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--WITH RESPECT TO.OCS.O L. AND _GAS. DEVELCPMENT

This study was contracted for the purpose of investigating
the sensitivity of Arctic krill, namely the euphauaiid
Thysanoessa raschii(M. Sars, 1864>, to the water soluble
fraction (WSF) of Prudhoe Bay crude oil. The study had two
primary obj ecti ves: (1) determ ne, t hr ough | abor at ory
bioassays, the 96-hr LCgg of Prudhoe Bay crude oil WSF for
T. raschii; and (2) estimate the losases to populations of T.
raschii and the potential recovery rates resulting from
hypothetical o0il spills in the Beaufort Sea. The major
concern pronpting this study is the fact that euphausiids
are a major food source for the endangered bowhead whale in

the western Beaufort Sea.

The experinmental results indicate t hat T._ rasch_i_
sensitivities t0 Prudhoe Bay W3SF are within the range
expect ed, baaed on previous teats wuaing Al askan marine
crustacea, No data could be found for this or simlar
species; thus, thie satudy provides an inportant data point

in the 0il effects literature. Unli ke other mari ne
crustacea t ested, raschii |arvae appear to be less
sensitive to oil WSF than older life stages. Gravid females
were found to be the moet sensitive life stage. The

concentrations of WSF  that resulted in  euphausiid
nortalities were fairly high, relative to results of studies
wWwth other species. These higher levels also produced
changes in molt frequency, resulting in |onger intermolt
periods for adult animals.

The popul ation loes and recovery estimtes were based on
scenarios supplied by NOAA, information frem literature
review, and several assunpti ons. A major inpedinent to
estimati on was a |lack of distribution and abundance data for
T. raschii in the Beaufort Sea, and a lack of |ife history
information for this species in the Al askan Arctic. A “’ worst
case” situation was assuned, using distribution data for

known euphauaiid predators, to select an area of potentia

great ri sk. Conclusions for both spill scenarios were that
NEGLIG BLE to MNOR effects would result f£from the spills.
The dissolution concentrations of oil in seawater, known
vertical distribution of euphausiids, and derived LCgqg's for
T. raaschii contributed to the conclusions reached. he fact
that | ocal euphausiid popul ations are replenished through
reproduction in other | ocations contributed to t he

conclusion that recovery of a localized population was
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dependent on factors other than losses due to a spill
event.

A nunber ofinportant data points were mssing in the
analyses described above. These are primarily related to
the distributions, abundance, population structure and |ife
history of T. raachii in the Beaufort Sea. As these data
gaps are filled, our ability te assess Inpacts to natura
popul ati ons of euphausiids resulting from OCS oil and gas

devel opnent will inprove. This study concl uded t hat
euphausiid nortalities resulting from the oi | spill
scenarios would be mininal; thus ,  bowhead whale food
suppl i es woul d not be severely I npact ed. Other
i nvestigators have noted, however, that the predator-prey

bal ance in Al askan Arctic waters is delicate, and a poor
year for =zooplankton nmay increase conpetition bet ween
predators for this resource. An oil spill event during such
a year may have NnDre asevere inplication for bowheads.
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This project was funded through the Outer Continental Shelf
Envi ronnent al Assessment Program The purpose of the Program
ia the filling of information gaps in know edge of Al askan
mari ne organisms and the ecol ogical inpacts of oil and gas
devel opnent . Qoj ectives of this st udy I ncl uded t he
| aboratory determnation of effects from various |evels of
the sea-water soluble fraction of Prudhoe Bay crude oil on
the euphausiid Thysanoessa raschii, and estimation of
ﬁopul ation losses and probable recovery potenti al fol | owi ng
ypot hetical oil epills in the A askan Beaufort Sea.
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3.CURRENT . STATE. O~ . KNONEDGE

The euphausiid Thysanoessa raschii is a major food i tern in
the diets of a variety of marine f£fish, birds and mammals in
the Beaufort Sea. T. raschii is important in the diets of
Arctic cod, terns, gulls, jaegers, ringed seal and bowhead
whale (U.S. Arny COE 1984; USDI,MMS 1984>. The effects of
oil spills on T. raschii populations are of particular
interest in relation to food resources for the bowhead

whal e, an endangered speci es.

The effects of petrol eum hydrocarbons have been tested on
a variety of Al askan narine organisns. Lethal and subletha
effects have been investigated: however, the majority of
organi sns tested have been benthic or demersal invertebrates
and fish <(Craddock 1977: Malins et al. 1985: Rice et al.
1985) . Few pelagic invertebrates have been the aubject of
oil-effect studies due to the difficulty of capturing and/or
culturing healthy organisns; T. raachii has not been tested

previously. Publ i shed study results indicate that pelagic
or gani sms are nore sensitive than either benthic or
intertidal organisnms (Rice et al. 1985 ; this difference is

attributed to t he relatively nor e uniform pelagic
envi ronnent .

The inportance of T, raschii in pelagic ecosystens of
northern waters is well known: the bulk of studies, however,
concerning distribution, abundance and other ecologica
characteristics of populations is for the North Atlantic and
contiguous waters. The inportance of this species as a food
supply for key Arctic marine fish, bird and mammual speci es
underscores the inportance of increasing the know edge of
this organisnmis natural ecology. and the effects of oil/gas
devel opnent rel ated perturbations on local popul ations. The
current state ofknowl edge concerning T. raschii ecol ogy is
summari zed as part of Section 6, D scussion
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4. METHODS

41 Collection and Transportation

study objectives included the testing of adult, gravid
female, egg and larval T. raachii. Three sanpling periods
were therefore planned in order to obtain various |life

stages of this species fromwaters near Juneau, Alaska. A
late winter (Mrch ) collection waa scheduled to obtain
non-reproductive adults; a spring <(May)> collection was
pl anned to obtain gravid females; and a | at e- sunmmer
(I ate-August) collection was designed to obtain juvenile and
adult animals. The spring collection plan was designed to
obtain sufficient nunbers of gravid females to supply eggs
and | arvae for testa.

Euphausiids were collected from Auke Bay, near Juneau,
Al aska, and shipped to the laboratory in Newport, O egon
Towed bongo nets and vertically-haul ed plankton nets, bot h
with nodified collection buckets, were used to capture
euphausiidae. Sanples were sorted and naintained alive in a
| aboratory of the University of Al aska, Juneau. Aninals were
shipped via comercial air freight from Juneau to Portl and,

Oregon in b5-gallon plastic cont ai ners packed i nsi de
canp-type coolers with frozen “’blue ice”. Containers were
transported from Portland to Newport by small airplane or
aut onobi | e. Shipping tinme ranged from7 to 10 hours.

Details of the sanpling schedule are presented in Table
4-1.
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TABLE 4-1

COLLECTION DATA FOR EUPHAUSIID SAMPLING

- - - ——— e = . A = e - dms e e M e A e G R G R e G M G G W G WD R M A e M G M R R T G W MR R G A W e e S

Dat e Vessel * Gear ° Depth Depth Tenp. Sal. Date No. Sex
(m (m «cy (ppt)

OMARSS Maybeso RN/OQ 80-90 0 2.9 31.3 3/11 300 M+F

2MAYS8S Maybeso RN O 70 0 6.0 30.0 5/11 600 F
20 4.2 31.0
40 3.9 31.6

7-8MAY8S Maybeso RN O 45-90 0 8.2 25.2 sane as S/ 11
S50» 4.9 31.5

21JUN8S Searcher RN/ O 45 0 9.2 23.5 6/23 6 F
45* 6.0 31.5

9SEP8S Maybeso RN V 50- 70 0 9.0 22.4 9/11 300 Juv
SO» 5.9 31.5

D e G S e S s W e e W e M Mp WS e T T e G M Me W i S S B S U Gl R N O . G G G e T G G e R R N S WD S AR We W S W e S W G Gm W e e e e em

School of Fisheries and Natural Sciences

Searcher, research vessel of Auke Bay Laboratory, National
Marine Fisheries Service

(b> Sanpling gear: RNVO = ring net (1 neter, S560u mesh)/obligque tow
RNV = ring net (as above)/vertical tow

* Tenperature and salinity values estimated from Bruce, MLlain and
Wing (1977)
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TABLE 4-1 (continued)

Sanpl i ng Not es:

9MAR8S col lection: - sanpling location,SE of Coughlan Island
650 T._ raschii collected, low nortality
during sorting, maintenance and shi pping

2MAY8S collection: - sanpling location, mddle of Auke Bay,
SE of Coughlin 1s., and Stephens Passage
femal es sorted from sanpl es
very high percentage of nales and
copepoda (Metridia sp.?
Approx. 500 Traschii coll ected,
25% were females, very high nortality
during sorting and mai ntenance, mostly
femal es, probably fromlow DO due to
copepod nunbers

7-8MAY85 col | ection
sanpling |ocation, middle of Auke Bay,
SE of Coughlin Is., Fritz Cove,Stephens
Passage
30 - 35% fenal s
high nortality of fenales durlng sorting

21JUN8S col |l ection
sanpling | ocation, SE of Coughlin Is.
greater ratio of fenales than My
col I ections

9SEP8S col l ection: - sanpling |ocation, same as My
65% of euphausiids in sample were
T.longipes
approx. 750 juvenile T. raschii
col | ect ed
- high nortality of smaller juveniles
during sorting, 300 shipped



4.2 Laboratory Acclimtion and Culture

Euphausiids from the first shipnent were initially cultured
in seven-gallon glass aguaria. (bservati on and handling of
the animals proved to be difficult wth this ayatem,
however, and the euphausiids wer e transferred into
one-gallon glass jara containing 2 litera of culture water
for the final 11 days of acclination. Subsequent shipnents
of euphausiide were cultured in 3.5 gal. plastic pails (27
cm dianeter X 25 cm deep) containing approximately 7 1 iters
of culture water. Euphausiida, along with the water used in
shiprment, were transferred into the culture vessels which
were then imersed in a refrigerated water bath for
tenperature control and supplied wth gentle aeration
through 1 m disposable glass pipets.

The shipping water wae gradually replaced over a tw to
three day period with filtered Yaquina Bay (Oregon] water
supplied to the |aboratory through all PVC pipe from a 6000
gafiberglass storage tank. Euphausiide were held at a
density of approximately 10 per 1liter in the acclimtion
vessel s. One- to three-day old brine shrimp (Artemia
salina) nauplii were supplied as a source of food three
times per week at a density of approximately 2000 per
liter. In addition, animals in the first shipnent were fed
sea urchin (Strongylocentrotus purpuratus) plutei at a
density of approxinmately 800 per 1liter on tW0 occasiona.
Uneaten brine shrinp and fecal material were periodically
removed Dby suction from the acclimtion containers.
Euphausiids were acclimated to a photoperiod of 16 hours
light and 8 hours darkness.

4.3 Bioassay Tests

4.3.1 Fl ow Through Toxicity Test System

The flowthrough toxicity test system consisted of three
princi pal conponents; a device to prepare the stock
wat er-sol uble fraction <(WSF> in a continuous-flow node, a
toxicant diluter, and exposure aquaria or containers.

The crude oil WSF waa prepared on-a continuous basis using
the apparatus described by Nunea and Benville (1978). The
appar at us ¢(saturator) consisted of a 2.5 liter pyrex bottle,
the top of which was renbved and fitted with a stainless
stesel plate perforated with 1 mm dianeter holes. The bottom
portion of the bottle was fitted near the bottom with a
constant |evel siphon arm for outflow of prepared WF, and
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with entry and overflow ports near the top for introduction
and overflow of crude oil. The cut surfaces ofthe top and
bottom halves of the bottle were ground, and, in operation,
hel d together with stainless steel springs.

During each dilution cycle, seawater was introduced into
the top of the saturator at a rate of about 1 l|iter per
m nut e. Droplets of seawater, forned by passing through the
per f orated atainleas eateel plate, subsequently passed
through a 4-6 cmlayer of crude oil floating on the surface
of a pool of seawater in the bottom half of the saturator
The oil 1layer was replenished at an average rate of
approximately 1 ml/min to maintain a constant conposition
t hr oughout the exposure peri od. The nore sol ubl e conponents
of the oil were dissolved in the seawater droplets on
passage through the oil |ayer.

A barrel of Prudhoe Bay crude oil was supplied by NOAA.
Five concentrations of the WBF and a dilution water control
were prepared using an effluent type Mount-Brungs dil uter
(Peltier 1978) calibrated for a dilution factor of 0.60. No
predilution of the stock WSF was perforned. Each 30-m nute
cycle of the diluter delivered 500 m of solution per test
concentration to a four-way flow splitter chanber resulting
in a flow of approximately 125 mi  to each of four replicate
aquari a per test concentration per cycle.

Smal | glass aquaria, 27 cm long X 12 em wde X 15 cm high
were filled to a depth of 10.5 em and contained 3.4 liters
of test solution each. In the tests of adult (Test I) and
Juvenile (Test IV) euphausiids, aninmals were allowed to nove
uni npeded in the test aquaria. The overflow tubes were
fitted wwth 1 nm plastic mesh screen to prevent the loss of
ani mal s. Aquaria were partially imersed in a water bath
for tenperature control

The same test chambers were enployed in tests of gravid
femal es (Test II) and larvae {Test 111), but aquaria were
conpartnmentalized to permt testing of bot h st ages
simul taneously and to provide a mechanism for collecting and
enunerating any eggs released by females during the test.
Gavid females, initially eight per replicate, were confined
in 80 cmdianeter polyvinylchloride (PVC) cylinders 10.8 cm
deep fitted with 1 mmnmesh plastic wndow screen on the
bottom The cylinders were placed into pyrex dishea (11.2
cm di aneter) and were supported above the bottom of the
di shes by four legs 0.9 cm high. The cylinder/dish
assemblies were placed at the influent ends of the
rectangul ar test aquaria. Eggs released by the fenales
passed through the 1 mm screen nesh and were collected in
t he pyrex dish. Adequate circulation in the PVC confinenent

chamber was acconplished by placing the chanbers directly
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under the test solution splitter, causing the test sol ution
to pass first through the chanber, then over the lip of the
pyrex dishes and into the main conpartnent of the test
aquari a. The rate of flow was sufficiently low that eggs
were not flushed out of the pyrex dishes.

Test cages for the larval stages were constructed of 3.0
cm dianeter PVC cylinders 3.6 cm deep fitted With a 210 pum
Nitex screen on the bottom and a plastic hook cenented near
the top on the outside. The larval test chanbers were
suspended, using the plastic hooks, in the rectangular
aquaria and in operation contai ned test solution to a depth
of approximately 1 ecm=.

4.3.2 Toxicity Test Procedures

The experinmental design enployed in tests of all |ife stages
consisted of exposure of the euphauaiida to five WSF
concentrations in a logarithmc series and a control. Four
replicate aquaria or aninal exposure chambers were used at
each treatnent level. Because the nunber of euphausiids
available for testing was Ilimted, the total nunber of
animals per treatnent replicate varied from aix to eight in
the several tests performed with adults or juvenilea. In
the tests of |larval T, raachii only five individuals were
used per replicate. Al though nore <first naupliar stage
larvae were available at the tinme this test was begun, the
uae of nore than five organisns per replicate was not
considered practical due to the extrenme difficulty of
observing and counting this 1life stage without risk of
| osing or damagi ng the test specinens.

Toxicity tests Wth postlarval forns of T. raschii were

begun by addition of euphausiids, one at a tineg, to each

t est container until all avail able animals were distributed
to the containers. This nethod reduces or elimnates the
“hard-to-catch” Vs . “easy-to-catch” biaa in toxicity

testing. Prior to addition of the animals, the flowthrough
test syatem waa oOperated for a 24-hr period to ensaure the
equilibration of all teat paraneter.

Qobservations on the survival, nunber of nolts, gross
behavior, and, in the tests with gravid femal es, nunbers of
egga rel eased, were perforned daily for up to seven days in
tests With postlarval individuals. After day 8 inm Test
and day 7 in Teat IV, obaervations were nade every second
day. Dead animals were renoved when observed and preserved
in buffered 5% formalin in seawater. The absence of visible
appendage novenent during a 15 second observation period
under a dissecting mcroscope was used as the criterion of

deat h.
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In tests of the |arvae, eggs that were rel eased by severa
females were transferred, using a Pasteur pipet, to beakers
of control seawater at the approximte test tenperature and
salinity. “Four days after isolation of the egga, nost had
hatched and free-swinmmng first nauplii were observed to be
actively swimming near the water surface. SwWi mm ng nauplii
were captured under a dissecting mcroscope using a Pastuer
pi pet and transferred into the larval test chanbers. The

latter, resting on the floor of a 10.0 cm di amet er
crystallizing dish containing test water, were approximtely
hal f full, and naupli £ were released under the water
surface.

Daily observation of the larvae under a dissecting
m croscope was acconplished by carefully renoving the |arval
test cages in a small (10.0 cm dianmeter) pyrex crystallizing
dish. The dish was carefully noved into position under the
suapended |arval test cage, and both the cage and diah were
renoved fromthe aquarium in a manner that prevented water

from draining out of the test container. The test chanber
and dish were then placed onto the stage of the dissecting
m cr oscope for observation of t he | arvae. After

observation, the larvae were returned to the test aquarium
by reversing the above procedure.

The nunber of surviving larvae was the primary observation
per f or med. If the number of surviving larvae was |less than
on the previous day, this wusually <correlated with the
presence of a dead organism which wee then renoved.
Cccasional ly, however, an organism was mssing, i.e. coul d
not be found either in the water or on the wall of the test
vesgel. Entrapnent of |arvae on the vessel wall was thought
to occur occasionally as a result of changing water |evel in
the cage as it was handl ed for observation. Larvae trapped
at the tinme of beginning the observation could be flushed
back into the water wthout apparant ill effects, but
animals trapped while returning the cage to the test
aquarium after making an observation may have remained on
the wall and becone dessicated. This may account for the
occasi onal mssing |arva. In addition to survival ,
observations on the atage of devel opnent of lervae and on
gross behavior were al so noted.

The water gquality paraneters, t enper at ur e, dissolved
oxygen, and pH, were recorded daily or on alternate days at
the sanme time that biological observations were nmade.
Measurenents were nade on one replicate aquarium at each
treatnment |evel. Tenperature was nmeasur ed usi ng a
calibrated mercury thernonmeter with 0.1 °C scal e divisions.
D ssolved oxygen was determned wth a YSI Mdel 51B
polarographic oxygen neter and probe wth tenperature and
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salinity correction. A Chemtrix Model 40E pH neter wth
divisiona Of ©.1 pH units was used for pH neasurenent.

In Test |, measurenent of salinity was alse perfornmed in
one replicate of each treatnent level, but In the remnaining
tests only the salinity of the dilution water was determ ned
at each observation per iod. In the initial test, salinity
was determ ned by neasuring the conductivity of a diluted 5
mM test water sanple and obtaining the salinity from a
calibration curve. In the latter tests, salinity of the
dilution water was nmeasur ed usi ng specific gravity
hydroneters and conversion from density to salinity by
reference to U 'S Coast and Ceodetic Survey conversion
tables. At each tinme that water quality parameters were
neasured, a 500 m sanple of test solution £rém one
replicate at each treatnment level was also taken for
petrol eum hydrocarbons anal ysi s.

4.3.3 Chemical Anal yses

The concentrations of individual aromati ¢ hydrocarbons in
the test solutions were neasured by capillary colum gas
chromat ography (GC) after solvent extraction with methylene
chl ori de. Test aolution sanples of 500 m were siphoned
fromtest agquaria into 500 m1 brown glass bottles, seal ed
with teflon |lined caps, and stored under refrigeration (5°

C) until extraction within 7 days. Sanples were extracted
three times by shaking with 30 ml volunmes of methylene
chloride in 1000 mM aeparatory funnels. The methylene

chloride extracts were pooled in 125 nm erlenmeyer fl asks
and dried Dby the addition of anhydrous sodiurn sulfate.
Dried extracts were transferred to 250 nl Kadura-Danish
evaporator flaeke fitted wth 25 m concentrator tubes and

concentrated on a steam bath to 5 nm. After cooling, the
concentrator tubes Wwere fitted with m cro-Snyder colums and
were further concentrated to 0.8 ni. The concentrated

extracts were quantitatively transferred to 1 ml GC
autosampler vials, spiked with exactly 15.90 ng of
hexanet hyl benzene i nternal standard (1.S.) in 10 pl1 of
methylene chloride solvent, and imediately capped wth
teflon lined seals.

Anal yses were perforned using a Hew ett-Packard 5840A gase
chr omat ogr aphy equi pped with auto-sanple injection, a f 1 ane
ionization detector, and integration and nethods cal cul ation
capability. A 30 nmeter Supelco SBP-5 fused silica capillary
column was enployed at an initial oven tenmperature of 30 -c
held for 4 mnutes, followed by tenperature programrng at 4
“C per mnute to a final tenperature of 280 *C which was

held for 4 m nutes. The injection tenperature was 280 ‘C
and the detector tenperature was 300 °C. Analyses were
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performed in the splitless injection mode. The injection
volume Was 1 pl.

Qualitative and quantitative enalyses of most  major
aromatic hydrocarbons in t he WSF were performed Dby
conparison with authentic reference standards using the
internal standard cal cul ati on nmethod. Response factors for
each conpound and the internal standard were individually
determ ned from the analyses of standarda and used g
calibrate the chromatography. An average calibration factor
was cal cul ated from the standards and used to deternine the
approxi mate concentration of prominent unidentified pesaka
whi ch were assumed also to be hydrocarbons. A quantitative
standard containing all of the reference atandardain the
approxi mate concentration ratios actually observed in the
WSF was prepared and wused to spike representative seawater
samples in order to establish the recovery and precision of
analysis of individual conpounds. Analysis oOf spiked
seawat er sanples denonstrated that the recovery of most
aromati ¢ hydrocarbon waa in the range of 92-98x (Table
4-2). The average recovery of benzene was 54%; that of
toluene 86x. Lower recovery of theae |atter conpounds is to
be expected becausa Of vol atilization 106s during
concentration steps in the analysis. Precision of the

analyses . indicated by the percent relative st andard
devi ati on, ranged from 0.6% to 2.1% for all compounda
anal yzed except benzene. The percent relative standard

deviation for benzene was S.9% The results of analyses of
hydrocarbon in bicassay teat water were not corrected for
recovery.

4.4 Data Analysis

Al tests of significance between treatnent meane in t he
toxicity tests were performed using one-way analysis of
variance ( ANOVA) . An arcaine transformati on was enpl oyed
with percent data (survival) and wuntransforned data were
enpl oyed in conparisons of nolt frequency. When the ANOVA
test i ndi cated differences between treatnent nmeans, the
“least significant difference” nmultiple range test (Snedecor
and Cochran 1967) was used to determne when treatnents
differed significantly (P=) . 05) from the controls.

Cal cul ation of LCgg concentrations of the WSF were perforned
using the probit nethod (Finney 1971), or by the binom al

procedure (Stephan 1977) when the use of the probit analysis
was not permtted by the data.
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TABLE 4-2

ACCURACY AND PRECISION OF ANALYSIS
OF AROMATIC HYDROCARBONS IN SEAWATER

- - D A A " - B P M S W Wb We S e e e e P mw W WS M A e e Aem S e D Gue D S A R M ES G e W WS P G R R AR R AR T NS e S W W W W WS e W

Benzene

Toluene

Ethylbenzene

p-Xylene

o-Xylene
Isopropylbenzene
n-Propylbenzene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
1,2,3,4-Tetramethylbenzene
DI-Isopropylbenzene
Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene

Aver age
Per cent
Recovery

St andar d
Devi ati on

CONRORNERENEN R ®

GOOnW oOoO@mOWOoRroOO NN

Per cent
Rel ati ve
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Based on analysis of 5 spiked

seawat er
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5. RESLLTS

5.1 Collection and Transportation

The nunbers of euphausiids coll ected and shipped during each
collection period were presented in Table 4-1. Sufficient
nunbers of aninmals were collected for each of the tests:

nortalities during shipment were fairly Jlow  The highest
nortalities experienced during handl i ng and shi pnent
occurred with the gravid fenal es. Wat er tenperatures during
shi pnent increased generally 1 or 2° C.

Each of the shipnents of animals was received at the
toxi col ogy |aboratory in apparently satisfactory condition
The tenperature of several representative containers in the
initial shipnent was found to be about 6*C, an increase oOf
2 over the initial shi pping tenperature. Gravid fenal es
received in the second shipnent were in water at 4.7°C;
tenperature on arrival for the last shipnent was 6*C. The
transport water was oxygen saturated in all shipnments, and
the aalinity was between 31 and 32 o/oco. Dead ani mals were
found in most shipping containers UuUpon receipt in the
| aboratory.

5.2 Laboratory Acclimation and Culture

A sunmmary of water quality conditions enployed during
acclimation of each tested group of euphauaiids is presented
in Table 5-1. Holding tines for postlarval animals (Tests I,

IT and 1V) varied from9 to 17 days. All water quality
conditions were relatively constant during acclimation of
Teat | and Test |V aninals. Test |1 animals experienced
greater fluctuation of tenperature and dissolved oXxygen.

Tenperature for this group, whi ch for nost of the
acclimtion period averaged less than &€.0°C, was elevated to
the range of 6.5 to 9.4<C during two days of unusually warm
weat her whi ch caused the cooling capacity of the water bath
refrigeration system tOo be exceeded. Di ssol ved oxygen
levels remmined essentially at saturation, but t he
concentrations fluctuated with tenperature.
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TABLE S-1

WATER QUALITY CONDITIONS DURI NG ACCLI VATI ON OF EUPHAUSIIDS

- - . = . Y e T WS Y W G D S P S R T e e S S G G W M e e S G AR W R OR N Mm W D A B G N S GD M SR D WS S R S GR D A e S e e

Test Days hel d Tenper ature Di ssol ved pH Salinity
No. prior to (*C> oxygen (0/00)
testing (mg/1)
1 17 4.4 + 0.4 8.8 + 0.8 7.3 + 0.2 33.1 * 0.8
I 9 6.0 £ 1.4 9.2 £ 1.5 7.6 «0.1 31.9 * 0.4
[ 4 6.8 9.3 7.7 32.1
[v 12 6.5 £ 0.1 9.2 + 0.3 7.6 ¢ 0.1 32.2 + 0.3

——— e - - - S W - G R W T e T e G W A D SR WD SR T AR WS G O e G A S M e S S W M Te G ED e T G W e WD M e G G e W e G e GRS
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Eggs released by gravid females. were held in 250 ml beakers
in a tenperature controlled water bath for four days prior
to use in the larval test (Test 1I1I>. Hatching occurred
during that period, resulting in swimming first stage
nauplii. Water quality conditions were measured only at the
time that larvae were renoved for use in the test, but were
asgumed to be unchanged during the 4 day devel opnment
peri od.

Records of nortalities for adult euphausiide received in
the first shipnent were not available for the first six days
because counts could not readily be nade in the Ilarge
hol di ng aquari a. During the last 11 days of acclimation
however, an average of 5.7 aninals, representing about 2% of
the culture, died per day. This is in contrast to the |ow
nortality observed im the control (09 and 1 Ov test
concentration groups (3-10% during the subsequent 16-day
test period.

For the second and third groups of acclimting postlarval
euphausiids, highest nortalities occurred during the initial
few days after arrival at the laboratory, but daily

nortalities substantially declined thereafter. For exanpl e,
of the gravid females received on May 10, 78 dead or dying
animals were renoved on the day of receipt. Two days | ater,

98 dead aninmals were renoved; on subsequent days the nunbers
of dead animals found were 39, 10, 5, 3, &, 10, and 2. The
sane pattern was found with the juvenile and young adult
animals received in Septenber, but the nunbers of dying
animals were nmuch fewer. The daily nunber of dead aninmals
renoved fromthe culture from Septenber 17 through Septenber
23 were 9, 6, 2, 1, 0, 1, and 1.

5.3 Bioassay Tests

5.3.1 Test Conditions

Four tests were conducted during three tinme periods, or
series, with Tests Il and [IIl conducted simnultaneously.
Water quality conditions during each of the three teat
series aresunmarized in Table 5-2. In the first test, with
adult T. raschii, nean tenperatures ranged from 5.3 to 6.0
°C. Tests Wth gravid females and |larvae (Tests || and I,
respectively) had nean water tenperatures ranging from 6.8
to 7.5 ‘C. Test IV, with Juveniles, had nmean tenperatures
ranging from 7.2 teo 7.4 °C. Mean dissolved oxygen
concentrations ranged from a low of 6.8 mgs/1 in one
treatnment in the second test series to a high of 9.3 mgs1 in
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TABLE 5-2

HYDROCARBON CONCENTRATI ONS AND WATER QUALI TY CONDI TI ONS
DURI NG EUPHAUSIID BIOASSAYS

- o ok D e - N U S i S R W M M D e M A e M M e N M e N AR e ms e M - A MR A M S G e S G YD e S W e Wm e W W W N oW e e e e

Test Total Tenp. D ssol ved pH Salinity
No. Measur ed (-¢) Oxygen (0/00)
Hydr ocar bon (mg/1)
(a) (mg/1l)

1 QO (control) 5.820.5 9.320.8 7.5x0.1 30.6*2. 3
0.301+0.051 5.910.4 9.2+0.9 7.5%0.1 30.9:2.2
0.543+0.072 5.8:0.4 9.2:1.0 7.420.2 31.1+2.0
0. 897*0. 093 5.9*0. 3 9.2:x1.0 7.4:0.2 31.0:2.3
1.413*0.113 5.3*0.4 9.0:1.0 7.520.1 30.9:22.1
2.06210.288 6.020.4 8.721.1 7.5%0.1 30.612.4

11 & 11l O¢control) 7.2:0.8 7.5*0.5 7.4:0.0 30.8:0,.6 *
0. 054*0. 043 7.5:0.8 7.1*0.5 7.4:0.0
0 142*0 14 7.1+0.9 7.320.6 7.41+0.0
0.620*0. 176 7.0*%0.9 6.8:0.5 7.4:£0.0
1.329:0.138 6.8:0.7 7.2:0.6 7.420.0
1.95610.301 7.4x1.0 6.9:0.5 7.4:0.0

v O(control) 7.3*0.3 8.1+0.2 7.4%0.1 32.8+0.4 *
0.191*0. 126 7.3%0.4 7.9*%0.4 7.4*0.1
0. 497*0. 225 7.3:0.3 7.720.6 7.4*0.1
0. 74220. 332 7.4*0. 3 7.5+0.8 7.4%0.1
1.627s0. 206 7.2¢0.3 7.6:0.8 7.4%0.1
2.184:+0.308 7.420.3 7.6%0.7 7.4%0.1

(a) Test |: T. raschii adults, test begun on
‘-March 29, 1985
Test I1: T. raschii gravid fenales, test begun
on May 19, 1985
Test III: T. raschii |arvae, test begun on
May 19, 1985
Test |V: T. raschii Juveniles, test begun on

Sept enber 24, 1985

.Salinity nmeasured only at the seawater source.

642



the control treatment of the first test series. None of the
tenperature or dissolved oxygen differences were significant
within a test series.

The mean pH in all tests was Within the range of 7.4 to
7.5. Mean salinities in Test I, for individual t eat
concentrati ons ranged from30.6 000 to 31.1 0/00. In Teata
[, 111, and IV, salinity was neasured only at the seawater
source; the average salinity in the second test series was
30.8 0/00, that of Test IV was 32.8 0/00.

5.3.2 Concentration and Conposition of Prudhoe Bay WSF

The mean of total rmeasured hydrocarbons at each treatnent

level in each of the three test series is also shown in
Table 5-2. The highest levels in the three test series were
simlar; 2.06 mgs/l in Test |, 1.96 mgs/1 in Tests Il and II1,

and 2.18 mg/1l in Test |V. Lowest test concentrations ranged
fromO0.054 mgsl1 (Tests ||l and 111) to 0.301 mg/1 (Test I>.
The average concentrations of the principal conponents of
t he Prudhoe Bay water soluble fractions found in each of the
three test series are shown in Table 5-3. Benzene and
toluene together accounted for roughly 75% of the measured
conmpounds.

Ethylbenzene and the three xylene isoners account for an

additional 13% of the measured conpounds. The renai nder of
the neasured peaks consisted of nore highly substituted

benzenes, napht hal ene, nethyl naphthalenea, and ei ght
uni dentified peaks.
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TABLE 5-3

AVERAGE CONCENTRATI ONS OF AROVATI C HYDROCARBONS | N UNDI LUTED

WATER SOLUBLE FRACTI ONS OF PRUDHOE BAY CRUDE O L USED FOR

EUPHAUSIID BIOASSAYS

Benzene
To 1 uene
Et hyl benzene
m-,p-xylene
o-xylene
Isopropylbenzene
n-Propylbenzene
uni dentified
1,3,5-Trimethylbenzene
uni dentified
1,2,4-Trimethylbenzene
p-Cymene
uni dentified
uni dentified
uni dentified
1,2,3,4-Tetramethylbenzene
Di-isopropylbenzene

+ unidentified
Naphthalene
uni dentified
uni dentified
2-Methylnaphthalene
1-Methylnaphthalene

le]

[o]

e

)]
*H B w I

o

o

(e)]
P IR TRN TR T TS

o
[
(o)
*H KB

.021 =
.018 =
.008 =
.012 =
. 013 *

OO000000000O00000 0O

0.
0.

0.
0.

Concentration
{(mg/l1)

Testa || & |1

134 0.7s7 + 0.119

128 0.698 £ 0.123

014 0.029 = 0.011

030 0.129 = 0.023

008 0.068 =+ 0.010

001 0.003 * 0.001

002 0.002 = 0.001

003 0.014 * 0.003

001 0.005 * 0.001

001 0.007 * 0.001
.004 o0.016 £ 0.003
.001 0.011 * o¢.001
.012 0.030 * 0.009
.007 0.012 * 0.005
.006 0.024 £ 0.004
.002 0.013 * 0.003
.022 0.076 = 0.020
0.009 0.011 = 0.003
004 0.024 = 0.002

002 0.011 z 0.002

002 0.012 = 0.003

001 0.013 * 0.002
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5.3.3 Effects of WSF on Euphausiid Surviva

In Test |, using adult T. raschii

hi ghest test concentrati on, 2.06 mgs/l1 TMH (total neasured
hydr ocarbons), were severely narcotized within the initial
24-hr period, but deaths occurred gradually over a period of
ei ght days (Figure 5-1). Survival in this group was
significantly less than in controls by day 2. Euphausiids
exposed t0 1.41 mgs/l TMH were also slightly to noderately
narcotized wthin the initial 24 hours and generally
t hroughout the remainder of the test. Survival in this
group was significantly less than in controls on day 8, and
survival continued to decrease until the end of the test on
day 16, by which tine only 18% of the initial nunber of
animals had survived. Euphausiids exposed {0 0.897 mgs/1 TMW
did not experience significantly poorer survival t han
control aninmals and those at |ower test concentrations and
did not appear to be behaviorally affected.

In the second test, with gravid fenales, reduced survival
occurred at the highest (1.96 mg/l) and second highest (1.33
mg/l) test concentrations as in the first test, but the
effect occurred much nore rapidly (Figure 5-2). Survival was
significantly less than controls by day 2 at 1.96 mg/1l and
conplete nortality was noted within 3 daya. At 1.33 mg/1,
survival was significantly less than in controls by day 3
and 75% nortality occurred within 5 days. Euphausiids at the
third highest test |[evel (0.62 mgrs1l> also experienced
significantly higher nortality than controls by day 6.

Figure 5-3 pre.cents the results of WSF toxicity testing on
T. raschii nauplii. Survival was not significantly lower at
either 1.96 mgs/iorl.33 mgs/1 TMH conpared with the controls
at any tine during the six day exposure period. During the
naupliar test, animals were observed to progress from firat
t0 second nauplius and then to first calyptosis Stage. On
day 6 virtually all larvae were in the calyptosis stage.
During the test, | arvae were occasionally damaged or | ost
by adhering to the sides of the test cagea, a circunstance
contributing to the Steady decrease in apparant survival of
the nauplii at all test |evels, including the controls,
during the six day test period.

A final test (Test |V) was perfornmed using juvenile ( Age
O+) T. raschii.. The results of this last test were very
simlar to the initial t est with adults (Test 1I».
Euphausiids exposed to 2.18 ng/l, the highest test |evel
experienced a steady decrease in percent survival over the
ten day period (Figure 5-4). The percent survival was first
significantly less than that of the controls on day 4 of the
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PERCENT SURVIVAL

EFFECTS OF OIL ON FOOD
ORGANISMS OF THE BOWHEAD WHALE
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TOTAL MEASURED HYDROCARBONS

® CONTROL A 0.897 mg/}
0 0.3101 mg# ® 1413 mg/l EUPHAUSIID SURVIVAL AT

' : EXPERIMENTAL LEVELS OF PRUDHOE
A 0543 moil 0 2.062 mof BAY CRUDE OIL WSF

« Signiticant difference from control group (5% level)

TEST . ADULTS

FISHMAN ENVIRONMENTAL SERVICES 5- 8 1985 | FIGURE 5-1
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test, nore than So% nortality was recorded by day 6, and
only one Of 26 initial animals in this group survived to the
end of the test on day 13. Aninmals exposed to 1.63 mgs1l, the
next highest test level, exhibited significantly reduced
survival conpared with controls by day 11 and So%x nortality
at the end of the test on day 13. Euphausiids exposed to
O.742|mg/ldidnot experience reduced survival conpared with
controls.

LCgg concentrations for approximtely 4, 7 and 10-day
intervals in tests of all four |life stages are presented in
Table 5-4. Gravid females had the lowest LCgg's Oof any stage
tested, 1.37 and 0.69 mgs1 for days 4 and 7, respectively.
Adults and juveniles wer e approxi mat el y equal in
sensitivity; adul t LCSO'SL&?.TQ“&'\TALLCUTLT“J.."Jo‘z(l)lg‘/_’Al at day;‘\.«" Lu
>2.06 mg/l at day 4, ‘and juvenile LCgqg's ranged from 1.72
mg/l at day 11 to >2. 18 mg/1l at day 4. Larvae were the | east
sensitive stage; LCgqg's were >1.96 on both days 4 and 7.

5.3.4 Sublethal Effects of WSF on Euphausiids

A sublethal effect that could be evaluated in the adult
organisms was the frequency of nolting. ©On each day that

test animals were exam ned for survival, the nunber of molts
that had occurred during the previous 24 hours was recorded.
After day 8 in Test | and day 7 in Teat IV, aquaria were
exam ned only every second day and the nunber of nolts
recorded, thereafter, was for a 48-hr period. At the end of
the tests, the nunbers of surviving adults in each test
concentration each day was summed to provide a total nunber
of animal days. Dividing this by the total nunber of nolts
found yields a nmolt frequency value (animal days per nolt).

In Test |, euphausiids exposed to 1.41 and 2. 06 mg/1 had
significantly | onger perioda between nolts, 17.33 and 20. 29
days/molt, respectively, conmpared with from8.24 to 9.30
days/nmolt for controls and euphausiids exposed to 0.897 mgrs1
TMH and lesa (Table 5-5>. The interval between nolts of
gravid fenal e euphausiide was significantly |longer than
found in the controls at 1.96 mg/l TMH, but not at 1.33 mg/1
TMH or at |ower test concentrations (Table 5-6).

Juveni | e euphausiids experienced the |east sensitivity of
WSF exposure on nolting frequency. The interval between
nolts at 2.18 mg/l TMH at 27.80 days was significantly
longer than at |ower test levels and in controls, but the
molt interval, 8.23 days, for the next highest test |[evel
1.63 mg/1l, was not significantly different than the interval
found for controls (Table 5-7>.
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TABLE 5-4
L C, CONCENTRATI ONS FOR I. RASCHII DEVELOPMENTAL STAGES

Test Nunber/ ST S e T T e e R L e et
Life Stage 4- day 7- day 10- day

| / Adults > 2.06 1.76 (1.41-2.06) 1.58 (1.41-2.06)
11/ G avid 1.37 (1.33-1.96) 0.69 (0.62-1.33)

Femal es
111/ Larvae > 1.96 >1.96 * oo
I'V/ Juveniles > 2.18 2.00 (1.87-2.14) 1.72 (1.60-1.83)

t X {
* Day 6
»» Day 11
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TABLE 5-5

EFFECT OF O L WSF ON ADULT T. RASCHII MOLT FREQUENCY
DETERM NED DURI NG TEST |

Total measured Test Day ¢ Total  Days
hydrocarbons Total ani mal per
(mg/1) 1234567 810 12 14 16 wilts days  molt
control 7 4 3 322 5 1142 7 3 53 460 9.0
0.301 5653 1 0 1t 512 7 7 1 S 474 a
0.543 510 O 4 3 1 211 5 6 5 53 463 824

0.297 63 3 1t 31 3 8 6 66 47 437 930

1.413 3524001020 1 0 18 312 17.33

2.062 6 0 ¢+ 00 O ¢ ¢ O O -- 7 142 20.29
TABLE 5-6

EFFECT OF O L W5F ON GRAVID FEVMALE T. RASCHII MOLT
FREQUENCY DETERM NED DURI NG TEST ||

Total measured Test Day. Tot al Days
hydr ocar bons Total  animal  per
{W/1) 12345867 molts  days woit
control 2 1 2 1 5123 26 219 8.42
0.054 2 3 0 7 110 2 25 195 7. 20
0. 142 2 236672 22 210 7,50
0.620 1 1 73 36 3 24 193 8.04
1.329 32 1 2 t+ 02 1 116 10.6
L 956 i oo - - - - l ] 48.0
TABLE 5-7

EFFECT OF O L wsF ON JUVEN LE T. RASCHII MOLT
FREQUENCY DETERM NED DURING TEST |V

Tot al measured Test Day e Total  Days
hydrocarbons — Total animal  per
(mg/1) I 2 3 4 5 6 7 91113 wmolts days molt

Control 4 1 83 2 5 3 6 10 8 S0 333 6.66
0.191 1 5 72 2 7011 7 8 50 338 6. 76
0.497 S 4 0 3 5 3 6 7 713 53 333 628
0.742 4 1 3 3 3 6 6 5 811 5 3% 67
2 3
1 2

1.627 6 4 23 3 37 2 33 288 6.23
2 18 1 00000 1 o 5 13 2.8

« Nunbers in Test Day columms = nunber of molts.
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Molt frequencies were not conpared between |life stages
because of differences inherent in each stage, and sone
differences in teat tenperatures.

No attenpt was nade to quantitatively evaluate sw nmmng
activity level or other grosa behavior during the tests of
WSF toxicity. It was readily apparent, however, that
euphaueiida exposed to the highest teast levels in each of
the three tests of postlarval aninmals were highly narcotized
during the initial 24 hours of exposure. To a lesser
extent, euphausiids exposed to the second highest levels in
all three postlarval tests were simlarly affected. As t he
tests progressed, sone of the narcotized animals at this
test level becane progressively nore affected and eventually
di ed, but others appeared to recover. At all |ower test
level s, the postlarval aninmals generally appeared to be
unaf f ect ed behaviorally in conmparison to controls
Nevertheleas, it seened to the observer that contro
euphausiids and those at the lowest test levels <(e.g. € 0.5
mg/l TMH> were nore robust and healthy appearing at times,
and were nore successful in consuming available food
organisma (based on the anount of food remaining 4in teat
chanbers by the next feeding tine), than aninmals exposed at
the mddle test concentrations of WSF (e.g. in the range of
0.5 to 0.9 mgrs1 TMH)>.
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6. .DL SQUSS| ON

6.1.1 Ecological Inportance of T, raschii

Euphausiids conprise up to one-third of the zooplankton
biomasa iN boreal watera (Mauchline and Fisher 1969). T.

raschii averages over 30% of the total nunmber of individual
suphausiids in the northern seas (Hopkins, et al. 1978;
Rogers, et al. 1979). Thus, this species represents at

| east one tenth of the total zooplankton biomass in these
areas and nore in neritic waters where it IS more common
(Mauchline and Fisher 1969). As a consequence, t he
ecological interactions of this species are of considerable
i mportance in Arctic and subarctic coasta 1 nmari ne
envi ronment s.

Early growth stages of euphausiids apparently feed upon
phytoplankton, <prinarily, but not exclusively diatons)
(Mauchline and Fi sher 1969; Mauchline 1980). As they nature,
T. raschii individuals become nore ommivorous; but remain
primarily herbivorous as adults (Mauchline 1966). The
conbi nation of the |large bionass, her bi vorous nature, and
vertical mgration of T. raachii meana that this species. is
a major route of energy and materials transfer from the
epipelagic region to the mesopelagic habitat in Arctic and
subarctic waters. Its fecal pellets and moulte can further
transfer material to the ocean floor as well. For exanple,
forty percent of the zinc-65 discharged by the Colunbia
River in the Pacific is incorporated into the exoskel eton of
Euphauaia pacifica individuals, then meolted off into deeper

waters (Fowler and Snall 1967, Pearcy and Osterberg 1967).

Other significant ecological interactions include the
synthesis ofvitamin A Euphausiide are the only group of
organisnms in which all nmenbers synthesize vitamn A and they
have greater concentrations than all other invertebrates
(Mauchline and Fisher 1969). |t has been suggested that they
are responsible for the bulk of nat ural | y-synt hesi zed
vitamn A

The key ecological significance of T. raschii and ot her
euphausiid species, however, lies in the fact that they are
a major source of food for marine aninals higher in the food
web, transforming energy and materials synthesized by its
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food supply, the phytoplankton, into a more utilizable form
for marine fish, birds, and manmals (Table 6-1).

The inportance of euphausiids in diets of subarctic
Alaskan fish species is fairly well docunented. Euphausiids
have been found inportant in diets of juvenile sal non (Gosho

1977; Harris and Hartt 1977: Rogers et al. 1979) , capelin
(Harris and Hartt 1977; Rogers et al. 1979? , sand | ance
(Rogers et al. 1979) , wal l eye pollock (Rogers et al. 1979
VTN 1980), and other species. Studies in Balsfjorden,
Norway found capelin, herring, end Atlantic cod feeding
extensively on Thysancessa euphsausiida (Pearcy et al .
1979)

The role of euphausiids in Al askan Arctic fish diets has
not been well docunent ed. Fish collected in nearshore
waters of the northeastern Chukechi Sea during 1983 were

found to eat a variety of itenms, but only one species of
ei ght exam ned head eat en euphauaiida. Pi nk sa 1 mon
(Oncorhynchua gorbuacha) stonmach contents were less than 1%

euphausiids (2 of 12 fish). The other species exam ned,
which did not have euphausiids in their stomachs, wer e
Arctic cod (Boreogadus saida) , fourhorn aculpin

(Myoxicephalus guadricornis), capelin (Mallotus villosus) ,

4442 4 P> ——— T e e —

saffron cod (Eleginus navaga) , Pacific herring (Clupea

barengus palagii), boreal snelt (Osmerus mordax)>, and Arctic

flounder <(Liopgetta .glacialis). Lowy and Frost (1981)

found euphausiide of mnor inportance in diets of Arctic cod
in the Bering, Chukchi and Beaufort Seas.

Euphausiide are utilized by pelagic and nearshore birds in
the Beaufort Sea (Divoky 1984; Frost and Lowry 1984)
Speci es feeding on euphausiide include glaucous gull (Larus

hyperboreus), ivory gull (Pagophila -eburnea>, Ross’ gull
(Rhodostethia resee}, Sabine’s gull (Xema sabini) , Arctic
tern (Sterna paradisaead , bl ack-1egged Kkittiwake <(Rissa

Arctic tern and several of the gqull species were the
great est euphausiid feeders.

Six of the seven species of baleen whales known to occur
off Alaska |live on euphausiids and copepods (Nemato 1970;
Nishiwaki 1972). Sei, blue and bowhead whales |ive al nbst
entirely on these oOrganisns, while minke, fin, and hunpback
whal es add smal |, gregari ous fish, such as t he
euphausiid-eating capelin, other snelt, herring and sand
| ance, to their diets as well.
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TABLE 6-1

EUPHAUSIIDS AS FOOD | TEM5 OF ALASKAN ARCTIC
MARI NE VERTEBRATES

- mr e ML e e e e e e e e e D e S o e e R S . e e Y e we e e M m e me e e e M mh e W G bm M N AR e e - e M e G E g v e = -

PREDATOR SPECI ES EUPHAUSIID REPRESENTATION I N STOVACH CONTENTS
{reference]

MAMVAL S
Bowhead whale 37% (n=5). \Wial es taken during Autumm,
1979 near Kaktovi k.
92% (n=2). Whales taken during Autumm,
1976 near Barrow. (4a)
Ri nged seal 90% (vol., n=3). Spring (May>, 1976,
near Barrow. (A
99% (vol ., n=2). Summer <(Aug-Sep), 1976,
Barrow {A}
44% (n=16).Summer, 1980 Beaufort Lagoon{A)
<1% (n=8>. Summer, 1980, Pingok. (A}
O (n=13>. Summer, 1977, Prudhoe. {al
O (n=73>. Autumm <(Nov>,1977 and 1878,
Barrow and Prudhoe. {A
2% (vol ., n=24>. Wnter (Feb-Apr),
1979, Prudhce. {A
0 (n=34)>. Wnter (Feb-aApr>, 1978 and
1979, Barrow. {A}
Bl RDS
Bl ack- 1egged
kittiwake 2% (A}
d aucous gul | 9% {A)
0 (n=9). Pel agic region. { B

13% (W.): 33% (freg.), (n=9),
Near shor e regi on. (B}
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lvory gull
Ross’ gul |

Sabine’s gul

Arctic tern

Thi ck-bill ed

murre

Red phalarope

Oldsquaw

Fish

Arctic cod

Pi nk sal mon

Ref er ences: (a3}
{B}

{c}

TABLE 6-1 (conti nued)

10% {A
40% {A
10% (A
13% fwt.): 17% <(freg.>’, (n=5)
Pel agi ¢ region. {B}
4% (Ww.); 3% (freq.), (n=32>
Near shor e region. (B}
18% (A
35% (wt.>; 22% (freqg.), (n=6)
Pel agi c region. (B]
23% (wt.); 23% (freq.), (n=48)
Near shor e region. {B]
2% {A

5% (freqg.) (n=76>. Pelagic and
near shore regi ons conbi ned. (B}

17% (wt.?313% (freqg.), (n=93)
Near shor e regi on. (B)

5%

<1% (wt.); 17% (freq.>, (n=12).
Pt. Lay, Chukchi Sea. (C}

..... - - - - - —- - - - - - === - e e . - -

Frost and Lowy (1984), Beaufort Sea.
Divoky (1984), Beaufort Sea.
Fechhelm et al. (1985), Chukechi Sea.
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ringed seals (Phoca  largha) are major consumers oOf
euphausiids. Stomachs of bowhead whales have been found to
contain 5-98% euphausiida, depending on |ocation and season
of capture ( Frost and Lowy 1984) . \Wales taken near
Kaktovik (5 animals) in 1979 had a mean conposition of 37x%
euphausiids in their stonmachs; 2 whales taken near Barrow in
1976 averaged 92% euphausiids | n their stomachs.
(Referenced |ocations are shown in Figure 6-1.) Ringed seals
exam ned had 2-99% stonmach content conposition represented

by euphausiida (Frost and Lowy 1984).

In the Beaufort Sea, bowhead Whal es (Ralaena mysticetus) and

Dat a concerning trophic relationships of vertebrate
consumner s in the Alaskan Beaufort Sea were recently
synt hesi zed and summarized by Frost and Lowy (1984) .These
authors estimated the total quantities of food consuned

annually by the major vertebrate consuners. Euphausiids
represented 7% by weight, of the 2+ mllion tons of
estimated food consunption; copepods, Arctic <cod, hyperiid

amphipoda and “others” represented 48%, 6%, 1% and 3%,
respectively. The estinmated 143,000 tons of euphausiids
consuned annually are eaten by Arctic cod (65.8%, bowhead
whales (31.5%, ringed seals (2.6% and birds <«less than
0.1% . Euphausiids represented 65% of annual consunption by
bowhead whal es, 9.7% of consunption by ringed seals, 2.5% of
consunption by all marine birds, and S% of consunption by
Arctic cod.

6.1.2 Distribution of T. raschii within the Arctic Ccean

T. raschii is found throughout the boreal coastal waters of

the world s oceans. It occurs in the North Atlantic between
40 and 70 degrees north off Wst Geenland to the Qlf of
Mai ne, around |cel and, around Scotl and, in the North Sea,

and off Norway (Mauchline and Fisher 1969). In the Pacific
it ia present along the coastlines of Asia and North
Anerica, and north into the Bering and Beaufort Seas at the
sane |atitudes (Brinton 1962; Mauchline and Fisher 1969). T.
raschii is seldom found in oceanic waters.

Thysanoessa raschiii and T. ipermis are the only two
speci es of euphauaiids conmon in the Arctic Ocean (Mauchline
1980) . T. raschii is abundant in the Barents and Wite Seas
(Zelikman, et al. 1978; 1979; 1980), in the Sea of Okhotsk
(Zhuravlev 1977), in the Bering Sea (Cooney 1977) and in the

Chukchi and Beaufort Seas (Carey 1978; Honer 1981).

Typical daytine densities reported of f Al aska for
Thysanoegsa. raschii were 16 individuals per 1000 cubic

meters in southeastern fjords (VTN 1982), 100 per 1000 cubic
neters in Kodiak bays (Kendall et al. 1980: Rogers, et al.
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1979; Vogel and McMurray 1982) and up to 510 per 1000 cubic
meters in the Beaufort Sea ( Honer 1981). The average
density of adult T. .raachii in the Beaufort was between 50
to 200 individuals per 1000 cubic meters ( Carey 1978)

Duri ng August and early Septenber, 1977 densities in excess
of 100 animals per 10CI O cubic neters occurred all along the
Beaufort Sea coastline in waters of 20 to 80 m depth,
approximately 15 to 100 km of fshore (Carey 1978). Pack ice
apparently inhibited collections farther offshore, thus, the
of fshore distribution of this species in the Beaufort Sea is

unknown.

The | ack of abundance and distribution data for T. raschii
in the Alaskan Beaufort necessitates consideration of
indirect evidence: bird and mammul feeding behavior and

di stribution. Bowhead whales are reported to feed
extensively on euphausiids (primarily T. raachii>,
particularly in the western Beaufort (L.‘'-Lowy 1985,
personal conmunication). Bowheades are found in nearshore
waters along the western Beaufort during their fall westward
m gration. The inshore waters between Pt. Barrow and Smith

Bay are wutilizedannually between AUugust and November, wth
nost sightings «>90%) during Septenber (Braham et al .

1983) . \Whales were observed feeding inthese waters during
Sept enber of 1974, 1975, 1976 and 1978; whaleas were observed

feeding near the surface during a swarning and onshore

novenent of euphausiide during Septenber, 1976 (Braham et
al . 1983>. Bodfish (1936) reported bowheads consistently in
water |ees than 40 m Braham et al. (1983) observed whal es

in water 3 to 12 m deep, with 172 of 234 sightings during
August - Novenber, 1974-78 near Pt. Barrow in water less than
12 mm Braham et al. (1983> concluded that nearshore waters
are nore inportant for feeding whales than offshore waters
in the area of the Plover Islands.

The area near the Plover |slands appears to be inportant
in terms of primary and secondary productivity, and feeding
for marine birds and nmammals. D voky (1984) discussed the
apparent inportance of this area to narine birds. \Warner
northeastward-flowing water from the Bering Sea (Bering Sea
Intrusion) is a major oceanographic feature found off Pt.
Bar r ow. Di voky attributed higher bird densi.ties in the
western Beaufort to “ higher prey densities associated wth
this warm subarctic water. Bering Sea water nmeets the
west war d- novi ng Beaufort Gyre and near shore wat er s,
resulting 41inm the formation Of eddiea in the Plover Ialanda
and Pitt Point region. While zooplankton sanples in an
intrusion area produced inconclusive results related to
abundance/ density differences conpared with nearby areas,
stomach sanples of Arctic terns captured while feeding at a
convergence |line off the Plover Ialandas contained mostly
euphesuaiida (Divoky 1984). Also, major wash-upe of dead and
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dyi ng T. raachii have been docunented about once every 2
years during late August - early Septenber (Divoky 1985 ,
personal  conmuni cation) . The observed 2-3 i nch deep
windrows of beached euphausiids fed major concentrations of
sea birda (nixed species flocks of about 10,000 birds).
Based on bird feeding data, Divoky (Septenber 24, 1985,
personal comm. Dby telephone) found euphausiids distributed
farther offshore (20 m and deeper) in the western Beaufort
than the eastern Beaufort.

Feeding data for ringed seals (Frost and Lowy 1984)
provi de evidence of euphausiid distribution, and . perhaps,
aeasonality. Stonmach contents of aeala captured near Barrow
were 90% euphausiids during sespring (May), 1976, and 99x
euphausiids during summer C(Aug-Sep), 1976; no euphausiids
were in stomachs of seals captured during autumm (Novenber),
1977 and 1978, and winter <(Feb-Apr), 1978 and 1979. The
stomach contents of seals captured in Prudhoe Buy were Q%
euphauaiids during spring, 1979, sumrer, 1977, autunmn, 1977
and 1978; and 2% during winter,1979. Stomach contents of
seala taken in Besufort |agoon during summer, 1980 were 44%
euphauaiids.

Mbat collection prograns in nearshore waters and coasta
| agoons of the Beaufort and Chukchi Seas have found few or
No euphausiida either 4in the water colum or in £fish
stomachs (Craig and McCart 1976: Griffiths 1984; Craig et
al . 1982, Craig 1984>. Exceptions include euphauaiida
reported in stomachs of Arctic cod taken in Beaufort Sea
shall ow water (5 m Lowy, Al aska Dept. Fish and Gane,
Cctober 7, 1985,  personal comm. by telephone, and pink
sal mon in the Chukchi (Fechhelm et al. 1985).

The data sunmmarized above suggest sever al points
concerning T. xaschii distribution in the Beaufort Sea:

1. Euphausiids are found in nearshore waters as well as
deeper of fshore areas.

2. The area around Pt. Barrow and the Plover | sl ands
appears to support a major concentration of
euphausiida, particularly during August - Septenber.

3. The Bering Sea Intrusion appears to be a major factor
in assuned euphauaiid distribution and density.
(Euphausiids associated with the intrusion, however,

may represent transported Bering Sea popul ations
(Divoky 19841l).

6.1.3 Vertical distribution patterns of T. raschii

In areas where this species has been studied, adults
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typically 11ive at 200 mor less during the day and mgrate
toward the surface at night, while earlier life history
stages are collected in the surface 25 m <(Mauchline and
Fisher 1969>. As adults, Thysancessa  raschi i m grate
vertically about 100 m (Mauchline and Fisher 1969; Mauchline
1980) . Light intensity apparently is the key physical
parameter causing vertical magration. darke (1971) found

that the optimal |i th3 i nt ensi f_i4eS for adull euphausiids oOff

California were 1072 t o 10 w/cm (mcro-watts).
Disruption of T._ raachii vertical migration may occur during
m d-sumer’ in the Beaufort Sea due to the continuous [|ight
conditions at that tine of year. Wiil e this phenonenon was
not oObserved for euphauaiida |in Balafjorden by Hopkins, et
al . (1978) or Pearcy, -et al. (1979) , neither study was
performed during the period of continuous |ight (Eilertsen,
et al. 1981) . Wiborg €(1954) found, however, that vertically

mgrating =zooplankton sSpecies appear to stop migrating
during the H gh Arctie sunmer

The association of euphausiids Wth isolumes results in
their tendency to live within a ‘restricted vertical |ayer of

the water column duri ng dayl i ght hours. Ext ensi ve
information is now avail abl e suggesting that euphausiids are
sonetinmes responsible for the deep scattering layers (D)

recorded by echo sounders (Farquhar 1971). T. raschii causes
sound scattering at 100 to 200 kHz (kilohertz) (Farquhar
1977> and several studi es have tracked vertical distribution
of this species using 120 kHz echo sounders (Hopkins, et
al . 1978; Sameoto 1976a, 1980b).

H gh [ight |levels have been found to reduce the |ifespan
of euphausiids (Mauchline and Fisher 1969>. Despite their
preference for a 10v optimal light |evel, some popul ations
of euphauaiids have biochemcally adapted to higher Iight
intensities. Eupbausia pacifica in Sasanich Inlet, British
Col unbi a migrates only 85 m due to the presence of an anoxic
| ayer bel ow (Bary, et al. 1962 . This population lives in
[ight two to three orders of nagnitude greater than other
populationg of the sane species. Boden and Kampa (1965)
determned that individuals of the Saanich Inlet popul ation
have differentially deposited a screening pignment which
allows themto survive the higher light |evels, suggesting
that sone euphausiid speci es nay possees Significant amounta
of genetic variability between different popul ations.

Qoviously, T. raschii living in shallow (less than 20 m)
nearshore waters will not exhibit |large-scale vertical
m grations. The occurence of |arge nunbers of euphausiids
in nearshore waters, such as described off the Plover
Islands, nay be related to reproductive swarming. Anot her
factor in this apparent concentration of euphauwsiids could
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be the Bering Sea Intrusion. Aagaard (1984) descri bes
cross-shelf flow, or exchange bet ween t he Beaufort
Undercurrent and inshore waters over distances of 13 km
The Barrow Sea Valley, running just east of Pt. Barrow, has
depths of 150+ m wthin S km of water <10 m deep off Pt
Barrow. Cross-shelf flow and |ocalized upwelling events
m ght provide a transport nmechanism for euphausiids into
shal | ow, nearshore waters.

€.1.4 Life history and fertility of T. raschii

In Balsfjorden, Norway, (approx. 69.5" N latitude) T.
raschii lives for two years, three nonths (Falk-Petersen and
Hopkins 1981>. Simlar periods of |ongevity have been found
for this species in the Clyde Sea area off southwest
Scotl and (Mauchline 1966>, in the @ilf of St. Law ence
(Berkes 1976), in the GQulf of Maine and in the central North
Sea (Lindley 1980).

Spawning typically takes place in the spring at water
t enper at ur es of 0O to7° C. Surface (O to 25 p)
breedi ng swarme of T._ raschii have been collected in several
| ocations, including Alaska, during this spawning period.
The duration of spawning is from two to three weeks, usually
with a peak period in April or My, coinciding wth the
spring diatom bloom Berkes (1976), however, found some
evidence for a low level of spawning activity throughout the
spring and summer, and Mauchline (1980) suggested that there
might be a second spawning period in the fall in a few,
favored locations. T._ raschii have been reported to breed
in the Beaufort Sea during the fall and early wnter (Carey
1978> . Falk-Petersenand Hopkins (1981) regard phytoplankton
production as being nore inportant than tenperature in
controlling spawning. This correlates well Wi th t he
observed 1977 Beaufort Sea euphausiid densiti es.
Distribution of T._. =raschii densities in excess of 100
animals per 1000 cubic neters match the areas in the

Beaufort with high chlorophyll a concentrations and cl4
uptake rates (Carey 1978).

The estimated fecundity Per T. raschii female during a
breedi ng season is 300 tO 400 eggS (Mauchline 1980); the
eggs, however, are shed freely into the sea after
fertilization and direct counts have not been nade. The

nunber of eggs produced is a function of the size of the
femal e (Mauchline 1980). The eggs sink, then hatch, and the
larvae mgrate toward the surface. Larval euphausiids are
mainly found in the top 15 to 25 m of water (Mauchline and
Fi sher 1969>; however, as they mature, fewer and fewer are
found there during daylight hours. The nortality of the egg
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and |l arval stages (nauplius, calyptopis, and furcilia) isS
calculated to be 98.2% (Lindley 1980) .

Larvae in the dyde Sea area becone juveniles after three
to four months (Mauchline 1966) and reproduction occurs the
follow ng spring. In Balsfjorden, on the other hand, the
animals usually becone sexually mature two years after
birth, although a few mature one-year-old fenmales have been
found (Falk-Petersen and Hopkins 1981). Some Cyde Sea
femal es reproduce in their second year as well. Thysancessa
popul ations from fjords in southeast Alaska have a simlar

lifecycle t0 the Balsfjorden popul ati on (Vogel, unpubl i shed
data ). Beaufort Sea population are likely to be similar to
t hose of Balsfjorden, although |ife hiastory information for

Beaufort Sea T. raachii IS not avail abl e.

6.1.5 Feeding patterns and productivity OF T. raschii

Thysancessa -raschii i s alnobst exclusively an herbivore
(Mauchline and Fisher 1969 Mauchline 1980). The growth of
Thysanoessa in Balsfjorden, in terns of changes in carapace
length, is closely related to primary productivity
(Falk-Petersen 1981 ; Falk-Petersen and Hopkins 1981 .
Li kewi se, over 80% of the annual increase in individual size
for Clyde Sea popul ations occurs between March and June

during the apring di atom bl oom (Mauchline 1966).

A second |ine of evidence for the herbivory of T. raschii
hae recently been devel oped. Euphausiids sStore excess
consumed food in the formof |ipids. These |ipids can be
characterized by their source population and origin. Aas a
consequence, the food habits by season for four euphsusiid
species, including T. raschi.. , have been descri bed
(Henderson, et al. 1882) . During md-winter T, raschii
individuals in Balsfjorden |acked 20:1 and 22:1 fatty acids
end wax esters (indicative of feeding upon calanoid
copepods) While they were rich in 16:0 and 18:1 fatty acids

and phytol | which are characteristic of phytoplankton
(Sargent and Falk-Petersen 1981). It ie believed that the
presence Of phytol is indicative of detrital feeding during
this period <(Falk-Petersen, et al . 1982; Sargent and

Falk-Petersen 1981). Apparently, neither T. .raschii nor T.
inermis fed upon Phaeocystis pouchetti, a major spring
phytoplankton sSpecies in Balsfjorden, as their fatty acid
conposition waa entirely different from this alga’s

(Falk-Petersen, et al. 1982>.

Stonmach content analyses Of T._ raschii indicate that this

speci es eats detritus, phytoplankton (mainly diatons and
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dinoflagellates) tintinnids and radiolarians ( both

microzooplankton) and that larger individual i ncl ude
Sagitta and small crustaceans in their diet (Mauchline 1980;
Mauchline and Fisher 1969). Recent|ly, Sameoto (1980a) found

that T. raschii fromthe @lf of St. Lawence preferred to
feed upon phytoplankton (exce[Chaetoceros atlanticum, a
large, spiny diatom) and at night in the top 75 mof water
They al so occasionally ate microzooplankton. Only S% of the
atomachs had copepod remaina in them <¢as opposed to 90% of
t hose of Meganyctiphanes norvegica, known to be carnivorous,
and 22% of the stomachs o f T. inermis) . The highest
frequency of copepod remains in the stomachs of T. raschii
was during Septenber when phytoplankton densities are low in
boreal waters. Sameoto further reported that none of the
stomachs of any of the three species he studied had bottom
mud in them unlike results from previous studies. Sameoto
concluded that all three species preferred to feed in the
water colum when food was avail abl e. Daily calorie
consunption in the @ilf of St. Lawrence by the average
i ndividual T. raschii was 3.1 calories during June, and 2.2
calories during Decenber (Sameoto 1976b>; this represented
1.5% of the daily phytoplankton production in June, and 60%
i n Decenber

Annual production of T. raschii is relatively uniformin
the subarctic Atlantic. Lindley <iss0> found that annual
production for this species equalled 1.S4 mg dry wei ght (DW)

er cubic neter off the Glf of St. Lawence, in the Bay of
undy and in the Gulf of Miine, but only 1.02 ng DWm™3 in
the central North Sea. In the Gulf of St. Lawence proper
production of this species was 1.8 ng DWm~3 per year
(Berkes 1977), . mhiI? in Balsfjorden it was estimted to be
about 1.9 my m~3 yr-l (Falk-Petersen 1981; Hopkins, et. al.
1978>. Annual production measurements have not been made for
this species in either the boreal North Pacific or the
Arctic.

I ndi vi dual specinens of T. raschii (Average dry weight =
10 mg) consunme 1.8 pl of oxygen per hour per ng DWw at Oto 2
degrees C (Sameoto 1976b). Oxygen consunption per ng DW
doubl es between 5 and 15° g for T. 'inermis according
tothis study. As respiration rates for Thysanaessa raschii
and T._ dinermis are not significantly different (Sameoto
1976b), a simlar increase in nmetabolic rate should occur in
T. raachii. Respiration rates also change with age of the
animal due to the change in the surface area to body weight
ratio (Harding 1977). About 6% of the total energy needs of
this species ia required for nolting (Sameote 1976b), nuch
lower than the 38% necessary for nolting by Euphausia

superba (Ikeda 1984) or the 34% required by E. pacifica

(Paranjape 1967).
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6.1.6 Conparison of T. maschii and Euphausia superb

lign

Euphausia_superba is probably the single most abundant

euphausiid in the world s oceans, and has been the subject
of a large nunber of ecoleogical studiea. Conparisons of E

superba to T. raschii can increase our understanding of T

raschii bi ol ogy and ecol ogy.

E. superba occupies the sane ecological niche as T.
raschii . |t is primarily an herbivore feeding on simlarly
sized particles (Boyde, et al. 1984) wt similar lipid
conposition to T. ramchii <C arke 1984; Falk-Petersen 1981).
E. superba, however, doe-s not change to detritus feeding

during the winter as do the Thysanocessa species, but rather
the animals overwinter on their stored reserves, losing
weight and literally shrinking throughout the wi nter (Ikeda
1984>. Nor are its lipid reserves especially large for an
animal of its size; shrinkage is the primary overw ntering
survival nechanism  The ecological similarity in these two
animal s’ niches also extends to their inportance as major
food organisns for the pelagic food web in the region of the
worl d’s oceans where they occur (Laws 1985; Mauchline and

Fi sher 1966; Mauchline 1980).

Another simlarity is schooling by the two species. Bot h
species, like all euphausiide studied to date, form breeding
swarns, and all species. of euphausiids aggregate vertically
to some extent (Mauchline 1980>. Only eight or nine species,
however, including both T. raschii and E_ superba live in
| ar ge, hol | ow feedi ng swarms outside of the breeding season
(Brinton and Antezana 1984 : Mauchline and Fisher 1966 ;
Mauchline 1980)>. Behavior of E. superba feeding schools has
now been directly observed by divers (Hamner 1984)>. T.

raschii probably behaves simlarly.

E. _superba is a nuch 1 arger aninal than T._ raschi i

(Average total length, or TL, of E. superba = 34 to 35 mm

Fevolden and George 1984; average L of T. raschii = 22 to
25 mMm Mauchline and Fisher 1966). |t also lives for up to 5
years (Ettershank 1984; Ikeda 1984: Marr 1962) instead of
the two and a quarter of T. raschii . Annual growth and
respiration rates are thus quite different for the two
speci es. During the second year of l|life juvenile E. superba
increase, on the average, from2.3 mg DWto 30 mg DW (Ikeda
19843; by contrast, Juvenile T. raschii in Balsfjorden (Qrow
from 1.0 ng DW to 9.3 mg DW (Falk-Petersen 1981) . Gowth
rates in both species, however, are controlled by

phytoplankton production <(Falk-Petersen and Hopkins 1981:
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Hel m Hansen and Huntley 1984)>. Juvenile E_ superba (Average
DW = 10 mg _have a respiration rate of 0.7 pl of oxygen
hr'lp mg=l Dwat -1 to +1° C (Ikeda 1984), not the 1.8 1
per hr found by Sameoto (1976b) for I. raschii specinens of
the same size and maturity.

Anot her difference between these two organisns is in their
devel opnent . Due to the great depth from which the newy
hatched E._ superba nauplii nust ascend <¢1200 to 2000 m
George 1984; Marr 1962>, this species does not begin te feed
until the first calyptopis stage (Brinten and Townsend 1984:;
George 1984; Ikeda 1984; Marr 1962: Mauchline and Fisher
1969y . The first stage nauplius of T. raaschii iS an active

phytoplanktivore by conpari son. Since the larvae of both
speci es are phytopl anktivorous, yet enter the surface waters
after differing | engt hs of tine for devel opnent,

reproduction nust be tined differently, possi bly using

different environnental cues.

6.1.7 Sensitivity of T. raschii to organic pollutants

Euphausiids have not been extensively wused as bioassay

or gani sis. Lee (1975). in a study of the effects of
petrol eum hydrocarbons upon marine zooplankton, included two
euphaueiids, Euphausis pacifica and Thysanaessa raachii , in

his comparisons t0O tWwo calanoid copepods, Calanus plumchrus

and C. hyperborealis . Unfortunately, no specific values

— s ST

were given for the reactions of the two euphausiids. |t may
safely be inferred, however, that the euphausiids reacted
simlarly to the copepods Wwhen exposed to di fferent
hydrocarbons because, first, Lee comented on vari ous

differences he found using a hyperiid amphipod, Parathemiato
pacifica , and second, Harding and vass (1979) found simlar
upt ake rates on a per mg DW basis by T. raschii and Calanus
finmarchicua for DDT ingestion and clearance. According to
Lee, most of the uptake by the copepods was within the first
24 hours and nost of the clearance occurred wthin three
days, although some remained after 28 days. Naphthalene,
benzpyrene, and octadecane were successfully metabolized by
t he copepods. However, 500 ppb of Fuel al #2 caused
copepod nortality and paralysis occurred at 200 to 500 ppb .
Survival of copepod eggs was reduced from 75% to 40% in the
presence of 80 ppb of either |-methyl naphthalene or
1,2-dimethyl naphthelene, but not in the presence of either
naphthalene or nineral oil.
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S.2 Effects of Crude Ol WSF on T. raschii.

6.2.1 Limtations of Experinmental Data

Interpretation and discussion of the results fromthe tests
described in this report nmust be carefully qualified.
First, the euphausiids used for the tests were from a
sout heast Al askan population - of T. raschii: second,
experinental tenperatures were generally several degrees C
hi gher than summer tenperatures of water over the Al askan
Beaufort continental shelf; and, third, as explained in
Section 6.3, the experinental concentrations of crude oi
WSF and individual conponents “ may be quite different from

t hose experienced in a real oil spill.

6.2.2 Laboratory Test Results

No test reports of the effects of crude oil WSF on
euphausiids could be found in the scientific literature: the
pr esent study , t herefore, represents an i mpor t ant

contribution to the body of know edge concerning oil fate
and effects. The sensitivities of T. raachii |ife stages to
oil WBF concentrations can be presented in terns of the
hi ghest *'no effect* concentrations (Table 6-2) . Fromthis
table, it is clear that larvae were the |east sensitive, and
gravid females were the most sensitive stage tested (gravid
ferales were also the npst sensitive to handling and
shipping) .[1] Juveniles seenmed nore resistant to effects of
oil WSBF then adults. The hi ghest concentrations producing
“no effect” on mol t frequency wer e | owest for
non-reproductive adults and hi ghest for Juveniles.

1. No data wer e obt ai ned, however , for |arval nol t
frequency.
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TABLE 6-2

H GHEST *No EFFECT” wSF CONCENTRATI ONS FOR T. RASCHII
LI FE STAGES BASED ON SURVI VAL AND MOLT FREQUENCY

- — —— Ve D e G e e S Gm EE S R W Gm Ger M D A SO e Gl P M e it Gt S S A e e e G S e e An M A e W

Test Sur vi val Mol t Frequency
Day 4 Day 7 Day 10 End of Test
I. Adults 1.42 1.42 0.90 0. 90
Il. Gravid females 0.62 0.14 ---- 1.33
III. Larvae >1.96 >1.96% - - - - T
V. Juveniles 1.63 1.63 0.74** 1.63
* Day 6
= Day 11
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6.3 Conparison with Toxicity Data for other Marine Crustacea

A variety of marine crustaceans have been the subjects of
| abor atory bioassay tests USiNg hydr ocar bons. Thi s
di scussion is focused on Al askan species Of crustacea.

6.3.1 Ceneral Considerations

Direct conparison of data generated fromdifferent tests,
even of the same species, is difficult due to variation in
experi nment al par aneters. Static and flowthrough tests
yield di fferent results because t he hydr ocar bon
concentrations decrease wWith tinme during the static tests,
and mxing nethods may differ greatly. Exposur e net hods,

chem cal analyses, |ife stage and condition of test aninmals,
and tenperature are factors that can lead to differences in
results and misinterpretation of data. I n addressing these
concerns, Rice et al. (1979, p. 552> concl uded:
“Consequent |y, there is little point in
conpari ng ani mal sensitivities derived from
experinents of different investigators, al t hough

t he conparisons and conclusions within a study are
usual ly valid.”

W strongly agree wth Rice et al. on the validity of
conpari sons between studies. It iS obvious from Table 6-3
that the concentrations of aromatic hydrocarbons in
undi l uted WsF’s of Prudhoe Bay crude oil used in this study
were different fromthose neasured by Rice et al. (1985> in
their studies; concentrations in our study were |ower for
all aromatics reported. The relative proportions of the
nono- aromatics  (benzene, toluene, O-xylene) t 0 total
aromatics were simlar between the studies: proportions of
di-aromatics (naphthalenes) were |lower in our study. Thus
even though the source of crude oil was the same (Prudhoe
Bay»>, either the oil sanples thenselves, or the preparation
of WSF’a differed between studies.

The lack of oil WSF data for euphausiids, Or any pelagic
crustacean for that matter, forces us to use conparisons
with other studies, using other species, for points of
ref erence. Wth the preceding discussion in nmnd, t hese
conparisons are not directly usable, but serve as genera
guidelines im the application of the T._ raschii bl oassay
data to real-world estinmations. The published results Of
toxicity tests using Alaskan narine crustaceans and two

types of Al askan crude oil are presented in Table 6-4.
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TABLE 6-3

BETWEEN-STUDY COMPARISON
OF AROMATIC HYDROCARBON CONCENTRATIONS

. e e - - R . P i T - R A A e A WP M s o e e S R e S e A W M R e e e G e M e e e e e e e e =

Conponent PBCO-WSF PBCO-WSF CICO-WSF Fuel 0il
(a) (b) (b) WEF (b
Benzene 0. 757 - 0.823 1.8 3.2 0.21
Toluene 0.698 - 0.819 2.0 2.5 0.17
o-xylene 0.068 - 0.081 0. 28 0.35 0.12
m-p-xylene 0.129 - 0.149 0. 58 0.78 0.17
Naphthalene 0.011 - 0.021 0. 084 0.15 0. 15
1-Methylnaphthalene 0.013 - 0.014 0. 032 0. 066 0.13
2-Methylnaphthalene 0.012 - 0.014 0. 048 0.088 0.25
Ratio of all mono- 26.7 : 1 (b) 19.3:1 15.7:1 1.1:1

aromatic to di-
aromati ¢ hydrocar bons

PBCO
CICQ

Prudhoe Bay crude oi
Cook Inlet crude oi

(a) From this study, Test Series 2 (Tests II and II1D

(b) From Rice et al. 1985; Table 2
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TABLE 6-4

AL SENSITIVITY DATA FOR ALASKAN NARI NE CRUSTACEA

- e = - ——

SPELIES (a)

O L so REFERENCE REMARKS
USED (L) (ot ( b)

coonstripe shrimp, €ggQ
larva
larva
stage 1 larva
adul't
adul't
adul't
adul't
gravid fesle

huspy shrimp, adul t
adul t

adul t

stage 1 larva

pink shrinp, adult
adul't
adul't

dock shrimp, adult

kel p shring, adul t
adul t
adult

stage | larva

seooter Shrinp, adult
larva

adul t

adul t

stage | larva

grass shrimp, adul t
shrisp

pelagic crab
and shrimp

cico }14(20)0  Rice, et al. 1985 96hr, flow-through

PBLO  8.53(IR) Riceet al. 1975 9%hr, static
0 1.0(6C) L . :

CIC0 1.7(IR)  Brodersem, atal. 1977  9hr, static

PBCO  1.96(IRY Rice et al. 197S .

cice 27218 Rm et al. 1976

CICE  1.4(B0) . .

CIC0O 2.7(IR)  DBrodersen, ¢t gl . 1977 %hr, static

CiCD  1.4(8C) Broderson and Larls, 96hr, flow-through

I N prep.

PO 1.26(IR  Rice et al. 1975 %nr, Static

CICD 4,94(BC) Ricaat a. 1979 %hr, Static

CICO 2. OB  Brodersen, et al. 1977 %r, Static

CILD  1.7(IR) - M ' . -

9%hr, static
. ]

PBCO 2.11¢IM Rice, et al. 197S
CIco 243t Rice, at al, 1976 9%hr, stat i C

CICO &94(6C) Rice et al. 1979 %hr, static
cieo 0.01 am Rice, at al. 1975 %hr, Static
CICD 1.4(80) Rice et al. 192S 9%hr, flow-through
CICO 1.86(6C) Rice, at al . 1979 %hr, static

CICO 0.95(IR) Brodersen,etal . 1977 %hr, Static
CICO 1.1(IR)  Brodersem, et al . 1977 %hr, Static

PBCO LI} * ¢ -
PECO  6.36(IR)
CICO 1.46(IR) Rice, et al. 1976 . ‘

CICO 4.3(IR)  Brodersen, et Ql . 1977 %hr, Static
CIC0  0.95(IR)  ° . ' ' .

cico 0.8760) Rice, et al. 1979 %hr, Static

cie 0.67-1.26 Rice, at al 198S %br, flawthrough
(6C)

CICO 1-5(B0)  Rice, et al. 1925 %hr, flewthrough
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TABLE 6-4 (continued)

crab e 306-) 10 Rica, e al 1% %, flea-thraugl!
(60)
king crab 0 2.35(R Rica, et al. 1975 %hr, static
larva o S T Y0 () R .
adul t CICo 3.6960) Rica, et al. 1979 %hr, Static
adul t CICO 4&.2(IR)  Brodersen, et al. 1977 %, static
stage | |arva cIco  0.9%(IR . . .
Tamer crab, | arva cIco 1.TUIR ‘ . . .
purple chore crab e 8.45(K) Rica, et al. 1m %hr, Static
hairy hemit crab CICD ) 0. SaCy = . :
amphipod CICO )7.98(80) * °* . .
mysid ClD 19,0200 * . .

(a): coonstripe shrimp (Pandalus hypsinctus) (b): & = gaa chromatography
huspy shrisp {Pandalus goniurus) IR = infrared spectrophotometry
pink shrimp (Pandalus borealis]
dock shrimp (Pandalus danae)
kel p shrinp {Eualus suckleyi)
scooter shrimp (Eualus fabrici i)
grass shrimp (Crangon alaskensis)
king crab (Paralithodes castschatica)

Tanner crab {Chionoecetes bairdii)
purple shore crab (Hewigrapsis nutus)
hairy hermt crab {(Pagurushirstiticulus)
amphipod {(Orchomene pinguis)

mysid {(Acanthomysis pseudosacropsis)
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All of the studies represented in the table used seawater
soluble fractions of either Cook Inlet or Prudhoe Bay crude
oil, and were either static or flowthrough 96 hr tests.
The concentrations of hydrocarbons were nmeasured by either
infrared spectrophotometry (IR) Or gas chromatography (GC) .
IR analysis 1is nore sensitive to paraffinic hydrocarbons
than to aromatics: the aromatic conponents are generally
agreed to be nmore toxic (Rce et al. 1977) . Rice et al
(1979) discuss conparisons of |[|IR and GC analyses, and
concl ude that conpari sons cannot be nade.

Hydrocarbon toxicity data for euphausiids are not
available in the literature, so only conparisons wth other
crustaceans are possible. Shrinps and crabs, which compri se
the bulk of data in the table, are in the order Decapoda,
whi ch, like the Euphaugsiacea, IS a subgroup of the
Superorder Eucarida. This taxonomic relationship sonmewhat
val i dates conpari sons betweeen the euphausiid T._raschiji and

various shrinps and crabs. The ecology of these species is
al so inportant to consider. Pel agi ¢ species tend to be nore
sensitive to hydrocarbons than benthic species, Wwhich in
turn are nore sensitive than intertidal species (Rce et
al . 1985) . Data for pelagic decapod |arvae mght be simlar
to data for euphausiid | arvae.

6.3.2 Life Stage Sensitivities
The 96 hr LCgg data presented in Table 6-3 for shrimp
species have the followi ng ranges for life stages:

adults: 1.4 - 4.94 ppm<¢cCy; 0.81 - 2.72 ppm (IR>

eggs: >1.4 ppm <GC> (one value only>

| arvae: 1.0 ppm (GC> ; 0.95 - 8.53 ppm (IR)
(one val ue onliy»

Values for adults of the crabs tested tended to be higher
than the LCgqg's reported for adult shrinp; shore crab
hermt crab, “nysid and amphipod LCgqo's Wwere also generally
hi gher than for adult shrinp.
The 96 hr Lcgg values presented in this report for T.
raschii were:
adul ts: > 2.06 ppm <(GC>

gravid fenmal es: 1.33 - 1.96 ppm (GC»
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1 arvae: > 1.96 ppm (GC)
juveniles: > 2.18 ppm (&0

Several investigators have examned the sensitivities of
shrinp life atagea to oil WSF |evels. Broderson and Carls
(in preparation ) found that eggs of coonatripe sahrimp
(Pandalua hypeinotus) end kelp shrinp <(Eualua suckleyi)
survived exposure to oil WBF if the females <carrying them
survived; further, | arvae hatched from these eggs were
physiologically nore resistant to the WSF than fenales.
Eggs from weak and dying fenmales hatched into sw nm ng
| arvae, leading the authors to conclude that the shrinp eggs
were nore tolerant to WSF than adult fermales. Since eggs of
these species are carried by the female until hatching, the
LCgq's of the females were considered to be the inportant
values in a real-world situation. Egga of T. raschii, oOn

the other hand, are shed into the water before hatching,

and, if more resistant to oil WSF than fenales, may have
better survival than the adults in a spill situation

Larval shrinp and crabs are generally considered nore
sensitive to oil WSF than adults. First stage |larvae of
four shrinp species were “sonmewhat nore sensitive” than
adults in tests conducted by Broderson et al. €1977) .  Each
of several coonstripe shrinp larval stages (I - VI) tested

by these investigators had a different sensitivity to oil
WF , ranging from0.24 ppmfor Stage VI, to 1.9 ppm for
Stage |V |arvae. Larvae were considered nore vul nerable
perhaps due to their rapid growth and frequent nolting.
Mecklenberg et al. 1977 found that nolting |arvae of king
crab (Paralithades camtechatica) and coonstripe shrimp Were
4 to 8 tines nore sensitive to oil WSF than intermolt
| arvae. Exposure of nolting larvae to 1.15 - 1.87 ppm WSF
(IRY for as |ittle as 6 hours reduced nolt success by
10-30% wth some nortality resulting; while exposure for 24
hours or longer reduced nolting success by 90-100%, Wwth
death usually resulting. The |owest WSF test concentrations
(0.15-0.55 ppm> resulted in no reduction of nolting;
however, many exposed |arvae died after nolting.

The results of tests with T. raschii, presented in this
report,  provide i mportant = information not previously
available in the scientific literature. Larval T._ raschii
were found |less sensitive to oil WBF than adult or Juvenile
animale. Gavid female T. raschii appeared to be the most
sensitive of |ife stages tested. Unfortunately, neet gravid
females held in the | aboratory re-absorbed their eggs before
or during the bioassay testa, so data were not generated for
the effects of WSF on egg survival or hatching success. The
LCgp's for T. raschii are within the range of GG derived

LC5q's for shrimp species presented in Table 6-3 (1.4 - 4.94
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ppm and pel agic crabs and shrimp ¢(1-S ppm)>; however, these
cited values are fromteats using Cook Iniet crude oil, and

nost were staticCc bioassays.

6.4 Estimates of QI Spill Inpacts to T. raschii
Popul ati ons

6.4.1 Ol Spill Risk Analysis

An oil spill risk analysis was prepared for the southern
Alaskan Beaufort Sea as part of the Environnental Impact
Statenent for the Diapir Field Lease Ofering (MMS 1984),
Review of this analysis is instructive in relation to the
pot enti al effects of oil spills on euphausiid popul ations.
Primarily, the analysis was helpful in determining areas of
high wvulnerability to oil spill effects, and seasonal

consi der ati ons.

Figure 6-2 shows the oil transportation routes and spill
launch points wused in the risk analysis. Probability
estimates resulted in a total expected nunber of spilla of
29.3 over the 40 year |life of the Diapir Field: this total
includes 7.8 apills expected from the proposed devel opnents,
8.9 spills from existing 1leases, and 12.6 spills from
production and transportation of Canadian oil in the eastern
Beaufort. A 99+% chance of one or nore spills of 1,000
barrels <«bbl> or greater and of 10,000 bbl or greater was

predi ct ed.

Ol spill trajectory sinmulations were run for both the ice
covered (wnter) and open water  (sunmer) seasons. The
assessnment of inpacts to sea bird habitats included open
wat er areas used for feeding. As seen from Figure 6-3. the
area identified as the Bering Sea Intrusion has the highest
probability <¢40+%> of oil spill contact when conpared with
other seabird areas. This probability approaches 60% when
spills from existing |eases are included. Wnter spills
contribute a significant amount to these probabilities. o041
spilled beneath ice cover wi | | essentially becone
encapsul ated in the ice, and oil trajectories thus becone
ice trajectories. Breakup and thaw of ice cover will
rel ease essentially fresh oil to the water. Because of the
net westward flow of ice and surface currents in the
near shore Al askan Beaufort, oil spills during w nter east of
Barrow beconme factors in spill contact risk probabilities
for the Barrow area, including the Bering Sea Intrusion. The
Bering Sea Intrusion area is inportant seabird feeding
habitat as well as bowhead whale mnigration (and seasona
feeding) area (Figure 6-4).
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The Diapir Field EIS regarded the effect of oilspills oOn
pl ankton comunities to be MINOR in all cases except
uncontrolled blowuts, in which case effects could be
MODERATE. (23 The FEIS also concluded that contamination or
loss of seasonally abundant crustaceans in the Bering Sea
intrusion due to an oilspill could substantially increase
sea bird nortality during the fall mgration due to
reduction in food resource. It was also concluded that
detrinental changes in =zooplankton biomass relative to
bowhead whale feeding requirenments would be unlikely even
from a major oOil spill; primarily because of plankton
pat chi ness and rapid repopul ation of plankton conmunities.
During heavy ice years, however, when food could be [imting
to vertebrate consuners, i ncreased conpetition anong
vertebrates for reduced zooplankten popul ati ons could force
bowhead whales to rapidly leave the Al askan Beaufort and
rely on atored nutrients (MMS 1984).

6.4.2 Selection of Wrst Case Paraneters

The wuse of a o “wor st case™ situation requires sone
gual i fication. Esti mati on of worst case <conditions relies
heavily on the wuse of assunptions, particularly in the
present study where inportant data are non-existent. A
nunber of oil spills have been thoroughly docunented in the
past, and data are available describing the spread of oil
and effects to biological units. Each spill is different,
however, beginning wth the characteristics of the oi1l
invol ved, the general oceanographic patterns in the spil

area, the population structures of biological conponents,

and such fine-scale particulars as the weather on the day of

the spill.

The attenpt in the following sections is to build “' worst
case™ situations that are based on reality: the realitiy of
t he Beaufort Sea and our know edge of its environmental and
biological vari abl es. Thus, While WSF concentrations, for
exanmpl e, recorded during historical apills may have reached
10 or 20 ppm the potential levels estimated for the
Beaufort Sea scenarios are nuch |ess, based on experinenta
nodel s.

2. MNOR inpact: A specific group of individuals of a
popul ation in a localized area and over a short time period
(one generation) ie affected. MODERATE inpact: A portion of
a regional popul ati on changes in abundance and/ or
di stribution over nore than one generation, but is unlikely
to affect the regional population.
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and nodeling work for the Bering Sea.

Two oil spill scenarios were provided by NOAA for this
assessment , Wwith instructions to consider a “worst case”
si tuation. The provided scenarios defined t he type,

duration and coverage of spills, but not the location or
season. A worst case locatien and season therefore needed
to be sel ect ed.

As indicated previously, distribution and abundance data
for T_ raschii are relatively non-existent for the Beaufort
Sea. The evidence provided from bird and mammal studies,
however, points to the area of the Bering Sea Intrusion, off
Barrow, as a major feeding area for birds and manmal s t hat
are known to consune euphausiids. Work in the Canadian
Beaufort indicates that zcoplankton are nore abundant in
nearshore areas, especially areas of m xing between coastal
and of fshore waters (ESL 1982). In discussing the Beaufort
Undercurrent (= Bering Sea Intrusion), Aagaard (1984)
concl uded that ecroes shelf flow is frequent, and 1linka the
Beaufort Undercurrent with the nearshore. For t hese
reasons, and the resultse of apill contact probability
presented above, the Bering Sea Intrusion area off the
Pl over Islands was selected as the |ocation for a worst case
spill event.

Consideration of seasons indicated that August- Septenber
would be a worst case tinme for a spill event. 2ooplankton
abundance is likely to be at its peak during this ting,
following the open water phytoplankton nmaxi num  Again, bird
and manmal studies indicate that |arge concentrations of sea
birds and bowhead whales wutilize the Bering Sea Intrusion
area and nearshore waters east of Barrow during this tine
peri od. The observed die-off of euphausiide subsequently
washed up on the P1lover Islands was also during this
peri od.

6.4.3 Q| Spill Scenarios and |npact Estimates

The information and integrations required for estimation of
oil spill inpacts to T. raachii are outlined bel ow

1. Hypothetical Gl Spill Paraneters
1. Tine of year

2. Locati on

3. Quantity
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4,  Duration
2. Literature Review Data

1. Hydrographi c/oceanographic characteristics

2. Behavior of hydrocarbons in seawater

3. Biology of target species

4. Distribution/abundance of target species
3. Experinmental Results

1. Lethal effects of WSF on target species

2. Sublethal effects of WSF on target species
4, First Level Estinmates

1. Al spill transport

2. WBF distribution/concentration in water colum
5.  Second Level Estimates

1. Estimate of direct nortality to target species
life stages

2. Estimate of changes in fertility/fecundity of
target species popul ation

6. Third Level Estimates

1. Estimate of target species popul ation losses and
probabl e recovery potentia

Two 0il spill scenarios Were presented for this analysis.
Each ascenario is detailed below in the format presented in
t he previous outline.

Scenacrio 1

Ol Spill .Raraneters

Time of year: |late August - early September
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Location: Bering Sea Intrusion off Plover Islands
Quantity: 200, 000 bbl Prudhoe Bay crude oil

Dur ati on: | nst ant aneous; area covered and concentrations
maximum for 96 hours

Hydr ogr aphi c/ oceanographic  characteristics: open water,;
nearshore wi nd-driven westerly currents (MMS 1984); exchange
with Bering Sea Intrusion water possible (Aagaard 1984).

Hydrocarbon behavior in seawater: naxi mum concentrations
in water colum from dissolution = 0.6 ppm a O 2 m depth,
0.2 ppm at 2-7 m depth, 0.1-0.01 ppm at >7 m depth
(Thorsteinson 1984).

Water colum dynamics: stratified, thermo-haline (assuned)

Di stribution/abundance of T. raschii: unknown; maxi num

recorded density in Beaufort Sea = 510/1000 cu m hi gh
seasonal densities assunmed from bird and manmmal research.

Biology of T._ raschii: tinme of spawning unknown; fecundity
= 300-400 eggs/female; eggs shed into water, sink, 1larveae
ascend toward surface; natural nortality of eggs and |arvae
estimated at 98.2%; sexual nmaturity at age 2 (sone at age 1)
in Balsfjorden, Norway; euphausiids very motile, fast; form
| arge breeding swarma, and possibly large feeding awarms (as

in Euphausea superba),

Experi.nental Results

Lethal effects of WSF. 96 hr LCgg's = adults: >2.06 ppm

gravid fennles: 1.37 ppm | arvae: >1.96 ppm juvenil es:
>2.18 ppm

Subl ethal effects of WF: | onger intermolt period for
adul ts: 21.41 ppm gravid females: >1.96 ppm juveniles:
22.18 ppm. (Opbservations suggested that animals exposed to

>0.5 ppm were lesa healthy.

First level _Estimates

The scenario paraneters provided by NOAA included the
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maxima of sea surface areal coverage by the slick and
concentrations in the water columm renmaining steady over a

96 hr period. Maeximum Spill areel coverage is assunmed to be
168 sg km with WSF concentrations greater than ©.01 ppmin
an area of 407 sq km These Scenario paraneters were
devel oped and presented in the North Aeutian Shel f
Synt hesi s report (Thorateinson 1984) . The higheat

concentration of WSF observed Iin experinental situations or
predicted by spill di ssol uti on nodel s was 0.6 ppm
Therefore, for the First Level Estimate, an instantaneous
spill of 200,000 bbl (perhaps from a tanker accident) covers
168 sq kmin the area of the Bering Sea Intrusion off Plover
islands, with WSF concentrations reaching a maxi num of 0.6
ppmin the top few neters of the water colum.

Second Level Estimates

Direct nortality of eggs, larvae or adult T. raschii is
not expected as a result of this hypothetical spill.
Al though LCgq values are not available for eggs, they would
| i kel y not be exposed to hydrocarbons due to their sinking.
Larval stages would probably be at the greatest risk of
maxi mum exposure due to their ascent toward surface water

however, our tests indicate that the |larvae are |east
sensitive to WSF of |ife stages tested. Adult euphausiids
could certainly avoid contam nated waters if, in fact, they
can detect and are repulsed by hydrocarbons. Adul ts,
however, are not expected to be in the surface |ayers
except, perhaps, when in breeding swarns. (Adult T. raschii

in subarctic waters and in Arctic fjords of Norway are known
to be vertical migrators, having little if any contact wth
surface waters. The behavior of Beaufort popul ation,

however, especially in nearshore waters, is unknown, and may
prove very different.) The group at highest risk, in terns
of direct nortality, ia gravid femalea, Wth the highest “no
effect’* WSF concentration for survival (Table &-2> being at
the sane |evel aa maxi num WSF concentrati on expected during

the spill scenari o. Mortalities could be experienced in
this group if individuals were in the surface 2 m of water
for 96 hours; however, t he expected concentrations are the

bottom threshold fer nortality. Mortality to gravid females
would potentially decrease the fecundity of the |ocal
popul ati on; however, this inpact is considered very mnor in
terms of inpacts to future populations due to the high
natural nortality rate of euphausiid eggs and |arvae (98+%)

and the nmobility of |ocal populations. The success of any
particul ar euphausiid year class in a specific locality is
nore dependent on transport of individuals into the area

from out si de.
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Indirect nortalities are quite likely as a result of
increased predation on narcotized or weakened animals if
they are -exposed to near - surface concentrations of

hydr ocar bons. Interruption of nolt frequency was noted at
hi gh WBF concentrations, sonme animals nmay experience this
effect near the surface. The extent of these indirect

mortalities and sublethal effects is inpossible to estimte.
estimate.

Third Level Estimates

The impact of this hypothetical oil spill would be
NEGLI G BLE to M NOR, that is, the greatest inpact would be
that a specific group of individuals of a population in a
| ocalized area over a short period of time would be
af fect ed. Popul ati on loases would likely be mnimal, if
any. Any effects would not be carried through to the next
generation due to the replenishnment of |ocalized popul ations
from surroundi ng areas. The Bering Sea Intrusion mght act
as a diaspersal pathway for Bering Sea populations, whi ch
woul d seed the populations in the Beaufort Sea; euphausiid
popul ati ons east of Barrow would also be dispersed into the
apill area.

Scenar.i.o 2

Ol sSpill Paraneters
Time of year: late August - early Septenber
Location: East of Bering Sea Intrusion off Plover Islands
Quantity: 2,000 bbl/day Prudhoe Bay crude oil

Duration: Continuous; 5 days

Hydr ogr aphi ¢/ oceanographic characteristics: open water;
nearshore w nd-driven westerly currents (MVS 1984); exchange
with Bering Sea Intrusion water possible (Aagaard 1984),

Hydrocarbon behavior in seawater: maxi mum concentrations
in water colum fromdissolution = 0.6 ppmat O 2 m depth,
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0.2 ppm at 2-7 m depth, 0.1-0.01 ppm at >7 m depth; maxinmm
concentration under slick from source te 2 km dowwnd =
0. 6S ppm (Thorsteinson 1984),

Wat er col um dynam cs: stratified, thermo-haline
(assuned); w nd-driven westerly surface current.

Di stribution/abundance of T. raschii: unknown; maxi nmum
recorded. density in Beaufort Sea = 510/1000 eu m high
seasonal densities assunmed from bird and mammal research

= 300-400 eggs/female; eggs shed into water, sink, larvae
ascend toward surface; natural nortality of eggs and |arvae
estimated at 98.2% sexual maturity at age 2 (some at age 1)
in Balsfjorden, Norway; euphausiids very notile, fast; form
large Dbreeding awarms, and possibly large feeding swarms (as

Bi ol ogy of T._ raschii: tinme of spawning unknown; fecundity

e B e e i et o e S o s e
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Lethal effects of WSF: 96 hr LCgg's = adults: >2.06 ppm
gravid females: 1.37 ppm larvae:  >1.96 ppm juveniles:
>2.18 ppm.

Subl ethal effects of WF: |longer intermolt period for
adul ts: 21.41 ppm; gravid females: >1.96 ppm juveniles:
22.18 ppr. (bservations suggested that animals exposed to

>0.5 ppm were lesa healthy.

First Level Estinomtes

The scenario paranmeters provided by NOAA indicate a slick
size of 100 sq km and an area of 0.8 sq km wth WF
concentration greater than 0.01 ppm These scenario
paraneters were devel oped and presented in the North
Al eutian Shelf Synthesis report <(Thorsteinson 19843. The
hi ghest concentration of WSF observed in experi ment al
situations or predicted by apill dissolution models was 0.6
ppm  Therefore, for the First Level Estinmate, a continuous
spill of 2,000 bblsday (perhaps from a well bl owout) covers
100 sg kmin the area of the Bering Sea Intrusion off Plover
Islands, with WSF concentrations reaching a maxi mum of 0.65
ppm in the top few neters of the water colum.
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Second Level Estimates
The Second Level Estimate for this scenario is the sanme as

for Scenario 1. Direct nortalities to T. raschii are not
anticipated, or are very minor (NEG.I G BLE).

The Third Level Estimate for this spill scenario is the
same as for Scenario 1.
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7. .RECOMMENDATI.ONS. .FOR_ FURTHER STUDI ES

e —— —— s T

Several studies are recommended teo further the know edge of
T. raschii ecol ogy, i nteractions Wi th t he Arctic
envi ronnment, and responses to hydrocarbons in t he

envi ronment .
7.1 Ecology of T. raschii in the A askan Beaufort Sea

7.1.1 Distributionof T.raschii.in.the Alaskan Beaufort Sea

Dbjective. This study would describe the spatial and
tenporal distributions of T. raschii in the Al askan Beaufort
Sea, Wth an emphasis O0nh nearshore and offshore waters
proposed for oil and gas devel opnent. Few data presently
exist concerning the distribution of this species, thus,
predi cti ons of effects of devel opnent are speculative. Diel
vertical distribution is also included in the scope of this

study .

Proposed _Methods. Data collection should consist of
acoustical surveys and net sanples in specific areas during
open water seasons. Attempts should be nade to obtain
acoustic data from the U S Navy for ice-covered seasons.
The study design should also include following |arge
euphausiid awarms over a several day period to describe
daily distributions. Data woul d be analyzed and summari zed
to show diel and seasonal distribution

Schedul.e. The study should be conducted over a period of 2
to 3 years to determne year-to-year variability.

7.1.2 Relative Abundance of T. raschii in the Al askan
Beaufort Sea

Objectives . The relative abundance of T. raschii is little
known for the Beaufort Sea. Standard plankton sanpling
methods usually underestimate euphausiid abundance due to
the inefficiency of sanpling equi pnent . The lack of
abundance data restricts the ability of investigators to
estimate regi onal biomass, and thus, the role of euphausiids
in Arctic trophic dynam cs. Abundance relative to other
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zooplankters is also inportant in studies of vertebrate
consurmer feeding; for exanple, bowhead whales are thought to
consune nore copepoda in the eastern Beaufort and nore
euphausiids in the western Beaufort.

Proposed Methods- Techniques for estimating density and
biomassofeuphausiidswarms have been developed and used in
the Antarctic. Acoustica and net samples are used in this

wor k.

Schedul.e. The study should be conducted during open
wat er . Euphausiid swarms shoul d be sampled
opportuni stically when they are encountered.

7.1.3 Life H story Studies of Beaufort Sea Euphausiids

(bj.ecti.ves. No data exist describing the 1ife history of T.
raschii in the Al askan Beaufort. Data collected should
i ncl ude: distribution (spatial and tenporal) of eggs and
| arvae; timng of |arval devel opnent ; grow h rates,
including over wWinter; sex ratios of [|ocal populations or
swarnms; timng of spawning, and annual productivity. These
data are needed in order to wunderstand and predict the
di stribution, abundance and behavi or of euphausiids,
especially in relation to vertebrate consuner distributions,
and potential oil devel opnent inpacts.

Proposed Methods. Plankton sanpling should be schedul ed
once or twice per nonth in specific areas in order to track
the developnment of |ife stages. Sanples should also be
obt ai ned from past or present feeding studies of fish, birds
and marine manmals known to eat euphausiids. Ma 3 or
wash-ups, such as those described on the Plover |slands

should be sanpled to determine age and reproductive

condition of beached euphausiids.

Schedul e. The study should be conducted through two

consecuti ve open water seasons.

7.2 Study of the Bering Sea Intrusion Near Pt. Barrow

oj ectives. The Bering Sea Intrusion nmay be an inportant
feature Oof the western Beaufort Sea related to biol ogical
productivity. Seasonal concentrations of bowhead whal es,
sea birds, and other vertebrates have been described in the
ar ea. Cceanographic conditions in the area may be rel ated
to awarma of euphausiids and other planktera. The

inportance of this area, and its vulnerability to eil spill
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effects, needs to be assessed. The study would exam ne
oceanogr aphi ¢ conditionas and related biological events in
the area of the Bering Sea |ntrusion.

Proposed Methods. CTD casts woul d be made al ong transects
in order to describe the characteristics and distribution of
intrusion water and other maases. Concurrent sanples of
chl orophyl I, phytoplankton and =zocoplankton would be
col | ect ed. Data would be synthesized to det er m ne
rel ati onshi ps between water masses and productivity, species
conposition and diversity.

Schedul.e. The study should be conducted over a period of
several years in order to assess year-to-year variability.

7.3 Detection of and Reaction to Hydrocarbon WSF by T.
raschii

-Qoiect.i-ves. Mny oil effects estimates involving marine
animals assume that the organismin question will be exposed
to hydrocarbons if they co-occur in the water colum. Few
studies have examned the physiological and behaviora

responses of organisns to oil in water. This study would
exam ne the ability of T. rasechii to detect crude oil WSF at

various concentrations, ‘-and the behavioral responses to

these |evels. Results wll add inportant information for
future assessnments of oil spill effects on euphausiid
popul ati ons.

Proposed Met hods. Laboratory experinments will be designed
to test the detection ability of euphausiids for crude oil
WF . Once detection levels are established, additiona
experiments will be conducted to determ ne the behaviora
responses of euphausids to these WSF concentrations.
Possi bl e behavioral indices might include: repul sion and

flight, attraction, changes in feeding behavior, changes in
| oconot or behavior, changes in responses to environnental
stimuli such as light, pressure and tenperature.

Schedul.e. No specific schedule is proposed.

7.4 Additional G| WSF Bioasaays With T. raschii

Objectives. Additional bioassay experinments are proposed for
T. raschii to conplenent the results of the present study .
| nportant data not obtained from the present study included
sone longer-term effects of oil WF. The reproductive
success of adults exposed for 96 houras was not determ ned.
It was concluded that adults (except gravid fenmales) were
fairly tolerant to all but the highest concentrations of
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WsF : however, the subsequent reproductive success of these
ani mal s was not determ ned. Anot her long-term effect m ght
be the survival of animals exposed to WSF for 96 hours as
| arvae. Larvae were found to be highly tolerant to WSF, but
subsequent survival mght be af fect ed. Lar val nol t
frequency and egg survival also need testing.

Proposed -Met hods. Experinments will be designed in which
larval and adult T. raschii wll be exposed to various
levels of crude oil WSF for 96 hours. Test animals wll
then be cultured in clean water and survival conpared with
control groups. The reproductive success of females wll
also be determned relative to control animals (assumng
females will breed in the |aboratory situation).

Schedule. A specific schedule is not proposed for this
study .
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