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Studv History: Four  surveys have been conducted by Alaska  Department of Fish  and  Game 
to assess  possible  damage  to  spot  shrimp Pundullcs pluyceros. The  surveys  were conducted 
during  November  1989,  March  1990, and November  1990  as  Fish/Shellfish  Study  15  (Injury of 
Prince  William  Sound  Spot  Shrimp), and continued  as  Subtidal  Study  Number 5 in November 
1991. 

Abstract: Differences in pre- and post-spill  spot  shrimp  fishing  within Prince  William  Sound 
were based on the catch per unit effort  (CPUE), which was significantly lower in oiled areas in 
1989  and 1990, and  significantly  higher in the oiled area in 1991. In the  unoiled  area,  the 
percentage of the  female  population has steadily  increased from 7.3% in 1989, 11.3% in 1990, 
to 16.8% in 1991,  while in the oiled area  females  increased from 2.0% in 1989,  2.5% in 1990, 
to 2.6% in 1991.  The total number of eggs  per  female was less in the oiled area in 1989. No 
difference between oiled and unoiled areas was found in 1990 or 1991.  Hydrocarbon  analyses 
did not detect  oil  contamination within sampled spot shrimp, but this  analysis  is  limited  as these 
organisms may metabolize  oil.  Histopathology  analyses  were  conducted on shrimp collected in 
1989.  Those in the unoiled area had more  inflammatory  gill  lesions than those  within the oiled 
area.  Histopathology  analyses showed no difference between oiled and  unoiled  areas,  indicating 
little or no oil  contamination to the adult  population. Catch data  suggested a  strong relation 
between  population  structure  and  commercial  fishing, which selects  for  large males and females. 
Any damage to the  adults by EVOS would  be difficult to assess due to high pre-spill fishing 
mortality. 
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EXECUTIVE SUMMARY 

Since the grounding of the  T/V -on Vuldez caused an oil  spill on March 24, 1989,  four 
surveys have been  conducted by the Alaska Department of Fish and Game  (ADF&G) to assess 
possible  damage done by  the  oil  spill to spot shrimp Pandalus plaryceros. The  surveys  were 
conducted  November  1989,  March  1990, and November  1990 as Fish/Shellfish  Study  15, then 
November  1991  as  Subtidal Study 5 .  This  report  incorporates  results of all surveys, but 
emphasizes  November  surveys and their  analyses. 

Spot  shrimp  previously  supported an  important  commercial  fishery and continue  to  support 
recreation  and  subsistence  fisheries in Prince William Sound (PWS). Adult  spot  shrimp are an 
important  food  for  various  commercially  important  fishes  (i.e.  rockfish,  lingcod  and  pollock), 
while  young  spot  shrimp are prey for  various  nearshore  animals ( i x .  juvenile  rockfish). Adult 
spot  shrimp  are  a  representative  species  of the deepwater  nearshore  benthic  ecosystem,  sharing 
aspects  of  their  distribution,  life  history and food  habits with other  economically  important 
crustaceans  residing in PWS  (Table 1). A significant  portion of spot  shrimp  habitat  was in the 
direct  path  of the oil  spill. 

Since the T/V Emon Vuldez oil  spill  (EVOS), the southwest  area of PWS has experienced  little 
commercial  spot  shrimp  fishing,  while the northern  area of PWS has continued to support  a 
fishery.  Despite  this  difference in fishing, catch per unit effort  (CPUE)  as  measured in the 
number of spot  shrimp  per  pot, was significantly  lower in the oiled area in 1989  and  1990 when 
compared  to  the unoiled area,  for the same  years. In 1991, the CPUE was significantly  higher 
in the oiled area. Most  of  the  differences in CPUE have been attributed to pre- and  post-spill 
fishing  within PWS. 

An interesting  attribute  of  spot  shrimp  population  structure is the percentage which is  female. 
In the  unoiled area,  the  percentage of the  population  that is  female has steadily  increased  from 
7.3% in 1989, 11.3% in 1990, and further  rose to 16.8% in 1991, while in the oiled  area the 
percent  females has only modestly changed from 2.0% in 1989,2.5% in 1990, to 2.6% in 1991. 

The  total  number of  eggs  per  female  at  a given size was less in the  oiled area in 1989.  No 
difference  between  oiled and unoiled  areas  was  found in 1990 or 199 1. The presence of dead 
eggs did not  vary  between  the  oiled and unoiled areas, but this would have been difficult to 
detect  if  females  slough dead eggs. 

Hydrocarbon  analyses did not  detect oil contamination within sampled spot  shrimp.  However, 
usefulness of hydrocarbon  analysis on shrimp, specifically of the tissues  sampled,  is  limited  since 
these  organisms may metabolize oil. 

In March  1992, histopathology  analyses, (D.V. Lightner,  University of Arizona,  Appendix C) 
were  completed on shrimp  collected in November  1989. Results indicated  that  shrimp  collected 
in the unoiled  area of PWS had more inflammatory gill lesions,  a  condition  expected of shrimp 
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exposed  to  toxins,  than  those  sampled  within  the  oiled area.  Other  histopathology  analyses  did 
not show any difference between oiled and unoiled areas.  This  indicates  little or no  oil 
contamination had affected the adult  portion  of  the  spot  shrimp  population  at  that  time. 

Part of the analysis  conducted  for  the 1991 survey, was a review  of  the  commercial  harvest  of 
spot  shrimp both before  and  after the EVOS. Catch data, obtained from annual fish  tickets, 
suggest a strong  relation  between  population  structure  (number and size  distribution) and 
commercial  fishing.  The  commercial  fishery  selects  for  large  males and females.  Therefore, any 
damage  to the adult  spot  shrimp  population by the EVOS would be difficult to assess  due to high 
pre-spill  fishing  mortality. 
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INTRODUCTION 

Spot  shrimp Pandalusplutyceros previously  supported an important  commercial  fishery in Prince 
William  Sound  (PWS), and continue to support  recreation and subsistence  fisheries. Important 
spot shrimp habitat  is  generally  contained within what is known as the Traditional Harvest Area. 
This area is defined as those  waters west of a  line  from  Montague  Point  to  Bidarka  Point in 
PWS  (Figure  1) and is the principal  harvest  area  for the commercial  spot  shrimp  fishery  within 
PWS.  The  area  is characterized by numerous, steeply cut  glacial  fjords and passages.  A 
significant  portion of this area  was in the direct path of the oil spill  from  the  grounding of the 
T/V Exxon Vuldez on March  24, 1989.  Minor isolated populations of spot  shrimp near PWS 
include  Lituya Bay to the east and the  outer coast of the Kenai  Peninsula  to the west. The  outer 
coast  of the Kenai  Peninsula  was  also oiled from  the Erron Valdez oil  spill (EVOS). 

Spot  shrimp,  like most pandalid  shrimp, have five distinct  life  stages: larval,  juvenile, male, 
transitional  and  female. Larvae  are primarily released into the water  column in late  March  and 
throughout  April  (Strathmann  1987).  The  larvae  enter  the  zooplankton  community, phasing 
through  four  larval  molts  (Price and Chew 1972), until the end of summer,  late August or 
September  (Butler  1980).  Spot  shrimp then settle  into the intertidal and shallow  subtidal zones 
as  juveniles  (Barr  1974; Bousfield and McAllister  1962). The  juveniles  migrate to deeper waters 
at  about  2.5 to 3 years of age (Kimker and Donaldson  1987),  where after a  short  time  they 
become  mature  males. The spot  shrimp remain as males for approximately  3 to 5 years (Kruse 
and Murphy  1989). but being protandrous  hermaphrodites they change  to  females (Butler 1964, 
1980;  Sunada 1986). It should be noted that all  shrimp  are  males  before  changing to females 
and it seems  that  all  males (if they live) become  females. As females they will live  another 3 
to 5 years and reproduce  annually, if conditions  permit.  Females  carry  between 500 and 5000 
eggs (depending on size) for approximately 6 months,  starting in  late  September and early 
October. In March and April, with the  release of the larvae,  the  life  cycle  begins  anew. 

Spot  shrimp  are a  representative  species of the  deepwater  (30 m - 250 m) nearshore  benthic 
ecosystem.  They tend to  be found on rocky seafloors  versus sand or silt  substrates  (Barr 1970, 
1971  and  1974; Barr  and  Barr  1983; Kessler 1985), though there  are  records of spot  shrimp 
being found on the softer  bottoms  (Barr 1970, 1971). It is  uncertain what feeds upon the larval 
spot  shrimp  while they are within  the zooplankton community.  The  juvenile spot shrimp are fed 
upon by various  intertidal  and  shallow subtidal inhabitants, such as young  rockfish Sebasres (A. 
Hoffman, Alaska  Department  of Fish and Game,  Anchorage,  personal  communication). Adult 
spot shrimp serve as a  food  source  for  a  variety  of  fish,  including  rockfish  (Rosenthal et al. 
1988),  Pacific  cod Gadus macrocephulus, sculpin Cotridae and pollock 7"neragru chu.lcogrmrna, 
and  invertebrates  like  octopus Oc/opus d0jlein.i and Tanner  crab Chion.oecetes spp. (Table 1). 
Spot  shrimp eat bottom  dwelling  invertebrates, mostly annelid and polychaete  worms  and  detrital 
material (Barr and Barr  1983; Butler  1980).  Spot  shrimp  share  aspects of their  distribution,  life 
history or food  habits with other  economically  important shellfish species  (Table  1). 



A  commercial  pot  fishery which targets spot  shrimp has been in operation  since  1979.  Large 
males and females  make up the  saleable catch of this  fishery.  Due to the  lack of selectivity of 
the  pots  employed in the fishery,  prior to 1990,  a  large portion of non-saleable  smaller males 
and a few  juveniles were caught, and discarded (thrown  overboard), with assumed  low  survival. 
This is known as the deadloss of the  catch. In 1990, the Alaska Board of Fisheries passed a 
regulation  requiring  the  use of large rigid meshed panels  to  reduce the catch  of  non-saleable 
sized  shrimp. 

The level of the commercial spot shrimp  harvest has varied over the years, with the different 
regions  within  PWS having been fished at varying  effort  (Figure 2). In the  early  1980s.  the 
yearly  spot  shrimp  harvest began to increase, mostly within southwest PWS, as a  function  of 
increased effort,  i.e. vessels, and by the mid-l980s, the fishery had grown  considerably, taking 
several  thousand  kilograms of shrimp each year  (Figure 2). This  extensive  fishing  effort  seems 
to  have  lowered the stocks  considerably,  thus  any  adverse  effect by the EVOS could  further 
hinder the recovery of the  PWS  spot  shrimp  stocks. 

Spot  shrimp  are known to be sensitive to oil contamination in  all phases of their  life  history. 
The effects  of  oil on spot  shrimp in particular and shrimp in general  are well  documented 
(Anderson  et al. 1974,  1981; Brodersen 1987; Brodersen et al. 1977;  Mecklenburg et al. 1977; 
Rice et al. 1979, 1984; Sanborn and Malins  1980;  Stickle et al. 1987;  Vanderhorst et al. 1976). 
In many  laboratory  studies,  susceptibility was measured as the length of time  necessary for 
different  concentrations of oil to kill half the sample  (Anderson et al.  1981; Brodersen  1987; 
Brodersen et al.  1977;  Mecklenburg et al.  1977;  Rice  et  al.  1979,  1984;  Stickle  et al. 1987; 
Vanderhorst et al. 1976). The literature  indicates that adult  shrimp  are susceptible to injury 
from  oil  (Anderson  et al. 1974,  1981;  Rice et a1 1979,  1984;  Stickle et al. 1987; Vanderhorst 
et al. 1976), but  do not accumulate  hydrocarbons in their systems (Sanborn and Malins  1980). 
Larvae  are even more  susceptible  to injury from  oil than adults  (Brodersen  1987;  Brodersen  et 
al. 1977;  Carls and Rice  1980).  Furthermore,  small  concentrations of oil can hinder  successful 
molting  of shrimp  larvae (Mecklenburg  et al. 1977), and slow  their  movement  (Brodersen  1987; 
Carls and Rice  1980, Rice et al.  1979,  1984), both conditions would likely  make them more 
susceptible  to  predation  (Rice  et  al.  1984). In 1989, the eggs of the spot  shrimp and other 
shellfish  species (Table 1) hatched immediately  before  the  oil  spill, so zoea larvae  at  or near the 
water  surface  were  very  vulnerable to aromatic  hydrocarbons.  Juvenile spot shrimp from  the 
1988  and  1987  year  classes  were  present  at  nearshore  locations and also  were  vulnerable to 
direct oil contamination.  Though  there is little  evidence of direct  oil  contamination  at the depths 
inhabited by adult spot shrimp  during the year of the  oil  spill, they may have eaten oil 
contaminated  food. The adult population may also have been affected  more  directly in later 
years, when residual  oil  sank to the seafloor (Boehm et al. 1985). 
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OBJECTIVES 

The goal  of  this project  was  to assess the  damage  done to a  representative  species of the 
nearshore  benthic  ecosystem by the oil spill.  Spot  shrimp  were  chosen  because they are 
economically  important,  they are more  sedentary than other  shellfish  species  (crustaceans 
specifically),  and some pre-spill  information existed on spot  shrimp. The objectives set forth 
to meet this goal  were: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

Determine  the catch per unit effort  (CPUE) by weight,  number and number  per  weight 
of  spot shrimp Pundulus plutyceros in sites within both oiled and unoiled areas, and test 
for significant  differences  among  years and areas (oiled versus  unoiled). 

Compare  size and age frequencies of spot  shrimp  among  sites and by sex, using various 
methods of length frequency  analysis and graphical  representation. 

Analyze  fecundity (both eggs per female and number of females with eggs), and egg 
mortality  between oiled and unoiled areas  over  time, and determine  whether  those  effects 
result in adverse  changes in reproductive  viability. 

Analyze  tissue and egg  samples for presence of hydrocarbons and compare differences 
between oiled and unoiled sites to test the nul l  hypothesis  that  the  level of hydrocarbons 
is not related to the level of oil contamination  present  at  a  site. 

Compare various histopathological results between oiled and unoiled areas, to determine 
possible  sublethal  effects of oil contamination. 

Use  historic catch  data  from  the  commercial  fishery to estimate and model the  effects of 
fishing on the population  structure  (length-age  frequency and CPUE)  over  time, and 
compare these  results between oiled and unoiled areas, to separate  oil  induced  effects 
from  fishing  effects. 

Compile  all the above information to determine the level of damage  caused by the EVOS 
on the  spot  shrimp  population, specifically noting level of oiling  effect when compared 
to fishing  effect. 
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METHODS 

Survey Design 

The spot shrimp habitat  within PWS was divided into oiled and unoiled strata.  Localized  spot 
shrimp distribution in these  areas was established by interviewing  commercial  fishermen. The 
unoiled strata  included the northwestern  portion  of PWS,  where samples  were taken from 
Unakwik  Inlet, Port Wells  (Golden) and Culross  Passage (Figure  1).  The oiled  strata  included 
central  and  southwestern PWS, where  samples  were taken from  Herring  Bay,  northeast  Chenega 
Island,  and  north  Green Island (Figure  1).  The reason for  comparing oiled versus unoiled sites 
was due to the  lack of pre-spill  information on the population or the stock  sizes of spot  shrimp 
within PWS. Each site  is  located within a  commercial statistical reporting  area as defined by 
ADF&G,  for the  shellfish  fishery  (Figure 1, Table  2). 

Unakwik  Inlet and Green Island were  also  chosen  because of previous  spot  shrimp  studies near 
these sites. Unakwik  Inlet  was  the  site of research on abundance and growth of spot  shrimp a 
few years prior to  the EVOS (Kimker  1984,  1985;  Kimker and Donaldson 1986,  1987).  Similar 
research  occurred  at Green Island but in an earlier  year, 1982 (Kimker  1983). These studies 
represent most of the  research  performed within PWS on spot  shrimp  prior to the EVOS. 

All surveys  were  conducted  from the R/V Momague during  November  1989,  March  1990, 
November  1990 and November  1991.  These  months  were  chosen based  upon the need to  sample 
during egg bearing  periods. By November, egg extrusion should be  complete. The March 
survey  was to provide  information on the timing of larval  release. 

Each site  was  stratified into  shallow, 35 to  130 m (approximately 20 to 70  fathoms), and deep, 
130 to 220 m (approximately 70 to 120  fathoms)  strata. A string of eleven pots  constituted a 
station. In 1989, eleven  pots spaced 9 m (5 fathoms)  apart  made up a  station.  This 
configuration was changed  after 1989 (1990 and 1991) to provide more coverage of the depth 
range  within a stratum;  thus  after  1989, eleven pots spaced 18.5 rn (approximately 10 fathoms) 
apart on a  longline  constituted a station (Figure  3). In 1989,  exactly  two  stations were set  for 
each  depth  stratum,  while in 1990 and 1991,  at least two stations  were  set for each depth 
stratum,  except  at  Green Island in  November  1990 when three  stations  were  set in the shallow 
stratum only,  due to  poor  catches  from  previous  surveys in  the deep  stratum.  The  number of 
stations set, in 1990  and  1991,  varied  from  site  to  site and year to year as a function of 
collection  success in previous  years and time  remaining  for the completion of that year’s  survey. 
The goal  was to catch  at least 500 shrimp  from each depth stratum  at each site for length 
frequency  analysis. If necessary,  pots  were  redeployed  additional  days,  targeting the areas of 
highest  catches  from the  previous samples  for that cruise, until the required sample  size  per  site 
was achieved. 
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Spot  shrimp  were sampled using standardized  commercial  shrimp  pot gear, which measured 40.6 
x 40.6 x 91.4  cm  (16 x 16 x 36  in) with a 6.4 cm (2.5 in) tunnel  located 17.8  cm  (7 in) into 
each  end  (Figure  4).  Each  pot  was baited with a 2 liter (2 quart) ja r  of  chopped  bait  herring. 
Longlines  of  pots were set in late  afternoon and retrieved the following  morning.  Average soak 
time  for each  longline was about 18 hours. 

Relative Abundance 

Upon  retrieving  the  pots,  spot  shrimp  specimens  for  hydrocarbon and histopathology  analysis 
were  removed. The remaining pandalid shrimp  were  sorted by species,  weighed  and  counted. 
Weights  were  obtained using an electronic digital scale and recorded  to the nearest 2 g. If a 
station’s  catch  was  estimated to have an excess of 500 spot  shrimp, then the station  was 
subsampled and an estimated  number of spot  shrimp calculated for that station. The subsamples 
were  obtained by taking  a  constant  proportion of shrimp  from each pot in a  station.  At stations 
where the estimated  number of shrimp was less than 500, a total count was performed. 

In comparing  CPUE between oiled and unoiled areas,  the  CPUE was calculated  from only those 
pots  set the first  day at a  depth  stratum and site  combination.  Redeployed pots were set to target 
specific  areas, sampled the previous day, of known high concentrations  of  spot  shrimp. A 
redeployment  was  specifically set to attain the 500 specimen sample  size  for  length  frequency 
analysis. CPUE  from these  pots would not represent an unbiased abundance  estimate or  be 
comparable  with  sites  where  additional fishing was not needed. Further,  CPUE from these pots 
would represent  time  related  dependent  samples,  increasing  bias within the results. 

There  was a  concern  that the second day sets might introduce a bias in the length frequency 
analysis. However, this  bias was assumed to be  minor  since we set on two  depth  strata  to 
incorporate  differences in size with depth. 

To reduce handling  contamination and ensure fresh spot  shrimp  for  hydrocarbon and 
histopathology  analyses,  spot  shrimp  were removed from  the  pots  immediately upon retrieval 
of the  pot  string. The total weight of spot  shrimp  for  a  pot (W,) was calculated as follows: 

where W, is the weight of spot  shrimp measured for each pot shortly after  recovery, W, is the 
estimated  weight  of shrimp taken for hydrocarbon analysis and W,, is the estimated  weight of 
shrimp  taken for histopathology  analysis. The weight of spot  shrimp taken for hydrocarbon 
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analysis  was  estimated  as  follows: 

where N, is the  number of spot  shrimp taken from  a pot used for hydrocarbon  analysis and E, 
is the average weight of an egg bearing female,  as calculated  from a subsample of egg bearing 
females.  The weight of spot  shrimp taken for  histopathology  analysis was estimated in a  similar 
way: 

W, =Nh(VJ 

- where Nh is  the  number of spot  shrimp taken from  a pot  used for histopathology  analysis and 
w, is the average weight of a spot  shrimp for that year. 

A general  linear model was fit to the spot  shrimp  data, using the statistical  software  package SAS 
(SAS Institute Znc. 1988). The hypothesis of no difference in number,  weight or number  per 
weight  between  spot shrimp caught within the oiled area  versus  those  caught within the unoiled 
area was tested at the 0.05 level (i.e. CI = 0.05) for each year. CPUE,,, is defined as  the catch 
per unit of effort, measured in number per pot, weight  per pot or number  per  weight  per  pot, 
of spot  shrimp  at  oiling  strata i ,  depth strata j ,  site k and sample (pot) rn. Because of the 
potential of significant  interaction  terms, the full  model was f i t :  

with p as the  grand  mean, a as an oiled effect,  as a depth stratum  effect, y as a site effect 
nested within the oiling  strata,  all interaction terms and E as the error. When  interaction  terms 
were  significant, an hypothesis test for the differences between oiled and unoiled strata  was 
performed using the  least  square means (Milliken and Johnson 1984). When interaction  terms 
were insignificant  (p > 0.05) then the ANOVA was run again, omitting  insignificant  interaction 
terms. 

A year  term  was  added to the model, and difference between years was  tested,  again  at  the 0.05 
level (i.e. a = 0.05), separately  for  the oiled and unoiled areas using the following 
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model: 

where 6 is the  year  effect. The Bonferoni inequality was used to  control  type I error  for planned 
a-posteriori  comparisons of least  square  means, between 1989 and 1990, and between  1990 and 
1991.  Only the November  samples  were used in the year effect. The March  1990  sample was 
not used due to  possible  seasonal  variability of spot  shrimp in stock  size or feeding  habits. 

Length, Growrh, Sex and  Fecundity 

Sex,  carapace  length, and fecundity  data  were recorded only for  spot  shrimp.  Carapace length 
was measured from the rear  of the right eye socket to the posterior  midpoint of the carapace 
(Appendix A,  Figure 1) and recorded to the  nearest 0.1 mm using a  digital  electronic  caliper. 
Sex was identified as  juvenile, male,  transitional or female  according  to  Appendix A. Egg 
condition (no eggs,  eyed or uneyed), egg color  (dark reddish brown,  brown,  amber, orange or 
blue),  egg  fouling,  number of dead eggs, and the  presence of breeding  dress (if no  eggs  were 
present)  was  recorded  for all females. A maximum of 25 ovigerous  females  at each station for 
each  site was collected to  estimate fecundity and egg  mortality, measured as the number of dead 
eggs per  female.  Egg samples  were processed and the total number of eggs  per  female estimated 
according  to  Kinzer  (1991), using the following  formula: 

X=(-)Y X ’  

Y’ 

where X is the estimated total number of eggs, IC’ is  the  number of eggs in the  subsample, y ’  is 
the  dry  weight of the  subsample and Y is the total dry weight of the sample. 

Length  Composition 

The length  frequency  histograms were expressed in CPUE. For each site,  the  percentage of 
each carapace  size  category, in 1 mm intervals  from 13 mm to 5 8  mm, was calculated  from  the 
entire  sample (both initial and redeployed samples).  This  percentage was then multiplied by the 
average CPUE  for spot  shrimp (size independent)  at that site,  from  the  first  day  samples  only. 



This  gave  the  number of spot  shrimp  per  pot  at  a  specific size category,  year  and  site. 

The length-frequency  histograms were expressed in CPUE (number of shrimp  per pot) to ensure 
clear  interpretation  of  the  data,  as  compared between years and sites. The percentage of spot 
shrimp at a specific cohort, when compared between sites or years, may under or over 
emphasize the relative  change in the number of spot  shrimp of that cohort.  For  example, if a 
site were to  have  a  strong  recruitment one year, all  other year classes might seem very low, 
even if  there had been little change in  the rest of the population from the previous year. 

Growth 

In the 1990 status  report  (Donaldson et al. 1990), a von Bertalanffy  growth curve (Frechette  and 
Parsons  1983) was estimated for spot  shrimp  populations at four of six sites, using modal 
mixture  analysis  (Otter  Research  LTD.  1992). The von Bertalanffy  growth curve is  a  commonly 
used growth  model  represented  as  follows: 

where L, is  the length  at  time f (which is usually in  years but can also  represent  other  time 
measures  such as  months, weeks or molts), L,  is the maximum length the shrimp’s  carapace is 
expected to reach, k is  the  growth  parameter and f, is the  starting  time  for the growth  curve. 

Mixture  modal  analysis  is based on the assumption that  a length frequency histogram is 
composed  of  several  overlapping  normal  curves, each curve representing  a  separate age  group. 
The statistical  software  package MULTIFAN (Otter Research Ltd 1992) was used for these 
calculations. To perform  the  mixture modal analysis, the shrimp  from each site  were pooled 
across  stations and depth  strata,  as was done in the length frequency  graphs. A separate  analysis 
was  performed for each  site to determine  whether  growth was site  specific.  Golden and Green 
Island were  excluded  from the analysis.  Golden was excluded  because all year  classes,  except 
one, were  too  low  for  analysis and Green Island was excluded due  to the small  sample obtained 
in November 1989 and March  1990. 

Sex  Composition 

Reproductive  potential  is based on both fecundity and the  number of females. The number of 
females  per  pot in oiled  versus unoiled areas was tested using analysis  of  variance. As with the 
ANOVA on the entire  population CPUE data, only the  stations  set  the  first  day were used. A 
square  root  transformation was used for  analyses  as outlined in Zar (1980),  since  data  were 
counts and the number of females  per pot was low. 
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A general  linear  model using SAS was f i t  to the  square root of the female spot  shrimp  count m@) and  the  hypothesis of no difference in number was tested, at the 0.05 level  (i.e. CY = 
0.05), between  females  caught  within  the oiled area  versus  those  caught  within  the  unoiled a r e a ,  
for each year.  Because of the  potential for significant  interaction  terms, the full model was fit: 

with I.( as the grand  mean, OL as an oiled effect, /3 as  a  depth  stratum  effect, y as a  site  effect 
nested within the oiling  strata,  all  interaction terms and E as  the error.  Where  interaction terms 
were  significant, the differences between oiled and unoiled strata  were tested using the least 
square means (Milliken and Johnson  1984). When interaction terms were  insignificant ($I > 
0.05) then the ANOVA was run again,  omitting  insignificant  interaction  terms. 

A year  term  was  added to the model, and the  difference between years  was  tested  separately for 
the oiled  and unoiled areas using the  following  model: 

where 6 is the year  effect.  The  Bonferoni  inequality was  used to control type I error  for planned 
a-posteriori  comparisons of least  square  means, between consecutive  years. Only November 
samples were used in the  year  effect. The March 1990 sample was not used due to seasonal 
variability in the  distribution  of spot shrimp. 

Fecundity  and Related Parameters 

Differences  among  sites  for  spot  shrimp  fecundity and relative  clutch  size  were  examined using 
analysis of covariance. SAS was used to perform a general linear model f i t  to the clutch  size 
data.  The  hypothesis of no difference in number of eggs  per  female was tested,  at the 0.05 level 
(i.e. a = 0.05), between  spot  shrimp  catches  within the oiled area versus those  within the 
unoiled area,  for each  year. Because of the  potential of significant  interaction terms, the full 
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model  was  fit: 

with NUMEGGS as the number of eggs  per  female, p as the grand  mean, x as a  covariate  for 
carapace  length, (Y as an oiled effect, p as  a depth stratum effect, y as a  site  effect nested within 
the  oiling strata, all  interaction  terms and E as  the  error.  Where interaction terms  were 
significant,  hypothesis  testing  for  the  differences between oiled and unoiled strata  was  performed 
using the  least square means (Milliken and Johnson 1984). When interaction  terms  were 
insignificant (p > 0.05) then the ANOVA was run again,  omitting  insignificant  interaction 
terms. 

A year term was  added to the  model, and difference between years was tested separately  for  the 
oiled and unoiled areas using the  following  model: 

where 6 is the year  effect.  The Bonferoni inequality was used to  control  type I error  for planned 
a-posteriori  comparisons of least square  means. Only the  November  samples  were used in the 
year  effect. The March  1990  sample was not used due to seasonal  variability in the number of 
spot  shrimp with eggs. 

Females  were  divided  into  three major categories, females with eggs, females  without  eggs but 
in breeding  dress and females  without  eggs and not in breeding  dress.  Breeding  dress  occurs 
after  the molt  immediately  preceding  extrusion of eggs,  characterized by the  presence of long, 
simple,  and  plumose  setae on the protopodites of pleopods  (Butler  1980). To test for 
significance  between  females with eggs  versus  those  without eggs, in oiled  versus unoiled areas, 
a  log-linear  model was f i t  using the statistical package GLIM (Payne  1987). We tested at the 
0.05 significance level (i.e. cy = 0.05) for association between females with eggs, and oiling 
strata, with  sites nested within oiling strata. A chi-square  statistic was used to test for 
differences  among  sites in the number of spot  shrimp in breeding  dress.  Analyses  to  determine 
possible  effects of the  oil spill on the number of dead eggs  per  female  were  conducted using a 
Mann-Whitney test on ranked  data  (Conover  1980). 
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Hydrocarbon  Analysis 

To prevent  contamination,  specimens  for  hydrocarbon testing were taken from the pot 
immediately after  its  removal  from the water,  before being weighed  and processed. Three 
female  spot  shrimp  formed one composite  sample of muscle and one  composite  sample of eggs. 
Each  composite  was taken from a different  pot.  Two  replicates of the composite  were taken 
randomly  from one station in the  stratum and the third replicate came from the  other station. 

The number of specimens needed for each hydrocarbon analysis  depended on the size  of 
specimens  collected. The experiment was designed to detect a  difference of 1.2 standard 
deviations in hydrocarbon  content with the probability of making a  type I error equal to 0.05 
(i.e. a = 0.05) and making a type I1 error equal  to 0.10 (i.e. 0 = 0.10). At least  15  g  of 
tissue were needed for each analysis. Based on average  size of adults,  three  spot  shrimp  were 
needed to  provide  this  amount of tissue. Three hydrocarbon samples  from  each  treatment  level 
were needed to detect  contamination  among  the  levels (B. Clark,  personal  communication). 

Histopathology  Analysis 

Specimens  for  histopathological  analysis  were taken from each catch before it was weighed and 
sorted (by sex).  Twenty  spot  shrimp  from  a  single station in each stratum were selected, 
preserved and handled following  recommendations of the  Histopathology  Technical Group 
(Appendix  B).  After 1989, the fixation agent was changed from 10% neutral  buffered  formalin 
to  Davidson’s  fixative,  since  formalin fixation in shrimp  causes marked shrinkage,  hardening 
and destruction of tissues (Bell and Lightner 1988) 

Histopathology  specimens  were sent to D.V. Lightner,  University of Arizona,  for  examination 
of the  gills  and associated  appendages; the digestive tract (hepatopancreas,  foregut, and midgut); 
the ventral nerve cord and thoracic  ganglia;  the  heart;  the  antennal  gland; the hematopoietic 
tissues; the gonads and developing  embryos; and the cuticle  (sites with shell  disease  lesions or 
presumed  wounds). Three  items, inflammatory  gill  lesions,  concentrations of the gill  parasite 
Lagenophrys, and melanized cuticular lesions, were of most interest in determining  exposure to 
toxins. Inflammatory  gill  lesions and Lagenophrys infestation severity  were both rated on a  scale 
from 0 to 3, with 0 being least  severe.  Melanized  cuticular  lesions  were  recorded  as  either 
present or absent  (Appendix C). 

To test for  significance of gill lesion severity between in oiled versus unoiled areas, a  log-linear 
model was f i t ,  using the interactive statistical package GLIM. We tested at the 0.05 significance 
level (Le. a = 0.05) for  interaction between gill lesion severity, and oiling  strata, with sites 
nested within  oiling  strata.  A  similar  analysis was performed  for Lagenophrys seventy. If 
interaction was significant,  the  first two severity levels were  combined (0 and l), the last two 



seventy  levels  were combined (2 and 3), and the log-linear analysis was re-computed.  A  log- 
linear  analysis  was  also  performed on the count of shrimp  both with and  without melanized 
cuticular  lesions.  Testing  again examined the interaction of lesions (with or without) and oiling 
strata,  with  sites nested within oiling  strata. 

Environmental Observurions 

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

Population Model Using Curch Data 

The  nature  of a  pot  fishery led to variable levels of exploitation  across  PWS.  Fishermen tend 
to  "prospect"  for  productive spot  shrimp  habitat,  returning to the same  spot until their CPUE 
drops  to a  level  thought  to be less  economic than a new "prospective"  area.  Fishermen would 
then move on to fish  a  new area allowing the original, in theory, to recover.  Fishing  effort, 
even  with  a  maximum  of 86 boats in  1987, may never have been enough to impact the entire 
population of spot shrimp uniformly in any given year.  Instead,  a  moving  pattern of depletion 
and recovery, often slow,  across  years, bays and most importantly,  statistical  reporting  areas was 
created. 

To assess the effects of the commercial fishery on the spot shrimp population structure, yearly 
catch  data were obtained  from  the ADFBLG fish ticket database.  A fish ticket is a sales receipt 
required by law  to  be submitted  to ADFBLG within seven days of landing.  Fish  tickets give 
information on the amount  caught, where the catch was made, i.e. what statistical  reporting a r e a ,  
how  many  landings  were  made, how many pots  were  used, when the catch was made and when 
it was  sold. The most reliable  information on a fish ticket is the amount  caught (Hilsinger 
1987).  Due to  the  low  level of spot  shrimp  fishing  prior to 1979,  only  catch  data  after 1979 
(1980 - 1991)  were  used.  Data  were divided into  specific statistical reporting areas,  as defined 
by the ADF&G  commercial  fisheries, and by year. Only statistical reporting areas which 
include  our  sample sites  were used (Figure  1 and Table  2). 

To evaluate the effect of past fishing  effort on the population structure  and  determine  whether 
differences in abundance  between oiled and unoiled areas  were influenced more by fishing  rather 
than the oil  spill,  age  (length-frequency)  models  were  made  for each statistical  reporting  area 
having an oil spill  sample  site within it.  These models were  compared to the observed  length- 
frequency  graphs  from  our  surveys. 
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A  preliminary  model  was  specified to provide  a  meaningful  structure to  commercial  catch 
information,  which was the only  information  available on pre-spill  stock  conditions. The model 
would also aid in deciding  whether  more  time and effort should be spent on developing a more 
complex  and  realistic  model.  This  model  was not designed to estimate  stock  abundance or 
overall  size/sex  composition  but  rather to indicate  whether  current  population structure could 
have  resulted  from  fishing  alone.  Units of measurement  were not produced in the  output,  since 
our  purpose  was to  model  relative  frequency of length  categories and not actual  population size, 
therefore each  statistical  reporting  area’s model is  independent of the other areas. 

The assumptions  for the model were  as  follows: 

1. A  specific  carapace length relates to a  specific age.  For  example, instead  of 
refemng to 3 year old shrimp,  we  referred  to 19 mm shrimp  (Table 3). Values 
were approximated from the MULTIFAN fit of the von Bertalanffy  growth  curve. 

2. Spot  shrimp begin to recruit to commercial fishing gear  (pots)  at 19 mm (3 years 
old).  Since not all  shrimp reached our sampling  depths  at the same  age, we 
assumed 50% of all 19 mm individuals were susceptible to be caught in our 
samples, 75% of 24 mm (age 4) individuals and 100% of all  larger  individuals. 

3. A constant 2% natural  cohort  mortality  occurred  yearly  from  19 mm to  49 mm. 

4. No spot  shrimp lived longer or grew  larger than 49 mm, or 12  years. This length 
was picked because few shrimp  were caught with a  carapace  length  greater than 
49 mm,  specifically none in  the oiled area. 

5 .  Recruitment was constant within each statistical reporting  area  for the virgin 
population. 

6. Fishing  mortality affected all  spot  shrimp between 28 mm and 49 mm evenly. 
For  example, if 100 kg are taken from  a  stock of 1,000 kg (between 28 mm and 
49 mm), then each age (length) class loses 10%. Although spot  shrimp  recruit to 
the gear  at lengths less than 28 mm, no information on the survival  rate of these 
discarded  spot  shrimp was available and therefore  deadloss  was  ignored in the 
model. 

7. All  rates are instantaneous.  Natural and fishing mortality occurred at the end of 
the year,  while  recruitment  occurred at the  beginning of the year. No seasonal 
variability was considered. 

8. Deadloss was ignored, since no quantitative  measure was available. 

9. Females  were  defined  as  shrimp between 41 mm and 49 mm. 
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10. Shrimp  were exploited  uniformly within a  given  year and statistical  reporting 
area. 

11. Fishermen  accurately  reported on the fish ticket both weight and location of 
catch. 

Catch data,  recorded on fish tickets in pounds of spot  shrimp,  were  expressed in kilograms for 
use in the  simulation  model.  Estimates for a  cohort  were in biomass and not number of shrimp. 
Changes in number of shrimp  per  kilogram  for each age class  were not considered in order  to 
reduce  model  complexity.  However,  since each cohort was considered  separately and the catch 
each year  was  removed  evenly by percentage  from each cohort, the biomass  per  cohort  was 
considered to be  adequate  for  this model. For a  more  complex model the  change in size  (by 
weight) at age should not be  ignored. 

For  each statistical  reporting area, an initial stock size was estimated.  This  initial  abundance 
was defined  as  the  biomass of each age  group before  fishing started in 1980. The initial 
abundance  was set with the smallest  values  possible  to  ensure  that fishing and natural  mortality 
never  removed all shrimp in  a  specific  age group before they attained  49 mm (i.e. no negative 
numbers  of  older  shrimp). In other  words, we used values that provided low numbers of 
catchable  shrimp  (since  all  stocks  were depressed by 1991) that resulted in reasonable  values (> 
0) in 1991. 

The procedure to find the initial stock  size was done in an iterative  manner. A suspected 
minimum  population  biomass was entered  into the program.  This minimum biomass usually 
resulted in the  premature  termination of the  program,  because the program  encountered  a  cohort 
biomass which was less than zero.  The program would  be re-run with a  biomass  greater than 
the  first  estimate. If this resulted in a  premature termination of the program, then the initial 
biomass  would  be raised again and continued until a  value  giving all positive  cohort biomass 
estimates  was  reached. When all  cohort biomass estimates  were  positive the program  was re-mn 
with an initial  biomass  estimate between the  largest biomass which caused  premature  termination 
and the smallest  biomass which gave positive  cohort  estimates.  This last step was repeated  until, 
the  virgin  population  biomass  estimate, which provided positive  cohort  estimates, was only ten 
thousand  kilograms  greater than the  largest  estimate which caused  premature  termination. 

For a  given year,  j ,  (starting with 1980), the percentage of a  cohort to survive  to  that year was 
calculated,  along with recruits  joining the population.  The total saleable shrimp (28 mm 
to 49 mm) in kilograms, sumyr, was estimated as: 

12 

sumyri=x cohortl 
~~ 

i=5 

where j  = 1980,  1981, ..., 1991 and cohorr, are the  cohorts  age 5 through 12 in year j .  The 
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percentage  of shrimp remaining  after  fishing, survive, for year j ,  was calculated  as: 

survive.= 
sumyrj-cutchj 

’ sumyrj 

where cutch is kilograms harvested in year j .  For the next year, j + l ,  and thus the next age, 
i fl, each  cohort  was  estimated  as: 

cohorti+lj,, =0.98 cohortij survive, (14) 

where 0.98 is the proportion of the cohort  surviving in the absence of fishing. No fishing 
mortality was considered for  cohorts  younger than age five in year j + l ,  and their biomass was 
calculated as: 

cohorf+,,,,=0.98cohorfij. (15) 

We assumed  that no cohort survived more than 12 years or 49 mm. The first  cohort (i = l), 
for  year j + l ,  was  calculated  from  females  surviving  from the previous  year’s (i,]], fishing and 
natural  mortality. All cohorts  present in 1980, the first year of the  simulation,  were  given  the 
same initial  biomass  value within each specific statistical reporting area. Recruitment  remained 
constant,  each year,  unless the female population dropped below a specific  biomass level. Below 
this  value the females  were assumed to  reproduce at a  density related rate, namely as the female 
stock  decreased  more larvae were assumed to be reproduced, and the i = 1 cohort in year j + l  
was calculated  as: 

12 

0.98 survive, cohorfj 
cohort, j+l = 

i=9 

3 

The  above steps  were  repeated, until the year to be estimated was  reached. The report  for  a 
specific  year was actually the  amount of shrimp available  for the coming year (Le. an estimate 
for  1989  was the amount  catchable in 1990  before  fishing).  This  time lag was used to make 
results  coincide with actual  surveys, which occurred in  November near the  end of the 
commercial  shrimp  fishing  season. 

15 



RESULTS 

Damage assessment  surveys  were  conducted  during,  November  1989,  March 1990, and 
November  1990,  under  Natural Resource  Damage Assessment Fish/Shellfish  Study 15. An 
additional  survey  was  done  November  1991  under,  Natural  Resource  Damage  Assessment 
Subtidal  Study 5. The  first  two surveys  (November 1989 and March 1990) sampled  spot  shrimp 
during  the  same  egg  bearing period (Donaldson et al. 1990). The 1991  status  report 
(Trowbridge et al. 1991)  documented results of the November  1990  survey,  and  compared them 
to  these  obtained  from  the  November 1989 survey. No March survey was done in 1991.  While 
the  present report discusses all surveys,  only  November  surveys  (1989,  1990 and 1991)  were 
used for  annual  comparisons. 

Data  for  this project are archived in the Anchorage  office of the ADF&G.  Where  possible, raw 
data  sets are documented and kept in electronic  form to facilitate use in future  assessment and 
restoration  activities.  Electronic  copies of relevant  working  tiles  that were  created  and used 
during  analysis  are logged and archived,  along with electronic  copies of reports and other printed 
matter  associated with this  project. 

Surveys  sampled  spot  shrimp  at the same six sites each year:  Unakwik  Inlet,  Golden,  Culross 
Passage,  Herring  Bay,  Chenega Island and Green Island (Figure 1). In November 1989 24 
stations were set: two  stations, each represented a  string of pots  (Figure  3),  at each of  two depth 
strata,  at each of the six sites  (Table 4). In March 1990, 35 stations were set  (Table 5). 
Additional pot  strings  were set  at  Culross  Passage,  Herring  Bay,  Chenega Island and Green 
Island to  catch  enough  shrimp for length frequency  distributions. In November 1990, 40 stations 
were  set  (Table 6). Additional pot strings  were  set  at  Golden,  Culross  Passage, Herring Bay, 
Chenega  Island and Green  Island. Due to time  constraints and the poor catch in previous  years, 
only the shallow  depth  stratum was fished at the Green Island site. In November  1991,  51 
stations were  set  (Table 7). More than the  original 4 pot  strings  per  site  were  set at all sites. 
Also, a  new  site, Snug Harbor, was included during  the  1991 survey. 

Relative AbLtndan.ce 

The average  number  and weight of pandalid shrimp caught per  pot varied from  year  to year 
(Table  8). In general, spot  shrimp was the most common  species of shrimp captured  during 
surveys.  However,  pink  shrimp Pandalus borealis were the most abundant shrimp species  at 
Herring Bay in 1990, and at Green Island in  both 1989 and 1990,  while  coonstripe  shrimp 
Pundalus hypsinotus were most abundant  at Golden and Culross  Passage in 1991.  Spot  shrimp 
was the most  abundant  species by weight for all years and sites, except  Green  Island in 1990 
when pink shrimp  was  the most abundant by weight.  Coonstripe  shrimp was second most 
abundant  species by weight at  Unakwik, Golden and Culross  Passage  (all unoiled sites) each 
year. Pink  shrimp was the second most abundant  species by weight at  Herring Bay and Chenega 

16 



(both  oiled  sites) in 1989 and 1990,  while  coonstripe  shrimp  was the second most  abundant 
species by weight in 1991  for  these two sites.  Humpy  shrimp Pandalus goniurus and rough 
patch  shrimp Pandalus stenolepis were  caught in very low numbers at  only a  few  stations.  This 
basically  agrees with our understanding of shrimp  distribution in PWS. No further  analysis  was 
made on the other  species,  since  catches tended to be  inconsistent and often too low to perform 
meaningful  analysis. 

The ANOVA model used on the CPUE for each year was: 

The  depth  stratum-site  interaction  term was not used due to the  empty  cell  for  Green  Island’s 
deep  strata in the 1990 survey (i.e. the  deep  strata was not fished at all in 1990 at Green  Island). 
The depth  stratum  effect  was not significant for the  number of shrimp  per  kilogram  per pot in 
1989 or 1990;  however, it was kept in the model to maintain consistency with the other  linear 
models. The sum of squares, R’, and F value of each ANOVA, as tested by year, were 
different  between  years  for  the  number of shrimp per pot,  weight per pot and number of shrimp 
per  kilogram  per  pot,  (Table  9).  The R2 values tended  to be 0.35 and 0.50 indicating  similar 
fit in most years and variables,  however  the  number of shrimp  per  kilogram  per pot had lower 
R2 values in 1990 and 1991,  implying a poorer f i t  in those  years. 

The  average weight of spot  shrimp per pot was significantly  lower in the oiled area than the 
unoiled  area  in  1989 and 1990;  however  there was no significant  difference in 1991  (Table 10). 
The oiled  area had significantly  fewer  shrimp in number per pot in 1989 and 1990 than the 
unoiled area; however, in 1991  the oiled area had significantly more  shrimp per pot (Table 10). 
Finally, the number of shrimp  per kilogram per pot was significantly  less in the unoiled area 
every year  (Table lo), in other  words,  the  average  size of spot  shrimp was significantly  higher 
in the unoiled  areas  each  year. 

Due  to  the  significance of interaction  terms a least  square mean contrast  was used to compare 
strata CPUE within oiled and unoiled areas.  The  average weight of spot  shrimp  per pot within 
the shallow  stratum was significantly  lower in the oiled area than the unoiled area in 1989 and 
1990, with no significant  difference in 1991  (Table  11).  The  average  weight of spot  shrimp  per 
pot within the deep  stratum was significantly  lower in the oiled area than the unoiled area in 
1990  and  1991, with no significant  difference  observed in 1989.  The shallow  stratum of the 
oiled area had significantly fewer shrimp in number per pot in 1989 and 1990 than the unoiled 
area;  however,  in  1991  the  oiled  area had significantly  more  shrimp  per  pot  (Table 11). For 
the deep  stratum, the oiled area had significantly  fewer  shrimp i n  1990  only.  The  number of 
shrimp  per  lalogram  per pot was significantly less in the unoiled area  for the shallow  stratum 
every year  (Table  11). In other  words,  the  average  size of spot  shrimp  was  significantly  larger 
in the unoiled  areas each year.  The  number of shrimp per kilogram per pot was significantly 
lower in the unoiled deep  stratum in 1989, but no significant  difference was observed in 1990 
or 1991. 
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As with  the  previous  model,  interaction  terms  involving depth strata  were  not  incorporated  due 
to the  missing  data for Green Island in 1990. The sum of squares and F value  were  different 
between the oiled and unoiled areas in all cases  (Table 12), as might be  expected  since 
significant  difference was found for each year. The R2 value  was  similar for the oiled and 
unoiled area models,  for  weight  per pot and number  per  pot,  however with the  number  per 
kilogram  per  pot, the R2 value in the unoiled area was nearly twice  that  found in the  oiled area. 

Average  weight of shrimp  per pot did not vary significantly between 1989 and 1990, in either 
the oiled or unoiled area  (Table 13). However, between 1990 and 1991,  there was a significant 
decrease in the weight  per  pot in the unoiled area, and a  significant  increase in the oiled area. 
The unoiled area has had a  decrease in the number of shrimp  per pot from  year to year,  with 
1989 to 1990 being insignificant  at the (Y = 0.05 but significant  at the 01 = 0.10, and 1990 to 
1991 being highly significant.  The  average  number of shrimp  per  pot, in the  oiled area was 
significantly  lower in 1990 than in 1989.  However,  there was a significant  increase in the 
number  of  shrimp  per  pot in the oiled area  from 1990 to 1991.  Furthermore,  there  were 
significantly more  shrimp  per  pot in 1991 than in 1989 (p < 0.0001) in the oiled area .  The 
number of shrimp  per kilogram  per pot has been significantly lower each year in both  the oiled 
and unoiled areas  (Table 13). 

Average  weight of shrimp  per  pot did  not vary  significantly between 1989 and 1990,  at a n y  sites 
except Unakwik Inlet which had a  significant  increase and Herring Bay which had a significant 
decrease (Table 14). Between 1990 and 1991, within the unoiled area, there was a significant 
decrease in the weight  per  pot  at  Golden, but there was no significant  difference  at  Culross 
Passage  or  Unakwik.  However,  there  was a significant  increase in the  average  weight  per  pot 
at all sites within the oiled area between 1990 and 1991. All sites within the unoiled area have 
had a decrease in the  number of shrimp  per pot from year to year,  except between 1990  and 
1991 at Culross  Passage in which there was no significant  difference. The average  number  of 
shrimp  per  pot, in the oiled area was significantly  lower in 1990 than in 1989  at  Herring Bay 
only.  However,  there was a significant  increase in  the  number of shrimp  per  pot  at all sites 
within the oiled area from  1990  to 1991 (Table  14). The  number of shrimp  per kilogram  per 
pot  has been  significantly  lower  each year at  Golden and Culross within the unoiled area,  but 
no significant  difference  at  Unakwik Inlet between years  (Table 14). The  number of shrimp  per 
kilogram per pot was not  significantly  different between years  at  Herring  Bay, nor at Green 
Island between  1989 and 1990.  However  there was a  significant  decrease in the number of 
shrimp  per  kilogram  per  pot  at Chenega Island between consecutive  years and at Green Island 
between 1990 and 1991  (Table  14). 
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Lengrh, Growth, Sex and Fecundiry 

Length  Composition 

Length  histograms  (Figures 5 and 6) are very  different at each site.  Scales on the  graphs  for 
the  various  sites are different  because  certain sites (i.e.  Golden) had a much higher CPUE than 
others. All sites,  except  Culross  Passage, seem to have a  strong  mode for a  specific  year  class, 
and there seems  to be little or no recruitment in 1991 (17 m m  to 22 mm),  except  at  Herring Bay 
and  possibly  Culross  Passage. 

The graphs seem to  support the results of the  previous CPUE analyses. The unoiled sites  stocks 
are  decreasing  at all lengths,  while the oiled sites decreased between  1989 and 1990 but 
increased between 1990  and  1991. Further,  there  are few large  shrimp in the  oiled  areas. 

Growth 

The  mixture modal analysis  performed on November 1989 and March 1990  survey  catch  data, 
showed  little  difference in shrimp  growth rates among  sites or between the oiled and unoiled 
areas  (Table 15). The  growth  parameter, k ,  has two  values, one approximately half that of the 
other  (Table 15). The smaller k value represented biannual molt (two molts per year), while 
the larger value represented  annual  growth. Use of the smaller  growth  parameter and half-year 
time intervals  provided  a  better  graphical fi t  to the normal curve and a  greater maximum 
likelihood value. Both fits, however, represent  the  same basic growth  rate (Table 15). 

Sex  Composition 

The  adult spot  shrimp  population was dominated by males at all  sites  (Table 16). There seemed 
to  be a higher  percentage of males within the oiled area than within the unoiled area for  all 
years,  although  there  was  site  to  site variability in both oiling  strata.  Trends in male CPUE 
were  similar to total population CPUE because of the high percentage (> 75 %) of males at each 
site,  therefore no rigorous statistical test  was performed. 

The  number of females  per  pot did not always  follow population CPUE  (Figures 7 and 8). The 
final ANOVA model used each year on the  square  root of the number of females  per  pot was: 

The depth  stratum-site  interaction term was not used due to the empty  cell  for  Green  Island’s 
deep  strata in the 1990  survey.  The  oiling  effect and site effect, nested within the  oiling  effect, 
were  consistently the most significant  effects in the ANOVA model (Table 17). This  illustrates 
the importance of oiling  strata and site  variability on the number of females  per  pot. The R2 
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values  seemed to have  a  greater year to year  variability than did the ANOVA  model fit to the 
entire population  (Table 9). 

Each  year of the study and within both depth strata, the unoiled area had significantly  more 
females  than the oiled area, given in Table  18.  This was in  contrast  to  the  patterns seen in 
overall  spot  shrimp  numbers  between oiled and unoiled areas,  since in 1991  the  oiled area had 
significantly more spot  shrimp than did the unoiled area. 

The  ANOVA model to test between year effects  for the two  oil  strata  was: 

As with all previous  models,  interaction  terms  involving depth strata  were not incorporated. The 
sum of squares, R2, and F values were  extremely  different between the oiled and unoiled areas. 
The sum of  squares  were  as much as 40 times greater in the unoiled a r e a ,  R’ values  were 
sometimes 4 times  greater, and F values were nearly 10 times as much (Table  17).  This 
probably  occurred  because  very few females  per  pot  were found in the oiled area  (Table  16). 

The unoiled and oiled areas did not change in the same  manner  from year to  year. In the 
unoiled a r e a ,  there  was  a  significant  increase in females between 1989 and 1990, and then a 
significant decrease between 1990 and 1991. There was a significant  increase in females between 
1989 and 1990  at  two  of  the  sites within the unoiled area, Unakwik  Inlet and Golden, but there 
was no difference  at  Culross  Passage.  However,  there  was only one site,  Golden, which 
indicated  a  significant  decrease between 1990 and 1991, with both Unakwik  Inlet and Culross 
Passage  having no significant  difference between these  years. In the oiled area and all sites 
within the oiled a r e a ,  there was no difference in  the number of females  between  1989 and 1990. 
There  was a  significant  increase in females between 1990 and 1991 in the oiled a r e a ,  and 
specifically observed  at  Herring Bay and Chenega Island (Table  18).  This  increase was not 
observed  to  be  significant  at  the Green Island site. Again variation in female  abundance did not 
follow  total  population  trends. 

Fecundity and Related Parameters 

The  number of eggs  per  female and sample  sizes varied among  sites  (Table  19). The analysis 
of covariance  model fit to the number of eggs  per  female, with carapace  length  as the covariate, 
was: 

NUMEGGSijh=~+~ijh+cti+yy,,+~iib, . (2 1) 

The stratum and all  stratum  interaction  terms  were removed due to insignificance  (p > 0.15) 
in all  cases.  Though the sum of squares, R? and F values tended to be different each year (Table 
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20), carapace  length was the most significant term (accounted  for the greatest  amount  of 
variability) in every  case. For 1990 and 1991, the second most important  component in the 
analysis  of  covariance  model was the  site  effect,  while the least important  component was the 
oiling  effect. In 1989, oiling and site  effects  were  similar and marginally  significant. 

The  analysis  of  covariance indicated  that  a  significant  difference in clutch  size  existed between 
the  oiled  and unoiled a r e x  only  for  1989  (Table  21).  A linear comparison  of  the  fecundity 
relationship,  number  of  eggs  versus  carapace length between oiled and unoiled areas  produced 
similar results: a significant difference between oiled and unoiled areas  only in 1989. 
Furthermore,  more complex  regression  models  (i.e.  nonlinear  regression)  provided no better 
information  than  did the linear  regression fits. 

The  analysis of covariance  model  for each oiling  stratum and between years  was: 

As with the above  analysis of covariance,  the  stratum term and its associated interaction terms 
were found to be  insignificant (p > 0.20) in all  cases.  The  different  statistics  for  the analysis 
of covariance (sum of squares, R’, and F values) varied between the oiled and unoiled area 
(Table 20), but R2 values  were  generally  similar. The most significant  term, again, was the 
carapace  length  covariate. 

Analysis of covariance and linear  comparisons  for  the unoiled area  showed no significant 
difference in clutch  size between 1989 and 1990, but  significantly  fewer  eggs  per  clutch in 1991 
(Table 22). However,  further analysis of site variability,  indicates no significant  difference 
between  years for Golden and Culross  Passage, and Unakwik  Inlet has had a  significant  decrease 
each  year  (Table 23). In the oiled area, analysis of covariance and linear  comparison between 
years  indicated  there was a  difference in clutch  size between 1989 and 1990,  although it was 
marginal @=0.0553) for  analysis of covariance. Analysis of covariance  showed  a  significant 
difference in clutch  size between 1990 and 1991, while  linear  comparison showed no difference 
among  slopes. The two  sites used for  this  analysis varied in opposite  manners. There was a 
significant  increase in the  number of eggs  per  female between 1989 and 1990 at  Herring Bay, 
but no difference was detected at  Chenega  Island; then there was a  significant  decrease between 
1990  and  1991  at  Chenega  Island but no difference  at  Herring Bay (Table 23). 

The number  of  females with or without  eggs varied most  in the unoiled area  (Table 24). In 
1989,  there  was no significant  association (p = 0.7313) between oiling, with sites  nested within 
the oiling  strata,  and  the  number of females with or without eggs. In 1990,  there was no 
significant  association between oiling, with sites nested within the oiling  strata and the number 
of females with or without  eggs,  although it was marginally  insignificant  (p = ,0939). 
However, in 1991,  there was significant  association  (p = 0.00006) between oiling, with sites 
nested within  oiling  strata, and the  number of females with or without eggs. 
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Females  were pooled  across  sites, within the  two  oiling  strata.  This was done  first for the 
analysis  of  percent  females  without  eggs in breeding  dress  versus  females  without  eggs not in 
breeding dress, and second for the analysis of egg  mortality  (number of dead eggs  per  female). 
The  analysis  of females in  breeding  dress or not in breeding  dress, was pooled because  there 
were  few or no females  without  eggs  at most sites. For the  analysis of egg  mortality,  pooling 
across  oiling  strata was done because  there  were few females with dead eggs, making analysis 
with nesting  very  difficult. 

The analysis  of  percentage of females in breeding  dress  should be viewed with  caution,  since 
the  number of females  without  eggs in 1989 and 1990  was low (Table  24). In 1989  and 1991 
there  was a  significantly  higher  percentage of females not in breeding  dress in the  oiled area, 
while in 1990  there  was no difference between the oiled and unoiled area. There was no 
significant  difference  between  oiled and unoiled areas  for the number of dead eggs  per  female 
for  any  year. 

Hydrocarbon Analysis 

A total  of 262  samples  for hydrocarbon  contamination  analysis were taken during the three  years 
of study  (Appendix D). To  date only 17 samples collected from  spot  shrimp in 1989 (7 from 
unoiled  sites and 10  from oiled sites) have been analyzed. No oil  contamination was detected 
in any  of these  samples. All other  245  samples have yet  to  be analyzed, and are unlikely to  be 
analyzed. 

Hisropathologicul Atlalysis 

A total of  48  samples  were collected for histopathology analysis  (Appendix D). Only  12  samples 
from  the  1989 survey  have been analyzed (Lightner and Redman  1992; Appendix C). A total 
of 120  shrimp  were examined  for  seventy of gill lesions, and presence of the gill  parasite 
Lagenophrys (Table  25). A count of shrimp with melanized cuticular  lesions, with theorized 
cause being of  toxic  nature,  was  also  performed  (Table  25). 

Inflammatory  gill lesion occurrence was considered to be the best indicator  of  a  toxic  affect 
(Sindermann  1990; D.V. Lightner  personnal  communication). The log-linear f i t  of a l l  4 
severities  showed  a  significant (p = 0.0001) association with the oiling  affect, with a  site  affect 
nested within the oiling  affect  (Table  25). When severities  were  combined,  a  significant  (p = 
0.0003) association was again observed.  However, i t  was the unoiled area that had more  severe 
gill  lesions than did the oiled area. 

Results of the analysis of Lagenophrys on gills  were  different. When all 4 severities  were 
considered in the  log-linear f i t ,  no significant  (p = 0.065) association was observed between 
severity  and  oiling,  again with site  affect nested within the  oiling  affect (Table 25).  Since  the 
statistical  significance was marginal,  severities  were  combined and re-analyzed.  Results  again 

22 



indicated no significant  (p = 0.1887) association between severity and oiling. 

A total  of  only  10  shrimp  out of 120  examined had the melanized cuticular  lesions  (Table  25). 
The log-linear  fit  found no significant (p=0.3642) association between the number of shrimp 
with lesions and the  oiling  effect, with the site  effect nested within the  oiling  effect. 

En.vironmenta1 Observarions 

Temperatures  (Figures 9 - 11) were most variable within the shallow  depth range of the spot 
shrimp’s habitat (35 - 130 m). For the unoiled area  Unakwik  Inlet and Golden  had  similar 
temperature  profiles,  while the Culross Passage  temperature was lower in  the first  100 m, in 
1989. Within the oiled area,  Herring Bay and Chenega Island tended to be  similar  all years. 
However the Green Island temperature was lower than the others between 1 - 81 m during 1989 
and 1990, and higher between 81 - 181 m during  1991.  Salinity  (Figures 12 - 14) and dissolved 
oxygen  concentration (Figures 15 - 17) gradients  were  similar  for  all  years at  all sites within spot 
shrimp  habitat (> 35  m). 

Popularion Model Using Catch Data 

Commercial  catch has varied  among statistical reporting  areas within both unoiled (Figure 18) 
and oiled (Figure 19) study areas. In general  catches  were  greatest in the  oiled area (Southwest 
PWS) during  the  early  1980’s, peaking in 1982 and then declining  (Figure 2). Catches  were 
greatest in the unoiled area  (Northwest  PWS)  during  the mid  to late  1980’s. Our population 
model used this  pattern of fishing to simulate the population structure  for  1989-1991 in the 
absence of an oil  spill. 

Results from  the model  consisted of predicted length  frequency  distributions for  shrimp within 
the five statistical  areas  for 1989, 1990 and 1991  (Figures  20 and 21). Within the unoiled area, 
abundance  declined most dramatically in statistical reporting  area 20304, but  all  areas showed 
declining  recruitment and had very few females.  Lack of recruitment  and few females  also 
occurred in population  simulations of the oiled statistical reporting  areas. 

The model was also used to project  the length frequency distributions for 1992 and 1993 
(Figures  22 and 23).  The unoiled area is expected to have little recruitment and few  females, 
although  females are projected  to  become  more  abundant in 1993.  The oiled  area  is also 
expected  to  have  little  recruitment.  However  the projected increase in females in 1992 and 1993 
suggest  that  recruitment should increase in 1995 and 1996,  especially in statistical  reporting  area 
20101  (Figure  23). 
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DISCUSSION 

Relarive Abundance,  Length, Growlh and Sex Composition 

CPUE (Tables 9 - 1 l), length  frequency  distributions  (Figures 5 - 8) and sex  composition uab le  
16) were highly  variable  among  sites, even within the  same  oiling  stratum.  After  reviewing  the 
history of the commercial  fishing, we believe  that much  of the  site  variability  was due to 
different  patterns of fishing within PWS. Sites  were  spread  throughout the spot shrimp’s habitat 
and,  as a result,  were located within different  statistical  reporting  areas  (except  for  Herring Bay 
and Chenega  Island), and were  probably fished at  different  intensities  (Figures  18 and 19). A 
strong  fishing  effect on site  specific population structure was further  suggested by noting that 
the two statistical  reporting  areas with the highest catch in 1990 and 1991,  20300 and 20304 
(Figures  18 and 19),  contained both sites which had the  greatest  drop in CPUE between 1990 
and 1991, Golden and Culross  Passage  (Table 14 and Figure 5) .  In addition, continuous fishing 
allowed  between  1985 and 1988 within statistical  reporting  area  20101  (Donaldson  1989), may 
be the explanation  for  the  extremely low CPUE observed  at  Green  Island,  which is within the 
20101  statistical  reporting area, in all three survey years  (Table 8).  Differences in environmental 
conditions  were  also  considered  as  a  cause  for  the  site  variability,  however the environmental 
conditions  observed  (Figures 9 - 17) were not at a level thought to cause  harm to shrimp 
(Jamieson and Pikitch 1988 and Rice et al.  1984). 

In general,  trends  in  the oiling  strata may also be explained by fishing. In 1989 and 1990,  the 
oiled area had fewer  shrimp which were  smaller than those  caught in  the unoiled area. In 1991, 
however,  there  were  more  spot  shrimp in the oiled area than the unoiled area, although  average 
size of spot  shrimp was still smaller within the oiled area  (Tables 8, 10, 11 and 13; Figures 5 
and 6). Since  the  fishery targets on large males and females, it concentrates  its  efforts on the 
breeding  population, and therefore  impacts larval stocks  for 2 to 4  years  from one year of 
fishing,  since  spot  shrimp  are  multi-year  spawners.  The oiled area  was highly exploited in the 
early to mid-1980’s  (Figures 2 and 19). Low abundance (<  1  shrimp/pot)  of  spot  shrimp  greater 
than 34 mm may be the result  (Figures 6 and 8).  The unoiled area was exploited more heavily 
in the  mid-  to  late-1980’s  (Figures  2 and 19). Low recruitment  observed in the unoiled area in 
the last  two  years may be the  result  (Figure 5 ) .  The lower  number of shrimp  per pot in 1991 
in the unoiled area  was  probably  due to continued  fishing of spot  shrimp within the unoiled area 
in 1990 and 1991  (Figures 18 and 19). No fishing was allowed in  the oiled area in 1990 and 
very  little  fishing  occurred in  1991. 

Strong  evidence that most stock  structure  differences between oiling  strata and among study sites 
could have been caused  largely by fishing, makes i t  difficult to demonstrate  effects  due to the 
EVOS. However,  we  have observed anomalies in our data which suggest  effects  did  occur. 
First, when MULTIFAN was used to fit  a von Bertalanffy curve to the  length  frequency  data’of 
November 1989 and March  1990,  shrimp in  oiled and unoiled areas  were  shown to have  similar 
growth  rates  (Table 15). However, in November 1990 and November  1991,  growth of spot 
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shrimp in oiled  areas was actually  slightly less than for those  caught in the unoiled areas 
(observational  comparison, not statistical). This was unexpected since  spot  shrimp  caught in the 
oiled area were smaller and most growth  studies on pandalid  shrimp have indicated  faster  growth 
for  younger  individuals  (Anderson  1991; Butler 1964, 1980) . Unfortunately,  due to time, 
funding  and  staffing  limitations MULTIFAN was not run with 1990 or 1991 survey length 
frequency  distributions.  While,  a  slower  growth  rate may be attributed  to  environmental 
considerations,  it  would  not  be  surprising  to see such an effect  from  oil  contamination. 

Another  anomaly  was the decrease in CPUE from 1989 to 1990 in the oiled sites followed by 
a dramatic  increase in 1991  (Tables 8 and 12, and Figures 6 and 8).  The  increase in CPUE was 
to a  level  greater than that observed in 1989, occurred within all  size cohorts, and therefore 
could not be attributed to juvenile  recruitment. A change in sampling  efficiency  was  considered 
as a  possible  cause of this anomaly.  However  this  abundance  change  occurred  only in the oiled 
area and  was  cyclic in nature,  rather than monotonic.  Since  spot  shrimp in PWS are relatively 
sedentary  (Kimker and Donaldson  1987),  any migration could be considered unusual behavior. 
We  were  unable to identify  a  specific mechanism for  this, and, with the  lack of knowledge on 
the behavior of spot  shrimp in central and south PWS, this anomaly could not be  conclusively 
attributed  to the EVOS. 

Fecundity and Relared Paramerers 

The results from our analysis of reproduction  parameters  was  also  inconclusive. All 
comparisons between oiled and unoiled areas with regards to spot  shrimp  reproductive 
parameters were either statistically insignificant, as in the case of the number of eggs  per  female 
(except in 1989)(Table 21 and 22): inconsistent  as with the number of females with or without 
eggs  ?Table  24);' or suspect when the  sample size is low,  as with females in breeding  dress 
(Table 24). 

. .  

Hydrocarbon and Hisroparhology 

Our  inability  to  detect  hydrocarbon  contamination in spot  shrimp may have been due to the small 
number  analyzed,  the ability of spot  shrimp to process  hydrocarbons in muscles and eggs 
(Sanbom and Malins 1980), or an absence of contamination.  Other  Natural  Resource  Damage 
Assessment  (NRDA)  studies found hydrocarbon  contamination at  depths which spot  shrimp 
inhabit. The conclusions of NRDA Subtidal  Study IA (Feder 1991) regarding depth of 
contamination  were based on the greater  abundance of opportunists and sediment-water  interface 
feeders  at oiled sites than  at unoiled sites. This suggested that there was a  major  disturbance 
from  oil  contamination for stations  at  40 m ,  and a  significant  disturbance  at  100 m and greater 
depths. Two sites in NRDA  Subtidal Study I A ,  Chenega Bay and Herring Bay, were  near  two 
of our sites,  Chenega Island and Herring  Bay.  NRDA  Subtidal Study 1B (Braddock et al. 
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1991),  showed  most-probable-number  measurements (Brown and Braddock  1990) of oil- 
degrading  microorganisms  (cells  per  g  dry  sediment) in sediments and water  samples to be 
greater  at  oiled sites than control  sites at depths of about 100 m ,  in  1990.  NRDA  Subtidal  Study 
1B included some sites  near the Chenega Island and Green Island sites.  NRDA Aidwater Study 
number 2 (Rice and O’Clair  1990) used total hydrocarbon  concentration (in ppm)  analysis, and 
found  significant  hydrocarbons  to  depths of 100 m. In NRDA  Subtidal  Study 4 (Wolfe  1991), 
percent  oyster  larval  mortality  was  greater in 1990 at oiled sites than reference  sites  at  depths 
of  both 20 m  and 100 m. 

Histopathology  analysis  gave no indication of contamination.  Inflammatory  gill  lesions on spot 
shrimp  should  have been the best indicator of toxic contamination (Dr. Lightner  personal 
communication).  However,  the unoiled area had more  severe  cases of these  lesions than did the 
oiled area. The oiled area seemed to have more severe  cases of Lagenophrys on the gills and 
more melanized  cuticular  lesions, but differences  were found to be  statistically  insignificant. 
Furthermore,  these gill  parasites and cuticular  lesions  were  more  indicative of slower molt and 
not necessarily due to direct toxic contamination  (Dr.  Lightner,  personal  communication). As 
noted earlier, these results were based on samples from the 1989 survey; no other  histopathology 
samples were  analyzed,  although  samples were taken. Furthermore,  hydrocarbon  analysis  results 
of the above projects had stronger  indications of oil contamination within spot  shrimp habitat in 
1990 than in 1989.  Therefore, histopathological analysis of samples taken in 1990 may have 
been helpful in making year  to year comparisons. 

Population. Model Using Carch Dara 

An important  objective  for  the last year of this project was to  separate  potential  effects of 
commercial  fishing on spot shrimp  populations from that  of the oil spill. We attempted  to model 
spot shrimp population  dynamics by simulating CPUE and size  structure  from observed 
commercial  catches,  theorized natural mortality, and estimated recruits  per  female. The model 
constructed from  the fish  ticket data over simplified the system and had many untested 
assumptions. 

Due in part to simplifications and assumptions,  the model did not f i t  all  the  sites  equally  well. 
For statistical  reporting area  20301  (Figure 20), the model poorly predicted the overall  change 
in abundance seen at the Unakwik Inlet study site from 1989 through  1991 (Figure 5) .  At this 
site, the model  overestimated  the  number of recruits  (shrimp < 24 mm), and underestimated 
the  number of females  (shrimp > 38  mm). Within statistical reporting  area 20300, on the  other 
hand,  the f i t  was much better and the model mimicked the strong year class at  28 m m  in 1989 
at  Golden,  along with its  decline  from 1989 to 1991  (Figure 5 ) .  However, the model 
underestimated the number of females  at  this  site  as  well. The model predicted  a  steady  decline 
in the  population of statistical  reporting  area  20303  (Figure 20), but did not capture the observed 
increase in smaller  shrimp ( < 24 mm) in 1990 for the Culross Passage study site  (Figure 5). 
The population model predicted  fairly well our survey results seen i n  2 of  the 3 sites in the 
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unoiled area. 

Within  the  oiled area an immediate  problem  for the model was evident: both Hemng Bay and 
Chenega  Island  were within statistical reporting  area  20100 but had different  population 
structures. The population model did not predict the trend in abundance seen from  1989  through 
1991  at  the Hemng Bay or Chenega study sites  (Figure 6). The model  could not predict the 
increased  abundance  observed in 1991,  since  the model assumed spot  shrimp  were  sedentary. 
Furthermore, the predicted  decline in abundance by the model between 1990  and  1991, was the 
result of minor  fishing within statistical reporting  area  20100 in 1991  (Figure  21).  The fishing 
within statistical  reporting area 20100 was conducted near  Chenega  Island  according  to 
fishermen log books, which might explain why Herring Bay and Chenega Island did not  increase 
to the same extent from  1990  to  1991. The model for  statistical  reporting  area  20100, did not 
predict the recruitment  as seen at Hemng Bay in 1991  and  overestimates  females  (Figure 6). 
The model also overestimated  the  number of females  at  the  Chenega Island study  site. The 
model  seemed  to  predict the basic shape of the length frequency  distribution of the Chenega 
Island study  site, but the predicted distribution was about 3 to 5 mm ahead of the actual  mode. 

The population model for statistical reporting  area 20101 (Figure  21)  successfully predicted the 
shape of the Green Island length frequency  distributions,  showing few small shrimp (< 25 mm) 
in 1991  and one dominant  mode. Howeve.r, the predicted length frequency  distribution was 4 
to 7 mm ahead of the actual  mode,  as  described in the length frequency  distribution  from the 
survey  data (Figure 6). Also, the model did not predict the increase in overall  abundance 
observed in  1991,  since our model was based on a closed population with no immigration or 
emigration.  Explanations  for the various  changes in abundance  from  1989  through  1991 
observed in the survey  data  include (1) immigration and emigration, and (2) a  change in 
attraction  to baited pots. If  either  or  a  combination of these two phenomena  occurred, this 
occurrence  was unique to the oiled area, and therefore, may be related to a  disturbance such as 
the  oil  spill. 

In  the  absence of commercial  fishing, the population model predicted  little or no recruitment in 
any of statistical  reporting  areas  (Figure  22 and 23).  Within  statistical  reporting areas  20301, 
20300 and 20304, the number of females was underestimated in  most years by the model and 
within statistical  reporting  areas  20100 and 20101, the number of females  was  overestimated by 
the model. From these  results,  further discussion on recruitment would be inappropriate. 

The model did not fit  all site length frequency  distributions  equally  well; errors in shape and 
mode  location were  observed. This indicated that  a  more  complex  model will be needed, which 
better simulates  annual  growth,  before it will be possible to separate  fishing and oiling  effects. 
Further, the model has not been tested on non-stressed populations. Finally, a  better 
understanding of migration and larval drift of spot  shrimp  is needed since  movement within PWS 
seemed to  occur. 
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CONCLUSIONS 

Other  studies  (Braddock et al. 1991) have shown that oil was present  at  the  depth  adult  spot 
shrimp  inhabit.  We  know  shrimp  are affected by oil, causing death  at  relatively  low  levels  of 
contamination, and that  predators of adult  spot  shrimp  were  affected by the EVOS (i.e.  rockfish, 
Hoffmann  et al. 1991).  We could not find conclusive  evidence that spot shrimp within PWS 
were themselves  affected by the EVOS. Our results  suggest that observed  stock  abundance and 
structure  could mostly be  explained by the extensive  fishing  effort  for  this  species prior to  the 
EVOS. Unfortunately,  pre-spill  biological  information on spot  shrimp in PWS was limited to 
results of studies  at  Unakwik Inlet and Green  Island.  Finally,  investigators  could not pursue the 
spot  shrimp study as intensely as perhaps was necessary, due to time,  funding and staffing 
considerations. 

While  we  were unable to conclude that spot  shrimp within south and central PWS areas were 
adversely  affected by the EVOS, i t  seems  very unlikely that spot  shrimp  were  not  affected, 
especially the larvae which were in the water  column at the time of the oil  spill. The design of 
the  present  study and the  support provided were  insufficient  for  a  thorough  investigation of the 
EVOS  effects on spot  shrimp.  This is especially  true given that we  have not yet fully sampled 
the 1989  brood  year. 

The study  was designed and conducted with deadlines and in competition with other  projects. 
Given  adequate  time and funding, the study could have possibly intensified as follows: More 
sites  could  have been used,  including more sites  from  different statistical reporting  areas,  as  well 
as  more replicates within each statistical reporting  area.  Greater  attention  could  have been 
placed on fishing  effects, both prior to and after  the  EVOS. As requested by the investigators, 
more  emphasis and attention could have been focused on larval and juvenile  spot  shrimp, which 
are more  susceptible  to oil.  Perhaps  sites  outside the oiled area  could have been set aside  (i.e. 
closed)  from  commercial  fishing to maintain a  more natural unfished population  outside the spill 
area  for  comparative  purposes.  More histopathology samples  could  have  been  analyzed  (a 
situation beyond the  control of the  principle  investigator),  along with more hydrocarbon  analysis. 
A more  accurate  model  could  have been attempted to better  determine  fishing  effects.  Lastly, 

better  interaction with other  studies should have been pursued  actively  throughout the  study. 

There has been some good biological information gained from  this  study. It is  now known that 
spot  shrimp  populations within PWS mature and grow  more slowly than  those in the southern 
part of their  range  (Butler 1964, 1980). We have  documented new predators,  namely  octopus, 
Pacific cod and  pollock which were  observed  preying upon spot shrimp.  Finally,  spot  shrimp 
seem to  have been harvested  more  extensively than was originally  thought  prior to the oil spill. 

Whether  caused by fishing  pressure  or  oil spill contamination, PWS spot shrimp  are now at  a 
low  level  of  abundance and the pot fishery has been closed, for an indeterminate  period. As 
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stated earlier, the study has shown that the spot  shrimp of PWS  grow more slowly than those 
found to the south, which means recovery of this species will likely  take many years. If the 
larvae of 1989 were adversely  affected (as we  hypothesize),  recovery will take even  longer in 
the central and southern  areas of PWS.  Furthermore,  effects of reduced  spot  shrimp  abundance 
on the PWS ecosystem  is unknown but likely to be  detrimental, to at least some species. It is 
our hope  that the information gained on spot  shrimp  from these studies,  due  to  the EVOS, will 
help  the  spot  shrimp  resource managers  better  manage this resource. We also hope that these 
studies will provide  insight into the best approach  for  assessing  damage to spot  shrimp, if 
another  oil  spill  occurs. 
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Table 1 .  Life history comparisons for economically important shellfish in the Exxon Valdez oil spill affected area.' 

E9 9  Principle  Planktonic 
Shellfish 
Species 

Bearing Hatching Larval Settlement Juvenile 
Period Occurs Period Period Habitat 

Adul t  Foodb 
Preference 

Spot  Shrimp  Oct-Mar  March-April  March-August Late Summer Inshore and shallower  than  detritus,  warms  (annelids and polychaetes) 
IPandalus  plarycerosl adults.  rack  crevices  and 

kelp patches 

Pink Shrimp 
(Pandalus borealis1 

Nov-April  March~April  March-August Late Summer Inshore and shallower  than  polychaetes,  mysids and other crustaceans 

amphipods. euphausids. annelids. and other 
(In general. pandalid shrimp  feed  on  detritus, 

shrimps). 

adults. 

Tanner Crab April-May  March-May  March-August Late Summer Inshore and shallower  than  polychaetes. ophiuroids, fishes. Nuculatenuk,' 
lchionoeceres  bairdil I 1  1 mal  sdults bivalves. shrimp.  amphipods,  crab 

W m IPuraIirhodes  camrscharical 
Red King Crab April-May  March-May  March-August  Mid-June  to  Inshore and shallower  than  molluscs,  brittle stars, polychaetes, snails, sand 

I 1  1 mol Late Summer adults dollars, pelecypods,  basketstars, sea urchins 

IParalirhodes  plarypusl I1 1 mo) 

Brown King  Crab 
ILirhodes  aequispinal 

Variablc Variable Unknown  Unknown  Shallower  depths  than 
year round year round 

echinoderms,  polychaetes,  hydroids.  molluscs, 

Blue King Crab April-May  March-May  March-August  Late Summer Rock  shellhash  substrates  malluscs,  brittle  stars,  polychaetes 

adults amphipoda. decapoda 

'Most  information is f r o m  the literature  and  appites to  the  species  throughout  its  range. 
'Food habits  are  from the general  literature  and  represent  prey  items  utilized  throughout  their  range. 
'From study of Tanner  crab in Prince William  Sound (Feder and  Hoberg 1981). 



Table 2. Survey  sites for t he   spo t   sh r imp  oil spill assess- 
ment   survey   and  the   respec t ive   s ta t i s t i ca l   repor t ing  
areas  wi th in   Pr ince  Wi l l iam  Sound.  

Stat is t ica l  
Survey   S i te   Repor t ing   Areas  

Unakw ik   I n le t  

Golden  (Por t   Wel ls)  

Culross  Passage 

Herr ing  Bay 

Chenega  Is land 

Green  Is land 

Snug  Harbor "  

20301 

20300 

20304 

201 00 

201 00 

201 01 

20101 

a Snug  Harbor   was   on ly   sampled   in   the  1991 su rvey .  
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Table 3.  Assumed  s izes a t  age  used  to   model   the  Pr ince 
Wi l l i am  Sound   spo t   sh r imp   popu la t i on   and   t he  
e f fec t   o f   t he   commerc ia l   f i she ry .  

Age   i n   Approx ima te   Leng th  
Years of Carapace in mm 

3" 19 

24 

28 

32 

35 

38 

41 

10  44 

11 47 

12 49 

A n   a g e  3 and 19 mm are  the  youngest   shr imp  consis tent ly   caught  
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Table 4. Sampling locations for me November, 1989 oil spill assessment survey of spot  shrimp in Prince 
William Sound. 

Depth 
Site 

Minimum  Maximum Number Soak 
Stratum' Stationb Latitude'  Lonqitude' Deomd Depthd of Pots Timec 

Unakwik 
Unakwik 
Unakwik 
Unakwik 
Golden 
Golden 
Golden 
Golden 
Culross 
Culross 
Culmss 
Culmss 
Herring 
Herring 
Herring 
Herring 

Chenega 
Chenega 
Chenega 
Chenega 

Green 
Green 
Green 
Green 

1 A 
1 B 
2 A 
2 B 
1 A 
1 B 
2 A 
2 B 
1 A 
1 B 
2 A 
2 B 
1 A 
1 B 
2 A 
2 B 
1 A 
1 B 
2 A 
2 B 
1 A 
1 B 
2 A- 
2 B 

60.59.80 
61.00.00 
60.59.86 
61.00.1 5 
60.57.67 
60.57.92 
60.57.72 
60.57.92 
60.39.36 
60.39.1 8 
60.36.1 1 
60.36.00 
6027.61 
60.28.06 
6028.55 
6028.32 
60.24.67 
60.23.12 
6024.55 
60.23.28 
60.19.09 
60.18.37 
60.1 8.55 
60.18.31 

147.3268 
147.3234 
147.3279 
147.3239 
148.01 .a5 
148.01.41 
148.01.9s 
148.01.74 
148.11.72 
148.1 1.51 
148.10.41 
148.10.92 
147.44.28 
147.45.49 
147.45.42 
147.45.51 
147.58.04 
147.58.96 
147.58.1 9 
147.58.36 
147.29.1 1 

147.29.98 
147.30.36 

147.28.90 

32 43 
45 55 
70 82 
90 100 
35 50 
52 65 
70 
95 

94 
100 

55 70 
40 
70 100 

60 

70 90 
35  65 
50 62 
75 85 
70 as 
50 70 
45 55 
70 80 
85 100 
35 46 
57 64 

80 08 
70 80 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

16 
18 
17 
18 
17 
17 
17 
17 
17 
17 
17 
16 
17 
17 
17 
16 
17 
17 
18 
17 
18 
17 
17 
17 

1 = shallow (35 -130 m): 2 = deep (130 - 220 m). 

' Latitude and longitude are listed to me one-hunderdth of a minute. 
' Station  letter represents  order in which me stations were set by depth strata. 

Depth is in meters. 
Rounded to the nearest hour. 
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Table 5. Sampling  locations forme March, 1990 oil  spill assessment suwey of spot  shrimp in Prince William 
Sound 

Depth Minimum Maximum Number SO& 
Site  Stmtum'  Stationb  Latitude' Lonqitudec Depthd Deothd of Pots l ime' 

- 

Unakwik 
Unakwik 
Unakwik 
Unakwik 
Golden 
Golden 
Golden 
Golden 
Culross 
Culross 
Culross 
Culross 
Culross 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 

Chenega 
Chenega 
Chenega 
Chenega 
Chenega 

Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 

1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
2 
2 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
C 
A 
.B 
C 
0 
F 
A 
B 
A 
B 
A 
B 
C 
A 
B 
C 
0 
E 
F 
A 
B 
C 
0 

60.59.80 147.30.68 
60.59.96 147.3212 
60.59.91 147.3279 
61.00.10 147.32.41 
60.57.64 148.01.88 
60.57.89 148.01.44 
60.57.76 148.01.80 
60.57.90 148.01.65 
60.38.95 148.1  1.58 
60.38.73 148.1  1.36 
60.35.77 148.1  1.33 
60.35.73 148.11.68 
60.35.66 148.1214 
60.27.69 147.44.35 
60.28.01 147.45.n 
60.28.21 147.45.68 
60.28.09 147.45.54 
60.27.84 147.45.65 
60.28.57 147.45.43 
60.28.31 147.45.56 
60.24.65 147.58.05 
60.23.13 147.58.95 
60.24.52 147.58.26 
60.23.21 147.58.55 
60.24.66 147.58.14 
60.19.02 147.29.08 
60.18.90 147.29.28 
60.17.80 147.29.94 
60.19.12 147.29.15 
60.19.03 147.29.25 
60.1 8.95 147.29.54 
60.17.31 147.31.57 
60.17.13 147.3201 
60.17.03 147.3225 
60.1 6.77 147.3227 

35 
45 
70 
82 
30 
25 
70 
70 
32 
43 
70 
70 
70 
35 
37 
60 
55 
63 
70 
70 
52 
45 
72 
72 
70 
40 
31 
60 
35 
40 
28 
72 
70 
70 
70 

60 
70 
95 
95 
70 
60 
100 
95 
45 
63 
96 
85 

. as 
70 
58 
62 
60 
48 
95 
85 
70 
63 
83 
80 
85 
60 
65 
68 
60 
50 
50 
80 
80 
80 
75 

11 
1 1  
11 
11 
11 
1 1  
11 
11 
1 1  
11 
11 
1 1  
11 
1 1  
1 1  
8 
11 
11 
1 1  
1 1  
1 1  
11 
1 1  
11 
6 
11 
1 1  
6 
11  
1 1  
1 1  
1 1  
1 1  
11 
6 

16 
16 
16 
16 
16 
16 
16 
16 
18 
18 
18 
18 
18 
16 
18 
18 
17 
16 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

1 = shallow (35  -130 m); 2 = deep (130 - 220 m). 
Station  letter represents order in which the stations were  set, by depth strata 
Latitude and longitude are listed to the one-hunderdth of a minute. 
Depth is in meters. 
Rounded  to the nearest  hour. 
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Table 6. Sampling  locations for the  November, 1990 oil spill  assessment  survey of spot  shr imp in Prince 
William Sound. 

Unakwik 
Unakwik 
Unakwik 
Unakwik 
Golden 
Golden 
Golden 
Golden 
Golden 
Culross 
Culross 
Culross 
Culross 
Culross 
Culross 
Culross 
Culross 
Culross 
Culross 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 

Chenega 
Chenega 
Chenega 
Chenega 
Chenega 
Chenega 

Green 
Green 
Green 

1 
1 
2 
2 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
1 
1 
2 
2 
2 
1 
1 
1 

A 
B 
A 
B 
A 
6 
A 
B 
C 
A 
B 
C 
0 
E 
A 
B 
C 
0 
E 
A 
B 
C 
0 
E 
F 
A 
B 
C 
0 
E 
F 
A 
B 
C 
A 
B 
C 
A 
B 
C 

60.59.91 147.3288 
61.00.03 147.32.65 
60.59.87 147.33.06 
61.00.09 147.32.53 
60.57.73 148.01.86 
60.57.98 148.01.33 
60.57.89 148.01.76 
60.58.05 148.01.53 
60.58.1 6 148.01.43 
60.39.09 148.1  1.41 
60.38.87 148.10.87 
60.36.02 148.12.18 
60.36.10 148.11.51 
60.36.07 148.11.88 
60.36.10 148.11.50 
60.36.08 148.1  1.52 
60.36.00 148.11.T7 
60.35.99 148.12.04 
60.36.04 148.11.65 
60.28.1 3 147.45.82 
60.28.30 147.45.73 
60.28.52 147.45.59 
60.28.36 147.45.72 
60.28.79 147.45.63 
60.27.34 147.44.34 
60.28.49 147.45.52 
60.28.33 147.45.62 
60.28.37 147.45.37 
60.28.47 147.45.59 
60.28.59 147.45.51 
60.28.77 147.45.52 
60.24.79 147.58.04 
60.23.24 147.58.91 
60.24.71 147.58.45 
60.24.66 147.58.18 
60.23.32 147.58.61 
60.23.49 147.58.41 
60.19.15 147.29.19 
60.1  9.1 8 147.25.20 
60.1  9.01 147.29.57 

40 
33 
73 
70 
30 
25 
70 
70 
70 
30 
31 
35 
47 
45 
70 
75 
70 

73 
40 
50 
59 
50 
50 
50 
75 
60 
75 
70 
70 
73 
50 
41 
36 
70 
70 
70 
47 
41 
35 

76 

65 
64 
102 
94 
65 
57 
95 
75 
94 
65 
61 
70 
47 
45 
90 
100 
110 
85 
100 
58 
65 
70 
63 
55 
58 
80 
75 
93 
75 
90 
85 
70 
67 
64 
86 
93 
90 
68 
60 
50 

1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

17 
17 
17 
17 
42 
42 
42 
42 
42 
16 
16 
19 
19 
18 
16 
16 
16 
18 
19 
19 
19 
19 
18 
19 
16 
19 
19 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

~~~ ~~~~~ ~~~ 

a 1 = shallow (35  -130 m); 2 = deep (130 - 220 m). 
Station  letter  represents  order in which  the  stations  were set, by  depth strata. 
Latitude  and  longitude  are  l isted to the  one-hunderdth of a minute. 
Depth is in  meters, 
Rounded to the  nearest  hour. 41 



Depth 
Site Stratum' Stationb Latitude LongitudeL Oeomd Oeothd of Pots Time. 

Minimum Maximum Number Soak 

Unakwik 
Unakwik 
Unakwik 
Unakwik 
Unakwik 
Unakwik 
Golden 
Golden 
Golden 
Golden 
Golden 

Golden 
Golden 

Golden 

Golden 
Golden 

Culross 
Culross 
Culmss 
Culross 
Culross 
Culross 
curross 
Culross 
Culross 
Culross 
Culross 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 
Herring 

Chenega 

Chenega 
Chenega 

Chenega 
Chenega 
Chenega 

Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Snug 
Snug 
Snug 

1 
1 

2 
1 

2 
2 
1 
1 

1 
1 

2 
2 
2 
2 
2 
2 
1 
1 
1 
1 

1 
1 

2 

2 
2 

2 
2 
1 
1 
1 

2 
2 

2 
2 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
2 

2 
2 

2 

2 
1 

2 

A 

C 
B 

A 
B 

A 
C 

C 
B 

A 
0 

E 
C 
0 
E 
F 
A 
B 
C 
0 
E 
F 
A 
B 
C 
0 

A 
E 

8 

A 
C 

B 
C 

A 
0 

B 
C 
A 
B 
C 
A 
B 
C 
0 
A 

C 
8 

0 
A 
A 
B 

60.59.54 147.32.90 
60.59.58 147.32.84 
60.59.77 147.32.60 
60.59.59. 147.32.97 

60.59.89 14732.54 
60.59.70 147.32.81 

60.57.62 148.01.94 
60.57.77 148.01.65 
60.51.70 148.01.78 
60.57.53 148.02.09 
60.57.74 148.01.93 
60.57.94 148.01.66 
60.57.62 148.M.16 
60.57.65 148.02.09 
60.57.52 148.02.36 
60.57.40 148.02.56 

60.38.96 148.12.13 
60.39.20 148.12.36 

60.38.83 148.12.10 
60.36.04 148.1  1.85 
60.36.08 148.1  1.35 
60.36.11 148.11.23 
60.36.03 148.11.28 

60.35.97  148.1  1.89 
60.36.01  148.1  1.47 

60.35.96 14S-l:.66 

60.28.69  147.46.02 
60.36.02  148.1  1.31 

60.28.61  147.45.98 

60.28.75  147.45.88 
60.28.31  147.46.07 

60.28.61 147.45.80 
60.28.36 147.45.88 
60.28.45 147.45.80 
60.24.67 147.58.26 

60.2297 147.59.43 
60.24.61 147.58.16 

60.24.66 147.58.43 
60.23.20 147.58.84 
60.23.29 147.58.69 
60.17.25 147.31.00 
60.16.49 147.32.82 
60.16.47 147.32.89 
60.16.17 147.33.35 
60.18.90 147.32.04 
60.16.45 147.33.16 
60.16.69 147.33.24 

60.14.61 147.40.85 
60.14.51 147.40.33 
60.14.33 147.40.54 

-0-f -0-r 

27 
35 
40 
70 
75 
7s 
31 
28 
30 
35 
73 
70 
75 
73 
72 
72 
35 
28 
34 
32 
30 

72 
35 

75 
73 

70 
75 

36 
30 
28 
71 
72 
73 
76 
32 
38 
39 
73 
70 
73 
44 

36 
41 

70 
41 

70 
75 
72 
35 
70 
71 

70 
70 

121 
65 

100 
95 

67 
62 
63 
59 
90 
90 
98 
103 
107 
94 
55 

64 
68 

65 

70 
68 

100 
85 
93 

100 
90 

m 
61 
43 
93 

83 
85 

64 
80 

54 
55 

85 
100 

68 
94 

55 
49 
50 
80 
96 
80 

52 
85 

92 
90 

1 1  
1 1  
11 
11 
1 1  
11 
11 
11 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

1 1  
1 1  

1 1  
1 1  

1 1  
1 1  

10 
1 1  

1 1  
1 1  
1 1  
1 1  
9 
1 1  
11 
1 1  
7 
1 1  

1 1  
1 1  

1 1  
11 

9 
1 1  1 1  
1 1  11 

1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
7 

18 
18 
19 
18 
19 

17 
19 

18 
17 

17 
18 

17 
19 

18 
18 

18 
18 

18 
18 

17 
17 

19 
17 

19 
19 
17 
17 
18 
18 

18 
19 

18 

24 
19 

17 
18 
18 
18 
18 
18 
17 
17 
18 
18 
17 
18 
18 
18 
17 
17 
17 

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

Latltude and longitude are listed to the one-hunderdth of a minute. 
Station letter represents order in which me stations were set. by depth strata 

Depth is in meters. 

Specific location not recorded. 4 2  
* Rounded to the nearest hour. 



Table 8. Average weight (kg1 and  number per pot of Pandalid shrimp captured  during  the November 
Oi l  Spill impact assessment surveys.  Only  catches from  the  first day's set a t  each site were 
used  for  spot  shrimp. 

Average  number of  shrimp per pot Average weight  (kg) of shrimp per pot 

Site Year spot Pink Coonstripe spot Pink Coonstripe 

Unakwik  1989 
1990  45.2 

25.2  9.5  15.7  0.638 
8.5  14.1 

0.028 
1.051 

0.118 

1991 
0.025 0.1  11 

0.193 

Golden 1989  57.9 8.7 
1990  31.9 

10.1  0.832  0.034  0.068 
11.9 

1991 
10.8 

9.5 
0.721 

11.8 
0.048 

20.8 
0.079 

0.291  0.050  0.128 

Culross 1989 
1990 

19.7  1.7  6.5  0.262 0.006 0.044 
7.6 4.0 

1991  4.5  0.091  0.01  7 
3.6 

4 .2  
0.1  11 

5.6 
0.01  5 0.021 

0.033 

Herring 1989  18.6  31.2  2.9  0.280  0.098  0.022 

27.8  4.6  26.9  0.832  0.016 

Chenega 

1990 
1991  33.0 

8.6 43.3 
15.9 

8.1 
23.9 

1989 
1990 

24.9  17.0 
28.5  18.2 

6.1 

1991  38.0  5.3  14.5 
8.2 

Green' 1989  3.8 
1990  1.3 

7.9 
13.3 

0.1 
1.6 

1991  7.1 6.0 1.7 

0.138 
0.571 

0.264 
0.400 
0.701 

0.038 
0.024 
0.130 

0.1  26 
0.055 

0.063 
0.062 
0.021 

0.025 
0.062 
0.025 

0.044 
0.1 47 

0.045 

0.104 
0.046 

0.001 
0.008 
0.01 1 

Unoiled 1989  34.3 6.6 
1990 
1991 

26.5  7.0 
14.0  7.1 

Oiled 1989  15.8 
1990  15.1 

18.7 
31.7 

10.8  0.578 0.022 
7.6  0.585 

0.077 

15.9 
0.026 

0.405  0.029 
0.054 
0.103 

~~~ 

3.0 0.194  0.062  0.023 
7.2 

1991  21.3  9.1  10.8 
0.220 
0.387 

0,098  0.040 
0.035  0.071 

' Only  33  pots  set in the  shallow  stratum a t  this  site  in  November 1990 
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Table 9.  Statistics  from unbalanced ANOVAs  fit  to  the CPUE from spot shrimp  survey data, 
collected in November 1989.  1990 and 1991  in Prince William Sound. 

Parameter Year Squares f l *  F Value  p-value 

(Weight  (kg)  of  shrimp)lpot 1989 
Oiling 

32.76 0.414 25.82  0.0001 

Stratum 
9.72 

10.26 
53.64  0.0001 

Stratum'Oiling 
56.58  0.0001 

3.77 
SitelOiling)  9.01 

20.81  0.0001 
12.43  0.0001 

Sum of 

1990 44.29  0.510  45.53  0,0001 

Stratum 
Oiling 14.90  107.82 0.0001 

Stratum'Oiling 
3.67  26.53  0.0001 

SiteiOiling) 
3.77 

23.06 
27.25  0.0001 
41.72  0.0001 

1991 
Oiling 

Stratum 
Stratum'Oiling 

Site(Oi1ing) 

(Number  of  shrimpllpot 1989 
Oiling 

Stratum 
Stratum'Oiling 

SiteIOilingl 

Oiling 
Stratum 

Stratum'Oiling 
Site(0iling) 

46.29  0.351 
0.06 

10.39 
0.62 

34.31 

128,099  0.407 
22,283 
52.475 

8,755 
45,653 

80,737  0.398 
19,884 

8.693 

51,750 
4,969 

27.04 0.0001 
0.28 0.5963 

48.57 0.0001 
2.88 0.0906 

32.07 0.0001 

24.1  8 0.0001 
29.44 0.0001 
69.33 0.0001 
11.57 0.0008 
15.08 0,0001 

28.89 0.0001 
49.80 0.0001 
21.77 0.0001 

32.40 0.0001 
12.45 0.0005 

1991 
Oiling 

117,224  0.349  26.79  0.0001 
4,776  8.73  0.0033 

Stratum'Oiling 
55.15  0.0001 

7,674  14.03  0.0002 
25.63  0.0001 

Stratum 30,165 

SiteiOiling) 70.1 02 

Continued 
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Table 9  (continued) page 2 of 2 

Parameter Year  Squares R2 F Value p-value 

((Number of shrimp)/(kg)/pot  1989  106,539  0.508  32.47 0,0001 
Oiling 17,243  36.79  0.0001 

Stratum 0.01 
Stratum'Oiling 

0.00 0.9967 
3,859 

SitelOilingl 
8.23  0.0045 

82,206  43.85  0.0001 

1990  82,670  0.215  10.71 0,0001 
Oiling 25.248  22.90  0.0001 

Stratum  62 0.06 0.8123 
Straturn'Oiling 8.71 6 7.91 0.0053 

SitelOiling) 47,111 10.68 0.0001 

37,597  0.276  16.21  0.0001 
10,638  36.70  0.0001 

Stratum  2,576 8.89  0.0031 
Stratum'Oiling 5,129  17.69  0.0001 

SitelOiling)  1.71 1 5.91 0.0001 

Sum of 

1991 
Oiling 
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Table 10.  Statistical comparison of CPUE, from  spot  shrimp survey,  between  oiled  and moiled 
areas for each year, using the least square means (Ism)  from an ANOVA analysis. 

Parameter Year Unoiled Oiled p-value 
19m Ism 

(Weight  (kg)  of  shrimp)/pot 

(Number of  shrirnp)/pot 

1989 
1990 
1991 

1989 
1990 
1991 

((Number of shrimp)/(Weight(kg))/pot 
1990 
1989 

1991 

0.578 0.1 94 
0.653 0.1  88 
0.412 0.387 

34.63 15.91 
29.31 12.33 
14.19 21.35 

68.44 
54.76  75.74 

87.51 

38.45  50.77 

0.0001 
0.0001 
0.5963 

0.0001 
0.0001 
0.0033 

0.0001 
0.0001 
0.0001 

46 



Table 1 1 .  Statistical  comparison of CPUE, from  spot shrimp survey. between  oiled and moiled 

analysis. 
depth  stratum for each  year, using  the least square means (Ism) from an ANOVA 

Parameter Year Depth Unoiled Oiled p-value 
Stratum Isrn Isrn 

(Number  of  shrimpllpot 

(Weight (kg)  of  shrimp)lpot 1989 Shallow 0.894  0.271 
1989 Deep 

0.0001 
0.261  0.1  16 

1990 Shallow 0.885 
0.0519 

0.1  86  0.0001 
1990 Deep 
1991 Shallow 0.535 

0.420  0.189  0.0001 

1991 Deep 0.290 
0.588  0.4410 
0.1 86  0.0001 

1989 Shallow 54.86  24.40 0.0001 
1989 Deep 14.40 7.41 
1990 Shallow 39.18 

0.1  561 

1990 Deep 
13.70 

19.44 
0.0001 

10.95 
1991 Shallow 18.50 

0.01  93 
34.44  0.0001 

1991 Deep 9.88  8.27  0.6200 

((Number  of  shrimp)/ 
lWeight(kgll1pot 

1989 Shallow 64.09  91 .ea 0.0001 
1989 Deep 72.80  83.14  0.0322 
1990 Shallow 48.42 
1990 Deep 

81.10 
61.1 1 

0.0001 
70.38 0.1 444 

1991 Shallow 37.31  57.47  0.0001 
1991 Deep 39.60  44.08  0.0919 



Table 12. Statistics  from unbalanced ANOVAs fit  to  the CPUE from  spot  shrimp survey data for 

William  Sound. 
different  oiling conditions,  collected in November 1989,  1990 and 1991 in Prince 

Parameter Oiling Squares R* F value p-value 
Sum of 

(Weight (kg) of shrimp)/pot Vnoiled 
Year 

Stratum 

Year'Site 
Site 

Oiled 

Stratum 
Year 

Site 
Year'Site 

(Number of shrimp)lpot Unoiled 

Stratum 
Year 

Site 
Year'Site 

oiled 
Year 

Stratum 

Year'Site 
Site 

((Number of shrimpl/(Weightlkg))/pot Unoiled 
Year 

Stratum 
Site 

Year'Site 

Oiled 
Year 

Stratum 

Year'Site 
Site 

71.92  0.392 
4.63 
20.72 
35.69 
7.55 

32.01  0.31 6 
10.63 

14.83 
6.27 

2.72 

175,712  0.382 
34,307 

49,984 
51,307 

35,718 

121,481  0.307 
23,545 
36,610 
66,039 
7,l 16 

183,415  0.493 
63,771 
6,122 
89,334 
26.71 2 

121,888  0.277 
76,836 
14,409 
13,946 
17,731 

32.33 0.0001 
9.37 0.0001 
83.84 0.0001 
72.21 0.0001 
7.64 0.0001 

26.48 0.0001 
39.56 0.0001 
46.72 0.0001 
55.19 0.0001 
5.07 0.0005 

30.86 0.0001 
27.12 0.0001 
81.10 0.0001 
39.51 0.0001 
14.12 0.0001 

21.83 0.0001 
25.03 0.0001 

67.90 0.0001 
61.24 0.0001 
3.30 0.01 10 

44.64 0.0001 
69.84 0.0001 
13.41 0.0003 
97.83 0.0001 
14.63 0.0001 

51 29 0.0001 
18.08 0.0001 

19.24 0.0001 
9.31 0.0001 
5.92 0.0001 
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Table 13.  Statistical  comparison of CPUE, from  the  spot  shrimp survey in Prince William Sound, 

ANOVA analysis. 
between years for  the  two oiling  strata,  using  the least square means (Ism) from an 

Parameter Oiling 1989  1990  1991 p-value 

(Weight  (kg) of shrimp)lpot Unoiled 0.578  0.651  0.221 7 
Unoiled 0.651 
Oiled 

0.419  0.0001 
0.194 

Oiled 
0.150  0.3171 
0.150  0.470  0.0001 

(Number of shrimpl/pot Unoiled 34.63  29.40  0.0854 
Unoiled 
Oiled 

29.40 
15.90 

14.61  0.0001 
9.88 

Oiled 
0.0345 

9.88  26.1  9  0.0001 

((Number of shrimp)l(Weight(kg))lpot Unoiled 68.44  55.01 
Unoiled 

0.0001 

Oiled 86.93  75.56 
55.01  38.20  0.0001 

0.0047 
Oiled 75.56  53.02  0.0001 

~ ~~ 
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Table 14.  Statistical comparison of CPUE, from  the  spot  shrimp survey  in Prince William Sound, 
between years for  site of the  two oiling  strata,  using  the least square means (Ism) from 
an ANOVA analysis. 

Parameter Oiling Sites 1989  1990  1991 p-value 

{Weight  (kg) of shrimp)/pot Unoiled 
Unoiled 
Unoiled 
Unoiled 
Unoiled 

Oiled 
Unoiled 

Oiled 

Oiled 
Oiled 

Oiled 
Oiled 

(Number of shrimplipot Unoiled 
Unoiled 
Unoiled 
Unoiled 
Unoiled 
Unoiled 
Oiled 
Oiled 
Oiled 
Oiled 
Oiled 
Oiled 

((Number  of  shrimp)/ Unoiled 
(Weight(kg))/pot Unoiled 

Unoiled 
Unoiled 
Unoiled 
Unoiled 
Oiled 
Oiled 
Oiled 
Oiled 
Oiled 
Oiled 

Unakwik 
Unakwik 

Golden 
Golden 
Culross 

Herring 
Culross 

Herring 
Chenega 
Chenega 
Green 
Green 

Unakwik 
Unakwik 

Golden 
Golden 

Culross 
Culross 
Herring 
Herring 
Chenega 

Green 
Chenega 

Green 

Unakwik 
Unakwik 

Golden 
Golden 

Culross 
Culross 
Herring 
Herring 
Chenega 

Green 
Chenega 

Green 

0.638 

0.832 

0.262 

0.279 

0.264 

0.038 

25.57 

57.87 

20.46 

19.28 

24.91 

3.51 

40.59 

68.58 

96.13 

68.37 

91.02 

101.4 

1.030 
1.030 
0.768 
0.768 
0.1 54 

0.138 
0.1 54 

0.138 
0.400 
0.400 
0.000 
0.000 

44.19 
44.1 9 
34.27 
34.27 

9.73 
9.73 
8.58 

28.50 
8.58 

28.50 
0.00 
0.00 

41.22 

44.72 
41.22 

44.72 
79.08 
79.08 
66.1 6 
66.1 6 
71.64 
71.64 
88.87 
88.87 

0.832 

0.333 

0.091 

0.590 

0.697 

0.121 

27.79 

11.58 

4.47 

34.50 

37.74 

6.32 

35.1 6 

32.30 

47.14 

55.78 

51.29 

51.99 

0.0003 

0.5259 
0.0502 

0.0001 
0.2834 
0.4878 
0.0478 

0.0584 
0.0001 

0.0001 
0.1418 
0.0050 

0.0008 
0.0014 
0.0001 
0.0001 
0.0369 
0.2565 
0.01  90 
0.0001 
0.4279 

0.051 5 
0.0237 

0.0038 

0.8936 
0.1626 
0.0001 
0.0036 
0.0002 

0.6930 
0.0001 

0.0505 
0.0004 
0.0001 
0.1705 
0.0001 
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Table 15. Parameters for a von  Bertalanffy growth curve, for Prince William  Sound spot  shrimp  with 
estimated carapace lengths for specific ages. 

Unoiled Area Oiled Area 

Parameter Unakwik  Inlet Culross Passage Herring Bay  Chenega Island 

Growth Parameter (k)'  

Length (L.,,, in mm) 
Maximum Carapace 

Age (in years) and 
Estimated Length (in 
m m )  

SITES COMBINED 

Growth Parameter (k)'  

Maximum Carapace 
Length (L . , , ,  in  mm) 

Age (in years) and 
Estimated Length  (in 
mml 

0.080  (0.16) 

57.0 

&Lenqth 

2.8  20.3 
3.3  23.1 

4.3  28.1 
3.8  25.7 

4.8 30.4 
5.3 32.4 
5.8 34.3 
6.3 36.0 
6.8 37.6 
7.3 39.1 
7.8 40.5 
8.3 41.8 

9.3  44.0 
8.8  42.9 

9.8  45.0 

0.067  (0.13) 

57.8 

&g.- 

3.2 
3.7 

20.3 
22.7 

4.2 
4.7 

25.0 

5.2 
27.1 

5.7  30.9 
29.1 

6.2 
6.7 

32.6 

7.2 
34.3 

7.7 
35.8 

8.2 
37.2 

8.7  39.8 
38.5 

9.2  40.9 
9.7 
10.2 

42.0 
43.0 

0.080  (0.1 6 )  

57.4 

AQc LenRth 
2.8  20.7 
3.3  23.6 
3.8  26.2 
4.3 28.6 
4.8 
5.3 

30.8 

5.8 
32.8 

6.3 
34.7 
36.5 

6.8 
7.3 

38.1 
39.6 

7.8 
8.3 

40.9 

8.8 
42.2 

9.3 
43.4 
44.4 

9.8  45.4 

0.080 (0.161 

55.2 

& 
2.7 
3.2 

4.2 
3.7 

4.7 
5.2 

6.2 
5.7 

6.7 
7.2 
7.7 
8.2 

9.2 
8.7 

9.7 

Lennth 

22.3 
19.4 

27.2 
24.8 

29.3 
31.3 

34.8 
33.2 

36.4 
37.9 

40.4 
39.2 

41.6 
42.6 
43.6 

0.080 (0.1  6) 

55.8 

&Lenath 
2.4 
2.9  20.7 

17.7 

3.4  23.4 
3.9  25.9 
4.4 
4.9  30.3 

28.2 

5.4 
5.9 

32.2 

6.4 
34.0 

6.9 
35.7 

7.4 
37.3 
38.7 

7.9 
8.4 

40.0 

8.9 
41.2 

9.4  43.4 
42.4 

0.080 (0.161 

54.9 

AQc Lenoth 
2.6 
3.1 21.4 

18.6 

3.6 
4.1  26.3 

24.0 

4.6  28.5 
5.1  30.6 
5.6 
6.1 

32.4 

6.6 
34.2 
35.8 

7.1 37.2 
7.6 38.6 
8.1  39.9 
8.6 
9.1 

41 .O 
42.0 

9.6 43.1 

The first value provided for  the  growth parameter is in half-year  increments  and the value in 
parenthesis is for  the parameter in yearly increments, 
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Table 16. Spot  shrimp sex ratio and average catch by sex within Prince William Sound, from the 
November  spot  shrimp surveys in  1989.  1990 and 1991. 

Percent of Population  Average Numberlpot 

Site Year Male Female Male Female 

Unakwik 

Golden 

Culross 

Herring 

Chenega 

Green 

1989 
1990 

83.9 

1991 
85.4 
78.1 

1989 96.4 
1990 89.2 
1991 77.6 

1989  96.0 
1990  93.8 
1991  98.1 

1989  96.5 
1990 
1991  96.9 

96.6 

1990 
1989  98.9 

98.5 
1991  97.7 

1989 100.0 
1990 96.9 
1991 97.8 

16.1 
14.5 
21.9 

3.6 
10.8 
22.4 

4.0 
6.2 
1.9 

3.4 
3.5 

3.1 

1.5 
1.1 

2.3 

0.0 
3.1 
2.2 

21.27 
37.82 
21.71 

30.41 
55.78 

8.01 

19.86 
8.98 
4.38 

18.61 

34.1 5 
8.28 

24.64 

36.76 
28.06 

3.53 
1.23 
6.44 

4.08 

6.08 
6.44 

3.69 
2.09 

2.30 

0.82 

0.08 
0.59 

0.29 
0.67 

1.10 

0.28 
0.44 
0.85 

0.00 
0.04 
0.1  5 

Unoiled 

Oiled 

1989 
1990 

92.7  7.3 
88.7 

1990  83.6 
11.3 
16.4 

1989  98.0 2.0 
1990 97.5 
1991 

2.5 
97.4 2.6 

31.78  2.50 
23.50 
11.71 

3.00 
2.29 

15.49 0.31 
14.72 
20.75 

0.38 
0.55 
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Table 17.  Statistics  from unbalanced ANOVAs  fit  for each year and oiling  conditions, to  the 
square root  of  the number of females per pot  from  spot shrimp  survey data, collected 
in November 1989,  1990 and 1991 in Prince William  Sound. 

Parameter Year  Squares R2 F Value p-value 

(Number  of Females)'/pot 1989 35.02  0.327  17.78  0.0001 
51.22  0.0001 

7.01 0.0086 
6.91 0.0091 

14.83  0.0001 

1990 117.64  0.556  54.83  0,0001 
Oiling 49.54  161.62  0.0001 

18.93 0.0001 
23.67  0.0001 

SitelOiling) 56.70  46.24  0.0001 

1991 104.03  0.422  38.84  0,0001 
Oiling 22.02 

Stratum 
57.56  0.0001 

Stratum'Oiling 
10.96  28.56  0.0001 
2.09 

SitelOiling) 67.69  44.24  0.0001 
5.48  0.01  98 

Sum of 

Oiling 14.41 
Stratum  1.97 

Stratum'Oiling 1.94 
Site(Oi1ing) 16.69 

Stratum  5.80 
Stratum'Oiling 7.25 

Sum of 
Parameter Oiling Squares R2 F Value p-value 

(Number  of  Females)X/pot Vnoiled 174.98  0.410  34.90  0.0001 
Year 10.79  9.69  0.0001 

Site 11  6.49  104.54  0.0001 
48.49  0.0001 

Year'Site 10.71  4.81  0.0008 

Oiled 7.38  0.110  6.75  0.0001 
Year 1.81 

Stratum 0.62 
7.42  0.0007 
5.06  0.0249 

Site 4.81  19.77  0.0001 
Year'Site 0.57  1.1  7  0.3236 

Stratum  27.01 
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Table 18.  Statistical  comparison for the square root of the number of females per pot,  between 
oiled  and  unoiled areas for each  year, followed  by  the comparison between years for 
the  two oiling  strata,  using  the least square means (Ism) in both cases, from  the 
ANOVA analysis. The data is from  the  spot  shrimp survey of Prince William Sound. 

Parameter 
Unoiled 

Year Stratum  Ism Ism o-value 
Oiled 

(Number  of Females) xipot  1989  1.292  0.825  0.0001 
1989 Shallow 1.465  0.826  0.0002 
1989 Deep 1.120  0.824  0.0015 

1990 
1990 

1.687  0.840  0.0001 
Shallow 1.995 

1990 
0.822  0.0001 

Deep 1.380  0.857  0.0001 

1991 
1991 Shallow 

1.438  0.952  0.0001 
1.683 

1991 
1.048  0.0001 

Deep 1.193  0.855  0.0002 

1989 
Parameter Oiling Ism 

(Number of Females) "/pot Unoiled 1.292 
Unoiled 
Unakwik 1.766 
Unakwik 
Golden 1.137 

Culross 
Golden 

0.975 
Culross 

1990 
Ism 

1991 
Ism o-value 

1.681 
1.681 

2.399 
2.399 
1.787 

0.855 
1.787 

0.855 

Oiled 0.825  0.822 

Herring 0.953  0.880 
Herring 0.880 

Chenega 0.81  5  0.899 
Chenega 0.899 

Green 0.707  0.686 
Green 0.686 

Oiled 0.822 

1.438  0.0037 
0.0001 

2.199  0.1864 
0.0001 

1.328  0.0014 
0.0001 

0.787  0.6220 
0.4287 

0.950  0.0010 
0.9351 

1.062  0.0049 
0.2830 

1.027  0.0370 
0.21 93 

0.760  0.3164 
0.7996 

54 



Table 19. Prince William  Sound spot shrimp egg count  information for each site, from 
the November  surveys  only. 

Number 
Minimum  Maximum Average 

Number of 
of 

Number of Number of 

Site 
Eggs Per 

Year 
Eggs  Per 

Samples  Female  Female  Female 
Eggs per 

Unakwik  1989 91 826  3,297 
1990 98 

2,165 
41  7  3,326 

1991  112  228  4,696 
1,979 
1,784 

1990 
910 

85  1,417 
3,362  2,369 
4.273 2,527 

1991  124  833  5,076  2,502 

Golden 1989  43 

Culross 

Herring 

Chenega 

989 
990 
991 

989 
990 
991 

989 

991 
990 

29 
51 
12 

54 
19 

49 

10  
26 
36 

1,441 
1,176 
1,216 

343 
818 
144 

1,381 
1,044 

897 

3,965 

2.81  1 
3,734 

2,759 
3,009 
2,876 

2,298 

3,627 
3,120 

2,308 

2,117 
2,293 

2,036 
1,691 

1.862 

1,963 
2,034 
1,729 

Green" 1989 
1990 1 2,581 
1991  10  3,191  2,140 

2.581 
995 

2,581 

Unoiled 

Oiled 

1989  163  826  3,965 
1990  234 41  7 4,273  2,246 

2.244 

1991  248  228  5,076  2,159 

1989  29  343  2,759 
1990 81 

1,785 

1991 
818 

95  144 
3,120  2,042 
3,627 1,841 

' All females caught a t  the Green Island site were used for  hydrocarbon analysis in  1989, 
and only one was  left  for  fecundity analysis in  1990. 
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Table 20.  Statistics  from unbalanced ANOVAs fit for  each year and oiling  conditions, to  the 
number of eggs per female from spot shrimp  survey data, collected in November 1989, 
1990 and 1991  in Prince William Sound. 

Sum of 
Parameter Year  Squares R2 F Value p-value 

(#  of Eggs)/Female 1989 26,103,328  0.490  35.76  0.0001 
Oiling 621,877 4.26  0.0404 

Carapace Length  19,076,037  130.66  0.0001 
2.73 0.0450 

1990 48,510,858  0.434  39.44 0,0001 
Oiling 140,803 

Site(Oiling1 4,053,261 
0.69  0.4079 

Carapace Length 31,901,276  155.60  0.0001 
4.94  0.0007 

1991 109,428,680 0.608 74.36  0.0001 
0.06 0.8063 
6.28  0.0001 

Carapace Length 70,708,620  336.36  0.0001 

Site(0ilingl  1,197,661 

Oiling 12,663 
SitelOiling)  6,595,936 

Sum of 
Parameter Oiling Squares R2 F Value p-value 

( #  of EggsjlFemales Unoiled 144,039,080  0.522  77.20  0,0001 
Year 
Site 

1,872,261 4.52  0.01  13 

Year'Site 
3,381,483 
3,887,926 

8.16  0.0003 
4.69  0.0010 

Carapace Length 97,353.1  22  469.58  0.0001 

Oiled' 27,906,669  0.482  26.33  0,0001 
Year 861,908  8.72  0.0002 
Site 376,703  0.70  0.4037 

8.32  0.0003 
Carapace Length 23,440,598  135.21  0.0001 

Year'Site 2,637,719 

a The Green Island site  was  not used in the analysis because no females were available for 
fecundity analysis in  1989 and only one female was available for analysis in 1990. 
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Table 21.  Statistical comparison  between oiled and unoiled areas for each year using  the least 
square means  (Ism) from an analysis of covariance and slope from linear regressions. 

Parameter Year Unoiled Oiled o-value 

Analysis of Covariance 

(Number  of Eggsl/Female (Ism) 1989  2208.0 
1990  221 5.0 

2031.9 
2346.7 

0.0404 

1992  2094.9  21  18.7 
0.4079 
0.8063 

Linear Regression IE = a + bL)' 

Intercept (a1 1989  -4475.6 -358.5 
Slope (bl 161.64 53.41  0.001 0 
Significance of Regression (p-value1 0.0001 0.1 546 

Intercept  (a)  1990 
Slope (bl 
Significance of Regression lp-value1 0.0001  0.0001 

Intercept  (a)  1991 
Slope (bl 

-5295.1  -4230.4 

Significance of Regression (p-value) 0.0001 0.0001 

-4142.4  -4078.1 
152.51  152.13  0.9883 

176.53  150.55  0.8380 

E is  the number of eggs on a female and L is the carapace length of the female. 
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Table 22.  Statistical comparison  between years for  the  two oiling  strata,  using  the  least square 
means (Ism) from a n  analysis of covariance and slope from linear regressions. 

Oiling 1989  1990  1991 P-value 

Analysis of Covariance 

(Number  of EggsIlFemale (Ism) Unoiled 2297.5 

Oiled' 
Unoiled 

1868.1 
Oiled' 

Linear Regression (E = a + bL)b 

Slopes (b)' Unoiled 161.64 
Unoiled 
Oiled 
Oiled 

53.41 

2288.3 
2288.3  2130.0 
2040.1 
2040.1  1777.2 

152.51 
152.51  176.53 
152.13 
152.13  150.55 

0.8552 
0.0058 
0.0553 
0.0001 

0.6450 
0.0358 
0.0067 
0.2426 

a The Green Island site  was  not used in  this analysis because no females  were available for 
fecundity analysis in  1989 and only one female was available in  1990. 
E is the number of eggs per female and L is the female carapace length. 
From  regression analysis (Table 15). 

b 
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Table 23.  Statistical comparison of  the number of eggs per female, from  the  spot  shrimp survey 
in Prince William Sound, between years for sites within  the  two oiling  strata,  using  the 
least  square  means (Ism1 from an analysis of covariance. 

Parameter Oiling Sites 1989 1990 1991 p-value 

(Number  of  EggslFemale Unoiled Unakwik 2324.0 2122.5 0.0025 

Unoiled Golden 2277.2 2302.2 0.7705 
Unoiled Golden 2302.2  2259.4  0.5047 
Unoiled Culross 2291.3  2440.3  0.1609 
Unoiled Culross 
Oiled 

2440.3 21 96.4  0.0955 
Herring 1652.6  2037.1  0.0003 

Oiled Herring 
Oiled 

2037.1 1913.0  0.1084 
Chenega 2083.6  2043.1 0.7808 

Oiled Chenega 2043.1 1641.5 0.0001 

(Ism) Unoiled Unakwik  21  22.5  1934.2  0.0029 
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Number of Females without Eggs 

(Average Number of Dead EggsIiFemale' 

Table 24. Sample size and  descriptive statistics used in the  statistical comparison of fecundity 
related  parameters  between the oiled and unoiled areas. 

Parameter Year Unoiled Oiled p-value 

Number of Females with Eggs 1989 222 30 
458  81 1990 

1 

1 
1 
1 

1 
1 ~ ~~ 

1991 3.0 4.5  0.634b 

Number of Females without Eggs 1989 0 3 
not  in Breeding Dress 1990  38 16 

87 19 1991 

Percent Females without Eggs 1989 
not in Breeding Dress 1990 

0.0% 42.8% 0.036 

1991  43.5% 
95.0%  100.0%  0.999 

95.0%  0.001 

a Only females with eggs were used for these aveages. The Mann-Whitney  test  was used to  
test  for significance, averages were  provided for reference only. 
The  p-value is from a  Mann-Whitney  test  using  ranked values. b 

991  407  95 

989 
990 
991 

12 
40 

7 
16  

200 20 

989 
990 

6.0 3.5 0.335b 
2.1 0.4 0.152b 
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Table 25. Results of  the  histopathology  classifications  for  inflammatory  gill lesions, Lagenophyrs 
on gills and melanized cuticular lesions, from  the 1989 survey  of  spot  shrimp 
(Appendix  Cl. 

Melanized 
Inflammatory Gill Lagenophyrs on Cuticular 

Severity Grade' 
Lesion 

Severity Grade' Count 
Lesions, Gills, 

Depth 
Site Strata GO G1 G2 G3 GO G1 G2 G3 Number 

Unakwik  Inlet  Shallow (52A/l-10Ib 3 0 3 4   4 3 3  0 
Deep (52811 -1  OIb 3 0 4 3  

0 
6 4 0  0 

Total 6 0 7 7   1 0 7 3  0 0 
0 

Golden Shallow (52C/1-1 O ) b  2 8 1 0   4 5   1 0  
Deep (52D/1-10)b 

0 

Total 
0 2 5 3   3 3 4  0 
2 1 0  6 3 

1 
7 8 5 0  1 

Culross Passage Shallow (52E/1-1 OIb 0 8 1 0  8 1  1 0  1 
Deep (52Fil-1 Olb 
Total 

1 2 7 0  
1 1 0  8 0 

2 4 4 0  
1 0 5 5  0 

0 
1 

Herring Bay Shallow (52G/l-10)b 8 2 0 0  
Deep 152H/1-1 OIb 

6 2 2  0 
1 0 0 0 0  

0 
2 3 4  1 

Total 1 8 2 0 0  8 5 6  1 
0 
0 

Chenega Island  Shallow (521/1-1 0lb 
Deep (52J/1-1 OIb 

9 1 0 0   1 6 3 0  2 
1 3 3 3   1 3 6 0  

Total 1 0 4 3 3   2 9 9  0 4 
2 

Green  Island' Shallow (52Kil-1 0Ib 3 4 2 1   0 4 6  0 
Deep (52L/1-1 O)b 3 0 2 5  

2 

Total 
0 2  6 0 

6 4 4 6  0 6 1 2  2 
2 
4 

Unoiled  Shallow 5 1 6  5 5 1 6 9 5 0  
Deep 

1 
4 4 1 6  6 

Total (52A-Fil-1 OIb 
1 1  1 1  8 0 

9 20 21 1 1  27 20 13 0 2 
1 

Oiled Shallow 2 0 7 2 1  
Deep 

7  12 1 1  0 
1 4 3 5 8  3 8 1 6  3 

4 

Total (52G-L/1-1 OIb 34 10 7 9 10 20 27 3 
4 
8 

The  severity grade GO is the least  severe  and G 3  is most severe. 
Labels as found  in  the  report  of Dr.  Lightner, Appendix C. 

shrimp. 
' The  sample sent  from Green Island  was  comprised of pink shrimp, due to  low numbers  of  spot 
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Figure 3.  An eleven p o t  strinq (station), as used in t h e  spat shrimp survey. 
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6.4 cm opening (2.5") 

92 c m  (36") 

Figure 4. Speci f icat ions of the   po ts  u s e d  to  capture   spo t   shr imp for the   spo t  

shr imp surveys.  
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and oiled (bo t tom)  sites, f rom  the  Pr ince  Wi l l iam Sound spot   shr imp 

survey. 
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Fiqure 12. Salinity  gradient  by  depth  in  November 1989. for unoi led (too) 

and  oiled (bottom) sites. from the  Pr ince William Sound spot shr imp 

survey 
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Figure 13. Saiinity gradient by depth  in November 1990, for unoiled (top) 

and oiled (bottom)  sites, from the Prince William Sound spot  shrimp 
sumey. 
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Figure 14. Solinity  gradient  by  depth in November 1991, for unoi led ( top)  
and  oi led  (bottom)  si tes,  from  the  Prince  Wil l iam Sound spot s h r i n s  

survey. 
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Figure 15. Oxygen  concentrat ion  gradient  by  depth in November  1989. for 

unoi led  ( top) and oi led  (bottom)  s i tes,  from the  Pr ince  Wi l l iam 

Sound  spot   shr inp  survey.  
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1 
14 1 Unoiled  Sites 

F igure 17. Oxygen  concentrat ion  gradient  by  depth in November 1991, for 

unoi led  ( top)   and  o i led  (bot tom)  s i tes,  from thz   Pr ince  William 

Sound spot  shr imp  survey. 
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Figure 18. Tota l   annuol   catch  o f   spat   shr imp  caught  in stat is t ica l   repor t ing 

area 20301 (tap)  which  includes  the  Unokwik  study  s i te,  20300 (middle)  

which  includes  the  Golden  study  s i te  and 20304 (bot tom)  which  inc ludes 

the  Culross Passage  study  si te,  these  areas  are within the  unoi ied  area. 
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study  s i tes and 20101 (bottom)  which  includes  the  Green  ls lond 
study  si te,  these  areas  are  within  the  oi led  oreo. 
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APPENDIX A.  

Standard Operating Procedures for 
Sexing Pandalid Shrimp in Prince William Sound 
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STANDARD OPERATING PROCEDURE 

FOR SEXING PANDALID SHRIMP I N  THE PRINCE WILLIAM SOUND 

by: Charl ie  Trowbridge 
Dan Coyer 

November 3, 1989 

~ T R O D U C T I O H  

pandalid shrimp i n  Alaska are typically  protandric  hermaphrodites, 
therefore ,   three sexual phases can be identified: male, 
t r a n s i t i o n a l ,  and female. Determining the sex of a Pandalid shrimp 
by examining sex organs is d i f f i c u l t  and time consuming, b u t  using 
the secondary sexual characteristic of endopod development, which 
c lose ly   t racks  gonad development,  allows sex t o  be determined w i t h  
r e l a t i v e  ease. This is, therefore ,  the preferred  procedure and is 
performed  according to Butler's descr ip t ion   in   h i s  work Shrinps of 
the p a c i f i c  coast  of Canadq (1980). 

E O U I P W  

1. Needle probe. 
2 ,  Forceps 
3. Bright l i g h t  and black background. 
4, Source  of  magnification: 3X. 

SEXING THE SPECIMEN 

using the needle probe, i s o l a t e  and examine the  endopod of the 
first pleopod (see figure 1). Removing the exopod with the forceps 
may be helpful.' If t h e   d i s t a l  margin is bifid,  equally  lobed vi& 
a median c l e f t ,  then the S e x  is male (see figure 2 ) .  If, on the 
medial edge, nea r  the t i p ,  there exists a small rigid protuberance, 
then   the  sex is t rans i t iona l .  If the t i p  is nib-shaped l ike  the 
working end of a quill pen and sharply  pointed,  then the sex is 
female. . .  

.. 
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FIG. 2 Endopod of first pleopod: (A) male phase, (Al) t r a n s i t i o n a l  
phase, (A2) female  phase. 

The  second  pleopod may also be used to sex t h e  specimen  and is 
espec ia l ly   he lpfu l  i n  ve r i fy ing  the t r a n s i t i o n a l  phase. A male is 
i d e n t i f i e d  as having  two  small  processes  nearly the same length 
branching from the   basa l   inner   marg in   o f   the  endopod(see figure 3 ) .  
The medial process, the appendix  masculina, is dis ta l ly .  spined. 
The lateral process is the appendix  interna and is t i pped  w i t h  
"hook-like setae". A t r a n s i t i o n a i  is i den t i f i ed  a s  having both ! 
processes  w i t h  the  appendix  masculina  clearly  atrophied to 
approximately  one-half (or less) the length of the appendix 
in te rna .  The female has only the appendix  interna. 

FIG. 3 Endopod of  second  pleopod: (B) male phase,  ( ~ 1 )  
t r a n s i t i o n a l  phase, (B2) female phase. 

Al len  (1959) also gives a detailed account of these morphological 
changes i n  Pandalus borealiS(See figure 4 ) .  Allen's drawings  are 
more extensive than Butler ' s ,  but  both authors agree on the use of 
endopods  in  sexing Pandalid shrimp. 

( .  
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FIG. 4 Endopodite  development  with  corresponding  appendix  interna 

cross-hatched;  female,  outlined.  Age  in  months  encircled,  carapace 
and appendix  masculina.  Male  endopodite,  black:  transitional, 

length above each figure (Allen). 
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1. Introduction 

In response to the  release of more than 10 million gallons of crude oil  into  Prince  William 
Sound,  the  State  of Alaska and four Federal  Agencies,  the  Departments  of  Agriculture, 
Commerce  and  Interior  and the  Environmental  Protection Agency are acting  together  to  assess 
the damages to the natural  resources.  Authority for this  action is provided by the 
Comprehensive  Environmental  Response,  Compensation, and Liability Act (CERCLA) and the 
Clean  Water Act (CWA). 

A damage assessment  requires  documentation of the  exposure of the resources to oil released 
from  the EXXON  VALDEZ, identifying which resources were injured by that  exposure, 
measuring the magnitude of the adverse  affects on each resource over time and assigning 
economic  values  for  that injury. Once this is done, monetary compensation  can be  sought  from 
the potentially  responsible  parties to restore and/or replace  the  injured  resources. 

Recovery  of  monetary  damages may involve  civil  court  actions. It will then be necessary  to 
prove  that  the samples were collected in a scientifically approved  manner and that the samples 
were protected  from  outside  contamination  (non-incident  related) and accidental mix-ups during 
handling  and  analyses. It  is,  therefore,  extremely  important  that  every  sample  be readily 
identified  and  their  location and analytical  status known and documented at all times. 

This  document and the associated training sessions,  were  prepared to assist field personnel in 
collecting  samples  that will provide  scientifically sound and legally defensible  data  to  support 
the  State/Federal  Natural  Resource  Damage Assessment for the EXXON VALDEZ oil  spill. 

2. Record KeeDing and Documentation 

Standard  operating  procedures  (SOPs) for all sampling  procedures,  including chain of custody 
procedures;  sampling  protocols; cleaning and preparation of sample  collection and storage 
devices;  and  labeling,  handling, and sample  preservation and holding time must be  written in 
detailed,  clear,  simple and easy to  follow  language. 

Personnel must be knowledgeable and experienced i n  the described  sampling  techniques and 
must adhere to  the  SOPS. 

Any changes in procedures must be recorded in detail in the field logbook. The log entry must 
include reasons that the change in procedure was unavoidable. 

Field  logbooks are issued by the Team Leader or their  representative. The logbooks  should  be 
serially numbered,  sturdy, bound books with sequentially  numbered  pages.  Waterproof  logbooks 
should be used if available. 

Field  data  sheets, if used, must be  consecutively numbered by project. The field data  sheets 
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must be referred to in entries in  logbooks which reference,  the  precise  data  sheet  involved and 
the relationship to specific  data in the logbook  noted. 

All  information  pertinent to field  activities,  including  descriptive  notes on each situation, must 
be recorded in indelible  marker in the field logbook. The information must be  accurate, 
objective,  up-to-date  and  legible. It should be detailed enough to  allow  anyone reading  the 
entries to reconstruct  the  sampling  situation. Additional information may be  provided by field 
data  sheets,  sample tags or photographs. 

Entries should  be  made in the logbook or on field data sheets with indelible  marker  at  the 
earliest  possible time. Notes should never be written on scrap  paper and then  transferred  to  the 
logbook. 

Entries  into  field  logbooks or field  data  sheets are signed or initialed, and dated by the person 
making the  entry  at  the  time of entry. 

Each day's  entries are closed out with a horizontal line, date and initial. 

Errors in field  logbooks or other  records are corrected by drawing  a  single  line  through  the 
error,  entering the correct  information and signing and dating the  correction.  Never  erase an 
entry or any  part of an entry. 

Do not  remove  pages  from the logbook. 

Completed  logbooks and field data sheets are returned to the Team  Leader or their  representative 
to be  archived in a  central location under chain-of-custody  procedures until the  Trustees  indicate 
that they may be released. 

3. Samule  Identification and Labellins 

A tag or label  identifying the sample must be completed and attached to each sample. 
Waterproof  (indelible)  marker must be used on the tag or label. The minimum  information  to 
be included on the tag are the sample identification number, the location of the collection  site, 
the date  of collection and signature of the collector  (who, what, where  and  when).  This 
information  and  any  other  pertinent  data such as the common and scientific  names of the 
organism  collected,  the  tissue collected and any  remarks are recorded in the  logbook.  Field 
sample  data  sheets,  photographs, any pertinent in-situ measurements (such as  temperature, 
salinity,  depth) and field observations are recorded i n  the logbook. 

The location of the sampling  site is determined with the aid of USGS grid  maps, NOAA charts 
or navigational  systems such as Loran C. The site locations should be plotted on a  chart of 
appropriate  scale and photocopies  incorporated  into the logbook. In addition,  a  clear,  detailed 
descriptive location as well as the  latitude and longitude, in degrees, minutes and seconds, of 
the collection  site must be  recorded in the logbook. 
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4. Samuline  Equiument and Sample  Containers 

All sample containers must be  either  organic-free (solvent-rinsed) glass or organic-free (solvent- 
rinsed)  aluminum  foil.  Lids  for the glass  containers must be lined with either  teflon or solvent- 
rinsed  aluminum  foil. 

Certified-clean  glass jars  are available  from  various  vendors and if obtainable, may be used 
without  cleaning. 

Sample  collection and storage  devices are cleaned by washing with soap and hot water, rinsed 
extensively with clean  water and then rinsed with either  methylene  chloride or acetone  followed 
by pentane or hexane and allowed  to  dry  before use. 

First rinse: tap water, then re-rinse in distilled water. 
Second  rinse:  methylene  chloride or acetone 
Third rinse (if acetone is used): pentane or hexane 

The solvents  (methylene  chloride,  acetone,  pentane and hexane) used for cleaning  sample 
collection and storage  devices must be of appropriate  quality  for  trace  organic  residue  analysis 
and be  stored in glass  or  Teflon  containers, not plastic. 

New glass  jars  or unused aluminum foil do not need  to  be washed with soap and water.  They 
must,  however,  be  solvent-rinsed  as described above  before use. 

Glass jars my be  cleaned by heating to 440°C for  a minimum of 1 hour. 

Clean  glassware  should be stored  inverted or tightly capped with either  solvent-rinsed  aluminum 
foil or teflon-lined caps. 

The dull  side of the aluminum  foil  should be  the side that is  solvent-rinsed.  Pre-cleaned  squares 
may be  stored with the  clean  sides folded together. 

All equipment  that  comes in contact with the  sample such as  dredges or dissecting  equipment 
must be solvent-rinsed  before  contacting each sample.  Equipment  should  be  steam-cleaned or 
washed with soap and hot water  at the end of each day or between sampling  locations. 

5 .  SamplinP  Procedures 

The method of collection must not contaminate the samples. Do not collect  any  subsurface 
samples  through  surface  slicks. Do not collect any samples with oil-fouled equipment, such as 
nets or dredges. Do not touch or collect any sample with your  bare  hands. 

Sample  container  volume must be  appropriate to sample  size; fill the jar to just below the 
shoulder.  Overfilled jars will break when they freeze; underfilled jars will allow the sample to 
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dry out. 

At least one field  blank and replicate  sample should be taken for each  collection  site, batch of 
samples  or 20 samples  taken. ( A field blank is a  sample  container opened in the  field, closed 
and stored as if it contained a  sample.  A  replicate  sample is a second  sample  from  the Same 
site.)  Rinsate blanks should  be taken if appropriate. 

5.1 Water - The method must be  described or adequately referenced in sampling SOPs. 
Recommended  sample  size  is 1-4 liters  depending on the  analytical  methodology. 

Water  samples  for  volatiles  analyses  should  be taken in 40 ml amber  vials  with no head space 
or bubbles. 

5.2 Sediment - Any accepted methods of collecting undisturbed surface  sediment  samples such 
as box cores, hand corers, or grabs may be used. The method must be described or adequately 
referenced in sampling SOPs. Recommended sample  size is 10-100 grams (a 4 oz. jar). 

5.3 Tissue - Organisms  to be analyzed for petroleum hydrocarbons  should  be  freshly killed or 
recently dead.  Decomposed  organisms are rarely of any value for analysis. 

Whole  organisms may be stored in solvent-rinsed glass jars or wrapped in solvent-rinsed 
aluminum  foil. 

Tissue  sections may be taken either on site from freshly killed organisms or in the laboratory 
from  carefully  collected and preserved - cold or frozen - whole  organisms. Tissue should 
include flesh and internal organs, especially  liver. Recommended sample  size  is 10-15 grams. 

Tissue  samples need to  be protected from external contamination at time of collection.  Contents 
of the intestinal  tract,  external slim coating, contaminated collecting  utensils,  etc. are a l l  
potential  sources of contamination when collecting  internal tissue samples. 

All instruments used in handling samples must  be made of a  non-contaminating  material  (e.g., 
stainless steel, glass,  teflon,  aluminum) and solvent-rinsed between each sample  collection. 

Instruments used for exterior dissection must not  be  used for internal  dissection. 

Avoid hand contact with tissue sample. 

Collect  stomach and intestinal tract last 

Bird eggs are wrapped in solvent-rinsed  aluminum foil and transported by any  convenient  means 
that will prevent  breakage.  They should be opened or refrigerated  as soon as possible. Eggs 
are opened by cutting them with a solvent-rinsed scalpel or by piercing  the air cell  end and 
pouring/pulling  the  contents  out. Avoid including  pieces of egg shell with the  contents or 
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touching the contents  with  your  hands.  Total  weight,  volume  (measured or calculated),  length, 
width and  contents  weight must be recorded for each egg. Bile is  collected by removing the gall 
bladder,  puncturing  it with a  scalpel fitted with a new # I  1 blade, and collecting the contents in 
a 4 ml  amber  glass vial. 

6. Sample Preservation and Holding Time 

Samples must be kept cool,  i.e., on ice. 

Samples that are to be  frozen,  sediment and tissue, should be  frozen  quickly and rapidly.  That 
is, these  samples  should  be frozen as soon after collection as possible and the freezing  process 
should  be  rapid. 

Frozen  samples must be kept frozen, at -20°C or less, until extracted or prepared for analysis. 
Repeated  freezing and thawing of samples can destroy the integrity of the  samples  resulting in 
questionable  data or the loss of data. 

6.1 Water - All water  samples must  be immediately  extracted with methylene  chloride  or 
preserved with HCI to ph <2. If preserved, water samples are stored in the dark at 4°C and 
extracted  within 7 days. All extracts must be stored in the dark in air tight  chemically clean 
containers until analysis. 

6.2  Sediment and Tissue - Samples should not  be extracted until immediately  before  analysis; 
if there is a lag  between  sample extraction and sample  analysis,  extracts must be stored in air 
tight  containers kept in the dark  at 4°C. 

7. Samule  Shimins 

All samples,  except  water  samples, must be kept frozen throughout the shipping  process. 

Samples must be packaged to prevent  breakage. Glass jars should be individually  wrapped SO 

that they will not contact each other if padding shifts i n  transit (which styrofoam  chips  do). 
Bubble  wrap or the divided boxes that new jars are shipped in work  well.  Pack  samples in 
insulated  containers  (e.g.,  ice chests) with enough frozen mass to remain  frozen in transit. 

It is the responsibility of the  sample  shipper to arrange for sample  receipt. Do not send samples 
off  without  arranging  for  pickup and storage. 

To insure that samples are not compromised,  shipment should not be  initiated  later in the week 
than  Wednesday nor should  samples be shipped in any week in which there is a  holiday. 

Shipments must comply with Department of transportation  regulations 
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8. Chain-of-Custodv Procedure 

Samples must be kept in such a  manner that they cannot be  altered  either  deliberately or 
accidentally. Any indication  that  a  sample has been subjected to tampering or physical  alteration 
could  disqualify it as  evidence  for  possible legal action. 

The field  sampler  is  personally  responsible  for  the  care and custody of the  samples  collected 
until they are transferred  under  chain-of-custody  procedures. 

A  sample  is  considered in "custody" if  

it is in your actual physical possession or view; 
it is retained in a secured place (under  lock) with restricted  access, or it is placed 
in a  container and secured with an official seal(s) such that the sample  cannot  be 
reached  without br&ng the seal(s) 

Evidence  tape or sample  seals  are used to detect unauthorized tampering of samples  following 
sample  collection.  The seal must be attached in such a way that it is necessary to break it in 
order to  open the container.  Seals must be affixed to the container  before  the  samples leave the 
custody of sampling  personnel. 

All samples must be  accompanied by a chain-of-custody record or field sample  data  record 
(Figure 1). When  samples  are transferred  from one individual's  custody to another's,  the 
individuals  relinquishing and receiving the samples will sign and date the chain of  custody 
record.  This record  documents  the  transfer of custody of samples  from the sampler  to  another 
person or to  a  specified  analytical  laboratory. 

Shipping  containers must be custody-sealed for  shipment. The seal must be signed  before the 
container  is  shipped.  The  chain-of-custody record must be dated and signed to  indicate  any 
transfer of the  samples. The original chain-of-custody record accompanies the  shipment; a copy 
is retained by the sample  shipper. If samples are sent by common  carrier,  copies of all  bills of 
lading or  air bills must be retained as part of the permanent  documentation. 

Whenever  samples  are  split, a  separate  chain-of-custody record is prepared for those  samples 
and marked to indicate with whom  the  samples  are being split. 
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S X I P P L N G  METBOD - best way to ship samples within Alaska is w i t h  m a  

airline's system as  f rozen  and a r e   p l a c e d  fn f rozen.   s torage i n  
Anchorage and/ or Juneau before f l i g h b  , between f l i g h t s  or when 
awaiting pick-up. Alaska  AFrlines Gold Streak, Delta, DAL, 
Federal Express, Airbourne have no f r e e z e r   s t o r a g e  as  a back up 
in case of   delays;  shipping f rozen  samples w i t h  any of these is 
much r i s k i e r .  

ADVANCE NOTIFICATION - If samples are be ing  s e n t  t o  Nat ional   Marine F i s h e r i e s  Sevice 
A u k a  Bay Laboratory,  S i d  K O r n  (789-6021) o r  Nancy B a r r  (789-6605)  
MUST be n o t i f i e d  i n  advance o f  the shipment and informed of the 
carrier , date and tima. 

AXR F R E I G R T .  Shipments s en t  this way are t racked  Fn t h e  

S H I P P I N G  CONTAINERS - All samples must be shipped i n  well-insulated, s$urdy 
containers. DO NOT s h i p  i n  cardboard boxes , tool chests , etc. 
C o o l a s  are the b e s t   c o n t a i n e r s .  

..'.:@A-~:.:.:*.:.:!> ,i: .,, . :... .... :,;. .'.... J : . ' ;  ' .  ..*. :: : ..'".'*' * . . .; .< .. :. .' . .  . . .  .. . . . .- . .  
.... . . .. . .. :,A .. . . . . . . . $ i .  . , .. .:...:. .3. '. .%.;. .. . . ,_ : .. : . 

- . ' ~ : S ~ . ' ' ~ o z ~  :ktil':~&.f .&)-e t-',b& .p&e& f62 ?&ipinent;., _. . ." . .. . . .  

while t h e y  are being  packed,  and  whfie they are awai t ing  
shipment! ! 
-. Wrap sample j a r s  i nd iv idua l ly   fo r   sh ipmen t .  Jars. MUST be 
careful ly  wrapped. If poss ib l e   p l aca  them in o r i g i n a l  boxes that 
fit i n s i d e  the sh ipp ing  COOlarS. In  avery case j a rs  m u s t  no t  
touch each o t h e r  and must be padded  from sides of cooler. Place 
padding between l a y e r s  o f  j a r s  as well. Cardboard d iv ide r s ,  
bubble wrap, o r  s t r i p s   o f   a b s o r b e n t   p a d d i n g  may be  used in 

- If shipment occurs dur ing  hot  weather, chilled blua ice m u s t  be 
p l a c e d  among samples   (during  packing)  t o  add extra cold  mass t o  
the shipment. - If possible,  the packed  shipping container w i t h  its l i d  open 
should be in a f reezer   overnight :  so con ta ine r ,   pack ing  materials 
and samples  w i l l  be well chilled. 

s h i p p h g  time a s  is prac t i ca l .  PLACE BLUE ICE ON TOP OF SAMPLES 
- Remove matarials t o  be s e n t  From Freezer as sho*ly befora 

IN CONTAXNEEt, fill empty space with packing material. - PLACE ORIGIHAL CHAIN OF CUSTODY SaEET 2 3  CONTAINER. - Seal con ta ine r  vith s t rapping  t a p e  and with s igned  and dated 

p a c k i n g .  

\ 
\ 

C O N T ~  - "KEEP FROZEN" 
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sample; have been checked-in at ABL, you w i l l  receive a copy 02 

tfie data entered into the PWS database for all samples in the 
signed and dated chain of custody sheet and a print-out of 

shipment. Yau will be asked to verify this information and t o  
r e m  a signed and dated copy o f  the veri f icat ion to ABL. 
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Davidson's Fixative  for  Shrimp 
Don  Lightner 

Department  of  Veterinary  Science 
University of Arizona 

Tucson,  llrizona 85721 

Shrimp for  microscopy to be fixed in Davidson's  fixative  should be 

fixed l i v e  by the injection/hersion m e t h o d .  

1. Larvae and early postlwae - fix by immersion in fixative  with 
fixative  volume to Shrimp  volume  exceeding 10 to 1. Fix for. 12 

to 24 hours;  transfer to 50% alcohol  for  storage or shipment in' 

glass o r  plastic  vials. 

2 ,  urger postlarrae,  juveniles  and  adults:  Inject  fixative  into 

hepatopancreas,  stomach,  and  midgut  region  in 4th abdominal 

segment; then on small shrimp open shell  longitudinally  for the 

length of the animal; or bisect  or  trisect  larger  shrimp as well 

as opening the shell. 

F i x  for 12 - 4 8  hours (use the longer  fixation  time  for  larger 

shrimp) i n  Davidson's, then transfer  to 50 to 70% alcohol  for 

storage and shipment. 

The fixative  should be made up as follows: 

Davidson's Fixative (for 1 liter) : 

955 ethyl  alcohol 330 

Formalin (37% technical grade) 220 

Glacial acetic  acid 115 

Tap water 335 
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Detailed  fixative procedure  for Davidson’s fixative  (injection and 

immersion method) : 

1. 

2. 

3. 

4 .  

5 .  

6 .  

7. 

Select (if possible) mQribun4 or othervisa compromised shrimp 

(dead a i m o  are Uselesg) and m1 shrimr, bv iniectioq of 0.1 to 

5 m1 (amount  depending on  size of specimen: immerse live  larvae 

and early postlarvae without  the injection  step)  of  fixative into 

the hepatopancreas: 

m e n  owen  cuticle  over  cephalothorax  and  abdomen just lateral to 

the dorsal midline using dissecting scissors: bisect  or  trisect 

larger shrimp (i-e. 129 or larger) ; 

Then immerse shrimu in fixativc with  volume of fixative to  tissue 

of at least 10 to 1. 

p i x  for 24 to 72 hrs (depending on size,  longer for larger  shrimp 

to insure adequate decalcification of exoskeleton). 

Transfer samphs to 50% ethyl alcohol. 

Specimens (juveniles to adults)  may be shipped by wrapping in 

~10th or paper towels saturated with 502 alcohol and packed in 

double plastic bags. Pack and ship  larvae and postlarvae in 

small glass or plastic vials, that  are in turn packed in double 

plastic bags. 

each specimen container carefully in Soft uencu on  water 

resistant white  paper. Please include separately any appropriate 

notes on gross  obserqations,  species and age of specimens, 

original source of shrimp or source of the parent brood stock, 

and  sourca and species of other shrimp at your facility, 

especially if held  in same tanks or ponds, etc. 
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The  mlcrograplrr In thls handbook  were  produced prlmrrlly f r m  
aprclmcnr of cullurcd Penor~rr slylirurlrir. Specimens  wcre aInlus1 
exclusively ubtalned from Ilsc Unlvcrsily uf hrlrona'r  marinc cuilure 
rl.search facllitics In Sonora, Mexico and Onhu. Ihwali. AddlIlond 
,pcimcns of p. slyllrostrir, and  olhcr  spcclcs,  were  obtained from 

prlvale  and  governmenl  lacilillcs,  and In parliculnr  from 
Marine cullurn Ihtcrpriscs'  cnmmcrcial facllily on Oalru. I lawnil. 

The ( shnlqucs  of rpccimcn flxallun, though  simple  in  nature, ere 
a r t  (Ire ulmoat Imporlance In the  preparation of meaningful mlcro- 
wuplc slides. Inadequalc or Improper fixallon, if no1 rccognlrcd as 
such, can  ollcn lead lo mlslnlcrprclatlon o l  the  reclloncd  n~alerlal. 
The wlallvely  lmprrvlous  chlllnous  exoskclclon of rhrlmp ducn ncll 
alluw fur adequate Rxallvc  pcnelrnliulr  by rlmplc Immcrslotl.  IIcncc. 
11 Is lmpcrallvc Ihal lmmerslon willsln a fixa#lvc br  Immcdlakly  pre- 
cc~lcd hy Injrcllnn of IIle Hxallvc lnlo vllsl area#. 

The (Imlng of fixallon Is of equal  Importance.  Spcclmenr  should 
bc fixed lmmcdlalcly  lollowlng  removal  from  the wnler. Le. lhcy 
rhould not be  removed  from  the  watcr  and  carrlcd In an  empty bucket 
In the place whcrc  they are lo be fined. They  ahould Instead be placcd 
In a buckel, ur rlmllar ulcnrll,  wllh  an adcqualc mnounl ol walcr nnd 
lhen cnrrlcd lo the rllc ol Axallon or fihed on rllc. Addltional  care 
ahtJuld he cxcrclncd lo Ilmll the  amuunl of handling rlrcss I h a l  each 
rpv lmcu  Is subjected lo prior lu fixallun. Slrcss nledlaled lslslopnIl~- 
ulugy, due lo exccsslve handllng.  could  be  mlslntcrprctcd as bclng 
111c able of  the mlmrl In 11s normnl  envlronmcrlt. 

Varlnus  llaarlvcr hrvc  been used lor Ihc  prrarrvallun uf rhrlmp 
and o l l w  cruslaceana  wllh  varylng rucccrs. Among ~lruse used arc 
tlelly's (Luna, 1968),  Douln'r (Luna, 1968). IO% neulral  buffered for- 
mrlln (Lunn, 1968) and Dnvldnult'r AFA (Ilunrnson. 1972). Our ex- 
pcrlcncc lrns shown  Drvldmn's APA to be  the bcsl  general  purpose 
Ilxallvc for pcnaeld  rhrlmp  when  Intended for llghl  mlcroscopic  ob- 
wrvnliolrs. 

hluw lmclscly. IIIC methods lor specimen  prcparnlion arc ns fol- 
l ow~:  

Callcrllon 
I) Cdlecl rhrlnrp by whnlever  means nre nvallablc  with o n,ilrinsum 

t I f  hnndllnR  slrcsa. For llre sludy a l l  prcrumably disensed  ehrllnp. 
sclecl Ihuse wlrlcl~ arc moribund,  dlrrolorcd.  Jirplaying  nlwwnsal 
behsvlur, orolhcwlse abnornml, cxccp~  in Ilrc cnsc of inlcnllonal 

Mmpled lur norm81 hlstolugy slluuld nul be abnurmal In appcar- 
rmrdnnr mnrnpllng lor crllntatlul\ of dlgeane prevnlcnce. Sllrlmp 

a n c r  w r  hchnvlor. Du nul  collect alrrlmp (Ira1 arc  dcad  lor r n y  

nnn\pIe, ordcss 11 cnrr bc positively JclcrmlncJ  lhal  they h w r  died 
within ~ h c  IJSI few minules. If rrccntly  dcad  slrrlnrp n r w  bc 
S ~ I I I ~ I ~ C ~ ,  IIC aurc I O  nmkr mte  illis condiiiull  and  cslilnak Ilw 
lime slnrc Ilwir  dcalh. 

2) TraIqwtt IIIC elwinsp IO tlsc laboratory via a water filicd  ulcnsil. 
Supply aclrquale nrrallon to Ihc container if they 81C lo bc lcfl fur 
a slrtlrl p c r i d  of time bclurc aclual  fixation. 

Firallon or Prcscrvalion 
I) I lave rcady an  ndcquatc  supply ul lixallve; a rule of Ilrunlb Is Ilral 

a nthlmum of approxlmalcly IO X I l d r  vnhtmc of fixallvc slruuld 
be uartl for each npcclmcn (eg. a rhrlarp of IO mi volunw  would 
require 100 nll of fixallvc). 

a) 330 ml 95% etlryl  nlcuhul 
b) 220 ml 100% furmnlln  (saluralcd aqueous solutlor~ ol formal- 

c) 115 ml gleclal acellc ocld 
d) 335 ml tap wntcr  (preferably  dlstlllcd If rvailablc) 
e) rlurc nl ruonr lempcrnlure 

3) 111Jccl lixnllvc(O.1 Io IO ml dcpendlngun  rlzculrhrlmp). v ln  needle 
and s y r l n p  (nccdlc Rnuge dcycndanl upon slwlntp slxc; anlall 
slwlnrp, small ncedlc)  lntu Ihc living  shrimp. TIrc sile o f  Injeclitw 
rlsould be  Iatcraliy In the  hepalopancreas  proper (Vigurc la). iat 
lhr rrglon  anlcrlnr lo the  hcpnloprncrcns (IVgurc Ib), I n  llrc pon- 
lcrlur abtlomlnal  rcglon (Figure I C )  and In l l m  rnlcrlor  abdumlnd 
rcglun (I:lRurc Id). Prccaullons.should  be  taken lu avold sk ln  and 
eye  cunlacl wlllr Ihc fixallvc. l h e  fihnllvc should be dlvirled LC- 
lwccn Ilw dillrrcnt  rcgions, will1 lhc  ceplldothoracir  region, ape- 
cllicnlly Ilrc Itepaloponcrcas,  rccclvlng larger alrare Ihatr thr &- 
donsinal rcglun:A good rulr of thumb: "lnjccl a n  cqulvalcnl of 
5- 1 0 %  o f  I l ~ c  nltrimp's body WCIRIII ;  all  ~IRIIS of life slruuld CCJSC.". 

2) Davldnon's flxnlivc should  be mnde ns such: 

tlcltydc Rns, 3 7 4 9 %  rulution). 
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INTRODUCTION 

The toxicity  and  ecological  effects of crude oil and 

petroleum on aquatic  organisms  have  been  of  major  concern  and  the 

topic of research  for  many  years.  However,  because  crude  oil  is 

a mixture of many  compounds  that  vary  greatly  from  one oil field 

to another, its  pathological  effects  on  aquatic  animals  can  vary 

as well.  Because  synergistic,  antagonistic,  and  additive  effects 

of the  various  toxic  components of crude  oil  undoubtedly  can 

occur, pathological  effects  may  depend  on the short  and  long  term 

toxicity of the various  compounds  present  (Sparks, 1985). 

Sindermann (1990) reviewed  the  effects  of  the  crude o i l  s p i l l  

from the tanker  Amoco  Cadiz  near the Brittany  coast  of  France  on 

marine  mollusks. S h o r t  term  effects  included a massive  mortality 

of 2 0  to 50%- in the  most  heavily  oiled  sites  within  the  first 3 

months  after  the  spill.  Subsequent  studies  showed a variety  of 

lesions  in  the  mollusks  studied  including  necrotic  and 

inflammatory  lesions  in  the  gonads  and  digestive  gland of Qstrea 

edulis;  and  elevated  hydrocarbon  levels  of 2 to 5 times  the 

levels  found  in  mollusks in unpolluted  sites 7 years  after  the 

spill. A high  prevalence  of  hemocytic  neoplasms  was  found in 0. 

edulis and  Cerastoderma  edule (a  cockle), that  alkhough 

suggestive,  showed  no  direct  relationship  to  the  spill 

(Sindermann, 1990). 

Shell  disease of crustacea is frequently  encountered in badly 

degraded  estuarine  and  coastal  waters  (Sindermann, 1990). The 
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disease,  also known as  "brown  spot  disease",  "burned  spot 

disease", "rust disease",  "appendage  rot"  or  "appendage 

necrosis",  and  "black  gill  disease",  is  characterized  primarily 

by the presence of melanized  erosions  of  the  crustacean  cuticle 

(Sparks, 1985: Bell and  Lightner, 1988), which in these  animals 

covers the gills, general  body  surface  (the  shell or 

exoskeleton),  and  lines the  foregut  and  hindgut ( B e l l  and 

Lightner, 1988). However,  black  silt  and  detritus  present  among 

the gill  lamellae,  and  sometimes  associated  with  significant 

populations of epicommensal  fouling  organisms,  has  also  been 

noted to give  decapod  gills a brown  to  black  color.  Sindermann 

(1990) has reviewed  the  literature  that has linked  elevated 

prevalence of shell  disease  and  black  gill  disease  lesions  in 

marine  decapod  crustaceans to anthropogenic  pollutants. 

Hence,  in our histological  examination  of  the  sample  sets of 

Pandalus  Dlatvceros  and E .  borealis  provided by the  Alaska 

Department  of  Fish  and  Game, we sectioned  and  examined the 

specimens so that  the  following  organ  and  tissues  were  examined 

in  each  specimen:  the  gills  and  associated  appendages; the 

digestive  tract  (hepatopancreas,  foregut,  and  midgut): the 

ventral  nerve  cord  and  thorasic  ganglia:  the  heart;  the  antennal 

gland;  the hematopoietic  tissues;  the  gonads  and-developing 

embryos; and  the  cuticle  (sites  with  shell  disease  lesions  or 

presumed  wounds).  The  following  report  summarizes our  

observations. 
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MATERIALS AND METHODS 

sample Receipt 

On May 5th, 1991, We received via'Alaska Airlines  airfreight 

12 sample  sets of  preserved  shrimp  from C .  Trowbridge of the 

Cordova  office  of  the  Alaska  Game  and  Fish  Department  (AKGFD). 

Eleven of the sample sets contained  only  samples  of  the  spot 

shrimp,  Pandalus  Platvceros,  while  one  of  the 12 sample  sets 

consisted of a sample set  of  pink  shrimp, 2. borealis.  All 

shrimp  in  all  samples  had  been  preserved in the field by AKGFD 

personnel  using 10% neutral  buffered  formalin,  but  otherwise 

following the fixation  procedures  for  penaeid  shrimp  as  outlined 

in Bell  and  Lightner (1988). 

Formalin  fixation  in  decapods  like  shrimp  causes  marked 

shrinkage  and  hardening of tissues,  it  penetrates slowly, and, 

therefore, in  larger  shrimp  autolysis  may  result  even  when 

special  care is taken to insure  proper  fixation.  Furthermore, 

because the specimens  had  been  preserved  with  formalin, 

decalcification  in  Davidson's  fixative (a procedure  we  have  found 

to result  in  less  tissue  damage  and  subsequent  processing 

difficulties  than  when  formic  acid is used)  was  n'ecessary  before 

histological  processing  could  be  initiated. 
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~ r o s s  Appearance and Lesions 

AS the  specimens i n  each  sample set were unpacked f o r  

h i s to logica l   p rocess ing ,   they  were ind iv idua l ly  weighed, sexed 

when poss ib le ,  and  examined f o r  the presence  of any gross ly  

v i s i b l e   l e s i o n s  o r  other  anomalies  (Table 1). 'From each  sample 

set a to ta l   o f   f ive   representa t ive   spec imens  (which included any 

specimens wi th   v i s ib l e   abnorma l i t i e s   o r   l e s ions )  were 

photographed. A s e t  of   color   t ransparencies   of   the   representat ive 

specimens  from  each  sample set w a s  p rovided   to  D r .  J. Sul l ivan  

w i t h  copies of p rev ious   s t a tus   r epor t s  submitted on October 16, 

1 9 9 1 ,  and January 27, 1992.  

Bistology 

Ten previously  preserved  shrimp  specimens from each  sample 

set were selected i n  such a manner t h a t  animals with  grossly 

v i s ib le  l e s ions ,  berried females, and animals  representing  each 

s i z e  group were sectioned. Whole shrimp were deca lc i f i ed   fo r  48  

t o  96  h r   i n  Davidson's AFA p r i o r  t o  being  Iscut  in"  for 

histological  processing.  Procedures  followed  for "cut t ing in"  

specimens p r i o r   t o   p a r a f f i n  embedding were according t o  B e l l  and 

Lightner (1988; p. 4 )  to provide a "gut-gill panorama", which 

provides a standardized method for   h i s to logica l   eva lua t ion  of 

v i r t u a l l y   a l l  major   t issues  and  organ  systems  of  shrimp i n  a 

minimum number of t i s sue   b locks  and h i s t o l o g i c a l  slides. Tissue 

i n f i l t r a t i o n ,  embedding, sectioning and s t a i n i n g  were carried ou t  

as described i n  Bell and Lightner (1988) .  Dupl icate   his tological  

. 
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slides  were prepared from sequential  sections from each  tissue 

block f o r  each  specimen  and  stained  using a modified  Mayer's 

hematoxylin  and  phloxine/eosin (H&E) .  stain as also described  in 

Bell  and  Lightner (1988). No other  histological  stains  or 

procedures  were  carried  out. A duplicate  set of histological 

slides from  this  study  will  accompany a copy of this  report. 

Histological  sections  were  examined  using  routine  bright 

field  light  microscopy.  Histological  sections  were  scanned f o r  

lesions  with 4 and 10 X objectives,  and  examined  with  higher 

magnification  objectives of 20,  40 and lOOx when  necessary  to 

ascertain  the  nature of lesions,  histological  artifacts  (i.e. 

postmortem  autolysis  from  formalin  fixation),  determination of 

cell types, intracellular  inclusions,  and  other  histological 

structures.  Severity  of  histological  lesions  was  assigned 

semi-quantitative  numerical  ratings  or  grades  according  to  the 

scheme  given in  Table 2 .  

Color  and  black  and  white  photomicrographs  were  taken  in 

parallel  of  representative  lesions,  parasites,  and  other  abnormal 

tissue  structures as they  were  encountered.  Likewise, 

photomicrographs  of  presumed  normal  regions o f  tissues  were  also 

taken  for comparative  purposes.  Duplicate  sets oi a portion of 

the  color transparencies  resulting  from  this  study  have  been 

provided  to AKFGD with  previous  reports. 
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oil Content of Stomach Contents 

During the cutting  in  process  it  was  noted  that  some  shrimp 

contained  masses of brown  to  black  detrital  material  as  the  main 

component of the stomach  contents. To determine  if this material 

was crude oil, or if it contained  a  high  oil  content, the stomach 

contents of approximately 10 shrimp  were  pooled.  These  were 

dried  on  a  Whatman No. 1 filter  paper  in  a  vacuum  oven  at 45 OC 

to a  constant  weight,  then  extracted  with 60 ml of hexane  six 

times,  and  then  dried  again  in  the  same  manner to a  constant 

weight. The difference in d r y  weight  before  and  after  hexane 

extraction  was  considered  to  be  the  lipid  and/or  oil  fraction. 

RESULTS AND D I S C U S S I O N  

GrOSS Appearance and Lesions 

Grossly  visible  deviations from utnonnal" included: 1) the 

presence of melanized  cuticular  lesions  which  were  considered  to 

be either  due  to  shell  disease or to  mechanical  trauma  acquired 

in  the  collection  traps; 2 )  broken  or  missing  appendages, 

especially  if  melanized;  most  were  considered  to be due to trauma 

during  capture,  fixation, and shipment; 3 )  the presence  of 

regurgitated  stomach  contents  in  masses  around  the  mouth,  mouth 

appendages  and  in  the  gill  cavity:  and f o r  4 )  the  presence of 

grossly  visible  epicommensal  fouling  organisms.  Other  gross 

observations  which  were  noted  included the stage  (according to 

color) of development of embryonating  eggs  (i.e.,  before o r  after 



pigmentation of the eyes  becomes  apparent)  on  berried  females. 

~ l l  were  pale  yellowish,  suggesting  that  they  were  recently 

spawned  and set eggs, at an  early  stage in embryo  development  and 

well  before  development  of  pigmented  eye  spots  (Table 1). 

Histological Findings 

our histological  observations  are  summarized  in  Table 3 .  

Histological  examination  of  the  sections  prepared  from  each 

shrimp  processed  showed  uniform  problems  with  fixation  that  are 

typical  with  decapod  crustacean  tissues  that  are  fixed  with 

formalin.  In  general,  the  tissues  of  these  shrimp  w.ere  hard, 

brittle  and  difficult to section.  Patchy to generalized 

autolysis  of  some  organs  and  tissues  (especially  the  ventral 

nerve  cord  and  ganglia,  the  central  region of the  hepatopancreas, 

and the anterior  midgut)  was  uniformly  present  in  the  majority  of 

the  specimens.  However,  such  autolytic  changes  due  to the method 

of  fixation  did  not  preclude  histological  detection  of  several 

distinctive  types  of  lesions,  gill  and  cuticular  epicommensal 

organisms,  and  internal  parasitic  microorganisms.  In  tissues  or 

organs  in  which  we  found  at  least  some  histopathology  (as 

indicated by the  presence  of  a  parasite  or  by  necrosis  and 

inflammation),  the  frequent  presence of inflammatory  cells 

allowed  a  distinction  to  be  made of the  tissue  changes  observed 

in  such  lesions  from  autolytic  changes due to fixation  artifact. 

. 
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Lesions in the Gills and Gill Cavitv: 

Gill  lesions of variable  severity  comprise  the  most 

significant  histological  alteration  found in the  sample  sets  that 

might be related  to  exposure  to  oil  or to a degraded  environment 

(Table 3). The least  severe  lesions  present  in  the  gills 

consisted  of  focal  to  multifocal  areas in the g i l l  lamellae  and 

gill rachi  that  showed  necrosis:  hemocyte  infiltration, 

congestion,  and  inflammation;  hemocytic  nodule  formation;  and 

melanization  of  hemocyte  inflamed  foci or of hemocytic  nodules 

(Figures 1-3 ) . 

Some  shrimp  showed  no  lesions  in  the  histological  sections 

examined  (Table 3 ;  Figures  la-ld).  In  shrimp  with  low  grade 

lesions  in the gills,  focal  and  multifocal  areas  of  necrosis  and 

inflammation  were  more  common.  Often, the more  end or distal 

tips of each  of  the  gill  processes  (or  rachi)  was  affected,  while 

more  proximal  portions  of  the  same  gill  process  were  less 

affected or not  affected  (Figures  2a-2b). In the  most  severely 

affected  specimens  the  above  described  lesions  were  present,  but 

also  present  was  an  edematous  swelling of the hemolymph  channels 

in  the  central  rachus  of  the  affected  gill  processes (best 

illustrated  in  specimens  from 523, 52K,  and  52L)  -(Figures  2c-2f). 

Hemocyte  congestion  and a spongiform  fibrosis  were also observed 

in the  edematous  areas  of  such  gills  in the more  severely 

affected  specimens  (Figures  2a-2d,  2f). 
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Debris  consisting of amorphous  brown  to  black  detrital-like 

material was present  on  gills of some  specimens.  Although  not 

commonly  present,  such  deposits  were  typically  found  adjacent  to 

areas of the gill  lamellae  with the.most advanced  inflammatory 

lesions  (Figures 3a-3b). 

cuticular Lesions: 

Melanized  cuticular  lesions  were  noted  grossly  (Table 1) and 

representative  examples  were  also  sectioned  and  examined 

histologically.  Representative  examples  of  these  lesions  were 

found  by  histology  to  be  either  resolving  wounds or classical 

examples of bacterial  shell  disease.  Many of the cuticular 

lesions,  while  possibly  due  to  environmental  toxicants  like  oil, 

might  have  also  been  due to wounds  acquired  from the  traps  used 

to collect them.  Melanized  cuticular  lesions,  which  were  located 

on surfaces likely to be  traumatized  by  the  shrimps'  behavior  in 

the  traps (i.e.  abrasions,  lacerations,  puncture  wounds,  etc.  on 

the  dorsal  surface  of  the  second,  third, or fourth  abdominal 

segments  and on the  tips of the  uropods,  telson,  rostrum,  and  the 

pereiopods  are  typically  the  result of collisions  with  the  cage 

o r  other shrimp  which  occur  as  a  result  of  the  lftail-flip'f  escape 

movement),  were  considered  to  have  resulted  diredtly from 

physical  trauma. 

In contrast,  melanized  cuticular  lesions  present  on  the 

cuticle  of  other  more  protected  areas  such  as  the  gills 

(discussed  separately  in  the  following  section),  gill  accessory 
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structures,  gill  chamber,  and  feeding  appendages,  or  on  areas of 

the  cuticle  are  more  likely  to be the  result  of  toxic  or 

bacterial  etiology  and  not  mechanical  trauma.  While  many  shrimp 

possessed  melanized  cuticular  lesions  that  were  likely to be the 

result of physical  trauma,  several  shrimp  also  possessed  this 

latter  type of lesion,  which  were  more  likely  to  have  resulted 

from  toxic  or  bacteriological  factors  related to a degraded 

environment.  Table 1 lists  the  prevalence  of  melanized  cuticular 

lesions  (no  distinction  is  made  as to whether  due to trauma  or  to 

toxic  or  bacterial  shell  disease)  in  the  sample  sets.  Table 3 

provides  data  based  on the histological  appearance  of  such 

lesions  and  indicates  the  number  of  shrimp  in  the  sample  of 10 

sectioned  which  possessed a histologically  significant  severity 

of shell  disease-type  lesions  that  were  likely  to  have  been  due 

to  factors  other  than  trauma  (Figure 3c). Sample  groups 521-52L 

(NSSOOS to NSSO12) had  the  highest  prevalence  of  such  lesions 

(Table 3) . 

Inclusions in Fixed  PhasocVtes/Reserve  Cells: 

A number  of  specimens  in  many  of  the  samples  showed the 

presence  of  fixed  phagocytes  (or  reserve  cells)  with  dense 

eosinophilic  cytoplasmic  inclusions  that  containfid  presumed 

pyknotic  and/or  karyorrhectic  nuclei  (Figure 3 d ) .  Such  cells 

were  most  often  present  in  the  subcuticular  connective  tissues 

and  among  the  heart  muscle  fibers  in  the  heart  of  these  shrimp. 

Because  no  inflammatory  response  accompanied  their  presence,  even 

when  abundant, I doubt  that  they  are  pathologic. 
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parasites and epicommensals: 

present on the gill  lamellae of nearly  every  specimen of all 

sample groups  processed  were  low to moderate  numbers  of a 

loricate  protozoan.  These  were  commonly  present  on  the  cuticle 

in  recessed  or  highly  folded  areas  (such  as  on  the  gill  lamellae 

where  they  originate  from  the primary gill  rachus),  and  less 

often  on  the  cuticle  of  various  appendages  (Figures 4a-4b). 

While we have  not  attempted to classify  this  protozoan,  we 

presume  (based  on  its  morphology)  that it may be a species of 

Laqenophrfs.  When  abundant  in  foci  on  the  gills,  these 

protozoans  evoked a slight  to  moderate  inflammatory  response  as 

indicated by the  presence of hemocyte  congestion  of  the 

parasitized  lamellae  (Figure  4a). 

A metazoan epicomensal organism  was  detected  only on the 

gills of the 2. borealis  specimens.  Because of its  histological 

structure,  we  presume  that  the  metazoan  organism may be a member 

of the nemertean  worm  group  (Figures  4c-4d). As no significant 

host  response  accompanied  this  organism,  it  appeared  to  have 

little  direct  adverse  effects  on  the  affected  shrimp.  None  of 

these worms were  detected  among  the  brooding  eggs of 2. borealis 

or 2. platvceros. 

One specimen  of 2. borealis  showed a remarkably  heavy 

systemic  infection  by  an  amoeboid  protozoan.  This  organism 

occurred  singly  and  as  multinucleated  syncytia  throughout  the 
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hemocoel  and  loose  connective  tissues of the  affected  individual 

(Figures 4e-4f). Equally  remarkable  was the absence of a host 

inflammatory  response  to  the  parasite  and the presence  of 

ingested  material  in the stomach of the  affected  shrimp, 

indicating  that  this  severely  parasitized  shrimp  was  still 

feeding at the time  of  its  capture. 

Gregarine  trophozoites  were  present  in  low  numbers  in  the 

anterior  portion of the  midgut  of a few of the E .  platvceros. In 

all examples  obserred, the number of parasites  present  was  low 

and  considered  to  be  insignificant. 

Miscellaneous ObSeNatiOnS: 

of interest  was  the  low  number  of  functional  males  in  the 
samples of E. platvceros. We  noted  no  definite  males  during  our 

unpacking  and  gross  examination  of these shrimp, and  subsequent 

histological  study of the  representative  specimens  selected 

showed  only a few  males  with testis and sperm, and  some of these 

also  had  developing  ovaries.  Generally, the smaller  individuals 

in  these samples  displayed  gonadal  tissues  that  were  interpreted 

as immature  testis, or were  sufficiently  developed to contain 

recognizable  spermatozoa  (Table 3 ) .  Likewise, tliose 

hermaphroditic  individuals  that  clearly  possessed  testis  and 

ovary  (Figure IO), were  among the smaller  animals  in  the  sample 

sets (Tables 1 and 3 ) .  

.- 

Likewise, the single sample set of 2. borealis  contained a 
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number of hermaphrodites  which  possessed  both  testis  containing 

mature  sperm  and  ovaries  with  developing  ova  (Tables 1 and 3 )  

(Figures  5a-5b).  One  individual  had  both  mature  testis  and 

ovaries  and  recently set brooding  eggs on its  pleopods. 

Hermaphroditic  shrimp  were  also  present  in  the  samples of E .  

platvceros, but at  far  lower  prevalence  rates  (Table 3 :  Figures 

Sc-5d) . 

Three specimens  with  possible  low-grade  infections of 

hepatopancreas  tubule  epithelial  cells by an  intracellular 

bacteria  were  observed.  One  shrimp  in 91-52H and  two  in 91-52L 

displayed  large  intracytoplasmic  basophilic  inclusion  bodies 

composed of presumed  rickettsia or chlamydia. 

oil Content of Stomach Contents 

The dry  weight of pooled  brown-black  stomach  contents  taken 

from  approximately 10 prawns  was 0.80 g. Following  hexane 

extraction and  drying,  the  weight  of  the  sample  was 0.76 g. 

Subtraction of the  post  extraction  weight  from  initial  sample 

weight  shows  that  the  stomach  content  sample  contained 0.04 g of 

lipid  and/or oil. Hence, 5% of the  original  sample  was  lipid 

and/or  oil.  This  value  is  well  with  the  normal  range  of  total 

lipid  expected  for  invertebrate  animal  foods  which  constitute  the 

diet of  decapod  crustaceans. It is  unlikely,  therefore, that the 

black/brown  coloration of the  stomach  contents of these  shrimp 

was due to  their  feeding  on  detrital  material  associated  with 

benthic  deposits  of  crude  oil. 
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Table 1. SUInmary of gross examination  observations  made upon 
unpacking  and  processing of shrimp samples from 91-52. 

5 2 1  YSS 001  ptatceros 

52E YSS 002 p(atceros 

521: YSS 003  platceros 

5ZLI YSS 004 platcerm 

5ZE YSS 005 platcems 

52F YSS 006 platcercu 

526 YSS 007 ptatcerca 

5ZH YSS 008 platccros 

521 YSS 009 platceras 

52J  WSS 010 platcerm 

52X YSS 011  platceros 

SZL YSS 012 borealis 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

19 

2 

4 

1 

0 

0 

0 

1 

0 

0 

0 

0 

6 

11 

5 

10 

16 

12 

17 

12 

14 

13 

13 

15 

19 

9 

10 

10 

b 

3 

3 

8 

6 

7 

7 

5 

0 

5 . 2 2  

9.48 

7.56 

9.44 

6.35 

5 .St 

5.% 

5.05 

5 . 8 8  

4.92 

6.63 

1.59 

19.32  37.55 

27.22 44.60 
14.33 43.12 

13.n  40.28 

14.75 45-26 

8.88 19.97 

13.10  25.15 

12-96 23.55 

9.38 15.95 

8.13  12.91 

0.98  11.48 

2.75 7.05 
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Table 2 .  The generalized  scheme  for  assigning a numerical 

surface  infestations,  and  disease  syndrome  severity as 
qualitative  value  to  severity  grade of infections, 

used  in  Table 3 .  

Severity 
Grade  Clinical or Histological  Findings 

0 No signs  of  infection  by  pathogen,  parasite,  or 
epicommensal  present. 

No lesions  characteristic  of  syndrome  present. 

1 Pathogen,  parasite, or epicommensal  present  but in 
numbers  or  amounts  just  above  diagnostic  procedure 
minimum  detection  limits. 

"disease"  not  significant . 
developing  infections  by  highly  virulent  pathogens 

Lesions  characteristic of syndrome  present,  but 

Prognosis  is  for  insignificant  effect,  except  in 

2 Low to moderate  numbers  of  pathogen,  parasite, or 

Light  to  moderate  lesions  characteristic  of  syndrome 
epicommensal  present. 

Prognosis  is  for  possible  production  losses  and or 
present. 

slight  increases  in  mortality  if  no  treatment  (if 
treatable)  is  applied. 

3 Moderate  numbers of pathogen,  parasite, or 
epicommensal  present. 

present. 
Moderate  to  severe  lesions  characteristic  of  syndrome 

Potentially  lethal  prognosis  if  no  treatment  (if 
treatable)  is  applied. 

4 High  numbers  of  pathogen,  parasite, or epicommensal 

Severe  lesions  characteristic  of  syndrome  present. 
Lethal  prognosis. 

present. 
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Table 3 .  Sumnary  Of  histological  observations  on  samples of 
pandalus platvceros  and E- borealis  from  the Alaska Game 
and  Fish Department's OSIAR Shellfish  Project *. 

lnftarmatoy Lesions' oebri53 t a s m m  
UAZ 
IO No. 10 Yo. F M MIF Y / D  dyoJ GO G 1  GI-2 GZ GZ-3 W GO G l  GZ G3 GO G l  GZ W h i ~ t o l p t h ~  

*LZ. urric.: 
A L arka Sex F ul '  ti I l s  on t i l l s  on t i l l s  il u1signific. 

* Abbreviations  used  in  Table 3 :  
G = severity  grade:  see Table 2 for  detailed  definition. 
F = female. 
M = male. 

M/F = functional  hermaphrodite. 
N/D = not determined. 
Fem w/ = females  with  developing  embryos  on  their  pleopods. 
1 ~ m b r y o s  appear  mostly  normal  and  in  some  embryos  organization 
of body  segments,  appendage  buds,  and  distinct  tissue  types  is 
apparent. 
Lesions  range  from  multifocal  necrosis,  inflammation,  hemocytic 
nodule formation,  and  melanization  of  areas  in  gill  lamellae to 
marked  hemocytic  congestion  and  fibrosis of the  hemocoel  within 
the primary  gill  rachis  of one  or more  gill  processes. 
Debris:  consisting of amorphous brown to  black  detrital-like 
material  present  on  gills, but especially  adjacent  to  areas of 
gills  with  the  most  advanced  inflammatory  lesions. 
Melanized  cuticular  lesions  indicated  here  are  located  in  areas 
likely  to be  the  result  of toxic or bacterial  etiology  and  not 
mechanical  trauma. 



FIGURE LEGENDS 

Figure 1. Histological  sections  of  normal  or  near  normal  gills 
from  Pandalus  Dlatvceros  and E. borealis.  All  H&E 
staining. 

la. 91-52B/3 (NSSOO2) ; plat.; normal  gills. X36. 
Ib. 91-52B/3 (NSSO02); plat.; normal  gills.  X100. 
IC. 91-52R/4 (NSSO11); plat.; normal  gills.  X100. 
Id.  91-52K/4 (NSSO11); plat.; normal  gills.  X200. 
le. 91-52G/6 (NSS007); plat.; G1 edema  and  hemocytic 

If. 91-52L/4  (NSS012);  borea.;  G2  hemocytic  congestion  of 
congestion of hemocoel in central  rachus.  X40. 

hemocoel  in  central  rachus.  X200. 

Figure 2. Histological  sections of gills  from  Pandalus  Dlatvceros 
and E. borealis  with  varying  grade  of  necrotic  and 
inflammatory  lesions. All H&E staining. 

2a. 91-52L/4 (NSS012):  borea.: G2  hemocytic  congestion  of 
central  rachus  and  lamellae  of  a  gill  process  tip. 
X180. 

2b. 91-525/10 (NSSO10):  plat.: G2-3 hemocytic  congestion, 
edema,  and  fibrosis of central  rachus  and  G2  multifocal 
hemocytic  lesions  in  lamellae.  G2  Laaenophrvs sp. X90. 

lamellae  and  central  rachus.  X100. 

edema  and  fibrosis  of  central  rachus  and  lamellae. 

2e.  91-52L/4  (NSS012);  borea.;  G3  multifocal  hemocytic 
lesion  in  lamellae. 6 2  Lasenophrvs  sp.  X190. 

2f.  91-520/8  (NSS004) ; plat. ; large  G3  focal  melanized 
hemocytic  lesion  and a G3 generalized  hemocytosis 
affecting  most  of  a  single  gill  process. X33. 

2c. 91-520/8 (NSS004);  plat.;  multifocal G3 lesions in 

2d.  91-52B/6  (NSSOO2):  plat.:  G2-3  hemocytic  congestion, 

X180. 

Figure 3. Histological  sections  of  gills,  cuticle  and  heart 
from  Pandalus  Dlatvceros. All H&E staining. 

3a.  91-52B/3  (NSS002);  plat.;  G2  generalized  to  multifocal 
hemocytic  congestion of gill  lamellae; G2 edema, 
congestion  and  fibrosis  of  gill  rachus;  and  G3  debris 
between  adjacent  lamellae.  X100. 

hemocytic  congestion  of  gill  lamellae;*G2  edema, 
congestion  and  fibrosis  of  gill  rachus:  and G3 debris 
between  adjacent  lamellae.  X200. 

"shell  disease"  lesion  on  a  maxilliped.  X140. 

were very common  in  subcutis)  in  heart,  which  contain 
fixed  phagocytes (or possibly  reserve  cells  as  these 

basophilic  granules  within  an  eosinophilic  mass. X410. 

3b.  91-52B/3  (NSS002);  plat.; G2 generalized  to  multifocal 

3c.  91-52D/S (NSS004); plat.;  focal  melanized  cuticular 

3d.  91-52H/9  (NSSOOS);  plat.;  cytoplasmic  inclusions  in 
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FigG:re 4 .  Histological  sections of significant  epicommensal  and 
parasitic  organisms  from  Pandalus  Dlatvceros  and E. 
borealis. All H&E  staining. 

4a, 91-521/3  (NSS009): plat.; G2 Laaenouhrvs  sp.  on  gill 
lamellae. X2 20. 

4b. 91-521/3 (NSS009); plat.; G2 Laaenouhrvs sp. on  gill 
lamellae. X410. 

4c. 91-52L/8 (NSSOlZ); borea.;  presumed  nemertean  worms on 
gills. X400. 

4d. 91-52L/8 (NSS012) ; borea. ; presumed  nemertean worms on 
gills. X215. 

4e. 91-52L/2 (NSSO12); borea.;  clusters  of  an  Unidentified 
amoeboid  protozoan  parasite in loose connective  tissue 
of the subcutis. X410. 

unidentified  amoeboid  protozoan  parasite  in  the  lumen 
of the  heart. X650. 

4f. 91-52L/2 (NSSOlZ); borea.;  clusters of an 

Figure 5. Histological  Sections of gonadal  tissues  from  Pandalus 
platvceros  and E. borealis. All E&€ staining. 

5a. 91-52L/10 (NSSO12): borea.;  gonad  lobes  with  ovary 

5b. 91-52L/10 (NSS012); borea.;  mature  sperm  in  testis 

5c. 91-52A/6 (NSS001); plat.;  gonad  lobes  with  ovary 

5d. 91-52A6 (NSS001): plat.;  mature  sperm  in  testis  lobe. 

(bottom)  and  testis  (top). X90. 

lobe. X4.10. 

(right)  and  testis  (left) . X100. 

X410. 
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APPENDIX D. 

Tables of Hydrocarbon and Histopathology Samples 
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Appendix D. 1. (page 1 of 2) Samples  from  the  November, 1989 oil spill assesment  survey 
of spot  shrimp in Prince  William  Sound, collected for hydro- 
carbon  contamination  assessment 

Hydrocarbon 
Site Stratum  Station  Sample  Number  Sample  Type  Analysis  Results 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 2 
2 2 
2  2 
2 2 
2 2 
2 
3 1 
3 1 
3 1 
3  2 
3 2 
3 2 
3 2 
3 2 
3 2 
3 1 
3 

A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
B 
B 

B 
B 
A 
A 
B 
B 
B 
B 
B 
A 
A 

B. 
B 
B 
B 
B 
A 
A 
A 
A 
A 

HSSOOl E 
HSS001 M 
HSS002E 
HSS002M 
HSS003E 
HSS003M 
HSS004E 
HSS004M 
HSSOOSE 
HSSOOSM 
HSSOOGE 
HSSOOGM 
HSS007FB 
HSS008E 
HSS008M 
HSSOOSE 
HSSOOSM 
HSSOl OE 
HSSOl OM 
HSSOl 1 E 
HSSOl 1 M 
HSSOl2M 
HSSOl3E 
HSSOl3M 
HSSOl4F B 
HSSOlSE 
HSSOI 5M 
HSSO16M 
HSSO17E 
HSSOl7M 
HSSO18E 
HSSOl8M 
HSSOl9E 
HSSOl9M 
HSS020M 
HSS021 FB 

Egg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 

Egg 
MuscJe 

Field Blank 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Muscle 

Muscle 
Field  Blank 

Muscle 
Muscle 

Muscle 

Muscle 

Muscle 
Muscle 

Field  Blank 

Egg 

Egg 

Egg 

Egg 

Egg 

Analyzed 
None 
None 
None 

Analyzed 
None 
None 
None 
None 
None 
None 
None 
None 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 
None 
None 
None 
None 
None 
None 

Analyzed 
None 
None 

Analyzed 
None 
None 
None 
None 
None 
None 
None 

no oil 

no oil 

no oil 

no  oil 

no oil 

no oil 

no oil 

-Continued- 
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Appendix D. 1. (page 2 of 2) 

Hydrocarbon 
Site Stratum Station Sample Number SampleType Analysis  Results 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 

2 A HSS022E 
2 A HSS022M 
2 A HSS023E 
2 A HSS023M 
1 B HSS024E 
1 '  E HSS024M 
1 B HSS025E 
1 E HSS025M 
2 E HSS026E 
2 B HSS026M 
1 A HSS027E 
1 . A  HSSOZ" 

HSS028FB 
2 B HSS029E 
2 B HSS029M 
2 B HSS030M 
1 E HSS031 E 
1 B HSS031 M 
1 A HSS032E 
1 A HSS032M 

.1  B HSS033E 
1 B HSS033M 
2 A HSS034M 

HSS035W 
1 A HSS036M 
1 A HSS037M 
1 B HSS038M 
2 B HSS039M 
2 A HSS040M 

HSS042FB 

Egg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 
Egg 

Muscle 
Field Blank 

Egg 
Muscle 
Muscle 

Eclg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 

.Muscle 
Field  Blank 

Muscle 
Muscle 
Muscle 
Muscle 
Muscle 

Field Blank 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 
None 

Analyzed 
None 
None 

Analyzed 
None 

Analyzed 
None 

Analyzed 
None 
None 
None 
None 
None 
None 
None 
None 
None 

no oil 

no oil 

no oil 

no oil 

no oil 

no  oil 

no oil 

no oil 

no oil 

no oil 
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Appendix D. 2 (page 1 of 2) Samples  from the March, 1990 oil spill assesment  survey 
of spot shrimp  in  Prince  William  Sound,  collected  for hydro- 
carbon  contamination  assessment 

Hydrocarbon 
Site  Stratum  Station  Sample  Number  Sample  Type  Analysis  Results 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
1 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 
2 
2 
2 
2 
2 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 

A 
A 
A 
A 
B 
B 
B 
B 
A 
A 
B 
B 

B 
B 
A 
C 
C 
A 
B 
B 

HSS043E 
HSS043M 
HSS044E 
HSS044M 
HSS045E 
HSS045M 
HSS046E 
HSS046M 
HSS047E 
HSS047M 
HSS048E 
HSS048M 
HSS049FB 
HSS050E 
HSSOSOM 
HSS051  E 
HSSO51 M 
HSS052E 
HSS052M 
HSS053E 
HSS053M 
HSS054E 
HSS054M 
HSS055E 
HSS055M 
HSS056FB 
HSS057M 
HSS058M 
HSS059M 
HSSOGOE 
HSSOGOM 
HSSO61  M 
HSS062E 
HSS062M 
HSS063FB 

Egg 
Muscle 

Egg 
Muscle 

Egg 
.Muscle 

Egg 
Muscle 

Egg 
Muscle 

Egg 
Muscle 

Field  Blank 

Muscle 

Muscle 

Muscle 

Muscle 

Muscle 

Muscle 
Field  Blank 

Muscle 
Muscle 
Muscle 

Muscle 
Muscle 

Muscle 
Field  Blank 

Egg 

Egg 

Egg 

Egg 

Egg 

Egg 

Egg 

Egg 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

-Continued- 
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Appendix D. 2 (page 2 of 2) 

Hydrocarbon 
Site Staturn Station  Sample Number Sample Type Analysis Results 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
2 

A 
C 
C 
6 
6 
B 
A 
A 
6 
B 

A 
A 
A 
A 
B 
B 
6 
B 
C 
C 
A 
A 
B 
B 
B 
B 

A 
A 
B 
C 
C 

HSSQ64M 
HSS065E 
HSS065M 
HSS066M 
HSS067E 
HSS067M 
HSS068E 
HSS068M 
HSS069E 
HSS069M 
HSSQ70FB 
HSS071 E 
HSS071 M 
HSSOME 
HSSOMM 
HSS073E 
HSSQ73M 
HSS074E 
HSS074M 
HSSQ75E 
HSS075M 
HSSQ76E 
HSSQ76M 
HSSOT” 
HSS078E 
HSS078M 
HSS079M 
HSS080FB 
HSS081 E 
HSSQ81 M 
HSS082M 
HSS083M 
HSS084E 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
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Appendix 0. 3. (page  1 of 2)  Samples  from  the  November,  1990  oil  spill  assesment survey 
of spot  shrimp in Prince  William  Sound,  collected  for hydro- 
carbon  contamination  assessment. 

Hydrocarbon 
Site  Stratum  Station  Sample  Number  Sample  Type  Analysis  Results 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 

1 
1 
2 
2 
2 
2 
2 
1 
1 
1 
1 

A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
B 
B 

B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
B 
B 
B 

A 
A 
A 
A 
B 
C 
C 
B 
B 
B 
B 

128601 
128602 
128603 
128604 
128605 
128606 
128607 
128608 
128609 
12861 0 
12861  1 
12861 2 
12861  3 
12861  4 
128615 
12861  6 
128617 
12861  8 
12861  9 
128620 
128621 
128622 
128623 
128624 
128625 
128626 
128627 
128628 
128629 
128630 
128631 
128632 
128633 
128634 
128635 
128636 
128637 
128638 
128639 

Egg 
Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Field  Blank 

Muscle 

Muscle 

Muscle 

Muscle 
Muscle 

Egg 

Egg 

Egg 

Egg 

Egg 
Egg 

Muscle 
Field  Blank 
Field  Blank 

Egg 
Muscle 
Egg 

Muscle 
Muscle 
Egg 

Muscle 
Egg 

Muscle 
Muscle 
Egg 

Field  Blank 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

-Continued- 
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Appendix D. 3. (page 2 of 2) 

Hydrocarbon 
Site Stratum Station Sample  Number  Sample  Type  Analysis  Results 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 

1 
1 
1 
2 
2 
2 
2 
2 
1 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 

E 
B 
C 
B 
A 
A 
A 
A 
E 

E 
B 
B 
B 
A 
A 
B 
B 
C 
C 
C 
C 

A 
A 
B 

128640 
128641 
128642 
128643 
128644 
128645 
128646 
128647 
128648 
128649 
128650 

128802 
128803 

128805 

I 28801 

128804 

128806 
128807 

la810 

12881 3 
1 2881 4 

128808 
128809 

12881 1 
12881 2 

12881 5 
12881 6 

Egg 
Muscle 
Muscle 
Muscle 

Muscle 

Muscle 
Muscle 

Field Blank 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Musde 
Egg 

Muscle 
Field Blank 

Muscle 
Muscle 
Muscle 

Field Blank 

Egg 

Egg 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
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ippendix D. 4. (page 1 of 2) Samples  from  the  November,  1991  oil  spill  assesment  survey 
of spot shrimp in Prince William Sound,  collected for hydro- 
carbon  contamination  assessment 

Hydrocarbon 
Site Stratum Station Sample  Number  Sample Type Analysis Results 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 
2 1 
2 1 
2 2 
2 2 
2 2 
2 2 
2 1 
2 1 
2 1 
2 1 
2 2 
2 2 
2 
3 1 
3 1 
3 1 
3 2 
3 2 
3 2 
3 2 
3 2 
3 2 
3 

A 200401 
A 200402 
A 200403 
A 200404 
B 200405 
6 200406 
A 200407 
A 200408 
A 200409 
A 20041 0 
6 20041 1 
6 20041 2 

20041 3 
A 20041 4 
A 20041 5 
A 20041 6 
A 20041 7 
A 20041 8 
A 20041 9 
6 200420 
B 200421 
B 200422 
6 200423 
C 200424 
C 200425 

200426 
A 200427 
B 200428 
6 200429 
C 200430 
C 200431 
5 200432 
B 200433 
A 200434 
A 200435 

200436 

Muscle 

Muscle 

Muscle 

Muscle 

Muscle 

Muscle 

Field Blank 
Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Field Blank 
Muscle 
Muscle 
Muscle 
Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Field  Blank 

Egg 

Egg 

Egg 

Egg 

Egg 

Egg 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

-Continued- 
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Appendix 0. 4. (page 2 of 2) 

Hvdrocarbon 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
1 

1 
1 
1 
2 
2 
2 

A 
A 
A 
A 
B 
B 
B 
B 
C 
C 
C 
C 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 

A 
B 
B 
A 
D 
D 

200450 
200501 
200502 
200503 
200504 
200505 
200506 
200507 
200508 
200509 
2005 10 
2005  1  1 
2005  1  2 
200437 
200438 
200439 
200440 

200442 
200443 
200444 
200445 
200446 
200447 
200448 
200449 
2005 1 3 
2005  1  4 
2005 1 5 
20051 6 
2005  1 7 
2005  1 8 
2005 1 9 

,200441 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg 

Muscle 
Egg. 

Muscle 
Egg 

Field  Blank 
Muscle 

Muscle 

Muscle 

Muscle 

Muscle 

Muscle 

Field  Blank 
Muscle 
Muscle 
Muscle 
Muscle 
Muscle 
Muscle 

Field  Blank 

Egg 

Egg 

Egg 

Egg 

Egg 

Egg 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Site Stratum Station  Sample  Number  Sample  Type  Analysis  Results 
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Appendix 0. 5. Samples  taken  from the November, 1989 oil 
spill  assessment  survey of spot  shrimp of 
Prince William Sound, for histopathology 
analysis. 

Histopathology 
Site Stratum Station Sample Number  Analysis 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 

1 
2 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 

A 
B 
A 
B 
A 
B 
A 
6 
A 
A 
A 
B 

NSSOOl 
NSS002 
NSSOO3 
NSS004 
NSSOOS 
NSSOOG 
NSS007 
NSS008 
NSSOOS 
NSSOlO 
NSSOl 1 
NSSol2P 

Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
Analyzed 
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Appendix 0. 6. Samples taken from the March, 1990 oil 
spill assessment survey of spot shrimp of 
Prince W i l l i a m  Sound, for histopathology 
analysis. 

Histopathology 
Site Stratum Station  Sample  Number Analysis 

1 1 A NSSOl3 None 
1 2 A NSSOl4 None 
4 1 B NSSOl5 None 
4 2 B NSSOl6 None 
5 1 A NSSOl7 None 
5 2 B NSSOl8 None 
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Appendix D. 7. Samples  taken from the November. 1990 oil 
spill assessment survey of spot  shrimp of 
Prince W i l l i a m  Sound, for histopathology 
analysis. 

Histopathology 
Site Stratum Station Sample  Number Analysis 

1 2 B 128701 
1 1 B 128702 

None 

2 
None 

2 A 128703 None 
3 1 B 128704 
3 

None 
2 D 128705 None 

4 1 A 128706 None 
4 2 C 128707 None 
5 2 A 128708 None 
5 1 6 128709 None 
6 1 A 12871 0 None 
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Appendix D. 8. Samples  taken from the  November,  1991  oil 
spill  assessment  survey of spot  shrimp of 
Prince William Sound, for histopathology 
analysis. 

Histopathology 
Site  Stratum Station Sample  Number  Analysis 

1 
1 
2 
2 
3 
3 
5 
5 
4 
4 
6 
6 
7 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

12871 1 

12871 3 

128715 
12871 6 
12871 7 
12871 8 
12871 9 
128720 
128721 
128722 
128723 

1 2871 2 

1 2871 4 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
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	LISTOFTABLES
	LISTOFFIGU RES
	LISTOFAPPENDICES
	EXECUTIVESUMMARY
	INTRODUCTION
	OBJECTIVES
	METHODS
	Survey Design
	Relative Abundance
	Length Growth Sex and Fecundity
	Length Composition
	Growth
	Sex Composltlon
	Fecundity and Related Parameters

	Hydrocarbon Analysis
	Histopathology Analysis
	Environmental Observations
	Population Model Using Catch Data

	RESULTS
	Relative Abundance
	Length Growth Sex and Fecundity
	Length Composition
	Growth
	Sex Composition
	Fecundity and Related Parameters

	Hydrocarbon Analysis
	Histopathological Analysis
	Environmental Observations
	Population Model Using Catch Data

	DISCUSSION
	Relative Abundance Length Growth and Sex Composition
	Fecundity and Related Parameters
	Hydrocarbon and Histopathology
	Population Model Using Catch Data

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	LITERATURECITED
	Valdez oil spill affected area
	statistical reporting areas within Prince William Sound
	population and the effect of the commercial fishery
	shrimp in Prince William Sound
	Prince William Sound
	shrimp in Prince William Sound
	shrimp in Prince William Sound
	set at each site were used for spot shrimp
	data collected in November 1989 1990 and 1991 in Prince William Sound
	analysis
	ANOVA analysis
	Prince William Sound


