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EXECUTIVE SUMMARY

In the three years following the Exxon Valdez oil spill a total of
3,127 sediment samples have been collected from the intertidal and
nearshore subtidal regions of Prince William Sound and the
northeastern Gulf of Alaska under Subtidal Study Number 1 (formerly
Air/Water Study Number 2). These sediment samples were collected
from 32 locations inside Prince William Sound and eight locations
outside the Sound.

Significant problems with the chemical analyses performed by GERG
of a subset of the group of samples submitted for analysis in 1990
have severely limited progress on the interpretation of results on
the spatial and temporal distribution of petroleum hydrocarbons in
subtidal sediments throughout the geographical area of study. Gas
chromatographic/mass spectrometric analysis has been completed on
174 of 1,188 (15%) of those samples collected from 32 locations in
Prince William Sound and eight locations outside the Sound in 1989~
90 and submitted to Technical Services Study Number 1 for analysis.
Problems of sample contamination were first detected in the spring
of 1991. Considerable effort has been spent to first document the
problems and then to determine the source and extent of
contamination. Damage to Subtidal Study Number 1 has not been
completely determined. The process of sorting out the samples that
have been compromised from those that have not is still in
progress. No samples collected in 1991 have been submitted for
analysis.

Results previously reported by Rice and O'Clair (1990) gave a
preliminary view of the spatial and temporal variability in the
degree of contamination of benthic sediments by o0il. Within Prince
William Sound subtidal sediments were contaminated by o0il at no
fewer than 11 sites in 1989. Subtidal sediments were found to be
contaminated by o0il at four more sites in June 1990 (no samples
collected in 1989 from these sites have been analysed).
Hydrocarbon contamination of sediments had reached a depth of 20 m
in a minimum of 7 sites in 1989. One more site was found to have
contaminated sediments to 20 m in June 1990.

The highest level of total hydrocarbons (defined as the sum of the
total aromatic hydrocarbons, total alkanes and unresolved complex
mixture) reached 507 ug/g (ppm) wet weight in a sediment sample
collected at about 0 m (mean lower low water) at Northwest Bay in
July 1989. This sample contained a concentration of total aromatic
hydrocarbons (14 ppm) about 50-100 times the concentration of
aromatics found in pre-spill, O-tide level sediments (Rice and
O'Clair 1990). The greatest concentration of total hydrocarbons
found in sediment samples from June 1990 was 220 ug/g at 0 _
Block Island. Concentrations of total hydrocarbons exceeding 100
pg/g occu ¢ <« Lly at lock ! 1d (0 and 6 © 7 77 ilest Bay
(3-20 m) in June 1990.



Examination of temporal changes in the contamination of sediments
by o0il at Sleepy Bay in 1989 revealed that there may have been a
trend for petroleum hydrocarbons to move from the intertidal region
to greater depths (3, 6, and 20 m) between May and November 1989.
Northwest Bay and Herring Bay showed some tendency toward an
increase in contamination of the 6 and 20 m depths between July
1989 and June 1990.

Rice and O0'Clair (1990) found that outside Prince William Sound at
least 7 sites along the Kenai and Alaska Peninsulas  showed
contamination of subtidal sediments by hydrocarbons. Petroleum
hydrocarbons were detected below a depth of 6 m at three sites. No
more sediment samples have been analysed from outside Prince
William Sound under Air/Water Study Number 2 or Subtidal Study
Number 1.

OBJECTIVES

A. Determine occurrence, persistence, and chemical
composition of petroleum hydrocarbons in subtidal
marine sediments at selected sites in Prince William
Sound and the northeastern Gulf of Alaska.

B. Describe spatial (geographical and bathymetric) and
temporal distributions of petroleum hydrocarbons in
subtidal sediments.

C. Provide marine sediment data to assist agencies in mass
balance calculations on the fate of o0il in the marine
environment.

D. Relate subtidal o0il concentrations to adjacent

intertidal concentrations and other studies.

E. Identify potential alternative methods and strategies
for restoration of lost use, populations, or habitat
where injury is identified.

INTRODUCTION

Initial results from gas chromatographic/mass spectrometric (GC/MS)
analyses of subtidal sediments collected in Prince William Sound
and the northeastern Gulf of Alaska following the EXXON Valdez oil
spill have allowed some preliminary interpretations of the spatial

and temporal patterns of distribution ¢ petroleum hydrocarbons
within and outside Prince William Sound during 1989 (Rice and
O'Clai 1990). I 2 atter : - extend the *reliminary

interpretatic-~ of Rice and 0O'__air (1990) based on GC,mS analysis



of sediment samples collected in Prince William Sound in June 1990.

In addition to the present project assessing contamination of
subtidal sediments by petroleum hydrocarbons, three projects funded
under Air/Water Study Number 2 or Coastal Habitat Study Number 1 in
1990 were included in Subtidal Study Number 1 in 1991. All three
were conducted by the University of Alaska Fairbanks. The goal of
the first project was to assess the potential for 'in situ'
biodegradation of selected hydrocarbon substrates at various sites
in Prince William Sound. The second project titled "Injury to Deep
Benthos" examined the responses to the o0il spill of infaunal
communities below a depth of 20 m. The third study examined the
effects of the o0il spill on infaunal communities associated with
eelgrass and Laminaria beds in Prince William Sound. This report
covers only those objectives listed above. Results of the other
three projects encompassed by Subtidal Study Number 1 will be
reported elsewhere.

STUDY METHODOLOGY

Sediments were sampled at 21 sites in Prince William Sound (10
reference sites and 11 contaminated sites) in 1991. Sampling was
conducted during three periods (27 April to 2 May, 15-25 June and
5-9 September; Table 1).

Three samples each a composite of 8 subsamples collected randomly
along a 30 m transect laid parallel to the shoreline were taken at
each intertidal site. These samples were collected at low tide or
by divers. Intertidal collections were made at a single tidal
height in the range of +1 to -1 m relative to mean lower low water
(MLLW) depending on the distribution of fine sediments.

Subtidal sediment collections were made at a depth of 6 m below
MLLW in April/May and September and at depths of 3, 6, 20, 40 and
100 m in June. Additional sediment samples taken at 140 m at
selected locations. Only the 40 and 100 m depths were sampled at
West Bay (Table 1). Collections at 3, 6 and 20 m were be made by
divers on transects laid along the appropriate isobath and sampled
in the same way as described above for the intertidal transects.
Samples taken at depths below 20 m were collected with a stainless
steel Smith-McIntyre grab. Three grabs were taken at each depth.
Four subsamples were removed at randomly selected points within
each grab. The subsamples were combined to form one sample per
grab. The samples were taken at the same sites as those where
" :nthos was collected (results of the deep benthos project of
Subtidal Study Number 1 are reported elsewhere), however sediments
were taken from a diff rab than were the benthos samples
because the volume remon sediment hydrocarbon analysis wc )
have jeopardized the quality of the benthos samples.



All samples collected by hand (including those removed by hand
from the Smith-McIntyre grab) were taken from the surface (top 0-2
cm) of the sediment column. Samples taken by hand in the
intertidal region were collected using a stainless steel core tube
(2.5 cm inside diameter), spoon or stainless steel scoop. Each
subsample was transferred to a sample jar using a spatula or
deposited directly from the spoon or scoop. All implements were
washed, dried and rinsed with methylene chloride between sampling
periods. Sample jars were purchased clean according to EPA
specifications. The jars were fitted with precleaned teflon lined
caps. Samples were kept cool then frozen within 1-2 hours after
collection. Appropriate blanks were collected at each site.
Standard operating procedures for sediment sampling were followed.
Chain of custody procedures were followed after collection of all
samples.

Technical Services Study Number 1 has promulgated a set of
provisional criteria for determining the presence of petrogenic
hydrocarbons. The criteria comprise the following indices: 1. the
pristane/phytane ratio, 2. the Carbon Preference Index (CPI,
Farrington and Tripp, 1977), 3. the unresolved complex mixture
(UCM) and 4. the number of compounds that are present from the
naphthalene, phenanthrene and dibenzothiophene groups of aromatic
hydrocarbons. A low value (1-3) for CPI indicates high
concentrations of petrogenic hydrocarbons as does a large UCM and
a large proportion of possible naphthalene, phenanthrene and
dibenzothiophene compounds. A high pristane/phytane ratio
generally indicates the absence of petrogenic hydrocarbons. For
the purposes of the present report we follow the determination of
Technical Services Study Number 1 of the presence or lack of
petroleum hydrocarbons 1in sediments analysed with a gas
chromatograph/mass spectrometer.

STUDY RESULTS

A total of 3,127 sediment samples (including 402 in 1991) have been
collected in Prince William Sound and along the shores of the Gulf
of Alaska from Prince William Sound to the Shumigan Islands in the
three years following the Exxon Valdez o0il spill. We have
submitted 1,188 sediment samples of those collected in 1989 and
1990 for analysis by gas chromatography/mass spectrometry (GC/MS)
under the Hydrocarbon Analytical Support Services Study (Technical
Services Study Number 1). The samples were collected from the
intertidal region and from subtidal depths at selected sites in
Prince William Sound in 1989 and 1990 and along the Kenai and
Al 3k Peninsulas in 1989 (Figures 1 and 2). Hydrocarbon analysis
is complete for 134 samples submitted from Prince Wil.iam _>und and
40 samples submitted from the Kenai and Alaska Peninsulas (Tables
2 and 3). Because (« Ly 111 percent (5.6%) of ti s
collected to date have been anal-'~~d and appear to be tree of
analytical problems our results at tnis stage are PRELIMIN""Y.
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In the spring of 1991 major problems apparently resulting from
sample contamination were discovered in a subset of samples
collected in 1990 and analysed by GERG. A considerable amount of
time has been spent to determine the source and extent of the
contamination problem. We are not confident that samples analysed
after the date when the apparent analytical problem first arose are
free of contamination. None of the samples collected in 1991 have
been submitted for analysis. Statistical analysis of the data
collected under Subtidal Study Number 1 has progressed 1little
because of the paucity of samples for which chemical analysis is
complete and uncompromised. Beginning 1 October 1991 a new effort
was initiated to determine which groups of samples and which
samples within groups are contaminated. This effort is still in
progress.

Samples analysed subsequent to our 1990 report (Rice and O'Clair
1990) and discussed herein were collected in June 1990. These
included samples from four reference sites (Ewan Bay, Macleod
Harbor, Olsen Bay and Paddy Bay) and three oiled sites (Disk
Island, Eshamy Bay and the "NOAA" site at Green Island; Table 2)
not included in Rice and 0'Clair (1990). June 1990 analytical data
were available for five of the 18 locations in Prince William Sound
for which some hydrocarbon analysis was complete in 1990. No
hydrocarbon analyses were available for samples collected outside
Prince William Sound in 1990.

The results of the hydrocarbon analyses obtained thus far indicate
that subtidal sediments at no fewer that 11 locations showed
unequivocal contamination (as judged by Technical Services Study
Number 1) by petrogenic hydrocarbons in 1989 (Table 4). Four
additional sites were found to have contaminated subtidal sediments
in 1990. Sediments were contaminated at all subtidal depths
sampled down to 20 m at one of these sites (Disk 1Is.). Five
locations showed a similar pattern of "continuous" contamination
down to 20 m in 1989. Hydrocarbon analyses from 1990 were
available for only two of those locations; one location (Northwest
Bay) continued to show sediment contamination to 20 m in June 1990.
Two bays (Northwest and Sleepy Bays) suffered relatively low level
contamination at 100 m in 1989. As of this writing no hydrocarbon
analyses were available for depths greater than 20 m in 1990 (Table
2).

The greatest concentration of total hydrocarbons (THC, defined as
the sum of the total aromatic hydrocarbons, total alkanes and
unresolved complex mixture) reached in samples thus far analysed
was 507 upug/g wet weight of sediment at about 0 m (mean lower low
wate ) at Northwest Bay in July 1989 (Table 4, Figure 3a).
Concentrations of THC exceeding 100 pg/g occurred at 0 m at Herring
Bay in May, July and September and at shallow subtidal depths (in

the range 3 - 10 m) at three 1c Lo [ ay of 1 , Block Island
and Northwest Bay) in the fall of 1989 ‘m™~“le 4, Figure 4A\,
Incomplete data from June 1990 showed THC cc 1trations exceed.ny

9



100 ug/g at Block Island (0, 6 m) and Northwest Bay (3-20 m). The
greatest THC concentration recorded thus far in Prince William
Sound in 1990 was about 220 ug/g at 0 m at Block Island (Table 4).

Concentrations of THC in the benthic sediments of contaminated
sites decreased rapidly below mean lower low water in 1989
generally reaching levels below 50 pg/g wet weight at 6 m at most
sites in Prince William Sound for which results were available
(Table 4, Figures 3a and 4a). Two heavily contaminated sites
(Northwest Bay and Herring Bay) showed some tendency toward greater
contamination of 6 and 20 m depths in June 1990 than in July 1989
(Table 4, Figures 3a and 4a). This tendency received stronger
support at Herring Bay where the concentration of dibenzothiophenes
(one of the groups of compounds characteristic of petrogenic
hydrocarbons) as well as THC appeared elevated at these depths
(Figure 4b). The concentration of dibenzothiophenes at Northwest
Bay appeared to increase only at 6 m between July 1989 and June
1990 (Figure 3b). Though quite incomplete (eg. the 1990 data
consist of one sample at each depth), these results are consistent
with those reported by Rice and O'Clair (1990) for Sleepy Bay where
there was some evidence indicating a trend of movement of oil to
greater bathymetric depths with time between May and September,
l989.

Rice and O'Clair (1990) presented evidence of contamination of
subtidal sediments by petroleum hydrocarbons at seven of eight
sites outside Prince William Sound for which analytical results
were available (Figures 2 and 5). The concentration of total
hydrocarbons in the sediments was relatively low never exceeding 35
pg/g wet weight. At most sites hydrocarbon contamination was
confined to shallow sediments. However, petroleum hydrocarbons
were detected in sediments below a depth of 6 m at Black Bay,
Chugach Bay and Chignik Bay with contamination apparently reaching
100 m at Black Bay (Figure 7). No additional hydrocarbon data has
become available from outside Prince William Sound since Rice and
O'Clair (1990).

STATUS OF INJURY ASSESSMENT

The paucity of completed GC/MS analyses supplied by Technical
Services Study Number 1 continues to hamper interpretation of the
geographical and bathymetric trends and the temporal changes in the
distribution of 0il in subtidal sediments in Prince William Sound
and the northeastern Gulf of Alaska. Examination of the analytical
data received to date has allowed us to set a lower limit on the
number of =~ cations that suffered contamination of subtidal
sediments by petroleum hydrocarbons and to provide a preliminary
sketch of the bathvmet .c distribution of hydrocarbon contamination
at those sites. ...ese estimates s 4 L distribution of
petroleum hydrocarbons withii the study area are probably
conservative and will be updated as more chemical data becomes
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sailable. Analytical “ita 1 :¢ "ved by us in 1991 provides modest
support for the notion that o0il moved to greater bathymetric depths
at heavily contaminated sites from July 1989 to June 1990.

When hydrocarbon analysis is complete on those sediment samples
that we have placed in the analytical queue we can adegquately
describe the temporal and spatial distribution of o0il in subtidal
sediments in Prince William Sound in 1989 and 1990 and should have
enough data to test statistically the spatial and temporal factors
influencing hydrocarbon distribution in the Sound. Additional
samples must be analysed before we can adequately interpret the
trends in data on the distribution of o0il in sediments outside
Prince William Sound. We have not submitted further samples for
analysis since February 1991 for reasons given below.

In late spring 1991 it was brought to our attention that the
analytical results from five sample catalogues analysed under
Technical Services Study Number 1 were probably unreliable (Short,
unpublished data). These catalogues involved samples analysed in
December 1990 including samples collected chiefly after June 1990
although some samples collected in June 1990 were affected.
Consequently, we have refrained from including results from these
catalogues and from all catalogues analysed subseqguent to December
1990 in the present report. We will remain cautious about
reporting on data from these catalogues and will hold back samples
identified for future hydrocarbon analysis until our confidence in
the reliability of the sample analyses performed under Technical
Services Study Number 1 is restored.

11
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Table 1

Location of sites in Prince William Sound where intertidal and
A dash indicates
that no sampling was conducted during the time period shown.

subtidal sediment samples were collected in 1991.

' Ngrth . Wgst Depths2
Location Latitude | Longitude
o ' w o ' " | Apr/May Jun Sep

Bay of Isles 60 23 00 | 147 44 54 - C -
Block Island 60 31 49 | 147 36 24 - B -
Chenega Island 60 19 49 | 148 00 24 - C -
Disk Island 60 29 55 147 39 40 - B -
Drier Bay 60 19 12 147 44 00 - C -
Eshamy Bay 60 26 54 | 147 58 30 A - A
Ewan Bay 60 22 00 148 08 00 A - A
Fox Farm 59 58 26 148 10 30 A - A
Herring Bay 60 25 51 | 147 47 06 A C A
Iktua Bay 60 06 00 147 59 42 A - A
Lower Herring 60 24 12 | 147 47 48 - o -
Bay
MacLeod Harbor 59 53 43 | 147 45 48 - B -
Moose Lips Bay 60 12 30 | 147 18 06 - B -
Northwest Bay 60 33 07 | 147 34 36 - B -
Olsen Bay 60 45 05 146 11 13 A B A
Paddy Bay 60 25 00 | 148 06 00 A - A
Rocky Bay 60 20 19 147 07 59 - B -
Sleepy Bay 60 04 01 [147 50 11 A o A
Snug Harbor 60 15 46 147 45 55 A B A
West Bay 60 52 21 146 47 54 - D -
Zaikof Bay 60 16 53 147 02 19 - B -

1. Latitude/Longitude refers to the "0" m site at each location

where "0O" is " >wer low water (MLLW).

2. Letters in body le indicate depths sampled relative to

MLLW: A
100,

0,
140 m. D =

6 m; B =0,
40,

3,
100 m.

6, 40, 100 m; C =0, 3, 6, 20, ),

--
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Table 2
Location, date of sampling, depth of collection and number of
sediment samples from Prince William Sound for which hydrocarbon
analysis is complete.

o Ngrth Wgst 3 Samplg
Location Lgtl?udﬁ Lgngl?udﬁ Date Depth Size
Applegate Is. 60 37 40 148 08 19 Nov 89 A 1
Bay of Isles

Site 86 60 22 37 147 42 27 Nov 89 A 1
Site 90 60 22 53 147 42 45 Nov 89 B 4
NOAA 60 23 00 147 44 54 Jun S0 N 2
Site 90 60 22 53 147 42 45 Jun 90 0O 1
Block Is.
Site 7 60 31 49 147 36 10 Nov 89 A 1
Site 47 60 31 49 147 36 26 Nov 89 A 1
Jun 90 L 3
Chenega Is. 60 19 49 148 00 24 Nov 89 A 1
Disk Is. 60 29 55 147 39 40 Jun S0 C 4
Eshamy Bay 60 26 56 147 58 26 Jun 90 E 2
Ewan Bay 60 24 10 148 09 24 Jun 90 E 2
Fox Farm 59 58 26 148 10 30 Jul 89 F 5
Green Is.
Site 22 60 17 57 147 25 06 Nov 89 B 4
Jun 90 C 4
NOAA 60 16 18 147 26 18 Jun 90 H 1
Herring Bay 60 25 51 147 47 06 May 89 E 6
NOAA Jul 89 I 8
" Sep 89 c 4
Site 53 3 26 34 147 50 1A Nov 89 B 4
Site 125 vo 29 20 -a. <3 07 Nov 89 A
Site 110 60 26 34 148 47 12 Nov 89 A 1
NOAA 60 25 51 147 47 06 Jun 90 C 4

14



North West Sample
Location Latitude | Longitude Date Depth Size
Herring Bay
Site 125 60 29 20 147 43 07 Jun 90 C 4
Ingot Is. 60 31 41 147 39 09 Nov 89 B 4
Lone Is. 60 41 48 147 44 48 Dec 89 A 1
MacLeod Hbr. 59 58 28 147 45 24 Jun 90 G 3
NE Knight Is. 60 26 21 147 37 44 Nov 89 A 1
Northwest Bay 60 33 04 147 34 36 Jul 89 J 12
NOAA Sep 89 D 3
Site 4 60 33 03 147 34 42 Nov 89 ) 1
Site 5 60 32 37 147 36 09 Dec 89 K 2
NOAA 60 33 04 147 34 36 Jun 90 C 4
Olsen Bay 60 44 45 146 12 42 May 90 L 3
Paddy Bay 60 25 06 148 05 45 Jun 90 E 2
Port Fidalgo 60 50 17 146 16 30 Dec 89 A 1
Rua Cove 60 20 55 147 38 27 Nov 89 A 1
Sleepy Bay 60 04 01 147 50 11 May 89 E 6
NOAA Jul 89 M 15
Sep 89 G 3
Site 43 Nov 89 B 4
Smith Is. 60 31 48 147 20 49 Dec 89 B 4
Snug Harbor
NOAA 60 15 46 147 46 02 Jul 89 G 3
Site 25 60 14 13 147 43 58 Nov 89 B 4
NOAA 60 15 46 147 46 02 Jun 90 E 2
Site 25 60 14 13 147 43 58 Jun 90 G 3
Two Moon Bay ;' - T K 2

1. At locatious wuere pocl i it ~f Fruironmental
Conservation (ADEC) and National ©Oceanic and aAuwmospueric
Administration (NOAA) sites were established the ADEC sites are
nunbered. All locations sampled in November or December 1989 are
ADEC sites.
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2. Latitude/Longitude refers to the "0" m site at each location
where "0" is mean lower low water (MLLW).

3. Letters in body of table indicate depths relative to MLLW at
which completed samples were collected: A =3 m; B =3, 6, 10, 20
m; C=0, 3, 6, 20m; D=3, 6, 20m; E=0, 6m; F =0, 3, 6, 20,
40 m; G=0, 3, 6m; H=0m; I =0, 3, 6, 20, 40, 100 m; J = 0, 3,
6, 12, 20, 30, 40, 100 m; K= 3, 20m; L =0, 6, 20 m; M = 3, 6,
20, 40, 100 m; N =6, 20 m; O = 20 m.

4. Number of samples for which hydrocarbon analysis is complete.
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Date

Location Depth | n 0il THC SE TAH SE TAL SE
pra/g9 ng/g ng/g

Disk Is. Jun 90 6 1 Y 14.5 - 36.2 - 425.3 -

20 1 Y 99.3 - 227.7 - 1490.3 -

Eshamy \y Jun 90 0 1 Y 66.4 - 87.4 - 16462.3 -

6 1 Y 32.1 - 73.4 - 1509.9 -

Fox Farm Jul 89 0 1 Y 31.2 - 63.4 - 682.9 -

3 1 Y 15.0 - 327.6 - 1122.1 -

6 1 Y 14.6 - 120.0 - 611.5 -

20 1 N 3.6 - 1.0 - 281.7 -

40 1 N 5.8 - 2.1 - 270.4 -

Gree ~sland Nov 89 3 1 Y 22.4 - 155.3 - 343.6 -

Site !2 6 1 Y 36.0 -~ 148.3 - 508.2 -

10 1 N? 14.5 - 24.5 - 292.1 -

20 1 Y 10.2 - 91.2 - 355.4 -

Site 22 Jun 90 0 1 Y 19.6 - 110.3 - 534.1 -

3 1 Y 10.8 - 70.0 -~ 470.9 -

6 1 Y 19.0 - 115.7 - 567.6 -

20 1 Y 13.6 - 66.0 - 312.5 -

NOAA Jun 90 0 1 Y 16.6 - 91.0 - 792.6 -
Herri..g Bay May 89 0 3 Y 111.2 27.7 992.1 | 221.8 3976.4 | 1116.6
NOAA 6 3 Y 28.2 9.9 59.4 11.7 701.6 50.6
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Date

Location Depth | n 0il THC SE TAH SE TAL SE
(m) ua/g ng/g ng/g
Northwest Bay Sep 89 6 1 Y 133.1 - 584.0 - 2946.8 ~
NOAA 20 1 Y 54.0 - 186.8 - 1193.1 -
Site 4 Nov 89 10 1 Y 307.6 - 718.0 - 2879.3 -
Site 5 Dec 89 3 1 Y 31.4 - 175.8 - 888.2 -
20 1 Y 34.4 - 182.8 - 865.2 -
NOAA Jun 90 0 1 Y? 38.0 - 152.0 - 1276.4 -
3 1 Y 132.1 - 577.3 - 1650, 2 -
6 1 Y 124.2 - 362.7 - 1452.8 -
20 1 Y 173.5 - 250.6 - 1416.0 -
Point Helen Nov 89 3 1 N? 20.7 - 6.8 - 46.4 -
Rua Cove Nov 89 3 1 Y 41.0 - 215.6 - 800.0 -
Sleepy Bay May 89 0o |3 ' 22.0 | 2.1 146.9 | 12.7 602.3 79.1
NOAA 6 3 Y 31.2 5.0 188.3 36.0 1207.0 278.7
Jul 89 3 3 Y 24.7 2.9 131.5 17.1 587.5 107.1
6 3 Y 13.9 0.9 40.6 3.6 239.7 14.7
20 3 Y? 17.6 0.9 219.1 29.4 525.9 18.9
40 3 Y? 12.5 1.0 161.2 23.4 427.4 28.4
100 3 Y? 15.4 3.2 684.8 | 329.2 907.9 72.7
Sep 89 0 1 N 10.7 - 1.8 - 260.8 -
3 1 Y 49.2 - 176.0 - 847.5 -
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure Legends

Distribution of study sites in Prince William Sound.
Numbers with asterisks indicate 1locations for which
hydrocarbon analysis is complete on selected 1989 and
1990 samples. See Table 1 for a list of the sites
sampled in 1991 and for the geographical coordinates of
each site. Numbered locations are: 1, Olsen Bay; 2, Port
Fidalgo; 3, West Bay; 4, Northwest Bay; 5, Block Island;
6, Smith Island; 7, Disk Island; 8, Herring Bay; 9,
Eshamy Bay; 10, Paddy Bay; 11, Ewan Bay; 12, Lower
Herring Bay; 13, Chenega Island; 14, NE Knight Island;
15, Bay of Isles; 16, Drier Bay; 17, Green Island; 18,
Snug Harbor; 19, Moose Lips Bay; 20, Rocky Bay; 21,
Zaikof Bay; 22, Iktua Bay; 23, Sleepy Bay; 24, Macleod
Harbor; 25, Fox Farm.

Distribution of study sites outside Prince William Sound.
Numbers with asterisks indicate 1locations for which
hydrocarbon analysis is complete on selected 1989
samples. See Table 2 for the geographical coordinates of
each site. Numbered locations are: 1, Fox Island; 2,
Agnes Cove; 3, Taroka Arm; 4, Black Bay; 5, Mc Arthur
Cove; 6, Tonsina Bay; 7, Gore Point; 8, Port Dick; 9,
Windy Bay; 10, Chugach Bay; 11, Seldovia Bay; 12, Ursus
Cove; 13, Amakdedori Beach; 14, Douglas Beach; 15,
Ushagat Island; 16, Andreon Bay; 17, King Cove; 18, Cape
Douglas; 19, Hallo Bay; 20, Katmai Bay; 21, Halibut Bay;
22, Wide Bay; 23, Chignik Bay; 24, Ivanof Bay; 25,
Zachary Bay.

Change in the concentration of hydrocarbons with
bathymetric depth at Northwest Bay in July 1989 and June
1990. a. Change in the concentration of total
hydrocarbons with depth. b. Change in the concentration
of total dibenzothiophenes with depth. A "Q" indicates
that the petrogenic origin of the hydrocarbons is in
question. Error bars are one standard error of the mean.

Change in the concentration of hydrocarbons with
bathymetric depth at Herring Bay in July 1989 and June
1990. a. Change in the <concentration of total
hydrocarbons with depth. b. Change in the concentration
of total dibenzothiophenes with depth. An "N" indicates
that the hydrocarbons in the sample(s) were not of
petrogenic origin. Error bars are one standard error of
the mean.
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Figure 21.
Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.
Figure 33.
Figure 34.
Figure 35.
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Figure 37.
Figure 38.

K-dominance curves for benthic organisms collected

at40 min Zaikof Bayinduly 1990. ......... ... ... . i, 52
The percent abundance of feeding types at stations at

40 m at oiled sites from data collected July 1990 in
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collected in 1990, the 1.0 mm and 0.5 mm fractions were sorted. The organisms from
both fractions were combined prior to analyses. In the next report, organisms from
0.5 mm fractions will also be examined.

In most benthic biological studies, as well as the study reported here, organisms
collected by grab and subsequently used in analyses include infaunal macrofauna,
slow-moving macrofaunal surface dwellers, and small, sessile epifauna (inclusive of
amphipods). Highly motile epifauna such as large gastropods, shrimps, crabs, and
sea stars (except the infaunal sea star Ctenodiscus crispatus) are not adequately
collected by grab and are usually excluded from analyses. The latter types of
organisms were deleted in the present study as well. Since 0.5 mm mesh fractions
were collected and sorted, it is appropriate to include larger representatives of the
meiofauna, many of which are retained quantitatively by this screen. Thus, the
following organisms are included in the analyses: nematodes, tardigrades, ostracods.
harpacticoid copepods, tanaids and cumaceans. Although Foraminifera were
common at some stations, most specimens examined appeared to have been dead at
the time of collection. Additionally, the considerable amount of sorting time (up to 60
hours per 0.5 mm replicate) mandated that this group be deleted from the analyses.
Thus, Foraminifera are not included in the analyses; however, all samples containing
Foraminifera are archived.

Prior to the analysis of the first year of data (for 1990), it was decided by the peer-
review group for this project that it would be appropriate to identify organisms to the
family or higher taxonomic level (and wherever possible to identify to species level) in
order to complete analyses in a reasonably appropriate time at an acceptable cost.
The Principal Investigator (H. M. Feder) approved of this suggestion since at least
two well-known benthic biologists have utilized the family approach to analysis of
benthic data. A quote from one of these paper summarizes the validity of using the
Family or higher taxon approach to identification.

“Although [diversity indices are] normally applied to species, Pielou
(1974) has shown that the overall diversity of a community is comprised of
hierarchial components, family, genus and species, and thus the concept
can be applied to families. Examples of the calculation of hierarchial
diversity are provided by Lloyd et al. (1968) and Valentine (1973). We
[and in my investigation in Prince William Sound] have considered family
diversity and evenness as useful for describing trends within our
communities and do not imply a direct comparison with species indices.”

Generic and specific designations of common species are included in the raw data
sheets and the computer printouts whenever these categories are known. In fact,
most dominant and many rare taxa were identified to species and/or genus. A recent
paper by Warwick (1988) and other papers (Rosenberg, 1972, Heip et al., 1988)
11 ate that betterres T i 77 ‘ate data emerges when taxonomic levels
higher than species are used. However, availability of generic and specific names for
common organisms on computer printouts still ke it possible to . imine station
data in more detail if any of these taxa are abundant.

All 1individuals will be counted and weighed. Approximate carbon values for all wet-

weights are calculated (see Appendices A and B for further details on methodology),
and biomass values are reported in wet weight and carbon weight.
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STATIONS OCCUPIED ON CRUISE OF 1-23 JULY 1990,
NOAA SHIP DAVIDSON

The location data for stations occupied on the NOAA Ship Davidson in July 1990 are
summarized in Table 1. All samples were processed on shipboard with nested 1.0 and
0.5 mm screens. -

STATIONS OCCUPIED ON CRUISE OF 13-25 JUNE 1991
ON THE BIG VALLEY

The location data for stations occupied on the Big Valley in June 1991 are
summarized in Table 1. All samples were processed on shipboard with nested 1.0 and
0.5 mm screens.

LABORATORY OBSERVATIONS OF OIL IN SAMPLES COLLECTED IN
JULY 1990

The following observations are from samples prepared in the laboratory for
identification of infaunal invertebrates. Oil droplets were detected in variable
numbers of replicates of stations at 40 m for six of the seven oil sites (Table 4). No oil
was detected in samples from Sleepy Bay at 40 m. No oil was observed in replicates
from sites at 100 m and >100 m.

ASSESSMENT OF 1990 DATA FROM 40,100 AND >100 M
Faunal Assessment of Data from Stations Sampled July 1990 at 40 m

Composition of Individual Stations Based on Values for Higher Taxa

At stations occupied at oiled and unoiled sites at 40 m, polychaetous annelids were
dominant in abundance. Mollusca appeared to be somewhat more abundant at
unoiled sites (Figs. 2 and 3). At most oiled sites Nematoda appeared to be more
common than at unoiled sites. Statistical assessment of Nematoda abundance is
treated in a later section. Little difference could be observed qualitatively for any of
the other major groups between oiled and unoiled sites.

The abundance, biomass, number of taxa and diversity2 of benthic - for 7
fourteen stations sampled at this depth are tabulated in Table 5a. Abundance values
at oiled sites varied between 1158-5682 and for unoiled sites 398-8190 indiv./m2.
Carbon biomass at oiled sites* ed tw 127 4 3} _ _/m2 and for unoilc _
sites 0.4-13.75 gC/m2. Number of taxa at oiled sites varied between 62-103 and at

~

2The number of taxa and diversity are based on identifications to Family level or higher. A list of all
taxa to higher taxon levels are included in Appendix C.

19 Text continued on page 24.



Table 4. Laboratory observations of oil in samples at 40 m at sites in Prince
William Sound, July 1990.

Station Comments

OILED SITES .

Disk Island (40 m) Oil droplets noted in two replicates of the 1.0 mm fraction
?—In% two replicates of the 0.5 mm fraction. Faint odor of

2S.

Northwest Bay Oil droplets in one replicate of the 1.0 mm fraction and
two replicates of the 0.5 mm fraction. Strong HgS odor in
some replicates.

Bay of Isles Nooilin 1.0 mm fraction. Oil droplets in three replicates
of 0.5 mm fraction.

Herring Bay No notes for 1.0 mm fraction. Oil droplets in 0.5 mm
fraction.

Sleepy Bay No oil observed

Chenega Bay Oil Droplets in one replicate of 1.0 mm fraction.

Snug Harbor Oil droplets in two replicates of the 1.0 mm fraction and
one replicate of 0.5 mm fraction.

UNOILED SITES

No oil observed at any site.
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PERCENT ABUNDANCE
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igure 3. Percent abundance of major higher taxonomic groups at stations at unoiled sites
for samples collected at 40 m in July 1990.
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Table 5a. The abundance, biomass, number of taxa, and diversity of sites sampled at 40 m in Prince
William Sound in July 1990. Fragments and species excluded from cluster analysis ARE
excluded in all computations except biomass. The identifications were typically to the Family
level whenever possible and to higher levels if necessary.

WET WEIGHT CARBON NUMBER SPECIES

STATION ABUNDANCE ) BIOMASS BIOMASS OF TAXA SIMPSON SHANNON SW EVEN RICHNESS
DAS( 3I1 5682.0 76.254 4.2780 77.0 0.066 3.167 0.729 8.791
Dast ZB1 4344 .0 82.117 2.2877 103.0 0.042 3.672 0.792 12.177
DAS( )B1 1464.0 33.404 1.3864 50.0 0.066 3.079 0.787 6.723
DAS( DIl 5132.0 71.013 2.9340 78.0 0.063 3.309 0.760 9.013
DAS( 1iB1 4370.0 42.996 1.7232 89.0 0.065 3.242 0.722, }0.498
DASO01LH1 398.0 23.607 0.9019 35.0 0.062 3.017 0.849 5.675
DAS0iMB1 7794.0 139.225 6.5465 114.0 0.068 3.3717 | 0.713 12.610
DAS01MH1 8190.0 399.764 13.7541 75.0 0.150 2.817 0.653 8.212
DA9S01NB1 2960.0 75.871 2.8835 88.0 0.046 3.600 0.804 10.885
DA901IRB1 7265.0 1€€.3717 6.1:81 99.0 0.086 3.265 0.710 11.022
DA901SB1 5598.0 99.544 3.5792 94.0 0.039 3.606 0.794 10.776
DA901 SH1 1158.0 23.475 1.7e51 62.0 ! 0.054 3.295 G.798 8.647
DAS01WB1 816.0 7.366 0.4G46 48.0 0.047 3.309 0.855 7.010

DAS01ZB1 1950.0 233.481 13.3370 53.0 0.112 2.779 0.700 6.864



unoiled sites 48-114. Diversity and evenness values were roughly similar at oiled and
unoiled stations, but Shannon diversity values were slightly lower and Simpson
dominance slightly higher at unoiled stations (also see Figs. 4 and 5). Species
richness at oiled stations varied between 8.65-12.18 and at unoiled stations from
6.72-12.61. A similar pattern of diversity, dominance, and species richness values
are noted in Table 5b prepared from numbers based on lower tazon values3.

Species richness (SR) was variable between the oiled and unoiled stations, but SR
appeared to be generally higher at the pooled oiled stations (mean SR=10.1) than at
the pooled unoiled stations (mean SR=8.3). These values were not statistically
significant (T test). However, if one unoiled station, Mooselips Bay, is not included in
the analysis4, the mean SR for unoiled stations is 7.6. The mean SR for oiled stations,
10.1, is then significantly higher (P=0.015) than the SR value of 7.6 for the unoiled
stations. The number of taxa at oiled and unoiled stations was also variable, but the
number of taxa was typically higher (but not statistically significant) at the oiled
stations (mean no. taxa==84.4) than the unoiled stations (mean no. taxa =68).
However, if Mooselips Bay is again deleted, the mean value for number of taxa for
unoiled stations is then 60, which is significantly lower (P=0.036) than the number
of taxa (84) at the oiled stations.

The rank abundance of the dominant fauna collected at all stations occupied are
tabulated in Tables 6 and 7. Differences in taxa generally dominating oiled and
unoiled stations can be seen in this table (statistical assessment of some of these
differences are considered in a later section). For example, the following taxa are
typically most abundant at oiled stations: Nematoda, the surface-feeding polychaete
groups-Ampharetidae, Cirratulidae; the subsurface deposit feeding polychaete
Maldanidae; the surface-feeding sipunculid worm group Golfingiidae; and the surface
feeding crustacean group Harpacticoida. Alternatively, the following taxa are most
abundant at unoiled stations: the subsurface deposit-feeding polychaete group
Owenidae (specifically Myriochele); the suspension-teeding bivalve group Lucinidae;
the subsurface deposit feeding bivalve groups Nuculidae and Nuculanidae.

Numerical Analysis

A normal cluster analysis of In-transformed abundance data indicated the presence of
three station groups and two stations that did not join any group (oiled station at
Snug Harbor; unoiled station at Lower Herring Bay) at the 66% of similarity (Fig. 6).
Station groups consisted of the following (Table 8): Group I - six oiled sites and one
unoiled site; Group II - two unoiled sites; and Group III - three unoiled sites. In a
Principal Coordinate analysis (PCA) 100% of the variance in the data is explained by
Axes I and II. Station Groups I and III are confirmed by this analysis (Fig. 7).
Although the stations of Group II (the unoiled sites, Rocky Bay and MacLeod Harbor)
are somewhat separated from Group I stations in the PCA, their close association to
Group I is suggested b§' the fact that the two grovips join at a low level of similarity in
the cluster analysis. Snug Harbor and ..ower ..crring Bay are not aligned with any

3Mainly consisted of generic and specific names; as stated in Methods, whenever possible
identifications were r-~-~ -~ '--—~-*~—g and suffici- * ' ~~ ‘axon identifications were available t
make a table of divers.., « cvicpuco «.th Table 5a.

4 An unusual unoiled (control) site that does not appear to be physically similar to the other unoiled
sites chosen, especially in terms of exposure and resulting turbulence present; this point will be
discussed later. See Appendix E.

24 Text continued on page 36.















Table 6. {continued)
. Abundance . . . Abundance
Station Condition Dominant Taxa (no.m-2) Station Condition Dominant Taxa (no.m-2)
CB Oiled Syllidae 464 DB Unoiled  Bivalvia 186
Polyodontidae 372 Nephtyidae 178
Harpacticoida 294 - Lucinidae 146
Spirorbidae 234 Paraonidae 130
ematoda 204 Nuculidae 112
Ophiuroidea 194 Tellinidae 84
Onuphidae 130 Lumbrineridae 54
Ampharetidae 106 Nematoda 52
Caecidae 102 hiuroidea 48
Serpulidae 100 Rhynchocoela 38
ivalvia 92 Thyasiridae 38
Sabellidae 78 Sigalionidae 38
Astartidae 76 Capitellidae 34
Golfingiidae 70 Nuculanidae 32
Hiatellidae 70

Thyasiridae_ 70 ZB Unoiled  Nephtyidae 522
Lepidopleuridae 68 Paraonidae 228
Sigalionidae 68 Bivalvia 178
) Spionidae 136
BI Oiled Paraonidae 858 uculanidae 134
Capitellidae 656 Pyrenidae 92
Polyodontidae 500 Cirratulidae 78
ivalvia 394 Lumbrineridae 74
Nematoda 332 Chaetodermatidae 50
Cirratulidae 292 Ostracoda 40
Maldanidae 264 Leuconidae 40
Lumbrineridae 236 Rhynchocoela 40
Leuconidae 230 Capitellidae 38
Sigalionidae 226 Sigalionidae 32
1\{ idae 190 Scaphandridae 28
ephtyidae 140 Hesionidae 22
Polynoidae 128 Tellinidae 20
Magelonidae 110 Thyasiridae 18

Phoxocephalidae 104 .
Spionidae 82 RB Unoiled  Spionidae 1742
Lepidopleuridae 72 a{)itellidae 830
Rhynchocoela 58 Golfingiidae 498
Trichbranchidae 54 Bivalvia 316
Nematoda 270
Lumbrineridae 264
Paraonidae 246
Maldanidae 210
Thyasiridae 206
Owenidae 178
Magelonidae 154
Ostracoda 118
Cirratulidae 112
Nephtyidae 108
Nuculidae 104
Gastropoda 100
Leuconidae 94
Lucinidae 88
(Sﬁllxdqe 86
yceridae 76
Dentaliidae 68
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Figure 6. Dendrogram depicting the station groups formed at the 66% level of similarity by a normal
cluster analysis on In-transformed abundance data from 40 m in July 1990 at sites within
Prince William Sound. Stations appear, for example, as 7-90-DI (date - site of Disk Island).
DNJG =did not join a cluster group at 66% level of similarity. O=oiled, UN =unoiled.


















































































































Table 18. Summary of means, standard deviations, t statistics, t, and associated
levels of significance, p, for dominant taxa in comparisons of abundance
as square root (abundance +0.5) between Sleepy Bay and Mooselips
Bay. Values of t statistics preceeded by a minus sign indicate decreases
in mean abundance for Mooselips Bay when compared to Sleepy Bay,
while other values indicate increases in mean values for Mooselips Bay
when compared to Sleepy Bay. Probability levels of “ns” indicate that
the change in mean values is not significant (p>0.05).

Oiled Unoiled
Sleepy Bay Mooselips Bay

Dominant Taxa X sD X SD t P
Ampeliscidae 2.166 0.874 7.666 3.452 8.222 0.000
Ampharetidae 2.736 0.876 1.956 0.585 -1.519 ns
Bivalvia 6.122 2.007 6.265 2.927 0.110 ns
Capitellidae 4.250 1.341 5.754 1.222 1.541 ns

Chaetodermatidae 1.799 0.573 1.393 0.447 -1.707 ns

Cirratulidae 5.370 1.681 11.911 2.557 6.795 0.000
Cossuridae 0.707 0.000 0.707 0.000 0.000 ns
Golfingidae 4.808 1.408 5.457 1.703 0.723 ns
Barpacticoida 3.034 0.786 1.268 0.604 -2.527 0.014
Hesionidae 0.707 0.000 0.914 0.284 0.732 ns
Leuconidae 0.707 0.000 2.390 0.994 2.899 0.005
Lucinidae 0.707 0.000 1.089 0.378 0.686 ns
Lumbrineridae 4.029 1.040 3.125 0.645 -1.544 ns
Maldanidae 4.685 1.088 3.338 0.834 -1.831 ns
Mytilidae 6.466 1.539 1.887 0.962 -9.361 0.000
:oda 6.616 2.041 3.323 2.019 -2.180 0.033
Nephtyidae 2.013 0.556 2.185 0.400 0.203 ns
Nuculanidae 0.882 0.391 2.795 1.165 4.193 0.000

T



Table 18. (cont’d)

Nuculidae

Ophiurocidea
Orbiniidae
Owenidae
Paraonidae
Polynoidae
Polyodontidae
Sabellidae
Scalibregmidae
Scaphandridae
Sigalionidae
Spionidae
Syllidae
Tellinidae
Thyasiridae

Veneridae

.089
.095

.983

.252

.816

121

.429

.572

.115

. 985

.680

.626

.148

.572

.626

. 811

.378

. 942

. 843

.532

.462

.231

.369

.534

.567

.401

.731

.480

. 413

.534

.267

.231

72

. 829
.486

. 811

.533

.999

.572

.161

.188

.588

.550

.970

.193

.102

.250

.730

.811

.971

. 404

.231

.316

.180

.534

.798

.372

.213

.788

.921

.930

.917

.819

.559

.231

1193
063

.146
.255
.481
.310
.295
.179
.512
. 477
.393
. 446
.055
.928
.564

.000

ns

0.000

0.003

0.000

0.016

ns

ns

ns

ns

ns

0.020

ns

ns

ns

ns

ns



Table 19. Summary of means, standard deviations, t statistics, t, and associated
levels of significance, p, for dominant taxa in comparisons of biomass as
square root (abundance +0.5) between Sleepy Bay and Mooselips Bay.
Values of t statistics preceeded by a minus sign indicate decreases in
mean abundance for Mooselips Bay when compared to Sleepy Bay, while
other values indicate increases in mean values for Mooselips Bay when
compared to Sleepy Bay. Probability levels of “ns” indicate that the
change in mean valuesis not significant (p>0.05).

Oiled Unoiled
Sleepy Bay Mooselips Bay

Dominant Taxa X SD X sSD t P
Ampeliscidae 0.713 0.004 0.868 0.125 6.731 0.000
Amphictenidae 0.708 0.001 0.709 0.003 0.089 ns
Ascidiacea 1.765 0.855 1.361 0.749 -2.030 0.047
Astartidae 0.814 0.073 0.735 0.036 -0.382 ns
Capitellidae 0.726 0.008 0.715 0.003 -0.694 ns
Cardiidae 0.992 0.261 1.201 0.641 0.855 ns
Chaetopteridae 0.797 0.067 0.715 0.011 -1.e622 ns
Cirratulidae 0.716 0.005 0.798 0.040 8.215 0.000
Flabelligeridae 0.707 0.000 0.709 0.002 0.032 ns
Golfingidae 0.862 0.266 0.725 0.011 -2.206 0.031
Limidae 1.314 0.303 0.708 0.001 -11.4093 0.000
Lucinidae 0.707 0.000 0.710 0.003 0.000 ns
Lumbrineridae 0.750 0.025 0.738 0.007 -0.349 ns
Maldanidae 0.945 0.105 0.772 0.018 -1.280 ns
Mytilidae 0.832 0.094 0.710 0.004 -1.241 ns
Nephtyi = 0.711 0.004 0.955 0.358 2.844 0.006
Nuculanidae 0.718 0.025 0.86F n1.130 1.215 ns
Nuculidae 0.713 0.009 0.710 0.004 -0.045 ns -
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Table 19. (cont’d)

Ophiurocidea
Orbiniidae
Owenidae
Phyllodocidae
Rhynchocoela
Sabellidae
Tellinidae

Veneridae

.055
.709

.719

.912

.725

.790

.707

.710

.202

.002

.012

. 447

.010

.182

.000

.006

74

1,103

.707
.774
.707
.710
.717
. 925

.811

.260
.000

. 027

.000

.003

.000

.350

.231

.599
.095

.939

.709

.374

.147

.018

.373

ns

ns

0.000

0.009

ns

0.036

ns

ns



Table 20. Summary of means, standard deviations, t statistics, t, and associated
levels of significance, p, for dominant taza in comparisons of abundance
as square root (abundance +0.5) between the Herring Bay and Lower
Herring Bay. Values of t statistics preceeded by a minus sign indicate
decreases in mean abundance for Lower Herring Bay when compared to
Herring Bay, while other values_indicate increases in mean values for
Lower Herring Bay when compared to Herring Bay. Probability levels
of “ns” indicate that the change in mean values is not significant

(p>0.05).
Oiled Unoiled
Herring Bay Lower Herring Bay
Dominant Taxa X SD X SD t P
Ampeliscidae 1.250 0.819 0.707 0.000 -0.812 ns
Ampharetidae 2.073 1.871 0.707 0.000 -2.660 0.010
Bivalvia 4.695 3.174 1.242 0.669 -2.666 0.010
Capitellidae 3.168 1.825 1.564 0.904 -1.643 ns

Chaetodermatidae 0.811 0.231 0.811 0.231 0.000 ns

Cirratulidae 5.788 3.082 1.286 1.029 -4.678 0.000
Cossuridae 0.882 0.391 0.914 0.284 0.100 ns
Golfingidae 3.574 2.430 0.707 0.000 -3.195 0.002
Harpacticoida 2.057 2.022 0.707 0.000 -1.931 ns
Hesionidae 0.882 0.391 0.990 0.632 0.382 ns
Leuconidae 1.664 1.291 0.707 0.000 -1.648 ns
Lucinidae 0.811 0.231 1.944 1.379 2.037 0.046
Lumbrineridae 5.183 1.430 1.093 0.617 -6.987 0.000
Maldanidae 3.422 1.996 0.707 0.000 -3.691 0.001
Mytilidae 1.507 0.887 0.707 0.000 -1.635 ns
ia
Ne _1tyic 2 1 50 1.059 1.497 0.275 -0.063 ns
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Table 20. (cont’d)

Nuculanidae
Nuculidae
Ophiuroidea
Orbiniidae
Owenidae
Paraonidae
Polynoidae
Polyodontidae
Sabellidae
Scalibregmidae
Scaphandridae
Sigalionidae
Spionidae
Syllidae
Tellinidae
Thyasiridae

Veneridae

.427

.985

.019

.707

.158

.587

. 441

.321

.110

. 914

.707

.875

.996

.515

.276

.655

.707

.911

.401

.132

.000

. 027

.911

.015

.352

.600

.284

.000

.575

. 946

. 680

.583

.304

.000

76

. 811

.165

.147

.148

.707

.678

.914

.940

.707

.089

.985

.618

.264

.990

.707

. 985

.707

.231

. 655

.480

.779

.000

.614

.284

.520

.000

.378

.401

.321

.359

.632

.000

.401

.000

-1.351

0.290

-1.482

3.869

-1.676

-3.306

-1.530

-3.738

-2.684

0.558

0.728

-0.359

-0.736

-2.819

-1.641

-0.949

0.000

ns
ns
ns
0.000
| ns
0.002
ns
0.000
0.010
ns
ns
ns
ns
0.007
ns
ns

ns















Comparisons of All (Seven) Pooled Oiled vs. All Pooled (Seven) Unoiled Sites

A.

Abundance comparisons

1. Taxonomic groups at significantly-higher abundance levels at oiled sites
were (p values in Table 14):

Nematoda Golfingidae (sipunculid)
Ampharetidae (polychaete) Harpacticoida (copepod)
Cirratulidae Leuconidae (cumacean)
Maldanidae " Tellinidae (bivalve)
Polyodontidae "

Sigalionidae "

Syllidae "

Lumbrineridae "

2. Taxonomic groups at significantly higher abundance levels at unoiled
sites were (Table 14):

Hesionidae (polychaete) Lucinidae (bivalve)

Nephtyidae Nuculanidae (protobranch bivalve)

Orbiniidae " Nuculidae

Owenidae " Scaphandridae (mainly the gastropod Cylichna)

(mainly Myriochele spp.)
Scalibregmidae (polychaete)
Spionidae

Biomass (wet weight) comparisons between pooled oiled (seven) vs. unoiled
(seven) sites

1. Taxonomic groups at significantly higher levels at oiled sites

Many of the same taxonomic groups that were significantly higher in
abundance (Table 14) were significantly higher in biomass (p values in
Table 15). Additional significantly higher groupsat P> 0.03 are:

Chaetopteridae (polychaete)
Flabelligeridae "
Limidae (bivalve)

Mytilidae (bivalve-Crenella)

2. Taxonomic groups at significantly higher levels at unoiled sites (Table 15)
Some of the same taxonomic groups that were significantly higher in

abundance (Table 14) were ~ if 717" rin biomass. An additional
group (P=0.002) added is Veneridae (tmvaive)
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by SR increases at all oiled and unoiled stations. However, no trends in SR are
discernible.

The rank abundance of the dominant fauna collected at all stations occupied at 100 m
are included in Tables 24 and 25. Differences in taxa generally dominating oiled and
unoiled stations can be seen in these tables (statistical assessment of some of these
differences, for higher taxon levels, are considered in a later section). The ranking
differences, as might be expected, are not as clearcut in some respects as observed for
stations at 40 m, although some of the same taxa observed at 40 m tend to dominate
at oiled and unoiled sites.

Numerical Analysis

A normal cluster of In-transformed data did not clearly differentiate station groups,
and, in fact, suggested station groupings at a variety of similarity levels (Fig. 30).
However, an assessment of the principal coordinate analysis (PCA) made it relatively
clear that there are four station groups and one unoiled station (MacLeod Harbor) not
joining any group (Table 26; Fig. 31). In the PCA, most of the variance in the data
(74.2%) is explained by PC Axes 1 and 2. Station groupings are not particularly
similar to what was determined for stations at 40 m. However, three of the oiled sites
(Herring, Sleepy, and Chenega Bays) that were similar at 40 m are also closely allied
at 100 m; the unoiled Mooselips Bay showed great affinity with these three oiled bays
at 40 and 100 m. Two of the other oiled sites are closely associated in the analyses,
Northwest Bay and Disk Island; however, they are also closely associated with an
unoiled site at 100 m, West Bay.

The ranking of dominant taxa in each of the station groups and the percent
occurrence of each dominant taxon at stations within the groups (e.g., a value of 100%
means that a given taxon occurred at all stations within the group) is included in
Table 2'17 . The differences in taxa dominating within the station groups can be seen in
this table.

K-Dominance Curves

The K-Dominance curves for the 14 stations at 100 m are presented in Figures 32 to
45. The only oiled sites whose curves suggested moderate disturbance (curves cross
each other) are Herring Bay, Chenega Bay, and Sleepy Bay. The only curve that
suggests a mild disturbance (i.e., curves close together but not crossing each other) at
oiled sites was Disk Island. The curves for the other oiled sites suggest an
undisturbed environment. The curves for most of the unoiled sites are those expected
for an undisturbed environment; however, the closeness of curves at MacLeod Harbor
and West Bay suggest a mild disturbance at these sites.

Feeding Types

Tuc peavent of f
Figures 46 and 47/. 'lI'he categories depicted are surtace deposit teeders (SUF),
subsurface deposit feeders (SSDF), carnivores (CARN), suspension feeders (SF), and

91 Text continued on page 119.












Table 25.  (continued)
Sta- Con- Abundance Sta-  Con- Abundance
tion dition Dominant Taxa (no. m-2) tion dition Dominant Taxa (no. m-2)
CN (cont’d) Capitellidae 44 RB~ Unoiled Nephtys cornuta 212
Exogone sp. 44 - Macoma sp. 84
Dentalium sp. 42 Nucula tenuis 72
Onuphidae 40 - Nuculana sp. 66
Spionidae 40 Yoldia sp. 56
] Spionidae 48
BI Oiled Macoma carlottensis 910 Ostracoda 44
Cirratulidae 498 Tauberia gracilis 42
Lumbrineris spp. 472 Capitellidae 38
Prionospio cirrifera 222 Sternaspis scutata 36
Hesionidae 174 Lumbrineris spp. 32
Capitellidae 166 N (eightys SPp. ] 32
Nephtyidae 124 Adonforhina cyclia 30
Polynoidae 70 Myriochele oculata 30
Paraonidae 58 Gyptis brevipalpa 24
Nephtys sp. 40 Eudorella emarginata 24
Gyptis brevipalpa 38 Gastropoda 24
Spionidae 36 Alia gausapata 24
rionospio sp. 34 Paraonidae 22
Nephtys cornuta 34 Cylichna alba 20
Cossura sp. 30
) Lo MH Unoiled Myriochele oculata 400
DB Unoiled Bivalvia 310 Peisidice aspera 152
Nephtys cornuta 280 Golf_inﬁig margaritacea 96
Paraonidae 140 Capitellidae 90
Lumbrineris spp. 112 Cirratulidae 90
Nephtyidae 98 Bivalvia 86
Orbiniidae 82 Exogone sp. 76
Nucula tenuis 72 Spionidae ) 72
Leucon sp. 66 Petaloproctus tenuis borealis 68
ossura sp. 64 Alia gausapata 62
Nuculana sp. 42 Phoxocephalidae 56
Cirratulidae 34 Gnathia sp. 46
Polydora sp. 30 ,?yllidae. 38
Nematoda 28 erebellidae 32
Eudorella sp. 24 Scaphandridae 30
Ninoe gemmea 22 Maldanidae 30
. . Pista cristata 30
ZB Unoiled Cirratulidae 278 Magelona sp. 30
Sternaspis scutata 266 L
Lumbrineris spp. 142 MB Unoiled Peisidice aspera 578
Macoma sg 88 Cirratulidae 522
Amphiuridae 78 Capitellidae 408
Capitellidae 70 Exogone sp. 330
Bivalvia 66 Spionidae 296
Spionidae 60 Polydora sp. 286
uculana sp 60 Mediomastus sp. 256
Ostracoda ) 52 Nematoda 206
Adontorhina cyclia 48 Bivalvia 188
Eudorellopsis sp._ 46 Phoxocephalidae 160
Eudorella emarginata 44 Myriochele oculata 114
Dentalium sp. 42 Lumbrineris spp. 112
Orbiniidae 42 Maldanidae 92
Pholoe minuta 38 Idanthyrsus sp. 86
Nuculanidae 36 Paraonidae 86
E udor_el_lgpsw integra 34 Sabellidae | 82
Thyasiridae 34 Laqueus californianus 62
Nephtys sp. 32 Ampharetidae 56
Mpyriochele oculata 32 %yl idae 52
tnoe gemmea 30 auberia gracilis _ 52
Golfingia margaritacea 42
Anthozoa_ 42
() |
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Figure 33. K-dominance curves for benthic organisms collected at 100 m in Herring
Bay in July 1990.



























eIl

CUMULATIVE PERCENTAGE

MOOSE LIPS BAY, 1990, 100M

100
75 -
90
&
25 p o = ABUNDANCE
s = CARBON BIOMASS
0 . Y e B e e i : e fr————
1 10 100

TAXA

Figure 42. K-dominance curves for benthic organisms collected at 100 m in Mooselips
Bay in July 1990.
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Figure 43. K-dominance curves for benthic organisms collected at 100 m in Rocky
Bay in July 1990.
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Figure 45. K-dominance curves for benthic organisms collected at 100 m in Zaikof
Bay in July 1990.



L1

JERCENT

60

50 -

40

30

20

10

OILED SITES, 1990, 100M = SDF

O = SSDF

A = CARN

+ = SF

X = OTHERS

STATIONS

Figure 46. The percent abundance of feeding types at stations at 100 m at oiled sites from
data collected July 1990 in Prince William Sound. SDF =surface deposit feeders;
SSDF =subsurface deposit feeders; CARN = predators; SF =suspension feeders;
Others=scavengers and herbivores.






others (comprised of scavengers and herbivores). At the oiled sites SDF are
dominant, relative to the other feeding types, at all of the stations sampled. SDF are
common at the unoiled sites as well, but the other feeding types at most of the sites
are almost as important so that a separation of the SDF curve from the other curves is
not always as obvious. -

The abundance of SDF at the pooled 7 oil sites is significantly greater (P =0.001) than
at the unoiled sites (Table 11). Likewise, if comparisons between sites chosen by the
diving component of the Coastal Habitat study are made, the oiled sites have
significantly more individuals that are SDF. The latter comparisons are for Bay of
Isles (oiled) vs. Drier Bay (unoiled): P=0.026, and Herring Bay (oiled) vs Lower
Herring Bay (unoiled): P=0.017. A comparison made in last year's Annual Report
for 40 m, Herring Bay vs. Zaikof Bay (unoiled) was repeated for the 100 m station.
SDF were significantly more abundant (P=0.010) in Herring Bay, the oiled site. If
the SDF and SF are combined (both feeding at the benthic boundary layer: McCave,
1974) into a group termed Interface Feeders (IF; Josefson, 1985), IF at pooled oil sites
are significantly more abundant at oiled sites than at unoiled sites. Similar
significantly higher abundance values were found for IF at Bay of Isles (oiled)
relative to Drier Bay (unoiled), Herring Bay (oiled) vs. Lower Herring Bay (unoiled)
and Herring Bay vs. Zaikof Bay (unoiled). Additionally, if SDF are combined with
the feeding type “Other” (scavengers and herbivores), the abundance of these feeding
types at the oiled sitesis significantly higher (P=0.000) than at the unoiled sites.

Presence of Amphipods and other Crustaceans at Stations

At 100 m no particular pattern of abundance could be noted for the amphipods and
crustaceans, in general, at oiled vs unoiled sites (Figs. 48 and 49). However,
crustacean populations seem to be relative high at most of the oiled sites. Abundance
values for crustaceans at unoiled sites also seemed to be variable with no particular
pattern apparent.

Statistical Assessment of Taxon Abundance and Biomass

Comparison of all (seven) pooled otled vs. unoiled sites at 100 m (Tables 28-35)
A. Abundance Comparisons (see Tables 28, 30, 32, 34 for P values)

1. Taxonomic groups at significantly higher abundance levels at sites were:

Nematoda Sabellidae (polychaete
Ampharetidae (polychaete) Syllidae "
Cirratulidae " Terebellidae "
Cossuridae " Golfingidae (sipunculid)
Hesionidae Ampeliscidae (amphipod)
Lumbrineridae " Phoxocephalidae "
Maldanidae " Gnathidae

Onuphidae " Bivalvia (clams)

Paraonidae " lellinidae
Dentaliidae (scaphopod)

119 Text continued on page 138.






























Sedimentation of hydrocarbons into subtidal areas has been shown to be a rapid and
quantitatively important pathway in the distribution of spilled oil. Though an accurate
and thorough mass balance has not been completed on any major oil spill in a marine
environment, estimates of oil sedimenting onto the subtidal vary from 8-10% of Amoco
Cadiz oil (Gundlach et al., 1983), to 10-15% of Tsesis oil (Johansson, et. al., 1980) and
7-16% for a controlled ecosystem (Gearing, et. al., 1979). Oil can sink by adsorption to
sediments, possibly by electrostatic bonding to fine-grained clay micelles (Bassin and
Ichiye, 1977); by turbulent mixing of an oil slick with sand which increases the density of
the mixture; and through uptake by zooplankton and subsequent deposition in fecal
pellets (Conover, 1971). Once the oil is beached, hydrocarbons may still be mobilised
and deposited in subtidal sediments. Oiled beaches act as a reservoir from which
hydrocarbons may be removed by erosion and deposited in offshore sediments. Ten
percent of oil stranded on beaches after the Baffin Island Oil Spill project (BIOS) was
transported offshore(Boehm, et al.,1987). A laboratory study by Bragg, et al (1990)
using oiled sediments from PWS shorelines found the formation of a solids-stabilized
emulsion of micron-sized mineral sediments, polar components of the oil residue, and
seawater on oiled shorelines impeded the adhesion of oil particles to larger rocks. Given
that the floc "particles" are lighter than seawater, and the theoretical settling rates of the
largest particles, it is assumed that most of the oiled particles removed with the
emulsion will be transported great distances before settling and be widely dispersed.

Persistence and mobilization is related to physical processes, such as wave, tide and wind
energy. Sediment grain size and oil quantity and composition also contribute
(Blount,1978; Gundlach, et al., 1978). Oil eroded from contaminated shorelines and
entering the water column may settle in the nearshore subtidal, or be transported into
deeper waters before settling depending on particle size and shape (and hence settling
velocity), wave energy, tidal current velocities, longshore currents and the effect of
salinity gradients, such as salt wedges in estuaries or the location of the turbidity
maximum (Gundlach, et al., 1978). Once deposited on the bottom, oiled sediments can
continue to be moved by bottom currents, by wave-induced oscillatory currents which
may result in resuspension, or be buried deeper into benthic sediments by bioturbation.

Several questions remain regarding subtidal transport of oil in Prince William Sound:
1) Where does the oil eventually reside?
2) What mechanisms account for the dispersal of subtidal oiled sediments? (i.e. what
contribution is made by bedload? suspended load?)






background HC chemistry levels at each specific site (Wakeham and Carpenter, 1976;
Wakeham and Farrington, 1980), on erosional/depositional histories and on depths of
petroleum HC contamination in benthic sediments.

STUDY METHODOLOGY
Retrieval

The sediment traps are recovered and deployed using two divers and the winch on the
support vessel. Divers carrying lids for the cylinders and sampling jars and tools in a
goodie bag descend along a permanent buoy line that marks the location of the traps.
One diver fills two, 250 ml. jars with sediment samples from the upper benthic layer (0-
2 ¢m) in a 1 meter radius around the trap base, each sample a composite from two
locations; two other samples are taken along a transect line between the three traps.
Once sampling is complete, the second diver caps the cylinders to avoid potential
contamination of the traps as they are moved through the water column. A hand-
driven core is taken from the bottom around the trap for stratigraphic analysis. The
cylinders and base are then raised to the vessel deck. Samples taken by hand are tat
uscollected using a stainless steel cup, spoon or trowel. All implements are washed with
Alconox, rinsed with acetone and hexane, air dried and wrapped in sterile aluminum
foil. Sample jars are purchased clean according to EPA specifications. Samples are
kept cool and frozen within 2 hours of collection or filtration.

Core samples: The benthic sediment core samples are collected at the time of retrieval
using a stainless steel coring tube precleaned as above. The water is siphoned off after
settling, and the sediments are frozen in the tube, following a method of Wakeham and
Carpenter (1976). When the sediments are frozen solid, the outside of the core is
heated with a propane torch, releasing the still-frozen core into a plastic container and
placed in a freezer. The samples are stored under Custody, and shipped to the
laboratory with specific instructions on sampling protocols for removing subsamples for
HC chemistry.

Measurement of erosion/deposition: In the fine-grained, soft-bottom sediments that
characterize most of the trap sites, 1/2 inch rebar is placed in the bottom next to each

sediment trap, and 5/8 inch washer is placed over the rebar and set on the top surface
of the sediments. The distance from the washer to the top of the rebar is measured and
logged. During the trap retrieval in March, the distance from the top of the rebar to
the top of the sediment, and to the top of the washer will be noted.

Filtration

Aftar the milindere have hean allawad tn cattle nn the declk for nane honur 2/2 Af the
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seawater and suspended sediment is transferred to a decontaminated stainless steel

container. This volume is filtered through pre-combusted 9mm glass-fiber filters in a
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EXECUTIVE SUMMARY

The goal of the NOAA component of project Subtidal Study #3 is to
document petroleum hydrocarbon 1loading in near shore waters
impacted by the Exxon Valdez oil spill. In 1989, hydrocarbon
loading was monitored by direct sampling of seawater in Prince
William Sound (PWS) and in 1989, 1990, and 1991 by deployment of
hydrocarbon free mussels along the o0il spill trajectory for
exposure periods of 1 to several months.

In 1989, chemical analysis of the seawater samples, taken in
triplicate at 1 and 5 meter depths, shows the presence of aromatic
-hydrocarbons of petroleum origin. Total concentrations range up to
about 8 ug/l (ppb) at the most heavily contaminated sites shortly
after the spill, but decline to below detection limits by 6 weeks
following the spill.

Caged mussels are more sensitive indicators of o0il in seawater,
because they effectively contact larger volumes of seawater. 1In
1989, both aromatic and aliphatic hydrocarbons of petroleum origin
were detected in tissue of caged mussels. Total hydrocarbon
concentrations, up to 100 ug/g wet tissue (ppm), were highest at
Herring Bay, Smith Island, and Snug Harbor. Petroleum derived
hydrocarbons were detected at all other stations and depths inside
PWS along the spill trajectory. Outside the Sound, although
hydrocarbon concentrations were generally low and highly variable
among replicates, mussels exposed at Tonsina Bay and Chignik showed
moderate levels of contamination. O0il contamination levels in the
caged mussels declined after May 1989 and approached control levels
by Fall 1989.

In 1990, o0il contamination levels that were significantly above
control levels were low and sporadic. Consequently, 1991 mussel
deployments were closely coordinated with ADEC sediment trap
deployments, after relatively high aromatic hydrocarbon
concentrations were detected in sediment trap samplese

at oiled sites in 1990.

Hydrocarbon analysis data of 1989 and 1990 caged mussels was
examined using principal component analysis (PCA) to evaluate PCA
as a method for identifying o0il contaminated samples and for
summarizing oil contamination levels. Preliminary results of the
PCA are consistent with previous interpretations of these
hydrocarbon data, and suggest that PCA may be a valuable approach
for consistently evaluating and interpreting hydrocarbon analysis
data in a variety of matrixes across all NRDA projects.

Our results indicate that biologically available hydrocarbons from
the Exxon Valdez oil spill were generally pervasive in the upper
water column =~ g the spill traje: > _ : 2 PWS dur: 3 the
summer of 198! 'he results of the PCA 1nd1cate that the musselrs



accumulated particulate oil from the Exxon Valdez, although the
mechanism of transport of the o0il to the caged mussels is not
clear.

In 1991, a total of 99 samples were collected. Chemical analyses
have begun on all samples from the May-June deployment, but no data
are yet available.

OBJECTIVES

A. Estimate concentrations of petroleum derived hydrocarbons at 1
m and at 5 m depth along the o0il spill trajectory within PWS such
that the estimate is within 25% of the actual concentrations 95% of
the time during the first six weeks of the o0il spill.

B. Evaluate trends in ambient water quality using biocaccumulators
(Mytilus trossulus) as surrogates for chemical measurements.
Estimate concentrations of petroleum derived hydrocarbons
accumulated by initially hydrocarbon-free bay mussels transplanted
for 1 or 2 months to water depths of 1 m, 5 m, and 25 m, along the
0il spill trajectory such that the estimate is within 25% of the
actual concentrations 95% of the time.

Objective B was broadened in 1991 to estimate concentrations of
petroleum derived hydrocarbons accumulated concurrently by
transplanted bay mussels (NOAA/NMFS) and sediment traps (ADEC).

cC. Synthesize all water and mussel hydrocarbon data in the
Technical Services #1 database to provide a comprehensive
geographic and temporal picture of trends in petroleum hydrocarbon
concentrations in the near shore water column.

INTRODUCTION

This study continues to assess the geographic and temporal
distribution of dissolved and particulate hydrocarbons in the water
column resulting from the Exxon Valdez oil spill. Knowledge of
these concentrations will determine whether violations of State of
Alaska Water Quality Criteria have occurred, and in addition will
allow estimation of the exposure risk of subsurface marine biota to
petroleum hydrocarbons. This study extends work begun within one
week of the grounding of the Exxon Valdez and continued to date
under Air/Water #3 and Subtidal Study #3 (in 1991). Although the
Alaska Department of Environmental Conservation (ADEC) conducted
work under this project in 1989, 1990, and 1991, this status report
wil”™ discuss ADEC's work only in . 3 re! i that 2 1 of
the study conducted b TOAA/NMFS.



In 1989, seawater hydrocarbons were monitored by direct sampling of
seawater at 30 sites in Prince William Sound, and by transplanting
hydrocarbon free mussels to 28 sites along the oil spill path
inside and outside the Sound. In 1990, mussels were deployed at 19
sites within Prince William Sound and at 9 sites along the
shoreline of the Kenai Peninsula, the Alaska Peninsula, and Afognak
Island. In 1991, mussels were deployed at 10 sites within Prince
William Sound in May; in June the number of sites was reduced to 6
and cages were deployed directly adjacent ADEC's sediment traps.

Chemical analysis of first priority water and mussel samples from
1989 and 1990 are either completed or are in progress. Examination
of the results indicates that no further chemical analyses of
samples collected in 1989 or 1990 will be necessary. These data
were evaluated using principal component analysis (PCA) as an
initial effort to address objective C of this project. Some of the
1991 mussel samples have been submitted for chemical analysis, but
results are not yet available.

METHODS
Water Samples

In 1989 water samples were collected at 30 sites (fig. 1) within
the Sound on each of three sampling cruises (31 March - May 10
1989). Triplicate samples were collected at 1 and at 5 meter
depths at each station. Details of sampling are contained in Air
Water #3 Study Plan 1989. Five hundred thirty three NOAA water
samples were collected. No further direct sampling of the near
shore water column was done after mid May because hydrocarbon
concentrations were likely below detection in practically sized
field samples.

Caged Mussel Deployments

Trends in hydrocarbon concentration were studied by analyzing
hydrocarbon accumulation by "clean" bay mussels Mytilus trossulus
transplanted to impacted areas. The use of a bioaccumulator
provides a time integrated indication of hydrocarbons available for
biotic accumulation from the water column. Mussels were deployed
at 1, 5, and 25 meter depths at 12 stations within the Sound (fig.
2) and at 18 stations outside the Sound (fig. 3). There were 4 one
month exposure periods at each of 12 sites inside the Sound. At
Kenai, Alaska Peninsula, and Afognak sites, there were two exposure
periods, varying in length from one to two months depending on
logistics. Methods of sample collection and handling are described
in detail in Air Water #3 Study Plan 1989. A total of 383 samples
("caged" mussels, unexposed "base" mussels, native mussels and air
b. ¢s) were collected.



Mussels were deployed in 1990 as proposed in the Air/Water #3 study
plan with the addition of two sites in Snug Harbor and Herring Bay
adjacent berm relocation sites and Katmai Bay, an impacted site on
the Alaska Peninsula. Inside the Sound there were four exposures,
~each one month long; outside the Sound there was one exposure at
the majority of sites, two exposures at Kukak and Hallo Bays.
Collected were 294 samples.

Mussels were deployed in 1991 at 10 sites in May and recovered in
June (fig. 1). Subsequent analysis of 1990 caged mussels found no
appreciable amounts of hydrocarbons at sites where high amounts
were found in 1989, so there were no further caged mussel
deployments at these 1989 or 1990 sites. However, sediments
collected by ADEC's sediment traps over the winter 1990-91
contained relatively high aromatic concentrations, so caged mussels
and sediment traps were deployed concurrently to examine the
relationship between hydrocarbons associated with particles
settling out of the water column and hydrocarbons biologically
available to mussels. Mussels and traps were subjected to two
exposure periods, early June-mid September 1991 and mid-September
1991-March 1992, at Northwest Bay, Snug Harbor, Sleepy Bay, Bay of
Isles, Disk Island, and Olsen Bay (fig. 1). Mussel cages were
attached to a mooring line at 1m and 25m from the surface and at 2m
from the bottom. The bottom bag simulates the position of a
sediment trap in the water column.

Ninety nine samples were collected in 1991. Chemical analyses have
begun on all samples from the May-June deployment, but no data are
yet available.

Principal Component Analysis

Hydrocarbon concentrations determined in 1989 and 1990 caged mussel
samples were examined using PCA to determine the presence and
intensity of oil contamination in these samples. A total of 303
samples, which included samples of deployed caged mussels, mussels
prior to deployment, control mussels, and native beach mussels were
analyzed by PCA together. The hydrocarbon compounds or classes of
compounds listed in table A are considered as independent variables
of the PCA, and are assumed to either vary independently and
randomly among mussel samples, or alternatively to co-vary among
these samples with the intensity of o0il contamination. The
hydrocarbon concentrations, ¢, determined in these mussel samples
were transformed using 1ln(c + 1) because the variance is typically
directly proportional with concentration in these samples. The
PCA was performed on the transformed data using SYSTAT.



STUDY RESULTS
Water Samples

Thirty six per cent of the total NOAA water samples have been
analyzed to date at Auke Bay Lab under the direction of Technical
Services Study #1. All three replicates at each depth from the
first cruise, March 31-April 4, 1989, and one replicate at each
depth from the last cruise, May 2-8, 1989, have been analyzed.

Total concentrations of aromatic hydrocarbons range up to about 8
ug/l (ppb) at the most heavily contaminated stations. Stations
with the highest aromatic hydrocarbon concentrations in seawater
correspond with areas where heavy o0il slicks were present, and
these stations were within the spill trajectory. Aliphatic
hydrocarbons are generally not present in these samples, indicating
that (1) oil was present as a water soluble fraction (WSF) and (2)
samples were not contaminated by surface slicks.

Caged Mussels - Principal Component Analysis

The first principal component determined by the PCA is due to oil
contamination, and explains 35% of the total variance of the 303
caged mussel samples included in the analysis. The identification
of component 1 with crude oil contamination is supported by the
observation that the component coefficients a; are roughly similar
for all the hydrocarbon compounds or classes of compounds listed in
table 1. These coefficients a; satisfy
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z = 2: a; k;

i=1

for each component in each sample, where k; is the standardized
deviate of the ith log-transformed hydrocarbon concentration in the
sample, and 2z is the value of component 1 in that sample.
Equivalently, note that the correlation coefficient of each
hydrocarbon compound or <class of compounds considered with
component 1 is quite high for compounds and classes prevalent in
Exxon Valdez crude oil (table 1).

The value of component 1, hereafter denoted as the o0il component,
is consistently low in caged mussel samples deployed at control
sites, and is highest at sites heavily impacted by oil (fig. 4).
This suggests that PCA may be used to objectively determine the
presence of o0il in samples. The value of the o0il component in
caged mussel samples deployed at a priori control sites (Olsen Bay,
Discovery Bay, Kukak Bay, Port Graham, Sunny Cove; figs. 2 & 3) has
an approximately norr ~ ~'stribution (fig. 5). A Lt 11 value
Z. can therefore be determined as



Z, = Z + tyi..sY@L)/n

where 2 bar and s are the mean value and standard deviation,
respectively, of the oil component of the caged mussels deployed at
control sites; t, -1,1-a is Student's t; n is the number of control
site caged mussel samples; and a is the type I error. The value of
the o0il component from any caged mussel sample at a non-control
site may be compared with this critical value, and if greater than
that sample may be accepted as contaminated with oil.

The value of the o0il component of caged mussels at sampling
locations may be wused to examine temporal trends at those
locations. Using Herring Bay as an example, the value of the oil
component of caged mussels generally decreases with deployment
depth, and decreases with time after the o0il spill at all depths
(fig. 6). In general, the value of the oil component approaches
control levels by the Fall of 1989, and is at control levels in
1990 at all sampling locations (fig. 7). Note that, due to the
high correlation of o0il hydrocarbons with the o0il component,
examination of any other quantitative measure of oil contamination
will lead to similar conclusions.

0il component values above the critical level were found at all
sampling locations inside the Sound save Olsen Bay during the first
deployment in 1989, indicating widespread subsurface distribution
of particulate oil for at least several weeks following the initial
spill. This result corroborates a similar observation of last
year's status report for this project, and indicates that
biologically available petroleum hydrocarbons were present at that
time to depths of several meters.

The concentrations of petroleum derived hydrocarbons found in the
caged mussels contrast with the general absence of hydrocarbons
found by direct chemical analysis of seawater. This contrast has
been noted by Vandermeulen (1979) who commented on a caged mussel
deployment study of the Amoco Cadiz oil spill conducted by Wolfe et
al. (1979). One reason for this contrast may relate to the
relative amounts of water sampled during direct chemical analysis
(900 ml.) and the amount filtered by a mussel in one month
(approximately 1000 1). Higher concentrations of hydrocarbons may
be expected in mussels because of the higher volume of water they
effectively "sample".

Hydrocarbon concentrations were more variable among replicates of
caged mussels deployed outside the Sound than those deployed
inside. The high var "1bility may be due to holding mussels for
long periods prior to deployment and long exposure periods.
Mussels deployed outside PWS were generally very stressed,

evidenced by the mean rtality rate of 39% dur: _ de¢_ ,

contrast, mussels deployed inside PWS had an overall mean mortallty



during deployment of 6%. The high mortality of mussels deployed
outside PWS was due to logistic difficulties transporting mussels
to deployment sites.

STATUS OF INJURY ASSESSMENT
Water Analyses

A final report for these data is in preparation; no additional data
are required. No additional effort in this area is anticipated.

Caged Mussels

Mussels deployed in 1989 and 1990 have been retrieved and analyzed
for hydrocarbons. Data analysis and preparation of a final report
is currently underway. The last of the mussels deployed in 1991
will be retrieved in March 1992. Final hydrocarbon analysis of
remaining caged mussel tissues deployed in 1991 are expected to be
done by mid to late 1992. Data analysis will begin on receipt of
these data, and should be completed and a final report drafted
within the following 6 months. No additional mussel deployments
are anticipated for this project, although similar mussel
deployments may be parts of restoration projects.

Data Synthesis

Provided the approach outlined herein using PCA is acceptable, this
effort will be expanded as a separate NRDA project in 0Y4 to
include analysis of water samples, mussel samples collected for
other projects, and sediment samples collected for other projects.
This OY4 project is entitled "YMussel Tissue and Sediment
Hydrocarbon Data Synthesis". The synthesis will include a data
quality assurance component, which will evaluate hydrocarbon
analysis data provided by the analytical laboratories in context,
to determine whether these data conform with the minimal
expectations of the project investigators generating the samples.
Expansion of this effort in a separate NRDA project is indicated by
the volume and complexity of data to be evaluated and the number of
comparisons to be made, all of which were substantially
underestimated when initially proposed for the present project.
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Table 1. 0il component coefficients and correlations with hydrocarbon analytes, and relative abundance of
hydrocarbon analytes in Exxon Valdez crude oil. The oil component coefficients, aj, are those of equation 1
in the text. The correlations are correlation coefficients of the hydrocarbon analyte with the oil component.
The relative abundance is in per cent total hydrocarbons found in analysis.

COMPOUND  OIL COMPONENT CORRELATION  RELATIVE COMPOUND  OIL COMPONENT CORRELATION  RELATIVE
COEFFICIENTS (aj)  COEFFICIENT  PERCENT COEFFICIENTS (aj)  COEFFICIENT _ PERCENT

NAPH 0.007 0.160 5.05 BENZOKFL  -0.007 -0.150 0.00
CINAPH 0.005 0.120 15.63 BENEPY 0.032 0.708 0.00
C2NAPH 0.029 0.633 23.37 BENAPY 0.008 0.186 0.00
C3NAPH 0.041 0.913 16.67 PERYLENE  0.004 0.095 0.00
C4NAPH 0.019 0.419 6.25 INDENO 0.008 0.186 0.00
BIPHENYL  0.005 0.117 1.40 DIBENZ 0.008 0.167 0.00
ACENTHY 0.002 0.046 0.00 BENZOP 0.007 0.151 0.00
ACENTHE  -0.001 -0.017 0.00 C10ALK 0.004 0.080 8.62
FLUORENE  0.015 0.326 0.62 C11ALK 0.008 0.174 7.15
C1FLUOR 0.028 0.613 1.36 C12ALK 0.022 0.492 7.05
C2FLUOR 0.031 0.693 0.88 C13ALK 0.020 0.450 7.56
C3FLUOR 0.036 0.779 0.26 C14ALK 0.025 0.557 7.02
DITHIO 0.032 0.705 1.39 C15ALK 0.025 0.544 6.51
CIDITHIO  0.043 0.947 2.55 C16ALK 0.032 0.717 5.80
C2DITHIO  0.042 0.936 3.63 C17ALK 0.009 0.191 5.17
C3DITHIO  0.041 0.913 2.78 PRISTANE  0.021 0.461 4.34
PHENANTH  0.038 0.832 1.88 C18ALK 0.034 0.762 4.49
CIPHENAN  0.041 0.907 5.02 PHYTANE 0.035 0.777 2.47
C2PHENAN  0.041 0.919 5.63 C19ALK 0.036 0.807 4.64
C3IPHENAN  0.040 0.892 3.61 C20ALK 0.036 0.800 4.05
C4LPHENAN  0.038 0.840 0.75 C21ALK 0.027 0.604 3.85
ANTHRA 0.007 0.149 0.00 C22ALK 0.029 0.650 3.87
FLUORANT  0.018 0.393 0.00 C23ALK 0.030 0.664 3.32
PYRENE 0.017 0.369 0.00 C24ALK 0.031 0.683 2.96
CIFLUORA  0.037 0.830 0.27 C25ALK 0.028 0.617 2.43
BENANTH 0.017 0.378 0.00 C26ALK 0.027 0.598 2.31
CHRYSENE  0.036 0.787 0.35 C27ALK 0.027 0.592 2.13
CICHRYS 0.038 0.842 0.42 C28ALK 0.021 0.464 1.49
C2CHRYS 0.025 0.563 0.23 C29ALK 0.024 0.530 1.47
_C3CHRYS 0.031 0.692 0.00 C30ALK 0.019 0.431 0.96
C4CHRYS 0.013 0.299 0.00 UCM 0.019 0.419 0.34
BENZOBFL  0.017 0.368 0.00
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Figure 3.

S »tidal #3 caged mussel deployment sites in the Kenai Peninsula,
Island areas where samples were collected in 1989 and 1990.
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OIL COMPONENT

Figure 4.

0il component values vs. deployment site of caged
mussels deployed in 1989 and 1990.

Plotted at each site are oil

component values of all deployment depths and all deployment

times for which hydrocarbon analyses are available.

0il

component values are related to the logarithm of the amount of

oil contamination.
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NUMBER OF SAMPLES

10

Figure 5. Histogram of oil component value distribution of
caged mussels deployed at control sites in 1989 and 1990.
Plotted are the number of control site caged mussel samples
within one-half standard deviation unit interval of the mean
value of component 1 for these control samples.
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OIL COMPONENT

Figure 6. O0il component value of caged mussels deployed at
1 m, 5 m, and 25 m depths at Herring Bay, 1989 and 1990.
Dates on the x axis are caged mussel retrieval dates. The
shaded area indicates expected values for the oil component
of control sites. O0il component values are related to the
logarithm of the amount of oil contamination.

i SAMPLE DEPTH
. = 1m

= 5m

3 | = 25m

(18 |

E1E

L 3NNe -
€ DNV -
9 1d3S -
L'9 d3S -

1989 1980



OIL COMPONENT

Figure 7. 0il component value vs. exposure time of caged
mussels deployed in 1989 and 1990. The oil component value
found for all deployed caged mussel samples analyzed is plotted
with deployment date. 0il component values are related to the
amount of oil contamination.
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II. EXECUTIVE SUMMARY

This study, originally called Air/Water Project number 6, was designed and
undertaken by NOAA in 1990 at the request of the NRDA Trustee Council, in
response to specific recommendations from the Department of Justice's Peer
Reviewers. The study is designed to: a) determine the toxicity of oiled
environmental samples, using standard toxicity tests; b) examine the extent
to which any observed toxicity may be attributed to oxygenated, polar
products in weathered oil (versus the parent hydrocarbons found in fresh
crude); and c) promote the synthesis of data and information (generated
largely by other projects) on the geographic distribution, weathering, and
potential effects of petroleum on living marine resources. This project has
involved the collaboration of NMFS scientists from the Environmental
Conservation Division of NWFC and the Auke Bay Laboratory of the AFSC, as
well as projects carried out under contract to NOAA by SAIC. Toxicity
testing has been carried out on sediment samples taken during the cruises
of the FAIRWEATHER in 1989, the DAVIDSON in 1990, and THE BIG VALLEY
in1991. Petroleum hydrocarbons were analyzed by ultraviolet fluorescence
spectroscopy on the samples collected in 1989 and 1990, and the toxicity of
sediments from oiled sites was greater than that from unoiled reference
sites in both years. Smaller differences between oiled and reference sites
were found in 1991. Final analysis and interpretation of the toxicity data
will require data on hydrocarbon chemistry and grain size of the sediments
(expected from Technical Services Project number 1). These analytical data
are now available for 1989 and 1990, but have not yet been analyzed in
detail; data for 1991 are not yet available. A contract was let to SAIC to
study the extent to which any toxicity present in oiled sediments and
interstitial waters may be attributed to polar, oxidation products (as
opposed to parent hydrocarbons) in petroleum. Intertidal sediments and
interstitial waters were collected from oiled and reference sites in Prince
William Sound. Organic extracts of these samples were separated into polar
and non-polar fractions, and the fractions were tested for relative toxicity
by a number of tests. Results of the initial tiers of toxicity testing indicate
that the polar fractions from the most heavily oiled site exhibit genotoxicity
at least equal to that associated with the nonpolar fractions, but this toxicity
is detectable only at very high concentrations. Further testing and chemical
analysis of these fractions are still underway; a draft final report is expected
in March 1992.  Another contract was let to the Bermuda Biological S _ic .
to study whether polar oxidation products of petrolcum occur in significant
amounts in tissues of Mytilus edulis taken from the spill zone. Extracts of
mussel tissues were chemically fractionated into nonpolar and polar







study is designed to: a) demonstrate and quantify the toxicity of oiled
environmental samples, using standard toxicity tests; b) determine the
extent to which any observed toxicity may be attributed to oxygenated,
polar products in weathered oil (versus the parent hydrocarbons found in
fresh crude); and c) promote the synthesis of data and information:
(generated largely by other projects) on the geographic distribution,
weathering, and potential effects of petroleum on living marine resources.
This study is very closely coordinated with Subtidal Studies Number 1 and
2, directed by the NMFS Auke Bay Laboratory and the Alaska Department of
Environmental Conservation, respectively, and relies also on collaboration
with personnel of the NMFS Northwest Fisheries Science Center.

A detailed review and analysis of the scientific literature relating to the
objectives of this project were presented in the detailed study plan (A/W6)
for 1990.

VI. STUDY METHODOLOGY

Sampling Locations

Sediment sampling was carried out from the NOAA Ship FAIRWEATHER
between June 29 and August 22, 1989; from the NOAA Ship DAVIDSON
between June 25 and August 5, 1990; and from the charter vessel THE BIG
VALLEY between June 15-25, 1991. Separate samples were taken
concurrently from the same stations under Air/Water Study Number 2 (now
Subtidal Study Number 1) for the chemical analyses and sediment grain-size
analyses. The strategy was to sample one site per day, in support of three
studies: Subtidal Studies 1, 2, and 4 (Air/Water Studies 2, 3, and 6,
respectively in 1990). The sites sampled in 1989 were identified in the
Preliminary Status Report for A/W Study 4 (1/12/90). The sites visited in
1990 were selected from the list of sites visited in 1989 under A/W Studies
2 and 4, supplemented by a group of "reference sites" that were added
specifically to test effects on benthic community composition. The 1990
sites, selected on the basis of preliminary information on distribution of
floating and/or beached oil, encompassed essentially the full geographic
range of spill exposure (i.e., from Bligh Island in PWS to Katmai Bay on the
Alaska Peninsula). The 1991 sampling for toxicity testing was restricted to
7 "exposed” sites and 8 "reference” sites within Prince William Sound.
Positions of the interti¢ ° nplit  locations for each site sampled in 1990
and 1991 are ~b~wm ip Tohkla 1




































Group A consists of sites (mainly within PWS) that received heavy intertidal
oiling and that may have received either coincident or resultant subtidal
exposure.  Group B includes sites that exhibit near minimal UVF values in
the intertidal area, but show indications of elevated subtidal oil. Many of
the oiled sites along the Kenai Peninsula exhibited this pattern. Parttern C
represents stations for which the UVF values and patterns generally
suggested lack of significant oiling. With the exception of Chenega (Pattern
A) and MacLeod Harbor (pattern B), all of the sites designated a priori as
reference sites exhibited this pattern, as did most of the 1989 sites located
outside of PWS (Table 2A,B). All of the PWS sites that exhibited Pattern A
in 1989 did so again in 1990; while those outside of PWS shifted either to
Pattern B or C in 1990. Similarly, some sites that exhibited Pattern B in
1989 shifted to pattern C in 1990. These shifts may represent transport of
oil from intertidal to subtidal sediments, or simply preferential retention of
oil by subtidal sediments. Despite methodological differences between 1989
and 1990, which preclude detailed, quantitative comparisons between years,
the UVF data clearly distinguish with only one exception (Chenega) the two
sets of sites, exposed and reference, originally selected for toxicity testing.
The Chenega site, though known to have been oiled intertidally, was
originally considered nonetheless likely to be acceptable as a reference site
for effects on subtidal (40-100m) infauna. While the UVF data for that site
reinforce that initial conclusion (i.e., the PBCO pattern was not discernible in
the 40/100 m samples), the shallower samples from this site did exhibit the
PBCO pattern. For purposes of analyzing the toxicity data, therefore, Chenega
is most appropriately considered an exposed site. Quantitative GC-MS data
are currently being evaluated for all these sites; preliminary examination of
the 1990 GC-MS data suggests separation of intertidal samples between the
exposed and reference site groups based on data for Sum of Dibenzothio-
phenes, Sum of Aromatics, and Pristane/Phytane Ratio, whereas data for
Unresolved Complex Mixture and Carbon Preference Index suggest
differences in subtidal samples as well. More detailed analyses are needed
for definitive comparisons.

The results of the 1990 toxicity bioassays with Ampelisca abdita and
Crassostrea gigas are summarized in Tables 4A,B and 5A,B. Mean percent
mortalities of test organisms (corrected for controls) were compared for the
set of reference sites against the set of exposed sites (the sites are listed in
Table 3), using a t-test. The mean percent mortality of amphipods was
significantly (p <0.05) greater for the PWS exposed sites only at the zero-
meter tidal level, and only when _.enega was cons ':red an exposed site
(Table 4A). .[Aa.., .. .he cer. .aete. sample. producer  mphipoc

mortalities that were significantly different from control mortalities in the
bioassay. The mean percent mortality of amphipods was also greater for the
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PWS reference sites at the 20-meter depth, regardless of whether Chenega
was considered an exposed site (p = 0.061) or a reference site (p = 0.032).
The control-corrected mortalities were low, however, for these 20-m
samples, and none of the amphipod test results with subtidal samples were
significantly different from controls. Oyster larvae exhibited significantly (p
<0.05) greater mortality at the 20-m and 100-m depths in the exposed sites,
if Chenega was treated as a reference site (Table 5B). Chenega deep
sediments were non-toxic, however, and the difference between means at
reference and exposed sites was not significant (p >0.10) when Chenega was
treated as an exposed site. '

Amphipod mortality and oyster mortality were not significantly correlated
(Pearson rank correlation) either with each other or with UVF signal over
the entire suite of PWS sites and depths (n = 63). Mortality of test
amphipods was significantly correlated (p<0.01) with UVF signal, however,
at the zero-meter depth alone (n = 16). Neither oyster larvae or amphipod
mortality were significantly correlated (p < 0.05) with UVF at any other
depth.

Table 3. Reference and Exposed Sites in Prince William Sound, 1990

PWS SITES USED FOR TOXICITY COMPARISONS-

1990
PWS REFERENCE SITES (6) 'PWS EXPOSED SITES (10)
5 ROCKY BAY 7 HERRING BAY
6 WEST BAY 8 DISK ISLAND
14 MACLEOD HARBOR 10 NORTHWEST BAY
15 MOOSELIPS BAY 12 BAY OFISLES
18 LOWER HERRING BAY 16 SNUGHARBOR
19 DRIER BAY 20  SLEEPY BAY

9 BLOCK ISLAND

11 NORTHEAST KNIGHT
13  GREENISLAND

.. * CHENEGA ISLAND

*Chenega was originally designated a Reference Site
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TABLE 4. Mean Percent Mortality of Ampelisca abdita tested with
Sediments from four different depths at Reference and Exposed Sites
in Prince William Sound in 1990.

A. T-TEST: PWS REFERENCE VS EXPOSED SITES
(with Chenega as Reference, N = 7 vs 9)

AMPHIPOD MORTALITY (%), control corrected data

REFERENCE EXPOSED SIGNIFICANCE
DEPTH (M) MEAN SD. MEAN SD. LEVEL
0 29.4 19.5 51.7 28.2 0.096
6 23.7 12.0 18.2 9.0 0.317
20 23.4 8.0 13.6 7.6 0.032
100 14.1 7.3 11.3 4.2 0.368

B. T-TEST: PWS REFERENCE VS EXPOSED SITES
(with Chenega as Exposed, N = 6 vs 10)

AMPHIPOD MORTALITY (%), control corrected data

REFFRENCE EXPOSED SIGNIFICANCE
DEPTH(M) MEAN SD. MEAN SD. LEVEL
0 22.7 9.1 53.5 27.2 0.019
6 22.5 12.6 19.5 94 0.601
20 23.6 8.9 5 7.7 0.061

100 13.0 77 12.1 47 0.787
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EXECUTIVE SUMMARY

Three damage assessment surveys were conducted to sample spot shrimp (Pandalus
platyceros) in November 1989, March 1990, and November 1990 as Fish/Shellfish
study 15. This project continued under its current title and a fourth survey was
completed November 14, 1991. The first two surveys (November 1989 and March 1990)
sampled spot shrimp during the same egg bearing period and have been compared.
This report will be limited to findings from the November 1990 survey and draw
comparisons to the November 1989 survey.

Spot shrimp support important commercial, recreation, and subsistence fisheries
in Prince William Sound. A significant portion of their habitat was in the direct
path of the 1989 Exxon Valdez oil spill. Spot shrimp are a representative species
of the deepwater nearshore benthic ecosystem, serving as a food source for a
variety of fish and shellfish. Spot shrimp also share aspects of their
distribution, life history, or food habits with other economically important
shellfish species residing in the oil-affected area (Table 1).

Relative abundance of spot shrimp remained lower in the oiled than unoiled area
for a second year even after limited commercial fishing was allowed in the
unoiled area during the spring of 1990. Furthermore, catch in number of shrimp
per pot was lower in 1990 than 1989 in the oiled area even in the absence of
fishing. Percent female in the oiled area remained low at 2% in 1989 and 2.5% in
1990 while the percent in the unoiled area increased from 7.3% to 11.3%. Over
three times as many shrimp were non-ovigerous in the oiled (18.9%) than unoiled
(5.1%) area in 1989 and twice as many (16.5% versus 8,0%) in 1990. Furthermore,
23% of the spot shrimp and 50% of the pink shrimp (P. borealis) collected in 1989
and examined for histological aberrations had gill lesions severe enough to
reduce stock production through increased mortality. These gill lesions are
indicative of exposure to a toxic substance (D.V. Lightner, University of
Arizona, personal communication).

The total number of eggs per female at a given size was less in the oiled area
in 1989. No such difference existed in 1990. Shrimp from the oiled area did not
have a significantly greater number of females with one or more dead eggs in 1990
as they did in 1989.

Hydrocarbons were not detected in spot shrimp muscle or eggs based on ten samples
analyzed from the oiled area and seven samples from the unoiled area out of 193
samples collected. 0il was detected in sediments deeper than 100 m near oiled
study sites (Air/Water study 2). Hydrocarbon-degrading bacteria were also
detected at depths to 100 m near oiled study sites. Given the 1low
bioconcentration of aromatic hydrocarbons by spot shrimp and their theorized
susceptibility to genetic damage as larvae (Sanborn and Malins 1980), an
assessment of genetic damage should be conducted targeting the most vulnerable
year classes (1987-1989) 1 ‘her than continue with hydrocarbon a “ysis.

Ve recommend that this project continue under restor. on as the means of
monitoring the :ural recovery of the oiled population. _: is essential to
evaluate the success of harvest strategies used to regulate human use o~ he
resource to allow rebuilding of injured stocks and insure their long term health.
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OBJECTIVES

1. Determine the relative abundance by weight and sex of spot shrimp
(Pandalus platyceros) and the relative abundance by weight of incidentally
caught pink shrimp (P. borealis) and coonstripe shrimp (P. hypsinotus) in
oiled and unoiled areas and compare these values to those obtained during
surveys in 1989 and 1990.

2. Compare size and age frequencies of spot shrimp (by sex and depth stratum)
between sites using various methods of length frequency analysis (mixture
model analysis).

3. Analyze fecundity, egg mortality, and other sublethal effects between
oiled and unoiled areas over time, and determine whether those effects
result in adverse changes in reproductive viability.

4. Analyze tissue and egg samples for presence of hydrocarbons and compare
differences between oiled and unoiled sites. Test the hypothesis that the
level of hydrocarbons is not related to the level of oil contamination
present at a site. The experiment is designed to detect a difference of
1.2 standard deviations in hydrocarbon content with the probability of
making a type I or type II error of 0.05 and 0.10, respectively.

5. Document injury to tissues and compare differences between oiled and
unoiled sites if warranted by results from tissue hydrocarbon analysis.

6. Provide information on stock status, hydrocarbon concentration and other
indicators of stock condition for restoration of damages and management of
the spot shrimp resource for subsistence, personal, and commercial user
groups.

INTRODUCTION

Spot shrimp support important commercial, recreation, and subsistence fisheries
in Prince William Sound (PWS). Their habitat is generally contained within the
traditional harvest area of the commercial fishery which includes the area west
of a line from Montague Point to Bidarka Point in PWS (Figure 1) and is
characterized by numerous, steeply cut glacial fjords and passages. A significant
portion of this area was in the direct path of the 1989 Exxon Valdez oil spill
(EVOS). Minor populations of spot shrimp outside PWS include Lituya Bay to the
east and the outer coast of the Kenai Peninsula to the west. The latter is also
in the EVOS affected area.

Spot shrimp are a representative species of the deepwater nearshore benthic
ecosystem, serving as a food source for a variety of fish and shellfish. Spot
shrimp share aspects of their distribution, life history, or food habits with
other economically important shellfish species residing in the o0il affected areas
(Table 1). Spot shrimp are known to be sensitive to oil contamination in both the
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larval and adult phase. The effects of o0il on spot shrimp in particular and
shrimp in general are well documented (Anderson et al. 1981, Brodersen et al.
1977, Brodersen 1987, Mecklenburg et al. 1977, Sanborn and Malins 1980, Stickle
et al. 1987, Vanderhorst et al. 1976). In 1989 the eggs of spot shrimp and other
shellfish species (Table 1) hatched immediately before the o0il spill and were in
the planktonic community as zoea larvae, making them wvulnerable to aromatic
hydrocarbons. Juvenile spot shrimp from the 1988 and 1987 year classes would have
been present at more nearshore locations preferring hard-bottom rock crevices or
kelp covered periphery (Barr 1974).

Commercial fishing for spot shrimp was allowed in the unoiled area in the spring
(March 15 through April 8) of 1990, the first time since the EVOS. Commercial
fishing was allowed in both the wunoiled and the oiled areas in the fall
(September 10 through October 25) of 1991. The 1990 fishery harvested 13,912 kg
of spot shrimp in 59 landings by 23 vessels. Preliminary catch statistics for
the fall, 1991 fishery show 7,939.8 kg taken by 15 vessels in 44 landings. The
fishery was opened in 1991 in order to assess the status of the stock on an area-
wide basis because a large portion of southwestern PWS had been closed since
1988. In addition there was some difficulty in relating survey catch per unit
effort (CPUE) to commercial fishery performance.

The November 1991 survey is expected to begin capturing shrimp from the 1989 year
class as they join the adult portion of the stock. Of utmost importance to the
damage assessment process will be to test the assumption that the 1989 year class
(vhich was in the water column as zoea larvae at the time of the oil spill) will
not show a significant difference in recruitment between oiled and unoiled sites.

METHODS

Spot shrimp habitat within PWS was divided into oiled and unoiled strata.
Localized spot shrimp distribution in these areas was established by interviewing
commercial fishermen. The unoiled strata included the northwestern portion of
PWS. Sampling was conducted in Unakwik Inlet, Port Wells (Golden), and Culross
Passage (Figure 1). Unakwik Inlet was also chosen as it was the site of previous
Alaska Department of Fish and Game (ADF&G) research on abundance and growth of
spot shrimp (Kimker 1984, 1985; Kimker and Donaldson 1986, 1987). The oiled
strata included central and southwestern Prince William Sound. Sampling was
conducted at Green Island, Chenega Island, and Herring Bay. Green Island was also
chosen as similar research had been conducted there in 1982 (Kimker 1983).

Each site was stratified into shallow, 35 to 130 m, and deep, 130 to 220 m,
strata. Eleven pots comprised a station and were spaced 18 m apart on a
longline. During the 1989 survey, pots were spaced 9 m apart then changed to 18
m in 1990 to provide more coverage of the depth range within a stratum. In 1990,
at least two stations were fished in each stratum per site for a minimum of 44
pots per site. The exception being Green Island where 33 pots were fished in the
shallow stratum only due to lack of success in the deep strata on previous
surveys. Up to 66 pots :re set at a depth stratum if past experience indi :ed
that the sample size of 5NN epot shrimp for length frequency analysis would not
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be met. If necessary, pots were redeployed the next day targeting the areas of
‘highest catches from the previous sample until the required sample size per depth
stratum and site were captured.

Spot shrimp were sampled using standardized commercial shrimp pot gear measuring
16 x 16 x 36 in (40.6 x 40 .6 x 91.4 cm) with a 2.5 in (6.4 cm) tunnel located
7 in (17.8 cm) into each end. Pots were baited with a 2-quart jar of frozen
chopped herring. Longlines of pots were set in late afternoon and retrieved the
following morning for an average 18 hour soak time. The survey was conducted
aboard the R/V Montague from November 5 through 14, 1990.

Pandalid shrimp were sorted by species and weighed. Weights were obtained using
an electronic digital scale and recorded to the nearest 2 g. The total weight of
spot shrimp was estimated by adding representative weights of shrimp removed for
hydrocarbon and histopathology samples to the sample weight. A station’s catch
was subsampled if it was determined that the number of shrimp greatly exceeded
500. Subsamples were obtained by taking a constant proportion of shrimp from
each pot in a station.

In comparing relative abundance between o0il and unoiled strata CPUE will be
calculated from only those pots set the first day at a depth strata and site
combination. Placement of pots redeployed an additional day was based on the
first day’s catch with the objective of obtaining more spot shrimp to meet the
sample size requirements for length frequency analysis. CPUE from these pots are
thought not to represent abundance or be comparable with sites where additional
fishing was not needed.

A general linear model was fit to the spot shrimp data and the hypothesis of no
difference in number or weight caught between oiled and unoiled strata was tested
at the a=0.05 level. Because of the potential of significant interaction terms
the full model was fit:

CPUEjjun = B + @y + B3 + (af)yy + wy + (B k) + €1jim

incorporating the grand mean (u), an oiling effect (a), depth stratum effect (B),
sampling site effect nested within oiling strata (7(;,) and all interaction
terms. Where interaction terms were significant hypothesis for testing
differences between oiled and unoiled strata was done using the least square
means (Milliken and Johnson 1984). Difference between years was tested separately
for the oiled and unoiled areas using the following model:

CPUE jpp = p + 6, + By + (8B)yy + % + ey

which included a year effect (6§). The Bonferoni inequality was used to control
type I error for planned a-posteriori comparisons of least square means.

Sex, carapace length, and fecundity data were recorded only for spot shrimp.
Carapace length was measured from the rear of the right eye socket to the
posterior midpoint of the carapace and recorded to the nearest 0.1 mm using a
digital electronic caliper. Sex was identified as juvenile, wale, ciansitional
or female according to the detailed study plan (Donaldson et al. 1990). Egg
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condition, egg color, egg fouling, egg mortality, and the presence of breeding
dress if no eggs were present, was recorded for all females. A maximum of 25
ovigerous females at each station for each site was collected to estimate
fecundity and egg mortality. Egg samples were processed and the total number of
eggs per female estimated according to Kinzer (1991) using the following formula:

X=(x'/y) Y

where x’ is the number eggs in the subsample, y' is the dry weight of the
subsample and Y is the total dry weight of the sample.

The percentage of spot shrimp females bearing eggs; the stage of spot shrimp egg
development (color and presence or absence of eyes); the percentage of spot
shrimp egg fouling and egg mortality; the fecundity by size; and the relative
clutch size was determined for each station. Chi-square statistics were used to
test for differences in sites and levels in data which involved percentages and
proportions. Differences between strata and sites for fecundity and relative size
of clutch were tested using analysis of covariance, with carapace length as the
covariate. Analyses to determine possible effects of the oil spill on the number
of dead eggs per female were conducted using ANOVA on ranked data.

Specimens for histopathology analysis were taken from the catch before it was
weighed and processed. Twenty spot shrimp from a single station in each stratum
were selected and preserved following recommendations of the Histopathology
Technical Group outlined in the detailed study plan (Donaldson et al. 1991). Dr.
Donald Lightner of the University of Arizona examined the tissue samples.

To prevent contamination, specimens for hydrocarbon testing were taken from the
pot immediately after its removal from the water and before contents were
weighed. Three female spot shrimp formed one composite sample of muscle and one
composite sample of eggs. Each composite was taken from a different pot. Two
replicates of the composite were taken randomly from one station in the stratum
and the third replicate came from the other station. All hydrocarbon samples were
processed according to the methods outlined in the detailed study plan (Donaldson
et al. 1991).

Environmental data were recorded at each site. Water temperature, salinity and
dissolved oxygen content were recorded using a Seabird Electronics CTD (model
SBE19, serial # 192488-297) at a location near the deepest portion of the second
stratum of each site.

RESULTS

Three damage assessment surveys were conducted (November 1989, March 1990, and
Nov er 1990) for Fish/Shellfish study 15. This project continued under its
current title, Subtidal study 5 and a fourth survey was completed November 14,
1991. The first two surveys (November 1989 and March 1990) sampled spot shrimp
‘during the same egg bearing 'ilod. The damage assessment of spot shrimp in the
1990 status report (Donaldson et al. 1990) covered only these two surveys as the
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Size and Sex Composition

In 1990 the average carapace length was 21 mm for juvenile spot shrimp, 29.1 mm
for male spot shrimp, and 41.9 mm for female spot shrimp (Table 5). Differences
in average carapace length between 1989 and 1990 were 1.5 mm for male shrimp at
both oiled and unoiled sites (Table 6). Mean carapace length for female spot
shrimp was not significantly different between years at the oiled or unoiled

sites.

In 1989 only 2% of the spot shrimp sampled in the oiled area were female as
compared to 7.3% in the unoiled. Again in 1990 only 2.5% of those captured were
female in the oiled area as compared to 11.3% in the unoiled area. Chi square
analysis found that in both 1989 and 1990, oiled sites had a significantly lower
proportion of female shrimp (P<.001) than unoiled. Furthermore, while the
proportion of females increased significantly from 1989 to 1990 (P<.001) in
unoiled sites, a similar increase was not evident in the oiled sites. This is
surprising as a commercial fishery which targets large shrimp (females) was
conducted in the unoiled area in the spring of 1990.

Length frequency distributions are formed by recruitment of the smallest year
class to our sampling gear, natural mortality of all age classes, and a selective
commercial removal of individuals greater than 30 mm. Differences between the
1989 and 1990 length distributions in the oiled area are only a function of
natural (or o0il induced) mortality and recruitment. In contrast, commercial
removal of individuals greater than 30 mm occurred in the unoiled area in the

spring of 1990.

Changes in the length frequency distribution (LFD) at Unakwik may in part be due
to commercial removal. The LFD in 1990 appears to lack some of the recruit size
shrimp (20-27 mm) (Figure 2) seen in 1989. Lack of recruitment is more strongly
also suggested by the LFDs at the Golden study site where it appears that the
1990 LFD is just a forward 4 mm projection of the 1989 LFD (Figure 3). This is
close to the average annual growth of approximately 10% of the carapace length
per year for spot shrimp estimated from tagging (Kimker and Donaldson 1987).
Culross Passage LFD may also show the symptoms of selective removal by the
commercial fishery. Yet a much larger proportion of its population is less the
28 mm (Figure 4). The estimated LFD for the unoiled population becomes a
combination of these sites. Again the primary mode has increased from 28 mm to
32 mm in 1990 creating three distinct modes (Figure 5).

The LFD of spot shrimp at Herring Bay did not change much from 1989 to 1990
(Figure 6). This may indicate that the recruit size year class in 1990 did nearly
replace that of 1989 though the mode increased from 25 to 29 mm. The 1990 LFD
for Chenega indicates that less recruit size shrimp were present than in 1989
(Figure 7). The LFDs for Green Island (Figure 8) are based on very small sample
sizes though appear to be similar. The estimated LFD for the oiled population
becomes a combination of these three sites (Figure 9) and represents an aging of
the population without commercial removal illustrating lower recruitment than
last year and growth of the mode from 25 to 28 mm in 1990.



Fecundity and Related Parameters

Fecundity was estimated for 315 ovigerous females in 1990 (Table 7). Number of
eggs per female averaged 2,266 at unoiled sites and 2,217 at oiled sites.
Individual fecundity ranged from 417 to 4,273 eggs. In November 1990 all eggs
were uneyed, which was similar to the 96% uneyed, observed in 1989.

A comparison of the fecundity relationship, number of eggs versus carapace
length, between oiled and unoiled classifications found a significantly greater
slope for unoiled than oiled sites in 1989 (Donaldson et al. 1990) indicating a
greater number of eggs for females of a size category in the unoiled area. In
1990, no significant difference in fecundity between oiled and unoiled
classification was detected (P=0.952). The regression lines for 1990 are:

unoiled E=-4142.43 + 152.51 L, R2%= 0.36 P= 0.0001
oiled E=-4078.18 + 152.13 L, R%= 0.49 P= 0.0001

where E is the total number of eggs and L is the carapace length. When fecundity-
length relationships in the oiled stratum were compared between years the 1989
relationship had a significantly lower slope than 1990 (P=0.007). Within the
unoiled stratum, slopes for the 1989 and 1990 relationships were not
significantly different (P= 0.65). Therefore the female shrimp in oiled sites
were of lower fecundity in oiled sites than unoiled in 1989 with this effect
disappearing in 1990.

Number of dead eggs per female in 1990 ranged from 0 at Green Island to 804 at
Golden (Table 8). No significant difference in the number of dead eggs per female
was found in 1989 between oiled and unoiled sites (P= 0.27). In 1990 female
shrimp in unoiled sites were found to have significantly more dead eggs per
female (P=0.03) than those in oiled sites. When data were pooled across oiling
strata, there were significantly more dead eggs per female in 1989 than 1990
(P=0.001). When data were constrained within oiling strata, it was found that
in 1989, shrimp had significantly more dead eggs per female than did shrimp in
1990 in both oiled (P=0.007) and unoiled (P=0.008) strata.

In 1989, there was a significantly greater proportion of female shrimp with one
or more dead eggs in oiled than unoiled sites (Donaldson et al. 1990). No such
difference (P= 0.253) was found in 1990. There was significant variability
within oiling strata among sites as a chi square analysis found a significant
difference in number of females with dead eggs among unoiled sites (P<0.001), and
a low p-value among oiled sites (P=0.069).

Though results of the analyses with dead egg numbers and frequency of occurrence
showed no trend of increasing egg mortality in the oiled area, Donaldson et al.
(1990) stated that it is possible that spot shrimp clean dead eggs from their
brood, or that the dead eggs simply slough off as other eggs mature. Presence
of dead eggs may not be a good "1 :ator variable to monitor for oil damage for

this reason.

Of shrimp identifiable as female, significant proportions were found to be
7ithou :ggs during the 1989 and 1990 surveys (Table 9) ~“hi square analysis
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found oiled sites to have a significantly higher proportion of females without
eggs than unoiled sites in both 1989 (P=0.002) and 1990 (P=0.009). Females in
1989 were likely to be in breeding dress and though egg extrusion should have
occurred it could have been delayed. In contrast in 1990 non-ovigerous females
were not in breeding dress and therefore less likely to breed soon., There was no
significant difference between the percent of non-ovigerous females in breedin
dress between oiled and unoiled strata in 1989 (x* = 0.57, p=0.45) and 1990 (
- 0.03, p= 0.86). However, the fact that we estimate only 2% of the shrimp
population in the oiled area to be female does have serious implications to its
population dynamics, especially when coupled with the fact that approximately 15-
20% of these females were not carrying eggs. These stocks do not appear to be
reproducing at a very high rate.

Documenting Hydrocarbon Contamination

Sixty five samples of spot shrimp eggs and adult muscle were collected for
hydrocarbon analysis (Table 10) bringing the collection total to 193 samples. To
date seven samples collected in 1989 from unoiled sites and 10 samples from oiled
sites have been analyzed with no oil detected. NRDA Air/Water study 2 collected
148 sediment samples at depths greater than 100 m in 1989 and 13 in 1991 (Carol-
Ann Manen, National Marine Fisheries Service (NMFS), Auke Bay, Alaska, personal
communication). Nineteen of those, all from 1989, have been analyzed and seven
were found to contain oil. Location names and depths sampled of those seven
listed in the NMFS database include Main Bay (603 m), Esther Is (388 m), Valdez
(238 m), Orca Bay (164 m), Green Island (251 m), Herring Bay (137 m) and Bligh
Island (102 m) (Figure 10). This confirms that oil has reached the depths that
spot shrimp inhabit and was detected near our oiled study sites of Green Island
and Herring Bay. 0il found at Main Bay brings into question the appropriateness
of the unoiled status of the Culross site.

Another indication of the presence of hydrocarbons at depth is the presence of
hydrocarbon-degrading microorganisms in marine sediments. Dr. Joan Braddock,
Assistant Professor of Microbiology, University of Alaska Fairbanks participated
in the rapid-response assessment program conducted by the National Atmospheric
and Oceanographic Administration shortly after the EVOS and later was contracted
by the Alaska Department of Environmental Conservation in a follow up program.
Included in that program was most-probable-number (MPN) measurements (Brown and
Braddock 1990) of oil-degrading microorganisms (cells per g dry sediment) in
sediment and water samples throughout the EVOS affected area. Concentrations of
oil-degrading microorganisms were significantly greater than control sites only
to depths of 20 m in 1989 at sampling locations near our study sites (Northwest
Bay, and Disk Island). By 1990, concentrations of oil-degrading microorganisms
were detected to 100 m at L. Herring Bay, Disk Island, Green Island, and Chenega
Island.

It may not be surprising tl spot shrimp muscle and egg samples to date have not
been positive for hydrocarbons. Sanborn and Malins (1980) report that in adult
shrimp the bioconcentration factors (concentration in the tissue divided by the
concentration in the water-solul_: fraction) were low in comparison to the values
generally observed with fish. Yet Sanborn and Malins (1980) report that early
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development stages of shrimp have well developed enzyme systems which may convert
polycyclic aromatic hydrocarbons into potentially damaging free radicals and
epoxides that can interact with DNA causing irreversible damage. Again this puts
the 1989 year class, present as zoea larvae in the plankton community, at risk.

Lack of hydrocarbon detection in spot shrimp tissue or eggs does not indicate
lack of damage or contamination. Rather, we may lack the power statistically (17
out of 193 samples processed) or biologically to detect hydrocarbon damage in
spot shrimp. Given the damage evidenced by the histopathology study the emphasis
should shift to detection of genetic damage through analysis with a flow
cytometer or other methods.

Histopathology Observations

An initial histological study of spot shrimp and pink shrimp collected during the
November 1989 survey was completed by Dr. Donald Lightner, Associate Professor
of the Department of Veterinary Science, University of Arizona (Appendix B). A
high priority was given samples 7 through 12 from oiled sites and analysis of
samples from the unoiled stratum is underway.

Melanized cuticular lesions were examined histologically and found to be either
wounds or classical examples of bacterial shell disease (Appendix A, Table 1 and
3). Occurrence of bacterial shell disease ranged from O to 40% averaging 28% for
the oiled area. Melanized cuticular lesions were noted only grossly for the
unoiled samples and occurred on 40% of the shrimp. The actual rate of shell
disease will be lower after the histological examination categorized these
lesions as wounds or bacterial shell disease.

Ten shrimp from a site specific sample of 20 were sectioned for histological
examination. A severity grade of 0 to 4 was used to assign severity of infection,
surface infestation, or disease syndrome severity to each shrimp (Appendix A,
Table 5).

Gill lesions on spot shrimp were detected in samples from Chenega and Green
Island and were present on shrimp from all sites (Table 11). Lesions ranged from
multifocal necrosis, inflammation and melanization of areas in gill lamellae to
marked hemoctic congestion and fibrosis of the hemocoel within the primary gill
rachis of one or more gill processes. Incidence of gill lesions in spot shrimp
ranged from 10% at the shallow stratum to 90% at the deep stratum of the Chenega
site averaging 48% for the oiled area. Twenty three percent of those sampled had
severity grades greater than 1 with a prognosis for possible production losses
and or increases in mortality. Dr. Lightner thought that shrimp with gill lesions
of severity grade 4 would not be feeding and therefore would not be attracted
into our baited pots.

One sample of pink shrimp was collected at Green Island in November 1989 due to
the shortage of spot shrimp. Similar histological examinations found 70% to be
sted v "11 lesions and 50% with a severity grade of 2 indicating
increased mortality. .
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Dr. Lightner did indicate that the high incidence of gill lesions from Chenega
and Green Island samples (location was not known to examiner) suggest exposure
of these shrimp to some sort of toxic material. Dr. Lightner is currently
processing samples from the unoiled stratum. Analysis to test differences in
frequency of occurrence between oiled and unoiled strata for shell disease and
gill lesions will follow.

Histopathology samples were again collected during the November 1990 survey
(Table 12). As in 1989 samples were preserved in 10% buffered formalin which in
crustacea causes marked shrinkage and hardening of shrimp tissues and penetrates
slowly allowing autolysis in larger shrimp to occur. Therefore examination of
1991 samples which were preserved in Davidson'’s fixative (preferred) will be
given a higher priority.

Environmental Observations

Bottom temperature, salinity, and oxygen were recorded for each site at depths
ranging from 135 to 306 m (Table 13). Average temperature varied by less than
0.12°C between oiled and unoiled strata in 1989 and 1990 and salinity by 0.21
ppt. Environmental conditions appear fairly uniform at the depths adult spot
shrimp inhabit.

STATUS OF INJURY ASSESSMENT

Abundance data and hydrocarbon and histological samples have been collected to
meet all project objectives. The November 1991 survey was successfully completed
and results will be included in the next status report.

Relative Abundance

The November 1990 survey gave us the first opportunity to make comparisons of
relative abundance between years for the oiled and unoiled areas. In the oiled
area, number of shrimp per pot has declined from 1989 to 1990. Abundance
continues to be lower in the olled area than the unoiled area even with continued
closure to commercial fishing in the oiled area and a spring 1990 fishery in the
unoiled area.

Size and Sex Composition

Sampling needs to continue to assess survival o. 'he 1989 year class in the oiler
and unoiled areas. Initial results concerning recruitment through comparing size
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high levels of gill lesions in spot shrimp collected at our oiled study sites.
The prognosis for 23% of the shrimp is for increased mortality. Analysis of
samples from the unoiled site is underway. We recommend analysis of the 1990 and

1991 samples.

RECOMMENDATIONS TO CONTINUE UNDER RESTORATION

Spot shrimp stocks in PWS injured by the M/V Exxon Valdez oil spill are also
heavily exploited in commercial, sport, and subsistence fisheries and can most
effectively be restored through stock specific management practices designed to
reduce exploitation of injured stocks. We recommend that this project continue
under restoration to monitor recovery of the oiled population until there is no
significant difference as to relative abundance, average recruitment,
reproductive health, histopathology, or genetic damage (etc.). We need to
continue to collect abundance data in order to regulate human use of the resource
to allow rebuilding of injured stocks and insure their long term health. The
project should be expanded to include development of a spot shrimp stock recovery
management plan to facilitate the long term recovery and health of the spot
shrimp population in PWS. This project is also needed to support restoration
proposals titled Spot Shrimp Restoration, which in addition to restoration
through manipulation of human use also evaluates the feasibility of artificial
propagation and definition of stock boundaries using genetic techniques; and
Juvenile Spot Shrimp Habitat, which will add to our understanding of larval
distribution (analysis of existing data), habitat requirements of juveniles, and
the relationship between juvenile and adult abundance.
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Table 2. Sampling locations for the November, 1990 oil spill impact assessment survey of spot

shrimp.
DEPTH MINIMUM  MAXIMUM
SITE STRATUM2 STATION  LATITUDEP LONGITUDE DEPTH® DEPTH SOAKY
UNAKWIK 1 A 60°59.91° 147°32.88' 74 120 17
UNAKWIK 1 B 61°00.03' 147°32.65' 61 119 17
UNAKWIK 2 A 60°59.87" 147°33.06" 135 189 17
UNAKWIK 2 B 61°00.09’ 147°32.53' 130 174 17
GOLDEN 1 A 60°57.73' 148°01.86' 56 120 42
GOLDEN 1 B 60°57.98' 148°01.33' 46 106 42
GOLDEN 2 A 60°57.89' 148°01.76' 130 176 42
GOLDEN 2 B 60°58.05’ 148°01.53' 130 139 42
GOLDEN 2 c 60°58.16’ 148°01.43' 130 174 42
CULROSS 1 A 60°39.09' 148°11.41’ 56 120 16
CULROSS 1 B 60°38.87' 148°10.87" 57 113 16
CULROSS 1 c 60°36.02' 148°12,18’ 65 130 19
CULROSS 1 D 60°36.10' 148°11.51" 87 87 19
CULROSS 1 E 60°36.07' 148°11.88' 83 83 18
CULROSS 2 A 60°36.10’ 148°11.50’ 130 167 16
CULROSS 2 B 60°36.08’ 148°11.52’ 139 185 16
CULROSS 2 c 60°36.00’ 148°11.77’ 130 204 16
CULROSS 2 D 60°35.99' 148°12.04' 130 157 18
CULROSS 2 E 60°36.04 148°11.65' 135 185 19
HERRING 1 A 60°28.13' 147°45.82' 74 107 19
HERRING 1 B 60°28.30' 147°45.73’ 93 120 19
HERRING 1 c 60°28.52' 147°45.59’ 109 130 19
HERRING 1 D 60°28.36' 147°45.72' 93 117 18
HERRING 1 E 60°28.79' 147°45 .63’ 93 102 19
HERRING 1 F 60°27.34' 147°44.34’ 93 107 16
HERRING 2 A 60°28.49' 147°45.52’ 139 148 19
HERRING 2 B 60°28.33' 147°45.62' 111 139 19
HERRING 2 c 60°28.37" 147945.37° 139 172 19
HERRING 2 D 60°28.47' 147°45.59’ 130 139 18
HERRING 2 E 60°28.59' 147°45.51" 130 167 18
HERRING 2 F 60°28.77' 14794552’ 135 157 18
CHENEGA 1 A 60°24.79' 147°58.04' 93 130 18
CHENEGA 1 B 60°23.24' 147°58.91’ 76 124 18
CHENEGA 1 c 60°24.71' 147°58.45' 67 119 18
CHENEGA 2 A 60°24.66' 147°58.18’ 130 159 18
CHENEGA 2 B 60°23.32' 147°58.61" 130 172 18
CHENEGA 2 C 60°23.49' 147°58.41" 130 167 18
GREEN 1 A 60°19.15' 147°29.19’ 87 126 18
GREEN 1 B 60°19.18' 147°25.20’ 76 111 18
GREEN 1 (o; 60°19.01’ 147°29.57' 65 93 18

2 1 = shallow (35 — 130 m); 2 = deep (130 — 220 m)

b | atitude and longitude are listed to one—hundredth of a minute.
¢ Depth in meters.

9 Number of hours.
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Table 7. Comparison of fecundity samples collected during the November, 1989 and 1890,
oil spill impact assessment surveys of spot shrimp.

MINIMUM MAXIMUM AVERAGE
NUMBER NUMBER OF NUMBER OF NUMBER OF
OF EGGS PER EGGS PER EGGS PER
SITE YEAR SAMPLES FEMALE FEMALE FEMALE
Unakwik Nov. 89 91 826 3296 2165
Nov. 90 98 417 3326 1979
Golden Nov. 89 43 910 3362 2369
Nov. 80 85 1416 4273 2527
Culross Nov. 89 29 1440 3964 2308
Nov. 90 51 1176 3734 2293
Herring Nov. 89 19 343 2759 1691
Nov. 90 54 817 3009 2036
Chenega Nov. 89 10 1380 2298 1963
Nov. 90 26 1004 3120 2034
Green Nov. 89 0
Nov. 90 1 2581 2581 2581
Unoiled Nov. 89 163 826 3964 2280
Unoiled Nov. 90 234 417 4273 2266
Oiled Nov. 89 29 343 2759 1827
Oiled Nov. 90 81 817 3120 2217
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Table 8. Comparison of dead egg counts on ovigerous spot shrimp captured during the

November, 1989 and 1990, oil spill impact assessment surveys of spot shrimp.

SITE NUMBER OF MAXIMUM SUM OF AVERAGE
OVIGEROUS DEAD EGGS DEAD EGGS DEAD EGGS
FEMALES PER FEMALE ALL FEMALES PER FEMALE
Unakwik Nov. 89 145 40 152 1.05
Nov. 80 235 7 81 0.34
Golden Nov. 89 49 71 393 8.02
Nov. 90 172 32 804 4.67
Culross Nov. 89 32 58 241 7.53
Nov. 90 51 4 22 0.43
Herring Nov. 89 23 40 150 6.52
Nov. 90 54 10 55 1.02
Chenega Nov. 89 11 7 15 1.36
Nov. 90 26 4 7 0.27
Green Nov. 89 0
Nov. 90 1 0 0 0
Unoiled Nov. 89 226 71 786 3.48
Unoiled Nov. 90 458 43 907 1.81
Oiled Nov. 89 34 40 165 4.85
Oiled Nov. 90 81 14 62 0.43
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Table 10. Summary of hydrocarbon samples collected during the November, 1990 oil spill impact assessment
survey of spot shrimp.

DEPTH POT SAMPLE SAMPLE SAMPLE
SITE STRATUM? STATION  NUMBER NUMBER TYPE DISPOSITION RESULTS
UNAKWIK 1 A 1 128601 EGG TAKEN UNANALYZED
UNAKWIK 1 A 1 128602 MUSCLE TAKEN UNANALYZED
UNAKWIK 1 A 8 128603 EGG TAKEN UNANALYZED
UNAKWIK 1 A 8 128604 MUSCLE TAKEN UNANALYZED
UNAKWIK 1 B 2 128605 EGG TAKEN UNANALYZED
UNAKWIK 1 B 2 128606 MUSCLE TAKEN UNANALYZED
UNAKWIK 2 A 5 128607 EGG TAKEN UNANALYZED
UNAKWIK 2 A 5 128608 MUSCLE TAKEN UNANALYZED
UNAKWIK 2 A 1 128609 EGG TAKEN UNANALYZED
UNAKWIK 2 A 1 128610 MUSCLE TAKEN UNANALYZED
UNAKWIK 2 B 3 128611 EGG TAKEN UNANALYZED
UNAKWIK 2 B 3 128612 MUSCLE TAKEN UNANALYZED
UNAKWIK 2 B 128613 FLD.BLK TAKEN UNANALYZED
GOLDEN 1 B 1 128614 EGG TAKEN UNANALYZED
GOLDEN 1 B 1 128615 MUSCLE TAKEN UNANALYZED
GOLDEN 1 B 3 128616 EGG TAKEN UNANALYZED
GOLDEN 1 B 3 128617 MUSCLE TAKEN UNANALYZED
GOLDEN 2 A 2 128618 EGG TAKEN UNANALYZED
GOLDEN 2 A 2 128619 MUSCLE TAKEN UNANALYZED
GOLDEN 2 A 3 128620 EGG TAKEN UNANALYZED
GOLDEN 2 A 3 128621 MUSCLE TAKEN UNANALYZED
GOLDEN 1 A 1 128622 MUSCLE TAKEN UNANALYZED
GOLDEN 1 A 1 128623 EGG TAKEN UNANALYZED
GOLDEN 2 B 3 128624 EGG TAKEN UNANALYZED
GOLDEN 2 B 3 128625 MUSCLE TAKEN UNANALYZED
GOLDEN 2 B 128626 FLD.BLK TAKEN UNANALYZED
GOLDEN 128627 oib TAKEN UNANALYZED
CULROSS 1 A 1 128628 EGG TAKEN UNANALYZED
CULROSS 2 A 10 128630 EGG TAKEN UNANALYZED
CULROSS 1 A 11 128629 MUSCLE TAKEN UNANALYZED
CULROSS 2 B 5 128632 MUSCLE TAKEN UNANALYZED
CULROSS 2 C 7 128633 EGG TAKEN UNANALYZED
CULROSS 2 C 7 128634 MUSCLE TAKEN UNANALYZED
CULROSS 2 A 10 128631 MUSCLE TAKEN UNANALYZED
CULROSS 1 B 1 128636 MUSCLE TAKEN UNANALYZED
CULROSS 1 B 10 128637 MUSCLE TAKEN UNANALYZED
CULROSS 1 B 10 128638 EGG TAKEN UNANALYZED
CULROSS 1 B 128639 FLD.BLK TAKEN UNANALYZED
CULROSS 1 B 1 128635 EGG TAKEN UNANALYZED
HERRING 1 B 10 128640 EGG TAKEN UNANALYZED
HERRING 1 C 7 128642 MUSCLE TAKEN UNANALYZED
HERRING 1 B 10 128641 MUSCLE TAKEN UNANALYZED
HERRING 2 A 4 128644 EGG TAKEN UNANALYZED
HERRING 2 A 4 128645 MUSCLE TAKEN UNANALYZED
HERRING 2 A 3 128646 EGG TAKEN UNANALYZED
HERRING 2 A 3 128647 MUSCLE TAKEN UNANALYZED
HERRING 1 B 2 128648 MUSCLE TAKEN UNANALYZED
HERRING 1 B 128649 FLD.BLK TAKEN UNANALYZED
HERRING 2 B 10 128643 MUSCLE TAKEN UNANALYZED
CHENEGA 1 B 2 128650 EGG TAKEN UNANALYZED
CHENEGA 1 B 1 128802 EGG TAKEN UNANALYZED
CHENEGA 1 B 1 128803 MUSCLE TAKEN UNANALYZED
CHENEGA 1 A 4 128804 EGG TAKEN UNANALYZED
CHENEGA 1 A 4 128805 MUSCLE TAKEN UNANALYZED
CHENEGA 2 B 2 128806 EGG TAKEN UNANALYZED
—CONTINUED -
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Table 12. Summary of histopathological samples collected during the November, 1990 oil spill impact
assessment survey of spot shrimp.

DEPTH POT SAMPLE SAMPLE

SITE STRATUM?  STATION NUMBER NUMBER DISPOSITION RESULTS

UNAKWIK 2 B ALL 128701 TAKEN UNANALYZED
UNAKWIK 1 B ALL 128702 TAKEN UNANALYZED
GOLDEN 2 A ALL 128703 TAKEN UNANALYZED
CULROSS 1 B ALL 128704 TAKEN UNANALYZED
CULROSS 2 D ALL 128705 TAKEN UNANALYZED
HERRING 1 A ALL 128706 TAKEN UNANALYZED
HERRING 2 Cc ALL 128707 TAKEN UNANALYZED
CHENEGA 2 A ALL 128708 TAKEN UNANALYZED
CHENEGA 1 B ALL 128709 TAKEN UNANALYZED
GREEN 1 A ALL 128710 TAKEN UNANALYZED

* 1 = shallow (35 - 130 m); 2 = deep (130 — 220 m)
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Appendix A. Weight (kg) by species of Pandalid shrimp captured during the November 1990 oil spil
impact assessment survey of spot shrimp. Weights are summarized by site.

DEPTH POT SHRIMP WEIGHT (kq)
SITE STRATUM?*  STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
UNAKWIK 1 A 1 2.260 0.000 0.170 2.430
UNAKWIK 1 A 2 2.460 0.000 0.062 2.522
UNAKWIK 1 A 3 2.210 0.000 0.022 2.232
UNAKWIK 1 A 4 0.940 0.000 0.038 0.978
UNAKWIK 1 A 5 1.170 0.000 0.000 1.170
UNAKWIK 1 A 6 0.680 0.000 0.058 0.738
UNAKWIK 1 A 7 1.070 0.004 0.220 1.294
UNAKWIK 1 A 8 1.475 0.010 0.130 1.615
UNAKWIK 1 A 9 - 1.770 0.002 0.088 1.860
UNAKWIK 1 A 10 1.410 0.000 0.138 1.548
UNAKWIK 1 A 1 1.155 0.008 0.094 1.257
UNAKWIK 1 A 1 1.018 0.000 0.046 1.064
UNAKWIK 1 B 2 2.931 0.000 0.010 2.941
UNAKWIK 1 B 3 2.286 0.000 0.016 2.302
UNAKWIK 1 B 4 1.722 0.000 0.018 1.740
UNAKWIK 1 B 5 2.064 0.000 0.032 2.096
UNAKWIK 1 B 6 2.100 0.000 0.034 2.134
UNAKWIK 1 B 7 1.410 0.000 0.030 1.440
UNAKWIK 1 B 8 1.520 0.000 0.118 1.638
UNAKWIK 1 B 9 0.280 0.006 0.034 0.320
UNAKWIK 1 B 10 1.380 0.000 0.110 1.490
UNAKWIK 1 B 11 0.870 0.000 0.210 1.080
UNAKWIK 2 A 1 1.335 0.016 0.138 1.489
UNAKWIK 2 A 2 0.380 0.016 0.080 0.486
UNAKWIK 2 A 3 0.450 0.020 0.116 0.586
UNAKWIK 2 A 4 0.190 0.024 0.108 0.322
UNAKWIK 2 A 5 1.225 0.012 0.260 1.497
UNAKWIK 2 A 6 0.318 0.010 0.030 0.358
UNAKWIK 2 A 7 0.062 0.048 0.090 0.200
UNAKWIK 2 A 8 0.206 0.060 0.040 0.306
UNAKWIK 2 A 9 0.160 0.044 0.316 0.520
UNAKWIK 2 A 10 0.374 0.108 0.116 0.598
UNAKWIK 2 A 11 0.204 0.038 0.174 0.416
UNAKWIK 2 B 1 0.000 0.000 0.000 0.000
UNAKWIK 2 B 2 0.000 0.000 0.000 0.000
UNAKWIK 2 B 3 1.315 0.118 0.228 1.661
UNAKWIK 2 B 4 0.066 0.132 0.086 0.284
UNAKWIK 2 B 5 0.380 0.166 0.410 0.956
UNAKWIK 2 B 6 0.000 0.000 0.000 0.000
UNAKWIK 2 B 7 0.000 0.000 0.000 0.000
UNAKWIK 2 B 8 0.440 0.046 0.036 0.522
UNAKWIK 2 B 9 0.090 0.036 0.136 0.262
UNAKWIK 2 B 10 0.580 0.032 0.350 0.962
UNAKWIK 2 B 11 0.100 0.032 0.038 0.170
TOTALS 44 42.056 0.988 4.440 47.484
AVERAGE WEIGHT/POT (kg) 0.956 0.022 0.101 1.079
en 10 n nag n7as

- - L
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Appendix A. (page 2 of 12)

DEPTH POT SHRIMP WEIGHT (kq)

SITE STRATUM  STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
GOLDEN 1 A 1 0.785 0.000 0.070 0.855
GOLDEN 1 A 2 0.270 0.000 0.100 0.370
GOLDEN 1 A 3 1.580 0.000 0.036 1.616
GOLDEN 1 A 4 0.700 0.004 0.048 0.752
GOLDEN 1 A S 0.180 0.000 0.022 0.202
GOLDEN 1 A 6 0.270 0.000 0.026 0.296
GOLDEN 1 A 7 0.740 0.004 0.040 0.784
GOLDEN 1 A 8 1.500 0.002 0.072 1.574
GOLDEN 1 A 9 1.250 0.008 0.078 1.336
GOLDEN 1 A 10 0.540 0.002 0.068 0.610
GOLDEN 1 A 1 0.710 0.000 0.172 0.882
GOLDEN 1 B 1 1.107 0.000 0.000 1.107
GOLDEN 1 B 2 1.092 0.000 0.000 1.092
GOLDEN 1 B 3 1.027 0.000 0.012 1.039
GOLDEN 1 B 4 1.612 0.000 0.014 1.626
GOLDEN 1 B S 0.580 0.000 0.038 0.618
GOLDEN 1 B 6 0.390 0.000 0.060 0.450
GOLDEN 1 B 7 2.030 0.000 0.000 2.030
GOLDEN 1 B 8 1.370 0.000 0.134 1.504
GOLDEN 1 B 9 2.300 0.002 0.080 2.382
GOLDEN 1 B 10 0.000 0.000 0.000 0.000
GOLDEN 1 B 1 0.860 0.000 0.060 0.920
GOLDEN 2 A 1 1.010 0.000 0.080 1.100
GOLDEN 2 A 2 1.025 0.040 0.082 1.147
GOLDEN 2 A 3 2.055 0.026 0.030 2.111
GOLDEN 2 A 4 0.090 0.100 0.006 0.196
GOLDEN 2 A S 0.090 0.076 0.056 0.222
GOLDEN 2 A 6 0.160 0.078 0.024 0.262
GOLDEN 2 A 7 0.100 0.240 0.066 0.406
GOLDEN 2 A 8 0.040 0.078 0.024 0.142
GOLDEN 2 A 9 0.200 0.102 0.070 0.372
GOLDEN 2 A 10 0.150 0.104 0.028 0.282
GOLDEN 2 A 1 0.210 0.054 0.240 0.504
GOLDEN 2 B 1 0.610 0.006 0.220 0.836
GOLDEN 2 B 2 0.380 0.094 0.070 0.544
GOLDEN 2 B 3 1.695 0.000 0.120 1.815
GOLDEN 2 B 4 0.640 0.124 0.092 0.856
GOLDEN 2 B S 0.400 0.044 0.024 0.468
GOLDEN 2 B 6 0.540 0.070 0.074 0.684
GOLDEN 2 B 7 0.780 0.032 0.096 0.908
GOLDEN 2 B 8 0.430 0.028 0.082 0.540
GOLDEN 2 B 9 0.440 0.076 0.078 0.594
GOLDEN 2 B 10 0.910 0.034 0.298 1.242
GOLDEN 2 B 11 0.380 0.072 0.162 0614
GOLDEN 2 C 1 0.540 0.022 0.270 0.832
GOLDEN 2 C 2 1.100 0.118 0.136 1.354
GOLDEN 2 C 3 0.760 0.108 0.030 0.898
GOLDEN 2 Cc 4 oo 0.028 0.088 0.936
GOLDEN 2 ¢ 3 0. 0.096 1.108 1.124
GOLDEN 2 C 6 0.540 0.066 0.188 0.794

~continued—
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Appendix A. (page 3 of 12)

DEPTH POT SHRIMP WEIGHT (kq)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
GOLDEN 2 C 7 0.330 0.112 0.090 0.532
GOLDEN 2 C 8 0.080 0.170 0.014 0.274
GOLDEN 2 C 9 0.130 0.090 0.042 0.262
GOLDEN 2 C 10 0.060 0.128 0.012 0.200
GOLDEN 2 C 1 0.400 0.160 0.124 0.684
TOTALS S5 38.918 2.598 4.264 45.780
AVERAGE WEIGHT/POT (kg) 0.708 0.047 0.078 0.832
SD 0.558 0.055 0.068 0.538

—continued-
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Appendix A. (page 5 of 12)

DEPTH POT SHRIMP WEIGHT (kg)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE TOTAL
CULROSS 1 E 6 0.016 0.000 0.000 0.016
CULROSS 1 E 7 0.102 0.006 0.006 0.114
CULROSS 1 E 8 0.012 0.004 0.004 0.020
CULROSS 1 E 9 0.000 0.000 0.000 0.000
CULROSS 1 E 10 0.052 0.006 0.030 0.088
CULROSS 1 E 11 0.078 0.008 0.014 0.100
CULROSS 2 A 1 0.014 0.000 0.004 0.018
CULROSS 2 A 2 0.216 0.002 0.004 0.222
CULROSS 2 A 3 0.094 0.026 0.000 0.120
CULROSS 2 A 4 0.080 0.010 0.000 0.090
CULROSS 2 A 5 0.114 0.008 0.030 0.152
CULROSS 2 A 6 0.198 0.000 0.026 0.224
CULROSS 2 A 7 0.368 0.024 0.012 0.404
CULROSS 2 A 8 0.036 0.000 0.026 0.062
CULROSS 2 A 9 0.124 0.008 0.002 0.134
CULROSS 2 A 10 0.351 0.052 0.032 0.435
CULROSS 2 A 11 0.386 0.060 0.056 0.502
CULROSS 2 B 1 0.006 0.000 0.002 0.008
CULROSS 2 B 2 0.124 0.004 0.016 0.144
CULROSS 2 B 3 0.114 0.002 0.002 0.118
CULROSS 2 B 4 0.196 0.012 0.010 0.218
CULROSS 2 B 5 0.158 0.198 0.026 0.382
CULROSS 2 B 6 0.098 0.118 0.032 0.248
CULROSS 2 B 7 0.110 0.014 0.052 0.176
CULROSS 2 B 8 0.008 0.008 0.020 0.036
CULROSS 2 B 9 0.008 0.006 0.022 0.036
CULROSS 2 B 10 0.000 0.022 0.010 0.032
CULROSS 2 B 11 0.044 0.010 0.020 0.074
CULROSS 2 C 1 0.022 0.004 0.004 0.030
CULROSS 2 C 2 0.006 0.016 0.012 0.034
CULROSS 2 C 3 0.000 0.000 0.010 0.010
CULROSS 2 C 4 0.000 0.018 0.024 0.042
CULROSS 2 C 5 0.000 0.000 0.000 0.000
CULROSS 2 C 6 0.018 0.000 0.000 0.018
CULROSS 2 C 7 0.463 0.118 0.062 0.643
CULROSS 2 C 8 0.000 0.060 0.000 0.060
CULROSS 2 C 9 0.016 0.006 0.000 0.022
CULROSS 2 C 10 0.260 0.002 0.000 0.262
CULROSS 2 C 11 0.150 0.006 0.014 0.170
CULROSS 2 D 1 0.130 0.018 0.034 0.182
CULROSS 2 D 2 0.186 0.008 0.000 0.194
CULROSS 2 D 3 0.106 0.004 0.006 0.116
CULROSS 2 D 4 0.190 0.002 0.036 0.228
CULROSS 2 D 5 0.090 0.030 0.062 0.182
CULROSS 2 D 6 0.270 0.034 0.080 0.384
CULROSS 2 D 7 0. 0.112 0.034 0.508
CULROSS 2 D ] no7a n o078 0 058 0.212

~continued—
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Appendix A. (page 6 of 12)

DEPTH POT SHRIMP WEIGHT (ka)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
CULROSS 2 D 9 0.252 0.100 0.094 0.446
CULROSS 2 D 10 0.132 0.132 0.038 0.302
CULROSS 2 D 1 0.174 0.002 0.014 0.190
CULROSS 2 E 1 0.176 0.002 0.014 0.192
CULROSS 2 E 2 0.228 0.010 0.030 0.268
CULROSS 2 E 3 0.210 0.024 0.028 0.262
CULROSS 2 E 4 0.060 0.008 0.024 0.092
CULROSS 2 E 5 0.202 0.010 0.002 0.214
CULROSS 2 E 6 0.244 0.028 0.068 0.340
CULROSS 2 E 7 0.046 0.010 0.056 0.112
CULROSS 2 E 8 0.018 0.006 0.054 0.078
CULROSS 2 E 9 0.088 0.020 0.056 0.164
CULROSS 2 E 10 0.154 0.032 0.032 0.218
CULROSS 2 E 11 0.124 0.000 0.014 0.138
TOTALS 110 13.999 1.652 2.266 17.917
AVERAGE WEIGHT/POT (kg) 0.127 0.015 0.021 0.163
SO 0.126 0.032 0.026 0.149

—continued-






Appendix A. (page 8 of 12)

DEPTH POT SHRIMP WEIGHT (ka)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
HERRING 1 E 5 0.820 0.002 0.010 0.832
HERRING 1 E 6 1.290 0.030 0.170 1.490
HERRING 1 E 7 0.020 0.008 0.030 0.058
HERRING 1 E 8 0.110 0.010 0.030 0.150
HERRING 1 E 9 0.920 0.010 0.050 0.980
HERRING 1 E 10 1.150 0.020 0.100 1.270
HERRING 1 E 1 1.320 0.040 0.110 1.470
HERRING 1 F 1 0.000 0.000 0.000 0.000
HERRING 1 F 2 0.000 0.006 0.000 0.006
HERRING 1 F 3 0.000 0.030 0.050 0.080
HERRING 1 F 4 0.060 0.000 0.040 0.100
HERRING 1 F 5 0.010 0.010 0.020 0.040
HERRING 1 F 6 0.000 0.006 0.005 0.011
HERRING 1 F 7 0.000 0.004 0.020 0.024
HERRING 1 F 8 0.000 0.000 0.000 0.000
HERRING 1 F 9 0.000 0.000 0.006 0.006
HERRING 1 F 10 0.020 0.010 0.030 0.060
HERRING 1 F 1 0.000 0.010 0.000 0.010
HERRING 2 A 1 0.124 0.084 0.024 0.232
HERRING 2 A 2 0.230 0.094 0.058 0.382
HERRING 2 A 3 0.855 0.078 0.048 0.981
HERRING 2 A 4 0.713 0.060 0.102 0.875
HERRING 2 A 5 0.634 0.100 0.036 0.770
HERRING 2 A 6 0.090 0.078 0.020 0.188
HERRING 2 A 7 0.144 0.278 0.034 0.456
HERRING 2 A 8 0.074 0.030 0.012 0.116
HERRING 2 A 9 0.224 0.162 0.018 0.404
HERRING 2 A 10 0.270 0.168 0.014 0.452
HERRING 2 A 11 0.492 0.138 0.032 0.662
HERRING 2 B 1 0.036 0.160 0.000 0.196
HERRING 2 B 2 0.000 0.150 0.000 0.150
HERRING 2 B 3 0.032 0.396 0.016 0.444
HERRING 2 B 4 0.010 0.044 0.000 0.054
HERRING 2 B 5 0.000 0.254 0.006 0.260
HERRING 2 B 6 0.068 0.330 0.006 0.404
HERRING 2 B 7 0.014 0.386 0.006 0.406
HERRING 2 B 8 0.022 0.622 0.028 0.672
HERRING 2 B 9 0.048 0.432 0.012 0.492
HERRING 2 B 10 0.446 0.410 0.160 1.016
HERRING 2 b 11 0.050 0.670 0.008 0.728
HERRING 2 C 1 0.268 0.082 0.000 0.350
HERRING 2 C 2 0.198 0.114 0.010 0.322
HERRING 2 C 3 0.144 0.130 0.022 0.296
HERRING 2 C 4 0.062 0.186 0.030 0.278
HERRING 2 C 5 0.040 0.348 0.018 0.406
HERRING 2 C 6 0.156 0.314 0.000 0.470
HERRING 2 C 7 0.040 0.238 0.000 0.278
HERRINC 0.047 047" 0.00" “21°
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DEPTH POT SHRIMP WEIGHT (kq)

SITE. STRATUM STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
HERRING 2 C 9 0.020 0.368 0.000 0.388
HERRING 2 C 10 0.020 0.186 0.000 0.206
HERRING 2 C 11 0.020 0.148 0.000 0.168
HERRING 2 D 1 0.050 0.120 0.060 0.230
HERRING 2 D 2 0.060 0.160 0.000 0.220
HERRING 2 D 3 0.130 0.130 0.040 0.300
HERRING 2 D 4 0.110 0.180 0.060 0.360
HERRING 2 D 5 0.070 0.160 0.010 0.240
HERRING 2 D 6 0.090 0.090 0.020 0.200
HERRING 2 D 7 0.120 0.120 0.040 0.280
HERRING 2 D 8 0.690 0.140 0.040 0.870
HERRING 2 D 9 0.360 0.030 0.020 0.410
HERRING 2 D 10 0.190 0.190 0.040 0.420
HERRING 2 D 11 0.290 0.230 0.020 0.540
HERRING 2 E 1 0.190 0.270 0.170 0.630
HERRING 2 E 2 0.090 0.220 0.050 0.360
HERRING 2 E 3 0.150 0.270 0.070 0.490
HERRING 2 E 4 0.032 0.270 0.004 0.306
HERRING 2 E 5 0.360 0.100 0.040 0.500
HERRING 2 E 6 0.110 0.170 0.030 0.310
HERRING 2 E 7 0.250 0.190 0.030 0.470
HERRING 2 E 8 0.090 0.150 0.130 0.370
HERRING 2 E 9 0.260 0.120 0.030 0.410
HERRING 2 E 10 0.840 0.080 0.100 1.020
HERRING 2 E 1 0.300 0.110 0.040 0.450
HERRING 2 F 1 0.130 0.020 0.010 0.160
HERRING 2 F 2 0.010 0.050 0.010 0.070
HERRING 2 F 3 0.400 0.070 0.010 0.480
HERRING 2 F 4 0.720 0.190 0.060 0.970
HERRING 2 F 5 0.000 0.140 0.050 0.190
HERRING 2 F 6 0.620 0.320 0.080 1.020
HERRING 2 F 7 0.000 0.000 0.000 0.000
HERRING 2 F 8 0.850 0.430 0.050 1.330
HERRING 2 F 9 0.700 0.280 0.070 1.050
HERRING 2 F 10 0.470 0.110 0.020 0.600
HERRING 2 F 11 0.110 0.120 0.000 0.230
TOTALS 132 29.146 16.364 5.783 51.293
AVERAGE WEIGHT/POT (k@) 0.221 0.124 0.044 0.389
SD 0.292 0.128 0.051 0.336
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DEPTH POT SHRIMP WEIGHT (ka)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE  TOTAL
CHENEGA 1 A 1 0.430 0.004 0.080 0.514
CHENEGA 1 A 2 0.410 0.000 0.030 0.440
CHENEGA 1 A .3 1.530 0.000 0.080 1.610
CHENEGA 1 A 4 0.385 0.000 0.030 0.415
CHENEGA 1 A 5 0.670 0.004 0.020 0.694
CHENEGA 1 A 6 0.450 0.010 0.080 0.540
CHENEGA 1 A 7 0.160 0.000 0.010 0.170
CHENEGA 1 A 8 0.170 0.010 0.040 0.220
CHENEGA 1 A 9 0.060 0.030 0.070 0.160
CHENEGA 1 A 10 0.090 0.050 0.030 0.170
CHENEGA 1 " A 1 0.200 0.030 0.070 0.300
CHENEGA 1 B 1 1.325 0.000 0.420 1.745
CHENEGA 1 B 2 1.615 0.000 0.060 1.675
CHENEGA 1 B 3 0.040 0.000 0.002 0.042
CHENEGA 1 B 4 0.520 0.002 0.050 0.572
CHENEGA 1 B 5 0.590 0.000 0.040 0.630
CHENEGA . 1 B 6 0.320 0.006 0.070 0.396
CHENEGA 1 B 7 0.430 0.010 0.120 0.560
CHENEGA 1 B 8 0.410 0.000 0.020 0.430
CHENEGA 1 B 9 0.490 0.060 0.040 0.590
CHENEGA 1 B 10 0.410 0.040 0.060 0.510
CHENEGA 1 B 1 0.860 0.008 0.130 0.998
CHENEGA 1 C 1 0.310 0.000 0.020 0.330
CHENEGA 1 C 2 0.520 0.000 0.000 0.520
CHENEGA 1 C 3 0.290 0.000 0.000 0.290
CHENEGA 1 C 4 0.020 0.020 0.010 0.050
CHENEGA 1 C 5 0.220 0.010 0.220 0.450
CHENEGA 1 C 6 0.170 0.020 0.140 0.330
CHENEGA 1 C 7 0.310 0.000 0.050 0.360
CHENEGA 1 C 8 0.030 0.010 0.010 0.050
CHENEGA 1 C 9 0.200 0.060 0.030 0.290
CHENEGA 1 C 10 0.470 0.070 0.020 0.560
CHENEGA 1 C 1 0.020 0.020 0.090 0.130
CHENEGA 2 A 1 0.076 0.000 0.000 0.076
CHENEGA 2 A 2 0.488 0.030 0.036 0.554
CHENEGA 2 A 3 0.120 0.030 0.010 0.160
CHENEGA 2 A 4 0.350 0.100 0.090 0.540
CHENEGA 2 A 5 0.150 0.050 0.020 0.220
CHENEGA 2 A 6 0.240 0.010 0.010 0.260
CHENEGA 2 A 7 0.880 0.030 0.002 0.912
CHENEGA 2 A 8 0.770 0.030 0.030 0.830
CHENEGA 2 A 9 0.180 0.070 0.010 0.260
CHENEGA 2 A 10 0.380 0.010 0.130 0.520
CHENEGA 2 A 1 0.500 0.002 0.070 0.572
CHENEGA 2 B 1 0.230 0.070 0.020 0.320
CHENEGA 2 B 2 0.145 0.120 0.030 0.295
CHENEGA 2 B 3 0.550 0.150 0.090 0.790

2 B 4 0.220 0.640 0.030 0.890

CHENEGA
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DEPTH POT SHRIMP WEIGHT (kq)

SITE STRATUM STATION NUMBER SPOT PINK COONSTRIPE TOTAL
CHENEGA 2 B 5 0.500 0.460 0.070 1.030
CHENEGA 2 B 6 0.350 0.180 0.040 0.570
CHENEGA 2 B 7 0.430 0.380 0.010 0.820
CHENEGA 2 B 8 0.110 0.110 0.040 0.260
CHENEGA 2 B 9 0.310 0.050 0.030 0.390
CHENEGA 2 B 10 0.360 0.150 0.020 0.530
CHENEGA 2 B 1 0.630 0.090 0.030 0.750
CHENEGA 2 o] 1 0.590 0.010 0.020 0.620
CHENEGA 2 o] 2 0.290 0.060 0.004 0.354
CHENEGA 2 o] 3 0.805 0.010 0.010 0.825
CHENEGA 2 o] 4 0.530 0.050 0.010 0.590
CHENEGA 2 o] 5 0.210 0.030 0.010 0.250
CHENEGA 2 o] 6 0.050 0.020 0.000 0.070
CHENEGA 2 o] 7 0.550 0.210 0.010 0.770
CHENEGA 2 (o] 8 0.535 0.160 0.010 0.705
CHENEGA 2 (o] 9 0.240 0.140 0.020 0.400
CHENEGA 2 C i0 0.200 0.040 0.010 0.250
CHENEGA 2 C i1 0.280 0.100 0.000 0.380
TOTALS 66 26.374 4.066 3.064 33.504
AVERAGE WEIGHT/POT (kg) 0.400 0.062 0.046 0.508
SD 0.318 0.110 0.062 0.353

—continued-
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Table 3. Summary of rockfish collected for tissue samples’ for
histopathological examination in 1991.

Species
Yelloweye Quillback Copper Total

Control Sites
Gravina 7 13 10 30
Zaikof 2 15 0 17

Sub-total 9 28 10 47
Oiled Sites
Herring Bay 18 12 0 30
Danger Island 12 8 10 30

Sub-total 30 20 10 60
Total 39 48 20 107

*Tissues samples included: liver, spleen, kidney, heart, and gill.
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Table 4. Summary of rockfish embryo samples collected for
histopathological examination in 1991.

Species
Yelloweye Quillback Copper Total

Control Sites
Gravina 0 5 3 8
Zaikof 0 0 0 0

Sub-total 0] 5 3 8
Oiled Sites
Herring Bay 0 1 0 1
Danger Island 2 0 3 5

Sub-total 2 1 3 6
Total 2 6 6 14
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1990 rockfish adultsg

liver lesions in these fish, but macrophage aggregates were common in
both the kidney and spleen.

C. Copper rockfish: 19 copper rockfish were examined. These fish had
minimal lesions in the liver. Vacuolar degeneration was fairly common
in the kidney, as were macrophage aggregates in the spleen.

D. Tiger rockfish: 7 tiger rockfish were examined. Liver lesions were
mild, but macrophage aggregates in the spleen were common.

E. Silvergrey rockfish: 5 silvergrey rockfish were examined. 1/5 fish
had moderate megalocytosis and sinusoidal fibrosis in the liver.

F. Yellowtail rockfish: 2 yellowtall rockfish were examined. Both had
mild lesions in all organs.

G. Splitnose rockfish: 1 splitnose rockfish was examined. The most
prominent lesion was moderate sinusoidal fibrosis in the liver.

Final Comments: A total of 121 rockfish (41 quillback, 26 yelloweye, 20
china, 19 copper, 7 tiger, 5 silvergrey, 2 yellowtail, and 1 splitnose) were
examined. The most severe lesions were observed in the quillback rockfish, but
all rockfish species had similar lesions in liver, kidney, and spleen.
Evidence of both parasitism and infectious disease was minimal and we believe
that the lesions probably do represent exposure to some hepatotoxic and
nephrotoxic agent. Based on the analysis of glycogen depletion scores, we
speculate that Danger Island and Granite Island are exposed sites and Pony
Cove and Zaikof/Schooner are clean sites.” Future recommendation are as
follows:

1) Sampling be concentrated on Quillback and Yelloweye rockfish

2) Equal numbers of males and females be sampled

3) Similar sized (age) fish be sampled

4) Sampled tissues to include: liver, kidney, spleen, and gill
[Gonads could be eliminated from analysis because lesions were minimal,
and confounding problems such as stage of gonad maturation and seasonal

cycling, unknown to the pathologists, likely cloud the detection of
lesions.]



Table 7. Summary of rockfish histopathologic data (Mean + Standarg
Deviation) from selected lesions.

LIVER KIDNEY
Site (M) GLY LIp MA SCN MEG F18 uA
Danger Island (15) 2.2:1.0  0.9+1.2  1.0:0.4  0.1s0.4  0.7:0.8  1.1+0.8  1.1+0.4

Day Harbor (15) 1.221.2 0.6+0.9 0.9+0.5 0.1+0.3 0.6+0.6 1.1£0.6 1.0£0.6
Granite Is (15) 2.1:1.1 0.420.9 0.9+0.3 0.1+0.3 0.7+0.9 0.9+0.6 1.4+0.6
Gravina Rks (15) 1.0:1.1 0.1+0.4 1.621.1 0.120.4 1.1+1.0 0.4$0.6 1.7:0.9
Herring Bay (15) 1.6s1.1 0.6+0.8 1.6+1.1 0.420.6 1.2+0.9 1.0+0.7 1.4:0.7
Mourning Cove (15) 1.1+1.3 0.5+1.0 2.820.6 0.1+0.3 0.7-0.8 0.8+0.6 1.0+0.4
Pony Cove (15) 0.5:0.7 0.3:0.7  0.9+0.3 0.1+0.3 0.420.5 0.6+0.9 1.6+0.7

Schooner (16) 0.6+1.0 0.1+0.3 0.6+0.5 0.2+0.4 1.1+0.9 0.8+0.8 1,140.7

Key to Table symbols:

LIVER GLY = Liver glycogen depletion; 0 = none, 1 = mild, 2 = moderate,
3 = severe depletion

LIVER LIP = Liver Lipidosis; 0 = none, 1 = mild, 2 = moderate, 3 =
severe

LIVER MA = Liver macrophage aggregates

LIVER SCN = Hepatocytic single cell necrosis
LIVER MEG = Hepatocytic karyomegaly

LIVER FIB = Sinusoidal fibrosis in liver
KIDNEY MA = Kidney macrophage aggregates

Table 8. Comparisons of glycogen depletion score by
site (t-test, a = 0.05). Significant
comparisons are indicated by site number.

site 1 2 3 4 5 6 7 o
1 1/7 1/8
2

3 3/7 3/8
4

5

6

7 1/7 3/7

8 1/8 3/8















Processing Hinton ADF&G
Code Fish # Jar # Place Species

EEETIITITZSISICIZEASSERSISIZEREIIEEIREIZISIT TSI ES LIS IR FEIESIEIEISISEIIIEITIRSRES

EZTXZRESTEER
Liver Kidney Spleen
GLY LIP MA SCN MEG FIB MA VO MA SITE

cHes 1 O 1 0 0 1 2 2 2 3 61 uCD 332,333 Granite Island China Rockfish
cH28s 1 0 1 o0 o 1 1 1 2 3 62 UCD 334,335 Granite Island China Rockfish
chios 3 1 1 0 1 1 2 0 3 3 63 UCD 336,337 Granite Island China Rockfish
ch2s33 0 1 0 0 v 1 2 1 3 65 UCD 340,341 Granite Island China Rockfish
ch? O 0 1 0 O O0 1 0 2 3 67 UCD 344,345 Granite lsland China Rockfish
chss 3 0 1 o0 1 2 1 0 1 3 72 UCD 405,408 Granite Island China Rockfish
cR&r 3 0 1+ 0 1 o 1 o0 3 3 73 Uch 407,408 Granite Island China Rockfish
cH3s 2 0 1 0 o0 1 2 1 3 3 76 UCD 409,410 Granite Island China Rockfish
ck131 3 o 1t 1 0 1 2 3 2 3 75 UCD 411,412 Granite Island China Rockfish
co123 0 0 1 0 0 O 1 2 2 3 70 uco 350,401 Granite Island Copper Rockfish
o178 3 3 1 0 0 1 3 3 3 3 71 UCD 402,403,404 Granite Island Copper Rockfish
897 3 o0 1 0 2 1 1 2 1 3 68 UCD 346,347 Granite Island Quillback Rockfish
8430 2 0 0 0 3 2 1 0 2 3 69 UCD 348,349 Granite Island OQuillback Rockfish
1473 2 0 1 0 1 0 1 2 2 3 64 UcD 338,339 Granite Island Tiger Rockfish
TT162 2 2 1 0 1 1 1 1 2 3 66 UCD 342,343 Granite Island Tiger Rockfish
cW3w% 2 0 1 0 2 0 2 1 2 4 é uco 111,112 Gravina Rocks China Rockfish
o2 0 0 3 0 1 0 3 1 3 3 1 ucp 101,102 Gravina Rocks Copper Rockfish
co26 0 0 1 0 1 0 2 2 3 4 15  uco 130,131 Gravina Rocks Copper Rockfish
eB470 ¢+ 0 1 o0 1 0 1 1 1 A 2 uco 103,104 Gravina Rocks Quillback Rockfish
338 2 0 2 o0 2 1 2 1 2 4 3 uco 105,106 Gravina Rocks Quillback Rockfish
8151 0 0 3 o0 1 1 2 1 3 4 7 uco 113,114 Gravina Rocks Quillback Rockfish
8112 1 0 3 0 3 o0 3 1 3 4 12 UcD 124,125 Gravina Rocks Quillback Rockfish
B4S 2 0 3 1 3 0 3 2 2 4 13  UCD 126,127 Gravina Rocks Quillback Rockfish
B 48 1 0 3 1 1 0 2 0 2 4 16 UcD 128,129 Gravina Rocks Quillback Rockfish
YE19% 3 1 1 0 O t 1 2 1 4 & uco 107,108 Gravina Rocks Yelloweye Rockfish
YE2%8 0 0 0 0 0 O 1 11V 1 4 S uco 109,110 Gravina Rocks Yelloweye Rockfish
YE23 3 1 1 o0 1 2 1 1 1 4 8 uco 115,116,117 Gravina Rocks Yelloweye Rockfish
YE& 0 0 1 o0 o o 1 1 1 4 9 uco 118,119 Gravina Rocks Yelloweye Rockfish
YE?S 0 0 0 0 O o0 0 2 1 4 10 ucD 120,121 Gravina Rocks Yelloweye Rockfish
YE22 0 0 % o o0 v 1 1 2 4 11 ucp 122,123 Gravina Rocks Yelloweye Rockfish
cO4s 0 0 0 0 0 0 1 1 2 5 26 UCD 202,203 Herring Bay Copper Rockfish
e 138 2 1 3 0 2 1 2 2 3 5 20 UCD 140,141 “Herring Bay Guillback Rockfish
411 3 0 3 0 2 t 2 1 2 5 21 UCD 142,143 Herring Bay Quillback Rockfisgh
eB28 3 0 1 0 1 1 1 0 2 H 23 UCD 146,147 Herring Bay Quillback Rockfish
e8S%1 1 0 1 1 3 o0 3 2 3 b 27  UCD 204,205 Herring Bay Quillback Rockfish
e 9 0 0 3 0o 2 1 3 2 3 5 28 UCD 206,207 Herring Bay Quillbsck Rockfish
g 452 + 0 3 1 2 1 1 1 3 S 30 wco 210,211 Herring Bay Quillback Rockfish
s¢ 2% t 1+ 1+ 0 1 O 1 1 1 5 16 ucp 132,133 Herring Bay Silvergrey Rockfish
s¢200 1+ 1 1 1 2 2 1 1t 1 S 25 ucop 150,201 Herring Bay Silvergrey Rockfish
S6409 0 0 0 O 1 1 1 1 1 S 29 UCD 208,209 Herring Bay Silvergrey Rockfish
YE210 2 1 1 0 O % 1 1 1 S 17  UcD 134,135 Herring Bay Yelloweye Rockfish
YE99 3 o0 2 t 1 1 1 1 3 ] 18 uch 136,137 Herring Bay Yel loweye Rockfish
YE499 3 1 3 2 1 t 1 1 3 S 19 UCD 138,139 Herring Bay Yel loweye Rockfish
YE38 2 3 1 6 0 2 1 1 1 S 22 UCD 144,145 Herring Bay Yel loweye Rockfish
YE49 2 T 1 O 0 2 1 2 1 S 26 UCD 148,149 Herring Bay Yelloweye Rockfish
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EXECUTIVE SUMMARY
Studies were conducted in 1991to continue to assess damage to fisheries resources
related to the EXXON VALDEZ oil spill (EVOS). These studies were designed to
help determine the degree of exposure of biota to petroleum derived compounds,
specifically aromatic hydrocarbons, and assess possible effects on various species
resulting from such exposure. From February to June, 1991, samples of fish were
collected from 29 sites in Prince William Sound and the Shelikof Straits. Over 550
bile and 500 liver samples were obtained from 5 species of fish from pelagic and
benthic habitats. To date, over 400 of the bile samples have been analyzed for the
presence of fluorescent aromatic compounds (FACs), and about 90 of the liver
samples have been analyzed for aryl hydrocarbon hydroxylase (AHH) activity,
which is known to be increased after exposure of fish to chemical contaminants.
These assays (biliary FACs and hepatic AHH) were used to determine degree of
exposure of fish to aromatic compounds. Changes in hepatic AHH activities can
also indicate a physiological change as a consequence of exposure. Results from
measurements of levels of FACs in bile suggest that some fish (flathead sole and
pollock) continued to be exposed to petroleum derived compounds at sites inside
Prince William Sound. Generally, however, concentrations of FACs in bile of all
fish species were lower in 1991 than in 1990. Based on the results of the bile FAC
and hepatic AHH analyses, samples were chosen for analyses of histopathological
changes and reproductive dysfunction. The histopathological analyses are in
progress. Assessment of reproduction has thus far comprised analysis for plasma
estradiol concentration, gonadosomatic index (GSI) and ovarian maturation stage in
about 80 yellowfin sole from sites in Prince William Sound and approximately 300
pollock from 8 sites within Prince William So 110 sites outside PWS. T
data obtained thus far do not indicate a substantial impact on measured reproductive

processes in these 2 species.
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OBJECTIVES

A. To sample selected fish species (e.g. pollock, yellowfin sole, rock sole, flathead
sole, Pacific cod) from several sites inside and outside Prince William Sound,
with emphasis on sites inside Prince William Sound. Site selection is primarily
based on data from the last two years of sampling and analyses. Representative

sediment samples are also taken from each benthic sampling site for subsequent

chemical analysis.

B. To estimate the exposure to petroleum hydrocarbons by measuring levels of
hydrocarbon metabolites in bile of the above species from oiled and nonoiled
habitats such to detect significant differences in bile concentrations with o =
0.05. Additionally, stomach contents of fish showing high levels of
hydrocarbon metabolites in bile will be analyzed for hydrocarbons, such to

detect significant differences in concentrations with o = 0.05.

To estimate the induction of hepatic aryl hydrocarbon hydroxylase activity or
increased levels of cytochrome P-450IA in the above species from oiled and

nonoiled habitats such to detect statistical differences in levels of effects with o
=0.05.

D. To estimate the prevalence of pathological conditions in the above species from

oiled and nonoiled habitats such to detect statistical differences in levels of
effects with a = 0.05.
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E. To estimate the levels of plasma estradiol, the degree of ovarian maturation, and
fecundity in adult females of two of the above species (yellowfin sole and
pollock) from oiled and nonoiled habitats such to detect statistically significant
differences with o = 0.05.

F. To estimate temporal changes in the parameters described in Objectives B&C,
by comparing data obtained in 1991 to data obtained in 1989 and 1990. In
order to assess either recovery or increased damage of habitats from the oil

spill, trends in these parameters must be statistically significant at o = 0.05.

G. Using the above data, as appropriate, construct simulation models similar to
those of Schaaf et. al. (1987) for important Alaskan fish species for use in
estimating oil spill impacts on fishery resources. These models will incorporate
pre-spill information from the fisheries literature on mortality and fecundity
together with information on reproductive impairment, pathological
conditions, and biochemical effects in fish exposed to petroleum hydrocarbons

as a result of the spill.

INTRODUCTION

Because petroleum and its components can cause severe damage to fishery
resources, and because our studies in 1990 showed evidence of continuing exposure
to petroleum-derived compounds in fish from several sites, monitoring of the
nearshore fisheries resources of Prince William Sound was carried out in 1991.
The monitoring included measurement of petroleum exposure and short-term
effects, as was done in the summer and fall of 1097 ~=d #hn crenenns ~£100N and

encompassed a selected assessment of long-term biological effects, including
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measurements of reproductive dysfunction and histopathological lesions of liver,
gill,and gonad, as was done in the summer of 1990 (Varanasi et al., 1990, 1991).
However, the scope of the continued studies was reduced substantially compared to
studies done in 1989 and 1990, in that the primary study area was limited to Prince
William Sound, and fewer species were examined. This narrowing of focus reflects
our findings of the previous two years, and is aimed at continuing only those
portions of the study which are most likely to assist in documentation of injury or
damage. An expansion to this study included the measurement of petroleum
exposure and possible effects in pollock from Prince William Sound and the
Shelikof Strait. The rationale for this is described below.

Certain petroleum components [e.g. aromatic hydrocarbons (AHs)] can cause
reproductive toxicity and teratogenicity in rodents (Shum et al., 1979; Gulyas and
Mattison 1979, Mattison and Nightingale, 1980). Similarly, reproductive
impairment has been noted in benthic fish residing in contaminated areas of San
Francisco Bay (Spies and Rice, 1988) and southern California (Cross and Hose,
1988). Moreover, English sole from areas of Puget Sound having high sediment
concentrations of AHs showed inhibited ovarian maturation (Johnson et al., 1988),
and fish from these areas that did mature often failed to spawn after hormonal
treatment to induce spawning (Casillas et al., 1991). In general, reproductive
impairment (including reduced plasma levels of the sex steroid, estradiol) was
found in English sole which showed evidence of exposure to aromatic compounds.
Moreover, our laboratory studies have shown that plasma levels of estradiol are
reduced in gravid female English sole exposed to chemical contaminants extracted
from urban sediments (Stein et al., 1991),and, ...___in_______ly,ou _ : inc

laboratory studies have aiso snown that  osure 10 rruanoe Bay crude o1l requced

plasma levels of estradiol in gravid female rock sole. In view of our findings of the

5
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Figure 2. A) Average levels (+ standard deviation) of fluorescent aromatic compounds
determined at phenanthrene wavelengths (FACspuN) in bile of three species of fish
collected in 1989 from locations not affected by the EXXON VALDEZ oil spill, or
prior to the spill (from 1989 Progress Report for F/S 24).
B) Average hepatic AHH activities (& SE) in yellowfin sole and flathcad sole
collected during 1988. Data for yellowfin sole from National Benthic Surveiliance
Project, Cycle V; data for flathead sole from Collier and Varanasi, 1987.
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Figure 4. Average levels (+ SD) of FACs PHNin bile of Pacific cod collected in 1991.
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Figure 9. Average levels (+ SD) of FACs PHNin bile of yellowfin sole collected
in 1991 compared to levels for 1990.
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Fish & Shellfish Project 24

METHODS
A. General Strategy and Approach

Samples of benthic fish (yellowfin sole, rock sole, flathead sole, and to a lesser
extent, Pacific cod) will be collected from five sites during 1991, from mid-May to
mid-June. Sites proposed for sampling are Olsen Bay, Rocky Bay, Snug Harbor,
Sleepy Bay, and Squirrel Bay. As feasible, the sample locations will be coordinated
with Air/Water Study #2. The selection of species is based primarily on results
obtained in 1990 and 1989 under Fish/Shellfish Study 24, and to a lesser extent,
Fish/Shellfish Study 18. Surficial sediment samples for establishing levels of
petroleum hydrocarbon residues will be collected at these sites, with analyses
projected to be done under Air/Water Study 2. Pollock will be collected in March,
1991, at several sites inside Prince William Sound and in the Shelikof Strait.
Because of the schooling nature of this species, and because we will be largely
dependent on assistance from other federal and state groups for use of sampling
platforms, sites cannot be predetermined, but efforts will be made to sample sites

representing a spatial gradient away from the spill’s occurrence and path.

Petroleum exposure of fish will primarily be assessed by measuring: (a)
concentrations of metabolites of aromatic petroleum compounds in bile, and (b)
AHH activities in liver. These types of measurements are necessary because
petroleum hydrocarbons in fish are rapidly metabolized to compounds that are not
| detectable by routine ¢l nical analyses. AHH activity in fish is due primarily to a
single cytochrome P-450, apparently cytochrome ™-#“JIA (Varanasi et al., 1986,
Buhler and Williams 1989,. Veasurement of hepatic AHH acuviy wili provide a
very sensitive indicator of contaminant exposure of sampled animals (Collier and

Varanasi, 1987; Collier and Varanasi, 1991). Moreover, the induction of AHH




































Introduction

Following the spill of 11 million gallons of Prudhoe Bay crude oil (PBCO) from
the Exxon Valdez into Prince William Sound (PWS), Alaska, in March 1989,
analyses to determine oil exposure in the biota along the path of the spill were
essential. The degree of exposure of marine organisms to oil is often assessed
by measuring their body burden of petroleum-related aromatic compounds
(ACs), because ACs are potentially harmful to the animals (1). However, fish
and marine mammals extensively metabolize most ACs in their livers and then
the metabolites are excreted, predominantly into bile (2-6). A rapid screening
method for bile, which determines the metabolites as fluorescent ACs (FACs),
has proven useful in estimating the exposure of fish and marine mammals to
petroleum (Z.8). But this screening method is limited to providing relative
concentrations of FACs in bile; individual metabolites are not identified and
quantitated. Accordingly, detailed chemical analyses are needed to determine
the concentrations of individual metabolites of petroleum-related ACs in
selected bile samples and, thus, to support the results of the semiquantitative

bile screening method showing exposure of marine organisms to spilled oil.

The specific individual metabolites that result from the uptake and metabolic
conversion of petroleum ACs in fish have not been well-characterized. Two
previous studies identified only a few individual AC metabolites in the livers (2)
or bile (3) of fish that had been exposed to No. 2 fuel oil, a distillate fraction of
petroleum that contains only a portion of the ACs found in crude oil. In a more
detailed study, several individual metabolites were identified by gas
chromatography/mass spectrometry (C7 /MO in tha kil af finh angpirad fram
urban sites (2.10). However, urban sediments generally contain high

proportions of products from the combustion of fossil fuels, such as



unsubstituted, 4- to 6-ring ACs. In contrast, PBCO contains a variety of 1- to 3-
ring alkylated ACs, as well as the alkylated dibenzothiophenes typical of the
North Slope crude oils (11-14). But because spilled oil is degraded in time by
physical, chemical and microbial processes, the aromatic fraction of the
weathered oil will be dominated by those ACs (e. g., highly alkylated
naphthalenes, phenanthrenes and dibenzothiophenes) that are most resistant
to weathering (15.16). Therefore, metabolites of these resistant ACs should be
found in bile of fish exposed to weathered crude oil; in this paper, we report the

results of our efforts to characterize such compounds.

Initially, the products resulting from the metabolism of PBCO by fish were
identified by GC/MS in the enzymatically hydrolyzed bile of a halibut
(Hippoglossus stenolepis) and a Dolly Varden (Salvelinus malma) injected with
weathered PBCO. Subsequently, many of these metabolites were determined
in the hydrolyzed bile of 5 pink salmon (Oncorhynchus gorbuscha) and 4
pollock (Theragra chalcogramma) collected in PWS several months after the oil
spill. Finally, the bile screening method was validated by demonstrating a
strong statistical correlation between concentrations of FACs determined by
screening and the sums of metabolite concentrations determined by GC/MS in

oil-exposed fish.

Experimental

Chemicals. A sample of PBCO was obtained from the oil remaining in the
ho' ' of the Exxon Valdez, and the weathered PBCO sample was collected from
SWS 1. Jaye _fter the spi. occurrec ,  dimethyl-3-naphthol, 6-methyl-2
naphthalenemethanol and trans-3,4-dihydroxy-3,4-dihydro-2,6-

dimethylnaphthalene were prepared in our laboratories (17).



Reference Standard. A GC/MS standard, containing reference compounds
dissolved in methanol, was prepared (listed in order of GC elution, ng/ul): 2,6-
dibromophenol (surrogate standard, 7.38), hexamethylbenzene (GC internal
standard, 7.56), 1-naphthol (15.66), 2-hydroxybiphenyl (15.72), 6-methyl-2-
naphthalenemethanol (2.76), 4-methyl-1-naphthol (15.42), 2,6-dimethyl-3-
naphthol (2.82), trans-3,4-dihydroxy-3,4-dihydro-2,6-dimethylnaphthalene
(3.36), 9-fluorenol (15.54), phenanthrene-d10 (HPLC internal standard, 6.00),
9-phenanthrol (15.06), 9-anthracenemethano! (14.76) and 1-pyrenol (13.80).

Injection of fish with PBCO. Halibut (Hippoglossus stenolepis) were
captured by long line from a relatively uncontaminated site (reference site) in
PWS (Figure 1). The halibut were injected, into the dorsal anterior musculature,
with (a) 1.0 pl/g fish wt of a 1:1 (v:v) mixture of weathered PBCO dissolved in a
carrier or (b) with 0.5 pl/g fish wt of the carrier alone. The carrier was a 1:1 (viv)
mixture of acetone and Emulphor. The fish were maintained in a flow-through
seawater aquaria and were not fed after injection. After 48 hr, the fish were
killed by severing the spinal column; bile was then removed from the gall
bladders and frozen. The above experiment was repeated using Dolly Varden
char (Salvelinus malma) captured by gill net from a site in PWS not impacted by
oil (Figure 1). Bile samples were selected for this study from the following fish:
an oil-injected halibut (wt = 2500 g); a carrier-injected halibut (5400 g); an oil-
injected Dolly Varden (368 g) and a carrier-injected Dolly Varden (378 g).

Field collectior f fish Adult pink salmon (7 ~~~rbrnnhin ~arkeasht s
captured in PWS (Figure 1) by hook and line at an oiled site (Chenega Bay)

about 5 months post spill and by gill net from a site relatively unimpacted by oil



(Columbia Bay) about 4 months post spill. Adult pollock (Theragra
chalcogramma) were captured by trawl approximately 1 year after the spill from
areas that had been oiled (Mummy Island and Goose Island) in PWS (Figure 1)
and from a relatively uncontaminated site, Seymour Canal, in southeast Alaska.
Bile was collected from the gall bladders and the samples were frozen. Fish
from the field were then selected for this study based on a number of criteria.
FAC concentrations determined by bile screening were available for
approximately 300 salmon and 200 pollock collected within a year of the spill.
Because we intended to confirm the results of bile screening by analyzing for
individual bile metabolites by GC/MS, we selected bile samples with a range of
FAC concentrations. The minimum amount of bile that was suitable for both

screening and GC/MS analysis was 125 L.

Hydrolysis of bile and extraction of metabolites. A modification of the
enzymatic hydrolysis and extraction method of Varanasi, Nishimoto, Reichert
and Eberhart (18) was used. Each bile sample (100 pL) was treated with 2000
units B—glucuronidase (containing 25 units of arylsulfatase activity) in 0.4 M
acetate buffer (1 mL; pH 5). A surrogate standard, 2,6-dibromophenol (100 uL;
24.6 ng/ul), was added. The samples were incubated in a warm water bath at
40°C for 2 hours and then extracted with methylene chloride (1 mL) and
methanol (100 uL). After extracting 2 additional times with methylene chloride
(1 mL each), the extracts were combined and sodium sulfate (0.1 g) was added.
The con ' ‘ned extracts were transferred to concentrator tubes and the solvent
was evaporated to 1 mL. Phenanthrene-d10 (HPLC internal standard; 50 pulL,
60 ng/uL) was added and the solvent was further evaporated t~ 4°" 4L urnder »

stream of nitrogen gas.



HPLC cleanup of bile extracts. A modification of an HPLC cleanup
technique (19.20) was used to separate the metabolites from any biogenic
material in the extracts from bile hydrolysis. The procedure was modified by
slowing the solvent flow rate to 5 mL/min and by calibrating to collect a fraction
(containing the metabolites) from the beginning of the bipheny! elution to the end
of 1-pyrenol elution (approximately 19-30 min). A 250-uL portion of the 400-uL
extract from hydrolysis was injected onto the HPLC column, the fraction was
collected, and the solvent was evaporated to 1 mL. Methanol (0.500 mL) was
added, the solvent was evaporated to 1 mL and HMB (GC internal standard; 30
uL, 25.2 ng/ul) was added; evaporation was continued under a stream of

nitrogen gas until the volume was reduced to 30 plL.

GC/MS analysis of bile extracts. The extracts from hydrolyzed bile were
analyzed by GC/MS as described earlier (3), except that the GC/MS system
now included a 5970 Hewlett-Packard mass selective detector (MSD), a
59940A Hewlett-Packard HP-UX Chemstation data system, a 5830 Hewlett-
Packard GC and a 7673B autosampler. The mass spectrometer was scanned
using a sequenced selected ion monitoring (SSIM) descriptor at approximately
1 scan/sec. The GC run time was divided into segments in which different sets
of ions were scanned (see Table I; also, Table A-l in the microfilm edition has a
complete list of the ions scanned in each segment). For full scan spectra, the
mass spectrometer was scanned from 45 to 450 amu at approximately 1

scan/sec.

Identification ar™ ~ontitntian ~f matahnlitae  Fyll-scan GC/MS
analyses were conducted on bile from the oil-injected halibut. Numerous

metabolites of ACs were tentatively identified by comparing retention times and



mass spectra for each metabolite to (a) reference standards or (b) mass spectra
from the mass spectral library. This library includes spectra of metabolites from
a previous study in which fish were injected with unsubstituted ACs (10). In
addition, identification of some metabolites, particularly those of the C»-C3
alkylated ACs, was based on the molecular ion and on fragmentation patterns.
Subsequently, SSIM was used to increase sensitivity in analyzing for
metabolites of ACs in the bile of the halibut and the other fish species studied.
Several major ions in the spectrum of each metabolite were selected for
scanning in the SSIM mode (Table I). [Full scan and SSIM mass spectra of a

Co dibenzothiophenol are compared in the microfilm edition (Figure A-1).]

The concentrations of the metabolites were calculated using single-point
response factors and were corrected for the recovery of the surrogate standard.
When no commercially available reference standard was available, metabolites
were quantitated using a GC/MS response factor for an isomer (i.e., the C;
naphthol isomers were quantitated by the response factor for 4-methyl-1-
naphthol, the Co-C3 naphthols by 2,6-dimethyl-3-naphthol, the fluorenols by 9-
fluorenol, the phenanthrois by 9-phenanthrol, the fluoranthenols/pyrenols by 1-
pyrenol). In addition, when no isomer or reference standard was available, the
concentrations of certain metabolites were calculated using a GC/MS response
factor of 1 (i.e., dibenzofuranols, dibenzothiophenols and
dibenz{aljanthracenols/chrysenols). As a result, the concentrations determined

for many of the metabolites were semiquantitative.

The accuracy of quantitation of certain metabolites may also be limited by their
dehydration in the GC. For example, phenanthrene is preferentially

metabolized to a dihydrodiol in many fish (21,22). However, the dihydrodiol




dehydrates in the GC resulting in two phenols (10). Although derivatization of
dihydrodiols to trimethylsilyl ethers prevents dehydration during the GC
analyses and thus should allow quantitation of the dihydrodiol itself, the
molecular ion of the derivative is small and the identification of the metabolite is

difficult (9).

Matrix spikes. To determine recovery efficiencies, reference standards were
added to bile from a halibut from a reference site (matrix spike; n=3); hydrolysis,
extraction, HPLC cleanup and GC/MS analyses were then conducted as
described above. Reference standards (ng) were: 1-naphthol (1044); 2-
hydroxybiphenyl (1048); 6-methyl-2-naphthalenemethanol (184); 4-methyl-1-
naphthol (1028); 2,6-dimethyl-3-naphthol (188); trans-3,4-dihydroxy-3,4-dihydro-
2,6-dimethylnaphthalene (224); 9-fluorenol (1036); 9-anthracenemethanol
(984); and 1-pyrenol (920).

HPLC/fluorescence screening of bile. A previously reported HPLC
method (23) was used with fluorescence detection at excitation/emission
wavelengths where 2-ring (290 nm/335 nm; naphthalene standard), 3-ring (260
nm/380 nm; phenanthrene standard) or 4- and 5-ring [380/430 nm;
benzo[a]pyrene (BaP) standard] ACs fluoresce to quantitate total fluorescent

ACs metabolites in (naive) bile.

Statistical analyses. The relationship between concentrations of bile
metabolites determi 1 by GC/MS and conc 1t onsmeasu dbysc ing
of the saine bile sampies was evaiuaieu vy correiauun (24). The concernirations
obtained by each method were first log transformed to improve homogeneity in

the variances.



Results

Chromatograms of Prudhoe Bay crude oil. GC/MS chromatograms of
the aromatic fraction of PBCO and weathered PBCO are shown in Figure 2.
PBCO contained large proportions of highly alkylated ACs with 1-3 rings (e.g.,
benzenes, naphthalenes and phenanthrenes; Figure 2A). After only 11 days of
weathering, the composition of the crude oil had changed dramatically; major
losses of low molecular weight ACs, particularly the 1- and 2-ring ACs, had
occurred (Figure 2B). Less severe losses were noted for the alkylated

phenanthrenes and alkylated dibenzothiophenes in the weathered PBCO.

Identification and quantitation of metabolites in hydrolyzed bile.
Mass chromatograms, such as those shown for the molecular ions of alkylated
phenanthrols (Figure 3A and 3B) and dibenzothiophenols (Figure 3C and 3D),
were graphed for each homologous series of metabolites in each fish. Then,
mass spectra (Figure 4) and relative retention times of metabolites identified in
the oil-exposed halibut were used to establish the identity of the corresponding
metabolites in the oil-injected Dolly Varden and in the environmentally-exposed
fish sampled from PWS. As many of the metabolite as feasible were identified
and guantitated in the bile from three of the fish: 158 in the oil-injected halibut;
119 in salmon-A; and 54 in the pollock-A. Alkylated naphthols, fluorenols,
phenanthrols, dibenzofuranols and dibenzothiophenols comprised the majority;
smaller numbers of alkylated fluoranthenols/pyrenols and benz[a]anthracenols/
chrysenols were also identified (see Tables II-lil for selected metabolites and

Table A-1l in the microfi  edition for a complete list).

In the remainder of the fish, including the oil-injected Dolly Varden, a limited

number of bile metabolites were quantitated to illustrate intra- and interspecies
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