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SUMMARY 

This report examined the effects of the EXXON VALDEZ oil spill (:::VOS) on 

shallow (< 20 m) subtidal communities within Prince William Sou:1d. we 

observed effects on a number of plant, invertebrate, and fish species. The 

effects were most pronounced within deeper strata vithin the eelgrass 

habitat," where tliere was a marked reduction in the diversity and abundance 

of benthic infauna at the oiled sites relative to cont=ols. 'We also noted 

lower densities of eelgrass (within the eelgrass habitat). helme:: crabs, 

and leather stars (within all habitats) at oiled sites. The species 

affected included several that are of ?articular :bportance as ?::ey for 

fish, birds, and otters. 

We also noted an abundance of dead animals ~ithin a fjord in Herri~g Bay in 

1989. By 1990, the community at: this site was redt:ced from the over. 20 

taxa observed in 1989 to 6 taxa in 1990, ~~d the syst~~ ~as almost ~otally 

dominated by one polychaete (Nepht::ys c=-=nuca) whic:: is noted ::or its 

tolerance to pollution. 

to the effects of oil. 

These changes ;;ere at least ::.:1 par-:: att:::-i~utable 

The various components within the sha:.:o';J subtidal .s·..,st:em dernc:-:st:rated 

varying rates of recovery. Algal populat::.ons had almcs~ fully reco~ered by 

1990, and eelgrass populations recoveree by 1991. 

communities showed significant progress :award rec::·.·ery :,y 1? ~·=, be:: 

recovery was not complete. Onl v the large:: epibenthic :.::ver~ebrates (crabs 

and sea stars) failed to show significant ::ecoverJ by 
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The Effects of the EXXON VALDEZ Oil Spill on Shallo~r Subtidal Communities 

in Prince Yilliam Sound, Alaska 

1.0 OBJECTIVES 

This study was aimed at determining the effects of the EXXON VALDEZ oil 

spill (EVOS) on shallow (<20 m) subtidal communities of plants, 

invertebrates, and fish-, within Prince Yilliam Sound-,. ,.Alas.k.a..-

2.0 INTRODUCTION 

2.1 Background 

The shallow subtidal habitat of Prince William Sound, from the intertidal 

zone to depths of approximately 20 m, typically has dense macrophyte 

(algal) assemblages, and is a critical habitat for many commercially and 

ecologically important animals (Rosenthal et al. , 1977; Rosenthal, 1980; 

Feder and Jewett, 1987). The region is most noted as a nursery for salmon, 

King crab, Dungeness crab, and some pandalid shrimps, the spa~ming grounds 

for Pacific herring, and the feeding grounds for sea otters, river otters 

and many marine birds. As primary producers, the benthic marine 

macrophytes are probably at least as important as the transient 

phytoplankton blooms. Seaweeds are a main source of food for several 

marine invertebrates, including sea urchins and crabs, and provide a food 

source for detrital based food webs i:-1 the deeper subtidal zone. Subtidal 

eelgrass and algal beds are extremely important feeding grounds for 

migratory waterfowl (McConnaughey and ~cRoy, 1979). These shallow subtidal 

regions typically contain numerous ?olychaete :.torms, small snails and 

clams, amphipods. copepods, isopods, sea urchins. and sea stars, many of 

which serve as food for coastal- feec:.:1g otters, birds, fishes, crabs and 
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shrimps (see review in Feder and Jewett, 1981, 1987; Hogan and Irons, 1988; 

McRoy, 1988). 

It was expected that a certain proportion of oil from the EXXON VALDEZ oil 

spill (EVOS) (either the original oil from surface waters, oil leached from 

contaminated shorelines, and/or oil dispersed into receiving waters via 

shoreline remediation procedures) would reach the bottom by physical and 

biological processes. Shallow subtidal data collected in polluted waters 

elsewhere indicate that changes in species number, abundance, biomass, and 

diversity occur if sizable quantities of oil flm¥ to the bottom (e.g., 

Cabioch et al., 1978; Kineman et al., 1980; and Sanders et al., 1980). 

Changes in composition of benthic fauna and flora c.an have serious trophic 

implications. Further, the larvae of most benthic organisms in Prince 

william Sound move into the water column (March through June) and are 

utilized as food by large zooplankters and larval and juvenile stages of 

pelagic fishes, salmon fry, and herring. Thus, damage to the benthic 

system by hydrocarbon contamination could affect feeding interactions of 

important species in the water column, as well as on the bottom. 

2.2 Historv of the Proiect 

The subtidal Coastal Habitat Program was initiated in late summer 1989. 

Shortly after approval of the project by the Management Team, logistic 

arrangements were made, and a shakedown/training cruise was conducted. An 

initial subtidal survey was conducted in Prince William Sound in October, 

1989. Effects on plants, invertebrates, and fish were evaluated in 

sheltered rocky habitats at 5 sites (a subset of those visited by Coastal 

Habitat intertidal sampling team). 
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The October 1989 sampling program indicated that, in general, the sampling 

design and the site selection process used in the initial surveys were not 

adequate to detect statistically significant effects on subtidal organisms. 

A major problem was the variance among sites, esp~:!cially as related to 

fresh water input at sites (all controls) on the mainland portion of the 

Sound. As a result, changes were made to the study plan for 1990. 

Sampling continued in the Spring and Summer of 1991 at a subset of sites 

visited the previous year. 

2.3 Overview of the Studv Design 

In 1990, we concentrated our sampling and experimental efforts on selected 

habitat types, chosen based on the relative ecological importance of these 

'!J.abitats, their risk to damage from oil, and on the:i.r proportion of total 

habitat in the oiled area. All studies were conduc1::ed at oiled sites and 

control sites that were matched to the oiled sites with regard to 

geomorphology, degree of freshwater input, substrate type, and general 

circulation and wave exposure regimes. A similar design was used in 1991, 

except that only a subset of those sites sampled in 1990 was visited in 

1991. 

All studies were conducted within Prince William Sound. we excluded other 

areas (Kenai and Kodiak/Alaska Peninsula regions) because we anticipated 

that effects were graatest within PwS and because of the logistical and 

monetary constraints. 
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2.4 Report Organization 

This report summarizes the subtidal data collected in 1989, 1990, and 1991. 

Emphasis is on the 1990 and 1991 data. The results section of the report 

is organized around different taxonomic groupings (plants, epibenthic 

invertebrates, infaunal invertebrates, and fish) and further subdivided 

according to habitat (eelgrass, Laminaria(Agarum habit~ts i~ island bays~ 

Laminaria/Agarum habitats on island points, and in Nereocyscis habitats 

along relatively exposed coastlines). 

5 
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3.0 METHODS 

3.1 Sampling Design 

3.1.1 Stratified Random Sampling at Oiled and Control Sites 

Rationale 

For most of our studies on the subtidal communities";,- we" -tised a stratified 

random sampling design in order to determine the effects of the EVOS. We 

measured population parameters (e.g. abundance, biomass, diversity, 

reproductive success) for the dominant plant~ ir.~ertebrate, and fish 

species at both oiled and control sites within 4 specified habitats: 

Eelgrass (Zostera marina) beds, Laminaria.j Agarum beds (areas where either 

Laminaria saccharina or Agarum cribrosum dominate) both in bays and on 

points within the Knight Island archipelago, and Ne~eocyscis beds. These 

strata were defined with respect to dominant plar..~s, physiography, and 

location within the Sound in order to insure that v<:.riance due to factors 

other than oil were minimized, thereby increasing the pow-er to detec-:: 

differences among oiled and control sites. 

We selected habitat types primarily based on the dominant vegetation type. 
- -

The dominant vegetation at a particular site is gem:~rally eet:ermined by a 

suite of important environmental fac~ors (e. g., substrate :::;pe I salini-=:r, 

water motion). Therefore, we could indirec~~~ assess the physical 

environment by assessing vegetation ::-'"Fe. Class:::_c:ation by the dominar..:: 

vegetation also offered an advantage in that: we cou.J.d gene::-a.lly d.etermi::e 

the vegetation type (and indirectly :.he substrate :::.-pe and ot:he::- ?hysica: 

factors) by observing the habitat from the surface (either :::-om ~ boat or 

plane) 1 thereby eliminating the need for prelimi::a::-.- dive surve"'>·s. 
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eelgrass and Nereocyscis habitats have vegetation that grows from the 

bottom to near the water's surface and can be observed from the surface. 

Most of the remainder of the shallow subtidal within Prince William Sound 

is dominated by LaminariajAgarum. 

Within each habitat, we selected oiled sites and thE!n located and sampled 

at a control site that match~d: as~ closely as po~ssible~, the selected oiled 

site with respect to non-biological factors other than oiling. The 

procedures used for the selection of ·sampling strata and selection of sites 

within sampling strata follow. 

Selection of Sampling Strata 

The first order of stratification used in our sampling plan was based on 

vegetation type. The shallow subtidal communities within Prince William 

Sound are structurally dominated by 3 vegetation types: Eelgrass, 

LaminariajAgaruiil, and Nereocysr:is. Eelgrass dominates in areas of soft 

subst=ate that generally occur in back bays at the mouths of streams. It 

often forms extensive beds that cover large areas in these back bays. 

Eelgrass also occurs in scattered patches throughout much of the rocky 

subtidal zone, but we have restricced our definition of eelgrass habitat to 

the larger beds on soft substrate. 

Nerecc;stis (bull kelp) dominates on points in ::1ore exposed areas with 

strong currents. Nereocyscis forms a floating canopy and the subcanopy 

algal community i.s dominated by a sui.::e of algae gen.erally associated with 

strong water mo::i.on. While Nereoc;.'"scis habitats are re =.atively rare in 

PWS, ~~ey represent habitats of spec:.al significar..ce. Nereoc-;rscis beds have 

high diversities of algae, epifau:1al invertec:-a::es, and non-demersal 
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fishes. It also represents the one habitat for which there were pre-spill 

data available. 

By far the most widely represented habitat in PWS is the Laminaria/Agarum 

habitat. Generally, if a habitat is not dominated by eelgrass or 

Nereocystis, it is dominated by Laminaria saccbarina, Agarum cribrosum, or 

·a combination of these· ··species. 

substrate throughout the Sound in all but the most exposed points. 

For the Laminaria/Agarum habitat, we further stratified in~o three 

oceanographic regions (islands, mainland, and outer Sound) and i~to three 

physiographic types (bays, points, and straight shore line) per region. 

This stratification scheme resulted in 9 potential strata w~~hin the 

Lam.inaria/Agarum habitat, 1 within the Nereocyscis habitat, and 1 within 

the eelgrass habitat, for a total of 11 potential strata in all. 

In order to remain within budgetary constraints and yet sample a sufficient 

number of sites within each habitat, we limited our sampling effor~ in 1990 

to only 4 of these 11 potential strata: eelgrass, Laminaria.jA.garum in 

.. 
island bays, Laminaria./Agarum on island points, and Nereocys=::..s. The 

strata sampled were selected based on ecological importance' potential for 

impact, and extent of the habitat within the oiled region. 

We elected not to sample LaminariajAgarum habitats on the mainland or in 

the outer Sound because there were !'elatively few of these han:. :.a.ts that 

were oiled. We also elected not ~o sample runs (sect:ions o: straight 

shoreline) on the islands because ::=:ese represent~~d habitats :..~at were 

intermediate between points and bays, and we felt ::=:.at we could ex:.:-apolate 
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from results obtained in bays and on points in order to estimate effects on 

runs. 

Locations· of the different vegetation types were initially identified, 

based on information obtained in our 1989 suJ~ey, and by polling 

knowledgeable biologists fainiliar with Prince Yilliam Sound as to the 

· location of eelgrass beds and Nereocyst:is beds-. ThE~se were later verified 

in surveys conducted by plane or boat (see site selection below). 

Selection of Sites within Habitats 

An initial selection of oiled sites was conducted in the laboratory in 

winter 1990. We identified strata based on our experience in the fall of 

1989, and on anecdotal evidence from biologists familiar with the Sound. 

Selection of sites within strata were initially chosen based on an overlay 

of oil information and habitat information on navigation charts. Oiled 

areas were identified, based on the summer 1989 oil maps and the September 

1989 "walkathon" data. Areas that were moderately to heavily oiled in both 

surveys were marked as oiled areas. From those oiled areas for each strata 

(e.g. eelgrass beds or LaminariajAgarum habitats in island b~ys), we 

selected a 200 m section of shoreline to be sampled.. The selection of the 

sampling locations was based on the following hierarchy for order of 

preference: Sites for which there were pre- spill biological data, sites 

previously sampled in NMFS or DEC hydrocarbon surveys, sites sampled by 

Coastal Habitat intertidal crews, and randomly selected sites within the 

habitat. Details of the initial site selection process are described in 

Appendix A. 
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Control sites were selected that were indicated as not oiled in both the 

summer oil survey and the September walkathon. Cont:rols were matched with 

selected oiled sites, as closely as possible, with regard to aspect, 

proximity to sources of freshwater input, slope, w~ve exposure, and water 

circulation. We randomly selected a matched control site if more than one 

existed. 

Alternate oiled and control site locations were chosen according to the 

above criteria, in the event that our initially produced maps proved 

inaccurate with respect to habitat type, or if controls did not match the 

oiled sites with respect to aspect, wave exposure, etc. 

In spring 1990, we conducted a site confirmation cruise to insure that our 

preliminary selections of oiled sites were appropriate with regard to 

habitat type, and that the control sites matched these oiled sites with 

regard to habitat and to physiographic aspects. In several instances, our 

preliminary identification of habitat type was inc!orrect, and alternate 

sites were substituted for those chosen initially. For the oiled sites, 

all final selections were from our initial list of chosen or C\lternate 

sites. For the control sites, we oc~asionally had to deviate from the 

initial list and search the western portion of the Sound for appropriate 

controls that matched the oiled sites as closely as possible, but were not 

oiled (based on shoreline oiling maps). A total of 3 alternate control 

sites that were not on our initial list of selected or alternate sites were 

selec::ed as controls (Moose Lips Bay, Puffin Bay, and Naked Island). The 

final locations of sites selected within each habitat are given in Figure 1 

and .Appendix B. 

.ACE 30286748 
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Selection of Depth Strata Within Each Habitat Type 

Within each habitat, we further stratified our sampling effort:, primarily 

by depth.· In eelgrass habitats, we elected to sample within 3 strata: 3 

to 6 m, 6 to 20 m, and at the mid point of the eelgrass bed (independent of 

depth) (Figure 2). In the LaminariajAgarum habitats we sampled at 2 depth 

strata: 2 to 11 m and 11 to 20 m. 'Within the Nereocystis hah:it-ai we 

sampled within the Nereocysti.s bed, (within a depo range of 2 ~o 8 m). W'e 

elected to sample only in the deeper portions of the subtieal (> 2 m) 

because preliminary data collected in 1989 sugges~ed that at ~e shallower 

depths, the variability within a site was extremely large. As a result, 

the sampling effort was concentrated in the more hc:>mogeneous ?ortions of 

the habitat where the power to detect differences •as largest. 

3.1.2 Sampling in Fjords 

In October 1989 sampling, one of our sampling si~es was with~~ a fjord in 

northeastern Herring Bay that was heavily oiled (?igure 3). :his small 

embayment (hereafter referred to as Herring Bay fjord) is loca::ed along the 

northwestern side of Knight Island. It covers a?proximatel:: 0. 5' km2 and 

has a maximum depth of 35 m. The depth of a sill, ~1at stret=::.es along the 

mouth of the bay, is only 4 m. At depths greater :han 10 m, :.."":e subs:::::-ate 

in the bay is composed primarily of fine flocculen: silt. 

Sampling in 1989 indicated that sediments at dep~~ greater '----·.c:. ...... 13 m· N"ere 

hypoxic or anoxic, and many animals were either cead or dv:.:::;:. s~-:~lar 

fjords within the Knight Island area were sampled :-:t 1990 to ::::::ermine the 

extent of such "dead zonesn and to bet::er establis::. a possible :-elaticr:snip 

bet~een the existence of dead zones and oiling. 

.!..:~ 30236749 
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Three fjords were sampled in the Spring 1990: Herring Bay fjord (the same 

site as sampled in 1989), inner Lucky Bay (control) and inner Bay of Isles 

(oiled) (Figure 1). A more extensive survey of t:hese and 2 additional 

sites (Disk Lagoon - oiled, and Humpback Cove - control) was conducted in 

fall 1990 (Figure 1). All of these sites had sills and restricted 

entrances similar to that observed at He~!ing Bay fjc::J'rd in 1989 . 

The fjords in Herring Bay and inner Lucky Bay were~ the only fjord sites 

sampled in 1991. The sampling effort was reduced b€~cause t:..'lis habitat was 

relatively rare within PWS, and because there was a potential confounding 

effect of natural disturbances (seasonally low oxygi:n) and the effects of 

oil within these sites. 

The oiled sites chosen for the silled fjord s~dies represented all of the 

oiled silled fjords that were in the PWS region. Cont::-ol sites were 

selected that matched these sites as closely as pClssible ~ith regard to 

size and depth. However, the number of potential controls was small, and 

in reality, the oil and control pairs were o.f::en "'.·ery di.f.ferent from one 

another. As a result, we will primarily rely on comparisons of .temporal 

patterns within the Herring Bay fjord to examine ::::e potential effects of 

oil. 

3. 2 Biological Sarnuling ~ethcc.s~ 

3.2.1. Sampling within the Eelgrass Habi::at: 

1990 Sampling 

At each eelgrass site, we established th=ee 30 ~ lc~~; t:ransec::s, within :~e 

eelgrass bed (Figure 2). These T..;-ere ?laced :.n midC.le of the 
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range of eelgrass, and at randomly selected locat.ions along the 200 m 

section of shoreline selected for sampling. 

Large (>-10 em) motile invertebrates and fishes were counted along each 30 

m transect. Divers swam the transect and counted fishes, by species, 

within a 1 m swath to either side of the transect center line and within 3 

m of the bottom. These surveys were made prior to other sa.mp·ling- e-fforts 

on the transect in order to avoid disturbance to the fish community and to 

achieve accurate counts of fishes. Larger sessile invertebrates, non-

cryptic specimens of echinoderms and crustaceans larger than 10 em, and 

newly recruited juvenile sea stars were also counted in this 2 m by 30 m 

band. 

Along each transect, we harvested all eelgrass from 4 randomly placed 0.25 

m2 quadrats. The turions (above-sediment portions of the plant arising 

from the rhizome, usually with 4 or 5 leaves attached) of the plants were 

cut approximately 1 em above the sediment surface. The plants were bagged 

underwater and returned to the boat. There, the number of turions and 

total number of leaves per quadrat were counted, and all turions in each 
. ' 

quadrat were ';.leighed. In addition. we noted the number of flowering stalks 

per quadrat. 

Densities of infaunal invertebrates were estimated from two 0.1 m2 suction 

dredge samples taken along each of t:he three transec:-:::s within the eelgrass 

bed. One 0.1 m2 quadrat was sampled from each of thi:: first two quadrats on 

each transec::. The dredge samples ·..;ere taken from the upper left hand 

corner of each quadrat (determi~ed while facing :he shore) a::er the 

eelgrass had been collected. Sir:ilar dredge samples were taken :=-om 3 
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additional transects in each of two strata (3 to 6 m and 6 to 20 m) that 

were established independent of the distribution of eelgrass. These 

transects were placed at random positions within the sampling site and at 

random depths within the stratum. 

Eelgrass seeds were collected from 4 randomly placed 0. 25 m2 quadrats on 

each of 3 transects the eelgrass bed at each site. The sediment in each 

quadrat was collected to a depth of approxi:!lately 5 em using an airlift. 

The sediments were sieved through a 1 m:m mesh screen and t:he seeds within 

each sample counted. 

Epibenthic invertebrates within the eelgrass bed were sampled using a 

dropnet. A 0. 5 m diameter (0 .196 m2 area) ci:::-cular steel frame, with a 1 

mm mesh net attached, was dropped from a small boat within 3 meters, 

adjacent to the 2 random points where infaUl'!a. werE! collec::ed. After the 

net was dropped, it was pursed and retrieved aboard the boat. The contents 

of the net were washed into a jar and preser~ec with formalin. 

We sampled at 8 eelgrass sites between . 3 Ju:y andl 11 August 1990. Four 

. 
oiled sites (Bay of Isles, Herring Bay, Sleepy Bay, and Clammy Bay) and 

four paired control sites (Drier Bay, Lowe::- :!erring Bay, ~oose Lips Bay, 

and Puffin Bay) were visited (Figure 1 and Ap~e~dix B). 

1991 Sampling 

In 1991, sampling con-cinued in ~~e eelgrass ':1abital: as cescribed above, 

except for the following modifica.~ions. All sc.rnpling was c~nducted between 

10 and 28 July. For sa.npling of eelgrass, ~e :8unted the n~~ber of turions 

within each 0. 25 m2 ~uadrat T..;i.::~out :,.ar~e.s::i.:1g plants ar.d counted the 
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number of flowering stalks of eelgrass within a 1 m band on one side of the 

30 m transect. Larger epibenthic invertebrates WE~re sampled as in 1990, 

except that newly recruited sea stars were counted i.n a 2 m by 30 m band. 

Infaunal invertebrates were sampled as in 1990, except that no sampling was 

conducted at the shallow (3 to 6 m) depth stratum and dropnet sampling was 

discontinued. 

Small mussels (Musculus spp.) were sampled by collecting 4 randomly 

selected eelgrass turions from next to each epibenthic sampling quadrat. 

The turions were placed into sampling bags underwater, placed in containers 

with formalin aboard ship, and later examined to determine the density and 

size distribution of mussels. A maximum of 40 randomly selected mussels 

were measured from each site. 

Two additional eelgrass sites were sampled in 1991. These were in the 

Short Arm portion of Bay of Isles (an oiled site), and in the Mallard Bay 

(a control site in Drier Bay) (Figure 1 and Appendix B). Only the eelgrass 

stratum was sampled at these sites. 

3.2.2 Sampling in the LaminariajAgarum Habitat in Island Bays 

1990 Sampling 

Three transects were randomly placed within each of two depth strata, 2 to 

11 and 11 to 20 m, within the LaminariajAgarum bay habitat. The percent 

2 
coYer by understory algae was determined in four 0.25 m quadrats placed at 

rar:.dom positions along each transect. All algae greater than 10 em. in 

height were collected from these quadrats and returned to the boat where 

eac~ individual was identified, weighed, and measured. 
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Infaunal invertebrates associated with pockets of soft sediment along the 

transects were sampled using a suction dredge. These samples were taken 

from the first two _quadrats on each transect when possible. If there was 

no soft sediment within the quadrat, then the sample was taken from the 

first available patch while traveling toward the next quadrat. There were 

no dropnet samples taken at the Laminaria/Agarum habitats. 

Large (>10 em) motile invertebrates and fishes were counted in a 2 m swath 

along each transect as described in 3. 2.1 above. 

prior to the clearing of algae from quadrats. 

These counts were made 

We sampled at 6 sites within the LaminariajAgarum bay habit:at in 1990. 

Three oiled sites (Northwest Bay, Herring Bay, and Bay of Isles) and ~ree 

paired control sites (Cabin Bay, Lower Herring Bay, and Mummy Bay) '"..;ere 

visited (Figure 1 and Appendix B). All sites were sampled as described 

above between 22 May and 12 June 1990. A second visit was made to the 

sites between 21 July and 29 July, 1990 and fish abundances were determined 

within shallow depth stratum. 

1991 Sampling 

The sampling in LaminariajAgarum bay habitats in 1991 was restricted to 

infaunal invertebrates, large epibenthic invertebrates, and fish. All 

sampling was conducted between 29 July and 5 August. Fish and large 

epibenthic invertebrates were sampled only in the shallow (2 to 11 m) depth 

stratum. Sampling methods were the same as in 1990. 
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3. 2. 3 Sampling in La.minariaf Aga.rum Babita~ at Island Points-

1990 Sampling 

Sampling in the Laminaria/Agarum habitats at island points -~ ide~~ical ~o 

that described for island bays. Dredge samples used to dete:r::rine the 

abundance of infaunal invertebrates were not sorted in the labora::ory and 

no data for infauna are reported for this habita~. 

We sampled at 6 sites within the LamL~iajAgarum point habitac ~ 1990. 

Three oiled sites (Outer Herring Bay, Ingot: Point, anC. Discovery Po:.nt) and 

three paired control sites (Outer Lower Eerring Bay, ?eak Point, ~d Lucky 

Point) were visited (Figure 1 and Appe::dix B) . S.::zpling was c~nduc::ed 

between 18 July and 7 August, 1990. 

1991 Sampling 

There was no sampling conducted wichin ~~~s habi~at i~ 1991. 

3.2.4 Sampling in Nereocyscis habicats 

1990 Sampling 

Sampling in the Nereocyscis habi~ac was =~nduc::ed wi:=in c~e dep~ stra~ 

in which Nereocyscis ~as obserJed at a"'"- sites (2 ::= 8 m). 

conducted between 14 June and 2 July ::.:::~0. 

sampling. of smaller st:ipate kelps (Aga.:-...::::. L:=~:::zariz spp .. ?let::=;:-~yc:.:s';, 

large epibenthic invertebrat:es, anc fish was as -.-_ .... _ 

La.minaria/Agarum habi::ats in Islar:d ba·.-s (see secti:;:: 3. 2.. 2 abo·.-: exc:::-:::: 

that at 2 of the si~es, (Li-.:-::::le Soith :3::.and znd Na~:d. Is::.a::d) ... -:: sanrp::.ed 

along 5 and 6 transec::s, respec::i~ely. Serecc7sCis 6ensi~: ~as ~~erm~=ed 
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by counting all plants greater than 2 m in height within a 4 m swath along 

the transects. 

The size· distribution of Nereocyst:is was determined by measuring the 

diameter of the stipe, at a distance 1 m above the bottom, for the first 20 

plants observed along each transect. Fewer than 20 were measured in cases 

w-here there were fewer than 20 individuals pre~sent on a particufar 

transect. The relationship between stipe diameter and total wet weight was 

determined by weighing, and measuring the stipe diameter of each plant from 

20 to 40 plants collected from each site. The plants were collected from 

near the transects and were selected in order to obt:ain as wide a range in 

sizes as possible. An analysis of these data indicated that stipe diameter 

...,..as an excellent predictor of weight. The equation for the regression of 

stipe diameter vs. the log of the weight was 

Loge weight (Kg) = [0.457 X Stipe diameter (mm)] - 2.68 

The regression coefficient far this equation was - 0.85. 

;'e sampled at 5 sites within the Ne?:eocyst:is habitat: in 1990 (Figure 1 and 

Appendix B); ~..ro_ oiled sites (Latouche_ Point and Little Smith Island) and 

~hree control sites (Procession Rocks, Naked Island, and Zaikof Pt.). we 

did not sample from an oiled site :hat matched the Zaikof site, and as a 

=esult, data from Zaikof are not presented here. 

:991 Sampling 

:bere was no sa=pling conducted wit~:n this habitat in 1991. 
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3.2.5 Sampling in Silled Fjords 

1989 Sampling 

At the Herring Bay silled fjord in 1989, dredge samples were taken from two 

randomly placed stations that ran from shore to 20 m. The stations were 

positioned at randomly selected locations directly offshore of a 200 m 

section of shoreline that was chosen for sampling by the intertidal 

sampling team. Along each station a 30 m long transect was established 

within each of three depth strata: 0 to 2 m, 2 to 8 m, and 8 to 20 m. The 

sampling depth within each depth stratum was also selected at random. 

Dredge samples were taken from a 0.25 m2 quadrat randomly placed along each 

transect within each depth stratum. we also made a video of each transect 

and prepared a bathymetric chart of the bay using a fathometer aboard a 

small boat. Additional videos were taken along transects through the 

deeper por"Cions of the bay in order to document the presence of large 

numbers of dead organisms. 

1990 Sampling 

In 1990, estimates of density of infaunal invertebrates were obtained from 

3 sites in -:he spring and 5 sites in the :.::.11. At each site we first 

conducted a bathymetric survey as described above. Stat ions were then 

established at random positions along the 20 ~ depth contour at each site. 

At each stat~on, divers collected duplicate O.lm2 suction dredge samples of 

sediment for analysis of ben:chic infauna. 

Temperature, salinity, and dissolved oxygen :.;ere measured at the bottom 

(depth = 20 ~) and the surface at each sampl~~g site in 1990. 
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1991 Sampling 

We sampled at Herring Bay and at Lucky Bay in 1991, using the same methods 

as described for 1990. 

3.3 Germination of Eelgrass Seeds and Genetic Analysis of Seedlings 

An experiment was conducted to examine the effect of oil on the potential 

germination of eelgrass seeds. Seeds were collected from the sediments at 

oiled and control sites and were germinated in filtered seawater in the 

laboratory. 

Approximately 150 eelgrass seeds were collected from each of 4 stations 

(Herring Bay, Lower Herring Bay, Bay of Isles, and Drier Bay) between 11 

and 19 July 1990. Sediments were collected from a dt:pth of approximately 2 

m at each site using a suction dredge. The sediments were sieved through a 

1 mm mesh screen and the seeds were collected and placed into vials of 

filtered seawater. The vials were placed on ice and returned to the Seward 

Marine Laboratory. 

There the seeds were removed and placed into randomly numbered, plastic 

Petri dishes containing 30 ml of 9 ppt filtered seawater. Salinities of 

4.5 to 9 ppt are optimal for germination (Phillips, 1974). A to~al of 15 

dishes was used for each site. Ten haphazardly selected seeds were placed 

into each dish, with one exception. Only 2 seeds were placed in one of the 

dishes from Herring Bay because too few seeds were available f:-om this 

site. 

The d:.shes were kept in a controlled temperature cold room at 9°C and a 

10:14 ~our light dark cycle. The number of seeds gE~rminated ..,.;as :::J.onitored 
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daily for approximately 10 weeks. Any germinated seeds were removed and 

preserved in 10% formalin. These were placed in a vial labelled with the 

number of the Petri dish from which the seedling was removed. 

A subset of seedlings that were germinated in the laboratory was collected 

and was subjected to microscopic examination to determine the proportion of 

mitotic figures that were normal. Preseriea· seedlings were selected 

haphazardly from the vials with germinated seeds. A total of 30 seedlings 

was examined; 11 from Herring Bay, 6 from Lower Herring Bay, 10 from Bay of 

Isles, and 5 from Drier Bay. 

Meristematic regions of eelgrass seeds were dissected from formalin-fixed 

seedlings by making ·two cuts across the shoot. The resulting tis sue was 

approximately 2 mm in length. The co~;ledon sheath enclosing the 

meristematic tissue was scored longitudinally using a scalpel and a small 

cut was made into the area above each emerging root. The tissue was stored 

in a cellulase solution (pH 5. 0) for two days at room temperature, then 

rinsed in distilled water. Tissue was post:-fixed for 15 minutes in acid 

alcohol (3 parts 100%: ethanol: 1 part glacial ace .. tic acid) th~n rinsed 

again in distill~d water. Mitotic figures were stained using the Feulgen 

squash technique developed for terrestrial plant rool: tips (Kihlman, 1971). 

The tissue was hydrolyzed in 1 N HCl for 10 min, then stained for 1 hr at 

20°C using leucobasic fuchsin (Feulgen stain). The tissue was placed on a 

microscope slide and squashed .in a drop of 45% acetic acid beneath a cover 

slip. 

Approximately 2 hours later, the :issue was examined at 1000 X for aberran~ 

anaphase/telophase mitotic figures (AT) (Hose. 1985). From each seedling, 
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20 AT were scored as normal or aberrant. Aberrant AT had at least one 

chromosome or chromatid aberration (translocation bridge, attached 

fragment, acentric fragment, stray chromosome, or lagging chromosome) or 

spindle abnormality (Multipolar spindle). Any pyc:notic nuclei present in 

the meristematic regions were recorded. 

3. 4 Determining Growth Rates~." of Agarunt cribrosUl11 

The growth rate of Agarum cribrosum was determined at 2 pairs of oiled and 

control sites between OS June and 29 July 1990: at Herring Bay (oiled) and 

Lower Herring Bay (control); and at Bay of Isles (oiled) and Mummy Bay 

(Control). At a depth of 8 mat each site, 20 plants between 50 and 100 em 

i~ height were selected. The plants were all within 2, 2 m x 30 m swaths 

and were separated by 1 to 2 m. Each plant was marked by driving a steel 

spike, with a numbered plastic tag attached, into the seafloor next to each 

plant. A small piece of plastic surveyors flashing was placed through a 

hole near the midrib at: a height approximately 10 em above the juncture of 

~~e holdfast and the blade. We then measured and recorded this distance. 

P..:ny surrounding plants were removed in order 1:o eliminate potential 

competition . 

. :.-=ter a period of 41 to 57 days, the stations ~~~ere revisited and the 

C.:.stance from the bottom of the blades to the tag ....-ere remea.sured and 

::ecorded. The growth of each plant was calculated as the change in 

c:.stance from the base of the blade to the tag over the ~1 to 57 days. All 

=easurements were standardized to the grow~~ (in em) pe:: 30 days. 
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3.5 Sampling and Analvsis of Sediments for Hydrocarbon Content. Grain 

Size. and Carbon Isotope Ratios 

Sediments were collected from each depth stratum at each study site visited 

in 1989, 1990, and 1991. All samples were taken from the second of three 

sampling stations, located approximately in the middle of each sampling 

site. SCUBA divers collected the sediment samples in pre-cleaned, wide-

mouth 4 oz. jars. Divers took two sample jars into the water, cracked the 

jars' lid just below the waters surface, and proceeded to the bottom at 

each sampling site. There. the jar's lid was remov·ed and the j a·r was used 

to scoop sediment to a depth of approximately 5 em.. A 10 to 100 g sample 

of sediment was obtained at each sampling location. The samples were taken 

from within 3 m of the buoy anchor marking each sampling station when 

possible. If the sediment could not be collected near the buoy, samples 

were taken at the closes~ adjacent patch of loose sediment. 

One of the collected samples was used to determine hydrocarbon levels and 

t:he other to determine sediment composi~ion and carbon isotope ratios. All 

hydrocarbon sediment samples were numbered sequentially, labelled, sealed 

wi~h evidence tape, signed, and frozen on board. At the end of the field 

season, all hydrocarbon sediment samples were sent to the Technical 

Se~7ices Task ?orce, Analytical Chemis~~r Group (TSTF-ACG), NOAA/NMFS, Auke 

Bay, Alaska for processi~g. Hydrocarbons were extracted from the sediment 

s~les and t~e extrac ::ed samples we::-e analyzed for the concentration of 

va:-:.ous hydrocarbon f::-ac::ions (Appendix BB) using gas chromatography 

combined with a. mass S?ectrometer de::ec::or (GC-MS). The samples were 

p::-:.oritized fo:- analysis, ·.;ith highes:: ?riority given to samples collected 

:::~:: eelgrass and sillec fjord haoi-:a.::s. To date, ana.l-,lses have been 
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completed for all samples collected from eelgrass habitats in 1990 and 

1991; from Herring Bay fjord in 1989, 1990, and 1991; and from 

LaminariajAgarum bays in 1990. A few additional samples (1 or 2 per site) 

have also been analyzed for samples collected from Laroinaria/Agarum point 

and Nereocyscis habitats in 1990. Remaining samples have been archived for 

possible future analyses. 

The samples to be used for the determination of grain size and carbon 

isotope ratios were also numbered, labelled, and frozen aboard the ship. 

These were then shipped to the University of Alaska Fairbanks for analysis. 

Only samples from eelgrass and silled fjord habitat:s were processed. In 

the laboratory each of these samples were split into tJo subsamples. One 

fraction was used for analyses of grain size and the other for the analysis 

of organic carbon stable isotope ratios. 

Sediments were analyzed for their grain sizes by the usual pipette-sieve 

method, and the sediment types and grain size dis~ributions defined 

sr:atistically following the conventional grain sizE~ ?arameters stated in 

Folk (1980). 

Organic carbon, organic nitrogen, and sr:able carbon isotope ratios were 

also determined for sediments sampled "Jithin the ee:grass habitats and 

silled fjords. The methods, results, and discussion of stable carbon 

isotope ratios are given in Appendix C. 
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3.6 Sorting and Identification of I::faunal and Sr:a.ll Enitaunal 

Invert:ebra r:es 

Sanples of infaunal and small epifaunal invertebratc:s -..:e:-e returned to the 

:::::_ ... ,.ers i t:y of Alaska. Fai:::-banks labor a tor:- for sorting_ ::~unt:i:1g, weighing, 
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and identification. All samples were sieved through a 1 mm sieve. The 

methods are detailed in the Standard Operating Pr·ocedure for laboratory 

processing of the benthic samples (Appendix D). 

An attempt was made to identify organisms to at leas:t the family level, but 

there were a few instances when only higher taxonomic levels were assigned 

'to an individual. Many of the more common organisms were identified to the 

genus and species. 

3.7 Experiments Evaluating Reproductive Success of Dermascerias 

We conducted a series of experiments to examine the effect of the EVOS on 

reproductive success in the sea star, Dermascerias imbricaca. We collected 

stars from oiled and control sites and examined gonad weight, and spawning 

success. Animals used to determine gonad index were collected from Herring 

Bay and Lower Herring Bay. Spawning success was determined for animals 

collected from 2 oiled sites (Herring Bay and North"'rest Bay) and 2 control 

sites (Lower Herring Bay and Cabin Bay)., 

At each site, divers swam along the bottom and colle~cted organisms as they 

were encountered. 

each site. We 

No attempt was made to obtain a random sample within 

selected only those i.ndividuals that were presumably of 

reproductive size (greater than approximately 8 em diameter from ray to 

ray). 

In all experiments, animals were taken from the field to the Seward Marine 

Laboratory for these tests. Each animal was placed into a sealed plastic 

bag, with a small amount of 02, and placed on ice in a cooler for 

transport. Separate coolers were used for animals from oiled and control 

sites. Animals were delivered to the laboratory on the day of collection. 
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In our first experiment conducted on 5 May 1990, 140 animals were 

collected; 70 from an oiled site (Herring Bay) and 70 from a control site 

(Lower Herring Bay). Once in the laboratory, a subset of 24 animals from 

each site was selected at random, and each indivirnJal selected was placed 

into a Pyrex baking dish with filtered seawater. Each animal was injected 

with 3 to 5 ml of 1 Molar -1-Methyladanine to induce spawning (Strathmann, 

1987). We noted whether the animals spawned and then dissected all animals 

to determine their sex (for those animals that did not spawn) and condition 

of the gonads . 

index. 

The remaining animals were dissected to determine gonad 

In dissecting animals collected from Herring and Lower Herring Bay for 

their gonads, we noted a relatively high proportion of animals were 

parasitized by an undescribed species of barnacle, Dendrogascer sp. 

(Grygier, 1982; Kozloff, 1987). In order to examine the possible effects 

of oil on the level of infection by these parasites, and the effects of the 

parasite on spawning success, we noted the presence of parasites in the 

animals used in spawning experiments. 

A second exper~ment was conducted on 25 May 1990. A total of 89 

Dermascerias was collected from the field; 43 from an oiled site (Northwest: 

Bay) and 46 from a control site (Cabin Bay). The animals ~ere transported 

to Seward as described above. All animals were inj E~cted with methyladanine 

and the spawning success noted. All. animals were then dissected and the 

number of rays parasitized was recorded. 

More animals ~ere collected in June 1990 and July 1991 to provide 

additional information on the possible effec::s of oil on the rai:e of 
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parasitism. On 7 June 1990, 42 Derma.sceria.s were c::ollected from Mummy Bay 

(a control site) and on 12 June 1990, 53 animals were collected from Bay of 

Isles (an oiled site). In 1991, Derma.st:eria.s were collected from 2 control 

sites (Lower Herring Bay and Mummy Bay), and from 2 oiled sites (Sleepy Bay 

and Bay of Isles) between 24 July and 30 July. A total of 52 animals was 

collected. All animals were dissected aboard ship immediately after 

collection and the presence or absence of parasites was noted. 

3.8 Sampling and Analvsis of Fish Gut Contents 

Young-of-year (YOY) Pacific Cod were collected from 3 oiled (Herring Bay, 

Bay of Isles, and Clammy Bay) and 3 control (Lower Herring Bay, Drier Bay, 

and Puffin Bay) eelgrass sites for gut content analysis. Collections were 

made at Herring Bay, Lower Herring Bay, Drier Bay, and Bay of Isles between 

4 July and 15 July, 1990. Clammy and Puffin Bay samples were collected 9 

August to 11 August, 1990. Divers collected fish from within the study 

site by spearing fish with small pole spears. Twebre to eighteen fish were 

collected per site ranging in size from 48 to 78 mm (standard length). The 

fish were then frozen and t~ansported to the University of Alaska, Juneau 

for analysis. 

In the laboratory, each fish was weighed and measured. The fish were 

dissected and a visual es~imate of the proportion of the gut that was 

filled was obtained. The contents of the gut were removed, sorted, 

. identified (generally to order), counted, and the volume for each taxon was 

determined. 
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3.9 Data Analysis 

3.9.1 Analysis of Data from Stratified Sampling 

Analysis-of Percent Cover, Abundance, Biomass, Diversity, and Hydrocarbon 

Data 

For the percent cover, abundance, and biomass estimates for each of the 

dominant taxa, and for diversity measures for benthic infauna, we tested 

the null hypothesis of no significant difference a.:mong oiled and control 

sites using a randomization procedure (Manly, 1991). In most instances, 

separate analyses were performed for each depth stratum within each habitat 

and year. We tested for oil category (oil or control) as the main effect, 

with pair (arbitrarily assigned as 1 through 4) as c:. blocking fac-=or. For 

those taxa that occurred in several habitats, we also examined t.:le effect 

of oil over all habitat types using a similar procedu=e. In cases where we 

had data from both 1990 and 1991, we performed a 2-factor ranC.Omization 

procedure, and tested for significant effects due to oil, to yea=. and to 

the interaction of oil and year. 

Replicate stations were sampled within each site, and in some cases, 

replicate quadrats were sampled within each station. In all casas we used 

station rather than quadrat means as replicates in ou= analyses. 

The randomization procedure can be briefly summarized as follo....:s. 1) A 

blocked analysis of variance ( .. -\L~OVA) w-as performed. and a sum o: squares 

produced. 2) Next, using the original data set, ~e randomly ==assigned 

values for oil code to each st:a~ion value. The A.SC.~A was the!: =erun on 

this new data set. 3) Step 2 ~as =epeated 1000 ~~=es. ::-:e sums of 
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squares from the ANOVA of the original data set was: compared with sums of 

squares of the 1000 randomly drawn data sets. 

The proportion of instances in which the sums of squares for the randomly 

drawn data exceeded the sums of squares for the original data was recorded. 

This value is the significance level of the test as described by Fisher 

(1935). The significance level is interpreted in the same manner as for 

parametric procedures. If the randomly drawn sums of squares exceeded the 

sums of squares for the original data less than 10 % of the time, then this 

is equivalent to P=O .10 for an ANOVA, and there is some evidence of an 

effect of oiling. If the value is l% (equivalent to P-0.01), then there is 

very strong evidence that oiling had an effect. 

Analysis of Size Frequency Data for Algae and Mussels 

Size (wet weight, length, or stipe diameter) frequE~ncy distributions were 

established for the dominant algal species in each habitat in 1990. We 

compared the distributions at oiled sites vs. control sites, within each 

habitat and depth stratum, using a randomization procedure similar to that 

described above, but using a Komolgorov- Smirnoff (KS) D value (Siegel, 

1956) as the test statistic. We performed a KS test on the original data 

set, randomly reassigned oil and control categori~es to plants found on 

particular quadrats (for Agarum), or transect (for Nereocyscis), and reran 

the KS test. We randomized with regard to groups of plants from quadrats 

and transects rather than each individual plant because we felt that the 

sizes of plants in close proximity ~o one another may have been correl,ated 

in some way and were not truly independent samplE~s. The randomization 
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process was repeated 1000 times, and the D statistic from the randomized 

data sets was compared with the D statistic from the initial data set. 

Selection of Taxa 

In the data sets for infauna and smaller epifauna, there was a large number 

of taxa represented. ~any of these taxa were rare, c:>ccurring in only a few 

samples. 'Je omitted the rare species from our analyses of abundance and 

biomass for individual taxa in order to reduce analysis time. There was 

generally little power to detect differences among si.tes for these· taxa. 

In most benthic biological studies, as well as thE! study reported here, 

organisms collected and subsequently used in analyses, include infaunal 

macrofauna, slow-moving macrofaunal surface dwellers, and small, sessile 

·epifauna. Large motile epifauna such as shrimps, crabs, and sea stars are 

typically not adequately sampled and therefore ar1a not included in the 

analyses. However, since only small representatives of these la=ger motile 

epifauna were collected with the dredge sampler · t:hat we haYe employed, 

these epifauna were included in the analyses. 

The mesh size of the collection bag was 1 nun, and as a result, organisms 

smaller than 1 nun (meiofauna) were generally not: sampled. Those few 

individuals smaller than 1 mm that remained in the samples we:-e excluded 

from the analyses. Also excluded from the analyses were organis=s that are 

considered highly motile and non-benthic, such as. calanoic copepods, 

mysids, eupnausiids, chaetognat:hs, and fishes. 

All analyses were conducted for groups of organi.s;ns identi:::.ed t:o the 

family level (or order in cases where individuals could not be identified 
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to family). We eliminated all taxa that occurred in fewer than one-sixth 

of the samples for a particular habitat, depth strat:um, and year, and then 

ranked the remaining ta.xa. This eliminated species 1that occurred at only a 

few of the sampling sites, and thereby eliminated species for which there 

was extremely little power to detect effects. The 15 highest ranking taxa 

in each year were then selected for analysis. Generally, the 15 highest 

ranking taxa for one year were also the highest ranking for another. 

However, occasionally a taxon was ranked in the top 15 one year but not 

another. As a result the number of taxa for which analyses were ·performed 

was generally between 15 and 25. Separate rankings ~.;rere made for abundance 

(number of individuals per sample) and biomass within each habitat, depth 

stratum, and year. A list of the rankings for each habitat, depth stratum, 

and year is given in Table 1. 

The Use of Covariates in Analysis of Benthic Infaunal Data 

Previous studies of infauna and preliminary analyses of our data indicate 

that the faunal composi:ion and the abundance of infaunal species is 

determined to a degree by sediment grain size. Vfuil~! our paired d~sign was 

generally succes~ful in controlling for grain size, sediment types differed 

among some pairs. Because of our inability to completely control for this 

factor, and because it w-as anticipated that grain size would be unaffected 

by oiling, we felt it appropriate to use grain size as a covariate in 

analysis of infaunal. organisms. For individual taxa from the eelgrass 

habitats that were cons:.cered predominantly infaunal, we used the percent 

mud (% silt plus % clay) as a covariate in our analyses. 
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Some species collected in our dredge samples were epifaunal rather than 

infaunal (e.g., spirorbid worms and mussels). Ye did not use grain size as 

a covariate in our analysis of these taxa. Assigned designations of 

"infauna" or "epifauna" were based on a review of the literature for each 

taxon. 

We did not collect grain size data for Lamina.riajAgarum habitats, and no 

covariates were used in the analyses of these data. 

Computation of Diversity Measures 

Species diversity can be thought of as a measurable attribute of a 

collection or a natural assemblage of species and consists of two 

components: the number of species or "species richness" and t:he relative 

abundance of each species or "evenness". We have elected to characterize 

communities of benthic infauna and smaller epifauna using several common 

measures of diversity: The "species richness" component was measured using 

the total number of taxa per sample, and Margalef's species richness index 

(Green, 1979) which scales the total number of taxa with respect to the 

total number of individuals. The species richness index, SR, •as computed 

as: 

Where s the number of species [taxa] 

N = the total number of individuals, 

We used Simpson's index (Simpson, 1949) as a measure of co:::::inance. The 

Simpson dominance index, D, was calculated as: 

D = 2: ni (ni - 1) 
- N[N-1) 
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Where ni - number of individuals of ithe species 

N- total number of individuals. 

The maximum value for the Simpson dominance index (1.0) is obtained when 

there is a single species [taxon] (i.e., complete dominance). Simpson's 

dominance values approac::hi!lg_ 0 __ are obtained when there are numerous species 

[taxa], each comprising a small fraction of the total (i.e. no dominance). 

We also measured diversity using the Shannon index (Shannon and Weaver, 

1963). This is one of the most widely used measures of diversity and 

incorporates both species richness and evenness components. The Shannon 

index, H', was calculated as: 

Where n· ~ number of individuals in the i the sp-ecies 

N total number of individuals 

In all of the above indices, we have used taxa ide~ntified to family (or 

above) as opposed to species. \.lhile diversity indice~s are nor:nally applied 

to species, the overall diversity of a community is comprised of 

hierarchical components (e.g. family, genus, and sp~~cies) and ~he concept 

can be applied to any of these components (Pie lou, 1974). Di7e:::-sity values 

computed using taxon identifications higher than species have been reported 

by Lloyd et al. (1968), Valentine (1973) and Ferraro and Cole (1990,1992). 

Better resolution of multivariate data is also po,ssible when taxonomic 

levels higher than species are used (Warwick, 1988; Rosenberg, 1972; Heip 

et: al., 1988). 
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For the analyses of community parameters (diversi~.J, dominance etc.) all 

taxa sampled were used, including both infauna and small epifauna. No 

covariates were used in these analyses. 

Analysis of Fish Abundance 

In our analysis.., of ~y.n<f?:!lce of , fish . species, w~e have eliminated all 

schooling fishes (e.g. herring) . These fish were observed only in a few of 

our samples, but when observed ~ey were found in E~xtremely high numbers. 

This distribution pattern preclueed us from obtaining reasonable· estimates 

of abundance for these species using the diver survey techniques we 

employed. 

We grouped some species of fish :.nto higher order j:unctional groups prior 

to analysis. 

of families. 

These groups generally correspond to families. or subgroups 

For example. we grouped all species of greenlings into a 

single family grouping of "Hexagrammiciae n for purposes of the analysis. 

Groupings were made among species that: "W'ere behavic)rally a::d functionally 

similar in order to increase Sa:!ple sizes and to increase our power to 

detect differences among sites. 

3.9.2 Analysis of Data from Fjores 

A visual examination of the trer:d.s in divers:.cy and relat::7e abundance of 

species was used to detect chang~s in ~ese measures over ~::=e. The trends 

were so obvious that no statistica: ana:yses -ere performed. 
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3.9.3 Analysis of Data from Experiments with Sea Star Fertility 

The effect of the EVOS on spawning success was examined by comparing the 

proportion of animals spawning at oiled vs. control sites using a chi

square test (Siegel, 1956). Chi-square tests were also used to examine the 

effect of oil on the proportion of sea stars that we~re parasitized, and on 

the effect of parasitism on spawning success. ~the effect'' of o-il on-"goria.(t" 

development was examined by comparing mean gonad indices for animals from 

oiled and control sites using a student's t-test (Sakal and Rohlf, 1969). 

3.9.4 Gut Content Analysis 

We tested for differences in the diets of young-of-year Pacific cod at 

oiled and control sites using a blocked analysis of variance, with oil code 

(oiled or control) as the main effect and sites as blocks. We examined 

differences in total volume, and in the proportion of the gut that was 

filled with the t'..J"o principal food items, 

microcrustaceans. 

3.9.5 Analysis of Sediment Data 

molluscan larvae and 

Student's t-tests (Sakal and Rohlf, 1969) were conducted to test for 

differences in sediment parameters at oiled vs. control sites. Separate 

analyses were conducted for eac~ pair of oiled and control sites, and for 

each of 3 sediment parameters (propor-cions of mud, sand, and gravel). All 

data were arcsin t:::-ansformed prior to analyses. 
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3.9.6 Analysis of Hydrocarbon Data 

Chemical analysis of the sediments collected yielded values for several 

component hydrocarbon analytes. Ye report the concentrations of those 

polycyclic aromatic hydrocarbon fractions that were present in EXXON VALDEZ 

crude oil (EVOS PARs, see Appendix BB) as indicators of the contribution of 

v-'· oil spilled by the EXXON VALDEZ. These values also include some PARs from 

non-anthropogenic sources and from sources other than the EVOS. However, 

these represent relative values of oil from the EXXON VALDEZ that allow us 

to compare concentrations of oil at oiled vs. control sites. 

Statistical analyses were performed to test the hypothesis of no 

significant differences among oiled vs. control sites or among years with 

respect to EVOS PAH concentrations. Randomization ~~OVA procedures similar 

to those described above for biological variates were used as the 

statistical test. 

3.9.7 Interpretation of Statistical Results 

The statistical inference for randomization test res\llts is with r~spect to 

the sites that were sampled, and not the population of all ?Ossible sites 

of a similar type within Prince william Sound. The extrapolation required 

to apply the -results of the statistical analyses to the population within 

the entire Sound is a deductive rather than an inductive process, and 

relies partly on the professional - judgement using the ~eight of all 

evidence available. However, we feel that it is reasonable ::o deduce that 

in cases where there is relatively st=ong evidence for an effect of oil at 

the sites sampled (i.e. if P<O.lO in :~e randomization tests). ::hat this is 
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indicative of the effects of oil as expressed 1"-li thin that particular 

habitat over the entire Sound. 
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4.0 RESULTS 

4.1 Effects on Plants 

4.1.1 Eelgrass 

The dominant plant in the eelgrass habitat was eelgrass (Zostera ma.rina). 

This is an aquatic angiosperm with true roots, leaves, and seeds. The 

density of eelgrass turions (uprights protruding from the substrate) was 

higher at the control sites relative to oiled sites in 1990 (Figure 4 and 

Table 2). The mean densities of turions were higher at control sites in 3 

of the 4 pairs of sites sampled, and averaged over 2.00 m2 at control sites 

compared to approximately 150 m2 at oiled sites. 

density in 1990 differed at P=0.08. (Appendix E) 

Mean values for turion 

Mean densities of flowering stalks were also higher at control sites 

(P-0.06, Table 2 and Figure 4). Means densities of flowers were higher at 

control than at oiled sites in all four pairs of sites sampled, and the 

average density of flowers was 7 m- 2 at control sites compared with 3 m- 2 

at oiled sites. Most surprising was the total lack of flowers at Herring 

Bay. We found no flowering stalks in the quadrats sampled and more 

extensive swims of the eelgrass bed at -this site revealed no flowers. 

We found no differences among oiled and control sites wi::h respect to 

biomass of eelgrass (P=0.63, Figure 4). 

The average number of seed pods per flowering stalk 'was similar among oiled 

and control sites (mean = 9. 2 per stalk at oiled si -:1es and 9. 8 per stalk at 

controls, P=0.99). As a result, ::he lack of ::lowers at oiled sites 
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translated directly to a lack of seeds produced, and the differences in the 

density of seed pods also differed among oiled and control sites (P-0.08). 

We also sampled the density of seeds in the sedime~nts at each site, but 

found no difference among oiled and control sites (P-0. 74). Average 

densities were 102 and 134 seeds m- 2 at oiled and control sites 

respectively. Presumably, many of the seeds ___ "i:n the sedime!ic:S·--""" were 

predominantly from seed crops produced in prior years, since most seed pods 

were still immature at the time of sampling in 1990. The seed density 

varied considerably both among and within sites. Average densities per 

site ranged from 1.3 m- 2 to 472 m- 2 , and the number of seeds collected 

within each 0.10 m2 quadrat within a site often ranged from 0 to over 100. 

Seed densities in sediments were presumably a product of several factors 

including the number of seeds produced, their dispersal distance, their 

retention rate at a particular site, and the germination rate of seeds. As 

a result, the density of seeds in sediments probably did not accurately 

reflect the reproductive potential of plants at a given site for this or 

prior years. 

We examined both the potential germination rate and the number of mitotic 

aberrations in seedlings produced from germinated sej:ds collected from each 

of 4 sites (Herring Bay, Bay of Isles, Lower Herri:ng Bay, and Drier Bay). 

Seeds from Herring Bay had a higher germination rate than seeds from its 

paired control site (Lower Herring Bay), but the seedlings produced from 

these seeds also had higher rates of genetic abnormalities (Table 3). The 

germination rates and rates of abnormal mitoses were similar for Bay of 

Isles and Drier Bay. we suspect that the higher germination rates and 

concomitant higher rates of genetic abnormalities at Herring Bay were 
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related to the older average age of seeds at this site. Since there were 

no flowers present at Herring Bay in 1990, all see.ds found in sediments 

must have been at least 1 year old. Unpublished data. from eelgrass beds in 

Southern California (T.A. Dean, unpublished) suggest that germination rates 

of newly produced seeds are lower than for seeds that have remained in the 

sediment for several months. 

In 1991, there was significant recovery of eelgrass populations at oiled 

sites (Figure 4 and Table 2). There were still significantly greater 

densities of turions at control si-:es when both 1990 and 1991 data were 

analyzed together (P-O. 03, Table 2) ~ However, there were no significant 

dif::erences among sites with respec:: to either the density of turions or 

flo•ers in analysis of 1991 data alone (P=O. 52 and P-0. 60 respectively, 

Table 2). In 1990, the average density of turions at: oiled sites was only 

38% of the control density, and by l991, density at oiled sites was 86% of 

tha:: at the controls. Similarly, ~e differences in turion density among 

oil~d and control sites were substantially reducf:d by 1991. Turion 

der~ities at oiled sites were 76% a= the control in 1990, but nearly 95% of 

the sontrol densi~J in 1991. 

4.1.2 Algae 

The dominant plants in bay habitats are the stipate kelps Aga.:-...zm cribrosum 

anc :..aminaria saccharina. (A listi::~ of algal species is give~ :.n Appendix 

F). The density, 

majority of which 

biomass and pe::-=ent cover of Laminaria spp. (the vast 

was sac cha: .: ... :·:a) ·..;ere greater at the oiled sites 

rela::ive to the control sites in :::::~ deeper st::-atum, and bo:::: density and 

pe::-=ent cover T..orere greater at oiled sites :.n the shallow st::-a:::.:.:::. (Figure 5, 
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Table 4, and Appendix G). Laminaria represented about 45%, on average of 

the total algal cover at oiled sites, but only 13%; of the total cover at 

control sites. 

The density and biomass of Agarum did not differ among sites (for density, 

P-0.40 shallow and P-0.70 deep; for biomass, P-Q.l6 shallow and P-0.28 

·-·-·deep; Appendix G) . However, there were observable differences with regard 

to size distributions of Agarum. There tended to be proportionally more 

small plants, and proportionally fewer large plan1:s at the oiled sites, 

especially in the shallower depth strata (Figure 6). 

The total biomass of all algae tended to be greater at control than at 

oiled sites. The biomass in the shallow stratum averaged 1,132 g m- 2 at 

the oiled sites and 1, 766 g m- 2 at the control sites. In the deeper 

stratum, mean biomass values were 387 and 529 g m- 2 at oiled and control 

sites respectively. However, mean biomass did not significant 

significantly among oiled and control sites in either depth stratum (P==O.lS 

shallow, and P=0.53 deep). 

Points around the islands of the Knight Island group tended to have 

slightly higher ·algal diversity than the Bays, but ·we:ce still dominated by 

Agarum cribrosum and L2111inaria saccharina. The dens:.::y of Agarum was more 

than twice as great at oiled sites than at control sites (P=0.02 deep and 

P=O. 06 shallow-, Table 4 and Figure 7). This differ·e~ce was largely due to 

the significantly higher density of small Agar...un (<LD em in height) at the 

oiled sites, especially in the deeper strat::m (Fig-.1re 1 and Table 4) _ 

Also, the si::e distributions of .4garum (for plan::s larger than 10 c:n) 

revealed a pattern similar ::o that obser,red in :he Bays, 
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proportionally fewer large individuals and more smaller plants at the oiled 

sites, especially in the shallower depth stratum (Fi.gure 7). There were no 

differences among oil and control sites with respec:t to density, biomass, 

or cover by La.minaria (deep, P-0.26, 0.92, and 0.87; shallow, P-0.43, 0.37, 

and 0.64 .respectively), or biomass of all algae (deep, P-0.79; shallow 

P-G.22; Appendix G). 

Nereocyscis habitats had a canopy of Nereocyscis leuckeana with a diverse 

understory consisting primarily of Agarum cribrosum, Pleurophycus gardneri, 

and 3 Laminaria species (L. saccharina, L. groenlandica, and L. yezoensis). 

Nereocyscis density was significantly greater at the oiled sites relative 

to the control (P<O.Ol, Table 4 and Figure 8). Also, there were 

proportionally more small plants and fewer large plants at the oiled sites 

(Figure 8). 

The biomass of Agarum was significantly greater at the oiled sites relative 

to the control sites within the Nereocyscis habitat (P<O.Ol). Mean biomass 

of Agarum was 284 g m- 2 at oiled sites and only 32: g m- 2 at the control 

sites. However, this was largely the result of a relatively high. biomass 

of Agarum at 1 of the oiled sites (~54 g m- 2 at Little Smith Island). 

There •..;ere no other significant differences among oiled and control sites 

with regard to the percent cover, density, or biomass of any of the 

unders~ory algae. 

The total biomass of all understory algae (all algae excluding Nereocyscis) 

tended to greater at control than at oiled sites. The biomass averaged 

3' 699 g 
- '} 2 m- at the oiled sites and 6,240 g m- at the control sites, but 

did not differ significantly among oiled and control sites (P=0.16). 
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We measured the growth rate of Agarum at 2 oiled and 2 control sites for a 

period of between one and two months in the summer of 1990. The growth 

rate of the plants was relatively low, ranging frontt 3. 8 to 9. 4 em per 30 

days, and there was no consistent pattern with respect to the differences 

among oiled and control sites (Table 5). At one of the two pairs of oiled 

and control sites examined (Herring Bay and Lower Herring Bay) growth was 

better at the oiled than at the control. The pattern was the opposite at 

the other pair (Bay of Isles and Mummy Bay). 

4.2 Infaunal and Epifaunal Invertebrates 

4.2.1 Sediment Grain Size 

The sediments within the eelgrass habitat were composed mostly of sand and 

mud (Figure 9, and Appendices Hand I). The grain size composition of the 

sediments was generally similar among pairs of oiled and control sites 

within a given depth stratum. There were no significant differences among 

oiled and control sites in 8 of 12 pairs in 1990, and in 7 of 9 pairs i:t 

1991 with respect to any of the 3 sediment parameters examined (Table 6). 

Differences in sediment composition were greatest at Bay of ~sles and 

Drier Bay. The percent mud was consistently greater, and the percent sand 

lower, at Bay of Isles (an oiled site). For example, the percent mud 

averaged 81 and 69% in the deep stratum (6-20 m) and within the eelgrass 

bed, respectively at Bay of Isles. Mud comprised only 31 and 42% of the 

substratum at these same depth strata at Drier Bay. Higher percentages of 

sand, (and associated lower percentages of mud) were~ occasionally observed 

at control vs. oiled sites. 
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'Within the Herring Bay fjord, the sediments were cc1mprised mostly of muds 

(Appendix J). The proportion of the sediments at: 20 m that were mud 

decreased from 98% in 1990 to 43% in 1991. 

4. 2. 2 Infauna and Small Epifauna in Stratified S.:mpling 

Eelgrass Habitats 

The benthic community in soft sediments within and adjacent to eelgrass 

beds consisted of a diverse assemblage of in7e::~tebrates dominated by 

polychaetes, bivalve and gastropod mollusks, and c:-ustaceans (Table 1 and 

Appendix K) . We examined differences among oilec and control sites with 

respect to community parameters {Shannon di-:-e:·sity [H'], Simpson's 

dominance [D], species richness, total number of -:.ua, total abundance, and 

total biomass), as well as the abunda=ce and bioma~s of dominant taxa. 

1990 Results - In 1990, the benthic c=mmunity offs::o:re of eelgrass beds, at 

depths of 6-20 m, differed among oiled and c=::i:rol sites (Table 7). 

Analyses conducted for taxa collec::ed by suct:..cn dredge revealed that 

dominance was lower and total abundar.ce was greate:- .at control sitl{S (Table 

7, Figure 10, and Appendix L). Furt~e=more, five =c1:ninant taxa (sigalionid 

polychaetes, caecid and lepetid snai:s, venerid ~:ams, and all amphipods) 

were more abundant andjor had greate::- biomass at :..::.e cont:rol sites, ·..;hile 

only one family (maldanid polychaetes: ·.o1as more a=:=dant at the oiled sites 

(Figures 11, and 12, and Appendix M). 

A similar pattern was observed at =.~e shallow- m) depth st:-atum. 

Species richness was greater at co::::::-ol sites ::~ole 7. Figure 13, anC. 

Appendix M) and; five taxa (rissoic snails, ver:::-:~d and tel2.inid c:!..ams. 
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phoxocephalid amphipods, and all amphipods) were significantly more 

abundant or had greater biomass at control Only one family 

7 and ( opheliid polychaetes) was more abundant at 

Figures 14 and 15). 

oiled sites (Table 

The pattern displayed within the eelgrass bed was very different than in 

the deeper portions of the habitat just- offsh.ore of~~ the beds. Within the 

bed, total abundance and total biomass · were significantly greater at the 

oiled sites (Table 7, Figure 16, and Appendix L). 1be greater abundance at 

oiled sites was largely attributable to a greater abundance of epifauna 

(Figure 17 and Appendix M) . These included mytilid mussels, spionid and 

spirorbid polychaetes, and lacunid snails. These taxa, along with one 

other family (venerid clams), were more abundant or had greater biomass at 

the oiled si~es (Figure 17 and Appendix !1). Only two families ( trochid 

snails and pnoxocephalid amp hi pods) were more abundant at the control 

sites. 

Additional analyses performed on the dat:a collected by dropnet in the 

eelgrass bed revealed that onchidorid nudibranchs .were more abuQ.dant and 

had greater bio~ass at oiled sices, while species richness, the abundance 

of syllid and nereid polychaeces, and t:he abundance of amphipods were 

greater at cont:rol sites (Table 7, Figures 18-20, and Appendices~ and 0). 

1991 Results - Fewer differences ~.Jere obserJed bet:ween oiled and control 

sites in 199l than in 1990. There were :;.o differences among oiled and 

control sites (both deep and eelgrass bed s~:-a::a) with respect ~o any of 

the communit::;- parameters (Table 7, Figure. :o, ar.d Appendix L). \.:ithin the 

deep stratum, ::here were 37% more individt:c.:2.s at: the control sit:es than at 
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the oiled in 1990, and by 1991, there were 21% mc:>re individuals at the 

control sites. Within the eelgrass bed, there were 93% more individuals at 

the oiled sites in 1990, and by 1991, we found 27% more at control sites. 

Furthermore, there were relatively few differences with respect to the 

abundance and biomass of dominant taxa, especially in the deeper portion of 

the habitat. At the 6-20 m depth stratum, one family (orbiniid 

polychaetes) had greater biomass at control sites and two polychaete 

families (Maldanidae and Spionidae) had greater biomass or were more 

abundant at oiled sites (Table 7, Figu=e 11, and Appendix M). 

r;ithin the eelgrass bed, five of dle dominant taxa (lumbrinerid and 

phyllodocid polychaet:es, Rhynchocoela r:.bbon worms, and trochid and lacunid 

snails) were more prevalent (abundance and/or biomass) at con~:rol sites, 

-;.;hile nereid polychaetes and venerid clams were more prevalent at oiled 

sites (Table 7, Figure 17, and Appe~dix M). ThE~ higher abundance of 

epifa~Al taxa obser:ed at oiled sites in 1990 had largely disappeared by 

1991. 'ifuile there ·..;ere generally hig_~er abundances of some epifauna in 

1991 (e.g., Mytilidae, Table 7) none of t:hese differences were significant. 

:..-e did not sample using dropnets i:1 1991. However, we die obtain an 

indeper.dent estimate of mytilid abunda~ce by sampling individ~a: blades of 

eelgrass and countir:g the number of :::.:.ssels attacl"led. For t=.ese samples, 

::he abu..."ldance of l1usc:.:lus spp. (the or::..:: mytilid present) was significantly 

greate= at oiled sites (P- 0.06, Fig~~= 21). 

·,.;a also examined the size distribu~ic:: of l~usculus sp. at or.e oiled site 

~Clammy Bay, Site =25 :' and one contr-a:. site ( ?uffi:: Bay, Site =.:::) twice 1.:: 

2.990 -·• order to estimate the gro;..·=i rata of ::.hese mussc:..s. and :o 
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determine if there were differences in growth between oiled and control 

sites. The size distributions of the mussels were similar at the oiled and 

control sites, and increased from a mean of approximately 3 mm in length in 

July to about 6 mm in August (Figure 22). 

1990 and 1991 Results - In the two-way analyses, in which data from both 

!'990 and 1991 were compared in a single analysis, ~::oniparisoftS-" among oiled' 

and control sites indicated that there was significantly higher diversity 

(H') and lower dominance at control sites relative to oiled sites at both 

the 6-20 m and eelgrass bed strata (Table 8 and Appendix P). There was 

greater total abundance and biomass at oiled sites within the eelgrass bed. 

Further analyses of abundance of the dominant taxa. revealed that, within 

the 6-20 m stratum, more taxa had significantly greater abundance or 

biomass at oiled sites than con~rol sites (Table 8 and Appendix Q). Four 

taxa (~ldanid and nephtyid polychaetes, caecid snails and mytilid mussels) 

had greater abundance and/or biomass at oiled sites and only two taxa 

(capitellid and opheliid polychaetes) had greater abundance at control 

sites. ~ithin the eelgrass bed, trochid snails and. all amphipods~ as well 

as phoxocephalid_amphipods, had g=eate~ abundance and/or biomass at control 

sites, · ... il.ile spirorbid and spionid polychaetes had greater abundance at 

oiled s:.::es. 

There ~ere dramatic increases in abundance, and the total number of taxa at 

both o:.:ed and control sites f=or: 1990 to 1991, at: both the deep stratum 

and wi:::::.:-t the eelg=ass bed (7a::le 8 and Appendix P). Average abundance 

increa.seC. 69% ·..;it:hin the deep s:::-at:um and 127% within the bed. Seven of 

the dc=.:.::ant taxa ·..;i thin this C.epth s~:ratum (sigalionid, maldanid, and 
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syllid polychaetes, rissoid and caecid snails, all <mphipods, and ophiuroid 

brittle stars) were significantly more abundant in 1991 (Appendix P). Six 

individual taxa (opheliid and capitellid polychaetes, mytilid mussels, 

trochid snails, caprellid amphipods, and all amphipods) were more abundant 

in 1991 (Appendix Q). Only amphictenid polychaetes displayed significantly 

greater abundance in 1990 than 1991. 

Laminaria/Agarum Bays 

1990 Results The benthic community, inclusive of infauna and small 

epifauna, within LaminariajAgarum bays was dominated by polychaetes, 

bivalves, gastropods and crustaceans (Table 1 and Appendix K). In 1990, we 

noted generally higher diversity at the oiled sites (Table 9, Figure 23, 

and Appendix R). Within the deep (11-20 m) stratum, Shann9n diversity (H') 

was significantly higher and Simpson dominance (D) \¥as significantly lower 

at the oiled than at control sites. Two families (cirratulid polychaetes 

and mytilid mussels) had greater abundance or biomass at oiled sites, while 

four families (serpulid and spionid polychaetes, caecid snails, and 

tellinid clams) had greater abundance or biomass at control sites- (Figure 

24 and Appendix S. 

within the shallower (2-11 m) depth stratum in 1990, species richness, 

total biomass, and total number of taxa were significantly greater at oiled 

sites (Figure 25) and Appendix R. Comparisons on the dominant taxa 

revealed that eight families had greater abundance! or biomass at oiled 

sites, while none were greater at the control sites. Families greater at 

oiled sites included five polychaetes (Amphictenidae, Polynoidae, 
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Serpulidae, Lumbrineridae, and Capite11idae), two s11ai1s (Cylichnidae and 

Nassariidae) and one clam (Lucinidae) (Figure 26 and .~ppendix S). 

1991 Results - Far fewer differences among oiled a.nd control sites were 

noted in 1991. At the deeper (11-20 m) stratum, div·ersity (H') was still 

higher and dominance was still lower at oiled sites, but the differences 

were not as great as obs~rved.' 'in 1990 (Table 9~ 'Figure'"'23 I .. and':A.ppenctix ·tt:t. 

Comparisons for the dominant taxa from the deep stratum indicated that 

opheliid and lumbrinerid polychaetes had greater abundance (p < 0 .1) in 

oiled sites, while serpulid polychaetes were more prevalent at control 

sites (Figure 24 and Appendix S). 

Within the shallow, 2-11 m depth zone there wer~e no differences with 

respect to community parameters between oiled and control sites in 1991 

(Figure 25 and Appendix R). Furthermore, only 2 taxa (dorvilleid 

polychaetes and small, unidentified gastropods) were more abundant at oiled 

sites, compared with 8 taxa in 1990. Spionid polychaetes were more 

abundant at control sites in 1991 (Table 9, Figure 26, and Appendix S). 

1990 and 1991 Results - Analysis of the 1990 and 19'jl data in a· two way 

(oil code by year) analysis confirmed the results of the analyses done 

separately by year with respect to differences among oiled and control 

sites. A subset of those parameters that differed in the analyses by year 

also differed in the analyses for both years combined. Within the deep 

stratum, diversity (H') and species richness were significantly greater and 

dominance (D) was less at the oiled sites (Table 10 and Appendix T). Four 

families had greater abundance or biomass at control sites, while 2 had 

greater abundance at oiled sites (Table 10 and Appendix U). In the shallow 
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stratum, the abundance or biomass of 4 taxa were greater at the oiled 

sites. 

There were dramatic increases in diversity, abundance, and biomass at both 

oiled and control sites from 1990 to 1991, especially within the shallow 

depth stratum (Table 10 and Appendix T) . Total abUIJLdance for all organisms 

"in~reased);c ~l.gnificantly in ,, 'th~---- deep st=atum' as '"d:id.' the~ abundance'"- or 
biomass of 8 of the dominant taxa (Table 10 and Appendices T and U). These 

included 5 polychaetes and 3 bivalves. Only one family, serpulid 

polychaetes, was greater in 1990. In the shallm¥ s::ratum, 5 community 

parameters (diversity, species richness, total number of taxa, total 

abundance, and total biomass) as well as ::he abundance or biomass of 16 of 

the dominant taxa all increased from 1990 to 1991 -· The taxa inc:..uded 6 

polychaetes, 4 snails, 3 bivalves, 2 amphipods, and one brittle s::ar. No 

taxa were more prevalent in 1990~ 

In addition, we noted a significant interaction between oil code a..-:d year 

with respect to dominance (Table 10). In the deep stratum, C.ooinance 

increased at the oiled sites relative to the control. while the ,opposite 

pattern was observed in the shallow dep~h s::ratum. 

4.2.3 Infauna in Fjords 

During the initial visit to Herring Bay ~ord in October 1989, we =oted a 

number of dead and dying organisms on c::e bottom, pr:.::.arily in t=:e deeper 

portions (> 11m) of the fjord (See Sec::~on 4.3.2 belo~). In adC.~ ::~on to 

the dead organisms, the mud substrate hac a patchy, cobweb-like :..=.~:er of 

the bacterium, Beggiacoa. This colorless. sulfur-de~endent, 
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hemolithotrophic bacteria is associated with enrichment of labile organic 

matter and low-dissolved oxygen (Jorgensen, 1980). 

The benthic community in Herring Bay fjord in 1989 was characterized not 

only by the presence of dead animals, but also a moderately low Shannon 

diversity (H') (1.7), a moderately high Simpson dominance index (0.4), and 

a near absence of sensitive burrowing amphipods (Amphithoidae: 16 

individuals m- 2 ). The high dominance was mainly att:ributed to an abundance 

of stress-resistant taxa such as the bivalves Lucina tenuisculpta 

(Lucinidae) and Hysella tumida (Montacutidae) and the polychaetes Nephcys 

cornuca (Nephtyidae) and Polydara sacialis (Spionidae) (Table 11; Figure 

27). In spite of this, the community still maintained a relatively rich 

assemblage of in£auna (e.g., 24 taxa at the family level or higher) (Table 

11). 

Similar surveys at Herring Bay fjord in 1990 revealed that the diversity 

and number of taxa were extremely low in both spring and fall surveys 

(Table 11). The H' diversity was less than 0.1 and there were only 6 taxa 

present by the fall. Furthermore, several taxa that were abundant in the 

Fall of 1989, ir~cludi:1g Lucina, l1.ysell~, and Palydora were absent, and the 

community was almost totally dominated by Nephcys cornuca (Table 11). 

Dissolved oxygen values 0. 5 m above the bottom averaged 3. 6 mg 1-::. in May, 

but were near zero in October. 

By mid August 1991, the coiil!:unity in Herring Bay fjord demonstrated 

dramatic signs of recovery. Jiver sur.reys revealed no dead organisms, 

although Beggiacoa was still e~ ... :.dent on the bottom. Almost all :.nfaunal 

community pa.ramet:ers had reco....,·ered to or near levels obserJec :.n 1989 
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(Table 11). Nephcys cornuca still dominated; however, Lucina and Polydora 

were now present again, but in low density. Many of the more sensitive 

species began to appear in moderate densities. nleSe included burrowing 

amphipods (132 individuals m- 2 ) of the families Is•::hyroceridae, lsaeidae, 

Dexaminidae, Phoxocephalidae, and Lysianassidae. 

·'C1f!:...,.~c-'"~'"""'" ~··""Surficial -sediment·'·· samples ·~rom -'·the--· 20 ,m dep<~ Moent:our reveale:G~!!'"-~-a-~er·-~ -· -

substrate than previously found at this site, 43% mud in 1991 compared with 

over 98% mud in 1990 (Appendix H). The dissolved oxygen during the August 

sampling (one month earlier than 1989 and 1990 fall samplings) averaged 9.7 

mg 1-1 0. 5 m above the bottom. 

Four other fjords were examined during late September 1990. These included 

one heavily oiled (Inner Bay of Isles), one moderately to lightly oiled 

site (Disk Lagoon) and two control sites (Inner Lucky Bay and Humpback 

Cove). All of these sites had low bo~~om-water dissolved oxygen values of 

< 1 mg 1-1 and the sulfur-dependent bac=eria, Beggiacoa present. All sites 

had relatively low diversity and hi~~ dominance, and were dominated by 

Neph~s cornuca (Table 11). 

Only one of the· four other fjords, I::.;er Lucky Bay, was visited again in 

August 1991. As was the case in He::-::-ing Bay fjord, there were dramatic 

changes that took place since the sampling in Fall of 1990. Nephcys 

abundance was drastically reduced a::c diversity ('both H' and the total 

number of taxa) increased. 
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4. 3 Large Epibenthic Invertebra·tes 

4.3.1 Patterns of Abundance at Oiled and Control Pairs 

Three species of large epibenthic invertebrates WE!re common in eelgrass 

beds: The helmet crab, Telmessus cbeiragonus; the sunflower sea star, 

Pycnopodia helianthoides; and the leather star, Dermasterias imbricata. (A 

camp leite » ' 'lfstfrig" • '''of'"''' 'lar~',!~;,C;'I,epibenthic spec!'e's>m,Y,l!!u:ountered~ ·•'fs giverr '" in.~ 

Appendix Y). Telmessus was significantly more abundant at the control 

relative to oiled sites in 1990 (Figure 28, Table. 12, and Appendix W). 

Average densities were more than 3 m- 2 at control sites, but only 0.4 m- 2 

at oiled sites, and in each of the four site pairs, average abundance was 

greater at the controls. There were no significant differences for the sea 

star species (Table 12, Figures 29 and 30, and Appendix W). 

These species, along with 3 other sea stars (Evascerias croschelii, 

Orchasterias koehleri, and Henricia leviuscula) were abundant on hard 

substrate in bays, on points, and in Nereocystis habitats. In 1990, in the 

deeper stratum of the bays and in both shallow and deep strata on the 

points, Telmessus abundance was significantly greatE~r at the cont~ol sites 

than at the oiled sites (Table 12, F~gure 28, and Appendix \.7). Average 

abundances were 1.1 m- 2 at control sites and less than 0.2 m- 2 at the oiled 

sites. In addit:ion, the 2 sea star species were generally more abundant at 

cont::ol sites. Dermasterias density was significantly greater at controls 

in -:ne shallower stratum of both bay and point habit:ats, and Evasterias was 

more abundant at controls in the shallow strat:um at points and in 

Ne~eccystis habitats (Figure 31). Pycnopodia 't-7as significantly more 

abu.~dant at oi:.ed sites in the shallow depth s.:::atmn in bays (Figure 30), 

and ·..;as gener.s.:.ly more abundant at oiled sites in other habitats, but not 
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significantly so. None of the other species showed significant differences 

at any of the other sites (Appendix W). 

Unlike most other components of the PWS subtidal system, many of the large 

epibenthic species (TelmessuS', Dermast:.eria.s, and Pycnopodia.) were common to 

most or all habitats. Therefore, we were able to examine effects of oiling 

results that the densities of Telmessus and Dermasteria.s •ere lower at 

oiled sites than at control sites in 1990 (P<O.Ol and P=0.03 respectively, 

Table 12). Of the 12 pairs of sites in which Telmessus was present in at 

least one of the sites in the pair, 11 of these had hig.~er Telmessus 

abundance at the control site, and the overall average abundance of 

Telmessus was about 4 times greater at the controls (Figure 28 and Appendix 

W). Dermast:.erias.abundance was greater at the contr1)l in 10 and greater at 

the oiled in 3 pairs of sites, and average abundance was abost twice as 

great at control sites (Figure 29 and Appendix W). 

In the two habitats sampled in 1991 (eelgrass beds and shallo~ portions of 

bays) recovery of populations of Telmessus was indicated by a lack of 

significant differences among oiled and control sites (Table Figure 32, 

and Appendix W), and by a significant oilcode by year inte:-action within 

the eelgrass bed (Table 13). However, when both 1990 and ~991 data were 

considered together, there were still indications of a possible effect of 

oil, as mean densities were significantly greater in .control =han in oiled 

sites (Table 13, Figure 33, and Appendix Y.) P<O.Ol in eelg:-ass and P<O.lO 

in bays). Furthermore, there was a significant decrease in ::~e density of 

Telmessus at bay sites between 1990 and 1991. 
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There was also a continuing effect of oil note~d for populations of 

Dermasterias in 1991. The population density of v~~rmasterias was greater 

at control than at oiled sites in eelgrass habitats in 1991 (Table 12, 

Figure 34, and Appendix \J) , and when both years' data were considered 

together, there was a significant effect of oil in both habitats sampled 

(P=Q,,"'Q.l,."'"t9,~ e~lgr.ass and P~~L-.03,.Jgr bay~_t .Xi&"E:",~"}">:~~,~·i!~~.--,.t\P~~~~~if). OnlY ... "~·-·~~"""'""'-''"'"""'· 

a significant increase in density between 1990 and 1991 in eelgrass 

habitats suggests possible recovery. 

There was a general decline in the abundance of adult Pycnopodia between 

1990 and 1991, and this decline was significa::~ within La.minariajAgarum bay 

habitats (Figure 36 and Appendix X). In th: eelgrass habitat, there were 

no differences among oiled and control sites ~n 1990 (Table 12, Figure 30, 

and Appendix W) , but in 1991, there we:-e significantly more adult 

Pycnopodia at the contr-ol sites (Table 12, ?igure 37, and Appendix W). 

Furthermore, density of adult suns tars was great1er at oiled sites in 

shallow bay habitats in 1990 (Table 12 and ?~gure 30), but did not differ 

significantly among oiled and control sites ~n 1991 (Table 12 and Figure 

37). 

One surprising result of the 1991 survey was ::..,_e ext:remely large number of 

juvenile (young-of-year) Pycnopodia present. =~ere were highly significant 

(P<O.Ol) increases in the density of juveni:: ?ycnopodia between 1990 and 

1991 in both eelgrass and bay habitats (Fi~.::-e 38 and Appendix X). The 

density of these newly settled individuals -..-as greater at oiled si~es in 

the bay habitats, and :ended to be higher. albeit not significan~ly so 

(P=0.12), at oiled sites in eelgrass habitats ?igure 39 and Appendix ~). 
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4.3.2 Large Epifauna· in Fjords 

In 1989, we observed numerous dead animals in deeper portions (> 11 m) of 

the Herring Bay fjord. In one area surveyed (approximately 70 m2 ) at 

Herring Bay, we observed over 40 dead animals laying on the bottom 

including 23 polychaete worms and 11 Pycnopodia.. Also encountered were 

" ~""'"""''""J!\~"·'dead fisfi' .... { codf;~'"".!:;'"firfiiitf; squid;- .. naf'fci'd" ·"s'ficfil!i";-"'ilfit'f'1P"}) r i tt:le S ta:LS" .w.li<:R""Jft!@'SEf''"''" 

were in varying states of decay and were not enumerated. 

Similar surveys at this site in 1990 and 1991 revealed few-er dead animals. 

In video transect surveys conducted in the spring 1990 we saw only one dead 

Pycnopodia. over a 90 m2 area. In fall 1990 only O!le dead cod and 3 dead 

worms were observed over an equal 90 m2 survey area. More extensive visual 

searches in fall 1990 revealed some dead fish, but there were no 

concentrated pockets of dead organisms as observed ~ 1989. 

Similar surveys and searches at 4 oL~e= fjords in ?=ince willi~ Sound in 

1990 and 1991 found some dead organis:JS in both oi:~ed and cont=ol sites. 

These organisms included one Pacific herring, ~~d several unidentified 

worms. However, none of these sur.reys found the concentration of dead 

organisms that we observed in Herring 3ay Fjord in l989. 

4.3.3 Reproductive success in Dermas===~as 

Experiments conducted on Dermasceria.s =evealed no s:..gni.::icant c:...::ferences 

among animals collected from oiled ar.c cont=cl sites Nit~ respec~ to gonad 

index or spawning success. The rne2.:: gonad ind:.:es ·..;e:~e 6. , ':' for the 

animals collected .::::-om oiled si~es c.::C. 7.15 for ~"-:e an:..:::.als :=:::::1 cont:.-ol 

sites (P=0.75, t-tes~). Spawni:1g suc::ess was meas;,::~ed ·- ~o e::-,.-;::eriments. 
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In the first, 75% of the females from both oiled and control sites spawned, 

in the second, 67% of the females from oiled sites spawned while 72% of the 

females from control sites spawned (P-0.66, chi-square). 

One surprising result from our studies of Dermasterias was that nearly 30% 

of the population of animals collected in 1990 1were parasitized by an 

""'""""'""" :t'ft.~ernal barnael:e-··parasite ,. ~,Ja~~;Q,gaster sp. , '"'"'~~~~macle .. _. in:l]~,ded . .,.,"'t;llfL~. 

gonad tissue of the sea stars and parasitized stars had a significantly 

lower rate of spawning success (Table 14). There was no apparent 

difference in the infection rate among animals co1llected from oiled vs. 

control sites in 1990 (Table 15). However, we did note a significant 

decline in the infection rate, from 29% in 1990 to 10% in 1991 (Table 16). 

4.4 Fishes 

Over fifteen species of fish were found in eelgrass habitat in 1990. 

Pacific cod (especially young-of-year) were by far the most abundant 

species, comprising over 90% of the total number of fishes. A variety of 

demersal species made up the remainder of the fish community within this 

habitat (Appendix Y). 

In 1990, the abundance of both adult and young-of-year cod was greater at 

oiled than at control sites (P<O.Ol for both, Table 17, Figure 40, and 

Appendix Z). There was an average of 4 times as many young-of-year cod at 

oiled sites as controls, and adults were about 5 times as abundant at the 

oiled sites. The abundance of all other fishes in the eelgrass beds was 

verJ similar at oiled and control sites, and did not: differ significantly. 

The guts of young-of-year Pacific cod "W"ere examined t:o determine their 

diets. Diets were comprised primarily of molluscan larvae and small 
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crustaceans (harpacticoid copepods, calanoid copepods, and amphipods). The 

diets of fish differed at the oiled and control sit:es. Fish at the oiled 

sites generally had fuller guts (Figure 41). Young·-of-year cod from oiled 

sites also had generally higher proportions of molluscan larvae, although 

differences among all pairs of sites did not diffeJC significantly (Figure 

41). Young-of-year cod at the control sites had more crustaceans in their 

guts. 

The fish community in LaminariajAg~rum habitats in bays and on points was 

dominated by Arctic shanny and a mLxed group of sculpins. For the purposes 

of our analysis, we have divided the sculpins into 2 functional groups: 

smaller sculpin species and larger sculpin species. Other fishes found 

within these sites included various greenlings and ronquils. The point 

habitats tended to have somewhat graater abundances and a higher diversity 

of fishes than the bays, but the fish assemblages in these two habitats 

were otherwise similar. 

Within the bay habitat in 1990, only the abundance of greenlings 

(Hexagrammidae) differed significant:ly at oiled vs. control sites 
' 

(Table 

17, Figure 42 and Appendix Z). The gr~enlings were more abundant at oiled 

sites. 

In the point habitats, a relatively diverse group of fishes including small 

sculpins and searchers (Bathymas~eridae) (in shallow waters); and 

greenlings, ronquils, and young-of-year Arctic shanny (in deeper waters) 

were found in greater abundance at: oiled sites (Table 17 and Appendix Z). 

Juvenile cod were more abundant a~ control si:::es in both the deep and 

shallow strata (Table 17). However, these differences were due to one 
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large school of fish noted at one of the control sites, and may not be 

representative of the more general pattern for this species. Pholids were 

also noted to be more abundant at deeper control sites. 

Because of the similarity of the fish assemblages in bay and point 

habitats, we were also able to test for differences among control and oiled 

greenlings (Hexagrammidae, Figure 42) and small sc·lllpins (Small Cot:tidae, 

Figure 43) were found to be more abundant at oiled sites (P-0.03 and P-0.07 

respectively; Table 17 and Appendix Z). 

The fish community within the Nereocyscis habitat was dominated by 

schooling fishes (eg. herring and sandlance). The schools were uncommon, 

but there were large numbers of fish within each school. Because of this 

high spatial and temporal variability, we were unable to adequately sample 

densities of these schooling fish and have no't analyzed these data 

statistically. Other species of non-schooling fish were found in 

relatively low density, and the only significant difference obser:-ed was a 

greater abundance of greenlings (Hexagrammidae) at oiled sites . (P-0. 08 

Appendix Z). 

Only a limited number of fish species were count·ed in our 1991 survey. 

These included cod (both young-of-year and adults) in both eelg::ass and 

shallow bay habitats, and Arctic shanny and small sculpins in sha::ow bay 

habitats. Within the eelgrass habitat, there were significantl:·'" §;!:"eater 

numbers of young-of-year cod at the oiled sites, as in 1990 (Ta:;le 17, 

Figure 40 and Appendix Z). This trend is further emphasized in tte -::;;a-way 

analyses for effects of oiling and year, that also indicated that ::::e::e 
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were significantly more juvenile cod at oiled sites (Table 18, Figure 44 

and Appendix Z). In addition, the density of both young-of-year cod and 

adult cod increased significantly from 1990 to 1991 (P < 0. 10 and P < 0. OS 

respectively, Table 18 and Appendix Z). 

Within the bay habitats in 1991, there were significantly greater numbers 

oiled sites (P-Q. 06 and P-0. 02 respectively, Table 17 and Appendix Z). 

This is in contrast to 1990, when no significant differences were observed 

for these taxa. In the two-way analyses for effects of oiling and year. 

there was a significant decrease in the density of adult Arctic shanny from 

1990 to 1991, but there were no significant differences among oiled and 

control sites (Table 18, Figure 44 and Appendix AA). 

4.5 Results from Hydrocarbon Analvses 

1990 - Eelgrass habitat 

Three sediment samples were collected from each dep:th stratum within each 

habitat for the evaluation of hydrocarbon levels. However, only samples 

• 
collected from the eelgrass habitat, the Laminaria/Agarum bay habitat, and 

one silled fjord· site were analyzed in ·total. Only one or two samples were 

analyzed for other habitats (LaminariajAgar~ points, Nereocyscis, and 

other fjords). We rely on the mean concentration of EXXON VALDEZ PAHs from 

these samples to indicate the degree of oiling. Analytes that comprise the 

EXXON VALDEZ P . .;Hs are given in Appendix BB and mE~an concent:::-ations are 

given in Appendix CC. 

In shallower portions of the eelgr-ass habi tc..-c, average concent:::-atior-.s of 

E..TION VA.I..DEZ ?A.Hs T..;ere higher in ailed than control sites (:'a.ble J..9 and 
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Figure 45). The average concentration was more than twice as high at oiled 

than at control sites within the eelgrass bed, and about 1.6 times higher 

at oiled sites in the shallow stratum:. DifferE~nces were significant 

(P-0.04) in the eelgrass bed, but not in the shallow stratum (P-Q.53) where 

variability among sites was greater. 

-Somewhat surprisi:a-g-.-was ·tke-·~re1aJp,wa;;L¥ high conce~~~-iml of.-.. oiL p:r:esent ... .a,t 

some control sites that were adjacent to unoiled shorelines, especially 

within the deeper stratum of the eelgrass habitat. Three of four control 

sites had oil concentrations higher than 500 ng g-1 sediment. The average 

concentration of EXXON VALDEZ PAHs was similar (P •· 0. 92) between control 

(546 ng g-1 ) and oiled sites (490 ng g-1) (Appendix CC:). 

1990 - LaminariajAgarum bay habitat 

At the sites sampled in Laminaria/Agarum bay habitats, there were also 

striking differences among oiled and control sites with respect to 

concentrations of oil. Oil concentrations were nearly three times higher 

at oiled than control sites in the shallow port: ions of the habitat, and 

were nearly five times higher at: oiled than contrc>l sites in th~ deeper 

stratum. Statistically significant differences (P <0.1) were noted in both 

strata (Table 19 and Figure 46). 
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1990 - Point and Nereocyscis habitats 

There are very few hydrocarbon data available for point or Nereocyscis 

habitats . (Figure 46; Appendix CC) and no statistical analyses were 

performed for these habitats. The general trend of somewhat higher levels 

of oil at oiled sites, with occasionally high levels of oil at some control 

sites , was alsGc"'-'e~-4d-ent from thes'e"''~&:;""' . -

1991 - Eelgrass habitat 

Sediment samples collected in bay habitats in 1991 have not been analyzed 

for hydrocarbon levels. As a result, we present: only the data from 

eelgrass habitats for this year. 

EXXON VALDEZ PAH concentrations were lower in both oil and control sites in 

1991 than in 1990 {Figure 45 and Appendix CC) . Comparisons between years 

indicate that there was a significant (P<O.Ol) decline in oil 

concentrations in both depth strata examined (Table 19). Mean 

concentrations of PARs were higher at the oiled sii:es within both strata 

sampled, but differences were statistically significant in only th~ deeper 

stratum (Figure 45 and Table 19). 

Differences among depchs 

There were few differences in the concentrations of 1QcrON VALDEZ PARs among 

depths within the eelgrass habitat. The only exception was at control 

sites in 1990, where concentrations were 2.5 times higher within the deeper 

st~atum than in the eelgrass bed (P<O.lO). 
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In contrast, oil concentrations w:ere significantly greater in the shallow 

stratum for both oiled and control sites within the LaminariajAgarum bay 

habitat in 1990. Mean concentrations were about 3 times greater at the 

shallower depth at oiled sites (P<O.lO), and were mo:re than 5 times higher 

in shallower portions of the control sites (P<O.Ol). 

Concentrations of EXXON VALDEZ PAHs in subtidal sediments from a heavily 

oiled fjord within Herring Bay averaged 1185 ng g-1 sE~diment in 1989 (Figure 

47). In 1990, these levels dropped to about 1,000 ng g-1 sediment, and in 

1991, PARs were reduced to near background levels of ·41 ng g-1 sediment. 
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5.0 DISCUSSION 

5.1 Interpretation of Statistical Tests and the Assessment of Injury 

In assessing the injury to subtidal populations of plants and animals 

caused by the EVOS, we rely primarily on the comparison of population 

parameters in oiled vs. control sites in 1990 and 1991. There are few pre-

comparisons except in a very broad sense. Also, we have not attempted =o 

link changes in biological variates with hydrocarbon concentra=ions in a::::y 

statistical sense. Given the high degree of spatial variability in bo::...; 

hydrocarbon concentrations and biological variates, the relacively hip 

degree of error in the measurement of hydrocarbon concen==ations ~d 

biological variates, and the relatively small sample sizes fo= both, s~ch 

an analysis would probably not be very enlightening. 

Our comparison of oiled and control sites in 1990 and 1991 suggast that t::a 

EVOS resulted in changes to at least some species within each of ~= 

components (plants, infaunal invertebrate, epibenthic inve=:;ebrate a.::d 

fish) of the shallow subtidal ecosystem in Princ1e William Sound. T.:.e 

following provides a brief discussion of the differences bec-..-ean pre- a.::d 

post-spill surveys as well as a summary of the st:atistica:. differences 

observed between oiled and control sites in 1990 and and c:.:= 

interpretation of the statistical tests with respeci: to the ::::acts of -:..~= 

EVOS. 

As with all assessments of the effects of a dist:urbance ::: ecologic.:.: 

systems, the final decision as to whether an impac~ has occ~::-:d genera:.::..:; 

rests on 11Weight of evidence n. When one examines a host :: biologic.:.: 
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5. 3 Effects of the EVOS Based on Comparisons of Oi.led and Control Sites 

5.3.1 Effects on Plants 

Eelgrass ·appears to have been adversely affected by the EVOS. Densities 

were higher at the control site in three of the four site pairs, and the 

mean density of turions was roughly 33% greater at control sites relative 

· to oiled sites.· These diff-erences ··we~te significeanc''" at P==O. 06 ;-· ~--Al-so-,-.-the--

density of flowering plants was higher at the control sites. All control 

sites had mean densities of flowering plants that ~11ere greater than their 

paired control, and the overall differences were si~rrificant at P-0.08. 

While the statistical tests of the effects of oil on eelgrass were only 

marginally significant, the argument for an effect, with respect to 

flowering, is strongly supported by similar evidence. presented in a second, 

independent study. An evaluation of the effects of the EVOS on eelgrass in 

Prince W"illiam Sound by Teas et al. (1991) also demonstrated that there was 

a reduced density of flowering stalks of eelgrass at: oiled sites. However, 

Teas et al. (1991) noted no differences with respect to the density of 

plants. 

we suspect that the reC.uction in the density of turions at oiled sites was 

probably the :-esult of some physical disturbance (e:. g. boat traffic) while 

the inhibition of flowering may have been a result of physiological stress 

caused by the toxic ef:ects of oil. Previous laboratory studies suggest 

that relatively low le•:els of kerosene and ~oluene can reduce rates of 

carbon uptake :,y Zosce::-a (McRoy and Williams, 1_977). However, these same 

a~~hors sugges~ that ee:grass is less sensit~ve than associated animals to 

:::e ef::ects of oil. Studies of effects o:: ;:he AMOCO CADIZ and other 
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previous oil spills also suggest there was lit1:le impact of oil on 

population density of Zoscera marina (den Hartog and Jacobs, 1980) or other 

sea grasses (reviewed in Cairns and Buikema, 1984). 

This apparent injury to the eelgrass population was short lived. There was 

an almost complete recovery of eelgrass by 1991, as indicated by a lack of 

significant caifferences in both turion and flower density among ol.led and 

control sites in that year. 

In each of the three habitats on hard substrate (Nereocyscis, 

Laminaria/Agarum in bays, and Laminaria/Agarum on points) we observed 

differences in the size distribution of the dominant alga at oiled and 

control sites. In all cases, there were proportionally more small algae 

(Nereocyscis and Agarum in the Nereocyscis habitat and Agarum at the other 

two habitats) at the oiled sites. In addition, we observed higher mean 

densities of one of the dominant algal species at. oiled sites in each 

habitat: Nereocyscis in the Nereocyscis habitat, LGuninaria saccharina in 

the bays, and small Agarum cribrosum at points. 

The differences in size distribution may have been the result of slower 

growth of plants at oiled sites, or "loss of larger plants coupled with 

recent recruitment at the oiled sites. The existing growth information 

indicates that there was no consistent difference in growth rate at oiled 

and control sites. However, we measured growth at only 2 pairs of sites, 

and only during a time of year when growth is expected to be slow (Vadas, 

1968). ACE 30286806 

While we can not rule out the possibility that differences in growth may 

have caused differences in size distribution, we feel that it is more 
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likely that the differences in size distribution were the result of 

differences in survival and recruitment. We suspect that larger plants 

were lost at the oiled sites as a result of the spill, that this loss made 

space available on the bottom, and that this space was quickly colonized by 

new algal recruits in spring 1990. 

We do not know the mechanism that may -have been responsible for the 

presumed loss of older algae at oiled sites, but suspect that it was the 

result of cleanup activities rather than toxicity of oil. Previous 

laboratory studies indicate that oil may adversely affect reproduction in 

some brown algae (Steele, 1977) and injuries to in·tertidal populations of 

algae have been demonstrated in previous spills (e.g. Smith, 1968; Thomas, 

1973, 1978; Floc 'h and Diouris. 1980, 1981; Rolan and Gallagher, 1991). 

However, subtidal populations of algae appear to have been relatively 

unaffected in previous spills (North et al. , 1964; Foster et al., 1971). 

We suspect that increased boating activity and the associated losses caused 

by the pulling of anchors may have been a primary cause of loss of algae. 

5.3.2 Effects on Infaunal and Smaller Epifaunal Invertebrates 

Effects in the Eelgrass Habitat 

The response of the benthos at oiled eelgrass sites differed according to 

depth. Outside the eelgrass bed, total abundance and species richness were 

greater and species dominance was lower at control sites. In addition, 

the abundance of dominant taxa tended to be greater at the control sites. 

In the deeper portions of the habitat, 6 taxa were more abundant at control 

sites while only 1 was more abundant at oiled sitt:s. Similarly, at the 
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shallower sites just offshore of the eelgrass bed. 5 taxa were more 

abundant at controls while 1 was more abundant at oiled sites. 

The infaunal community outside of the eelgrass beds in Prince ~illiam Sound 

in 1990 was characteristic of disturbed communities that typically have 

lower species diversity or richness and higher spe:cies dominance (Pielou, 

1974; Pearson and Rosenberg, 1978). The results are what one would expect 

in the case of severe petroleum hydrocarbon contamination in subtidal soft 

bottom communities. Results from previous oil spills indicate that benthic 

communities generally represent good in sit:u monitors for measuring effects 

of oil fluxing to the bot~om, and that moderate amotmts of oil in sediments 

cause impacts comparable to those we observed. For example, following the 

AMOCO CADIZ oil spill on the Brittany coast of France, Glema.rec and 

Hussenot (1981) noted a variety of changes in ~~e abundance and structure 

of the fauna within nearshore benthic communi ties. Similar observations 

were made by Sanders et al. (1980) following the Buzzard's Bay spill, and 

by Hyland et al. (1989) following the sinking of a tanker of= the coast of 

California. 

The greater abundance of amphipods at control sites in 1990, at bot~ depths 

outside the eelgrass bed, was per~aps the greatest single ~nc.:.cator of 

injury caused by oiling. Amphipods are important prey to a varie~: of sea 

birds and fishes (see Feder and Jewett, 1987 for review). Benthic 

amphipods are notoriously sensitive to petrole~n hydroca;:~o~s (e.g., 

Busdosh and Atlas, 1977; Lee et al., 1977: Pe;:cy, 1976, :~:-;: ~ee and 

Nicol, 1978a, b), and massive dec1i~es in benthic amphipods -..;e;::: observed 

following the AMOCO CADI: oil spill (Cabioch e::: al., 1978 ~ -· -
-.::~ss~. 1978; 

den Hartog and Jacobs, 198C; Dauvin, :982). 
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Among the other taxa found to be more abundant at control sites, at both 

depths outside the eelgrass bed, were the frunilies, Veneridae and 

Tellinidae. The principal members of these families are the suspension- or 

deposit-feeding clams, Saxidomus, Procothaca, Haco~t, and Tellina. Little 

information is available on the response of these bivalves to petroleum. 

H,owever, Chasse ~jl9~§) observed , from the AMOCO CADIZ oil spill that 

subtidal populations of burrowing macrofauna, like bivalves, were more 

severely damaged than intertidal populations. Studies (in vicro and in 

situ) have shown that intertidal Hacoma balchica were adversely affected by 

various exposures of Prudhoe Bay crude oil (Feder, et al, 1979; Shaw, et 

al, 1976; Taylor and Karinen, 1977; Stekoll, et al, 1980). The 

implication in this study is that subtidal f1acoma, and perhaps other clams, 

were adversely affected by petroleum from the EVOS. 

Two taxa that increased at the oiled sites, maldanids and opheliids, are 

representative of species that are typically characterized as either 

opportunistic or stress- tolerant. Spies and DesMarais (1983) presented 

data that showed that petroleum was utilized by the maldanid Praxillella as 

-a carbon source in a natural petroleum seep in the Santa Barbara Channel. 

They suggested the petroleum was used in sufficient amounts to account for 

greater density of organisms observed in the seep than in a similar nonseep 

envi:-onment. Intertidal representatives of the family Opheliidae were 

obse::--:ed to be very resistant to oil from the AMOCO CADIZ oil spill 

(Chasse, 1978) . This family was mainl v represented in the Prince William 

Sour:d. eelgrass ~abitat by the subsurface deposit feeder, Ar::zar.dia brevis. 

Wic:::.::1 the eelg:-ass bed i::1 1990, ....-€ also obser.red a greater abundance 

wit~~~ con~rol sites for 4 of ~~e domi~ant 

I' 
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as well as :or amphipods. 
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However, overall abundance and biomass were great·er at the oiled sites. 

This was primarily attributable to the greater abundance of small epifaunal 

species at the oiled sites. These included suspension feeding spirorbid 

polychaetes and mytilid mussels (Musculus spp.) , and small lacunid snails 

that primarily live attached to eelgrass blades. 

--~e do not know why· there was an increase in epifaunal species at- oiled 

sites. One hypothesis is that increased abunda:nces of these epifauna 

resulted from decreased abundances of predators at: the oiled sites. The 

helmet crab, Telmessus, and the leather star, Dermasterias, were found in 

greater abundance at control than at oiled sit:es. These are known 

predators of Musculus (personal observations) and are likely predators of 

other epifauna on eelgrass. In a similar vein, O'Clair and Rice (1985) 

predicted that an oil spill in Prince William Sound might lead to the 

reduction in the abundance of another sea star species, Evascerias 

troschelii, and that this in turn may lead to increased abundance of its 

principal prey, Hytilus edulis. 

Another explanation for the increase in epifauna .at oiled site~ is that 

oiled sites tend to be areas where prevailing currents and winds 

concentrate both oil and larvae, leading to higher abundances of newly 

settled epifauna at the oiled sites. Alternatively, epifauna may have been 

more abundant at oiled sites as the result of increased food availability 

from degrading oil or from chemical fertili.=ers be~ing sprayed on adjacent 

beaches for the purpose of bioremediation. 

The other taxa --·.::.'- #ere more abundant at c:.led sites within the eelgrass 

bed :ncluded or.c::.idorid nudibranchs and s<.:rface deposit- feeding spionid 
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polychaetes. Both of these taxa can be classified as classic secondary 

opportunists that thrive in polluted regions. Beyers (1968) found 

nudibranchs to thrive in polluted areas of low oxygen in Oslofjord, Nor~ay. 

Spionids have been observed in numerous investigations (e. g.. Sanders et 

al., 1972; Grassle and Grassle, 1974; Pearson and Rosenberg, 1978; Gray, 

.1979)_ as being abundant in org~nically enric:,~e-~. envir~~~~~.~s. A membe,r, __ Q.£", 

this family, Polydora, flourished in shallow waters immediately follo-;.ring 

the spill of #2 fuel oil (Sanders et al., 1980). 1here were at least eight 

species of spionids, including the genus Polydora, that dominated the oiled 

eelgrass sites in Prince William Sound. 

Effects in the Laminaria/Agarum Bay Habitat 

The effects of oil were much less pronounced in the LaminariajAgarum bay 

habitats than in the eelgrass habitat. Within the deeper portion of ~~is 

habitat in 1990, there were some adverse impacts on the benthic communi~y. 

as indicated by the greater abundance or biomass for 4 taxa at con~rol 

sites. However, diversity, as well as the abundance and biomass of 2 of 

the dominant species, were greater at oiled sites. There was ~ven less 

evidence of adve_rse impacts within the shallow portion of the habitat, as 

the only differences observed were greater abundances of eight taxa at 

oiled sites. 

We suspect that the differences in the effects of oil within eelgrass and 

bay habitats largely result from differences in sediment composition and 

~ave action within the two habitats. Unlike the eelgrass beds, ~~e 

Z.aminariajAgarum bay habitat is dominated by hard substrata, with c::.ly 

small pockets of rather shallow veneers of sof1: sediments intermixed. 
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These sediments are often resuspended, and less likely to accumulate and 

maintain as high a level of hydrocarbons as observed in eelgrass beds. 

This is suggested by the generally lower concentrations of oil noted at 

LaminariajAgarum bay sites relative to eelgrass sites (Figures 44 and 45). 

Recovery in Eelgrass and LaminariajAgarum Bay Habitat:s 

By 1991, approximately 27 months after the EVOS, there were strong 

indications of recovery of the benthic community in the eelgrass habitat. 

Within each of the depth strata sampled in 1991, community parameters (H', 

D, total abundance, etc.) as well as the abundance~ of amphipods did not 

differ at control and oiled sites. In addition, there were significant 

increases in the total abundance of organisms, the number of taxa, and the 

abundance of a number of dominant taxa between 1990 and 1991, at both oiled 

and control sites. This suggests that populations throughout the Sound may 

have been adversely affected by the EVOS and were recovering in 1991. 

However, we noted a number of taxa, especially within the eelgrass bed, 

that were still more abundant at control sites in 1991, suggesting that 

recovery was not complete. 

Recovery was also evident in the LaminariajAgarum Bay habitat. There were 

very few significant differences in either community parameters or in the 

abundance or biomass of dominant taxa in 1991, :ln either the deep or 

shallow depth strata. Furthermore, there ·..;ere very marked increases in 

abundance in this habitat from 1990 to 1991. In t:he deeper stratum, the 

abundance or biomass of 8 taxa increased significantly bet:r..;een 1990 and 

1991, and a total of 16 taxa had significant increases in the shallo".J 
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stratum. As in the eelgrass habitat, this suggest recovery from possible 

Sound-wide injury as a result of the spill. 

This recovery process is fairly typical of what has been observed in 

benthic infaunal communities following other oil spills. The general 

sequence of events after a catastrophic oil spill is 1) a toxic effect with 

considerable mortality; 2) an organically enri·c.hed ·period in whiclr··~ 

opportunistic taxa become extremely abundant; and 3) a period in which 

opportunists decrease in importance and fauna begin to return to conditions 

similar to adjacent unoiled areas and/or to a community characteristic of 

relatively undisturbed conditions (Pearson and Rosjanberg, 1978; G1emarec 

and Hi1y, 1981; Glemarec and Hussenot, 1981, 1982; Spies et al., 1988). It 

is difficult to categorize any of the shallow subtidal habitats we studied 

in Prince William Sound as simply resembling one or more of the 

successional stages noted above. While the community as a whole may not 

reflect a particular stage, a disruptive response and later recovery was 

evident in some faunal groups, e.g., amphipods. 

Effects in Fjords 

The infaunal communi~y in Herring Bay fjord underwent marked changes 

between 1989 and 1991. In 1989, there was a relatively rich assemblage of 

infauna, including amphipods, snails, small bivalves, and several 

polychaete species. However, the community was obviously stressed, as 

indicated by the many dead or dying organisms. By 1990, the community was 

extremely impoverished, and was almost totally dominated bv a single genus 

of polychaete, Nephcys cornuta. By 1991, the communi t:1 had recovered, as 

the diversity of taxa and number of organisms increased. 
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The almost total collapse of the benthic community in the Herring Bay fjord 

between 1989 and 1990 was probably at least in part the result of the 

effects of oiling. However, it is difficult tc distinguish the effects of· 

oil from naturally occurring disturbances that result from seasonal oxygen 

depletion. Fjords with shallow sills, similar to the Herring Bay fjord, 

~~cally have re~uced benthic assemblages because~ the sills prevent or 

reduce exchange with water outside the fjord. During late summer, 

stratification in temperature and/or salinity causes poor exchange of 

bottom and surface waters, and results in the depletion of oxygen near the 

bottom. A seasonal cycle of oxygen depletion and associated declines in 

benthic fauna have been observed in Scandinavian and Scottish fjords (e.g., 

Jorgenson, 1980; Rosenberg, 1980; also see review by Pearson, 1980) and 

documented as the "August: Effect 11 in New England estuaries (Rhoads and 

Germano, 1982). 

In 1990, our hope was that we could help distinguish naturally occurring 

dysoxic events from the effects of oil by sampling in Herring Bay as well 

as in unoiled "control" fjords. Several sites 111ere sampled that were 

. . 
presumably unoiled, and this sampling revealed the occurrence of seasonal 

oxygen depletion and impoverished benthic communities in other nearby 

fjords. However, examination of hydrocarbon data suggests that our 

"cont::-ol" sites in fact had relatively high concentrations of oil. The 

lack of additional controls makes it impossible to clearly distinguish the 

effects of oil from natural events that may vary from one year to the next, 

such as plankton blooms; however. the decline in benthic communities in 

Herring Bay as well as other fjords in 1990, foLlowed by a recovery in 
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1991, suggests that oil may have had an impact on these fj ordic benthic 

communities. 

Seasonal -hypoxia (02 < 2 mg/1-1 ) or anoxic (02- 0 :mg/1-1 ) conditions often 

result in dominance by stress-tolerant taxa (Jorgensen, 1980; Rosenberg, 

1980) such as observed in the fj ordic portion of Herring Bay and in the 

other fjords in the Sound. Lucina, Polydora, and Nephcys :that:.were common 

in fjords in the Sound are often associated with stressed environments. 

However, changes with respect to the relative abundance of these species in 

Herring Bay in 1989 through 1990 suggest possible impacts of oiling. For 

example, Lucina and other lucinids appear to be able to live where 

conditions are extreme and oxygen and food are limi·ted (Yonge and Thompson, 

1976). Lucina is of the same order as the stress~ tolerant Thyasira genus. 

and several species of Thyasira (T. flexuosa, T. sarsi. T. mcokanagai, T. 

miyadii) have been reported from organically enriched and polluted 

substrates (see Table 1 in Pearson and Rosenberg, 1978). Apparently, the 

Lucina population that dominated at Herring Bay fjord in 1989 ( 61% of 

faunal abundance) was well established in this impoverished fjordic 

• 
environment, since the individuals sampled were mai1l.ly older than one year; 

many were more than three years old. The absence of live Lucina and the 

presence of empty shells in 1990 provides evidence of mort:ality due to 

hydrocarbon toxicity or to prolonged oxygen depravat:ion. 

Dominance by Nephcys cornuca i_n 1990 also sugges~s possible impacts by oil. 

Lizaraga-Partida (1974) reported Nephcys conmca in semi-polluted 

substrates in Ensenada Bay, Mexico, in areas enriched with organic material 

derived from sewage fish waste. Pearson and Rosenberg ( 1978) give several 

other examples of Nephcys (N. incisa. N. hombergi, N. ciliaca, N. 

77 ACE 30286815 



longosetosa, and N. faneiscona) appearing in or~;anically enriched and 

polluted areas, often low in dissolved oxygen. Busdosh (1978) found Nephtys 

only in association with oiled substrates; it alcme preferred oiled to 

clean sediment.· While Nephtys is primarily a predator, it also can utilize 

the high organic loads associated with the decay of dead organisms through 

deposit feeding. The dominance of Nephtys cornuta in Herring Bay fjord in 

1990 was presumably the result of the additional fnod from organisms that 

died there, the decrease in the number of competitors and predators, and 

the tolerance (or perhaps preference for) oiled subs1:rates. 

There were few amphipods present in the Herring Bay fjord in 1989, and no 

amphipods were present in 1990. However, by 1991 amphipods began to 

reappear in relatively high densities. Amphipods are known to be extremely 

sensitive to oil, and we suspect that their decline was caused by high 

hydrocarbon concentrations. Presumably the decrease of toxic fractions 

coupled with the oxic conditions observed in 1991 created an environment 

more conducive to recovery of amphipod populations. 

5.3.3 Effects on Larger Epibenthic Invertebrates 

We observed reduced abundances of two numerically dominant epibenthic 

invertebrates at the oiled sites; the helmet crab, Telmessus cheiragonus 

and the leather star, Dermasterias imbricata. Telmessus was consistently 

found in lower abundance at oiled sites in each of ~he 3 habitats in which 

it occ~rred (eelgrass, Laminaria/Agarum bays, and ~~inaria/Agarum points). 

There is strong evidence from prior oil spill s-r:~dies suggesting that 

arthropods are especially sensitive to the toxic e:fects of oil (Capuzzo, 
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1987) and we suspect that at least some Telmessus in oiled sites were 

either killed or fled from oiled areas. 

There was some evidence of moderate recovery of T~~lmessus populations in 

1991, as no significant differences were noted at oiled vs. control sites. 

However, the lack of differences resulted largely from a decline in 

abundance at the control sites, and may have Been~cc~~the Ye-sult of emigration 

from control sites to previously oiled areas. In fact, there was little 

evidence of recruitment for these crabs, and a significant decline in 

abundance was noted from 1990 to 1991 in shallow bay habitats. If in fact 

the EVOS caused the death of crabs, then true recovery can only be 

accomplished through recruitment. 

Der.masterias abundance was also lower at oiled sites, especially in 

shallower portions of the habitats. Unlike many <)f the species that are 

common in the subtidal, Dermasterias also can be found intertidally. These 

sea stars migrate into the lower intertidal areas as the tide rises, become 

exposed on steeper rock faces as the tide falls, and then release 

themselves from the rocks falling into deeper water as the tid~ recedes 

further. As a result of this behavior, DermasceriGlS were probably exposed 

to large amounts of oil as well as to harm from cleanup activities 

(especially high pressure hot water cleaning). we suspect that the lower 

population density of Dermasterias at oiled sites was the result of 

mortality caused by either oil toxicity or cleanup activities. 

A surprisi~g result of our studies with Dermascerias was the ex=~emely high 

incidence of inter~al barnacle ?arasites. In 1990, approxima=e: iy 30% of 

the Dermas::Eria.s population was infected with this . . 
paras~te =::.c.t impairs 
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reproductive effort by castrating its host. In sUJnmer 1991, the rate of 

infection by the parasite had declined markedly. However, there were no 

differences in the incidence of parasitism among oiled and control sites, 

and do not know if the high rate of parasitism in 1990 was the result of 

tile EVOS. 

5.3.4 Effects on Fishes 

Increased abundances in young-of-year fishes were noted at oiled sites in 

both eelgrass and in Laminaria/Agarum habitats. In the eelgrass- habitat, 

-...·e noted a greater abundance of young-of -year Pacific cod, and in the 

:aminaria/Agarum habitats, we noted greater abundances of juvenile Arctic 

shanny at the oiled sites. Ebeling et al. (1972) also found greater 

:lumbers of larval and young-of-year fishes in oiled sites relative to 

control sites in the Santa Barbara Channel immediately following the very 

large oil spill there in 1969. 

:he increase in the abundance of Pacific cod at oiled sites within the 

e:elgrass habitat was likely a direct result of the increase in mussels that . 
•e observed at those sites. The fish at the oiled. sites had fuller guts 

-.;ith proportionaily more mollusk larvae- than those at: the control sitas. 

Gut content analyses of young-of-year Pacific cod in the eelg=ass habitat 

also indicated that fewer crustaceans were being taken as food in the oiled 

sites relative to the controls_ The lack of crustacf=ans in the guts of 

:ish from oiled sites may have been because there were fewer crustaceans at 

::!:le oiled sites. Evidence from dredge and dropnet samples in the eelgrass 

sites suggest that amphipods were less abundant at the oiled sites, and 
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these as well as other crustaceans may have been negatively impacted by 

oil. 

The general pattern of higher abundances of fish a~t oiled sites was also 

observed in other habitats. We do not know the caus·~ for this, but suspect 

that it too may be the result of increased availability_ of food. 

5.4 Hvdrocarbon Levels and Their Relation to Observed Biological Results 

Hydrocarbon data indicate that sites that we have classified as oiled were 

in fact oiled, and that there were generally highe~r levels of _oiling at 

oiled vs. control sites. However, the data also suggest that oil was 

present in many (if not all) of our control sit:es. This means that 

differences in biological variates that we have obsE~rved between oiled and 

control sites are possibly conservative estimates of the effects of oil. 

It appears that the effects of oil may not have been restricted to our 

"oiled" sites, but may have occurred to a lesser degree throughout the 

Sound. This is supported by the correlation of reduced levels of oil in 

1991 and the increase in abundance of many taxa, especially among the 

benthic infauna. However, sound-wide increases in .. abundance from 1990 to 
' 

1991 may also have been the result of natural temporal variability. 

Hydrocarbon levels within the Sound were greatly reduced in the summer of 

1991, a little over two years after the EVOS. This is comparable to the 

pattern observed in other spills that have occurred in comparable habitats. 

wnile aromatic petroleum hydrocarbons can persist in sediments for periods 

in excess of six years (Neff and Anderson, 1981), evidence from prior 

spills suggest that hydrocarbon levels in relatively exposed habitats 

generally approach background levels after a period of several years. Five 

81 
ACE 30286819 



months following the AMOCO CADIZ oil spill along t:he coastal waters off 

France, hydrocarbons were present in the muddy fine sand sediments of the 

1 
Bay of Morlaix in high concentrations, 515,000 vg g- These sharply 

1 
declined to 31,000 vg g- within two years (Dauvin, 1982). Within the 

coastal inlets, hydrocarbon concentrations 12 months after the spill were < 

1 
100,000 vg g- in well oxygenated sands, but be~ween 1,000,000 to 

1 
10,000,000 vg g- in finer sediments. Contamination dropped drastically in 

the second year (Glemarec and Hussenot, 1982). 

5.5 Causes for Observed Effects 

The biological effects summarized above can largely be attributed to the 

EVOS. The available evidence suggests that there were differences among 

oiled and control sites for given taxa within E~ach component of the 

subtidal ecosystem in Prince William Sound (plants, infaunal invertebrates, 

epibenthic invertebrates, and fish) and that oil 1o1as present within the 

sediments at our oiled sites. Furthermore, our findings largely agree wit~ 

historical evidence of the effects of oil. 

The differences that we observed among oiled and ~control sites .may have 

occurred as the result of the direct (first order) effects of oiling, or as 

an indirect (second or higher order) effects. The direct effects include 

chemical toxicity of aromatic derivatives; asphyxiation or entanglement due 

to direct physical coating; and a variety of reproductive, behavioral, anC. 

other sublethal disorders that ultimately may lead to long-term populatior. 

changes. They may also include the effects of cleanup activities sue~ as 

physical cleaning methods, bioremediation, and increased boating activit::-· 

relating to the cleanup effort. Second order effects include c!langes in 2. 

prey species abundance as the result of the di=ec1: effect of oil or: i-=.:.s: 
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predator, changes in predator abundance as the result of direct effects of 

oil on prey abundance, or changes in habitat abundance as the result of 

direct effects of oil. 

Ye suspect that many of the differences that we observed were attributable 

to the direct effects of oil. These include the lower abundances of 

amphipods and other benthic infauna in silled fjords and in eelgrass beds, 

and the lower densities of Telmessus. However, · it is unlikely that the 

changes were the result of acute toxicity. Studies of the hydrocarbon 

concentrations in subtidal sediments in Prince W'illiam Sound (0' Clair et 

al. • 1993) suggest that concentrations peaked in 1.990 at most sites, but 

never reached levels that were expected to be acutely ~oxic. Also, direct 

measures of toxicity of sediments in 1990 and 1991 c;olfe et al.' 1993) 

failed to demonstrate any significant mortality of either amphipods or 

oyster larvae in sediments collected form oiled site~s :relative to sediments 

collected from unoiled reference sites. The differences that we observed 

were more likely the result of morality that resulted f=om chronic exposure 

to hydrocarbons, or to sublethal effects, such as changes in behavior that 

may result a higher risk to predation. 

An alternative hypothesis for the differences in spec:i.es abundances at 

oiled and control sites is that these sites were i::.;,erently different 

regardless of the effects of oil. It may be, for exampi.e, that predominant 

current patterns that resulted in the oiling of ce=-:.::.in sites are also 

responsible for the concentration of planktonic lar~ae ~~d food sources at 

those oiled sites. Such a hypothesis may explain ·..::::: certain species, 

e.g. , larval fishes, were more abundant at the oiled s:. ::es. 

hypothesis relies on the unlikely assumption that: cur=e:::: patter:1s a=e not 
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variable. Furthermore, such a hypothesis cannot easily explain why we 

observed lower abundances of many of the species at oiled sites in 1990, or 

why differences observed in 1990 did not persist int:o 1991. 

We have not attempted to distinguish between the different types of direct 

effects of the EVOS. The sampling program was not designed to test for the 

- ·effects of different cleanup activities, and in mc>st cases bioremediation 

and shoreline cleanup of some sort were carried out near our oiled sites 

(Table 21). Even though we have records of shore!line cleanup activities 

for many of our study sites. it is difficult to extrapolate from activities 

along the shoreline to effects in the subtidal. For example. even though 

shorelines adjacent to our sites may not have been cleaned, the subtidal 

habitat may have been affected by the anchoring of vessels involved in the 

cleanup effort at nearby sites. 

5.6 Possible Imolications of Effects on Higher Trophic Levels 

We have little direct evidence of the effects of observed changes in the 

subtidal organisms that we have studied on higher trophic levels. However, 

in a general sense, we know that changes in composition of bentpic fauna 

can have seriou~ trophic implications .. Many of the species affected in 

Prince william Sound were of special significance to higher trophic levels. 

For example, significant declines in the biomass of the bivalve families, 

including Veneridae and Tell~nidae, were noted in soft sediments outside of 

eelgrass beds. These famil:5.es include the suspension and deposit- feeding 

clams, Saxidomus, Procochaca, Hacooa, and Tellina. All are important prey 

to the large sea otter population ·..;ithin Alaska (Calkins, 1978; Green and 

Brueggeman, 1991) as well as to sea ducks. In addition, Tei.messus were 
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adversely impacted by the EVOS, and these also serve as valuable food for 

otters (Green and Brueggeman, 1991). 

Many subtidal benthic invertebrates and small fish are important food 

resources for bottom-feeding species such as pandalid shrimps, crabs, 

larger bottom fishes such as halibut, sea ducks, and sea ot"t.ers (see review 

in Feder and Jewett, 1981, 1987; Hogan and Irons. 1988; McRoy, 1988) .· 

Furthermore, the larvae of most benthic organisms in Prince William Sound 

are released into the water column and are utilized as food by large 

zooplankters and juvenile stages of pelagic fishes suc!l as salmon and 

herring. Thus, damage to the benthic system by hydrocarbon contamination 

could affect feeding interactions of important spE~cies .<Oon the bottom as 

well as in the water column. 

Wertheimer et al. (1993) reported that juvenile pink and cncm salmon in t:he 

nearshore waters of Prince william Sound were contc~inatac by exposure to 

EVOS crude oil in 1989, but not in 1990. Although there we~= no observable 

negative effects to chum salmon, pink salmon grew s:ignifica.::tly slower and 

were significantly smaller in oiled areas than in n<>n-oilec areas • in 1989. 

While they found_ no evidence of a redu~::ion in available p:-ey organisms of 

these juvenile salmon, they determined that epibenthic prey biomass, wh:.ch 

was primarily harpacticoid copepods, was higher in oilec :..ocations :ian 

non-oiled locations in 1989. 

Growth and survival rates were significantly lower in Dc:ly Varden c.::d 

cutthroat trout populations that emigrated to t:he se~ through o~:-

contaminated nearshore waters than uncontamina~ed waters ':tepler et 

1993). Bioaccurnula::ion of pet"Yogenic hydrocar!Jons in the :ood chain c:r 
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chronic starvation were hypothesized as the pathways that spilled crude oil 

had slowed growth and accelerated mortality of these~ t:iio species. 

5.7· Recovery of the Subtidal Communities in Prince 'William Sound 

Rates of recovery for oil- impacted benthic communities have ranged from 

weeks on rocky shores at Santa Barbara (Straughan 7 1971) to a decade in 

muddy fine sand of the Bay of Morlaix (N. France) (Ibanez and Dauvin, 

1988). Teal and Howarth (1984) suggested that a cencury.may be needed in 

salt marshes. 

The recovery rate of the subtidal community in Prince W'illiam Sound seems 

dependent on the component in question. Subtida: algae and eelgrass 

appeared to have completely recovered within one to =•o years. Based upon 

the changes observed in 1991, it is likely that: ::..-.,_e benthic infaunal 

community will return to pre-spill conditions and e~J.ilibrate within 3 to 

4 years after the spill. However, based on the le~~y recovery in fine 

sediments (low-energy areas) after the AMOCO CAD:z spill (Ibanez and 

Dauvin, 1988), it may take as long as a decade to :see normality re~n to 

the oiled eelgrass benthic community of Prince Williar:. Sound. 

One problem in p-redicting recovery within this comrntJJ::.:::; is that ·..;e do not 

have a very good picture of what the pre-spill cond:L-::.Qns were like. As a 

result, full evaluation of recovery will depend on seYeral more ::-ears of 

post-spill monitoring. 
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Table 1. List of the 15 dominant infaunal and epifauanl taxa ·s~led by ~•uction dredge and by dropnet 

within each habitat, depth stratun, and year. Separate rsnldngs are given for at:x.ndance and biomass. 

Dredge Samples - Eelgrass - Abundance 

Deep C6-20m) Shallow (3-6m) Bed (<3m) 

1990 1991 1990 1991 1990 1991 

RANK TAXA NAME TAXA NAME TAXA NAME TAXA NAME l'AXA NAME TAXA NAME 

SPIONIDAE SPIONIDAE SPIONIDAE SF'IONIDAE MYTIUDAE 

2 LUCINIDAE OPHELI IDAE OPHEL!IDAE SP'IRORBIDAE OPHELIIDAE 

3 TELUNIDAE tUCINIDAE SPIRORBIDAE MYTILIOAE CAPRELLIDEA 

4 OPHELIIOAE SYLllOAE MONTACUTIOAE GA.STROPOOA SPIRORBIOAE 

5 THYASIRIDAE . SPIRORBIOAE MYTILIDAE CA.PRElllDEA SPIONIDAE 

6 NEPHTYIDAE THYASIRIDAE GASTROPOOA NO OPHELIIDAE GASTROPOOA 

7 MYTILIDAE TELLINIOAE LACUNIDAE DATA lAOJNIOAE MONT ACJTIDAE 

8 SPIRORBIDAE CAP ITELliOAE LUCUNIOAE TELLINIDAE SYLL.IDAE 

9 SYLLIOA.E AMPHICTENIDAE TElllNIOAE MONTACJTIDAE LACUNIOAE 

10 BIVALVIA Sl GALION IOAE BIVALVIA AHPHICTENIOAE BIVALVIA 

11 AMPHICTENIDAE RISSOIDAE AMPHICTENIDAE BIVALVIA CA.P ITELL IOAE 

12 CAPITElLIOAE CAECIDAE CAPRELUDEA CAPITELLIOAE RISSOIOAE 

13 CAECIDAE AMPHARETIOAE RISSOIDAE SYLLIDAE POLYNOIDAE 
14 MALDANIDAE NEPHTYIDAE BALANIDAE PHOXOCEPHALIDAE TElliNIDAE 
15 OPHIUROIDEA BIVALVIA SYLLIDAE POLYNOIDAE TROCHIOAE 
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Table 1. (Continued) 

Dredge S~les - Eelgrass - Bicmass 

Deep (6-20m) Shallow (3-6m) Bed(~) 

1990 1991 1990 1991 1990 1991 

RANK TAXA NAME TAXA IUJ4E TAXA NAME TAXA NAME TAXA NAME TAXA NAME 

1 L.UCINIDAE TELliJUDAE lUCINIDAE VENERIDAE HYTILIDAE 
2 VENERIOAE LUCINIDAE CHAETOPTERIOAE HYTILIDAE VENERIDAE 
3 OLIVIDAE OLIVIDAE ECHINARACHNIDAE TELLINIDAE TEltiNIDAE 
4 BIVALVIA BIVALVIA TElt1NIDAE MYIDAE ATELECYCLIDAE 
5 TElliNIDAE NEPHTYIOAE RHYNCHOCOELA liUCINIDAE HYIDAE 
6 RHYNCHOCOELA HYTILIDAE HYTILIOAE NO NlEREIDAE RHYNCHOCOELA 
7 LUMBRINERIDAE RHYNOJOCOEU. VENERIOAE DATA PlfiYLLOOOCIOAE LUCINIDAE 
8 CAROl IDAE CARDIIDAE OLIVIDAE Sl)IONIDAE SPIONIOAE 
9 HYTIUDAE THYASIR!DAE OPHEliiDAE A~rELECYCLIOAE OPHELIIDAE 

10 THYASIRIOAE UNGULI N IDAE OPHIUROIOEA Gl. YCER I OAE ORB!Nl IDAE 
11 GLYCERIDAE MPHICTEMIDAE ORSINIIOAE GONIAOIDAE POLYNOIOAE 
12 CAECIDAE CAECIOAE OUENI IDAE OPHEUIDAE NEREIDAE 
13 OPHIUROIDEA CHAETCPTERIDAE NEPHTYIOAE UICUNIDAE LUMBRINERIOAE 
14 ORSINI IOAE LEPETIDAE lYONSllDAE LliHBRINERlOAE BIVALVIA 
15 SPIONIOAE GLYCYJI£11!IOAE SPIOHIDAE Al'IPHICTENIDAE HONTACUTIDAE 
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Table 1. (Continued) 

Oropnet Saq:~les - Eeelgrass 

Abt.ndance Bianass 
1990 1990 

RANK TAXA NAME TAXA NAME 

1 MYTILIDAE HYTILIDAE 
2 LACUNIDAE LACUNIOAE 
3 SPIRORBIDAE HIPPOLYTIDAE 
4 TROCHIDAE TROCHIOAE 
5 CAPRELLIOEA PLEUSTIDAE 
6 POLYNOIOAE BRYOZOAN 
7 MONTACUTIOAE MONT ACUTIDAE 
8 BIVALVIA POLYNOIOAE 
9 GASTROPOOA NEREIOAE 

10 ISCHYROCERIDAE SPIRORBIDAE 
11 ONCHIOORIOIOAE CAPRELLlDEA 
12 RISSOIDAE ONCHIOORIOIOAE 
13 HIPPOLYTIDAE RISSOIOAE 
14 NEREIOAE GASTROPOOA 
15 SYLLIOAE ISCHYROCERIOAE 
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Table 6. Comparisons of surficial sediment grain size data between 

oiled and unoiled site-depth transect pairs in eelgrass habitat in 

Prince William. Sound, 1990 and 1991. Comparisons wer1e made using 

unpaired t-tests on percent {arcsin transformed) grain size. Substrate 

pairs significantly different at p < 0.05 are underlined. 

1990 Site-Depth ~ranaect 

Paired Comparisons P-VALUE:S 

~ versus Unoiled ~ ~ Gravel 

13-1 vs. 14-1 <0.001 0.011 0 .. 374 

16-1 vs. 15-1 o. 785 0.117 0.733 

17-1 vs. 18-1 0.008 0.008 * 
25-1 vs. 26-1 0.454 0.212 0.374. 

13-2 vs. 14-2 0.017 0.013 0.137 

16-2 vs. 15-2 0.467 0.108 0.171 

17-2 vs. 18-2 0.093 0.060 0.420 

25-2 vs. 26-2 0.195 0.236 0.306 

13-3 vs. 14-3 0.056 0.054 0.374 

16-3 vs. 15-3 0.002 0.001 0.788 

17-3 vs. 18-3 0.229 0.160 0.513 

25-3 vs. 26-3 0.681 0.676 0.374 

1991 Site-Depth Transect 

Paired Comparisons P-VALUES 
~ versus Unoiled ~ Sand Gravel 

13-1 vs. 14-1 0.009 0.040 0.213 

16-1 vs. 15-1 0.999 0.115 0.338 

17-1 vs. 18-1 0.548 0.063 0.459 

25-1 vs. 26-1 0.893 0.392 0.310 

13-3 vs. 14-3 0.056 0.070 0.082 

16-3 vs. 15-3 0.311 0.156 0.885 

17-3 vs. 18-3 0.251 0.108 0.374 

25-3 vs. 26-3 0.167 0.066 0.165 

34-3 vs. 35-3 0.023 0.030 0.374 

* no comparison was made since gravel was absent from both site-transects. 
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Table 7. Sun~ry of test results on benthio invertebrate population parameters and dominant taxa (in abundanoe and biomass) in 
pai1:od joUoJ vs oontJ:ol) eolgrass habitat site oomparisono, 1990 and 1991. a • abundanoe; b • hioma•s; +1 a, b • P .:S 0.1; ++, 
aa, bb • P .:S 0.05; +++ 1 aaa, bbb • P .:S 0.01. 

DEEP 6-20 M (Tl SHALLOW 3-6 M (T2) 

YEAR > ~ OILED > ~ CONTROL > ~ OILED ~~.CONTROL 

1990 Dominanoe tt Abundanoe t Riohnees + 

Haldsnidao a a Sigalionidao 11 Opheli idae bb Rilsoida.e a 
Cn•uili11• a~t,llh Von •d ll•• u 
1...-ptaLid&C) IJLu 'l'oll in idtu l.lL 
Venedda& bb Phoxooephalidae a 
lJn J tl, U i VAl Vi A hh 1\tn(lh i podu A 

1\mphipoda aaa 

1~91 Haldanidae a 01·bini idae b -----------NOT SAMPLED-----------
Splnni•llu A1h 

l CulJooLod by Dropnot 

EELGRASS BED < 
> t! OIUD 

Abundance +++ 
Biomass +++ 

Spionidae a,bbb 
:ltJJ l'oa:l.lid• o •• 
Mytilida• aaa,bbb 
Veneridao h 

r.aounidae hb 
Unid. Bivalvia a 
Onohidorididae aaa, bl 

Venerida.e hb 

Nortidat bb 

3 M (T3} 

> t! CONTROL 
Riohn&aol ++ 

Syllidael a a a 

N•r•ida•l a,llh 
'1'roohidao aaa 
Phoxooepha.lidae aaa 
~bipedal h 

Lumbrineridae hbb 

fhyllodooidat b 
1\hynahoooala bb 
Troobidae aaa 
Laounidaa bb 



Table 8. St:mmary of test results for cammmi:ty pa-~, and abundance and bic:mass of 
dcminant taxa in boo-way analyses of (A) treatment (ailed vs cc:;,ntrol), (B) year (1990 vs 1991) 
m1d (C) t.reat::rent m1d ye:tU: mteracti00!5 i.n eelgras~ h.ehitats. u - abundance; b - bi~s; +, a, 
b == P ~ 0.1; ++, aa, bb == P ~ 0.05; +++, a.aa, bbb =? ~ 0.01. 

A. 

DEEP 6-20 M !Tll 
> ! OILED > @ ~ 

++ Diversity + 
Biomass + 

MaJ.rlanjdae a..aa Capi tellidae aa 
Nephtyidae a Opheliidae a 
Caec:idae aa 
Mytj]jdae aa,bb 

B. 

~ 6-20 M (T1l 
> @ !990 > Ia !991 

Ab.mdance +++ 
No. Taxa ++ 

Siga.lionidae a 
Maldani.d.ae a 
Syllidae a 
Rissoidae a.aa 

Caecid.ae a 
Amphip::>d.a a 
Ophiuroidea &a 

c. 

::-:-:-o 6-20 ~ (~!.} 

i C & t 0 9 0 -:o 91 ....... ~ _C.;::;_&:::.,_a.....;0=--:9;..;;:0~-:=o-.::.9.::.1 

Bivalvia bbb 
Al::phipoda b 
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EE:C . .GRASS BED < 3 M !T3 l 

> @ On..El) > @ CCNTROL 

++ 
A...l-ondance + 
3.icmass + 

S¢.rorbi.dae 
Sp.i.onida.e 

aa 
a 

Diversity + 

Trochidae a 
Phoxocephalidae aaa 
Amphip:XIa aaa,bb 

EEI:.GRASS BED < 3 M CT3 l 

> @ 1990 > @ 1991 
A.:;Xllcteni.~~ aa. Abundance 

No. Taxa 

Opheliidae 
Capitellidae 
Myti.l.idae 
Trochidae 
Caprell.idea 
Amphipod.!f 

EEI..GRASS BED < 3 M rTJ ) 

L--=---:!i::-....~--.:::0::.._...:9;..:0~ to 91 ! c & l 0 90 

Rissoidae 
La.clm.idae 

+++ 
++ 

aaa 
a 
sa 
aaa 

aa 
aa 

to 91 
a.a 
a 

AC.= 30286845 



Table 9.. Su:mma.ry of test results on benthic invertebrate p:>pul.at:.ion pa.:rameters and dcmi mmt 
taxa (in abundence and bianass) in paired (oiled vs control) LaJtninaria/Aga..rum bay habitat 
site ccm.parj.sorus, 1990 and 1991. a - abundance; b - bic::ma:ss; +, a, b - P .:S 0.1; -t+, aa, bb -
P .:s 0.05; +++, aaa, bbb = P .:s 0.01 .. 

DEEP 11-20 M {Tl} SFIALLCW 2-11 M {T2} 
nNL > ! OILED >· ~ cc::::NTROL > til OII..ED > ! CCNl"ROL 

1990 Diversity -++ Dc:minance +++ Richness ++ 
Bicmass ++ 
No. Ta.x2l ++ 

Cirratulidae a Serpulidae aa Amphictemidae 4 

Myt.illdae b Spionidae a Polynoid.ae a 
Caec.idae a Serpulld.ae bb 
Tell.inidae bC:b Lumbriru!rldae b 

Capitel.1idae bb 
Cyllchn.idae bb 
Nassar.iidae ta:> 
Lucini.d.c:!e bb 

1991 Diversity + Dcminance + 

Opheliidae aa. Serpul.idae a,b DorvillE~idae a Spionidae a, b 
Lumbrineridae a Unid. Gc!Stro{XXia a 

108 ACE 30286846 



Table 10. S1.lm1Jlal:Y of test results for ccmmunity pa.naDeters, and abundance and bianass of 
daninant taxa in two-way analyses of (A) treatment (oiled vs control), (3) yfY!!.I (1990 v:s 
1991), and (C) treatment and yet!JI interactions i.n Lam.inaria/Agarum bay habitats. a -
abundance; b = biomass; +, a, b • :p ~ 0.1; ++, a.a, bb - P.::; O.CIS; +++, aaa, bbb - P .:S 0.01. 

A. 

.DEEP 11-20 M !T1l 
> @ OILED > @ CCNTROL 

Diversity 
Richness 

Cirratulidae 
Ophe1.lldae 

B. 

+++ 
+ 

aa 
a 

Dcrninance 

Serpulidae 
_,- -~- Caecidae -

Lucini.dae 

Tel.l..inidae 

DEEP 11-20 M (T1l 
::> ~ 1990 > ~ 1991 

Abundance 

Serpulidae b Amphictenidae 
Cphellidae 
Ampharetidae 
Sigalioni.dae 
Spionidae 
Tellinidae 
Biatel.lidae 
Myida.e 

c. 

DEEP 11-20 M (Tll 

+++ 

aaa 
a 
bb 
b 

+++ 

aaa 
aaa 
aaa 
aa 

aa,bbb 
l::b 
l::b 
bbb 

! C & f 0 90 to 91 t C & l 0 90 to 91 
Dcmi.nance + Rhynchocoela b 

Mytillda.e k:b 

SHALU:M 2-11 M 1':.'2) 

> @ OIIJID > @ <:::cN!'ROL 

Doz:villeidae al!. 

POl.ynoid.ae a 
Capitellldae b 
Unid. Gastrop:xiaa 

SHALLCM 2-11 M t:-2 l 

l c & 

109 

> @ 1990 > @ 1991 

t 0 90 to 91 

Di:ve..-s.i:ty +++ 
Ri.c::::ess +++ 
No. '.:':axa 

~ce 

Bi~s 

Ampb.:!_-etidae 
siga::_cnidae 
SpL -::_-hidae 
AmpC.:..:-_enidae 
Sy1 i = ...:ae 
Ophe.:.:..idae 
Nassa="-i.dae 
Ris~ 
Cy] ; _;....., i dae 

OniC. Gastropoda 
Ria~=~, idae 

Lyor.s==c:ae 
Anorc.; ~..:ae 

A or~ 

Ampr-=-?Xia 
Oph:.:=::::idea 

t C i : 0 90 to 91 
Dcmi-=""lee 
Spic:::.:...;ae 
Ser?··· ~ .... ae 

+++ 
+++ 
+++ 

aaa 
a 
aaa 
aaa 
aa 
aaa,bbb 
lX:b 
aaa,bbb 
ro 
a 
aaa 
b 
1::0 

+ 

~c= 30286347 
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Table 11. Population parameters for benthic invertebrates and dominant (in terms of abundance) inv,ertebrate taxa
1 

bottom oxygen, 
and Exxon Valdez PAHs in oiled (Herring Bay, inner Bay of Isles, and Disk Lagoon) and unoiled silled fjords (inner Lucky Bay and 
Humpback Cove) in Prince William Sound. I 

HERRING BAY (SITE 28-601) 
Area Sampled (m2): 
Total Abundance (indiv m-2): 
Total Biomass (g m~2): 
Total Taxa Family Level & Higher: 
Shannon Diversity (H' ): 
Simpson Dominance (D): 
Species Richness (SR): 
Bottom Oxygen (mg ~1 ): 
X Exxon Valdez PAHs (ng g-1 ): 

10/18/89 
TAXQ\J # m·2 CUMUL.% 
Lucinidae 2544 60.69 
Spionidae 368 69.47 
Nephtyidae 336 77.48 
Montacutidae 256 83.59 
Hissoidae 80 85.50 
Am ph are tidae 64 87.02 
Gastropoda (unid.) 64 88.55 
Myidae 48 B9.69 
Goniadidae 48 90.84 
I )c )lycH lc11 tt ic iilO ~B 91.90 
Ilia tellidae 32 92.75 
Phyllodocidae 32 93.51 
Balanidae 32 94.27 . 
Caecidae 32 95.04 
Sigalionidae 32 95.80 
Py1 enidae 32 96.56 
Thyasiridae 32 97.33 
Arnpithoidae 16 97.71 

10/18/89 
0.50 

4192.00 
79.44 
24.00 

1.66 
0.39 
2.76 

1185.00 

TAXQ\J 
Nephtyidae 

5/28/90 
# m-2 
4848 

5/28/90 
0.60 

4863.00 
19.02 
8.00 
0.03 
0.99 
0.82 

2.2 -5.0 
1075.00 

CUMUL.% 
99.69 

-·------JlQ/J190. ____ _ 
TAXON # m-2 
Nephtyidae 3 4 3 2 

CUMUL.% 
98.42 

1011/90 
0.60 

3487.00 
16.20 
6.00 
0.10 
0.97 
0.61 

0.0-0.1 

8/14/91 
TAXON 
Nephtyidae 
Capitellidae 
Diastylidae 
Ampharetidae 
Opheliidae 
Spirorbidae 
Bivalvia (unld.) 
Munnidae 
Caprellldea 
Amphipoda (unld.) 
Syilidae 
Hesionidae 
lschyroceridae 
lsaeidae 
Dexaminldae 
Cardiidae 
Phoxocephalidae 
Lucinidae 

# m~2 
2737 

442 
238 
145 
133 
i33 

82 
80 
67 
55 
40 
27 
23 
13 
13 
13 
13 
13 

8/14/91 
0.60 

4393.00 
17.80 
32.00 

1.64 
0.41 
3.70 

8.7-11.2 
41.00 

CUMUL.% 
62.30 
72.37 
77.78 
81.08 
84.11 
87.14 
89.01 
90.83 
92.35 
93.60 
94.51 
95.13 
95.65 
95.95 
96.24 
96.54 
96.84 
97.13 
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Table 11. Continued. 

L~tltR LUCKY BAY {Site 29) 
Area Sampled (m2): 
Total Abundance (indiv m-2): 
Total Biomass (g m-2): 
Total Taxa Family Level & Higher: 
Shannon Diversity ( H" ): 
Simpson Dominance (D): 
Species Richness (SR): 
BottoJn Oxygen (mu 11 ): 
X Exxon Valdez PAHs (ng g-1 ): 

lAX<~ 

Decapoda ( t mid.) 
No1 )Ill yi< liw 
Amphipoda (unid.) 

<i/G/~JO 
II n1·~ 

370 
340 
25 

6/6/90 
0.20 

740.00 
1.11 

. 4.00 
0.85 
0.46 
0.45 
0.40 

442.00 

CUMUL.~b 

50.00 
95.!>5 
99.33 

.I AXON 

Nephtyidae 

U/t! U/t)Q 
II nr2 

720 

9/28/90 
0.20 

725.00 
2.98 
2.00 
0.04 
0.99 
0.15 

0.1 ~0.9 

. ~. " 

CUMUL.% 
99.31 

8/13/91 
0.20 
90.00 
0.04 
6.00 
1.43 
0.31 
1.11 
0.30 

-·········~ ......... -" ......... ·~-·· OIJ.3/0 1. ................ ,_ ••.... ~ ~.-... -
TAXON # m-2 CUMUL.% 
Opheliioae 45 so.oo 
Olvalvla (unld.) 15 66.67 
Mytllidae 15 83.34 
Rissoldae 5 88.90 
Lumbrinerldae 5 94.46 
Corophiidae 5 1 00.00 
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Table 11. Continued. 

lN....tilll BAY OF ISLES (Site 30) 
Area Sampled (m2): 
Total Abundance (indiv m~2): 
Total Biomass (g rn·2): 
Total Taxa Farnily Level & Higher: 
Shannon Diversity (H' ): 
Simpson Dominance (D): 
Species Richness (SR): 
Bottom Oxygen (mg r 1 ): 
X Exxon Valdez PAHs (ng g·l ): 

6/lQL~O 
TAXON # rn-2 

Nephlyidae 725 
Gastropoda (unid.) 700 
Decapoda (unid.) 360 
Luciniclae 325 
Opheliidae 160 
Bivalvia ( unid.) 120 
A ~ci< li~H :ea OS 
P1 )lytloidae us 
Balanidae 45 
Montacutidae 40 
Caprellidea 40 
Goniadidae 30 

6/10/90 
0.20 

2800.00 
22.82 
18.00 

2.11 
0.17 
2.14 

11.80 
451.00 

CUMUL.% 
25.89 
50.89 
63.75 
75.36 
81.07 
Q~ ~~ 
U..J • ..J•U 

88.40 
91.44 
93.05 
94.48 
95.91 
96.98 

TAXON 
Montacutidae 
Nephtyidae 
Haminoeidae 
Rissoidae 
Bivalvia ( unid.) 

9[29[90 
# m-2 
1692 
1255 
292 
182 
11 5 

9/29/90 
0.40 

3667.00 
19.88 
10.00 
1.34 
0.34 
1.10 

0.30-0.40 

. CUMUL.% 
46.14 
80.37 
88.33 
93.29 
96.43 
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Table 11. Continued. 

Area Sampled ( rn2): 
Jote1l Abundance (indiv rn-2): 
Total Biomass (g m-2): 

DISK LAGOON (SITE 32) 
9/26/90 

0.60 
3735.00 

. 121.98 
Total Taxa Family Level & lligher: 13.00 
Shannon Diversity (t t' ): 1.10 
Simpson Dominance (D): 0.56 
Species Hichness (SH): 1.46 
Bottom Oxygen (mg ~1 ): 0.3~1.0 

x Exxon Valdez PAHs (ng g-1 ): 

... -~··-- ....... -·-- 9/26/90 
TAXON # m-2 CUMUL.% 
Nephtyidae 2777 74.35 
Balanidae 208 79.92 
Lucinidae 165 84.34 
Balanomorpha 153 88.44 
Tellinidae 133 92.00 
Bivalvia (unid.) 105 94.81 
Ampharetidae 92 97.27 

TAXON 
Nephtyidae 

HUMPBACK COVE (SITE 33) 
9/30/90 

9/30/90 
# m-2 
1638 

0.60 
1668.33 

11.12 
5.00 
0.11 
0.96 
0.54 

<0.10 

CUMUL.% 
98.20 



Table 12. Summary of results for tests of differences in abundance of large 
epibenthic invertebrates at oiled vs. control sites. 000 or XXX - P<O.Ol; 00 
or XX- P<O.OS; 0 or X- <0.1; 0- >at control sites; X-> at oiled sites. 
ND - no data, habitat not sampled in 1991. 

Telmessus cheiragonus 
Dermascerias imbricaca 

Telmessus cheiragonus 
Dermasterias imbricaca 
Pycnopodia helianthoides 
P. helianthoides - adult 
P. helianchoides - juvenile 

Telmessus cheiragonus 
Der.masterias imbricaca 
Evascerias croschelii 
Pycnopodia helianchoides 
P. helianchoides - adult 
P. helianthoides - juvenile 

Evascerias croschelii 

Telmessus cheiragonus 
Der.mascerias imbricaca 

Eelgrass Bed 

Bed 
90 91 

000 

Laminaria/Agarum Bavs 

Deep 
11-20 m 

90 91 

000 ND 
ND 
ND 
ND 
ND 

Laminaria/Agarum Points 

Deep 
11-20 m 

90 91 

000 

Nereocvstis 

ND 
ND 
ND 
ND 
ND 
ND 

Bed 
1990 

0 

All Habitats Combined 

00 

All Depths 
Combined 

1990 

114 

000 
00 

Shallow 
2-11 m 

90 91 

00 
XX 
X 

X 

XXX 

Shallow 
2-ll_.m 

90 91 

00 
0 
0 

X 

ND 
ND 
ND 
ND 
ND 
ND 

ACE 30286852 



Table 13. Test results _for the density of large benthic inve~ebrates in t-..;o
way analyses of the effects of oil (oiled vs. control), year (1990 vs. 1991), 
and their interaction in eelgrass and shallow Laminaria/Aga~ bay habitats. 
000 or XXX- P<O.Ol; 00 or XX- P<O.OS; 0 or X- <0.1; 0 - > at control 
sites or > in 1990. ; X - > at oiled sites or > in 1991. For dle interaction, 
0 indicates a decline at control sites relative to oiled sites between 1990 
and 1991, while X indicates the opposite. 

Eelgrass Bays 
Bed 2-11 m 

Oil Year Int. Oil Year Int. 

Telmessus cheiragonus 000 0 0 XX 
Dermascerias imbricat:a 00 0 00 
Evascerias croschelii 
Pycnopodia helianchoides 000 XXX 
P. helianchoides adult XXX 
P. helianchoides juvenile 000 XXX 

~.c:: 30236853 

115 



Table 14. Results of a Chi-square test examining differences in the spa'W!ling 
success of Der.mascerias imbricaca parasitized by the barnacle Dendrogascer sp. 
The starfish were collected from Northwest and Cabin Bays in 1990. 

No. of Rays 
Parasitized Spawn No Spawn % Spawn 

0 48 11 81 
1 9 3 75 
2 2 3 40 
3 0 4 0 
4 1 1 50 
5 2 5 29 

x2 - 21.2, df-5, P<O.Ol 

AC= 302 36854 
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Table 15. Results of a Chi-square test exam1n1ng differences in the infection 
rate of Dermascerias imbricaca by the barnacle Dendrogascer sp. at oiled vs. 
control sites. 

Herring Bay (Oiled) and Lower Herring Bay (Control) 
Parasitized 

Site Yes No % 
Oiled 5 18 22% 
Control 1 20 13% 
Total 8 38 Mean-17% 

x2 - 1.36, df-1, P-0.24 

Northwest Bay (Oiled) and Cabin Bay (Control) 

Site Yes No % 
Oiled 12 31 28% 
Control 18 28 39% 
Total 30 59 Mean-34% 

x2 - 1.25, df-1, P-0.26 

Bay of Isles(Oiled) and Mummy Bay (Control) 
Parasitized 

Site Yes No % 
Oiled 10 34 22.7% 
Control 14 28 33.3% 
Total 24 62 Mean-28.0% 

x2 - 1.20, d£-1, P-0.27 

ACE 30286855 
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Table 16. Results of a Chi-square test exanun~ng differences in the 
proportion of Dermascerias imbricaca parasitized by the barnacle, Dendrogascer 
sp., in 1990 and·l991. 

Site 1990 1991 

'With TiJ/out % Yith TiJi th 'W/out % Yith 

Northwest Bay 12 31 28% 
Cabin Bay 18 28 39% 
Herring Bay 8 18 31% 
Lower Herring Bay 4 20 17% 2 14 13% 
Bay of Isles 10 34 23% 0 5 0% 
Mummy Bay 14 28 28% 3 17 15% 
Sleepy Bay - - - _Q 11 _!J% - - -Total 66 159 29% 5 47 10% 

2 
·X - 16.8, df-1, P<O.Ol 

A.CE 30286856 
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Table 17. Summary of results for tests of differences in the abundance of 
fishes at oiled vs. control sites. 000 or XXX- P<O.Ol; 00 or XX- P<O.OS; 
0 or X- <0.1; 0- >at control sites; X-> at oiled sites. 

Juvenile Cod 
Adult Cod 

Greenlings 
Adult Arctic Shanny 
Small Sculpins 

Greenlings 
Ronquils 
Juvenile Arctic Shanny 
Juvenile Cod 
Pholids 
Small Sculpins 
Searchers 

Greenlings 

Greenlings 
Small sculpins 

Eelgrass Bed 

Bed 
90 91 

XXX 
XXX 

Laminaria/Agarum Bays 

Deep 
11-20 m 

90 91 

ND 
ND 
ND 

Laminaria/Agarum Points 

Deep 
11-20 m 

90 91 

X 
X 
X 
00 
0 

XX 

Shallow 
2-11 m 

90 91. 

X 
0 
0 

Shallc1w 
2-11 m 

90 91 

ND 
ND 
ND 

00 ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

x..xx ND 

Nereocvsr:is 

Bed 
1990 

0 

Bavs and Points Combined 

119 

All Depths 
Combined 

1990 

XX 
X 

X ND 

ACE 30286857 



' 
Table 18. Test results for the density of fishes iilt two-way analyses of the 
effects of oil (oiled vs. control), year (1990 vs. 1991), and their 
interaction in eelgrass and shallow LaminariajAgarunr habitats. 000 or XXX
P<O.Ol; 00 or XX- P<O.OS; 0 or X- <0.1; 0 - > at control sites or> in 
1990. ; X - > at oiled sites or > in 1991. For the interaction, 0 indicates a 
decline at control sites relative to oiled sites between 1990 and 1991, while 
X indicates the opposite. 

Eelgrass Bays 
Bed 2-11 m 

Oil Year Int. Oil Year Int. 

Adult Arctic Shanny ND ND ND X 
Juvenile Cod XX X ND -ND ND 
Adult Cod XX ND ND ND 

ACE 30286258 
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Table 19, Summary of tests of differences in concentrations of EXXON VALDEZ 
PARs at oiled vs. control sites. Results of both one-way analyses (testing 
for differences among oiled and control sites within a given year) and two-way 
analyses (testing for the effects of oil code, year, and their interaction) 
are given. ND = no data, habitat not sampled in 1991. 

Eelgrass 

Bays 

One-Way Analvses - Eelgrass and Bay Habitats 

Deep (6 to 20 m) 
Shallow (3 to 6) 
Eelgrass Bed 

Deep (11 to 20 m) 
Shallow (2 to 11 m) 

P"Vaiues 

0.92 
0.53 
0.04 

0.02 
0.08 

Two-Wav Analvses - Eelgrass Habitat 

P Values 

0.03 
ND 

0.26 

ND 
ND 

Deep (6 to 20 m) 0.94 <0.01 0.43 

Bed 0.08 <0.01 0.60 

ACE 30286859 
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Table 20. Comparison of mean densities of -dominant macroalgae at Latouche 
Point prior to (June 1976) and after (July 1990) the EXXON VALDEZ oil spill. 
Data from 1976 are from Rosenthal et al., 1977. The 1976 data are means from 
depths of 3.5 to 6 m. The 1990 data are from depths of 3 m to 6 m. 

Nereocystis luetkaena 

Laminaria groenlandica.(l) 

Laminaria yezoensis 

Aga.rum cribrosum 

Pleurophycus gar~~eri 

Mean Density 

1975 

1.2 

6.8 

1.5 

0.3 

3.1 

(No.mZ-l 

1990 

0.3 

38.0 

0.3 

0.3 

3.3 

1 Rosenthal et al. (1977) identified this species as L. dencigera. 

ACE 30286860 
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)> 
n 
rn 

'!'able 21. Shallow subtidal study sites within ADEC shoreline segments, Prince William Sound, 1990. EVOS 
cleanup activity. Note the EVOS cleanup activity that occurred adjacent to many of the oiled 
study sites. 

Site Oil Habitat 
site Name # Codal Code2 Lat. Long. ADEC Segment # EVOS Cleanup Activity3 survey Date 

Cabin Bay 1 
Northwest Bay 2 

c 
0 

B 
B 

6.0° 3 9. 5 147°2 7. 0 NA024 
60 33.3 147 34.6 EL056-D 

No Activity 
Manual removal, 
Bioremediation 

Summer 1990 

Herring Bay 3 
L. Herring Bay 4 
Mummy Bay 5 
Bay of Isles 6 
Bay of Isles 13 
Drier Bay 14 
rJ. uerri.ng Bay 15 
II U IT lll<J B d y 1 6 

Sleepy Bay 17 

Moose LlpH nay 18 
c 1 nnuny nny 2 5 
l'llfflu nay /h 

Lucky Hcty '2'1 
uor.r.ing nay 28 
ll1ly ot I ul uu .10 
Lucky uay 29 

0 
c 
c 
0 

0 
c 
c 
() 

0 

c 
0 

c 
0 

B 

B 
B 
B 

E 

E 

E 

E 

60 26.8 147 47.1 
60 26.8 147 48.4 
60 13.8 147 49.0 
60 23.1 147 42.6 
60 23.2 147 44.5 
60 19.2 147 44.2 
60 24.2 147 48.1 
6 0 2 6 • 'I 1 4 7 4 7 • 2 

6.0 04.0 147 50.1 

60 12.7 147 18.5 
60 39.1 147 22.5 
(I 0 "4 • (I I "., ~ ~j • () 

6 0 1 J •. , 1 4 ., s 2 • 0 

KN0132A 
KN0551-A 
KN0601 
KN0136-A;KN0004-A 
KN0202-A 
KN0575-A 
KN0551-A 
KN0132D 

LA017-A - LA018-A 

No Segment # 
NA006-D 

Manual removal , 
NO Activity 
No Activity 
No Activity 
No Activity 
No Activity 
No Activity 

5/29/90 

Rako/tillJ manual ramovalJ summer 
Bioremed.; mechanical treat. 
Rake/till; manual removal; Summar 
Bioremed.J mechanical treat. 
No Activity 
No 1\otlvtty 
No 1\ol.tvlt.y 
NO Activity 

11'1 100 I 
KN0600-A 
KNOllB-A 
KN0200-A -

Manual removal; bioremed. 5/6/90 
KN0201-A nako/tillJ manual removnlJ 5/14/90 

KN0600-A 

90-91 

90-91 

Bily of Juloa 
I> Ill k ldliJOOJI 

Humpback Cove 

31 
J~ 

() 

c 
0 

60 28.1 147 42.4 
6 () 2 3 • 0 1 4 ., 4 5 • 3 
60 13.9 147 51.5 
60 23.2 141 39.6 
() {) 3 !) • 6 1 4 'J 3 !J. 6 
60 12.5 148 17.5 

No Activity 
KN0202-3-1\;KN0009-A Manual removal, hJoromed. 6/7-9/91 
JH065-A No Act:ivity 

c F WU504 No Activity 
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Figure 1. Locations of subtidal study sites in Prince William Sound. 
Lettered boxes represent inset maps A through N that detail study site 
locations. Number and letter codes represent: the si·te number and indicate the 
habitat type. For example, in Map A, 33F is site #33, a silled fjord. 

Habitat code: B Laminaria/Agarum - Island Bay 
p Laminar ia/ Aga.rum - Island Points 
E Eelgrass 
N N ereocys cis 
F Silled Fjord 

The key below indicates site numbers, site n.ames, and inset map locations. 

_,_ .. -"'s it££- Oilc Inset -Map 
Habitat Type ;; Name Code Location 

Eelgrass 13 Bay of Isles 0 H 
14 Drier Bay G F 
15 Lower Herring Bay r G v 

16 Herring Bay 0 I 
17 Sleepy Bay 0 D 
18 Moose Lips Bay c M 
25 Clammy Bay 0 K 
26 Puffin Bay r K \.. 

34 Short Ann 0 H 
35 Mallard Bay c F 

Laminaria/Agarum 01 Cabin Bay ;,. K 
Island Bays 02 Northwest: Bay 0 J 

03 Herring Bay 0 I 
04 Lower Herring Bay c G 
OS Mummy Bay r E ,_, 

06 Bay of Isles 1"\ H v 

Laminaria/Agarum 19 Discovery Point 0 E 
Island Poi:1ts 20 Lucky Bay ,.. 

E 1..., 

21 Outer L.H. Bay c G 
22 Outer Herring Bay 0 I 
23 Ingot Point: 0 J 
24 Peak Point: K 

Nereocyst:..s 07 La touche Point c 
08 Procession Rocks B 
11 Naked Island K 
12 Little Smith Is. '"\ L -
09 Zaikof ?oint N 

Silled Fjords 21 Outer Lucky Bay E 
28 Herring Bay I 
..... a 
L.~ Inner L:.rcky Bay E 
30 Inner 3av of ~sles H 
• i Out:er Bav of =sles H .., ... 
~--- Disk Lagoon J -' ._ 

33 HumpbacK Cove A 
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Figure 2. Schematic showing the layout of sampling transects and quadrats at 
eelgrass sampling sites. Positions of transects within the eelgrass bed were 
selected independent of depth, and are. shown here at depths less than 3 
meters. Depths of the transects in other strata (3 to 6 and 6 t:o 20 m) were 
selcted ac random. Samples taken in other habitats (l~inariajAgar~. and 
Neyeocyscis) used a similar site layout, but with differing dept.h st:::-at:a.. 
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wi~~in che Herring Bay silled fjo~d in 1989, 1990, ~ :991. 
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Figure 11. Abundance and biomass of dominant taxa in dredge samples that 
differed signif~cantly at oiled and control sites in the deep stratum within 
~he eelgrass habitat in P~~nce w~lliam Sound in 1990 and 1991. Error bars are 
+/- 1 standard error. 
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Prince William Sound in 1990 and 1991. 
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APP~'~IX A. Standard operating procedure for field activities in shallow 
subtidal habitats in Prince William Sound, Alaska, 1990. 

1.0. Definitions 

Habitat type - One of the four habitat types mainly defined by the dominant 
plan~s present: Laminaria/Agarum, Nereocystis, or Zostera. The 
Laminaria/Agarum habitat is further subdivided in Island Bays and Island 
Points. The fourth habitat, silled fjord, was not characterized by plants but 
by the presence of a shallow sill at the fjord entrance. 

Study site - An area of coastlL"'le to be sampled; within each habitat type 
study sites may be defined as moderate-heavily oiled, unoiled {control) . 

Site baseline A line· connecting the endpoints of the study site, 
apprcx~ately 200 m long. 

Staticn transect - A line perpendicular to the site baseline extending from 
the 0 tide depth out to a depth o:: 20 m, at locations selected J:-andomly within 
a stt::iy site. There are three stat:ion transects along· a site baseline. 

Depth strata - Subsets of the site in various depth ranges. 

Sampl.:.:lg depth 
transect. 

Randomly selected points in the depth strata on a station 

Sampl.:.:1g transect - A 30-:n. line following the contour to the right of a 
stat.:.=:l transect along which subtidal sampling is conducted. 

Quad=~~ - A 0.25 m2 (0.5 m by 0.5 m) plot for photography and plant studies 
randc=ly located along a sa~ling transect; also, a 0.1 m2 ?lot for infaunal 
stu~as randomly located along a sampling transect. 

2.0. ?reliminary Study Site Selection 

Sille:: Fjords - ·A total c::: ei;ht poi:.er:tial study sites were initia2.ly 
selected: 2 heavily oiled s.:.tes (Arm of ::.e.:-ring Bay and t!le West arm of the 
Bay c:: Isles), 2 moderately oiled sit-es (Disk Lagoon and ~a::-sha Bay), one 
light::y oiled site (Louis Bay) a:1d 3 con-:.=ol sites {North·,.;esi: arm of Lower 
Herri=; Bay, Joh~son Bay, a::d Copper Bay} . Additional sites ccnsidered in the 
field ;.~ere Lucky Bay and 3u.mpbac.k Cove i:: Whale Bay. We c::oose mcst si~es 

withi= the Knight: Island g:::-cup tl'lat we:::e similar in geo:::c=?hology to the 
Her=i=; Bay site where we c!:se.:-~.re.::: a "Dead Zone" in 1989 .. ;:: had restric::ed 
ent:ra==es with a~ appa=ent sill, ~ased on examination of hy~:::-=graphic cha=ts 
Heavi:? oi:ed sites had over 50% ::f thei= shoreli~e classi:::iad as modera~ely 
to he::.·.rily oiled on the :r::a:: i!1C..:.=ating :::::::::lati ve impact c:: oiling thrc:.:gh 
July :, 1989 (the July ~apl ~::c ~ad a~ le~st 10% of the shc=e:ine rr.cderately 
to he::.-.-ily oiled in Se-p~e::-.::e:::, ::.s pe::: Sept: ember (t:::e 
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September map) . The control sites had no oil indicated on either map. We 
anticipated sampling at all sites over a two week period. 

Island Points - Is land Points were selected according to tlle following 
process. All potential sites were marked on a map. We first d1:ew an outside 
polygon around the island groups, one around Naked, Storey, and Peak Islands 
and anothe~ around the islands from the northern tip of Eleanor Island to the 
southern tip of Knight . Island. (Smi~h, Little Smith, Green, Montague, and 
Latouche Islands were considered part of the outer sound group because of the 
strong influence of oceanic currents). The polygons were drawn such that any 
two interior points that were separa::.ed by less than 4 km were contained 
within the polygon. Islands less than 1/2 km in the longest dimension were not 
considered. The verticies of the polygon were considered as points if the 
angle formed by lines drawn along the shoreline to 1/:2 km in either direction 
from the vertex was less than 60#. 

Points were classified as oiled if t!:ere was moderate to heavy oil present 
within 100 m to either side of the point as indicated in both the ·cumulative 
oiling map as of July and the Septeml:er map. There were 11 such oiled points 
identified. 

We selected 3 oiled sampling sites fr~~ these 11 sites. The sites were placed 
into three groups based on location: ::our sites in the northwestern quadrant 
(1, 2, 3, and 4), four sites in the southeastern (6,7,8, and 9), and three 
miscellaneous sites (site 5 on the sc<.!thwestern side of Knight Island and 
sites 10 and 11 in the northeastern ~~acrant) . 

We then examined the September wal:Cathon data in more detail and gave 
preference to sites with heavy to moce=ate oil within 100 m to either side of 
the point. On this basis, Point I 10 ~as the selected over points 11 and 5. 
The remaining sites within each grot:;: were ranked using a random process. 
Final ranking are as follows: 

A.t:aa Se' .::.l""ted :l1t-;::. .... 1 :.'-p.:t:: 2 ~ 
NW 4 2 3 1 
SE 7 9 6 8· 
Other 10 11 5 

Control sites were- selected that were ::~-:.· oiled on both the July and September 
oil map, and that most closely ma-:.::::ed the oiled sites with regard to 
location. 

Islar:C. Bays - All bays were examine.:: ;.;ithin the island group from Storey 
Island south to Knight Island. A bay ·..;as defined as a body that was longer 
(distance from t~e mouth to the uppe~.=~~ reaches) than the mouth was wide and 
t~at ~ad a leng~~ greater t~an or equa: ~o 2 km. Bays were classified as oiled 
i£ a~ least hal= of their shorelines ~e=e moderately to heav~:y oiled on the 
Ju.:y ::1ap and at least 20 % ·..;as heav~:~- :.o moderately oiled on the September 
map. ?ive po~er.~~al oiled =ays were ~~2~~i=ied: Northwest 3ay, 3erring Bay, 
Her~ 3ay, Snug ~a=bor, and 3ay of Isle!. ~e selected Herring 3ay as one of our 
s~:.es :.o be sa::-.;:.::..ed oecat:se i-c is '-'<::----: used as a base for inter~idal and 
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subtidal experiments. We then selected two other sites from a simple random 
sample of the remaining 4. The 2 selected sites were Northwest Bay and Snug 
Harbor. Alternate sites , in order of preference, as chosen through a random 
process, were Bay of Isles and Horn Bay. 

Sites within bays were selected based on the presence of moderate to heavy oil 
in the September walkathon (along at least 1/2 Jan of shoreline), and on the 
existence of previously established NOAA/DEC sampling sites, at which samples 
were collected for hydrocarbon analysis in 1989. These generally represent 
shoreline segments of approximately 500 to 1000 m. Actual sites within these 
segments will be selected based on physical characteristics of substratum type 
and slope in a reconnaissance cruise in April, 1990. 

Control bays were selected that most closely resembled the oiled bays and that 
were not oiled in both the July and September oil maps. These were as follows: 

Oiled Site Control Alter 1 
Herring Bay Lower Herring Bay Drier Bay 
Snug Harbor Mummy Bay 
Northwest Bay Cabin Bay 
Bay of Isles Mummy Bay 
Horn Bay Mummy Bay 

Eelgrass - Sites where eelgrass is present within the PWS area w-ere identified 
by Kim Sundberg, Rick Rosenthal, and the NOAA staff of Chuck 0 'Clair and 
Stanley Rice. Oiled eelgrass beds were selected that were indicated as 
moderately to heavily oiled on both July and September oil maps. This resulted 
in 9 potential sites. One of these (Per=y Island) was eliminated from 
consideration because there was no adequate control. The othe= 8 were placed 
into 3 groups: Group 1 are bowls on the eastern side of the islands, with 
mouths facing North (site 41= 2 on Naked Island, site 41= 3 on Latouche Island, 
and site# 7 in Snug Harbor). Group 2 is in the northwest quadrant of the 
Knight Island group (#3 on Disk Island and t's 4 and 5 in Herring Bay). Group 
3 are sites within Bay of Isles (8 and 9). Order of preference £1:Jr sampling of 
sites within groups was determined based on the presence of DEC/NOAA sampling 
sites used in 1989. If hydrocarbon samples were taken at all sites within a 
group, then sites were selected at random. These were as follows: 

AJ:aa Ss=le~ted A 1 t~=>"" .&lte'~'" 2 
Bowls 6 7 2 
NW 5 3 4 

Bay of Isles 9 8 

Control sites were selected that were not oiled on both the July and September 
oil maps, that were in the same geographic region, and were of similar aspect 
and exposure. The control site for Herring Bay (#5) was within Lower Herring 
Bay, for the Latouche Island site was in Sawmill Bay on Evans :sland, and for 
the Bay of Isles site was in Drier Bay. 

Nereocystis - Sites where Nereocyscis is present within the ?WS area were 
identi.:ied by Kim Sundberg and Rick Rosenthal. Oiled Nereocyscis beds were 
selec~ed that we~e indicated as moderately to heavily oiled i2 both July and 
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September oil maps~ This resulted in 5 pote::.::.:..al si.tes: Danger Island, 
Latouche Pt., Green Island, Smith Island, and ~::tle Smith Island. The sites 
were placed into 3 groups based on location: G=:~p 1 ~ Danger and Latouche, 
group 2 is Green Island, and group 3 is Smith .::-,..;; Little Smit.h.. Danger Island 
and Smith Island sites were randomly selected as ?=io~ty sites among groups 1 
and 3~ 

Control sites were selected that were not oiled c:::. both the July and September 
oil maps, that were in the same geographic regie=... and were of similar aspec~ 
and exposure. The control site for Danger Islar.c •as Pt. Elrington, for Smith 
Island was Zaikof Pt~, and for Smith Island was:~. Mon~ague. 

3.0. Study Site Confirmation and Site Descriptic::.s 

Site confirmation - An aerial and ship based ~::..~ey o£ all potential study 
sites was made in April, 1990. Tom Dean, Rick :~senthal, and Dave Laur flew 
the Sound, examined each site from the air to :..:::.~re t!lat habitat: types were 
correctly defined and that control sites reserr~:~ oiled sites with regard to 
geomorphology. Sites accessible by float plane ·~=e visited. Some study sites 
were marked with a pink paint mark on the s::::=e l.:..ne. Ot!:ter sites have 
distinguishing features that allow sites to be .:.=.:...~tif.ied. Phot:ographs and/o:: 
videos were taken of each site. Those sites inacc:ssible by pl~1e were visi~ee 
by Tom Dean and Troy Tirrell aboard a boat. 

Sites Selected - The sites selected in the conf.:.~~ory survey, and their s~-~ 
codes are given in Table 1. The site numbers use~ here were ::eassigned af~er 
site conformation visits and do not necessarily ====espcnd to ~miDers assigned 
to sites during the preliminary selection phase as =esc=~ed ~~section 2.0. 

Silled Fjords - Several of the potential sil.l.e:: .:jorC. sampli-'"lg sites were 
visited in April 1990. Most were found to be ina:::=~ate because they were toe 
large and did not have sills. The only sites =::.::.nd t:.o fit ::!le prescribe.::. 
characteristics were the previously sampled s~:.~ .in Eerri::g Bay and :.~e 

western ar.m of Bay of Isles. An additional con:.=::: site was ~ocated in Pc~ 
Audrey Cove,. Drier Bay. The uppermost pa=~ c= :.ucky 3ay ::LCty ai..so be a:: 
adequate control. 

Several sites and their alternatives were not. =.::~quat:e and ::ew sites were 
selected. For example,. the Nereocystis si:.es at. ~=~:1 Is~and ar.= ?t. Elrin~=n 
were deleted because of a lack of Nereocys~is {c:: ~=een :sland) ~r because t~e 
site was more exposed than the oiled si:.e (P:.. ~:rins;-:.cn) . Sew sites we=e 
selected based on previously established cri~eria. 

Site Descriptions - A description of eac~ site f=~~:ws. 

Site * 01 - Cabin Bay - Naked Island. This is a ~~~aria/Agar~ control si:.e. 
It is located within ADEC segment f NA024. Si:.~ ~~ on =orthe~ shore of t:.~e 

southern arm, near the point between the no=~~~== and souther::. arms of :.::e 
bay. A paint mark was placed on a rock above ~be ~~;= t~de mark. ~he subst=a:.~ 

is large cobble and boulder. (Note - there is a ::::.==le =each :.: ~~e east t~a:. 
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may be a good collecting spot for clams.) 

Site t 02 - Northwest Bay - Eleanor Island. This is a Laminaria/Agarum oiled 
site. It is located within ADEC segment # EL056-D. Site is on the eastern 
shore of the eastern arm, near a stream in the southern most portion of the 
bay. A paint mark was placed on a rock above the high tide mark. The substrate 
is large c_obble and boulder. (Note - The site may need to be mo·ved toward the 
mouth of the bay in order to match the Cabin Bay site better) . 

Site t 03. - Herring Bay. This is a Laminaria/Agarum oiled site. It is located 
within ADEC segment t KN0132A. Site is on the wes~e=n shore, about 2/3 down 
the bay, just south of a salmon strea:n. The site is marked by a regulatory 
stream marker, 2 points south of the st=eam. The m::..:::dle of the site is to be 
in the middle of the run just south of ~he 3rd pain-: south of the stream. The 
substrate is rock outcrop with some boulders. 

Site t 04. - Lower Herring Bay. This is a Laminaria/.:..garum control site. It is 
located within ADEC segment i= KN0551-A. Site is on ~~·e western shore near the 
start of the western arm of the Bay. ~~e site is ma=ked with a paint mark just 
to the south of a waterfall. Our site is to be cente=ed 2 points {about 300 m) 
to the south of the mark. The substrate is rock outc=~P-

Site t OS - Mummy Bay - This is a Lamina:ia/Agarum c=~~rol site. It is located 
within ADEC segmen~ * KN060l. Site is c~ the northwes~ern shore of Mummy Bay, 
about 2/3 up the bay. The site is ce~-:.ered in the ::1.:.ddle of a. plateau that 
sticks out into the bay, with water ::a:ls on eitb.e= side. The: substrate is 
mostly cobble and boulder. No marks we=e made. 

Site t 06 - Bay of Isles. This is a La~~naria/Agarum ciled site. It is located 
within ADEC segmen-:: *' s KN0l36-A and ~0004-A. Site is on the southern shore 
of the bay, near t~e junctu=e of the wes~ern and sou~~e=n a=.ms. Center of site 
is on an outcroppi~g of the eastern c=s~ of 2 poi~-:s, just to t~e east of a 
small (30 m long) cobble beach. The sul:s~:::ate at t~e site is rock bluf=s with 
boulder and cobble. No site marks were =ade. 

Site * 07 - Latouch.e Pt. This is an oiled Nereocy~::·::s site. Site ,is on the 
southwestern tip of Latouche Island. S~-:e cence= is :=.cut 100 m to the west of 
a small hooked tip off this point. No s~=e rna=k was =ace. 

Site t 08 - Process~on Rocks, Bainbridge !sland. This ~s a cont:::ol Nereocystis 
site. Site is nea= the sou:.~e=n most. -:ip of Bainl:::~::.;e Island, between the 
island and Procession rocks. No s~t.e rr.a.=k was made. _.;.::: on site ~:valuation and 
determination of t~e best ma:.~h fc= La~:~che needs :.: =e made. 

Site t 09 - Zaikof 3ay, Mon~ague ~sla~::.. Th~s is a ::~==ol Nereocystis si:.e. 
Site is on a Pt .. c:: the sot:-:l'lern sho:::e ::: Zaikof 3:~·, about 2 :k-.41 from Zaikof 
Pt. Site center is on the ~iddle of ~ =eefs tha~ =~:: of!shore about 200 m 
southeast of a req-..:latory s=:::ea~ ma::::<e:: ne:-:::. to ~ .::.=.=ge whit·e =ock on the 
bluff. No site mark was made. Subst=ate ~= the site =-~ =eef out:.c=c? with large 
boulders. 
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Site t 10 -Montague Pt., Montague Island. This is an oiled Nereocystis site. 
Site is on the northwest shore of Montague Island near Pt. Montague. The site 
is directly offshore of a high bluff, just where the bluff falls off the west 
into a wooded meadow. The site is marked with pink paint on the roots of a 
spruce tree that appears to be falling from the bluff into the meadow. The 
site center is 100 m to the west of a razor back reef directly offshore of the 
mark. Substrate at the site is reef outcrop. 

Site 4f: 11 - Dubois Pt., Naked Island. This is a control Nereocyst:is site. Site 
is a small southerly projection on the southeast shore of Naked Island. There 
are 2 small islands off the tip of the point. The site center is on the 
southern tip of the eastern most island. --~_p site mark was made. 

Site 4f: 12 - Little Smith Point. This is an oiled Nereocystis site. Site is at 
the southern most tip of Little Smith Island. Site center is a western tip of 
a small island off the point. No site mark was made. 

Site 4f: 13 - Bay of Isles. This is an oiled Zostera (eelgrass) site. It is 
located within ADEC segment 4f: KN0202-A. Site center is 100 m east of a salmon 
stream, along the southern shore of the western arm of the bay. The substrate 
is small cobble and silt. No site marks were made. 

Site # 14 - Drier Bay (Northeast cove). This is a control Zostera {eelgrass) 
site. It is located within ADEC segment 4f: KN0575-A. Site center is 100 m west 
of the weste=n most of 2 salmon streams along the southern shore of the cove. 
Substrate is :nixed cobble with softer silt sediment. No site marks were made. 

Site # 15 - Lower Herring Bay. This is a control Zostera (eelgrass) site. It 
is located within ADEC segment # KNOSSl-A. Site is at the mouth of a salmon 
stream near the northern extreme of the western a~ of the bay. No s~te mark 
was made. Site center is the salmon stream. The substrate is cobble with silt. 

Site 4f: 16 - Herring Bay. This is an oiled Zostera (eelgrass} si~e. It is 
located withi~ ADEC segment # ~~0132B. Site is at the mouth of a salmon stream 
about 2/3 of ~he way into the bay on the western shore. Rebar that are painted 
pink mark an P...DEC underwater t=ansect. A site marke= (flashing) was •placed on 
a fallen tree just to the north of the site. The substrate at the site is 
cobble with silt. 

Site # 17 - Sleepy Bay, Latouche Island. This is an oiled zostera {eelgrass) 
site. It is :ocated within ADEC segment *'s LA017-A- LA018-A. Site is in the 
sout!J.er:n mas-;: par:: of the bay, at the mouth of a salmon stream. ':he site 
center is the mouth of t.he salmon st=eam. Rebar that are painted pink mark an 
ADEC unde=wate= transect. No site ma=ks were made. 

Site * 18 - ~oose Lips Bay - Nor-;:heast Montague Island. This is a cont=ol 
Zosr:era (eelg=-ass) site. Site :.s in a small embayment due east o:E the ~orthern 
tip of Litt2.e Green Island. :'~ere a=e 2 salmon st:=eams at this s:.:.e. 'l'he 
sour:.::er:1 mos't :.s an act.:.. ve st=eam. The northern mos-;: dead ends i::. a marsh 
behi::d the c:::=:ble be=:r .. ':'he si::e cen::er :.s marked wit.:: a small buoy ;:.:.aced off 
the ~or:.he=:: =est stream, abou:: 200 ~ ==sm shore. ~~e substrate is rr.cs:.ly silt 
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and sand with some cobble. 

Site f 25 - Clammy Bay (Northeastern Naked Island) . This is an oiled Zostera 
(eelgrass) site. It is located within ADEC segment f NA006-B. "Clammy Bay" is 

- the unofficial name given to this eelgrass site by the field crew. The site is 
located on the southeastern side of McPherson Passage. The shoreline is 
covered with unconsolidated cobble and boulders. No streams are in the 
vicinity, but there is much freshwater from the adjacent steep hillside. 
Bottom substrate is fine sand to black silt. 

Site f 26 - Puffin Bay (Northeastern Storey Island). This is a control Zostera 
(eelgrass) . It is located within ADEC segment f STOOl. "Puffin Bay" is the 
unofficial name given to this eelgrass site by the field crew. The site is 
bisected by a small rocky pinnacle outcropping. A cobble beach is present. The 
substrate is grey compact sand. 

Si~e f 19 Discovery Point This is an oiled Laminaria/Agarum island point 
site. Site is on the southern entrance to Snug harbor. Site center is on the 
nor::hern most extension of the point. No site marks we:re made. 

Site# 20 Lucky Point (What's it called Pt.) This is a control 
Laminaria/Agarum island point site. The site is at the western side of the 
mou~h of Lucky Bay. The island is identified by 2 spruce trees. The site 
cent:.er is on the northwestern most point on the island. No sit.e marks were 
made. 

Site# 21 - Outside Lower Herring Bay (Pt Lyman control). This is a control 
Laminaria/Agarum island point site. Site is centered on the southernmost 
island off the point. The site center is on the northwestern most point on the 
island. No site marks were made. 

Si~e f 22 - Outside Herring Bay (Pt. Lyman). This is an oiled Lanunaria/Agarum 
island point site. Site is on the western most island off the point, with the 
si::e center at the western point of the island. No sit1e marks we:r·e made. 

Si~e f 23 - Ingot Pt. This is an oiled Laminaria/Agarum island point site. 
s~-~ is on the southern most point of Ingot Island. Site center is at the 
middle of the largest island off the point, just west of three smaller 
is:a~ds. No site marks were made. 

Si::e # 24 - Peak Pt. This is a control Laminaria/Agarum island point si~e. 

Si::e is on the northe.rn most point of Peak Island. Site center is at the 
ce~::er of the long axis of the largest of three island off the point. No site 
ma.rk.s were made. 

Si::e # 27 - Outer Lucky Bay (SW Knight Island) . This is a cont=cl silled fjord 
si~e. It is located wi~hin ADEC segment * KN0600-A. This site is located west 
of x~~Y Bay anc south of the inner fjord. Rock outcroppings at the south end 
anc subme.rged r~cks at the north end delineate the outer fjorc. The substrate 
is ==av silt. 7~e beaches are composed of cobble. 
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Site t 28 - Herring Bay (NW Knight Island) . This is an oiled silled fjord 
site. It is located within ADEC segment # KN0118-A. This site is located on 
the east side of Herring Bay; nearly surrounded by high peaks. The substrate 
is a flocculant gray-black material over silt. The veach is composed of cobble 
and talus rock. 

Site t 29 .- Inner Lucky Bay (SW Knight Island) . This is a control silled fjord 
site. It is located within ADEC segment t KN0600-A. This site is located north 
of Site 27 and only accessible at high tide due to the presence of exposed 
rocks and rapids at low tide. The substrate is gray silt. The beach is 
composed of talus from the surrounding peaks. Freshwater enters the fjord from 
a stream and waterfall. 

Site f 30 - Inner Bay of Isles (east ~,ight Island) . This is an oiled silled 
fjord site. It is located within ADEC segment f's KN0200-A- KN0201-A. This 
site is located west of Site 31. The substrate is an admix1:ure of coarse 
gravel and gray silt. The narrow slate shingle beach is surrounded by a stand 
of alder. A fresh water stream drains into the fjord from the west.· 

Site # 31 - Outer Bay of Isles (east Knight Island) . This is an oiled silled 
fjord site. It is located within ADEC segment f's KN0202-3-A; KN0009-A. The 
site is located east of Site 30 and separated from the remainde:r of the bay by 
a shallow sill and 17 m deep channel. The substrate is a mixture of coarse 
gravel and gray silt. The beach is composed of cobble and gravel. 

Site f 32 - Disk Lagoon (west Disk Island) . This is an oiled silled fjord 
site. It is located within ADEC segment f DIO 65-A. The si,te is a small 
embayment on the west side of Disk Island, connected by three narrow passages 
to Lower Passage. 

Site f 33 - Humpback Cove (western Whale Bay on the mainland of SW Prince 
William Sound). This is a control silled :jord site. It is located within ADEC 
segment f WH504. The site is at the western extension of Whale Bay. The 
substrate is a flocculant dark brown mate:::-ial over silt-clay. "Humpback Cove" 
is the unofficial name given to the site by the field crew. 

4.0 Sampling in Silled Fjords 

An abbreviated su·rvey of silled :jords will be conducted in May and June, 
1990. Four sites will be visited and sar.:.pled (Herring Bay, Port Audrey Cove, 
Lucky Bay, and Bay of Isles) . Estimates of density of infaunal. invertebrates 
will be obtained from 6 benthic airlif:. samples (0.1 m2) taken by divers at 
random positions along the 20 m depth contour in each of the 4 bays. A small 
boat with a fathometer will cruise the bay along three transects. The first 
will extend from the mouth of the bay, along its axis and to the uppermost 
reaches. A second will be run perpendic"...!2.ar to the first, and at third will be 
run that bisects the first two. A buoy ~ill be placed at the first and las~ 
sounding of 20 m experienced on the t=ansect. A diver will then go to t~e 

bottom and place a circular 0.1 m2 f=ame 3 m from the buoy anchor in a 
predeter-mined random compass direc~ion f=orn anchor. The frame is pushed i~~o 
the substrate until the frame handles are :lush with the seafloor (i.e., 10 ~~ 
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deep). The sediment within the frame is then vacu~ed into a collecting bag 
attached to the suction device. The vacuum force ~eeded for collection is 
obtained from a 70 GPM water pump and a 3.8 em d~~~eter Venturi jet dredge 
nozzle. The influent side of the dredge nozzle is =onnected to the pump and 
the effluent side to a 1. 8 m length of 7. 6 em d.ia::reter flexible discharge 
hose, terminating in a 1.0 mm mesh collecting bag. A ball valve is used on the 
influent line to operate the suction system while ~~e water pump is run at a 
constant rpm. The sample is considered complete whe:: the sediment is removed 
to the lower lip of the collecting frame. 

A second diver will characterize the bottom using ~ video. A 20 m transect 
will be videoed at each sampling site. 

Two sediment samples will be taken at each sta-:.~::n: one for hydrocarbon 
analysis and the other for grain size analysis. Eac= sample will be collec~ed 
from within 3 m of the buoy anchor. A sample === hydroca:t:"bons will be 
collected in a wide mouth jar (precleaned ICH&~} by s=raping the top 5 em f=om 
the surface of the substrate until the jar is half -:.= three qua=~ers filled. A 
sample for grain size analysis will taken in the sa-~ manner. In addition, at 
the second sampling station, a sample of the wa~er C.S m above the bottom will 
be taken for hydrocarbon analysis. 

A sample of any dead animals will be made {within ,_ __ :::: li.rn.its of safe diving -
<20 meters) at each infaunal sampling sta~ion with:.:: :.he bay. An attempt will 
be made to sample at least. 5 worms and 1 sta=::is::. (the most abundant dead 
organisms observed in 1989), and any dead fish ::=:served at each sampling 
station. The invertebrates will be collected. ar:::. frozen fo::-: hydrocarbon 
analysis. Fish will be dissected and preserved fc= :-:.istological/hydrocarbon 
analysis. 

Upon return to the ship, lids co the hydrocarbon sa~le jars wi.J.l be loose!led 
and some water poured a::::, leaving a 2 em heads;::.=:.ce in order to prevent 
breakage upon freezing. A water sample wi2.l also be =::llec::.ed and analyzed for 
salinity. 

A temperature, salinity, and dissolved oxygen pro=~-: will be made in each bay 
by lowering a temperature/dissolved cxyge~ probe i~-:.: ~he water at the deepest 
part of the bay and measuri:1g oxygen and salini~y a:. :very 1 m i:1terval. 

In the Fall, a more extens~ve survey will be co~c~c-:.:~ at :.hese, and possi=ly 
2 other sites. Upon arrival at ~he sc~dy site, a ba:.~?~net=ic survey of che bay 
will be made using a por:.able fathometer aboa=~ a ~=all infla-:.able boat and 
radar aboard the mother ship. Three survey lines ~~~~ be =un. ~~e first will 
extend from the mou~h of tbe bay, along :.:.s axisa~= :.J the uppe=~ost reaches. 
A second will be =~n perpe~dicular to the ::irs~, a~= ~ thi=d wi:l be run :.~at 

bisects the first two. Dep:.~ measuremen~s _will be ~=e every 20 m along each 
line. 

We will characterize the bottom usi~a a =iver ~e-~ 7~~ec camera. Three vi=eo 
transects will be made: O~e along :.he ~=~g ax~s =~ =be bay, cne along -:.ne 
short axis and through the deepest ~art ::: the bav. a~d =~e tha~ bisects :.he 
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short and long axis. The diver will swi= along a compass course. 

Sampling of sediments and infauna will be the same as in the Spring s~rvey. 

5.0. Stratified Sampling in Laminaria Eabitats in Island Bays and on Island 
Points 

5.1 Station setup 

A. Locate the center of the study site. Drop buoys approximately 100 m to 
either side of the marker. (In cases whe=e the habitat: does not •axtend for 100 
m on either side of the center, the dist:a:lce may be =educed to 50 m). Drop the 
buoys so that a line connecting them is ?arallel to :-.::.e site baseline. Start 
the skiff approximately 25 m to the rig~~ of right buoy and approach the buoy 
at a constant rate of speed. {Determine ~eft versus r~gbt when facing the site 
from the sea). Recor~ the time req:-.::.red to cove= the distance from 
approximately 30 m from the right buoy t= the left buoy. Do 
not vary the speed of the boat during c::.:.s operation and maintain a constant 
distance from shore. 

B. Divide the time by 3 (e.g., 7.2/3 = 2 . .; Min)_ Selec:. a random number on the 
calculator and multiply the two values (e.g., 2.4 X 0.8978 = 2.15 min). Add 
(Total Time)/3 to the result: and 2 {Tota: ?ime)/3 to :.::.e result. For example, 
2.15 min, 2.15+2.4 = 4.55 min, and 4.55-2.~ = 6.95 mi= a=e the random starting 
points at which to start the station ~=a:lsects whe!: =.easured from the left 
hand side and traveling a1:. the same spee::. 3uoys to :n.a=~ the staJ::-ting point of 
each station transect will be dropped at 2.15 min, 4.55 =in, and 6.95 min when 
measured from the left hand side of the s:.~e. 

C. At each station, a small boat will be ==:.ven seawa=~ :rom nearshore along a 
course perpendicular to the site baseli:1e, dropping ~=ker buoys at randomly 
preselected depths in eac.h o£ the depth .:::~=ata. The c=:.qinal buoy marking the 
station transect: will be =et=ieved af~e= the marke= =::.:.oy is d:r:opped in the 
first depth stratum. The p=ot:ocol for ===::om selec~i:::: of posit.ions for the 
buoys is: {1) for each station transec~ select a =a::c:::n number· {p~oportion} 

bet·ween 0.0 and 1.0, {2) multiply the =a::ge of dep~2: in each strat:a by the 
proportion. For example, i: the random ~==portion ~s :.35, the depth (D) in 
the two depth st:::ata would oe: 

2-11 m D 0.35 x 9 m + 2 m ::.2 ::1 

11-20 m D = 0.35 x 9 m + 11 m 16.2 m 

.~11 C.epths should be cor=ected tc mean _.:-..; low wate= :.:3:.ng ou:::.put :::om TIDEl 
soft·..ware for the ::egion ::::2..csest. to -:.:::: sam;:.:.ing ::::.::. A schen:a":ic of a 
hypot:t.et:ical site layout ~"' p=esent.ed ~-- _:.;:;:end.:..x Fiq"..:.::e .:::..-1. 

5.2_ Censusing F~sh Pcpula:.~==s 



Two divers swim to the bottom at the deepest of the two marker buoys. Diver # 
1 attaches a 30 m fiberglass transect tape to the .anchor and swims a 30 m 
isobathyal sampling transect to the right (facing sh•:~re) . The diver visually 
counts fish, by species, within 2 m of the transect line and within 3 m of the 
bottom. Non-cryptic specimens of echinoderms and crustaceans larger than 10 em 
will also be counted in this 2 m by 30 m band. 

Diver I 2 swims along the sampling transect from the buoy anchor recording a 2 
m by 30 m video transect pointing the camera down toward the substrate. 

After a 2 minute wait 3 m off the end of the transect, the dive:=s swim side by 
side with the transect line between them,. each diver counting the number of 
benthic fishes within a 1 m band on their side of the transect tape. An 

attempt will be made to count all individuals of length 5 ern or larger. 

Following completion of the deepest transect the two divers will move up to 
the next shallowest marker buoy and repeat the procedure. Identical procedures 
as described above for the deepest sample transect will be followed at the 
sample stations in the shallower depth strata. 

5.3. Sampling Plant and Epifaunal Invertebrate Populations 

Following the fish subsampling at a sampling transec~, two divers (f's 3 and 
4) swim down to the marker buoy anchor. At randomly preselected locations on 
the sampling transect, diver #3 places four large (0.25 m2) quadrat frames, 
with the upper left hand corner of the frame on the specified random points. 

The quadrats are place on the shoreward side of the sar:1.pling transect. 

':'he random positions for the upper left corner of the large quadrats are 
determined by the following protocol. Multiple 7 m by a random nu."llber between 
0.0 and 1.0 {proportion) to find the point for the upper left hand corner of 
the quadrat in the 7. 5 m segments with the zero enc~ of each section being 
closest to the marker buoy. The segment length is reduced from 7. 5 m to 7 m 
before multiplying by the random proportion it insure that t:he cesulting 
quadrats do not extend off the 30 m sampling transect. For example, if the 
random proportion is 0 .26, the four quadrat locations on the 30 m sample 
transect would be i.82, 9.32, 16.82, and 24.32 m. 

~iver #3 estL~ates the amount of algal cover in each of the large quadrats. 
=iver #3 then clears all macroalgae .=rom each large quadrat, placing the c~t 
~ieces in labeled mesh bags. The algae are to be clipped 5 c:n above the 
substrate. Laminarian algae smaller :~an 5 em are counted. The smaller algae 
{i~cluding sffiall Laminarians, leafy reds, and encr~sting fo~s) are to ~e 

c~llected fro~ 1 quadrat at each sarr.p:i~g transect {see inver~ebrate sampli~g 
~rccedures bel::w) . Diver #4 photog:=ap::s each quadrat ::lsing a ca."n.era with a 28 
::::::1 lens. Six ::rames are required in cr:ier to photograph the enti.::e 50 by 50 em 
area in eac:: ~adrat. The sequence :Jf photographs in each :::;;.:adrat is 3.S 

=eading a bee~<, i.e. star~ing in t.he :.:pper left hand ::orner a::~:. :noving .=r::::m 
:e£~ to right, when ::acing :he 30 m e~:i cf the transec~. 
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Aboard ship, algal samples are separated by species, counted, patted dry. Each• 
plant is weighed individually and its weight recorded. ThE~ reproductive 
condition (either with or without evident sari) of each Laminaxian species is 
noted. 

Samples o~ representatives of each canopy species are preseDred by placing 
them in labeled jars with 5% formalin. 

5.4. Estimation of Population Parameters for Infaunal Invertebrates 

Following completion of the photographic quadrat$ a"nd algal sampling, two 
divers (f5 and 6) will go to the sampling transect which still has the 30 m 
tape and the four large quadrat frames in place. Diver f5 swims the tape 
until reaching the first· quadrat frame and continues to swim until reaching a 
patch of soft substrate (silt, sand, or small gravel ;..;ith depth greater than 5 
em.) larger than 0.1 m2. Diver f5 then vacuums all material within a 0.1 m2 

frame placed in the center of the patch, to a depth of 10 em, using an airlift 
sampler. Diver f5 then swims to the second quadrat and repeats the procedure. 
(Only 2 small quadrats are sampled for benthic infauna at each station 
transect) . Diver f6 collects sediment samples for hyc!=ocarbon and grain size 
analyses and then rolles up the tape and collects ~~e quadrats on the retu=n 
swim. At one station per site (f2) Diver f6 also collec~s a wa~e= sample from 
0.5 m above the bottom for hydrocarbon and salinity ~asurement. On board ship 
all airlift samples will be preserved in 10% bufferec (sea wate=) formalin. 

5.5. Physical Measurements 

Salinity and temperature will be measured at the :::tiddle sa-mpling transect 
within each depth stratum. Measurements will be made a~ depths "£ 0.5 m below 
the surface, 2 m below the surface, and 0.5 m above the bottom using a YSI 
temperature/salinity meter. 

6.0. Stratified Sampling in Nereocystis Habitat 

6.1 Station Setup · 

All Nereocystis sampling sites will be marked with a s:.ngle pai::t-:. mark on t.he 
shore at the center of the site. Set sampling loca~:.cns as fol:ows: Locate 
the center marker of the study site. Drop buoys app::::Jxi...."nately 100 m to eithe.= 
side of the marker. Drop the buoys so that an imag:.~a::y line connecting them 
is parallel to the site baseline, just offshore o= any visible kelp canopy. 
Start the skiff approximately 25 m to the righ~ of t~e ::ight buoy and approac~ 
the buoy at a constant rate of speed. (Determi:le le:f-:. ·.rersus ::ig:~-:. when faci::g 
the site from the sea) . Record the tL~e re~~~=ed t= =~ver the ~stance frc~ 
approxi:nately 30 m from the right buoy to the left =~::y. Do not ;ra::y the speed. 
of the boat during this operation and maintai~ a co::~~ant distance f.=om sho.=e. 
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Repeat steps Band Cas described in 5.1 above to establish 3 stations at each 
of 2 depth strata. See Appendix Figure A-1 for a hypothetical site layout. 

Divers #1 and 2 enter at the buoy on the outer margin of the kelp canopy and 
drop to the buoy anchor. They then swim a tape from the buoy on a compass 
course perpendicular to shore until no more canopy forming kelps {Nereocystis} 
are observed. The distance from the buoy to the inner margin of distribution 
for kelp c·anopy species is recorded. The divers then swim back the tape to 1/2 
the distance to the buoy and mark the station with a pop float. This process 
is repeated for each transect station, establishing 3 stations per site in the 
center of the distribution of Nereocystis. 

6.2 Sampling Fish, Plants, and Invertebrates 

Fish, plants, invertebrates, and sediments are sampled at each station as 
described for Laminaria habitats with the following additions. 

Along the three station transects within the center of distribution of 
Nereocystis, divers #2 and 3 will count all Nereocystis within a 2 m wide band 
on either side of the transect, and will measure diameters of the stipes of 
the first 20 Nereocystis encountered on each transect. All plants will be 
measured at a height of 1 m above the bottom. Divers fS and 6 will obtain an 
independent sample of 40 Nereocystis {at 1 oiled and 1 control site only), and 
these plants will be weighed and measured to establish a regression between 
stipe diameter, length, and weight of the plants. These are to be collected 
outside of the sampling transects, but within 100 m and at the same depths as 
the sampling transects. 

Also, on each of the 3 sampling transects within the Nereocystis canopy, 
canopy fishes will be counted along a 2m x 30 m band at a depth of 2 m. An 
attempt will be made to count all fish in a 2 m by 3 m column parallel to the 
surface. Sampling for fishes will be conducted at least 1 hr. after all other 
survey work has been completed. 

7.0 Stratified Sampling in Eelgrass Habitat 

7.1 Station Setup 

All eelgrass sampling sites will be marked with a single paint mark on the 
shore at the center of the sice. Set sampling loca~ions as follows: Locate 
the center marker of the study si=e. Drop buoys approximately 100 m to ei~her 
side of the marker. Drop the buoys so that an imaginary line connecting them 
is parallel to the site baseline, jus~ offshore of any visible eelgrass. 
Snorkeling may be required to identify the ou~er margin of the eelgrass bed. 
Start the skiff approximately 30 m to t~e righ~ of ~~e right buoy and approach 
the buoy at a constant rate of speed. {Det.er:nine lef-= versus right when facing 
the site from the sea) . Record the tL~e reqcired ~Q cover the distance from 
approximately 30 m from the right: buoy to the 2..eft !::....:cy. Do not ~~rary the speed 
of the boat during this operation and maintain a co~s-=ant distance from shore. 
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Repeat steps B and C as described in 5.1 above to establish 3 s·tations at each 
of 2 depth strata, 3 to 6 m and 6 to 20 m. See Appendix Figure A-2 for a 
layout of a hypothetical eelgrass site. 

Divers f1 and 2 enter at the buoy on the outer margin of the eelgrass bed and 
drop to the buoy anchor. They then swim a tape from the buoy on a compass 
course perpendicular to shore until no more eelgrass is observed. The distance 
from the buoy to the inner margin of distribution eelgrass is recorded. The 
divers then swim back the tape to 1/2 the distance 1to the buoy and mark the 
station with a pop float. This process is repeated for each transect station, 
establishing 3 stations per site in the center of the distribution of 
eelgrass. 

7.2 Sampling Fish 

Within each of the 3 strata on each transect, divers ~·dll establish three 30 m 
long transects running parallel to shore. Divers #1 and 2 enter the water, lay 
out the tape, and sample fish and large rno~ile invertebrates as described in 
section 5. 2. (Note - A video may be required only on transects within the 
eelgrass bed) . 

7.3 Sampling Epifaunal Invertebrate Popula~ions 

Epifaunal invertebrates associa~ed with eelgrass will be sampled only along 
the three sampling tra~sects tha~ lie within the eelgrass zone. Two samples 
are taken along each of the sampling transects; therefore, six epifaunal 
samples are collected a~ each eelg::ass site. A 0.5 m2 drop net will be dropped 
from a small boat withi:l three meters adjacent to the two random points where 
infauna is to be collec~ed (see Section 7.5}. Once the net is dropped it is 
pursed and retrieved to the boat. The contents of the net are rinsed into a 
sample jar, preserved wi~h buffered formalin, and labeled. 

7.4 Sampling Eelgrass 

Eelgrass will be sampled only along the samp.Llng trans,ect that lies within the 
eelgrass zone. Divers *3 and 4 will harves~ all eelgrass from each, of the 4 
quadrats per depth s~ratum. The turions of the plants will be cut 
approximately 1 em abcve the sediment sur:: ace. The plants will be bagged 
underwater and returned to the boa~. There, ~be number of turions per quadrat 
will be counted, and al: turions i~ each quadrat weighed. In addition, we will 
note the number of flowering stal~s per quadra~, and count the number of seeds 
per stalk in the firs:: 10 seed stalks enc:::-:.:nt.ered pe!: quadrat. {Note - no 
photographs will be re~~ired in t~e eelgrass ~abitat. 

7.5. Sampling Infaunal :~vertebrates 

Infaunal invertebrates w:.ll be sar..pled in a C .. : m.2 airJ . .:.=-:. sample from each of 
first ~-..;o quadrats per station -:.ransec-:.. S~at.ion transects to be sampled 
include ~oth those with~~ the eelgrass zone a~d t~ose c:~~side of the eelgrass. 
T·.-~o seC.i,:nent samples ·..;:..::..1 be -:.=.:<Cen to a :!e~t!:. of 5 em at each sampling 
transec~. One will be ~sed to de~e~ine gra:.~ size and -:.~e other to determine 
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hydrocarbon concentrations. 

8.0. Special Notes on Sample Collection for Se~nts, Water, ~~d Fish 

8 .1. Collecting Fishes for Food Habits, Conc.:.::.ion Factor and Hydrocar.::on 
Concentration Studies 

Following completion of the above sampling, a ::ollect:ion of ::ishes will be 
made to assess dietsr condition factor, anC. :naximize col2.ection of ~ioi'O 

species: (1) a commonly occurring benthi= feeding species (kelp or 
whitespotted greenling if possible) and (2) a commonly occ::.:::ring midwa~er 
feeding species {dusky=planktivore or black=pis=~vore ~£ possible) . Twenty ~o 
25 indi victuals a£ each species are desired ::.:::-:::m each si~e. Fish will !Je 
collected at sites at least 50 m from the =earest sampl.:..=g transec-:. ~f 

possible. 

Techniques including diver spearing,,hook and l~e fishing, anc diver opera~ed 
hand nets will be used in an attempt to collect =~sh. 

Collected fishes will be measured (fork length) :..:1d w·e~ghed. Se.!..ected tiss::-es 
and/or organs will be removed and treated as specified i:: ~he docume::.=s 
detailing collection and handling of sampl:s for hydrcca::bon analyses 
(State/Federal damage assessment plan, analyt~::a: ch~stry, =ollection ~d 
handling of samples, August 9, 1989, Auk Bay :.ab At-::.orney iiork Produc-=1. 
Tissue samples and organ samples should consis~ :f 1 g per =~s~ for 15 fis~. 

Their stomachs will then be excised and fixed i:: :a% fo~lin. 

8.2. Collecting Sediment and Bottom Water Sampl:s 

Two samples of sediment will be collected at eac= stat~cn transe~-=, 3 m to ~e 
right of the buoy anchor. One sample will be ~:d to dete~::e hydrocar~::n 

levels and the other to determine grai~ size. :~e following ?=~tocol will =e 
followed: Collect sediment by scooping dire:~ly 3.nto the :::pened sa~.:.e 

container. Scoop to a 5 em depth to obtain 10- ::: g of sedimen-= (equivalen-=:y 
4 oz. jars will be filled to just below the s~=ulder) . If ser'--i.meg.t is ::::-= 
readily available at the point then collect. the =loses"t:. avai:able materia:, 
including small rocks and organic ::naterial, :.:ong t:.!'le sa~.:.ing t:.ransec~ 

avoiding the locations of study quadrat·s for ;:.:..:....11t and anina..:. collect:.ion.:.:. 
After returning the jar to the surface, l:::.:.:en t!1e 1.:...: and pour c== 
approximately 2 ~~ of water to allow room for e_~ansicn of ~~e sample u~=~ 

freezing. 

A water sample will be taken at a depth o:= 0 . .: ::1 above the .=::.::-face at ~.::e 

middle sampling transect within each depth st:.rat==. 

All sediment and water samples are -::o be m.:=.::ered sequen::.~a2..ly, ~agge=. .. 
logged, sealed with evidence tape, a~d frozen. 

All samples collected in the proced~res descri=e= above wil.:. =~ hancled :.== 
documented as specified in the prm:::c::ls for s.c...-:;:.:.e ac:~::'!.lnta.c:.._.:..~y anc ::::.a.:.:: 
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of custody. 

9.0 Experiments Evaluating Reproductive Success 

9.1. Site Selection 

All experiments will be conducted at 1 oiled and 1. cont=:Jl site .. These will be 
either in the Lamina=ia habitat with~n isla3d bays or w~~~in eelgrass habitat. 
The oiled sites will be selected at random from the 3 c~ed sites used in the 
stratified sampling program. The control site will be ::he location matched 
with that site. 

9.2. Design 

- Species and collection sites 

Experiments will be conducted ~ith 3 inve~ebrate spe=~es {The blue mussel, 
Mytilus edulis, one of two clam species, Prototb..:.==., and the starfish 
Dermasterias} and two plant species (a ke.:..p, La::a.inar:..: saccharina or Agarum 
cribrosum, and eelgrass, Zoste:a marina) . ~ussels, sta=.:ish, and kelp will be 
collected from sites ~sed in s::=atified s~ling =or La-~naria~Agarum habitat 
in island bays. Clams and eelg=ass will be =ollec~ed f=== eelgrass habitat. 

- Invertebrate exper~ments 

Twenty individuals of each species will be collected ==::::t each of 3 stations 
per site. We will collect individuals of a::;:=oxi:n.ately e:::-..:al size. Mussels and 
clams will be collected from 1 ::1 below mea:: .low lew wate= and starfish from 10 
m below mean low low water. All samples wi.:...:.. be retur=e= ::o the University of 
Alaska Marine Labora::~ry in Seward for a::.:..lysis. Sa~:es will be collected 
from oiled and control sites c= the same ~ay a=d flc•~ immediately to the 
laboratory. 

One randomly selected individual per stat:.::= (3 eel:' si~e~ will be sampled for 
hydrocarbons. Six ind~viduals per s::atic:: {18 pe= s·i~e} will be dissected, 
their body weight determined, and t!'leir ;-:::1ads .. eighe:::.. The ovaries from 3 
females per station (9 pel:' site) will the:: be =:xed, s~=-~ned, and sectioned 
for histological analysis. We ~~ll ce~e~~e the deve::~ental stage and the 
diameter of 100 oocytes per inc~7idua:. 

The remaining 13 indiv~duals f==~ eac~ st.:.~~=n wi.:..l be ~~=wned into individual 
containers. The eggs ==om 3 ran:::.cmly selec::~= fema:es per s~ation (9 per site) 
will be fertilized w~::b the p::cled sper= ~f 3 =andc=.::::· selec~ted males per 
station. Fertilizatic~ will ta~e place i:: ::onta~~ers -~=~ filtered seawater 
placed in a controllec temperat~re room he:::. at lJ °C. ?:= sta!:'=ish, 100 eggs 
will be sampled after : hour a~d the pro~:~ion ~= fe~~:izec eggs noted, as 
evidenced by the presence o£ a .:ertiliza::~:= mem=rane. ::r beth star=ish and 
bivalves, 100 individ~als per ===~ai~e= w~.:..: ~e se-~lec ~=~er 48 hours and the 
proportion of normal :arvae nc::ed. ;._ sarr.;:::.e of :J i::..C.~ -=-~::iua2..s per container 
will be preserved fc= later cy~oge~e~ic a::alysi~. ~~e :ytogenetic analysis 
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will consist of scoring 10 embryos per individual for chromcso~1l aberra~ions 
or the formation of micronuclei. 

- Laminaria/Agarum experiments 

Ten individuals of app:=oximately equal size will be collec~ed fJ:-om a depth of 
10 m at ea~h station (30 individuals per site). The plants w.:..2.1 be returned to 
the laboratory in Seward where the area of the blade and the a:=ea of the sorus 
will be measured. The plants will then be placed into 1 lit:er jars with 
filtered seawater and after 1 hour, the number of spores released per plant 
will be determined. Spores from 3 randomly selected plants pe= station ( 9 pe:= 
site) will be used to_,_ make inoculation solutions of know-:1 spore densi::y. A 
separate solution will be made for each plant. The solution ~ill be added to 
petri dishes (one dish per plant) containing a glass slide. ~~e <iishes wi~2. be 
placed in an incubate= and held at 10 °C and 451Efm2/sec o= light (conti::uous 
exposure) . After 48 hours, the slides will be removed and :co spores exa1~ ned 
for germination success. 

- Eelgrass experiments 

Fifty eelgrass seeds will be sieved from the sediment at eac!l of 3 stations 
per site. Quantitative airlift samples will be used for see~ collectio~, if 
possible, in order to obtain an estimate o= the densi~y a= seeds in the 
sediments. The seeds wi2..1 be ret ur::ed to the laboratory { i:: Sewa1:-d) and placed 
into Petri dishes wi~!l =iltered seawater {10 ppt) and he:i i~ a temperature 
controlled room at 10 °~. After l week, and a~ daily inte~als for the ::ext 
two weeks, we will de~e~ine the number of seeds ge~rinat.:..::g. All germi::ated 
seedlings will be preser·Jed for possible examination of cvt::cenet:ic effects. 

- Sampling frequency 

All organisms used in ~!lese studies will be sampled once i:: 1990. The exact 
timing of experiments will depend cr: the reproduc-:ive cone.:.:..:.::~ of animals and 
plants. Animals will be checked a:. the beginning of the s:.~dy period ~:.il 
sexually mature indi ·.:icuals are p=esent. 3ased on exis:..:.::S' LLte=ature, we 
anticipate that the inve=tebrates will be a: a reproductive ;;eak in 2ate .:...;:=il 
or early May, that eelgrass will have its peak seed set in :a:.e July, anc ~~at 
Laminaria/Agarum will be at its ?eak in Augus:.. 

10.0 Experiments Evalua~ing Ge::-::1i::a:ion Suc::::ess a= :::elgrass S.:eds i:1 Oilec and 
Unoiled Sediments 

10.1. Site Selection 

All experimem:s will t:e c:Jnduc:.ec :.:sing sec.:.:nez:ts c::::l.:.ectec ==::n 1 oiled a::::. 1 
control site within t~e eelgrass ~abita:.. :he ~.:.lee site ~.:.:: be selec:.e~ at 
random from the 3 oi.:.ec sites ~sec in the s:.ra:i=ied sa=;.:..:.::g program. ~he 

cont=ol site will be :.:.e locatio!: ~a:.ched N.:_~j :.ha:. s.:.te. 

10.2. Design 
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Twenty-one sediment cores (7 per station) will be collected from each site. 
These will be immediately transported (on ice) to the laboratory in Seward. 
Twelve of the sediments cores will be placed undisturbed into petri dishes 
(one dish per core) and placed into a flowing seawater bath. Nine cores will 

be sieved and placed into Petri dishes. 

Four hundr_ed fifty eelgrass seeds will be collected from a control site. The 
seeds will be taken to the laboratory and placed into petri dishes containing 
sediments. Twenty-five seeds will be placed in each of 18 dishes per site. The 
remaining three petri dishes {containing unsieved sediments) pe:r site will be 
used as germination cont~ols to evaluate the presence of naturally occurring 
seeds. The presence of germinating seeds will be noted daily for a period of 
21 days. Any germinating seeds will be removed three days after germination 
and preserved for possible cytogenetic analysis. The:=e have been no previous 
attempts to evaluate cytogenetic ef£ects in eelgrass seedlings, so an initial 
screening of samples will be performed prior to full analysis. At the end of 
three weeks, a sediment sample will be taken from eac~ dish and preserved for 
possible hydrocarbon analysis. All sediments in -che previCiusly unsieved 
sediments will be sieved a:1d the number of ungermina1:ed seeds de!termined. 

11.0 Settling Experiments 

11.1. Site Selection 

All experiments will be conducted at 3 oiled and 3 c=r.trol sites. These will 
be in Laminaria/Agarum habitat within island bays. T~e sites will be the same 
as those used for the st=a~ified sampling program. 

11.2. Design 

Nine settling surfaces C~!les) will be placed at a depth of 7 m within each 
site. The tiles will be a~~ached to rebar driven into ~he bottom and held in a 
vertical position, with =aces parallel to shore, at a depth approx~~tely 10 
c~ above the bottom. The :=ebar are to be laid along a line running parallel to 
shore with rebar spaced a~ 2 m intervals or greater. ~he site will b~ located 
in the approximate center of the sampling site. The :..ocat.ion of: the tiles is 
marked with a small surface float and with 3 subsur=a::e floats spaced at 10 :n 
intervals. The poiition c~ the buoy is iriangulated ~sing shoreline features 
and markings (if necessa=yl and these features are p~o~ographed to =acilitate 
reloca~ion of t~e site i= ~~e s~rface buoy is lost. 

Af-:.er 3 months, the tiles w:..2.1 be photographed a::::. the nunl".ber of algal 
sporeli~gs and large ben~~ic i::verteb:=ates will be c=~::ted. The tiles will be 
col.:..ec-:.ed and p:=eser...,ed === la::ter quantification c= :.!:e nu . .'nbe!: species, and 
n~.be:= of individuals (or ~erce~t cover) of each spec~as. 

12.0. Agarum Gr~wth Expe=~~ent 

1 ...., -
-"'-·-· Site Selec-:.ion 
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All experiments will be conducted at 3 oiled, 3 control sites. These will be 
in the Laminaria/Agarum habitat with.;n island bays. The sites w·ill be the same 
as those selected in the stratified sampling program. 

12.2. Design 

At each island bay site, divers #3 ar.c 4 will enter the water on the temporary 
buoy used to mark site for settling subst=ates. Diver :f3 will tag 30 Agar~m 

plants at each station. The plants w!ll be the first 30 plants observed past 
the 3 m mark along the transect tape that are betilieen 70 and 90 em in length. 
The tape is laid from the buoy to the right (facing shore) and runs parallel 
tO shore. If there are other Agarum or Laminaria of 70 en or larger within 25 
em of the selected individual, the surrounding plant(s) will be removed (in 
order to eliminate potential con::ounding ef::ects of competition) and 
additional plants will be selected. ?lants will be double tagged by tying 
numbered surveyors flashing around tbe stipe of each individual and by placing 
a numbered tag on a steel spike next ~o each plant. 

Diver f4 will follow Diver t 3 and =easure the ~otal length of each tagged 
plant and will place a small piece o:: ::lashing in a hole in th~3 blade of each 
plant at a distance of 10 c~ from the base of the blade. 

After the plants are tagged and measured, an acC.itional 30 plants will be 
collected, measured and weighed to c=t.ain a regression of length vs. weight. 
After 2 ~onths, the tagged plants w!:l be collected, weighed, and measured. 
The distance from the base of the b:ade to the whole will also be measured. 
Differences in initial weight (est .;-;:~ed by a le~gt.h weight :regression) and 
final weight will be used to estima::e net production (total grrowth - tissue 
lost to sloughing/grazing). The dif::erences in distance of the hole from the 
base o:: the blade during initial a::c ::inal measurements will be used to 
estimate relative gross production. 

13.0 Data Analysis 

All data will be entered and stored ·- an "INGaES5~ database at the University 
of Alaska, Fairbanks. Data analyses w:.:2. be super·Jised by Dr. !.yman McDonald. 

The generic form of analysis for a:: ca~a gathered wi:l be a comparison of 
oiled vs control sites using t-tes"":s ,._.,.. r:est:.ec analyses of variance. In 
studies ·..;here more than one site .:.s sarupled, s:.r.es will :,e the pr.:.:nary 
sampling unit, with various degrees := s~bsampli~g wit~in a site. For some 
experime~t.al studies, there will be == rep2.:.~at:.== of sit:.es, and the pr~~ry 
sampling ~nit will be stat.:.ons withi~ s:.::es. 

14.0 Sc!:eC."!.lle 

The 1990 :::.eld schedule fer ~he subt:.==: s~~~ies -~given below. 
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Sampling schedule for 1990 subtidal studies in Prince William s~::>und. 

1 Apr l 

Recon. 
l----1 

May 1 Jun l Jul l ~g l Sep l Oct l 

Stratified Sampling 
I.B. Ner Eel I.P. 

1-----1-----1----1----1 

Invert. Experiments. 
l-----------1 

I.3. = Island Bays 
Eel = Eelgrass 
Ner = Nereocystis 
I.P. = Island Points 

Silled FjoJ:ds 
l---1 

Eelgrass ~riments 
, 1----1 

A-20 

La7~naria Exper~nts 

l--1 



APPENDIX B. 

Paired shallow subtidal study sites in western Prince William 

Sound, 1990-91. Study sites within silled fjords are from 1989-

91; they are not paired. 
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APPENDIX B. Paired shallow subtidal study sites in western Prince William 
Sound, 1990-91. Study sites within silled fjords are from 1989-91; they are 
not paired. 

SITE NAME STTE NQMBER QTLTNG S'rATUS LATITUDE LONGITUDE 

LAM~NARIA/AGARUM - ISLAND BAYS 
Cabin Bay 1 Control 600 39.5 1470 27.0 
Northwest Bay 2 Oiled 600 33.4 1470 34.6 

Lower Herring Bay 4 Control 600 23.8 1470 48.7 
Herring Bay 3 Oiled 600 26.8 1470 47.1 

Mummy Bay 5 Control 600 13.8 1470 49.0 
Bay of Isles 6 Oiled 600 23. 0 1470 42.6 

NEREOCYSTIS 
Procession Rocks 8 Control 600 00.8 1480 16.0 
La touche Point 7 Oiled 590 57.0 1480 03.3 

Zaikof Point 9 Control 600 18.3 1470 55.0 
Montague Point 10 Oiled 600 22.5 1470 04.8 

Naked Island 11 Control 600 37.5 1470 22.2 
Little Smith Island 12 Oiled 600 31.3 1470 26.0 

ZOSTERA (EELGRASS) 
Drier Bay 14 Ccm::.rol 60C 19.2 1470 44.2 
Bay of Isles 13 Oiled 600 23.2 1470 44.5 

Lower Herring Bay 15 Cor:t::-ol 600 24.2 1470 48.0 
Herring Bay 16 Oi2.ed 600 26.7 1470 47.2 

Moose Lips Bay 18 C~n:::.rol 600 12.7 1470 18.5 
Sleepy Bay 17 O~"i..:.rl 600 04.0 1470 50.1 

Puffin Bay 26 Ccr:trol 600 44.0 1470 25. 0 
Clammy Bay 25 Oiled 600 39.1 1470 22.5 

Mallard Bay 34 Con:::.rol 6QC 17.2 1470 48.5 
Short .=irm-Bay of Isles 35 o.:...:.ed 600 22.6 1470 40.0 

LAMINARIA/AGARUM - ISLAND POINTS 
Lucky Point 20 C.::::::.rol 60C 13.2 1470 52.7 
Discovery Point 19 Oi.:.ed 6QC 14.9 1470 41.9 

Lower Herring Bay 21 C.:::-:rol 600 24.0 1470 51.0 
Herring Bay 22 c:...:.ed 6QC 26.6 1470 49.4 

Peak Point 24 C.:::::r:;l 6QC 42.9 1470 2l.8 
Ingot Point 23 c.:..:ec. so:: 28.9 1470 36.5 
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APPENDIX B. Continued. 

SITE NAME STTE NUMBER 

SILLED FJORDS 
Herring Bay 
Inner Lucky Bay 
Inner Bay of Isles 
Disk Lagoon 
Humpback Cove 

28-601 
29 
30 
32 
33 

OILING STATUS 

Oiled 
Control 
Oiled 
Oiled 
Control 

B-2 

LA"rTTUDE LONGITUDE 

60C 28.1 1470 42.4 
60C 13.9 1470 51.5 
600 23. 0 1470 45.3 
60C 29. 6 1470 39.7 
600 12.5 1480 17.5 

~c:= 302.26954 



APPENDIX C. 

Stable carbon isotope ratios (s13c) of Prince William Sound 

subtidal sediments, subsequent to the EXXON VALDEZ oil spill. 
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APPENDIX c. Stable carbon isotope ratios (Ol3C) of PFince William 

Sound subtidal sediments, subsequent to the EXXON VALD:Ez oil spill. 

Introduction 

Numerous investigations have demonstrated the usefulness of 

stable carbon isotope ratios (Ol3C) of organics in sediments and 

waters in identifying marine regions contaminated with petroleum 

(e.g., Calder and Parker, 1968; Spies and DesMarais, 1983; 

Anderson et al., 1983; Eganhouse and Kaplan, 1988). Th~e premise in 

these investigations was that carbon derived from various organic 

pools has a characteristic ()13C value, e.g., the 613C of 

terrigenous C3 plants= -25 ~(Hong, 1986; Naidu et al., 1992), 

marine phytodetritus= -21 ~(Fry and Sherr, 1984), seagrasses--

10 %o {McConnaughey and McRoy, 1979), and Prudhoe Bay crude oil = 

30 %o (Magoon and Claypool, 1981). In principle, there:Eore, the 

olJC of marine sediments could, based on an isotope mixing equation 

(Calder and Parker, 1968; Eganhouse and Kaplan, 1988), help to 

estimate the proportion in the sediment of organi~ matter derived 

from various natural or anthropogenic pools. Based on the above 

premise, we have attempted to examine the possibility of subtidal 

sediment contamination by EXXON VALDEZ crude oil in Prince William 

Sound. 

Methods 

Organic carbon and nitrogen in bottom sediments were 

estimated on dry carbonate-free sample powders using t~e CHN 
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analyzer. All OC/N rations is this report are computed on a weight 

to weight basis of OC and N. The ol3C a..T'lalysis was made by Coastal 

Science Laboratories, Inc. (Austin, Texas) on carbonate-f=ee 

sediments, using a VG 602E mass spectrOmeter. The resul~ are 

expressed relative to the PDB Standard, with a precison cf 0.2 %o. 

The mean ()13C values of the oiled and unoiled samples \<17e!:"e 

statistically compared using the nonparametric Mann-Wb.it::ey U 

Test. Differences between means at p>O. 05 were co.r1.sid.eree 

insignificant. 

Results 

Analysis of the OC/N ratios indicated th.at the :=atics were 

significantly greater (p < 0.05, t-test) at the oiled :si~=s in two 

out of four pairs. Bot."'! Herring Bay (Site 16) and Sle€py 3ay (Site 

17) had higher values than thei= respective controls. 

Stable carbon isotope values (olJC) from 1990 sedime=~ within 

the eelgrass bed (Appendix D) =evealed a Cif£e=ence in c~y one of 

the four site-depth transect pa.: ~s. The values at oiled =:=-.rring ' . 
Bay (16-3) were significantly mere negati7e (p = o.o:; Ma-~-

Whitney U Test) -than a-t unoilee Lowe= Eer=.: ng 3ay ( 15-3) . An 

insufficient number of samples precluded ~akinq the same 

comparisons for 1991. 

Using pooled trea-:.:nent da~, no sign.:.::ica.""":~ di::::e!~e::=es { p > 

0.05) were detected be~ween dl3C values ==~m ciled ~~a c=~~=o~ 

eelgrass sites in 1990. Howeve=, in l991, ~he o:.3C ~ ... -a:.ue:: of 

oiled sediments ( -22.2 %o) were sign.i::.:.ca:::-:.2..y :~er , ;; == :. 03) 

than that of the unoiled sedime~~s (-20.4 ~). 

:::286957 
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Discussion 

The finding of similar 613C values in 1990 sites, ·was contrary 

to our expectations. Initially, we postulated that the ol3C of 

unoiled sediments in the Sound would be relatively higher (less 

negative values) than the values for the oiled sedi.me.Tli:s. We 

assumed that any marked contamination of sediments from the Sound 

with Prudhoe Bay crude oil would shift the 613C of the loiled 

sediments to more negative values. The discrepancy bei:ween our 

postulation and the a:1alyzed 6l3C values for unoiled and oiled 

sediments suggests t:."-:.at oiled sediments were not markedly 

contaminated with oil. Alternatively, it is possible ~:hat 

petroleum intercalated int:o the sediments was overwbe1~ningly 

diluted by natural o=;anic material (e.g., eelgrass debris). As 

noted previously, l~e= 613C values were determined for ~~e 1991 

oiled sediments , in comparison with unoiled sediments. It is 

possible that the soc=ce of the lower ol3C values in t."le 1991 

sediments is petrole1..:::1 from ~~e adjacent heavily-oilee beaches. 

Perhaps sufficient o~: had acc~ulated in the subtidal region by 

1991 so that an isotcpic signa-=:rre of all could finally be 

detected the!:"e .- Thus, it appea=s that at .:!.east some c~.l. reworked 

from the beaches, ei~~er by stc::m waves c= ~ides, is c.a==ied 

offshore and may acc~ulate L~ ~he subtica~ =egion. 

In conc.l.us ion, •e believe that in ?:=::...-:ce Willia!:l Sound 

sediments, lli~less hea7ily con~~na:=.ed w~-=-..:..: petrole:.:.=, ():2(: values 

are of limited use t~ assess ~~e a~ent c= sediment =~~~amination 

by c=-..:de oil. It is suggesteC. -:hat addi -:.:.=::al o1.;c a::a.:ysis, us inc 

GC-I~.S, on ~1.e met::c...-:ol and =~~zene so2:..:.=.:.e ::nateria: 
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saturated and aromatic hydrocarbons} of oiled and unoiled 

sediments (Anderson et al., 1983), could provide a more useful 

index of detecting petroleum contamination of the Prince William 

Sound sediments than o13C analysis on gross organics of sediments. 

REFERENCES 
Anderson, R.K., R.S. Scalan, P.L. Parker and E.W. Behrens, 1983. 

--·~~ep oil and gas in Gulf of Mexico Slope, -~-~cdi,r!!tgnt;:,.'"·~. Science. ,?,22: 
619-621. 

Calder, J.A. and P.L. Parker, 1968. Stable carbon isoi:ope ratios 
as indices of petrochemical pollution of aquatic syst~~
Environ. Sci. and Tech. 2:535-539. 

Eganhouse R.P. and I.R. Kaplan, -1988. Depositional history of 
recent sediments from San Pedro Shelf, California: Rec:onstruction 
using elemental abundances, isotopic composition and molecular 
markers. Mar. Chem. 24:163-191. 

Fry B. and E.B. Sherr, 1984. d13C measurements as indicators of 
carbon flow in marine and freshwater ecosystems. Contrib. Mar. 
Sci. 27:13-47. 

Hong, G.H., 1986. Fluxes, dynamics and chemistry of particulate 
matter and nutrient regeneration in the central basin of Boca de 
Quadra, southeast Alaska. Ph.D Thesis, University of Alaska 
Fairbanks, AK, 225 pp. 

Magoon, L.B. and G.E. Claypool, 1981. Two oil types on North 
Slope of Alaska--implications for exploration. Amer. Assoc. 
Petroleum Geol. Bull. 65:644-648. 

McConnaughey, T. and C.P. McRoy. 1979. lJC label identifies 
eelgrass (Zos-tera marina) carbon in an Alaskan estuarine food web. 
Mar. Biol. 53:263-269. 

Naidu, A.S., H.M. Feder, N. Foster, C. Geist and P.M. Rivera, 
1992. Macoma balthica Monitoring Study at Dayville Fla·ts, Port 
Valdez. Final Report Submitted to Alyeska Pipeline Ser~ice co. 
Inst. Marine Sci., Univ. Alaska. pp.80. 

Naidu, A.S., R .. S. Scalan, H.M. Feder, J.J. Goering, M.J. Hameedi, 
P.L. Parker, E.W. Behrens, M.E. Caughey and S .. C. Jewett:. In Press. 
Stable organic carbon isotopes in sediments of the North Bering
South Chukchi Sea, Alaskan-Sovie~ Arctic Shelf. Cont. Shelf Res. 

Spies, R.B. and D.J. DesMarais, 1983. Natural isotope study of 
trophic enrichment of marine ben-:.b.ic communities by pei:roleum 
seepage. Mar. Biol. 73:67-71. 

C-4 
ACE 30286959 



APPENDIX D. 

Standard operating procedure for laboratory treatment of benthic 

invertebrate samples from shallow subtidal habitats in Prince 

William Sound, Alaska, 1990. 
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APPENDIX D. Standard operati.~g proced~ for l.aborat~=Y treatment == benthic 
invertebrate samples from shallow subt~ habitats ~ Prince Wil2..:.a.m SoundJ 
Alaska, 1990-91. 

1. Chain-of-custody forms containing ir..=::.=nati.cn on a:l samples rece:..ved from 
the field. operations are to be s"tored .::..=.. a locked f:..le cabinE:t :..=. Room 1.1.8 

O'Neill Building, UAF. 

2. Preservative for all 0.1 ~2 airlift ~amples are i=mediately c~~~ged from 
for.malL~ to 50 % isopropyl alcohol upon ~=ival in Fa:..=banks. Sarnpl~ are then 
placed in a secure storage area at ::li'. Sa.;:n.ples a.re sto:r:ed .:...::t. wh.:ite, 
ai~-tight, liquid-tight 5-gallon bucket~ ~pprcpriately labeled fo= ::.ontencs. 
The samples, chain-of-custody fo:!::Il.S a::=. fie.l.C. note5 containing :.:::.d.itional 
sample-specific information :::rust be re-:.-~eved. =rom -:.::e locked fi:e cabinet. 
These notes should be referred to when w::~<~ng cp s~:es. 

3. While working under the fume hoed, r=-=-=e ea6 sample with =unn~::q •ater for 
a few minutes to remove alcohol. Sample;: shot..:.l.d be .. -:shed onto a : mm-mesh 
screen and then placed on a sorti.!:lc; tra:! -..rith suffic.:.ent watel: tc ::::ver t:!le 
sample. 

4. All rare, large (>1 em) orga:1is~ ::.re =em.ove~ from the ;:==?le for 
process:..:1g later. The Laborat~=Y St.:.?erv::..~::.= exa:::ri.nes ~e remaininc;: :::.:.eta and 
associated material to deter.nL~e i= subs~~in~ ~s wa==:nted. If the ~unt of 
material to sort is more than one l~te.::- := i£ severa: -:.~ousCL~d or~~sms are 
estimated to be present, necessita~ing =--erous hou=s of processi=;, then a 
decision to subsample will be ~de. 

5. Subsa.'r!lpling: Remove all large ?ieee~ of Cebris. Agitate 1:he .s='""'lple to 
insure ~~at all animals are .::-a:1doml.y di;:-::-==seC. .:5..::1 th.e ~an. E7enly ::..:.~::ribuce 

(by spooning} debris among 16 jars {eac~ -a= .is 6.25% ::: the whole). 3etween 
each spoonful, gently mix <:=:e debris -"' i=-su.::-e =:::dom c..:..str.:..:=::::.ion o:: 
organisms. To determine the appropriate ===ber c= subsa=ples, =andc=:7 selec~ 
subsamples, count all organisr:tS in each ::=e an.C. calc:.::.:=.::e the c:oe:::::.::.:.ent o=. 
variations for two subsamples, th=ee s~~~'r!lples, et::.., thrccgh a:: sixteen 
subsamples if necessary. The :eas-::. nWI'.b:= of s-.::.adra::~ necessary -:.:: give a 

coeffic.:..ent of variation 12.5% or less is :..=. ap~=:)pria-:.: :lumbe= of s::..::~amples. 

The coef::.:.cient of· variation eX?resses sa.:::;::e va=.:..abi:.:.-:.y rela-:::..ire -:.: ~e mean 
of the sample. This procedure ~ill ~e c::.==ied =ut c:: all sa=ples ~-quir~~g 
subsampl:..~g. Subsample size {%} wil~ be ~::lu~ on -:.== 3ent~.:..= Ar.a:~s.:.s Fe~ 

for eac~ ~axon. For those rare, lar~e o=?~is~ =emcve= prio= ~o s~.sampl~g 
the percent subsampled would be 100%. 

6. For each sample o::: 
identifi=ation {except 

subsarr:.p:e, ar:-=-als 
for or~anism.s whc.s~ .:.ae=.::.:..ty 

-:.he ::a.mily :.:vel o= 
__ :.C~owr.. and :..:. =~e t=.a:: 

dominate in density or biomass). ?~ace -:.:.::~ -::~-e i::-:.: a pe::.:::.:. c.:..::: :;,£ 5J%: 
isopropy2. alcohol. Counts (see :..tem -;) a:-.:: ::lc-::::ed-d=::~ ·•et weights .:~e ~::e!:: 

9) are C.et.ermined for each ::::{on and =-:-::::.::-::ie~ on ___ la.C::..:::a.to=::· 3.-ent::i:: 
Analysis ::arm. This form is ::.:.lle!i ot:.-:. ::.::.e UAE" ::.=.bo.::-a::..:::=y ::.:::-:.::g ::.::e 
process.:..::g of the 0 .l :n2 ai:::l.:.::t sc:~ple-5. -- u::=• =o=::-. :.s nec2S!5a:::-:· :::: eac::. 
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sample and new pages added as needed. Instructions for each field on the sheet 
follows: 

Page: 
Date: 
Recorder: 
Reviewer: 

Site· No.: 

Date: 
Station: 

Transect: 

Depth: 

Quadrat: 

Taxon: 
Taxon Code: 

Begin each sample with page 1. 
The date t~e sample is analyzed. 
The initials of the person filling out the form. 
The initials of the person reviewing the form and the 
date reviewed. 
The number designated to each study site. Copy from 
sample label. Left jus~i:::y. 

Date sample was taken (year, month, day} . 
One of three randomly-selected lines perpendicular to 
the site baseline exteneing from the 0 tide depth out 
to a depth of 20 m. 
One of two =andomly-selected lines following the depth 
contour to ~he right a= a station transect. 
The randomly-selected cepths in the two or three depth 
=anges (<3, 3-6 and 6-20 :n) where samples were taken. 
One of two =andomly-select.ed 0 .1 m2 plots al-ong a 
transect {cnly quad 1 =~= 1989 data) . 
Lowest prac-:ical taxonc=r:.c level for each organism. 
A numeric c~de for eac~ :.axon; establish,ed by the 
National Oceanog=aphic ~ata Center. Left justify. 

% Sampled: '!'he percen:.age o::: the sa::::ple that was examined for 
taxonomy, counts and weights. Right justify. 

Count: Total count of taxon g==~? in the sample. 
Wet Wei;~~= Total blot:.ed-dry wet weight in grams {with three 

places to :.~e right of ~~e decimal) of the taxon. 
Individ4al Length:Currently ~ct. needed, leave blank. 

7. Counting a:: Sample O=ganisms: 
A. c~~~ts whole organisms where possib:e; fragmented organisms follow 

t.~e procedures below. 

B. ;.-=?hipods may be in :.wo pa=~s 

telson) . The sum of t~e nur.~ers 

{he::d plus pereon, 
c= whole amphipods 

pa~s will c~nstitute :.~e total nn-~~=-

abdomen plus 
and anterior 

C. T~e total number of isopods wi:.: equal the number of whole 
c=;anisms pl~s the nurr=er of ·sepa=a:.e heads. 

D. T::e total :1umbe.::: of pclychae1:es wil2. equal t:he number of 
w::=le organ.:..sms plus :..::e nu:r.be.::: of a::terior pares will constitute 
t::e total n~~er. 

E. 

F. 

T::e numbe= of ~hole bivalves ;:us ~he 

stells (grea1:er t~an c::e-ha.:~ of wt:.:e shell) 
t:-:al n~er of bivalves. 

number of pa=~.:..al 

will constitute :he 

s.:.::ce bryo::oan.s an~ hydr=ids =-~ colonial forms and a.:::e 
t.~.:..cally f=agmer:ted :.::e.:.r :;: =eser::e .:..n a sample only receives _ 
c=::.-:t a= one. 
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8. Calibration: The Mettler PM200 electronic balance will be calibrated by a 
Mettler serviceman within 60 days prior to the ini~iation of weighing samples. 
Calibration checks will be made monthly by the Laboratory Supervisor using 
standard NBS traceable weights. 

9. The wet weight of each taxonomic group and/ or species is det.ermined using a 
Mettler PM200 (0.001-200 g) balance. Working with one taxonomic group and/or 
species at a time, organisms are first transferred onto absoJ::-bent, bibulous 
paper and blotted until the paper fails to absorb more moisture (approximately 
1-2 minutes), and then weighed. The weights are entered onto the data sheets. 
Taxon weighing <0. 001 g will be recorded as 0 ·~0005 ,9". 

10. A collection of voucher 
identifications to the genus 
maintained by UAF. 

specimens is made as a 
and/or species. These 

reference 
specimens 

for 
will 

all 
be 

11. In order to assure accuracy and consistency in processinq the samples, 
systematic quality control checks are performed by the project's Laboratory 
Supervisor. Quality control checks will llQ.t.. be performed by the same 
individual who originally processed the sample. A;:proximately five percent of 
the samples will be rechecked. Discreoancies in the categories ot" 
identification, weight, and count shall not ex~eed three pe:rcent in each 
category. If they do, another one percent will be checked. If these are also 
out of compliance, then all samples to date will t.e reanalyzed. 

12. After lab analyses are completed, each group and/or species is put into a 
vial with an appropriate label. All vials are pu~ ~ogether by sites with the 
field tag. These samples are securely stored at U~~-
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APPENDIX E. 

Mean values for different eelgrass attributes at oiled and 

control sites, and probabilities that the means from •the oiled 

and control sites were similar as determined by randomization 

tests. 
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Appendix E. Mean values for different eelgrass attributes at oiled and 
control sites, and probabilities that the means from the.oiled and 
control sites were similar as determined by randomization tests. 

Eelgrass Bed - 1990 Depth= Bed 

Oil Plant Blade Flower Seed Seed Pod Seed 
Pair Site# Code Dens :tty Density Biomass Density Pods/ Density De~sity 

"li .;, (#/m) (#/m2) (gm/m2) (#jm2)'' Flower (l/m2) (#/m sed),, 
~------~---------~--~---------------~~~~-~-~-----~~~-~-~---~~~---~~~~--~ 

1 13 0 110.00 618.00 821.33 6.33 9.66 53.33 472.00 
1 14 c 172.67 921.67 1136.00 9.00 6.09 70.67 136.00 
2 16 0 197.67 910.67 1450.67 0.00 0.00 50.67 
2 15 c 279.00 1461.00 1096.00 13.00 9.93 113.33 261.33 
3 17 0 140.33 748.00 1321.33 2.67 7.33 25.67 2.67 
3 18 c 119.33 658.33 1084.67 4.33 6.94 38.33 9.33 
4 25 0 160.00 690.67 1031.00 2.33 10.56 27.00 10.67 
4 26 c 230.33 904.67 1613.00 2.67 16.42 40.67 1.33. 

----------------------------------------~-----~----~---·----~-~------~-~~ 
mean 
mean 
p 

0 152.00 741.83 1156.08 2.83 9.18 26.50 134.00 
c 200.33 986.42 1232.42 7.25 9.84 65.75 102.00 

0.08 0.051 0.63 0.055 0.99 0.09 0.74 

Eelgrass Bed - 1991 Depth = Bed 

Plant Flower 
Pair Site# Oil code Density . Densi.,ty 

( #/m2) (#/m-) 
-----------------------~------------~~~---~-

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 
35 0 
34 c 

mean o 
mean c 
p 

137.33 
141.33 
183.67 
229.00 
112.67 
173.33 
189.33 
141.67 
126.33 
107.67 

149.87 
158.60 

0.52 

E- 1 

1.50 
1.12 
1.11 
4.40 
2.97 
1.68 
1.63 
1.77 
1.37 
0.93 

1.72 
1.98 
0.60 

ACE 30286965 



APPENDIX F. 

Macroalgal species collected in shallow subtidal habi ~ta-=.s in 

Prince William Sound, 1990. 
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APPENDIX F. Macroalgal species collected in shallow :subtidal 
habitats in Prince William Sound, 1990 

Species 

CHLOROPHYTA 

Acrosiphonia sp. 
Cladophora seriacea 
Cladophora sp. 
Derbesia marina 
Enteromorpha sp. 
Monostroma sp. 
Ulva fenestrata 
Ulva sp. 
Ulvaria obscura 

PHAEOPHYTA 

Agarum cribosum 
Alaria marginata 
Alaria sp. 
Chordaria flagelLiformis 
Costaria costata 
Cymathere triplicata 
Cystoseira geminata 
Desmarestia aculeata 
Desmarestia ligulata 
Desmarestia viridis 
Dictysiphon foeniculaceus 
Eudesme virescens 
Laminaria dentigera 
Laminaria groeniandica 
Laminaria saccharina 
Laminaria yezoensis 
Macrocystis sp. 
Nereocystis luetkeana 
Omphallophyllum ulvaceum 
Omphallophyllum ulvcideum 
Pilayella littoralis 
Pleurophycus gardne=i 
Punctaria lobata 
Ralfsia fungiformis 
Soranthera ulvoidea 
Sphacelaria rigidula 

Collection Site 

Little Smith Island 
!.Ower "-He-rr inc}· Bay-··" -~ 

Ingot Pt. 
Bay of Isles 
Bay of Isles 
Bay of Isles 
Peak Pt. 
Lower Herring Bay 
Little Smith Island 

Peak Pt. 
Peak Pt. 
Little Smith Island 
Sleepy Bay 
Peak Ft. 
Northwest Bay 
Peak Pt. 
Little Smith Island 
Peak Pt. 
Peak Pt. 
Sleepy Bay 
Sleepy Bay 
Zaikof Pt. 
Zaikof Pt. 
Bay of Isles 
Peak Pt. 
Northwest Bay 
Zaikof Pt .. 
Peak Pt. 
Herring Bay 
Herring Bay 
Little Smith Island 
Sleepy Bay 
Cabin Bay 
Ingot Pt. 
Peak Pt. 

F-1 

ID Status 

Confident 
Tentative 
Tentative 
Positive 
Tentative 
Tentative 
Tentative 
Confident 
Tentative 

Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Tentative 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Confident 
Positive 
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APPENDIX F. Continued 

RHODOPHYTA 

Abnfeltia fastigiata 
Callophyllis sp. 
Callophyllis violacea 
Chondrus sp. 
Clathromorphum sp. 
Constantinea simplex 
Constantinea subulifera 
Corallina officinalis 
Cryptopleura ruprechtiana 
Euthora cristata 
Halosaccion americanum 
Membranopotera dimorpha 
Mikamiella ruprechtiana 
Neoptilota aspleniodes 
Neorhodomela aculeata 
Neorhodomela oregona 
Neorhodomela sp. 
Odonthalia floccosa 
Odonthalia setacea 
Odonthalia sp. 
Opuntiella californica 
Phyllophora truncata 
Platythamnion pectinatum 
Polysiphonia pacifica 
Porphyra nereocystis 
Pterosiphonia hamata 
Ptilota filicina 
Ptilota sp. 
Pugetia fragilissima 
Rhodymenia pertusa 
Scagelia pylaisaei 
Stenogramma interrupta 
Tayloriella sp. · 
Thuretellopsis peggiana 
Weeksia coccinea 

Peak Ft. 
Mummy Bay 
Herring Bay 
Peak Ft. 
Peak Ft. 
Latouche Ft. 
Discovery Ft. 
Latouche Pt. 
Latouche Pt. 
Peak Ft. 
Lower Herring Bay 
Latouche Pt. 
Latouche Pt. 
Latouche Pt. 
Peak Ft. 
Latouche Pt. 
Lower Herring Bay 
Little Smith Island 
Little Smith Island 
Peak Pt. 
Latouche Pt. 
Lower Herring Bay 
Lucky Bay 
Peak Pt. 
Little Smith Island 
Peak Pt. 
Herring Bay 
Peak Pt. 
Lower Herring Bay 
Latouche Pt. 
Peak Pt. 
Lower Herring Bay 
Peak Ft. 
Discovery Pt. 
Herring Bay 

F-2 

Positive 
Positive 
Tentative 
Positive 
Positive 
Tentatiy,e 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Confident 
Positive 
Positive 
Positive 
Positive 
Confident 
Positive 
Positive 
Tentative 
Tentative 
Confident 
Positive 
Positive 
Positive 
Positive 
Confident 
Tentative 
Positive 
Positive 
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APPENDIX G. 

Means values for percent cover, density, biomass of dominant 

macroalgal species at oiled and control sites in LaminariajAgarum 

bay, LaminariajAgarum point, and Nereocystis habitats in 1990 and 

1991. Also given are probabilities that the means from the oiled 

and control sites were similar as determined by randomization 

tests. 
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Appendix G. Mean values for percent cover, density, cmd biomass of 
dominant macroalgal species at oiled and control sites in 
Laminaria/Agarum bay, Laminaria/Agarum point, and NerE.=ocyst;is habitats 
in 1990. Also given are probabilities that the means from the oiled 
and control sites were similar as determined by randomization tests. 

Island Bay - 1990 Depth = Deep 

Agarum Agarum Agarum L. sac. 1~. sac. L. sac. 
Pair' Site# Oil code DENSITY % BIOMASS DENSITY % BIOMPiSS 

( #/m2) COVER (gmjm2) ( #/m2} COVER (gm;m2) 

~------~----------------------------------------------·--------------
1 
1 
2 
2 
3 
3 

Island 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean o 
mean c 
p 

Bay - 1990 

Pair Site# Oil code 

3.33 
2.67 
5.67 
5.67 
4.67 
3.33 

4.56 
3.89 
0.69 

Depth 

Agarum 

= 

DENSITY 
( #;m2) 

24.58 
17.50 
21.08 
27.33 
20.50 
51.25 

22.06 
32.03 

0.31 

217.33 
519.67 
228.00 
410.00 
435.00 
657.33 

293.44 
529.00 

0.26 

Shallow 

Agarum Agarum 
% BIOMASS 

COVER (gmjm2) 

1.33 
o.oo 
0.67 
0.00 
1.00 
0.00 

1.00 
0.00 
0.00 

L. sac. 
DENSITY 
( #/m2) 

8.33 
1.67 
6.42 
0.00 

13.75 
0.00 

9.50 
0.56 
0.04 

Lr. sac. 
% 

COV"t'....R 

64.67 
0.00 

210.00 
1.33 
4.67 
0.00 

93.11 
0.44 
0.00 

L. sac. 
BIOMASS 
(gm/m2) 

------------------------------------------------------·--------~-----
1 2 0 2.00 10.00 148.00 5.33 49.58 533.00 
1 1 c 11.33 66.08 1877.33 0.00 2. 08. 0.00 
2 3 0 10.33 64.75 1437.67 1.33 8.33 437.67· 
2 4 c 9.67 37.92 1071.33 1.33 7.50 728.33 
3 6 0 8.33 17.92 523.00 4.33 45.50 317.00 
3 5 c 5.67 51.25 1389.00 1.33 17.50 230.67 

--------------------------------------------------------------------
mean 0 6.89 30.89 702.89 3.67 34.47 429.22 
mean c 8.89 51.75 1445.89 0.89 9.03 319.67 
p 0 .. 48 0.25 0.16 0.03 0.04 0.71 
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Island Point - 1990 Depth = Deep 

Agarum 
DENSITY % 

Pair Site# Oilcode (#/m~ COVER 

L. sac. 
DENSITY % 
(#jm2) COVER 

L. groen. 
DENSITY % 
( # /lllt2) COVER 

L. yez. 
>=10cm 
DENSITY 
(#/m2) 

------~---------------------------------------------·-~----------~----
1 
1 
2 
2 
3 
3 

19 
20 
22 
21 
23 
24 

0 
c 
0 
c 
0 
c 

10.00 
5.67 

18.33 
2.67 

15.67 
4.33 

31.25 
43.00 
30.58 
44.67 
31.00 
16.42 

2.67 
0.33 
2.33 
2.00 
0.67 

12.00 

8.42 
18.00 
22.58 
5.25 
1.92 
7 .. 50 

0.00 
0.00 
0.67 
0.00 
0.33 
o.oo 

0.00 
o.oo 
0.00 
0.00 
0.42 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

. 0. 33 

-~---------------------------------~-----------------·--~-----------~-
mean o 
mean c 
p 

14.67 
4.22 
0.02 

30.94 
34.69 

0.72 

1.89 
4.78 
0.26 

10.97 
10.25 

0.90 

0.33 
0.00 

0.14 
0.00 

0.00 
0.11 

Island Point - 1990 Depth = Deep (continued) 

Pair Site# Oilcode 

1 
1 
2 
2 
3 
3 

Island 

19 
20 
22 
21 
23 
24 

mean 
mean 
p 

Point 

0 
c 
0 
c 
0 
c 

0 
c 

- 1990 

Pair Site# Oil code 

Agarum 
BIOMASS 
(gm/m2) 

295.33 
792.33 
849.33 
366.67 
797.33 
176.33 

647.33 
445.11 

0.45 

Depth = 

Agarum 
DENSITY 

L. sac. 
BIOMASS 
(gmjm2) 

17.33 
599.00 
293.33 

4.67 
3.33 

79.00 

104.67 
227.56 

0.80 

Shallow 

L. groen. L. yez. 
BIOMASS BIOMASS 
( gmjm2) ( gmjm2) 

0.00 
0.00 

31.33 
0.00 

144.33 
0.00 

58.56 
0.00 
0.00 

L. sac. 

0.00 
0.00 
0.00 
0.00 
0·. 00 

11.00 

0.00 
3.67 

L. groen. 
% DENSITY % DENSITY % 

( #/m2) COVER 
") 

( #jm-) COVER ( # /1It2) COVER 

L. yez. 
>=10cm 
DENSITY 

( #/m2) 

------------------------------------------------------·-----~---------
1 19 0 28.00 46.33 42.00 21.00 1.67 4.42 0.33 
1 20 c 6.33 67.08 0.67 10.42 0.00 0.00 0.00 
2 22 0 23.33 35 .. 83 3.33 55.33 0.00 0.00 0.00 
2 21 c 12.33 38.83 9.33 34.58 1 .. 67 3.33 0.33 
3 23 0 26 .. 00 47.08 1.67 7.92 8.33 15.42 1.33 
3 24 c 16.33 17.25 14 5. 67 8.67 21.00 31.42 5.00 

mean 0 25.78 43.08 15.67 28.08 3.33 6.61 0.56 
:nean c 11.67 41 .. 06 51.89 17.89 7 .. 56 11.58 1.78 
p 0.06 0.85 0.49 0.22 0.24 0.59 0.07 

ACE 30286971 

G -2 



Island Point - 1990 Depth = Shallow (continued) 

Pair Site# Oilcode Agarum 
BIOMASS 
(gm/m2) 

1 
1 
2 
2 
3 
3 

19 
20 
22 
21 
23 
24 

0 
c 
0 
c 
0 
c 

mean o 
mean c 
p 

866.33 
1694.67 
1098.00 
1097.33 
985.00 
467.33 

983.11 
1086.44 

0.80 

L. sac. 
BIOMASS 
(gm/m2) 

465.33 
52.33 

928.33 
1413.33 

330.67 
9.33 

574.78 
491.67 

0.75 

L. groen. L. yez. 
BIOMASS BIOMASS 
( gmjm 2) ( gmjm 2) 

245.33 
0.00 
0.00 

186.33 
707.33 

2557.67 

317.56 
914.67 

0.28 

0.67 
0.00 
0.00 
7.67 

64.67 
257.67 

21.78 
88.44 

0.13 

Nereocystis Bed - 1990 Algae Density (#jm2) Depth =: Shallow 

Pair Sitei# Oilcode Agarum L. gro. L. sac. L. yez. PlE~uro 

1 
1 
2 
2 

7 
8 

12 
11 

0 
c 
0 
c 

mean o 
mean c 
p 

0.33 
0.00 
8.80 
5.83 

4.57 
2.92 
0.19 

Nereocystis Bed - 1990 

39.00 
131.00 
252.40 

46.83 

145.70 
88.92 

0.14 

0.00 
0.00 
0.00 
0.83 

0.00 
0.42 
0.17 

0.33 
0.67 
8.80 

13.50 

4.57 
7.08 
0.74 

3 .. 33 
12 .. 00 

0 .. 80 
1.33 

2.07 
6.67 
0.44 

Algae Percent Cover Depth = Shallow . 
Pair Site# Oilcode Agarum :L. gro. L. sac. L. yez. Ple1uro 

1 
1 
2 
2 

7 
8 

12 
11 

o
c 
0 
c 

mean o 
mean c 
p 

0.00 
0.00 

19.80 
0.00 

9.90 
0.00 

81.67 
33.17 
31.45 
66.21 

56.56 
49.69 

0.78 

G -3 

0 .. 00 
0.00 
0.00 
0.21 

0.00 
0.10 
0.39 

0.17 
0.00 
7.95 

13.33 

4.06 
6.67 
0.69 

1.75 
22.17 
1.30 
0.00 

1.52 
11.08 

0.26 
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Nereocystis Bed - 1990 Algae Biomass (gmjm2) Depth = Shallow 

Pair Sitei Oilcode Agarum L. gro. L. sac. L. yez. Pleura 
---~-~~~~~~-------~-~~--~---~~~--~--~-~~-~~-~-----~--~------~ 

1 
1 
2 
2 

7 
8 

12 
11 

0 
c 
0 
c 

mean o 
mean C 
p 

14.67 
o.oo 

554.40 
63.67 

284.53 
31.83 

0.00 

3191.33 
1825.67 
2279.20 
4483.17 

2735.27 
3154.42 

0.39 

0.00 
0.00 
0.00 

23.83 

0.00 
11.92 

0.17 

o.oo 
55.33 

406.20 
1496.83 

203.10 
776.08 

0.40 

279.44 
1225.67 

20.60 
21.67 

150.02 
623.67 

0.15 

Nereocystis Stipe Density & Diameter 
Nereocystis Bed - 1990 Depth = Shallow 

STIPE 
Pair Site# Oilcode DENSITt DIAMETER 

(#I lOOm ) (llliil) 

1 
1 
2 
2 

7 
8 

12 
ll 

0 
c 
0 
c 

mean o 
mean c 
p 

53.06 
12.78 
89.33 

7.36 

71.19 
10.07 
0.007 

G - 4 

7.25 
11.52 

7.24 
9.12 

7.24 
10.32 
0.096 

ACE 30286973 



APPENDIX H. 

Granulometric composition, organic carbon(OC), nitrog~=n (N) 1 OC/N 

ratios and stable carbon isotope ratios {&13c) of surficial 

sediments from Zostera (eelgrass) habitats in western Prince 

William Sound, Alaska, Summer 1990. 
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APPENDIX II .GraniJiometric composition, organic carbon (OC), nitrogen (N), OC/N ratios and stable carbon isotope ratios (613C) of 
surficial sediments from Zostera (eelgrass) habitats in western Prince William Sound, Alaska, Summer 1990. 

-------------------------------------------------------------------------------------------------
Site Site 
( II ) Oiling Depthl Sample Gravel Sand Slit Clay Mud2 Mz 6 oc N 

Status Sta. Trans. # % % % % % Mean Sort mg/g mg/g OC/N t>13C 

..... -~ ...... -.............. _ ... --·-·-·-...·-·· .... -- ... -~-·-------------------·---------- ..... -----..-------- .... ----~~--------- ...... -..... ___________ 
~ 

Bay of Oiled 1 1 gs16 0.00 13.62 44.79 41.59 86.38 7.52 2.82 51.63 7.92 6.50 
Isles 2 1 gs17 0.00 2.05 48.51 49.44 97.95 8.25 2.93 58.08 9.05 6.40 .. 22.10 
Site {13) 3 1 gs18 0.00 3.44 41.68 54.89 96.57 9.07 2.39 59.93 9.46 6.30 

1 2 gs19 0.00 4.96 43.28 51.77 95.05 8.33 2.46 57.16 7.73 7.40 
2 2 gs20 0.00 3.46 38.13 58.41 96.54 8.80 2.44 63.08 7.46 8.50 
3 2 gs21 0.00 7.02 45.28 47.70 92.98 8.03 2.57 50.26 6.90 7.30 
1 3 gs22 0.00 2.51 19.15 78.34 97.49 9.42 2.37 63.45 10.61 6.00 ·18.20 
2 3 gs23 0.00 2.52 24.00 73.49 97.49 9.37 2.66 86.07 5.73 15.oo .. z4.1 o 
3 3 gs24 0.00 0.31 4 7.08 52.62 99.70 7.50 2.43 48.60 7.50 6.50 -22.30 

----·---------------------------------------------------------------------------------------------Mean 0.00 4.43 39.10 56.47 95.57 59.81 8.04 7.80 -21.70 
S.D. 3.93 10.45 12.04 3.93 11.22 1.46 2.80 

Drier Bay Control 1 1 gs25 0.00 67.49 27.00 5.51 32.51 3.87 ~ .44 34.29 3.26 10.50 
Site ( 14) 2 1 gs26 38.86 33.87 19.44 7.83 27.27 1.83 3.56 22.72 2.96 7.70 -21.90 

3 1 gs27 0.00 68.18 22.32 9.50 31.82 3.63 3.19 13.43 2.13 6.30 
1 2 gs28 0.00 38.84 43.51 17.65 61.16 5.83 3.25 17.02 2.50 6.80 
2 2 gs29 79.54 17.54 1.53 1.67 3.20-3.80 ;~3.49 1.94 0.28 6.90 
3 2 gs30 40.17 A 1 Q? "T I,..,._ 8.33 9.58 17.91 0.13 :4.35 8.31 0.98 8.50 
1 3 gs31 0.00 18.18 36.53 45.30 81.82 7.45 3.13 40.43 4.65 8.70 -20.40 
2 3 gs32 3.27 16.25 55.67 25.82 80.49 6.50 3.39 35.08 5.67 6.20 -20.40 
3 3 gs33 0.00 3.93 39.80 56.27 96.08 8.93 2.82 51.93 8.31 6.20 -17.90 

--------~-----------~-----------------------~--~--~-------------------------~-----~-~~~---------~--
Mean 17.98 34.02 28.24 19.90 48.03 
S.D. 28.62 22.68 17.36 19.06 32.65 

1 Depth Transects 1 == 6-20 m, 2 == 3-6 m, 3 == < 3 m (center of eelgrass bed) 
2 Silt and clay 

25.02 3.42 7.50 -20.10 
16.45 2.48 1.50 
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APPENDIX II .Continued. 

-·------------------------------------------------------------------------------------------------< • 

Site 
( #) 

Site 
Oiling 
Status 

Depthl Sample Gravel Sand Silt Clay Mud2 Mz t> OC N 
Sta. Trans. # % % % % % Mean Sort mg/g mg/g OC/N r,13C 

------------------------~---------------------------------------------~--------------------------
Herring Bay Oiled 1 1 gs61 22.53 46.65 20.37 10.45 30.82 2.43 3.59 7.69 0.81 9.50 -23.00 
Site (16) 2 1 gs633 6.22 0.5611.10 

3 1 gs65 11.39 76.24 7.38 5.00 12.38 0.18 2.59 10.01 0.83 12.10 
1 2 gs62 0.00 86.42 5.53 8.06 13.59 2.72 2.07 7.43 0.69 10.70. 
2 2 gs64 58.64 33.38 1.38 6.60 7.98-1.92 4.91 5.45 0.48 11.40 
3 2 gs66 74.62 15.13 4.36 5.90 10.26-3.53 4.63 0.91 0.15 6.00 
1 3 gs67 23.62 60.09 7.70 8.59 16.28 1.10 4.94 9.12 0.7711.80 -20.70 
2 3 gs68 3.35 86.60 2.34 7.72 10.06 2.03 2.06 4.35 0.45 9.70 .. 21.40 
3 3 gs69 0.00 69.28 13.38 17.34 30.72 5.20 3.35 19.92 1.9310.30 .. 21.00 

--------------~---------~----------------------~------------------------~------~-----------------
Mean 24.27 59.22 7.81 8.71 16.51 7.90 0.7410.29 -21.50 
S.D. 28.03 25.78 6.29 3.87 9.15 5.26 0.50 1.84 1.00 

Lower Control 1 1 gs52 57.45 34.86 3.34 4.34 7.68-1.87 4.26 13.06 1.31 10.00 
Herring Bay 2 1 gs53 0.00 41.39 27.46 31.15 58.61 6.08 3.34 52.38 5.21 10.10 -23.00 
Site (15) 3 1 gs54 52.06 26.34 7.03 14.58 21.61 0.98 3.91 9.50 1.02 9.30 

3 2 gs55 94.11 0.71 5.18 0.00 5.18-1.8~ 1.29 0.52 0.11 4.70 
2 2 gs56 69.22 16.84 3.08 10.87 13.95-0.2~ 3.37 5.54 0.56 9.90 
1 2 gs57 93.65 0.52 1.66 4.16 5.82-1.88 1.62 12.11 1.97 6.11 

~ 

1 3 gs58 4.87 6.23 30.73 58.17 88.90 8.67 3.42 77.49 11.73 6.60 -16.20 
2 3 gs59 9.76 10.79 46.70 32.74 79.44 5.97 4.62 62.81 7.39 8.50 -18.90 
3 3 gs60 0.00 5.00 14.10 80.40 94.50 9.63 2.38 108.92 11.51 9.50 -17.50 

-----------------------------~--------------------------~-----~---------------~----------------~-
Mean 42.35 15.85 15.48 26.27 41.74 
S.D. 39.38 15.10 15.90 27.49 38.21 

1 Depth Transects 1 a 6-20 m, 2 a 3-6 m, 3 = < 3 m (center of eelgrass bed) 
2Silt and clay 
Jln!luffldont quantity for cornpleto analyses. 

38.04 4.53 8.30 -18.90 
38.69 4.67 2.00 
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APPENDIX If .Continued. 

----------------------------------------------------------------~-------~-----~---~-----~-~------
Site Site 
( #) Oiling Depthl Sample Gravel Sand Silt Clay Mud2 Mz b at N 

Status Sta. Trans. # % % % % % Mean Sort mglg mg/g OC/N t>l3C 

-----------------------------~----~------~-----~--~---~---~---~-------~-~-~--~---~---~~~~--~~----
Sleepy Bay Oiled 1 1 gs34 0.00 83.03 12.66 4.31 16.97 3.17 1.29 7.65 1.18 6.50 
Site ( 1 7) 2 1 gs35 0.00 90.97 3.24 ·5.80 9.04 2.52 1.89 8.76 1.15 7.60 -23.60 

3 1 gs36 0.00 92.19 3.51 4.29 7.01 2.47 1.39 5.90 0.76 7.80 
1 2 gs37 0.14 90.39 5.30 4.18 9.48 2.85 1.08 7.60 0.79 9.60 
2 2 gs38 0.00 99.21 0.74 0.00 0.74 2.32 0.62 4.55 0.60 7.60 
3 2 gs39 0.00 97.69 2.31 0.00 2.31 2.65 0.81 4.40 0.64 6.90 
1 3 gs40 0.44 86.23 9.68 3.64 13.33 2.78 1.08 5.03 0.94 5.40 -21.10 
2 3 ustl 1 0.1 B 94.12 2.19 3.50 5.69 2.32 0.00 3.94 0.67 5.80 .. 22.80 
3 3 gs42 0.28 98.80 0.93 0.00 0.93 1.88 0.72 5.11 0.60 8.50 -23.00 

-------------------------------------------------------------------------------------------------Mean 0.12 92.5, 4.51 2.86 7.37 5.88 0.81 7.30 .. z2.60 
S.D. 0.16 5.59 4.09 2.24 5.58 1.71 0.23 1.30 

Moose Lips Control 1 1 gs43 0.00 62.86 33.03 4.10 37.14 4.07 1.05 5.81 0.85 6.80 
Bay 2 1 gs44 0.00 40.99 40.88 1 8.13 59.01 5.85 3.30 5.30 1.00 5.30 .. 22.10 
Site ( 1 8) 3 1 gs45 0.00 60.14 34.47 5.39 39.86 4.03 1.42 3.76 0.55 6.80 

1 2 gs46 0.00 85.00 15.00 0.00 15.00 3.42 0.68 3.36 0.49 6.90 
2 2 gs47 0.00 85.34 11. 11 3.55 14.66 3.10 0.93 3.55 0.58 6.10 
3 2 gs48 14.12 78.45 4.86 2.57 7.43 1.80 2.65 2.56 0.44 5.80 
1 3 gs49 0.00 90.01 5.93 4.07 10.00 3.20 0.69 2.59 0.41 6.30 .. 23.00 
2 3 gs50 0.00 83.35 8.24 8.41 16.65 3.1 a 2.20 3.19 0.52 6.10 -21.80 
3 3 gs51 29.36 59.89 4.96 5.79 10.75 0.23 5.01 3.33 0.50 k 7() 

V•l V -22.30 

--------------------------------------------------------------------~~~---------~~----~~~--------
Mean 4.83 71.78 17.61 
S.D. 10.32 16.48 14.40 

1 Depth Transects 1 = 6-20 m, 2 = 3-6 m, 3 = < 3 m (center of eelgrass bed) 
2 Silt and clay. 

5.78' 23.39 3.72 0.59 6.30 -22.30 
5.17 17.73 1.12 0.20 0.50 
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APPENDIX II .continued. 

-----------------------------------------------------------------------------~-------------------
Site Site 
( # ) Oiling Depth1 Sample Gravel Sand Silt Clay Mud2 Mz 6 oc N 

Status Sta. Trans. # % % % % % Mean Sort mglg mg/g OC/N fll3C 

--------------------------~----------------------------------------------~------------~-----------
Clammy Bay Oiled 1 1 gs70 0.00 77.16 14.37 8.4 7 22.84 3.58 2.19 7.89 0.82 9.60 
Site (25) 2 1 gs72 0.00 90.89 1.98 7.13 9.11 2.77 2.29 4.89 0.70 7.00 -22.40 

3 1 gs74 0.00 84.45 7.33 8.22 15.55 3.32 1.90 6.52 0.82 8.00 
1 2 gs71 0.00 93.27 2.39 4.34 6.73 2.60 0.98 3.89 0.68 5.70 
2 2 gs73 0.00 98.53 1.42 0.00 1.42 2.40 0.62 4.52 0.77 5.90 
3 2 gs75 0.00 99.83 0.17 0.00 0.17 2.07 0.93 4.16 0.62 6.70 
1 3 gs76 0.00 96.66 3.34 0.00 3.34 2.58 0.55 4.75 0.72 6.60 -22.40 
2 3 gs77 0.00 98.63 1.37 0.00 1.37 2.28 0.69 4.69 0.65 7.20 .. z 1.90 
3 3 gs78 0.00 90.51 4.33 5.16 9.49 2.30 1.60 6.16 0.81 7.60 -21.60 

-------------------------------------------------~-------------------------------------------~---
Mean 92.21 4.08 3.70 7.78 5.27 0.73 1.10 .. 22.10 
S.D. 7.51 4.39 3.74 7.52 1.31 0.08 1.20 

Puffin Bay Control 1 1 gs79 0.00 31.73 40.87 27.39 68.27 6.33 3.57 15.51 2.27 6.80 
Site (26) 2 1 gs81 21.43 66.95 5.00 6.62 11.62 1.13 4.73 6.38 0.95 6.70 ~22.30 

3 1 gs83 0.00 84.54 7.37 8.09 1 5.46 3.20 1.69 5.95 0.80 7.40 
1 2 gs80 0.00 89.27 6.75 3.98 10.73 1.63 2.43 4.01 0.68 5.90 
2 2 gs82 73.45 17.32 2.91 6.33 9.23-1.95 3.06 6.91 0.84 8.20 
3 2 gs84 1.33 95.90 2.77 0.00 2.77 2.02 0.97 4.20 0.68 6.20 
1 3 gs85 0.24 80.41 19.35 0.00 19.35 2.43 1.30 4.11 0.65 6.30 -22.70 
2 3 gs86 0.00 96.22 3.78 0.00 3.78 2.63 0.60 4.80 0.76 6.30 -22.30 
3 3 gs87 0.00 98.59 1.40 0.00 1.40 2.18 0.65 3.96 0.64 6.20 -22.70 

-----------------------------~-------------------------~----~----------------------~-----~-~-~--~ 
Mean 10.72 73.44 10.02 5.82 15.84 6.20 0.92 6.70 -22.50 
S.D. 24.55 29.60 12.74 8.73 20.53 3.66 0.52 0.70 

1 Depth Transects 1 = 6-20 m, 2 = 3-6 m, 3 = < 3 m (center of eelgrass bed) 
2 Silt and clay 



APPENDIX I. 

Granulometric composition, organic carbon (OC), nitrogen (N), 

OC/N ratios and stable carbon isotope ratios (o13c) of surficial 

sediments from Zostera (eelgrass) habitats in western Prince 

William Sound, Alaska, Summer 1991. 
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APPENDIX I . Granulometric composition, organic carbon (OC), nitrogen (N), OC/N ratios and stable carbon isotope ratios (l) 13C) of 
surficial sediments from Zostera (eelgrass) habitats in western Prince William Sound, Alaska, Summer 1991. 

-------------------------------------------------------------------------------~-~---------------

Site 
( # ) 

Bay of 
Isles 
Site (13) 

Site 
Oiling 
Status 

Oiled 

Oepthl 
Sta. Trans. 

1 1 
2 1 
3 1 
1 3 
2 3 
3 3 

Sample Gravel Sand Silt Clay Mud2 Mz3 l)3 OC N 
# % % % % % Mean Sort mg/g mg/g OC/N l) 13C 

25 0.00 30.98 45.09 23.94 69.03 6.39 3.09 112.40 11.40 9.90 
26 0.10 7.04 86.16 6.97 93.13 4.33 1.44 11 0. 70 11.20 9.90 ~21.10 
27 0.00 18.79 45.63 35.58 81.21 10.00 5.20111.00 10.90 10.20 
28 0.00 33.82 34.78 31.40 66.18 9.03 7.22 144.40 1 1.60 12.40 
29 0.00 30.69 40.46 28.84 69.31 6.80 3.46 63.40 4.00·15.90 -24.10 
30 0.00 29.32 60.41 10.27 70.68 3.98 1.58 155.20 12.90 12.00 

-----------------------------------------~------------------------------------------------------~ 
Mean 0.02 2 5.11 52.09 22.83 74.92 116.18 1 o.33 11.12 .. zz.6o 
S.D. 0.04 10.25 18.7411.6810.31 32.17 3.18 2.32 

Drier Bay Control 1 1 13 1.45 61.54 30.73 6.28 37.01 3.62 1.52 46.10 3.50 13.20 
Site ( 1 4) 2 1 14 1.00 61.80 18.06 19.14 37.20 3.50 1.57 42.30 2.90 14.60 -22.60 

3 1 1 5 44.83 36.07 9.28 9.82 19.10 0.54 3.28 28.00 2.90 9.60 
1 3 1 6 4.25 49.72 30.98 15.05 46.03 3.90 1.45 62.90 6.10 10.30 
2 3 1 7 0.69 75.95 18.35 5.01 23.36 2.09 1.32 60.60 4.70 12.90 -21.50 
3 3 18 0.22 43.16 31.34 25.28 56.62 3.95 1.81 69.20 6.90 10.00 

Mean 8.74 54.71 23.12 13.43 36.55 51.52 4.50 11.77 -22.05 
S.D. 17.74 14.52 9.24 7.88 13.94 15.44 1. 70 2.07 

~ 1 Depth Transects 1 = 6-20 m, 3 = < 3 m (s:enter of eelgrass bed) 
N 2 Silt and clay. 
Q) 

()'\ 3 Some mean and sorting values were not calculated because all relevant percentiles could not be obtained from the cumulative curve. 
•0 
en 
0 
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APPENDIX I .. Continued 

-----------------------------------------------------------------------~~------~---~-------------

Site 
( # ) 

Site 
Oiling 
Status 

Depthl Sample Gravel Sand Silt Clay Mud2 Mz3 r,3 OC N 
Sta. Trans. # % % % % % Mean Sort mg/g mglg OC/N t> 13C 

-------------------------~----------------------------~------------~------~~------~~-------------

Herring Bay Oiled 1 1 34 37.08 46.77 12.93 3.22 16.15 12.47 4.30 17.50 1.50 11.70 
Site ( 1 6) 2 1 35 27.54 61.38 8.29 2. 79 11.07 0.59 3.29 3.80 0.50 7.60 -22.10 

3 1 36 48.65 42.90 7.57 0.88 8.44-1.65 4.08 9.50 0.90 10.50 
1 3 37 12.24 68.73 14.21 4.83 19.03 1.42 2.84 15.20 1.30 11.70 
2 3 38 64.54 30.82 3.45 1.20 4.64 ·1.25 1.90 3.10 0.30 10.30 ·21. 60 
3 3 39 13.11 73.78 5.76 7.36 13.12 1.92 3.16 24.10 1.50 16.10 

------------------~--------------------------------------------~----~--~-----------~----~---~----
Mean 33.86 54.06 8.70 3.38 12.08 12.20 1.00 11.32 -21.8 5 
S.D. 20.53 16.59 4.14 2.42 5.21 8.24 0.52 2.78 

Lower Control 1 1 40 90.89 7.25 1.86 1.00 1.87 ·3. 1 B 1.32 25.10 2.70 9.30 
llerring Bay 2 1 41 91.19 2.23 3.81 2.76 6.58 -4.07 2.16 50.10 5.50 9.10 -21.70 
Site (15) 3 1 42 1 5.51 47.85 24.73 11.90 36.64 3.12 s.os 84.50 4.60 18.40 

1 3 43 0.00 25.93 18.87 55.21 74.08 6.57 3.82 66.60 4.30 15.50 
2 3 44 20.49 45.57 11.13 22.81 33.94 3.80 6.54 40.00 3.80 10.50 .. 15.50 
3 3 45 73.32 21.59 2.38 2. 71 5.09 -2.20 2.85 7.10 0.60 11.80 

---------------------------~----~~-------------~-------~-------------~~------~~-~~~~-~-~~~~~~-~-~ 
Mean 48.57 25.07 
S.D. 41.14 18.93 

1 Depth Transects 1 = 6-20 m, 3 = < 3 m (center of eelgrass bed) 
2 Silt and clay. 

10.46 16.07 26.37 45.57 3.58 12.43 -18.60 
9.57 20.87 27.87 27.96 1.73 3.74 

3 Some mean and sorting values were not calculated because all relevant percentiles could not be obtained from the cumulative curve. 
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APPENDIX I . Continued 

-------~---------------------------------------------------~--------------------~-~~~--------~---

Site 
( #) 

Site 
Oiling 
Status 

Depth1 Sample Gravel Sand Silt Clay Mud2 Mz3 t>3 OC N 
Sta. Trans. # % % % % % Mean Sort mg/g mg/g OC/N l> 13C 

Sleepy Bay Oiled 1 1 46 1.12 91.41 3.74 3.74 7.47 3.17 1.00 10.00 0.90 11.1 0 
Site (17) 2 1 47 0.21 95.18 4.62 0.00 4.62 1.72 1.28 6.80 0.70 9.70" -22.90 

3 1 48 0.34 91.82 4.75 3.08 7.83 3.12 0.80 5.10 0.50 10.20 
1 3 49 0.58 88.52 9.15 1.00 10.1 5 2.95 0.74 8.20 0.80 10.30 
2 3 so 0.00 97.09 2.91 0.00 2.91 2.36 0.58 5.20 0.50 10.40 -22.50 
3 3 51 0.00 96.51 3.49 0.00 3.47 1.35 0.78 6.30 0.60 10.50 

------------------------------------------------------------------------------~---~------~----~--
Mean 0.38 93.42 4.78 1.30 6.08 6.93 0.67 10.37 -22.70 
S.D. 0.43 3.37 2.25 1.69 2.85 1.89 0.16 0.45 

Moose Lips Control 1 1 52 84.77 15.24 0.00 0.00 0.00-5.18 3.27 3.60 0.60 6.00 
Bay 2 1 53 0.00 67.66 32.34 0.00 32.34 3.68 0.49 24.40 2.00 12.20 .. 22.10 
Site (18) 3 1 54 0.00 72.18 27.82 0.00 27.82 3.63 0.57 5.20 0.60 8.70 

1 3 55 0.00 92.84 7.16 0.00 7.16 3.43 0.43 3.40 0.40 8.50 
2 3 564 4.90 0.70 7.00 -19.70 
3 3 574 4.40 0.60 7.30 

-----------------------------------------------------------~----------~-~------------------------
Mean 21.19 61.98 16.83 0.00 16.83 7.65 0.82 8.28 -20.90 
S.D. 42.39 33.03 15.69 0.00 15.69 8.24 0.59 2.16 

1 Depth Transects 1 == 6-20 m, 3 = < 3 n1 (center of eelgrass bed) 
2 Silt and clay. 
3 Some mean and sorting values were not calculated because all relevant percentiles could not be obtained from the cumulative curve. 
4 Insufficient quantity for complete analysis. 
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APPENDIX I .Continued 

--------------------~-------------------------------------~------~----r-------~--~-----~~-------~ 

Site 
( # ) 

Clammy Bay 
Site (25) 

Site 
Oiling 
Status 

Oiled 

Depth1 
Sta. Trans. 

1 1 
2 1 
3 1 
1 3 
2 3 
3 3 

Sample Gravel Sand Silt Clay Mud2 Mz3 63 OC N 
# % o/o % % % Mean Sort· mg/g mg/g OC/N b 13C 

7 0.24 77.97 11.24 10.55 21.79 3.44 1.78 8.80 1.10 8.00 
8 0.38 92.83 4.80 1.99 6.79 3.12 0.52 7.50 1.00 7.50 -22.70 
9 0.12 92.77 2.12 4.99 7.11 2.29 1.36 6.20 0.90 6.90 

10 0.07 92.04 6.05 1.84 7.89 2.36 0.86 6.20 0.70 8.90 
1 1 0.11 96.49 2.04 1.29 3.33 1.90 0.63 6.90 0.80 8.60 -22.10 
1 2 0.10 95.95 2.29 1.75 4.04 2.29 0.74 ' 5.30 0.70 7.50 

-----------------------------------------------------------~----~-------~--~------~------~-------
Mean 0.17 91.34 4.76 3.74 8.49 6.82 0.87 7.90 -22.40 
S.D. 0.12 6.80 3.58 3.59 6.76 1.22 0.16 0.75 

Puffin Bay Control 1 1 1 1.68 73.82 20.26 4.24 24.50 2.11 1.82 14.10 1.40 10.10 
Site (26) 1 3 2 0.45 87.24 0.6011.71 12.31 2.52 1.76 5.40 0.90 6.00 

?. 1 3 '12.32 52.00 3.GG 1 . 1 tl 4.00 0.02 ,3.13 5.20 0.00 6.50 -20.00 
2 3 4 0.47 92.71 4.37 0.85 5.22 2.77 0.59 7.10 1.00 7.10 -22.10 
3 1 5 0.15 94.94 3.11 2.00 5.11 2.19 0.97 5.80 0.90 6.40 
3 3 6 0.07 87.69 2.55 8.2 9 10.84 2.57 :1.95 8.30 1.00 8.30 

-------------------------------------------------~----------~---~------------~~--~~-~---~-~-~~--~ 
Mean 7.52 01.55 5.76 tl. 71 1 o. '16 7.65 1.00 7.40 -2 1. 0 5 
S.D. 17.06 15.85 7.22 4.41 7.60 3.37 0.21 1.55 

1 Oepth Transects 1 = 6-20 m, 3 = < 3 rn (center of eelgrass bed) 
2 Silt and clay. • 
3 Some rnean and sorting values were not calculated because all relevant percentiles could not be obtained from the cumulative curve. 
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------------------------------------------------------------------------------------------------- ' 

Site 
( # ) 

Short Arn1 
(Bay of 
Isles) 
Site(35) 

Matlatd Bay 
Site (34) 

Site 
Oiling . Depth t 

· Status Sta. Trans. 

Oiled 

Control 

1 
2 
3 

1 
2 
3 
1 
2 
3 

3 
3 
3 

1 
1 
1 
3 
3 
3 

Sample Gravel Sand Silt Clay Mud2 Mz3 [)3 OC N 
# % % % % % Mean Sort mg/g mg/g OC/N t> 13C 

31 
32 
33 

Mean 
S.D. 

19 
20 
21 
22 
23 
24 

0.00 2.49 22.85 74.66 97.51 12.47 5.52 44.80 5.20 8.60 
0.00 26.55 34.13 39.31 73.44 80.30 5.60 14.30 -20.30 
0.00 21.77 20.60 57.63 78.23 132.10 10.90 12.10 

0.00 16.94 25.86 57.20 83.06 85.73 7.23 11.67 .. zo.3o 
0.00 12.74 7.25 17.68 12.74 43.90 3.18 2.87 

0.00 82.30 11.36 6.34 17.70 4.09 1.26 85.50 9.20 9.30 
51.98 26.44 14.55 7.03 21.58 ·1.46 5.57 43.80 5.30 8.30 -19.80 

0.00 45.64 35.29 19.07 56.36 4.26 1.29 53.70 6.20 8.70 
0.00 62.40 20.25 17.35 37.60 6.54 1.43 102.00 10.60 9.60 
0.00 57.94 24.38 17.68 42.06 3.64 1.52 68.40 6.60 10.30 .. 1 8. 70 
4.34 43.73 30.81 21.12 51.93 3.93 1.88 68.40 6.60 10.40 

-----------------------------------------------------------------------------------------~-------
Mean 9.39 53.08 
S.D. 20.94 19.06 

1 Depth Transects 1 == 6-20 m, 3 == < 3 m (center of eelgrass bed) 
2 Silt and clay. 

22.77 14.77 3 7.87 70.30 7.42 9.43 -19.25 
9.25 6.40 15.68 21.08 2.03 0.84 

3 Some mean and sorting vaiues were not caicuiated because aii reievant percentiies could not be obtained from the cumulative curve. 



APPENDIX J. 

Granulometric composition, organic carbon(OC), nitrogen (N), OC/N 

ratios and stable carbon isotope ratios (o13c) of surjficial 

sediments from silled fjord habitat in western Prince William 

Sound, Alaska, Summer 1990 and 1991. 
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APPENDIX J. Granulometric composition, organic carbon (OC), nitrogen (N), OC/N ratios and stable carbon Isotope ratios (613C) of 
surficial sediments from silled fjord habitats In western Prince William Sound, Alaska, Summer 1990 and 1 991. 

1990 

Site 
( # ) 

Site 
Oiling 
Status 

Herring Bay Oiled 
Site 
(28~601) 

Inner Control 
lw:ky Bay 
Site (29) 

Inner Bay 
of Isles 
Site (30) 

Oiled 

1 Depth transect 1 Rl 20 m 
2 Silt and clay 

. Depthl 
Sta. Trans. 

1 
2 
3 

5 

5 
6 

1 
1 

1 
1 
1 

Sample Gravel Sand Silt Clay Mud2 Mz t> OC N 
# % % % % % Mean Sort mg/g mg/g OC/N fll3C . 

gsl 
gs2 
gs3 

0.00 1. 7 5 48.22 50.03 98.25 7.60 2. 57 41.96 7.97 5.30 -21.00 
0.00 0.69 36.11 63.20 99.31 8.80 2.16 48.48 7.67 6.30 
0.00 1.00 67.13 31.91 99.04 6.93 2.56 64.4010.50 6.10 .. 21.10 

Mean 0.00 1.15 50.49 48.38 98.87 7.78 2.43 51.61 8.71 5.90 -21 .OS 
S.D. 0.55 15.63 15.71 0.55 0.95 0.23 11.54 1.55 0.53 

gs8 0.00 6.80 44.12 49.03 93.15 8.07 2.70 34.29 6.14 5.60-20.70 

gs13 92.71 2.20 1.59 3.50 5.09-1.9t 1.34 42.01 5.32 7.90 
gs14 42.73 24.60 8.82 23.85 32.67 2.97 5.06 31.98 5.53 5.80 

Mean 67.72 1 "'l A 1"\ 
I..J,"tV 5.21 13.68 18.88 " 1: 'J V,,J.J 'J ')" 

.J,C-V 37.00 a c:u: 
UoUoJ 

S.D. 35.34 15.84 5.11 14.39 19.50 3.46 2.63 7.09 0.15 1.48 



APPENDIX J .• Continued 

1991 

Site 
( # ) 

Site 
Oiling 
Status 

Herring Bay Oiled 
Site 
(28-601) 

Depth1 
Sta. Trans. 

1 
2 
3 

1 
1 
1 

Sample Gravel Sand Silt Clay Mud2 Mz ll OC N 
# % % % % % Mean Sort mg/g mg/g OC/N 6 13C 

100 32.12 57.54 8.36 1.98 10.34 3.12 1.75 99.90 10.50 9.50 -20.40 
101 0.00 34.95 51.20 13.85 65.05 4.61 1.50 41.40 4.90 8.50 -20.40 
102 0.00 47.62 38.7613.62 52.38 4.22 1.60 62.80 7.80 8.10 -20.30 

-----------------------------------------------------------------------~---------------~-------~-

y 
I 

N 

)..o
(l 

Inner Control 
Lucky Bay 
Site (29) 

rn 1 Depth transect 1 R:l 20 m 
w 2 Silt and clay 
0 
N 
(X) 

0'-
-n 
(X) 

-J 

Mean 
S.D. 

5 1 98 

10.71 46.70 32.77 9.82 42.59 3.98 1.62 68.03 7.73 8.70 -20.37 
18.54 11.32 22.04 6. 79 28.64 0.77 0.13 29.60 2.80 0.72 0.06 

26.67 48.68 , 4.58 10.07 24.65 3.02 2.83 87.20 8.80 9.90 ·20.50 



APPENDIX K. 

Benthic invertebrates from shallow subtidal habitats in western 

Prince William Sound, 1989-91. All habitats were sa.ID.pled by 

suction dredge, except Zostera DN, which was also saiD.pled by 

dropnet. 



APPENDIX K .Benthic invertebrates from shallow subtidal habitats in western Prince William Sound, 1989-91. All habitats were 
sampled by suction dredge, except Zostera ON, which was sampled by dropnet. 

HABITAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTEJlA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 Tl T25 T3 DN6 T1 T2 FJORD 

i 

37 Cnidaria E/1 SF,P X x7 Xl X7 
3701 Hydrozoa E SF,P X X X~ X X X xa 
373101 Eleutherocarpidae E p x'7 X 
3740 Anthozoa E/1 SF,P X X x-: X9 

Tube Anemones 
1 

X9 X7 3743 Ceriantharla I p X 
3758 Actiniaria Sea Anemones E/1 p X 
43 Rhynchocoela Ribbon Worms E/1 p X X X X X X X 
430302 Lineidae Ribbon Worms I p X9 X X9 
50 Annelida E/1 

?~ 5001 Polychaeta Polychaetes E/1 SDF,SF,P,O X X X X X X xa I 
• ..J 500101 Aphroditidae u E/1 p X9. 

1 

500102 Polynoidae u E/1 P,O X X X X X X X 
500104 Polyodontidae u E/1 SDF,SSDF,P,O X X X X XB r 
500106 Sigalionidae II I P,O X X X X X XB 
500108 Chrysopetalidae II E/1 p X X7 X7 X 
500111 Euphrosinidae u E/1 p X7 
500113 Phyllodocidae u E/1 P,O X X X, X X X xa 
500121 Heslonidae II E/1 p X X X X X X xs 
500123 Syllidae u E/1 SDF,P,O X X X X X X X 
500124 Nereidae u E/1 SDF,SF,P X X X X X X X7 
500125 Nephtyidae II I SSDF,P X X X X X XB 
1: I\ 1\ -t ··1 t• 
.1 \HI I ~ 0 Sphacrodoridae !I Eli SDF X X7 X X X9 

)> 500127 Glyceridae II I p X X X X X X9 n 
Ill 500128 Goniadidae u I P,O X X X X X XB 
ul 500129 Onuphidae II I SDF,P,O X X X Xl 
0 

500131 Lumbrineridae u I SDF,SSDF,P,O X X x X X X N 
()) 

500136 Dorvilleidae u E/1 P,O X X X X X X X Q\ 
-.D 
C):) 

-.D 



APPENDIX U< .continued 

HABrTAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNAl TYPE2 Tl T25 T3 DN6 . Tl T2 FJORD 

500140 Orhlnildae Polychaetes I SSDF X X X X X X 
500141 Paraonidae " I SSDF,SDF X X X X X X9 
500142 Apistobranchidae " I SDF X 
500143 Spionidae u I SDF,SF X X X X X X xa 
500144 Magelonidae u I SDF X X X7 X X9 
500149 Chaetopteridae II I SF X X X X XlO 
500150 Cirratulidae II I SDF X X X X X X 
500151 Acrocirridae u I SDF X X X7 X7 
500154 Flabelligeridae u I SDF X X X X X9 
500157 Scalibregrnidae II I SDF,SSDF X X X X X 
50015B Ophclildae II I SSDF X X X X X X X 
500160 Capitellidae u I SSDF X X X X X X X 

~ 
I 500162 Arenicolidae u I SDF X 

N 
500163 Maldanidae u I SSDF X X X X X xa 
500164 Oweniidae II I SDF ,SSDF ,SF X X X x· X xa 
500165 Sabellariidae II I SF X7 X 
500166 Arnphictenidae II I SSDF X X X X X X X 
50016! Arnpha re tid ae u I SDF X X X X X X xa 
500168 Terebellidae II I SDF X X X X X X 
500169 .l.rlcllobrancllidae II I SDF X .X X7 X 
500170 Sabellidae u I SF X X X X X X 
500173 Serpulidae u E SF X X X X X 

)> 500178 Spirorbidae II r:' SDF,SSDF,SF,P,O X X x .X X X X c. 
(') 

500205 Polygordiidae 14 E/1 SDF . X7 X X X m 

u.l 5012 Hirudinea Leeches· E/1 P,O X9 
0 Mollusca E/1 X9 
N 
(X) 51 Gastropoda E/l SDF,SF,P,O X X X X X X xs 
0'-
\.{) 5102 Archaeogastropoda Limpets E 0 X X X X X X9 
"-{) 

0 



APPENDIX K • continued 

HABITAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 Tl T25 T3 DN6 Tl T2 FJORD 
--- .... -~·~ .... -~ ~~--··--¥ _____ .... 
510204 Fissurellidae Snails E 0 X X X 
510205 Lottidae (Acmaeidae) If E 0 X X Y./ X X 
510207 Lepetidae u E 0 X X X7 X X X9 
510210 Trochidae II E/1 0 X X X X X X X9 
510309 Lacunidae II E/1 0 X X .X X X7 Xl 
510310 Littorinidae Periwinkle E/1 0 Xl 
510320 Rissoidae Snails E/1 0 X X X X X X xa 
510324 Skeneopsidae u E 0 X 
510333 Turritellidae u E/1 SDF Xl 
510336 Cnecidae Caecum I 0 X X X X X xa 

~ 510346 Cerithiidae Snails E/1 0 X X7 X 
I 510353 Eulimidae II ? Ectoparasites X9 w 

510362 Trichotropidae u Ell SF X X X7 
510364 Calyptraeidae II E SF X X x X X X9 

1 

510376 Natlcidae II E/1 p X7 X X9 X 
510386 Barleeiidae II I . 0 X1 
510501 Muricidae II E/1 p 'X9 X X X7 
510503 Pyrenidae II E/1 p X X X7 XlO 
510508 Nassariidae u Ell P,O X X X X X X9 
510510 Olividae " Ell P,O X X X X Xl X7 
510515 Marginellldae u E/1 0 X7 X 
510602 Turrldae " Ell p X X X X X XB 

)> 510801 Pyramide!!idae u ? Ectoparasltes v v v v v v 
(i " " .1\ 1\ 1\ " Ill 5110 Cephalaspidea Bubble Shells E/1 P,O X X X7 X X X 
lJJ 511004 Cylichnidae u E/1 P,O X X X X X X 
0 
N 511005 Phillnidae Paperbubble E/1 p X9 X X9 
()') 

511007 Gastropteridae Batwing Seaslug E/1 P,O X X X X X7 X X 0' 
'-0 SllOO!J Diaphanidae Paperbubble E/1 P,O X9 X7 X X •0 
t..J 



APPENDIX K • continued 

HABITAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 Tl T25 13 DN6 Ti T2 FJORD 

511012 J faminoidae Glassy-bubble E/1 P,O X X X9 
5123 Sacoglossa Nudibranchia E 0 X X X X7 X X7 
512306 Stiligeridae II E 0 X X7 X7 
5127 Nudibranchia u E P,O X X X X X X X 
5128 Doridacea u E p Xl X X7 X X1 
513003 Dorididae u E p X9 
513105 Onchidorididae u E p Xl X X X X7 X X7 
513107 Corarnbidae u E p X X X X9 
513406 Dendronotidae u E p X X1 
513408 Tethydidae u E p X X? 
5181 Oplsthobranchla u E/1 P,O X 

~J S3 Pnlyplar.nJ1Ilora C:hitons F. 0 X X X X X X9 

"' !1JOiOI I upldopluwlduu " 1: 0 X X X X X 
530302 lschnochitonldae jj E 0 X X X7 X X 
530307 Mnpnlilclno II E P,O xo X X7 X X 
55 Ulvalvla Bivalves E/1 SDF,SSDF,SF X X )( X X X XB 
5S0202 Nur.ulidae Nutclam I SSDF X X X X9 
'• 'd J,' 0 ·I I II 11: ltlartl• lnu u I ~j ~if) I X X X !I X xn 
!i!Jt)ht)h tjJycynttH ldao CIUrtlti L: I I Sf· X X 
550701 Mytllldae Mussels E SF X X X X X . X X 
SS0905 Pcctlnlctae Scallops E SF X X X7 X 
550909 Anomlldae Jingles E SF X7 X X7 X7 X X7 

)> 551501 Lucinidae Clams I SDF,SF X X X X X X xa 
n s s 1 !i 0;.' Thyash!dao II I SDF,SF X X ):( X X xo r:1 

bSlSOS Ungullnlc.Jae II I SF ·X X X7 X7 X7 
l}J 
0 551508 Kelliidae u E/1 SF,SDF X 
N 
{)) 551510 Montacutldae II I SF,SDF X X X X X X xa 
(). 
~ 551514 Turtoniidae II E/1 SF X7 X7 X X9 X9 
\[) 

N 



/\PPI: Nl )IX 1\ • continued 

HABITAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 T1 rzs r3 DN6 T1 T2 FJORD 

551517 Carditidae Clams E/1 SF X X X 'X! 
551519 Astartldae • II E/1 SF X X X X 
551522 Cardiidae Cockles E/1 SDF,SF X X x X X X 
551525 Mactridae Clams I SF X7 
551531 Tellinidae u I SDF ,SF ,SSDF X X X X X X 
551547 Veneridae u I SF X X X X X X9 
551701 Myidae " I SDF X X X X X X7,10 

551706 Hiatellidae II E/1 SF X X X X X X X10 
552002 Pandoridae II E/1 SF X9 
552005 Lyonsiidae II E/1 SF X X X X X X9 
552008 Thraciidae " I SF X X 

!-'~ 
I 552010 Cuspidariidae II I p X X 

Ul 
56 Scaphapoda Tusk shells I SSDF,P X7 
560001 Dentaliidae Tuskshells I SSDF,P X9 

61 Arthropoda Crustaceans E/1 X X X X X X X7 

6134 Balanomorpha Barnacles E SF X X X9 X X X X 
613401 Chtharnalidae II E SF X9 
613402 Balanidae II E SF X7 X X X X X9,10 

6154 Cumacea Cumacea.ns I SDF,P X X X X X X 
615401 Lampropidae II I SDF X X X X X X9 
615404 Leuconldae " I SDF X X X7 X X xs 
615405 Dlastylidae " I SDF X X X X X7 X 
615407 Campylaspidae II I SDF;P X7 )> 

n 615408 Nannastacidae " I SDF X X X7 X7 X X9 m 
615409 Bodotriidae " I SDF X X X X 

bJ 
0 6155 Tanaidacea Tanalds E/1 SF,P X7 X7 
N 
CD 615701 Tanaidae It E/1 u X9 

"' 615702 Paratanaidae u E/1 u X9 X X X X X9 -..o 
\() 

OJ 



APPENDIX 1< • continued 

HABrrAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNAl TYPE2 Tl T25 T3 DN6 Tl T2 FJORD 

6158 Isopod a I so pods E/1 SDF X7 
615901 Gnathiidae u E/1 SDF X9 X9 X9 
616105 Limnoridae u WB 0 X7 X X7 X7 
616202 ldoteidae II E 0 X X 
6163 Asellota II E/1 SDF X7 
616306 Janiridae lsopods E/1 u X7 
616311 Jaeropsidae u u u X9 
616312 Munnidae .. E/1 u X X X X X X X 
6169 Amphipoda Amphipods E/1 X X X X X X xa 
616901 Acanthonotozomatidae '' E/1 u X7 
616902 Ampeliscidae " I SDF,SF X X Xl X X 
616904 Ampithoidae 14 E/1 u X X X X X9 X X9,10 

~ 
I 616906 Aoridae " E/1 u X X X X X9 X 

Q) 

616912 Calliopiidae .. ·E/1 0 X7 X X9 X9 
616915 Corophiidae .. I SDF,SF X X X X X X X7 
616917 Dexamlnidae .. E/1 SF X X X X X X 
616920 Eusiridae II E/1 p X X X X X X 
616921 Gammaridae " E/1 SDF,SF X X X X X X 
616923 Hyalellidae .. u u X9 X7 
616926 lsaeidae II E/1 SDF X X X X X X X 
616927 lschyrocerldae u E/1 SDF,O X X X X X X X 
616934 Lysianassidae " E/1 0 X X X X X X 
616937 Oedicerotidae " I"" II SDF,O X X X X X X )> t/1 

(I 
616942 Phoxocephalidae " E/1 SDF,P,O X X X X X X m 
616943 Pleustidae .. . E/1 SDF,O X X X X X X X9 (JJ 

0 616944 Podoceridae " E u X7 X7 X7 
N 
(.D 616948 Stenothoidae u E/1 p X7 X X7 X X9 X a--
'0 616950 Synopildae ., E SF X X Xl X9 
•0 
..{:'-



APPENDIX K .continued 

HABITAT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 T1 T25 T3 DN6 T1 T2. FJORD 

6171 Caprellidea Caprellids E/1 SDF,P,O X X X X X X X 
6175 DecapxJa E P,O X X X X X X X9 
6178 Pleocyema ta Shrimps E P,O X7 X X X9 X 
617916 Hippolytidae II E P,O X X X X X X X9 
617918 Pandalidae II E P,O X9 X X X9 X9 
617922 Crangonidae u E P,O X X9 X x. X X9 
618306 Paguridae Hermit Crabs E P,O X X9 X X X X9 
618308 Lithodidae Crabs E P,O X7 
6184 Brachyura II E P,O X7 
GlB/01 Majldac II E P,O X7 X X7 
618802 A telecyclidae II E P,O X? X X X X9 X 
618803 Cancridae II E 0 X7 X ~ 

I 61B9 Brachyrhyncha II E 0 X9 ....... 

'/2 Slpuncula Peanut Worms I SDF,SF X X7 X X 
7?.000? finlflnulidao II I SDF X X X9 X X9 
13 Echlur a Spoon Worms I SDF,SF X9 
74 Prlapullda I SSDF,P X9 
740001 Priapulidae I p X 
II I' hot onida E/1 sr X X X X X 
'/B lh you> a E SF,P X X X X X X X 
no Br ad1iopoda Larnp Shells E SF X 
BOO~)O/ Cancollolhyrldao II E SF X9 

)> 800511 Dallinidae " E SF V7 
1'\' 

() 

A1 Echinodermata E/1 X9 X9 Ill 

lil B I 0'1 Asluwldua Soa Slats E P,O X X X X xo X7 
(.) U I 1 /OJ Asterlldae If E P,O X X7 X 
1\.1 
llJ B120 Ophluroldea Brittle Stars E SDF,SF,P,O X X X X X X X 
0'• 
-o 012902 Ophlactldae IC E SDF,SF X7 
1.0 
\Jl 
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APPENDIX I< .continued 

HABIT" AT 
TAXON COMMON EPIFAUNAl FEEDING ZOSTERA3 LAMINARIA4 SILLED 
CODE TAXON NAME INFAUNA 1 TYPE2 T1 T25 T3 ON6 T1. T2 FJORD 

812903 Amphiuridae Brittle Stars Ell SDF,SF X7 X X X X7 
8136 Echinoidea E X7 X7 X X7 X 
0149 Echinoida Sea Urchins E 
814903 S trongylocentrotidae .. E 0 X X X X X7 X7 
015502 Ecllinaracllnlldae Sand Dollars I SDF,SF X X X 
8172 Holothuroidea Sea Cucumbers E/1 SDF ,SSDF ,SF 
817206 Cucumariidae u E SF,P X X X7 
817801 Synaptidae " I SSDF X X7 X9 X7 
84 Urochordata Tunicates E SF X X X X9 .x 
8401 Ascidiacea II E SF X X X X X7 X 
840601 Styelidae u E SF X 
840602 Pyuridae. " E SF X7 

---------------------------------------------------------------------------------
Notes: No superscript under .. HABIT AT" means there was an occurrence in 1 990 and 1 991. 

l E = Epifauna; I = In fauna; E/1 ;;:: Both Epifaunal and In faunal members. 
2Feeding Type: SDF=surface deposit feeder; SSDF=subsurface deposit feeder; SF=suspenslon feeder; 
P=predator (carnivore); O=Other (scavenger, herbivore); WB=woodborer; U=unknown. 

3Zostera Tl =Transect 1 (6-20m). 
lostera T2 .... Transect 2 (3-6rn). 
Zostera T3=Transect 3 (Eelgrass Bed). 

4 Laminaria T1-= Transect 1 ( 11-20m). 
La1ninaria T2= Transect 2 (2-11m). 

szostera T2 was only sampled in 1990. 
6Dropnet samples were only collected In 1990. 
?Occurred in 1991 only. 
BQccurred in 1989,1990 and 1991. 
9Qccurred in 1990 only. 
1 OQccurred in 1989 only. 



APPENDIX L. 

Mean values for community parameters of dominant invertebrate 

families that were sampled by suction dredge at oiled and control 

sites in the eelgrass habitat in 1990 and 1991. Also given are 

probabilities that the means from the oiled and control sites 

were similar as determined by randomization tests. 

ACE 30286997 



Appendix L. Mean values for community parameters of dominant 
invertebrate families that were sampled by suction dredge at 
oiled and control sites in the eelgrass habitat in 1990 and 1991 .. 
Also given are probabilities that the means from the oiled and 
control sites were similar as determined by randomization tests. 

1990 Infauna Diversity Indices for Alaskan Eelgrass Habitats 
All Families' Higher 

Transect • 1 

Site Shannon- Total Total Species 
Site Code Weiner Si~on Famit ies Indivh:iuals Bic::mas.s Richness 

Bay of Isles 13 (0) 0.92 0.61 12 244 1.054 2.082 
Drier Bay 14 (C) 2.23 0.17 . 27 592 6.836 4. ,23 

Herring Bay 16 (0) 3.13 0.09 54 696 8.475 8.203 
Lower H. Bay 15 (C) 2.96 0.08 52 482 3.265 8.384 

Sleepy Bay 17 (0) 2.70 0.13 57 768 11.307 8.417 
Moose Lips 18 (C) 2.29 0.16 29 1007 10.089 4.096 

Clanmy Bay 25 (0) 2.58 0.14 38 661 7.089 5.716 
Puffin Bay 26 (C) 3.35 0.06 62 1165 19.388 8.683 

Mean (0) 2.33 0.24 40 592 6.981 6.105 
Mean (C) 2.71 0.12 43 812 9.894 6.321 

p 0.13 0.045 0.70 0.07 0.35 o.a:s 

1990 Infauna Diversity Indices tor Alaskan Eelgrass Habitats 
All families & Higher 

Transect = 3 

Site Shannon- Total Total Speci-es 
Site Code Weiner SiqJSon Families lndiviciJals Bianass i~ichness 

Bay of Isles 13 (0) 1.64 0.28 20 108 0.553 3.014 
Drier Bay 14 (C) 2.29 0.14 20 200 0.905 3.645 

Herring Bay 16 (0) 2.27 0.17 38 1611 5.968 4.969 
Lower H. Bay 15 (C) 1.70 0.26 18 436 1.141 2.792 

Sleepy Bay 17 (0) 2.43 0.14 45 2577 19.334 5.619 
Moose lips 18 (C) 2.50 0.13 38 1428 7.971 5.130 

Ctanmy Bay 25 (0) 2.45 0.15 44 2640 39.325 5.506 
Puff;n Bay 26 (C) 2.67 0.13 45 1834 15.220 5.861 

Mean (0) 2.20 0.18 31 1884 16.295 4.m 
Mean (C) 2.29 0.17 30 975 6.309 4.357 

p 0.58 0.48 0.12 <0.01 <0.01 0.39 

ACE 30286998 
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1991 Infat.na Diversity In::Hces for Alaskan Eelgrass Habitats 
All Families & Higher 

Transect a 1 

Site Shannon- Total Total Species 
Site Code \Ieiner Si~ Faa:~ilies Indivici.lals Biomass Riclvless 

Bay of Isles 13 (0) 1.30 0.50 17 367 2.498 2.721 
Drier Bay 14 (C) 2.22 0.20 39 1213 21.800 5.311 

Herring Bay 16 (0) 3.49 0.05 67 1257 8.474 9.262 
Lower H. Say 15 (C) 2.86 0.14 56 1011 3.726 8.072 

Sleepy Bay 17 (0) 2.71 0.14 53 1620 12.041 7.214 
Moose Lips 18 (C) 2.57 0.19 54 1713 24.346 7.137 

Ctanmy Say 25 (0) 2.66 0.15 43 1057 9.782 6.176 
Puffin Bay 26 (C) 3.31 0.07 71 1251 8.028 9.886 

Mean (0) 2.54 0.21 45 1075 8.199 6.343 
Mean (C) 2.74 0.15 55 1297 14.415 7.61J2 

p 0.46 0.44 0.11 0.26 0.46 0.,5 

1991 Infat.na Diversity Indices for Alaskan Eel;nss Habitat~; 
All Families & Higher 

Transect = 3 

Site Shannon- Total Total Species 
Site Code \Ieiner Simpson Faatilies Indiviciats Bicmass Rich.ness 

Bay of Isles 13 (0) 2.14 0.16 26 2030 2.024 3.352 
Drier Say 14 {C) 2.44 0.14 33 1115 5.313 4.512 

Herdng Say 16 (0) 2.41 0.16 47 2613 8.023 s.m 
lower H. Bay 15 (C) 2.37 0.14 30 1496 2.277 3.916 

Sleepy Bay 17 (0) 2.28 0.17 47 3207 12.794 5.7'91 
Moose lips 18 {C) 2.47 0.14 52 407? 18.910 6.17.5 

Clarmry Bay 25 (0) 2.42 0.16 so 3427 34.933 6.n24 
Puffin Bay 26 {C) 1.95 0.34 64 7997 36.333 7. !27 

Short Anm Bay 35 (0) 2.36 0.16 35 1752 3.538 4.512 
Mallard Bay 34 (C) 2.39 0.14 33 1933 4.081 4.292 

Mean (0) 2.32 0.16 41 2606 12 .. 262 5.:1, 
Mean (C) 2.32 0. !8 42 3322 13.383 5 .Z'!JS 

p 0.97 0.53 0.73 0.32 0.66 0.!3 
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APPENDIX M. 

Mean values for abundance and biomass of dominant invertebrate 

families that were sampled by suction dredge at oiled and control 

sites in the eelgrass habitat in 1990 and 1991. Also 9iven are 

probabilities that the means from the oiled and control sites 

were similar as determined by randomization tests. 
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Appendix M. Mean values for abundance and biomass of: dominant 
invertebrate families that were sampled by suction dredge at oiled 
and control sites in the eelgrass habitat in 1990 and 1991. Also 
given are probabilities that the means from the oiled and control 
sites were similar as determined by randomizftion tests. Densities 
are i/O.lm2 and biomass units are gramsj0.1m • 

Abundance - 1990 

Deep 

Pair Site# Oilcode AMPHARET AHPHICTE AMPHIPOO BIVALVIA CAECIOAE CAPITELL LUCINIOA MALOANID HYTILIDA NEPHTYID 
·----------------------------------·----------------------------------------------------··--------------------

1 
1 
2 
2 
3 
3 
4 
4 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 

mean 0 
mean C 
p 

0.00 
6.67 
3.56 

10.00 
1.67 
0.00 

12.67 
22.22 

4.47 
9.72 
0.70 

0.00 
14.00 
8.89 
6.33 

17.91 
18.04 
48.00 
43.56 

18.70 
20.48 
0.76 

0.17 
4.00 

31.11 
63.83 
32.05 
90.75 
12.67 
28.45 

19.00 
46.76 
<0.01 

7.00 
78.00 
4.45 

54.67 
9.33 
5.42 
1.33 

10.22 

5.53 
37.08 
0.14 

0.00 
0.00 

35.11 
0.33 
0.00 
0.00 
0.00 

70.22 

8.78 
17.64 
0.02 

0.00 
17.33 
12.45 
8.00 
7.05 
5.95 
8.67 

92.00 

7.04 
30.82 
0.20 

Deep (continued) 

0.00 
58.67 

132.44 
7.50 

10.71 
88.80 

175.33 
35.11 

79.62 
47.52 
0.59 

0.01:) 
17.25 
7.11 
0.00 

10.1~~ 
0.00 

40.39 
30.67 

14.4~~ 
11.~~ 
0.0~) 

0.00 
1.83 

12.89 
- 2.00 
133.74 

4.09 
2.67 

21.94 

37.32 
7.47 
0.23 

188.00 
0.00 
0.00 
2.83 
2.00 
2.67 
4.33 

10.22 

48.58 
3.93 
0.18 

Pair Site# Oilcode OPHELIID OPHIUROl ROSSOIDA SIGALION SPIONIDA SPIRORBl SYLUDAE n:tLINID TMYASIRI 
--------------------------------------------~---------------------------------------··---------------, 13 0 4.00 0.00 2.17 0.00 0.00 0.67 0.00 0.00 4.33 

1 14 c 68.17 o. 17 0.00 4.67 77.17 11.17 8.67 4.83 84.00 
2 16 0 36.00 13.33 22.22 6.67 62.84 70.67 8.45 0.00 0.89 
2 15 c 36.67 6.17 11.50 21.67 36.83 41.67 4.67 0.00 6.50 
3 17 0 32.05 0.00 0.00 0.33 177.48 4.17 66.83 i7.64 6.17 
3 18 c 116.89 3.11 0.89 0.00 144.36 9.33 1.33 23;8.67 102.93 
4 25 0 11.11 12.00 0.00 2.67 94.44 0.00 9.33 S0.39 46.89 
4 26 c 5.33 67.11 1.33 40.00 140.44 40.89 69.33 4.00 0.89 

-----------------------------------------------------------------------------------------------------
mean 0 20.79 6.33 6.10 2.42 83.69 18.88 21.15 17.01 • 14.57 
mean c 56.76 19.14 3.43 16.58 99.70 25.76 21.00 61.88 48.58 
p 0.75 0.49 0.72 0.08 0.95 0.66 0.31 0.80 0.98 

Shallow 

Pair Site# Oilcode AMPHICTE AHPHIPOO BIVALVIA CAPRElll GASTROPO LACUNIDA LUCINIOA MONTAOJT MYTIL!OA 
----------------------------------------------------------------------------------------------------

1 13 0 6.27 1.67 26.70 0.00 10.45 0.00 10.22 62.93 4.67 
1 14 c 23.78 31.61 42.94 2.06 31.78 2.89 15.22 6.89 1.05 
2 16 0 40.89 40.66 53.11 45.78 203.33 35.11 35.78 15.78 194.67 
2 15 c 13.67 8.33 18.67 0.83 40.67 9.17 92.00 41.17 1.50 
3 17 0 28.00 14.67 10.83 5.33 50.83 166.67 89.33 178.67 152.33 
3 18 c 9.11 116.45 55.11 101.78 16.67 74.55 4.67 20.33 40.45 
4 25 0 19.33 20.00 5.33 4.00 4.67 1.33 6.67 33.33 0.67 
4 26 c 43.11 44.89 11.56 10.22 33.33 24.44 15.56 62.22 4.00 

----------------------------------------------------------------------------------------------------
mean 0 23.62 19.25 23.99 13.78 67.32 50.78 35.50 72.68 88.08 
mean c 22.42 50.32 32.07 28.72 30.61 27.76 31.86 3:2.65 11.75 
p 0.28 0.07 0.80 0.32 0.31- 0.75 0.94 0.48 0.21 

AC~: 30287001 

M- 1 



Shallow (continued) 

Pair Site# Oitcode OPHELIID PHOXOCEP ROSSOIDA SPIONIDA SPIRORBI SYLLIDAE l'ELLINID 
----------------------------------------------------------------------------------

1 13 0 6.45 0.00 2.67 4.53 9.60 0.53 0.00 
1 14 c 72.11 0.00 16.55 48.33 9.17 9.33 2.50 
2 16 0 54.44 0.67 26.67 59.33 173.56 35.78 1.55 
2 15 c 29.00 0.33 73.83 98.33 2.00 12.50 0.67 
3 17 0 401.33 6.67 6.67 582 .. 17 354.67 18.67 36.00 
3 18 c 53.00 67.00 1.33 68.45 0.33 0.00 88.33 
4 25 0 48.67 12.67 0.00 116.00 2.00 8.67 109.33 
4 26 c 122.67 24.45 26.67 364.44 229.33 39.11 28.89 

----------------------------------------------------------------------------------
mean 0 
mean C 
p 

127.72 
69.19 
0.14 

5.00 
22.94 
0.{)6 

9.00 
29.60 
0.06 

190.51 
144.89 

0.74 

Eelgrass Bed 

134.96 
60.21 
Q.58 

15.91 
15.24 
. Q.54 

36.72 
30.10 
0~ •. 5(> 

Pair Site# Oilcode AHPHICTE AHPHIPOO BIVALVIA CAPITELL CAPRElll GASTROPO LACUNIDA MONTACUT MYTlliDA OPHELl ID 
-------------------------------------------------------------------------------------------------------------

1 13 0 5.05 11.79 48.87 2.93 0.38 121.58 0.00 170.86 1.14 13.58 
1 14 c 1.90 9.69 7.34 2.87 26.99 20.44 0.00 21.26 0.17 21.05 
2 16 0 31.33 32.83 118.67 49.83 152.00 253.33 5.50 13.17 178.17 102.00 
2 15 c 0.00 2.67 11.33 32.00 9.33 96.45 0.00 13.33 0.67 2.22 
3 17 0 83.33 30.45 17.11 45.56 4.45 146.22 344.22 26.67 309.28 194.22 
3 18 c 40.67 232.00 92.00 24.00 246.67 58.00 130.00 22.67 38.00 112.00 
4 25 0 86.67 34.00 6.67 54.00 231.33 86.67 111.33 78.00 654.67 108.00 
4 26 c 78.67 54.67 13.33 36.00 89.33 9.33 97.33 96.00 149.33 177.33 

-------------------------------------------------------------------------------------------------------------
mean 0 51.60 27.27 47.83 38.08 97.04 151.95 115.26 72.17 285.81 104.45 
mean c 30.31 74.76 31.00 23.72 93.08 46.06 56.83 38.32 47.04 78.15 
p 0.34 0.17 0.08 0.24 0.66 0.40 0.25 0.52 0.00 0.85 

Eelgrass Bed (continued) 

Pair Site# Oilcode PHOXOCEP POLYNOID ROSSOIDA SPIONIDA SPIRORBI SYLLIOAE TELLINICI TROCHIDA 
-------------------------------------------------------------------------------------------

1 13 0 0.00 25.81 0.00 0.38 284.62 0.53 0.00 0.00 , 14 c 0.00 14.45 2.39 2.16 49.79 2.83 0.00 4.50 
2 16 0 0.00 37.83 3.17 13.33 396.00 125.83 4.33 0.00 
2 15 c 0.00 37.11 0.00 0.89 188.22 15.33 0.00 0.00 
3 17 0 0.67 11.56 29.56 554.00 430.67 6.00 44.00 0.00 
3 18 c 112.67 3.33 4.00 190.67 2.67 10.67 108.00 a:oo 
4 25 0 2.67 6.67 26.00 634.67 50.67 48.00 180.83 0.00 
4 26 c 26.67 2.67 16.00 525.67 92.00 9.33 113.33 26.67 

-------------------------------------------------------------------------------------------
mean 0 0.83 20.47 14.68 300.60 290.49 45.09 57.29 0.00 
mean c 34.83 14.39 5.60 179.84 83.17 9.54 55.33 7.79 
p <0.01 0.22 0.15 0.06 0.02 0.73 0.93 <0.01 
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Biomass - 1990 

Deep 

Pair Site# Oilcode AMPHICTE AMPHIPOO BIVALVIA CARDIIDA CHAETOPT CRYPTOBR OIPLOOON. GlYCERW GLYCYHER GONIADIO LUCIHIO 
----------------------------------------------------------------------------------------~----------------------------

1 
1 
2 
2 
3 
3 
4 
4 

13 0 0.000 0.000 0.016 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.000 
14 c 0.002 0.002 0.794 0.825 0.000 0.000 0.000 1.200 0.000 0.209 0.628 
16 0 0.042 0.084 0.003 0.000 0.000 0.000 0.000 0.003 0.000 0.004 2.369 
15 c 0.003 0.093 0.131 0.001 0.000 0.085 0.000 0.000 0.000 0.018 0.277 
17 0 0.159 0.096 0.321 0.000 0.292 0.000 0.399 0.026 0.003 0.022 0.028 
18 c 0.088 0.115 0.012 0.001 0.000 0.000 0.000 0.000 0.000 0.250 5.238 
25 0 0.111 0.022 0.008 0.000 0.001 0.000 0.174 0.001 0.000 0.031 1.830 
26 c 0.045 0.114 4.823 1.197 0.001 0.007 0.000 0.065 0.000 0.022 0.525 

mean 0 0.078 0.051 0.087 0.000 0.073 0.000 0.143 0.007 0.001 0.018 1.057 
mean c 0.034 0.081 1.440 0.506 OQOOO 0.023 0 • .000-"··'" 0.316 0.000 0.125 1.667 
p 0.40 0.23 0.05 0.12 0.53 <0.01 0.49 0.84 0.77 0.34 0.37 

Deep (continued) 

Pair Site# Oilcode LUHBRINE MYTILIDA NEPHTYID OLIVIDAE ORBINIID RHYNCHOC SPIONIDA TEL.LINID THYASIRI VENERIOA 
-----------------------------------------------------------------------------------------~------------------

1 
1 
2 
2 
3 
3 
4 
4 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 

mean 0 
mean C 
p 

0.135 
0.489 
0.409 
0.348 
0.000 
0.248 
0.186 
0.257 

0.182 
0.336 
0.27 

0.000 
0.001 
0.145 
0.005 
1.096 
0.012 
0.004 
0.236 

0.311 
0.064 
0.49 

0.299 
0.003 
0.000 
0.006 
0.069 
0.003 
0.132 
0.054 

0.125 
0.016 
0.97 

0.000 
0.000 
0.000 
0.000 
5.737 
0.011 
0.471 
0.593 

1.552 
0.151 
0.95 

0.000 
0.104 
0.137 
0.001 
0.007 
0.379 
0.016 
0.020 

0.040 
0.126 
0.48 

0.000 
0.268 
1.108 
0.013 
0.723 
0.063 
0.075 
0.401 

0.477 
0.186 
0.40 

Depth = Shallow 

0.000 
0.042 
0.071 
0.051 
0.044 
0.108 
0.159 
0.103 

0.069 
0.076 
0.72 

0.000 
0.657 
0.000 
0.000 
0.262 
1.906 
0.720 
0.015 

0.246 
0.645 
0.98 

0.004 
0.404 
0.000 
0.089 
0.015 
0.572 
0.258 
0.018 

0.069 
0.271 
0.74 

Pair Site# Oilcode AMPHIPOO CHAETOPT LUCINIOA. lYONSIID MYTILIDA NEPHTYID OLIVIDAE OPHELIID 
--~-----------------------------------------------------------------------------------------

1 13 0 0.003 0.000 0.608 0.000 0.011 0.112 0.000 0.005 
1 14 c 0.032 0.003 0.514 0.001 0.001 0.107 0.000 0.017 
2 16 0 0.117 0.000 0.962 0.000 1.799 0.000 0.000 Oa037 
2 15 c 0.015 0.000 1.997 0.000 0.001 0.000 0.000 0.022 
3 17 0 0.038 3.677 2.112 0.015 O.B61 0.896 0.531 o.m 
3 18 c 0.185 0.348 0.088 0.000 0.004. 0.021 0.,267 

' 
0.054 

4 25 0 0.089 0.707 0.021 0.693 0.001 0.000 0.,639 0.609 
4 26 c 0.084 0.737 0.213 0.387 0.067 0.007 1.1044 0.256 

-----------------------------------------------------------------------------·---------------
mean -o 0.062 1.096 0.926" 0.177 0.668 0.252 0.292 
mean c 0.079 0.272 0.703 0.097 0.018 0.034 0.:328 
p 0.56 0.34 0.86 0.80 0.16 0.15 0.93 

Shallow (continued) 

Pair Site# Oilcode OPHIUROI ORSINIID RHYNCHOC SPIONIDA TELLINIO VENERIDA 
-------------------------------------------------------------------------

1 
1 
2 
2 
3 
3 
4 
4 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 

mean 0 
mean C 
p 

0.019 
0.172 
0.043 
0.847 
0.051 
0.039 
0.292 
0.058 

0.101 
0.279 
0.54 

0.000 
0.024 
0.403 
0.248 
0.067 
0.452 
0.253 
0.022 

0.182 
0. ~87 
0.95 

0.371 
0.002 
0.332 
0.045 
1.987 
0.014 
0.043 
0.354 

0.683 
0.104 
0.44 

0.002 
0.035 
0.129 
0.155 
0.288 
0.095 
0.109 
0.200 

0.000 
0.974 
0.070 
0.094 
0.559 
0.591 
0.894 
0.123 

0.381 
0.445 
0.01 

0.000 
0.173 
0.079 
0.000 
0.000 
2.340 
0.000 
0.000 

0.356 
0.087 
0.05 

0.000 
0.000 
1.897 
1.338 
0.001 
0.172 
0.452 
4.380 

0.587 
1.472 
0.02 

0.020 
0.628 
0. ~0 
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Eelgrass Bed 

Pair Site# Oflcode AMPHICTE AMPHIPOO ATELECYC BIVALVIA GLYCERIC GONIADID LACUNIOA lUCINIOA lUHBRINE MONTACUT MYIOAE 
-----------·--------------------------------------------------------------------------------------------------------

1 13 0 0.004 0.021 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.204 0.000 
1 14 c 0.001 0.008 0.010 0.014 0.000 0.000 0.000 0.005 0.000 0.017 0.000 
2 16 0 0.039 0.129 0.753 0.224 0.007 0.219 0.002 0.000 0.001 0.027 0.000 
2 15 c 0.000 0.004 0.259 0.003 0.000 0.000 0.000 0.000 0.000 0.008 0.000 
3 17 0 0.226 0.090 0.119 0.016 0.245 0.191 0.504 1.268 0.222 0.051 0.000 
3 18 c 0.424 0.276 0.044 0.034 0.003 0.143 0.137 0.000 0.714 0.031 0.002 
4 25 0 0.229 0.032 0.000 0.011 0.247 0.336 0.322 1.288 0.000 0.110 4.060 
4 26 c 0.099 0.080 0.363 0.013 0.924 0.269 0.140 0.260 0.128 0.137 0.077 

----------------------------------------------------------------------------------------·----------------------------
mean 0 0.124 0.068 0.218 0.065 0.125 0.187 0.207 0.639 0.056 0.098 1.015 
mean c 0.131 0.092 0.169 0.016 0.232 0.103 0.069 0.066 0.211 0.048 0.020 
p 0.79 0.58 0.76 0.77 0.41 0.70 0.05 0.20 0.43 0.63 0.40 

Eelgrass Bed (continued) 

Pair Site# Oitcode MYTILIOA NEREIDAE OPHELJID ORBINIIO PHYlLODO POL!WOIO RHYNCHOC SPIONIDA TELLINID VENERIOA 
------------------------------------------------------------------------------------------------------------

1 13 0 0.002 0.000 0.006 0.000 0.005 0.068 0.005 0 .• 002. 0.000 0.000 
1 14 c 0.000 0.003 0.007 0.000 0.000 0.035 0.155 0 .. 001 0.000 0.000 
2 16 0 1.080 0.203 0.044 0.003 0.150 0.101 0.042 0 .. 012 2.014 0.040 
2 15 c 0.001 0.076 0.001 0.000 0.097 0.088 0.003 0 .. 001 0.000 0.000 
3 17 0 1.882 1.039 0.272 0.000 1.077 0.065 0.154 0 .. 453 0.229 5.155 
3 18 c 0.022 0.343 0.083 0.238 0.000 0.009 0.082 0 .. 075 0.171 3.943 
4 25 0 11.082 0.448 0.144 0.312 0.001 0.015 0.095 0 .. 686 1.057 16.811 
4 26 c 3.710 0.447 0.601 0.221 0.421 0.043 0.191 0 .. 413 1.805 1.253 

-------------------------------------------------------------------------------------·-----------------------
mean 0 3.511 0.423 0.117 0.079 0.308 0.062 0.074 0.288 0.825 5.502 
mean c 0.933 0.217 0.173 0.115 0.130 0.044 0.108 0.123 0.494 1.299 
p <0.01 0.27 0.64 0.67 0.68 0.66 0.72 <0.01 0.67 0.07 
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Abundance - 1991 

Deep 

Pair Site# Oilcode AMPHARET AHPHICTE AMPHIPOO BIVALVIA CAEClDAE CAPITEll LUCINIOA MALOANIO MYTILIDA NEPHTYIO 
-------~---------------------------------------------------------------------------------·--------------------

1 13 0 10.16 6.22 1.65 10.76 0.00 5.16 5.71 0.00 1.33 168.29 
1 14 c 40.61 21.55 10 .. 00 49.56 0.00 6.89 407.56 3.33 0.00 2.67 
2 16 0 11.33 6.00 57.33 4 .. 67 149.33 54.67 33.33 13 .. 33 7.33 0.00 
2 15 c 86.23 7.71 36.83 62.99 1.14 6.89 12.19 11.17 0.00 2.60 
3 17 0 0.89 81.33 109.77 11.56 0.00 13.33 14.22 35.78 101.28 0.83 
3 18 c 9.33 32.00 114.67 10.83 0.00 96.83 90.00 4.00 0.67 4.83 
4 25 0 19.73 12.53 44.80 18.67 0.00 12.27 116.00 57.07 11.20 3.00 
4 26 c 12.13 41.27 43.24 8.19 51.37 49.43 61.30 35.43 33.27 0.89 

-----------------------------------------------------------------------------------------··-------------------
mean 0 
mean C 
p 

10.53 
37.08 
0.58 

26.52 
25.63 
0.95 

53.39 
51.18 
0.87 

11.41 
32.89 
0.24 

Deep 

37.33 
13.13 
0.25 

21.36 
40.01 

0.18 

(Continued) 

42.32 26.54 30.29 
142.76 .... ,,~l3 .• 4a - . 8.48 

0.75 0.06 0.17 

43.03 
2.75 
0.55 

Pair Site# Oilcode OPHELIID OPHIUROI ROSSOIOA SIGALION SPIONIOA SPIRORBI SYlliDAE TEl.LIHIO THYASIRI 

1 13 0 47.14 0.00 4.89 0.00 2.16 0.00 0.89 1.52 12.19 
1 14 c 8.89 4.00 31.33 0.89 247.94 1.67 4.00 12,~.39 65.78 
2 16 0 8.00 30.67 97.33 56.67 78.00 72.67 30.67 :i.33 0.00 
2 15 c 18.35 22.86 51.94 121.38 37.73 192.75 13.65 0.00 0.89 
3 17 0 84.44 7.11 0.00 1.33 542.22 5.33 206.89 E1.45 1.33 
3 18 c 505.50 8.67 19.33 12.67 81.17 25.00 19.17 91.33 206.67 
4 25 0 69.07 2.40 0.00 1.33 341.33 0.00 49.07 44 .• 80 29.33 
4 26 c 101.81 27.30 1.27 12.57 145.75 27.55 142.13 23.59 1.78 

----------------------------------------------------------------------------------------------------
mean 0 52.16 10.04 25.56 14.83 240.93 19.50 71.88 15.03 10.71 
mean c 158.64 15.71 25.97 36.88 128. 15 61.74 44.74 591.33 68.78 
p 0.17 0.31 0.68 0.76 0.08 0.34 0.56 01.85 0.79 

Eelgrass Bed 

Pair Site# Oilcode AMPHICTE AHPHIPOO BIVALVIA CAPITEtl CAPRELLI GASTROPO LACUNIDA MONTACUT MYTILIDA OPHEliiD 
------------------------------------------------------------------------------------------·-------------------

1 13 0 18.22 6.67 275.11 7.33 0.00 369.11 0.00 287.33 37.56 145.33 
1 14 c 18.67 6.40 26.67 200.70 47.47 95.20 0.00 53.07 5.87 24.00 
2 16 0 22.89 65.33 135.11 29.33 257.33 273.56 36.00 142.00 514.45 413.72 
2 15 c 2.67 67.11 28.89 5.33 93.33 148.89 '1.33 61.78 5,78 172.45 
3 17 0 52.30 72.71 11.11 26.02 65.09 91.35 228.05 35.73 789.32 616.12 
3 18 c 78.28 606.00 56.64 34.70 557.65 189.81 253.87 38.00 189.59 1159.21 
4 25 0 23.55 101.33 33.33 160.89 904.00 23.55 55.56 132.89 700.00 276.44 
4 26 c 57.33 89.77 134.67 131.56 557.33 109.78 242.67 82.67 4656.44 391.72 
5 35 0 6.67 162.67 22.67 6.67 116.00 61.33 0.00 538.67 24.00 144.00 
5 34 c 4.55 39.55 7.78 80.56 215.33 151.67 14.67 49.22 10.33 86.22 

------------------------------------------------------------------------------------------~·------------------
mean 0 24.73 81.74 95.47 46.05 268.48 163.78 63.92 227.32 413.06 319.12 
:nean c 32.30 161.77 50.93 90.57 294.22 139.07 102.51 56.95 973.60 366.72 
? 0.92 0.23 0.71 0.87 0.78 0.98 0.19 0.61 0.39 0.96 
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Eelgrass Bed (Continued) 

Pair Site# Oilcode PHOXOCEP POLYNOtO ROSSOIOA SPIONIOA SPIRORSI SYLLIDAE TELLINIO TROCHIOA 
-------------------------------------------------------------------------------------------

1 13 0 0.00 17.78 233.33 6.22 196.89 2.22 8 •. 89 20.00 
1 14 c 0.00 227.20 24.80 27.20 95.73 56.80 5.~50 100.53 
2 16 0 0.00 31.33 59.33 31.55 291.78 57.56 7.55 34.67 
2 15 c 0.00 93.78 5.33 20.00 376.44 237.78 0.100 13.78 
3 17 0 7.43 1.38 2.00 426.40 382.38 4.05 50.'79 2.38 
3. 18 c 129.78 17.43 180.45 217.97 0.00 19.36 123.JB1 0.00 
4 25 0 13.33 8.00 1.33 429.11 42.67 49.78 163.11 0.00 
4 26 c 4.45 9.33 118.22 432.44 272.89 42.22 143. '11 91.11 
5 35 0 0.00 41.33 4.00 8.00 178.67 36.00 0.130 38.67 
5 34 c o.oo 128.22 36.28 29.22 385.17 411.33 O.l~9 98.00 

----------------------------------------·-------------------------------------··------------
mean 0 4.15 19.96 
mean c ~ 26-;;.84 95.19 
p 0.16 0.85 

60.00 180.26 218.48 
73.02 145.37 226.05 
0.47 0.47 0.92 

Biomass - 1991 

Deep 

29.92 46.07 19.14 
153.50 54.~56 60.-68· 

0.57 o.~r9 <0.01 

Pair Site# Oilcode AHPHICTE AHPHIPOO BIVALVIA CAROIIDA CHAETOPT LEPETIDA UNGULINI GlYCERIC GLYCYHER GONIADID LUCINIO 
--------------------------------------------------------------------------------------------------------------------

1 13 0 0.196 0.001 0.076 0.001 0.000 0.000 0.000 0.000 0.000 0.066 0.170 
1 14 c 0.034 0.006 0.231 0.009 0.007 0.000 0.000 0.000 0.000 0.063 9.966 
2 16 0 0.019 0.214 0.007 1.116 0.000 0.032 0.000 0.239 0.000 0.024 0.573 
2 15 c 0.093 0.040 0.302 0.000 0.000 0.003 0.000 0.003 0.000 0.001 0.521 
3 17 0 0.177 0.204 2.890 0.000 0.684 0.000 0.057 0.043 0.189 0.029 0.099 
3 18 c 0.529 0.176 0.010 0.604 0.000 1.135 0.000 0.000 0.000 0.209 2.303 
4 25 0 0.406 0.110 0.009 0.000 0.483 0.000 0.565 0 .. 061 1.018 0.036 1.358 
4 26 c 0.062 0.054 0.031 0.000 0.205 0.085 1.001 0.070 0.029 0.081 0.482 

--------------------------------------------------------------------------------------------------------------------
mean 0 
mean C 
p 

0.200 
0.179 
0.56 

0.132 
0.069 
0.13 

0.746 
0.143 
0.80 

0.279 
0.153 
0.98 

0.292 
0.053 
0.41 

0.008 
0.306 
0.33 

Deep (Continued) 

0.155 
0.250 
0.46 

0.086 
0.018 
0.57 

0.302 
0.007 
0.30 

0.039 
0.088 
0.39 

0.550 
3.318 
0.76 

Pair Site# Oilcode LUHBRINE MYTILIDA NEPHTYIO OLIVIDAE ORSINIID RHYNCHOC SPIONIOA TElliNI~ THYASIRI VENERIOA 
-------------------------------------------------------------------------------------·---------------·------

1 13 0 0.000 0.001 0.429 0.000 0.000 0.187 0.011 0.387 0.098 0.000 
1 14 c 0.029 0.000 0.385 0.000 0.004 0.093 0.233 8.739 0.392 0.040 
2 16 0 0.419 0.051 0.000 0.000 0.062 0.961 0.120 0.009 0.000 0.019 
2 15 c 0.132 0.000 0.004 0.000 0.049 0.087 0.042 0.000 0.012 0.000 
3 17 0 0.000 2.667 0.718 1.492 0.004 0.289 0.285 0.132 0.017 0.005 
3 18 c 0.063 0.001 1.545 0.284 0.584 0.062 0.062 5.756 0.967 0.204 
4 25 0 0.196 0.017 0.444 1.021 0.006 0.168 0.186 0.1657 0.195 0.079 
4 26 c 0.095 0.184 0.008 0.823 0.064 0.085 0.078 0.768 0.021 0.004 

-------------------------------------------------------------------------------------·-----------------------
mean 0 0.154 0.684 0.398 0.628 0.018 0.401 0.151 0.;296 0.077 0.026 
mean c 0.080 0.046 0.486 0.277 0.175 0.082 0.104 3.;616 0.348 0.062 
p 0.55 0.18 0.47 0.47 0.09 0.19 0.08 o;n 0.80 0.46 
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Eelgrass Bed 

Pair Site# Oilcode AHPHICTE AMPHIPOO ATELECYC BIVALVIA GLYCERID GONIABID LACUNIOA lUCINXDA LUMBRINE MONTACUT MYIDAE 
·--------------------------------------------------------------------------------------··---------------------------

1 13 .. 0 0.021 0.003 0.000 0.125 0.000 0.011 0.000 0.000 0.000 0.284 0.000 
1 14 c 0.153 0.008 0.000 0.300 0.000 0.119 0.000 0.143 0.000 0.066 o.ooo 
2 16 0 0.061 0.063 1.083 0.101 0.330 0.060 0.025 o.ooo 0.000 0.108 0.000 
2 15 c 0.001 0.053 0.000 0.008 0.000 0.136 0.001 0.000 0.000 0.028 0.000 
3 17 0 0.378 0.150 0.000 0.003 0.139 0.123 0.194 0.87~. 0.107 0.047 0.000 
3 18 c 0.439 0.516 0.000 0.035 0.000 0.266 0.275 0.000 1.163 0.019 0.053 
4 25 0 0.077 0.060 0.209 0.055 0.080 0.285 0.016 1.160 0.000 0.138 2.844 
4 26 c 0.024 0.061 1.560 1.078 0.064 0.057 0.202 0.598 0.582 0.037 0.860 
5 35 0 0.001 0.105 0.000 0.036 0.000 0.005 0.000 0.103 0.001 0.739 0.000 
5 34 c 0.001 0.080 1.644 0.029 0.000 0.034 0.008 0.000 0.000 0.058 0.000 

-------------------------------------------------------------------------------------------------------------------
mean 0 0.108 0.076 0.258 0.064 0.110 0.097 0.047 0.427" 0.022 0.263 0.569 
mean c 0.124 0.143 0.641 0.290 De013 0 .. 122 0.097 0 .. 148 0349 0.042 0.183 
p 0.44 0.18 0.79 0.60 0.52 0.83 0.03 0.51 0.01 0.65 0.78 

Eelgrass Bed (Continued) 

Pair Site# Oitcode MYTILIDA HERElDAE OPHELIIO ORBINIIO PHYLLOOO POLYNOIO RHYNCHOC SPIONIDA TElliNlD VENERIDA 
------------------------------------------------------------------------------------------------------------

1 13 0 0.049 0.032 0.055 0.000 0.024 0.101 0.012 0.006 0.346 0.000 
1 14 c 0.010 0.072 0.013 0.000 0.001 0.490 0.380 0.025 1.183 0.000 
2 16 0 1.920 0.397 0.409 0.381 0.020 0.318 0.050 0.042 0.542 0.011 
2 15 c 0.001 0.055 0.030 0.000 0.159 0.342 0.376 0.025 0.000 0.000 
3 17 0 4.668 0.123 0.567 0.114 0.029 0.026 0.037 1 .• 311 0.188 0.195 
3 18 c 0.132 0.324 0.612 0.402 0.006 0.136 0.760 0 .. 443 0.288 8.137 
4 25 0 5.675 0.516 0.828 0.587 0.046 0.075 0.029 0 .. 673 0.823 17.119 
4 26 c 19.069 0.078 0.202 0.910 0.118 0.069 0.655 0 .. 266 1.900 5.765 
5 35 0 0.160 0.127 0.050 0.049 0.001 0.229 0.693 0 .. 009 0.000 0.000 
5 34 c 0.019 0.352 0.058 0.000 0.000 0.581 0.002 0 .. 025 0.050 0.000 

------------------------------------------------------------------------------------------------------------
mean 0 2.495 0.239 0.382 0.226 0.024 0.150 0.165 0.408 0.380 3.465 
mean c 3.846 0.176 0.183 0.262 0.057 0.324 0.435 0.157 0.684 2.780 
p 0.47 0.03 0.24 0.92 0.10 0.85 0.045 0.16 0.22 0.03 
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APPENDIX N. 

Mean values for community parameters of dominant epifaunal 

invertebrate families that we~e sampled by dropnet at oiled and 

control sites in the eelgrass habitat in 1990. Also given are 

probabilities that the means from the oiled and control sites 

were similar as determined by randomization tests. 
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Appendix N. Mean values for community parameters of dominant 
epifaunal invertebrate families that were sampled by dropnet at 
oiled and control sites in the eelgrass habitat in 1990. Also, 
given are probabilities that the means from the oiled anc control 
sites were similar as determined by randomization tests. 

Abundance (#/m2) 

Pair Site# Oilcode AHPHIPOO BIVALVIA CAPRELLI COROPHII GASTROPO HIPPOLYT ISCHYROC LACUNIDA HONTACliT 

-----------------------------------------------------------------------------------------------------
13 0 0.52 146.76 1.32 . 5.68 34.35 0.00 0.52 24.98 160.00 

1 14 c 8.33 15.61 65.31 0.00 0.00 2.08 2.08 4.16 5.20 

2 16 0 0.00 0.00 111.89 2.60 2.60 11.97 8.33 355.97 0.00 

2 15 c 0.00 6.25 12.49 14.05 69.32 1.41 3.12 197.66 9.37 
3 17 0 0.00 0.00 0.00 0.00 12.49 0.00 0.00 1192.82 3.12 
3 18 c 0.00 1.04 77.57 3.12 9.63 6.32 87.07 516.45 0.00 
4 25 0 0.00 0.00 48.71 0.00 4.16 21.86 17.90 183.40 0.00 
4 26 c 0.00 3.12 63.49 0.00 0.00 10.41 11.45 562.06 0.00 

---------------------------------------------------------------------------------------------------··-
mean 0 0.13 36.69 40.48 2.07 13.40 8.46 6.69 439.29 40.78 
mean c 2.08 6.51 54.72 4.29 19.74 5.05 25.93 320.08 3.64 
p 

Abundance (continued) 

Pair Site# Oilcode HYTILIDA NEREIDAE ONCMIDOR POLYNOID RISSOlDA SPIRORBI SYLLIDAE TROCHIDA TOTAL 

----------------~----------------------------------------------------------------------------------
13 0 54.15 1.85 0.00 82.92 37.44 169.23 0.00 70.29 1299.48 
14 c 9.37 18.74 0.00 33.31 3.12 258.13 5.20 189.44 662.89 

2 16 0 623.99 2.0S 22.38 5.72 0.00 466.30 0.00 98.88 1743.95 
2 15 c 6.87 3.12 2.50 57.46 7.18 768.15 16.86 121.47 1435.75 
3 17 0 145.10 0.00 32.47 0.00 5.62 274.16 0.00 0.00 1684.73 • 
3 18 c 43.46 0.00 7.83 0.00 4.68 0.00 0.00 0.00 804.74 
4 25 0 1169.29 1.25 5.20 0.00 1.25 345.36 0.00 3.12 1813.58 
4 26 c 1057.51 3.12 0.00 0.00 0.00 256.05 6.25 70.78 2082.88 

---------------------------------------------------------------------------------------------------
mean 0 498.13 1.30 15.01 22.16 11.08 313.76 0.00 43.07 1635.43 
mean c 279.30 6.25 2.58 22.69 3.75 320.58 7.08 95.42 1246.56 
p 

ACE 30287009 
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Biomass (gm/pm2) 

Pair Site# Oilcode AHPHIPOO CAPRELLI COROPHII GASTROPO HIPPOLYT ISCHYROC LACUNIDA MONTAOJT MYTILUlA 

--------------------------------------------------------------------------------------------------··--
1 13 0 0.001 0.001 0.008 0.010 0.000 0.001 0.112 0.589 0.204 
1 14 c 0.006 0.020 0.000 0.009 0.241 0.001 0.007 0.008 0.020 
2 16 0 0.002 0.028 0.003 0.004 0.450 0.004 0.384 0.000 5.251 
2 15 c 0.000 0.006 0.009 0.041 0.399 0.003 0.480 0.025 0.014 
3 17 0 0.000 0.000 0.000 0.009 0.000 0.000 2.318 0.002 1.065 
3 18 c 0.000 0.048 0.006 0.017 0.112 0.064 0.868 0.000 0.271 
4 25 0 0.002 0.025 0.000 0.002 0.323 0.006 0.704 0.000 24.124 
4 26 c 0.002 0.036 0.000 0.005 0.582 0.005 1.258 0.000 27.380 

-----------------------------------------------------------------------------------------------------
mean 0 0.001 0.013 0.003 0.006 0.193 0.003 0.879 0.148 7.661 
mean c 0.002 0.027 0.004 0.018 0.333 0.018 0.653 0.008 6.921 
p 

Biomass (continued) 

Pair Site# Oitcode NEREIDAE ONCHIOOR PLEUSTIO POLYNOIO RISSOIDA SPIRORBl TROCHIDA TOTAL 

-------------------------------------------------------------------------------------------
13 0 0.017 0.000 0.002 0.183 0.072 0.017 0.186 3.493 

1 14 c 0.180 0.000 1.194 0.044 0.005 0.023 0.465 2.352 
2 16 0 0.002 0.049 0.000 0.006 0.000 0.026 0.097 7.709 
2 15 c 0.002 0.012 0.000 0.174 0.011 0.042 0.382 4.269 
3 17 0 0.000 0.057 0.041 0.000 0.010 0.038 0.000 4.148 
3 18 c 0.000 0.009 0.023 0.000 0.005 0.000 0.000 2.263 
4 25 0 0.003 0.005 0.000 0.000 0.003 0.006 0.184 25.437 
4 26 c 0.021 0.000 0.018 0.000 0.000 0.009 0.187 30.781 

-------------------------------------------------------------------------------------------
mean 0 0.005 0.028 0.011 0.047 0.021 0.022 0.117 10.197 
mean c 0.051 0.005 0.309 0.054 0.005 0.019 0.259 9.916 
p 
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APPENDIX 0. 

Mean values for abundance and biomass of dominant epifaunal 

invertebrate families that were sampled by dropnet at oiled and 

control sites in the eelgrass habitat in 1990. Also given are~ 

probabilities that the means from the oiled and control sites 

were similar as determined by randomization tests. 
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Appendix o. Mean values for abundance and biomass of dominant 
epifaunal invertebrate families that were sampled by dropnet at 
oiled and control sites in the eelgrass habitat in 1990. Also 
given are probabilities that the means from the oiled and control 
sites were similar as determined by randomization tests. 

Abundance (#/m2) 1990 

Pair Site# Oilcode AHPHIPOO BIVALVIA CAPRELLI COROPHII GASTROPO HIPPOLYT ISCHYROC LACUNIDA HONTACUT 

--·---------------d----------------------------------------------------------------------------------
13 0 0.52 146.76 1.32 5.68 34.35 0.00 0.52 24.98 160.001 

1 14 c 8.33 15.61 65.31 0.00 0.00 2.08 2.08 4.16 5.20 
2 16 0 0.00 0.00 111.89 2.60 2.60 11.97 8.33 355.97 0.00 
2 15 c 0.00 6.25 12.49 14.05 69.32 1.41 3.12 197.66 9.37' 
3 17 0 0.00 0.00 0.00 0.00 12.49 0.00 0.00 1192.82 3.12 
3 18 c 0.00 1.04 77.57 3.12 9.63 6.32 87.07 516.45 0.00 
4 25 0 0.00 0.00 48.71 0.00 4.16 21.86 17.90 183.40 0.00 
4 26 c 0.00 3.12 63.49 0.00 0.00 10.41 11.45 562.06 0.00 

-----------------------------------------------------------------------------------------------------
mean 0 0.13 36.69 40.48 2.07 13.40 8.46 6.69 439.29 40.78 
mean c 2.08 6.51 54.72 4.29 19.74 5.05 25.93 320.08 3.64 
p 0.12 0.97 0.55 0.46 0.93 0.39 0.19 0.46 0.30 

Abundance (#/m2) 1990 (continued) 

Pair Site# Oilcode MYTILIDA HEREIDAE ONCHIDOR POLYNOID RISSOIDA SPIRORSI SYLL!DAE TROCHIDA TOTAL 

------------·--------------------------------------------------------------------------------------
13 0 54.15 1.85 0.00 82.92 37.44 169.23 0.00 70.29 1299.48 

1 14 c 9.37 18.74 0.00 33.31 3.12 258.13 5.20 189.44 662.89 
2 16 0 623.99 2.08 22.38 5.72 0.00 466.30 0.00 98.88 1743.95 
2 15 c 6.87 3.12 2.50 57.46 7.18 768. 1_5 16.86 121.47 1435.75 
3 17 0 145.10 0.00 32.47 0.00 5.62 274.16 0.00 0.00 1684.73 

3 18 c 43.46 0.00 7.83 0.00 4.68 0.00 0.00 0.00 804.74 
4 25 0 1169.29 1.25 5.20 0.00 1.25 345.36 0.00 3.12 1813.58 
4 26 c 1057.51 3.12 0.00 0.00 0.00 256.05 6.25 70.78 2082.88 

---------------------------------------------------------------------------------------------------
mean 0 498.13 1.30 15.01 22.16 11.08 313.76 0.00 43.07 1635.43 
mean c 279.30 6.25 2.58 22.69 3.75 320.58 7.08 95.42 1246.56 
p 0.34 0.08 <0.01 0.88 0.37 0.97 <0.01 o. 15 0.33 

ACE 30287012 
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Biomass (gm/m2) 1990 

Pair Site# Oilcode AMPHIPOO CAPRELLI COROPHII GASTROPO HIPPOLYT ISCHYROC LACUNIDA MONTACUT HYTILIDA 

-----------------------------------------------------------------------------------------------------
13 0 0.001 0.001 0.008 0.010 0.000 0.001 0.112 0.589 0.204 
14 c 0.006 0.020 0.000 0.009 0.241 0.001 0.007 0.008 0.020 

2 16 0 0.002 0.028 0.003 0.004 0.450 0.004 0.384 0.000 5.251 

2 15 c 0.000 0.006 0.009 0.041 0.399 0.003 0.480 0.025 0.014 

3 17 0 0.000 0.000 0.000 0.009 0.000 0.000 2.318 0.002 1.065 

3 18 c 0.000 0.048 0.006 0.017 0.112 0.064 0.868 0.000 0.271 

4 25 0 0.002 0.025 0.000 0.002 0.323 0.006 0.704 0.000 24.124 
4 26 c 0.002 0.036 0.000 0.005 0.582 0.005 1.258 0.000 27.380 

----------------------------------------------------------------~----------------------------------~---
mean 0 0.001 0.013 0.003 0.006 0.193 0.003 0.879 0.148 7.661 
mean c 0.002 0.027 0.004 0.018 0.333 0.018 0.653 0.008 6.921 
p 0.03 0.19 0.75 0.30 0.42 0.17 0.44 0.18 0.89 

Biomass (gm/m2) 1990 (continued) 

Pair Site# Oilcode NEREIDAE ONCHIDOR PLEUSTIO POLYNOID RISSOIOA SPIRORBI TROCHIDA TOTAL 

---------------------------------------------------------------------·--------------------
13 0 0.017 0.000 0.002 0.183 0.072 0.017 0.186 3.493 
14 c a. 180 0.000 1.194 0.044 0.005 0.023 0.465 2.352 

2 16 0 0.002 0.049 0.000 0.006 0.000 0.026 0.097 7.709 
2 15 c 0.002 0.012 0.000 0.174 0.011 0.042 0.382 4.269 
3 17 0 0.000 0.057 0.041 0.000 0.010 0.038 0.000 4.148 
3 18 c 0.000 0.009 0.023 0.000 0.005 0.000 0.000 2.263 
4 25 0 0.003 0.005 0.000 0.000 0.003 0.006 0.184 25.437 
4 26 c 0.021 0.000 0.018 0.000 0.000 0.009 0.187 30.781 

------------------------------------------------------------------------------------------
mean 0 0.005 0.028 0.011 0.047 0.021 0.022 0.117 10.197 
mean c 0.051 0.005 0.309 0.054 0.005 0.019 0.259 9.916 
p 0.04 0.05 0.47 0.72 0.39 0.74 0.11 0.97 
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APPENDIX P. 

Mean values and results of 2 way randomization ANOV7-.s comparing 

community parameters for invertebrates that were s~pled by 

suction dredge at oiled and control sites in the eelgrass habitat 

in 1990 and 1991. 



Appendix P. Mean values and results of 2-way randomization 
ANOVAs comparing community parameters for invertebrates that 
were sampled by suction dredge at oiled and control sites in 
the eelgrass habitat in 1990 and 1991. All taxa were used at 
the family level or higher. Only sites sampled both years WE!re 
used for analyses. 

Deep 

Oil Shamon- Total Total Species 

Year Code Ueiner Si111'5on Families Individuals Bionass Richness 

1990 He an (0) 2.33 0.24 ~ 592 6.981 6.105 

1990 Mean .(C) 2.71 0.12 43 812 9.894 6.321 

1991 Mean (0) 2.54 0.21 45 1075 8.199 6.343 
1991 Mean (C) 2.74 0.15 55 1297 14.475 7.602 

Oi lcode p 0.08 0.03 0.13 0.11 0.06 0.20 
Year p 0.45 0.97 0.02 <0.01 0.25 0.19 
Interaction p 0.61 0.44 a. 13 1.00 0.55 0.36 

Bed 

Site Shaman- Total ·TOtal Species 
Year Code Ueiner Si~on families Individuals Bionass Richness 

1990 Mean (0) 2.20 0.18 37 1884 i6.295 4.777 
1990 Mean (C) 2.29 0.17 30 975 6.309 4.357 

1991 Mean (0) 2.31 0.16 43 2819 i4 • .:.43 5.261 
1991 Mean (C) 2.31 0.19 45 3670 15.708 5.433 

Oil code p 0.06 0.02 0. i4 0.10 0.07 0.18 

Year p 0.45 0.98 0. :.4 <0.01 0.25 0.16 
Interaction p 0.58 0.42 0.38 0.99 :.54 0.35 

ACE 30287015 

p - 1 



APPENDIX Q. 

Mean values and results of 2 way randomization ANOVAs comparing 

abundance and biomass of invertebrates that were sampled by 

suction dredge at oiled and control sites in the eelgrass habitat 

in 1990 and 1991. 
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Appendix Q. Mean values and results of 2-way randomization 1lliOVAs 
comparing abundance and biomass of invertebrates that were sampled 
by suction dredge at oiled and control sites in the eelgrass 
habitat in 199~ and 1991. Densities are #j0.1m2 and biomass units 
are grams/0 .1m . 

Abundance 

Deep 

Year Oilcode AMPHARET AMPHICTE AHPHIPOD BIVALVIA CAECIOAE CAPITELL LUCINIOA KALDANIO MYTILIDA ~EPHTY!O 

1990 mean 0 4.47 18.70 19.00 5.53 8 .. 78 7.04 79.62 14.42 37.32 48.58 
1990 mean c 9.72 20.48 46.76 37.08 17.64 30.82 47.52 11.98 7.47 3.93 

1991 mean 0 10.53 26.52 53.39 11.41 37.33 21.36 42.32 26.54 30.29 43.03 
1991 mean c 37.08 25.63 51.18 32.89 13.13 40.01 142.76 13.48 8.48 2.75 
----·------------------------------------------------------------------------------------------------4·-------
Oil code p 0.73 0.90 0.78 0.21 0.04 0.03 0.16 <0.01 0.02 0.09 
Year p 0.66 0.90 0.08 0.60 0.07 0.55 0.55 0.08 0.78 0.88 
Interaction p 0.49 0.86 0.12 0.61 0.99 0.99 0.16 0.97 0.76 0.69 

Deep (continued) 

Year Oi tcode OPHEliiD OPHIUROI ROSSOIOA SIGALION SPIONIOA SPIRORBI SYll!DAE TELLINIO THYASl.RI 

1990 mean 0 20.79 6.33 6.10 2.42 83.69 18.88 21.:5 17.01 14.57' 
1990 mean c 56.76 19.14 3.43 16.58 99.70 25.76 21.00 61.88 48.5~1 

1991 mean 0 52.16 10.04 25.56 14.83 240.93 19.50 71.58 15.03 10.71 
1991 mean c 158.64 15.71 25.97 36.88 128.15 61.74 44.74 59.33 68.78: 

-----------------------------------------------------------------------------------------------------
Oi lcode p 0.10 0.72 0.& 0.68 0.17 0.25 0.49 0.53 0.53 
Year p 0.48 0.04 <0.01 a. 10 0.22 0.56 0.06 0.46 0.69 
Interaction p 0.94 0.24 0.44 0.61 0.28 0.57 0.72 0.41 0.85 

Eelgrass Bed 

Year Oilcode AHPHICTE AMPHIPOO BIVALVIA CAPITEll CAPRElli GASTROPO LACUNIDA ~TACUT MYTILIDA O)HELIIO 

1990 mean 0 51.60 27.27 47.83 38.08 97.04 151.95 115.26 72.17 285.81 104.45 
1990 mean c 30.31 74.76 31.00 23.72 93.08 46.06 56.83 38.32 47.04 ~ra. 15 

1991 mean 0 29.24 61.51 , 13.67 55.89 306.61 189.39 79.90 149.49 510.33 362.90 
1991 mean c 39.24 192.32 61.71 93.07 313.95 135.92 124.47 53.88 1214.42 436.84 
----------------------------------------------·--------------------------------------------------------------
Oi lcode p 0.56 <0.01 0.12 0.92 0.76 0.78 0.92 0.90 0.54 0.83 
Year p 0.03 0.30 0.95 0.06 0.02 0.78 0.34 0.71 0.01 •:0.01 
Interaction p 0.51 0.90 0.65 0.42 0.92 0.25 0.04 :3.24 0.31 0.92 

Eelgrass Bed (continued) 

Year Oilcode PHOXOCEP POLYNOIO ROSSOlDA SPIONIOA SPIRORBI SYLllDAE ~~~!HID TROCHIOA 

1990 mean 0 
1990 mean C 

1991 mean 0 
1991 mean C 

Oilcode P 
Year P 
Interaction P 

0.83 
34.83 

5.19 
33.56 

<0.01 
0.52 
0.36 

20.47 
14.39 

14.62 
86.93 

0.73 
0.65 
0.96 

14.68 
5.60 

74.00 
82.20 

0.33 
0.52 
0.09 

300.60 
179.84 

223.32 
174.40 

1 

0.08 
0.36 
0.75 

290.49 
83.17 

228.43 
186.27 

0.02 
0.72 
0.12 

45.09 
9.54 

28.40 
89.04 

0.59 
0.57 
0.72 

57.29 
55.33 

s-'.59 
:.:. :1 

.74 

.36 

.92 

0.00 
7.79 

14.26 
51.36 

0.05 
<0.01 
0.24 
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Biomass 

Deep 

Year Oilcode AHPHICTE AMPHIPOO BIVALVIA CAROIIDA CHA.Ela:>T CRYPTOBR DI?LOOON Gt.YCERID Q.!Cl')I(ER GC .. IAOID LUCIHID 
--------------------------------------------------------------------------------------------------------------------
1990 mean 0 
1990 mean C 

1991 mean 0 
1991 mean C 

Oilcode P 
Year P 
Interaction P 

0.078 
0.034 

0.200 
0.179 

0.61 
0.92 
0.54 

0.051 
0.081 

0.132 
0.069 

0.32 
0.21 
0.24 

0.087 
1.440 

0.746 
0.143 

0.46 
0.46 

<0.01 

0.000 
0.506 

0.279 
0.153 

0.25 
0.76 
0.18 

0.073 
0.000 

0.292 
0.053 

0.43 
0.40 
0.58 

0.000 
0.023 

0.008 
0.306 

0.13 
0.36 
0.65 

Deep (continued) 

0.143 
0.000 

0.155 
0.250 

0.94 
0.39 
0.39 

0.007 0.001 
0.316 0.000 

0.086 0.302 
0.018 0.007 

0.87 
0.87 
0.64 

0.71 
o.sa 
0.74 

0.018 
0.125 

0.039 
0.088 

0.046 
0.44 
0.31 

1.057 
1.667 

0.550 
3.318 

0.61 
0.71 
0.45 

Year Oilcode LUHBRINE HYTltiDA NEPHTYID OLIVIOAE ORBIMIIO RHYNCHOC SPIONIDA TELLIWID THYASJRI VENERIDA 

1990 mean 0 
1990 mean c 

1991 mean 0 
1991 mean C 

0.182 
0.336 

0.154 
0.080 

0.311 
0.064 

0.684 
0.046 

0.125 
0.016 

0.398 
0.486 

1.552 0.040 
0.151 0.126 

0.628 0.018 
0.277 0.175 

0.477 0.069 
0.186 0.076 

0.401 0.151 
0.082 0.104 

0.246 . 0.069 
0.645 0.271 

0.296 0.077 
3.8,6 0.348 

0.587 
1.472 

0.026 
0.062 

---------------------------------------------------------------------------------------------~----··---------
Of lcode p 0.39 0.03 0.89 0.64 0.03 0.12 0.21 0.57 0.44 <0.01 
Year p 0.03 0.49 0.80 0.81 0.58 0.44 0.37 0.8, 0.67 <0.01 
Interaction p 0.11 0.40 0.19 0.74 0.76 0.79 0.41 0.91 0.77 <0.01 

Eelgrass Bed 

Year Oilcode AMPHICTE AMPHIPOO ATELECYC BIVALVIA GLYCExiD GONIADIO LA~IOA LUCIHIDA LUMSRINE MONTACUT MYIOAE 

1990 mean 0 0.124 0.068 0.218 0.065 0.125 0.187 0.2!37 0.639 O.JS6 0.098 1.015 
1990 mean c 0.131 0.092 0.169 0.016 0.232 0.103 O.:X:9 0.066 0.211 0.048 0.020 

1991 mean 0 0.134 0.069 0.323 0.071 0.137 0.120 0.:-59 0.509 o.w 0.144 0.711 
1991 mean c 0.154 0.159 0.390 0.355 0.016 0.145 a. :19 0_185 0 • .\.36 0.038 0.228 
--------------------------------------------------------------------------------------------------------------------
Oil code p 0.80 0.05 0.77 0.60 0.61 0.62 o • .:.7 0.12 O.Jf. 0.67 0.35 
Year p 0.52 0.84 0.53 0.31 0.08 0.31 0.57 0.68 0.67 0.50 0.99 
Interaction p 0.38 0.60 0.82 0.09 0.11 0.99 0.010 0.54 0.49 0.19 0.59 

Eelgrass Bed (continued) 

Year Oilcode MYTIL1DA NEREIDAE OPHEL1ID ORBINllD ?~YLLOOO POLYNOID ~HYNCHOC SPIONI~ iELL1HIO VEHERIDA 

1990 mean 0 3.511 0.423 0.117 0.079 0.308 0.062 0.074 0.288 0.825 5.502 
1990 mean c 0.933 0.217 0.173 0.115 0.130 0. Q4.:. 0.108 0. ~23 0.494 1.299 

1991 mean 0 3.078 0.267 0.465 0.271 0.030 0.130 0.032 o.scs 0.475 4.331 
1991 mean c 4.803 0.132 0.214 0.328 0.071 0.259 0.543 0. :9C 0.843 3.475 
------------------------------------------------------------------------------------------------------------
Oi tcode p 0.81 0.16 0.50 0.80 0.93 0.83 0.13 <0.8~ 0.95 0.01 
Year p 0.20 0.13 0.39 0.23 a.I.L. 0.28 0.57 0.45 0,85 0.98 
Interaction p 0. iO 0.85 0.11 0.99 0.51 0.68 0.24 0.66 J.91 0.51 

~c= 30287018 
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APPENDIX R. 

Mean values for community parameters of dominant invertebrate 

families that were sampled by suction dredge at oiled and control 

sites in the Laminaria/Agarum bay habitat in 1990 and 1991. Also 

given are probabilities that the means from the oiled and con1:rol 

sites were similar as determined by randomization tests. 
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Appendix R. Mean values for community parameters of dominant 
invertebrate families that were sampled by suction dredge at 
oiled and control sites in the LaminariajAgarum bay habitat in 
1990 and 1991. Also given are probabilities that the means fxom 
the oiled and control sites were similar as determined by 
randomization tests. All in fauna taxa were used at the famil~f 
level and higher. 

Deep 1990 

<Site Shannon- Total Total Species 
Site Code \Jeiner Si~on Families Inclividuals Biomass Richness 

Northwest Bay 2 (0) 3.23 0.06 50 450 6.421 8.213 
Cabin Say 1 (C) 2.29 0.18 26 210 2.479 4.708 

Herring Say 3 (0) 3.40 0.05 51 815 4.149 7.558 
l. Herring Bay 4 (C) 2.97 0.10 59 933 7.697 8.505 

Bay of isles 6 (0) 2.93 0.08 48 m 7.338 7.1'19 
Murmy Bay 5 (C) 2.91 0.10 56 1111 6.884 7.832 

Mean (0) 3.19 0.06 50 679 5.969 7.630 
Mean (C) 2.72 0.13 47 752 5.687 7.015 

p 0.02 <0.01 0.66 0.61 o.as 0.58 

Shallow 1990 

Site Shannon- Total Total Species 
Site Code IJeiner Si~on Families Individuals Biomass Richness 

Northwest Bay 2 (0) 2.57 0.18 49 801 5.620 7.238 
Cabin Bay 1 (C) 2.59 0.12 32 741 2.304 4.744 

Herring Bay 3 (0) 2.45 0.18 43 1361 6.392 5.940 
L. Herring Bay 4 (C) 2.65 0.12 37 626 3.671 5.649 

Bay of Isles 6 (0) 2.85 0.11 50 1003 13.325 7.172 
MLI11Tl'f Bay 5 (C) 2.51 0.16 42 849 4.481 6.038 

Mean (0) 2.62 0.16 47 1055 8.446 6.783 
Mean (C) 2.59 0.13 37 739 3.485 5.477 

p 0.80 0.44 0.01 0.12 0.03 0.02 

ACE 30287020 
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Appendix R. (continued) 

Deep 1991 

Site Shannon- Total Total Species 

Site Code Weiner Si~on Fami ties Individuals Biomass Richness 

Northwest Bay 2 (0) 3.17 0.07 53 723 11.387 7.978 
Cabin Bay 1 (C) 2.99 0.07 42 657 5.608 6.290 

Herring Say 3 (0} 3.40 0.05 62 1288 6.244 8.577 
L. Herring Bay 4 (C) 3.07 0.07 46 757 11.088 6.921 

Say of Isles 6 (0) 3.10 0.08 62 1441 8.151 8.341 
Ml..lm1Y Bay 5 (C) 2.90 0.10 67 2124 9.013 8.611 

Mean (0) 3.22 0.07 59 1151 8.594 8.299 
Mean (C) 2.98 0.08 51 1179 8.569 7.274 

p 0.06 0.07 0.26 0.91 0.99 0.20 

Shallow 1991 

Site Shannon- Total Total Species 
Site Code \Jeiner Si~on Fami{ ies Individuals Biomass Richness 

Northwest Bay 2 (0) 2.n 0.12 54 1595 3.793 7.234 
Cabin Bay 1 (C) 3.02 0.10 63 2063 16.210 8.095 

Herring Bay 3 (0) 3.03 0.08 63 1912 7.205 8.171 
L. Herring Say 4 (C) 2.79 0.15 57 1427 7.190 7.701 

Bay of Isles 6 (0) 2.96 0.10 .75 3912 25.156 8.965 
Mutrny Bay 5 (C) 2.67 0.15 68 2903 14.639 8.391 

Mean (0) 2.92 0.10 64 2473 12.052 8.124 
Mean (C) 2.83 0.13 62 2131 12.680 8.062 

p 0.46 0.15 0.74 0.37 0.90 0.92 

ACE 3028702:1 
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APPENDIX S. 

Mean values for abundance and biomass of dominant invertebrate~ 

families that were sampled by suction dredge at oiled and cont~rol 

sites in the LaminariajAgarum bay habitat in 1990 and 1991. Also 

given are probabilities that the means f=om the oiled and cont:rol 

sites were similar as determined by randomization tests. 
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Appendix s. Mean values for abundance and biomass of dominant 
invertebrate families that were sampled by suction dredge at oiled 
and control sites in the LaminariajAgarum bay habitat in 1990 and 
1991. Also given are probabilities that the means from the C)iled 
and control sites were similar as determined by randomization 
tests. 

Abundance (#/0.1m2) 1990 

Deep 

Pair Site# Oilcode AMPKARET AHPHICTE AHPHIPOO CAECIOAE CAPITELL CIRRATUL OORVIllE LEPIOOPL lUCINlOA LUHBRINE 
-------------------------------------------------------------------------------------------------~------------

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

9.47 
0.17 
4.00 
0.53 
1.33 
6.84 

4.93 
2.52 
0.42 

1.33 
1.50 
0.00 
1.63 
2.67 
2.53 

1.33 
1.89 
0.39 

17.44 
1.78 

166.67 
61.16 
23.33 
39.86 

69.15 
34.27 
0.45 

28.00 
2.00 

84.00 
135.65 
98.00 

273.65 

70.00 
137.10 

0.09 

13.06 
15.56 
21.33 
19.26 
11.11 
10.89 

15.17 
15.23 
0.99 

53.98 
4.45 

13.33 
3.56 
1.78 

11.11 

23.03 
6.37 
0.08 

Deep (continued) 

11.81 
2.17 

33.33 
30.87 
37.56 
56.69 

27.57 
29.91 
0.82 

22.12 
2.67 

30.67 
15.oa 
29.33 
63.73 

27.37 
27.16 
0.98 

1.841' 
51.9lt 
18.67 
79.~> 
92.22 
66.49 

37.59 
65.89 
0. 19' 

20.42 
8.11 
8.00 

10.52 
13.06 
18.92 

13.83 
12.52 
0.80 

Pair Site# Oilcode OPHELIID OPHIUROI PEISIDIC PROTOMED SERPUliD SIGALION SPIONIDA SPIRORBI SYlllOAE 
----*----------------------------------------------------------------------·------------------------

1 2 0 0.00 10.53 38.87 1.33 6.11 12.72 23.48 2.33 10.33 
1 1 c 0.00 0.00 9.50 0.00 5.50 0.00 5.56 16.28 1.33 
2 3 0 0.00 33.33 16.00 78.67 0.00 49.33 33.33 2.67 24.00 
2 4 c 0.00 93.81 13.96 15.62 30.70 42.40 160.03 35.38 4.45 
3 6 0 20.67 60.00 29.50 2.67 3.22 62.00 25.78 42.39 5.89 
3 5 c 0.00 97.98 53.45 2.67 39.30 49.19 81.01 10.40 52.61 

---------------------------------------------------------------------------------------·------------
mean 0 6.89 34.62 28.12 27.56 3.11 41.35 27.53 15.80 13.41 
mean c 0.00 63.93 25.63 6.09 25.17 30.53 82.20 20.69 19.46 
p 0.11 0.21 0.83 0.12 0.02 0.37 0.09 0.72 0.62 

Shallow 

Pair Site# Oilcode AMPHARET AMPHICTE AHPHIPOO AORIOAE BlVALVIA CAECIDAE CAPITElL DORVILLE GASTROPO HIJHELLI LUCINID -------------------------------------------------------------------------------------------------·-------------------, 2 0 2.31 7.07 6.93 0.00 6.45 8.62 34.57 6.09 34.80 5.50 14.92 
1 1 c 1.33 4.00 45.67 4.00 42.67 0.00 35.17 10.67 56.00 01.00 4.00 
2 3 0 0.00 12.89 57.78 0.00 28.00 28.89 95.11 33.78 21.78 01.45 278.67 
2 4 c 0.00 3.55 55.11 13.33 6.67 5.78 32.00 5.33 5.33 01.89 36.89 
3 6 0 0.00 31.20 36.53 4.27 5.87 21.33 40.53 25.60 28.53 0.53 61.07 
3 5 c 1.87 8.53 22.93 0.00 4.53 135.20 54. i3 16.00 8.27 0.00 74.40 

-·------------------------------------------------------------------------------------------------------------------
mean 0 0.77 17.05 33.75 1.42 13.44 19.61 56.74 21.82 28.37 2.16 118.22 
mean c 1.07 5.36 41.24 5.78 17.96 46.99 40.43 10.67 23.20 0.30 38.43 
p 0.57 0.09 0.62 0.4i 0.79 0.32 0.40 0.25 0.39 0.19 0.24 

ACE 30287023 
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Shallow (continued) 

Pair Site# Oilcode MONTACUT OPHELIID OPHIUROI POLYNOID ROSSOIDA SIGALION SPIONIDA SPIRORBI SYlliDAE 
----------------------------------------------------------------------------------------------------

1 2 0 11.56 3.91 9.96 1.78 30.35 19.11 345.68 47.04 13.89 
1 1 c 70.67 56.00 16.00 0.00 40.00 12.00 165.50 47.17 17.50 
2 3 0 48.89 7.55 21.78 31.55 24.00 14.67 442.22 71.56 17.33 
2 4 c 26.67 11.56 35.11 21.78 76.89 33.33 143.56 37.72 11.56 
3 6 0 9.87 27.47 15.60 54.93 27.20 79.47 125.60 190.97 1.87 
3 5 c 5.07 5.60 24.00 6.93 14.67 9.60 290.40 46.93 6.40 

----------------------------------------------------------------------------------------------------
mean 0 23.44 12.98 15.78 29.42 27.19 37.75 304.50 103.19 11.03 
mean c 34.13 24.39 25.04 9.57 43.85 18.31 199.82 43.94 11.82 
p 0.56 0.58 0.53 0.05 0.58 0.24 0.34 0.13 0.85 

Biomass (gm/O.lm2) 1990 

Deep 

Pair Site# Oilcode AHPHICTE AHPHIPOO CAECIDAE CAROIIDA CYLICHNI HIATELll ISCHNOCH LEPIDOPL LUCINIDA LUMEIRINE MYIDAE 
-------------------------------------------------------------------------------------------------------------------

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

0.001 
0.048 
0.000 
0.247 
0.030 
0.012 

0.010 
0.102 
0.16 

0.044 
0.002 
0.279 
0.046 
0.033 
o.on 

0.119 
0.040 
0.17 

0.215 
0.017 
0.751 
0.987 
0.705 
1.6n 

0.557 
0.892 
0.15 

0.000 
0.001 
0.041 
0.668 
0.042 
0.000 

0.028 
0.223 
0.75 

0.001 
0.000 
0.087 
0.032 
0.098 
0.034 

0.062 
0.022 
0.12 

0.001 
0.000 
0.000 
0.000 
0.000 
0.001 

0.000 
0.000 
0.53 

Deep (continued) 

0.250 
0.000 
0.333 
0.447 
0.154 
0.058 

0.246 
0.168 
0.50 

0.032 
0.011 
0.063 
0.082 
0.158 
0.131 

0.084 
0.074 
0.69 

0.001 
1.438 
0.030 
1.842 
1.627 
0.978 

0.553 
1.419 
0.12 

0.~.95 

O.tJI80 
0.036 
0.291 
0.157 
0.107 

0.229 
0.159 
0.64 

Pair Site# Oilcode MYTILIDA NUCULANI ONUPHIDA OPHIUROI PEISIDIC RHYNCHOC SERPULID SPIONIDA TEll.INID 
----------------------------------------------------------------------------------------------------

1 2 0 0.099 0.000 0.013 0.022 0.122 0.002 0.417 0 .. 038 O.CIOO 
1 1 c 0.053 0.000 0.000 0.000 0.038 0.014 0.185 0.003 O.CIOO 
2 3 0 0.042 0.069 0.232 0.116 0.039 0.328 0.000 0.043 O.CIOO 
2 4 c 0.000 0.050 0.008 0.216 0.023 0.051 0.114 0.114 0.0112 
3 6 0 0.627 0.000 0.011 0.365 0.048 0 .• 175 0.007 O.ct12 0.0100 
3 5 c 0.003 0.049 0.244 0.161 0.074 0.135 0.140 0.071 0.0108 

----------------------------------------------------------------------------------------------------
mean 0 0.256 0.023 0.085 0.168 0.069 0.168 0.141 0.031 0.0100 
mean c 0.018 0.033 0.084 0.126 0.045 0.067 0.146 0.062 0.007 
p 0.10 0.63 0.95 0.90 0.43 0.19 0.95 0.21 

Shallow 

0.014 
0.000 
0.025 
0.029 
0.000 
0.001 

0.013 
0.010 
0.80 

Pair Site# Oilcode AMPHICTE AMPHIPOO ANOHIIOA CAECIDAE CANCRIDA CAPITELl CAROIIOA CYLICHNI GlYCERIC ISCHNOCH 

1 2 0 0.002 0.006 0.003 0.070 1.658 0.024 0.000 0.011 0.346 0.077 
1 1 c 0.003 0.084 0.000 0.000 0.000 0.008 0.000 0.015 0.131 0.000 
2 3 0 0.104 0.084 0.000 0.249 0.000 0.040 0.000 0.096 0.384 0.013 
2 4 c 0.005 0.112 0.000 0.040 0.171 0.013 0.000 0.011 0.436 0.000 
3 6 0 0.036 0.062 0.000 0.161 0.485 0.006 0.091 0.069 0.000 0.018 
3 5 c 0.058 0.017 0.007 0.886 0.000 0.006 0.000 0.015 0.155 0.292 

------------------------------------------------------------------------------------------------------------
!':'lean 0 0.047 0.051 0.001 0.160 0.714 0.023 0.030 0.059 0.243 0.036 
::lean c 0.022 0.071 0.002 0.308 0.057 0.009 0.000 0.013 0.241 0.097 
? 0.56 0.48 o.ao 0.45 0.22 o.o~. 0.51 0.05 0.91 0.99 

A""" \...::: 30237024 
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Shallow (continued) 

Pair Site# 01lcode LUCINIOA LUHBRIME LYONSIID HONTACUT NASSARII NEREIDAE OPHELIIO OPHIUROI ORBINIID RHYNCHOC 
-·------------·---------------------------------------------------------------------------------------------

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6" 0 
5 c 

mean 0 
mean C 
p 

0.891 
0.029 
3.176 
0.947 
2.313 
1.290 

2.127 
0.755 
0.04 

0.240 
0.000 
0.158 
0.000 
0.287 
0.137 

0.228 
0.046 
0.10 

0.001 
0.000 
0.000 
0.000 
0.036 
0.000 

0.012 
0.000 
0.13 

0.020 
0.119 
0.056 
0.038 
0.013 
0.002 

0.030 
0.053 
0.45 

0.000 
0.000 
0.000 
0.000 
0.002 
0.000 

0.001 
0.000 

0.078 
0.000 
0.002 
0.066 
0.328 
0.000 

0.136 
0.022 
0.04 

Shallow (continued) 

0.011 
0.221 
0.071 
0.040 
0.069 
0.016 

0.050 
0.092 
0.59 

Pair Site# Oilcode ROSSOIDA SERPULID SPIONIDA VEHERIDA 

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

0.027 
0.047 
0.033 
0.078 
0.012 
0.012 

0.024 
0.046 
0.35 

s -3 

0.003 
0.001 
0.006 
0.000 
0.247 
0.001 

0.085 
0.001 
0.02 

0.338 
0.487 
0.535 
0.136 
0.154 
0.213 

0.342 
0.279 
0.63 

0.362 
0.124 
0.024 
0.000 
6.473 
0.000 

2.286 
0.041 
a. 1s 

0.015 
0.037 
0.098 
0.102 
0.073 
0.017 

0.062 
0.052 
0.73 

0.093 
0.199 
0.149 
0.187 
0.251 
0.033 

0.164 
0.139 
0.79 

0.043 
0.208 
0.028 
0.331 
0.168 
0.322 

0.080 
0.287 
0.20 

ACE 302370(~5 



Abundance (I 1 o • 1.m2) 1991 

Deep 

Pair Site# Oilcode AHPHARET AHPHICTE AMPHIPOO CA.ECIDAE CAPITELL CIRR.ATUL OCRVILLE LEPIOOPL UJCINIIlA lt.J4BRINE 
-------------------------------------------------------------------------------------------------------------

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3· 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

9.33 
33.56 
30.67 
12.89 

126.66 
64.00 

55.55 
36.81 
0.56 

5.20 
57.11 
26.22 
6.67 

17.16 
41.33 

16.19 
35.04 

0.38 

55.47 
47.78 

103.56 
112.78 
28.89 
55.11 

62.64 
71.89 
0.75 

19.33 
3.11 

140.45 
37.78 

105.33 
357.56 

88.37 
132.81 

0 .. 64 

7..33 
15.33 
36.!9 
a.89 

19.47 
26.44 

2'1.23 
16.!9 
0.67 

Deep (continued) 

13.33 
7.78 

33.78 
8.00 

13.69 
15.11 

20.27 
10.30 
. o~ 19 

16.00 
0.00 

42.22 
46.67 
42.22 
76.67 

33.48 
41.11 
. 0.65 

20.00 
0.67 

50.67 
5.78 

41.33 
107.11 

37.33 
37.85 
o.98 

17.33 
13.78 
46.22 
34.11 
80.35 
81.33 

47.97 
43.07 
0.71 

8.13 
3.33 

28.89 
4.00 

15.29 
10.44 

17.44 
5.93 
0.09 

Pair Site# Oilcode OPHELIIO OPHIUROI PEISIDIC PROTOE!) SERPULIO SIGAL!Cil S?IONIDA SPIRORBI SYl.LIOAE 
----------------------------------------------------------------------------------------------··-----, 

1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

88.27 
29.78 
18.22 
14.67 
80.71 
7.05 

62.40 
17.17 
0.03 

24.00 
1.78 

56.45 
24.00 
91.n 

116.45 

57.39 
47.41 
0.88 

12.53 
0.00 

22.67 
26.67 
40.45 
34.00 

25.22 
20.22 
0.68 

0.67 
4.00 

18.67 
66.67 

1.87 
5.11 

7.07 
25.26 
0.60 

Shallow 

1.33 
2.67 
1.33 

1o.n 
7.29 

44.00 

3.32 
19.13 
0.06 

38.27 
2.22 

120.45 
89.11 
80.35 

202.45 

79.69 
97.93 
0.79 

76.80 
91.78 

150.67 
20.00 

197.23 
4JJ4.67 

141.57 
172.15 

0.62 

2.67 
5.78 

21.33 
38.78 

122.20 
26.00 

48.73 
23.52 
0.43 

4<~.40 
4.44 

37'.33 
2~,.89 

16.94 
901.67 

~-23 
40.00 
0.79 

Pair Site# Oilcode AMPHARET AMPHICTE AMPHIPOO AORIOAE_ BIVALVIA :AECIOAE CAPITEtt DORVILLE GASTROPO HIA"rElli LUCINID 

1 2 0 47.33 35.33 38.00 0.67 37.33 6.67 29.33 6.67 44.67 90 .• 00 10.67 
1 1 c 114.67 98.67 56.00 5.33 5.33 61.33 n.oo 17.33 6.67 20 .. 00 94.67 
2 3 0 52.00 104.76 9s.n 25.33 3.43 39.81 83.71 64.19 33.24 15.81 88.09 
2 4 c 19.55 96.00 61.33 1.33 9.33 69.78 21.78 7.55 49.33 16 .. 00 40.00 
3 6 0 104.89 122.22 125.56 48.67 22.67 6.00 13.28 16.44 112.89 90.89 81.55 
3 5 c 28.53 66.04 162.04 80.27 21.69 24.00 59.56 1.78 30.13 54 .. 31 32.00 

---------------------------------------------------------------------------~-------------------i-------··------------
mean 0 68.07 87.44 86.42 24.89 21.14 34.16 42.11 29.10 63.60 65 .. 57 60.11 
mean c 54.25 86.90 93.12 28.98 12.12 51.70 51.11 8.89 28.71 30 .. 10 55.56 
p 0.63 0.98 0.78 o.n 0.48 0.50 0.63 0.08 0.07 0 .. 20 0.86 

Shallow (con:::.:1ued) 

Pair Site# Oilcode MONTACUT OPHELIID OPHIUROl POLYNOID CCSSOIDA SIGALION S?IONIOA SPIRORBI SYLLIDAE 
-----------------------------------------------------------------------------------------------··----

1 2 0 16.67 379.33 14.00 12.00 2.Q.67 18.67 219.33 66.67 14 .• 67 
1 1 c 17.33 135.17 25.33 4.00 c4.67 58.67 .:.30.67 52.17 40 .. 00 
2 3 0 31.62 283.33 43.81 8.86 !3.10 26.00 295.14 228.67 23.81 
2 4 c 6.67 315.56 29.33 32.45 ~-22 34.22 ~38.22 170.22 16.89 
3 6 0 80.00 4U.22 38.22 44.00 ?53.11 155.78 ~i3.11 407.78 93 .. 56 
3 5 c 52.45 277.15 38.67 21.23 73.69 31.20 908.00 469.69 36 .. 71 

------------·-----------------------------------------------------------------------------·-----·----
mean 0 42.76 382.96 32.01 21.62 -<.7.96 66.81 2:)9.20 234.37 44 .. 01 
mean c 25.48 242.63 31.11 19.23 • 56. 19 41.36 .:.92.30 230.69 31 .. 20 
p 0.23 0.16 0.68 0.79 J.15 0.45 0.10 0.95 0.86 

AC:: 30Z370Z6 

s -4 



Biomass (gm/0 .1m2) 1991 

Deep 

Pair Site# Oilcode AMPHICTE AMPHIPOO CAECIDAE CARDIIDA CYLICHNI RIATELLI ISCHNOCH lEPIDOPL LUCINIDA ll~BRINE MYIDAE 
-------------------------------------------------------------------------------------------------------------------

1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

0.003 
0.175 
0.060 
0.001 
0.022 
0.051 

0.028 
0.076 
0.69 

0.111 
0.153 
0.137 
0.053 
0.115 
0.126 

0.121 
0.111 
0.81 

0.155 
0.026 
1.180 
0.351 
0.780 
2.418 

0.705 
0.932 
0.74 

0.592 
0.416 
0.000 
0.000 
0.006 
0.003 

0.199 
0.139 
0.38 

0.073 
0.023 
0.057 
o. 107 
0.042 
0.105 

0.057 
0.078 
0.56 

0.015 
1.534 
0.065 
0.000 
0.005 
0.000 

0.028 
0.511 
0.97 

Deep (continued) 

0.204 
0.000 
0.277 
0.124 
0.166 
0.279 

0.045 
0.003 
0.098 
0.034 
0.156 
0.278 

0.100 
0.105 
0.99 

0.055 
0.111 
0.524 
0.811 
0.884 
1.227 

0.488 
0.716 
0.31 

0.040 
0.013 
0.830 
0.035 
0.237 
01.331 

0'.369 
0.126 
0 .. 35 

Pair Site# Oilcode MYTILIOA NUCULANI ONUPHIDA OPHIUROI PE!SIDIC RHYNCHOC SERPULID SPIONIDA TELLlNID 

1 2 0 0.004 0.085 0.019 0.166 0.017 0.005 0.001 0.099 0.000 
1 1 c '0.088 0.001 0.000 0.001 0.000 0.139 0.002 0.142 0.150 
2 3 0 0.003 0.196 0.026 0.143 0.023 0.082 0.001 0.080 0.007 
2 4 c 0.041 0.053 0.040 0.147 0.04a 0.137 0.054 0.023 0.0()3 
3 6 0 0.058 0.000 0.000 0.529 0.086 0.169 0.003 0.240 0.022 
3 5 c 0.707 0.001 0.153 0.216 0.112 0.204 0.018 0.350 0.175 

----------------------------------------------------------------------------------------------------
mean 0 
mean C 
p 

0.022 
0.279 
0.27 

0.094 
0.018 
0.32 

0.015 
0.064 
0.35 

0.279 
0.121 
0.13 

0.042 
O.Q53 
0.66 

Shallow 

0.085 
0.160 
0.37 

0.002 
0.025 
0.07 

0.140 
0.171 
0.56 

0.01:0 
0.109 
0.13 

Pair Site# Oilcode AMPHICTE AMPHIPOO ANOHIIDA CAECIDAE CAN~IDA CAPITELL CARDIIDA CYLICMNI GLYCERI£1 

1 2 0 0.024 0.074 0.019 0.037 0.006 0.022 0.001 0.093 0.134 
1 1 c 0.639 0.071 1.561 0.369 0.189 0.027 0.803 0.152 0.147 
2 3 . 0 0.056 0.135 0.000 0.797 1.691 0.052 0.000 0.057 0.012 
2 4 c 0.004 0.097 0.000 0.624 0.000 0.007 0.000 0.048 0.008 
3 6 0 0.157 0.113 0.003 0.049 0.312 1.813 0.025 0.130 0.315 
3 5 c 0.015 0.165 0.012 0.180 0.280 0.029 0.009 0.053 0.000 

-------------------------------------------------------------------------------------------r-------
mean 0 0.079 0.107 0.007 0.294 0.670 0.629 0.009 0.094 0.154 
mean c 0.220 0.111 0.524 0.391 0.156 0.021 0.271 0.084 0.051 
p 0.40 0.90 0.41 0.62 0.49 0.33 0.54 0.84 0.59 

Shallow (conti~ued) 

Pair Site# Oilcode ISCHNOCH LUClNtOA LUMBRINE LYONSIIO MONTACUT HASSARII NEREIOAE OPHELIIO OPHIUROI 
---------·-----------------------------------------------------------------------------------------

2 0 0.001 0.574 0.164 0.035 0.064 0.191 0.000 0.294 0.019 , 1 c 0.859 1.729 0.100 0.887 0.025 0.000 0.000 0.394 0.125 
2 3 0 0.076 1.069 0.008 0.041 0.046 0.017 0.000 0.479 0.235 
2 4 c 0.013 1.741 0.100 0.002 0.005 0.269 0.007 0.126 0.150 
3 6 0 0.082 2.306 o.o4a 0.015 0.108 0.355 0.095 0.423 0.217 
3 5 c 0.000 0.369 0.000 0.000 0.060 0.304 0.001 0.084 0.122 

---------------------------------------------------------------------------------------------------
mean 0 0.053 1.316 0.073 0.030 0.073 0.188 0.032 0.399 0.157 
mean c 0.291 1.280 0.067 0.296 0.03C 0.191 0.003 0.202 0.133 
p 0.44 0.96 0.91 0.40 o. i3 0.98 0.38 0.19 0.77 

~CE 30287027 

s -5 

0.017 
0.366 
1.211 
0.259 
0.100 
0.041 

0.443 
0.222 
0.82 



Shallow (continued) 

Pair Site# Oilcode ORBINIID RHYNCHOC ROSSOIOA SEJI~PULID SPIONIDA VEJIERIDA 

-------------------------------------------------------------------------
1 2 0 0.001 0.013 0.285 0.003 0.205 0.003 
1 1 c 0.005 0.577 0.404 0.042 0.685 0.156 
2 3 0 0.000 0.058 0.111 0.001 0.349 0.449 
2 4 c 0.199 0.142 0.076 0.005 0.119 0.000 
3 6 0 0.019 1.830 0.826 0.012 0.084 0.190 
3 5 c 0.197 0.027 0.214 0.009 0.846 0.010 

---------·---------------------------------------------------------------
mean 0 0.007 0.634 0.407 0.005 0.212 0.214 
mean c 0.134 0.249 0.231 0.019 0.550 0.055 
p 0.29 0.40 0.30 0.22 0.08 0.38 

s -6 



APPENDIX T. 

Mean values and results of 2 way randomizat~ion ANOVAs comparing 

community parameters for invertebrates that~ were sampled by 

suction dredge at oiled and control sites in the LaminariajAgarum 

habitat in 1990 and 1991. 

:.CE 30287·J29 



Appendix T. Mean values and results of 2-·way randomization 
ANOVAs comparing community parameters for invertebrates that were 
sampled by suction dredge at oiled and control sites in the 
LaminariajAgarum habitat in 1990 and 1991. All taxa were used at 
the family level and higher. 

De.ep 

Site Shannon- Total Total Species 
Year Code Weiner Si~on Families Individuals Biomass Richness 

1990 Mean (0) 3.19 0.06 50 679 5.969 7.630 

1990 Mean (C) 2.72 0.13 47 752 5.687 7.015 

1991 Mean (0) 3.22 0.07 59 1151 8.594 8.299 
1991 Mean (C) 2.98 0.08 51 1179 8.569 7.274 

Oil code p <0.01 <0.01 0.20 0.78 0.91 0.10 
Year p 0.20 0.20 0.12 <0.01 0.11 0.36 
Interaction p 0.34 0.07 0.60 0.9'1 0.95 0.68 

Shallow 

Site Shannon- Total Total Species 
Year Code Weiner Si~on Famit ies Individuals Biomass Richness 

1990 Mean (0) 2.62 0.16 47 1055 8.446 6.783 
1990 Mean (C) 2.59 0.13 37 739 3.485 5.477 

1991 Mean (0) 2.92 0.10 64 2473 12.052 8.124 
1991 Mean (C) 2.83 0.13 62 2131 12.680 8.062 

Oil code p 0.55 0.81 0.25 0.38 0.46 0.18 
Year p <0.01 0.13 <0.01 <0.01 0.01 <0.01 
Interaction p 0.78 0.09 0.41 0.97 0.34 0.27 

ACE 30287030 
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APPENDIX U. 

Mean values and results of 2 way randomization ANOVAs comparin,g 

abundance and biomass of invertebrates that were sampled by 

suction dredge at oiled and control sites in the LaminariajAgarum 

habitat in 1990 and 1991. 

ACE 30287031 



Appendix U. Mean values and results of 2-~t~ay randomization Al~OVAs 
comparing abundance and biomass of invertebrates that were s~npled 
by suction dredge at oiled and control sites in the Laminariq,t 
Agarum habitat in 1990 an~ 1991. AbundancE~ units are :1/0.l.ln and 
Biomass units are gmjO.lm • 

Abundance Deep 

Year Oilcode AMPHARET AMPHICTE AHPHIPOO CAECIOAE CAPITELL Cl:RRATUL OORVILLE lEPIDOI?l WCINllDA LUHBRHE 

1990 mean 0 
1990 mean C 

1991 mean 0 
1991 mean C 

Oitcode P 
Year P 
Interaction P 

4.93 1.33 69.15 70.00 15.17 
2.52 1.89 34.27 137.10 15.23 

55.55 16.19 62.64 88.37 21.23 
36.81 35.04 71.89 132.81 16.89 

0.59 
<0.01 
0.65 

0.40 
<0.01 
0.41 

0.55 
0.46 
0.32 

0.10 
0.87 
0.80 

0.67 
0.44 
0.68 

~~-03 
6.37 

20.27 
1:0.30 

0.03 
0.93 
0.60 

27.57 
29:!91 

33.48 
41.11 

0.61 
0.38 
0.82 

Abundance Deep (continued) 

27.37 37.59 
27.16 65.89 

37.33 47. 9'7 
37.85 43.0'7 

1.00 
0.56 
0.9~ 

0.37 
0.62 
0.21 

13.83 
12.52 

17.44 
5.93 

0.11 
0.72 
0.21 

Year Oilcode OPHEUID OPHIUROI PEISIOIC PROTa..ED SERPULJ:D SIGALIOH SPIONIDA SPIKO'(Bl SYlLLIOAE 

1990 mean 0 6.89 34.62 28.12 27.56 3.11 41.35 27.53 15.50 1:3.41 
1990 mean c 0.00 63.93 25.63 6.09 25.17 30.53 82.20 20.!:9 19.46 

1991 mean 0 62.40 57.39 25.22 7.07 3.32 79.69 141.57 48.73 3<~.23 
1991 mean c 17.17 47.41 20.22 25.26 19.13 97.93 172.15 23.52 f.jCJ.OO 

----------------------------------------------------------------------------------------------------
Oilcode P 
Year P 
Interaction P 

0.06 
<0.01 
0.18 

0.46 
0.95 
0.27 

0.66 
0.59 
0.87 

Abundance 

0.72 
0.87 
0.22 

<0.01 
0.67 
0.65 

Shallow 

0.91 
0.01 
0.70 

0.36 
0.01 
0.81 

0.55 
0.21 
0.34 

().68 

0.11 
1[).99 

Year Oi lcode AMPHARET AMPHICTE AHPHIPCO AORIDAE_ BIVALVIA CAECIDAE CAPITELL DORVILLE :;,:.,STROP<) HI.ATELLI 

1990 mean 0 
1990 mean C 

1991 mean 0 
1991 mean C 

Oilcode P 
Year P 
Interaction P 

0.77 
1.07 

17.05 
5.36 

68.07 87.44 
54.25 86.90 

0.74 
<0.01 
0.76 

o.n 
<0.01 
0.80 

33.75 
41.24 

86.42 
93.12 

0.74 
<0.01 
0.99 

Abundance 

1.42 
5.78 

13.44 
17.96 

24.89 21.14 
28. 98. 12. 12 

0.66 
0.01 
1.00 

0.74 
0.89 
0.42 

19.61 56.74 
46.99' 40.43 

34.16 42.11 
51.70 51.11 

0.26 
0.61 
0.79 

0.73 
0.84 
0.26 

Shallow (continued) 

21.82 2!3.37 
10.67 • 23.20 

29.10 63.60 
8.89 28.71 

0.02 
0.70 
0.52 

0.08 
0.07 
0.34 

2.16 
0.30 

65.57 
30.10 

0.24 
<0.01 

0.31 

Year Oilcode LUCINID MONTACUT OPHELilD OPHIUROI POLYNOIO ROSSOIOA SIGALION SPIONIDA S?!RORSJ[ SYLLIDAE 

1990 mean 0 118.22 23.44 12.98 15.78 29.42 27.19 37.75 304.50 ·03.19 11.03 
1990 mean c 38.43 34.13 24.39 25.C.:. 9.57 43.85 18.31 199.82 ~3.94 11.82 

1991 mean 0 60.11 42.76 382.96 32.:J1 21.62 427.96 66.81 209.20 234.37 44.01 
1991 mean c 55.56 25.48 242.63 31.~1 19.23 166.19 41.36 492.30 :30.69 31.20 
··----·-------------------------------------------------------------------------------------------··---------
Oi lcode P 0.28 0.83 0.41 O.eY 0.08 0.21 0.12 0.36 0.63 0.86 
Year P 0.81 0. 71 <0.01 o.z: 0.89 <0.01 0.07 0.32 <0.01 0.01 
lnterac~ion P 0.39 0.33 0.33 0 . .:..6 0.14 0.17 0.85 0.04 0.61 0.80 

ACE 3CZ870'32 
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Biomass Deep 

Year Oilcode AMPHICTE AMPHIPOO CAECIDAE CARDIIDA CYLIO!XI HIATE..tl ISCHNOCH LEPIOOPL LUCINIOA L~BRJNE MYIDAE 

-----------------------------------------------------------------------··-------------------------------------------
1990 mean 0 
1990 mean C 

1991 mean 0 
1991 mean C 

Oi lcode P 
Year P 
Interaction P 

0.028 
0.076 

0.19 
0.92 
0.59 

0.119 
0.040 

0.121 
0.111 

0.22 
0.31 
0.39 

0.557 0.028 
0.892 0.223 

0. 705 0.199 
0.932 0.139 

0.29 
0.75 
0.86 

0.81 
0.86 
0.44 

Biomass 

0.062 0.000 
0.022 0.000 

0.057 0.02B 
0.078 0.511 

0.62 
0.21 
0.15 

0.10 
0.03 
0.98 

0.246 
0.168 

0.216 
0.134 

0.27 
0.65 
0.98 

Deep (continued) 

0.084 
0.074 

0.100 
0.105 

0.97 
0.63 
0.91 

0.553 
1.419 

0.488 
0.716 

0.04 
0.17 
0~25 

0.229 
0.159 

0.369 
0.126 

0.30 
0.71 
0.59 

Year Oi lcode MYTILIDA NUCULANI ONUPHIDA OPHllROI PEISIOIC RHYNCHOC SERPULID SPtoNIOA TEl.LINID 

1990 mean 0 0.256 0.023 o.oas 0.168 0.069 0.168 0.141 0.031 0 •. 000 
1990 mean c 0.018 0.033 0.084 0.126 0.045 0.067 0.146 0.062 0.007 

1991 mean 0 0.022 0.094 0.015 o.2n 0.042 0.085 0.002 0.140 0.010 
1991 mean c 0.279 0.018 0.064 0. ,21 0.053 0.160 0.025 0.171 0.109 
---------------------------------------------------------------·-------------------------------------
Oi lcode p 0.88 0.41 0.49 0.18 0.78 0.81 0.83 0.50 0 •. 09 
Year p 0.86 0.55 0.22 0.47 0.63 0.92 0.05 <0.01 0.03 
Interaction p 0.01 0.27 0.50 0.4i 0.40 0.07 0.91 1.00 0.25 

Biomass Shallow 

Year Oilcode AMPHICTE AHPHIPCO ANOHIIDA CAEC!OAE CAN~IDA CAPITElL CARDIIDA CYLICHNI GLYC~RID 

1990 mean 0 0.047 0.051 0.001 0.160 0.714 0.023 0.030 0.059 0.2~43 
1990 mean c 0.022 0.071 0.002 0.308 0.057 0.009 0.000 0.013 0.2~41 

1991 mean 0 0.079 0.107 0.007 0.294 0.670 0.629 0.009 0.094 0.154 
1991 mean c 0.220 0.111 0.524 0.391 0.156 0.021 0.271 0.084 0.051 
------------------------------------------------------------------~-------------------~------------
Oi lcode p 0.56 0.58 0.43 0.35 0.18 0.08 0.56 0.29 0.7'0 
Year p 0.12 0.02 0.04 0.44 0.86 0.14 0.32 0.03 0.2? 
Interac-:ion p 0.38 0.72 0.65 0.84 0.73 0.71 0.25 O./i,9 0 • .67 

Biomass Shalla•· ( ccnt:inued) 

Year Oilcode ISCHNOCH LUCINIDA LUMBRINE LYONSl!~ MONTA~ NASSARti NEREIDAE OPHELIID OPHIUROI 

1990 mean 0 0.036 2.127 0.228 0.012 0.030 0.001 0.136 0.050 O.CI62 
1990 :nean c O.'J97 0.755 0.046 0.000 0.053 0.000 0.022 0.092 O.CJ52 

1991 mean 0 0.053 1.316 0.073 0.030 0.073 0.188 0.032 0.399 0. ~57 
1991 mean c 0.291 1.280 0.067 0.296 0.030 0.191 0.003 0.202 0. ~33 

--------------------------------------·-------------------------------------------------------------
Oi lcode p 0.27 0.12 0.12 0.50 0.64 0.99 0.14 0.36 0. i"t. 
Year p 0.3i 0.75 0.31 0.07 0.61 <0.01 0.34 <0.01 0.::2 
Interac:ion p n , 

.... - a. 13 0.16 0.33 0. 1~ 0.98 0.66 0.13 o . .:t9 

ACE 30287.J~~3 
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0.013 
0.010 

0.443 
0.222 

0.82 
<0.01 

0 •. 82 



Biomass Shallow (continued) 

Year Oilcode ORBINIID RHYNCHOC ROSSOIOA SERPULID SPIONIDA VENERIDA 

1990 mean 0 0.164 0.080 0.024 0.085 0.342 2.286 
1990 mean c 0.139 0.287 0.046 0.001 0.279 0.041 

1991 ~nean 0 0.007 0.634 0.407 0.005 0.212 0.214 
1991 mean c 0.134 0.249 0.231 0.019 0.550 0.055 
-------------------------------------------------------------------------
Oi lcode p 0.51 . 0.63 0.49 0.64 0.21 0.11 
Year p 0.27 0.18 <0.01 0.99 0.53 0.68 
Interaction p 0.27 0.13 0.35 0.04 0.05 0.64 

ACE 30287034 
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APPENDIX V. 

List of large (>10 em) epifaunal invertebrates enumerated from. 

shallow subtidal habitats in Prince William. Sound, 1990-91. 
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Appendix v. List of large (>10 em) epifaunal invertebrates 
enumerated from shallow subtidal habitats in Prince William 
Sound, 1990-1991. 

Taxonomic Name 

Metridium senile 
Tealia crassicornis 
Cnidaria 
Cryptochiton stelleri 
Isochnochiton sp. 
Ceratostoma sp. 
Fusitriton oregonensis 
Triopha sp. 
Anisodoris sp. 
Cadlina luteomarginata 
Hermissenda crassicornis 
Doridae 
Nudibranch 
Hyas lyratus 
Octopus sp. 
Sclerocrangon boreas 
Hippolytidae 
Pugettia sp. 
Telmessus cheiragonus 
Majidae 
Oregonia gracilis 
Cancer sp. 
Cancer magister 
Cancer oregonensis 
Placetron wossnessenskii 
Rhinolithodes wossnessenskii 
Phyllolithodes papillosus 
Parastichopus californicus 
Strongylocentrotus droebachiensis 
Strongylocentrotus franciscanus 
Asteroidea 
Leptasterias hexactus 
Orthasterias koehleri 
Pisaster brevispinus 
Pycnopodia helianthoides 
Dermasterias imbricata 
Evasterias troschelli 
Mediaster aequalis 
Solaster sp. 
Stylasterias forreri 
Henricia leviuscula 
Pteraster tessalatus 
Tunicata 
Tunicata 

V-1 

Collmon Name 

White-plumed anemone 
Red & green anemone 
Orange anemone 
Gun1 boot chi ton 
Chiton 
Whelk 
Oregon hairy triton 
Nuclibranch 
Nudibranch 
Nudibranch 
Horned nudibranch 
Nudibranch 
Nudlibranch 
Lyre crab 
Oct. opus 
Tank shrimp 
Hippolytid shrimp 
Kelp crab 
Helmet crab 
Spider crab 
Decorator crab 
Cancer crab 
Cancer crab 
Cancer crab 
Scaled crab 
Rhinocerous crab 
Flat-spined triangle c:rab 
California sea cucum.be~r 
Green sea urchin , 
Red sea urchin 
Orange star 
Six-rayed sea star 
Rainbow sea star 
Short-spined sea star 
Sunflower sea star 
Leather star 
False Ochre sea star 
Vermillion sea star 
Sun star 
Sea star 
Blood star 
Cushion sea star 
Orange colonial tunicate 
Orange solitary tunica.te 

ACe 30237036 



APPENDIX W. 

Mean values for the abundance of large(>lO em) epibenthic 

invertebrates at oiled and control sites in eelgrass, 

Laminariaj Agarum bay, Laminariaj Agarum point, and Nereocystis 

habitats in 1990 and 1991. Also given aYe probabilities that i:he 

means from the oiled and control sites -;.;ere: similar as determined 

by randomization tests. 

~CE 30287037 



Appendix w. Mean values for the abundance (#/100m2 ) of large 
(>10 em) epibenthic invertebrates at oiled and control sites in 
eelgrass, LaminariajAgarum bay, LaminariajAgarum point, and 
Nereocystis habitats in 1990 and 1991. Also given.are 
probabilities that the means from the oiled and control sites 
were similar as determined by randomization tests. 

Eelgrass Bed - 1990 Depth = Bed 

Dermas- Eves- Orthas- Tel- 1-----Pycnopodia---1 
Pair Site# Oilcode CRABS terias terias terias DeSSUS ALL ADULT JW. 

---------------------------------------------------------------------------·-----
1 13 0 0.00 0.56 0.00 0.00 0.00 4.44 1.67 2.78 
1 14 c 0.56 1.11 0.00 0.00 0.56 10.00 4.44 5.56 
2 16 0 1.11 0.56 0.56 1.11 1.11 3.33 1.67 1.67 
2 15 c 6.11 5.56 1.67 0.00 5.00 1.67 1.67 0.00 
3 17 0 0.56 1.67 0.00 0.00 0.56 5.00 2.78 2.22 
3 18 c 4.44 0.56 0.00 0.00 3.89 6.67 6.67 0.00 
4 25 0 0.00 0.00 0.00 0.00 0.00 13.57 10.32 3.25 
4 26 c 3.89 0.00 o.oo 0.00 3.33 12.22 9.44 2.78 

-----------------------------------------------------------··----------------------
mean 0 
mean c 
p 

0.42 
3.75 

<0.01 

0.69 0.14 
1.81 0.42 
0.15 

Island Bay - 1990 

0.28 0.42 6.59 4.11 2.48 
0.00 3.19 7.64 5.56 2.08 

<0.01 0.63 0.38 0.79 

Depth = Deep 

Oermas- Evas- Hen- Orthas- Tell- 1------Pycnopodia---1 
Pair Site# Oilcode CRABS terias terias ricia terias messus All ADULT JUV. 

1 2 0 0.00 0.00 1.11 0.00 0.00 0.00 2.78 2.78 0.00 
1 1 c 0.00 0.00 0.00 0.00 0.56 0.00 3.33 3.33 0.00 
2 3 0 1.11 1.11 1.11 0.00 2.22 0.56 5.56 5.00 0.56 
2 4 c 3.89 1.11 2.22 0.00 1.67 2.22 1.11 0.56 0.56 
3 6 0 0.00 0.56 0.00 0.00 3.33 0.00 16.11 15.56 0.56 
3 5 c 3.33 2.22 2.22 1.67 8.33 1. '11 9.44 9 .. 44 0.00 

----------------------------------------------------------------·---~-------------------~-
mean 0 0.37 
mean c 2.41 
p <0.01 

Island 

Pair Site# Oilcode CRABS 

, 
1 
2 
2 
3 
3 

2 0 , c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
? 

4.44 
6.11 
3.33 
7.22 
2.22 
8.33 

3.33 
7.22 
0.07 

0.56 0.74 0.00 
1.11 1.48 0.56 
0.18 0.20 

Bay - 1990 

Dermas- Evas-
terias terias 

1.11 5.00 
3.33 1.67 
3.89 6.11 
3.89 3.89 
0.00 3.33 

16.67 4.44 

1.67 4.31 
7.96 3.33 
0.046 0.36 

Hen-
ricia 

0.56 
3.33 
0.00 
0.00 
1.67 
0.00 

0.74 
1.11 
0.43 

w - 1 

1.85 
3.52 
0.18 

Depth 

Orthas-
terias 

1.67 
1.67 

10.00 
1.11 
1.11 
7.78 

4.26 
3.52 
0.81 

o. '19 8.15 7.78 0.37 
1. 'J1 4.63 4.44 0.19 

<0.01 0.22 0.19 0.19 

= Shallow 

Tell- J------Pycnopodia---1 
messus 

3.89 
6.11 
3.33 
2.78 
1.67 
7.78 

2.96 
5.56 
0.29 

ALL 

26.11 
20.56 
24.44 
10.00 
35.56 
17.22 

28.70 
15.93 
0.03 

ADULT 

23.33 
20.56 
23.89 
10.00 
35.56 
16.67 

27.59 
15.74 
0.05 

JUV. 

2.78 
0.00 
0.56 
0.00 
a.oo 
0.56 

1.11 
0.19 
0.26 

ACe 30287038 



Island Point - 1990 Depth = Deep 

Dennas- Evas- Hen- Orthas- Tel.- J------Pycnopodia---1 
Pair Site# Oilcode CRABS terias terias ricia terias IReS SUS ALL ADULT .ruv. 

--------------------------------------------------------·------··-·-----------------------
19 0 0.56 1.67 0.56 6.11 10.00 0 .. 00 18.89 16.11 2.78 

. 20 c 3.33 1 .. 67 2.22 0.56 12.22 1.~)7 35.56 28.33 7.22 

2 22 0 0.56 3.33 1.67 3 .. 33 11 .. 67 0.00 30.00 24.44 5 .. 56 

2 21 c 1.67 8.33 7.78 4.44 18.33 0.00 13 .. 33 10.56 2.78 

3 23 0 1.11 0.56 3.89 5.00 15.56 0.00 14.44 14.44 0 .. 00 

3 24 c 1.11 0.00 0.00 13.89 9.44 0.00 8.89 6.11 2 .. 78 

---------------------------------------------------------------~-------------------------
mean 0 0.74 1.85 2.04 4.81 12.41 O.CIO 21.11 18 .. 33 2 .. 78 

mean c. 2.04 3.33 3.33 6.30 13.33 0.56 19.26 15.00 4.26 
p 0.07 0.36 0 .. 37 0.57 0.75 <0.01 0.83 0.61 0.60 

Island Point - 1990 Depth = Shallow 

Dennas- Evas- Hen- Orthas- Tel.- j------Pycnopodia---1 
Pair Site# Oitcode CRABS terias terias ricia terias mes.sus AlL ADULT JUV. 

----------------------------------------------------------------·-------------------------
19 a 0.00 3.33 1.11 8.89 19.44 0.00 42.78 26.67 16.11 

1 20 c 7.78 8.89 10.00 3.33 10.56 6.111 21.11 16.11 5.00 

2 22 0 6.11 3.89 5.00 1.67 6.11 2.78 38.89 30.56 8.33 
2 21 c 10.56 28.33 16.11 2.22 14.44 8.~~ 14.44 10.56 3.89 
3 23 0 1.11 6.67 3.33 10.00 15.56 0.00 38.33 36.11 2.22 
3 24 c 0.56 8.89 0.56 16.11 30.56 0.00 43.33 35.00 8.33 

----------------------------------------------------------------·-------------------------
mean 0 2.41 4.63 3.15 6.85 13.70 0.93 40.00 31.11 8.89 
mean c 6.30 15.37 8.89 7.22 18.52 4.a1 26.30 20.56 5.74 
p 0.09 0.05 0.05 0.77 0.38 0.(13 0.10 0.09 0.41 

Nereocystis Bed - 1990 Depth = Shallow 

Denmas· Evas- Hen- Orthas- j-----Pycnopodia---1 
Pair Site# Oilcode CRABS terias terias ricia terias All ADULT JUV. 

-----------------------------------------------------------··----------------------
7 0 0.00 10.00 0.00 13.89 1.67 50.00 50.00 0.00 

1 8 c 0.00 34.44 3.33 21.11 13.33 "125.00 122.78 2.22 
2 12 0 0.00 18.67 0.67 6.67 14.33 96.00 81.67 14.33 
2 11 c 0.28 8.89 1.39 8.61 19.17 39.44 31.39 8.06 

-----------------------------------------------------------~-----------------------
mean 0 0.00 14.33 0.33 10.28 8.00 73.00 65.83 7.17 
mean c 0.14 21.67 2.36 14.86 16.25 82.22 n.oa 5.14 
p 0.39 0.79 0.05 0.13 0.20 0.68 0.79 0.35 

AC=: 30287039 
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Island Bay - 1.991 Depth = Shallow 

Dennas- Evas- Orthas- Tel- 1-··----Pycnopodia----1 
Pair Site# Oilcode terias terias terias messus AlL ADULT JUV. 

-------------------------------------------------------·-------------------
2 0 0.56 0.00 0.00 0.56 8.89 6.11 2.78 

1 c 0.00 0.00 0.56 0.00 8.33 7.78 0.56 
2 3 0 4.44 4.44 4.44 1.67 12 •. 22 7.78 4.44 
2 4 c 0.56 2.22 0.56 0.56 1.11 1.11 0.00 
3 6 0 3.89 3.89 6.67 0.00 37.78 11.67 26.11 
3 5 c 22.22 6.11 3.89 6.11 23.89 9.44 14.44 

--------------------------------------------------------------------------
mean 0 2.96 2.78 3.70 0.74 19.63 8.52 11.11 
JDean c 7.59 2.78 1.67 2.22 11.11 6.11 5.00 
p 0.36 0.92 0.22 0.27 0.08 0.38 <0.01 

Eelgrass Bed - 1991 Depth = Bed 

Dermas- Evas- Orthas- Tel- 1------Pycnopodia----j 
Pair Site# Oilcode terias terias terias mess us ALL ADULT JUV. 

--------------------------------------------------------------------------
13 0 2.78 0.00 0.00 2.78 30.00 3.33 26.67 

1 14 c 8.33 0.00 0.00 2.78 44.44 8.33 36.11 
2 16 0 1.11 1.11 0.00 1.11 36.67 4.44 32.22 
2 15 c 10.00 0.00 0.00 3.89 29.44 3.89 25.56 
3 17 0 1.67 0.00 0.00 0.56 21 •. 67 2.22 19 .. 44 
3 18 c 0.00 0.00 0.00 0.56 58.33 6.11 52.22 
4 25 0 0.00 0.00 0.00 0.00 216.11 1.67 214.44 
4 26 c 0.56 0.00 0.00 0.00 10.56 3.33 7.22 
5 35 0 0.00 0.00 0.00 0.56 42.22 2.22 40.00 
5 34 c 3.89 0.00 0.00 0.56 6.67 3.89 2.78 

-------------------------------------------------------4·------------------
mean 0 1.11 0.22 0.00 1.00 69.33 2.78 66.56 
mean c 4.56 0.00 0.00 1.56 29.l39 5.11 24.78 
p 0.02 0.23 0.23 0.18 0.03 0.12 

ACE 30287040 
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APPENDIX X. 

Mean values and results of 2 way randomizat.ion ANOVAs comparing 

abundance and biomass of large (>10 em) epibenthic invertebrat:es 

at oiled and control sites in the eelgrass and LaminariajAgarum 

bay habitats in 1990 and 1991. 

ACE 302870l1rl 



Appendix X. Mean values and results of 2-way randomization 
ANOVAs comparing abundance (#/100m2) of large (>10 em) epibent:hic 
invertebrates at oiled and control sites in the eelgrass and 
Laminaria/Agarum bay habitats in 1990 and 1991. Only sites 
sampled both years were used for analyses. 

Eelgrass Bed Bed 

Dermas- Evas- Orthas- Tel- 1-----Pycnopodia-----f 
Year Oilcode terias terias terias messus All ADULT JtN. 

1990 mean 0 0.69 0.14 0.28 0.42 6.59 4.11 2.48 
1990 mean c 1.81 0.42 0.00 3.19 7.64 5.56 2.08 

1991 mean 0 1.39 0.28 0.00 1.11 76.11 2.92 73.19 
1991 mean c 4.72 0.00 0.00 1.81 35.69 5.42 30.28 

---------------------------------------------------------------------------
Oil code p 0.01 0.70 <0.01 0.21 0.31 0.17 
Year p 0.09 0.21 0.59 <0.01 0.37 <0.01 
Interaction p 0.31 0.17 0.09 0.18 0.94 0.19 

Island Bay Shallow 

Denmas- :vas- Orthas- Tel- {-----Pycnopodia-----1 
Year Oilcode terias terias terias messus ALL ADULT JUV. 

1990 mean 0 1.67 4.81 4.26 2.96 28.70 27.59 1.11 
1990 mean c 7.96 3.33 3.52 5.56 15.93 15.74 0.19 

1991 mean 0 2.96 2.78 3.70 0.74 19.63 8.52 11.11 
1991 mean c 7.59 2.78 1.67 2.22 11.11 6.11 5.00 

---------------------------------------------------------------------------
Oi lcode p 0.03 0.51 0.39 0.10 <0.01 a. 1s 0.22 
Year p 0.85 0.20 0.47 0.03 0.11 <0.01 <0.01 

Interaction p 0.79 0.46 0. 71 0.73 0.6-4 0.27 0.35 

ACE 302B 704·2 
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APPENDIX Y. Fishes sampled during 1990 and 1991 shallow subtidal surveys in Prince 
Hilliam Sound. 

1990 

family Coomon Name Taxonomic Name Code ~ 

Gadidae Pacific Cod Gadus macrocephalus pac cod Gadidae without Pollock 
Gadidae Pacit ic Tom Cod Hlcrogadus proxfmus tom cod Gadidae without Pollock 
Gadidae Ualleye Pollock Theragra chalcogrorrrna poll Other 
Gadidae Unidentified cod Gadus sp. cod Gadidae wfthout Pollock 
Hexagrarrrni dae Kelp Greenling Hexagranmos decagranm..Js kelp grn Hexagrammos spp. 
tlexagranmi dae Masked Greenling Hexagranmos octogranm..Js mask grn Hexagrammos spp. 
llexagrarrrnidae Rock Geenling Hexagrammos lagocephalus rock grn Hexagrammos spp. 
llexagrarrrnidae Uhite Spotted Greenling Hexagrammos stellari white grn Hexagrammos spp. 
llexagranmidae lingcod Ophiodon elongatus lfng Other 
Cottidae Brown Irish lord llemitepidotus splnosus brown lord large Cott f dae 
Cottidae Red Irish lord llemf lepldotus hemllepfdotus red lord large Cottidae 
Cott idae Yellow Irish lord Hemilepidotus jordanf yell lord large Cott I dae 
Cottidae Unidentified Irish lor.d Hem I l epf dot us sp. lord large Cottidae 
Cottldae Great Sculpin Hyoxocephalus polyacanthocephalus grt sculp large Cottldae 
Cottidae Buffalo Sculpin Enophrys bison buf sculp large Cott idae 
t:ottldne Antlnrcd Sculpin Enophrys tllcornus nnt aculp Smnll Cottldno 
1:11\ t I d·IU tlnldontlflcd IIIIUU QCUI pillet lg aculp largo Cottldoe 
Cutt hJue Crested Sculpin Blepslas bllobus crest sculp Small Cottfdae· 
Cottidue S ll verspot ted sculpin Btepslas clrrhosus s ll ver scul Small C_?<t fdae 
Loll I due Unidentified Blepsios Blepstas sp. blepslas Small Cottldao 
Cot ti uae Pit·head Sculpin Jcelinus cavffrons fee Small Cottldae 
Cottldae Hosshead sculpin Cllnocottus globfceps moss head Small Cottldae 
Cottldau Htlll\l Sculpin Rhon~,!wcot tuB r lchorduonll rhnnpho Smllll Cott idao 
Colt ld.1c: tiulltln Sculpin Nautlchthys oculofasclatus salt sculp Small Cottldae 
Cott idae Sand Sculpin and cot Small Cottfdae 
Cottidae Atredlus sculpfns Artedius sp. art . Small Cottfdae 
Cottidae Unidentified small sculptns .. 

cot Small Cott fdae 
Pholidae Crescent Gunnel Pholls laete cres gun Pholldae 
Pholidae Penpolnt Gunnel Apodfchthys flavldus pen gun Phol fdae 
Phol id••o Snddlchuck Gunnut Phot I u ornata sad gun Phol idBe 
l'hol hJac Unidentified gunnels gun Phol fdae 
Stichaeidae Arctic Shanny Stichaeus punctatus arc shan Stfchaeus punctatus 
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APPENDIX Y. continued. 

Stfchaeidae 
Stichaeidae 
Stfchaeidae 
Stichaeidae 
Stichaeidae 
Scorpaenidae 
Scorpaenidae 
Scorpaenidae 
Scorpuenldue 
Scorpaenldae 
Scorpacnidae 

Scorpaenldae 
Scorpacnidae 
Bathymasteridae 
Bathymasteridae 
Bath)'Tll8steridae 
Ba thymas t eri dae 
Bathymasteridoe 
Agonidac 
Agonldue 
Pleuronectidae 
Pleuronectidae 
Pleuronectidae 
Sulmonldac 
Aumodyt I doe 

Aulorhynchidtle 
Annrach thy I dllc 
Clupefdoc 
/onn~ldHo 

Other 
Other 

Other 

Other 

Hosshead Uarbonnet 
Slender felblenny 
Black prickleback 
Unidentified eelblenny 
Unidentified prickleback 
China Rockfish 
Dusky Rockfish 
aulllback Rockfish 
Copper Rockt f sh 
Dusky RockfIsh 
Yelloweye Rochflsh 
Black rockfish 
Unidentified rockfish 
Alaskan Ronqull 
Creme Ronqui l 
Searcher 
Unidentified ronquil 
Northern Ronquil 
Sn~oth Alllgatorffsh 
Unldentf fled poacher 
Rock sole 
Unidentified right-eyed flounder 
Un i dent f tIed tt a tt I sh/f I ounder 
Pink Sn!mon 
Pacific Sand lcmce 

Tubcsnout 
Uolf·eel 
Pad f lc llcrr ing 
Uu t t I cd l u I pout 

fish 
larval fish 

oor·llke pectorals fish 

snake 

Chirolophis nugator 
lumpenus fabricff 
Xlphlster atropurpureus 

Sebastes nebulosus 
Sebastes ell latus 
Sebastes malfger 
Sebastes caurfnus 
Sebastes cllfatus 
Sebastes ruberrlmus 
Sebastes melanops 
Sebastes sp. 
Bathymaster caeruteofasciatus 
Bathymaster sp. 
Bathymaster signatus 
Bathymaster sp. 
Ronquflfs jordanf 
Anoplagonus fnermls 

lepldopsetta bflfneata 

Oncorhynchus gorbuscha 
Anrnodytes hexapterus 
Aulorhynchus flavfdus 
Anarrhlchthys ocellatus 
Clupea harengus 
l ycoduu pnlonl'lu 

war bon Other 
slen eel Other 
xfphis Other 
eelblen Other 
stich Other 
china Scorplenfdae 
dusky Scorplenfdae 
qull L Scorpfenfdae 
s caurlnus Scorpfenfdae 
s cflfatus Scorpfenfdae 
yell eye Scorpfenfdae 
btk rock Scorpfenfdae 
rockfish Scorpfentdae 
ak ronqui l Bathymasterfdae 
creme ronq Ba thymas teri dae 
search Bathymasterfdae 
bathy Bathymasterfdae 
no. ronq Bathymasterfdae 
alligator Other 
poach Other 
rock sole Other 
pleuron Other 
flatfish Other 
pink sol Other 
san lan Other 
tubesnout Other 
wol f·eel Other 
cl upe If ormcs Other 
l ycodn pnl. Other 
fish Other 
lch lnrv Other 
oar·pects fish Other 
snake Other 
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APPENDIX Y. 

1991 

family 

Stlcho(!ldoc 

Gouidne 
Gadidae 
Cot tfdnc 

Scorpaenidae 

continued. 

C001oon Name 

Arctic Shonny 

Pacl f lc Cod 

Pacific Tom Cod 
Un I den tl fl ed sma tl 
Copper Rockfish 

sculplns 

Taxonomic Name 

Stlchocus punctatus 
Gadus macrocephalus 
Hicrogadus proximus 

Sebastes caurinus 

yare hare & aarc 
ypcod hpcod & apcod 
ytcod htcod & atcod 
cotd 
curt 

Stlchaeus punctatus 
Gadidae without Pollock 
Gadidae without Pollock 
Small Cott f dae 
Scorpfenfdae 



APPENDIX Z. 

Mean values for the abundance of dominant fishes at oiled and 

control sites in eelgrass, LaminariajAgarum bay, ~nariajAq~L~m 

point, and Nereocystis habitats in 1990 and 1991. Also given are 

probabilities that the means from the oiled and control sites 

were similar as determined by randomization tests. 



Appendix z. Mean values for the abundance (#/100m2 ) of dominant 
fishes at oiled and control sites in eelgrass, LaminariajAgaz~m 
bay, LaminariajAgarum point, and Nereocystis habitats in 1990 and 
1991. Also given are probabilities that the means from the c1iled 
and control sites were similar as determined by randomization 
tests. 

Pair 

Eelgrass Bed - 1990 Depth- Bed 

All All All Adult Juvenile 
?air Site# Oilcode GADIDABl li€XJ.GRAM PHOLIDAE G.IOIDABJ GADIDABJ 

1 
1 
2 
2 

.3 
3 
4 
4 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 

mean 0 
mean C 
p 

Eelgrass 

14.44 
5.56 

140.56 
12.78 

169.44 
13.33 
62.78 
30.00 

96.81 
15.42 
<0.01 

Bed -

Pair Site# Oilcode 

1.11 
0.56 
8.89 
7.22 
3.33 
5.56 
6.51 
5.56 

4.96 
4.72 
0.90 

1991 

Adult 
GAOIDABI 

0.56 9.44 
0.56 2.78 

12.78 2.78 
5.56 1.11 
0.00 8.33 
5.56 0.00 
3.81 0.00 
2.78 0.00 

4.29 5.14 
3.61 0.97 
0. 76 <0.01 

Depth ·- Bed 

Juvenile 
GAOIDA£ill 

--------------------------------------
1 
1 
2 
2 
3 
3 
4 
4 
s 
5 

13 0 
14 c 
16 0 
15 c 
17 0 
18 c 
25 0 
26 c 
35 0 
34 c 

mean 0 
mean C 
p 

9.44 
10.00 
'15.56 
0.00 
0.00 

29.44 
21.67 

1.11 
1.67 
2.22 

9.67 
8.56 
0.88 

Island Bay - l~?O 

All Alt AU 

4 , , --6.67 
108.89 

1.1~ 

T1S.56 
0.00 

95.30 
262.78 

0.00 
0.56 

196.78 
54.22 
0. i9 

Depth - Jeep 

AU Adult 

5.00 
2.78 

137.78 
11.67 

161.11 
13.33 
62.78 
30.00 

91.67 
14.44 
<0.01 

Juvenile 
Site# Oi lcode HEXAGRAM LARGEC:7 Sloi.AUCOT PHOLIDAE SiiCHAEU STICHAEU· 

------------------------------------------------------------------------
1 2 0 0.00 1.11 3.89 0.00 1.11 0.00 , c 0.00 0.00 2.22 0.56 2.22 0.00 
2 3 0 0.56 0.56 30.00 2.78 7.22 0.00 
2 .. c 0.00 0.56 6.11 2.22 8.89 0.00 
3 6 0 0.00 0.56 , ,, ,.. ...... 0.00 16.11 1.11 
3 .. c 0.56 1., i 25.00 3.33 i8.89 0.00 

----------------------------------------------------~-------------------
~an 0 0.19 0.7!. ~2.78 0.93 8.15 0.37 
::1ean c 0.19 0.56 ~ ~ . 1, 2.04 ~0.00 0.00 
? 0.47 0.69 0.35 a. i7 0.22 0 ?~ 

ACE 30287048 
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Pair 

Island Bay - 1990 Depth - Shallow 

All All All All Adult Juvenile 
Pair Site# Oitcode HEXAGRAM LARGECOT SMALLCOT PHOliDA.E STICHA.EU STICHAEU 

1 2 0 1.67 0.00 1.67 0.56 11.11 0.00 
1 1 c 0.00 0.56 5.56 22.22 5.56 27.78 
2 3 0 1.67 1.67 12.78 3.89 28.89 0.00 
2 4 c 0.00 0.00 6.11 0.56 4.44 0.00 
3 6 0 1.67 0.56 1.11 5.00 28.89 11.11 
3 5 c 0.00 3.33 17.78 2.78 63.33 1.11 

--------·---------------------------------------------------------------
mean 0 1.67 0.74 5.19 3.15 22.96 3.70 
mean c 0.00 1.30 9.81 8.52 24.44 9.63 
p 0.07 0.43 0.32 0.39 0.84 0.85 

Island Bay - 1991 Depth - Shallow 

Adult Juvenile Adult Adult Juvenile 
Pair Site# Oilcode GADIDAEU GADIDAEU SMALLCOT STICHAEU STICHAEU 

----------------------------------------------------------------
1 
1 
2 
2 
3 
3 

2 0 
1 c 
3 0 
4 c 
6 0 
5 c 

mean 0 
mean C 
p 

6.67 
16.67 
2.78 
1.11 
8.33 
0.00 

5.93 
5.93 
0.98 

0.00 
0.00 
0.00 

25.00 
16.67 
0.56 

5.56 
8.52 
0.80 

Island Point - 1990 

0.00 
3.33 
0.56 
1.67 
1.11 
1.11 

0.56 
2.04 
0.02 

5.56 
30.56 
15.56 
12.22 
0.00 

10.56 

7.04 
17.78 
0.06 

Depth - Deep 

2.78 
3.33 
0.56 
1.11 

11.67 
0.56 

5.00 
1.67 
0.25 

Alt All All All All All Adult Juvenile Juvenlt.e 
Pair Site# Oitcode BATHYMAS HEXAGRAM lARGECOT PHOLIDAE SCORPIEN SMALLCOT STICHAEU STICHAEU GADIDAE11.1 

1 19 0 25.00 4.44 1.1, 0.00 33.33 24.44 2.78 13.33 0.00 
1 20 c 8.89 1.11 3.33 1.67 2.22 31.11 52.78 8.89 11183.33 
2 22 0 2.22 2.22 1.11 1.11 1.11 43.89 48.89 34.44 21.67 
2 21 c 7.22 0.56 0.00 3.33 4.44 36.67 27.22 21.11 51.11 
3 23 0 10.00 2.22 1.11 0.00 1.67 30.56 0.00 18.89 0.00 
3 24 c , .67 1.67 1.11 1.11 0.00 15.56 1.67 2.22 9.44 

----------------------------------------------------------------------~-------------------,-------·· 
mean 0 12.41 2.96 1.11 0.37 12.04 32.96 17.22 22.22 7.22 
mean c 5.93 1.11 1.48 2.04 2.22 27.78 27.22 10.74 3747.96 
p 0.48 0.10 0.67 0.08 0.70 0.39 0.57 0.07 0.02 

Island Point - 1990 Depth - Shallow 

Alt All Alt All All Alt Adult Adult Juvenile Juvenile 
Site# Oi lcode SATHYMAS HEXAGRAM LARGE COT PHOUDAE SCORPIEN SMAL!..CJT SCORPIEN STICHAEU STICHAEU GACIIDAEY 

------------------------------------------------------------------------------------------------------------
1 19 0 i7.22 9.44 3.33 1.67 12.78 17.22 4.44 4.44 24.44 0.00 
1 20 c 6.11 5.56 2.22 1. ~, 1., 8.39 0.56 56.11 52.78 5630.00 
2 22 0 7.22 8.89 0.56 6.11 0.00 40.00 0.00 55.00 54.44 6.11 
2 21 c i .11 7.78 2.78 12.78 0.56 5.00 0.00 74.44 26.11 i'S~OO 
3 23 0 2.78 2.22 1.67 3.33 1. j 1 62.73 0.00 5.00 38.33 0.00 
3 24 c 2.78 7.22 2 -? .t:.::.. 0.00 36.67 18.39 7.78 0.00 2.22 0.00 

------------------------------------------------------------------------·------------------------------------
:nean 0 9.07 6.85 1.85 3. 70 4.63 40.:0 1.48 21.48 39.07 2.04 
~an c 3.33 6.35 2.41 :..63 12.78 10.93 2.78 43.52 27.04 1901.67 
:; D.05 0.95 0.52 0.31 0.90 <0.31 0.31 0.12 0.34 0.02 

ACE 30287049 
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Nereocyscis Bed - 1990 Depth •• Shallow 

All All All Juvenile 
Pair Site# Oilcode HEXAGRAM URGECOT SHALLCOT GADIDAE\1 

1 
1 
2 
2 

7 0 
8 c 

12 0 
11 c 

mean 0 
mean C 
p 

0.00 
4.44 

24.00 
7.22 

12.00 
5.83 
0.08 

z -3 

0.00 
1.67 
3.33 
1.67 

1.67 
1.67 
0.53 

0.00 0.00 
1.67' 0.00 
1.33 333.33 
0.56 69.44 

0.67 166.67 
1.11 34.n 
0.79 0.57 

.!.CE 30287050 



APPENDIX AA. 

Mean values and results of 2 way randomization ANOVAs comparj5ng 

abundance and biomass of dominant families of fish at oiled a~d 

control sites in the eelgrass and LaminariajAqarum bay habitats 

in 1990 and 1991. 

ACE 3C2.8705}~ 



Appendix AA. Mean values and resu~ts of 2-way randomization 
ANOVAs comparing abundance (#/lOOm ) of dominant families of fish 
at oiled and control sites in the eelgrass and Laminaria/Agarum 
bay habitats in 1990 and 1991. Only sites sampled during both 
years were used for analyses. 

Island Bays Shallow 

YEAR GROUP STAGE OILCODE DENSITY SE N 

1990 Stichaeus punctatus A 0 22.96 5.93 3 
1990 Stichaeus punctatus A c 24.44 19.45 3 

1991 Stichaeus punctatus A 0 7.04 4.55 3 
1991 Stichaeus punctatus A c 17.78 ·6. 41 3 
----------------------------------------------------------------
Oilcode P 0.36 
Year P 0.08 
Interaction P 0.47 

Island Bays Shallow 

YEAR GROUP STAGE OILCODE DENSITY SE N 

1990 Stichaeus punctatus J 0 3.70 3.70 3 
1990 Stichaeus punctatus J c 9.63 9.08 3 

1991 Stichaeus punctatus J 0 5.00 3.39 3 
1991 Stichaeus punctatus J c 1.67 0.85 3 

----------------------------------------------------------------
Oilcode P 
Year P 
Interaction P 

0.99 
0.78 
0.42 

ACE 30287052 

AA - 1 



Eelgrass Bed 

YEAR GROUP STAGE OILCODE DENSITY SE N ____ ...., __ ._. ___________________________ ...., ______ ...., ___ .._ ________ ._ __ .-----~------
1990 Gadidae without 
1990 Gadidae without 

1991 Gadidae without 
1991 Gadidae without 

Oilcode P 0.47 
0.015 
0.74 

Year P 
Interaction P 

Pollock A 
Pollock A 

Pollock A 
Pollock A 

Eelgrass Bed 

0 5.14 2.25 4 
c 0.97 0.66 4 

0 .11.67 4.62 4 
c 10.14 6.81 4 

YEAR GROUP STAGE OILCODE DENSITY SE N 

1990 Gadidae without Pollock 
1990 Gadidae without Pollock 

1991 Gadidae without Pollock 
1991 Gadidae without Pollock 

Oilcode P 
Year P 
Interaction P 

0.0.15 
0.08 
0.45 

J 
J 

J 
J 

AJ.. - 2 

0 
c 

0 
c 

91.67 35.70 4 
14.44 5.68 4 

245.97 178.04 4 
67.64 65.06 4 

ACE 30287053 



APPENDIX BB 

Polycyclic aromatic hydrocarbons analyzed as present in EXXON 

VALDEZ crude oil and included in the estimaition of concentrati~ons 

of EXXON VALDEZ PAHs. 

ACE 3C287054 



APPENDIX BB. Polycyclic armaatic hydrocarbons analyzed as 
present in EXXON VALDEZ crude oil and included in the 
estimation of concentrations of EXXON VALDEZ PARs. 

naphthalene 
2-methylnaphthalene 
1-methylnaphthal~~e 
C-2 naphthalenes 
C-3 naphthalenes 
C-4 naphthalenes 
biphenyl 
fluorene 
C-1 fluorenes 
C-2 fluorenes 
C-3 fluorenes 
dibenzothiophene 
C-1 dibenzothioph~~es 
C-2 dibenzothiophenes 
C-3 dibenzothiophenes 
phenanthrene 
C-1 phenanthrenesjanthracenes 
C-2 phenanthrenes;~,thracenes 
C-3 phenanthrenesj~~thracenes 
C-4 phenanthrenes;~,thracenes 
C-1 fluoranthenesjpyrenes 
chrysene 
C-1 chrysenes 
C-2 chrysenes 

33-l 

ACE 3028705 5 



APPENDIX CC. 

Concentrations of EXXON VALDEZ PARs (ngjg) in shallow subtidal 

surficial sediments in Prince William Sound, 1990-91. (Data 

provided by the Technical Service Task Force: Analytical 

Chemistry Group) . 

ACE 30287056 



Appendix cc. Estimated concentrations of EXXON VALDEZ PAHs 
(ngjg) in shallow subtidal surficial sediD1ents in Prince William 
Sound, 1990-91. Estimates were made by summing values for all of 
the analytes present in EXXON VALDEZ crudE~ oil. Analytes are 
presented in Appendix BB. 

Eelgrass Beds - Deep 

YEAR PAIR OILCOOE SITNUM SITllAME HCSUM SE N cv STO 
-----------------------------------------------------------------------------------
1990 1 0 13 Bay of Isles 1383.56 47'0.784 3 58.936 815.422 
1990 1 c 14 Drier Say 932.43 32:8.301 3 60.984 568.635 
1990 2 0 16 Herring Bay 25.80 9.605 3 64.485 16.637 
1990 2 c 15 l. Herring Bay 651.33 12:0.650 2 26.196 170.625 
1990 3 0 17 Sleepy Say 527.57 250.427 3 82.217 433.752 
1990 3 c 18 Hoose lips Say 571.88 513.900 3 155.645 890.101 
1990 4 0 25 Clartn'IY Say 23.87 6.740 3 48.911 11.673 
1990 4 c 26 Puffin Say 29.51 9.841 3 57.754 17.045 
-·---------------------------------------------------------------------------------
1990 0 Mean 490.200 320.497 4 130.762 64tl. 995 
1990 C Mean 546.288 188.823 4 69.129 ID.645 

P-vatue for Oitcode = 0.919 

Eelgrass Beds - Shal tow 

YEAR PAIR OILCOOE SITNUM SITHAXE KCSUH SE N cv STO 

-----------------------------------------------------------------------------------
1990 1 0 13 Bay of Isles 1274.95 516.72:8 3 70.199 894.999 
1990 1 c 14 Drier Say 342.64 1Sl3.336 3 92.677 317.546 
1990 2 0 16 Herrin; Say 41.66 14.495 3 60.260 25.106 
1990 2 c 15 l. Herring Bay 103.31 5'3.579 3 89.831 9'2.801 
1990 3 0 17 Sleepy Bay 113.85 29.225 3 44.460 50.619 
1990 3 c 18 Moose Lips Bay 6a.03 19.627 3 49.9n 33.994 
1990 4 0 25 Clartn'IY 3ay 290.54 110.657 3 65.967 191.663 
1990 4 c 26 Puffin 3ay 562.78 27'0.917 3 83.379 1.69.242 
-----·-----------------------------------------------------------------------------
1990 0 Mean 430.252 286.376 4 133.120 sn.753 
1990 C Mean 269.187 115.316 4 85.677 230.632 

P~value for Oilcode = 0.532 

Eelgrass Beds - Bed 

YEAR PAIR OILCOOE SITNUM SITMJJI(E HCstJM SE N cv SiD 

---------------------------------------------------------,--------------------------
1990 1 0 13 Bay of Isles 1148.15 S.:j-8.871 3 82.800 9So.6n 
1990 1 c 14 Drier 3ay 303.33 1312.477 3 75.647 2-"9.457 
1990 2 0 16 Herring 3ay 116.23 37.158 3 ss.3n 64.359 
1990 2 c 15 l. Herl"ing Bay 60.44 11.384 3 32.623 19.719 
1990 3 0 17 Steepy 3ay 157.78 SIS .381 3 105.257 166.on 
1990 3 c 18 Moose L: ps Bay 79.86 20.517 3 44.498 35.537 
1990 4 0 25 Ctanmy Say 56a.62 2Cl0. 122 3 60.958 3!.¢.621 

·1990 4 c 26 Puffin 3ay 402.56 174.364 3 75.237 3:2 • .sn 
-----------------------------------------------------------------------------------
1990 0 Mean 497.695 2:;i9.650 4 96.304 :..19.300 
1990 C Mean 211.548 84.203 4 79.607 ~63.407 

P-vatue for Oitcode = 0.039 

AC= 302870.57 
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Eelgrass Beds - Deep 

YEAR PAIR OILCOOE SITNUM SITNAME HCSLI4 SE N r:l STD 

----------------------·------------------------------------------------------------
1991 1 0 13 Bay of Isles 164.860 65.704 3 69.030 113.802 
1991 1 c 14 Drier Bay 45.797 7.986 3 30.203 13.832 
1991 2 0 16 Herring Bay 74.943 32.098 3 74.184 55.596 
1991 2 c 15 t. Herring Bay 43.540 4.830 2 15.688 6.831 
1991 3 0 17 Sleepy Bay 118.300 16.312 3 23.882 28.253 
1991 3 c 18 Moose lips Say 72.877 7.411 3 17.613 12.836 
1991 4 0 25 Ctaamy Bay 89.520 5.998 3 11.605 10.389 
1991 4 c 26 Puffin Bay 91.197 24.627 3 46.m 42.654 
-----------------------------------------------------------------------------------
1991 o Mean 111.906 19.817 4 35.417 39.633 
1991 C Mean 63 .. 352 11.426 4 36.072 22 .. 853 

P-value for Oilcode = 0.027 

Eelgrass Beds - Bed 

YEAR PAIR OILCOOE SITNUM SITWAME HCSUM ~ N cv STD 

-----------------------------------------------------------------------------------
1991 1 0 13 Bay of Isles 114.623 35.789 3 54.080 61;988 
1991 1 c 14 Drier Bay 102.000 25.771 3 43.761 44.636 
1991 2 0 16 Herring Bay 82.443 12 .. 713 3 26.709 22.019 
1991 2 c 15 l. Herring Bay 14.493 1.545 3 18 .. 468 2.677 
1991 3 0 17 Sle-epy Bay 103.753 46.718 3 77.991 80.918 
1991 3 c 18 Moose lips Bay 41.510 2.586 3 10.790 4.479 
1991 4 0 25 Ctaamy Bay 97.267 9.642 3 17.170 16.100 
1991 4 c 26 Puffin Bay 104.460 30.486 3 50.549 52.803 
1991 5 0 35 Short Arm Bay 133.113 27.317 3 35.544 47.314 
1991 5 c 34 Mallard Bay 148.423 59.245 3 69 .. 137 102.616 
-----------------------------------------------------------------------------------
1991 0 Mean 106.240 8.501 5 17.893 19.009 
1991 C Mean 82.177 23.993 5 65.285 53.649 

P-value for Oilcode = 0.264 

Island Bays - Deep 

YEAR PAIR OilCOOE SITNUH SITWAME HCSUM SE N cv STD 

1990 1 0 2 Northwest Bay 220.563 129.£.65 3 101.667 224.240 
1990 1 c 1 Cabin Say 41.517 13.699 3 57.152 23.728 
1990 2 0 3 Herring Bay 59.593 10.624 3 30.878 18.401 
1990 2 c 4 l. Herd ng Say 25.497 13.904 3 94.450 24.oe2 
1990 3 0 6 Bay of Isles 246.617 36.609 3 25.712 63.409 
1990 3 c 5 Munny Bay 43.013 29.719 3 119.671 51.475 

---------------------------------------------·-------------------------------------
1990 0 Mean 175.591 58.485 3 57.690 101.298 
1990 C Mean 36.676 5.606 3 26.475 9.710 

P-value for Oilcode = 0.016 

Island Bays - Shalt ow 

YEAR PAIR OILCOOE SIUUH SITUAME HCSUM SE u cv STD 

1990 1 0 2 Northwest Say 306.673 80.133 3 45.258 138.794 
1990 1 c 1 Cabin Bay 131.837 14.949 3 19.640 25.892 
1990 2 0 3 Herring Bay 863.557 330.185 3 66.226 571.897 
1990 2 c 4 l. Herring Bay 280.640 70.7,0 2 35.632 99.999 
1990 3 a 6 Say of Isles 393.757 330.~90 3 145.375 572.426 
1990 3 c 5 Mt.mny Bay 182.660 36.349 3 34 .. 467 62.958 
-----------------------------------------------------------------------------------
1990 
1990 

a Mean 
C Mean 
P-value for Oilcode = 0.076 

cc - 2 

521.329 172.951 3 57.461 299.559 
198.379 43.669 3 38.127 75.637 

ACE 30287058 



Island Points - Deep 

YEAR PAIR OILCOOE SITNUM SITUAME I cv STD 

-----·-----------------------------------------------------------------------------
1990 
1990 
1990 
1990 
.1990 

1990 
1990 

1 
2 
2 
3 
3 

0 
0 
c 
0 
c 

0 Mean 
c Mean 

19 
22 
21 
23 
24 

0 i scovery Pt. 
0. Herring Bay 
O.l. Herdng Bay 
Ingot Point 
Peak Point 

P-value for Oilcode • 0.904 

24.460 10.849 3 76.824 18.791 
58.830 1 
65.533 22.151 3 58.545 38.366 
~-673 34.059 3 116.417 58.993 
49.173 5.681 3 20.010 9.839 

44.654 10.368 3 40.216 17.95a 
57.353 8.180 2 20.170 11.568 

Island Points • Shallow 

YEAR PAIR OILCOOE SITNUH SITMAME SE I STD 

1990 
1990 

1990 
1990 

1 
2 

c 
0 

20 
22 

Lucky Point 11.577 4.361 3 65.243 7.553 
o. Herring Bay 64.790 30.160 2 65.832 42.653 

0 Mean 64.790 
C Mean 11.577 
Insufficient data for analysis 

Nereocystis Seds - Shallow 

YEAR PAIR OILCODE SITNUH SITHAME SE I cv STD 

1990 
1990 

1990 
1990 

Silled Fjords 

0 7 latouche Pt. 39.76 
C - no s~tes analyzed for :::rttrol sites 

OM~n 39.U 
C Mean - no s~les analyzed f:t' controt sites 

YEAR PAIR OILCOOE SITNUH SITNAME SE I cv STD 

1990 
1990 
1990 
1990 

1990 
1990 

0 
0 
c 
c 

0 Mean 
C Mean 

30 
31 
27 
29 

I. Bay of Isles ~.150 168.390 ~ 84.104 238.14 
o. Bay of Isles 562.044 417.319 5 140.950 933.15 
o. lucky Bay i"'CJ.687 659.162 3 158.419 1141,.70 
I. Lucky Bay .i.49.495 37.355 2 11.017 52.83 

.i.72.597 189.447 2 56.691 267.919 
~.091 120.596 2 28.420 170.548 

P-value for Oilcode = 0.821 

ACE 30287059 ..-J\2-J 
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