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interpretation of the level of exposure in oiled areas and changes in that exposure over time.   
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GEM RESEARCH PLAN  
 
I.  NEED FOR THE PROJECT 
 
A. Statement of Problem 
 
Harlequin ducks (Histrionicus histrionicus) have been the subject of a broad array of 
investigations following the 1989 Exxon Valdez oil spill.  The process of population recovery of 
this species has been monitored and studied intensively, and it is one of the few species (along 
with sea otters) for which information is available that quantifies the demographic factors 
leading to population change.  The Nearshore Vertebrate Predator project (NVP), funded by the 
EVOSTC, was initiated in 1995, and consisted of a suite of studies addressing constraints to 
population recovery for 4 vertebrates, including harlequin ducks.  Results of the NVP included 
the surprising finding that several nearshore vertebrates (Jewett et al. 2002, Bodkin et al. 2002), 
including harlequin ducks (Trust et al. 2000), continued to be exposed to residual oil through at 
least 1998.  This duration of exposure was much longer than expected, based on conventional 
assumptions about persistence of spilled oil (Peterson et al. 2003).  NVP studies also documented 
demographic problems that corresponded with continued exposure to lingering oil, including 
reduced survival of sea otters (Monson et al. 2000) and harlequin ducks (Esler et al. 2000).  In 
fact, exposure to lingering oil was considered to be a primary factor constraining population 
recovery of sea otters (Bodkin et al. 2002) and harlequin ducks (Esler et al. 2002). 
 
Based on NVP findings, the EVOSTC funded a new set of studies (//423), which included 
consideration of the relationship between continuing oil exposure and population demography of 
harlequin ducks, at both individual and population levels.  This work led to the conclusion that 
differences in harlequin duck survival between oiled and unoiled areas diminished over time, and 
were equivalent by 2002 (Bodkin et al. 2003).  This was accompanied by suggestions of 
corresponding diminishment of oil exposure over time (see below).  These are important findings 
because they: (1) document the full timeframe over which oil exposure persisted and (2) 
corroborate suggestions from NVP studies that there was a cause-effect relationship between oil 
exposure and population demographic processes. 
 
Clearly, quantification of oil exposure is an important component of the conclusions described 
above.  For harlequin ducks, along with other nearshore vertebrates, inferences about oil 
exposure have been drawn through quantification of cytochrome P4501A (P450).  P450 has 
proven to be a sensitive and specific biochemical measurement for assessing exposure to PAHs.  
Certain PAHs induce P450 responses, therefore measuring resultant enzyme production or 
activity can indirectly indicate exposure to oil constituents.  In the case of harlequin ducks, liver 
samples were collected to assess P450 induction by measuring 7-ethoxyresorufin-O-deethylase 
(EROD) activity.  EROD, which is the catalytic function of hydrocarbon-inducible CYP 1A, 
activity is a widely used and recognized method for quantifying P450. 
 
However, the interpretation of P450 data for harlequin ducks has been hampered by dramatic 
interannual differences in EROD activity results.  As described in Fig. 1, average EROD activity 
reported for oiled areas ranged from 40.2 to 1981.8 pmol/min/mg across years and, for unoiled  



 
Figure 1.  Cytochrome P450 (as measured by EROD activity) in harlequin ducks from oiled and 
unoiled areas of Prince William Sound, Alaska.  The values above the dotted line are the 
average EROD activity reported from the lab.   The figure scales the EROD data, setting the 
unoiled area at 1 for each year, to illustrate the change in the ratio of oiled:unoiled over time. 
 
areas, the range was from 36.0 to 1187.9 pmol/min/mg across years.  These almost certainly do 
not reflect real differences in exposure over time.  Not only is the magnitude of differences 
among years in oiled areas far beyond what one would expect, one should predict that average 
exposure in oiled areas would decline over time with diminishing availability of oil, as has been 
described for other species.  Also, there is no biological explanation for the dramatic differences 
across years in unoiled areas.  One would expect that average EROD activity should remain 
stable over time in the unoiled areas.  Also, interannual differences are fairly consistent between 
areas when considered across years; e.g., for both areas results are more than 30 times higher in 
2001 than 2002.  We are left to conclude that dramatic interannual differences are the result of 
variation in the laboratory processing. 
 
Results from studies of captive harlequin ducks at the Alaska SeaLife Center corroborate the 
hypothesis of lab-induced interannual differences.  During 2 winters (2000 and 2001) female 
harlequin ducks were captured from an unoiled area and held from September to March in 
captivity.  In each winter, ducks ingested oil in controlled amounts and their P450 response was 
measured at season’s end.  Despite similar, controlled handling and dosing of ducks, as well as 
sample handling, between years, dramatically different results were reported in the 2 years.  
EROD activity of oiled birds was 634.6 and 2239.4 pmol/min/mg, respectively, in 2000 and 
2001.   More surprisingly, EROD activity of control birds was 86.7 and 235.3 pmol/min/mg in 
2000 and 2001, respectively.  The ratio of EROD activity for oiled:control birds was similar 
between years (7.3:1 and 9.5:1 in 2000 and 2001, respectively), suggesting that the magnitude of 
the differences was valid, but that values could not be directly compared across years.   
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To compare EROD activity across years for harlequin ducks captured in oiled and unoiled areas 
of Prince William Sound, we created an index for each year, scaling the results from unoiled 
areas to 1 and corresponding oiled area data by the same factor.  This approach assumes that 
EROD activity would be similar in unoiled areas across years, which is reasonable under the 
assumption that residual Exxon Valdez oil is the primary inducer of P450.  Based on this 
analysis (Figure 1), the difference in EROD activity diminishes over time and areas are 
statistically similar in 2001 and 2002.  This pattern is concordant with those described for other 
nearshore species.  However, the confidence in this conclusion, and its important implications for 
harlequin duck population recovery, would be enhanced by addressing the unexplained 
interannual variation. 
 
Because the P450 data are so critical for documenting changes in oil exposure over time, as well 
as for linking individual survival with oil exposure, we propose to concurrently reanalyze all 
archived HADU samples.  We propose to conduct these analyses at the same time samples from 
March 2005 are being analyzed (this is already funded by EVOSTC).  This approach will result 
in a database in which all samples can be compared both within and between years, allowing for 
confident interpretation of the level of exposure in oiled areas and changes in that exposure over 
time. 
 
Finally, as another check on data quality, we propose to have samples collected in March 2005 
analyzed by 2 labs, 1 at Woods Hole Oceanographic Institute (where all of the historical data 
were generated) and 1 at University of California Davis with a history of doing the same method 
of EROD activity analyses. 
 
B.  Relevance to GEM Program Goals and Scientific Priorities 
 
Lingering oil issues continue to be important for the EVOSTC and GEM.  Recovery of the 
Prince William Sound ecosystem from the Exxon Valdez oil spill may not be considered 
complete until individuals are no longer exposed to spilled oil.  Clear quantification of changes 
in exposure over time is central to that measure of recovery.  Further, the proposed work will 
allow clearer interpretation of demographic processes related to changes in oil exposure, which 
in turn lead to conclusions about appropriate restoration.   
 
II. PROJECT DESIGN 
 
A. Objectives 
 
This proposal consists of a single, simple objective: 
 
1.  Concurrently analyze all contemporary and archived harlequin duck liver samples using 
EROD activity to provide P450 data that can be confidently compared within and between years. 
 
B. Procedural and Scientific Methods 
  
Frozen liver samples collected in March 2005 will be shipped to the laboratory of Dr. John 
Stegeman at the Woods Hole Oceanographic Institute for preparation and analysis.  Individual 



liver pieces will be homogenized in 7 ml final volume homogenizing buffer (0.05 M Tris, 0.15 
M KCl, pH 7.4), and microsomes sedimented by differential centrifugation as described 
previously (Stegeman et al., 1979).  All other samples (i.e., those from previous studies of wild 
and captive harlequin ducks) are archived at Woods Hole as prepared microsomes.  Microsomes 
will be resuspended in approximately 2 ml per g tissue with resuspension buffer (0.05 M Tris, 
0.1 mM EDTA, 1 mM DTT, 20% v/v glycerol, pH 7.4).  Protein will be determined in a 96 well 
plate using the micro- procedure of Smith et al. (1985).  7-Ethoxyresorufin-O-deethylase 
(EROD), the catalytic function of hydrocarbon-inducible CYP1A, will be measured using a 
kinetic modification of the plate-based assay of Kennedy et al. (1993).  EROD activity will be 
determined in duplicate in a 48 well plate at 20° C using a Cytofluor® fluorescent plate reader 
(Millipore, Bedford, MA).  Each well will contain 200 µl consisting of 1µl of microsomes (4-15 
µg protein), 2 µM 7-ethoxy resorufin in 50 mM Tris buffer, 0.1 M NaCl, pH = 7.8.  Catalytic 
activity will be initiated by the addition of NADPH in buffer to a final 1.67 mM concentration.  
Fluorescence will be determined at 1 min intervals over 6 min, and the linear slope (fluorescence 
per minute) will be divided by the slope of the resorufin product standard curve (fluorescence per 
pmol) determined under the same conditions to yield pmol per minute per mg protein catalytic 
rates.   
 
C. Data Analysis and Statistical Methods 
 
Using the new data derived from concurrent analysis of March 2005 samples and reanalysis of 
all archived samples, we will use a General Linear Model to evaluate variation in EROD activity 
in relation to area (oiled vs. unoiled), year (categorical variable with levels for 1998, 2000, 2001, 
2002, and 2005), and the interaction of area by year.  We will use an information-theoretic 
approach to model selection (Burnham and Anderson 2002), finding the most parsimonious 
grouping of cells within the area by year matrix. 
 
D. Description of Study Area 
 
The samples used in these analyses have been, or will be, collected from sites described in 
project 040774.  In brief, these include areas within Prince William Sound that were oiled during 
the Exxon Valdez spill (Green Island, Bay of Isles, Lower Passage, Herring Bay, Crafton Island, 
Main Bay, and Foul Bay) and nearby unoiled sites on northwestern Montague Island.  These are 
the same sites that have been used since the initiation of NVP studies in 1995. 
 
E. Coordination and Collaboration with Other Efforts 
 
This proposal builds on previously funded EVOSTC projects, including NVP and //423 studies.  
This is essentially an amendment to EVOSTC project 040774, which was designed to sample 
P450 across an array of species, including harlequin ducks, for comparison to previously-
collected samples. 
 
 
 
 
 



III.  SCHEDULE 
 
A. Project Milestones and Measurable Project Tasks 
 
Objective 1. Arrange lab analysis contracts and schedules – Feb 2005. 
 
   Collect new samples (project 040774) – March 2005. 
 
   Ship new samples to labs – April 2005. 
 
   Data delivered – June 2005. 
 
   Data analyzed and provided to EVOSTC in brief – July 2005. 
 
   Final report – April 2006. 
 
IV.  RESPONSIVENESS TO KEY TRUSTEE COUNCIL STRATEGIES  
 
A.  Community Involvement and Traditional Ecological Knowledge (TEK) 
 
This proposal does not include a field component, so community involvement in field activities 
does not apply.  However, over the years of data acquisition, we have consistently chartered 
boats and aircraft support from local operators. 
 
B. Resource Management Applications 
 
The data generated under this proposal will provide clear answers to questions about effects of 
lingering Exxon Valdez oil on migratory bird populations, including the duration of exposure 
and subsequent chronic effects.  These are useful not only for understanding effects of the Exxon 
Valdez spill, but also in the context of risk assessment for other catastrophic events.  Finally, 
these data will contribute to the understanding of effects of other sources of chronic 
contamination on wildlife populations.  These kinds of data are already being used by the U.S. 
Fish and Wildlife Service and the Canadian Wildlife Service. 
 
V.   PUBLICATIONS AND REPORTS 
 
No funds are requested in this proposal for publications.  A final report will be submitted by 
April 30, 2006. 
 
VI.   PROFESSIONAL CONFERENCES 
 
No funds are requested in this proposal for attending meetings.  
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
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Name Description Step Budgeted Costs Overtime Sum
PI - Esler salary and benefits 1.0 6.8 6.8

0.0
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0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Subtotal 1.0 6.8 0.0
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Description Price Trips Days Per Diem Sum
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0.0
0.0
0.0
0.0
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0.0
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If a component of the project will be performed under contract, the 4A and 4B forms are required. Contractual Total $29.0
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Description Sum

Commodities Total $0.0
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Agency:  USGS
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