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| NTRCDUCTI ON

This bibliography lists 137 publications and reports
authored by staff menbers of the Auke Bay Fisheries Laboratory
(ABL) and was conpiled in response to the numerous information
requests follow ng the 1989 Exxon Valdez oil spill. It covers
research done in the early 1960s fromthe O sen Bay Field Station
in Prince WIIliam Sound (1ncluding some post-1964 earthguake
studies), work conducted along the Al aska Peninsula, an
| aboratory research on the effects of petrol eum hydrocarbons on
many of Alaska's fish and shellfish (primarily tenmperate or
subarctic species).

The listing is organized into three parts: Bl BLI OGRAPHY,
ABSTRACTS, and | NDEXES. The BI BLI OGRAPHY and ABSTRACTS sections
are each subdivided into 1) Effects of GI, 2) Prince Wlliam
Sound and Rel ated Papers/Reports, and 3) 1992 Addendum cont ai ni ng
two manuscripts in preparation, then arranged alphabetically by
aut hor and coauthor(s? and chronologicallf by year. The | NDEXES
section is arranged al phabetically under 1)Keyword and 2)Author.

Each Dbi bliographic entry has a correspondi ng abstract entry
as originally witten by the authors of that publication or.
report, with the follow ng exceptions: abstracts or sunmmaries
for 11 entries were witten specifically for this Technical
Mermor andum  and | engthy abstracts were shortened by the
conpilers, who accept all responsibility for interpretation

Alimted nunber of all reports and publications listed in
this bibliography are available from
Li brary
National Marine Fisheries Service
Auke Bay Laboratory
11305 @ acier H ghway
Juneau, AK 99801- 8626.

All the reports and publications (except those in the 1992
Addendum) are also available from
Gl Spill Public Information Center
645 G Street
Anchor age, AK 99501.
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These two manuscripts represent research conducted before the

Exxon Valdez oil spill; both manuscripts are currently in draft
form and nearing conpletion.
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ABSTRACTS
Effects of Ol

1 Babcock, M M  1985. Morphol ogy of ol factory epithelium of
pi nk sal non, Oncorhynchus gorbuscha, and changes foll ow ng
exposure to benzene’ A scanning electron mcroscopy study.
InJ. S. Gay and M E. Christiansen (editors), Mrine
Bi ol ogy of Polar Regions and Effects of Stress on Marine
(E)rglanlgms, p. 259-267. John Wley & Sons, Chichester,

ngl and.

The pink salnmon fishery is the nost valuable fishery in Prince,
WIliam Sound, Alaska (USA), and this resource may be damaged by
oil pollution fromtankers or discharges froma ball ast-water
treatnment plant near Valdez. Because juvenile pink salnon schoo
al ong shal |l ow estuarine shorelines of Prince WIIiam Sound
several weeks before migrating to oceanic feeding grounds, they
are vulnerable to oil pollutants from these sources. Benzene, "a
maj or conponent of crude oil and the effluent fromthe treatnent
ﬁ!ant, is water soluble and toxic to fish. To determine the

i st opat hol ogi cal effects of benzene on ol factory rosettes of

i nk sal non, "I exposed juveniles to sublethal concentrations of
enzene in seawater. Ish were exposed in seawater to 4.3 ppm
benzene for 12 d or to one of four concentrations ranglqg from
0.15 to 4.40 ppm benzene for 29 d. (The 96-h LGCs5=8.47 ppn).
O factory rosettes fromthese fish were exam ned wth scanning

el ectron” mcroscopy. Rosettes fron1f2¥ exposed to >0.15 P
benzene had exhausted nucous cells. factory |anellae of
exposed to ??2?%pm benzene had altered distribution of ci
Lanel | ae of fish exposed to 4.3 %pn1benzene 12 d had patchy

| osses of cilia;, lamellae of fish exposed 29 d to concentrations
of benzene ??2?%pm had a generalized [oss of cilia, Exhaust ed
mucous cells and loss of cilia on the olfactory |amellar surfaces
coul d change circulation of water through the olfactory rosettes
or otherwise interfere with normal chenbsensory reception and
consequently affect homing, traditional mgratory patterns,
feeding activity, and avol dance of predators.

pm
fry
[ia

2 Babcock, M M, and J. F. Karinen. 1988. Reproductive
success in Tanner (Chionoecetes bairdi) and Dungeness
(Cancer magister) crabs held on oiled sedinent.

J. Shellfish Res. 7:1009.

G avid femal e Tanner (Chionoecetes bairdi) and Dungeness (Cancer
magi ster) crabs were held on one of several concentrations

(0-8.9 pl Cook Inlet crude 0|L/gn1sed|nent% of oiled sedinent
through one conplete reproductive cycle. hese two species of
comrercially inportant crabs exhibit different behavi oral
characteristics while carry|n% eggs. . Broodi ng Dungeness_crab
femal es consistently bury in the Sedinents while gravid Tanner
crab females rarely bury. Because of differences in behavior, we
predi cted dissimlar responses to oiled sedinents.
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Dungeness crabs held on all doses of oiled sedinents
produced significantly fewer nunbers of |arvae than did control
crabs. Larvae fromcrabs in high-dose tanks survived
5|gn|f|cantky shorter periods than did |larvae from the control
| ow- and m d-dose tanks. Eggs fromcrabs in high-dose tanks had
S|gn|f|cantly el evated levels of aromatic and aliphatic
hydr ocarbons, conpared with eggs from control crabs.

Production of larvae and viability of |arvae of Tanner crabs
hel d on oiled sedinents showed no differences fromthat of
control crabs. Likew se, there was no significant uptake of
hydrocarbons in eggs over control |evels. _

~Intimate contact of gravid Dungeness crabs wth _
sedi ment - absorbed oil and oil present in interstitial waters in
pol | uted habitat could reduce reproductive success in this
speci es.

3 Benville, P. E., and S. Korn. 1977. The acute toxicity of
si x nonocyclic aromatic crude oil conponents to striped bass
Morone saxatilis) and b%¥ shrinp (Crago franciscorum.
lif. Fish Gane 63:204-2009.

The acute toxicities of benzene, toluene, ethylbenzene, p-xylene,
m xyl ene, and o0-xylene were determ ned for striped bass and bay
shrinp by static bioassay. The 96-h LGy, ranged from 2.0 to

11 p1/1 (ppm for striped bass and fromO0.49 to 20 pu1/1 (ppm for
bay shrinmp. Solubilities of these aromatics were determ ned b¥
gas chromatography in 16°C (61°F) seawater with a salinity of 25%
as part of our procedure for d05|n% the animals. The
solubilities were 1400, 330, 180, 180, 210, and 230 pl/1 (p%n),
respectively, which is high enough to be lethal to striped bass
and bay shrinmp. The toxic effect of the aromatics was nore

| atent in shri than in fish as denonstrated by the difference
in the 24- and 96-h tests.

4 Brodersen, C. 1987. Rapid narcosis and del ayed nortality

in larvae of king crabs and kel p shri exposed to the
wat er-sol uble fraction of crude oil. r. Environ. Res.
22: 233-239.

Sensitivity of larval Paralithodes cantschatica and Eual us

suckl eyi exposed 20 mn-96 h to the water-soluble fraction (WSF)
of crude oil was determined. Swinmm ng cessation in half the
animals occurred within 20 mn exposure to 2 Ppn1MBF for shrinp

| arvae and only 0.5 pﬂﬂ]for crab larvae. Half the larvae of both
species died arfter 6 h exposure to 8 ppmor 24 h exposed to

2-4 ppm but deaths did not occur until several days after
exposure ended. In the field, nost non-swinmng larvae would
probably die as well.
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5 Brodersen, C C., S. D Rce, J. W Short, T. A
Meckl enburc?, and J. F. Karinen. 1977. Sensitivity of
larval and adult Alaskan shrinp and crabs to acute exposures
of the water-soluble fraction of Cook Inlet crude oil. In
1977 G| Spill_ Conference (Prevention, Behavior, Control
Cleanupz, p. 575-578. American Petroleum Institute
Washi ngt on, .

The sensitivit% of adult and larval Alaskan shrinp and crabs to
the water-soluble fraction (WSF) of Cook Inlet crude oil was
measured by tests using 96-h static bioassays at the water
tenperatures that these animals nornally encounter. Larval _
crustaceans were found to die nore slowmy than adults, making it
necessary to neasure sensitivity in ternms of concentrations
causing noribundity (death inmmnent) instead of in terns of
concentrations causing death durln% exposure. Cessation of
nmotion and reaction indicated noribundity in adults, and
cessation of swinmmng indicated noribundity in |arvae exposed for

96 h. N nety-six hour LGy s for noribundity for stage | |arvae
ranged from0.95 to 1.8 Ppn1depend|ng on spécies, while 96-h
LC, s for adults ranged from 1.9 to 4.2 ppmoil. Sensitivities

for stage I-VI larvae of coonstripe shrinp ranged between
0.24 Epn1to 1.9 ppm o _

~Larvae were nore sensitive to oil than adults. The
sensitivity of |arvae deBended on sPeC|es and devel opnent al
stage. Larvae are probably nore vul nerable than adult to oi
exposure because of greater sensitivity to oil and greater
susceptibility to predation. Cold-water species may be
partlcujarIY vul ner abl e because of increased tine spent as
devel oping 1arvae.

6 Carls, M G = 1987. Effects of dietary and water-borne oi
exposure on larval Pacific herring (Cupea harengus
pallasi). Mar. Environ. Res. 22:253-270.

Pacific herring (CIuEea har engus Ballasi) | arvae were exposed
either directly to the water-soluble fraction (WSF) of crude oi
or indirectly via oil-contam nated prey (OCP) (Artem a salina)
for ?28 days, to determine the relative effects of diet and
water as routes of contam nation. Larvae were affected rapidly
by 0.9 ppm WSF, which caused high larval nortality, reduced
swmmng ability and rapid reduction in feeding rates. Larva
| ength was significantly reduced by 0.7 ppm WeF in 7 days and by
0.3 ppm WoF within 14 days. The WBF exposure al so caused simlar
reductions in larval weights. H ghly contam nated prey. (6 Ppm
prey exposure) caused significant “nortality, but surviving [arvae
appeared robust. The OCP did not affect sw nmng, feeding, or
romth. Exposure of larvae was not significantly extended by

, Which rapidly depurated WSF in clean water 858@6|n 1 day).
Therefore, QOCP is probably not an inportant source of |ow
nol ecul ar wei ght petrol eum contam nation to larval fish in the
marine environment.
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7 Carls, M G 1978. Sone toxic and behavioral effects of
nunber 2 fuel oil on the eggs and | arvae of Sconber sconbrus
L. and Gadus norhua L. MS. Thesis, Dalhousie Univ.,
Hal i fax, Nova Scotia, 96 p.

Acute toxic and behavioral effects of No. 2 fuel oil on nackerel
and cod eggs and larvae were studied. Abbreviated ranges of
conpounds obtained fromthe fuel oil were also tested. Maxinmm
exposure to the oil was 139+30 h for mackerel and 278+60 h for
cod. QI loss (determned fluorinmetrically) was exponential or
nearly exponential. Mean exposure concentrations ranged from
0.00 to 16.22 ppmoil. _ _

Based on nortality, effective oil concentrations (ECs) for
mackerel |arvae were 0.28 after 96 h of exposure, but dropped to
0.10 ppm after 480 h (predicted). ECs for cod larvae at 5.9°C
were not statistically different fromthose for the mackere
| arvae (0.36 ppm 96 h; 0.15 ppm 480 h) but were significantly
less for cod larvae at 2°C (0.18 ppm 96 h; 0.07 ppm 480 h). Egg
nortality due to the oil was not significant, but devel oping
enbryos were significantly damaged as shown by post-hatching
mortality (nmackerel). _

Ef f'ective concentrations were |ess when cal cul ated from
behavi oral data, but eventually converged with those cal cul ated
fromLTsy' s (nortality data). The relationship could be
denonstrated by calculating the ratio ECgso/ EC1so: at 96, 480, and
1000 h these ratios were 0.33, 0.53, and 0. 64 for No. 2 fuel oi
(cod larvae). S _

Al t hough increased neasurenent sensitivity mght account for
some of the observed sensitivity, this study suggests mackere
and cod |arvae are nore sensitive to oil than previous reports
have i ndi cat ed. _ o _ _

An interpretative nodel describing the relationship between
the rates of |loss and rates of effect of individual oi
conponents was fornul at ed.

8 Carls, M G, and S. Korn. 1985. Sensitivity of Arctic
marine anphi pods and fish to petrol eum hydrocarbons. Can.
Tech. Rep. Fish. Aquat. Sci. 1368:11-26.

We determned the sensitivities of six circunpolar benthic
speci es (anphi pods Anonyx nugax, Boeckosinus nanseni, and

Gammar acant hus | oricatus; a nmysid, Mysis relicta; Arctic cod
Boreogadus saida; and a scul pin, Oncocottus hexacornis) to

wat er - sol ubl e fractions (WSF) of Cook Inlet crude oil and
napht hal ene in separate tests. Exposures were flowthrough and
| asted 40 days. dian lethal concentrations (LQm's? of F
ranged from 1.6 to 3.8 pFnltotaI aromatics.  Napht hal ene assays
were conducted at several tenperatures (1.5 to 9.6°C) to study
tenperature effects on sensitivity to hydrocarbons. LGy s
ranged from 1.35 to 3.35 pEm General relationships between
exposure tenperatures and LCs's were not found. I'n the absence
of toxicants, upper lethal tenperatures for the crustaceans were
surprisingly high: 17-24°C, suggesting the assay tenperatures in
t hensel ves were not particularly stressful



25

We conpared the sensitivities of these Arctic marine species
to the sensitivities of tenperate species previously tested at
the Auke Bay Laboratory using the sane flowthrough procedures
and toxicants. W concluded that Arctic species are about equa
in sensitivity to tenperate species. However, their habitat is
nmore vul nerable to the effects of Petroleun1hydrocarbon pol | ution
than tenperate habitats because col der tenperatures lead to
sl ower | osses of hydrocarbons fromvolatilization and _
bi odegradation, and oil entrapment under sea ice can result in
very lengthy exposures.

9 Carls, M G, and S. D. Rice. 1990. Abnormal devel opnment
and growth reductions of pollock Theragra chal cogramma

enbryos exposed to water-soluble fractions of oil. Fish.
Bull., US. 88:29-37.
Exposur e of deveIoPin? pol | ock Theragra chal cogranma enbryos to
static water-soluble tractions (WSF) of Cook Inlet crude oil in

seawat er slowed initial devel opment, produced shorter |arvae, and
caused norphol ogi cal abnormalities including menbranous vesicles;
body curvatures; deformations of yolk, eye, brain, jaw,
intestine, and pericardial sac; absence of |lower jaw, fin

erosion; = yol ksac bloating; and light pigmentation. These
abnormalities were retained after hatch, and in nmany cases becane
nore pronounced as devel oping structures failed to form properly.
The median concentration of F that caused abnornmalities (ABs)
was 2.1+0.1 ppm  Exposure during enbryoni c devel opnent reduced
prehatch survival by a maximum of 26% and caused high nortality
after hatch. The nedian |ethal concentration (1.8+0.6 ppm was
not significantly different than the ABs,. Al though exposed
pol | ock enbryos generallﬁ survived to hatching, larvae were
nalforred, smal | er, and had poorer survival potential than
controls.

10 Carls, M G, and S. D. Rice. 1988. Sensitivity
di fferences between eggs and | arvae of walleye poll ock
égiggéugéy chal cogranma) to hydrocarbons. Mar. Environ. Res.

Exposure of enbryonic and |arval walleye pollock (Theragra
chal cogranma) to the water-soluble fractions (WF) of Cook Inlet
crude oil dur|n% enbryoni ¢ devel opnent caused nortality and a
variety of norphological abnormalities. Median WSF _
concentrations (1.8 an) whi ch caused nortality after hatch did
not differ significantly fromthose causing norphol ogi cal
abnormalities (1.6 ppm. Pollock |arvae exposed to WSF did not
devel op abnornalities, but swi nming and survival were
significantly affected within 4 h of exposure. The LGy for
| arvae dropped from 1.9 ppmon day 4 to 0.9 ppmon day 10.
~_The tissue of devel oping pollock |arvae bioaccunul at ed
significantly nore dissolved toluene and naphthal ene than those
of "enbryos. ~ Consequently, when exposed to equal concentrations
of WGF, larval tissues are exposed to nuch higher hydrocarbon
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concentrations than enbryonic tissues. On the basis of interna
ti ssue concentrations, larvae were |ess sensitive than eggs, but
the opposite conclusion is reached if external (WSF)
concentrations are used for estimation of sensitivity.

11 Carls, M G, and S. D. Rice. 1984. Toxi c contributions of

specific drilling nud congonents to larval shrinp and crabs.
Mar. Environ. Res. 12:45-62.

Toxicities of six drilling nuds, nud fractions (supernatants and
suspensi ons) and conmon nud conponents (barite, bentonite, and
ferrochrome |ignosul fonate) were tested with stage | |arvae of
six species of shrinp and crab. The drilling nuds we tested were
not very toxic to these larvae: LGy's for supernatants ranged
from0.6 to 82% (vol/vol). Shrinp larvae were slightly nore
sensitive than crab |arvae. _ _ _
~ Drilling nmuds were not rapidly toxic, in contrast to

toxicants such as the water-soluble fractions of oil.
Suspensions were nore toxic than supernatants and tOXICItY was
reatest when particul ates remained suspended: for exanple, the
oxicity of used Cook Inlet nmud was primarily due to suspended
solids (88% rather than chenical toxicity. ~Ferrochrone

lignosul fonate was relatively toxic alone, but accounted for only
about 6% of the toxicity of used Cook Inlet nud suspensions.
Contributions of particulates to nud toxicities varied
considerably. Barite and bentonite were not very toxic when
t?ﬁtfd alone. The toxicity of one nud was caused by its high
alkalinity.

12 Carls, M G, and S. D. Rice. 1981. Toxicity of oil-well
drilling nuds to Alaskan larval shrinp and crabs. In
Envi ronmental Assessment of the Alaskan Continental Shelf.
Final Reports of Principal Investigators, Vol. 11
Bi ol ogical Studies, p. 1-35. US "Dep. Commer., NOAA
Avai | abl e Arctic Environmental Assessnment Center, 222 W 8th
Ave., No. 56, Anchorage, AK 99513.

The toxic nature of drilling muds is very different fromthe
toxic nature of crude oil. "Drilling muds affect |arval
crustacean swnmmng ability and survival slowy, whereas the
effects of oil are very rapid. The water-soluble fractions of,
drilling muds are stable in solution, but oil WSF's are not. The
slow nature of the drilling-nmud toxicity suggests the toxic
conponents are not very active as chem cal poisons, but cause
extra larval energy expenditure to naintain homeostasis.
Crustacean larvae are nore sensitive to drilling nuds than adult
crustaceans and fish by approxinmately an order of nagnitude.
However, drilling nmuds are not particularly toxic: oxi ¢
concentrations ranged from4 to 40 ppt. ter-colum
concentrations of drglllng muds capabl e of causing toxicity are
probably brief and limted to distances <3 mfromthe point of
pl atform di schar ge.
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13 Collodi, P. 1983. Effect of petrol eum hydrocarbons on
hepatic aryl hydrocarbon hydroxylase activity in coho sal nmon
izocorhync us kisutch). MS. Thesis, Univ. aska, Juneau,

p.

Coho sal non were exposed to the water soluble fraction (WSF) of
Cook Inlet crude oil for a maxinum of 30 days. This exposure, in
both freshwater and sea water, resulted in a greater than
three-fold increase in hepatic aryl hydrocarbon hydroxyl ase
enzynme activity between two and five days of exposure.

Persi stence of the induced enzyme activity was dependent on the

l ength and the concentration of WSF exposure. Handling stress
had no effect on AHH activity, but starvation caused a decrease
in activity.

14 Collodi, P., M S Stekoll, and S. D. Rice. 1984, Hepatic
aryl throcarbon hydr oxyl ase activities in coho sal non
éo corhynchus Kkisu ph? exposed to petrol eum hydrocarbons.
mp. Biochem Physiol. C Conp. Pharnmacol. 79:337-341.

Coho sal non exposed to the water soluble fraction (WF) of Cook
Inlet crude oil for a maxi num of 30 days showed a greater than
three-fold increase in hepatic aryl hydrocarbon hydroxyl ase
activity. The initial increase in enzyme activity appeared
between 2 and 5 days of exposure and increased as a function of

I ncreased exposure tine. ersi stence of the induced enzyne
activity was dependent on the length and the concentration of WSF
exposure.

15 Evans, D. R, and S. D. Rce. 1974, Effects of oil on
marine ecosystens: A review for admnistrators and policy
makers. Fish. Bull., US. 72:625-638.

A broad selection of literature on the effects of oil on narine
ecosystems is reviewed. The focus is on studies on crude oil
and should be a useful reference for admnistrators and policy
makers involved in decisions concerning petrol eum devel opnents
and related activities. The characteristics of crude oil and
factors nodifying its inpact on the marine environment are

di scussed. Mpst research on the toxicity of oil has dealt with
acute effects and data on long-terminpacts at the community

| evel are inconclusive. It is concluded that chronic |owlevel
pollution is potentially nore damaging to ecosystens than

I solated catastrophic spills.

16 CGharrett, J. A 1986. Effects of a hydrocarbon- _
contam nated diet on survival, feeding, growth, and nolting
of juvenile red king crab, Paralithodes cantschatica
(Tilesius). MS. Thesis, Univ. Al aska, Juneau, 178 p.

Juvenile red king crab (Paralithodes cantschatica Tilesius) were
fed diets containing nono- and di-aromatic hydrocarbons of up to
25 ug oil/g wet Mytilus, or unoiled food for 6 nonths.
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FYdroparbons were rapidly accunmul ated in tissues, in a
non-sel ective manner with respect to individual aromatic
conpounds.  HP tissue always had higher |evels-of aromatics than
muscle, but tissue levels never exceeded those in food. _
Aromatics were rapidly elimnated. A conbination of |ow oi
ingestion rate, and active netabolism and/or excretion prevented
crabs fron1accunu|at|n% hi gher hydrocarbon concentrations than
the food. Because crabs are able to naintain | ow hydrocarbon
burdens, treatnent reginmes had no significant affect on survival
or any paraneter of feeding, growth, nolting, or norphonetrics.

17 Gharrett, J. A, and S. D. Rice. 1987. Influence of
simulated tidal cycles on aromatic hydrocarbon uptake and
Sg!g%gagagn by the shore crab Hem grapsus nudus. Mar. Biol.

I ntertidal crab Hem grapsus nudus were used in | aboratory
experiments to determne the influence of periodic exposure to
air on the toxicity, uptake, and elimnation of two aromatic
hydrocarbons, toluene and naphthal ene. Three tidal cycles were
sinulated: i.e., crabs spent 0, 33, and 66% of the tine in air
and the remainder of the time in toxicant or seawater solutions.
Napht hal ene was 10 to 20 tinmes nore toxic than toluene and was
accumul ated faster and to higher concentrations than was tol uene.
Exposure to air 66%of the tine reduced nortality as well as the
rate at which toluene and naphthal ene were accunul ated and | ost.
Once crabs had accunmul ated the toxicants, however, elimnation
was hindered by exposure to air, even for the somewhat volatile
conpound tol uene.

18 Gharrett, J. A, S. DL Rce, and M S Stekoll.  1985.
Influence of an oil-contamnated diet on feeding rates,
rowth, and nolting success of juvenile red kln% crabs,
aral i thodes cantschatica. In Proceedings of the
I nt ernati onal K|ng Crab Synposium January 1985, Anchorage
Al aska, P. 371-375.  Univ. Al aska, Fairbanks. Alaska Sea
Gant Coll. Program Al aska Sea Gant Rep. 85-12.

Feeding rates and nolting success are sensitive indicators of the
general condition of crabs. W concluded that daily consunption
of oil-contam nated food was not detrinmental to juvenile red king
crabs over a 6-nmp period, during which rapid growth and nolting
occurred. Aromatic hydrocarbon uptake was detected in the
sanples of the digestive gland taken early in the exposure.
Accunul ation of high concentrations in crab tissues was not
observed.  However, the long-termeffects of exposure to oi
contam nated food or sedinment in the environnment are unknown, and
the small amounts of uptake and the trend of decreased feeding
rates are cause for concern.

19  Karinen, J. F. 1988. Sublethal effects of petroleum on
biota. In D. G Shaw and M J. Haneedi (editors),
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Environnental Studies in Port Valdez, Alaska: A Basis for
Managenent, p. 293-328. Springer-Verlag, Heidelberg.

Aromatic hydrocarbons in sedinments, water, and biota of Port

Val dez near the ballast diffuser are simlar, in conposition and
concentration, to other oil inpacted environnments, and subl et hal
effects of biota of Port Valdez are probably detectable at this

time.

20 Karinen, J. F. 1985 CQccurrence of juvenile king crabs,
Paral i thodes cantschatica $T|IeS|us), in Auke Bay, Al aska,
on sedinents with relatively high concentrations of aromatic
hydr ocar bons. I n Proceedings of the International King
Crab Synposium January 1985, Anchorage, Al aska, p. 377-387.
Univ. Al aska, Fairbanks. Alaska Sea Gant Coll. Program
Al aska Sea Grant Rep. 85-12.

In the northeastern corner of Auke Bay, Al aska, juvenile king
crab gather in pods and under slate rocks; it is also the

| ocation of two nmarinas and two docks. Marina activity may

I ncrease concentrations of hydrocarbons, netals, and synthetic
organi ¢ conpounds in sedi ments and organi sns, I ch may affect
t he occurrence, health, and reproduction of these crabs; The
purpose of this study was to exam ne the relatlonsh|R of marina
sedi ments and king crab populations in northeastern Auke Bay.

Cbservations on the occurrence and abundance of crabs in
Auke Bay had been nmade by divers over a 12-year period.

Determ nati on of hydrocarbons in sedinents and in the pink
scallop Chlanys spp., a prey itemfor king crabs, fromthe

nort heastern corner of Auke Bay had been carried out in 1982 and
1983 as part of the preparation for an environnental-inpact
statenent on marina expansion. Gowh of juvenile red king crabs
fromthe study area and from adj acent areas of Auke Bay were
estimated and conpared. _ _ _ _

Year -t 0-year abundance of %uvenlle king crabs in the study
area appeared to be constant, though abundance of adults had
declined with tine. The marina area showed a relatively hl?h
concentration of aromatic hydrocarbons in sedinments, probably
primarily fromthe marinas. =~ Gowth information from other _
studies indicated reduced growh rates for juvenile king crabs in
t he study area when conpared with crabs in other areas.

Juvenil e king crabs may continue to appear in the study area
because circul ation ﬁatterns_carry | arvae to the northeastern
corner. . Lower growth rates in the study area may be due to oi
exposure.

21 Karinen, J. F. 1980. Petroleumin the deep sea
gp{ggoggﬁnt: Potential for damage to biota. Environ. Int.

'Thi s sunmary was witten specifically for this Technical Menmorandum by
Nancy Barr, ABL
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Information on the fate, persistence and biol ogical inpact of

pet rol eum hydrocarbons 1 n shallow nmarine environnments, coupled
Wi th recent data on hydrocarbons in offshore sedinents and the
bi ol ogy of deep sea organi sns, have provi ded new perspectives on
the potential inpact of oil on the deep sea environnent. A
review of literature on petrol eum hydrocarbons in deep sea

sedi ments, nechanisns for transport of petroleumto the deep sea
floor, interaction of petroleum hydrocarbons and particul ate
matter, and the physiology and netabolism of deep sea fish and
crustaceans has resulted in the follow ng conclusions:

1. Hydrocarbons of apparent anthropogenic origin are
accunul ating in bottom sedi nents of coastal margins and in deeper
of fshore waters at unknown rates. _ _

2. Several nechanisns exist for their rapid transport of
petrol eum hydrocarbons to the deep sea floor. _ _

3. Petrol eum hydrocarbons are intinmately associated wth
articulate matter in the sea, behaving nmuch the same as natura
iogenic material and can potentially nodify or interrupt natura

processes. _ _ _ _

4. The unlque_phy3|olo?y of deep water life forms increases
potential adverse inpacts of petroleum hydrocarbons.

5. There is a need to determne trends of tenporal and
spatial deposition of hydrocarbons in deep sea sedinents and
eval uate the biological inmpact of this introduction of xenobiotic
compounds on the largest environment on earth

22 Karinen, J. F. 1977. Assessing oil inpacts with |aboratory
data applications, limtations, and needs. In B. Mlteff
ISedltor), O | and Aquatic Ecosystens, Tanker Safety and Ol

ol lution Liability. Proceedings of the Cordova Fisheries
Institute, April 1-3, 1977, Cordova, Al aska, p. 99-110.
Univ. Alaska, Fairbanks, Alaska Sea G ant Rep. 77-8

This paper outlines sone of the problens associated with the
utilization of |aboratory data to assess the inpact of oil in the
environnment and sonme of the considerations which we should make
intrying to apply the toxicity and sublethal effects data. In
applying these results-to the environnent to determ ne what the
actual effects of oil exposure wll be, there are both biologica
as well as chem cal considerations which we nust make. This
aper deals nore with the chem cal aspects rather than the

i ol ogi cal aspects and is limted to a consideration of the
behavior of oil in water and some chem cal factors influencing
t he appllcatlon of laboratory effects data toward assessing ol

i npacts.

23 Karinen, J. F., and S. D. Rice. 1974, Effects of Prudhoe
Bay crude oil on nolting Tanner crabs, Chionoecetes bairdi
Mar. Fish. Rev. 36(7):31-37.

Prenolt and postnolt juvenile nmale Tanner crabs, Chionoecetes
bairdi, from Al aska waters were exposed to Prudhoe Bay crude oi
in static bioassays in the laboratory. Crabs in both stages were
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simlarly susceptible to crude oil; the estimated 48-h TI'm _
(nmedian tolerance limts) values were 0.56 m oil/liter., Mlting
success decreased with increasing exposure of crabs to oil, and

nemﬁy_nnlted crabs autotom zed linbs during exposure to oil.
Relating the results of our study to the known behavi or of crabs
and the docunented behavior of oil spills in the ocean suggests
that oil spilled in Al aska waters would harmthe Tanner crab
resources. The inpact on all crab resources of chronic |owlevel
oil pollution fromthe ballast water discharged into Prince
Wlliam Sound is unknown. This study further illustrates our
present state of ignorance concerning the biological effects of
oil in the marine environnent.

24 Karinen, J. F., S. D. Rice, and M M Babcock. 1990.
Reproductive success in Dun?eness crab (Cancer nmgister)
during | ong-term exposures to oil-contam nated sedi ments.

In Quter Continental Shelf Assessnent Program Final ReEgrts
of Principal Investigators, Vol. 67, p. 435-461. U S p.
Conmer ., . Available Arctic Environnental Assessnent
Center, 222 W 8th Ave., No. 56, Anchorage, AK 99513.

Dun%fness crab (Cancer nmgister) habitat in the nearshore waters
of aska may be at risk fromoil pollution. Transport of crude
oi | and expanded exploratory drilling in Al askan waters increase
the |ikelihood of accidental contam nation of coastal sedinments,
and oi|l absorbed by the sedinments is likely to persist for years
in subarctic and Arctic waters. In contrast to other
comrercially inportant Al askan crabs, Dungeness crabs conpletely
bury themsel ves, particularly when spawning and incubating their
s. Therefore, their eggs are in direct contact with sedinents
?%9 ext ended periods and are vul nerable to any xenobiotics
contam nating the habitat.

In Phase 1 of this study, we exposed adult female crabs to
three dose |levels of oiled sedinments for one conplete _
reproductive cycle (10 nonths) to determine effects on survival,
upt ake of hydrocarbons, hatching success, and viability of
| arvae. Crabs were exposed to O, 1.2, 3.7, or 8.6 pl Cook Inlet
Crude oil per gram of sedinent. Hatching began in md-April, and
| arvae were captured in a trap attached to the outlet of each
tank. At three different times during the hatching period, we
tested larvae, to determne viability.

Dosed crabs produced significantly (0.025<P<0.05) |ower
nunbers of larvae than control crabs. ~Control crabs produced a
mean of 368,700 |arvael/crab, and the low, md, and high doses

roduced 225,500, 303,900, and 268,100 |arvae/crab, respectively.
arvae from the high-dose tanks survived for significantly
(P<0.005) shorter periods (3.1 days) than | arvae fromthe control
tanks and | ow and m d-dose tanks (5.3 days). Eggs fromcrabs in
t he high-dose tanks had significantly elevated |evels of aronatic
and al rphatic hydrocarbons. _ _

In Phase 2, we studied the effects of oiled-sedinment
exposures on nating and nDItln%S The experinmental tanks
contained old (held over from Phase 1) control, old md-dose, old
hi gh-dose, fresh high-dose, and new control sedinments. Fenale
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crabs from Phase 1 exposures and previously unexposed mal e crabs
were used in the old sedinment tanks. Previously unexposed nale
and female crabs were placed on new sedinments. _

Cl aspi ng behavi or and successful nolting were low in al
ol d-dose experinmental conditions, and conpletely absent in crabs
in the new high-dose tanks, but occurred in 75%of the pairs in
the new control tank. The low rate of clasping and molting in
all old, 14-nonth exposures was probably caused by a conbination
of confinenent, diet, and oil. The briefer, 4-nonth exposure to
freshly oiled sedi ment conpletely i nhi bi t ed cl aspi ng behavi or and

mol ting.

& fty-five percent of the female crabs that had not nolted
subsequently spawned and established fertile clutches. At the
termnation of the exposures, exam nation reveal ed the presence
of fresh spermin the spernmathecas of over 90% of the fenuales,
indicating these femal es had copulated in the hard-shelled
condition.” W believe that spawning without nmolting is an
adaptive response for using energy reserves that may have been
depleted by a conbination of streSsors. _

~ Exposure to oiled sedinments results in | ower reproductive
activity in Dungeness crabs, and the |arvae ﬁroduced are not as
robust. = Therefore, over a period of tine, the presence of oil in
the habitat substrate may |ower population densities.

25  Korn, S., N Hrsch, and J. W Struhsaker, 1977. The ,,
upt ake, distribution, and depuration of “°C benzene and ~'C
toluene in Pacific herring, upea harengus pallasi. Fish.

Bull., US. 75:633-636.

Benzene and tol uene are water-sol uble and toxic nonoaromatic
conponents of petroleum  |n this study,,,a conparison of, the
uptake, distribution, and depuration o C benzene and °C
toluene in Pacific herring, Cupea harengus pallasi, was
und&rtaken to determne which of these nay pose the greatest
robl em
P Adult herring in non-spawpjng condition were exposed to
100 Ppb C benzene or 100 ppb "°C toluene. Exposures were static
and lasted 48 h. In all tissues, toluene accunulated to higher
l evel s than did benzene, despite the faster |oss of toluenée from
test solutions. Highest accunul ations were found in the gal
bl adder (34 nl/g toluene and 3.1 nl/g benzene). This was _
340 times (toluene) and 31 times (benzene) initial concentrations
in the test solutions. Oher tissues exhibited |ower levels with
i mmature gonads showing the lowest. Accunulation was rapid with
t ol uene peaking before 24 h and benzene within 1-2 d.  Depuration
of tissues except gallbladder, intestine and pyloric caeca, was
also rapid--within 1-2 d after term nation of exposures.

Toluene is nmore toxic and probably has greater subletha
effects than benzene.

26 Korn, S., N Hrsch and J. W Struhsaker. 1976.  Uptake,
distribution, and depuration of *"C-benzene in northern
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anchoyK, Engraul i s nordax, and_striped bass, Mrone
saxatilis. ~“Fish.,Bull., US. 74:545-551.

The uptake, distribution, and depuration of water-soluble,
monocyclic hydrocarbon contained in petrol eum and refined
products was studied in two species of marine fish.  Mture
northern anchovy, Engraulis nordax, and juvenile striped bass
Mprone saxatilis, were exposed to sublethal concentrations of
C-benzene for 48 h. Residues in tissues exhibiting a high
lipid content or representing apparent major netabolic sites were
measured during the exposure and afterwards when the fish were
transferred to clean seawater. Fish exhibited a rapid uptake
over a w de range of benzene concentrations in the water colum.
Accumul ation in anchovy was considerably greater than in striped
bass. Results indicate that the pathway of hydrocarbons through
the liver, gallbladder, intestines, and colon is a na{or
depuration route. Residues were depurated rapidly after
cessation of exposure; in striped bass tissues nost residues were

undetectable by 7 days.

27 Korn, S., D. A Mles, and S. D. Rce. 1979. Effects of
tenperature on the nedian tolerance limt of pink salnon and
shrinp exposed to toluene, naphthal ene, and Cook Inlet crude
oil. "Bull. Environ. Contam Toxicol. 21:521-525.

We nmeasured the effects of tenperature on the TLm s of pink

sal mon ( Oncor hynchus gorbuschgy fry and shrinp (Eual us spﬁ. and
Pandal us goni urus) exposed to tol uene, naphthal ene, and the

wat er-sol uble fraction (WSF) of Cook Inlet crude oil. Static
exposures were used, in which the initial concentration of the
toxi cant declines wth time, a situation that would al so occur
with an oil spill. Both the persistence of oil and the
phyS|oIog¥ of animals are affected by tenperature, and the
measured TLmM s are the net result of both variables operating
si mul t aneousl vy.

28 Korn, S., and S. Rice. 1981. Sensitivity to, and
accunul ation and depuration of, aromatic petrol eum
conponents by early |life stages of coho sal mon (Oncor hynchus
E%%u%%hgé Rapp. P.-V. Reun. Cons. Int. Explor. Mer

Coho sal non eggs, alevins, and fry wer e exposed to tol uene,

napht hal ene, and 2-net hyl -naphthalene in a series of short-term

toxicity and hydrocarbon-uptake studies to determ ne whet her

acute toxicity is related to uptake-depuration patterns. Uptake

studi es used radi ol abel ed conpounds and radi onetric anal yses.

The tinme to reach maxi numtissue concentrations of these

hydr ocarbons was determ ned from | ong-term exposures. _

Sensitivity to the aromatics increased fromegg to fry with

the greatest increase in sensitivity between the egg and early

alevin. The rates of uptake and depuration of the aromatic
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hydrocarbons al so increased during the devel opnent fromegg to
fry. Eggs had the slowest rates of uptake and depuration

Eggs required 10 days to accunul ate stable tissue
concentrations of toluene and naphthal ene; alevins required 36 _h
(both toxicants); fry, 3 h (toluene) and 10 h (naphthalene). The
rate of uptake and toxicity was higher with increased ring size
?nF |n%reased substitution (2-nethyl-naphthal ene > naphthal ene >

ol uene).

Eggs were nore tolerant than alevins and fry to short-term
exposures of aronatic hydrocarbons probabIK because the chorion
prevented rapid uptake. = The amount of yolk also influenced
SenSJtJVItg because aromatic hydrocarbons were selectlveIY
ﬁartltlone into the yolk, thus reducing availability of the

ydrocarbons to the enbryo and resulting in |ower tOXICIt%.

Althou?h eg?s take up hydrocarbons at a slow rate, they may
accunul ate lethal |evels of drocarbons during | ong-term
exposures and, therefore, would be nore sensitive to hydrocarbons
than indicated by short-term experinents.

29 Korn, S., S. . D. Rice, D L. Cheatham and D. W Brown.
1985. Contribution of phenol and p-cresol to the toxicity
of crude oil to pink sal non (Chcor?ynchus gorbuschaL fry and
kel p ShrITE &Eyalus suckleyi). In F. J. Vernberg, F. P.
Thur berg, A | abrese, and W B. Vernberg (editors), Marine
Pol | uti on and PhYsloIogy: Recent Advances, p. 447-458.

Univ. South Carolina Press, Colunbia, SC

Concentrations of phenolic conpounds in the WSFs of Cook Inl et
crude oil, Prudhoe Bay crude oil, and No. 2 fuel oil ranged from
0.040 to 0.088 Bpm Concentrations of phenol that killed 50% of
the animals in 96 h (the 96-h LGy was 3.7 ppm for pink salnon
and 10.3 ppm for kelp shrinp, LGgs for p-cresol were 3.4 ppm for

pink salnon and 7.4 ppm for kelp shrinp. In 24 h, salnmon and
shrinp accumul ated 11-22 tines the initial exposure concentration
of phenol and p-cresol. Both conpounds were conpletely

elimnated from pink salmon by day 7 or less. Shrinp ‘depurated
the conpounds slower than pink sal non. o

Phenol and p-cresol contributed less to the toxicity of the
WEF than toluene and naphthal ene. Al though toluene is one-half
as toxic as phenol, its concentration in the WSF is 50 tinmes
hi gher than the concentration of phenol. Naphthal ene, which is
3-10 times nore toxic than Phenol had concentrations in the WSF
that were 2-7 times higher than the concentration of henol
Furthernore, the phenols accunul ated slowy and are elim nated
rapidly. We, therefore, conclude phenols do not contribute
substantially to the toxicity of the WSF of crude oil

30 Korn, S., J. W Struhsaker, and P. Benville. 1976. FEffects
of benzene on growth, fat content, and caloric content of
striped bass, rone saxatilis. Fish. Bull., US
74:694- 698.
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Juvenile striped bass were exposed to constant concentrations of
benzene to determ ne whether sublethal |evels would inhibit
efficient energy utilization by the fish as measured by growt h
wet weight, dry weight), fat content, and caloric content.
hirty-five fish were maintained up to 4 weeks in each of nine
aquariums; three aquariunms at 3.5 pl/liter benzene, three at
6 ul/liter benzene, and three at O pl/liter benzene as controls
Fi sh were nonitored daily and seven fish were sanpled from each
aquariumat 0, 7, 14, 21, and 28 days, and weighed (wet and dry);
three fish fromeach group were subjected to caloric analysis,
and four to fat analysis. o _
Initial exposure to benzene caused hyPeract|V|t ~anong fish
at the high benzene |evel and noderately elevated activity |evels
at the lower level of exposure. Fish exposed at the high
concentration attenpted to feed, but could not |ocate food
pellets; fish at |ower concentrations consumed 50% of the food
offered. By the end of the study, high-dose-level fish consunmed
50% of their ration and lowlevel fish fed normally. Wt
wei ghts, dry weights, and fat content decreased with increased
benzene exposure.

31  Lauren, D. J., and S. Rice. 1985  Significance of active
and passive depuration in the clearance of naphthal ene from
the tissues of Hem grapsus nudus (Crustacea: Decapoda).

Mar. Biol. 88:135-142.

Adul't male crabs Hem grapsus nudus were exposed statically in
seawater to ~C-naphthalene for 12 h followed by up to 156 h of
depuration. Uptake was rapid, and hy 12 h the digestive gl and
had accunul ated 105 tines the water °C, while other tissues had
accunul ated less than 15 tines. Depuration was rapid at first,
but sl owed bK 12 h post-exposure. After 156 h of depuration, the
parent naphthal ene that renmained was found nainly in the
digestive gland and nuscle. However, the highest percentages of
napht hal ene netabolites were found in the gills, nuscle, and
hemol ynph.  Metabolites were retained to a greater degree than
the parent conpound. Because no significant difference in
depuration rate was found between control individuals injected
w th "G napht hal ene and those with their nephropores and anus

bl ocked, it was concluded that the gills are the najor route of
na?hthalene elimnation, Thin |ayer ghrpnatograﬁh¥ (TLO of
extracts of depurated ““C-naphthalene indicated that <10% of the
total naphthal ene depurated was conposed of metabolites.

In-vitro m xed function oxygenase (MFO) activity was assayed on
15,000 g tissue honogenates, using di phenyl oxazole as the
termnal electron acceptor. Specific activity of the gills was
2 to 4 times that of the antennal glands, and no activity was
detected in either nuscle, digestive glands, or cardiac and
pyloric stomachs. MO activities were very |ow conpared to fish
or mnmals. |t was concluded that metabolism of naphthal ene
plays a mnor role in the reduction of naphthalene levels, wth
t he nﬁjor rol e being played by sinple diffusion of unnetabolized
napt hal ene across a concentration gradient. This occurs across
the tissue with the | argest body-to-water surface area--the gill.
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32 Meckl enburg, T. A, S. D. Rice, and J. F. Karinen. 1977.
Nbltlnﬁ and survival of king crab (Paralithodes
cantschatica) and coonstripe shrinmp (Pandal us hyp5|notus)
| arvae exposed to Cook Inlet crude oil water-soluble
fraction. In D A Wlfe (edjtorE, Fate and Effects of
Pet rol eum Hydrocarbons in Mrine cosxstens and Organi sns,
p. 221-228. Perganon Press, New York.

Larvae of coonstripe shrinp and kin?_crab wer e exposed to
solutions of the water-soluble fraction (WSF) of Cook Inlet crude
oil in a series of bioassays on internolt stages | and Il and the
molt period fromstage | to stage II. Mlting larvae were nore
sensitive than internolt |arvae to the WSF, and nolting _
coonstripe shrinp larvae were nore sensitive than nolting king
crab larvae. Wien nolting | arvae were exposed to high
concentrations of the WSF (1.15-1.87 ppmtotal hydrocarbons) for
as little as 6 h, nolting success was reduced b% 10- 30% and somne
deaths occurred. \Wen |arvae were exposed to these high
concentrations for 24 h or longer, molting declined 90-100% and
the larvae usually died. The Towest concentrations tested
(0.15-0.55 ppm total hydrocarbons) did not inhibit nmolting at any
l'ength of exposure, but many larvae died after nolting.

| et hal concentrations (LGCsy' S) based on 144 h of observation for
mol ting coonstripe shrinmp and 120 h for molting king crab were
much |ower than the 96-h LGCy's, showing that the standard 96-h
Lc® is not always sufficient for determning acute oil toxicity.
Al'though our LGyy's for internolt |arvae are higher than |evels

of petrol eum hydrocarbons reported for chronic and spill
situations, some of our LGy's for nolting |arvae exposed 24 h

and longer are simlar to or below these environmental |evels
Conparisons of sensitivity to oil between different crustacean
species or |ife stages should be based on aninmals tested in the
sane stage of the cycle, such as internolt.

33 Merrell, T. R 1988. Fisheries resources. In D.G Shaw
and M J. Haneedi (editors), Environmental Studies in Port
Val dez, Alaska: A Basis for Mnagenent, p. 203-224.
Springer-Verlag, New York.

Pink, chum and coho salnon and Pacific herring are the nost
inmportant fisheries resources in Port Valdez fromboth commercia
and recreational standpoints. Early life stages of these species
are the nost vulnerable to oil pollution: pink and chum sal non
eggs in intertidal spawning streanbeds, and fry during early
marine life; coho salnon snolts during their seaward mgration
through Port Valdez; and Pacific herring eggs and | arvae during
their first few weeks of |life before they have dispersed away
from spawni ng sites. _

The new Sol omon Gul ch Hatchery is expected to reach full
production of salnon by 1989, when nore than 6 mllion pink
324,000 chum and 60,000 coho salmon will return each Kear as
adults. Mst of the pink and chumsalnon will be caught by
common property conmercial net fisheries, and nost of the coho
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sal mon by sport fishernen. Unless a catastrophic oil spill
occurs in Port Valdez, or concentrations of toxic conponents from
the treated tanker ballast effluent become substantially higher
in Port Valdez than at present, it is unI|keI% that oil pollution
wi || have significant adverse inpacts on hatchery or natura
stocks of salmon, herring, or other fishery resources.

The possibility of eventual subtle indirect effects of
hydr ocarbons on sal non and herring, and their habitat, cannot be
rul ed out, however. Hydrocarbon concentrations from the ball ast
effluent are gradually increasing in sedinment and water and coul d
eventual |y have harnful effects, such as altering mgratory
behavi or of juvenile and adult salnon, or dimnishing the
abundance of prey species upon which salnon and herring are
dependent during early sea life.

34 Mdles, A 1980. Sensitivity of parasitized coho salmon fry
to crude oil, toluene, and naphthal ene. Trans. Am Fish.
soc. 109: 293-297.

The effect of parasitismby glochidia of Anodonta oregonensis (a
freshwater nussel) on the Sensitivity of coho salnmon fry, _
Oncorhynchus ki sutch, to oil was determ ned by exposing fry W th
different levels of parasitismto several concentrations o

either the water-soluble fraction of Prudhoe Bay Crude oil or the
aromatic hﬁdrpcarbons tol uene and naphthalene. " Fry infested with
20-35 glochidia were significantly (P < 0.05) nore sensitive to
each of the toxicants than uninfested fish. ~ Sensitivity
increased linearly with increased parasite nunbers.
Interpretation and application of results of toxicity tests
shoul d take into account the kinds and intensities of parasitism
;ou#d both in the test animals and in the wild popul ati ons of

i sh.

m | ochi di a of

35 Mles, D A 1977, Effect of parasi b
ity of coho sal non
wa

tis
Anodont a oregonensis Lea on the sensitivi
fry, Oncorhynchus kisutch Wal baum to the ter-sol ubl e
fraction of " Prudhoe Bay crude oil and the effect of crude
oil on the devel opnent of the glochidium MS. Thesis,
Univ. Al aska, Juneau, 50 p.

Larvae of the freshwater nussel Anodonta oregonensis Lea are

i ncubat ed anongst the branchial |anmellae of the nmother and when
rel eased, glochidia becone protelean parasites on fins of fish
such as coho sal non. _ _ _

Ni nety-six hour static bioassays using the water soluble
fractions (WBFL of Prudhoe Bay crude oil and benzene were
conducted on the adult nussels to determ ne the sensitivity of
the nussels to the toxicants. Crude oil water-soluble fraction
had no lethal effect and the median tolerance limt (TLm for
mussel s in benzene was 500 ppm

Exposi ng egg bearing nussels to the water-soluble fraction
(WSF) of Prudhoe Bay crude oil for 96-h and subsequently hol di ng
the nussels in the [aboratory for two nonths resulted in an
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inhibition of the devel opment of the glochidia. The eggs of
nmussel s exposed to oil concentrations of 2.4 ppmtotal aromatics
had nearly conFIeted_deveIopnent whi | e nussel s exposed to
10. 94 pﬁn1st|l carried fertilized eggs. o

Coho salmon fry were inoculated wth glochidia at three
| evel s of infestation (10-45, 46-65, and 66-100 parasites per
fish) and exposed to concentrations of Prudhoe Bay WSF rangi ng
fromO0.95 ppmto 11.73 ppmtotal aromatics for 96 h. TLnmis
ranged fron110.38_Fpn1totaI aromatics for non-parasitized fish to
2.2 gﬁn1for heavily (66-100) parasitized fish.

e conclusions of the study are: 1) adult freshwater
mussels are highly tolerant to oil pollution, 2) the devel opnment
of glochidia incubating in the adult nussel can be inhibited by
exposure to crude oil WSF with the degree of inhibition
increasing with increasing oil concentration and, 3) the greater
t he number of gl ochidia on coho salnon fry, the greater the
sensitivity of the salnon to water-soluble fraction of Prudhoe
Bay crude oil.

36 Mles, A, M M Babcock, and S. D. Rice. 1987. Effects of
oi | exposure on pink sal mon, Oncorhynchus gorbuscha, al evins
E? jb %%nulated intertidal environment. Mar. Environ. Res.

Pi nk sal non, Oncorhynchus gorbuscha, alevins (5 and 60 days after
hat chi ng) were conti nuously or |ntern1ttentIY exposed for 30 days
to the water-soluble fraction (WSF) of Cook Inlet crude oil in
fresh water or in a sinmulated freshwater-seawater cycle. Al evins
exposed to 0.7-2.4 ng/liter WoF in the sinulated tidal cycle were
nore sensitive to oil, had reduced yol k reserves, and accunul at ed
nore hydrocarbons than did al evins exposed to the sane
concenfrations in fresh water. Alevins in fresh water were nore
sensitive to continuous than to intermttent exposures. |In al
exposures, 60-day alevins were nore severely affected than were
5-day al evi ns.

37 Mles, A, S Bates, S. D Rice, and S. Korn. 1981.
Reduced growt h of coho salnmon fry exposed to two petrol eum
conponent's, toluene and naphthalene, in fresh water. Trans
Am Fish. Soc. 110:430-436.

Coho sal non, Oncorhynchus kisutch, fry were exposed for 40 days
to stable, sublethal concentrations of toluene or naphthaleng in
fresh water. Al fry were fed equal daily rations of Oregon
Moist Pellet Formula'll. Dry weights, wet weights, and |engths
of fr% exposed to the two hi ghest concentrations of each toxicant
for 40 days were significantly less than controls (P < 0.01).

G owth per day, determ ned fromweights and | engths, decreased
linearly with increased concentrations. Fry exposed to

’Reference to trade nanes does not i mply endorsenent by National Marine
Fi sheri es Service, NOAA:
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napht hal ene had a slower growh rate than fry exposed to
equi val ent concentrations (Fercentage of the 96-h median | et hal
concentration of LG;) of toluene. Concentrations 18% of the LG
of napht hal ene and 26% of the LG, of toluene had no effect on
dry weight, wet weight, or length of exposed fry.

38 Mles, A, and S. D. Rice. 1983. Effects of crude oil and
napht hal ene on growth, caloric content, and fat content of
pink salnon juveniles in seawater. Trans. Am Fish. Soc
112: 205- 211.

Juvenil e pink sal non Oncorhynchus gorbuscha were exposed for

40 days to stable, sublethal concentrations of naphthal ene and
the water-soluble fraction of Cook Inlet crude oil. Al fish
were fed equal daily rations of Oregon Mist Pellet Forrmula I1.
Change in I'ength of the fish was not a sensitive neasure of
toxicity. Fish exposed for 40 days to concentrations of

toxi cants as |ow as 33% of the 96-h LGCsy wei ghed significantly

| ess than control fish (P < 0.05). Juveniles exposed to the

wat er soluble fraction of crude oil had slower growth rates than
those exposed to the same concentration (percentage of the LGs)
of naphthalene. Fish exposed to either naphthal ene or the

wat er - sol ubl e fraction of crude oil had decreased caloric
content; however, fat content of the fish was not affected.
Chronic marine oil pollution at a concentration as |ow as

0.40 ng/liter total aromatic hydrocarbons coul d reduce growh of
juvenil'e pink sal non.

39 Mles, A, S D Rice, and S Andrews. 1985. _
Conti nuous-fl ow devices for exposing marine organisnms to the
wat er-sol ubl e fraction of crude oil and its conponents.
Can. Tech. Rep. Fish. Aquat. Sci. 1368:53-61

The devi ces produced stable concentrations of aronatic
throcarbons that can be used in continuous-flow toxicity tests.
The crude-oi | n1X|n% devi ce produces a stable water-soluble
fraction of 2.5 ng/1 total aromatic hydrocarbons for 30-40 days.
The device uses a gentle flow of water to dissolve aromatic
conponents in a |ayer of crude oil floating on a 2-mcolum of
seawat er . Because the water does not pick up oil droplets as it
passes through the colum, a water-soluble fraction is produced
rather than a dispersion. The other device, a syringe punp,

i ntroduces conpounds directly into a water stream and produces a
stabl e sol uti on of nonoaromatic hydrocarbons of any desired
concentration or mxture up to the maxi mum solubility of the
compounds.

40 Mles, A, S D Rice and S Korn. 1979. Sensitivity of
Al askan_ freshwater and anadronous fishes to Prudhoe Bay
crude oil and benzene. Trans. Am Fish. Soc. 108:408-414.
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The sensitivity of various species and |ife stages of Al askan
freshwat er and anadronous fishes to benzene and the water-soluble
fraction of Prudhoe Bay crude oil was determ ned with 96-h
toxicity tests. Freshwater juveniles of the six salnpnid species
tested had simlar sensitivities: Median tolerance limts
(TLmM s) for crude oil ranged from2.7 to 4.4_ng/liter; TLmMs of
benzene ranged from 11.7 to 14.7 pl/liter. Threespine
stickl ebacks and, to a lesser extent, sliny sculpins were nore
tolerant than salnonids. Eggs of pink sal non and coho sal non
were quite tolerant to crude oil (TLm> 12 ng/liter) and benzene
TLm = 339-542 ul/liter). Enmergent fry were the nost sensitive
reshwater stage (crude oil TLm = 8.0 ng/liter; benzene TIm =
12.3-17.1 pl/liter). Qut-mgrant salnmonids tested in seawater
were twice as sensitive as out-mgrant salnonids tested in fresh
water, apparently because of the additional stress of entering
seawat er and the physiol ogi cal changes associated with this
transition. Seawater sensitivities were 1.1-3.6 ng/liter for
crude oil and 5.5-8.5 pul/liter for benzene.

41  MWren, R T., and J. J. Pella. 1977. Natural variability
in distribution of an intertidal population of Micona
bal thica subject to potential oil pollution at Port Valdez,
Al aska. Mar. Biol. 41:371-382.

Natural variability in the abundance of an intertidal population
of the lanellibranch Macoma bal thica (Linnaeus, 1758) was
measured during 1971 and 1972 in a study area near the proposed
oil storage and tankshkP | oading facility at the southern
termnus of the Trans-Al aska pipeline in Port Valdez, Al aska.

M bal thica were divided for analysis into a large and a smal |

Si ze categor%. Smal | tenporal changes in population densities

t hroughout the entire study area were detected for both size
categories over several of the 7 sanpling tinmes of the 2-year
period. Large and persistent differences in density were found
anong elevation contour intervals for either size category.
Densities of both size categories were nore stable at the higher
el evations of the study site. Large M balthica were nore
honogeneously distributed along a given el evation contour
interval than the small category. Mbility and time available to
redistribute at a horizontal |ocation would explain the nore
honogeneous distribution of large M balthica if conpetition for
food resources exists.

42 Odair, C E, J. L Hanson, J. S. MicKinnon, J. A .
Gharrett, N . Calvin, T. R Merrell, Jr. 1978. Baseline/
reconnai ssance characterization littoral biota, Gulf of
Al aska and Bering Sea. In Environmental Assessnent of the

Al askan Continenfal Shelf. Annual Reports of Principal

I nvestigators for the Year Ending March 1978. Vol unme 4,
Receptors--Fish, Littoral, Benthos, p. 256-415. U S. Dep.
Commer., NOAA.  Available Arctic Environnental Assessment
Center, 222 W 8th Ave., No. 56, Anchorage, AK 99513.
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Distribution and rel ative abundance patterns of littoral plants
and invertebrates at representative sites in the eastern @Qulf of
Al aska are described. Eighteen sites were chosen for study. In
addition we exam ned, insofar as the data permt, those factors
which are likely to play inportant roles in structuring
intertidal comunities. o _ o
_Understandln? how comunities are organized is inportant for
predicting the effects of oil and gas devel opnent on conmunity
composi ti on. o _ _
_ Wthin the limtations of our data we examne the role of an
Important interaction in intertidal communities, conpetition for
space, especially conpetition among dom nant conpetitors and
acconmpanying effects on subdom nant. CQur data indicates that
total species richness tends to be greater in patches of
intertidal area dominated by Mtilus edulis than in patches
dom nated by Fucus distichus, and that the difference is
accounted for by increased species richness of small subdom nant
in Mtilus domnated areas. Mtilus does not appear to have a
greater adverse effect on conpetitively inferior |arge
subdom nant than does Fucus.

43 Odair, C E, and S. D. Rice. 1985  Depression of
feeding and growth rates of the seastar Evasterias

troschel i during | ong-term exposure to the water-soluble
fraction of crude oil. Mr. Biol. 84:331-340
To test the effect of petrol eum hydrocarbons on predation by the
seastar Evasterias troschelii (Stinpson, 1862) on the nusse

Mtilus edulis (L.), we exposed the predator with the E£ez to six
concentrations of the water-soluble fraction (WSF) of ok Inlet
crude oil. During a 28 d exposure in a flowthrough system
seastars were nore sensitive to the WSF than nussel's: " the LG
for the seastars was 0.82 ppmat Day 19 and, although no nussels
were exposed to WSF for nore than 12 d, none died. Daily feeding
rates and growth of seastars were significantly reduced at al
concentrations above 0.12 ppm At 0.20, 0.28 and 0.72 ppm W5F,
daily feeding rates were, respectively, 53, 37, and 5% of the
control rate; at higher concentrations, the seastars did not
feed. These |aborafory results show that E. troschelii is nore
sensitive to chronic Iow | evels of the WSF of crude oil than the
rey. Q1 pollution could reduce predation on nmussels and
Pncrease their dom nance in the intertidal zones.

44 Pelto, M J., R W WIlianson, and J. Knull. 1978.
Di spersion of drogues: an estimation of pollutant dispersal
in Port Valdez, aska. Northwest and Al aska Fisheries

Center Processed Report, 10 p. Northwest and Al aska Fish
Cent., Natl. Mar. Fish. Serv., NOAA 2725 Montlake Blvd. E.,
Seattle, WA 98112.

Assenbl ages of drogues in Port Val dez dispersed at rates which
increase with tine. TheDgates of dispersal were found by
computing the variance (DY) of the distances transited by the
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drogues and fitting the results to D" - at’. A mean value of 1.8
was determned for b with a range between 0.1 and 2.5.

_ Rates of change of the variance of drogue distances found
imply that effective diffusivity in the directiaon of flow was
between 3.2 x 10° and 14.2 x 10° cnf/sec. ,Diffusivity in the
transverse direction was between 0.6 x 10° and 6.8 x 10° cnf/ sec.
These val ues are an order of nﬁgnltude | ess than found by anot her
type of drogue nethod in Lake Mchigan and establish [ower limts
to rates of diffusion in Port Valdez.

45 Rice, S. D 1985 Effects of oil on fish. InF. R
Engel hardt (editor), PetroleumEffects in the Arctic
Environment, p. 157-182. Elsevier Applied Science
Publ i shers, New York.

Literature related to the effects of oil on fish is reviewed with
particul ar enphasis on inplications for spilled oil in the
Arctic. Although toxicity of oil and its conponents to
i ndividual fish is well docunented in laboratory studies
effects of oil spills on fish are less understood, In th
| aboratory, concentrations of <1 ppm aromatic hydrocarbons have
been found to affect growth in fish. Qutside the laboratory,
fish are nore likely to be affected by chronic sources of oil
pollution than by a one-time spill wth short-term high
concentrations. ~Eggs and larvae are the nost sensitive life
stages of fish: concentrations of <1 ppm aromatic hydrocarbons.
probably affect their devel opment in many species. Al though fish
at all life stages are apparently vulnerable to damage from oi
spills, devastation to fishery stocks as a result of spills is
not docunented. Local popul ations have, however, been elim nated
from industrialized bays and estuaries where oil may be a
contributing pollutant. _ o _ _
Little is known about spilled oil in the Arctic, but Arctic
ﬁopulatlons may be relatively vul nerable because aromatic
drocarbons may persist |onger in shallow cold waters |ike
those found on the northern continental shelf.

t he
e

46 Rice, S. D. 1985 Fisheries and oil: facts and figures.
Al aska Fish and Gane 18[17](6): 35-37.

For ten years, biologists at the Auke BaK Laboratory, National
Marine Fisheries Service, have studied the effects of oil on

sel ected marine animals. They have found that the letha
concentration of Al askan crude oil is about 1-2 ppmaromatic
conpounds for salnon, 1-3 pFn1for king crab and shrinp, and over
10 ppmfor intertidal animls such as prickleback eels and
nussel s after 96-h exposures. For shrinp and crab |arvae _
concentrations as low as 0.2 ppmare lethal, and salnon snmolts in
seawater were found to be twice as sensitive to oil as snolts in
freshwater. _ _ _ _

_ Researchers noted that aquatic aninals, especially fish, can
rid thensel ves of petrol eum hydrocarbons when placed in fresh
water. Marine eggs and larvae, and sedentary animals such as
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clams, may not be able to avoid contam nated areas. Laboratory
studies indicate that crabs living in subtidal areas with
fine sediment substrates may accunul ate hydrocarbons in tissues
and egg-bearing success nmay be affected. Animals |ike crabs and
sal mon may detect oil through their sense of snell and, in the
| aboratory, avoid oil after detection. _
Researchers concluded that wetl|lands are probably the habitat
nmost vul nerable to adverse inpacts fromoil pollution because
they are shallow, highly productive nursery areas for nmany
oil -sensitive species and because decontan1nat|n? bot t om _
sediments would be difficult. Rocky shores are [ess productive
and could be cleansed of oil by wave action, but seasonal
concentrations of birds and marine manmals al ong these shores
could be vulnerable to oil-spill effects.

47 Rice, S. D 1977. Areviewof oil toxicity studies
conducted at the Auke Bay Laboratory. In B, Mlteff _
éed|tor), G| and Aquatic Ecosystens, Tanker Safety and G|

ol lution Liability. Proceedings of the Cordova Fisheries
Institute, April 1-3, 1977, Cordova, Al aska, p. 111-113.
Univ. Al aska, Fairbanks, Al aska Sea Grant Rep. 77-8.

Al t hough each of our publications has specific conclusions, the
two nost significant general conclusions are:

1. W have generally found crustacean |arvae to be the nost
sensitive |life stage, especially when nolting. _

2. A askan species nay be nore vulnerable to oil than
species from warmer waters, since |ower tenperatures cause toxic
aromati c hydrocarbons to persist longer. Tenperature effects on
oil toxicity and aninal sensitivity are conplex and warrant
further study.

48 Rice, S D 1974, Toxicity and avoi dance tests with
Prudhoe Bay oil and pink salnon fry. In 1973 Proceedi ngs of
the Joint Conference on Prevention and Control of GOl
Spills, Mrch 13-15, 1973, Wshington, DC, p. 667-670
American Petrol eum I nstitute, Washington, :

Wth the potential of oil pollution harninﬂ Al aska's marine
resources, experinents were conducted at the National Marine

Fi sheries Service, Auke Baé Fi sheries Laboratory to determne the
concentrations of Prudhoe Bay crude oil that are acutely toxic to
pink salnon fry in fresh water and seawater and al so the
concentrations "of this oil that fish avoid. (Observed 96-h TLm
val ues were 88 ng of oil/liter of water in fresh water and _
213 mg/liter in seawater in June and 100 ng/liter in seawater in
August. Anong fry held in seawater, older fry were nore
susceptible to oil toxicity than younger fry and older fry were
al so nore sensitive in their detection and avoi dance of oil;

older fry in seawater avoided oil concentrations as |low as 1.6 ng
of oil/liter of water. The avoidance of oil by salnobn fry was
qui te apparent and suggests_that_there Is potential for oi
pollution to change their mgration behavior.
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49 Rice, S. D, and M M Babcock. 1989, Effects of habitat
and environmental variables on red king crabs, and settling
of glaucothoe. In L. E. Jarvela and L. K. Thorsteinson
(editors), Proceedings of the Gulf of Al aska, Cook Inlet,
and North Aleutian Basin Information Update I\/betmg\, _
February 7-8, 1989, Anchorage, Al aska, p. 49-53. vai | abl e
National Marine Fisheries Service, Auke Bay Laboratory.

Bering Sea red king crab (Paralithodes cantschatica) popul ations
crashed in the early 1980's. There is considerable specul ation
on the causes of the POEU|at|0n decline. Understanding of the
opul ati on dynam cs of king crabs is [imted by the |ack of
i ol ogi cal khow edge, particularly for the larval and juvenile
life stages. The Inpacts of environmental and habitat variables
on the early life stages remain Iar%ely unknown. _
The objectives of this research were to determne the role
of environnmental and habitat variables on red king crab eggs,
| arvae, and {uvenlles. Many of these variables influence
year-ciass strength. Adults were not the focus of the study,
except for ovigerous females that were incubating eggs. Both
| aboratory and field studies were conducted at Auke Bay,
Sout heast = Al aska. o
A conprehensi ve reﬁort detailing the results of our research
on red king crabs is scheduled to be finished in spring 1990.

50 Rice, S D, M M Babcock, C. C Brodersen, M G Carls,
J. A Guarrett, S. Korn, A Mles, and J. W Short.  1987.
Let hal and sublethal effects of the water-soluble fraction
of Cook Inlet crude oil on Pacific herring (C upea harengus
allasi) reproduction. U'S. Dep. Conmer., NOAA Tech. Meno.
MFS F/'NWC-111, 63 p.

Pacific herring (dupea harengus pallasig are a valuable
commercial fishery in the northwestern Pacific Ocean, where they
are harvested primarily just before spawni ng when the edible
ovaries are at maximum ripeness. Qur studies exam ned the
effects of oil on inportant stages of the herring reproductive
process. Using the water-soluble fraction (WBF? of Cook Inl et
crude oil, we studied effects of lethal and sublethal exposures
on prespawn adult Pacific herring, eggs, yolk sac |arvae, and
feeding larvae. W also studied the effects of feeding
oil-contamnated prey to herring larvae. The results of our
study are summari zed: _

1.  Prespawn adult herring exposed to WoF had a 2- and
12-day LGCsq (the median concentration that killed 50% of the
herring) of 2.3 parts per mllion (ppm aromatic hydrocarbons.

2. Adults exposed 12 days to 1.6 ppm produced eggs that had
normal hat ching success. _

3. Eggs exposed 2 days to 5.3 ppm had nornmal hatching
success; eggs exposed 12, days had LG, of 1.5 ppm _

4. Yol k-sac |arvae exposed ??h to 6.1 ppm survived,
%ogk-sac | arvae exposed from 16 h to 6 days had LGCsy's of 2.8 to

.3 ppm
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5. Feeding | arvae exposed 7 days had a LGy of 1.8 ppm
exposed 21 days, 0.36 ppm _ _ o

6. Uptake of hydrocarbons in adult herring was rapid in
muscle, liver, testes, and mature and inmature ovaries, but
equi librium was not reached in 10 days of exposure.

7. Muscle tissue generally accunul ated the highest |evels
of hydrocarbons; immature ovarian tissue accunul ated al nost two
timeS the levels found in mature ovarian tissue.

8. In adults, initial depuration was rapid but slowed after
24 h, and 10% of the hydrocarbons were still present after 7 days
in clean water. After 14 days, hydrocarbon |evels were not
significantly higher in the control |evels. _

9. Uptake in larvae was nore rapid than in adults and
reached equilibriumwthin 4 h. Retention was |ower in |arvae
than adults, and after 24 h, only 2% of the C | abel ed
napht hal ene renained in larval tissues.

10. Larval growth was significantly reduced after 7 days of
exposure to 0.3 ppm and growth reductions were greater after
| onger exposures and higher concentrations. _

11, owt h of | arvae was not significantly reduced by a diet
of oil contam nated prey. _ _

Feeding | arvae of Pacific herring are killed by shorter
exposures _and | ower concentrations than are the eggs or the
adults. This is therefore the |ife stage nost likely to be

| npai r ed bK oil. Evenif oil is present at levels too lowto
threaten the survival of herring, fisheries could be inpacted if
the rapid bioaccunul ati on and persistent retention of oi

hydrocarbons in the edible ovarian tissues made the herring
unmar ket abl e.

51 Rice, S D, M M Babcock, C. C Brodersen, J. A Gharrett,
and S. Korn. 1987. Uptake and depuration of aromatic
hydr ocar bons by reproductively ripe Pacific herring and the
subsequent effect of residues on egg hatching and survival.
In W B. Vernberg, A Calabrese, F. P. Thurberg, and F. J.
Vernberg (editors), Pollution Physiology of Estuarine
Or gani sirs, B. 139-154. Univ. South Carolina Press,
Col'unbi a, SC

Adult Pacific herring (O upea harengus Eallasi) wer e exposed to
the water-soluble fraction (WSF) of Cook Inlet crude oil to
determ ne uptake and depuration of aronmatic hydrocarbons in

ti ssues (including ovaries) and survival of ova and spawn.

Adul ts accunul ated hi gh concentrations of aromatic hydrocarbons
in tissues (including ovaries), but tissue concentrations did not
reach equilibrium during the 10-d sanpling. Depuration occurred
rapidly during the first 24 h, but then took 14 d before tissue
concentrations were not S|%n|f|cantly different fromcontrols.
Exposure to WSF did not affect the sSurvival of ova and spawn. |f
the adults survived, their spawn hatched. In a conpanion test,
artificially spawned and fertilized eggs from unexposed adults
were exposed to several concentrations of WSF. Herring eggs were
tolerant to short-term (2-d), direct exposures to _high™
concentrations of WSF but had a lower (1.5 ppm) LG, (nedian
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| ethal concentration) than did adults (2.2 ppm for 12-d
exposure. The reproductive process of herring just prior to
spawning did not appear to be as sensitive to oil as did eggs.

52 Rice, S D and J. F. Karinen. 1976. Acute and chronic
toxicity, uptake and depuration, and sublethal netabolic
response of Al aska marine or?anlsns to petrol eum
hydrocarbons. I n Environmental Assessnent of the Al askan
Continental Shelf. Annual Reports of Principa
| nvestigators for the Year Ending March 1976, Vol. 8,
Effects of contaminants, p. 25-118. US. Dep. Commer.,
NOAA. Available Arctic Environnental Assessment Center,
222 W 8th Ave., No. 56, Anchorage, AK 99513.

This study was designed to determne the acute and chronic
toxicity of crude ol and its conponent fractions on _
ph%SIO|leca| and behavi oral mechani snms of selected Arctic and
subarctic organisnms and to determ ne recovery rates of selected
organisns in |aboratory and field studies. _

~ Conclusions to date: Bioassays with invertebrates require
nmodi fication of standard bioassay %rocedures because they do not
conplete their response in 96-h. enperature has little effect
on toxicity, so that data generated at 12°C can be extrapol ated
to colder climtes. QI eXposures stinulate netabolismin fish
rather than depress netabolism as in crabs.

53 Rice, S D, J. F. Karinen, and C. C Brodersen. 1985,
Effects of oiled sedinment onFJuvenlle king crab. In Quter
Continental Shelf Assessment Program Final Reports of
Principal Investigators, Vol. 29, p. 287-310. U S. Dep.
Commer., NOAA. Available Arctic Environnental Assessnent

Center, 222 W 8th Ave., No. 56, Anchorage, AK 99513.

This |-year project to determne effects of oiled sediment on
juvenile king crab began in April 1982. Juvenile king crab
(Paralithodes cantschatica) were exposed to the water-soluble
fraction of Cook Inlet crude oil (flowthrough, stable
concentrations for 30 days) or to oiled sedinments for 3 nonths.
The hi gher exposure concentrations of the water-soluble fraction
were toxic and affected survival, growh, teedln? rate, and scope
for growth. Adverse effects were visible in just a few days. In
contrast, the oiled sedinents did not cause any mneasurabl e
adverse effects on survival, feeding rate, growh, nolting
success, or scope for growth durln% the 3-month exposure,

i ncluding those crabs exposed to the highest concentrations--2%
Aromatic hydrocarbons were detected in some tissues of the crabs,
including the crabs exposed to oiled sedinent. Mst experinenta
evi dence suggests that exposures to oiled sedinment wll have

m ni mal inpact directly on survival and growh of juvenile king
crab. However, the fact that hydrocarbons were detected in the
tissues means that there is sone contact with the hydrocarbons,
and adverse effects are possible, although exposures |onger than
3 months woul d be required.
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54 Rice, S. D, J. F. Karinen, and S. Korn. 1978. Acute and
chronic toxicity, uptake and depuration, and subletha
response of Al aska marine organisns to petroleum _
E¥drocarbons. In D. A Wlife (editor), Marine Biological

fects of OCS Petrol eum Devel opnent, p. 11-24. U S. Dep
Commer., NOAA Tech. Meno. ERL- EAP- 1

Ol effects studies at the Auke Bay Laboratory are reviewed. The
studi es can be broken down into two basic themes: (1) Toxicity
chal | enge experinments, where an attenpt is made to |dent|f¥
sensitive species, |ife stages, factors that affect toxicity, or
conponents that are nost responsible for tOXICItY; and
(2) sublethal physiological response, where an attenpt is nade to
identify, measure, and characterize physiol ogical responses that
are indicative of oil stress. Results fromthe series of

subl ethal effects studies may have application to nonitoring
effects of oil and defining the node of action of toxicants.

55 Rice, SO D, S Korn, C_C Brodersen, S. A Lindsay, and
S. A Andrews. 1981. Toxicity of ballast-water treatnent
effluent to narine organisns at Port Valdez, Alaska. In
Proceedings 1981 G| Spill Conference, Atlanta, Ceorgia,
March 2-5, p. 55-61. American Petroleum Institute,
Washi ngt on, DC.

Apﬁroxinately 12 million gallons of oily ballast water is taken
shore and treated daily at the Al yeska treatnment plant, where
tankers take on crude oil at the term nus of the Trans Al aska

pi peline near Valdez, Al aska. Mdst oil is renmoved, but |ight
aromati c hydrocarbons (1 to 16 parts per mllion) remain in the

| arge volune of discharged effluent. Between May and July, the
concentration of aromatic hydrocarbons in the treated effluent
(measured by gas chronatoaéaphy) general |y declined as seasonal
tenperatures increased. measured the toxicity of the effluent
on site at Valdez. For the larvae of crustaceans the nedian

| ethal concentration LG, was between 10 and 20 percent of _
treated effluent in 96-h static tests. For salnon fry and shrinp
in repeated acute rom#throu%h assays, the (LG;) was quite

consi stent, between 20 and 40 percent of treated effluent.

Because the concentrations of aromatic hydrocarbons was nuch

| ower in the later tests but the toxicity of the effluent was not
| ower, toxicants other than aromatic hydrocarbons nust contribute
S|gn|f|cantly to the toxicity of the effluent fromthe

bal'l ast-water treatment plant.

56 Rice, S D, S Korn, and J. F. Karinen. 1981. Lethal and
subl ethal effects on selected Al askan mari ne species after
acute and |ong-term exposure to oil and oil conponents. In
Envi ronment al Assessment of the Al askan Continental Shelf.
Annual Reports of Principal Investigators for the Year

Endi ng_March 1981, Vol. 4, Effects of Contam napts,.

p. 61°78. U.S. Dep. Commer., NOAA. Available Arctic
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Envi ronnental Assessnent Center, 222 W 8th Ave., No. 56,
Anchor age, AK 99513.

This report consists of an Annual Report that summarizes status
and programs for FY 80 studies, followed by Quarterly Report
sumari zing status of FY 81 studies. Al of our studies are
applied laboratory studies, where we expose a variety of marine
SﬁeCIeS and |ife stages, to determne survival and effects of
short and long-term exposures to water-soluble fractions of oil.
We had two major objectives in FY 80: (1) to determ ne the

vul nerability of pink salnon alevins exposed to oil ina
sinulated intertidal spawning environnent. (2) to synthesize and
publish results to previous EAP research

57 Rice S D, S Korn, and J. F. Karinen. 1980. Lethal and
subl ethal effects on selected Al askan marine species after
acute and long-term exposure to oil and oil conponents. In
Envi ronnment al "Assessnent of the Al askan Continental Shelf.
Annual Reports of Principal Investigators for the Year
Endln% March 1980, Vol. 3, Effects, Contam nant Baselines,

1-12. U S. Dep. Commer., NOAA. Available Arctic
%nV|ronnentaI Assessment Center, 222 W 8th Ave., No. 56,
Anchor age, AK 99513.

Fish were nore sensitive than the Arctic invertebrates tested and
were conparable to pink salnon (subarctic species). Arctic
animals were highly adaPtabIe to tenperature changes, although
there were no effects of tenperature on sensitivity of Arctic

animals to oil. Results indicate little difference in
sensitivity of Arctic and subarctic animals to oil. Lower
environnmental tenperatures in the Arctic could result in oi
Ber5|st|ng | onger after a spill due to lower volatility and

i odegradation of oil conponents and because oil woul d becone

trapped or immobilized in ice. There are fewer species in the
Arctic and food chains are very short. |f a species is affected,
there would be few replacenment” species. The Arctic habitat is
more vul nerable, and once changed, less able to adjust, even

t hough i ndi vi dual species are generaIIY_very hearty and tol erant
oflpagural environnental extrenes and [imted anounts of

pol | ution.

58 Rice, S . D, S Korn, and J. F. Karinen. 1978. Lethal and
subl ethal effects on selected Al askan marine species after
acute and long-term exposure to oil and oil conponents. In
Environnental Assessnent of the Al askan Continental Shelf.
Final Reports of Principal Investigators, Vol. 1, Biological
Studies, p. 1-32. U S. Dep. Commer., NOAA. Avallable
Arctic Environnental Assessment Center, 222 W 8th Ave.

No. 56, Anchorage, AK 99513.

Annual Report: The research involves physiol ogi cal and bi oassay
tests of applied research on species indigenous to the Gulf of
Al aska, Bering Sea, and Beaufort Sea. The mmjor enphasis has
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shifted fromstrict|ly descriptive acute toxicity determ nations
to nmechani stic studies and sublethal tests that will eventually

all ow prediction of oil inpact on the biota. The studies have
two basic themes. Toxicity chaIIen?e experiments, where
sensitive species, life stages, factors that affect toxicity, or

conponents that are nost responsible for toxicity are identified,
and subl et hal physi ol ogi cal response, where physi ol ogi cal
responses that are indicative of oil stress are identified,
measured, and characterized.

59 Rice, SS D, S Korn, and J. F. Karinen. 1977. Lethal and
subl ethal effects on selected A askan narine species after
acute and |long-term exposure to oil and oil conmponents. In
Environnental Assessnment of the Al askan Continental Shelf.
Annual Reports of Principal |nvestigators for the Year
Ending March 1977, Vol. 12, Effects, p. 23-124. U S. Dep.
Commer., NOAA.  Available Arctic Environmental Assessment
Center, 222 W 8th Ave., No. 56, Anchorage, AK 99513.

Laboratory and field studies were conducted to determ ne recovery
rates of selected organi sns and ecosystens from perturbations
resulting fromeither contam nation or other disturbances
associated with petroleum devel opnent. The research involved
physi ol ogi cal and bi oassay tests of applied research on species

I ndi genous to the Gulf of Al aska, Bering Sea, and Beaufort Sea.
The naj or enphasis of research has shifted fromstrictly _
descriptive acute toxicity determnations to mechanistic studies
and subl ethal tests that W ll eventually allow prediction of oi

i mpact on the biota. Studies to determine the acute toxicity of
the water-soluble fraction (WSF) of crude oil continue with
experinments with species not tested previously. Experinents

al so continue with |arvae of species not tested previously.
Enmphasis is on intertidal species, such as nussels, barnacles,
snails, and sea urchins.

60 Rice, SS D, and DD A Mles. 1991. Hunpies and
hydrocarbons:  Rel ating Iaborator¥ effects studies to
otential effects fromthe Exxon Valdez oil spill. _
npubl i shed manuscript. National Marine Fisheries Service
Auke Bay Laboratory.

The potential effects fromthe Exxon Valdez oil spill on the pink
sal mon, Oncorhynchus gorbuscha, are exanmined in |ight of
controlled laboratory studies. Eggs and al evins are tolerant of
short term water-borne oil exposures, but are especially
vulnerable in Prince WIIliam Sound where whole o1l could

contam nate the intertidal redds. Qut migrant fry in seawater
are about twice as sensitive as fry in freshwater, but exposure

to high |levels of hydrocarbons in seawater froma spill is

unlikely. If spilled oil affects out n]Prant fry, laboratory

studi es suggest that decreased growh will be the nost I|keIY_
ize

effect. Returning adults have declining abilities to metabo
hydrocarbons, but their exposures are likely to be mninal
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61 Rice, S D, DD A Mles, J. F. Karinen, S. Korn, M G
Carls, C. C Brodersen, J. A Gharrett, and M M Babcock.
1984. Effects of petrol eum hydrocarbons on Al askan aquatic
organi snms: A conprehensive review of all oil-effects
research on Al askan fish and invertebrates conducted by_the
Auke Bay Laboratory, 1970-81. U S. Dep. Commer., NOAA”Tech
Menp. NWFS F/ NWC-67, 128 p.

This report reviews and summarizes all oil-effects research by

t he Auke Bay Laboratory fromthe beginning of these studies in
1970 through 1981. Both published and unpublished results from
62 studies are included, regardless of funding source. Research
I's reviewed accordi ng to subé ect (e.g. toxicity, sublethal
effects, studies at Port Valdez). A"bibliography and abstracts
are also included.

62 Rice, S D, A Mles, and J. W Short. 1975. The effect
of Prudhoe Bay crude oil on survival and growth of eggs,
alevins, and fri/ of pink sal mon, Oncorhynchus gorbuscha. In
Proceedi ngs of 1975 Conference on Prevention and Control of
Q1 Pollufion, p. 503-507. Anerican Petroleum Institute,
Washi ngt on, DC.

Standard 96-h bioassays with “"total"” oil solutions in fresh water
and seawater determned differences in sensitivity of the
devel oping life stages of pink salmon (Oncorhynchus gorbuscha&.
Eﬁgs were the nost resistant and emergent fry ﬁyolk sac absorbed)
the nost sensitive to acute 4-day exposures. n fresh water, the
96-h median tolerance limt (TLm of fry was 12 ppm as neasured
in subsurface water by infrared ‘spectrophotonmetry. In seawater,
it was 6 ppm _

Three |ife stages of alevins were exposed to |Oday
subl et hal exposures of the water-soluble fraction to determ ne
what doses mght affect growth. Gowh was affected nost
severely in alevins exBosed du_r|n? | at er devel opnental stages.
Decreased growth was observed in try after 10-day exposures at
about 10% of the 96-h TLmlimt for that |ife stage.

63 Rice, S D, DD A Mles, T. T. Taylor, and J. F. Karinen.
1979 Sensitivity of 39 Al askan marine species to Cook
Inlet crude oil and No. 2 fuel oil. In Proceedings of 1979
Ol Spill Conference (Prevention, Behavior, Control,
c ea_nupg, p. 549-554.  American Petroleum Institute,
Washi ngton, DC.

The sensi ities of 39 subarctic Al aska species of nmarine fish

tiviti
and invertebrates to water-soluble fractions of Cook Inlet crude
oil and No. 2 fuel oil were determ ned. _ _

~ Sensitivity was correlated to habitat. Pelagic fish and
shri were the nost sensitive aninmals to Cook Inlet crude oil
with 96-h median tolerance limts (TLms) from1-3 ng/l total
aromatic hydrocarbons. Benthic animals, including fish, crabs,
and scal | ops were noderately tolerant (TLms to Cook Inlet crude
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oil of 3-8 ng/l total aromatic hydrocarbons). Intertida

animals, including fish, crabs, starfish, and many nol | uscs, were
the nost tolerant forns to water-soluble fraction of petrol eum
(TLm's greater than 8-12 mg/l of total aromatic hydrocarbons).
Most of the intertidal animals were not killed by static oi
exposures. No. 2 fuel oil was nore toxic to nost species than
Cook Inlet crude oil. _ _

Sensitive pelagic animals are not necessarily nmore
vulnerable to oil spills than tolerant intertidal forms--o0il nay
damage intertidal environnents nore easily and adverse effects
may persist |onger than in damaged pel agi ¢ environnents.

64 Rice, SO D, J. W Short, C. C. Brodersen, T. A
Nbckienburg, D. A Mles, C J. Msch, D. L. Cheatham and
J. F. Karinen. 1976. Acute toxicity and uptake-depuration
studies with Cook Inlet crude oil, Prudhoe Bay crude oil,
No. 2 fuel oil and several subarctic narine or8an|sns.
Nort hwest Fisheries Center Processed Report, Ol ﬁ'
Nort hwest and Al aska Fish. Cent., Natl. Mar. Fish. Serv.,
NOAA, 2725 Montl ake Blvd. E., Seattle, WA 98112.

Several |ife stages of Alaskan fish, shrinp, scallops, and crab
were subjected to | aboratory experinents to determne |evels of
acute toxicity of Cook Inlet and Prudhoe Bay crude oils and fuel
oil and to determne the rate and degree of depuration of
hydrocar bons from subl ethal concentrations of water-soluble
fractions of Cook Inlet crude oil. _

_ Acute toxicity of crude oil was determ ned by standard

bi oassays using both oil-water dispersions and water-sol uble
fractions. _ o
_ Results of the study are reported as nedian tolerance limts
in ppmoil and are given by species at specified tenperature
ranges. Both larval and adult forms were tested. Larvae were
most sensitive, and median tolerance limts of all non-|arval
stages of the eight species tested were simlar. _

Rate and anpunt of hydrocarbon uptake and depuration were
det er m ned b¥ exposing test organisnms to seawater containing |ess
t han 20% of the WSF concentration that would be expected to kil
50% of the animals in 96 h. Exposure and depuration periods each
lasted for 96 h. Gas chromatography was used to deternine
hydr ocar bon concentrations in sanples of tissues taken
perlodlcalky during the test periods. All species tested
accurnul ated significant anounts of aromatic hydrocarbons;
depuration rates varied with species. _ _

Behavi oral observations of |arvae near surface oil slicks
and physi ol ogical studies of the effect of dissolved oi
fractions on crab respiration were al so made.

65 Rice, SS D, J. W Short, and J. F. Karinen. 1977.
Conparative oil toxicity and conparative ani nal
sensitivity. In D A Wlfe (editor), Fate and Effects of
Pet r ol eum 'Hydr ocarbons in Marine EcoSystens and O gani sns,
p. 78-94. Perganon Press, New York.
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A review is presented of studies concerning: (1) the behavior of
oil in water, (2% t he met hodol ogy problens associated with

bi oassays, (3) the conparative toxicity of oils, oil-water m xes,
and oil conmponents, (4) the conparative sen5|t|V|t¥ of different
life stages and species. Conclusions relating to these subjects
are presented in list form incorporating recommendations and
guidelines for future work. Inprovenents in nethodology are
advocated, in order that sensitivity tests may be applied to new
species and to previously investigated species with greater
accuracy.

66 Rice, SO D, J. W Short, and J. F. Karinen. 1976.
Toxicity of Cook Inlet crude oil and No. 2 fuel oil to
several Al askan marine fishes and invertebrates. In _
Sources, Effects, and Sinks of Hydrocarbons in the Aquatic
Envi ronnent, E: 395-406. American Institute of Biologica
Sci ences, Washington, DC.

W used 96-h static bioassa¥ to determne the TLm s (medi an

tol erance |evels) of 27 different invertebrate and vertebrate

Al askan marine species exposed to WSF's (water-soluble fractions)
of Cook Inlet crude oil and No. 2 fuel oil. Concentrations of
oil in the exposure doses of the WSF's were determ ned by
infrared spectrophotonetry. _

No. 2 fuel oil was somewhat nore toxic than the Cook Inlet
crude oil to some of the species. Fish were consistently anong
the nore sensitive species with 96-h TLms from 0.81 to 2.94 ppm
Sone invertebrates were as sensitive as fish, while others were
quite resistant. Intertidal invertebrates were consistently
anmong the nost resistant species. _ _

"It appears that Al askan marine species may be slightly nore
sensitive than simlar species residing in nore tenperate
regions. However, the differences in observed sensitivity my be
due to the greater tOXICItK of oil at |ower tenperatures (because
of greater persistence of hydrocarbons) rather than to actual
increases in the sensitivity of the animals.

67 Rice, SS D, and R E Thomas. 1989. Effect of
pre-treatment exposures of toluene or naphthal ene on the
tol erance of pink sal non (Oncorhynchus gorbuscha) and kel p
shrinp (Eualis [sic] suckleyi). ~Conp. Biochem Physiol. C
Conp. Pharmacol . 94:289-293.

1. Toluene pre-treatnent exposures did not affect survival
of kelp shrinp or pink salnmon fry in subsequent bioassays.

2. Napht hal ene pre-treatment exposures to kelp shrinp
caused increased sensitivity in subsequent bioassays.

. Napht hal ene Pre-treatnent exposures to pink sal non
caused increase in tolerance in subsequent bioassays. Tol erance
i ncrease was proportional to concentration and duration of
pre-treatnment exposures, and decreased with periods of
depur ati on.
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68 Rice, S D, R E Thomas, and J. W Short. 1977. Ef f ect
of petrol eum hydrocarbons on breathing and coughi ng rates
and hydrocar bon upt ake-depuration in pink salnon fry. InF
J. Vernberg, A Calabrese, F. P. Thurberg, and W B. _
Vernberg (editors), Physiological Responses of Marine Biota
to Pollutants, p. 259-277. cadem ¢ Press, New York.

We report the changes in breathing rates during the extended
exposure of pink sal mon, Oncorhynchus gorbuscha, fry to oil, and
exam ne the return to near nornal rates during extended exposure.
Cook Inlet and Prudhoe Bay crude oil and No. 2 fuel oil were used
in the experinents. The 3 oils caused simlar increases in
breathlng and coughing rates in the fry, and these rates

increased in proportion to the oil concentrations, as neasured by
W but not by IR (suggesting that naphthal enes rather than
paraffins are responsible for this effect). Breathing and
coughing rates of the fry remai ned above normal during exposure
to a constant dose of oil for 72 h. H gh breathing rates during
the first 24 h of exposure, elimnation of nost aronmatics b

20 h, and the continued high breathing rates during the conStant
dose exposure for 72 h indicate that salnmon fry can cope with a
subl et hal exposure to hydrocarbons, but at the cost of an
increased nmetabolic rate. Increased netabolic rates nay be
dst{]nﬁntal to survival if the stress persists for |ong periods

of tine.

69 Schwartz, J. P. 1985. Effect of oil-contam nated prey on
t he feedi ng and Eromﬁh rate of pink salnon fry (Oncorhynchus
gorbuscha).” In F. J. VbrnberP A. Cal abrese, and W
Vernberg ‘(editors), Marine Pollution and Physiol ogy:  Recent
égvances, p. 459-476. Univ. South Carolina Press, Col unbia

Pink salmon fry fed 0.6, 3.2 and 6.5 ppmoil-contami nated prey
(OCP) for 10 d ate less than fry fed uncontam nated prey. Fry
fed 0.6 ppm OCP ate nore than fry fed 6.5 ppm OCP. Fry_feeding
rates at each OCP dose |level did not inprove when the fish werée
fed uncontaminated prey for 5 d after exposure.

The growth rate of pink salnon fry exposed to OCP for 50 d
decreased with increased dose |levels o . The wet weight of
frg fed 0.6 an1mas significantly greater than fry fed 3.2 and
6.5 ppm OCP after 50 d. Decreases in fry feeding and growth
rates were not proportional to OCP hydrocCarbon concentrations,
but reductions In fry feeding rate correlated with reduction in
Eromﬁh rate. Reductions in the ?romﬁh of fry exposed to the 96-h

Cso (0.7 ppm of the water soluble fraction (WSF) of Cook Inl et
crude oil were greater than the reduction in growh of fry fed

Pi nk sal non fry accunul ated bicyclic aromatic hydrocarbons
fromQOCP during the first 12 h of exposure, but concentrations
returned to | evel s bel ow detection after 10-d exposure to OCP
Fry exposed to WGF rﬁfldly accunul ated both nmono- and bicyclic
hydr ocarbons within 24 h.
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OCP were not acutely toxic to pink salmon fry. Fry were
able to feed and grow at OCP hydrocarbon concentrations that were
5-10 times the 96-h LGy, for the WSF of Cook Inlet crude oil in
sea water. However, reductions in the feeding rate of pink
salmon fry both during and after exposure to OCP, and reductions
infry growth rate fromexposure to OCP, have the potential for
reducing fry survival during early sea life.

70  Schwartz, J. P. 1984, The effects of oil-contam nated prey
on the feedinﬂ, growth, and related energetics of pink |
sal mon, Oncor énphus gorbuscha Wal baum fry. Ph.D. Thesis,
Univ. Al aska, Fairbanks, 99 p.

Pi nk sal non, Oncor hynchus gorbuscha Wal baum fry were exposed to
oi | -contam nated prey (OCP) in a series of experinments to
determne the effects of oll exposure via the diet on the ability
of pink fry to survive. Brine shrinp, Artem a salina, nauplii
were contam nated with petrol eum hydrocarbons by exposure to the
wat er - sol ubl e fraction ?VBF) of Cook Inlet crude oil and fed to
the fish. Feeding rates were neasured for 10 days using OCP and
for 5 days using uncontam nated prey (post-exposure period). In
a separate experiment, fry growmh was measured over a 50 day
period. In another experinent, fry oxygen consunption, food
absorption and utilization, and amonia excretion was measured to
determne the effects of OCP on fry netabolic activity.

~Fry feeding rates were reduced by exposure to ., and
remai ned suppressed during the post-exposure period. Chronic
exposure to OCP for 50 days reduced fry growth. OCP were not
lethal to the fry. There was no change in fry oxygen consunption
or anmoni a excretion fromexposure to OCP, but the fish exposed
to OCP absorbed [ ess food than controls and continued to absorb
| ess food for 7 days after exposure. Results indicate that
exposure to OCP can reduce fry growth prlnar|l¥ by reduci ng food
i ntake, but additional nutrition is lost fromthe non-absorption
of ingested food. Reductions in growh could decrease fry
SU{VIVM, and thereby reduce the nunber of returning adult pink
sal non.

71 Short, J. W, S. D. Rce, and D. L. Cheatham  1976. _
Comparison of two nethods for oil and grease determnation
In D W Hood and D. C. Burrell (editors), Assessnent of the
Arctic Marine Environment: Selected Topics, p. 451-4665.
Univ. Al aska, Fairbanks.

A gravinmetric nethod is used by governnment regul atory agencies
for determning |evels of oil pollutants in discharge waters.
This nethod involves extraction with an organic solvent,
evaporation at elevated tenperatures, and gravimetric
determnation of the residue. The authors conpared oil content
determ ned by the gravinmetric method with oil content determ ned
bY i nfrared_spectrophotonetry for toxic water-soluble fractions
of Prudhoe Bay and Cook Inléet crude oils and a No. 2 fuel oil
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The gravinetric nmethod is adequate for grease but not for

the oils. Recovery of a synthetic grease standard was

98 percent, whereas the recovery of the three pure oils ranged
from52 to 65 percent by the gravimetric method. Recovery of all
the oils and the grease standard was essentially 100 percent by
the infrared method. The differences between the two nethods are
ascribed to significant | osses of volatile conmpounds fromthe
oil's during the evaPpratlon step of the gravinmetric method.

Gavinetric estimates of olil in toxic concentrations of

wat er - sol ubl e fractions ranged fromO to 36 percent of those
determined by the infrared nmethod. G content of the No. 2 fue
oil water-soluble fractions was bel ow detectable limts of the
ravimetric method (1.5 /liter). Four-day nedian tolerance

imts of shrinp (Eualus fabricii) and scallops (Chlan¥s rubi da),
as evaluated by the infrared water-soluble fractions of the three
oils, were between 0.25 ng/liter (No. 2 fuel oil) and

3.82 ng/liter (crude oils). _ _ _ o

It is concluded that the gravinetric method is sensitive to

heavi er conpounds, but these have only a casual relationship to
acute toxicity. Concentrations of oil in water known to have
adverse effects are nmuch |ower than can be detected by the
standard gravinetric method. \Wen oil concentrations in water
are to be nmeasured and correlated with chem cal tOXICItK, t he
gravinetric procedure should be supplenmented with a nethod
specific for the nore soluble and volatile conponents.

72 Stickle, W B., M A Kapper, T. C. Shirley, M G Carls,
and S. D. Rice. 1987. Bioenergetics and tolerance of the
pi nk shrinp (Pandal us borealis) "during |ong-term exposure to
the water-soluble fraction and oiled sedi ment from Cook
Inlet crude oil. In W B. Vernberg, A Calabrese, F. P
Thurberg, and F. J. Vbrnberg (editors), Pollution Physiology
of Estuarine Organisms, p. 87-106. Univ. South Carolina
Press, Colunbia, SC

Adult Pandal us borealis were exposed to the water-soluble _
fraction (WBF) of and sedinents oiled with Cook Inlet crude oil.
Fifteen tines nore total aromatic hydrocarbons were

bi oaccunul ated into the soft tissues of the shrinp cephal ot horax
during 10-d exposure to 550 ppb WSF aromatic hydrocarbons than to
84-d exposure to 2% oiled sedinent. Litt|le bioaccunul ation of
aromati c hydrocarbons into abdom nal nuscle of either grouP_
occurred. The tolerance of shrinp to the WSF fraction declined
linearly with duration of exposure, to a 28-d LG, val ue of

28 ppb total aromatic hydrocarbons. Scope for growth, or the
energy budget, of shrinp remained positive at all sublethal WSF
concentrations but declined significantly bel ow control val ues,
as a result of a decreased rate of food consunption, in shrinp
exposed to concentration which were eventually lethal.

I nsufficient nortality occurred in shrinp exposed to oiled
sediment to calculate an LGy, value; in fact, shrinp exposed to

t he hi ghest concentrations exhibited increased scope for growh
conpared with control shrinp as a result of increase food
consunption.  Shrinp exposed to the WSF were far nore vul nerabl e
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to oil effects on their survival and bioenergetics than shrinp
exposed to oiled sedinent.

73  Stickle, W B., S. D. Rice, and A Mles. 1984. _
Bi oenergetics and survival of the nmarine snail Thais |im
during long-termoil exposure. Mar. Biol. 80:281-289.

The carnivorous snail Thais lim was fed Mytilus edulis during a
28-d exposure to the water soluble fraction (WF) of Cook Inlet
crude oil. The LGy of T. lima declined from>3,000 ppb aronmatic
mdrocar_ bons on Day 7 to 818 + 118 ppb on Day 28. The LG, of
edulis declined from> 3,000 IQ-)pb aromati ¢ hydrocarbons on Day
7 to 1,686 + 42 ppb on Da}r/1 28. redation rate declined |i nearlg
with increasing aromatic hydrocarbon concentration up to 302 ppb;
little predation occurred at 538 ppb and none at 1,160 or _
1,761 ppb. Snail absorption efficiency averaged 93.5% and did
not vary as a function of WSF dose. Total e_nergy expendi ture
(R+tU) i'ncreased at 44 ppb aromatics and declined at [ethal WSF
exposures. At subl ethal WSF exposures, gercentages of total
energy expenditure were: resgl ration (87%, anmonia excretion
(9% and primary amne loss (4% . These percentages did not vary
as a function of WSF dose or time. Oxygen:nitrogen ratios were
not affected by WSF concentration or tinme and indicated that
T. lima derived nost of its energy from protein catabolism The
upt ake of aromatic hydrocarbons into the soft tissues of snails
and nussel s was dlrectlty related to the WSF concentration.
Napht hal enes accounted for 67 to 78% of the aromatic hydrocarbons
in T. lima and 56 to 71%in M edulis. The scope for growth was
negatlve above 150 ppb WSF aromatic hydrocarbons and above
1,204 ppb soft-body aromatic hydrocarbons. These snails were
physiol ogically stressed at an aromatic hydrocarbon concentration
which was 19% of the 28-d WSF LCsy (818 + 118 ppb) and/or 48% of
the 28-d LG, of soft tissue aromatics (2,502 ppb).

74 Stickle, W B., Jr., S. D. Rce, C Villars, and W Metcalf.
1985. Bioenergetics and survival of the nmarine nussel,
Mtilus edulis L., during |ong-termexposure to the
wat er-soluble fraction of Cook Inlet crude oil. In F. J.
Vernberg, F. P. Thurberg, A Calabrese, and W B. Vernberg
(editors), Marine Pollution and Physiology: Recent _
égvances, p. 427-446. Univ. South Carolina Press, Colunbia,

The sensitivi t?/ of Mytilus edulis on exposure to the WSF of Cook
Inlet crude oil increased with duration of exposure. Scope for
growh declined in an inverse manner with WSF concentration to
zero at 1163 ppb aromatic hydrocarbons, this value represents
82% of the 28-d LG, Therefore, M edulis is not a particularly
sensitive species to utilize for the study of sublethal stress
during WSF exposures over |ong-term (one nonth) exposure periods.
The primary determ nant of a decline in scope wth increased
concentration of WSF was a decline in algal consunption. Scope
for growth regressed in an inverse manner-against total tissue
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aromati c hydrocarbons at WSF concentrations up to 1083 ppb over
28-d exposure, but no relationship existed between scope for
rowh and total tissue concentration of aliphatic hydrocarbons.
t a higher WSF aromatic hydrocarbon concentrati on (1083 ppb),
upt ake of aromatic hydrocarbons was probably reduced because of a
reduced algal clearance (= feeding) rate. Oxygen:nltro en ratios
were | ow indicating protein catabolism and did not decline with
i ncreased WSF exposure; however, nussels were in the postspawning
phase of their reproductive cycle.

75 Stickle, W B., T. D. Sabourin, and S. D. Rice. 1982,
Bensitivity and osnoregul ati on of coho sal non, Oncorhynchus
ki sutch, exposed to toluene and naphthal ene at different
salinities. In W B. Vernberg, A Calabrese, F. P.
Thurberg, and F. J. Vernberg (editors), Physiol ogical
Mechani sms of Marine Pollutant Toxicity, p. 331-348.
Academi ¢ Press,. New York.

Coho salnon snolts were nore sensitive to toluene and naphthal ene
in seawater than in freshwater. Tol erance dropged IlnearIX from
0 through 10, 20, and 30% Snolt tolerance at 30% were 54% and
63% of the 48-h TLmin freshwater for toluene and naphthal ene,
respectively. Snolt tolerances to toluene and naphthal ene were
the sane after 12, 22, and 42 d of acclimation to seawater as
they were after only 1 d of acclimation. The increase in
sensitivity was not transient nor did it appear related to
2gcé|nat|on stress because the snolts gained 30%in weight in

Tol uene and napht hal ene affected serum osnolality and ions
but only at |ethal concentrations of 100 and 130% of the 48-h
TLm At those exposure concentrations, osnmolality, Na’, and C
moved down the diffusion gradients between the serum of the
smolts and anbient water: = decreased in freshwater snolts apd
increased in seawater smolts. At the sanme concentration, K
concentrations in the serumincreased, even in freshwater snolts,
indicating cellular damage. Exposures of 70% of the 48-h TLm had
no effect on serum osnolality or ions. Cbnsequently, we concl ude
that the increase in sensitivity of snolts in seawater is not
related to a failure in ion-regulation ability, but rather the
| oss of ion-regulating ability at |ethal exposures is synptomatic
of other toxic actions. Increased sensitivity of snolts In
seawater is not transient and the cause remains unknown.

76  Taylor, T. L., and J. F. Karinen. 1977. Response of the
clam Macoma bal thica (Linnaeus), exposed to Prudhoe Bay
crude oil as unm xed oil, water-soluble fraction, and
oi | -contam nated sedinent in the [aboratory. |In D A
Wlfe (editor), Fate and Effects of Petroleum Hydrocarbons
in the Marine Ecosystens and Organi sms, p. 229-237.
Perganon Press, New York.

The small clam Macoma balthica (Linnaeus 1758), will likely be
subjected to oil slicks layered on the mud and to water-sol uble
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fractions (WSF) of crude oil or oil-contam nated sedi nent.
G oups of adult clams in or on their natural sedinment were
exposed in flowthrough aquaria at 7°-12°C to various
concentrations of Prudhoe Bay crude oil |ayered on the nud
surface, the water-soluble fraction of the crude oil, and
oil-treated sedinment (OTS). _ _

Gentle settling of crude oil over clam beds had negligible
effects on clans observed for 2 nonths. \Water-soluble and
oi | -treated sediment fractions of Prudhoe Bay crude oil inhibited
burrowi ng and caused clams to nove to the sedinent surface.
Responses were directly proportional to concentrations of the WSF
or anount of OTS. The |-h and 72-h effective median
concentrations of the WSF for the responses of burrow ng by
unburied clans and surfacing by buried clans were 0.234 and
0. 367 ppn1na§hthalene equi val ents respectively. The interpolated
amount of OTS,needed for a 50% surfacing response within 24 h was
0. 67 %IOTS cm”.

_ t hough short-term exposures of clans to the WSF of crude
oil and OIS caused few deaths, behavioral responses of clans to
oil may be of great inportance to their survival in the natura
environnent. |I'n these laboratory tests, many of the clans
recovered, but in nature clans that cone to the sedi nent surface
may be eaten by predators or die from exposure.

17 Thomes, R E., and S. D. Rice. 1987. Effect of o
wat er - sol ubl e fraction of Cook Inlet crude oil on sw nm ng
performance and plasma cortisol in juvenile coho sal non
éChcorhynchus_klsutch;. Conp. Biochem Physiol. C Conp.

har macol . Toxicol. 87:177-180.

1. Swmmng performance of juvenile coho salnon decreased
and plasma cortisol increased follow ng 48-h exposure to_the
Mﬁteréjoluble fraction (WSF) of Cook Inlet crude oil at 75% of
the LGs.

2. Exposure of 25 and 50% of the LGCs, did not significantly
reduce sw mmng perfornance. _ _ _ _

3. Plasma cortisol concentrations were highest in fish
exposed to both the conbined stress of WSF exposure and of forced
swming in a stamna tunnel

78 Thomas, R E., and S. D. Rice. 1986. The effects of
salinity on uptake and netabol i smof toluene and naphthal ene
?%_Eggl 1thden, Salvelinus malma. Mar. Environ. Res

Dol ly Varden (Salvelinus malma) were force-fed “C tol uene or

G napht hal ene and held for 12, 24 and 48 h in freshwater or
seawat er 830@6 in order to determne the effect of salinity on
upt ake and netabolism of arpmatic hydrocarbons. Fish held in
seawater had slightly nore “"C removed fromthe gut than did fish
held in freshwater. ~\Wether held in freshwater or seawater
toluene was nore readily netabolized by fjsh than was _
napht hal ene; after 48 h, 2-3 times nore 'C from toluene was in



59

the netabolite fraction of liver and central nervous system
tissues. Fish held in seawater netabolized significantly Iess

t ol uene and napht hal ene than those in freshwater. The increased
toxicity of toluene and naphthalene to Dolly Varden held in
seawat er appears to be the result of the decreased metabolism of
t hese conmpounds by the fish.

79 Thomas, R E., and S. D. Rice. 1986. Ef fect of tenperature
on uptake and netabolism of toluene and napht hal ene Y Dol 'y
Varden char, Salvelinus malnma. Conp. Biochem Physiol. C
Conp. Pharmacol. Toxicol. 84:83-86.

14 1. Tissue concentrations and netabolismof 'C toluene and
C naphthal ene were nmeasured in Dolly Varden char at exposure

tenperatures of 4 and 12°C after oral adm nistration of the

hydr ocar bons. _ _

2. Tissue concentrations of toluene and toluene netabolites
wer e sl|%2;Iy less at 12 than 4°C. =~

3. t abol i sm of toluene was significantly greater at
12 than 4°C. _

4. Tissue concentrations of n%ghthalene and napht hal ene
metabolites were less at 12 than 4°C after 48 h exposure.

5. Napht hal ene netaboli sm was not consistently different
between fish exposed at 4 and 12°C.

6. Failure to adequately netabolize toluene at reduced
tenPeratures appears to contribute to the increased sensitivity
of fish to toluene when exposed at | ow tenperatures. _

7. Lack of tenEerature ef fect on napht hal ene net abol i sm
correlates with [ ack of tenPerature-lnduced changes in the
toxicity of naphthalene to fish

80 Thomas, R E., and S. D. Rice. 1985  Effect of
pretreat ment exgosure to toluene and naphthal ene on the
subsequent netabolism of dietary toluene and napht hal ene by
Dol ly Varden, Salvelinus malma.” In F. J. Vernberg, F. J.
F. P. Thurberg, A Calabrese and W A. Vernberg (editors),
Marine Pollution and Physiology: Recent Advances,
p. 505-520. Univ. South Carolina Press, Colunbia, SC

Pretreat ment exposure of Dolly Varden to naphthalene in sea water

resulted in increased metabolism of orally-admnistered
C-napht hal ene, but pretreatnent exposure to tol uene did not

alter the rate of metabolism of orally-admnistered “C-toluene.

Napht hal ene is | ess polar than toluene and thus requires

signi ficant bioconversion before it is excreted by fish. Tol uene

iIs nore polar and is readily excreted by fish, therefore _

i nducenent of increased bioconversion of toluene in the fishis

not needed. _

Several pretreatnment factors influenced the rate of
napht hal ene_ bi oconversion, including; 1) length of pretreatnent
exposure, 2) concentration of pretreatnent exposure, and
3) duration of depuration after pretreatment exposure.
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ng}reatnﬁnt exposure of fish to naphthal ene (75% of the
96-h LC™) for 48 h doubled or tripled the percentage of
napht hal ene netabolites in brain, |liver, and nuscle tissue, and
decreased the amount of carbon-14 recovered in those tissues.
Pretreat ment exposure for only 24 h caused sone increases in
ti ssue nmetabolites, but no significant differences in percent
nmet abolites of tissue burden were neasured between the
pretreatnent fish and controls which were not pretreated.

~The concentration of the pretreatnent is d|rectE¥ related to
the increase in bioconversion rate of naphthal ene. posure to
25 and 50% of the 96-h LCs, did not result in increased
met abol i sm of napht hal ene or in |ower tissue burdens of the
hydr ocar bons. posure at 75% of the LGy resulted in
significant increases in tissue nmetabolites and decreases in
total tissue hydrocarbon burden.

Periods of depuration follow ng pretreatnent exposure
resulted in a decrease in the induced rate of netabolism of
napht hal ene.  Depuration for as little as 24 h resulted in the
return of the naphthal ene bioconversion rate to that of control

fish.

Pretreat ment exposure of fish can induce increased
met abol i sm of aromatic hydrocarbons, such as naphthal ene, and may
increase the survival of fish in subsequent exposures. Dinuclearf
and pol ynucl ear aromati c hydrocarbons are quite |ipophilic and
must be” metabol i zed before they can be excreted. 1nducenent of
i ncreased netabolismof these conmpounds, resulting froma
ﬁreV|ous exposure, increases excretion and therefore reduces
ydrocarbon accunulation in the tissues of fish

81 Thomes, R E., and S. D. Rice. 1982. Metabolism and
cl earance of phenolic and nono-, di-, and poIYnucIear
aromati ¢ hydrocarbons by Dolly Varden Char. n W B.
Vernberg, A. Cal abrese,” F. P.  Thurberg, and F. J. Vernberg

editors), Physiological Mechanisns of Marine Poll utant
oxicity, p. 161-176. Academ c Press, New York.

Once hydrocarbons were absorbed from capsul es placed in the gut

of Dolly Varden char, size and polarity of the hydrocarbons

i nfluenced the elimnation, metabolism and tissue distribution
Size of the hydrocarbon appeared to be the nost critical factor
in excretion of hydrocarbons by the gills. The gills of fish can
eaS|IK excrete phenolic and nmononucl ear aromatic conmpounds.  Sone
napht hal ene was excreted by the gills, but virtually none of the
po ynuclear aromati c hydrocarbons were excreted through the

gill's. Even though the partition coefficients (log o

octanol /water partition) of phenol and cresol are about 1/10 of
tol uene, these simlar-sized hydrocarbons were excreted fromthe
gills in approximtely equal anounts. _

Pol ar phenolic conpounds were excreted into the cloacal
chamber but not toluene or the | arger polynuclear aromatic
hydrocarbons. Partition coefficient is aPparentIy a nore
inmportant factor than size in excretion of hydrocarbons into

t he
cl oacal chanber because the excretion of phenol and cresol into
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tqe cl oacal chanber was nore than 10 times that of simlar-sized
t ol uene.

The excretion of the |argest hydrocarbons tested, anthracene
and benzo[a] pyrene, was mniml in 24 h (3.2%and |.2%
resBectlver). These conpounds were slomﬂy absorbed from the gut
probably because they are relatively nonpolar and have a high
partition coefficient (octanol/water), therefore are nore o
difficult to renove froma lipid matrix (nenbrane). The nobilit
of these conpounds between tissues is |imted, and they probably
have to be netabolized before excretion. Consequently,
metabolismin the liver and secretion into the bile is probably
the nost inportant pathway for excretion of |arge nolecul ar
wei ght hydrocarbons; however, this is a relatively slow proces
that takes nuch | onger than 24 h.

82 Thomas, R E., and S. D. Rice. 1981. Excretion of aromatic
hydr ocarbons and their netabolites by freshwater and
seawater Dolly Varden char. In F. J. Vernberg, _

A, Cal abrese, F. P. Thurberg, and W B. V@rnber% éed|tors),
Bi ol ogi cal an|tor|n% of Marine Pollutants, p. 425-448.
Acadenic Press, New York

The gills were fhe nmost inportant pathway for excretion of
carbon-14 from ~°C naphthal ene. Mst of the carbon-14 excreted
by the gills was still attached to the parent conpound. About
10% of the excreted carbon-14 appeared in the cloacal chanber,
mostly as netabolites. Less than 1% of the total carbon-14 was
excreted in the urine, predomnantly as netabolites.
Ti ssues retained a significant amount of carbon-14 at 24 h.

Al t hough nuscl e contained [arge anmounts of carbon-14 because of
its mass, the gall bladder had the highest specific activity.
The brain al so yetained significant quantities of carbon-14.,
Al t hough more *°C Hgluene was excreted and netabolized than °C
napht hal ene, nore °C naphthal ene was retained in the tissue. A
| ower percentage of the carbon-14 was recovered in °C
napht hal ene metabolites than in ~C toluene netabolites.

Seawat er and freshwater Dolly Varden char excreted simlar _
anounts of carbon-14; however, the percentage of netabolites in
the excretions and tissues of seawater fish was |ower than the
Percentage of metabolites in excretions and tissues of freshwater
ish. For exanple, we recovered Preater anount s of carbon-14
wth a | ower percentage of netabolites fromthe brain-spinal cord
of seawater fish than fromthe brain-spinal cord of freshwater
fish--possibly explaining why seawater Dolly Varden are nore
sensitive to aromatic hgorocarbons and the water-soluble fraction
of oil than freshwater I'l'y Varden

83 Thomes, R E., and S. D. Rice. 1979. The effect of
exposure tenperature on oxygen consunption and opercul ar
breathing rates of pink salnon fry exposed to tol uene,
napht hal ene, and water-soluble fractions of Cook Inlet crude
oil and No. 2 fuel oil. In W B. Vernberg, A Calabrese,

F. P. Thurberg, and F. J. Vernberg (editors), Marine
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Pol lution: Functional Responses, p. 39-52. Academc Press
New Yor k.

Breathing rates were nmeasured in pink salnon fry exposed to
equi val ent concentrations of water soluble concentrations of Cook
Inlet crude oil (containing nononuclear and dinuclear aronatics)
and No. 2 fuel_0|lm%conta|n|ng di nucl ear aromatics) at 4° and
| 2°C to determne whether responses differ with tenperature.

Opercul ar breat hing and ox¥gen consunption in fry exposed to
t ol uene (nmononucl ear) and napht hal ene (dlnuclear? wer e nmeasured
and indicated that increased breathing rates reflect increased
ener%% demands as toxicants are netabolized. Exposure of the fry
to 107/% 70% and 45% of the 24-h nedian tolerance limts of
naPhthaIene resulted in increased breathing rates; exposure to
t ol uene concentrations of 94% and 69% produced i ncreased
breathing rates, but breathing rates at exposures of 45% and 30%
remai ned unchanged. For both toluene and naphthal ene, increases
in breathing rates with increased exposure were |inear

Results of exposure to the four toxicants at 4° and 12°C
were not uniform At 4°C, 17 of 24 fry exposed to tol uene had
died 15 h after initial exposure; no deaths occurred among fry
exposed to toluene at 12°C or fry exposed to other substances at
either tenperature. Geatest increase in breathing rates
occurred wth exposures to naphthalene and No. 2 fuel oil at 4°C
with breathing rates anong fry nearly doubled. Results of the
study indicate that |ower tenPeratures may influence the effect
of hydrocarbons on coldwater tish and that oils with relatively
hi gh”concentrations of nononuclear aromatic hydrocarbons may be
particularly damaging.

84 Thomes, R E, and S. D. Rice. 1975  Increased opercular
rates of pink sal non (Oncorhynchus gorbuscha) fry after
exposure to the water-soluble fraction of Prudhoe Bay crude
oil. J. Fish. Res. Board Can. 32:2221-2224.

The opercular rates of pink sal mon (Oncorhynchus gorbuscha) fry
were measured during 24-h exposure to sublethal concentrations of
the water-soluble fraction of Prudhoe Bay crude oil. Opercul ar
rates increased significantly for as long as 9 and 12 h after
exposure to water-soluble fractions prepared fromoil -water
solution of 2.83 and 3.46 ppm The Increases in rates were
proportional to increases in dose. Recordln% changes in
opercul ar rates appears to be a suitable nmethod for detecting
subl et hal physiol ogical effects of stress, because the observed
changes occurred at approxi mately 20% of the 96-h LGCs,.

85  Thomas, R
1989. D
oxi dase a
sal mon (
oi l. Co

. E., SO D Rce, M M Babcock, and A Mles.
ferences in hydrocarbon uptake and m xed function

tivity between juvenile and spawni ng adult coho

cor hynchus ki sutch) exposed to Cook Inlet crude
Bi ochem Physiol. C Conp. Pharmacol. 93:155-159.

f
c
On
np.



63

1. Coho salnmon snolts accunulated up to 30 tinmes nore
hydrocarbon in selected tissues than did coho sal mon jacks when
exposed to water-soluble fraction of Cook Inlet crude oil.

_ 2. Aryl hydrocarbon hydroxylase (AHH) activity continued to
increase during 12 days of  exposure in coho snolts, in contrast
to jacks in which AHH activity peaked at 2 days and renai ned

el evated during 20 days of exposure. _

3. Cytochrome P-450 concentrations peaked in 48 h and
returned to control levels in exposed snolts. In exposed and
control jacks, cytochrome P-450 decreased during the 20 day
experinental period. Concentrations of P-450 were significantly
greater, however, in exposed jacks than in control jacks.

4. Aryl hgdrocarbon hydr oxyl ase (AHH) activity and
cytochronme” P-450 concentrations were greater in non-exposed coho
sholts and jacks than in non-exposed pre-spawning adults.

5. Coho jacks were not as responsive as coho smolts in terns
of P-450 induction; however, they were nore responsive than
anticipated for a fish in a termnal life stage.

86  Thomes, R E., S. D. Rice, M M Babcock, and A Mles.
1988. Differences in hydrocarpbon uptake and m xed function
oxi dase activity between ’uven|le and spawni ng adult coho
sal nron exposed to Cook Inlet crude oil. Am Zool
28(4): 104A. (Abstract only).

Coho sal non snolts accunulated up to 30 times nore hydrocarbon in
selected tissues than did coho sal non jacks when exposed to

wat er-sol ubl e fraction of Cook Inlet crude oil. Aryl hydrocarbon
h¥droxylase (AHH) activity continued to increase during 12 days

of exposure 1n coho snolts in contrast to jacks in which AHH
activity peaked at 2 days and renumined el evated during 20 days of

exposure. _ .
Cytochrone P-450 concentrations peaked in 48 h and returned
to confrol levels in exposed smolts. In exposed and control

j acks, cxtochrone P- 450 decreased during the 20 day experinenta
period; however, concentrations were significantly greater in
exposed jacks than in control jacks. Aryl hydrocarbon _

hydr oxyl ase (AHH) activity and cytochrome P-450 concentrations
were greater in non-exposed coho snolts and jacks than in
non-exposed pre-spawning adults. Coho jacks were not as
responsive as coho smolts In terns of P-450 induction; however
they were nore responsive than anticipated for a fishin a
termnal |ife stage.

87 Thomas, R E., S. D. Rce, and S. Korn. 1987. Reduced
swi nm ng performance of juvenile coho sal non (Oncorphynchus
[sic] krsutch) exposed to the water-soluble fraction of Cook
Inlef crude oil. In W B. Vernberg, A Calabrese, F. P.
Thurberg, and F. J. Vbrnber% §ed|torsbh Pol | ution Physi ol ogy
of Estuarine Organisns, p. 127-137. hiv. South Carolina
Press, Col unmbia, SC.
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The magni tude of the effect exposure to the water-solu

bl e
fraction (WSF) of Cook Inlet crude oil on sw nm ng performnce of
juvenil e coho sal mon (Oncor hynchus ki sutch) was found to be
dependent on both the concentration of the WSF and the | ength of

the tine that fish were exposed. Swinmng activity was reduced
to a greater extent at higher concentrations than at |ower
concentrations. Some of the |ower concentrations, which did not
significantly reduce sw nm ng performance when fish were exPosed
for only 48 h, had a greater effect when fish were exposed for
5or 13'd. Wen fish were transferred to clean water for a
period of depuration prior to determning sw mmng performnmance,
fontrPI | evel s of swinmng activity were restored wthin 8 h of
ransfer.

It is suggested that exposure of salnmon to the WSF of crude
oi | induces an increased netabolismwhich reduces the enerqgy
available for swming. \Wen fish are no |onger exposed to the

WEF, this energy is no |longer required and sw nm ng perfornmance
Is restored to nornal.
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Prince WIIliam Sound and Rel ated Papers/Reports

88 Barr, L. 1970. Alaska's fishery resources: The shrinps.
U S Fish WIdlI. Serv. Fish. Leafl. 631, 10 p.

ShrinP fishing began in Alaska over 50 years ago. Recently the
annual donestic catch has been as high as 40 mllion pounds.
Japanese and Soviet Union fishernmen operating in Al aska waters
have caught as nuch as 70 mllion pounds annually in recent
years. : : . .
The five commercially inportant shrinp of Al aska belong to
t he fan1lﬁ Pandal i dae; the nost inportant is the pink shrinp,
Pandal us borealis. _ _ _ _
~ The conplicated life histories of these shrinp are all
simlar. The shr|nP develop first as nmales and after severa
yﬁars }ransfornlto emal es, which they remain for the rest of
their lives.
United States fishernen use otter trawms, beamtraw s, and
ots, and deliver their catch to ports in Al aska; foreign
PIS ermen use larger otter traw s and process the catch at sea.
The Al aska Departnent of Fish and Gane _and the Bureau of
Commercial Fisheries are studying shrinp. They are sanpling the
commercial catch, trying to inprove the product, and conducting
exploratory fishing and biological research

89 Barr, L. 1970. Diel vertical mgration of Pandalus borealis
I n Kachenmak Bay, Al aska. J. Fish. Res. Board Can. 27:669-676.

Cat ches of Pandal us borealis b% surface-to-bottom pot fishing in
Kachemak Bay, Al aska, showed that this species was distributed in
| arge nunbers throughout the water colum at nlght and suggested
a drel vertical mgration. The shrinp apparent left the
vicinity of the bottom about dusk and returned about dawn; the
apparent length of time they were off bottom was directly related
to the length of the night.” Bottomtrawling clearly showed | ower
availability of P. borealis on bottomat night than during the
day. Catches of shrinp by pot fishing and traw ing indicated
that small P. borealis have a greater tendency to mgrate
vertically than the larger individuals.

90 Calvin, N I., and R J. Elis. 1978. antitative and
qual i tative observations of Laninaria dentigera and ot her
subtidal kel ps of southern Kodiak Island, aska. Mar .

Biol. 47:331-336.

Observations were made and quantitative sanP!es of non-canopy
kel ps were col | ected, using SCUBA, at 9 subtidal sites off
southern Kodiak Island in My, 1976. At a 10th site, only
observations were made. The nopbst abundant species in the
quadrants were Lanm naria dentigera, L. yezoensis, Pleurophycus
ardneri, Agarum cribrosum and Alaria marginata. W found
ertile plants of all these species. L. dentigera dom nated at
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all sanmpled sites except one within a bed of Nereocystis

| uet keana, where P. gardneri was dominant. L. yezoéensis was

donminant at the site which was visited but not sanpled. The
aver age ,wet me|%ht of non-canopy kel ps in the 55 sanples was

12 kg m“, and the quadrant rangé was 2 to 35 kg m*-. = The

reported ranges of P. gardneri and Alaria marginata are extended

westward from Montague |Island (147°22'W to Bunbl e Bay, Kodiak
gsland (154°43' W, where A nmarginata was found at a depth of
.om

91 Calvin, N I., and S. C. Lindstrom  1980. Intertidal algae
of Port Valdez, Al aska: species and distribution with
annotations. Bot. M. 23:791-797.

Ve found 18 species of Chlorophyta, 20 species of Phaeophyta, and
42 species of Rhodophyta at 7 intertidal sites in Port Valdez,
Alaska. O these species, Kornmannia zostericola, _
Antithammionel l a pacifica, Cryptonem a borealis, Hal osaccion
firmum Neodilsea integra, and Ceram um gardneri were found
beyond their previously reported range. Dumontia sinplex, known
from Japan andAPreVJoust reported in Alaska only at Anthitka
Island I1n the Aleutian Islands, was found at one site. Fucus

di stichus was the nost abundant and ubiquitous algal species in
the intertidal zone, and species of Alaria were notably absent
fromthe shore.

92 Dahl berg, M L. 1979. Hi story of fishery and sumary
statistics of the sockeye sal mon, Oncorhynchus nerka, runs
to the Chignik Lakes, aska, 1888-1966.  NOAA (Natl
Cceanic Atnpbs. Adm) Tech. ReE: NVFS (Natl. Mar. Fish
Serv.) SSRF (Spec. Sci. Rep. Fish.) 735, 16 p.

Annual runs of sockeye salmon to the Chignik Lakes, Al aska,
decreased froman average of 1.9 mllion during the period
1922-39 to an average of 0.9 million during the period 1949-66.

In order to study the dynamcs of the runs™ historic catch,
escapenment and age structure data were conpiled by spawning stock
and brood year. This history of fishing and managenent of the
runs frominception of the fishery until 1966 is described. The
hi gh seas and coastal distributions of Chl?nlk sockeye sal non
i ndicated significant interception by the tishery in on”y one
area other than the Chignik Bay and i gni k_Lagoon; the fishery
at Cape lgvak started 1n the md-1960's. Results of the study
were used to construct parent-progeny relationships that forned
the basis for a managenent strategy to restore the runs to forner
| evel of abundance.

93 Dahl berg, M L. 1973. Stock-and-recruitnent relationships
and optinum escapenents of sockeye sal non stocks of the
Chi gni k Lakes, aska. Rapp. P.-V. Reun. Cons. Penn. Int.
Explor. Mer 164: 98- 105.

The Chignik R ver system of western Al aska offers opportunity to
fornul ate a nodel managenent strategy for enhancenent of sockeye
sal non runs based on precise harvest regulation. This is
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possi bl e because the systemis segregated from other simlar
systens and accurate statistics on catch and escapenent are
available for a 38 year period. _ _

By statistically study|ng spawner-return rel ationships, a
nodel of spawner-returns was derived for Chignik Lake and Bl ack
Lake stocks, the two contributors to the Chignik River system
and for the conbined stocks. Alternative nodels were exam ned.
Opti mum escapenents were estimated for each stock and for
conbi ned stocks. Results indicate that higher yields can be
realized by fishing each stock at its optinmumrate of
exploitation rather than haryesting a mxture of stocks at a
common rate of exploitation

94  Dahlberg, M L. 1968. Analysis of the dynamcs of sockeye
salnon teturns to the Chigni kK Lakes, Alaska. Ph.D. Thesis,

Univ. Washington, Seattle, 337 p.

Records of the abundance and age structure of sockeye sal non
(Oncorhynchus nerka (Wal baum)) returns to the Chignik Lakes,

Al aska, were studied to deternmne factors responsible for the

mar ked decrease of the popul ations over the past 50 years. The
avera%e abundance of the stocks has dwindled in recent years to

| ess than one-half the average abundance dur|nﬁ the period from
1922 to 1939. Based on the tacit assunption that a potential for
increase still exists in the populations, a plan for inproved
managenent of the stocks is proposed; prerequisites for the plan
are adopted as specific objectives of the study.

_The prerequisites of the plan for rebuilding the stocks
required (1) conpilation of the historic records of catch,
escapenent and age conposition of the runs since 1888,

(2) determ nation of the relationship between the abundance of

mat ure progeny and size of parental spawning stocks and _

(3) determnation of the nost accurate nethods of forecasting the
magni tude and tine of return of the yearly runs of sockeye to
Chignik. _ _ _
Densi ty- dependent and density-independent factors possibly
related to the decrease in abundance are presented and di scussed.
A differential decrease in the abundance of the two stocks is
attributed tentatively to increase density dependent nortality in
one stock, probably a result of ecol ogical changes in the nursery
| ake brought about qy consi stent underescapenent. The proposed
managenent strategy or increased production of Chignik sockeye
requires increased escapenent |evels, precisely regulated, to the
t wo nurserY | akes.  This should result in ecological changes

whi ch shoul d enhance the production of sockeye sal non.

95  Frame, G W_1976. Alaska's fishing black bear. Pac.
Di scovery 29(3):19-25.

The aut hor spent one summer observing bl ack bear behavior at

O sen Creek which flows into Osen Bay in Prince WIIliam Sound
Al aska.  Specifically, he observed behavior of 18 individually
i dentified black bears fishing and eating chum and pink sal non.
Al t hough both species were avail able in roughly equal nunbers,
the preferred target was chum sal non (possibly because they are
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slower and larger). Three tyPes of fishing and eating behavi or
were identified (in order of requenc¥ of occurrence)--(l) active
fishing for chuns and Freference for Temales wth eggs;

2) feeding on dead sal non caught by other bears; an

3) feeding on salnon that had spawned out and died from natura
causes. The eggs were the ?referred part of the fish, with the
head and nape areas of the fish following in preference. The
aut hor estinmated that black bears killed 8% of the sal non before
they had an opportunity to spawn; therefore, they did not pose a
serious threat to popul ation maintenance.

96 Frame, G W 1974, Black bear predation on salnon at O sen
Creek, Alaska. Z. Tierpsychol. 35:23-38.

Activities of Dblack bears (Ursus anericanus) were observed on a
stream used for spawni ng by chum sal non (Oncor hynchus keta) and
pink salmon (0. gorbuscha) at O sen Bay, Prince WIIliam Sound,

Al aska, during the summer of 1967. Black bears were npst active
for 2 hours beginning at dawn and for several hours before and
after dusk. The nost common activity was eating salnmon killed
and abandoned by other black bears. ~An average of seven attenpts
was made for each salnon captured and retained. Black bears
preferred eggs over the rest of the carcass and were able to
recogni ze |live unspawned female salnon. Although equal nunpers
of male and femal e sal non were captured, tw ce as many fenales
were retained; 65% of these females were relatively unspawned
when captured. Black bears captured about 8% of the fenale

sal non popul ation before they spawned. There was no evi dence of
fishing territories.

97  Harry, G Y. 1964. The shrinp fishery of Al aska. Proc.
@l f” Caribb. Fish. Inst. 16:64-71.

Until 1958, the shriuﬂ fishery of Al aska was confined to
sout heastern Al aska where from1 to 2 mllion pounds of

hand- pi cked shrinp were packed annually for nore than 30 years.

In 1958 the shrinp fishery expanded westward, with new plants in
Sel dovia, Kodiak, and Seward. Al aska has the potential for a
much larger shrinp fishery than exists at present. Four species
of shrinp are of commercial inportance; Pandalus borealis,

P. platyceros, P. hypsinotus, and Pandal opsis dispar, wth pink
shrimp (P. borealis) being of greatest inportance.

Shrinp fishing by foreign powers in water off A aska has
been primarily in the Bering Sea. The initial Japanese effort in
1961 took about 19 mllion pounds of shrinp, and in 1962,

40 mllion pounds were taken. In 1963, the U S. Bureau of
Commercial Fisheries received reliable reports of Soviet shrinp
fishing in the Bering Sea.

98 Haynes, E. 1983. Distribution and abundance of |arvae of
king crab, Paralithodes cantschatica, and Pandalid shrinp in
t he Kachemak Bay area, Al aska, 1972 and 1976. NOAA (Natl
Qceanic Atnps. Adm ) Tech. Rep. NWFS (Natl. Mar. Fish
Serv.) SSRF (Spec. Sci. Rep. Fish.) 765, 64,p.
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Di stribution and abundance of |arvae of king crab, Paralithodes
cantschatica, northern shrinp, Pandalus borealis, hunpy shrinp,

P. goniurus, coonstripe shrinp, P. hypsinotus, and sidestripe
shrinp, Pandal opsis dispar, were studied in_the Kachemak Bay
area, Alaska, in 1972 and 1976. In both 1972 and 1976, |arvae of
king crab, northern shrinp, and hunpy shrinp first apﬁeared in
outer Kachemak Bay; their abundance was greatest in the central
portion of the outer bay. Two additional species were studied in
1972, coonstripe shrinp and sidestripe shrinp. [In 1972, the
center of abundance of sidestripe shri larvae was simlar to
that of |arvae of king crab, northern shrinp, and hunmpy shrinp.
Coonstripe shrinp | arvae were nost abundant 1n the inner bay and
along the northern shore of the outer bay.

The direction in which |arvae were transported out of outer
Kachemak Bay was only in partial agreement with suspected
wat er-current patterns and may have been influenced by behavior
of the larvae. Continued abundance of |arvae in outer Kachemak
Bay may be caused by entrainnent of the larvae in gyres.

Dependi ng on species and area, pandalid shrinp |arvae are
rel eased at different times and over different periods. For
exanpl e, larvae of northern shrinp appeared in plankton catches
earlier than larvae of hunpy shrinp. Coonstripe shrinp had the
| ongest release period of all the shrinp studied. _

From the percentage of glaucothoe In the sanples, king crab
| arvae probably settled in the Bluff Point area in outer Kachemak
Bay. Larvae of pandalid shr|nF robably settle in outer Kachenak
Bay and possibly | ower Cook Inlet, but exact |ocations cannot be
determ ned only by observing changes in norphol ogy of the |arvae.

Vertical depth distributions of |arvae of king crab and

andalid shrinp were generally simlar. Early-stage |arvae of
King crab, northern shrinp, and hunpy shrinp migrated vertically
ina diel cycle. A thernocline did hot prevent migration to
surface waters.

99  Haynes, E. 1981. Description of stage |l zoeae of snow
crab, Chionoecetes bairdi (Ckxfhyncha, Ma |dae? from
glankton of lower Cook Inflet, Alaska. Fish. Bull., US

9:177-182.

Chi onoecetes bairdi Rathbun 1924 (subfamly Oregoniinae) is the

only species of snow crab (genus Chionoecetes) that occurs in

Cook Inlet, Alaska, and contributes about 20% of the total value
of the comrercial fisheries harvest of the area. The larva
stages of C. bairdi consist of one prezoeal, two zoeal, and one
megal opal stage. The zoeae are readily distinguished from known
zoeae of other genera of the subfam |y Oregoniinae (Hyas and
Oregonia) by size (the zoeae of C. bairdi are nearly twice as .
| arge as zoeae of Hyas and Oregonia) and by slight differences in
mor phol ogy, especially setation of the antennule and | ength of
the posterior [ateral “spines. The prezoeae, Stage | zoeae, and
megal opa of C. bairdi have been described from known parentage.
In"this report, | describe the Stage Il zoeae from plankton and
conpare themw th other known Oregoniinae zoeae fromthe North
Paci fic Ccean.
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100 Haynes, E. 1980. Stage | zoeae of a cran?onid shrinp,
CIanPon franci scorum angusti mana, hatched from ovi gerous
females collected in Kachemak Bay, Alaska. Fish. Bull.
U S. 77:991-995.

| nformation on the |arval stages of crangonid shrinp of the North

Pacific Ccean is meager. Needler (1941) described the first

zoeal stage of Crangon septenspinosa (as Crago septemspi nosus

Say) hatched in the | aboratory from ovigerous females and the

remai ning four zoeal stages from plankton collected near Prince

Edward |sland, Canada. urata (1964) described the larval stages

of ¢c. affinis de Haan and various l|arval stages of six,

unidentified Crangon spp. from Japanese waters. He obtained the

first zoeal stage of C. affinis fromknown parentage, but the

remai ning stages were collected from plankton. Markarov (1967)

briefly described larvae of C. dalli Rathbun and C septenspinosa
Say) which were collected from plankton along the western
anchatka shelf. He suggested that C. dalli was an anal og of

C. allmani Kinahan and C_ septenspi nosa was an anal og of

C. crangon (Linnaeus). Crangon allmani and C. crangon are

eastern Atlantic species. He assuned that the C. affinis larvae

descri bed by Kurata (1964) was actually |arvae of

C. septemspinosa. Lovel and (1968% described |arvae of

C. al askensis Rathbun reared in the |aboratory fromfenal es

col l ected near Anacortes, Washington. _

Mor phol ogy of Stage | larvae is closely related to Caridean
devel opment and can be used to estimate the nunber of |arval
stages, classify species, categorize larvae for identification

ur poses, and_|dent|fg subsequent |arval stages (Needler 1938,

i ke and WIlianmson 1961, 1964; Kurata 1964; |vanov 1971; and
others). In this report | describe and illustrate the first
zoeal stage of C. franciscorum angusti mana Rathbun from ovi gerous
femal es and conpare these zoeae with Stage | zoeae of crangonids
described by other authors. Also, | show that the criterion of
t he absence of exopodites on the second pair of pereopods for
di stinguishing |arvae of Crangon from other genera of the
E{angonldae Is invalid for Crangonidae of the North Pacific

ean.

101 Haynes, E. 1979. Description of |larvae of the northern
shrinp, Pandalus borealis, reared in situ in Kachenak Bay,
Al'aska. Fish. Bull., US. 77:157-173.

Northern shrinp, Pandalus borealis, were reared in situ in
Kachemak Bay, Al aska, from Stage | (first zoeal) through Stage
VI1I (second juvenile). Each of the six larval stages and first
juvenile stage is described and illustrated, and a Dbrief
description is given for the second juvenile stage. Apparently
| arvae of P. borealis in A aska waters have at |east one |ess
stage than |arvae of P. borealis in either British Colunbia,

G eenland, or Japan waters. O the known |arvae of the North
Pacific COcean, larvae of P. borealis are nost simlar
nnrphologlpally to larvae of P. goniurus but are separable from
them by being slightly larger in size and, in zoeal Stages I-I1II
by bearing nore setae on certain appendages, particularly the
antennal scale and certain mouth parts. From Stage IV to
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megal opa, the rostrumof P. borealis has nore dorsal teeth, the
second pereopods are nore devel oped, and the pIeogods are fringed
with nore setae than for |arvae of P. goniurus. The criterion of
the lack of an outer seta on the maxillule for distinguishing
zoeﬁe(?f Pandal us fromcertain other Caridea is shown to be
invalid.

102 Haynes, E. 1970. Age and growth of giant Pacific sea
scallops in the Gulf of Alaska. Proc. Natl. Shellfish
Assoc. 60: 14. (Abstract only).

G ant Pacific sea scallops, Patinopecten caurinus, in the Gulf of
Al aska have a_typlcally S|gnn|d-sha ed growth curve with an
inflection point at about years of age or 55 mmshel | height.

| ncrease in shell height decreases thereafter, tending toward an
upper asynptote that varies with geo?raphlcal area. ea scal |l ops
row fastest off Kodiak Island and slowest off southeastern

| aska; between these areas their growth rate is intermediate.
Wthin-age variability in shell herght is greatest in scallops
2-4 years old and is nuch reduced and nearly constant thereafter,
suggesting the presence of a conpensating growh mechani sm which
limts variability in growth as scallops get older. Causes for
the differences in scallop growth annng the different areas have
notdbeen established but may be related to certain environnental
condi tions.

103 Haynes, E. B., and J. C. McMillen. 1970. Relation between
nmeat wei ght and shell height of the giant Pacific sea
scal | op, Patinopcten caurinus, fromthe @l f of Al aska.
Proc. tl. Shellfish. Assoc. 60:50-53.

Meat wei ght-shell height relations were obtained for giant
Pacific sea scallops, Patinopecten caurinus, collected fromtwo
areas in the Gulf of Alaska. Wis nmeat weight in g and L is
shell height in nm R
Ocean Cape W = 3.833 x 107613-12
Kodiak Island W = 2.006 x 10 °L2-8% .
Over the range of shell height; exam ned, the mean weight of
scallop nmeats differed significantly (1% | evel) between the
areas.

104 Heard, W R, R L. Wallace, and W L. Hartman.  19609.
Distributions of fishes in fresh water of Katmai National
Monunent, Al aska, and their zoogeographical inplications.
U S. Fish WIdl. Serv. Spec. Sci. Rep. Fish. 590, 20 p.

Kat mai National Mnunent covers 10,916 km on the base of the

Al aska Peninsula and is divided by the Al eutian Muntain Range
into two principal drainage areas. Streans north of the Al eutian
Range flow into Bristol Bay of the Bering Sea, and those south of
the nmountains flow into Shelikof Strait of the North Pacific
Ccean. The large multilake Naknek River systemis the dom nant
drai nage area on the Bristol Bay side of the nonument, whereas
smal | Single |akes and short streans and rivers constitute nany
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separate drainages on the Shelikof Strait side. Twenty-four
species of fish occur in the Bristol Bay drainages of the
monunment, but only eight species were collected in streans and

| akes draining into Shelikof Strait. Evidently the Al eutian
Range has been a barrier to the southward novenent of freshwater
fishes in the nonument. Al eight species in Shelikof Strait
dralnaPes are capabl e of dispersal through salt water, whereas
several fornms in Bristol Bay drainages require fresh water for
di spersal. Variabl e nunbers of species occur in the
interconnecting |akes of the Naknek River system  Naknek Lake
the downstreamterm nus of the |ake system contains 24 known
speci es and each upstream | ake contai ns fewer species than the
one into which it drains. The present distribution of fishes in
this systemis discussed in terns of the sequential timng of
speci eS invasion and the postglacial devel opment of barriers.

105 Helle, J. H  1989. Relation between size-at-maturity and
survival of frogeny i n chum sal non, Oncorhynchus keta
(\al baum . . Fish Biol. 35(A):99-107.

Data on age- and size-at-maturity, growth, and abundance of chum
sal non were collected from 1959 to 1977 at O sen Creek in Prince
WIliam Sound, Alaska. Age conposition of spawners (3 to
6-year-olds) varied from year to year: 4-year-old fish were the
dom nant aPe group in nost (16 out of 19) years and 6-year-old
fish usuall'y represented less than 1% of the returns. ~ Mean size
of ol der spawners was significantly |arger than that of younger
spawners. Size-at-nmaturity was simlar anong fish fromdifferent
broods maturing at different ages in the sane year.
Size-at-maturity and survival of pro?eny were significantly
related. The larger the nean size of spawners, the higher the
survival rate to adulthood of their progeny. Possible reasons
for this relationship are discussed.

106 Helle, J. H  1984. Age and size at maturity of sone
Rgpulatlons_of chum salnmon in North America. ™ In P. A
I seev (editor), Proceedln%f of the Pacific Sal non Biol ogy
Conf erence, Yuzhno-Sakhalinsk, USSR, 3-13 Cctober 1978,
- 126-143. Pacific Scientific Institute of Fisheries and
%beanography (TINRO), 4 Shevchenko Alley 690600,
VI adi vost ok, USSR

In North America, chum sal non, Oncorhynchus keta, spawn in
wat er sheds from the Mackenzie River in northern Canada sout hward
to northern California, U S A (Bakkala 1970). However, only
smal | spawni ng ﬁopulat|ons exi st north of Kotzebue Sound, Al aska,
g.S.A” or south of the central Oregon coast in the United

t at es.

_ Publ i shed records of size and age of chum salnmon at maturity
in North Anerica have been sporadic ?see Marr 1943; Henry 1954;
Thor stei nson, Noerenberg, and Smth 1963; Bakkala 1970).

Further, nmost of the reported observations described size and age
at maturity for commercial catches of mxed stocks. _

Conpr ehensi ve records of size and age of individual spawning
popul ati ons of chum salmon are very |imted.
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In 1959, | began sanpl|nP t he spawni ng popul ati on of chum
salmon at O sen Creek, a small coastal streamin Port Gavina,
Prince WIliam Sound, Al aska, for size and age throughout the
spawni ng season. The objectives of this study were to

(1) describe the variation in size and age conposition of chum
sal mon during a spawning season (intraseasonal), and (2) describe
the variation in size and age of spawning chum sal non in
different years (interseasonal). _ _

In 1971-78, | sanpled several other spawning Eopulat|ons of
chum sal non in different geographical areas--Noatak R ver, near
Kot zebue, Al aska; Chilkat R ver, in northern southeastern Al aska
near Haines; Disappearance Creek, in Cholnondeley Sound on Prince
of Wales Island near Ketchikan, Al aska; Fish Creek, at the head
of Portland Canal near Hyder, Alaska; Quilcene Hatchery, at
VAl cott Sl ough on Hood Canal near Brinnon, WAshington; and
Wi skey Creek, in Netarts Bay, Oregon. _The chum sal mon run at
Wal cott Slough is maintained by arfificial propagation by the
U S. Fish and WIldlife Service, Quilcene National Fish Hatchery.
The run at Whiskey Creek is naintained by natural spawning and an
experimental hatchery operated by Oregon State University. The
obj ectives of these additional observations were to conpare size
and age at tinme of spawning of chum sal non that were
geographi cally and ecol ogically diverse.

107 Helle, J. H  1982. Sone effects of the marine environnent
on age at maturity and growth of chumsalnmon in Prince
Wlliam Sound, Alaska. In B. R Mlteff and R A Neve

editors), Proceedings of the North Pacific Aquaculture
ynposi um p. 91. (Abstract only.) Univ. Al aska,
Fai rbanks, Sea Gant Rep. 82-2.

Influence of the marine environnment on age and size at maturity,
early marine growth, and abundance of chum sal non, Oncorhynchus
keta, fromdsen Creek in Prince WIIliam Sound, Al aska, was
studied during the years 1959 to 1978 (Helle, 1979).
~ Age conposition of the spawners returning to O sen Creek

varied fromyear to year, but they were predom nately 3-, 4-, and
5-year fish.” Some 6-year fish returned between 1968 and 1975,

but this age grouRbusuaIIy did not represent nore than 1 percent
of the returns. an a%e conmposi tion for the brood years 1956 to
1972 for males was 15, 66, and 19 percent for 3-, 4-, and 5-year
fish, respectively. Man age conposition for femal es of the sane
broods showed hi gher percentages of older fish: 9, 67, and
23 percent for 3-, 4-, and 5-year fish, respectively.

_ Interseasonally, mean age at nmaturity increased as number of
fish in a brood increased. ntraseasonal 'y, age of new chum
sal non spawners at O sen Creek decreased as the season
progressed. Mean size of older spawners was significantly |arger
than the mean size of younger spawners, but the ranges in size of
the three age groups overlap each other so size Is hot a good
criterion for estinmating age of chum sal non. _

Nunbers of circuli and distances-between annuli on adult
scales were used to estimate growth of chum sal nmon during their
first two years at sea. Gowh during the first year at sea was
related to sea-surface tenperatures and nari ne weat her paraneters
in Prince WIliam Sound and in the northern @lf of A'aska
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Gowh during the first year at sea was not significantly related
to age at nm ur|t¥; however, growth during the second year at sea
was negatively related to age at maturity.

~ Size at maturity was related to sea-surface tenperatures and
marine weat her garaneters in the northern Gul f of Al aska and
Prince WIliam Sound during the year of return. Fluctuations in
Size at maturity were nore simlar between fish fromdifferent
broods returning during the sane year than between fish fromthe
sane broods maturing at different "ages. A highly significant
rel ati onship was found between survival of progeny and nean size
of parents.

artificial pr%Pagation of salmonids in Alaska. Can
Fish. Aquat. Sci. 38:1665-1671

Hat cheries could nake a significant contribution to the
enhancenent of salnonid fisheries if aﬁpllcatlon of this _
technol ogy is based on principles of the stock concept. Evidence
for the stock concept is reviewed and discussed in relation to
transpl antati on of stocks, natln% procedures, mai ntenance of
genetic diversity, different nethods of artificial propagation,
and location of "artificial propagation facilities. A strategy Is
dfve&oped for managenent of both wild and artificially propagated
st ocks.

108 Helle, J. H 1981, Significance of the stock concep} In

109 Helle, J. H  1979. Influence of marine environment on age
and size at natur|t¥h row h, and abundance of chum sal non,
Oncor hynchus keta (Wal baum), from O sen Creek, Prince
Wlliam Sound, Alaska. Ph.D. Thesis, Oegon State Univ.
Corval lis, 118 p

Effects of the marine environnent on age and size at maturity,
early marine growth, and abundance of chum sal non, Oncorhynchus
keta, were studied at O sen Creek during 1959-77,

Chum sal non return to Osen Creek as predom nately 3-, 4-,
and 5-year fish; however, age conposition varied fromyear to
year. ~ The nean age conposi tion for the brood years 1956-72 for
mal es was 15% 66% and 19% for 3-, 4-, and 5-year fish,
respectively. Mean age conposition for femal es of the same
broods showed sllghtly hi gher percentages of older fish: 9%
67% and 23% for 3-, 4-, and 5-year fish, respectively. Sone
6-year chum salnon returned to O sen Creek between 1968 and 1975;
but, only in 1973 did the nunber of 6-year fish (3% represent
more than 1% of the returns. Population sizes tended to be
| arger during these years, and nean age increased as the nunber
of fish in a brood increased. Intraseasonally, age of new chum
sal non spawners at (O sen Creek decreased as the season
progressed. Mean size of ol der s?amners was greater than the
mean size of younger spawners; but, the ranges in size of the
t hree age groups overlap each other so size is not a good
criterion for estinmating age of chum sal non.

Measurement of circult and distances on adult scales were
used to estimate growth of chum sal non during their first two
years of marine life. Both nunber of circuli and distances on
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scal es of juvenile chum salnon after their first sumer in Prince
WIliam Sound were shown to be related to length of the fish
Gowh during the first season at sea was not related to age at
maturity; however, amount of growth acquired during the second
mari ne season was negatively related to age at maturity. Gowh
during the first sumer at sea was related to sea surface
tenperatures and nmarine weather parameters in Prince WIIliam
Sound in the northern Qulf of Alaska. Location of chum sal non
from d sen Creek during their second year at sea i s unknown.

Fl uctuations in size (length) at natur|tg were nore simlar
between fish from different broods returning during the sane year
than they were for fish that matured at different ages fromthe
sanme broods. Length at maturity was related to marine weat her
factors during their last summer at sea in the northern Gulf of
Al aska and Prince WIliam Sound and al so nean sumer sea surface
tenperature in Prince WIIliam Sound during the year of return.

Total survival of each brood was estimated fromthe ratio of
nunber of progeny (returns) to number of parents (spawners). No
direct relationships were found between survival and growth
during the first or second season in the sea, sea surface
tenﬁeratures,_ or upwelling indices along the coast. However, a
highly significant relationship was found between the survival of
progeny and nean |ength of the parents.

110 Helle, J. H 1970. Biological characteristics of
intertidal and fresh-water spawning pink salnon at O sen
Creek, Prince WIIliam Sound, Al aska, 1962-63. U.S. Fish
WIldl. Serv. Spec. Sci. Rep. Fish. 602, 19 p.

Prince WIIliam Sound is unique anong maj or pink sal non-producing
areas in that a significant portion of the spawning takes place
in the intertidal zones of streams. O sen Creek is one of the
maj or _spawning streans in the Sound.

_ The percentage of fines (solids passing through an 0.833 nmm
sieve) in spawning-bed materials increased progressively from
higher to lower intertidal levels, i.e., higher intertidal |evels
cont ai ned coarser spawning gravel than |ower |evels. _

_ Al though less than one-third of the spawning area avail able
in the Osen Creek drainage is subject to tidal influence,
70 percent of the total pink salmon spawners occupied this area
in 1962 and 30 percent in 1963. Late-run fish of the even-year
line spawned only in the intertidal area; fish of both the early
and |late runs of the odd-year |ine spawned in both the intertidal
and fresh-water areas. The size of the spawning popul ations was
estimated by a repetitive stream survey technique, which is
?ngrlbed and conpared with the three methods used in 1960 and
The length of pink sal non was conpared between sexes,
bet ween spawning areas, and between tines of spawning. Fish in
the even-year |ine that spawned in the small intertidal creeks
tended to be smaller than those that used the main stream but in
the odd-year line this difference was confined to females. The
mean | engths of femal es were about the sane in 1962 and 1963, but
femal es from the odd-year line were nore fecund. In both years a
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significant positive correlation was shown between | engths of
femal es and nunbers of eggs.

111 Helle, J. H  1966. Behavior of disglaced adul t pink
salmon.  Trans. Am Fish. Soc. 95:188-195

Studi es to show whet her pink sal mon Oncorhynchus gorbuscha

(Wal baum) will repeat their original choice of spawning area when
captured and transported to another |ocation were done in O sen
Creek, Prince WIIliam Sound, Alaska in 1961, 1962, and 1963.

Fish to be displaced were anesthetized with M5-222 (except in
1961 when no anesthesia was used?_and mar ked wi th Petersen disk
tags. Equal nunbers of control tish were treated in an identica
manner and left at the donor site.

In 1961, 100 pink salmon were displaced from O sen Creek
beyond the entrance of the bay, a distance of nore than 3 nmles
fromthe creek mouth. O the 54 fish accounted for, 91%returned
to Asen Ceek. _ _

I'n 1962 and 1963, the displacenents were confined to O sen
Bay. Fish displaced "on-route” achieved a higher rate of return
than fish displaced "off-route". Further, under conditions of
extremely |l ow stream flow, displaced fish did not return to their
origi nal “ choice of spawning area. \Wen stream flows were norna
or high, they showed a strong tendency to return to areas of
their original choice.

112 Helle, J. H  1960. Characteristics and structure of early
and late spawni ng runs of chum sal non, Oncorhpchus keta
{VﬁLbawqj_ in streanms of Prince WIIliam Sound, Alaska. MS

hesis, Univ. Idaho, Mscow, ID, 53 p

Due to a poor escapenent of pink salnmon in 1957 the conmerci al
fishery for pink and chum salnon was closed in 1959. This

cl osure provided an opportunity to observe on the spawning
grounds the total return of chumsalnon to Prince WIIiam Sound
I'n 1959. This study describes the abundance, distribution, age,
size, and fecundity of chum sal non that spawned in sonme of the

na{or streans along the eastern shore of Prince WIIiam Sound
between Valdez Armand Oca Inlet.

113 Helle, J. H, R S WIlliamson, and J. E. Bailey. 1964.
I ntertidal ecolpgy_and life history ofuplnk salmon at d sen
Creek, Prince WI[iam Bound, Al aska. .S. Fish WIldl. Serv.
Spec. Sci. Rep. Fish. 483, 26 p.

Intertidal spawning of pink salnmon is of nmjor inportance in
Prince WIliam Sound. Studies were initiated at Osen Bay in
1960 to ascertain how nuch these intertidal spawners contributed
to the total production of pink_ salnon.

O sen Creek is inundated with tidewater about 80 percent of
the time at the 3-foot tide |evel and about 7 percent of the tine
at the 11-foot level. Saline water was shown to penetrate the
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gravel at redd depth during high tides. The highest
concentration at the 11-foot tide |evel was 9.3%during a
14. 5-f oot tide. TenPeraﬁure changes of up to 10°F, woul d occur
within 1 hour at evaluations up to the 8-foot |evel on floodtide.
The occurrence of spawners in 1960 and 1961 was bi nodal ;
however, in 1960 the |ate run utilized only the intertidal
spawning area, while in 1961 the late run utilized both the
intertidal and fresh-water areas. DUFIH% the 2 years the early
run spawned in both environments. In 1960, 98,574 pink sal non
spawned in Osen Creek and 1961, 135,905 spawned. Dur|ng bot h
years 74 percent of the total run spawned in the intertidal
portion of the stream . _ _ _ _

_ Tenporal and spatial distribution of spawners, size
differences, and seasonal changes in sex ratios provide evi dence
for the existence of discrete spawning groups or races.

Li ve eg? densities and survival over winter to the
pr eener gent rY stage were progressively greater fromthe | ower
to the higher levels in the intertidal area. Overwinter surviva
between egg and fry stages below the 4-foot |evel was O.
Survival at the 7- to 9-foot |evel and the 10- to 11-foot |evel
was 20 and 54 percent respectively.

114 Hubbard, J. D. 1971. Distribution and abundance of
intertidal invertebrates at O sen Bag in Prince WIIliam
Bound, Al aska, one year after the 1964 earthquake. In The
Great Al aska Earthquake of 1964: Blology,Dg. 137- 157
Nati onal Acadeny of Sciences, Washington, :

In the summer of 1965, the Bureau of Commercial Fisheries began a
study of intertidal invertebrates in the Osen Bay area of Prince
W |iam Sound; this included an evaluation of the effect on
intertidal organisns of uplift caused by the 1964 Al aska

eart hquake. ntensive sanpling of four areas representative of
the three nmost conmon types of habitat in this protected bay
revealed a vertical distribution and abundance of invertebrates
speci es strongly influenced by substrate conposition and tidal
exposure. Mean tide level (+6.2 ft) exhibited particul ar

i nportance as the upper linmt of numerous organisns. [t was
found that the uplift produced nmeasurable changes. in the
distributions of certain intertidal organisns.. The anmount of
uplift, apBrOX|nate!y 3.0 to 3.5 ft in Osen Bay, could be
estimated by conparing the positions of some of these organi sns
before and after the earthquake. The nost obvious and reliable
quantitative index of the uplift was provided by pre- and _
post eart hquake limts of barnacle Pppulat|ons, wher eas supportive
evi dence was obtai ned from exam nation of certain bivalve nollusk
distributions. = Differential nortality, noted especially between
di fferent species of nollusks and between different age-classes
of certain species, was apparently attributable to
earthquake-rel ated processes. \Wile reproductive success of sone
speci es appeared unaffected by the earthquake, other species have
apparently experienced little reproduction since the earthquake.



78

115 Kirkwood, J. B. 1962. Inshore-marine and freshwater life
hi story phases of the pink sal non, Chcorhrnchus gor buscha
Wl baum and the chum salmon 0. keta (Wal baum)  In Prince
[11am Bound, Al aska. Ph.D. Thesis, Univ. Louisville
Louisville, KY, 300 p.

The sal non resources_are of great econom c inportance to the
eople of Alaska. Pink and Chum sal non are nost abundant al ong
he coast of central and southeastern Al aska. Numbers of pink

and chum sal mon returning to Prince WIIliam Sound each year has

genera!ly declined since 1943. The current study was designed to
etermne the causes of this decline. Since it seened |ikely
that the major limting factors probably occurred while the
salmon were in fresh water, enphasis waS placed on studying this

phase of the life histories of both species. o

The 194 streans |isted as spawning streans were stratified
according to the annual abundance of pink sal non spawners and
time of Spawning during the 10 years prior to 1957. Aerial
surveys were used to determ ne the sizes of spamnln? popul ati ons
so that these populations could be correlated with fry Productlon
and subsequent adult returns. Surveys were conducted” a
12 streans during 1957 and 40 streans during 1958 and 1959.

During 1958, 6,273 adult chum salmon were sanpled to study
t he age, IenPth and sex conposition of the spawni ng popul ations
in Prince Wlliam Sound. Larval developnment and nortality were
studied during the fall and winter of 1958-1959 to determne the
time and causes of nortality of the salnmon while they were in the
gravel. Fry-mgration studies consisted in capturing a portion
of the n1grat|ng fry in each study streamand intertidal area as
they noved fromthe gravel to the sea. )

_ Larger popul ati ons of f|nk sal non spawned in study streans
during 1958 than in either 1957 or 1959, and a greater” percentage
of the spawners utilized the intertidal zones during 1958.

The survival of eg?s and larvae in intertidal and stream
zones is discussed and the survival is correlated with air and
water tenperatures in one stream Qher possible nortality
factors are explored. _ _ _

Popul ation estinmates of fry mgrations in stream zones of
study streans, categories of streams, and Prince WIIliam Sound
are presented. The survival of fry_durlng magration to sea is
greatly affected by predators, ﬁar icularly birds and other fish

_ A discussion Is given of the recruitnment of fry correlated
with parent spawners. Points included in this discussion include

t he success of fry production resulting fromeven- and odd-year

spamnlng popul ations and the success of reproduction in

intertidal and stream zones.

116 Kirkwood, J. B., and R M Yancey. 1965 Effects of the
March 27 earthquake upon the shellfish resources of Al aska.
Proc. Alaska Sci. Conf. 15:162

Between June 8 and June 24, 1964, a general survey was conducted
to learn the effects of the March 27, 1964, earthquake upon
shell fish populations and their habitats. Fishernen, packers,
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state nmanagenent personnel, and others were visited in Cordova,
Anchor age, Seldovia, Homer, Kasitsna Bay, Kodiak, O ga Bay, Sand
Point, and Squaw Harbor. Razor clam beaches also were visited at
Cordova, N nilchik, Poly Creek, and Swi ckshak. The area affected
by the earthquake has been estimated at nore than 30,000 square
mles. Mre than 22,000 square mles |ocated east of the
tectoni ¢ hinge-zone subsided and at |east 12,000 square mles

| ocated west of this zone uplifted. The mjor effect on
shel | fishes occurred near Cordova. Razor clam beaches rose about
six feet in the CbEPer River area; butter clans (Saxidomus
nuttallii) and cockles (dinocardiumnuttallii) were found dead
on exposed beaches in Oca Inlet after the quake; and submarine

| andslides may have caused nortality to shel|fishes in western
Prince WIIliam Sound where several square ml|es of dead rockfish
(Sebast odes sp. and Sebastol obus sp.) and cod (Gadus sp.) were
observed on March 28, 1964. (O her razor clam beaches were
?robably not affected since these areas were not uplifted or

|l owered greatly by the earthquake. Subsidence of the area which
i ncludes Kasitsna Bay will reduce the availability of butter
clams there by about 80% There was no evidence of nortality of
king crab, shrinp, and Dungeness crab or major changes in their
habitats except possibly in the Prince WIIliam Sound ar ea.

117 Leatherwood, S., A. E. Bowes, E Krygier, J. D Hall, and
S. Ignell. 1984, Killer whales (Ovcinus orca) in southeast
Al aska, Prince WIliam Sound, and Shelikof Strait; A review

of available information. Rep. Int. Waling Comm
34:521-530.

Information on killer whales is summarized froma fornal
S|ght|n s network, 1976-1981 (Southeast Alask%zh aerial surveys,
1976-1978 and smal| “boat surveys, 1976-1982 (Prince WIIiam
Sound), aerial surveys, 1982-1983 (Shelikof Strait), and
interviews with marine scientists, fishermen and ot her
know edgeable nariners (all areas). Although present year-round
killer whales in each area increase in nunbers and concentrate in
specific areas in late sumer through early fall, aFFarently in
response to concentrations of salmon. In Prince WIIliam Sound,
one group apparently remains wthin a limted hone-range (Iess
than 25 kmradius) in Knight Island Passage each sumrer. M ni num
counts fromportions of the three areas are 93, 80 and 66 whal es,
respectively. Data indicate concurrent presence of killer whales
in other unstudied portions of all three areas; so, 'populations'
in each area certainly nunber in excess of 100 aninals. Herds
i ncl ude an average of 4-6 aninmals (n=890) in Southeast Al aska.

the three areas surveyed, Prince WIIiam Sound and Sout heast
Al aska appear nost suitable as areas for |ong-term observati onal
studies of killer whales of the sort pioneered in inland waters
of Washington and British Col unbia.

118 Lindstrom S. C., and N. I. Calvin. 1975. New records of
marine red algae fromthe Gulf of Alaska. Syesis 8:405-406
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The docunented ranges of eight species of red nmarine algae are
extended into the northeast Gulf of Alaska as a result of
intertidal sanpling done in 1974 as part of baseline surveys of
area continental shelf baseline studies conducted in _anticlpation
of oil developnent. The extensions are as follows: Erythrocladia
subi ntegra--found at Anchor Cove, not previously reported in

Al aska; Erythrotrichia carnea--found at Zai kof Bay, not
previously reported from Alaska; Farlowa nollis--Mcleod Harbor
previously reported northern [imt as D xon Entrance; G gartina
exasperata--found near Ccean Cape, previously reported northern
limt as northern California; Nemalion elmnthoides--McLeod

Har bor, previous northernnmost collection from Khaz Bay, Chichagof
| sl and; Botryogl ossum farl ow anum Cal |l ophyllis viol acea, and
Serraticardia macmllani --found in the drift zone at M ddletpn

I sland; none had previously been reported north of Khaz Bay.

119 Meehan, W R 1966. Gowh and survival of sockeye sal non
introduced into Ruth Lake after renoval of resident fish
gg ulﬁﬁ;ons. US Fish WIldl. Serv. Spec. Sci. Rep. Fish
, p.

Sockeye sal non (Oncorhynchus nerka) in three | akes on Af ognak
I sland, Al aska, were studied. Ruth Lake was treated with
rotenone to renove resident fish. Mdarm Lake, which has no
salnon, and Little Kitoi Lake, which has a small run of sockeye
were used as controls to conpare survival and growth of
introduced fry and natural fry with survival and growth of
introduced fry in Ruth Lake. Oher factors that mght influence
sockeye production, such as plankton and bottom fauna, were also
consi der ed. _ _ _

In general, growth and survival of fry and bi ol ogi cal
production were greater in the treated lake. Gowth and surviva
decreased as fry densities increased.

120 Meyer, R M  1968. The Dungeness crab fishery around
Kodi ak, Alaska. Comm Fish. Rev. 30(8-9):44-4

Al aska seiners and power barges formthe bulk of the fleet that
fishes for Dungeness crabs in Kodiak waters from May to Cctober
Crews normally nunber three nen who may set, pull, and reset over
ten 30- pot strln%s a day in shallow, near-shore waters. The pots
are baited with herring, clans, or squid. As each pot is pulled
the catch is placed in tanks filled with circulating sea water to
insure live delivery to the processing plants. The crabs are
usual Iy butchered, cooked, and frozen at the plant and are

shi pped south for further processing.

121 Moyle, Peter. 1966. Feedi ng behavior of the _
@G aucous-wi nged @ill on an Alaska sal non stream W | son
Bul | . 78:175-190.
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The feeding behavior of the G aucous-w nged Gull was studied on
O sen Creek, a salnon stream flowng into Prince WIIliam Sound
Alaska. It was found that feeding took place in two distinct
situations: (1) on the banks of the stream on sal mon carcasses
pul led up by gulls or bears and (2) in the streamitself, on
salnon eggs drifting with the current. The behavior patterns
centering around the defense of sal non carcasses appeared to be
very simlar to the territorial dlsplays of the breeding season
with these exceptions; actual territories did not exist, the
carcasses were defended only Ey hungry birds, and the attacking
ull won nore often than the defender in disputes over a carcass.
pright Displays, Oblique-cumLong-Call Displays, and Mew Call
D splays were all observed frequentI% during carcass defense.
The effectiveness of such behavior, however, tended to break down
in the presence of bears feeding on freshly caught sal non,
articularly when the salnon were fenales. = The gulls also seened
0 exhibit preference for female over nale carcasses of spawned
out salmon.  Birds in inmmature plumage usuall¥_could not defend a
sal mon carcass against adult gulls, although tirst year juveniles
had a certain imunity to attack by their unresponsiveness to
adult threat displays. Apparentl¥, even adul ts cannot defend
t hensel ves against other adult gulls while diving for drift eggs
in the stream At the approach of a |owflying attacker, the
swmmng gull rmust either fly up or be bowed over. If drift egg
feeding occurs in ariffle, "however, the riffle can be defended
like a salnmon carcass. Paddling, probably to stir up sal mon eggs
caught in the surface gravel also occurred in the riffles.

122 Odair, C E, and S. T. Zimerman. 1987. Bi ogeography
and ecol ogy of intertidal and shall ow subtidal conmunities.
In D.W Hood and S. T. Zimernman, (editors), The Gulf of
Al aska:  Physical Environnment and Biol ogical Resources,
. 305-343.  NOAA, U S. Dep. Commer. Available
Superintendent of Documents, US. Gov. Print. Ofice
Washi ngt on, DC 20402.

Recent studies of the natural shore comunities of the Gulf of
Al aska provide a descriptive foundation for future work on the
primary factors that determ ne both ?eographlcal and | ocal

di stribution and abundance patterns for algal and invertebrates
popul ations. However, there is still a lack of experinental

eval uation to determine the role that physical disturbances,
gradients in thS|caI regimes, and biological interactions play
I'n determning these patterns. o

Qur analysis of both the biotic conposition and the

zoogeographic” affinities of those invertebrates of the ngjor

hﬁla reveal ed no nmjor biogeographical discontinuities between
akutat and the eastern Aleutian Islands. However, we found that
the intertidal flora and fauna of the western Aleutians (Anchitka
and Shernya Islands) differed narkedly fromthe flora and fauna
of the eastern Qulf. The distribution of species anong trophic

| evel s was simlar between these two regions, but the western
Al eutians had nore Asiatic and fewer North Anmerican species, and
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had a greater progortlon of endem c species of Ml lusca,
Crustacea, and Echinodermata than were found in the eastern Qulf.
Physlcal di st urbances were only of overrldlng I nportance in

controlling community structure at three of the 29 study sites.
Gadients in the regines for salinity, turbidity, and exposure
altered both the conmunity conposition and the relative _
abundances of intertidal Species, such as Sem bal anus bal anoi des
and Bal anus gl andula, which have a tolerance for a broad range of
values for these factors. Pisaster ochraceus and Evasterias
troschelli do not appear to play key roles in the organization of
intertidal conmmunities in Al aska because Mytilus californianus is
rare there and M edulis is vulnerable to the activities of other
predators and perhaps to physical disturbance as well.

~ When nost intertidal species are lifted even slightly above
their upper vertical limts bY | and- | evel changes theK el ther
die or emigrate. This supports the contentions that t he upper
limts of nost intertidal organisns are phyS|oIog|caI!g
determned. The excePtlons are Bal anus gl andul a, Sem bal anus
cariosus, and Chthamalus dalli which can survive uplift of nearly
1 m above their upper limts. It normally takes at |east three
years for comunities to redevelop to their former condition
after an uplift.

123 dsen, J. C 1973, Pandalid shrinp life history research
at Kachemak Bay, Alaska. Mir. Fish. Rev. 35(3-4):62-64.

Kachemak Bay, an arm of |ower Cook Inlet, is the site of NWS
field studies of Pandalus borealis, the nost inportant commercia
shrinp species in Alaska. Research activities focus on shrinp
life histories, behavior, and population dynamcs; effects of
fishing on shrinp stocks; annual fluctuations in shrinp stock
abundance; characteristics and ecol ogy of shrinp habitat; and the
role of pandalid shrinp in the or?an|c producti on system of the
North Pacific. \Weekly sanpling of the comercial shrinp catches,
begun in 1970, provides information on growth, recruitment, and
mortality of P. borealis and P. goniurus. Larval studies of
shrinmp, begun in 1971, have focused on understanding tinme and

pl ace of hatching, diurnal vertical distribution patterns, _
survival estimtes, and annual |arval Broductlonu [ dentification
and description of larval stages will be agcconplished through

| aboratory cultures and field collections.

124 Orsi, J. A, R K @Gsh, and B. L. Wng. 1991. Northern
range extensions of four nearshore marine fishes in Al aska
Can. Field-Nat. 105:82-86.

Northern range extensions of Oxylebius pictus (Hexagranm dae),

Syngnat hus | ept or hynchus (Syngnathi dae), Synchirus gilli
Cottidae), and G tharichthys stignaeus (Bothidae) are reported.
| four species were collected north of 60 Nin Prince WIIliam

Sound in the Qulf of Alaska from April through June 1989. This

is the first Kﬁbllshed account of a verified specinen of

O pictus in A aska.
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125 Phinney, D. E.  1970. Spawni ng ground catal og of the
Chigni’k River system Alaska. U'S Fish WIldlI. Serv. Data
Rep. 41, 147 p

Al known information about the sockeye sal non runs and the
spawni ng grounds of the Chignik R ver system Al aska, is
cataloged in this report. he system Wwhich is conposed of two

| akes, Chignik and Bl ack, supports the |argest run of sockeye

sal mon on the south side of the Al aska Peninsula. The catal og
lists for each spawning stream or beach the name, |ocation
physical description, description of the sockeye sal non runs, and
a chronological listing of the spawning ground  surveys.

126 Quast, J. C, and E. L. Hall. 1972. List of fishes of
Al aska and adj acent waters with a guide to sonme of their
literature. NOAA (Natl. OCceanic Atnps. Admn.) Tech. Rep.
%ggs agbtl. Mar. Fish. Serv.) SSRF (Spec. Sci. Rep. Fish.)
: p.

The authors |ist 432 species known to occur in A aska water,

suppl emented by 137 species that have been recorded from

nei ghboring waters and, in the authors' opinion, should be
consi dered when new collections are identified. Species entries
are annotated to include comon nanes, recorded range, useful
references, localities represented by specinens in the collection
of the Auke Bay Fisheries Laboratory, and conments on taxonony.
Recor ded geographi c ranges are extended for 26 species:
Ophi di i dae- - Spectruncul us radcliffei; Scorpaeni dae--Sebastes
enphaeus, S. nigrocinctus, S. wlsoni; Cottidae--Eurynen gyrinus,

Gymmocant hus detrisus, G pistilliger, Hem | epidotus zapus,
Icelus spatula, |I. uncinalis, Myoxocephalus jaok, Nautichthys
pribilovius, Triglops scepticus; Agonidae--Agonopsis enmelane,
Aspi dophor oi des bartoni, el la verrucosa; Cyclopteridae--

Careproctus nmelanurus, C rastrinus, Cyclopteropsis phrynoides,
Liparis bristolense, L. ochotensis, Paraliparis caudatus,

P. deani, Temocora candi da; Sconbridae--Thunnus thynnus;

Pl eur onecti dae--Li manda probosci dea.

127 Reid, G. M  1971. Age conposition, weight, length, and sex
of herring, Clupea pallasii, used for reduction in Al aska,
1929-66.  NOAA (Natl. Cceanic Atnpbs. Adnmin.) Tech. Rep. NWFS
éghll. Mar. Fish. Serv.) SSRF (Spec. Sci. Rep. Fish.) 634,

p.

Sampling data fromthe reduction fisheries for herring, O upea
pal lasii, in southeastern Al aska (1929-66), Prince WIIliam Sound
(1937-58}, Kodi ak (1936-59) are summarized. The data include the
wei ght of the catches, the weight allowed by quota, and age
conposition, average weight, average length, and sex ratios.
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128 Sears, H S., and S. T. Zimerman. 1977. Alaska intertida
surve% atlas, 402 p. National Mrine Fisheries Service
Auke Bay Laboratory.

This atlas describes the intertidal habitat types from Yakutat to
Shumagin Pass to Cape Prince of Wales on the Bering Strait. Al
surveys were made fromlow flying aircraft, with some ground
truthing. This work was an extension of a nore detailed study at
specific sites along the A aska coast. The flights were started
in sumer 1975, but were interrupted by the crash and sinking of
the survey aircraft, and were conpleted in 1976. Data for all
beaches described in the atlas, except for Yakataga to Copper
River, were collected during the 197 peri od.

129  Skud, B. E., H M Sakuda, and G M Reid. 1960.
Statistics of the Alaska herring fishery 1878-1956. U. S
Fish Wldl. Serv. Bur. Conm Fish. Stat. Dig. 48, 21 p

Statistics of the herring fishery in Alaska are summarized in
this report for the years 1878 to 1956 insofar as detailed data
were avail abl e. o _

Catches are recorded by statistical areas in Southeastern
Al aska, Prince WIliam Sound, and Kodi ak and represent a revision
of previously published figures obtained by converting neal
production to pounds of fish. Products of the fishery and the
statistics of operation are sumarized for all Al aska.

130 Tait, H D., and J. B. Kirkwood. 1962. EstinatinP_
abundance of pink and chumsalnmon fry in Prince WTIiam
Eggndéll957. US Fish WIdl. Serv. Spec. Sci. Rep. Fish

: p.

Sal non fry enuneration studi es conducted on eight streans in the
Prince WI[Iliam Sound area of Al aska provided estimtes of the
nunbers of pink and chum sal non fry produced in streans of that
area in 1957. The studies were conducted to provide a basis for
predicting returns of adult salnon. Methods of deriving
estimates of fry production fron]trapplng_ex eriments and
excavations of pre-energent fry in intertidal gravel were

devel oped. Timng and duration of mgration of chum and pink
salmon fry were recorded, and recommendations were nade for
future fry sanpling prograns.

131 Thorsteinson, F. V. 1965. Effects of the Al aska earthquake
on pink and chum salnon runs in Prince WIIliam Sound. Proc.
Al aska Sci. Conf. 15:267-280.

The earthquake that struck Al aska March 27, 1964, centered in
nort hwestern Prince WIIiam Sound and produced drastic

envi ronnental changes in the spawni ng habitat of pink _
(Oncor hynchus gorbuscha) and chum (0. keta) salnon runs homing to
streans of that area. Its total inpact cannot be neasured unfi
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spring, 1965 when the survival of salnon gggs deposited in
uplifted or downwarped stream areas in 1964 can be determ ned.
In this report, sone results of pre-earthquake ecol ogical studies
on a Prince WIliam Sound stream are presented, and their

i nplications regarding future abundance of p|nk_salnnn in view of
Bhe eartgquake-produced changes in spawni ng habitat are

i scussed.

132 Thorsteinson, F. V. 1965. Afternmaths of the Al aska earth-
quake in Prince WIliam Bound. Pac. Fisherman 63(6):10-11.

Prince WIIliam Sound pink sal nron spawni ng streans were adversely
affected by the March 27, 1964, earthquake. El evations of

226 streans used by 75 percent of the total population were
changed. Thirty seven percent of the fish in odd year runs and
56 percent of fish in even year runs were potentially affected.
In streans affected by subsi'dence, previously used intertida
spawni ng areas were drowned, forcing fish to nove upstreamto

roductive tide levels. In streanms located in areas of uplift,
ow intertidal streanbeds were raised to |levels that mght be
useful for spamnln% but siltation led to |OM/€?9 survival.  Sone
streams in uplifted areas proved unstable as they degraded or

noved laterally to formnew flow patterns, and, as a result,

deposited eggs were sonetinmes |ost. Eggs and devel opi ng enbryos
in all streans nmay have been affected by conpaction of spawning
beds. In general, egg and fry nortalities anong pink sal non were

expected to be higher than average until streans stabilized and
dlgﬁlng activity of spawning, sal non renoved fine materials from
newy exposed spawni ng beds.

133 Thorsteinson, F. V., J. H Helle, and D. G Birkholz. 1971.
Sal mon survival in intertidal zones of Prince WIIiam Sound
in uplifted and subsided areas. |In The Geat Al aska
Eart hquake of 1964: B|0I88y, p. 194-219. National Acadeny
of Sciences, Washington, ,

Large nunmbers of pink and chum sal non, spawned each year in
intertidal portions of streams in the Prince WIIliam Sound, were
affected by the Al aska earthquake of Mrch 27, 1964. Detalled
studies of the effects of changes in land | evel were made at
O sen Creek (uplifted about 4 ft), a streamfor which a |arge
amount of pre-earthquake data existed. General studies were nade
at three other streans--two in areas that were uplifted 10 ft and
one in an area that subsided 6 ft. Despite relocation of
intertidal spawning beds in relation to tidal levels, the areas
occupi ed and the distribution bY the runs of returning pink and
chum sal non were at approximately the same |evels and in the same
proportions as before the earthquake. The first spawners
occupi ed upper intertidal areas, and those that came |ater
spawned at |ower levels; very few fish spawned below the 6 ft
tide level. Survival of eggs was h|gh in upPer areas and | ower

n downstream areas. Stream sl ope adjustnment caused by chan?eﬁ

L

[
in elevation created unstable streanbed conditions. Scour
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and channel shifts caused nortalities to eggs and alevins. W
estinmate that these secondary effects of the earthquake caused
t he di sappearance of 7.27 mllion pink sal non eggs and

1.1 mllion chum salmon eggs from AOsen Creek intertidal
streanbeds during the sumer and fall of 1965 and 0.54 mllion
pi nk sal mon alevins and 0.43 mllion chum sal non al evins during
the 1965-1966 wi nter.

134 Thorsteinson, F. V., W H Noerenberg, and H D. Smth
1963. The length, age, and sex ratio of chum salmon in the
Al 'aska Peninsula, Kodiak Island, and Prince WIIiam Sound
area of Alaska. US. Fish Wldl. Serv. Spec. Sci. Rep
Fish. 430, 84 p.

Data on |ength, age, and sex ratio of chum salnon from the Al aska
Peninsula area from 1951 through 1957, the Kodiak Island area
from 1948 through 1951 and 1955 through 1957, and the Prince

W I liam Sound area from 1952 through I958 show that age and

| ength conposition in these areas varied in a simlar manner
Lengths of fish in the 3-, 4-, and 5-year age classes overlapped
to such an extent that length was not "a useful guide to age.  The
average age conposition for the conbined sanples was about

10 percent 3-year-olds, 75 percent 4-year-olds, and 15 percent
5-year-olds. ~Mean age decreased as the season advanced. The
percentage of males decreased slightly as the runs progressed.

135 Zimmerman, S. T., J. L. Hanson, J. T. Fujioka, N [|. Calvin,
J., A Gharrett, and J. S. MacKinnon. 1978. Intertida
biota and subtidal kel p communities of the Kodiak Island
area. In Environmental Assessment of the Al askan
Continental Shelf. Final Reports of Principa
| nvestigators, Vol. 4, Biological Studies, p. 316-508. U.S.
Dep. Commer., NOAA. Available Arctic Environnental
Sggfgsnent Center, 222 W 8th Ave., No. 56, Anchorage, AK

The distributions and abundances of principal intertidal plants
and invertebrates are described at about 40 sites in the Kodiak
I'sland region. _ o _ _

Conpari son of species conposition and bi onass on adj acent
transects at two sites indicated that spatial variability within
sites was_ high, obscuring seasonal patterns and_confoundlnP
between-site conparisons. Nevertheless, when sites were classed
accordlng t o exposure, topography, and substrate, exposed fl at
bedrock beaches apBeared to have | ower species nunber and bi omass
than other stable bedrock beaches. Mtilus edulis apPeared to
reach highest densities in protected or partly protected areas
and were uncomon at exposed |ocations.

~Densities of biota were lower at sites affected bY frequent
physi cal disturbance such as scourlng by sand or gravel and
unstabl e substrates (cobble and boulders) at exposed sites.
Bent hi c kel ps. were wdely distributed and high in biomass in the
region of Kodiak Island. = Very large individuals of Nereocystis
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| uet keana and Lam naria dentigera were recorded. The total
bi omass of Fucus spp. on rocky .beaches [n the Kodiak |sland
region was estimated to be 3x10° to 1x10° kg. Diversity indices
did not reveal any clear patterns in species diversity of plants

or animals within or between sites.
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1992 Addendum
These two manuscripts represent research conducted ?F

Exxon Valdez oil spill; both manuscripts are curren
form and nearing conpletion.

or
|
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136 Karinen, J. F., M M Babcock, D. W Brown, W D. MclLeod,
Jr., L. S Ranmps, and J. W Short. In Preparation. _
Hydrocarbons in intertidal sediments and nussels from Prince
W1 liam Bound, Alaska, 1977-1980: Characterization and

robabl e sources. National Mrine Fisheries Service, Auke
ay Laboratory.

We col | ected and anal yzed sanpl es of sedinments and nussels
(Mytilus trossulus) for alkane and aromatic hydrocarbons from
ei ght sanpling stations adjacent to the oil tanker vessel
transportation corridor through Prince WIIliam Sound, Al aska
during the period 1977 to 1980, to determ ne baseline
concentrations of these anal ytes Prlor to any pollution that
mght result fromoil tanker traffic through the sound.

Results indicate chronic, |owlevel hydrocarbon _
contamnation that probably originates from small fuel spills,
bal | ast water discharges, ‘and fuel-combustion exhaust em ssions
of occasional vessel activity adjacent to three stations: _
Constantine Harbor, Rocky Bay, and Mneral Flats. The other five
stations show no indication of petroleum hydrocarbon
contam nation; detected aromatic hydrocarbons are Fresent only
sporadi cally and at concentrations that are generally near
detection |imts. Exceptions are perylene, which is found at
concentrations well above detection limts at all sanpling
station outside Port Valdez, and which probably has natura
sources; and phenanthrene, which is found sporadically at al
sanpling stations and which also may come from natural sources.

~ Concentrations of individual n-al kanes vary substantially in
sedinents and in nussels. The nost abundant n-al kanes in _
sedi nents include odd carbon-nunbered al kanes of nol ecul ar wei ght
greater than tetradecane (C-14). Concentrations of these
n-al kanes are generally in the range of 10 to 100 ng/g dry
sedi nent wei ght, but exceed 1000 ng/g at Constantine rbor. The
nost abundant n-al kanes in nussels include decane (C 10) through
hept adecane (G 17), and pristane, at concentrations generally
ranging from 10 to several hundred ng/g dry tissue weight.

Sources of al kanes in sedinents include terr|%enous | ant
waxes, marine plankton, and possibly narine nacrophytic al gae at
all the sanpling stations, and petrol eumderived al kanes in
addition at Constantine Harbor. _ _ _

- Except in areas affected by |ocal vessel traffic, intertidal
sedi ments and nussels in Prince WIlIliam Sound are remarkably free
of petrol eum contam nant hydrocarbons during the period of this
study. The hydrocarbons found in sedinents and nussel s
unaffected by vessel traffic can be adequately expl ai ned by
known, natural sources. As a result, sedinents and nussels
contam nated by crude oil fromthe Exxon Valdez oil spill should
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be particularly apparent, due to the general absence of
contoundi ng sources of petrol eum hydrocarbons.

137 Myren, R T., G Perkins, and T. R Merrell. In
reparation. Reduced abundance of Macoma balthica near an
oil tanker termnal in Port Valdez, Al aska, 1971-1984.
National Marine Fisheries Service, Auke Bay Laboratory.

Popul ati ons of Macona balthica, a small intertidal clamin

nudf | ats, were nonitored for 14 Years (1971-1984) at Port Val dez,
to determne whether treated ballast water effluent would cause a
decrease in the populations. The Alyeska term nal began treating
oily ballast water fromtankers in August 1977, averaging _

2 mllion gallons of lowlevel oil in water per da%. Popul at i ons
of | arge Macoma clanms were stable for the 7 years before treated
bal | ast water discharge began, but declined to |evels of |ess
than 20% by 1982-84. ~The popul ati on decline coincides with the
massi ve conti nuous di scharge of effluent contam nated with | ow

| evel s of hydrocarbons and ot her unmeasured toxic conpounds, but
cause and effect is not proven.
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Keyword | ndex

Note: Al nunbers correspond to reference nunmbers in the
bi bl i ography and abstracts.

abundance 98, 109, 114, 130

accunmul ation (see hydrocarbon uptake)

acute toxicity (see toxicity)

Al aska Peninsula 134

alevins (see salnon, |ife stages)

alg?F %}, §18

anmphi pods

anchovy 26 _

Anodonta oregonensis 34, 35

Arctic 8

aromatic hydrocarbons 1, 3, 25, 26, 27, 29, 31, 34, 37, 38, 40,
. 67, 75, 78, 79, 80, 81, 83

artificial propagation 108 _ _ o

aryl hydrocarbons (see mxed function oxidase activity)

Atlantic cod 7

Atlantic mackerel 7

atlas, intertidal 128

avoi dance 1, 48

bal | ast-water 55, 137

basel ine 42, 136

Bay phpeflsh( 124 o L es)

ay shrinp see shrinp, species
bear 95, 96

behavi or 7

benzene 1, 3, 25, 26, 29, 40
benzopyrene 81, 82 _
bi odegradati on, hydrocarbon metabolism 78, 79, 81, 82
bi oenergetics 43, 70, 72, 73, 74

bi ogeogr aphy 122

breathing rates 68, 83

caloric content 38

Chigni k Lakes, River 92, 93, 94, 125
chinook salnon (see sal non, species)
chronic toxicity (see toxicity)

chum sal non (see sal non, species)

clam 41, 76, 137

cod (see Atlantic cod) _

coho sal non see sal nmon, speci es)
contam nated diet (see oil exposure type)
conti nuous-fl ow devices 39

Cook I nl et _ _ _
Coonstripe shrinp (see shrinp, species)
cortisol 77
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coughing rates 67
crab, species
Dungeness 2, 24, 120
king 4, 5, 16, 18, 20, 32, 49, 53, 98
shore 17, 31
Tanner/snow 2, 23, 24, 99
crab, life stages
eggs 2, 24, 53
| arvae, zoeae, glaucothoe 4, 5, 11, 32, 49, 98, 99
juveniles 20, 53 _ _
Crangonid shrinmp (see shrinp, species)
creosol 29 _
crude oil (see oil, type)

depurati on, derocarbon 17, 25, 26, 31, 51, 52, 54, 64, 68
devel opnent

devi ces 39 _

diet (see feeding)

Do!IY_Varden char 78, 79, 80, 81, 82

drilling nmuds 11, 12 _

Dungeness crab (see crab, species)

eart hquake, 1964 114, 116, 131, 132, 133

effluent (see ballast water) _
eqas see life stages: crab, fish, salnon, shrinp)
e%?the lum 1

escapenents 93

excretion, hydrocarbon 81, 82

fat content 29, 38
feeding 16, 43, 69, 70, 121
fish popul ations 104
fishery
crab 120
herring 127, 129
resources 33
sal nron 92
_ shrinp 88, 97
fishes 8, 126

gl aucothoe (see life stages: crab, shrinp)
gl ochi di a, glochidium 34, 35

grease 71

greenling 124

growtrllog, 11169 18, 29, 37, 38, 43, 62, 69, 70, 102, 105, 107,
Qul f of Alaska 102, 103, 118, 122

gull 121

Hem grapsus nudus 17, 31
herring (see Pacific herring) _
hydr ocar bon net abol i sm gsee bi odegr adati on

hydroggrbgg uptake 17, 25, 26, 28, 50, 51, 52, 54, 64, 68, 78,
hydroxyl ase activity (see mixed function oxidase activity)
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intertidal 17, 36, 41, 42, 91, 110, 113, 122, 128, 133, 135
invertebrates 114

Kachemak Bay 89, 98, 100, 101, 123
Kat mai National Mnunment 104

kelp 90, 135 _ _
kel p shrinp (see shrinp, species)
king crab (see crabs, sEeC|es)

Kodr ak |sland 89, 120, 134, 135

LC-50 (see toxicity)
| arvae (see life stages)
life stages _ _ _
fish (Atlantic cod, Atlantic nackerel, herring, pollock)
_ eggs alevins, larvae 6, 7, 9, 10,
littoral 42 o
| ong-term exposure (see toxicity)
low tenperature (see tenperature effects)
mackerel (see Atlantic nackerel)
Macomae balthica 41, 76, 137
manacl ed scul pin 124 _ _
met abol i sm hydrocarbon (see biodegradation)
met abolism netabolic rate 52
mgration (see avoidance)
m Xxed function oxidase activity 13, 14, 85
nDItln? 16, 18, 23, 32
nor pho o%y 1
nmussels 74

napht hal ene 27, 31, 34, 37, 38, 67, 75 78, 80, 81, 83
narcosis 4 _ _
northern shrinp (see shrinp, species)

oil effects (see bioenergetics, feeding, growth, heart rates,
met abol i sm nDIt|ng, mor phol ogy, osnoregul ation, oxygen
consunption, reproduction, scope for growth, sw nm ng

_ st am na) _

oi | exposure nedi um
diet 6, 16, 18, 69, 70, 80
sedi rent 2, 20, 24, 53, 72, 76
wat er - borne 6 _
wat er-soluble fraction 4, 5, 9, 10, 13, 23, 27, 32, 34, 39,

43, 50, 63, 66, 72, 74, 76, 77, 83, 84, 86, 87

type

C%gk Inlet 5, 27, 32, 50, 63, 66, 74, 77, 83, 85, 86, 87
No. 2 fuel oil 7, 63, 66

Prudhoe Bay 23, 34, 35, 40, 48, 62, 76, 84

ol factory epithelium 1

O sen Bay 95, 114

Adsen Creek 95 96, 105, 106, 107, 109, 110, 111, 112, 113, 121
osnoregul ation 75

oxygen consunption 83

Pacific herring 6, 25, 50, 51, 127, 129
painted greenling 124

oil,
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Pandalid shrinp (see shrinp, species)
parasitism 34

petroleum (see oil, type)

phenol 29, 81

pi nk sal non Esee sal mon, species

i nk shri see shrinp, species
B|pef|shrq34 w P

pl ankt on 99
ol lock (see Walleye poll ock)
ort Val dez 19, 33, 41, 44, 55, 91, 137
predation 95, 96
retreat nent ‘effects 67, 80
rince WIIliam Sound 95, 96, 105, 106, 107, 109, 110, 111, 112,
113, 115, 117, 121, 124, 130, 131, 132, 133, 134, 136

reproduction 2, 24, 50, 51, 85 86
reviews 15, 19, 21, 22, 33, 45, 46, 47, 60, 61, 65 66, 117
Ruth Lake 119

salinity effects 40, 75, 78, 82
sal mon, ~ species 40, 108, 121, 133
chum 95, 96, 105, 106, 107, 109, 112, 115 130, 131
coho 13, 14, 28, 34, 35, 37, 75, 77, 85, 86, 87
pink 1, 27, 29, 36, 38, 40, 48, 60, 62, 67, 68, 69, 70, 83,
84, 110, 111, 113, 115, 130, 131, 132
sockeye 40, 92, 93, 94, 119, 125
salmon, life stages
al evins 36, 60, 62, 115
s 28, 60, 62, 115
¥PY>34° 35, 37, 40, 48, 60, 62, 68, 69, 70, 75, 83, 84,
115, 130
sanddab 124
scal lops 102, 103
scanni ng el ectron m croscopy 1
scope for growmh (see bioenergetics)
scul pin 124
sea scallops 102, 103
seastar 4 _ _
sedinents (see oil exposure nedium
Sheli kof Strait 117
shell height 103
shel | fish 116 _
shore crab (see crab, species)
shrinp, species 27
Bay shrinmp 3
coonstripe 5, 32
crangonid 100
kelp 4, 29, 67
northern 101, 123
Pandalid 72, 98, 123
~ pink 72, 88, 89, 97
shrinp, life stages 123
larval 5, 11, 32, 101
_zoeae 100
snail 73
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snow crab (see crab, species; Tanner crabs)
sockeye salnmon (see sal non, species)

Sout heast Al aska 117

spawning 85, 86, 110, 111, 112, 121, 125, 132
speckl ed sanddab 124

stock-and-recruit ment 93

stock concept 108

streans 95, 96, 105, 106, 107, 109, 110, 111, 112, 121, 132
Striped bass 3, 26, 30

subl ethal effects (see oil effects)

subtidal kelp 90

survival 105, 119, 133

SW mmng stamna 77, 87

Tanner crabs (see crab, species)
tenperature effects 27, 79, 83
tidal cycles 17, 36, 41, 42
tol erance (see toxicity)
toluene 25, 27, 34, 37, 67, 75, 78, 79, 80, 83
toxic contributions 29
toxicity 47
acute 3, 4, 5, 8, 10, 27, 29, 34, 35, 40, 48, 50, 52, 55,
62, 63, 64, 65, 66, 67, 75
| ong-term 24, 28, 43, 52, 56, 57, 58, 59, 72, 73, 74

uptake (see hydrocarbon upt ake)
Val dez  (see Port Val dez)

Wal | eye pollock 9, 10 _
wat er-borne oil (see oil exposure nmedium water-borne)
wat er-sol ubl e fraction (see oil exposure nmedium water soluble

fraction)
whal es
killer 117

zoeae (see crab, life stages)
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