  Im.y b? d mor:: serious ecological problem hecal.~se of The
SIUW? steady deg~addtion  of the ecosystem (Mich~sl, 1976). i~nshore
su:.irces of C:IrOniC oil pullution in:lude etfluent fram ref~nery anil
p~crochenical  pl~nts, arid di:scharqes  from vessels, tankers dnd fiall?.st
water treatment.  facilities. T h e  i;vpacts of oil pollution on ~dr~ne IiF?
are clis~u~sdd under sec~ion I. A. e.

Shore-based  facilities can ccmpete with commercial fishem~n for
dock space, fueling, repair and other facilities increasing  the c~st,s
d~ti time spent on t17sse activities. !ie~rshore fishing
bef:s anti set net

areas 5uch as clam
sites ,Tay be eliminate! by the fill~ng [?f intertidal

areas ~nci tne construction of onshore facilities and docks. ?iers,
causeways~  at;? c!ocks may also ch~ng~ nearshore fish movement  patterns,
diverting then from once productive fishing areas.
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Table 55, BIJDfiET OF pE~Roi_EIJN  H’(DRrJCAR30)iS  lilTF?CI!!JCHl
I’ITO T’ii E OCE}JIS (Bi-Fl, i976)

I~lput Rate (millicn fwtric tons)

Source Best Estimate Pr~bable !?an;e ileference

!l~tura~ seeps 0.6 0.2-1.0 Milson et al. (1973)

off~ilore Production 0.08 @ao:3-().15

Transportation
Lot+ Tankers 0.31 0.15-1.0

Non-Lot* Tankers 0.77 0.65-1.0

Dry docking 0.25 0.2-0.3

Teminal Operations 0.003 0.0015-0.005

Bil~es Bunkering

Tanker.Accidents

;Iori Tanker Accidents

:aastal Refineries

)tnosphe~e

Coastal Hunicipal
blastss

Codstal ;IOTI Refining

Industrial Hastes

Urban Rur?ol‘f

River Runoff

TOT,~L

0 . 5 0.4-0.7

0.2 0.1’2-0.25

0.1 0.G2-O.15

0.2 0.02-0.3 Ilrunmge (lq73)

0.6 0.4-0.8 Feuerstein (197J)

0.3 Storrs (1973)

0.3 Storrs (1973)

0.3 0.1-0.5 Stirrs (1973), Hallhdgen
(1373)

1.6 1! II

6.113

*Lot: l_md to top.
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The mdjority  of the diatoms and some of the macrophytes found in the
stona,chs  of commercially important shrimp (pink, coonstripe  anti sidestripe)
in K~chemak Bay are species common in the marsh/md flat arms along the
south side of the Bay. Disturbance OF these marsh areas Could have an
adverse inpact on shrimp resources of Kachemak Bay by destroying potential
food organisms or the productive capability of the marshes themselves
(Traskyet al., 1977].

Table
based faci’

56 shows the disturbances caused by the various proposed shore-
ities in Lower Cook Inlet and Shelikof Strait.

Pipelines

~~edgfng during pipeline laying affects fish resources in the
c~astal environment by 1) the physical destruction ~f benthic habitat,
2) a!teting  water quality through the suspension of s.ecfiments which  r’s:!
c o n t a i n  t o x i c  c~lemicals a n d  have  a  high biological oxygen clerand,  3)
sinotbering benthic organisms when suspended si?t artcl over burden are
deposited on adjacent areas, 4) modifying wat~r circulation patterns
through the alte~ation of natural bottom contours and features, 5)
modifying  salinity concentrations in estuaries by changes and disruption
of freshwater inflow, and 6) cfirect mortality when rmrine life is swept
into dredging equipment. The effects of dredging nay be short or long-
term, de~endi~g upon the area dredged, the amount of material removed
and th~ extent to which bottom contot~rs and natural features are dltered.

Submerged bottoms, coastal wetlands and tidelands may $e destroyed,
drained or drastically altered by dredging (St. Amant, 1971). Fish
spawning areas may be destroyed by filling in or disruption of the sub-
strata (Norton, 1977). Alteration of circulation p~tterns within hays
or estuaries may displace plankton and food sp?ci~s to a different
erivlrontiente The resuspension of  bottom sediments causes the water  to
become  t u r b i d  l i m i t i n g  t h e  a m o u n t  o f  l i g h t  entering the water c o l u m n .
Mhsn  light p e n e t r a t i o n  i s  r e d u c e d , t h e  growth r a t e s  of phytoplankton
are  reduced  l im i t ing  the a m o u n t  o f  f o o d  a v a i l a b l e  to marine food webs
and lowering oxygen levels in the water colurm. Heavy loads of sds-
pencJed sediments on filter feeding aquatic orgafiisms  {i.e. razor clams)
cause abrasion of gill filaments, clogging of gills, impaired respiration,
impaired feeding and excretory functions, and reduced growth ~nd survival
of larvae. If dredging occurs in locations where industrial effluents
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njpel i(jp~ by blo,,iirlfj ddciy‘ij~j  pf<>j[;rt?  v~ater jets al-e US~d tf? bdfy ~

the s;~~fi~n~  li7!?r’rle Llt Fl the line. The pi~eline then 5ettles into the
trsnc:l where tks s~diment was displaced and is covefled rwer by L?ckfil 1-

b/ na:ural sediment  t r a n s p o r t ,  proc2sses.ir~ ~:. . This dredging technique
di~~~r~~ t;~e bottom hdbitat and c~uses suspension of so?i~ particles in
t:e k~azer colucm resulting in turbidity and the displacement or burial
of ben:tiic orgailisns. The impacts of turbidity on benthic organisms h~ve
been reported to occur 200 or more feet (60 meters) from the pipeline
construction site (USFliS, 1978b). Mhen pip~l~ne corridor$ are selpc~~cl

along bedrockr ~{nderwater  blasting may be used causing marina organisms
in the vicinity to be killed (NERBC, 1976). Long tam damage from
habitat disruption  is more likely -to occur in nearshore and onshore
areas because of evnironme”ntally sensitive habitats stJch as estuaries
and wetlands. Positioning of the pipeline landfall is extremely ilnpor-

tante Special construction proc~dur~s must be ~Qll~w~d t~ protect the
integrity of dunes, barrier islands, wetlands, ~st~iiri~s, intertidal

areas and other sensitive areas at the marine-land interface (NER3C,1976).

The primary impact of onshore pipeline construction ‘is the destruction
of veqetabiun  and the associated change in habitat (!IPRA 1978). Pipelines
crass~ng  streams ccin impdct fish habitat by disturbing the benthos  and
producing tsnporary or permanent blockage to fish and nutrient rovements
(L.SDI, 1972 dnd USDI, i976 in!lPRA, 1978). Sedifients  suspeoded  by
construction activities can cause adverse impacts on fish and their food
sources. Turbid waters block Iiofit tr~nsmission  reciucing tbe visual
feeding range of fish and decreasing primary produc~ivity  t~ereby limit-
ing food sources for fish (Lynch et at., 1977). The direct effects of
turbidity on adult fish i-my be less harmful than the effect of turbid
wzters cn primary productivity and food organism upon which fish ciepend
for survival (Hesser et al., 1975). In addition, fine sediments effect
ju~’enile  fish by causing inflammation of the gill nembranes and sve~ltual
de~th. Reports show that fry and ~inge~ling  trout rsared in turbid
water are more prone to bacterial infection of their gills (Lynch et
ill., 1977).

Increased siltati~n in streams affects the quality of fish hdbitat
by covering it with a Liniform  siibstrate, eliminating i?rotcctive hiding
place> for fish and by filling in pools where fish ray overwinccr.  Fish

spawrling are~s Inay be gre~tly impacted. The deposition of seciinents
reduces the flow of oxyqefi containing water through the interstitial
spaces in the gravel, s~ffocating eggs$ embryos or elevins (!-.ynch et al.,
1977).

In ~Kachemak Bay the rocky, relatively shallow (less than 30 II. 90 ft.
depth) nearshore areas are of prime importance as rearing areas for post-
Iarval king crab. The Anchorage Point to Bluff Point area, ill particular,
is considered critical to the ~aintenance  of king crab stocks within ~i7?
bay. Any disturb~nce, such as clr~dging  clur-?n~ pi~elin~  Iayina, could

result in a major impact to the king crab reso~rces of !Qchemak Cay and
Lo,4er Cook Inlet.
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The majori ty of t:Ie diatoms and soi’le of L!?9 -de:-cphytes found in the
stmachs of co:~mercialy  i:nportan~  shrimp (pink, coonst.ri~e  and s~~s-

stripe) in Kacbmak Bay are species common in th? i:.arsh/rmd  flat areas
along the sout!l side of Kachemak Bay. Disturbance  of these rlars!l areas
CGGIC! have an adverse imp~ct on shrinp resources of K~chemak Bay by
destroying potential food organisms or the productive cdpabi~ity of the
marshes themselves (Trasky et al., 1977).”

Figure 83 and Table 57 shows proposed pipeline corridors in ‘the
geographical areas of Lower Cook Inlet.

Pipeline Breaks & Chronic Leaks

The annual anticipated oil spillage from pipeline breaks in Lower
Cook Inlet during peak production resulting from Cook Inlet Sale ilo. Cl
is presented on Table 58. Long-term studies of several major oil spills
indic~te that oil has the following effects on Inarine life: 1) direct
kill of organisms through coating and asphyxiation, 2) direct kill
through contact poisoning, 3) direct kill through exposure to water
scluble toxic components of oil at some dist~nc~ in space and time from
the spill, 4) destruction of the sensitive juvenile ‘orms, 5) destruction
of the food sources of higher organisms, 6) incorp~ration  of sublethal

amounts of oil and oil products into organisms, rssulting  in failur~ to
r~produce, reduced resistance to infection, or physiological stress, 7)
contraction of diseases clue to exposure to carcinogenic components of
oil, 8) chronic low level effects that may interrupt an!! of the nw~lerous
bi:cfiemical or behavioral events necessary fcr the fe2dln9, mi9r~tion,
cr spawning of many species of !marine life and 9) c+anges in biological
habitats (!31uner et al., 1970). Oil polluted marine ,~aters affect
huuans by reduing recreational opportunities, tainting the flesh of
commercial species of marine fish and crustac~ans  (e.g. halibut, clams,
crabs, and salmon) and rsducin~ commercial fisheries orcduction (81uner
etal~, 1970). “

The effects of marine oil sp”
1) type of oil spilled, 2) amount
spill area, 4) Wedther c~nditions
the area, 6) season of the Year, ~

11s on narine ecosystans vary based on the
of oil spilled, 3) pilysiography of the
at the tire of tke spill, 5) blots in
) Previous ex ~osure of the are~ to

oil, 8) expbsure to other p~llu~an~s, and 9) i’~~t+~~  Of treatment of the
Spill (USFW, 197Sb). The effects of oil pollution on key species in
Lower Cook Inlet are discussed in Section 1.A.

Figure 83 and Table 57 show Iocdtions of prgposed pipelines in LOWer
COck Inlet and S$elikof Strait. T,3ble 51 discjsses the relati\le sensi-
tivities of key species to oil po~lution.

346



0 0 0 eo

40 0 40 50 30 'tO 0 UJII't't

so 400 VW

b1ObOED bIbFIWE

TARTt o3iNe 

KE4DA E4V$C

f 1 !54’ 153° 152° 151° 150”

~
.-.

i

61:
51’

iO

59

154° 153° 152° 15T- lau -

*rDposed  pi~~line  co~ridorsFjqure 53. in Lcwer Cook Inlet and Shelikof Strait,

347



Table 57
PROPOSED PIPELINES IN GEOGRAPHICAL

AREAS OF LOAER COOK INLET

Kalgin Island

Kachemak Bay

Kamishak Bay

Lower Central Zone

.Shelikof Strait

Kennedy Entrance

Yes

Yes

No

Yes

No

Yes
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TA3LE 58

780 19,500

Lower Cook inlet Pipeline Accidents

Forlnatibn Water

.Spills from Platform
Fires

OverflOw, hihmtibti
Or Rupture

Minor Spills (less thti~
50 bbls)

subtotal

TranspcrtatiO~ Tankers
Route

TOTAL

9,900 82,000

550 13,750

17,215 164,750

!54,400 450,000

-

71,6+ 614,750
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Interference with Fishinq Activities

Potential conflicts between oil tankers and fishing activities
are similar to those discussed under drilling platforms and include
loss of fishing habitat from over crowding and increased navigation’
problems, interference with and destruction of gear, competition fur
space and services, and oil contamination and tlinting  from spills
and ballast waste water disposal. Although the r]ajority of oil spil”
in Lower Cook Inlet are related to drilling platfur~ activities, the
largest volume spills are caused by submarine oil pipeline ruotures

s

and tanker accidents (FERC, 1978). The annual anticipated oil tanker
spillage during peak production resulting from L~wer Cook Inlet Sale
tlo. Cl is estim~ted to be 54,400 b~rrels (Table 58). The effects of
oil s~ilis (chronic and ~cute) on cd:ninercial fi~,fi s??ci?s dr? d~s-
cussed in sections I.A.e.

Tabls 59 and Figure S4 show locations of major fishing areas
within proposed marine transportation corridors in Lower Cook Inlet and
Silelikof Strait.
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U n i d e n t i f i e d  decaoods

Unidenti  f l e d  bracfiyurdns

I!nldentif ied i n v e r t e b r a t e s
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353

313 218~152

6:6
5922592
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X“mber  o f  empty’  s  tomchs 4

ADDendi  X Tdble 2 3 .  S t a r r y  flounder  f o o d  itm mean  tielghts  ~ S:andard  error  1. mi llIqrann  fw f+sh Collect?d  +n COO~ Inlet  {n 1978.
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[sopods 666~330

Gamnar’i d amohl pods 5231~1354

Shrivp 22:22

I n s e c t  larvae 4+6

Yumber of f ish examlmid II

—
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that averaged 10,,000 or more spawners of any.specl~s,  as
~iski in Figures 3, 4 and~. S t r e a m s  are llst=i in the
sequence  they appear on the sho,rellne from north to south.

.

!@st  $icte Eitst Side
——

..W!-------  *------- -----

Tmm of Kasilof
Kachemak Bay -
E, of Halibut
cove
Em of Seldovia
Seldovia Bay

extreme sauth
. . . . . . ..- ------ .--*9--- p-.---!-- .*.----.* -------- .---.*-- -----

Big River
Village Creek
KI nak
Dakavak Week
Lang !Qishvik L)
Big Creek

--..+-. --------- ------- ---.%?- -------

Long Lagcm Creek
Malina Creek
Tsr~Or i?iver

~~s~ ~ga~l~

Little River Lake
Spiridon
South East Zachar
3mwn’s LagoQn
East ~ya~
c~ryi’s  C~~~k
Karluk River
‘iiouth Sturgean River
East Sturgeon Fliver
Grant Lagoon Creek
Halibut Beach
Red River

Paramanof  Bay
Raspberry Strait, south west Afognak
Terror 8aY
East Arm, Uganik BaY
2 miles south Qf Cape ~9at
Head crf Spiridan Bay
l-lead of’ Zachar8a!/
Uy~k Bay, o~p~si~~ AmQQk ~sl~n~

Near Mad of Uyak Bay
“ Larsen Bay

Village of Karluk
2 miles south of Cape Karluk
2 miles south of Cape Karluk
8miles south of Cape Karluk
Halibut Bay
Smiles south east of Cape Ikalik
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1.0 INTRGDUCTIOP:

The sjlccess of the nari~.e fishes ip. adapti??g t’nemselves to

the various habitats along the Alaskan sea coast is ‘$ell. shotin ky th~iz

distribution in Lower Cook Inlet. salt vdater fls>es have been fc)cnti

from the upper reaches of the numerous estuaries and ei-rba>ments  of CJak

Inlet to the deep water central arm. The sea floor is tvpically  cQn-

posed of soft or unconsolidated sediment, while the shoreline on the

east side is rocky and irregular. The shallow sublittoral zone

contains numerous species of fish which regularly are taken for sFort,

corranercial  and subsistence purposes. However, most of this activity is

highly seasonal, and has been directed at only a few dominant species.

The target

Currently,

fish have traditionally been salmon, herring and halibut.

the shrimp fishery harvests an incidental catch of bottom

fish, and some commercial test fishing for bottom species

ducted. However, the future of the newly emerging bottom

still uncertain in this geographical region.

has been can-

fishery is

Despite the intensity of the fishing effort, and t!!e emotional

feelings surrounding the extraction of aquatic resources from the Cook

Inlet region, management is still hampered by the lack of basic know-

lec?ge of the marine ecosystem. In order to determine

mafi-induced perturbation, scch as results from an oil

develop a resource management

information on the biology of

since many of the fish occupy

than 30 meters

shoreline, they

development.

This

deep or live

inadvertently

(

1

the effects of a

spill, or to

plan for an area, certain background

the fish fauna is needeZ. In addition,

a portion of the water column that is less

md feed in the near

Decome vulnerable to

proximity of the

OCS ex?loratian  and

study has been directed at an asssmblag~ of fishes that

characteristically inhabit the nearshore waters in Lower Cook Inlet.

Since mast conventional sampli~g gear, i.e., trawls, grabs, nets, etc.,

either tioes not sample adequately under conditions of extreme water

notion, or fails to collect representative samples in rocky, shallow
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our efforts were d$rgcted at: (1) upgrading tih~ inventory or

check list Qf ipshom? fis,h, (2) collecting data m k e y  Mbi&ats Got

e a s i l y  surwyed  by traditional .we~hods~  .%nd (~) e:c~~~i~~ ~h@ r@~a~lV@

abundqnce  of the dominant s??ecies- Tem~or~~ variation or seasonal

di~ferqnces in the shallow water fish populations was .@s.o examined.

Adi!it$ona$ $n@~a~i.on @? troph~c integact$.o~, food habits and spawning

or reproductive behavior of the con$piqmus species w-as also recQrded.

The majqrzty of the field time was dev@ed $0 working in sha~~~w ‘Aster

~.~i~a~s, dominated by solid gubstrate, ad overlain wi~h a moderate

ta ;heavy c~ver+ge of marine vegetation.

,.



2.1 Kachenak Bay

~40st of the systematic field work On ~~e ezst side of Lo-der

Cook Inlet was conducted in three key locations in Kachemak Bay; xz.ely,

(1) the entrance to Jakolof Bay, (2) the kelp bed off Seldovia Pt. and

(3) the Northern Shelf from Archimandritof Shoals to !!utnaia GUIC?I

(Figure 1). A number of other sites have been exarminet in the shallow

subtidal zone since 1974 (Rosenthal & Lees 1976; Lees et al 1977, etc.) .——

However the areas that were selected for more intense study were known

to be areas of considerable fish activity a@/or represented diffsrent

habitat types. Additionally, several other sites were examined cursor-

ily during the course of this survey.

2.1.1 Jakolof Bay

Jakolof Bay, less than 0.25 miles wide ax~

miles long, is located on the south side of Kachema!<

is narrow and less than 12 meters deep. Most of Lhe

only about 1.:5

Bay. The entyance

observation.s and

data collection effort was confined to the shallow reef that projects

off the rocky headland on the nort$.west side of the Bay. A prominent

feature of this location was the kelp bed and associated floatin.cj

canopy which was highly visible on slack tides. The substrate under-

lying the vegetative canopy is composed of pavement rock, cobbles and

small boulders. The slope is moderate and the edge of the entrance

chanael is terraced with boulders and overhanging ledges. Coarse sands

and calcareous  shell debris are common around the base of the reef.

Rock outcrops which were covered by sea anemones, aiid otlher suspension

feeding forms were prominent biological landmarks. During sprinq and

summer the shallow areas were overlain with a heavy qrowth of kelp

Alaria fistulosa.  “ The algal understory beneath the Alaria car.opy was

also thick, and composed of numerous species of brown, red and gr?en

algae. Strong tidal currents are typical of this location, and on

either a flood or ebb stage of th? tide the floatixg portion of th~

kelp he.d is usually pulled beneath the sza surface.
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The largest and most cons?i.cuous kelp bed in Kachemzi: 3ay

xas found off Seldovia Point. :!,ast of tke i~x;estigatio.~  of the near-

s>r.ore zons was conducted fron the in.tertidal-subtidal  fringe o’~ti to

kh.e 12 fathom contour, approxi.matel:~  one mile offshore. The shallow

subtidal zcv.e is heterogeneous in relisf. The bottom .sUbstrat:mi  con-

sists primarily of coal pavement, overlain by boul?ers, cobbles ar-~

outcrops. Vertical relief is gradual and then drops off shargly

beyond the shelf. Silt was prominent on most of the solid substrxte

anti associated marine vegetation. Beyond the shelf is an expanse of

sand interspersed with patch reefs of coal ant! rock.

Inshore currents are typically strong, especially during

periods of extreme low and high tide. Seldovia Point is strategically

located in terms of exposure to the surface waters of Lower Cook Inlet.

Wave activity usually amounts to only a sliqht onshore break. Tk e

fringing kelp bed probably dam~ens some of the surface water move~.en.t

in the vicinity of the Point.

2.1.3 Barabara Point

The !<elp bed at Barabara Point is continuous with that zt

Seldovia Point, but is more strongly dominated by bull kelp,

Nereocystis luetkeana. The depth of the area surveyed was about 13 m.

Tidal currents are considerably dampened by the effects of the large,

floating kelp bed. The bottom substrate and algal undergrowth are more

silt-laden than at Seldovia Point. The boulder-bedrock substrate, with

numerous crevices and ledges, offers considerable bottom relief. Many

of the outcrops appear to be low-grade coal well overgrown with

encrusting coralline  algae and epifaunal invertebrates.

2.1.4 Northern Shelf

On the north side of Kachemak Bay, west of Homer” Spit is a

broad, rocky shelf. This relatively flat bench extends from Archiman-

dritof Shoals, off the west side of the Spit, northwest to its wii?est
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.,

poizt off Ilutnaia Gulch. The substrate of the skelf is “flat and

cl?aracterize~ k~ rock, ~+~’hic~ ~rztloairlateii at every site. Cobble ancl

boultier fiel:s were the principal type of structurz ohservedr and

patches 02 shell debris were also eom.mon. I n  szveral areas, thz

houl<ers and sssociate~  outcrops were ccm>o’sed  of coal. Evidence of

silt deposition varied loaally. Generally algal cover was stistantially

lower on the shelt than in the other study aueas. The physical and

chemical cha’racteristi.cs  of the sea water that envelops the study area

becomes more ocearl~c when proceeding from .Archirrtandritof  Shoals to

Mutnai,a  Gul&.

2.1.5 Bcd ‘12@r

Tlw i,nhert~dal-slmll~w subtiid’al area lying just east of Homer

Spit, generally callsd Mud E3ay, has a flat mud bottom. The only sur-

face relief is provided  by sheik debris and scattered small boulders

deposibed by rafting ice. Currents arid wave action are generally mild

and the water is frequently ~ather turbid. The fauna is dominated by

d~posit feeding palychaetes  and clams, but motile epifaunal crustaceans

and snails are common.

~-~ Kamishak 1M%

We initially planned to conduct studies in Kamishak Bay

similar to those conducted at the major survey sites in Kachemak Bay,

but unsuitable water conditions made this undertaking unfeasible. The

problems revolved around suitable weather, water clarity and scb.ed.ules.

Field work was initially scheduled for Apr’il/May,  August and September,

1978. Stormy conditions and turbid water forced a delay of the first

field work until ear:y June, and sven then, activities were curtailed

because of poor visibility. zn AUqLSt, warking conditions were nar@-

rial because of water clarity, and estimates of fish density were OE

questionable accuracy’. In

o-f large boulders combined

transects effectiw~ly. In

aborted because of wean-r

several areas, the highly irregular slopes

with turbidity to foil attempts to work

SepternbeE, planned field activities were

conditions  and turbidity.
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complication  arose from the general

ends a% tiepths

gently sloping

between about

grawl or

bouiders extended gently from the mid-intertidal zone out to a depth of

about 3 to 7 m. Rock was replaced by gently sloping qravel. Surface

relief on the rock substrate was maderate, but crevices, caves and

ledges were relatively wuzonmxm. Kelps became sparse or absent below

a dap’d of 3 m- Based on exposwre &a IGzmishak Bay and  surrounding

keefs, it seems probable that this location is exposed to heavy wave

action during winter and spring storms, but tidai c’urrents are not

extreme.

\
. 2.2.2 White Gull Xslaml

Reconnaissance dives were made on the east, south and west

sidss of V?hite Gull Island, in the passage into Cottonwood and Iliamna

Bays (FicjuEe 2). W the exposed east side of the island, a bedrock

shelf extends across the intertidal. zone to a depth of about 1.5 m,

whera a vertical faca extends to a depth of about 5 m. At we bottom

of this face, a steep, highly irregular talus slope of medium to large

‘boulders extands down to a depth of about 12 m. Surface relief on

this sl~pe is considerable, with crevices, small caves and ledcjes

common. Kelps do not exkend mer the edge of the vertical  ~ace.

This si<+ of the island is exposed directly to fairly $on.g period

storm waves from the east  or southeast but is fa$rly well exposed tcJ

strong incoming tidal currents that sweep the rmr~h and south side~ of

the island in

Rmishak Eay.

The

the channels connecting Cotkcmwocd  and Iliamna Bays to

west side of the island is bordered  intertidally  by

mocleratsly  slo~ing gravel beaches and sheer rock faces or outcrops.
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Subtidally, these substrates are replaced by a qe~tly sloping, gravelly

cobble with boulders, and finally silty sand flats in the southern

channel. This side of the island is exposed to small wind waves from

ths Cottonwood-Ilia.mna Bay complex but protected from long period

storm waves. Surface relief is limited to scattered small boulders

and, in the channel, hummocks of a sabellid polychaete. ‘I’he west side

of the island is somewhat exposed to strong outgoing tidal currents

leaving the bay complex to the west.
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Direct observati~cs  ‘we?e :’.sdz w~hile SCl~3.\  d.i..ring at Cept?, s

Erom 3-23 m kelow I,ULLP7 (mean lower lc’..~ water) . A1l of the diT.-iag wzs

dor.e c?cring daylight hours betr,~een 0800 and 1909 hours. The under.~are~

slur-Jeys were designed to qakher both quantitati’:~ and qualitative

iaforr,ation  about the fis’n fauna of Lo’.6er Coo!< Inlet. Estirmt3s 05

fish density (number of fish/square meter) in each of the st’dY areas

was determined by countir,g fish alor.q either fixe@. or randov.ly place~

transect lines. In some areas polypropylene line (0.60 cm in diameter)

was positioned on the bottom, and held in place with galvanized boat

spikes (20 cm). The other technique employed the use of a diver to

ur:,]ind a sinking plastic tape that was atCached to a reel. One eud of

the transect was secured to a fixed point, and as the diver-biologist

rzx a compass course, the metric tape was uqraveled. The tra~sect bard,

usually 0.5 to 2 m wide and 5-50 m in length, was determined by the

‘.:oz!cinq  depth, amount of bottom time and the number of fish present in

each area. In most instances the transect follow~d a sFecific isob~th

or Eepth contour. Occasionally the transect ta>es were left oz th~

bottom between dives. This was done in order to check the ccfisiste~.c;r

of the count, and to compare fish density and species composition a:t~r

an elapsed time interval of 1 or 2 hours.

Species lists and density estimates obtained by diving tech–

niques are subject to sev?ral limitations. Variations in water

conditions, especially water clarity, effect tn~ efficiency of the

observer. This problem tiefinitely  limited effectiveness in Kamishak

Flay. Since these transect methods wer~ biased aqainst smaller or r.or~

~-yptic ~necies,another  techniqu~ was employed to estimate the ~elatl’;~.< .

abundance of the smaller fish. Replicated l/4 m2 quadzaks  were plsceti

In a random manner, or stratified in such a way tl’.at a particular

habitat or micro-habitat was sari-pled in the s~titidal  zon~. :ill fish

that occurred within the quadrat frame were subsequently recorded.
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Dr. Robert La-~enbsrq, Curator of Ichtl?yology, LOS

of 3Jatural  History.

Angeles County Museum

analysis, the spec~men

was dissected, and the stomach was remoVed. l’he ~ontents (if any) were

ex%~ined fresh under a dissactin~ microscope. 0ccasiona13y  the stomach

conte~ts  were prese’rvsd in 10% formalin For extifiation at a later date.

The c%gree of stomach Eullfie$s  was recordedr the Cofltents  were sorted,

and the orgaP.isms were identified to tlie nearest taxofi.

Ih conjunctiofi  with infaunal studies Gfi the sam~ beac!i at

Homer Spit, a small beach seine effort was mounted. The net used was a

beach seine 32-m long by 2.1-m deep, with t5-m long. 2.5-cm stxstch

w,esh wings. The money bag was 2.1-Ri wide ~ith a 0.6-cm web. For each

haul, the net was extended perpendicularly from the beach to its full

Ier.gth offshore, then both ends of the net were pulled 30 m alonq the

beach. At this point the offshore end was swung in an arc back to the

besch,and the net was pulled up onto the shore. The area covered was

a~c_pro.xi.mately  1000 m2m The contents were  then picked from the net~ar.d

fish and invertebrates  were  p laced  in  a  10% Fortiald~hy6e-seawater

saltition. Fish stomachs were slit imfnediately to facilitate preser+

vation of stomach contents for diet evaluat.ien. Three replicate hauls

were made consecutively about 100 m apaft in each sample set.
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4,1 Inshore Fish Assemblages in Kachemak Bay

A total of 358 fish were counted in the transect samplir.q

c.Yom nay to Novefier 1978. Of the censused fish, 211 were seen in t?.?

transects off Seldovia Point, 138 fish at Jakolof Bay, 6 along th~

~JOrthern shelf, and 11 in Mud Bay. The disparity in number is la.rqely

due to differences in sampling e~fort.

~..1.1 Ex~osed Offshore Kelp Bed - Seldovia Point

?~enty-eiqht species o f fish have been seen in the shallar.+

Stitiidal ‘,~akers off Ssldovia point. Itore species a.r~ no doubt still

to be found here as the current inventory inclcties only th.s r.o-ie

conspicuous Species, which are presu~ed to be eitb.er t.r.e numericsl QZ

fu~.ctional dominants in the nears’nore system. The greatest nu-bez 0:

individual fish and highest species diversity were usually signt~ti

alcr.g the edqes of the kelp forest. This was particularly true of the

coal outcropping and rock piles just seaward of the floating kelp

canopy (Figure 3).

Within the confines of th~ kelp stand were solitary botto~

d..+ellers  such as kelp, rock, and w-nitespotted  gre~nlings. ~ed Irish.

lord (Hemilepidotus hemilepidotus) and great scul~in ‘~.’ere also ccmmon

iP. this location. A number of other fish were also er.count~rsd in t’he

algal urdsrstory. Usually these species were r,ore cryptic or difficul~

to detect because of their small size or drab col~ration  which matched

the surrounding habitat. For instance, the arctic shanny (Stichaeus
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1LG Gq]\ 2TJJSq T' rJJ' CGiJcLT )OSOL Q 4JJG y;F pq

(OLJcirITIfl2 TqJUT) -JccEq rflbu CTOiT)
jqoAr L0TU L:TI corr o iurn çi' uocp. oIc1nrr
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Further of:shor~, arou~d the lower limit o? tl-.s Alaria,lNereocySkis—-
stand the bottom relief was more irregular,and the dominant species ir.

te=s 0? frequsncy of occurrence was Alaskan rozq~il, Bathymaster

~aer~~eofasciatus. 14ixed schools of black rockfish and dusky rockfish

were also sighted. Some of the schools contained hundreds of indivi-

duals,and usually the adults wer~ segregated from the juveniles.

Juvenile rockfish hovered above outcrops and rock piles or schooled

beneath over-hanging ledges. Azound these same patch reefs wer~ more

demersal species such as red Irish lord, rack grecmling and kelp

green~ing.

The density of fish at Seldovia Point ranged from 0.020 to

0.433 fish/m2 (Table 2). The average densit>’  was 0.176 fish/m2 or 17h0

fish >ez- hectare. Most of the fish were soLitary bottom species.

Maskap ronqcil was the most abu.ndar.t bottom species; density sstinatss

ranged from 0-0.194 fish/m2. ~~~xaq~a,mmidae was the most freqll~ntl~?

encountsreil :amily of fish at Ss160via Pointr and kelp greenli~q  was

the most common species. Juve3ile rockfish (unidentified), black rock-

fish and d~~!~~ ro.ckfish were ‘the dominant schooling  SpeCi@S in t’hiS

location. Typicallyt the aqqrsqati~ns  comprised l~ss than 20 iw.5ivi–

c?~als ; howeverfon the September survGy a Iarqe sth.ool of black rockfis’h

was encour,tezed  at a de~th of’ 17-13 .m abave a law profile reef. The

.]qqregation !.tas made up of both ju’:enile and adult black roc!<fish,~nd

.imates of ths size of the schoo”l ranqed fromc’s- 300-400 fish. E?lack

rcckfish  clensicies  during tl?e  fivz survey  periods  ranged f.?ram 0-0.164

fish/m2. Other conspicuous sp+cies sighted in the trmsect bards were
d

the red Irish lord, rock greeriling, whitespotted greenling, ncrthern

ro~quilr arzciz shanr.y, Pacific halibut and scalyhead sculpin.
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‘1’A131,E 2

DIZitSITY EST IMAT1’S (FT~; ll/M2) OF SOME COp?SPICUOUS  FISH
AT SLI}DOVIA l’OINl’, KACIIE1.lAK BAy 1978

Taxon 29June

Wolf-eel

Alaskan ronquil

Northern ronquil

Scalyhead  sculpin

Ribber sculpin

Sculpin, unid.

Red Irish lord

Yellow Irish lord

Kelp greenling

Rock greenling

?Rock qrecnling, juv.

Whitespottcd greenling

Pacific halibut

Black rocktish/Dusky  rockfish

Rockfish, juv.

Arctic shanny

Total number of fish:
Area examined (m2):
Density (fish/hectare)*:
Corrected depth (nI):
Overall density (% k s) =

——
*
17ish/hectare = fish\m2  x

o

0

0

0

0

0

0

0

0.020

0

0

0

0

0

0

0

1
50
200

11-1.2July

o

0

0

0

0

0.053

0

0

0.080

0.027

0.027

0

0

0

0

0

7
37.5
1867
6.1

0.033

0

0

0

0.033

0

0

0.033

0.133

0.100

0

0

0

0.100

0

0

13
30

4333
12.2

30July

o

0.045

0

0

0

0

0.005

0

0.025

0.015

0

0

0

0.010

0

0

20
200

1000
12.2

0

0.194

0.006

0

0

0

0

0.006

0.031

0

0

0

0

0.019

0

0

41
160

2563
16.5

29Scpt

o

0.036

0

0

0

0

0

0

0.044

0.014

0

0.008

0

0.164

0.014

0

101
360

2806
16-1.6.5

~[]OTJ
—.—

0

0.021

0.007

0.014

0

0

0

0

0

0.014

0

0

0.007

0

0

0.007

10
140
714

16-16.5

o

0.027

0

0

0

0

0

0

0.030

0

0

0

0

0

0

0 . 0 0 3

:.8
300
600

lG-i6.5

——.—-.——



Pointt

4.1.2

o:fshors  hJoitzt dotinace[i by bull kelp, was sur~ieYed one tine. com.-

.TJ-ion  Ofpc15.L the ichthyofauna  was rather similar (’rabls 3) to tb.at

rs~ort~:d  f~~ ZS lda’~ia Point (Table 2). Kelp greenling  w~re ths

da?.iaant fish s.geci es, anti. j ‘lve.nile black a~nd,’or dus.”<y rock fish WSY2

CQ.~011  . The <snsi.ky was ~robably somewhat lower than at SelCovia

even if accurate ccmnts per rockfish had been obtained.

Semi.-?rotected  .Emhayment - Jakolof Bay

Of the major studv sites, Jkkolof Bay had the greatest number

of identifiable sp*cies of fish. A tokal of 29 species of fish was

sighted in this IocaEion. However, species richness may not be any

greater here than it is at Seldovia Point. Since more time has been

spent at Jakolof Bay, the chances to see and collect more species is

c e r t a i n l y  i n c r e a s e d . The  high  spec ies  r i chness  might  be  related  to the

prono~unced  bottom relief. Unlike other protected embayments in Lower

Cook Inlet, where the predominant substratum is usually relatively Siat,

nu.d and gravel, the entrance channel into Jakolof is roc!<y and swept by

~+-r~ng tidal currents=d. Rapid circulation is one reason for the apparz~t

hicjh productivity of the reef. Suspension feeders such as mussels,

clans, sponges and barnacles would certainly benefit from the water flow,

whit’n in turn would provide more food for the fish population of the

reef.

Proceeding from the middle of the entrance channel and v.oving

up sloge, the habitat changes from shell debris, cobbles and low

s:atured kelps to a rocky terrace o~Terlain by suspension feedsrs and sea-

weeds (Figure 4) . Growing an this portion of the reef was a small, mod-

erately dense stand of Alaria fistul~sa and bull kelp (Nereocystis—  ——

luetkeana). Beneath the floating canopy were patches of the sabelli2

worm (Potarnila reniformis) and horse mussels (Modiolus modiolus), nest-

lirq clams (Zntudesma saxicola), balanoid barnacles and an erect red

sponge (?Esperiopsis rigida) . Along the upper edge of the kelp bed ~iere

d3Rs2 aggre~at~ons of green sea urchin (Strongylocentrotus  draeb~chi~~sis)..

This zone was relatively devoid of fleshy n?acroalgae; Cobnles and r~zks

:%-e  r12 ?he predoninent features of the sea floor. ~Jear the ifitertidal-
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(5u~us distichus) ~rzw :COP. the upper limit of—  —.
)Ir .r~.-4. .

Fish were distributed frcm MLLW down

the Alzris to well above

to the deepest part of

the entrance channel, but the key part o: the reef conmlex in terms of

s?ecies diversity and relative abtirx2ance wasi the rock terrace near the

lawer end o: the Alaria f,istul~sa stand. Wr example, black rockfish

and dusky rdc!<fish frequently hovered around the overhangiilg  ledges, or

swam in quiet schools beneath the floating kelp canopy (Figure 4) .

Within this Same rock terrace were fiore solitary species of fish such

as the Alas&an ronquil (Bathyma.stez caeruleoEasciatusl , wolf-eel

(Anarrhichttlys  ocellatus) and small coktids of the genus Artedius.

Kelp and rock greenling (Hexagrarmnos decagrammus  and ~. lagocephalus)

and great sculpin (Myoxocephalqs  polyacanthocephalus)  were also commonly

seen on this part OE the reef. J’dst below the rock terrace were masked

and whitespoktsd greenling (H. octogrm?$nqs  and H. stelleri). Duriwg— —

summer months Pacific sand lance (Armodytes  hexapterus) were seen in

dense schools around the ouker edges of the kelp bed. Occasionally

there were small schools of juvenile pink salmon (Oncorhynchus gorbuscha)

and Pacific herring (Clupea harenqus pdllasi) in the shallow portions

of the water column. The occurrence of these pelagic species was hi:hly

ss+asonal,and  they usually appeared during Wn_mier and eazly fall.

Within th? confines of the

aXi whitespotted greenli-ng, antlered

kelp forest were masked, kelp, rock

sculpin {EnoFhrys diceraus) , rock

sole (Lepidog$etta bilineata) , crescent gunnel (Pholis laeta) and great

sculpin. On the shallower parks of the re@f, where tle solid substratum

‘was almost devoid of fleshy macroalgae~ occurred right-eye flounders

(PLeuronectidae)  , sculpins (Cottidae) and pricklebacks (Stichaeidae).

E’ish densities at Jakolof Say rariged from 0.0i7-C).210 fish,/n2

(Table 4). Tke average density dutiing the four survey periods was

0.104fish!m2,  or 1,036 fish per hec:are. Although nan-schoolinq  species

were &orninant in this lozatior., ju’;enile or immature black rockfisn,
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OC(:URR1’:~JCll  OR DENSITY (1’1S11/112)  OF 20[1E COIISPICUGIJS I’IS1l
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unid. juv. sculpin
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c Rock soleo
w

[mid. great ‘;culpin

ur~ id. juv. flatfish

Cop[>cr rockfish, juv.

Black rockfish, juv.

unicl. juv. rockfish

TOtal rlumhcr of fish:
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0 013

000.
0

00T3
O'0T3

0

0

0 00
0

.

CXescerit gunnel

Great sculpin

Kelp greenling

0.005

0

Q. 030

0’.007

i), (X)5

0.030

c-l. 100

0.005

0,005

O.OCH

0.007’

0

0.030

Cl

o

0.013

0.030

0.013

0

0.020

0.002

0.G04

o

0

0

0.002

0.c06

0.G02

o

0

Total number of fish: 11 84 35 8

Area examined (H*): 155 400 300 q~o

Density (fish/hectare)*: 710 2100 1167 167

Overall mean density (Z f s) = 1036 f 819 fishihectare

*
Fish/hectar@ = fis’ntm2 x 104

. . —
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kz~~, white-spotted, and rock greenings (Table 4) . L-s’ually greenings

were solitary in distribution, although occasionally they wer? o’bserved

s’tiimming  in small groups. Activity patterns changed markedly during

the calendar year. During the spawnii?g and reprctiuctive ‘period (:!av-

C~cto’her) the fish were highly visible and aggressive. Ho’.iever, with

the onset o? oceanic winter, most became cryptic or i~active, and 5ra-

matic changes in the body coloration of the males was zoted. other

r-.oa-schooling species common in this site were Alas”~an ronc’uil,  antlereci

szulpin, crescent gunnelr great sculpin and rock sole.

4.1.3 Exoossd Cobble - Boulder Habitat – Northern Shelf

Tgenty-one species were sighted in the northern s’nelf area

(Table 1). S~ecies richness was lower than at Jakolof Bay or Seltiovia

po~nt, despite the

larger variety of

fauna were made at

either solitary or

fact that the shelf constitutes a greater area, snd a

habitats was exami~ed. Examinati~ns  of the icF.tk;?o-

sev~n different locations. Most OE the fish ‘..Iere

bottom dwelling species. The ronquil family was

re~resented by four of the species known to he present in these waters

(Quast and Hall, 1972). Thirty-three percent of the species were

sculpinst and nest of the others ~~verz either highly cryptic, drab in

coloration or relatively inconspicuous on the sea floor. In areas

doninated by cobbles, flat pavement, shell debris and small rocks were

scalyhead sculpin (Artedics harrirtgtoni) , northern ro~quil and rib5ed

sculpin (Triglops pinqeli) .

Altnouqh algal cover was uscally light to s?arse off Bis’nop’s

Beach zu?d Bluff Point, th~ inshore area west of there s~pporteii a
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03 LGg3 O ]0 LGTTG çpç EL qowTulcGq p coppj 2rJGTT qept..T2

cC.:OU'\ Op0i.0q IJSiJJ G Ot çJT2 t0LT] UGA GIE3 rorp\ CJOL3
coccGq TO rne 'opTçç2 Oo;pe.0 LoodnrJ? tre flj tuo:

1- TT01J LoudrTT 1ojbr2)
b:cG ou prq peuGrJ ITJ0d LOCyO LTOJGL LGWpS1 0;

r OT..çou; iiJTcL0-.}jgpTçT2 0 jTT2U 0UTT :.JTCJ GducI
005'TG COPG 0 IIGULJT pL0\U OJrEiOG coor ooq oo onco

JG oçp ço ng? nE2 OtJJf qeLJ2TT L2U16q

ETJ q1J2TçA oUà cue uoLçpeLU JJGfl g2 r:uTTcgLrç/. TOM

JLJC OL\bçTC ugçmG' O LGfTTA6 p(IUgUCG JJc TLCJflGUCA O

ThAUTI6 1\JJT4GbOGq dG6LJTTJJc1 IOMeAJ. GCfl2 O flJeTL 2Wfl 2TS

TU JS çLgu2sc rppq 2oIJbTu' cJreq 2CIIJbTL'

J2LJ LOLJdflTT LLJc13q TCW o-oo:a ;T2P\W op- 2bc2 opeLLGq

ç TUcflqGq ru çp ;u2cç COflLJç2 GU2TA GaçTujgçE2 OL

IOLOnTT UOpGi.0 TOLJdITI 2GLJ O jn: cTuç' OLJ]. JG Tgç-

T00fl2 donb o T2p vJcJoiiap 2opet Jori OuanrT' vT2u
0 ço 0T5. LT2P\ws (Jgpre2 ug ) EoudnrTE e pe uo oou-

crJpTu g2 c;j; rnjc'woi TP OLJTA OCC1I TLJ T O 'Q dni'Liç2
0 ') QrigqLCJpet c'TJ ceU2TçG2 O p.6LJ O-O TP\W Epp6q

JudGq OW Q- LTP\ vT2YIU .oudarj ty OUJA euconucc,q Tu

Z(JjDU2 (JLGTiT2 ebb) occTLGq TU 'O cin9qt3ç2 C'i2 flJGTL qU2T-

O(IJCG :s 'ijo q zii3iJq OLu J\ w. dnqL9l cOflLJ2 Lor. Gxwbf

West of Bluff Pointr Lnside the 10 fathom contour, were

n’merous patch reefs a~.d outcroppinqs of coal overlain by a this

v~~~e~ Of c~ustose Coralline  algae. Here the fish assemblage was pore

<il:ers~,  and certainly more visible. Greenings, red Irish loxd, yel-

lo,~ Irish lord (Hsmilepidotus jordani) and Alaskar. roncull were czxwgly

sseE ir. these patch reef habitats. There seemed to be a positive

correlation between the degree of bottom relief znd th? abundance ~r,d

di-~?rsit:l of fishes along the s’nelf.
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0 G UOU'J JGf jp wgru T2J opGrAsq fG Wfl CO;çTq2 uq

ccpprpo]-r p1;ç JLGLGg cc TGL COTp os L2ç

4.1.: Semi-Ex~osed Sa~d Beach - Homer Spit

‘I’he purpose of Che fisld WOZ!C at Homer Spit was to (1) e.xamlne

ccr.position of the inshore fish assemblag~, (2) assess changss ic

species comF.Qsition  in shallow water between high and 10’w tide and be-

r:.:een surmaer ar.d winter, and (3] to examine the diet of these species

‘-~ ctilizatio~-  Qf the sand beach infau.nal ~rqanisms..&-

Eighteen species of fish and 3,602 specimens from ten :amilies

‘.~’~re collected ir, the nine beach seiln~ hauls made in July and Eecer>er.

.,? low tide ha’ds in December were so unproductive that the FIIZZS fozr- L

h:;h tick ha~ls were aborted. t!any of the fish apparently occurred in

sck,aols or a.qqregations  and hence cztches were quite variable.

In the summer law tide sample sets, totsls of seventeen

s.cec.ies and 3,514 specimens from ten families were collected (Table 6) .

Saz? :a~ce <omi~ated in terms of abu~dance and biomass. Other impor-

tzzc sgeciss inclctied  Pacific staqhorn sculpin (Lsptocottus armatus) ,

Enqlish sole (Parophr’ls  vetlllus), sturgeon poacher, rock sole a,n$. Doll}’

~~r~+n (Salvelinus raalma) { T a b l e  6 ) .— .—

Do1lY Va.eden, English sole, snake prickleback  and an uni&er.-

tified sculpii~ were collected in all three hzuls. Immature specim?ns

.lmi~at.ed the catch for all sFecies except sand lance, capelin

(:.:,?~~otus  Villosus)  f suzf smelt (11~.-r:omesus pretiosus) , threes.pine

(!?allasina  ba.rbata),  and——

totals of eight s~?cies
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' L 1T-MTTT2 OuG-.EgA u?ar2 a; IgLTgUC ndd 2OLUG

CODLT2OLJ2 0 2bCT2 COwO2TçTOtJ' t JLJG uq ps7uqucG

TLIigSJ'iG

fl CJ 2çUgg rGuacp' i.ge çp daç 3p ccrdpç' jjj aecTueiJ2 ee
bCTC 2cgdJaLLJ EcrTTbrLx ig nr; riierc (Lpre 9)' L an3; 2uJGTc cr

rnOc cqwwou (jgp Q) jpe oçtjsr. çto bCT2 CO]'j6Cq ML?
gu GTd;Jç becrwGua ;ow cjJr. ;r aQTGCq uq JUCG

IU lJçL IO! cTq ?9LUbTG g çaçj a; 2CTG2

i:o jgoi; cnäJç
rI C5ccJç TU çp wcara ebtcTLJG3e qouTu:c3q

c16pgc1 (r'rcGLoRçGn2 (Lrpr ) tGuTra t)TU< 2TWOTJ

a: TiJaoLciJc GCTG TLiJflcGq aflL; wjc ug çpbrr
-; Tu °i; cipnuqucs DOITA Tu T

:j T flJTJT Mr1J corrGc4rT ) 'sA'-;r T

t TTw1Gc 2flLA6 e:oJç P3 O c.JWflJG rcp,ciO-

T2 bOcGCcq ;rq pci.e

@ncss bett~een  d~f$~reht tide sta~;es and

s~5niEic3.?.tl~~ xore species of fish trsre

high tide (?=0.05). Moreover, despite ~

fizh were considerably more abundank at

high. tide (P=O.1O). The mos~ not~le d:

sedsom (Table 6). In July,

collected at low tide than at

arge variations in c~tc;-.+s,

the low tide level than at that c?

fferences .in corpositi.on ..{s:-e

1) the absence of flatfish and sand lznce, 2) the paucity of Faciiic

stacjhozn  sculpin, 3) t.1-.e appearance of surf smelt and 4) thz incrsas?

in abundance o: pink salmon at the high tide level (Table b) .

The czn~.rasts between species composition, richness .]nd abu\l,-

dar.ce of ‘;, *sI1 in the hauls at the low t~de level in July and D,~cember

arc quite dra,~atic. The differences in species richness ancl a!)um!ance

is significant (P~Oi05) when tested with the Kruskal-:ValLi.s =.rl:~l>-sis of

xr3riance. The nurrier of fxnilies c?sclined  from tei’! in July to Lhree i~

Dscer&zr. ~.!o~t p,otfile absences were salmo~.ids~ flatfish and pcac’ners.

.%5’ucdance  of fc?aq~ species also declined su.bst.mtially.
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ZfOb5

G2 T38nJTLra LJOW bOOL zT2TprJrc\ uq cj TLLGan-LT4\ Ot JG çjrr

2TcpçGC D6UcTG2 (LE uoç dnnJrLTeq pecn ot ;p6 qrTcn-

JG OUTX COLJIJOUTA op2GLq 2b9cT5 (TpTG \) uc oiJ]A ::o oçJL ajGcrea

LLrU CLGATCG2 uq poço- fl6AELcPOTG22' fJTç625OgGq dL6GUTJd M32

flro aLSSçG2ç Lo-saG 2O]Tc\ poccow rJt 2LeCrflA 2b5CTG bLs-

Lpe GXbOGC1 egç 4C6 O t4PTcG cnn iju gb gzGc ço o:;at.

Ci çJT2 ç7b o pprçic
ri' OUT'. tOrIt 2bGCTS2 t6IG Op2ELAGCJ TLJ gpozç 2TX iJ-JOfl2 O ATL'd

ug 2uJ 2CflThTLJ 1e oDiGg (LJprG )

JG E12p tc drirçG 2cgLc6 Jq OiJi2 g MpTc'30ccGg

flJGU 9 IO O ]gL pOrTqL2 couçTLrrTe2 qo ;o rc\_guq flp-

OflOOO OLJTUa 4JG LSG ç5Lq2 ALTc9fl7 ço qüçJ O ponç 2

çj qrnJc oJ JT23 e'1r ii'-'q CO ip' i2 LOcK

2TTi9L jjgpçç M9 9C BT9CrC Gr gbbLox9sr.\ oj-

4.2 Inshore Fish Assemblages in Kanishak Bay..—-— —

A total of eleven fish species was observed in divlnq sur-~eys

ii) shallow subtidal habitats in Ka.mishak Bay. Whitespotteci qreenlir.q

Was the most abundmt and conunonly  observed spscies (Table 7). ‘-Lr,s

OP.lLJ other s?ecies occurriag frequently were rock sole and nasked

qreenli~.q. :i;:q densities werp low in comparison to ~ost areas on the

~zsz si~~ Of COOk Inlet.

417



JtOC} G(]Oc pon]rtrLz
jobc rl(ThG

130151C10L poqG. 'ILYC3 :\
J £
.JcJi

10

0

0

0

b

a

I)

0

0

0

31 U \

“1’Ii:$LIIL  I

CV.NRI?InIWE  IOR DITBJSTTY (F’TS11/?42) Olp CONSPTCUOUS ?71S11
AT SliVEllAL 1.OUil’IONS IN K.AMISIIAK  DAY, l!17El

Knoll Head Lagoon

Taxon Survey date: llJun78 2Aug72 2Aug78 2Aug78

—

Padded .sculpin

Silverspotted sculpin

unid. sculpin

14ask.ed greenling
*
00 rlhitespotted greenling

Butter sole

Rock sole

Snake prickleback

Great sculpin species

unid. juv. flatfish

North6r]~ ronquil?

Total number of fish:
Area surveyed (m2):
Density (fish/hcckare )e:
Corrected Depth (m):

o

0

0

0

p

o

r?

o

0

0

0

3-(J

o

0

0

0.016

0.016

0

0

0

0

0

0

~

60
313rJ
0.5

0

0

0

0.050

c .100

0

0

0

0

0

0

6
40

1500
.L.8

o
~b

o

0

0.051

0

0

0

0

0

0

6
117.5
510
4.0

w/ fJL-ilvC?].
—— —

1-

LOCATION

White Gull
I s l a n d

12Jun78 3Aug78

~a o

0 0

0 0

0 0

s cd

o 0

s o

0 0

0 s

o 0

0 s

5-E! 5-15

12Jun78

o

0

s

c1

~

o

0

0

0

0

0

3-1o

Scott
Island

4Aug78

o

0

0

Pc

0.067

0

0

0

0

0

0

1
15
6CJ7
3

&lLlq78

o

0

0

0

0

P

P

c

o

0.030

(J

1

30
333
1-3

“il t:’].,
1.“’ “11-,!.



r;c
oo:q p\ Es2:Gq dLGGUITIJd cAeLTJ qGu2Tçi TU rndc12c M 3 r2p\

r3 GLJCOflLJp3LG3 (IpIG \) JJTçGboGq dLG5UTUd Mg2 Lio2c COWWOLJ
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2 g CCU2CT3JCG c1lbc2 40 operu eaçrriJgçG2 Or T2JJ qsJJ2T;TG2

LCG TCTTGL 12 2Ow.ugC ]22 çJgU ç frJJTfO C'TT 2gijq Jcr
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LP KOI p5J JdOOU T2 2OLiOMugç boc-;cçcr p0W t'o

To;gu o c: oflL 2J 2bcTE2 GuCormçGL&q tGG JrIA.'JTTG JJ;;T2'J
ilJ;rrU bcTe2 z'.g LJJE 10T C]LiJ (2TTTdf b:cJ) oç

jp5 GOCJTJU JL5 2bGCTG2 P\5LG çJG p2c5ç COCNJG

boeoq aiiqA 2T]ç 2fTp2Lçe 1g2 xrirruec TLI cocouMoog

jr r iiijj. g'j rj JL; c jq
E3" LJGq 2OJJJ1 ;JflCrJ:OLJ :.;gxTiuj c6'rT&2

DLJA J1J CO1OT:TOLj o çp& bobrii;rou PJ K1
2gOUgT J;cGtu

4.2.3 Soft Substrates

Silty sand habitats with scattered boulders were examined on

tb.z west si?e of Plhite Gull island and south of Scott Tsland. only four

s??cies of fis;l ‘.<ere e~c~unt~red in this habitat; as above, the most

Cc.-:?o?.  fis:n ‘.JFE w~litespocted greenlir.g  (Table 7) . Nasl<ed grzefilincj

[:ere ~bserved around a bouldec s7up~cztir.g  Laminaria. Fis’h d?~sity was

suite 10I.J.

An sz~osed santi lmtto~. was examined in Uil Bay. The C?orinant

xere obser’~ed, afi.d. density was quite low.
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CuriRg S’2.XWY wntlhs, these areas {<ere dominated kI:7 r.on-schoolinq

~r>.~cies, as ‘.. wll as more pelagic f.is;h such .1s scllmon, herring and sand

1.22ce. ?Dxe’.”.?r >y lats f~ll most o: these same sp~cies had either

ciisa~peareci Eram the nearshor~, or b~cO.me n~ore secretive  in hehavio~.

.?or example, cn ?Iay J2, 1378 fish density was 710 fish/hectiare  ii] the

transect bands at Jakolof Bay (Table 4). With the progression of sum-

mer the i!en~ity  of fish ir.creaseti dramatically. In the August Surveyt

fish densitv was 21Q0 fiq.h/hectare;  apprcxir,ately half of these were.

n?st-guarding male greenings. Densities slowly declined during fall,

znd by Novep@er  28, 1978 the overall density was 167 fish/hectare.

‘I%ese low nwders cannot be attributed to seaweed canopies concealing

the fish from view because, at this time of year, vegetative cover is

genera13.y light. In additional the area examined per effort (AEPE) was

e~;en greater than in. previous surveys, yet Gtill the counts remair,ed

{Figure  . 5 ) .

Food Habits znd Dietzrv Trends

Sa-.~les from the shallow water fish populations iv. Lower cook

Inlet have bs~n taksn for the purpose of dsscribi~g their food habits,

thus leading to a better under~taading of trophic interaction in the

neazshore zone. The stomach contents of 258 specimens, comprised oi 31

sPe~ies have ~~en examined for food items? Usually only adult fish

hiar~ eXZUI’Ii7@~, as ju-~enile  StageS of fish are SQmetim@S known to exploit

different resources than the adult members of the same species.

k-ceding has also been shown to be related to predator body size, and any

?ietary tr~n~s established from this survey are mostly

the adult fish.

>!CIS? OE the solitary bottom dwslling  fish in

generalists or opportur!istic predators. Some

sea floor prior to feeding, ~while others w~re

dirscted F.cwards

the shallow watsr

appear to scruti-

observed to bite

in<iscriminateiy at the substrate, rejecting or filtering out t’ne

l~fl~esir&l~  3acerial duri?.g the EeeEi:lcj process. .However~ z few of the

fish were s~ecialists, and as such restr-icted tb.eir mode of feedinq to

sppcific tyFes of prey.
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zone . During  daylight h o u r s  it was u s u a l l y  s h e l t e r e d  a m o n g  tihe roc!cs,

Fazti-cularly  alorq t h e .  more exposed or seaward edge of a kelp forsst.

It has been observed to pluck or give chase to food items a few metecs

Off ths bottom, but most of the feedifig  was directed at the benthos.

Its ciiet was highly variable; tw~nty-five different categories or taxa

of prey are listed in Table 8. Based on our observations, Alaskzn

r~:lauils  are qsrerali.sts, buk since very little detritus or undiges-

tible fragments wzre contained in khe stomachs of 23 specimens~ the

fish must scrutinize the substrate before feeding. Gamnaritiean

ax,:nilipods  were tl~e most im~ortant prey, fO~lowed by caridean shri;op And

a brittle star (Ophicpholis aculeata)  . Other im~oztazt  p~ey wsr~ cr:’k<,

sr,ail fish and gastropod snails.

4.4.2 Lepiaopsetta bilineata (Ayres) - rock sole

wers ca~lected in ‘Kach*mak  Bay. The focal item obtainaa We:-<? pri:’.ci-

pully epifaunal. For example, limpets (Notoacmaea SFP.] conprised

5[ .7 percent (N=115) of the total prey (Table 9). Although the small

ir?cliuded brittle stars, polychaete WOums~ clam siphons sn?. chi tors

(Table 9). The rock sole is a versatile predator that dines cn .~

are associated -.lith the be~.k.hos.

4.22
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>~yoxoce~halus  is more Of a s?eciali~? tha~. so~,e Of the other

pr~~idtory bottom fish in this area. Seventeen specimens ranqinq from

~7n.571 ~ SL were captured in the %y. Of these, 14 cantained fo~d

itc!ns; stomach fullness ranged from 0-99 percenk. Crustaceans, p2rtic-

ll~~~ly brachyuran crabs, caridean shrimps and hermit crabsz made up

over 85 percent of the total prey (Table 10) . A small rock crab,

~z~cer oregonensis, two decorator crabs, acd the helnet crab were

cormon food items. In a~dition,  hermit crabs occurred in. 4/14 captsred

crest sculpin. Fish were also contained in the di~k. Cns great SZUl-

p~n had a 371 Pm M. polyacanthocephal-us  in it’s stomach. Alc)rlg Wizti—
tl.,~ f~s;~ the scul,pin had also eaten ~. la.rqe b.?l~.et c~zb.

Jlost of the food material was sr,~allo~<eti  whole. Great SC’Jl~i.n

~~e~ to be an ambush predator that lies in wait ior it< ~~-,Iy. Th:? .<07e-

‘.,~“. .’ r’.  . . - lethzrgic behavior and cryptic coiorati~n  T.?kes i: ise,Il for ~.~;s

kiz~ of ;J:edati~n.

4.4,4 Fr,qphrys diceraus (Pallas) - antlered scJ1.piT

Antlsred sculpin were cormon arouzd t>,e ke’L~ ~ore~~s at S21-

Eo;ia Point ant! Jakolof Bay. These fisil ran.usd in l.znqth from 50-273 ~m.

:Iir,e specimens \.]ere collected for food habits inforrz?ion; of t]-.e e~cht

‘.;i~h Foot? v.aterial  in stomachs, fullness ra.zqed fran 40-90 percent. This

1. L ar.ather rel~tively  sluqqish cottic?; a Good indication of its s?~.entary

~.>e:..>-]ior is the fact that most antlered SCU~D~~ e~~~q.ir.,e~ h~~ ~ay~r.~

lr,:c}:E?s  aP,:l parasitic copepods attached to their bodies. All identifi-

~1)~ ,. ~o~d material contained in tb.c+ stomac!-.s cf these sculpins  was O:

‘., , n.?hic o.ri3in. The major prey itcx was the qreen sea urchin

;:r-,-~.~lcc~;ntrat[]s  clroeb,.jchie~sis  r~ncinq in size (test Siam.eter)  EYsr?.—
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0:: J ‘,rltlo~.-~  ~:!jl~,~p, (X Vn) t.akerl fl”~i”------ Jako~of F3Y h~d eaten 14

~. ~:~,--~~~~’~i~  .~::.j :-~ can:inq  ~ram fre S:I OR?S lo~ged in the mouth a~d— —
~,<~ ::,~q.<s to :;zil tiiq?ste~ onss i~ ??:2 intestinal tract. The dis~~ct~d

sc~;FiP, r$ser~l?~‘ an assenbly liae processir.g sea urchins from the

rm~th to the Ic.b’er ~nd of the alimentary canal. Other food items were

lir:+ts, brittlz stars, snails, crabs and gammarid amphipods.

4.4.5 Hemilepidotus hernilepidotus (T’ilesius)  red Irish lord

Red Ixish lord also dines on benthic macroinvertebrates.

~j,,.~ of the eight specimens collected during sumner 1978 contained iden-

t~:iable food items. The fish ranqed in size from 195 to 362 nun.

~r~ttle stars (Dphiopholis aculeata)  were fo~nd in 40% of the stomachs

anj accounted. for 44.8 percent of the total number of food organisms

(T_:2 12). A small cancroid crab ‘.~as found in 60% and comprised

~.rx.:nc! 15.9 percent of the total prey. Other prevale:lt  food items

Z Zzcorator crab, Caridean shrimps, “hermit crabs and l-~d algae.

<.<-5 Tidepool Species

were

Sufficient evi?ence of trophic interaction bst%een ti5~~ool

fish?s was collected to permit constrl~ctinq  a cpmlitat.ive  Fo02 I$eb

(Fiql.lre 6). Three of the more common species from the int.erti~a: Zoze

ars tidepool sculpin (Olicjocottus maculosus) , sharpaose  scul?in

(Clinocottus acllticeps), and spotted snailfish  (Lioazis callyodonl  .—.—

‘rilese specimens were coLlected in Kacilemak  Bay ?uri?q l?~7-7E, and most

Twe:-s taken in the proxinity of the shallow su.btidal stations.

4.<.7 F!exaqra:qr,os  decaquammus  (Pallas) - kelp [?Yeenlinq

K,:lT; cjreenlinq  were one of the most widely distributed bottoy-

ti”++ili~.g  ~ish in Kachemak Bay. In the daytime, i.t Las frequently seen

res-.i?g on the sea$loor or swimminq  slowly thro~qb. kelp forests.

Gnr=l,, r~as it..-_, ~ore than a few meters above the bo:.tcn.

Diet was quite vari~d ir, t“ns 13 speci~.er.s t’z.~c ccntai~+d fo~ti
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Ti’il{l,li H

OpnioFholis  aculeata
(brittle star)

1/3

Acmaea nitra 1/8
(limpet)
Canc~r sp. 1/8
(crab)
CJlliostoma ligature 1/8
(top-shell)
gamnaridean anrphipods 1/8
Vclutharpa ampullacea l/8
(snail)

-1--1

1

1

1

1

1

1
1

-)0-..



cpTçou
(C p)

cgLc9L OL6dOIJGU2
(Cp)
bflRT dgcTJr
(pTcrC 2cg.)
3L:TCD:;CTT2 Cr]YJçg
CLc;J 2pJTLJh

—— .— _—. ———-. ————--——-
Frequen”cy Percerttage

~ ~> -. ..:. It. c>.s of Occurrence ~~~~ ~
..— —- OF Total- _—-

2
17

5.3
44a

5.32/5 2

15.93/5 6

2.6
2.6Elassochirus gilli

(hermit crab)
2.61/5 1FusitriEon oreg~nensis

(snail) “-

2.6
2.6

1/5
1/5sert,llarella .Sp.

(hydroid)
2.61Cryptochiton stelleri

(chiton)
sea star arm
PhaeoFhyta
(brown algae)
Rhodophyta
(red algae]

l/5
1/5

7.93}5 3

. .



items (Table 13) . At tj.z:.~s, feetiinq must be indisrrimina.te,  based on

the amount of cletritus, qra-~el  and u~.digestible material foun< in the

w=. Fowe~Iez’r on other ~ccasions, for~ginq is ~-robabl>r  more zpeci~ic.

~rincl~le foods were qarmarideax  m,pkipotis, cariti22n shrimps, srLa.ils

of tlhe genus Lazu~.aJ and a small ca~croid crab. Csually the prey were

associated with the

fOURC? to have eaten

attached vegetation. One female (429 nun) was

the

li~~tbzr hiqhly specific

serpulid worm Crucigera

o~erculum an~ foot of eiqht Oreqon tritor,s.

food iten was the operculum a~d stalk of ths

zyqophora.

4.4.8 Hexagrammos  laqoce,phalus  (Pallas) - rock greenling

One of the most exquisitely colored fish in the inshore zone

is the male rock greenlirq. During summer, mature males rangs Zrom

reddish-brown to blood-red in body coloration, mottled with green and

turquoise blue, Rock greenling, which can exceed a total lenqth of

400 mm, were quite numerous in the shallow portions of the subtidal

zone.

All eight rock greenling collecte~ in Kach.smak  Bay, rznqinq

in size from 90-438mm SL had food material in their stomachs. Stomach

fullness averaged 74 percent. Degree of stomach f~llness, conc?itian

of the prey and our in situ.—

takes glace during daylight

food material were consumed

observations suggest that

hours . Sixteen diff~rent

by these fish (Table 14).

most feeding

c3kegori2s  0!

Garunari?ean

amphipods accounted for 47.4 percent of the total. Crcstacea~s, gastra-

pod snails and fish eggs were important constituents of the diet durinq

Sunvmer. Siphons of the butter clam, were found in 25”, oi t!le st.~?achs,

and comprised 11.4 percent of the food items. Lacuna, a small sr.sil

typically associated with benthic vegetation, made up another 12.$

Ferccnt. Both juveniles and aclult staqes of brachyuran  crabs acco>mted

for another 7.0 percent. Fish eggs, particularly those OZ ether hexa-

gra.mmids, were common in the stomachs of the captcred specimens. ~qqs

were present in 5 of 8 fish, and in some o: the H. laqoce~halxsp~qgs—
m~~~ up 70 percent of tile ingested bio~.ass. Rock qre~nling S.YS onni-

VQYOTIS carnivores that inqest macroalgze ir.cident~l to the I.IptIke of
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3/’13
7,/13
1/13
1/’13
1/13

73
14
2
1.
~

5.%10

2’2 12.74/13

0.61/13 3.

2/13
1/s3
3/13
1/13
2/13
2/13

1.7
0.6
1.7
0.6
8.1
1.7

2/13
2/13

chit~?,~

Paqurus .Spp.
(hem.it crab}
Eotoacrlae’a Sp.
(limpet)

I. 0.61/13

4.581/13Fusitriton oreqonensis
mii—————

v13
1/13Sertularella spp.

Kyciroid)
0.61/13Balzr.cs  Sp.

~barnacle)
Rhodophyta
(red alg”ae)
Phaeophyta
(brown algae)

5/13 5

0.61/13
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ECJ VCJiETJ1< ('i=8)
GET MFTVC (X1JTIJUJOFOOD OF ROCK

3/2
1/8
1/6
1/8
‘2/8
1/3
5/’8
1/8

54
2
1
1

13
1
5
1

47.4
1.7

1 . 0
1 . 0

11.4
1 . 0
4.4
1 . 0

c13.n siphons
fi:,hes

Orecjonia  flracilis.——.
(decorator crab)
Lacuna sp~.
(snail)

1/8 14 12.3

Cancer oreqonensis
(crab)
Ela.ssochirus gilli,—
“(hezmit -rab)

4/s 7 6.1

1/8 1 1 . 0

Fusitriton  oregonenis
(snail-operculum & foot)
.3>ietinaria sp.
(hydroid)

2/8 4 3.5

2/8 2 1.7

Rhocloshyta 4/8 4 3.5
(red algae)
Phaeop’iyta 2/8 2 1.7
(bro’m algae)
detrittis 2/8 2 1.7
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4.4.9 Fe:.: aqrm.mos s?.elleri (Tilesius)-  whitespotted greenling—  ——

vi~it~.:spctted greenlinq arz characteristically found in nore

pro’ie cced habitats OE Kachemak Bay and Lower Cook Inlet, but individuals

are also observed in more exposed areas. The foragincj b~havior and

activity gattern of this fislh seems to be similar to H. clecaqrammus,—

with active feeding on the bottom during the day. Nine of eleven

specinens taken for food habits informakicm in Kachenak Bay had identi-

fiable material in their stomachs (Table 15). Another sixteen H. stelleri—

were collected at White Gull Island and Knoll Head Lagoon, Kam.ishak Bay,

to compare diets between seemingly different habitats (Table 16). The

~ata suggest that E. stelleri feeds ‘neavily  cm crustaceans, gastropod—

and small fish. Gammaridean amphipods comprised 24.4 percent of the

total from Kamishak Bay. Caridean shrimps were found in 7/9 specimens

fren Xachemak Bay and 7/16 of those taken in Kamishak Bay; the percen-

tage of the tatal was 15.1 ark! 11.4 percent, respectively. Some

c!if:erences in diet were noted. For examp~e, Cancer oreqonensis czun-

prised 25.6 ~ercent of the total food items in Kachemak Bay but wsre

i~si~nificant  in Kamishak Bay.

Other imgortant food items were hermit crabs, ?ecorat~r crabs,

the operculum and foot area from gastropod snails, and demersal fi~h

Wjgs . The fish eggs were from. other greenings, and this pilfeririq of

eqgs fxom the nests of both consp~cifics and corqeners is apparently a

common practice wi:h the hexa.grammids.

4.4.10 Hexagrammos octcqrammus  (Pallas) - masked greenling

fi!asked greenlinq ranging from 154 and 243 mm SL were c@l.lected

in Kachemak Sayr and from Knoll Head Lagoon in Kamishak Bay, during sum-

mer 1978. ~~ost Weze nzst guarding r.ales. From the specimens obtainsd

at Cakolof Bay, fish eggs were a dominant food item in term of frecyency

of occurrence and biomass (Table 17) . The size and appearance of the

egqs suggests that they were obtaiced from the nests of other qreenlings.

Brittle star arns occurred in 333 a~d accoun?~d for 17.4 percent of the
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El/-l-(i
7/16
2/16

17
12
5

16
2

3/16
2/16N]uscdljus Sp.__—.

(mussel)
128/16

6.774/16Fusitriton orgc@nensis
‘{snail) 3.84
pagurus beringanus
(F,ermlt  crab) 1.922/16Elassuchirus gilli
(hermit crab)
Te~ness~ds cb.eiraqonW
~rti)

0.311/16

5.91
C!reqonia qracilis
(decorator crab)
fis.’n eggs

2.9
0.9

3/16
1/16Caxcer oregonensis_—

(crab)
cjastro@ operculum

6
1

3/16
1/16

2
1
2
1
1
9

1
5

1/16
1/16
2/16
1/16
1/16
2]16
1,/16
5/16

Sert.ul-larella
barnacle cizri
fishes, unid.
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4.4
4 .-1
f.1.~C<2ncer sp..—

(crab)
Ophiopilolis  aculeata
(brittle star)
fish egqs
(qreenlinq)

4 17.4

5/6 5 21.7

1/’6 1 4.4

2;6 2 8.7

l/6
1/6

3
1

13.0
4.4

Elassockirus  gilli—  —.
(hermit crab}

2/6 2 87.,
(brown algae)
P-ho:iophyta
(red algae)

2/6 2 8.7
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Pol:Jchaetes  and gammarid amphipods were also common. Based on these

linited nunbers, it appears that masked greenling are opportunistic

prz~ztors th~t feed on a variety  of epibenthic  organisms.

<.4.11 Szbastes melanops  {Girard) - black rockfish
& Sebastes ciliatus (Tilesius) - dusky rockfish

Blzck rockfish and dusky rockfish were initially recorded as

only one species - Sehastes rnelanows. This was due to our inability at

first to recac3::ize the two as distinct fish. However, a~f.er nom in-

to r.oderake  sizz schools along the edges of the kelp forest at Seltiovia

Poi3t. At times the sch~ols were mixed, Both species have been

observed to ft?eti. ciuring the day, but the condition of some of t!~e food

n>zerial su~gesks that it was ohtainsd during nocturnal hours.

Plad<ton is the most important component in the diet of the

c?us!:y rockfish. Calanoid ccpepods, ctenophores, megalows crab larvae,

c!l~:?toqilachs anti tomopteri.cl polychaetes were repeat food items. The se

sti~ze plankters ‘.~’ere  also found in the stomachs of black rock fish, how-

exJtiz SIT311 fishe= seem tO play a key role iIl the diets 0? ].:ir?-?r

ir.~i.viduals. FoK exarnpl.e, one S. r,elano.ps  had two ri~hteye :la\lnder—

in its stomach. In addition, juvenile rockfish and saacilance  were

CO”LSU?2d by black ~ockfi~?~ li~’ing of~ Seldovia Poiat.

A “ ~~ Feetiir.q  Pa?.terns  in Fishes ~rom Rocky Subti2al HabitatsY.%.

T>e thr~e main types of data collected regarding feed.izg by

ee.zh predator species are 1) prey taxa consumed, 2) n;mber of each prey

iten, and 3) number of predators consumicg each

0: zhe relative contribution to the total diet

prey item. A cov.parison

of e~.ch pretiatorp  in
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g&~.ruri2san a~.phipods
caridean s:hr imps
I.!arqarites  helicinus
(snail)
Lacuna sp
(snail)
Tonicella spp.
(chiton)—
fish eggs
(qreenling)
Paqurus berir.ga~us
(he~it cr~)
polychaetes
polycha2te jaws
Rhodop!:yta
(red algae)
gravel

2/4
2/4
1/4

l/4

2/4

l/4

1/4

3/4
1/4
2/4

1/4

6

20

1

1

?–b.,

3.5
53.3

5.7

0.8

0.8

0.s
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C:::sw-icg  mj@: pL-?y  item$  may provide a be~ter indication of prey

resource utilization acd competitive intsrzctions (Table 19). Major

pr~:l tzxa are $efined as those upon which over 2Q percent nf the sam-

ple population of at leagt Qns predator were observed to feed.

N!irieteen prey +tems qualified as major foods.

kh~se were planktoaic, and only dusky rockfish commonly

.MIOrlg the cemaining benthic prey, crustaceans dominated

Only four of

consumed them.

and epifaunal

organisms were more important than infaunal. Eight (53%) of the

ber?thic items were take~ as prey by at least half of the predator

.sSscies suggesting p~tentially strong competitive interactions. This

FaLtern ws particclzrly strong in crustaceans (e.g., Cancer oreconensis,. . —
‘~ am~hi~oss and hermit crabs] among Alaskancaridea.n shcim.p, ge.:marl.. .

roaquil, great sculgint red Irish lord, and kelp, rock, ‘whitespctted and

r,asked greenling.

Probably the most intense competition occurs between the four

gresnling specizs, This is apparently not only for feed but also for

nest sitss. Rest guarding behavior is necessarily quite aggressiv?  as

intiicated  by che high incidence of greenling eggs in the stomach con-

tents of tb.ose species, Both inter- and intraspecific nest robbir.g

occur seasorially.

Dusky rockfish And antlered sculpin had the most restricted

diets. The diets of these s~ecies zr?d rock sole differed most disk.inctl:;

~roln tp.e above mentioned group an~, from each other, with dusk~’ rockfi~h

specializing in planktonic forms, antlered sculpin in sea urchins and

rock sole in worns, limpets and possibly isopods.

S~ails were somewhat more iaportant  than indicatsd by Table 19,

but the issue is partislly hidden by the fact that eleven snail s~ecies
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V.-.25 kzksn by tht? most species {five predator~) , followed by Lac’lna spp.

(four predators).

4.4.13 Feedina Patterns in Fishes from Sand Beach

Stoaach contents of 83 specimens from 15 species collected in

beazh seine F.auls at Homer Spit were examined to ass~ss feeding patterns.

The raw data are presented in Appendix II. Forty-one food items were

identified, comprising mainly worms, crustaceans, clams and fish. Forage

species (sand lance, surf smelt, and capelin), salmon fry and stickle-

backs concentrated  on planktoni.c  food items(Table 20). Most other

species concentrated on benthic prey? especially gammarids and other

czrtstzceans. Pacific staghorn sculpin and several species of flatfish

also preyed o~ the major forage fish (sand lance and surf smelt). F?atnsr

szr>zisinqly although eleven polychaete taxa were identified as food

itsris, worms wers not a major food item for any fish species. Prey items

utilized by the largest number of species were gammarid amphipods,  cuma-

csans ~ harpacticoid cupepods, eggs, calanoid copepods and polychaetes

(Apger.di.:{ 11).
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5.0 SJJ:IIARY--

1. ~~.~ s:~~~l~.,{ v.a~er fish assemblages of Lower Cook Inlet include at

lesst 56 s~zcies which ars typically fo’~nd ix tlie nearshore zor.e.

Fourte?il ~ezc~~t of the fish were previously unreported in these

haters. T?.sse ar~: tube-snout, coppet rock.fish~ brown Irish lord,

scalyhead  sculpin, axctic shanny, .smoothheail  sculpin and bofiyhead

sculpin.

2. Survey9 wsre conducted during 1978 at several general areas on ths

east side of Coo!c Inlet (especially Jakolof Bay, Seldovia Point and

the northern shelfY. Field work was also e~rried out on the west

side of the Inlet around White Gull Island and in the vicinity of

~oll Eead Lagoon. Direct observations and quantitative sampling

was dope ~while SCYEL% diVin~ from 3-23 m below NDLLTA.

3. The composition of ths ichthyofauna was different at each location.

Jakolof 3ay and Seldovia Point wer”e most similar in terms of s~ecies

composition, while Jakolof Bay and the Northern Shelf were Xeast

similar. NDn-s?hooling species dominated the nearshore fish fauna

in all rocky locations. Sculpins (Cottidae},  greenings (Hexaaram-

mida.e) , ror.quils (Dathymasteridae) , and rockfi.shes (Scorpaenitae)

were the major families in the rocky subtidal zone. Xo-nwver, only

qreenlinq were common on rock habitats in Kamishak F.ay.

4. Replicate samples indicated that fish populations varied substan-

tially in space and time on both reck and sardsukstrates. Seldovia

Point had the highest numerical density, followed by JakoloE Bay

and the northern shelf. Overall mean density estimates ranged from

585 fish/hectare along the shelf to 1539 fish/hectare at Seldovia

Point. 12ensities  of dernefisal fish in inshore waters are highest in

summer and lowest in winter.

5. Black rockfish and dusky rockfish were the most abundant schooling
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fish in t h e  rocky  subtidal zo>e in Kache~ak  Eay, w;hile ~las~a~

6.

7.

8.

9.

10.

11.

1~.

ronquil and kelp qreenling were the dominant demersal species.

Other common species in terms of frequency Of occurrence were

whitespotted qreenling, rock greenling and northern ronquil.

In Kachemak Bay, the subtidal rocky reefs and outcropping that

occur along outside edge of the kelp forests usually supported the

highest density of fish. Shallow areas with abundant vegetative

cover were typically hicjh in species richness, especially during

summer months when there was an influx of fish into these habitats.

Whitespotted and masked greenling were the

on rock habitat in ~amishak Bay.

Demersal fish assemblages on stitidal soft

dominant demersal fishes

substrates were gener-

ally characterized by flatfish in both Kachemak and Kamishak i3ays.

Important species in the fish assemblage ona sand beach in summer

included Pacific sand lance, Pacific staghorn sculpin, English sole,

rock sole, sturgeon poacher and Dolly Varden. The catches were

dominated by juveniles. Several forage species were cocunon.

The only species observed on sand

Pacific staghorn sculpin and surf

low.

in winter were Pacific sand lance,

smelt. Densities were extremely

Beach seine catches varied significantly between high and low tide

in the summer at Homer Spit.

The stomach contents of 258 specimens, comprised of 31 species,were

examined for food material. Most of the non-schcoling species

encountered in shallow water were generalists or opportunistic pre-

dators. The most commonly consumed prey were ga,mmaridean amphipods,

brachyuran crabs, caridean shrim~>s, brittle stars, gastropotis  am?

hermit crabs.
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T13. The pre>~ groups most frequently ingested by the fish populations

from rocky  ?labitats

associated with the

1<. Eo2h planktonic and

assemblages on soft

on planktonic items

items or fish.

in lower Cook Inlet are epifaunal and strongly

m.acrophyte {seaweed and seagrass) resource.

benthic prey groups  are  ut i l i zed  by  f i sh

substrates . General ly ,  schoo l ing  spec ies  fed

whereas non-schooling species fed on benthic

.
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ABSTRACT

The marine fishes are an important component of the inshore fauna of

the northeastern Gulf of Alaska. The shallow water assemblages of this region

were examined underwater during August 1977 - August 1979. The study was

designed to provide a detailed description and an ecological analysis of the

fishes and their characteristic habitats. Baseline information was gathered

on fish abundance, density, biomass and patterns of habitat utilization.

Efforts were also made to identify important food web links and dietary trends

among the conspicuous species.

Sixty-eight species of fish, representing 16 families, were encoun-

tered in the nearshore zone. The collection included 14 species of fish which

were previously unreported in these waters. Species richness was generally

higher in exposed and semi-exposed habitats that were dominated by rocky sub-

strate and extensive algal growth. Patterns of habitat utilization were often

times subtle, and occurred as fish segregated in relation to various physical

parameters. Groups of fish were designated by their vertical position in the

water column (bottom, near bottom and pelagic) .

The rockfishes (Scorpaenidae) and greenings (Hexagrammidae) domi-

nated these assemblages numerically and by weight. The most important species

in terms of frequency and relative abundance was the kelp greenling. Other

species that predominated were the black rockfisht dusky rockfish, Alaskan

ronquil and whitespotted greenling. A total of 12,965 m2 was examined for

fish density and distribution along random or haphazardly placed transects.

Another 5,828 m2 was censused within fixed transect lines at 4 primary study

sites. Estimates of fish density varied at each location. Densities were

highest at Schooner Rock, followed by Danger Island, Zaikof Point and Constan-

tine Harbor. The estimates of density were converted to biomass values (kg/ha).

Fish biomass at Zaikof Point averaged 833 + 475 kg/ha during 1978-79, and this—
was probably representative of other inshore/rock assemblages in the NEGOA

region.

Marked seasonal changes were recorded in species richness, density
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and spatial distribution. Summer peaks in density, followed by strong declines

during oceanic winter, occurred at both exposed and protected sites. Bathy-

metric shifts occurred as the fish moved deeper or further offshore during

winter.

The stomach contents of 486 specimens, comprised of 26 species were

examined for food items. The bottom species preyed heavily on benthic inverte-

brates such as amphipods, polychaetes, snails, shrimps and crabs. Whereas,

rmre pelagic fishes dined on zooplankters and forage fish associated with the

water column. Overlaps in diet were strong, especially among the bottom

feeders. Most of the fish were quite flexible in their feeding habits, and

capitalized on the most abundant prey available to them in each area.
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1 . 0

The exploitation of

INTRODUCTION

marine resources in the region known as the

northeastern Gulf of Alaska (NEGOA) has steadily accelerated within the past

10 years. For example, during 1979, the value of commercial fishing in this

area was estimated at over 20 million dollars. Most certainly, this has

been a boon to the individuals who harvest, process and market the renewable

resources of the Gulf. Towns like Cordova, Seward and Yakutat depend to a

large extent on the fishing industry for a viable economy. Salmon has always

been the mainstay of the industry, however recently there has been some major

developments in the diversification of the commercial fisheries. Demands

from both foreign and domestic markets stimulated the expansion which ulti-

mately lead to increased landings of halibut, crab, herring, herring roe,

shrimp, and groundfish. In addition to the domestic catch by American fish-

ermen, there is a substantial catch of groundfish by the foreign fleet within

the 200 mile fishery conservation zone.

Despite the intensity of the current fishing effort and projected

expansion of the bottom fishing industry in the Gulf of Alaska, knowledge of

the inshore fish fauna is still only fragmentary and seems highly inadequate

if wise management of these multi-species assemblages is to be attained.

These problems are compounded by potential development of oil and gas

reserves in the northern Gulf of Alaska, and the daily transport of Alaskan

crude oil from the terminus of the pipeline at Valdez. The prospect that the

coastal zone could be adversely impacted by petroleum related activities

seems highly probable. Especially when considering the magnitude of the oil

spilled from the tanker Amoco Cadiz off the coast of France in 197f3P and the

blowout of Mexico’s Ixtoc I well in Campeche Bay, Gulf of Mexico. The risks

and impacts on nearshore habitats and associated fish and wildlife from large

scale chronic or acute containination  seemed great enough for the federal

government to initiate a major research program in the Gulf of Alaska. This

was accomplished through directives to the Bureau of Land Management (BLM) .

The proposed studies were carried out under the auspices of NOAA and the

Outer Continental Shelf Environmental Assessment Program (OCSEAP). These
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studies were initially designed to obtain the background information needed

to write the required environmental impact statement for the oil and gas

lease sales in the northern Gulf of Alaska.

The first phase of this study was designed to synthesize all known

information on the nearshore fishes of this region (Rosenthal, 1978) . A

reconnaissance of specific sites and associated fish fauna was also made in

the NEGOA region during Augustr 1977. The reconnaissance study and litera-

ture search indicated the need to obtain further information on the fishes

and their respective shallow water water habitats. The detrimental effects

of oil pollution and the sensitivity of the nearshore zone cannot be evalu-

ated until adequate baseline studies are completed.

The principal goal of this research project was to provide a

detailed description and ecological analysis of nearshore fishes and their

habitats in the northeastern Gulf of Alaska. This was to be accomplished by:

(1) describing the major habitats and evaluating patterns of habitat utili-

zation; (2) improving or adding to the current species inventory; (3)

estimating fish density and biomass; (4) analyzing the food habits of the

common species; and (5) assessing spatial and temporal distribution patterns

in the nearshore zone.
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2,0 STUDY SITES

The areas selected for study in the NEGOA region were chosen so

they might be comparable to other regions in the northern Gulf of Alaska.

This would allow forbetween area comparisons, and permit extrapolation of the

results to other adjacent geographical areas where the fish fauna was possi-

bly similar. Other considerations for chosing the sampling sites were: (1]

the presence of known populations of inshore fish; (2) those areas that had

been singled out as possible targets of oil and gas impingement due to

patterns of wind drift and oceanic circulation; (3) their accessibility to

boat and diving operations on a seasonal basis, and (4) they appeared to be

representative of some of the key habitats in the recjion.

2.1 General Description of the Area

The region under investigation is situated in the extreme north

Pacific Rim (Figure 1). A prominent feature of this area is Prince William

Sound, a great embayment surrounded by the Chugach Mountains, Kenai Peninsula

and the Copper River Delta. The waters of Prince William Sound are protected

from the Gulf of Alaska

Approximately

confined within an area

by a group of islands which border its southern flank.

3,000 miles of predominantly uninhabited coastline is

the size of Puget Sound, Washington (Hood, Shiels and

Kelley, 1973). The main physiographic  features of the region are the moun-

tains and the heavily wooded shoreline, In some plaaes the land rises

sharply from the water’s edge to summits 3,000 feet high. The coastline is

rocky and irregular. There are few

shores of Hinchinbrook  and Montague

sandy beaches, except on the southern

Islands.

2.2 Environmental Features

The NEGOA region has a temperate climate, although cyclonic storms,

wind and rain are regular features of this system. Sea water temperatures

observed in the upper

from winter minima of

and Game~ unpublished

5 m of the water column in Prince William Sound ranged

2°C to summer maxima of 15’C (Alaska Department of Fish

data 1973-77).
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Surf

wave

Turb

A great deal of Water MOvBMehk is t$,pi’cal to this environment.

pounds on the more exposed shores of the outer coast, while exposure to

action and tidal currents is highly variable depending oh the location.

dity is generally low. Over the past 3 yearsv tihe underwater visibility

ranged from 2 to 20 m, the average being about 8 to 10 m. Waker transparency

was also estimated with the aid of a standard secchi disc. Estimates of down-

ward irradiance averaged 8 m during the spring and summer investigation

period.

2.3 Description of the Study Areas

Ten general areas were established as study sites in the NEGOA

region from August 1977 through August 1979 (Table 1). However, only four of

these sites: Danger Island, Zaikof Point, Schooner Rock and Constantine Har-

bor were sampled ona regularor seasonal basis (Figure 1).

2.3.1 Danger Island

Danger Island is situated on the extreme southwest edge of Prince

William Sound. The site is strategically positioned between Latouche Passage

on the north and Montague Strait to the south (Figure 2) . These waterways

are major arteries that connect the Sound to the Gulf of Alaska. An exten-

sive reef extends for approximately 4 km off Latouche Point and eventually

merges with Danyer Island. The entire reef complex is exposed to westerly

ocean swells, and a great deal of drift accumulates along the beachlines.

Tidal currents are typically moderate to weak in the lee of Latouche Island,

however, further offshore where the water mass is not deflected by land, cur-

rents can exceed 3 knots.

The shallow zone is heterogeneous in relief. The bottom substratum

consists primarily of rock pavement overlain by boulders and cobbles. Num-

erous fractures and surge channels cut through the rock substrate, usually

the resulting depressions are collection points for coarse sands, gravel and

shell debris. Vertical relief on the southern end of Danger Island is sharp

with recorded depths of 30 fathoms only a few hundred meters from shore.

Dense stands of seaweeds and beds of bull kelp Nereocystis luetkeana grow

along the steeply-sloped shoreline, and extend to the 20 m contour. The algal
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FIGURE 2 - DANGER ISLAND, AS VIEWED FROM
THE GULF OF ALASKA

. .
L

FIGURE 3 - OVERVIEW OF CONSTANTINE HARBOR, A PROTECTED
ESTUARY ON HINCHINBROOK ISLAND



Table 1

DESCRIPTION OF THE STUDY SITES IN THE NJ3GOA REGION
AND SAMPLING PROCEDURES USED DURING 1977-79.

Location

Danger Island

Latouche Point

Elrington Passage

Peak Island

Naked Island

Little Smith Island

Zaikof Bay

Zaikof Point

Schooner Rock

Constantine Harbor

Sampling Key:

Habitat
Features

steep gradient, high
energy, rocky kelp bed

low gradient, medium
energyr rocky bench,
dense algal cover

moderate gradient,
medium energy, rocky
islet

moderate gradient,
medium energyr rocky
outcrop with sand
and shell debris

moderate gradient,
medium energy, rocky
substrate

moderate gradient,
medium energy, rocky
substrate

moderate gradient,
high energy rocky
reef, suspension
feeders abundant,
algal cover light

moderate gradient,
medium energy, rocky
kelp bed, algal
cover heavy

steep gradient, high
energyp rocky islet
with kelp bed

low gradient, med-
ium energy, eelgrass
meadow, with sand, mud
and shell debris

DO = Diving Observations
IC = Intertidal Collecting
PS= Poison Station
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Station
T y p e

primary

secondary

secondary

secondary

secondary

secondary

secondary

primary

primary

primary

Sampling
Procedures

DO,GN,HL
IC,PS

DO, IC

DO,PS

DO

DO

DO

DO

DO,GN,HL,
PS,IC

DO, HL

DO,IC

GN = Gillnetting
HL = Hook & Line



understory beneath the Nereocystis canopy was

erous species of brown, red and qreen algae.

by anemones, ascidians, bryozoans and sponges

submarine terrain.

2.3.2 Zaikof Point

On the south

rocky shelf. A number

also

Rock

were

thick, and composed of num-

outcrops which were covered

prominent features of the

side of Zaikof Bay, near the entrance, is a narrow

of exposed low profile ridges extend from shore into

the shallow sublittoral zone. Surface relief on the rock substrate is moder-

ate, with numerous ledges and crevices. The ridges merge with a rock terrace

at a depth of around 12 m. Beyond the exposed bedrock is an expanse of coarse

sand interspersed with rock and shelf debris.

A conspicuous feature of this location was the fringing bed of bull

kelp that occurred off the Point. During spring and summer the shallow areas

were overlain with a heavy undergrowth of seaweed.

typical of this location, and on either a flood or

floating portion of the kelp bed is usually pulled

This side of the bay is exposed to wind waves from

Strong tidal currents are

ebb stage of the tide the

beneath the sea surface.

the east and north, but

protected from long period storm waves out of the Gulf of Alaska.

2.3.3 Schooner Rock

A small rocky islet off the eastern end of Zaikof Point was the

primary study site in Hinchinbrook Entrance. Most of the underwater obser-

vations were made on either the north or south sides of Schooner Rock. The

leeward or northern portion appears to be somewhat protected from wave shock,

however, the opposite side is exposed to deep sea swell. ‘Tidal currents are

intense. On an incoming tide the water boils and eddies around the island

with such force that activities are confined to the north face of the reef.

Conversely, on an ebb the opposite is in effect as water flows out of the

Sound.

Small stands of bull kelp grew close to Schooner Rock along the

northern and western edges of the reef. The underlying substratum is composed

of pavement and rock. Vertical relief is gradual and then drops off sharply
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approximately 50 m from shore. A submarine boulder field occurs at around

15 me To the north the boulder field merges with an expanse of coarse sand

and shell debris. Algal cover along the rocky slope was moderate to heavy.

Surface relief is considerable, with crevices, small caves and ledges common.

The seaweeds do not extend much below 15 m. Encrusting corallines and num-

erous suspension feeders such as ascidians, anemones, soft corals and hydroids

cover most of the available

2.3.4 Constantine Harbor

rock  substrate .

On the east side of Hinchinbrook Entrance is a large embayment known

as Port Etches. Along the northern shoreline is a smaller embayment, Constan-

tine Harbor (Figure 3). The mouth of Port Etches is exposed to ocean swell.

The inner confines of the embayment complex is generally protected from storm

waves. The entrance channel to

than 100 m wide, with a maximum

Constantine Harbor from Port Etches is less

water depth of 8 m.

The bottom sediments in Constantine Harbor are composed of silt, mud

and gravel. Northwest of the entrance Channel is a long, narrow bed of bay

mussel Mytilus edulis. The eastern end is less than 5 m deep, and the bottom

substratum is comprised of unconsolidated fines. Eelgrass Zostera marina

formed a large, robust meadow in this part of the estuary. Rockweed was com-

mon in the intertidal zone, and laminarian kelps replaced the eelgrass in the

deeper parts of the Bay.
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3.0 SAMPLING METHODS AND TECHNIQUES

3.1 Field Procedures

Movement to the study sites and living accommodations while in the

field was provided by two commercial fishing boats. The M.V. Humdinger,  a 11 m

(36 ft.) troller was used as the dive platform in 1977. During 1978-79 the

M.V. Searcher, a 14 m (46 ft.) seiner provided the logistical support for the

field investigation. An outboard powered skiff (4 m) was also used for the

intertidal work or to retrieve the divers when the prevailing current made it

difficult to return to the surface craft. One person always remained on the

larger vessel while the others carried out the sampling activities.

Several different types of equipment and sampling procedures were

needed to adequately sample the fish fauna of the nearshore. These included

gill-netting, hook-and-line fishing and scuba diving. Durinq the scuba sur-

veys some fish were captured by hand, with spears or with the aid of chemicals.

3.1.1 Diving Techniques

Direct observations were made while scuba diving at depths from 2-

39 meters below MLLW (mean lower low water). Most of the diving was done

during daylight hours between 0800 and 1900 hours, however, a few exploratory

dives were made at night. Approximately 280 man hours were spent underwater

in these locations from 1977-79. The underwater surveys were designed to

gather both quantitative and qualitative information about the inshore fish

fauna of the NEGOA region. Efforts were directed towards the “character-

istic” species. Characteristic ichthyofauna were those “species that were

always seen, and that dominated the habitat, both numerically and in terms of

their demand and impact on

Diver-biologists

of the information in situ.—
density were run along the

in a perpendicular fashion

from the beach. Replicate

it” (Fager, 1968).

were the primary sample tool and they recorded all

on plastic slates. Transects to determine fish

shoreline at specific isobaths, or were extended

(inshore-offshore) at known depths and distances

counts were made at different times of the day.
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One observer

remainder of

separately.

counted all of the fish withih 3 M of the bottom~ fish in the

the water column were either hot censused or were enumerated

Transect lengths rang@d from 25 to 50 fi. Fixed transects, con-

sisting of polypropylene line (1.25 cm in diarne~er)p were positioned on the

bottom and held in place with galvanized spikes (2O cfi), rocks ahd small

boulders. Lines were emplaced at Zaikof Point, Schaone? Rock and Dahger

Island (Figure ~). Galvanized pipes, 2 ti in Iength* were driven into the soft

substratum at Ctmstarrtine  Harbor. The stakes were spaced every 5 mf and were

covered with a bright plastic to aid in Relocation.

Random or haphazardly placed transects were also run in the vicifi-

ity of the fixed lines. Ntierous transects were also esituh ifi other location’s

to increase areal coverage. O’tie eiid of the transect was secuked to a fixed

point on the bottom, ahd as the observer ran a eonlpass course the plastic

tape was unraveled. The transect bar-id was usually 2 m wide and 30 m long.

Frequetitly, tapes were left on the bottom between diVes to check the consis-

tency of the count, or to Compare fish abtindance  after an elapsed time interval

of 1 or 2 hours.

3.2 Fish Collections

Most of the specimens were collected durihg daylight hours with

spears and mesh bags. Some of the smaller oh more dr~ptic species were cap-

tured by injecting a (10:1) solution ofalcohbl and qtiifialdine  into areas of

the reef where the fish were hiding. Specimens were also taken on hook and

line, with artificial lures that were jigged above the bottom. Fishing froin

the sea surface was directed at those species that t?ete either encountered

below safe diving depths OK proved difficult to stalk and spear.

Monofilament gill-neks were fiShed inshore dbove rocky reefs and in

areas of heavy algal cover. ‘The nets were fished oh the bbttoti and along the

surface depending on the number uf floats ar the weight of the lead line.

They were 45 m (150 ft.) lbng and 2.7 m (9 ft.) deep, with six panels of vari-

able size web. Sampling occurted dtiting both riocktifhal  anddiurhal hours of

the day. Tli@ gill-nets w~te tisually fished from 12=18 hdurs.
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3.3

fish

Sample Processing

Several types of quantitative information were collected about the

and their respective habitats. The survey location, date, time, sea

surface temperature and bottom depth were recorded on data forms. Samples

were sorted to species and individuals counted, weighed (to the nearest gram

wet weight) and measured for standard length to the nearest millimeter. Fish

were sexed when possible and the condition of the gonad noted. When the fish

was collected for stomach analysis, the specimeti was dissected and the sto-

mach was removed. The contents were either extiined fresh or were preserved

in 10% formalin for later examination. The degree of stomach fullness was

recorded and the contents were inspected under a dissecting microscope. The

food

rank

items were identified to the nearest taxonr counted and a volumetric

assigned to each prey category.

Specimen identification and verifications were made using a nunher

of general and specific taxonomic keys that are available in the ichthyolog-

ical literature. Confirmation of these identifications were made by the

exchange of specimens and comparative material with taxcmomic specialists.

Difficult species were sent to Dr. Robert Lavenberg, Curator of Fishes, L.A.

County Museum of Natural History. h these instances the fish were identi-

fied and cataloged into the LACM collection.

3.4 Numerical Analyses

The quantitative data and field observations produced several num-

erical parameters that were useful in describing and evaluating the fish fauna

and their respective habitats. Species richness referred to the number of

species present during each census period. Species composition is described

as the overall assemblage that was observed in each of the study areas.

Frequency of occurrence is presented as a percentage or the number of times a

species was seen divided by the total number of censuses. Data regarding

relative abundance and density were calculated from observations and counts

in the transects. Abundance patterns were analyzed using numerical density

and depth. The fish density information was normalized and tabulated

according to the number of fish per m2 or fish\hectare. Standard deviations

are included to provide an indication of variability among discrete samples.
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Biomass was another measure of the importance of a species. Density was con-

verted to biomass values (kg/hectare) using mean wet weight measurements of

each species. Charts and graphs of species distributions and occurrence

would provide evidence of depth zonation  and composition in relation to habi-

tat type. The water column was arbitrarily separated into different strata

to facilitate segregation and species association.
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4.0 REsULTS

4.1 Species Inventory and Range Extensions

A total of 68 species, representing 16 families of fish were encount-

ered in the inshore waters of the northeastern Gu?.f of Alaska and Prince

William Sound (Table 2). Most of the fish were captured in the shallow sublit-

toral zone between 2 and 30 m. Some limited collecting was also done in the

littoral zone when the tidepools and rocky benches were uncovered during

periods of low tide.

Twenty-one percent of the fish fauna was previously unrecorded in

this geographical area. These sightings represent northern range extensions

for 14 species: Aulorhynchus  flavidus, Sebastes auriculatus,  Sebastes emphaeus,

Sebastes flavidus, Sebastes nebulosus, Sebastes nigrocinctus, Ophiodon

elongatus, Artedius notospilotusr Hemilepidotus  spifiosus, Jordania zonopes

Nautichthys oculofasciatus, Bathymaster  leurolepis, Ch2rolophis  nugator and

Stichaeus punctatus in the eastern portion of the Gulf of Alaska. The list of

Alaska species compiled by Quast and Hall (1972) was the major literary source

for determining geographical distributions.

Some of the species recorded in our current inventory had apparently

been captured before by commercial fishermen (personal communication), however

this information never found its way into the scientific literature. In other

cases the range extensions are probably the result of our employment of a dif-

ferent sampling scheme that emphasized direct observations and collections

made while scuba diving. For example, the longfin sculpin Jordania zonope was

previously reported only as far north as Barkley Sound, British Columbia (Hart,

1973) . This species probably went undetected because of its small size,

cryptic nature and preference for more exposed rocky habitats. Contemporary

marine studies have always been limited by the biases and constraints imposed

by the sampling program. The 68 species recorded as occurring in the near-

shore waters of NEGOA are not exclusively limited to this shallow water zone.

Complete depth ranges are not available$ since most are cosmopolitan with wide

ranges of distribution in the north Pacific Ocean.

470



eesq2 
:}S3SX fli\Sr\ s&cjn &\33s() s&s\ &kosO 

&cci oiq oM 
Os'\D jsT &3oism socci nhr 

soA 
es&da 

&md2. 
k}D &&Thd2. 

&S 
isci 

o3id aa 

SD3 &OY OJXH 
oo oi ]k4 O3YH 

&3'&t &3A 
OikJS &iiA 
3i&OO niA od c3 

&O3OSt} 
ro&d iktos'3 

&iicti'r oc 1 

JS3O OJ4tH 
n 

CjONO }JthbJ'OT.. 
3rk(OX'M 
&SCjOXO\M 

norvt oo3C) 

Table 2

FISHES COLLECTED IN THE
NEARSHOIU3 WATERS OF THX NORTHEASTERN

GULF OF ALASKA, 1977-79.

Common Name

Pacific herring
pink salmon
coho salmon
Pacific tomcod
walleye pollock
Pacific cod
threespine sticklebacks
tubesnout*
brown rock fish*
silvergray rockfish
copper rockfish
dusky rockfish
Puget Sound rock fish*
yellowtail rock fish*
quillback rockfish
black rockfish
China rockfish*
tiger rockfish*
yelloweye rockfish
kelp greenling
rock greenling
masked greenling
whitespotted greenling
lingcod*
padded sculpin
scalyhead sculpin
bonyhead sculpin*
crested sculpin
silverspotted sculpin
sharpnose sculpin
buffalo sculpin
antlered sculpin
red Irish lord
Pacific staghorn sculpin
yellow Irish lord
brown Irish lord*
bigmouth sculpin
longfin sculpin*
great sculpin
shorthorn sculpin
sailfin sculpin*
tidepool sculpin
grunt sculpin
ribbed sculpin
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Location

DI,ZP,SR
DI,ZP,CH
DI,ZP
DI,ZP,CH
SR
CH
OA
DI,ZP,SR
OA
DI
ZP
DI,ZP,SR,CH
DI
DI,CH,ZP,SR
DI,ZP,SR
DI,ZP,SR,CH
DI,ZP,SR
SR
DI
DI,ZP,SR,CH
DI,ZP,SR,CH
ZP,CH
ZP , CH
DI,ZP,SR,CH
DI,ZP,SR
ZP
DI
CH
DI,SR
DI
OA
CH,DI
DI,ZP,SR,CH
ZP,CH
DI,ZP,SR
ZP
SR
DI
ZP,CH,SR
SR
OA
DI , ZP
DI , ZP
ZP,CH
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Table 2 (Cent. )

Common Name

smooth alligatorfi sh
sturgeon poacher
Pacific spiny Iumpsucker
marbled snailfish
Alaskan rcmquil
smallmouth  ronquil*
searcher
northern ronquil
wolf-eel
high cockscomb
mosshead  warbonnet*
snake prickleback
Arctic shanny*
penpoint gunnel
crescent gunnel
prowfish
Pacific sand lance
flathead sole
Pacific halibut
rock sole
yellowfin sole
clover sole
English sole
starry flounder

Location

ZP
$X
2P
OA
DI,ZP,SR
SR,OA
CH
ZP , CH
DI~ZP,SR,CH
ZP
ZP
C!H
ZP,CH
OA
DI,ZP,CH
m?
DI,SR,CH
SR
DI,ZP,SR
DI,ZP,SR,CH
SR, CH
SR
SR
ZP,CH

DI = Danger Island

2P = Zaikof Point

SR = Schooner Rock

CH = Constantine Harbor

OA = Other Area (Elrington  Passage, Naked Island, Little Smith and Peak Island)

* = Extension of northern range.
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4.2 Species Composition and Relative Abundance

The species comprising the inshore fish fauna of Danger Island and

Schooner Rock are associated with the various habitats of the exposed rocky

coastline. Conversely, the fishes inhabiting Constantine Harbor more typify

those of protected estuaries and enibayments. Zaikof Point is an intermediate

between those two habitat types, and this could account for the diversity of

fishes found here during 1978-79.

A total of 38 species were collected at Zailcof  Point (Table 2). ‘l’he

heterogeneity of the habitat and movements of fish from adjacent areas prob-

ably accounts for the high species richness. Sixteen species were regularly

enumerated at Zaikof Point, and the greenings (family Hexagrammidae) com-

posed 56.2 percent of the fish fauna in the shallow sublittoral zone (Table

3). The kelp greenling was the most important species in terms of frequency

of occurrence and relative abundance. It was seen on all 22 surveys during

1978-79, and constituted 49.2% of the total abundance. Other abundant

bottom fishes were the Alaskan ronquil, rock greenling and red Irish lord.

The most abundant schooling fishes were black rockfish and dusky rockfish

which occupied the multi-layered kelp forest.

Danger Island, with 32 species, was second in species richness.

Seventeen of these species were commonly encountered off the southeast end of

the island. The roclcfish (family Scorpaenidae) were represented by six

species that were regularly counted and this group COmPriSe$L  66.2% of fish in

the nearshore zone (Table 4). The black rockfish and dusky roclcfish were the

dominant species in this assemblage. The kelp greenling was the most abundant

and widely distributed member of the solitary bottom fish guild. It was first

in frequency of occurrence, and total abundance was 20.4% in 23 surveys.

Other important bottom species were the longfin sculpin, lingcod and Alaskan

ronquil.

Twenty-nine species of fish were observed in the waters surrounding

Schooner Rock. Of these, approximately 19 species were regularly censused on

the north end (Table 5), and 10 species on the south end of the islet (Table

6) . The black rockfish and dusky rockfish were the most abundant schooling
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Table 3

FREQUENCY OF OCCUmNCE AND RELATIVE ABUNDANCES
OF FISH SPECIES AT ZAIKOF POII$T

Species Frequencyl Abundance %

Kelp Greenling 1.00.0 390 49.2

Alaskan Ronquil 77.3 91 11.5

Dusky/Black Rockfish2 13.6 !30 11,4

Black Rockfish 31.8 89 11.2

Rock Greenling 59.1 26 3,3

Red Irish Lord 63.6 25 3 . 2

Dusky Rockfish 40.9 19 2.4

Lingcod 54.5 15 1,9

Juveni le  Greenling 13.6 13 1 . 6

Whitespotted Greenling 40.9 10 1.3

Wol f -ee l 27.3 7 0 . 9

Y e l l o w t a i l  Rockfish 4.5 5 0 . 6

Masked Greenling 18.2 4 0 . 5

Padded Sculpin 13.6 3 0 . 4

Juveni le  Rockfish 4*5 3 0 . 4

China Rockfish 4 . 5 2 0 . 2

Total 792 100.0

1- Occurrence in 22 censuses. Expressed as a percentage of times in which
a species was encountered.

2 - Composed of dusky rockfish and black rockfish becauGe these species are
difficult to distinguish underwater.
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Table 4

FREQUENCY OF OCCURRENCE AND RELATIVE ABUNDANCE
OF FISH SPECIES AT DANGER ISLAND

Species Frequencyl Abundance ~

Dusky ROCkfiSh 52.2 216 23.0

Black Rockfish 52.2 197 21.0

Kelp Greenling 100.0 192 20.5

Dusky/Black Rockfish 52.2 149 15.9

Longfin Sculpin 52.2 43 4.6

China Rockfish 65.2 38 4.1

Alaskan Ronquil 65.2 22 2. 3

Juvenile Greenling 26.1 18 1.9

Lingcod 56.5 16 1.7

Yelloweye Rockfish 34.8 8 0.9

Juvenile Rockfish 13.0 8 0.9

Padded Sculpin 13.0 7 0.7

Rock Greenling 17.4 6 0.6

Yellowtail Rockfish 8.7 6 0.6

Tubesnout 4.3 6 0.6

Red Irish Lord 8.7 4 0.4

Pacific Halibut 8.7 2 0.2

Quillback  Rockfish 4.3 1 0.1

Total 939 100.0

1 - Occurrence in 23 censuses.
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Dusky/Black ~odcfish 54,5 75’1 33,3

Dusky RockfiSh 40,9 721 35.8

Alaskan Ronquil 86,4 203 10.1

Kelp Greenlincj 90 .9 172 8 . 5

Black Rockfish 36.4 62 3.1

Wol f -ee l 59,1 21 1 . 0

Y e l l o w t a i l  Rockfish 4 . 5 10 0 . 5

chifi~ Rockfish 22.7 9 0 . 4

Quillback  kockfish 27.3 8 0=4

Rock Greenling 27,3 6 0 . 3

Litigcod 18,2 5 0 , 2

Red Ir ish  Lord 27,3 6 0 . 3

Rock Sole 4.5 4 0,2

Padded  Sculpin 13.6 3 O*2

Great  Sculpin 9.1 3 0.2

Yellow Irish Lord 9 . 1 2 0 . 1

Paci f i c  Hal ibut 4 . 5 2 0,1

‘1’igeP Rockfish 4.5 1 0 . 1

Juveni le  Greenling 4.5 1 0.1

Bigmd~th  Sculpin 4.5 . . - .3 - 0 . 1. . . .

Tota l 2,011 100.0
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Table 6

FREQUENCY OF OCCURRENCE AND FU3LATIVE ABUNDANCE
OF FISH SPECIES AT THE SOUTH END

OF SCHOONER ROCK

Species Frequencyl Abundance %

Kelp Greenling 83.3 67 31.6

Dusky Rockfish 66.6 62 29.2

Alaskan Ronquil 83.3 29 13.7

Dusky/Black Rockfish 16.7 24 11.3

Black Rockfish 50.0 14 6.6

Padded Sculpin 66.6 5 2.4

Red Irish Lord 66.6 4 1.9

Pacific Halibut 50.0 3 1.4

Lingcod 33.3 2 0.9

Rock Greenling 16.7 1 0.5

Juvenile Greenling 16.7 1 0.5

Total 212 100.0

1- Occurrence in 6 censuses.

477



species. Scorpaenids were the dominant group with estimates Of relative abun-

dance of 78.6’% and 47.1%, respectively. The most abundant bottom fishes were

Alaskan ronquil, kelp greenling, wolf-eel, padded sculpin and Pacific halibut.

The protected site in Constantine Harbor exhibited the lowest

species richness value during 1978-79. Twenty-seven species of fish were

collected within this embayment on eight surveys. However, only 10 of these

species were seen with any kind of regularity (Table 7). The Hexagranmidae

was the most abundant familyf despite the fact that the kelp greenlincj did

not occur in the estimates of abundance. The dominant species in terms of

frequency of occurrence and abundance was the whitespotted greenling. Abun-

dance was estimated at 71.2%. Other abundant solitary bottom species were

starry flounder, Arctic shanny, masked greenling and crescent gunnel. The

most abundant schooling fishes in the eelgrass  meadow were juvenile yellow-

tail rockfish  and young Pacific tomcod.

Nine species were collected at all four of the primary study sites,

these include the kelp greenling, rock greenlingt Iingcod, red Irish lord,

y e l l o w t a i l  rockfish, dusky rockf ish , b l a c k  rockfish, wol f -ee l  and  rock  sole.

Comparisons of species composition and frequency of occurrence for the char-

acteristic species were made to determine similarity (if any) among the four

major  s tudy  s i tes . Differences between the sites in terms of  the most

frequently occurring species were found. Using a Spearman’s  Rank-Difference

Coefficient (Tate and Clelland,  1959) it  was determined that Danger Island

and Zaikof Point had the strongest relationship (rd=.94), with Zaikof Point

and Schooner Rock of intermediate relationship (rd=.76). Danger Island and

Constantine Harbor were least similar (rd=.4S.) in terms of species compo-

sition. Schooling species were present at Schooner Rock and Danger Island

on a year-round basis, where as they were only encountered at Zaikof Point

and Constantine Harbor on a seasonal basis.
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Table 7

FRXQUENCY OF OCCURRENCE AND RELATIVE ABUNDANCE
OF FISH SPECIES AT CONSTANTINE HARBOR

Species Frequency1 Abundance %

Whitespotted Greenling 75.0 126 71.2

Starry Flounder 62.5 9 5.1

Arctic Shanny 75.0 8 4.5

Yellowtail Rockfish 12.5 7 3.9

Masked Greenling 50.0 5 2.8

Crescent Gunnel 50.0 5 2.8

Pacific Tomcod 25.0 5 2.8

Fishes, unidentified 12.5 5 2.8

Rock Sole 50.0 4 2.2

Great Sculpin 12.5 2 2.3

Ibck Greenling 12.5 1 0.6

Total 177 100.0

1- Occurrence in 8 censuses.
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4.3 Spatial Distribution and Habitat Utilization——.——

The distribution of fish in relation to physical and biological

features of the marine environment was studied in both exposed and protected

habitats. Data obtained from 10 general locations suggest that partitioning

of the nearshore zone occurred over both space and time. At least, 3 dis-

tinct groups of fish emerged from these inshore areas: the bottom dwellers,

near bottom dwellers and pelagic schoolers. Group segregation was not always

distinct, as some species either occupied more than one habitat or shifted

and interacted with other species and depth strata. Habitat utilization was

only quantified during daylight hours. Important determinants of species

distribution were depth, vertical position in the water column, geological

features of the bottom and the type of vegetation or canopy level.

4.3.1 Bottom Dwellers

The kelp greenling was probably the most widely distributed member

of this bottom dwelling group. It was numerous everywhere, from shallow kelp

beds out to depths of around 30 m (Figure 5). During day it was frequently

seen resting on the sea floor. Even when it moved along the bottom it was

rarely more than a few meters above the substratum. Ninety-two percent of

the kelp greenling (N=152) were encountered less than 3 m off the bottom

(Table 8). This species was particularly common around rock outcrops and sub-

marine boulder fields which were covered by brown seaweeds and folious red

algae. Adult kelp greenling are solitary. The males and females were usually

segregated, and aggressive attacks towards conspecifics were frequent. Terri-

torial expression was common, at least on a seasonal basis. Spawning was

observed during October and November in northeastern Prince William Sound.

Rock greenling were conspicuous in the shallow kelp forests and

rock benches that were covered by lush growths of macroalgae. Unlike the

ubiquitous kelp greenling, the rock

(Table El). The adults are solitary

or swim close to cover during day.

October, a period of the year which

greenling was only common above 19 m

and either remain motionless on the bottom

Males are highly territorial from May to

concides with spawning and incubation.

The demersal eggs were usually deposited in small clusters on attached macro-

algae. Male rock greenling guard the egg masses against all intruders.
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Lingcod is the largest member of the family Hexagrammidae. It was

particularly common around offshore reefs and rocky islets. Most (51%) were

seen in boulder fields and rock piles below the lower limits of the kelp

forest (Table 8). Eighty-four percent of the lingcod were sighted at depths

of 10-29 m. Most of the fish were seated on the bottom or perched themselves

on outcrops and pinnacles. During early April 1979, lingcod were found on an

expanse of sand in 25 m of water at Zaikof Point. Lingcod rarely venture into

the water column except when startled or to pursue other fish. Large lingcod

(J70 cm) predominated at Danger Island, whereas most of the individuals at

Schooner Rock were either small males or immature females.

Wolf-eel are heavy bodied, eel-shaped fish. All were solitary in

distribution, and most often they occurred in rock dominated habitats. During

summer, brightly-colored juveniles were observed in shallow seaweed beds and

kelp forests. Howeverr most (92%) of the individuals occurred at depths below

10 m (Table 8). This is a rather secretive fish that characteristically pN-

trudes its head from crevices and rock piles. Eighty-nine percent of the

wolf-eel were partially hidden by the sea floor. On only four occasions were

wolf-eel encountered in exposed positions. In these instances large G1OO cm)

individual fish swam slowly over the bottom and cruised along the seaward

edge of the kelp forest.

The longfin sculpin was common at Danger Island from 10 to 29 m

below the sea surface (Table 8). It was not observed in the other 3 major

study sites during 1977-79. Preferred habitat was vertical rock faces, out-

crops and bathymetric rises in the pavement. All of the longfin sculpin (100%)

were positioned either on, or less than 0.5 m above the bottom. The underlying

substratum was usually dominated by sessile invertebrates such as ascidians,

bryozoans and sponges. Attached vegetation was sparse or absent, and usually

only a thin algal crust was present in the near proximity of this cottid. This

small fish would probably 90 unnoticed except for its brilliant coloration, and

aqqressive behavior. Territorial displays between conspecifics were commonly

observed.

The red Irish lord was distributed from the int.ertidal-subti  ~al fringe

483



(R
flV

W
dE

H
)

B
C

H
O

O
IIE

B
H

O
C

K
'

H
IIIC

H
W

IB
B

O
O

X
E

SIL
B

Y
IIC

E
114

L
JE

IV
IIO

w
:

10
H

V
B

IJY
J.

.0

3B
.V

U
l

1J
R

R
3H

3I
i

T
u0

14
e3

8u
-

--
30

I4
IJ

H
33

Q
IIO

M
JA

a
II1

U
M

3R
O

Z
fl3

T
M

M
l

33
M

A
T

aI
O

Jl
13

V
U

(.

0A
J8

A
M

IH
3

4a
uG

Jl
u

e

Ir
3A

q T
U

8U
A

H

48L



out to depths of at least 130 feet. All (100%) of the red Irish lord were

observed close to the bottom. A solitary species, it usually rested motion-

less along the face of a reef, or concealed itself beneath the algal understory.

The red Irish lord was associated with a variety of vegetation, from dense

stands of kelp to coralline  pavement and turf. Occasionally it was seen on sand

patches, however this fish was most often (72%) encountered around boulders and

rock pavement (Table 8).

Another small cottid that frequently occurred in these exposed habi-

tats was the padded sculpin. All of the individuals (n=17) for which habitat

data is available were observed at depths

these fish were found resting directly on

below 10 m (Table 8). All (100%) of

the bottom. Pavement rock, outcrops

and boulders were important features of their habitat. Attached vegetation was

light, however this may have been because in moderate to heavy cover the padded

sculpin is virtually impossible to detect.

The Pacific halibut was the largest member of the bottom dwelling

group . All of the halibut that were observed underwater were seen below 15 m.

The greatest number (86%) were encountered at depths from 10-29 m, and most

(64%) were observed as they rested motionless on sand patches, boulders and

rock pavement. Despite its large size and the habit of lying in exposed posi-

tions, most were difficult to detect. Usually this was because of it’s color-

ation on the dark side, which closely matched the surrounding substatum.

Halibut were common around the base of Schooner Rock. Halibut were seen on the

north side of this rocky islet in an expanse of coarse sand and shell debris

(Figure 6), however, on the south end the preferred habitat seemed to be a

boulder field of low relief. It was not encountered in shallow kelp forests or

areas with a heavy seaweed canopy.

The Alaskan ronquil was distributed across a number of depths and

microhabitats, however, most (93%) of the individuals were seen in water more

than 10 m deep (Table 8). Ninety-eight percent of the Alaskan ronquil were

encountered either on, or close to the bottom (Figure 7 ) . This solitary fish

was most often seen perched on rocky substrata, or posed beneath outcrops and

ledges. When disturbed, it frequently retreated under boulders and in
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reef crevices. It rarely ventured out into exposed positions except to give

chase to prey or attack intruders. Territorial expression was strong, and

intra-specific attacks were common. Mouth fighting between Alaskan ronquil

was witnessed on 2 different occasions. Distribution was seemingly not

affected by the type of bottom vegetation.

4.3.2 Near Bottom Dwellers

Representative species in this group include the China rockfish,

yelloweye rockfish, quillback rockfish, tubesnout, Pacific tomcod and dusky

rockfish. This guild for the most part consists of sedentary bottom fishes

which seldom move beyond the protection afforded by the sea floor. Durinq

day they typically hover from 0.5 to 3 m above the bottom. Some of the

solitary rockfish seek shelter in caves and rock crevices, while schooling

members of this group (dusky rockfish, tomcod and tubesnout) frequently rise

up in the water column beneath the kelp canopies.

39 m.

adult!

(loo%:

close

The China rockfish (Figure 8) was observed at depths between 8 and

Solitary juveniles were encountered in shallow kelp beds, whereas the

were common around rock terraces and boulder fields beyond 20 m. All

of the China rockfish were either positioned on the bottom or hovered

to it (Table 8). Most of the habitat occupied by adult China rockfish

at Danger Island was sparsely covered by macroalgae. Foliose red algae and

encrusting corallines were present in the area, although sessile invertebrates

such as bryozoans, ascidiansr sponges and anthozoans occupied most of the

available solid substrate. The deeper dwelling adults appeared to have a

definite homesite. Ripe females were observed during June and July at Dan-

ger Island.

One of the fish that seemed to have a distinct association with the

China rockfish was the yelloweye rockfish. Yelloweye  rockfish or red snapper

as it is commonly known, was observed underwater from 20 to 39 m (Table 8) .

Based on hook and line catches, this species goes below the lower limits of

our diving capabilities, and extends into rough bottomed habitats well off-

shore. Solitary in distribution, the yelloweye rockfish was encountered ar@u:ld

the same type of bottom habitats as the China rockfish. The juvenile as well
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as the adult fish was always close to the bottom, and when frightened or pur-

sued it usually sought refuge in a rock crevice or cave. FMnale yelloiueye

rockfish bearing pre-extrusion larvae were collected during late June and July

1979.

Another solitary bottQm species was the quillback rockfish. Juve-

niles were found as shallow +s 13 m along the lower edges of the kelp forest

at Schooner Rock, Most of -t@ quillbacks  around Schooner @oek were sulmdults.

Adults were captured further offshore. At Danger Island, the quillback rock-

fish was encountered around steep cliffs and rock pinnacles at depths of

between 27 and 33 meters. This species generally hovered close to the bottom

or rested along vertical rock walls. Seventeen percent of the

feeding in the water column

current.

‘W3esnout  usually

(Table 8), while oriented into the

move in loose aggregat ions  of 3 to

Eish were seen

prevailing

15 fish. Most

of the fish schooled close to the shoreline or swam slowly over the bottom.

This species was rarely far from cover provided by the multi-layered kelp

forest. No tubesnout were encountered below 20 m. Their cryptic coloration

(golden-brown) and cylindrical body shape, which resembles a piece of algae,

makes them difficult to detect. Sixty percent of the tubesnout seen during

the course of this study were observed from 0.5 to 3m above the sea floor

(Table 8). The rest hovered in mid-water beneath the canopies of bull kelp.

Tubesnout were only seen in these

fall . Apparently it migrates off

winter.

exposed areas from late spring until early

the inshore bench with the approach of

The pacific tomcod is one of the most ubiquitous fish in the inshore

waters of the Northern Gulf of Alaska. It has been collected in a variety of

habitats ranging from eelgrass  meadows and protected harbors to outer coast

kelp beds. Because of its wide ranging distribution this species is charac-

teristic of a number of habitat types. Young tomcod were common in the

exposed kelp forests and seaweed canopies at Danger Island and Zaikof Point.

All of the tomcod were encountered at depths from 5 to 20 m, and 65 percent

of these were not higher than 3 m above the underlying substratum (Table 8).
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They usually occur in small to medium size schools of 10 to more than 100

individual fish.

Adult and juvenile dusky rockfish  were found in a number of habitats

and utilized different strata in the water column. During summer the dusky

rockfish congregated close to the bottom in areas that were visually dominated

by boulders and low statured kelps. Juveniles were numerous in kelp forests,

and hovered in small aggregations under the bull kelp canopy. The dusky rock-

fish was encountered from near sea surface to depths of 39 m (Table 8). The

juveniles were usually segregated from the larger fish. Dusky rockfish form

large schools, which at times contain a congener, the black rockfish. Schools

occur most often in bay and ocean entrances, along rocky reefs and around

islands where tidal current is moderate to strong. When frightened or pursued,

the dusky rockfish seeks cover under ledges or moves into crevices or depress-

ions in the rocks. Ripe females appeared to be more cryptic during the spawning

season

4.3.3

(May-July). The pelagic larvae were released in June and July.

Pelaqic Schoolers

This group of fishes was usually found higher in the water column.

Species comprising this epipelagic assemblage were found from the littoral-

sublittoral fringe out to around the 60 m depth contour. All of these species

are highly mobile and are known to occur either further offshore or at deeper

depths than they were collected in 1977-79. Some of the species are migratory,

and move inshore at only certain times of the year. Other members of this

guild are associated with a number of other habitats, but are placed into this

pelagic group because of the frequency with which they were encountered.

Two dominant rockfish species, the dusky rockfish and black rockfish,

formed large schools in the nearshore. At times they were found along the

bottom (Figure 9), however they also moved freely in the water column and

aggregated at mid-depths. These pelagic schools were frequently orientated in

the direction of the prevailing current. Juveniles usually congregated around

the shallow kelp forests, whereas the adults were more common further offshore.

Black rockfish were collected from near surface out to 60 m (Fiqure 10). M o s t

of the larger fish were observed around rock promontories and above areas with
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rugqed relief. This fish was encountered more times (60%) in the water column,

from 3 m to the surface, than it was on the bottom (Table 8). The black and

dusky rockfishes  were present in these same general locations throughout the

study period, however densities and depth distributions varied seasonally.

Juvenile yellowtail rockfish  appeared inshore during late spring and

remained throughout smer. Schools of juvenile yellowtail rockfish were

encountered at all of the major study areas during 1978-79. Most of the con-

centrations occurred from near surface to depths of 20 m. The yellowtail

rockfish was active during day. The schools were frequently mixed with young

black and dusky rockfish. Juveniles were most often seen (85%) at mid-depths

beneath canopies of bull kelp (Table 8). A few adults and some larger juve-

niles were collected further offshore. The adult fish did not appear to be

associated with any particular type of bottom vegetation, however the under-

lying terrain was usually quite rugged with rock pinnacles and steep cliffs.

The major forage species in terms of frequency of occurrence was the

Pacific sand lance. Hundreds to even thousands of sand lance have been

observed in individual schools along the shores of Prince William Sound. Some

of the aggregations were located just under the sea surface, while others were

encountered near bottom at depths of 25 to 30 m. This species exhibited more

versatility in terms of habitat utilization than any other fish in the region.

Besides forming large pelagic schools, sand lance utilize the benthos by

burying themselves in the sand and gravel. They also occupy the littoral zone

by digging into the softer beach sediments.

Another important forage fish in the northeastern Gulf is the Pacific

herring. Herring were abundant in the spring and summer of 1977-79. Juvenile

herring frequently congregate around steep cliffs, rock outcrops and kelp for-

ests. Few adults were collected or observed in the exposed shallow water

habitats. The young fish generally hover in small to moderate sized schools,

at depths of between 3 and 30 m (Table 8) . The larger size-classes of herring

were conumn in protected nearshore areas during the spring spawning season

(April-May). These habitats are visually dominated by seaweeds and seagrasses,

which are important substrates for the depositionof herring eggs.
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The Puget Sound RoCkfish  was first observed at Danger Island during

summer 1979. I~di.vidual fish were encountered at d~pths from 24 to 39 h

(Table 8). Small groups of fish w~ke observed near bottom under overhanging

ledges and within crevices in the reef. Larger s~hools containifig  hundreds of

fish, were found higher up in the water column. TT@se aggregations of both

juvenile and adult Puget Sound rockfish were most fitinfkrous along the rock ter-

race below the boulder Field. Here the bottom is steeply sloped~ and falls

away sharply into a submarine valley with more cliffs and pitinacles. The

underlying sea floor was covered by encrusters Such as coralline algae, btyo-

zoans, ascidians and sponges. Ripe female Puget Sotind rockfish were collected

Frum these Schobls during late July.

One other fish that should be mentioned in this pelagic group is the

silvergray  rockfish. Adult fish were collected off the southeast end of Dan-

ger Island during 1979. The silvergray rockfish was ohly encountered in the

water column, hovering in small schools above rugged terrain between 30 and

39 m. However, the steepness of the island and the depths over which these

fish were swimming precluded our expansion of the data beyond the hook and

line catches and the cursoty diving observatiafis.



4.4 Estimates of Fish Density

The density of fish at Zaikof point ranged from 0.013 to 0.220 fish/

m2 in the fixed transects (Table 9). The average density was 0.111 fish/m2, or

1,110.2 + 675 fish/hectare in 13 census periods.— Density was also determined

from random transects (4,100 m2) and these estimates ranged from 0.012-0.181

fish/m2, with an average of .089/m2 or 889.6 + 663.3 fish/ha (Table 10).— The

kelp qreenlinq had the highest average density during 1978-79. Another non-

schoolinq  species that exhibited a high density was the Alaskan ronquil.

Schooling species (dusky rockfish and black rockfish) displayed high densities

during summer. Distinct seasonal fluctuations were recorded in this location.

The highest estimates of fish density were made during August, and this was

consistent for both years (1978-1979). Low densities were recorded during

April and May in both random and fixed transects. There was a notable absence

of all fish in the shallow portions (s10 m) of the kelp forest during early

spring.

Densities were considerably higher in the shallow sublittoral waters

off the north end of Schooner Rock. Estimated fish density ranged from 4,083.3

to 10,916.6 fish/ha in the fixed transects (Table 11). The average density

during 10 surveys was 7,925.0 + 2,473.8 fish/ha. Densities were more conserva-—

tive in the random transects that were run between the 7 and the 24 m depth

contour. Fish densities ranged from 233.3 to 8,500 ind./ha and averaged

4,436.2 fish/ha in 12 censuses from August 1977 - July 1979 (Table 12). The

high densities were attributed to the presence of large schools of dusky rock-

fish and black rockfish which are known to occur on a year-round basis along

the outside edge of the kelp forest. Typically r the dusky rockfish hovered

close to the bottom, whereas the black rockfish was distributed higher in the

water column. This distribution pattern usually accounted for the dominance

of dusky rockfish in the censuses, since attention was usually directed along

the bottom. More demersal fishes, such as the Alaskan ronquil and kelp green-

ling also contributed to the high densities of fish at Schooner Rock. The

averaqe density of the kelp greenling was 0.043 ind./m2, as compared to the

Alaskan ronquil with an average density of 0.051 ind./m 2 in all of the combined

transects.
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Table 9

DENS ITY ESTIMATES OF SONE CCJNSPICOOUS FISH
AT ZAIKOF  POINT (fixed transects)

Taxcm

Ousky/131 ack Rock fish

12usky Rockfish

B1 ack Rock fish

i(elp Greenling

F@ck Greenl Mg

white spotted Greenl  i ng

Masked Greenling

Lirgcod

Red Irish Wrd

wolf -eel

Alaskan Rnnqui 1

Padded ScuIpin
g
&

Total No. Fish

Area Examined (m2)

Dansity (fish/m2)

aensity (fish/hectare)

8/29/78

0.060

/

/

0.117

a.o13

0.003

0

0

0.003

0.003

0.020

0

66

300

0.220

2,200

9/9/78

o

/

/

0.933

0.010

0

0

0.003

0

0.003

0.013

0

37

300

0.123

1,233

2L?LZY

o

/

/

0.160

0.010

0.003

0

0.003

0

0.003

0.023

0

61

300

0.203

2,033

Overall  OensitY (= : s) = 1110.2 I 675.3 fish/hectare

* . Replicate census on the same day

4/8/79

o

/

/

0.030

0

0.003

0

0

0.006

0

0

0

12

300

0.040

4Q0

22L?2
o

/

/

0.027

0

0.003

0

0

0

0

0.006

0

11

300

0.037

366.6

Zu?z
/
o

0

0..013

0

0

0

0

0

0

0

0

4

300

0.013

133.3

W!!iE”

/
o

0

0.027

0.003

0

0

0

0.003

0

0.003

0

UL?2
/

0.003

0

0.057

0.006

0.003

0.003

0.003

0.010

0

0.010

0

Q@!&!

F
0.006

0.003

0.0.53

0

0

0

0 .0U3

0,003

0

0.023

0.003

11 29 29

300 300 300

0.037 0. (397 a.097

366.6 966.7 966.7

!wY.z2’

/
0.003

0.003

0.050

0.003

0.003

0

‘o.aa3

0.006

a

0.017

0

27

300

0.090

900

U.@

/
0. WJ6

o.03rJ

0.060

0

0

0

0

0.013

0

0.023

0

40

300

0.133

1,333.3

W?&!

#
().003

0.070

0.070

0

0.003

0

0

0.003

0

0.017

0.003

51

300

0.170

1,700

!zw.?.2

/
0.006

0.077

0.060

0.006

0.003

0.003

0

0.003

0

0.020

0.003

55

300

0.183

1,833.3

/ = Not Counted - The rock fish counts had to be re-examined prior to Hay, 1979,
because two species [Sebastes  melanops & ~. ci liatus)  were confused. A
category which combined the two was established.



Table 10

DENS I TY EST IWATES OF SO~. CONSP ICIJOUS
FISH AT ZAIKOF POINT (random trar,sects)

Ta xon

Ousky/Black Rock f ish

Dusky Rock fish

Black Rock fish

China 130ckfish

Yellowtail Rockf ish

Kelp Greenling

Rock Greenling

WhitesPotted Greenling

F@sked Greenling

Green ling, unid.

Lingcod

Red Irish Lard

~ WOI f-~el
u-l

Alaskan Ronqui 1

Padded Sculpin

Pacific Halibut

Fishes, unid.

8/15,/78

0.080

/

/

o

0.006

@.072

0.002

0

0

0

0.004

0.001

0.002

0.012

0

0

0

9/9/78

0.022

/

/

0.003

0

0.097

0.008

0.006

0.003

0

0

0

0

0.003

0

0

0.006

4/8/79

o

/

/

o

0

0 . 0 1 3

0 . 0 0 2

0

0

0 . 0 0 8

0

0

0

0

0

0

0 . 0 0 5

4/9/79

o

/

/
o

0

0.011

0

0

0

0

0

0

0

0.001

0

0

0

4 / 1 0 / 7 9

o

/

/

o

0

0.011

0

0

0

0

0.005

0.011

0

0

0

0.005

Z!.w?.?

/
o

0

0

0

0.02

0

0

0

0.011

0.003

0

0

0

0

0

0.005

Ws!d.2
/

0.005

0

0

0

0.011

0.003

0

0

0

0.003

0.005

0.003

0.028

0

0

0

Zf2z.?2

/
0.01

0.050

0

0

0.033

0.004

0

0

0

0.004

0.008

0

0.017

0

0

0

!wYE

/
0 . 0 1 4

0 . 0 6 1

0

0

0 . 0 3 3

0 . 0 0 5

0 . 0 0 3

0

0

0 . 0 0 5

0 . 0 0 5

0 . 0 0 3

0 . 0 3 3

0 . 0 0 3

0

0

Total No. Fish 145 53 17 10 6 16 21 31 60

Area Examined (m2 ) nlJo 360 600 840 180 360 36(J 240 360

Oensity (fisdl/m2) 0.181 0.147 0.028 0.012 0.033 0.044 0.058 0.129 0.167

Oensity  (fid,/hectare) 1 ,812.5 1,472.2 283.3 119 333.3 444.4 583.3 1,291.7 1,666.7

Corrected depth (m) 6-16.5 9-16.5 9-13.5 6-16.5 15-23 4.5-2o 15-24 9-17 6-16

OVeral  i l)u,lsi  Ly (~ + S) - 889.6 + 663.3—

/= N<>t C’,,,,,lt ~(j



Table 11

DENSITY ESTINATES  OF SOMS CONSP ICUDOS FISH
AT SCHOONER ROCK, NORTN END ( f ived transects )

Taxon

Dusk y/Black Rock fish

Dusky Rock fi::h

Black Rockfish

China Rockf i sh

Quillback Rockfish

=lP Greenl  ing

Rock Greenl iny

Lingccd

Red Irish Lord

Yellow Irish Lord

Padded Sculpin

Alaskan Ronquil
z
m Wolf-eel

Total No. Fish

Area Examined

Density (f ish/m2)

Density (fish/hectare)

Biomass (kg/ha)

9/lc/78

0.708

/

/

0.017

0..008

0.067

0

0.098

0

0

0

0.100

0 . 0 1 7

111

120

0.925

9,250

7,176.6

9/lo/78*

0.025

/

/

0.025

0.008

0.083

0.000

0

0

0

0

0.017

0.017

120

120

1.00

10,000

7,209.3

Overall Density (= z S) = 1,925 ~ 2473.8

!L!2LE
0.383

/

/

o

0

0.008

0

0

0

0

0

0.017

0

49

120

0.408

4,083.3

3,136.6

2L!!m.2
0.533

/

/

o

0

0.058

0

0

0

0

0.008

0.033

0.008

77

120

0.642

6,416.7

4,852.1

WwE’

0.525

/

/

o

0

0.067

0

0

0

0

0.008

0.050

0.017

80

120

0.667

6,666.6

5,059

ZEm2
/

0.858

0.033

0

0.008

0.042

0.008

0

0

0

0

0.092

0.008

126

120

1.050

10,500

8,169

W@

/
0.017

0.350

0

0

0.058

0. Q08

o

0.008

0

0

0.042

0,008

59

’120

0.492

4,916.6

3,082.3

6/4/79*

/

0.025

0.417

0

0

0.833

0.008

0

0.008

0.008

0

0.100

0.008

79

120

0.658

6,583.3

3,840

6/19/79

/

o

0.800

0. ooa

0.006

0.058

0

0

0

0

0

0.108

0.008

119

120

0.992

9,916.6

5,944

7/5/79

/

0.008

o.a~o

0.008

0.008

5
0
0
0

0.008
0.0f)8
0.150
0.008

131
120
1.09
10,916.6
6,337.7

* . replicate census on the S= day

/ = NDt Counted



Table 12

DENS IW ESTIMATSS  OF SOMB CONSPICLKXIS  FISN
AT SCRMX4ER  MCK, NORTH END (random transects)

Taxon

Dusky/Black !+ockf i sh

Dusky Mckfish

Black Rockfish

China Rock fish

Quillback  Rockfish

Yellowtail Rock fish

Tiger Rockfish

Kelp Greenling

~ck Greenling

Lingcod

Red Irish Iard

Yellow Irish Lard

~ Alaskan Ronquil

Wolf-eel

Great Sculpin

Rock Sale

Pacific Halibut

Total No. Fish

Area Examined (m2)

Den~lty  (fish/m21

Densi Ly (fish/hectare)

Biomass (ky/ha)

Corrected Depth (m)

8/15/77

o

/

/

o

0

0

0

0.080

o.n40

o

0

0

0.240

0

0

0

0

9

25

0.36

3,600

869.6

7-9

8/16/77

0.133

/

/

o

0

0.048

0

0.057

0.005

0.009

0

0

0.029

0

0

0

0

59

210

0,281

2,809.5

1,939.6

12-18

8/17/77

0.350

/

/

0.017

0.025

0

0.008

0.033

0

0.008

0.008

0

0.200

0

0

0

0

78

120

0.650

6,500

4 , 0 0 5 . 6

12-14

SL!.!2z
o

/

/

o

0

0

0

0

0

0

0.008

0.008

0

0.025

0.008

0.033

0.017

12

120

0.100

1,000

3,872.8

18-24

5/19/78

0.339

/

/

o

0

0

0

0.033

0

0

0.005

0.005

0.089

0.022

0

0

0

89

180

0.494

4,944.4

3,611.4

16-17

9/10/78

0.400

/

/

o

0

0

0

0.050

0

0

0

0

0.042

0

0

0

0

60

120

0.500

5,000

4,223.8

15-17

5/18/79

0.383

/

/

o

0

0

0

0.043

0

0

0

0

0.022

0

0

0

0 ,

269

600

0.448

4,4B3.3

3,342.6

15-20

YA2E!
0.023

0.130

0.041

0

0

0

0

0.032

0

0.001

0

0

0.009

0

0

0

0

156

660

0.237

2,363.6

1,687.3

14-18

5/20/79

/

o

0

0

0

0

0

0.023

0

0

0

0

0

0

0

0

0

7

300

0.023

233.3

133.7

8-9

6/4/79

/

0.750

0.100

0

0

0

0

0

0

0

0

0

0

0

0

0

0

102

120

0.850

8,500

6,833.5

16-17

/
0.420

0.67

0.013

0.003

0

0

0.047

0.073

0

0.003

0

0.073

0.003

0.007

0

0

ZL2m

/
0.433

0.083

0

0

0

0

0.117

0

0

0

0

0.133

0.017

0

0

0

179 47

300 60

0.597 0.783

5,966.6 7,833.3

3,561.5 4,832.2

15-18 18-19

Overall Density (; + s) = 4,436.2 + 2,564.6

/= Nut counted



Distinct differences in depth distribution and fish density occurred

off the south end of Schooner Rock , which is exposed to direct ocean swell

from the Gulf of Alaska. During early April 1979, there was a paucity of fish

life above 10 m, as only one individual (padded sculpin) was encountered in

the random transects that were placed across the face of the reef. However,

less than 100 m offshore at depth intervals of between 17 and 24m, density was

estimated at 1,062.5 fish/ha (Table 13). When the shallow portion of the reef

was revisited on July 3, 1979 density had increased to 1,666.6 fish/ha. The

deeper depth contour had an estimated density of 3,500 fish/hectare.

Estimates of fish density at Danger Island were determined from both

random and fixed transect lines. Density ranged from .050 to 0.411 fish/m2 in

the randomly placed transects (Table 34). The average was 0.153 fish/m2 or

1526.9 + 800 fish/hectare in 16 censuses. The black and dusky rockfishes had

the highest densities at depth intervals between 6 and 30 m. Estimates of

kelp greenling density ranged between 0.012 and 0.643 ind./m2. In the near

proximity of the fixed transect that was emplaced between a depth of 21-23 m,

the same two schooling species (black rockfish and dusky rockfish) exhibited

high densities. The longfin sculpin had the highest average density (O.083 ind./

m2) of any solitary bottom dwelling species (Table 15). Fish densities along

fixed transect number one were extremely stable during the 7 census periods.

Density ranged from 4~333.3 to 6,333.3 fish/hectare.

Fish densities in Constantine Harbor ranged from 55.5 to 1,800 fish/

hectare (Table 16 & 17). The average density during the three seasonal visits

was lr211.1 ~ 664.8 fish/ha. Non-schooling species (whitespotted greenling,

Arctic shanny, starry flounder etc.) were dominant in the counts, although

small schools of juvenile yellowtail rockfish and immature tomcod were fre-

quently observed in the eelgrass meadow. Whitespotted greenling was the most

common fish? with density estimates ranging from O to 0.123 ind./m2.

498



Tdble 13

DENSITY ESTIMATES OF SONS CONSPICUOUS FISH
AT SCI03JER RwK, SOUTH ENU (random transects)

Taxon

Dusk~/Black Mckfish

Ousky Rockfish

Black F@ckflsh

Kel EI Grt?enling

bck Greenlinq

Greenling, unid.

Lingcod

Red Irish Lord

Padded Sculpin

Alaskan Ronquil

Pacific Halibut

Total No. Fish

Area Examined (IU2 )

Oensity (m2)

Density (fish/hectare)

Corrected Depth

Biomass (kyfi~)

twccall  Oermlty

4/11/79

0 . 0 5 0

/

/

0 . 0 3 1

0

0.002

0

0

0

0.021

0 . 0 0 2

51

480

0 . 1 0 6

1 , 0 6 2 . 5

(m) 17-24

980.1

4/11/79

o

/
,,

0

0

0

0

0

0.008

0

0

01

120

0.008

83.3

9-11

0.83

(;$ s)= 1,931.7 31,241.6

6/5/79

/

0 . 1 1 7

0 . 0 2 2

0 . 0 8 9

0

0

0 . 0 0 3

0 . 0 0 3

0 . 0 0 3

0 . 1 0 0

0 . 0 0 3

97

36o

0 . 2 6 9

2 , 6 9 4 . 4

1 7 - 1 9

2 , 1 6 7 , 8

6/18/79

/

0.083

0

0.092

0

0

0.083

0.008

0.o17

0.042

0.008

31

120

0.258

2,583.3

1s-19

3,083.7

7/3/79

/

0.117

0.067

0.100

0

0

0

0.167

0.167

0.033

0

21

60

0.350

3,500

19-22

2,082.4

7/3/79

/

0.050

0.033

0.050

0.017

0

0

0

0

0.017

0

10

60

0.166

1,666.6

9-11

1,008.3

/- Not Co””te(j



Table 14

DENsITY  ESTMAT5S  OF SONS COt4SPICUOUS  FIS!f
A T  D A N G E R  I S L A N D  ( r a n d o m  trrtnsects  )

Taxon.

Dusky /Black  Rockfish

Dusky Rockf ish

Black Rockfish

China Rockfish

Yel loweye Rockf ifih

Yel lowtai 1 Rock@ish

Qui llback Roekf-ish

Kelp Greenling

Rock Greenling

Greenling, Uni@.

Lingcod

LOngfin sculpin

Red Irish Lord

Padded Sculpin

Pacific Halibut

Alaskan ROWAil

lWbesnout

sockf i sh, unid.

8/26/77

0.100

/

/

0.008

0.008

0

0

0.042

0

0

0

0

0

0
0

0.008

0

0

Total No. Fish 20

Area Examined (m2) 120

Density (fish/m2) 0.167

Density (fish/hectare) 1,666.7

Biomass (kg/ha) 1,383,6

Corrected depth (m) 22-23

0/27/77

0.035

/

/

o

0

0.022

0

0.069

0.004

0

0

0

0

0

0

0

0

0

30

230

0.130

1,304.3

720.4

13.24

w2L!z?—.———.—8/29/77
K?!?.@

0.062

/

/
0.006

0.006

0

0.006

0.044

0

0

0.025

0.012

0

0

0

0.006

0

0

27

160

0.169

1,687.5

2,372.2

20-30

0.0143

/

/

o

0

0

0

0.064

0.002

0

0

0

0

0

0

0.002

0

0

35

420

0.083

833.3

494.2

14-18

0.233

/

/

O.O25

0.008

0

0

0.017

0

0

0. 00s

o

0

0

0

0. ma
o
0

36

120

0.300

3,000

2,851

20-22

2!Q.LE
0.167

/

/

(f

0.008

0

0

0 . 0 2 0

0

0

0 . 0 0 s

o

0

0

0

0

0
0.

27

120

0.225

2,250

2.287.2

22-23

8/11/78

0.067

/

/

o

0

0

0

0.067

0

0

0

0

0

0

0

0

0

0

8

60

0.133

1,333.3

916

22-24

8 / 1 4 / 7 8

0.005

/

/

o

0

0

0

0.045

0.002

0

0

0

0

0

0

0

0

0.005

23

400

0.05?

575

313.9

6-13

Overall Density (i ~ s) = 1,881.3 ~941.4

/ = Not Counted



Table 14 (cont. )

DENSITY ESTIMATES OF SONE CONSPICOOIIS  PISII
AT DANGER ISLAND (ra”dm transects)

Taxon

Dusky/Black Rock fish

Dusky P.ockfish

Black Rockfish

China F.ockfish

Yelloweye  %ckfish

Yellowtail Rockfish

@i] lback F@ckfish

Kelp  Greenli”g

Rock Greenlirq

Greenling, u“id.

Linyrod

LOngfin  Sculpin

Red Irish Lord

Padded Sculpin

Pacific Halibut

Alaskan  Rorquil

Tube snout

Rock fish, unid.

9/11/70

0.100

/
o

0

(1

o

0.110

0

0.010

0.010

0.010

0

0

0

0.020

0

0

Total No. Fish 26

Area Examined (In2) 100

Den8ity  (fish/m2) 0.260

D e n s i t y  (fishlhe~tare) 2 , 6 o o

Biomasa (kg/ha) 1,988

Correctod  depth (m) 12-21

/
O.O61

0.075

0.0.4

0

0

0

0.055

0

0.005

0.003

0

0.005

0

0

0.003

0

0

80

360

0.222

2,222.2

1,703.1

15-24

/
0.017

0.08

0

0

0

0

0 . 0 1 2

0

0 . 0 0 8

0, D04

o

0

0

0

0

0

0

1 2

2 4 0

0 . 0 5 0

5 0 0

4 8 7 . 2

9 - 1 1

/
0.111

0.194

0.028

0.005

0

0

0.044

0

0

0.005

0.005

0.011

0

0

0.005

0

0

74

180

0 . 4 1 1

4 , 1 1 1 . 1

3 , 5 4 9 2 . 2

2 7 - 3 0

6/20/79

/

0.050

0.079

0.004

0

0

0

0.033

0

0.017

0

0.012

0

0

0

0.008

0

0

49

240

0.204

2,041.6

1,332

6-15

6/21/i’9

/

0 . 0 7 1

0 . 0 7 6

0 . 0 1 4

0

0

0

0 . 0 3 1

0

0

0 . 0 0 2

0 . 0 0 2

0

0

0

0 . 0 0 7

0

0 . 0 0 7

89

420

0 . 2 1 2

2 , 1 1 9

1 , 6 0 3 . 1

1 5 - 2 4

SL?zE
0.012

0.069

0.017

0.001

0

0.001

0

0.009

0.003

0.007

0

0

0

0

0

0.001

0.006

0.003

U.?.L!E

/
O.O61

0.083

0.011

0

0

0

0.061

0

0.011

0.005

0

0

0

0

0.022

0

0

125 46

960 180

0.130 0.255

1,302.1 2,555.5

793 1,919.1

14-25 11-19



Table 15

DENS  I’ll’ EST INATMS OP SIM3 CONSP ICUOU,S
FISN AT DANGER ISLANII (Fixed transect  No. 1)

Taxcm

Dusky /Blac~ Rockfish

Dusky Rockfish

Bldck I+@ bfish

China ~okfi$,Q

Yellowey@ ROCk f ish

Kelp Greenl in.9,

Lingcod

LOngfin, Sculpin

Padded S.CU lpin,

Paci fiq.  S@ibu,t

Alaskan Spnquil

5/17/70-

0.333

/

/

o

a.o\7

0.083

0,.017

a.. 10I7

0’.03:3,3

0.017

0

9/11/78

0.283

/

/

0.033

0

0,.050

Q

0.133.

0.05

0

0

W@

/
0.183

0.100

o.o&7

o

0 . 0 5 0

0.027

0.0s3

o

0

0 . 0 1 7

6/7/79

/

O.1OQ

0. 35Q.

0.033

0,

0.067

0

0. 0G7

o

a

o

6/20/7%

/
0.267

0.100

0.050

0

0.050

0.017

0.083

0

0

0.017

Ln
g

Total No. Fish 36 33 28 38 35

Area Ex,ag!i  ned (.m2 ) 60. 60 60 60 60
Dens,ity  @n2 ) 0.600 0.550 0.467 0.633 0.58.3

Dansi ty [Fish/h?.) 6.000 5,5Q0 4,666.6 6.333 ..3 5,833.3

Biomass, ,(kg/hA) 7,.585.8 2,792.% 3.,,431. z 5.,160.2 4,, 188!.,7$

L2z@

/
0.183

0.0s0

0.050

0

0!. 050

0.017
0.067

0

0

0. a17

26

6.0

0.433

4,333..3

3.,,169..%

E!Le

/
0.117

0 . 2 5 0

0.033

0..017

0..067

Q

0 . 0 5 0

(3. 033

0..017

B,. 017

36

60

0.6(30

6,000

1,.330 .2?

overall Dewai ty (ii + 6) = 5,523.8 ~ 748

/. Not Counted,



Table 16

DENSITY ESTIMATES OF SOME CONSPICUOUS
FISH AT CONSTANTINE H2+RBOR (fixed transects)

Taxon

Rock Greenling

Whitespotted Greenling

Masked Greenling

Crescent Gunnel

Arctic Shanny

Rock Sole

Starry Flounder

Pacific Tomcod

Total No. Fish

Area Examined (m2)

Density (Fish/m2)

Density (Fi.sh\hectare)

Biomass (kg/ha)

9/7/78

0.005

0.117

0.011

0.005

0.017

0.005

0.011

0

31

180

0.172

1,722.2

268.3

9/7/78*

o

0.122

0.005

0

0.005

0.005

0.011

0

27

180

0.150

1,500

246.2

Overall Density (~ + S) = 1,211.1 + 664.8—

9/8/78

o

0.122

0.005

0.005

0.005

0.005

0.005

0

27

180

0.150

1,500

222.2

4/12/79

o

0

0

0

0.005

0

0

0

01

180

0.005

55.5

0.55

7/4/79

o

0.089

0.005

0.005

0

0

0.011

0.017

23

180

0.128

1,277.7

203.2

*replicate census on the same day
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Table 17

DENSITY ESTIMATES OF SOME CONSJ?I~tlOUS FISH
AT CONSTANTINE HARBOR (randcm transects)

fraxm

Rock Greenling

Whitespotted Greenlinq

Masked Greenling

Crescent Gunnel

Arctic Shanny

Rock sole

Starry Flounder

Pacific Tomcod

Yellowtail Rockfish

Great Sculpin

Fishes l unid.

2LQ2S!.

u

0.123

0

cJ#oo7

0.003

c1

o

0.007

0.023

0

0.167

To&al No. Fish 54

Area Examined {m2) 300

Density (Fish/m2) 0.180

Density (Fish/hectare) 1,800

Biomass (kg/ha) 185.9

Corrected Depth (m) 3-5

Overall Density (1 + s) = 1,016.6 + 868.1—

4/1?/79

o

0

0

0

0

0

0

0

0

0.008

0

01

120

0.083

83.3

0.833

3*5

6/4/79

o

0.067

0

0

0.008

0.008

0.017

0

0

0.008

0

14

120

0.117

1,166.6

240.6

3-5
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4.5 Fish Biomass in the Nearshore

The estimates of fish density were converted to biomass values (kg/

hectare) using mean weight measurements of each species (Table 18). Biomass

estimates varied at each site, and this depended to a large extent on the

depth surveyed, type of bottom and the presence or absence of pelagic schooling

fish.

The biomass estimates obtained from fixed transects (300 m2) at

Zaikof Point during 1978-79 ranged from 127.2 - 1,323.8 kg/ha (Table 19). The

mean value in 8 surveys was 833 + 475 ~g/ha. The estimates were numerically—

dominated by kelp greenling which comprised from 27.3 - 82.6% of the fish bio-

mass in the shallow sublittoral zone (Table 19). The other species that

contributed heavily to community biomass were the black rockfish  and dusky

rockfish. These schooling species were particularly important during sununer,

when concentrations of adult and subadult rockfish  moved into the kelp forest

between depths of 4 and 16 m. Biomass was also calculated from transects that

were run in a random fashion (Table 10). The values were similar to those

obtained from the fixed lines, as biomass varied from 62.7 - 1,350.4 kg/ha.

The random or haphazard transects increased areal coverage by an additional

4,100 m2; it also expanded the width of the census zone to between 5 and 24 m

below MLLW.

Fish abundance and biomass values were usually qreater in exposed

rocky habitats such as Danger Island and Schooner Rock. There was also a posi-

tive correlation between biomass and the degree of bottom relief. Typically,

the estimates increased in deeper water below 15 m, where the sea floor was

rugged and irregular. Fish biomass along the 30 m transect line (number one)

that was emplaced at depths of between 21 and 23 m had an average of 4,808.3 +—
1967.5 kg/ha during 7survey periods (Table 15). The estimates were dominated

by rockfish, two of the species (black rockfish and dusky rockfish) comprised

55.2% of the biomass in this depth contour. Biomass flucuated  in random tran-

sects (2,750 m2) that were run between 6 and 30 m (Table 14). Estimates

ranged from 313.9 - 3,549.2 kg/ha during 16 survey periods. The dominant fish

were the kelp greelinq, dusky rockfish and black rockfish.
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Table 18

3i@s
Alaskan Ronquil

131ack Rockfish

China Rockfish

Dusky Rockfish

Dusky/Black Rockfish

Kelp Greenling

lLingcod

Masked Greenling

Longfin Sculpin

Pacific Halibut

Pacific Torncod

Padded Sculpin

Quillback Rockfish

Red Irish Lord

Rock Greenling

Rock Sole

Starry Flounder

Whitespotted Greenling

Wolf-eel

Yelloweye  Rockfish

Yellowtail Rockfish

Great S.culpin

SIZE RAN.GES AND WEIGHTS OF SOME
COMMON NEARSHORE SPECIES

Standard Length (mm)

171-250

161-490

130-330

129-360

-----

88-420

470-1,200

-----

45-115

350-1,800

110-316

-----

145-390

162-498

182-380

250-369

300-344

~30-312

500-2,000

287-660

92-175

270-571

Weight(g)

45-155

150-1,960

75-1,275

60-940

-----

10-1,350

1,470-15,000

---.-

-----

950-90,000

52-252

.- ---

120-1,160

80-710

75-850

165-640

345-565

65-340

-#-.---

680-6,000

~@..l95

185-1,900

Mean Weight (g)

110

956

655

,647

801

573

5,200

137

10

17,989

144

10

620

473

368

385

443

137

2,500

3,361

125

510
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Tsble 19
FISH BIOMASS ESTIMATES AT ZAIKOF POINT ( fixed transects)

Speciee

Dusky/Black Rockfish
Dusky Rockfish
Black Rockfish
KSlp Greenling
Sbck Greenling
whitespattad Greenlinq
Masked Greenlinq
Red Irish brd
Alaaksn ROnquil
Lingccd
wolf-eel

Number

18
/
/

35
4
1
0
1
6
0
1

8/29/78

!w9&

14,418 g
/
/

20,055
1,472

137
0
473
660
0

2,500

%

36.3
/
/

50.5
3.7
0.3
0
1.2
1.7
0
6.3

Number

o
/
/

48
3
1
0
0
7
1
1

9/9/78
E&w

o
/
/

27,504 g
1 , 1 0 4

137
0
0
770

5 , 2 0 0
2 . 5 0 0

%

o
/
/

73.9
3.0
0.3
0
0
2.1

14.0
6.7

?addad  Sculpm o
,—.

o 0 0 0 0
Total 66 39,715 g 100.0 61 37,215 g 100.0

Biomasg 1323.8 kg/ha Biomass 1,240.5 kg/ha

4/8/79 5/le/79

= Number Weight % Number =—%

Dusky/Black %ckfish o 0 0 / / /
Dusky Rockfish / / / o 0 0
Black Rockfish / / / o 0 0
Kelp Greenling 9 5,P57 82.6 8 2,865 75.1
Pmck Greenling o 0 0 1 368 9.6
Whltespxted  Gmenling 1 137 2.2 0 0 0
Masked gremling o 0 0 0 0 0
Red Irish I.erd 2 0 15.2 1 473 12.4
Alaskan Wnquil o 0 0 1 110 2.9
Linqcod o 0 0 0 0 0
wolf-eel o 0 0 0 0 0
Padded Sculpin o 0 0 0 0 0

Total 12 6,240q 100.0 11 3,816g 100.0

Biomass 208 kg/la Biomass 127.2 kg/ha

Species
6/5/79

Number !@9.!2L—%
7/1/79

Number w231!E _0

Ousky/Black Fmckfish / / / / / /
~usky Rx!kfish 1 647 3.5g 2 ~,J94 5.6
B l a c k  Packfish o 0 0 9 8,604 37.6
Kelp Greenling 17 3,741 53.1 18 10,314
Wck Greenlinq

45.1
2 736 4.0 0 0

Whitesswtted Greenlinq 1
0

137 0.8 0 0
.Nasked  Green3ing 1

0
137 0.8 5 0

Red Irish lord 3
0

1,419 7.7 4 1,892
Alaskan P.anquil
Lingcod

8.3
3 330 1.8 7 7-1o
1

3.4
5,200 28.3 0 0

Wolf-eel o
0

0 0 0
Padded Sculpin

o
0

0
0 0 0 0 0

Total 29 18,347 g 100.0 40 22,874 g 100.0

Biomass 611.6 kg/ha Biomass 762.5 kg/ha

7/19/79 8/10/79
~ Number W % Number !!Q9!?&—%

Dudky/Black P.ockfish / / / / / ,/
Dusky F.ockfish 1 647 1.9 2 1,294 3.4
B l a c k  F@ckfish 21 20,076 59.2 23 21,988
I@lp Greenlinq 21

58.2
12,033 35.5 18 10, 314

F@ck Greenling o 0
27.3

0 2 736
‘Whitespatted  Greenling

1.’3
1 137 0 . 4 1 137

Masked Greenling o 0
0 . 4

0 1 137
Sad Ir ish  Lord

0 . 4
1 473 1.4 a

A2askan Ronquil
o

5
.3

550 1.6 6
Mngcod

660
0 0

1.7
0 0

wolf-eel
o

0
3

0 0 1 2,500
Padded Sculpin 1 10

6.6
0.1 1 10 0.1

Total 51 33,926 k 100.0 55 37, ?76 k 100.0
Biomass 1,130.8 kq/ha Biomsss 1,259.2 kafia

Cverall biomass (; : s) . 833 + 475 kqfia
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The highest biomass values were recorded at Schooner Rock, and this

was primarily due to the presence of larqe schools of black rockfish and dusky

rockfish. Mean biomass was 5,480.7 + 1,781 kg/ha in the two fixed transects—

that were examined during 10 surveys. Biomass estimates were also obtained

from random transects. These values ranged from 133.7 to 6,833.5 kg/ha on the

north end of Schooner Rock, to between 0.83 and 3,083.7 kg/ha along the south-

ern face of the rocky islet (Tables 12 G 131. Solitary bottom fish, such as

the Alaskan ronquil and kelp greenling were important, although their small

size (weight) made less of a contribution to overall fish biomass than did the

rockfishes.

Estimated biomass values within the protected waters of Constantine

Harbor oscillated with the season of the year. In early September 1978, fish

biomass ranged from 222.2 - 268.3 kg/ha along the fixed transects (180 m2)

that were emplaced between 2-5 m below the sea surface (Table 16). However,

when the area was surveyed in early April 1979, fish abundance was so low that

biomass had fallen to .55 kqfha. By early July 1979, biomass had increased to

203.2 kg/ha with the influx of fish into the eelgrass meadows. The estimates

were dominated by whikespotted  greenling which comprised an average of 52.6%

of the biomass. The other demersal species that contributed substantially to

community biomass were the starry flounder, rock sole, masked greenling and

Pacific tomcod. The estimates of fish biomass could have been even higher if

transitory schooling species like the pink salmon and Pacific sand lance had

been

4.6

able

encountered when the transects were run.

Seasonal Patterns in Distribution and Abundance

The inshore fish populations of the NEGOA region displayed consider-

seasonal differences in species composition, richness and abundance.

Maximum densities of fish were recorded during summer and early fall in the

four detailed study areas. During summer months, these areas were typically

dominated by bottom dwelling species, as well as by pelagic schooling fish

such as salmon, herring, sand lance and rockfish. However, by winter most Of

these same species either disappeared from the shallow portions of the sub-

littoral zone, or had become more secretive in behavior. This was well

documented along the fixed transect lines at Zaikof Point, where the most
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continuous set of data were obtained on fish density and species richness. In

late August 1978, nine species of fish and 66 specimens from five families

were encountered along the fixed transects. The average density was 2,200 fish[

hectare (Table 9). Fish density in eight haphazardly placed transects (800 m2)

was 1,812 fish/hectare (Table 10). There was a total of 15 species of fish

sighted in the Zaikof Point study area during August 1978. When the same area

was revisited in early April 1979, fish density had sharply declined to 400

fish/ha in the fixed transects, and 197 fish/ha in the random transects. Only

seven species were encountered during the entire 3 days of underwater sampling.

The kelp greenling was first in abundance. Most of the fish were observed at

depths below 10 m. Species richness, and abundance remained low through May

and then increased steadily from June until August 10, 1979, when 16 species

were sighted. Density estimates in the fixed and random transects was 1,833

and 1,667 fish/hectare, respectively. The differences in species composition,

richness and abundance between summer and early spring (oceanic winter) is

significant (P=O.05) when tested with the Kruskal-Wallis  analysis of variance.

The assemblage of fishes that inhabits the protected eelgrass  meadow

in Constantine Harbor exhibited similar seasonal fluctuations in density, abun-

dance and species richness. The estimated mean density in the fixed transects

(280 m2) during September 7-8, 1978, was 1,574 fish/hectare (Table 16). Sam-

pling along random transects (300 m2) revealed slightly higher densities of

1,800 fish/hectare (Table 17). Fifteen species of fish were encountered in

this shallow water embayment, with the most notable groups being the flatfish,

greenling, cod and salmon. The contrast between September 1978 and April 1979

was dramatic. The number of fish within the fixed transect bands declined to

a single specimen. Only two species (Arctic shanny and great sculpin) were

sighted in the entire study area. However, when the summer survey was under-

taken during early July 1979, densities had increased to 1,277.7 fish/hectare

within the fixed transects. In addition, there was 13 species of fish in the

eelgrass meadow. Many of the fish were pelagic schoolers like pink salmon,

Pacific sand lancer juvenile tomcod and immature yellowtail rockfish. The pink

salmon was most notable because of the number of individuals that moved through

the estuary on their way to historic spawning streams on Hinchinbrook Island.
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Seasonality was also evident in more exposed habitats such as Danger

Island and Schooner Rock. Changes in vertical distribution were quite notice-

able from summer to winter or early spring. The shallow depth intervals

between 2 and 20 m at Danger Island were almost devoid of fish life during late

March 1977. Solitary bottom dwellers such as Alaskan ronquil, kelp qreenling

and China rockfish,  and more pelagic schoolers like the dusky rockfish and

black rockfish were encountered in the submarine boulder fields below 20 m.

Many of the schooling species hovered close to the bottom. Others, particularly

kelp greenling, were sluggish in behavior and usually rested quietly along con-

cealed portions of the rocky reef. Seasonal fluctuation in abundance and

vertical distribution was typical of these inshore species. AS most of the fish

moved from shallow summer habitats into deeper water during winter. The shallow

waters around Danger Island teamed with fish life during summer (1977-1979).

Schools of rockfish, juvenile tomcod, greenings and tubesnout occupied the

shallow kelp forest along the southern end of the Island. The water column

below the vegetative band, was comprised of highly mobile species such as yel-

lowtail rockfish, black rockfish, Puget Sound rockfish and silvergray rockfish.

Most of these seem to be seasonal transients of the inshore, and occur commonly

only during the summer and early fall. Densities along the bottom ranged as

high as 6,333.3 fish/hectare (Table 15). As many as twenty species have been

sighted on a single survey. This same pattern was apparent at Schooner Rock.

In the summers of 1977-78, fish were abundant in the kelp forest that fringed

the north end of this islet. Densities remained fairly consistent in the fixed

transects below 15 m (Table 11), and this was due in part to the concentrations

of dusky rockfish and black rockfish that remain here on a year-round basis.

However, the number of species was reduced from eighteen in early September 1978,

to only seven on April 10-11, 1979. Densities were considerably lower in the

shallow depths above 15 m. Only 3 species (dusky rockfish, padded sculpin and

kelp greenling)  were observed in the 3-15 m depth contour. Species richness

increased over summer? and on the last visit to the area in early August 1979,

a total of 16 species were encountered around Schooner Rock.

Summer peaks in fish density and species richness, followed by strong

declines during oceanic winter occurred at both exposed and protected sites.

Bathymetric shifts in areas of distinct vertical relief was quite noticeable
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along the exposed rocky coastline. In many instances, the horizontal movement

of fish was less than a few hundred meters. The inshore fish fauna probably

undergoes an even greater seasonal oscillation in distribution within pro-

tected habitats of the NEGOA region. For example, fish are rarely encountered

in the shallow embayments, or along the extensive shores of Prince William

Sound during winter. In some cases they must travel considerable distances in

order to reach suitable habitats and depths,  however migration or dispersal

patterns are stil l  unknown.
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4.7 Food Habits and Dietary Trends

Samples from the various groups of f~sh that inhabit the nearshore

zone were obtained for the purpose of understanding the food habits of some

of the key species. Fish were coliected in both exposed and protected habi-

tats of the NEGOA region during Spring, summer dnd fall. Very little

information was obtained on the organisms takefi by these same fishes during

winter. These feeding studie$s  were undertaken to identify the important prey

species and food-web links in the shallow sublittoral and nerific zones. The

stomach contents of 486 specimens comprised of 26 species were examined for

food items. MoSt of the food analyses were performed on adult fishes, alkhouah

some attention was directed at the subadult stages as they foraged in nature.

4.7.1 Hexagmmnoh decagmzinm’ti  (Pallas) - kelp greehling

The kelp greeniing is an opporttinistic  predator that exploits various

food resources associated with the bottom. It forages at different times of

day. Forty-five individuals (90-385 mm) were collec”~ecl, and of these 44 con-

tained relatively fresh food items (Table l~’). Most of the greenling were taken

with spears and by hook and line, although a few were captured with gillnets.

The stomach contents were dominated by benthic macroinvertebrates such as

amphipods,  polychaete  annelidsf gastropodsr caridean shrimps and brachyuran

crabs. Most of the prey were probably plucked from the substrate, however at

times feeding must be indiscriminate based on the amount of detritus, gravel

and undigestible material found in the gut of these fish. The prey are ranked

according to their number~ frequency of occurrence and the mean percentage of

that item to the total stomach contents (expressed as a number from 1 to 5).

The gammaridean amphipods are ranked first according to this index of prey

importance.

4.7.2 ffexagmmoh lagocephtiti  (Pallas) - rock greenling

A congener of the kelp greenling which also exhibited a general~stic

feeding behavior was the rock greenling. All 24 rock greenling collected from

this region, ranging in size from 158-367 mm, had identifiable food items in

their stomachs (Table 20). The degree of stomach ful~n’ess, condition of the

prey and our direct observations suggest that most of the feeding takes place
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Table

FOOD OF KELP GREENLING,

Food Items

gammarid amphipods
caprellid amphipods
PugO!xla  ghmilih
polychaetes
veJhthla  L5pp.
caridean shrimps
brachyuran  megalops
red algae
Mtic(,i,tti  ~pp.
synoicidae
Cancti okcgoncti~
fish eggs
Pagtiti hpp.
fragments, unid.
mysids
fishes, unid.
Abie-tinda  hpp.
Eup(VL-taLtU App.
gastropod operculums
ascidians, unid.
serpulid operculums
Ammodgta  hexaptmti
opisthobranchs
0.lXvetia  batira
sipunculid
Dkdannum hp.
Htiella  ahcttca
cephalopod beaks
Lacuna vtiegazlt
Mazgtiti hpp.
Ttitihti  ehtiagonuh
Idolhea  hp.
Optiophoti  acul~alu
EL(MAOCGYU gti

Number

413
124
45
40
27
23
23
12
17
10
13
8
8
5
8
4
4
5
3
3
4
3
3
2
2
2
2
2
3
2
1
1
1
1

19

Hexagfimob  decagzu.mmlti

1 occurrence in 44 specimens (90-385 mm)

Frequency 1

32/44
16/44
20/44
20/44
12/44
9/44
8/44

12/44
9/44

10/44
9/44
8/44
4/44
5/44
3/44
4/44
4/44
2/44
3/44
2/44
2/44
2/44
2/44
2/44
2/44
2/44
2/44
l/44
1/44
1/44
1/44
1/44
1/44
1/44

Mean
Bionass2

4.54
4.54
3.00
4.18
4.58
4.60
5.00
4.50
5.00
3.80
5.00
4.00
4.00
5.00
5.00
4.50
5.00
4.50
5.00
5.00
4.50
3.50
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
4.00
5.00
5.00
5.00

Prey
Index3

65.50
9.83
6.75
4.31
1.59
1.00
0.83
0.72
0.68
0.60
0.52
0.36
0.18
0.11
0.11
0.08
0.07
0.04
0.04
0.04
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01

2 expressed as a rank from 1.00-5.00 (5=0-20%, 4=21%-40%, 3=41-60% etc.)

3 number x % frequency/mean biomass
(rank)
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LpG rj

FOOD OF ROCK GREENLING,

Food Items

gammarid amphipods
caprellid amphipods
red algae
Pugm gum
carid~an shrimps
Lacuna Vwl.iega-ta
Polychaetes
fish eggs
Mtic.titi  6PP.
tanaids
VeluX1.na  hpp.
synoicidae
brachyuran megalops
Gnotio3phauoma  Ap.
?Stompti hp.
fragments, unid.
cumaceans
Mel-la Ap.
Idothu Ap.
l@lA tgka’111
A4wti Aetie
Mtigtiti lztitinti
tigela Ape
Ab.iu%u&a hp.
MOCLLO.LUA  modiolti
Okegonia gh.a&
F’AoluA  chi.-tono-idti
Optiophol--d  awlkti
TOti~&a hp.
(kzncck ohcgonWAL5
RlgU.WA  Ape
Wtit.w-?la gkgan-tea
sipunculid

Number

328
58
11
15
12
22
11
6
7
5
7
3
4
3
2
4
2
2
2
3
2
2
2
2
2
1
1
1
1
1
1
1
1

l?requenc~l

16/24
6/24
11/24
7/24
9/24
4/24
6/24
6/24
4/24
4/24
2/24
3/24
3/24
2/24
2/24
1/24
2/24
2/24
2/24
1/24
1/24
1/24
l/24
1/24
1/24
1/24
l/24
1/24
lj24
l/24
1/24
1/’24
1/24

Mean
13iomass2

5 . 0 0
4 . 6 7
4 . 3 6
4 . 0 0
4 . 7 8
4 . 5 0
3 . 5 0
3 . 0 0
5 . 0 0
4 . 5 0
4 . 5 0
3 . 6 7
5 . 0 0
5 . 0 0
4 . 0 0
4 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
4 . 0 0
4 . 0 0
5*OO
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0

Prey
Index3

43.95
3.10
1.16
1.09
0.94
0.83
0.79
0.42
0.24
0.19
0.12
0.10
0.10
0.05
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

1 occurrence in 24 specimens (158-3’67 rhn)

2 expressed as a rank from 1.00-’5.00

3 number x % freqtrency/meafi bldnass
{rank)



during the day. The diet of H. lagoccphalti  closely resembled that of

H. ciecag~nmti. The major categories of food (amphipods, polychaete annelids,

gastropod, crabs and shrimps) indicate similar modes of predation. Both

species feed heavily on crustaceans, and ingest macroalgae  incidental to the

uptake of animal material. The rock greenling captures most its prey either

on or close to the bottom. The stomach contents are itemized in Table 20.

Another opportunistic predator in this bottom dwelling guild is the

Alaskan ronquil. Of the 30 individuals (95-245 mm) collected from these study

areas, 27 had identifiable food items in their stomachs (Table 21). The

Alaskan ronquil has been observed to give chase to potential prey a few meters

off the bottom, but most of the feeding was directed at the macroinvertebrates

found in abundance in the rock dominated habitats. The diet of these specimens

was variable, with the different categories of prey listed in Table 21. Prin-

cipal food organisms are caprellid amphipods, gammarid amphipods, a brittle

star optiOphOti UC~EU#U, crabs and gastropod.

4.7.4 Hti@doti h~ilepid~ti (Tilesius) - red Irish lord

The diet of the red Irish lord was more specialized than the other

previously mentioned species. Twenty-two specimens (218-498 mm) were collected

during daylight hours, eight of the stomachs were empty and the rest contained

identifiable food material. The brittle star, Ophiophoti  acule.allz  w a s  t h e

major prey of these specimens (Table 22). Two (14%) red Irish lord had eaten

kelp greenings, and 2 others had preyed upon octopus. Additional prey were

brachyuran crabs, hermit crabs, caridean shrimps, gastropod and a sipunculid

worm.

The Pacific halibut is known to be active in the inshore zone during

the day, with feeding possibly dependent on the stage of the tide. A total of

23 halibut (350-1620 mm) were collected at various times of day, and of these

17 contained identifiable food items in their stomachs. The die-tsof these

specimens were heavily composed of crabs (Cancul  bkartne,mi,  Ch.ionocc&?.3  ba,6’L&,
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LOOD OE Vt'YJCJI4 OMOflirt coccc

Food Items

caprellid amphipods
gammarid amphipods
C@iliophoti awlk.akz
red algae
~titi~ b~p.
Puge12-&z gkacXX.4
caridean shrimps
fragments, unid.
brachyuran  megalops
polychaetes
tanaids
mysids
PaguXu6 Appe
~b&7%I(W& hp.
Pam&Wzodti  cumtichd-ka
Okegd.a gZuC’L.l?d
invertebrate eggs
Amph.-i-Aha cohmbiuna
C&ep.LpaZeUa  hp.
synoicidae
Lacuna vdcga.-ta
A41LAcUR.U4  vehlLLcohUA
Cwarnqll Ap.

Number

72
67
24
11
11
3

10
8
7
7
5
5
2
2
2
1
1
1
1
1
1
1
1

1 occurrence in 27 specimens (95-245 mm)

2 expressed as a rank from 1.00-5.00

Frequency 1

16/27
16/27
1 4 / 2 7
11/27

9127
2/27
8/27
5]27
4 / 2 7
4 / 2 7
2/27
3/27
v27
2/27
1/27
1/27
l / 2 7
1/27
1 / 2 7
1/27
1/27
1 / 2 7
1/27

“Mean
Biomass&

4.07
4.75
3.12
4.10
4.17
3,50
4.33
3.40
4.25
4.33
5.00
5.00
2.00
5.00
4.00
4.00
4.00
4.00
4.00
4.00
5.00
5.00
5.00

Prey
Index3

10.43
8.32
4.00
1.10
0.87
0.73
0.69
0.42
0.25
0.24
0.11
0.11
0.07
0.03
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
o.o~

3 number x %frequency/mean biomass
(rank )



Puge.ttiu  gkaci.fh,  (h?gon-(a  gkac&iA  and ELtihoPh-ihti gti) . Octopus, clam

siphons, walleye pollock, Pacific sand lance and a snail iJeptunea  ptib(to(heti~h

were also eaten by these halibut. The prey are ranked in Table 23, with CUnCUl

btinnti as the number one item followed closely by well digested fishes.

4.7.6 (lpluodon  ~on@tu.4 (Girard) - lingcod

Lingcod are known to feed during the day, although only 6 of 18 indi-

viduals (484-1220 mm) collected in these shallow study areas contained food in

their stomachs. The diet is highly piscivorous. One lingcod (484 mm) had

eaten 6 Pacific sand lance. Other fishes that were identified as prey include

the black rockfish, dusky rockfish and kelp greenling. In addition to the

stomach analyses, direct observations were made of lingcod capturing kelp

greenling and black rockfish in the shallow sublittoral zone.

4.7.7 Anahhhctikyb  OC~CL@A (Ayres) - wolf-eel

The wolf-eel has an impressive set of canine and molar teeth that

are ideally suited for crushing prey. Despite their secretive behavior, a few

individuals were encountered as they foraged along the bottom. One large

A. OC~dllh that was seen in the entrance channel to Constantine Harbor was

observed eating a cluster of green sea urchins, S-ttengqtoceiU%ofu4 dtoehmbittih.

Another brightly-colored juvenile wolf-eel was found eating a cancroid crab off

Zaikof Point. Additional clues to the feeding behavior of this species can be

obtained by examining the food debris or middens at the entrance to most wolf-

eel lairs. Clam shells, sea urchin tests and pieces of crab carapace are the

usual remnants.

4.7.8 ~cbti~u nebulo~ti  (Ayres) - China rockfish

Twenty China rockfish were examined for food items, and of these only

one had an empty stomach (Table 24). These specimens (160-330 mm) were collected

with hand spears and mesh bags. The major food item was a brittle star

opKopho&  aculkalzz. It occurred in 95 percent of the samples, and ranked

number one in the prey index. Other important prey categories are brachyuran

crabs, caridean shrimps and caprellid amphipods. Secondary prey such as

bryozoans and hydroids are probably taken incidental to the uptake of the other
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Table 22

FOOD OF RED IRISH LORD, fkmi.-tepldoti  kvmi-(?ep-idotu.a

Food Items

opfiophou Ucdu.-ta
PagukuA  hpp.
fkxagmznwno~  dtmagmnmti
(kXopti  hpp.
CanwA owgonctiti
Ouzgoniu  ghac’i-w
Pug@.-t.t&  gmm
fishes t mid.
caridean shrimps
brachyuran  megalops
sipunculid
dorid nudibranch
Amptiha  cof.umbkna
CtioA~oma  figs-tum

Number

7
4
2
2
3
2
2
1
2
2
1
1
1
1

Frequersvyl

1 occurrence in 14 specimens (218-498 mm)

2 expressed as a rank from 1.00-5.00

4/14
3/14
2[14
2/14
2/14
2/14
2/14
1/14
2/14
1/14
1/14
1/14
1/14
1/14

Mean
Bi.0mass.2

3.00
4.50
1.50
1.50
2.50
2.50
3.50
1.00
5.00
5.00
4.00
4.00
5.00
5.00

Prey
1ndex3

0.65
0.19
0.19
0.19
0.17
0.11
0.08
0.07
0.06
0.03
0.02
0.(22
0.01
0.01

3 number x % frequency\mean biomass
(rank)
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Table 23

FOOD OF PACIFIC HALIBUT, ~@)20@OAAUA &@’10@ti

Food Items

CanceA.  h..annati
fishes, unid.
Ammodgta  hexapZuti
Thexagza cha(!cogfiamma
Ctionoece%ti  btidi
Pugm ghacX.UJ!l
Nep-zl.vzea ptibilo~~etib
oczopti hp.
04egotia g4aci,U
clam siphons
E&LAhoc&uA  gU

Number

16
6
8
3
3
3
1
2
1
1
1

Frequencyl

4/17
5/17
2/17
3/17
1/17
2/17
1/17
2/17
1/17
1/17
1/17

1 occurrence in 17 specimens (350-1620 mm)

2 expressed as a rank from 1.00-5.00

Mean
Biomass2

2.00
1.00
1.00
1.00
1.00
4.50
1.00
4.50
5.00
5.00
5.00

Prey
Index3

1.84
1.74
0.96
0.54
0.18
0.08
0.06
0.05
0.01
0.01
0.01

3 number x % frequency/mean biomass
(rank)
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macroinvertebrates.

4.7.9 SebaAXeh  ,tubehkimti (Cramer) - yelloweye  rocIsfish

Fifteen yelloweye rockfish (287-587 mm) were collected at Danger

Island, and of these only 4 individuals had identifiable food material in

their stomachs. Most of the specimens were collected with hook and line and

the emptiness of  the gut was believed to be caused in part b,y the  d is tent ion

of the stomach and swim bladder at the time of capture. TWO of t h e  yelloweye

rockfish  had eqten a Iithodid  crab, PhC~hOti WOdVIQAUIA~. Additional food

items were right-eye flounder (Pleuronectidae),  asnail, CtiOh.toma fig-

and well-digested fish remains.

4.7.10 Scbu-tti m~gefi (Jordan and Gilbert) - Quillback rockfish

Twelve specimens were examined. The stomachs were empty in 6, and

the others contained some identifiable food items. All 12 of khe quillback

rockfish, which ranged in size from 200 to 340 mm, were captured during the

day. Important prey included gammarid amphipods, euphausids, mysids, cumaceans,

caridean shzixups and well-digested fragments.

4.7.11 Sebcwtu ~uA (Tilesius) - dusky rockfish

Juvenile and adult dusky rockfish were observed feeding near-bottom

and in mid-water close to stands of bull kelp. Schools of feeding fish would

usually orientate in the direction of the prevailing current, or concentrate

around eddies during periods of slack tide. Zooplankton was the most important

component in the diet of the dusky rockfish. Of the 42 dusky rockfish (128-

360 mm) collected from the study areas, 35 contained food in their stomachs

(Table 25). Only seven fish had empty guts, and the rest had either fresh or

well digested material indicating differences in feeding activity. Important

categories of plankton include calanoid copepodst pteropods! chaetognathsr

larval fishes, mysids and tomopterid  polychaetes. The diets of these fish

varied seasonally, as there is an apparent dependence on the availability of

zooplankton in the water column nearshore. For example, during the month of

May the principal prey organisms were calanoid  copepods,  however, in June the

pteropod LAnac.-&a htitin~  was heavily preyed on during a period of high
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Table 24

FOOD OF CHINA ROCKFISH,

Food Items

(Jdziophoti ac.de.a.-ta
Pugatia cyi.Ac.i2.L5
caridean shrimps
Cancel okegonen_4A
caprellid amphipods
Veltina hpp.
P&zcentton  wo~ntietiki-i
bryozoans
M&wpotina  bo~eti
Canca btannti
CtiobXoma  ligaalon
Pa.ztihodti umzzhazLca
/iezUlopoha Ape
Ab~tinti hp.
PU(JWW Ap,
garmnarid  amphipods
.Sc&tocAangon  hp.
Mtitulti dibCOhA
(hegon-iu  gkacil?ih

Number

115
14
7
5
5
3
1
2
2
1
2
1
1
1
1
1
1
1
1

Frequencyl

18/19
8/19
4/19
3/19
2/19
2/19
l/19
2/19
2/19
1/19
1/19
1/19
1/19
1/19
1/19
1/19
1/19
1/19
1/19

1 occurrence in 19 specimens (160-330 mm)

2 expressed as a rank from 1.00-5.00

Mean
Bionass2

2.25
3.33
4.00
2.50
4.50
5.00
1.00
4.50
5.00
2.00
5.00
4.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

Prey
Index3

48.6
1.77
0.37
0.32
0.11
0.06
0.05
0.04
0.04
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

3 number x % frequency/mean biomass
(rank)
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abundance. Pteropods appeared in such profusion ~uring June hnd early July

1979 as to actually restrict our visibility underwater. By August, most of

the pteropod population had declined; and the dusky rockfish which feed as

specialists, shifted their attention to other &halluW-water  zooplankters.

4.7.12 sebti~ti mtianopA (Girard) - black rock$ish

Desp~ke the similarities in appearance between the black rockfish

and dusky rockfish there are some distinct difftirences  in fei~ding habits that

set them apart. Adult b~ack rockfish school ik the water colhmn nearshore.

They are generalized predators that dine on a variety of prey available to

them in the surrounding water column. Pelagic fishes are important components

in their diet. A total of 41 bIack rockfish were collected, and of these 37

contained food items (Table 26). The Pacific sand lance was the most frequent

prey, and ranked first in the prey index. Other identifiable fishes that were

consumed by S. me-tanopb  include the prowfish Zd~hO&R b~etiti, Pacific herring

and juvenile black rockfish. The other major food categories are pteropods,

gammarid amphipods, brachyuran crab larvae, calanoid copepods and pelagic

polychaetes. Based on the amount of well digested food material in the stomachs

of these and other black rockfish,  it would seem that a great deal of feeding

occurs during nocturnal hours.

4.7.13 ffexa@mmoA ~~~~ (Tilesius) - whitespotted greenling

The foraging behavior and activity pattern of the whitespotted green-

ling seems to be similar to the kelp and rock greenings, with active feeding

directed at the benthos. Whitespotted greenling were collected in protected

and semi-protected habitats dominated by stands of eelgrass and low-statured

seaweeds. Twenty-nine of 30 specimens obtained for food habits information

had identifiable material in their stomachs. The fish varied in size from 130-

380 mm, and most were taken at either Constantine Harbor or inside Zaikof Bay.

Principal components in the diet of these fish wer~ caridean shrimps, poly-

chaetes, gastropod, brachyuran crabs, and fish eggs (Table27). The fish eggs

were from other greenings and this pilfering of the nests of both conspecifics

and congeners is apparently a common practice. Plant material and detritus was

present in 48 percent of the stomachs, but these items may have been taken

incidentally with the animals.

5 2 2



Table 25

FOOD OF DUSKY ROCKFISH,

Food Items

calanoid copepods
Limacinu Iu?lltina
chaetognaths
fragments, unid.
larval fishes
mysids
tomopterids
fish eggs
C&OK&?  hp.

fishes, unid
gammarid amphipods
caridean shrimps
ctenophores
polychaetes
brown algaG
thaliaceans
brachyuran  megalops
hydromedusae

1,239
1,224

107
9

32
14
14
20

4
1
2
3
3
2
1
1
1
1

Frequency

20/35
5/35
5/35
9/35
4/35
9/35
6/35
1/35
1/35
1/35
2/35
l/35
1/35
2/35
l/35
1/35
1/35
1/35

1 occurrence in 35 specimens (128-360 mm)

2 expressed as a rank from 1.00-5.00

Mean
Biomass2

2.10
1.00
4.40
2.00
4.50
5.00
3.33
5.00
4.00
1.00
4.50
4.00
4.00
5.00
3.00
3.00
5.00
5.00

Prey
Index3

336.30
171.36

3.40
1.17
0.78
0.73
0.71
0.12
0.03
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.01
0.01

3 number x % frequency/mean biomass
(rank)
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Table 26

FOOD OF BLACK ROCKFISH,

Food Items

tiatina  Iu2.Ucha
Ammocfgtu Itexaptefiti
gammarid amphipods
fishes, unid.
brachyuran  megalops
calanoid copepods
CILLpea tiencjti pallaAk
polychaetes
fragments, unid.
chaetognaths
octopus beaks
caridean shrimps
juvenile rockfish
zaphORfl  Atienti
l a r v a l  f i s h e s
mysids
sphaeromatid isopods
ctenophores
tomopterids
hyromedusae
caprellid  amphipods
valviferan isopods
euphausids
Pagu.4u4  hp.

Number-

280
44
38
7

15
17
4

10
3
4
3
3
2
1
4
2
2
2
2
2
2
2
2
1

FrequerlGyl

5/37
19/37
10/37
7/37
2/37
3/37
3/37
2/37
3/37
3/37
2/37
2/37
2/37
1/37
1/37
2/37
1/37
1/37
1/37
1/37
1/37
1/37
l/37
1/’17

I occurrence in 37 specimens (160-456 mm)

2 expressed as a rank from 1.00-5.00

Mean
Biomass2

1.60
1.67
3.90
2.29
2.00
3.67
1.67
3.00
3.00
4.67
3.50
5.00
3.50
1.00
5.00
5.00
3.00
5.00
4.00
5.00
5.00
5.00
5.00
4.00

Prey
Index3

22.75
13.44
2.63
0.58
0.40
0.37
0.19
0.18
0.08
0.07
0.05
0.03
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01

3 number x % frequency/mean biomass
(rank )
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4.7.14 Mic.mgadti pkoxtiti (Girard) - Pacific tomcod

Pacific tomcod, mainly adult, were ccxilmon in gillnet collections at

Zaikof Bay. Juveniles were abundant in Constantine Harbor. Foraginq tomcod

disturb the substratum and probe the sea floor for food. Juveniles sometimes

aggregate in the water column and feed on planktonic organisms, whereas the

the adults seem to take most of their food items off the sea floor. Thirty-

five specimens (90-290 mm) were collected, and all of the specimens contained

food items in varying stages of digestion, some of it fresh. Apparently,

M. pZoX-hu.6 feeds during both day and night. The diet was composed heavily

of crustacea, mollusks and fishes. Gammarid amphipods are first in the prey

index (Table 28). Other imporkant food items are an isopod Gnotio~pluz~~oma

otegon~tih, pteropod  Llmatina  ha-t-itina, mussel MU.ACWLUA App., Cm.strwmd

@?.-&@k bae.tics, caridean shrimps, juvenile brachyuran crabs and small fishes

(sand lance and rock sole).

4.7.15 fepidop~ctta  kI/-/.AuzaAz  (Ayres) - rock sole

The rock sole was one of the most numerous flatfishes in the near-

shore zone. Seventeen specimens ranging in size from 90-290 mm, were

collected during daylight hours. TWO of the individuals had empty stomachs,

and the rest had some food material in their gut. Rock sole feed along the

bottom, and the prey were principally benthic invertebrates and small fishes.

Polychaete annelids were important to the diets of these specimens. Repeat

food items include fish eggs, limpets, Pacific sand lance, gammarid amphipods

and arenicolid worms (Table 291.

4.7.16 Enophhga  &ce.Aati (Pallas) - antlered sculpin

The antlered sculpin was most often encountered along protected

beachlines  and in shallow embayments dominated by seaweed and seagrasses.

Seven specimens (45-275 mm) were collected during the day; two of these were

empty and the rest contained food material in their stomachs. All prey was

of benthic origin. The mosk numerous food items were limpetsf  green sea

~chins~ w-mmarid  aw?hiwds  and juvenile brachwran  CK*S= Enoph.zy~ swallows

its prey whole; one fish (220 mm) that was collected around 1200 hr. had eaten

4 green sea urchins, 7 hermit crabs and 5 limpets.
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Table 28

FOOD OF PACIFIC TOMCOD,

Food Items Number

gammarid amphipods 209
Gnotiohphatioma  Ofiegonenhti 60
Limacina  he.licina 71
lt{uhculull  App. 91
(l(lue.tlu  baetica 38
caridean shrimps 12
LepLdop~&a  bilincda 12
brachyuran  juveniles 13
Idothea hp. 7
polychaetes 5
fishes, unid. 3
cunaceans 4
caprellid amphipods 5
Amtnodg-tti  hcxap~titi 2
Lacuna wah,icgti 4
eelgrass 2
detritus 2
Paguhuh  h~. 2
TtieAALLA chedr.agonti 1
brown algae 1
tanaids 1
Cucumti hp. 1
A{o.Agtieh  Iwl%inti 1
PugeJX-La ghau 1
fragments, unid. 1

Mictogadti  pkoxinw

Frequencyl

12/35
10/35
2/35
3/35
5/’35
6/35
2/35
3/35
4/35
2/35
3/35
4/35
2/35
2/35
1/35
2/35
2/35
1/35
1/35
l/35
l/35
l/35
l/35
1/35
1/35

1 occurrence in 35 specimens (90-290 mm)

2 expressed as a rank from 1.00-5.00

Mean
Biomass2

3.67
4.00
1.00
2.00
3.80
3.50
2.50
4.67
4.50
3.00
3.00
5.00
5.00
2.00
4.00
5.00
5.00
5.00
3.00
3.00
5.00
5.00
5.00
5.00
5.00

Prey
Index3

19.36
4.35
4.26
4.09
1.40
0.58
0.29
0.25
0.17
0.10
0.09
0.09
0.07
0.06
0.03
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

3 number x % frequency/mean biomass
(rank)
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Table 29

FOOD OF ROCK SOLE, kp.idop~m  bi.t--iwti

Food Items Number

polychaetes 15

fish ems 3

M7Xo~cmea ~p~. 4

Aglaja owl.lkgma 6
Ammocig.tU hcxaptmti 2

fishes, unid. 1

gammarid amphipods 2

fragments, unid. 2

arenicolid worms 2

Gno%imo~phi%tioma  otagonc}titi  3
red algae 1

Otivtia bac.t-iiw 1 “
nemertean, unid. 1

green algae 1

caridean shrimps 1

Tel.llna hp. 1

Frequency1

1 occurrence in 15 specimens (90-290 mm)

2 expressed as a rank from 1.00-5.00

3 number x % frequency/mean biomass
(rank)

8/15
3/15
2/15
1/15
2/15
1/15
2/15
2/15
2/15
1/15
1/15
1/15
1/’15
1/15
1/15
1/15

Mean
Bi.omass2

3 . 0 0
3 . 0 0
4 . 0 0
4 . 0 0
3 . 0 0
1 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
5 . 0 0
3 . 0 0
5 . 0 0
5*OO
5 . 0 0
.5.00
5 . 0 0

Prey
Index3

0.35
0.20
0.13
0.10
0.09
0.07
0.05
0.05
0.05
0.04
0.02
0.01
0.01
0.01
0.01
0.01
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Another bottom associated fish is the starry flounder (Figure 11).

Nine P. h~da, ranging in size from 450-560 mm, were collected in the

shallow waters of Prince William Sound from April-September. Six of the

individuals that were taken in the vicinity of concentrations of spawning

herring had stomachs that were 80-100% full of herring eggs. Other food items

were clam siphons, cancroid crabs, brittle stars and polychaete worms.

4.7.18 M~oxoc~)2~uA  App. - great sculpin

There are reports of at least 2 species: ~lgoxoccptiti  pol[4acan-

XltOCCph&ti (Figure 12) and M. ALO@~ti from the northern Gulf of Alaska

(Quast and Hall, 1972). However, because of taxonomic problems the observations

on food habits are directed at the genus Mgoxocephdti. MgoxocepW  is more

of a specialist than some of the other predatory bottom fish in this area.

Fourteen specimens (215-385 mm) were collected in the NEGOA region during 1977-

78. All of the fish were taken with hand spears in shallow water. Only 2 of

the individuals had empty stomachs, while the rest had some identifiable mater-ial

in their guts. All food items are listed in Table 30. Crabs and fish were

important prey. One Mgoxocephatti (325 mm) had eaten 3 adult herring, a hermit

crab and eelgrass leaves.

4.7.19 Hexagtamnoh oc-hgzummu.5 (Pallas) - masked greenling

This relatively small, solitary hexagranunid  occurs in protected

inshore habitats. Four individuals (180-250 mm) were collected during day as

they moved actively along the bottom. The stomachs of all 4 contained some

food material. One individual (245 mm) was captured after it pilfered the

nest of a nonspecific, the stomach was full of fresh eggs. Other food items

were caprellid amphipods, caridean shrimps, gammarid amphipods, polychaetes,

juvenile brachyuran crabs and detritus.
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FIGURE 11 - STARRY FLOUNDER, Platichthys  stellatus ARX
FFU3QUENT  INHABITANTS OF THE PROTECTED NEARSHOIU?

FIGURE 12 - AN AMBUSH PREDATOR - THE GREAT SCULplN,
Kyoxocephalus polyacanthocephalus



Table 30

FOOD OF GRIAT SCULPIN, ~@XOC@uZtU4 A)9~.

Food Items

C(upea ha’wnijuh pauaAi
Te[mc~~u~ che.i~agow.~
Pugc.ittia gtacit(~
Cance,4  oaegonen~h
PaYlrta&h  p&ztgce)loh
(’kionoece.teh  bahci!.i
red algae
eelgrass
fish eggs (herring)
Pagu4ti hpp.
ELaAhoc&U4 gti
SZMtaaL4 punt..tatti

Number

El
6
3
3
3
2
2
2
1
2
1
1

Frequencyl

1 occurrence in 12 specimens (215-385 mm)

2 expressed as a rank from 1.00-5.00

5/12
5/12
3/12
2/12
1/12
2/12
2/12
2/12
1/12
1/12
1/1 2
1/12

Mean
Biomass2

2.40
3.60
4.33
3.50
2.00
4.50
5.00
5.00
2.00
4.00
4.00
4.00

Prey
Index3

1.40
0.70
0.17
0.15
0.12
0.08
0.07
0.07
0.04
0.04
0.02
0.02

3 number x % frequency\mean  biomass

(rank)

531



5.0 DISCUSSION

The nearshore fish assemblages of

are composed of numerous species, many with

the Pacific coast of North America. During

the northeastern Gulf of Alaska

widespread distributions along

the years of this project (1977-

1979), information was obtained on 68 species of fish that were encountered in

the shallow sublittoral zone. Twenty-one percent of the fish fauna was unre-

ported from these waters prior to this study. Speculation has arisen as to why

these species were not collected before, and the most plausable answer seems to

be, the shallow depths either went unsampled, or the fish were unattainable

with conventional ship-board techniques. Biases are produced with any sampling

program. This study relied heavily

diving during daylight hours.

Pronounced differences in

on direct observations made while scuba

species composition and fish abundance

occurred in protected areas when compared to those exposed to wave action and

strong current. Species richness was highest at Zaikof Point, an area of mod-

erate exposure with numerous micro-habitats in the near proximity. Exposed

areas with rugged terrain and extensive algal growth were also high in total

species rich~ess. The rockfishes and sculpins were represented by the greatest

number of species in the inshore zone.

Differences in habitat utilization were often times subtle, and

occurred as fish segregated in relation to various physical parameters. Groups

of fish were designated by their vertical position in the water column (bottom,

near bottom and pelagic) . Other important determinants of spatial distribution

were the characteristics of the surrounding substrate and bottom vegetation.

One of the most important features of thiscoastline is the visual dominance of

the primary substratum by seaweeds and seagrasses. Many of the fish have life

history patterns directly related to the plants themselves, while others have

a more casual, less definitive relationship. Some species use it as a nursery

area for egg deposition and early development, while others seek food and cover

from the lush growth. In addition to these direct benefits, the macrophytes

contribute to the overall productivity of the coastal zone (Mann, 1973).
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The more exposed kelp forests and submarine boulder fields were num-

erically dominated by kelp greenling,  dusky rockfish, black rockfish and Alaskan

ronquil. While the dominant species in the eelgrass meadows were the white-

spotted greenling and the Pacific tomcod. Other abundant species in these

protected, low relief habitats, were starry flounder, tubesnout and juvenile

yellowtail rockfish. Estimates of fish density varied at each study site.

Densities were highest at North Schooner Rock and averaged 7,925 ~ 2,473.8 fish/

hectare in the fixed transects , compared to 4,436.2 + 2,564.6 fish/ha in ran-

domly placed transects. Density estimates were lower at nearby Zaikof Point,

where the average in 13 census periods was 1,110.2 ~ 675.3 fish/ha. One reason

for the high density values at Schooner Rock and Danger Island is the year-

round presence of schools of rockfish  which congregate in these areas. However,

the values that were acquired at Zaikof Point are probably more representative

of the inshore/rock communities of the NEGOA region.

The estimates of density were converted to biomass values (ka/ha)

using mean weight measurements of each species. Typically, there was a positive

correlation between fish biomass and the degree of bottom relief. The values

usually increased at depths below 15 m , where the sea floor was rugged and irreg-

ular. Biomass estimates obtained at Zaikof Point during 1978-79 ranged from

127.2 - 1,323.8 kg/ha. These numbers are comparable to those reported by

Moulton (1977) for fishes of the rocky nearshore regions of northern Puget Sound.

The shallow water fish populations of the northeastern Gulf inhabit a

riqorous environment exemplified by variability and change. For the most part

the changes are intense, yet fairly predictable on a seasonal basis. For example,

during summer, light is almost continuous, however, by late December sunlight is

limited to only a few hours a day. The temperature of the sea water ranged from

lows of 2°C in late February and March to highs of 15°C in August. Precipitation

is heavy in this region, with the annual rainfall of over 150 inches. Fresh

water stratifies in the upper layers of the water column, particularly during

periods of heavy runoff. Wave action varies with the season. Violent storms are

common during the spring and fall equinox.



During this same time frame there is an oscillation in the appearance

and areal dimensions of the kelp beds and seagrass meadows. The floating cano-

pies of bull kelp undergo peak development during summer. Some of the individual

plants persist throughout the year, although by winter the beds have been greatly

thinned. The perennial seaweeds that form the undergrowth beneath the surface

canopy exhibit maximum growth in late winter and spring, followed by a period

of tissue shedding and blade loss in late summer and fall. The more protected

habitats pulsate in a smimlar cyclical fashion.

Concurrent with these changes during the calendar year are marked

seasonal differences in the appearance of the fish assemblages of the nearshore.

For example, juvenile stages and transitory species were generally absent from

the shallow sublittoral zone from late fall until early spring. Species rich-

ness and abundance remained more stable on a year-round basis in the exposed

rocky sites than in the protected areas. The shallow water habitats that were

surveyed within the confines of Prince William Sound were almost devoid of fish

life during winter. This was well documented at Constantine Harbor where

species richness declined from 15 in early September 1978, to only 2 species on

April 7, 1979. Estimates of fish density within the fixed transects averaged

0.157 ind./m2 during early September 1978. Density declined to 0.005 ind./m2

during early April 1979. However, when the census was made in July the total

number of species had risen to 13, and density estimates had increased to 0.128

ind./m2. Seasonal changes were also apparent in the exposed habitats. Notice-

able differences were observed in spatial distribution from summer to winter.

Bathymetric shifts occurred as the fish moved out of the shallow water, and

occupied the deeper areas below 15 m. pelagic schooling species (silvergray

rockfish, yellowtail rockfish and Puget Sound rockfish) either descended below

the level of our observations or migrated further offshore. Other  invest iga-

tors  reported  s imi lar  seasonal  sh i f ts  in  the  d is tr ibut ion  patterns  o f  North

Pac i f i c  f i shes  (S imenstad ,  Isakson  and Nakatani 1977; Moulton 1977; Miller,

Simenstad and Moulton 1976; Cross et al 1978 and Rosenthal and Lees 1979)..—
Simenstad et al 1977 suggested that many species move from shallow summer habi-.—

tats into deeper water during winter when the kelp forests have greatly thinned,

“perhaps to avoid wave action or to follow their food resources”.  The factors,
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which influence the fish to move deeper or further offshore during winter, and

return to the shallow habitats during summer can only be arrived at by

conjecture.

No doubt one of the limiting resources in any nearshore system is the

a v a i l a b i l i t y  o f  ~ood. The bottom species under investigation preyed heavily on

benthic i n v e r t e b r a t e s , e . g .  a m p h i p o d s ,  polychaetes, snails, shrimps and crabs.

Whereas, more pelagic species dined on zooplankters and forage fish associated

with the water column. Most of the fish were quite flexible in their feeding

habits, and capitalized on the most abundant prey available to them in each

habitat. Overlaps in diet were strong, especially among fishes that consume

benthic prey. Dietary overlaps were highest during the late spring and summer

when there was a heavy influx of food in the nearshore zone. Probably the most

intense competition occurs between closely related species, although the summer

food surplus would suggest more of a sharing of the resource than actual compe-

tition. Food declines in autumn. However, fish abundance also drops sharply as

the fish move to other depths and habitats. Seasonal movements are possibly

stimulated by environmental changes, although shifts in food resources must affect

patterns of distribution. There is evidence to suggest that some species become

more quiescent during winter. Reduction or slow down of activities would require

less food to sustain life. Most of the nearshore fish are generalists, and as

such respond to the cyclical abundance of food. The trophic pattern is renewed

each year with the appearance of dense patches of crustaceans in the vegetative

zone, and blooms of zooplankton in the shallow portions of the water column.

The vulnerability of the shallow sublittoral fish assemblages to per-

turbations or changes in water quality are unknown. Seasonal trends are so

strong in the NEGOA region that the first consideration has to be the time of

year. Based on the findings of this study, and data accumulated from other

investigators, the greatest impact of an oil spill would occur from late spring

to early fall. This period is critical to various life history stages, i.e.

eggs, larvae, juveniles etc., and prolonged contact with petroleum hydrocarbons

would certainly disrupt normal development. It is conceivable that an entire

year-class would be severely reduced or even eliminated by a catastrophic spill
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inside Prince William Sound. The eggs or larvae of most nearshore species are

usually released in shallow water. The young fish remain in the shallow areas

or upper layers  of the water columm for extended periods of time. Again, the

time factor would increase the probability of contacting a pollutant that has

been entrained inshore. Rockfish larvae were highly visible in the waters

surrounding Schooner Rock during June and July, AISO, spawning and nest

guarding behavior by greenings and lingcod  micjht  be chemically disrupted or

even jammed. For example,  when adult greenling are captured or are driven

from their nesting sites, the eggs become exposed to predation. Any disruption

in spawning behavior would certainly effect this important group.

Because the bottom dwellers depend so heavily on organisms associated

with benthic flora, large scale alterations of food webs and contamination of

plant dominated habitats would probably result in dispersal or movement of fish

to other areas. Localized reductions in biomass and standing stock could be

expected. However, only certain areas in the NEGOA region were found to support

substantial populations of fish. When these habitats are compromised or

insulted by man-induced pollutants it might be some time before adequate replace-

ment of the fish fauna occurs.
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ABSTRACT

Five types of gear (beach seine, trammel net, try net, otter
trawl, and townet) were used to sample the nearshore fish of the Kodiak
Archipelago during April-August and November 1978, and March 1979.
Over 14,000 stomachs were collected and analyzed from approximately 40
species of fish. Data were examined with respect to season, area, habi-
tat and predator length.

The feeding habits of selected species of fish with respect to time
of day was studied: stomach fu l lness  and re lat ive  state of  digestion
were variable,  depending on species,  size category,  and season. The in-
dex of stomach fullness was high in the greenings and cod, and medium
in some gunnels, pricklebacks, and  so le . Greenling  seemed to feed more
in the morning, rock sole more at mid-days Pacific cod less at mid-day,
and capelin  more in the early morning .

Individuals of  twelve species of  f ish were in spawning  condi t ion .
Paired sample t-tests were used to compare the amount of feeding between
ripe and non-ripe f ish of  the same species. There was no significant
d i f ference  between  r ipe  greenling  and yellowfin  sole and their non-ripe
counterparts . Ripe  Pac i f i c  sand lance ,  capelin,  Pacific tomcod,  a n d
Pacific  sandfish may have been feeding less than non-ripe fish.

For those fish that contributed over 5% (by weight) to the mean
c a t c h - p e r - u n i t - e f f o r t  (CPUE), both  t radi t ional  food  webs  (percent  com-
position of  prey) and quantitative dot/box diagrams were constructed.
Such figures not only show the relationships and the importance of each
type  of food to each species of  predator,  but also the relative impact
of  each species of  predator on its f o o d  r e s o u r c e .

Predator species and their prey spectra differed among habitats and
seasons. Fish in the intertidal or shallow subtidal  areas  were  typ ica l -
ly small (with the exception of  transient species such as adult pink
salmon and Dolly Varden)  and generally consumed small pelagic,  benthic,
and epibenthic  crustaceans ,  andfor  polychaetes.

Fish sampled from the rocky/kelp beds tended to be considerably
larger, probably because the trammel net selected larger fish. Most
important in this habitat were the greenings. Their diet was quite
diverse, and included benthos, epibenthos, and fish.

The important species on the subtidal banks and shelves, which were
sampled with a try net, consisted mainly of rock and yellowfin sole
(these tended to be smaller than those sampled from deeper waters with
an otter trawl) and Myoxocephalus  spp. Myoxocephalus  largely consumed
fish and crab, while the sole relied on a variety of  benthic and epiben-
thic organisms (largely not crustaceans) and fish.
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The largest diversity in fish species was in the otter trawl
catches. Eleven species of predators were incorporated into the food
webs for fish captured in the deep troughs. These fish were generally
large and tended to feed predominately on fish, crab and/or shrimp.

Townet samples of the pelagic habitat contained small fish such as
Pacific sand lance, juvenile salmon, and capelin, which fed largely on
zooplankton. In general, the catches from all habitats were low in
autumn and even lower in winter and the fish populations consumed less
food during these seasons.
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Exploitation of petroleum resources introduces many potential haz-
ards to the harine environment including tlid direct spillage of crude
oil or its kefined produc’ts. The Continental Shelf east of Kodiak
Island is oile proposed sike of oil exploration; but it i6 also a highly
productive ‘area ihat supports substantial domestic and foreign commer-
cial fisheries for many finfish and shellfiih  species. Spillage of
toxic hydrocarbons could jeopardize this in~ustry by directly harming
the fish or by contaminat ing  or  deplet ing  the ir  food  suppl ies .

This project was undertaken in 1978 to provide environmental base-
line data on the feeding habits of ecologically and economically impor-
tant fishes occurring inshore near the Kodiak Archipelago. The coastal
area is particularly vulnerable because the biota in the bays and fjords
could potentially suffer greater exposure to spilled hydrocarbons than
would the biota of the open waters offshore.. In addition, these areas
are important spawning and rearing sites for many species of fish, in-
cluding pink salmork. Data obtained from this study will be used in
planning the development of oil reserves in the Kodiak Lease Area and in
assess ing  the  e f fec ts  o f  o i l  on  the  feed ing  re lat ionships  o f  the  f i sh .

Specific Objectives

The specific goals of  this project were to create food webs for the
ecologically important f ish from bays of  the Kodiak Archipelago,  so that
major  trophic pathways could be identified and to describe the food
habi ts  o f  severa l  nearshore  pe lag ic  and  demersal  fish with respect to
season, area, habitat,  and predator size.

Relevance to Problems of Petroleum Development

P e t r o l e u m  and its by-products may affect f ishes directly or indi-
r e c t l y . Direct  e f fec ts  inc lude  actual ly  coat ing  the  larvae  or  juveni le
life history stages,  making food procurement difficult and growth ques-
t ionable . Also possible are modifications in behavior. For instance,
fish may opt to avoid a spill and in so doing, move away from former
feeding and spawning grbunds.

Indirect  e f fec ts  are  more  subt le . Studies on herring have indi-
cated that during spawning their sensitivity to oil is increased  and
that hydrocarbons actually become incorporated in the gonads (Struhsaker
1977) ,  which  decreases  the  surv iva l  o f  the  pre-latval  stages.  McCain,
et al. (1978) and others have shown that flatfibh  maintained on sedi-
ments saturated with oil have accumulated hydrocarbons in skin, muscle,
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and liver tissue. These fish may then become unpalatable and their eco-
nomic value may be lost. The amount of algae maybe altered, which may
result in a less desirable environment for both predator and prey spe-
cies. Algal attachment sites may be lost for years, causing a decrease
in the algal cover. Alternatively, if herbivores die as a result of
exposure to oil, this may cause an increase in the algal cover (Clark
and Finley 1977). Oil may also contaminate or deplete prey organisms.

Fish examined in this study basically fed on either planktonic
organisms or on a variety of benthic and epibenthic prey. Effects of
oil on the former would be more short-term and direct, while effects on
the latter would be more long-term and intricate. This was observed b y
L i n d e n  e t  al. (1979)  in  s tudies  on  the  Tsesis oil  spil l .

Areas where oil is slowly dispersed may be affected more than areas
where it  is  not. Natural dispersion of oil depends on the type and
amount of energy present,  whether it  is biological,  chemical,  thermal,
or mechanical. Owens (1978) states that mechanical energy (winds,
waves, tides,  water level,  ice) is most important,  and of these wave
act ion  has  the  greatest  e f fec t . Furthermore, sediments may take up and
re lease  o i l  a t  d i f ferent  rates  (Teal  et a l .  1978) . Mud f la ts  tend  to  be
disrupted greatly because of low wave action, high oil  absorption, and
rich fauna (Sanborn 1977) . Kodiak ’s  h ighly  product ive ,  re lat ive ly  low-
energy bays and f jords could be quite susceptible to serious,  long term
disrupt ions  a f ter  an  o i l  sp i l l .

The longer oil remains in an area, the more likely uptake and reten–
tion of hydrocarbons by marine organisms is possible. in addition, de-
tritovores readily take up this material and were among the important
prey organisms in this study. Roesijade et al. (1978), for example,
showed that the detritovorous deposit  feeders Macoma  inquinata and
Phascolosoma  agassizii  took up and accumulated hydrocarbons faster than
the planktivorous  suspension feeder Protothaca staminea. Other authors
have  shown the  presence of hydrocarbons in the tissues of polychaetes,
b i v a l v e s , isopods, and gammarid amphipods. These incorporated hydrocar–
bons may then be transfered within the food chain, or the toxins may con-
tribute to depletion of  prey organisms by kill ing them or by reducing
the ir  reproduct ive  potent ia l . Af ter  the  Tses is  o i l  sp i l l ,  (L inden et
al. 1979) most of the benthic amphipods of a spill  area rapidly disap-
peared, presumably through emigration. Among those that remained, there
was an increased incidence of abnormal eggs.
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CURRENT STATE OF KNOWLEDGE

Prior  to the inception of this current study, Gosho (1977) e x a m i n e d
the stomachs of juvenile pink salmon that were taken in Alitak and
Kiliuda bays on Kodiak Island. Harris and Hartt (1977) reported on the
stomach analysis of  f ish from three bays on the island and, f inally,
H u n t e r  (1979) studied the food habits of  demersal  f i sh  taken o f f shore
near the Kodiak Archipe lago .

The Fisheries Research Institute (FRI) and the Alaska Department of
Fish and Game (ADF&G) sampled the nearshore fish communities of the
Kodiak Archipelago between April 1978 and March 1979, collecting stom-
achs from approximately 40 species of  f ish (Table 1). These were later
analyzed in the laboratory and preliminary results of  this analysis are
presented  in  Rogers  et al .  (1979). Major categories of food that are
important to the species examined in this study are summarized in
Table 2 along with lists of references from which the information was
der ived . Species and/or l i fe history stages that have not yet been
studied may provide additional information in the future.

Zooplankton and/or small  epibenthic crustacea (including harpacti-
coid copepods,  gammarid amphipods,  and mysids) are listed as important
to most of  the species of  f ish that were studied. In general, however,
only very small  or very young fish depended primarily on these foods.
Many species, as the individuals grew, depended more and more heavily on
large food items such as crab, fish, and shrimp, for the bulk of their
d i e t s . This phenomenon has been observed frequently in single species
(e.g., Miller 1970 on flathead sole;  Novikov 1963 on halibut;  Bailey and
Dunn 1979 on walleye pollock; and Jewett 1978 on Pacific cod) and for
communities (e.g., Edwards and Bowman 1979; Rogers e~ al. 1979). This
is probably because small fish cannot manipulate large prey items while
very large fish are not usually morphologically adapted to capturing
very small  foods. In  addi t ion ,  a  large  f i sh  cannot  eas i ly  surv ive  i f
its primary mode of feeding is by pursuing and capturing small, single
prey items.

Diets of the more common species studied at Kodiak were categorized
as  fo l l ows :

1) Large  Pac i f i c  cod ,  wal leye  pollock, Myoxocephalus  spp . ,  ye l low
Ir ish  lord ,  and flathead sole are  crab ,  f i sh ,  and/or  shr imp
s p e c i a l i s t s .

2 ) Rock, masked, and whitespotted greenling plus rock and
ye l lowf in  so le  are  genera l i s ts .

3 ) Juvenile pink and chum salmon, Pac i f i c  sand lance, and small
(<150mm  long) w a l l e y e  pollock ,  and Pac i f i c  cod  re l ied  heavi ly
on  zooplankton  and/or small epibenthic c r u s t a c e a .
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Table 1. The number of fish stomachs sampled (April-August and
November 1978, and March 1979).

Number
Scientific name Common name sampled

Salmonidae:

Oncorhynehus  gorbuseha
O. keta
O. kisuteh
Salvelinus  malma

Osmeridae:

Mallotus villosus

Gadidae:

Gadus macrocephalus
Mierogadus  proximus
Theragra  chalcogmnzma

Scorpaenidae :

Sebastes melanops

Hexagrammidae :

liexagmmmos  decagmzmmus
H. lagoeephalus
H. octogrammus
H. stelleri
Ophiodon elongatus

Anoplopomatidae :

Anoplopoma  fimbria

Cottidae:

Blepsias eir~hosus
Gymnocanthus spp.

Hernilepidotus hemilepidotus
H. jordani
Leptocottus armatus
Myoxoeephalus spp.

Pink salmon
Chum salmon
Coho salmon
Dolly Varden

Capelin

Pacific cod
Pacific tomcod
Walleye pollock

Black rockfish -

Kelp greenling
Rock greenling
Masked greenling
Whitespotted greenling
Lingcod

Sablefish

Silverspotted sculpin
Armorhead and Threaded
sculpin
Red Irish lord
Yellow Irish lord
Staghorn sculpin
Great sculpin and
M~yozocephz7us  spp .

788
647
27
11

75

569
43

388

4

~~
780

1,109
715
19

73

8

22
16

571
1

644
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Table 1. The number of fish stomachs sampled (April-August and

November 1978, and March 1979) - continued.

Number

Scientific name
Common name s amp led

Agonidae:

pallasina  barbat~l Tubermse poacher 1

Trichodontidae:

Trichodon  tirichodon P a c i f i c  sandfish 88

zaproridaet

Zaprora  silenus Prowfish

Stichaeidae:

Lumpenus sagittia
L. maculatius

Snake pricklebaek
Daubed shanny

Pholidae:

Apodichthys  flavidus Penpoint gunnel

Pholis Zaeta Crescent gunnel

1

72
1

2
110

Ammodytidae:

Ammodytes  hexapte~us Paci f i c  sand lance 987

pleuronectidae:

Atheresthes  stomias
Bippoglossoides  elassodon
Isopsetta isolepis
Lepidopsetta bilineata
Limanda aspera
Platichthys  stellatus
h’ippoglossus stenolepis

Arrowtooth  f l ounder
Flathead sole
Butter S31e
Rock sole
Yellowfin  s o l e
Starry flounder
P a c i f i c  h a l i b u t

Tota l

43
1,270

3
2,850
2,118

7
44

14,133
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Table 2, Summary of the major food categories of fish species examined in this study.

small Non–
Zooplank- epibenthic crustacean

Species ton Insects crustacea benthos Crab Shrimp Fish References

Pi2. i. stil=n juvenile; x x x Bailey et al. (1975); Barraclough (1967a,b,c);
Barraclough and Fulton (1967, 1968) ; Barra-

clough et al. (1968); Crass et al. (1979);
Gosho (1977); Harris and Hartt (1977); Kacz-
ynski et al. (1973); Manzer (1969); Robinson
et al. (1968 a, b); Rogers et al. (1979);
Simenstad  et al. (1977).

?ink saimn adults

Churn sairmn  j u v e n i l e s

u-l

s

COh O +:ii!ru)r ,id\~lts

Dolly V:,rdc.n

Capelin

(euphausids)

x

x

x

x

x

x

x

x

x Rogers et al. (1979) .

Barraclough (1967a,b,c);  Barraclough and
Fulton (1967, 1968); Feller and Kaczynski

(1975); Harris and qartt (1977); Kaczynski
et al. (1973); RObinson et al. (1968a,b);
Rogers et al. (1979).

x Barraclough and Fulton (19b7);  Cross et al.
(1978); Harris and Hartt  (1977); Ftanzer (1969 ;
Robinson et al. (1968b);  Rogers et al. 1979)
Ross (1960); Synkova (1951) .

x Rogers et a

x

(1979) .

: Harris and Mrtt (1977); Lagler:< Darda (196L
and Wright ~962); Narver and D.ahlberg (1965);
Noerenberg  (1960): Rogers et al. (197’?)
Simenstad  et al. (1978); Townsend (1942).

Andriashev  (1954); Harris and Hartt (1977);
Jangaard  (1974); Pearcy  et al. (1979); Rogers
et al. (1979); Snith et al. (1978).



Table 2. Suamary of the major food categories of fish species examined in ehis study - continued.

small Non-
Zooplank– epibenthic crustacean

Species ton Insects crustacea benthos Crab Shrimp Fish References

PacLfir sand lance x (1,2,3) (1,3) (1)

Pacific cod

w
w Walleye pollock
m

Pacific tomcod

Black zockf’ish

Kelp greenling

Masked greenling

Rock greenling

x

x

x

x

x

x

x

x

x

x

x

x x x

x x

x x x

x x

x x x x

x x x x

x x x x

Barraclough (1967a,b,1c); Barraclough  and
Fulton (1967, 1968); Barraclaugh  et al. (1968);
Cross et al. (1978); Harris and Hartt (1977);
Inoue et al. (1967); Meyer et al. (1979);
Richards (1963); Robinson et al. (1968a b);
Roessingh  (1957); Rogers et al. (1979); ~ Scott
(1977); Sekiguchi (1977); Senta (1965);
Simenstad  et al. (1978); Trumble (1973).3

Feder (1977);  Forrester (1969); Hart (1949) ;
Hunter (1979); Jewett (1978); Karp and Miller
(1977); Rogers et al. (1979).

Andriaahev (1957); Bailey and. Dunn (1979);
Barraclough (1967a,c);  cross et al. (1978);
Nikol’skii  (1954); Rogers et al. (1979); S:imen-
stad et al. (1977); Smith et al. (1978.)
Suyehiro  (1942); Takahashi and Yamsguchi (1972).

Hart (1949); Rogers et al. (1979).

Moulton (1977); Rogers et al. (1979).

Hart (1973); Moulton (1977); Rogers et al.
(1979) .

Harris and Hartt (1977); Rogers et al. (1979);
Rutenberg (1962).

Klyashtorin (1962); Rogers et al. (1979):
Rutenberg (1962); Simenstad (1971);
Simenstad et al. (1978).



Table 2. Summary of the major food categories of fish species examined in this study – continued.

small ??On–
Zooplank- epibenthic crustacean

Species ton Insects crustacea benthos Crab Shrimp Fish References

Lingcoti

Sable fish

Silverspotted sculpin

m
w Staghorn sculpin
+

Gyrm.~axthxs  spp.

Red Iris!! lord

“Yellow  I r i s h  l o r d

MY;.~,c<pkL1lun spp.

i’rowfish

x

x

x

.x

x

x

x

x

x

x

x

x

x

x

x x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

:<

Barraclough  and Fulton (1968); Barraclough  et
al. (1968); Harris and Hartt (1977); Rogers
et al. (1979); Rutenberg (1962); Simenstad et
al. (1979).

Forrester (1969); Hart (1973); Moulton (1977);
Rogers et al. (1979); Wilby (1937).

Grinols and Gill (1968); Rogers et al. (1979);
Shubnikov (1963).

Rogers et al. (1979); Simenstad  et al. (1979).

Conley (1977); Jones (1962); Rogers et al.
(1979); Simenstad et al. (1979).

Rogers et al. (1979).

Clemens and Wilby (1961); Rogers et al. (1979);
Simenstad et

Hunter (1979

Feder (19?7)
(1979); Roge
(;(]7+,  .

Siq’<nstad e:

al. (1979).

; Rogers et al. (1979).

Harris and Hartt (1977); Hunter
s <t al. (1979); Simenstad et al.

Harris and Hartt (1977); Mineva (1955); Rogers
et al. (197?).

No information.



Table 2. Smary of the major food categories of  f ish species examined in this study -  continued.

small Non-
Zooplank- epibenthic crustacean

Species ton Insects crustacea benthos Crab Shrimp Fish References

Snake prickleback

Daubed shanny

Crescent gunnel

Penpoint gunnel

Arrowtooth  flounder

Ln
w
w

Starry flounder

Butter sole

Flathead  sole

Rock sole

Yellowfin  sole

Pacific halibut

x x x

x

x

(euphausids)

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x x

(4)

x x

x x x

x

x x

x x x

Barraclough et al. (1968); Harris and Hartt
(1977); Rogers et al. (1979); Simenstad et al.
(1979) .

No information.

Cross et al. (1978); Rogers et al. (1979);
Simenstad et al. (1978, 1979).

Hart (1973); Rogers et al. (1979);
Simenstad  et al. (1979).

Gotshall (1969); Hart (1973); Hunter (1979);
Rogers et al. (1979); Smith et al. (1978).

Cross et al. (1978); Hunter (1979); Miller
(1967); Skalkin (1963) $Rogers  et al. (1979).

Forrester (1969).

Iiayase  and Hami :(1974);  Hunter (1979); ‘Miller
(1970) ; Mineva (1964); Rogers et al. (1979);
Skalkin (1963); Smith et al. (1978); .%vehiro
(1934) .

Cross et al. (1978); Forrester and Thomson
(1969); Harris and Hartt (1977); Hunter (1979);
Rogers et al. (1979); Skalkin (1963); Smith
et al. (1978); Zebold (1970).

Fadeev (1963) ; Harris and Hartz (1977); ~QWrS
et al. (1979); Skalkin (1963).

Hunter (1979); ?iovikov (1963); Rogers et al.
(1979); Gray (1964) .
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STUDY AREA

The Kodiak Archipelago is located in the western Gulf of Alaska,
southeast of the Alaska Peninsula. It is composed of many islands 16
of which have an area greater than 18 km2; iKodiak Island (9,293 km ) and
Afognak Island (1,813 km2) are the largest. MounLains rise sharply from
the ocean floor to elevations of over 1,200 m. The coastline is intri-
cately carved by deep, narrow bays and fjords, and most of the shoreline
is composed of rocky bluffs and narrow beaches. The continental shelf,
which is about 120 km wide, and the nearshore waters of the archipelago
are among the most productive in the world and support commercial fish-
eries for halibut, salmon, and crab.

There is a strong marine influence on the climate, resulting in
cloudy skies, moderately heavy annual precipitation, and mild tempera-
tures for the latitude of the islands. The average maximum air tempera-
ture during the summer is about 150C and the average minimum temperature
during the winter is about -5°C (AEIDC 1975). Ice forms in the more pro-
tected inlets during the winter months, and surface water temperatures
of 1°C are not uncommon. Daylight ranges from 8.25 hr at the winter
solstice to 22.50 hr at the summer solstice.

Our study areas included Izhut, Kalsin, Kiliuda, and Kaiugnak bays
(Fig. 1). They are located on the east side of Afognak and Kodiak
islands and represent most of the nearshore habitats of that area.
Izhut Bay, which is located on Afognak Island, opens southward to the
Gulf . It is 15 km long and is fringed by many protected inlets and
lagoons. The mean depth at midbay is about 135 m and depths of over
200 m are found at the mouth. Izhut Bay has a fairly irregular bottom.
The surrounding terrain has a moderate to low relief, and peaks reach
just over 600 m. Lower-lying hills predominate at the head. Sitka
spruce is the most obvious form of vegetation and some of this has been
logged.

Kalsin Bay is only 11 km long and opens to the northeast into
Chiniak Bay. Numerous small islands are located near the mouth. Kalsin
Bay has a mean depth at midbay of about 50 m. The peaks are larger
around Kalsin then around Izhut, but like Izhut, the bay head is less
mountainous. Sedimentary rock predominates. Due to glaciation, there
is an absence of Sitka spruce, and the principal vegetation consists of
Sitka alder and willow, the latter often occurring in dense thickets in
depressions such as stream basins.

Kiliuda Bay is the longest bay studied, reaching inland approxi-
mately 24 km. It is exposed to the southeast near the northern end of
Sitkalidak Strait and has a few protected arms, bays, and small lagoons.
The mean depth of midbay is about 70 m, and there is a fairly irregular
bottom. A sill is located off Coxcomb Point, thus making Kiliuda a true
fjord. The surrounding hillsides and mountains are steep and are
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Fig. 1. Locations of bays in which fish were sampled for Che
Kodiak nearshore food habits studies, 1978 and 1979.
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composed primarily of sedimentary rock with a small amount of volcanic
rock. The vegetation is much like that in Kalsin Bay, but it also has
some areas of moist tundra.

Kaiugnak Bay is about 15 km long and has two large protected la-
goons, Kiavak, and Kaiugnak. It opens to the southeast at the southern
end of Sitkalidak Strait. The bottom is irregular and the mean depth at
midbay is about 80 m; however, the lagoons are quite shallow. Steep
hillsides and mountains with vegetation much like those in Kalsin Bay
predominate.
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SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Fie ld

Stomachs were collected during April-August, and November (1978)
and March (1979) from four bays on the Kodiak Archipelago: Izhut >
Kalsin, Kiliuda, and Kaiugnak. Five types of gear (beach seine, trammel
net, townet, trynet, and otter trawl) were used to collect most of the
fish. Stomach sampling followed the plan devised by the ADF&G  (RU 552)
for fish sampling.

The generalized habitats that were sampled are depicted in Fig. 2.
With the exception of the otter trawl, which was used only in Izhut and
Kiliuda  bays, each gear was used in each bay. Beach seine sets were
made at varying tide levels and sampled a variety of  intertidal and
shal low subtidal habitats which included fine sand, cobble,  mixed rock
and sand, mud}  and eelgrass beds. The trammel net was 75 m long and was
set perpendicular to the shoreline in the subtidal region in 3-7 m of
water and it generally sampled rocky/kelp bed areas. Trynet hauls were
made deep (20-50 m) in the subtidal  zone on predominantly mud-bottomed
banks and shelves of the bays while the otter trawl sampled  mud-bot tomed
troughs deeper (70-100 m) in the neritic zone.

As the f ish were landed>  they  were  f i rs t  sorted  to  spec ies .  The
field crew next selected specimens according to species and size: the
emphasis was both on the most abundant species and on the economically
important fish. Larger f ish were measured and dissected in the field.
Gonads were examined for level of maturity, then the stomachs were
removed and placed in a Whirlpak bag along with 10% formalin. Smaller
fish were preserved whole.

Laboratory

In the laboratory, the stomach contents of each large fish were
removed, blotted dry, and then weighed to the nearest .01 g.  The con-
tents were next sorted into the lowest possible taxonomic  categor ies ,
and each group was then counted and weighed to the nearest .001 g. If
the fish were small, lengths were taken for each fish in a group and
then an average length was recorded. Stomach contents were pooled and
the contents from the pooled stomachs were treated as above. Average
numbers and weights of prey items per stomach were then calculated.

Data Analysis

Food habits data in the annual report were presented solely on the
basis of samples taken for stomach analysis and were not adjusted to the
size and composition of  catches in the bays. In this final r e p o r t ,  f o o d
habits data used to create the food webs are weighted by both the number
of stomachs sampled and the associated mean CPUE (catch-per-unit-effort).
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Data on the catches were received from Jim Blackburn of the ADF&G
(Rll 552).

Catch data from ADF&G were reported by station, date,  gear type,
and species. We initially calculated the arithmetic means of the
catches (by weight) for each bay, month, gear type, and species. Since
catches are usually log-normally distributed, we later corrected for a
skewed distribution by calculating the geometric means [antilog ~ Z log
(x+ 1)] of those arithmetic mean CPUE-values  to obta in  geometr ic  mean
values (over bay and month) by seasonj  gear type> and species. Any spe-
cies that comprised 5% or more of the geometric mean catches by weight
(of the species that were weighed) were included in the food WebS.

Because the food habits data were highly variable (Rogers et al .
1979), geometric mean weights rather than arithmetic mean weights of the
foods were computed for each species of  f ish by bay, month, size class,
and gear. We chose to work with weights of the foods alone rather  than
with frequency of occurrence {the percentage of stomachs containing a
certain food) or abundance because biomass is the single most usable
measurement for ecosystem modeling. For instance, biomass is the easi-
est  to  t rans late  d irect ly  into  uni ts  o f  energy . Weights and numbers are
a lso  addi t ive . The frequency of occurrence is by contrast,  somewhat
di f f i cu l t  to  use  because  it is not additive within a grouping of  foods
(e .g . ,  the  f requenc ies  o f  occurrence  o f  errant iate  and sedentariate
polychaetes  cannot be added to provide the frequency of occurrence of
polychaetes  in g e n e r a l ) . A common objection to the sole use of the
biomass of foods to categorize diets is that one large item will cause
an over estimation of the true importance of that food, This problem,
however, is considerably allayed by the use of geometric rather than
arithmetic means.

The popular IRI (Index of Relative Importance - Pinkas et al. 1971)
combines weight or volume (V), number (N), and frequency of occurrence
(F) into one statistic: IRI = %F(%N+ ZV). Although the IRI was part
of our original work statement, we decided against using it because as
an index, it  can not be tested statistically,  and because the IRI num-
bers (and associated graphs) are weighted by F. (The IRI formula de-
scribes the areas of two rectangles, both of which have “1? as one dimen-
sion and V or N as the other.)

The average weight of each type of food per stomach multiplied by
the average CPUE of each species was depicted on quantitative food dot/
box diagrams. These weights were determined in the following sequence:

1) Geometric mean weights of food per stomach were first calcu-
lated  for  each  spec ies , s ize  c lass ,  month? and  gear  type . The
arithmetic mean weights of food per stomach for each size
class of  f ish were then determined for each season (within a
species and gear)
by the associated

by weighting the preceding
number of stomachs sampled

5 6 4

geometric means
(where n~ 3).



2 )

3 )

4 )

5)

6 )

For

The number of stomachs (n) was used as a weighting factor
rather than CPUE because occasionally n was small or zero
where the CPUE was large. Since we had to maintain a reason-
able work load, our original goal was to collect stomachs from
20 fish per species, bay, month, and life history stage. Al-
though we often exceeded that limit, species that were espe-
cially abundant were not sampled from all catches. Weighting
by the CPUE in such cases would have given the food habits
data from these poorly-sampled catches unwarranted importance.
Instead, catches that were well-sampled were given the most
weight.

The geometric mean CPUE in numbers of fish was calculated over
bays and months for fish caught in each season, size class,
species, and gear and the percent composition by size class
was then determined.

It was then necessary to make CPUE in abundance comparable to
CPUE in biomass, since the weights of the catches were not
stratified by size class. To do this, the CPUE in abundance
within a bay, month, gear, and species was added over size
class and the geometric mean CPUE was calculated on total
numbers within a species over bays and months.

The percent contribution of each size class in (2) was multi-
plied by the total geometric mean CPUE in (3) for the numbers
of fish in each size class.

The average amount of food per stomach for each species of
fish was then calculated by taking means weighted by the CPUE
of each size class.

The mean CPUE of each species multiplied by the mean weight of
food per stomach in (5) gave an estimate of the total amount
of food in the stomachs of each species of fish per catch.

the quantitative food dot/box dia~rams. the three most imcmr-
tant food categories for each species of fish were graphed. Traditional
food webs were also drawn to indicate the percent composition of foods
in the diet of each species of predator. In these, all foods comprising
5% or more by weight of the diet of eacl~ species were graphed. These
more traditional webs indicate the importance of each type of food to
each species of predator whereas the quantitative dot/box diagrams
emphasize the relative impact of each species of predator on its food
resource.
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adults longer than 300 mm were quite variablsl  with large numbers of
both full and empty stomachs.

During daylight hours, the time of day versus the feeding  factors
seemed to be variable (random), or consistently high/low/medium, or
show periods of highs and/or lows. As noted by various authors,  feed-
ing may take place in some species only every few days (see Table 3).
This may partly explain the  variable nature o,f stomach fullness and di-
g e s t i o n  i n  the  samples  o f  large  Myoxocephalus  spp., ye l low Irish l o r d ,
and Pac i f i c  hal ibut . The sandfish (when not spawning) and the green-
ling  species were quite full and a low perce.~tage  of stomachs were emp-
ty, while the three gadids, had more empty stomachs but were also quite
full for those gadids that were feeding. Snake prickleback and cres-
cent gunnel were in the medium range as were rock and yellowfin  sole>
but the latter had a higher variance and more empty stomachs. The
three hexagrammids may have been feeding more in the morning, the rock
sole more at mid-day, the Pacific cod less at mid-day, and the capelin
,more in the early morning.

Of the 27 adult species analyzed for spawning condition versus
f e e d i n g  ( f u l l n e s s ) , only 12 were found with “ripe and running” indi-
v iduals  (Table  4 ) . Within the 1978-1979 sampling period, tomcod  and
sandfish were late winter spawners; rock greenling, masked greenling,
whitespotted greenling, and yellowfin sole were summer spawners; and
sand lance was an autumn spawner (Table  4, Fig. 3). After spawning
per iods  were  ident i f i ed , fullness and the percentage of empty stomachs
were compared between ripe and non-ripe fish.

In March, most of the adult tomcod  had not been feeding. Since
all were ripe or nearly ripe } this may have been a function of  their
state of  maturity. Sandfish females with mature eggs were found off
British Columbia in late February by Clemens and Wilby (1961). The ripe
sandfish of  this study were taken in March, and five out of six had emp-
ty stomachs, as did the single nonripe fish examined. Perhaps tomcod
and sandfish do not feed, or feed less during spawning, but this cannot
be conclusively shown because of  small  numbers of  non-ripe fish. Cape-
lin in spawning condition occurred in low percentages during March and
June. Ripe individuals had empty stomachs about as often as non-ripe
fish,  but of  those that fed,  the stomachs of  ripe f ish were not as full
(based on a small  number of  ripe f ish).

Rock  greenling, masked greenling,  and whitespotted  greenling had a
very low percentage of empty stomachs and a paired sample t-test showed
di f ferences  in mean fullness between ripe and non-ripe fish were not sig-
nificant.  Mean fullness between ripe and non-ripe yellowfin  sole was
also not significantly different and both groups had about 30% empty
stomachs. Of rock sole and flathead sole,  a small  number were in spawn-
ing condition during spring and summer. Flatheaci  sole had about the
same
s o l e

p e r c e n t a g e  o f  ~mpty s~omachs  in ripe and not ripe fish,  but rock
had a  h igher  percentage  in the ripe fish. This,  though, could not

568



‘Table 4. Months and bays (A = Izhut, B = Kalsin, C = Kiliuda, and D = Kaiugnak) in which adult fish were
sampled. Numbers indicate the percentage of adults that were “ripe and running” and numbers in
parentheses are from sample sizes of less than five fish.

March A p r i l May

A B C D A B C D A B C D
June July August November

A B C D ~BCD A13CD ABCD

x
x

x

x

16
41
5

x
x
x

x

51
35
20

x
x
x

x

x

x

x
13

x

x
x

x

x
41
42
39

26
x

x

x

x
x

x

9
1

29

x?ink salmon
Dolly Varden

Capelin (loo) x

x

33 (loo) (1;0)

x

x

x
x
x
x

x

x

x

x

x

x
6

29

X (25)

x x
x

x

x
x

x
x
x
x

x
x

?acific cod
Walleye pollock
Pacific tomcod

x x
x

x
x x

x

(loo)
x x
x x
x x

x
x
x x

Black rockfish

Kelp p,reenling
Rock greenling
Masked greenling
hlitespotted greenling

x x
x x x

x x X x x x
x x x

x (50)
46

x
x
x

x
x

91

68 31 26
24 54 40
12 65 64

x
x
x x

x
x x

83

x
x x
x

x
x
x

x
x

x

x

x
x
x

x x
x x

2 25 28
x 6 2
x 9 x

30
35
5

x
x
x

x

x

x

39
x

x
x

Silverspotted  sculpin

C/V’locmtbAs Spp.
Red Irish lord
Yellow Irish lord
>~~C~3@~klh48 SPP .

x
x

x
x 11 (loo)

x x x
15 x

x x x
x x
Xxxx

x x

x x

x

xx

x

x 5

x“

x

x

?acific  sand fish x

x

x

x

x

Snake prickleback x

Penpoint gunnel
Crescent gunnel x

x x

x x

x x

x
x 5

x x 2 X X
x x x x

x x x

(100) xPacific sand lance 100 (loo) 93

7 x
5

9XX
x

x

24 (50)
3 x

x

Arrow tooth flounder
Flathead sole
Rock sole
Yellowfin sole
Starry flounder
Pacific halibut

— . - — _ _ _

x
2

x 5
xx x
32 63 80

x x
x x

x

x 2 (33)
41 59 60 73 59 23

x xx
——



Kelp greenlifig

Rock greenling

Masked greenling
Whitespotted

greenling

Yel low Irish lord

Capelin

Sand lance

Sandfish

Tomcod

Rock sole

yellowfin  s o l e

Flathead  sole

Mar
79

Apr
78

..,.
I 1

May
78

June
78

—,

July )
78

Aug
78

*

*

*

*

* Month(s)  of high a b u n d a n c e .

Nov
78

*

F i g .  3. O c c u r r e n c e ,  b y  month,of “riPe a n d  ‘U n n i ng ”  ‘i s h  ‘ n  ‘ h e  ‘odiak
nearshore zone,  1978-1979.
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be validated statistically because of the very small numbers of ripe
fish. Some yellow Irish lord and kelp greenling  were in spawning
condition at this time, but no conclusions relative to feeding are
possible because of the small numbers of ripe and total fish,
respectively.

Trumble (1973) reported that ammodytids spawned in summer} fall, or
winter depending on the species and its location and that they apparent-
ly feed during all seasons. In this study, sand lance were ripe during
autumn when feeding was at its lowest (Rogers et al. 1979): 89% of the
stomachs from adults (nearly all ready to spawn) were empty while 70% of
the stomachs from juveniles were empty.

Food Web Analysis

The data were stratified by five variables: gear (beach seine,
trammel net, townet, trynet, and otter trawl); bay (Izhut, Kalsin,
Kiliuda, and Kaiugnak); month (March-August and November); species, and
size class (~ 150, 151-300, and >300 mm long). To reduce the number of
potential food webs, levels within each variable were reduced as follows:

1) Gear. Data by gear were kept separate because each gear sampled a
substantially different habitat, and also because the food habits
of the fish tended to differ with habitat (Rogers et al. 1979).
This was, in part, because the gears sampled varying sizes of fish
(Table 5) which may be caused by differential selectivity of the
nets or because the fish shift to different habitats as they grow.
Those caught by beach seine (except for Dolly Varden and adult pink
salmon), tow-net, and trynet (except for Myoxocephalus)  tended to be
small, while those taken by the trammel net and otter trawl were
large.

2) Bay. The fish sampled by otter trawl in Izhut Bay contained more
fish and less shrimp in their stomachs than did those from Kiliuda
Bay. Data on the food habits of fish taken by other gears were
either inconsistent or no significant differences were evident
(Rogers et al. 1979).

Often the CPUE differed noticeably between bays, especially in the
otter trawl catches (Fig. 4). For example, yellow Irish lord were
very abundant in Kiliuda Bay, but almost nonexistent in Izhut. The
average catches in abundance and biomass are presented for all spe-
cies in Appendix Tables 1-5.

Instead of creating separate food webs for each bay, differences be-
tween bays were handled by taking weighted means of the food habits
data (using both the number of stomachs sampled and the CPUE as
weighting factors) over all the bays.

571



I

.

I

I

I

I

Table 5. The mean weight per f ish for species used in the food webs.

Mean weight per.fish  (g)
Winter Spring Summer Au t UmIl

Beach seine Pink sa lmon
.5 349.5

Dolly Varden 10.0 258.3.=

Trammel net

Tow net

Try net

Otter trawl

Pac i f i c  sand lance
Rock greenling ?:

Masked greenling 11.2’
~oxocephalus 9.4;
Rock sole 19.0

Rock greenling 249.2’
F?!sked greenling
Whitespotted greenling
Mjoxocephalus 4 1 9 . 3
Rock sole 130.1

Pink salmon
Chum  salmon !

Capelin ?!

Paci f i c  sand lance 4 . 7

T h r e e s p i n e  s t i c k l e b a c k s  6.5

Mjoxocephaks
Gymnocantihus
Rock sole
Yellowfin sole

pacific cod
pacific tomcod
Walleye pollock
Myoxocephalus
Gyrrinocanthus
Yel low Ir ish  lord
Rock sole
Flathead sole
Yellowfin sole
Arrowtooth flounder
Halibut

3.1
69.0
32.6
47.9
73.5

512.8
117.8

249.7

. 3
1 . 2
3 . 0

2 . 8

2 3 . 8 56.1
43.8’ 57 .3

61.7

\
695.6

1162 .7 1 1 0 4 . 4
2 7 4 . 9
2 9 7 . 7

140.7 258.6
103.1

155.4 221.4

1.9

354.2
135.7
258.2

3.7

1 . 6

404.3

54.3
91s0

138.0
1031.6

410.2
268.1
253.0
170.2
259.0

3351.6

404.0

18.9
52.6
59.0

455.2
255.7

955.3

.4

161.2

47.1
50.9

54.4
44.0

1399.7

461.6
263.3

49.0
199.1
1 0 4 . 2

5 7 2
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3)

4)

5)

Month. During March and April , mean sea surface temperatures were
at their yearly low (Fig. 5) and temperatures were unstratified by
depth (Fig. 6). In May, surface temperatures were still low, but
in May and June of 1978, surface waters began to warm, Water tem-
peratures in July and August varied by depth and temperatures, espe-
cially at the surface, peaked in August. Sea surface temperatures
during November were warmer than those in March and April, but were
colder than in August and unstratified.

Foods tended to differ most in March and November, but were similar
during April through August. Also, the total weight ~f foods in
the stomachs tended to be low in March, April,  and November (Rogers
e t  a l .  3979). Since seasons are useful divisions in time, data for
the food  webs were stratified into seasons where March and April =
winter, May and June = springs July and August = summer, and Novem-
ber = autumn.

Spec ies . Species were kept separate,  but only those that contri-
buted 5% or more by weight to the total mean CPUE within a season
and gear were included in the food webs.

S ize  c lass . The food habits of  the three size classes of  f ish were
comb”ined to describe the overall diet for each species within a sea-
son and gear. This was done by weighting the food habits of each
size class with its average CPUE and taking the weighted mean.

The food habits data are presented in the food webs by major food
categor ies  (e .g .  , clams and shrimp). A complete l ist of  foods that were
identified during this study is presented in Appendix Table 6,  and for
predators that were detailed in the  food webs,  in Appendix Tables 7-22.

Figures 7, 9, 11, 13, and 15 are  the  quant i tat ive  food  d iagrams
where the size of  each dot indicates the average number of  each species
of f ish per haul times the average weight per f ish of  each food category
and the size of  each square indicates the average biomass of  each spe-
cies per haul. Open circles denote foods of a species whenever sample
sizes were too small  for quantitative estimates. Abbreviations used to
des ignate  spec ies  in  these  d iagrams are  ident i f i ed  in  Table 6. In the
food webs (Figs.  8, 10, 12, 14, and 16),  the width of each arrow signi-
f i es  the  importance  (in percent by weight)  of  each type of  food to each
s p e c i e s  o f  f i s h . Finally,  diets by season are presented in Figs.  17,
18, 19, and 20.

Intertidal/Shallow Subtidal (Beach Seine)

Catches of fish by beach seine were lowest during the winter months,
increased in the spring, and partly because of an influx of immigrating
adult pink salmon, were highest during the summer. The portions of food
consumed were correspondingly low during the winter and autumn and high
during the spring and summer (Fig. 7).
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Table 6. Abbreviations used to define species of
f ish in the food diagrams.

AF

CA

Cs

DV

FH

GM

HA

MG

Mx

Pc

Ps

RG

RS

SL

ST

TC

WG

WP

YF

YL

Arrowtooth  f l ounder

Capelin

Chum salmon

Dolly Varden

Flathead sole

Gynnwcanthus spp.

Halibut

Masked greenling

Myozocephalus  spp .

P a c i f i c  c o d

Pink salmon

Rock greenling

Rock sole

Paci f i c  sand lance

Threespine sticklebacks

P a c i f i c  tomcod

Whitespotted greenling

Walleye pollock

Yellowfin  s o l e

Yellow I r i s h  l o r d
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Diets were fairly diverse, although in the winter Myoxocephalus
depended mostly on fish while Dolly Varden and rock sole ate mostly
polychaetes (Fig. 8). During the autumn, Myoxocephalus and rock sole
ate a high proportion of fish while masked greenling  concentrated on
gammarid amphipods.

Pacific sand lance and juvenile pink salmon consumed large quanti-
ties of calanoid copepods and gammarid amphipods in the spring. The
pink salmon also devoured large quantities of epibenthic harpacticoids.
Only Myoxocephalus ate sizable amounts of fish (mostly Pacific sand
lance). In terms of percent composition of the diet, calanoid copepods
were important to Pacific sand lance; calanoids and harpacticoids to
pink salmon; gammarids to rock sole and masked greenling;  crab to rock
greenling; and, once again, fish to Myoxocephalus.

During the summer, adult pink salmon fed mostly upon fish (all uni-
dentified), while the few remaining juvenile pink salmon depended upon
calanoid copepods. Pacific sand lance ate large amounts of both cala-
noids and crustacean larvae, although barnacle (crustacean) larvae were
proportionately the most significant food in their diet.

Rocky/Kelp Beds (Trammel Net)

Only three species contributed 5X or more by weight to the trammel
net catches each season, and throughout the year, rock greenling pre-
dominated. As in the intertidal/shallow subtidal areas, catches were
smallest in the winter and autumn and correspondingly small amounts of
food were consumed then (Fig. 9). Rock greenling, masked greenling, and
rock sole had mixed diets during the winter and autumn, but Myoxocephal-
us focused mostly on fish during both seasons and also on crab during
the autumn (Fig. 10).

Rock greenling had quite a varied diet in the spring, which is sug-
gested by a large category of “’other” foods. Even so, they also managed
to consume sizable amounts of crab. Many species of crab were consumed
(see Appendix Table 11); however, 23% by weight of the identifiable crab
were Pugettia gracilis, 38X were Telmessus cheiragonus  (horse crab), and
another 10% were Cancer oregonensis. Masked greenling relied mostly on
gammarid amphipods while rock sole ate mostly polychaetes.

Masked and rock greenling both consumed large quantities of crab
and miscellaneous foods during the summer. T. cheiragonus was the—
species of crab most heavily consumed by all three species of greenling.
Masked greenling ate large amounts of gammarid amphipods and rock green-
ling ate large amounts of fish (mostly Pacific sand lance, unidentified
greenings, and crescent gunnel).
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Pelagic (Townet)

Because of small catches, the surface-dwelling, pelagic “forage”
fishes were the most incompletely surveyed group in this study. Townet
catches were largest in the summer due to an abundance of Pacific sand
lance (Fig. 11). The small fish caught by townet fed on small pelagic
and epibenthic prey. For example, calanoid copepods formed the bulk of
the sand lance diet during the winter and were also very important to
capelin and chum salmon in the spring (Fig. 12). During the summer,
sand lance ate large quantities of harpacticoids, calanoids,  and crus-
tacean (especially barnacle) larvae, while insects were most important
to pink salmon.

Subtidal Banks and Shelves (Trynet)

A maximum of three species contributed 5% or more to the average
weight of trynet catches each season, and again, catches were largest in
the summer (Fig. 13). One of these species, the sculpin Gymnocanthus,
was not sampled enough to generalize about its feeding habits.

A large percentage of the rock sole diet was, in all four seasons,
polychaetes plus fish in the winter (Fig. 14). Yellowfin sole, by con-
trast, did not concentrate on any one food item and a great deal of its
diet was comprised of “other” foods. Yellowfin and rock sole together
ate most of the polychaetes consumed by fish inhabiting the subtidal
banks and shelves. Rock sole also ate sizable amounts of clam siphons
during the summer. Myoxocephalus consumed a large quantity of fish as
did rock sole during the summer, whereas in the autumn there were large
proportions of both fish and crab in the Myoxocephalus stomachs.

Yellowfin and rock sole ate large quantities of fish and poly-
chaetes in the spring and summer and a breakdown of the types eaten in
percent by weight is presented in Table 7. Myoxocephalus  consumed large
amounts of fish in the summer, but was excluded from the table because
those fish were largely unidentifiable.

During the spring and summer, yellowfin sole primarily consumed
sedentariate (non-motile) polychaetes while the rock sole diet was more
evenly distributed between errantiates (motile) and sedentariates. Both
species relied mostly on osmerids (smelt) in the spring, whereas Pacific
sand lance (Ammodytes hexapterus)  and cod (Gadus macrocephalus) were of
secondary importance to the rock and yellowfin sole, respectively. Os-
merids were again the primary food of rock sole in the summer, but sand
lance ranked firs~ with the yellowfin sole. Herring (Clupea harengus
pallasi) and walleye pollock (Theragra chalcogramma)  ranked second with
rock and yellowfin sole, respectively.
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Deep Troughs (Otter Trawl)

Catches were lowest in the winter when only three species of fish
comprised 5% or more of the average CPUE. The number of species jumped
to seven in the spring and eight in the summer and autumn (Fig. 15). In
nearly every instance, crab, fish, and/or shrimp were the predominant
foods (Fig. 16). These preferences are probably due at least in part to
the comparatively large sizes of fish in the otter trawl catches rela-
tive to those taken by other gears. Rock sole, the exception, ate large
portions of polychaetes  in the spring and autumn.

Pacific sand lance was the primary fish eaten by rock sole in the
winter. Types of shrimps and fish consumed by the predators during the
spring, summer, and autumn are compared in Table 8. Pandalid shrimp,
especially Pandalus borealis were in all cases but one (tomcod in the
autumn) the primary shrimp eaten. Predation on this single food source
appears to be high; however, without comparable data on the abundance of
shrimp in the environment, any discussion on dietary overlap or competi-
tion among the species of predators would be relatively meaningless
(Petraitis 1979).

In the spring, the emphasis on fish varied among the predator spe-
cies, with Pacific cod eating mostly herring and gadids (codfish).
Myoxocephalus concentrated on pleuronectids- (flatfish) and a large
category of “other” fish which included 19% Hemilepidotus spp. (Irish
lords). Yellow Irish lord ate mostly sablefish (Anoplopoma fimbria) and
cottids while flathead and yellowfin sole ate mostly cottids and stich-
aeids (pricklebacks). Myoxocephalus, the primary crab predator during
the spring, consumed mostly Chionocetes spp. (tanner crab).

In the summer, the capelin (Mallotus villosus) became the primary
fish consumed, although Myoxocephalus ate ~stly cottids (sculpins) and
flatfish, and rock sole ate a sizable proportion of clupeids (herring).

Gadids (codfish) predominated in the autumn but Pacific sand lance
were also important to the walleye pollock and yellowfin sole, pholids
(snailfish)  to flathead sole, and scorpaenids (rockfish) to Myoxocepha-
lUS. The main predators on crab, yellowfin  sole, and yellow Irish lord,
ate mostly Chionocetes (47 and 38%, respectively). Oregonia gracilis
(15 and 17%) and pagurid crabs (13 and 19%) were also important. In ad-
dition, 23% of the crabs eaten by yellowfin  sole were the horse crab, T.
cheiragonus.

—

Winter—..—

Important foods during the winter (Fig. 17) can be summarized as
follows:

1) Zooplankton-- calanoid copepods
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Table 8. The importance (average percent by weight) of categories of
polychaetes and fish in the diets of fish sampled by otter
trawl during the spring, summer, and autumn.

————. .—----
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2) Small epibenthic crustacea--gammarid amphipods

3) Noncrustacean  benthosfepibenthos--polychaete  and nemertean
Wo!rms , clam siphons, clams, and snails.

4) Shrimp

5) Crab

6) Fish

Only SU1l Dolly Var#en and Pacific sand lance {average weights of
10 and 5 gm, respectively --see Table 5, page 23) ate significant quan-
tities of zooplankton, while gammarid amphipods were primarily consumed
by the small fish captured in the beach seine. Polychaete worms were
the most important prey in the benthos, forming approximately one-half
of the diets of Dolly Varden and rock sole caught by beach seine, and of
rock sole in the trynet samples. Nemertean and polychaete worms plus
clam siphons fed the larger (average weight-13 gm) rock sole taken by
the trammel net. Predation on shrimp was relatively insignificant.
Fish comprised over one-half of the Myoxocephalus diet, even though
their average sizes ranged from 9 gm in the beach seine to 1163 gm in
the otter trawl. Crab was of secondary importance to the large Myoxo-
cephalus in the otter trawl catches. Fish was also important to the
yellowfin and rock sole taken by the otter trawl.

Spring

Major foods in the spring (Fig. 18) were:

1) Algae

2) Zooplankton --calanoids and euphausiids

3) Small epibenthic crustacea --harpacticoid copepods and
gammarid amphipods

4) Insects
5) Noncrustacean benthos/epibenthos--polychaetes, clam siphons,

and clams

6) Shrimp

7) Crab

8) Fish

Algae contributed about
by beach seine. Zooplankton
average weight--see Table 5,

30% of the total diet of rock sole captured
was especially important to small  (<5 g m
page 23) fish captured, including pink
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salmon and Pacific sand lance from the  beach seine and chum salmon, pink
s a l m o n ,  and capelin from  the townet. All the major  spec ies  caught  by
beach seine,  with the exception of  Myoxocephalus,  ate  substant ia l
amounts of  gammarids and/or harpacticoids. I n s e c t s $ however ,  were  con-
sumed to any significant degree by only chum salmon. Rock sole consis--
tently relied upon benthic organisms, especially polychaetes. Shrimp
were eaten by all species of fish over 100 gm in weight that were cap-
tured by otter trawl. These  inc luded  Pac i f i c  cod ,  yellow  Irish lord,
flathead,  a n d  yellowfin  soles. The largest precentages of crab were
consumed by rock greenling sampled by the beach seine and trammel net,
yellowfin  sole from the try net,  and Myoxocephalus  from the otter trawl.
Fish was most important to Myoxocephalus.

Summer

During  the  summer, the primary foods (Fig. 19) were:

1)

2)

3)

4)

5)

6)

7)

Zooplankton --barnacle larvae, calanoid copepods, and
larvaceans

Insects

Small epibenthic crustacea-- cumaceans and garnmarid amphipods

Noncrustacean  benthos/epibenthos--polychaetes
siphons

Shrimp

Crab

Fish

and clam

Zooplankton were mostly consumed by the small (<5 gm average—
weight --see Table 5, page 23) pink salmon arid Pacific sand lance cap-
tured by the beach seine and townet. Insects formed nearly 50% of the
diet of the  smal l ,  pe lag ic ,  p ink sa lmon. Small  epibenthic  c r u s t a c e a n s
were relatively unimportant during the summer and only juvenile pink
salmon from the beach seine and masked greenling from the trammel net
consumed any  s igni f i cant  amounts  o f  cumaceans  or gammarid amphipods.
The small rock and yellowfin soles (average weights of 54 and 91 fgm,
respect ive ly )  captured  by  t rynet  re l ied  most ly  on  benthos--both  poly-
chaetes and clam siphons. Shrimp were most important to walleye pollock
a n d  flathead sole (138 and 170 gmj respect ive ly )  taken by  o t ter  trawl,
while crabs were important to all  the greenling spec ies . All major pre-
dator species taken by otter trawl, with the exception of  walleye pol-
Iock, relied u p o n  f i s h . These predators were large, averaging between
170 to 3352 gm in weight. Other major fish predators were adult pink
salmon  and the large Myoxocephalus  (averaging 404 gm) captured by
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trynet. Greenings, which are highly ominiverous, also consumed high
proportions of miscellaneous foods.

Autumn

Primary foods during this season were (Fig. 20):

1) Small epibenthic crustacea --garnmarid amphipods and mysids.

2) Noncrustacean benthos/epibenthos--polychaetes,  clams, and
snails

3) Shrimp

4) Crab

5) Fish

During autumn, epibenthic crustaceans were important primarily to
predators caught by the beach seine. Small masked greenling and Myoxo-
cephalus (19 and 53 gm, respectively --see Table 5, page 23) ate signi-
ficant amounts of gammarid amphipods,  which were among major food items

— .

for these predators. Garnmarids  were also important to large masked
greenling captured by trammel net. Mysids  were relatively unimportant
but did occur in the diet of walleye pollock and flathead sole caught in
the otter trawl. The most important noncrustacean epibenthic/benthic
food was polychaete worms. Masked greenling from the beach seine, yel-
lowfin sole from the trynet, and rock sole from both the trynet and
otter trawl ate significant amounts of polychates. Shrimp were consumed
by all the major predators from the otter trawl, but were of lesser
significance to Myoxocephalus  and rock sole. However, shrimp were by
far the main food for Pacific tomcod, comprising over 80% of their food.
Crab was important to many predators, but it never contributed over 50%
of the total diet of any one species. Myoxocephalus and rock greenling
from the trammel net, Myoxocephalus from the trynet, and yellow Irish
lord, yellowfin sole, and Myoxocephalus from the otter trawl were major
crab predators. Fish was consumed by every major predator except large
(268 gm average weight) rock sole captured by the otter trawl. Fish was
particularly important to the rock sole and Myoxocephalus from the beach
seine, all three species taken by the trammel net, Myoxocephalus and
yellowfin sole from the trynet, and to all major predators from the
otter trawl, except for yellow Irish lord and rock sole. For Myoxo-
cephalus,  fish was very important,

——
comprising 40% or more of the total

diet, even through the average size of Myoxocephalus  sampled ranged from
47 gm in the trynet to 1400 gm in the otter trawl.
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SUMMARY

During April through August and November of 1978, and
1979, fish were sampled from four bays along the southeast
Kodiak Archipelago. Most  of the fish were taken from five
gear,  each sampling a different habitat. These were:

Beach seine - intert ida l / shal low subt idal
Trammel net -  rocky/kelp beds
Try net - subtidal  banks and shelves
Otter trawl - deep troughs
Townet -  p e l a g i c

The resulting collection totaled over 14,000 s t o m a c h s
s p e c i e s  o f  f i s h . Results of subsequent analyses have been
two phases. In the first phase (Rogers et al .  1979),  food

March of
coast of the
types of

from about 40
reported in
habits were

presented for all  species of  f ish that were sampled. The emphasis of
the second phase (presented in this report)  was to construct  quant i ta -
tive food webs for the ecologically important f i s h . These included juve-
nile and adult pink salmon, juvenile chum salmon, Dolly Varden, Pacific
sand lance, Pacific cod, Pacific tomcod, walleye pollock, yellow Irish
lord, Myoxocephalus  spp., Gymnocanthus  spp., capelin, threespine
sticklebacks, rock, masked and whitespotted greenling~  rock, yellowfin,
and flathead sole, arrowtooth flounder, and Pacific halibut.

Feeding intensity with respect to time of day was analyzed and the
stomach fullness and relative state of digestion seemed to be variable,
or consistently high/low/medium, or show peaks of highs and/or lows de-
pending on species, size category, and season. Pacific sandfish and
rock, masked, and whitespotted greenling had relatively full stomac’hs
and a low percentage of empty stomachs; Pacific cod, Pacific tomcods and
walleye pollock also had relatively full stomachs but more were empty.
Snake prickleback  and crescent gunnel were in the medium range, as were
rock and yellowfin sole,  but the latter had a higher percentage of  empty
stomachs. Data indicated that the three major greenling species may
have been feeding more in the morning, the rock sole more at mid-day,
the Pacific cod less at mid-day, and the capelin  more in the early
morning.

Species were examined for gonad maturation and this was compared to
stomach fullness. Pac i f i c  tomcod  and Pacific  sandfish were late winter
spawners; rock$ masked?  and  whi tespot ted  greenling  and yellowfin sole
were summer spawners; and Pacific sand lance was an autumn spawner.
Paired sample t-tests showed that “ripe and running*’ greenling and yel-
lowf in  sole did not feed more or less intensely than those adults that
were not ripe. Data  suggested  that  r ipe  capelin, Pacific tomcod,  Pac i f -
ic sand lance, and Pacific sandfish may feed less than their non-ripe
counterparts .
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To construct the food webs, food habits of the three size classes
of fish (<150,151-300, and >300 mm long) were combined to describe the
overall diet for esch species within a season and habitat. Twenty tra-
ditional food webs (percent composition) and twenty quantitative dotlbox
diagrams were drawn for those fish that contributed over 5% by weight to
the mean CPUE. The number of species, and the species composition dif-
fered among habitats and seasons. Generally, the number of species was
low for the trammel net, townet, and try net and higher for the beach
seine and otter trawl. The catches in all habitats tended to be lowest
in the winter and low in autumn as well. The potential impact of the
predators on their food supply also tended to be lower during those
seasons than during spring and summer.

Beach seine and trammel net catches were somewhat similar. Green-
ling, rock sole, and Myoxocephalus spp. were common to both gears, while
pink and chum salmon ~d Dolly Varden were common in the beach seine
catches. Fish sampled by the beach seine were typically quite small
(with the exceptions of adult pink salmon in the summer and Dolly Varden
in the spring and autumn) and consumed a diverse array of primarily small
epibenthic, benthic, and pelagic foods such as calanoid and harpacticoi.d
copepods, gammarid amphipods,  and polychaetes. In general, fish caught
by the trammel net were larger than those caught by the beach seine.
This was probably a result of differing size selectivity of the two
gears. Rock greenling predominated in these catches and also tended to
have the largest impact on the food reso(lrces. Along with the other
greenings, it maintained a diverse diet of benthos, epibenthos, and
fish ~hroughout  its growth.

The small “forage” fish caught by the townet reflected their pelag-
ic habitat in their diet. Sand lance, juvenile salmon, capelin and
sticklebacks consumed mostly small pelagic and epibenthic foods such as
copepods, amphipods,  and insects.

The try net generally captured small individuals (with the excep-
tion of Myoxocephalus  spp.); important were rock and yellowfin sole,
Myoxocephalus spp., and Gymnocanthus spp. Myoxocephalus  fed mostly on
crab and fish while the other species fed on a variety of benthic and

——

epibenthic organisms and fish. Unlike the diets of fish taken from
beach seine catches, the benthic and epibenthic organisms found in the
stomachs of fish from the try net were largely not crustaceans, and
included such foods as polychaetes  and bivalves.

Otter trawl catches also included large quantities of pleuronectids
and cottids, along with some gadlds. A total of 11 species was incorpo-
rated into the food webs for fish caught by this gear. On the average,
these individuals were larger than those caught in any other gear and
there was a pronounced tendency for these predators to eat predominantly
crab, fish, and/or shrimp.
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The three major species of
extent, whitespotted)  tended to

greenling (rock, masked, and to a lesser
have a generalized diet as did the rock

sole (although polychaetes often formed a high proportion of their
diet), yellowfin sole, small flathead sole, Dolly Varden, and Gymno-
canthus spp. The other ecologically important species tended to
specialize on certain prey types, such as zooplankton,  fish} crab, or
shrimp.

.i
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NEEDS FOR FURTHER STUDY

If the exploration of oil proceeds in the Kodiak Lease Area, fur-
ther baseline work is a necessity. A large and complex study such as
this often brings up many new questions while it answers others. The
Kodiak nearshore fish survey is no exception.

Temporal considerations are important in ecological studies. Al -
though this study considered seasonal aspects, annual and diel effects
have not been examined. At least one more year of sampling would be
useful. Diel sampling could be used to better pinpoint when fish are
feeding and sampling at night (which was not done in this study) would
probably be effective in capturing a wider variety of fish, particularly
the “forage” fish that are more likely to be high in the water column at
night and vulnerable to capture by townet or m.idwater trawl.

Food habits of fish that were not captured by the gears used in
this study could be further sampled. For example, tide pool fish could
be examined. Additional stomachs from some important species of fish
that were insufficiently sampled, such as Gymocanthus and arrowtooth
flounder, could also be examined. Needed also is an in-depth study of
the food habits of adult pink and chum salmon that have entered the
nearshore zone on their spawning migration. The large influx of these
fish, many of which are feeding, undoubtedly has a significant impact on
the food resources of the bays; however, this aspect of their biology
remains virtually unstudied.

Detailed habitat descriptions of the sampling sites are lacking.
These could be compiled, possibly by, including benthic survey (SCUBA)
of intertidal and subtidal areas in which data would also be collected
on spawning habitats of nearshore fish species.

Finally, we feel a single-source reference on the biota of the
Kodiak area would make a significant scientific contribution towards the
understanding of biological interactions in this highly productive,
totally fascinating region.
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Appendix Table 1. The average
seine haul.
used in the

catch, by species. per beach. .
Aster isks  indicate  spec ies
food webs.

Winter

Abundance
Size Class Biomasa (B)

I II III Total T o t a l

Salmonidae
Pink salmon
Chum aaimon
Dolly Varden*

Ammodytidae
Sand lance

Gadidae
Pacific cod
Tomcod

Hexagrammidae
Rock greenling*
Masked greenllng*
Whiteapotted  greenling
Kelp greenling

Cottidae
Yellow  Irish lord
Silverspotted aculpin
B u f f a l o  sculpin
Myowcsphcalus  spp.*
Padded sculpin
Sharpnoae  aculpin
Tidepool  sculpin

Gasterosteidae
Threespine  sticklebacks

Agonidae
Tubenose poacher

Pholidae
Crescent gunnel

Stichaeidae
Arctic shanny

Pleuronectidae
Rock sole*
Starry flounder

Sdiuonldae
Pink salmon*
Chum ~almon
Coho salmon

3.2 0
1.0 0

0 .2

.4 0

.3 .5

,2 0

.6 .1

0 3.2
0 1.0
.1 .3

0 .4

T
?

.1
T .8

T
T

T
o .2

.1
T .7

T
T
T

.1

.1

.1

.1

.1

.1

68.8 0 0 68.8
12.8 0 0 12.0
.3 0 0 .3

1.4
.5

3.0

.1

.1

.6

4.1
9.0
.4
T

.3
1.3
.3

6.6
T
T
T

.2

.1

.5

T

36.7
10.3
1.8
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Appendix Table 1. The average catch, by species,  per beach
se ine  haul .  Aster isks  indicate  spec ies
used in the food webs - continued.

Abundance
Si .se class 5ioT#& (s)

I II 111 Total

Dolly Varden*
Oamerldae

Capelin
Clupeidae

Herring
&modytidae

Sand lance*
Cedid.se

Pacific cod
Walleye pollock
Tohcod

Bemgrammidee
Rock greenling*
Masked greenling*
Whiteapotted  greeoling
Kelp greenling

Cottidae
Afyoxoce@@&91Bpp  .*
Buffalo &lculpill
Padded @culpin
Silvammpot  tad sculpin
Sm$horm Sculpi?l
Yellow  Irish lord

Gaarerosteidae
‘fhreespine st%ckleback

Agonldae
fibenose poacher

Stichaeidae
Arctic ahanny
Snake prickleback

Fholidae
Crescent gunnel
PenPoint gunnel

Trtchodontidse
Sandfish

Fleuroaectidae
f@ck @ole*
Yellowfin  sole
Butter eolin
Sand Bole
Starry flounder
A3a&e plsice

.1 .1 .1 .3 77.5

T .1

.6T

8.4 .5 0 8.9 33.0

.1
T
.4

.6

.1

.3.4 0 0

.1 .1 .1

.7 .7 .0
.3

1.4
.:

20.7
45.7
9:;

1.8 .4 .4 2.6
.1
.1

1.1
.1
T

124.5
1.0
.1

1.6
1.4
.1

1.1 T O

.3 0 0

.7 0 0

.3 1.6

.7 .9

T
.2

.3

.7.2 T T

.2 .1 0 .3
T

2.4
.1

T T

.1 .2 .1

T .1 T

.4
T

.:

.1
T

29.4
T
T

5::
T

406.6

w!!!=

Smlaonidae
pink salmon*
chum salwm
Coho salmon
Dolly Vardan

3.9 0 2.4
.8 0 0

.1 .3 .4

6.3
.8

.:

2201.9
6.3

.1
118.2

6 1 6



Appendix Table 1. The average catch, by species,  per beach
seine haul. Aster isks  indicate  spec ies
used in the food webs - continued.

Abundance
Si ze claaa Biomass (g)

I II III Total Total

Oemeridae
Surf smelt

Clupeidae
Herring

Anmodytidae
Pacific sand lance*

Gadidae
Pacific cod

Hexagremmidae
Rock greenling
Waked greenling
Whitespotted greenling
Lingcod

Cottidae
&ozocephalus SPP.
Buffalo sculpin
Manacled sculpln
Yellow Irish lord
Red Irish lord
Staghorn sculpin
Silverspoeted  aculpin
@@9tOCUTtthU8 Spp.
Padded eculpin
Sharpnose sculpin
MegQ~000ttU8  6P.

Gasterosteidae
Threespine atickleback

Trfchodontidae
Sandfish

Agonidae
Tubenose  poacher

Seichaeidae
Arc tic shanny
High cockscomb
Snake prickleback

Pholidae
Crescent gunnel
Penpoint  gunnel
Saddleback gunnel

Cyclopteridae
Spotted snailfieh

Zaproridae
Prowfish

Bathymasteridae
Searcher

Pleuronectldae
Rock sole

T T

T

153.7

5.9

.3
3.6
5.4
.2

3.9

.1 0 153.8 299.0

7.800 5.9

T .1 .4
.8 T 4.4
.4 T 5.6
0 0 ,2

23.7
77.7
55.8

.6

.5 .2 4.6
.1
.1

52.2
2.0
.1

.1
T
.2

1.0
.6
.1
T
.2

2.9
.4

26.8
2.6

.:

.;

T .2 0
1.0 T O
.6 0 0

.8.3 0 0 .3

T

1.0

T
T
.3

T

.6

T
T

1.1.1 .1 .1

.4 .2 0 .6
T
.1

2.2

.:

.2.1

.2.1

T

.4

.1

.2 .2 T 35.1
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Appendix Table 1. The average catch, by species,  per beach
seine haul. Aster isks  indicate  spec ies
used in the food webs - continued.

Abundance
Size class Biomass (s)

I II III Total Totel

yallowfin  sole
Sand sole
English sole
Halibut
starry flounder
Alaska plaice

.;

.1

.6

.5

.6

9.:

,1 0 0

T .1 .1
T .1

2928.8

Autumn

Sahnonidae
Dolly Varden*

Clupeidae
Herring

Oatiridae
Surf smelt

Awmodytidae
pacific sand lance

6adidae
pacific cod
Tomcod
kialleye pollock

iiexagrammldae
Rock greenling
Masked greenling*
Whitetspotted greenling

Cottfdae
Myoacepkzzlue  SPP.*
yellow  Irish lord
Silverspotted  sculpin
Staghorn sctdpin
Buffalo sculpin
padded sculpfn
Sharpnose sculpin
TidePool nculpin

Stichaeidae
Arctic shemy

Agonidae
Tubenoae  poacher

PhoLidae
Crescent gunnel
Penpolnt  gunnel

pleuronectidae
lbck sole*
Starry flounder

.1 40.4

?.1

T .3

1.6

.2

.3
1.2

2.4

.1

‘r o

0 0

12.91.6

.2
T
T

.3
1.4
.2

7.7
26..4
3.3

T o
.2 0

152.4
.2
.2
.3
.7
.3
?

.3 .2

0 0

2.9
T

.1
T
T
T
T

.2

.3 0 0 .6. 3

T
T

.1

.1
.3 .1 . 5
.1 0 .2

29.5
9.8

286.3
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Appendix Table 2. The average catch, by species, per 2-hour
trammel net set. Asterisks indicate
species used in the food webs.

Winter

Abundance
Size class Biomass (g)

I II III Total Total

Gad idae
Tomcod

Hexagrannnidae
Rock greenling* T
Xasked greenling o

Whitespotted greenling
K e l p  greenling o

Cottidae
MlJozocepk2u8 SPP.* o
Gymnoc!anthus  SW.
Staghorn sculpin

Scorpaenididae
Black rockfish

Pleuronectidae
Rock sole*
Starry flounder

Salmonidae
Dolly Varden

Clupeidae
Pacific herring

Gadidae
Pacific cod

Hexagrammidae
Rock greenling*
Masked greenling*
WhitesPotted greenling
Kelp greenling

Cottidae
Myoxocephalus  aPP.
Staghorn sculpin
Silverspotted  sculpin
@mOcanthus  5PP.
Red Irish lord

Scorpaenidae
Dusky rockfish
Black rockfish

Bsthyuasteridae

T

.9 1.0 1.9

.6 T .6
.1

T .1 .1

0 .3 .3
T
r

T .3 .5

o .8 0

0 .3 0

T 6.4 6.6
T 7.6 T
o 1.3 .4
O T .2

0 .1 .5
0 .1 .1

T

.9

.1

T

.8

.3

13.0
7.6
1.7
.2

.6

.2
T
T
.1

T
.1

1.9

473.5
19.7
2.1
3.2

125.8
.4
.6

1.2

n7 .1
1.7

747.2

.9

6.9

3.6

6717.1
894.9
334.9
34.4

255.2
5.4
.1
.4

1.0

.6
1.1
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Appendix Table 2. fie a v e r a g e  cacch, 13y s p e c i e s ,  pqr Z-hour
trammel  n e t  set. Asterisks  i n d i c a t e
species used in the food webs -  ~cmtinued.

Abundance
Size class ““ Biomass (g)

I 11 III Total Total

A.@skan ronqull
Se@rcher

Sttchaeidae
Stnut eelblenny

Pleuronectidae
Sock sole*
Ye.llowfin  sole
Starry floundsr
Butter sole
Halibut

Sa3monidae
Pink salmon
Dolly Varden

Clupeidae
Pacific herring

Gadidae
Pactfic cod
Walleye pollock
Tamcod

ifexagrammidae
Rock greenlfig*
Maskad greenling*
Uhitespotted  greenling*
Kelp greenling

Cottidae
?.fyOmcephazua Spp .
Yellow Irish lord
Red Irish lord
Stsghorn mculpin

Silverspotted  sculpin
Northern sculpin
Crested eculpin
GUmnooanthus  spp.

Scorpaenidae
Black rockfish
Dusky rockfish

Anarhichadidae
Wolf-eel

Agonidae

.4
; .2

? .8

.1 1.4 1.2 2.7 674.3
0 1 .2 .3 5.3
O T .1 .1 2.8

? 1.5
.1 4.6

8944.6

Summer

.2 0
T .2

0 .1

0 .9

0 .2

.1 13.9

.247.3
0 4.3
0 .2

0 .2

0
0 .:

0

0

0

14.1
.3
● 7
.2

.6

.3

.1

l’r o

0 0 .2
0 .1 .1

.2

. 8

. 1

.9

.1

.2

28.1
47.9
S.o
.4

.8

.1

.3

.2

.1
?
T

.1

.2

.2

T

9.6
95.7

3.0

9951.9
6497.9
1290.8
20.8

248.8
2.3

66.6
3.5
.8

2.0
1.6

0.7

6 2 0



Appendix Table 2. The average catch, by species, per 2-hour
trammel net set. Asterisks indicate
species used in the food webs - continued.

Abundance
Size class BioOUlefa (g)

I II III Total Total

Sturgeon poacher
Pleuronectidae

Rock sole
Halibut
Yellowfin sole
Dover sole
Flathead  sole
Starry flounder

Gadidae
Pacific cod

Hexagrammidae
Rock greenling*
Masked greenling*
Whitespotted  greenling
Kelp greenling

Cottidae

~oxooephalua SPP.*
Buffalo sculpin
Red Irish lord
Megalocottis  SP.
Unidentified sculpina

Pleuronectidae
Rock sole

o .1 0 .1 1.8

T 1.3 .5 1.8 61.0
T 3.9

0 .2 .3 .5 11.5
.3 1.8
T 0.4

0 .1 T .1 3.3

18,337.8

Autumn

T .2 0 .2

T 2.2 2.5 4 . 7
0 3.2 0 3.2
0 1.5 .3 1.8
0 .1 .2 .3

0 0.3 0.6 .9
T
.1
.1
.1

.1 .5 .3 .9

3.2

2139.3
818.2
82.0
68.0

859.8
1.3
3.3

1
23.1

78.3

4076.5
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Appendix Table 3. The average catcl%,  by species, per
10-min townet haul. Asterisks
indicate species used in the foad
webs.

Winter

Abundance
Size class Biomass (g)

I II 111 Total Total

Sahaonidae
Pidk salmon
Chuim salmon

Osmeridae
Capelin*

Amstodyt idae
Sand lance*

Gesterosteidae
Threespine sticklebacks*

Salmonidae
Pink sahon*
Chum salmon*
Coho salmon

Osmeridae
Capelin*

Amm#dytidae
Sand lance

HexaBremOnidSe
Whitespotted  greenling

Gasterosteidae
Threespine sticklebacks*

Salmonfdae
Pink salaion*
ChuuI salmon

Oamertdae
Capelin

Msnodytidae
Pacific sand

Gadidae
Pacific cod

Hexagrtwumida.e
UhItespotted
Lingcod

Cot tidae

lance*

greenling

Silwerapotted  sculpin

.1

.1

.2

2.9
4.0

0

.8

.2

.4

1.9
.1

51.7

.2

.2

0 0

.2 0

0 0

Spring

0 0
0 0
.3 0

00

0 0

0 0

Summer

0 0
0 0

00

00

00

.1

.1

T

. 3

.2

“ 2.9
4.0

.3

.8

T

.2

1.9
.1

.1

“ 51.7

. 2

.1

.2

. 0

0.6

1.4

1.3

3.3

0.8
4.6

?

2.4

?

?

1.1

8.9

7.1
.2

.3

80.6

7

.3
1.1
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Appendix Table 3. The average catch, by species, per
10-min townet haul. Asterisks
indicate species used in the food
webs - continued.

Abundance

Size claes Biomass (g)
I 11 III Total Total

.-—

Zaproridae
Prowfish .2 0 0 .2 .8

Gasterosteidae
Threespine atickleback .2 0 0 .2 .4

=

Autumn

Oameridae*
Capelin 1.0 0 0 1.0 .4

Ammodyti:ae
Sand lance .4 0 0 .4 ?

.6
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Appendix Table 4. The average c a t c h ,  by s p e c i e s ,  per
10-min trynet  haul. A s t e r i s k s
indicate species used in the food
webs.

Winter

Abundatite
?+ ize claGs 5iomaas (g)
I 1?. 1~1 Total Total

Clupetdae
Herting

Osmeridae
Capelin

Gadidae
Pacific cod
Walleye pollock

Iiexagrauimidae
Uhitespotted  greenling
Masked greenling

Cottidae
~oxocephalue app.
Yellow Irish lord
Ribbed sculpin
Red Irish lord
Scissortail aculpin
Silverspotted  sculpin
Buffalo sculpin
Bigmouth sculpin
Spinyhaad sculpin
Gynnocanthus  SPP. *
Padded sculpin
Sailfin aculpin
Staghorn sculpin

Scorpaenidae
Darkblotched  rockfish

St ichae idae
Xlgh cockscomb
Snake prickleback
Daubed ahann y

Agonidae
Tubenose poacher
Sturgeon poacher

Pholidae
Crescent gunnel

Cyclopteridae
Marbled snailfish
Unidentified .snailfiah

Trlchodontidae
Sandfiah

Pleuronectidae
Rock sole*

.2 0

.2 .1

.1 .1

.1 .1

.1 T

.2

.2 :

.2 0

1.6 .4

.2 T

.1 .1

3.5 1.3

0

0

0
0

.1
0
0

0

0

0

0

.7

T

.2

.3

.1

.2

. 2

.2

.2

.2

.1

.1

.2

.1
T

.1
2.0

T
‘T
.1

T

T
T
T

.1

.2

.2

T
7

T

5.5

?

. 3

1.4
.5

3.6
1.0

12.4
.9
.6

::
1.3

.1

.2

47:;
?
?

1.5

?

.1
T

.4

. 3
1.2

.8

2::

.4

240.8
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Appendix Table 4. The average catch, by species, per
10-min trynet haul. Asterisks
indicate species used in the food
webs - continued.

Abundance
SiZe class Biomass ($)
I II III Total Total

Flathead  sole
Yellowfin  sole
Starry flounder
A.lash plaice
Halibut

Osmeridae
Capelin

Gadidae
Pacific cod
Walleye pollock
Tosucod

Hexagrammidae
Nasked greenling
Whieespotted  greenling

Cottidae
@ozocephalus app.

Yellow Irish lord
Northern sculpin
Padded sculpin
Spinyhead sculpin
Gym9wcrwltkus  Spp.’
Ribbed aculpin
Staghorn sculpfn
Silverspotted  eculpin
Scissortail sculpin
Crested sculpin
Slim sculpin
Longfin sculpin

Bathymasteridae
Searcher

Trichodontidae
Sandfiah

Scorpaenidae
Darkblotched rockffsh

Stichaeidae
Daubed shanny
Snake prlckleback
Stout eelblenny

.3 .2
1.1 .3

.1 ,1

.3 .2

.2 .1

.4 .5

.3 .1

.5 .3

1.4 2.6
.3 T

.2 0

.1 .1

.3 0

0 .5
T 1.4

T
T

.1

.1

0 .2
0 .5
0 .3

T
o .9

.3 .7

.1 .9
T
T

.1
.2 4.2
0 .3

.1
0 .2

.1
T
T
T

?

?

?

T
T .2
0 .3

3.0
12.9
2.0
.3
5-

338.5

.4

4.7
3.7
1.3

.5
76.1

102.3
14.4

.1

.1
1.2

235.6
1.3
4.8

.8

.2
T
T
T

1.5

.1

.1

.T
1.2
.5
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Appendix Table 4. The  average  catch, by species, per 10m
min trynet h a u l . Aster isks  indicate
species used in thke food webs -
continued.

.2 0 0

11.3 6.2 1.0
3.Ii .8
9.1 9.6 .;
o .7 .1

.1 .1 .1

.6 .1 .1

.1 .2 0

Abundan@
Size class Biomass (g)

I 11 111 Total Total

ArcCiC shanny .1 .3
Agonidae

Smooth alligatorfish .1
Sturgeon poacher .; .7
Tubenoae  poacher T .1
Crescent gunnel .1 .4

Zoarcidae
Shortfin  eelpout T T

Pleuronectidae
Rock sole* 18.5 1060.9
Flathead sole 4.2 47.3
Yellowfin sole* 19.3
Butter sole

1187.1
.8 15.6

Sand sole .1 2.6
Oovar sole .1 .5
Masks plaice T .7
English sole .3
Starry flounder .: 13.9
Arrowtooth flounder .8 3.7
Ha~ibut .3 10.8

2796.0

Summer

Gadidae
PlOcific cod
Walleye pollock
Tomcod

Eexagrauauidae
Rock greenling
Kelp greenling
Whitespotted  greenling
Hasked  greenling
Llngcod

Cottidae
A@rocup?lallal spp.*
Yallow Irish lord
Scissortail sculpin
@nnocanthua *PP.
Spinyhead sculpin
Sailfin sculpin
Staghorn sculpin
Ribbed sculpin

Scorpaenidae
Dusky rockfiah

.1

.2
0

.8
0

.5

.5

4.5
.3

0
.3

.2 0
T O

.2 0

.2 0

.1 0

.5 1.1
1.6 .4

2.8 0
0 0

.2 0
T o

.3

.2

.2

.1
T

1.0
.1

T

2.1
2.3

?
7.3

.3
?
.2
.3

T

4.6
3.0
1.4

.3

.4
120.1

2.1”
.1

849.1
lab .7

.8
323.1

1.8
.1

4.5
2.0

.1
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Appendix Table 4. The average catch, by species, per 10-
min trynet haul. Asterisks indicate
species used in the food webs -
continued.

A b u n d a n c e
S i z e  c l a s s B i o m a s s  ( g )

I 1 1 I I I Total Total

Anoplopometidae
Sablefish

Agonidae
Sturgeon poacher
Bering poacher

Stichaeidae
Arctic ahanny
Daubed ahanny

Shortfin eelpo~t
Bathymsateridae

Searcher
Trichodontidae

Sandf ish
Pleuronectidae

Rock sole*
Flathead  sole
En~liah  sole
Dover sole
Butter sole
Rex sole
Yellowfin sole*
Sand sole
Stsrry flounder
Hal ibu e
Arrowtooth flounder
Alaska plaice

.7

.1

.2

.2

.3

25.2
6.5

.2
0

13.5

.1

.2

0 0

0 0
0 0

.2 T
o 0

6.7 1.9
2.1 .3

0 0
1.0 .1

25.1 .7

.3 .2

.1 0

Autumn

Gadidae
Pacific cod .1 .1 0
Tomcod
Walleye pollock

Hfocagrammidae
Lingcod .3 T o
Rock greenling .2 0 0
Maaked greenling
Whitespotted  greenling 1 . 2 .1 T

Cat tidae
MyoaXJcephoha  spp.* .2 .3 .6
Ysllo,w Irish lord .3 .1 0

.1

.7
T

.1

.2

.4

.3
T

-?

T

33.8
8.9

T
.2

1.1

39.;
.1
.1
.6
.3
T

.2

.1

.1

.3

.2

.1
1.3

1.1
.4

1.9

2.4
.2

.3

.9
2.7
1.3
.4

8.6

.3

1834.6
226.8

.4
1.8

56.1
.3

3576.0
10.3
3.3

51.5
22.5
2.2

7302.8

.7
1.1
.6

7.4
2.0
.6

69.1

177.3
3.0

627



Appendix Table 4. The  average  catch ,  by  spec ies ,  per 10-
min trynet haul. Aster isks  indicate
species used in the food webs -
continued.

.>
Abundance,

—  S i z e  c l a s s Biomass (g)
I II III Total Total

.- .

L’@loccmthus  Spp . 3.5
Ribtied sculpin .8
Silverspotted  sculpin
Northern sculpfn
Staghorn sculpin
Red Irish lord .1
Scissortail sculpin

Bath~asteridae
Saarcher

Agonidae
Sturgeon poacher o

Cyclopteridae
Unidentified snailfish

pleuroneccidae
Rock SOle* 23.8
Flathead  sole 1.9
Butter sole o
Yellowfin sole* 7.6
English sole .4
Sand sole
Arrowtoo  th flounder .5
Halibut .8
Starry flounder o
Alaska plaice

.5
T

T

T

3.7
.4
.2

4.5
T

T
.1
.1

0
0

0

.1

1.6
0
T
.2
0

0
T
.1

4,0
.8
?
?

.1

.2
?

?

.1

29.1
2.3
.2

12.3
.4
.1
.5
.9
.1

61.3
6.3
.5

1.2
.9
.8
.8

.7

.8

.4

1370.2
14.6
12.9

626.1
3.1
2.2
3.9

11.3
2.8

. 12.5
2385.1
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Appendix Table 5. The average catch, by species, per
20-min otter trawl haul. Asterisks
indicate species used in the food webs.

Winter

Abundance
SI ze class B1OFISSS (kg)

1 11 III Total Total

Rej icfae
Big skate

Osmeridae
Eulachon
Capelin

Clupefdae
Herring

Gadidae
Pacific cod
Walleye pollock
Tomcod

Hexagrsmmidae
Rock greenling
Nasked greenling
Whiteapotted  greenling
Kelp greenling
Lingcod

Cottidae
MjOZO@UZh486pp.*
Yellow Irish lord
Northern sculpin
Staghorn aculpin
Ribbed sculpin
Gynnocmthuaspp  .
Spinyhead sculpin
Unidentified sculpin

Trichodontidae
Sandfish

Anoplopomatidae
Sablef ish

Agonidae
Sturgeon poacher
Smooth alllgatorffsh

Bathymasteridae
Searcher
Northern ronquil

Stichaeidae
Whitebarred prickleback
Snake prickleback
Daubed ahanny

Pleuroneccidae
Flock sole*
Flathead sole
Yellovfin sole*
English sole
Butter sole

o 0

0 .3
5.7 0

.5 .5

8.3 9.3
193.4 14.9

.1 9.4

0 .2
0 1.1
.1 1.2
.4 0
.2 0

3.7 .4
.1 2.3

0 1.6
.6 0
.5 9.8

3.0 .3

5

0
0

0

3.5
1.3
.5

0
0
0
0
0

10.9
1.1

.4
0

1.1
0

.8 0 0

0 .2 0

.2 1.7 0

1.9
.1

2

.2

9.0
37.7
5,1
.9
.4

1.3 0
.4 .2

0 0

0 0

183.7 116.5
59.3 1.1
224.4 6.9

0 0
4,8 .2

.5

.3
5.7

1.0

21.1
209.6
10.0

.2
1.1
1.3
.4
.2

15.0
3.5

T
2.0
.6

11.4
3.3
?

.8

.2

1.9
.1

3.2
.7

.2
1.2
.2

309.2
98.1

236.4
.9

5.4

T

.9’4

.03

.01

1.67
.37
.20

T
.01
.03
T
T

17.44
.17
T

.19
T

3.01
.09
.03

.01

T

.03
?

.02

.01

T
.01
T

43.49
3.89

36.73
.02
.25
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Appendix Table 5. The average catch, by species.., per
20-min  o t t e r  t r a w l  haul.  A s t e r i s k s
indicate species used in the food
webs - continued.

Abunda%e

Si%e class Bimaass (kg)
x II 111 Total Total

Rex sole .6 ,01
Sand sole
Starry flounder
Amowtooth  flounder
Hal&but

Raj idae
Big skate

Clupeidae
Herring

Osmeridae
Capdin
Eulachon

Gadldae
Pacific cod*
Walleye pollock
Tomcod,

Hexagrammidae
WMtespotted greenling
Lingcod

Cottidae
A@veephdua npp.*
Yellow Irish lord*
Spinyhead sculpin
Gylnnocanthlul  spp.*
Staghorn sculpin
Scia60rtail aculpin
Ribbed sculpin

Anoplopcmatldae
Sablefish

Trichodontidae
Sand fish

Stichaeidae
Snake prickleback
Daubed sharmy
Arctic shan~y

Agonidae
Sturgeon poacher

Zosrcidae
Shortfin eelpout

Bathymaateridae
Searcher

Ple.uronectidae
~ck sole*
Flathead sole*

o .6
0 .4 .:
0 .1 3.2

9.3 4.8 0
.3 ,8 .8

o .1 .4

0 .5 0

2.9 .5 0
0 4.0 0

.9 11.6 32.5
58.2 15.2 1.9

0 .$.7 0

0 1.0 .1
.2 0 0

.3 3.4 60.3
11.2 U2.7 46.1
1.5 .7 0
0 96.4 13.9
0 1.1 .4
.9 0 0
.2 0 0

0 87.3 17.3

.3 .4 0

1.0 1.8 .9
.4 0 0
.9 0 0

0 6.1 0

0 .9 .4

6.6 5.7 .3

21.1 271.5 104.2
74.0 270.8 59.9

.7
3.3

14.1
1.8

5. .

.5

3.4
4.0

45.0
75.3
4.7

1.1
.2

64.0
170.0

2.2
110.3

1.5
.8
.2

M)4 .6

.7

3.6
.4
.9

6.1

1.3

12.6

396.’8
404.7

1.07
2.90
.15

4.57

116.46

.19

.01

.09
a 01

31.30
3.16
.06

.03
T

70.68
50.61

.07
30.32

.04
T
T

21.15

.01

.04
f
?

.11

.02

.94

102.60
41.71
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Appendix Table 5. The average catch, by species, per
20-min otter trawl haul. Asterisks
indicate species used in the food
webs - continued.

Abundance
size Claas BioeMa8 (kg)

I II III Total Total

Yellowfin  sole* 6.3 258.1 84.2 348.6 77.19
Rex sole o 3.1 0 3.1 .06
Oover sole o 1,1 0 1.1
Butter sole o 8.8 2.3 11.1 .6;
Sand sole 0.s T
English sole o 1.2 .9 2.1 .04
Starry flounder o 0 5.1 5.1 6.78
Arrowtooth flounder 7,0 8.8 2.3 97.9 12.47
Halibut o .8 13.5 14.3 10.85

661.21

Sumer

Squalidae
Spiny dogfish

Raj idae
Longnoee  skate
Big skate

Clupeidae
Iierring

Oemer idae
Cepelin

Gadidae
Pacific cod
Walleye pollock*
Tomcod

Iiexaqrammidae
Whitespotted greenling
&oxocepha2ua sPP.*
Ribbed sculpin
Yellow Irish lord*
Gylnrlocmthus SPP.*
Spinyhead sculpin
Scisaortail  sculpin
Bigmouth aculpin

Trichodontidee
Sandfish

Bathymesteridae
Searcher

Anoplopomatidae
Sablefish

Stichaeidae
Daubed shanny
Snake prlckleback

.1 T

.01

.U

.02

.01

7.12
26.23

.84

.1

.50 0 .5

0 .7 0 .7

1.9 0 0 1.9

5.0
146.6
13.9

0
6.5
1.7

5.2
37.0
1.8

10.2
190.1
17.4

0
0
.2

8.9
0

1.2

1.4
1.2
.5

113.7
43.2
1.6

.8
38.0

0
49.2
7.9

0

2.2
39.2

.6
111.8
51.1
2.8

?
.2

.55
40.44

.01
46.06
20.96
0.13

T
T

.12

0 .2 0

1.5 2.5 0 4.0

.663.7 12.0 .4 16.0

.5 6.3 7.9 14.7 6.56

.02

.01
1.2
.4

1.3
.8

0
.5

2.5
1.7
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Appendix Table 5. The average catch, by species,  per
20-min o t t e r  trawJ h a u l .  Astqrisks
indicate species used in the food
webs -  cont inued .

Abundance
—. .

Size class ‘“ B$o~ss (g)
I II III Total Total

. .
Arctic ahanny

Agonidae
Sturgeon poacher

Zoarcidqe
I?aqtled eelpout
Shortfin eelpout

Pleuronectidae
Rock sole*
Flathead sole*
Oover sole
Butter sole
Yellowff.n  sole*
Rax sol’s
Halibut*
Starry flounder
Arrowtooth flounder

Ckmeridae
?ftiachon

Clupei.dae
Herring

Gadidae
Pacific cod
Walleye pollock*
Tmacod*

Eenegreamidae
Whltespotted  greenling
PMp greenling

Cottidse
@XW00phQ2U8  8PQ  . *
Staghom  aculpin
Yellow Irish lord*
Red Irish lord
Spinyhead aculpfn
cyRFnooa?ltiu18  !spp.
Unidentified sculpins

Scorpaenidae
Darkblotched  rockfish

Anoploporrbetidae
Sablefish

Trlchodontidae
Sandfish

.5 0 0

.4 .7 0

0 .6 .5
0 1.4 0

10.9 94.8 48.4
109.8 282.1 164.9

0 .9 0
0 6.6 5.3
.9 198.4 100.9
0 1.8 0
0 .1 9.4
0 0 1.3

17.7 36.2 13.1

Autumn

o 5.1 0

0 .7 0

27.3 20.5 41.0
299.6 175.9 41.3
115.1 266.5 36.8

0 1.6 92

1.6 3.7 24.4
0  1 3 . 9  12.1

. 2  6 7 . 0  5 3 . 0
0 .4 .7

.3 .4 0
0 1.5 1.5

0 .3 .2

0 .4 0

.5

1.1

1.1
1.4

154.1
556.8

.9
11.9

300.2
1.8
9.5
1.3

67.0

5.1

.7

88.8
516.6
418.4

1.8
7

29.7
26.0

120.2
1.1

.7
3.0

T

.5

?

.4

T

T

.07

.02

38.96
94.76

.01
3.2S

77.76
.03

31.84
2.19
8.92

40s.70

?

.47

19.60
22.73
22.?4

.03

. ok

41.s7
17.26
5S.48

.05

.02

.06

.2.9

.02

.12

.01
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Appendix Table 5. The average catch, by species, per
20-min otter trawl haul. Asterisks
indicate species used in the food
webs - continued.

Abundance
Size class BiO18a5S (kg)

? II 111 Total Total

Bathymssteridae
Searcher o 2.2 .7 2.9 .05

Agonidae

S t u r g e o n  p o a c h e r o 3.3 0 3.3 .02
Pleuronectidae

Rock sole* 12.6 70.5 32.2 115.3 30.93
Flathead  sole* 21&.9 226.0 37.8 478.7 23.48
Dover sole .6 .9 0 1.4 .03
B u t t e r  s o l e o 4.4 3.3 7.7 10.41
Yellovfin  sole* 1.5 614.5 139.5 755.5 LSO.44
English sole o 2.0 .7 2.7 .07
Sand sole o 0 .1 .1 3.86
Rex sole o 1.1 0 1.1 .04
Halibut o .9 9.7 10.6 20.01
Starry flounder o .4 4.9 5.3 7.16
Arrowtooth flounder* 9.6 229.7 13.3 252.6 26.31

453.10

633



Appendix Table 6. A complete l ist of  foods that were identified
during  th is  study.

Algae
Chlorophyta
Ulotrichales
Ulvaceae
Cladophoraceae
Phaeophyta
Haplogloia  SP.
Laminariales
Laminaria  SP.
Alaria sp.
Desmarestia  SP.
Fucales
Fucus SP.
Cystoseira ge.minata
Rhodophyta
Bangiales
Bangiaceae
Porphyra  sp.
Ahfeltia  sp.
Giga~tina SP.
Rhodoglossm SP.
Corallinacea
Corallina spa
Callophyllis  sp.
Rhodymenia SP.
flallosaccwn sp .
Ceramiales
PoZ~neuPa  Zatissima
Rhodomela sp.
Odonthalia SP.

Zostera marina
Ph.2110spadix  s p .
P.  .  seoulmi

Foraminifera

Porifera

Cnidaria
Hydrozoa
Sertulariidae
Ser67.42aPia sp.
Abietina~ia sp.
Leptomedusae
Scyphazoa
Anthozoa
Metridiidae

634

Ctenophora

Nemertea

Annelida
Polychaeta
Polynoidae
Euphrosinidae
Phyllodocidae
Syllidae
Nereidae
Iieanthes  sp.
Nephtyidae
G l y c e r i d e
Goniadidae
Onuphtdae
Lumbrineridae
Orbinidae
Spionidae
Flabelligeridae
Scalibregmidae
Ophellidae
Ammo_trypane  sp.
@he2ia  s?.
Maldanidae
Oweniidae
Sabellariidae
pectinariidae
Ampharetidae
Terebellidae
Sabellidae
Serpulidae
Pilargidae
Eunicidae
Cirratulidae
Capitellidae
Aphroditidae
Magelonidae
Arabellidae

Mollusca
Gastronoda
Prosobranchia
Archaeogastropoda
l%ncturella sp.
Punc?tuPelZa multistri-ata
Acmaeidae
Notoacmaea  spp.
Il. ~epso~

N. fenestrata
Lepeta (Crtjptobpa~chti) SP.



Appendix Table 6. A complete  l i s t  o f  f oods  that  were  ident i f i ed
during this study -  continued.

Trochidae
Calliostoma  spp.
C. ligature
t4argarites spp.
Liru2aria liru2atus
Mesogastropoda
Lacunidae
Lacuna spp,
Lccuna vincta
Lacuna cap~bata
Littorina  SPP.

Littorina sitkan
Littorina  scutulata
Tach~rhyncha  sp.
Bitt%um Sp.

Trichotrophis  sp .
Trichotrophis  eonica
Velutina sp.
Lamellaria stearnsii
Naticidae
Natica s p .
Fusitriton oregonensis
Ocenebra  s p .
Buccim s p .
Volutharpa  sp.
Volutharpa mpullacea
Olivella sp.
OliveZZa  baetica
Odostomia  sp .

Opistobranchia
Cylichna  sp.
Aglm”a diomedewn
Gastropteron pacificum
Bullidae
Haminoeidae
Haminoea SP.
Haminoea vesicula
Retusa SP.

Nudibranchia
Anisodoris nobilis
Dorididae
Eolidoidea
Tritonidae

Polyplacophora
Ischnochitonidae
Tonice22a  s p .
Tonicella  lineata

liath.arina  tunicata
Mopalidae
Mopalia  sp .

Bivalvia
Nuculoida
Nucula spp.
N. tenuis
N. bellotti
Nuculanidae
Nucuhna  spp.
Yoldia  spp.
Yoldia scissuratc
YoldieZ2a sp .
Mytiloida
Mytilidae
Myti2us  s p .
f!ytilus edulis
Musculus  S~.

tiodiolus  sp .
Pectinidae
Chlamys Sp.
Chlamys rubida
Lirnidae
Veneroida
Axinopsida  serricata
Myse21a  sp .
Cardiidae
Clinocardium  spp.
Clinocardiwn  ciliatum
Clinocardiwn nuttallii
Neoca.rdiwn eentrifoliun
Serripes  groenlandicus
Tellinidae
Macorna spp.
Tellina SW.
Tellino nuculoides
Veneridae
WansenneZZa  tantilla
Protottica  stamivea
Psephidia Zordi
Myidae
Mya spp.
Hiatellidae
Panomya sp.

Cephalopoda
Octopodia
Octopodidae
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Appendix Table 6. A  complete  list of foods  that  were  ident i f i ed
during this study -  continued.

.“,.
Arachnida
Halacaridae

Pycnogonida

Crustacea
Eucladocera
PodOn sp.

Ostracoda

Copepoda
Calanoida
Harpacticoida
Cyclopoida
Caligoida
Caligidak

Cirripedia
Balanomorpha
BaZanus sp.
Balanus gZanduZa
Lepas sp.

Malacosfxaca
Leptostraca
Nebaliidae

Mysidacea

Cumacea

Tanaidacea

Isopoda
Flabellifera
Sphaeromatidae
Gnorimosphaeroma SW.
G. Zutecz
G. o~egonensis
Exosptierorna  amphlieauda
Dyn.wnene12a shearepi
Linrwria spp.
Valvifera
Idoteidae
f?aduri-a sp.
saduria  entomon
Idotea  spp.
Id-otea vesecata
I&tea feukes<
Idoteu uosnesenskii
Idotea  rufe~eens
Idotea ochotensis

Asellota
Phumidae

M?dnna Spp.

Amph+poda
Gammaridea
Ampithoidae
Coro@iidae
Ampe$,$scidae
Call$opiidae
HaZiPages  sp.
Eusiridae
Pontogeneia sp.
Gammaridae
Ischyroceridae
Lysianassidae
Phoxocephalidae
Pleustes sp.
Isaeidae

Hyperiidae

Caprellidea
Caprellidae

Eucarida

Euphausiacea
Thysanoessa  sp.

lfatantia
Hippolytidae
Lebbeus  sp.
Lebbeus  granimanus
Heptocarpus  spp.
Heptocarpus  brevirostris
Heptoearpus  cristata
Eualis biunguis
Eualds  townsendii
Spipontocaris  5P.
Spipontocar<s prionota
Spirontocaris  ochotensis
Pandalidae
Pandazus Spp.
PandaZus  boreali~
PandaZus  goniurus
Pandalus  hypsinotus
Pandalus  montigui tridens
Crangonidae
Crangon  spp .
C~angon septemspinosa
Crangon dalli
Selerocrangon  sp .
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Appendix Table 6. A complete l ist of  foods that were identified
d u r i n g  t h i s  s t u d y  -  c o n t i n u e d .  ,

- -

Argis SP.
Argis dent.ata

Reptantia
Anomura
Callianassidae
Paguridae
Pagurus  spp .
Pagurus beringanus
P. hirsutiusculus
Pagurus  capillatus
Pagurus  granosimanus
Pagurus ochotensis
Labidochirus splendescens
EZassochirus  teni?nanus
Lithodidae
Parolithode.s  s p .
C~ptolithodes  typicus
Phyllotithodes  papillosa
Porcellanidae
Brachyura
Oxyrhyncha
Maj iidae
Oregonia  gracilis
fiyas ZyPatus
Chionocetes spp.
l?.qettia spp.
Pugettia g~acilis
Brachyrhyncha
Te2emessus  cheiragonus
Cancridae
Cancer spp.
Cancer magister
Cancer productus
Cancer oregonensis
Pinnotheridae
Pinnixa s p .

lnsecta
Collembola
Homoptera
Coleoptera
Trichoptera
Diptera
Chironomidae
Hymenopteran

Sipuncula
Golfing&z  sp .

Echiura
Echiuroidea
Echiuridae
Echiurus s p .
Echiurus echiurus

Priapulida
l+iapulus  sp .
Priapulus caudatus

Bryozoa

Brachiopoda

Asteriidae

Ophiuroidea

Echinoidea
Strongylocentrotidae
Dendraster  excentricus

Holothuroidea
Leptosynapta  sp .

Chaetognatha
Saggitti  s p .

Urochordata
Ascidacea
Thaliacea-Salpida
Larvacea
Oikopleura s p .

Teleostei
Clupeiformes
Clupeoidea
Clupeidae
CZupea harengus  paZZasi
Oncorhynchus  gorbuscha
Osmeridae
Ma120tus vi2Zosus
Gadiformes
Gadoidea
Gadidae
Gadus macrocephaZus
Theragra  chaZcougramma
Lzjcodes  sp.
Scorpaeniformes
Scorpaenidae

637



Appendix Table 6. A complete list of foods that were identified
during this study - continued.

Hexagrammoidei
Hexagrammidae
h’exagmmmos sp.
H. Lagocephalus
H. oetogmrnmus
Hexagmmnos  stelleri
Anoplopomatidae
AnopZopoma  fhbrh
Cottoidei
Cottidae
Leptocoitus a?matus
Gymnocanthus Sp.

Gymnocanthus galeatus
HemiZepidotus  sp.
HemiZepidotius  jordani
Myoxocephazus  Spp.
S~nchirus  gilli
Agonidae
Cyclopteridae
Lipapis ruttepi
Perciformes
Tpichodon  tpichodon
Bathymaster  sp.
Bathymaster signatus
Stichaeidae
Lumpenus SW.
Lwnpenus maculatus
Lumpenus sagitta
Anoplarchus puxpu~escences
Pholidae
Apodichthys  jWzvidus
Pholis Sp.
Pholis laeta
Ammodytes hexapterws
Pleuronectiformes
pleuronectfdae
Hippoglossoides  elassodm
Lepidopsetta bilineata

Unidentified eggs
Plants & plant parts
Exuv b
Sand
Wood
Rock
Unident i f ied

638



Appendix Table 7. A complete list of foods eaten
by species whose food habits
were included in the beach
seine - winter food web.

—.

Polvchaeta
Nereld.se
Opheliidae
Pectinariidae
Serpul idae

Bivalvia  siphons

Calanoida

Gamma ridea
Amphlchoidae
CallioDiidae
Corophiidae
Eusiridae
Gammridae
Xaliraf7c8  sp.
Ischyroceridae
P0nto~ene&2  SD.
Natantia
Crmgonidae
Hlppol  yridae

fiept.zcarpue  5PP.
H. brevirosttia

Teleofitei
Hexagrarmnidae  larvae
Phol idae
pholis i.iaeta

+
+
+
+
+

+

+

+
+
+
+
+

+

+
+
+
+
+

+
+
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Appendix Table 8. A complete list of foods eaten by
species whose food habits were in-
cluded in the beach seine’- spring
food web.

Ngae
Chlorophyta
Ulotricales
~haeophyta
ShodoPhyta
po~h!tra  5P.
Aknfel  t-h sp.
Odontkllia  Sp.
P}y i 108po&.Z mp.
Polychaeta
hphar  tldae
G l y c e r i d e
Fieldanidae
Nere idae
oplreliidae
Outmiidee
Pect inariidae
?hyllodocidac
S@pul  idae
Spionidae
Tembellidae

prosobrmchia
Acmaeidae
ti~m ~enis trati

14es0gascr000da
Littorina  SPP.
Liti%rina  sitkano
Lvxms  Spp .
Laowro  corin.rti

Herpaccicoida

Calanoida

Xmpode
Flabellif  ere
GnOrk@Lmmlo  SPP.
G. orsgonensis
valvifera
Xdot@Ldae
I&tea SPP.
r. utmrwsenak<i
.$0&r&a  Sntm
Aaellota
Munnidae

Gammaridea
Amphithoidae
Corophiidae
Em iridae
~ridee

katant ia
lfippolyt idae
ffeptcctqw  SPP .
E. brevirostrie
Pandalldae
Pun&luc 6pp.
Crangonidae
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+
+
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Appendix Table 8. A complete list of foods eaten
by species whose food habits
were included in the beach seine -
spring food web - continued.

Reptant ie +
Repcantia zoea and rmgalops
An.mura
?aguridae
Paguridae mapalovs
PaPW’US bctiR~c2?u8

P. g7wlo.s-I&
P. hirsutauacwlm
OXyrh yncha +

OXyr>vnci,a ❑ ega:ops
Ch&mo~etes  SPP. +
Pu@tia gracit-ib’
Brachyrhvncha
Te l.emessw  cheiragonus +
Ccmeer 6pP.
Cmcer oregmmeie +
cancer pwductue

Teleostei +
Teleostei larvae
Amrwdytee  hczxm?e~ +
CLupda harengua pal las! +
Cottoidei
Cottidae +
Myoawceuhalua epp.
Pleuronectidae

+
+
+

c
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+

+

+

+

+
+ +

+

+
+
+

+

+
+
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Appendix Table 9. A complete list Of foOds
eaten by species whose
food habits were included
in the beach seine - summer
(top) and autumn (bottom)
food webs.

w

C-alanoida

km Lacea zoea
Cirripedia nauplius.  c>’Pris
Eucarida  1 arwe
JLeptrmcia  zoea
Reptantia  magalops

Cmn8cea

Insects
Insects larvae, pupae
Chironmidae  larvae
Ctiironomidae  pupae

TeleOstei*
Teleostei larvae
Hexagraumidae larvae
LSFWOOt~tiS ~s lan*e

●  p r e y  of pink ealmon  adults  ~3W mu

Pol ychaeta (+)

Goniadidae
Clycrmidae
Nereidee
Naantkes  ap.
Opheliidae
Pectirmriidae
Phy 1 lodoc idae
Scalibresmidae
Serpulidae
Spionidae

Gesmaridea (+)

Ampbichoidae
Corophiidae

Teleostei (+)
&mwdw6a  h~tarw
Cattldae
My0rocePh4 ha app.
Cyclopteridae
La*9 mt CL??+
TOeuronect iformea

g
z
*c
z

+

+
+
+

+
+
+
+

+
+
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Appendix Table 10. A complete list of foods
eaten by species whose
food habits were included
in the trammel net - winter
food web.

Polychaeta

Flabell igeridae
Conladidae
Nareidae
Opheliidae
Peccinariidae
Phyllodocidaa
Polynoidae
Sabellidae
Serpulidae
Spionidae
Syllidae

Nemertea

Prosobranchia
Maq7m-i  ?.Cs Spp .
CaLli0t3tma SPP.
L4z.ml.L spp .
Lacuna vincta
!’0 ktkrpa  amp 1 Za-ea
&mm81Zrri.a .stearneii

Bivai.lvia siphons

Natantla
Hippo lytidae
l/eptacarpu8  app.
H. brevimstriw
Spirontootie odwtaz>ie
Panda  1 idae
l-kmdalm  montagui tridwe
R8ptantia
Anomura
Paguridms
PWWUS app.
pagw.u8 hi 1.8utiU8CUlUS
Lichod Ldae
?aruli:hocies  8P.
%ryrltvnc!m
Oregon-k grnci lie
Brachyrhyncha
Cancer 0regc7nen8i8
Teieme6su8 stii?a?~

Teleostei
Coctidae
Sjmchirue gilli
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+

+
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Appendix Table 11. A complete l ist  of  foods
eaten by species whose
food habits were included
in the trammel net - spring
food web.

m

Polychaeta
Amptwetldae
Cap i se 11 idae
Flabelligeridae
Glyceride
Goniadidae
Lumbrlneridae
Maldanidae
?lereidae
Opheliidae
Orbinidae
Wsniidae
Pactinariidae
Phyllodocidae
Polynoidae
Sabellarlidae
Sabel Mdae
Serpulidae
Spionidae
Syllidae

Bivalvia s iphonc

Gammarid%a
Amphichoidae
Corophi idae
Gamaridae

Raprant la
Anowra
Paguridae
PngWus Sp .
F. berin$anua
P. hir8u:iuaouka
Litliodidae
Brachvura
oxyrhynctia
CJtimocctell  Spp -
Omgonia grncilis
Pugec:ia s??.
Fugettia gruciZis
Brachyrhyrwha
Cax=er spp.
Cancer magiatar
C’cln.mr 9Fugonmein
Ta lgmeuws  eneiragonw

Tale06tei
Porcifomm
Anrnody  ceo ?wzrqmerw
Stichaeidae
Pholidae
Pholis 1.4eta
Scorpaerd forms (lmvae)
Bexagramidae
Cottoidei
&ctidae
fkmihpidorw  cp-
Myozac@czlu8  spp.
Cedi forms
?1 euranect Idse
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Appendix Table 12. A complete l ist  of  foods
eaten by species whose
food habits were inc luded
in the trammel net -
summer food web.

Gsmmsridea
Amphictmidae
Corophiidae
Easiridae
Gsmmaridae
Plau8tes Sp.

Reptantla
CallianaBsidae
Pagurida@

-8 SPP .
P. beringaw
P. hireutiuaaulua
Lithodldae
Paralithodea sp.
Cnjpto~itimde8  typicws
Phy 1 lolithcu’ee  p@~108UB
Porcellanidae
Brachyura
Osyrhyncha
Ma j iaae
Chionocetes  SPP.
Hyas lyrati
Oregonia qracilis
Puge:ti.7 spp.
Pugettia gracilis
Brachyrhyncha
Cmce? spp.
Cancer nugister
Cancer  Oreg-8is
Te Lenwasua  ckeiragows

Teleostei
Perciforzces
AmnO@tes hs~terus
Phol idae
Pblis SP.
FhOZie Zaeta
Stichaeidae
_6?lU8 Spp .
Hexagrammidae
Ffszagrcmmss  s PP.
Cattidae
F.fyorocephdu.s  UPP .
Cyclopteridae
Pleuronectiformes
Pleuronectidae
Hippogloseoimc ekesodm

Teleoscei  eggs
flaidentified  eggs
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Appendix Table 13. A complete  list of foods
eaten by species whose
food habits were included
in the trammel net -
autumn food web.

Polychaeta
Flabelllgeridae
Gvniadidae
Clyceridae
Nephtyidae
t!ereidae
Opheliidae
pectinariidae
PhyllodoCidae
Polynoidae
Sabellidae
serpulidae

prosobranchia
Amaeidae
M7rgw:%vi SPP -
L;ttorirz SitkC?M

Zccum  SPP.
~ vine:a
auc.<m Sp .
Voluthqx  wwltia
Olivel la SP.

&ismaridea
Corophiidae

Septantia
Paguridae
Pagu.rue SPP .
p. hirsutiusculue
Brachyura
O%yrhvncha
fiionoceres spp.
~gmh fmmil,ie
~,ett;c .gludis
Brachyrhvncha
mar WIO@t#r
&jmer orepmmsis
Te @lg$a!ua eke imrgma
pimnocheridae
pimnka  ap.
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Appendix Table 14. A complete list of foods eaten
by species whose food habits were
included in the townet - winter
(top) through townet - autumn
(bottom) food webs.

Calanoida + (+)

(+) +

+ (+) +

(+)

Harpacticoida +

Calanoid8 +

Fhmhauaiacea

+
+

Insects +
Diptera +
Chironcnaidae  larvae +

!larpact ]coida + .

C81anoida + +

Cirripedla mupl ius
Cirripedia cypris
It.eptantia  zoea
Repcentia  megalops
?agurldae zoea
Paguridae megalops

+
+
+
+
+
+

+
+
+

Diptera
Diptera larvae

+
+

Larvacea
fi”kopieu-il  *p.

+
++

Teleostel
Oameridae larvae

+
+
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Appendix Table 15. A complete l ist  of  foods
eaten by species whose
food habits w,~re inc luded
i n  the trynet  -  w i n t e r
food web.

Polyckmeta
Capitellidae
C.irratulidae
Flabelligeridae
Clyceridae
Cmiadidae
LuuMmeridae
Maldanidae
Nephyt idae
Nereidae
Opheliidae
Orbinidae
Pectinari~dae
Phyllodocidae
Palynoidae
Sabellidrre
Serpulidae
Spirmidae

BiValVi8 s i p h o n s

Teleoatei
Anm@tes  wterua
fkmeridae lmwae
Cotcidae

+ (+)
+-
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+-

+

* +
+
+
+
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Appendix Table 16. A complete l ist  of  foods
eaten by species whose
food habits were included
in  the  trynet  -  spr ing
food web.

Polychaeta
Ampharet idae
Cirraculidae
Eunicidae
Glyceride
C.n-iiadidae
Lumbrineridae
Maldanidae
Nephtyfdae
Nereidae
Opheliidae
Orb inidae
Oweniidae
Pectktariidae
Phyllodocidae
Pilargidae
Polynoidae
Sabellariidae
Sabellidae
Serpulida@
Spirmidae
Terebellidae

6ivaivi8 s i p h o n s

Repcantia
Anornura
Lithodidee
PGrW~ithade8 Sp.
Paguridae
Pngwua  Spp.
Pa$wr’w  Capiz&tI&
Brachyura
O%yrh>mcha
CWmOcetes  S P P.
Omgmiu gmcilie
Brachyrhyncha

Teleoe. tei
AmOdytea haaxxpterw
Lwrpenus  mmulatua
Clupeiformes
Osrmridae
M1l.btue  Vilkx?ua
Gadidee
?kxagrauaaidae
Cottidae
h~onidae
Pleuroneccidae
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Appendix Table 17. A complete l ist  of  foods
eaten by species whose
food habits were included
in  the  trynet  -  summer
food web.

Polychaew
Ampharecidae
Euphrosinidae
Flabelligeridae
Glyceride
Goniadldae
Lumbrineridae
Flaldanidae
Nephthvidae
Iiereidae
Onuphidaa
Ophel iidae
Orbinidae
Oweniidae
Pectinariidae
Phyl lodoc idae
Polynoidaa
Sabcllari!.dae
Sabellidae
Scalibregmidae
Serpulidae
Spionidae
Syllidae
Terebellidae

Blvalvia  siphons

M.valvia
Nuculoida
Nuculanidae
A’mcuhna SP.
YoZdti  Spp.
?4uculidae
mcuh $p .
Card fidae

Cli?wcm-iwn Spp .
Teilinidae
TuZlinQ  8pp.
Vemridae
Frvwthfkx swminea
nacricidae
~isuLa Sp.
Pactinidae
Myidae
Miatellidae

ffatancia
Hippolytidae
Pandalidae
Patld.aha  Lwrealie
Rmsirha  twm~ms
Pcmairk  hy@notw
Crangonidae

Eeptantis
Pquridae
F@7a4rua  FJpp.
Brachyura
Onyrhvnrha
Chm?woste8  Spp.
Hyas Lyatuz
oregcmaa gra.ci  Lis
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Appendix Table 17. A complete l ist  of  foods
eaten by species whose
food habits were included
in the trynet - summer
food web - continued.

Taleo$tei
Percif O~s
ti@38 *telW8
St Ichaeidaa
L&uWJ?t: Spp.

Apodiuhthyefkvidus
Clupeifol’mes
Cluplaa  iarangue pL71hEi
08meridae
&l10tU8  Vit.  z08W
tludidae
Tha)Ugra Chalcognnlmtl
Pleuroneetiformes
I@dopsetza  biZi.n.sati

+ +
+
+ +

+

+
+
+
+

+
+

+
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A~penc3ix Table 18. A comple te  list of foods eatefi
bv species whose food habits. .
w e r e  i n c l u d e d  in the trynet -
autumn food web.

a?

polychaeta
&apharecldae
Are.bellidae
c~itellidae
Cirratulidae
~labelligeridae
Glycsiridae
hniadidae
~rineridae
MaJdanidae
twphtyidae
NarsAdae
&uphidae
Opheliidae
orb f,nidae
Oweniidae
pect inariidae
phyllOdocidae
pOlynoidae
!jcalibregmidaa
Serpulidae
Spionidae
Syllidae
Terebellidae

Bivalvia
ffuculf dae
f$ucula  Sp.
&j#@u& tenuitl
NUCUlam + dae
NuOulamio  Sp.
Yozdia  Spp.
Cardiidae
Tellinidae
Tel lima  ?u.@lL@@e
Tbyaeiridae
&in0p8i&  su*ti

camaaridea
Xaeeidae

R+eantla
Pagurid.se
Rtgulw8  app.
~ mvizL@Ue
~~e hirautCUS~~Us
~~ohirus sphl?ldS8~flS
Oxyrhyncha
fi@FKwats8  epp.
Brachyrhpnch4
Canmnr  SPP.
Cmaa.  nwgister
pimnor.heridae

Teleoetei

Perciforme
mea  k?,z!UpteFU8
Scicheeidae
Lwcp0nt4s  app.
Lwpenue  satit~
_ridae lmwae
lfallotua Villmwo
Gadidsc
mrclp eklicog~
Coztidae
@mnOaonthua spP.
PleurOnttcCifO_s

Ef$fba

u
zm
*

2

+
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+
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+
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+

+
4-
+

+
+

+
+

+
+
+
+
+
+
+
+

+
+
+

+

+

2
$

e.
;0
z
s

+
+
+

+
+
+
+
+
+-
+
+
+
+
++
+
+

+
+
+
+
+
+
+
+
+

+
+
+

+
+
+

+
+
+
+
+
+
+

-k
+

(+)



Appendix Table 19. A complete l ist  of  foods
eaten by species whose
food habits were included
in the otter trawl -  winter ‘
food web.

Polycbseta +
Glyceride +
GOniadidae +
Phyllodocidae +
Polynoidae +

Natantia + +
Hippo lytidae
Panda] idae
Plz!!. dsiue Owealis + +
Crangonidae +

+Eeptancia
Pqnius Spp. + +
Pagulws Cwiltatus +
Brachyura +
C%ionoeetefi  spp. +
Qafi @Mtus +
oregonia gracizie +

Teleostei + + +
Amnodytes iieznzpterus + + +
P?.o Zis laeta +
&i&o& t~ho~ 4.
G,ymnocanthe gal.aatus +
Lapiabp~etta  bilineata +

Teleostei eggu + + +
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Appendix Table 20. A complete list of foods eaten
by species wh~se food habits
were includecl  in the otter ~trawl -
spring food Web.

Polychaata
Ampharet  idae
Capitellidae
Eanicidae
Glyceride
Gmiadidae
Lmbrineridae
Maldmidae
Oauphidae
Phyl  loda ida.a
SpiOnidae

Prosobranchia
Acmaeidae
Lepeti (Cryptobrwtchia)  S P.
Fwtctum  lkl 8P.
P. mldtietriata
Bullidae
Cyraatiidae
iksititf?n  OIWg~iS
Nat icidae
Hatica  SP.

Sivalvia
Nuculidae
.VUCUI.U  ep.
Nuculanidac
m.cul.ana  Sp.
Xoldia spp.
Yellinidae
Mremr2  app.
Pectinidae
Ltiidae
Vetmrldae
lfytilidae
##ytilue  edulus
Cardiidae
CZinocar&4Y  epp.
Clino(xlrdiw!  Ci 1 ialwrl
Hatricidae
Spis.La  ap.

Euphaueiacea

Fiatantia
Hippolytid.ee
Eua Zus bi mguis
Panda lidae
kntialua  Spp.
?kzndalua bmwalie
Fan&ha  f.wniwue
Pmdaius  hypeinotue
Crangonidae
Crtmgon  app.
Crnngon. eepsemsp”nwa
Argia dantuta

Rqmantia
Lithodidae
Paguridee
Brachyura
Oxyr!wnc!m
Chionocetee  SPP.

C?reqcmia  qraci lis
i3rachyrhyncha

+
+’

+

+
+
+
+

+
+
+
+

+

+

+
+
+

d.0.m

+

+

+

+ +

+

+

+

+

+

+

+

+ (+)

+

+

+
+

+

+ + ( + )

++++++ (+)

+
++++++

+ +
++++++

+ +- +
+++ +
+

+
+

+

++++ + +
+

+ + +
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Appendix Table 20. A complete l ist  of  foods eaten
by species whose food habits
were  inc luded  in  the  o t ter  trawl  -
spring food web -  continued.

.-

Cancer spp.
Pirmotheridae

Teleostei +

Percif0me9
Arrwdy tee he.t@eru8
Scichaeidae
Ltomen U6 .Wlgitta
Pho~  i d a e
Apodiehthye fiauidue
Zoarcidae
Lycodw Spp .
Clupeidae
Chqea hmsngw pi 1 lasi
Osmeridae
Salmonidae
Onccrhynehus  gorbuacha
Gadoidea
Gadidae
I%EZWP chaleogrtmmm
Scorpaenidae
.4noplopomat  idae
ArwpioPmm  ftiria
Cottidae +
Cymnocmtthm Spp.
H@ni Lepidotue  S P.

Hmllcuidotue  jordani
Agonidae
Pleuroneccidae

+
+
+

+ +

v

2
.2

:

+

+

+
+

+

+
+

+

+
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Appendix Table 21. A complete l ist  of  foods eaten
by species whose food habits
were  inc luded  in the otter trawl -
summer food web.

Polvchaeta
Aaphare c i dae
Cirraculidae
Clyceridae
Goniadidae
Lumbrineridae
Neldaaidae
Negelonldse
Nephtyidae
Onuphidae
~ect inariidae
Phyllodocidae
Sabellariidae
Sequlidae
Spionidae
Terebellidee

Pmeobranchia
lkpeta fCryptobrtrnchia)  ep.
RlrlctMlwU41 Gp.

Bivalvia
Numlidae
Miaukz  ap.
Nuculanidae
NtU?uzam up.
Yoldia  SPP.
Pecc inidae
C7Mcrm@ op.
Gartii  idae
Clino.wrdim  cilia-
Teliinidae
Mzcoeu app.

Calenoida

&phausiacea

ftepcanc~a
Paguridae
Pagwue  epp.
Br.echyura

. Qxyrhyncha
Naj ldae
chi0waete8 ● PP.
flyae lym~~
tigtmia gmci I&9

Brachyrhyncha
c~F o=q~in

++++
+
+
+

+ +
+ +

+ +
+
+

+ -%
+

i- +
+
-!-
+
+

++
+ +

-+ +

(+)

++ ++ (+)

+

-i’
+

+

+
~.

+ +

+’+ + +

+++ + (+)

44++++ + (+)
+ ++ +

+
+ + + + +

+

+ ++
+

+

++ + +
+*+ ++

+
+++ + +

+ +
+

++4++
+
+

+
+
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Appendix Table 21. A complete list of foods eaten
by species whose food habits
were included in the otter crawl -
summer food web - continued.

TeleOatOl

Perciformes
Amwody  tee haaptexw
Stichaeidae
henpenu,  ,pp.
mu IwlcukZtU8

Pholidae
Pholi8 la.zti
clupeit0rm@8

Clupeoidei

Ckpea  bwlgw Wlhsi
Oam.eridae
Mallotu billoauz
Hexag.raazmidae
Cntt idae
GymnOcanziwa  ap.
Pleuronectidae
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+

+
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+

+
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Appendix Table 22. A complete list of foods eaten
by species whose food habits
were included in the otter trawl -
autumn food web.

?olychaeta
dmpharetidae
Arabellidae
Capitellidse
Eunicldae
Glyceride
Geniad%dae
timbrinarldae
Maldanidae
Nereidae
O@eliidae
Onuphidae
Pectinariidae
Phyllodocidae
Polynoidae
Sabdlidae
Serpulidae
Syllidae

Bivalvla
Nucul  idae
??Mul.a  s?.
NUCUla  bellotti
Nuculanidae
Yoldia  BPP.
Tellinidac
TelZiw  app.
1%1-  Spp.
Pact inidae
Chblya rubti
‘llwasiridae
tinop8i&  aewicata

Garmarldea

?iyaidacea

W3carlt 18
$Uppolyidae
a@FtOD~il  bravi!vst~
Fandalidae
-LUa boraalie
*:u hyp8irWtUB
crangonidae
Clwrgrm 8P -

!&aptantia
Paguridae
Pa@o’U* SPP -
p@z#lls Ochot%nsie
EkmtrochirW  tenuimmu@
Brachyura
@vrhymcha
Chwnoc%teB  SQP.
~gmlil @aci@
Brachyrhyncha
Tclew86u c)u?ilW~m8

Cancridae
e~.ep o~concns~a

pimotheridae
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