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plan in 1992 and  was one component of group of oiled  mussel  bed  impact  assessment 
studies. The project effort resulted from indications in Terrestrial Mammal Study Number 3 
(Assessment of Injury to River Otters in Prince William Sound, Alaska, Following the Exxon 
Vuldez Oil Spill) that  impacts to Prince William  Sound river otters had occurred as a result 
of the spill. 

Abstract: Our objective was to determine if physiological  and morphological differences 
previously detected in river otters from oiled  and  nonoiled areas could  be affected by mussel 
beds, and  whether  these  differences  would persist or subside with time. Differences in levels 
of blood haptoglobin and Interleukin-6 ir, which  previously were elevated in river otters 
(Lurru canadensis) inhabiting oiled  when  compared to nonoiled areas of Prince William 
Sound, Alaska, were  not  observed in summer 1992. River otters from oiled areas continued 
to regain body size from levels  noted  in 1990; adjusted mean body  mass of otters from oiled 
and  nonoiled areas were nearly  identical by summer 1992. Consequently, no adverse effects 
in 1992 could  be attributed to oiled  mussel  beds from areas where river otters were captured. 
Likewise, oiled  mussel  beds  may  not  have  been a factor contributing to documented 
differences in these  variables in 1990 and 1991. We propose that river otters may  be 
recovering from chronic effects that we observed in 1990 and 1991 following the 1989 Enon 
Vuldez oil spill. 
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August 3,1995 

Molly  McCammon 
Executive  Director 
Exxon Vddez  Oil  Spill  Trustee  Council 
645 G Street  Ste. 402 
Anchorage, AK 99501 

Dear  Ms.  McCammon, 

This report on river  otters (R103) contains  some  excellent  work  by  Dr. 
Terry  Bowyer  and his colleagues.  However,  there  are  still  unresolved  issues 
relating  to  discussion of the  effects of the oil spill  on  river  otters  and  possible 
natural  pre-existing  differences in the studied  populations.  Dr.  Bowyer  and 
the  reviewers  and I have  not been able  to find a  mutually  satisfactory 
resolution of these  issues. As a  result,  we  have  agreed  that this letter  shall 
accompany his final  project  report. 

Sincerely  yours, 

Robert B. Spies 
Chief  Scientist 
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EXECUTIVE SUMMARY 

Differences in levels of blood  haptoglobin  and  Interleukin-6 ir, which  previously were 
elevated in river  otters (Lutra canadensis) inhabiting  oiled  when  compared to nonoiled areas 
of Prince William Sound, Alaska, were  not observed  in summer 1992. Additionally, river 
otters from oiled areas continued to regain  body size from levels noted  in  1990;  adjusted 
mean  body  mass  of otters from oiled  and  nonoiled areas were nearly  identical by summer 
1992. We propose that river  otters may be recovering from chronic effects that we  observed 
in 1990 and 1991 following  the  1989 Exxon Valdez oil  spill. Consequently, no adverse 
effects in 1992 could be attributed to oiled  mussel beds from areas where river  otters were 
captured. 

INTRODUCTION 

Extensive sections of shoreline in Prince William Sound, were contaminated  by oil spilled 
from the Exxon Valdez in late March 1989. River otters (Lurru canadensis) are sensitive to 
hydrocarbon  pollution  in the marine ecosystem  (Duffy et al. 1993) perhaps because of their 
diet  of  subtidal and intratidal fishes  and  molluscs (Larsen, 1983; TM  3). Indeed, damage 
from  hydrocarbon  accumulation in mussels and  damaged  populations  of  fish in oiled areas of 
Prince William  Sound  have  been  noted  (Jewett,  pers. comm.). Otters also may  be  exposed 
to crude oil from grooming their pelage  (Duffy et al. 1993). We reported differences in the 
blood chemistry of river otters (TM 3), which were related to whether  they were located on 
oiled or nonoiled areas of Prince William Sound. Blood  haptoglobin,  an acute phase protein, 
was  elevated in oiled areas in  1990 (Duffy et al., 1993). Additionally,  male river  otters 
from oiled areas had  lower  body  mass  than male otters  from nonoiled areas. We reasoned 
that if the elevated  haptoglobin  levels  and the reduction in body  mass are evidence of 
chronic, oil-related effects on the health  of  river otters, then as the oil in  the environment 
decreased, or became biologically  unavailable, these differences in blood proteins and 
mass-length  relations  should decrease over time. Moreover,  otters in oiled areas were living 
in close proximity to mussel beds (Mytilus edulis) where oil was known to be  trapped  in 
substrates,  which  could provide a source of  continued oil contamination  (Babcock et al., 
1993). Our objective was to determine if  physiological and morphological differences 
previously  detected  in river otters from oiled  and  nonoiled areas could  be  effected  by  mussel 
beds, and whether these differences would  persist or subside with time. 

OBJECTIVES 

1. To determine whether river otters captured  from areas with  oiled  mussel beds 
exhibited  significantly (a = 0.05) higher  levels of haptoglobin, Interleukin-6 
cross-reactive protein, and lesser body  mass,  than otter from  nonoiled areas. 
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METHODS 

In 1992,  river  otters  were captured  from areas containing  oiled  mussel  beds  (Appendix I) 
including  Naked Island, Eleanor Island, and  Bay of Isles; likewise, otter  were  live captured 
from Unakwik Inlet (nonoiled)  using procedures detailed  by Duffy et al. (1993). 

River otters were immobilized, transported to a ship, weighed, measured, and  a  blood 
sample was drawn from their  jugular vein; otters were released near their  site of capture as 
soon as they fully recovered  from the ketamine hydrochloride (I1 mg/kg estimated  body  mass; 
Sigma, St. Louis, Missouri)  used to immobilize them  (Duffy et al. 1993). Animals were 
sexed and placed into  age classes (adult, juvenile, pup) using  standard procedure (Duffy et 
al. 1993). All  methods  used in this research were approved  by  an  independent  Animal Care 
and use Committee at the  University  of  Alaska Fairbanks. 

Blood  samples  collected in the field were stored in vacutainers, and sera was separated later 
by  low  speed centrifugation. Blood was stored frozen at -20°C. Gel electrophoresis of 
blood  haptoglobin  (Hp)  was  performed as described in detail by Duffy et  al.  (1993). 
Interleulun-6 cross reactive proteins  (IL-6ir) were measured  using immunochemical assay 
(Quantakine Elisa, R & D, Inc., 614  McLinley Place, Minneapolis, MN 55413).  The 
accuracy of haptoglobin  quantifications is based on the specificity  of the hemoglobin  complex 
formation which is separated  by  electrophoresis. The reproducibility  of the haptoglobin 
assay from comparison  samples in previous Hp assays of river otters was  indicated  by inter- 
assay  CV of 14.8%.  The inter-assay % CV for the  interleukin  assay was described by R and 
D Systems was 7.1 % at the 90 pg/ml level. 

Statistics procedures includes  an  analysis  of covariance (Neter et al. 1985). A  one-tailed  test 
was  used  in this ANCOVA  because Duffy et al. (1993) previously  reported that the body 
mass  of otters from oiled areas was  significantly less than for animals captured in areas not 
exposed to oil, and oil was  expected to affect otters. Indeed, Duffy et al. (in press) reported 
chronic effects from the oil spill on the blood  and enzyme chemistry of otters in  1991. 
Because of the small number of otters captured  from  nonoiled areas in 1992,  we combined 
years (1990,  1991, 1992) to have adequate sample size for this analysis. Our data  met the 
statistical assumption of "homogeneous slopes." Sample sizes for blood  values of otters on 
nonoiled sites in  1992 were too small for meaningful statistical analysis, and we lacked  data 
on all blood values except Hp  for  all  3 years. Hence,  we could  not  employ the same 
statistical protocols used for body  mass. We simply  plotted trends in important blood  values 
for comparison among years. 

RESULTS 

When corrected for  sex,  age-class, and  total  length  (Table I ) ,  otters from oiled areas 
exhibited  significantly  lower  body mass than otters inhabiting  nonoiled areas;  however, a 
clear  trend of increasing  body  mass  through time occurred for  otters living  in areas exposed 
to crude  oil  (Fig. I). Because there are no  base-line data for  otters in Prince William Sound, 
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we are unsure whether weight gains in  oiled otters to levels observed for nonoiled ones in 
1991  and 1992 represent  recovery. Body mass for oiled otters in 1992 is still below  that 
observed for nonoiled otters in 1990 (Fig.  1). Likewise, caution should  be  used  in 
suggesting complete recovery has occurred because of small sample sizes on nonoiled areas 
in  1992 (Fig. 1). A clear pattern exists in the reduction of  blood Hp and IL-6ir in otters 
captured from oiled areas,  all of  which  contained oil-contaminated mussel beds (Fig. 2). 

DISCUSSION 

In 1990, adult male otters from oiled areas of Prince William Sound had significantly lower 
(1.13 kg) body  mass  than otters live-captured from nonoiled areas (Duffy et al. 1993) These 
otters  came from two areas, each  with  about 80 km  of shoreline  (oiled,  Herring Bay on 
northern Knight Island;  nonoiled, Esther Passage). Likewise, oiled otters of both sexes 
differed significantly in levels of  blood haptoglobins from animals living in  nonoiled areas 
(Duffy et al.  1993).  These same patterns, however, might  not  have occurred across broader 
areas of Prince William Sound. Consequently, we  sampled  both  blood  (TM  3)  and other 
morphometrics (Table 1) for  otters in 1991, and  again in 1992 throughout Prince William 
Sound. 

In 1991, we were  able to predict (> 86%) whether otters inhabited oiled or nonoiled areas of 
Prince William Sound based on only three blood values: Hp,  IL-6ir, and aspartate 
aminotransferance (TM 3). Hp is an acute phase response protein that is induced by IL-6 
following tissue injury from hydrocarbons (Henrich et al. 1990).  Similarly, cell damage will 
cause elevated liver  enzyme levels (Edqvist et al. 1991). Aspartate aminotransferase is a 
nonspecific leakage  enzyme that elevates in  serum whenever there is injury to  any  of a 
number of tissues including heart,  liver, skeletal muscle, or blood cells. We initially thought 
that  high haptoglobin levels in nonoiled otters that occurred in 1990 (Duffy et al. 1993) 
might have resulted from sampling otters during their mating season (TM 3). Another 
possibility is that fish contaminated by crude oil migrated  the 40 km to our nonoiled study 
site, where they were eaten by otters. Sand lances (Ammodytes heuuplerus), which are 
preyed  upon by otters (TM 3), are an example of  such a migratory fish. Whatever the cause 
of variation  for  otters on  nonoiled areas,  there  is  a  clear  pattern of recovery in  both Hp and 
IL-6  ir values for  otters from oiled sites (Fig. 2). 

River otters were live-captured from areas with  mussel beds that still possessed substantial 
amounts of crude  oil in 1992 (Appendix I). Although otters  consume  mussels, blood values 
of otters in 1992 (Fig. 2) failed to  exhibit elevated levels of Hp and IL-6 ir observed in 
previous years. This  raises questions about the importance of  mussel  beds as  a  source of oil 
contamination for  otters in  1990  and  1991  when Hp and IL-6 ir values were significantly 
higher than on nonoiled areas (Duffy et al. 1993, TM 3). 
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CONCLUSIONS 

Our data indicate that river  otters exhibited lower body  mass (Fig. 1) and elevated levels of 
blood values (Fig. 2) two years after the Erxon Valdez oil spill and following a major effort 
to clean oil  from  Prince William Sound. Such chronic  effects were unexpected, and  suggest 
that research should focus on longer-term consequences of oil spills.  The  apparent recovery 
of otters observed in 1992 is encouraging, but more data is required to conclude that there 
are no lingering  effects from the  oil  spill. Because differences in  body  mass  and  blood 
values of otters  living in  oiled  and  nonoiled areas did not occur in 1992, we conclude that no 
evidence exists that oiled mussel  beds affected river  otters in 1992.  Likewise, oiled  mussel 
beds  may  not have been a  factor contributing to documented differences in these variables in 
1990 and 1991. 
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Table 1. Body  mass  (kg)  and total length (cm)  of river otters from oiled and nonoiled areas of Prince William Sound, Alaska, 
USA. Data for 1990 are provided by Duffy et al.  (1993). 

Otter sex and  1991 1992 
age  class J 3 a k M a L  Total l h x k x a -  - 2 u d h u k  
by area N X f SD X f SD N X f SD X & SD 

Oiled areas 
Adult male 3 9.0 f 0.5 119.7 f 9  9.3 f 0.8  119.7 * 2.5 
Yearling male 0 .. .. 0 .. _. 

Pup male 1 4.5  92.2 0 ._ _ _  
Adult female 6 7.9 f 0.6  113.9 & 1 8.9  114.6 
Yearling female 0 _ _  .. 0 _ _  _ _  
Pup female 2  3.8 f 1.4  87.2 & 0 ._ _ _  m 

Nonoiled areas 
Adult male 2  9.4 f 1.4  119.2 f 1 10.0  122.0 
Yearling male 0 .. _ _  0 _ _  _. 

Pup male 0 _ _  _ _  _.  ._ 

Adult female 6  8.4 f 0.9  117.3 f 1 7.1 106.1 
Yearling female 2  6.8 t 0.1 112.0 f 0 _ _  .. 

Pup female 1 2.4  67.2 0 _ _  _ _  

_ _  
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Figure 1: Yearly trends in mean body  mass of river otters from oiled  and nonoiled areas adjusted 
for sex, age-class, (pup, juvenile,  adult), and  total-length using a one-tailed analysis of 
covariance (ANCOVA), Prince William Sound, Alaska, USA. Data for 1990 are from Duffy 
et al.  (1993). 
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Figure 2: Yearly trends in blood  haptoglobin  and interleukin-6 cross reactive protein (inset) for 
river otters from oiled  and  nonoiled areas of Prince William Sound, Alaska, USA. Data for 
1990 are from Duffy et al.  (1993), and  data for 1991 are from TM 3. 
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17 February 1993 

UNITED STATES OEPARTMENT OF COMMEt 
National Oceanic and Atmoapheric Admlniatr; 

NATIONAL  MARINE FISHERIES SERVICE 
ALASKA FISHERIES SUENCE CENTER 
A U K €  BAY LABORATORY 
11 305 Glacier Hwy, Juneau, A K  99801 - 8 6 2 6  
(907) 789-6000 

24 hour PAPICOM (907)  789 -6094  

TO : 
Alaska  Department of Fish & Game 
Jim  Faro 

FROM : Malin  M.  Babcock W U d i  

RE: W Fluorescence  Sediment  Data, 1992 

Attached is a  table  of  ultra-violet  fluorescence (W) data  from 

that we discussed  yesterday. 
oiled  mussel  beds  in the general  areas o f  Prince  William  Sound 

The  fast  screening  method is not standardized yet f o r  tissue 
samples;  therefore,  no  mussels  collected  from  these  same sites 
have  been  analyzed. O w  lab is j u s t  now  finishing  tissue NRDA 
samples and is scheduled to begin  Restoration  samples  (both 
sediments  and  mussels)  soon. 

W fluorescence is semi-quantitative  only,  and  values  cannot be 
related directly to data  produced by gas  chromatographyjmass 
spectroscopy  analyses. This  fast  Screening  method  utilizes the 

phenanthrene  wavelengths. The amount of fluorescence is then 
excitation  and  fluorescence of a particular  sample  at the 

9henanthrene  actually  present  in Exxon Valdez  crude  oil. 
expanded to give an estimate of total oil based on  the  amount of 

The highest  values  in the  table are from mussel  beds on Disk 
Island  and  the  Bay of Isles. These values  equate to -2% oil. 
I have  included some low (background)  levels to give  you  some 
idea of the  range you can expect to Bee. The highest  values we 
saw  last  summer  in  sediments  were  from  oiled  mussel  beds on an 
islet  in  Foul  Bay  (over 62000 pg/g oil  equivalents) and the north 
end of Chenega  Island  (over 32000 pg/g). 

I enjoyed  participating  in the river  otter  workshop  on the 6th of 
this  month.  Please  call me if I can be of further  assistance. 
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