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Studv History: This project began in FY93 as a Research Service Agreement with the Alaska 
Department of Fish and Game. In FY95 it was initiated as Restoration Project 95001. An annual 
report was issued in 1996 by Fadely and Castellini under the title Recovery of Harbor Seals from 
EVOS: Condition and Health Status. Two journal articles covering portions of this project have 
been published (Castellini, J. M., H. J. Meiselman and M. A. Castellini. 1996. Understanding and 
interpreting hematocrit measurements in pinnipeds. Marine Mammal Science 12(2);25 1-264; 
Zenteno-Savin, T., M. A. Castellini, L. D. Rea and B. S. Fadely. 1997. Plasma haptoglobin levels 
in threatened Alaskan pinniped populations. Journal of Wildlife Diseases 33(1);64-71). An 
additional journal article covering portions of this project has been submitted for publication 
(Zenteno-Savin, T. and M. A. Castellini. Plasma angiotensin 11, arginine vasopressin and atrial 
natriuetic peptide in free ranging and captive seals and sea lions. Comparative Biochemistry and 
Phys io lo~ .  Submitted). The project effort was continued under Restoration Project 96001, the 
subject of this annual report. Blubber analyses were initiated in FY95 as a Broad Agency 
Announcement award (95 1 17-BAA), and was rolled over in FY96 as part of project 9600 1. An 
annual report was issued in 1996 by Fadely, Castellini, and Castellini under the title Harbor seals 
and EVOS: Blubber and Lipids as Indices of Food Limitation. The program is currently active 
under Restoration Project 97001 and is expected to continue into FY98. The project will be 
closed out with a Final Report to be prepared in FY98. 

Abstract: The objectives of this project were to establish the criteria to evaluate the health and 
body condition of harbor seals (Phoca vitulina) within Prince William Sound and the Gulf of 
Alaska in special reference to potential problems induced by the Exxon Valdes Oil Spill. We 
constructed plasma chemistry and hematology reference ranges based on nearly 300 samples 
collected during 1991 - 1996, that can be used to screen seals for clinically significant conditions. 
Analyses of variance found up to half of the total variation in blood parameters could be 
attributed to handling, individual, regional, seasonal, or interannual effects. Power analysis 
modeling of interannual and interregional comparisons showed that small differences in blood 
variables could be detected with high statistical power, and that these differences were similar in 
magnitude to effects produced by handling or individual factors. We have determined that some 
of the seals sampled during this project exhibited indications of clinical conditions. Seal blubber 
from Prince William Sound was found to be more energy dense than blubber from southeast 
Alaska seals, and energy density also varied with gender, season and body mass. Condition 
indices of blubber content and body size did not show conclusive differences among the two 
regions. 
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EXECUTIVE SUMMARY 
Harbor seal (Phoca vitziliria) populations in Alaska have declined significantly over 

portions of their range, particularly in the Gulf of Alaska. Prince William Sound (PWS) 
populations, further impacted by the spill, have essentially stabilized at decreased levels, but show 
no signs of population recovery. Assessment and interpretation of harbor seal health status data 
will help resolve multiple hypotheses proposed to explain these declines, and help focus future 
studies. This study program attempts to describe harbor seal health and condition based on 
hematological, morphometric, and body fat indices. Blood chemistry and hematology values can 
be indicative of health status, disease, nutritional status, or environmental conditions, but such 
interpretations require establishment of a set of reference or 'normal' ranges for these blood 
values. Indications of clinical or sub-clinical disease can be detected if the effects of non-health 
related variation can be distinguished for free-ranging animals. However at the time of the Exxori 
Valdez oil spill, most comparative hematological values for harbor seals derived from a few 
captive animal studies with small sample sizes, sufficient for examining general health, but 
insufficient for more detailed interpretations of health status. Likewise, because harbor seals rely 
on subcutaneous blubber for insulation and energy storage, changes in blubber quantity or quality 
may indicate environmental differences. 

This study was designed to develop standardized blood profiles of seals from Prince 
William Sound and the Gulf of Alaska, and quantifjr sources of variation from handling, age, 
gender, seasonal, regional, and interannual sources. We are also testing and utilizing various 
indices of body condition related to total blubber content and energy status, including assessments 
of blubber quality from samples provided by subsistence harvesters. 

This report describes work accomplished under Restoration Project 9600 1, subsequent 
to our previous Annual Report for 95001 completed in April 1996. It also describes analyses of 
blubber quality which were initiated as Restoration Project 95 117-BAA (reported on in an Annual 
Report completed in Sep 1996), and combined into project 96001. In our previous report 
preliminary reference ranges for plasma chemistries, hemograms and leukograms were generated 
and initial examinations of interannual changes within PWS conducted. However, interpretations 
were limited by an incomplete understanding of individual (seal age and gender), handling, sample 
processing, seasonal, and regional effects on blood parameters. We also reported on a possible 
difference in blubber quality between PWS and southeast Alaska (SE) seals in our Project 95 117- 
BAA Annual Report, but the effects of region and season were inseparable. Emphasis was placed 
on resolving these issues during 1996, and we describe in this report completed analyses of 
plasma chemistry and hematology reference ranges, with detailed analyses of sources of variance 
due to individual and environmental factors. We also focused on analyzing blubber samples 
collected from the harbor seal biomonitoring program (Restoration Project 96244) to resolve the 
regional comparison between PWS and SE. 

In 1996, 89 seals were captured and sampled from haul-outs at Kodiak Island (n = 
13), Prince William Sound (n = 62), and southeast Alaska (n = 14). These data were combined 
into a database of hematological samples comprised of nearly 300 samples collected since 1991. 
Reference or 'normal' ranges for plasma chemistry and hematological variables were calculated to 
include ranges within *2 sd of the mean, thereby including 95% of the data. Of the 23 plasma 
chemistry analytes measured, 19 were non-normally distributed. Most distributions were 



transformable, and reference ranges for the remainder were calculated utilizing non-parametric 
techniques. Estimates of 95% confidence intervals around range limits were likewise calculated. 
Of 307 seals sampled between 1993 - 1996 that were screened for outliers based on these 
reference ranges, 274 had at least one statistically outlying variable. A maximum of 16 outlying 
variables occurred in two orphaned pups that were captured for rehabilitation. Statistical outliers 
will not necessarily be indications of clinical disease. However, as numbers of outliers increase 
w i t h  one seal, particularly if these were systematically-related, then the likelihood of clinical 
significance must increase. Outlier frequency was found to follow a Poisson distribution, with 
clinically unhealthy animals representing a small fraction of the animals sampled. We propose that 
statistical models based on this distribution might help separate clinically unhealthy seals from a 
background frequency expected to occur randomly. Combined with interannual and interregional 
analyses of the type presented in our 1996 Annual Report, we will be able to describe clinical and 
subclinical health trends. 

Handling, individual, regional, and temporal factors accounted for up to 55% of the 
variation in plasma chemistries, up to 54% in hemograms, and up to 40% in leukograms. The 
delay between seal capture and blood sampling significantly affected plasma potassium, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), creatine phosphokinase (CPK), and 
lactate dehydrogenase (LDH) values, but only affected absolute lymphocyte and eosinophil counts 
among hematological variables. Age, gender, seasonal, and regional effects were apparent in 
most parameters, and magnitudes of each effect were calculated. By conducting an analysis of 
statistical power for interannual and interregional comparisons, we found that small differences 
were detectable with high statistical power, and that the variability introduced by individual or 
environmental effects were of similar magnitude. Therefore temporal and regional comparisons 
must be carefblly constructed to avoid biasing by non-health effects. 

Comparisons of blubber quality, measured as energy density (caVg), were performed 
on 28 samples from PWS and 27 SE samples collected by subsistence harvesters and provided to 
us by the biomonitoring program (Project 96244). We found that blubber energy density 
apparently declined with increasing mass in males. but not females. Gender-specific regional and 
seasonal differences in blubber energy density were found. Blubber from PWS females was 
significantly more energy dense than SE females (spring 1.5%, autumn 4.2% greater; 
F,,,,, = 16.099, P = 0.00 I), and varied significantly with season (F(l.12) = 7.277, P = 0.0 13). 
Energy density of male blubber was 1.6% (spring) to 2.3% (autumn) greater in PWS seals 
(F(1,25)= 4.492, P = 0.044), though neither difference was independently significant. There was no 
significant seasonal component to male blubber energy density (Ftl,,,, = 0.14 1, P = 0.7 1 1). These 
differences in blubber energy density can arise by two mechanisms; either lipids were being 
selectively removed and stored, or blubber hydration states were changing. These two 
mechanisms can be differentiated by comparing blubber wzter and dry-mass basis lipid contents, 
and we are currently conducting these analyses. There was no clear evidence of differences in 
whole-seal blubber content or body size between the two regions, based on indices of body 
condition derived from mass, length, and blubber thickness. 

Future field work on blood indices must focus on pup and yearling age classes, which 
were largely unrepresented in our database. We are continuing analyses of blubber to determine 
whether these differences were due to changes in hydration state or lipid content. Additionally, 



increased regional and seasonal distributions of subsistence harvest-derived blubber samples will 
expand comparisons with-archived (pre-decline) blubber samples (performed in our 95 1 17-BAA 
Annual Report) to Lower Cook Inlet and Yakutat. 



INTRODUCTION 
Harbor seal (Phocn vittrlirtn) populations in Alaska have declined significantly over 

portions of their range, particularly in the Gulf of Alaska (Small and DeMaster 1995). Prior to 
the Exxor? Vnldez Oil Spill in 1989, population declines of 85% had been reported from Tugidak 
Island (Pitcher 1990), and declines may also have occurred in the eastern Bering Sea and Aleutian 
Islands, while populations in southeast Alaska (SE) have been stable or increasing (Hoover-Miller 
1994, Small 1996, Lewis 1996). Prince William Sound (PWS) harbor seal populations, firther 
impacted by the spill (Frost and Lowry 1994a, Frost et al. 1995), have essentially stabilized at 
decreased levels, but have shown no signs of population recovery (Frost and Lowry 19943, Frost 
et al. 1995). Assessment and interpretation of harbor seal health status data may help resolve 
multiple hypotheses proposed to explain these declines and to help focus future studies. If the 
PWS harbor seals are compromised, then we will know some of the directions that should be 
followed towards potential restoration. If they are not compromised, then we can focus our 
attention on other areas that may better explain their current recovery status. This study program 
attempts to describe harbor seal health and condition based on hematological, morphometric, and 
body fat indices. 

Blood chemistry and hematology values can be indicative of health status, disease, 
nutritional status, or environmental conditions (Seal et al. 1975, Geraci et al. 1979, McConnell 
and Vaughan 1983, Kuiken 1985, Roletto 1993, Schumacher et al. 1995). Such interpretations 
require establishment of a set of reference or 'normal' ranges for these blood values, and 
potential homeostatic imbalances in organ systems or metabolic pathways can be detected if the 
effects of non-health related variation can be distinguished for free-ranging animals (Seal et al. 
1975, Payne and Payne 1987, Kerr 1989, Castellini et al. 1993, Schumacher et al. 1995). For 
example, at the time of the Exxon Valdez oil spill, most comparative hematological values for 
harbor seals derived from a few captive animal studies with small sample sizes, sufficient for 
examining general health, but insufficient for more detailed interpretations of health status 
(Engelhardt 1979, McComell and Vaughan 1983, Bossart and Dierauf 1990). Mccomell and 
Vaughan (1983) and Schumacher et al. (1995) have also demonstrated that blood chemistries 
differ between captive and free-ranging seals. Subsequent field and captive studies have expanded 
on this knowledge and included analyses of variation due to animal and environmental factors, but 
still comprised relatively small sample sizes (Kopec and Harvey 1995, de Swart et al. 1995, 
Schumacher et al. 1995), or were biased towards pups (Roletto 1993). The ultimate goal of this 
project is to derive usefbl indices of condition and hematology, that when controlled for other 
sources of variation such as gender, age, season of capture, and animal and sample handling 
techniques, will enable interannual and interregional comparisons of nutritional and health status. 
Thus far, we have constructed plasma chemistry and hematological reference ranges based on up 
to 296 blood samples collected between 199 1-96 from free-ranging seals in the Gulf of Alaska, 
and conducted analyses to determine which blood parameters are sensitive to non-health effects. 
Preliminary analyses produced evidence of interannual changes in some blood values from seals 
(Fadely and Castellini 1996), but full interpretations of interannual effects were inappropriate 
because analyses of handling, age, gender and season factors was incomplete. In this report we 
have estimated reference ranges for plasma chemistries, hemograms and leukograrns, and 
estimated confidence intervals for these ranges. We also found that handling, individual, temporal 



and regional factor effects were sufficiently large to influence results of statistical population 
comparisons. These effects must therefore be considered when performing interannual or 
interregional comparisons. We have also begun to develop models that will statistically identie 
seals with clinically significant blood variable profiles. Some of the seals we have captured may 
have been clinically unhealthy at the time of sampling. 

Harbor seals rely on subcutaneous blubber for insulation and energy storage (Ryg et 
al. 1988), and the quantity and thickness of blubber have been found to vary with season and 
energy intake (Nordsy and Blix 1985, Pitcher 1986, Ryg et al. 1988, Beck et al. 1993). Because 
one proposed hypothesis for population declines in PWS has been food limitation and nutritional 
stress (Alaska Sea Grant 1993), we examined whether compositional or quantitative differences 
existed in blubber from seals among regions exhibiting different population dynamics around the 
Gulf of Alaska. Fadely et al. (1996) found a small (about 2%) difference in blubber energy density 
between PWS and Southeast Alaska, but could not separate the effects of season from geographic 
location. With additional blubber samples received from the subsistence harvest biosampling 
program (Project 96244), work completed since 95 1 17-BAA report (Fadely et al. 1996) has 
focused an calorimetric determinations to perform appropriate regional comparisons. We have 
found gender-specific effects of body mass on blubber energy quality, and have found seasonal 
and regional differences in blubber energy content. Blubber from PWS seals was more energy 
dense than SE seal blubber, though there were no regional differences in body composition or 
size. 

OBJECTIVES 
The objectives set forth for this multi-year project were: 
1. Collect additional hematological data to establish reference ranges of blood chemistries 

and hematologies of PWS harbor seals and determine variation attributable to sampling 
technique, age, gender, or season and location of capture. 

2. Estimate our ability to detect changes in body condition using morphometric 
measurements. 

3. Assess body condition using morphometric measures of body shape, density and fat 
content, and determine the effects of age, gender, season and location. 

4. Compare blood and morphological indices of health and condition in light of the above 
to examine interannual changes, potential spill-related impacts, and to help interpret 
changes in population status. 

5.  Assess blubber quantity and quality with respect to fat and water content and energy 
density and determine variation attributable to age, gender, or season and location of 
capture. 

NIETHODS 
Seal capture locations 

Harbor seals were captured from three general geographic regions; Kodiak and Sitkinak 
Islands (grouped as Kodiak Island, KI), Prince William Sound (PWS) and southeast Alaska (SE). 
Captures were conducted during Spring (March-May) or Autumn (September-October) months 
throughout 1993-96, during April 199 1 and 1992 in PWS (Frost and Lowry 1994b), and during 



August 1994 in SE and PWS in July-August 1995 and 1996. Within PWS, 1995 and 1996 field 
work was conducted during May and September using the chartered vessels Provider and Paczfic 
Star, in conjunction with Project 1064. We also collected samples from seals captured at Kodiak 
and Sitkinak Islands during March and October of 1995, and October 1996 in association with 
Alaska Department of Fish and Game (ADFG) utilizing the vessels Pandalzrs and Big Valley. 
Samples were provided by ADFG personnel from southeast Alaska during April and September 
1995. October 1996 SE seals were collected operating fiom the Qzrest. Similar data were 
collected within PWS in association with Project 1064 between 1992- 1994, and data collected by 
Frost and Lowry (1 994a, b) from 1989-92 were included in some analyses. Seals captured during 
1992- 1996 in spring and fall months in PWS were also utilized by Frost and Lowry (1 994b) and 
Frost et al. (1995) for satellite-tagging and trophic interaction studies. Seals were also captured 
during 1993- 1994 around Kodiak Island and southeast Alaska during spring andlor fall seasons in 
association with ADFG (Lewis 1995). A historical database of seals collected during 1972- 1978 
(Pitcher and Callns 1979) was provided by ADFG for rnorphometric analyses and comparisons. 

Animal handling and sample collection 
Seals were live-captured from haul-outs by net-entanglement as described in Frost and 

Lowry (1 994b) and Lewis (1 995, 1996). After removal from the net, seals were bundled 
individually in hoop-net bags made of fine-mesh nylon webbing attached to rubber hoops. Seals 
were transported to ship or shore, and placed in relatively quiet locations until fbrther restrained 
either manually, or chemically by intramuscular injection with a ketamineldiazepam mixture (Frost 
et al. 1995). Weights were measured (hO. 1 kg) with a hanging electronic load cell balance (Ohaus 
Model I-20W), and blood samples were collected prior to any other invasive procedures. 
Morphometric measurements were then completed and other procedures performed as detailed in 
Frost et al. (1995) and Lewis (1995). Seals were categorized into age classes of pup, yearling, 
subadult or adult on the basis of size and time of year, and gender was recorded. Seais were held 
for variable periods to recover from drugging effects before being allowed to return to water. 

Plasma chemistry and hematology 
Blood was sampled fiom the intervertebral extradural vein (Geraci and Smith 1975) using 

3.5 inch 18 or 20 G spinal needles (MonojectB, Shenvood Medical Co., St. Louis, MO) into 
various blood collection tubes (VacutainersO, Becton-Dickinson Vacutainer Systems, Rutherford, 
NJ). Typically up to 40 mL of blood was collected for serum, 25 mL for plasma, and 12 mL in 
ethylenediaminetetraacetic acid (EDTA) tubes for complete blood counts (CBC). Blood samples 
fiom pups and some yearlings were taken by flipper venipuncture, using 1.5 inch 18 or 20 G 
needles drawing into blood collection tubes. Collection tubes were kept cool on ice or 
refigerared until processed. In the field, blood hematocrit (% red blocd cells by volume) was 
measured using a portable centrifbge (Compur M 1 100). Samples of whole blood were pipetted 
into Drabkin's reagent for hemoglobin analysis. Blood was then centrfiged and plasma, serum, 
and whole blood samples were aliquoted into 1.5-2.0 rnL cryogenic storage vials (NalgeneB 
Brand, Nalge Co., Rochester, NY) and frozen in liquid nitrogen until return to the laboratory, 
where they were kept frozen at -80 C for later laboratory analyses. Blood smear slides were made 



in the field for determination of differential leukocyte counts. Tubes containing 5 mL whole 
blood in EDTA were kept refrigerated until hematological analysis by a hospital laboratory. 

Several factors related to blood-handling techniques were monitored or tested to 
determine their effect on data variability. Blood from two seals was collected into sodium-heparin, 
lithium-heparin and serum Vacutainer collection tubes. Replicate 1 mL aliquots of fresh plasma 
£?om each heparinized tube and replicate 1 rnL aliquots of serum were compared to determine 
how much variability of measured parameters occurred as a result of the type of collection tube. 
Recorded handling factors which might effect blood parameter variability included the elapsed 
time between seal capture and blood sampling, administration of chemical anesthesia, elapsed time 
between blood sampling and sample processing (centrifugation and storage for plasma/serum, 
creation of blood smear for differential leukocyte counts), and the elapsed time between sample 
collection and CBC analyses by hospital laboratories. 

Standard panels that assay plasma sodium, potassium, chloride, phosphorus, blood urea 
nitrogen (BUN) creatinine, cholesterol, direct and total bilirubin, total protein, albumin, globulin, 
alkaline phosphatase, glucose, lactate dehydrogenase (LDH), gammaglutamyl transferase (GGT), 
creatine phosphokinase (CPK), aspartate arninotransferase (AST) and alanine arninotransferase 
(ALT) were performed using automated machine analysis (Ektachem Analyzer) by technicians at 
the Fairbanks Memorial Hospital (FMH) on plasma collected in sodium or lithium-heparin 
collection tubes. Ratios of albumin to globulin (AG) and blood urea nitrogen to creatinine were 
calculated fiom measured values. Hemoglobin was determined using standard kits from Sigma 
Chemical Co. and performed in our laboratory. Complete blood counts of white and red blood 
cells, platelet counts and differential white blood cell counts were performed by technicians at 
FMH fiom blood collected in EDTA collection tubes using a Coulter Model S-Plus4 Counter, 
and from blood smears produced in the field. Some white blood cell counts were performed 
directly in the fieid using light microscopy by Dr. Terry Spraker. Mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin content 
(MCHC) were calculated fiom combinations of measured hematocrit, hemoglobin and red blood 
cell count (RBC) following Kerr (1 989). Separate MCV, MCH, and MCHC were calculated 
usins our own measurements of hematocrit and hemoglobin (rather than those of FMH) but using 
the FMH RBC determination. These values were compared to those determined using the Coulter 
counter at FMH. 

Statistical analysis of plasma and hematological data 
Plasma chemistry reference range calculations excluded samples that were lipemic, 

hemolytic, or collected posthumously. Hematology reference ranges excluded samples collected 
posthumously. Otherwise, all data samples were included in the absence of other clinical 
indicators to categorize the seals as unhealthy. Sample distributions were tested for goodness of 
fit with expected normal distributions using Kolmogorov-Smirnoff Probability Tests (Kopec and 
Harvey 1995). Some values (particularly proportional or count data) were transformed using 
logarithrmc, angular or square-root transformations to improve the normality of their distributions 
prior to statistical calculations (Murphy 1982, Zar 1984). Reference ranges were calculated as 
being within two standard deviations of the mean (Ken 1989), unless transformations did not 
correct large deviations from normality. In these cases, reference ranges were calculated as the 



2.5?& and 97.5% quantiles of ranked data (Bland 1987). Reference range 95% confidence limits 
for normally distributed data were calculated as: . 

CI = &1.96.(3.?/rz)O.j 
where q is the quantile, and as: 

CI = n@ 1.96.(nq.(l q))'.' 
for other data (Bland 1987). Based on calculated reference ranges, the blood chemistry and 
hematology database was filtered for statistical outliers among seals captured during 1993-96 for 
which plasma was collected. Regional and temporal comparisons were conducted by calculating 
weighted outlier proportions, where the proportion of outliers for an analyte (p,) was calculated 
as: 

Po = I~~ ' (~ZJN) 
where no was the number of seals exhibiting an outlying value for the blood variable of interest, n, 
was the number of seals sampled at the same time and location as tr,, and N was the total number 
of seals with outlying variables. 

Effects of individual, handling, temporal and spatial factors on variability were modeled in 
a forward stepwise multiple regression analysis model for each blood parameter (transformed if 
necessary). All categorical factors were treated as dummy variables, and were entered into the 
model in the order of handling effects first (drug application, elapsed time between capture and 
sampling, elapsed time between sampling and blood specimen processing, and elapsed time 
between sampling and CBC processing), individual effects second (gender and age), then season, 
region and year. Relative contributions of each parameter to the overall explained variation were 
calculated by taking the ratio of the individual sum of squares (when all other variables were 
included in the model) to the total sum of squares for all parameters (Neter et al. 1990). Models 
were recalculated with few or no handling effects (if appropriate) to expand the comparisons to 
years prior to 1995 which did not have all handling effects recorded. Based on the variation 
found in plasma chemistries and hematologies, it was possible to calculate the minimum 
differences that would be detectable in regional or interannual comparisons. Power calculations 
for analyses of varia~ce (Zar 1984) were utilized assuming a conservative model of a = 0.05 and a 
power of 1 - p = 0.95, or a 95% probability of rejecting a false null hypothesis (Sokal and Rohlf 
1973). Tests were conducted using two examples from the data, a regional comparison among 
Prince William Sound, Kodiak Island and southeast Alaska based on sample sizes collected during 
Autumn 1996, and an interannual comparison based on seals captured during 1992 - 96 within 
Prince William Sound. All statistics were calculated using StatistixO version 4.1 (Analytical 
Software) or SystatO version 6.1 (SPSS Inc.). 

Blubber analyses 
Harbor seal blubber samples were collected through the subsistence harvest biosampling 

program (Project No. 96224). Seal hunters and trained assistants removed blubber samples 
(approximately 100 - 200 g) from the ventral 'hip7 region (about 60 - 70 % of standard length 
from the nose) of seals collected during subsistence harvests. Measurements of body mass, 
standard length, curvilinear length, axillary girth, hip girth, xiphosternal and ventral hip blubber 
thickness were also collected when possible. Blubber collected from the seal was placed in a 
plastic storage bag and frozen at -5 C. Blubber samples were kept frozen for transport to the 



University of Alaska Fairbanks (UAF) Museum, where they were recorded into a chain of custody 
database and redistributed to our laboratory. Blubber samples were double or triple bagged in 
freezer storage bags (Ziploc Brand, DowBrands L.P., Indianapolis, IN) and frozen at -80 C. 

Using data provided by the biosampling program, an index of harbor seal body condition 
was calculated using standard length, body mass and xiphosternal blubber depth (mLMD) in an 
equation modified from Ryg et al. (1990) that is related to the total blubber content (Ryg et al. 
1990, Gales and Renouf 1994, Fadely et al. 1995). Comparisons of blubber thickness were 
performed by calculating relative blubber thickness as the ratio of xiphosternal blubber depth to 
axillary radius, calculated as girtW2n: (Ryg et al. 1988, Beck and Smith 1995). 

Samples for bomb calorimetry were prepared by cutting cubes of frozen blubber. All 
edge, muscle or visibly oxidized surfaces were trimmed away. Duplicate 0.9 - 1.0 g samples 
(measured to k0.000 1 g) were kept frozen in calorimeter crucibles until analyzed in an automated 
non-adiabatic bomb calorimeter (Parr Co.). Energy densities were expressed as a per wet-mass 
basis. Duplicate 0.3 - 0.5 g blubber samples were cut and fieeze-dried to constant mass at -70 C 
under vacuum (Labconco Freeze Dryer Model 5) and the water content calculated based on the 
mass difference. Lipid content was determined as the mass difference after extraction of wet or 
dried blubber samples of initial wet masses between 0.5 - 0.7 g (measured to k0.0001 g) for >24 h 
in a 2: 1 chloroform-methanol mixture in a Soxhlet extraction apparatus. 

RESULTS 
Plasma chemistry and hematology samples 

Data from up to 296 seals sampled during 1992 - 1996 were utilized in plasma chemistry 
reference range calculations (Table I), because not all analytes were necessarily measured for 
each seal. There were significant regional and seasonal sampling biases weighted towards PWS 
(53% of samples; Kodiak Island 15%, and SE 32%) and autumn months (41%; spring 38% and 
summer 2 1%; overall xZ = 33.9, df = 4, P < 0.000 1). These samples were also not 
homogeneously distributed among males (61%) and females (39%), nor among age classes (3% 
pup, 8% yearling, 29% subadults and 57% adults; overall x2 = 6.5 1, df = 3, P < 0.089; Table 2). 
Likewise, 249 samples utilized for hematology ranges (Table 3) derived primarily from PWS 
(69%; KT 13%, SE 18%) and autumn months (40%; spring 33%, summer 27%; overall x2 = 63.6, 
df = 4, P < 0.0001). There were also similar gender (56% male, 42% female) and age class (4% 
pup, 9% yearling, 28% subadult, 56% adult) trends (Table 4; overall x2 = 5.17, df = 3, P = 0.160). 

Reference ranges 
Of the 23 plasma chemistry analytes measured, 19 exhibited non-normal distributions 

(Table 5; Figures 1, 2). Distributions of enzyme activities were successfblly normalized utilizing 
logar i thc  transformations (Figure 2), though distributions of potassium, creatinine and bilirubin 
could not be normalized by any transformation and non-parametric statistics were calculated. The 
remainder of analytes deviated only slightly from normality and parametric statistics were used. 
Mean corpuscular hemoglobin content, MCH (field-derived only) and platelet count were not 
normally distributed (Table 6; Figures 3 and 4), but MCH and platelet count were successfUlly 
transformed. White blood cell counts (WBC) and absolute counts of banded neutrophils and 
basophil were not normally distributed, nor were differential counts of banded neutrophils, 



monocytes, eosinophils or basophil (Table 7; Figure 5). Of these, only WBC and differential 
eosinophil counts were transformable. 

Plasma chemistry variability 
Individual, handling and environmental factors explained up to 55% of the variation in 

plasma chemistries collected during 1995 - 96 for which handling factors were included (Table 8). 
Handling factors only affected 6 of the 23 analytes, and the elapsed time between blood sampling 
and processing (up to 8 h) did not account for variation in any analyte. Application of 
ketamine/diazepam for chemical restraint produced effects on phosphorus and total bilirubin. 
Elapsed time between seal capture and blood sampling time (0.2 - 8.3 h) produced effects in 
potassium, AST, CPK and LDH (Table 8). Partial F test statistics were calculated to test the 
effects of removing this variable from each model (Neter et al. 1990). With the exception of AST 
which was marginally significant (F'(1,71,= 4.107; P < 0.05) and explained only 5.5% of the 
variation, the elapsed time between capture and sampling was a significant component of the 
regression models, and accounted for large portions of variability (potassium F'(,,,,,= 16.7, 
P<0.001,R2=0.226; CPKF*(1,71,= 14.5, P<0.001,R2=0.196; LDHF(1,71)= 19.5, P<0.001, 
R2 = 0.325). To increase sample sizes for comparison, multiple regression models were run 
excluding handling effects for the other analytes, and were limited to seals which had been 
drugged prior to sampling. In these models, individual, regional and temporal effects explained 
2.1 - 39.2% of the variation in plasma chemistries (Table 9). Potassium levels were not 
significantly affected by the elapsed time between blood sampling and sample processing in this 
comparison. Partitioning total variation among significant parameters showed that only sodium 
and alkaline phosphatase were effected by all age class, gender, region, season and interannual 
effects, while gender only affected 5 of the 19 variables (Table 10). The type of blood collection 
tube used produced significant effects (2-way ANOVA) in 8 of 22 chemistry analytes, relative to 
sodium-heparin collection tubes (Table 1 1). 

Hematological variability 
Handling, individual, regional and temporal factors accounted for up to 54% of the 

variation in hematological measurements in the 1995 - 96 data subset (Table 12). Drug 
application, elapsed time between capture and blood sampling, and elapsed time between blood 
sampling and time of processing did not explain significant amounts of variation in any 
hematological analyte (Table 12). However, the elapsed time between sample collection and CBC 
analysis (range 0 - 19 days, median = 4 days) produced effects in field-derived MCV, hospital- 
derived MCHC and RBC (Table 12). The elapsed time effect on RBC was small (F*(1,82) = 19.5, 
P = 0.05, a'= 0.055) and only accounted for 5.5% of the variability. When adjusted for gender, 
region and season, RBC counts did not exhibit noticeable effects of elapsed processing time for 
up to 6 days (Figure 6). Elapsed time between sample collection and CBC analysis accounted for 
27% of the variation in hospital-derived MCHC (E',,,8,, = 23.6, P < 0.001, R2 = 0.269). As above, 
regression models were reconstructed excluding handling effects for appropriate analytes to 
increase sample sizes for comparison. Elapsed time was limited to <6 days for field-derived MCV 
and the chical laboratory RBC count. This factor proved not to be significant in the expanded 
data set for hospital-derived MCHC (F'(1,218)= 0.13, P > 0.5), and was dropped. Combinations of 



individual, regional and temporal factors accounted for 4 - 56% of hematological variability 
(Table 13), which are partitioned among individual and environmental factors in Table 14. 

Leukogram variability 
Administration of anesthesia and gender did not account for significant amounts of 

variation in leukograms when modeled with environmental factors (Table 15). Elapsed capture to 
sampling time caused decreases in absolute lymphocyte and eosinophil counts, while the elapsed 
time between sampling and creation of blood smears tended to decrease absolute and differential 
basophil counts (Table 15). Elapsed time between sampling and CBC processing caused a 1% per 
day increase in differential eosinophil counts (Table 15). Recalculated models with reduced 
handling parameters are presented in Table 16, and relative contributions of individual and 
environmental factors on leukograms are summarized in Table 17. 

Blubber analyses 
Gender specific differential effects of body mass on blubber energy content were found 

(Figure 7). Blubber energy densities of male seals tended to decline with increasing body mass, 
though this regression was significant for PWS (Energy density (caVg) = 8943 - 3.12 . Mass; 
F(,,,,= 12.622, P = 0.024, r'= 0.759), but not in SE (Energy density (cdg)  = 8786 - 3.04 - Mass; 
F(,,,,, = 3.346, P = 0.087, r" = 0.182). There were no significant trends for females from PWS 
(F( ,,,, = 2.353, P = 0.164, ?= 0.227) or SE (F(, ,,,, = 3.346, P =  0.087, ?= 0.182). 

Regional and seasonal differences in blubber energy density were found in samples from 
PWS and SE (Figure 8). Blubber from PWS females was significantly more energy dense than SE 
females (spring 1.5%, autumn 4.2% greater; F(,,,, = 16.099, P = 0.001), and varied significantly 
with season (F,,,,,= 7.277, P = 0.013). This seasonal difference was only evident in southeast 
Alaska (3.3% decline from spring to autumn; Bonferroni-adjusted post-hoc comparison 
P = 0.039). Energy density of male blubber was 1.6% (spring) to 2.3% (autumn) greater between 
PWS and SE seals (F(l.25, = 4.492, P = 0.044), though neither difference was independently 
significant (Bonferroni-adjusted post-hoc comparison P > 0.05). There was no significant 
seasonal component to male blubber energy density (F(1,25) = 0.14 1, P = 0.7 1 1). 

Relative blubber thickness (Table 18) was slightly greater in SE seals for both sexes in 
spring (5% difference) and autumn (3% difference; F(,,,,,= 0.007, P = 0.007), but there were no 
significant seasonal or sex differences (P > 0.05). Sufficient morphometric data were collected 
for m-o mLMD comparisons, and only females in autumn (t,= -2.739, P = 0.019, df = 11) were 
significantly different (Table 18). There was no significant difference between males in spring 
(t,= -0.440, P = 0.668, df = 12). There was also no detectable difference in scaling of mass and 
length between the two regions (F(,,w = 0.077, P = 0.783, regression on log-transformed 
variables, adjusted for sex and season; Figure 9). 

DISCUSSION 
Plasma chemistry and hematology reference ranges 

Plasma chemistry and hematology measurements from free-ranging animals can provide 
critical data for determining health status of individuals, and for interpretation of population 
trends over time or between localities (Seal et al. 1975, Geraci et al. 1979, McConnell and 



Vaughan 1983, Kuiken 1985, Roletto 1993, Schumacher et al. 1995). Determination of possible 
clinical conditions using this technique requires the establishment of reference ranges, preferably 
fiom known healthy or unhealthy subjects (Kerr 1989). Clinical determinations of health are 
usually not available in free-ranging conditions, and reference ranges constructed from wild 
animals often utilize statistical exclusion to determine outliers as possible health concerns (Kopec 
and Harvey 1995, de Swart et al. 1995). Thus, construction of reference ranges requires large 
sample sizes distributed throughout the age and sex structure of a population to be representative. 
Sample sizes used in constructing reference ranges for Gulf of Alaska harbor seals in this study 
(n = 296 for plasma chemistries) are much larger than have been previously available (Roletto 
(1993) n = 101; Kopec and Harvey (1995) n = 53; de Swart et al. (1995) n = 22). Estimation of 
95% confidence limits around lower or upper reference ranges is important especially for blood 
parameters for which elevated values are clinically significant (Kopec and Harvey 1999, yet in 
practice these are rarely calculated (Bland 1987) presumably due to sample size limitations. 
Reference ranges presented here can ultimately be hrther broken down based on seasonal and 
regional differences, but because of the limited samples from pups and yearlings (3% and 8% of 
the data, respectively), decomposition by age group would not be appropriate. However, 
collection of additional pup and yearling data could be critical, since these age classes may be 
particularly sensitive to food limitations and disease (Roletto 1993, Rea 1995). 

Of 307 seals screened for outliers that were sampled between 1993 - 1996,274 had at 
least one statistically outlying variable (Figure 10). A maximum of 16 outlying variables occurred 
among two orphaned pups that were captured for rehabilitation. As stated above, statistical 
outliers will not necessarily be indicative of clinical disease. However as numbers of outliers 
increase within one seal, particularly if these were systematically-related blood variables, then the 
likelihood of clinical significance must increase. According to the distribution in Figure 10, these 
follow a Poisson distribution, with clinically unhealthy animals representing a small fraction of the 
animals sampled. In a Poisson distribution, probabilities of occurrence must be independent 
(Sokal and Rohlf 1973). However, groups of clinically significant outliers will most likely be 
interdependent. For example, water balance problems can affect sodium, chloride, hematocrit, 
and a number of enzymes and other analytes. This resultant statistical 'clumping' will broaden the 
shoulder compared to that of a randornly-generated Poisson distribution. We are currently 
deriving the appropriate statistical models for this type of analysis. With this type of modeling, 
the distribution of outliers within the sample 'space' of time and region might be separable fiom a 
background frequency expected to occur randomly. A relative distribution of plasma sodium 
concentration, haptoglobin and WBC outliers were plotted with respect to year and region to 
detect whether non-random clusters might occur (Figure 11). Though we have yet to derive 
appropriate statistical tests to formalize this approach, there were regionally-specific trends in 
distributions (Figure 1 1). Combined with interannual and interregional analyses of the type 
presented in Fadely and Castellini (1996), we will track patterns of clinical and subclinical health 
parameters. 

Plasma chemistry variability 
Blood chemistry and hematology data comparisons of populations, between regions or 

over time, seek to determine differences related to disease (Kopec and Harvey 1995), food 



limitation (Seal et al. 1975), diet or contaminants ( D u e  et al. 1993, Kopec and Harvey 1995, 
Schumacher et al. 1995, de Swart et al. 1995). However, few studies have had the scope to 
address sources of variability such as handling, age, gender or season, though recently Kopec and 
Harvey (1995) and de Swart et al. (1995) tested for age, gender and season effects. In 
comparisons of free-ranging populations, isolation and quantification of these sources of variation 
could be critical to interpreting observed differences in blood chemistries or hematologies. 
Handling effects, defined as administration of anesthesia, elapsed time before blood collection, 
and elapsed time between collection and processing of blood samples had relatively few significant 
effects on blood chemistries relative to total variability. The amount of time a seal was held prior 
to sampling accounted for significant variability in AST, CPK and LDH (Tables 8, 10) as would 
be expected from acute stress-related enzymes (Bossart and Dierauf 1990), but the magnitude of 
the effects relative to mean values was small (Table 8). Larger effects were produced by 
differences in blood collection tubes (Table 1 I), and many were greater in magnitude than 
individual or environmental effects (Table 8, 9). The type of blood collection tube is therefore a 
critical consideration when comparing regional or temporal data. For example, it is important to 
note when comparing samples from Prince William Sound, that samples collected immediately 
following the oil spill were collected in serum tubes (Frost and Lowry 1994a). 

Individual and environmental factors explained up to 39% of the variation in plasma 
chemistries, but no single factor was consistently the largest contributor (Table 10). Single 
factors explained up to 18% of total variation (except gender which accounted for 3% at most), 
but the median R' were 0.0 for gender, region and season, and only 0.033 and 0.029 for age and 
year, respectively. This suggests that a great deal of variation remains to be attributed to other 
sources such as seal health or condition, unquantified handling techniques, or analytical laboratory 
variability. Variation explained by environmental factors does not preclude the possibility of 
health concerns. For example, the regional differences in haptoglobin levels found by the model 
(Table 9) have been considered to be indicative that the Prince William Sound population is 
affected by stressors differentially from seals in other regions (Zenteno-Savin et al. 1997). 
Likewise there are undoubtedly many of other sources of variability that have not been quantified 
by our approach, such as blood collection tube drawing order, which can affect some chemical 
and hematological analytes (McClatchey 1994). Power modeling of minimum detectable 
differences in regional or interannual comparisons indicate that we have the ability to detect 
relatively small differences in plasma chemistries with high statistical power (Table 19). These 
differences are sufficiently small that comparisons could easily be biased by age and gender 
effects, and temporal or regional comparisons must be carefblly constructed. 

Hematological variability 
Most handling effects did not account for significant variability in hematologies (Table 12) 

or leukograms (Table 15). Elapsed time between sample collection and CBC processing affected 
RBC count and some associated variables (Table 12), though this effect seemed to occur mostly 
after 7 days of refrigeration (Figure 6). Geraci and Engelhardt (1 974) found no changes in RBC 
or WBC for harp seal (Phoca groenlandica) blood held for up to 14 days at 4 C when in EDTA, 
but did find signtticant increases in hematocrit within 1 day which were not evident in these data. 
It has also been shown that optical counting methods utilized by Coulter-type laboratory machines 



overestimate phocid MCV, and therefore report elevated hematocrits and lower MCHC 
(Castellini et al. 1996). These effects were evident by comparing field and clinical laboratory 
derived hematologies (Table 12, 13), and will therefore need to be considered in comparisons 
using multiple methodologies, such as within Prince William Sound. It is important to note that 
even though a particular handling effect did not account for significant portions of variation, this 
is not to say the handling effect does not produce changes in an analyte. For example, it is well 
known that handling stresses can elevate hematocrit, while drugging causes decreases (Castellini 
et al. 1996). What has been shown by modeling with these data is that given handling, individual, 
temporal and regional factors, the handling effects may not have contributed significantly to 
explaining additional variability when the other factors are considered. 

As with the plasma chemistries, gender differences did not explain much of the 
hematological variability. However, males had significantly lower hematocrits, hemoglobin and 
red blood cell counts, a pattern also detected in San Francisco Bay harbor seals (Kopec and 
Harvey 1995), but not among captive harbor seals (de Swart et al. 1995). Hematocrit, 
hemoglobin and RBC counts decreased with age, a pattern which has also been reported for 
Galapagos h r  seals (Arctocephnltrs galapagoensis; Horning and Trillrnich 1997), but has not 
consistently been found among harbor seals (Kopec and Harvey 1995, de Swart et al. 1995). 
Hematocrit, hemoglobin and RBC had large seasonal components to their variability (Table 14), 
and varied directly with each other (Table 13). This seasonal effect has previously been noted for 
harp seals (Ronald et al. 1969) during summer molt periods, for harbor seals captured in San 
Francisco Bay (Kopec and Harvey 1995), and for captive harbor seals (de Swart et al. 1995). 
Power modeling of minimum detectable hematological differences in regional or interannual 
comparisons shows detectable differences (Table 20) similar in magnitude to changes caused by 
handling, individual or environmental factors (Tables 12, 13). Platelet counts were an exception, 
being highly variable (Table 6). 

Leukogram variability 
As with plasma chemistries and hemograms, assessment of non-health related sources of 

variability is essential for leukograms. Not only do leukocytes respond to infection and 
inflammation (Bossart and Dierauf 1990), but they may be more sensitive indicators of 
contaminant intake than plasma chemistries (de Swart et al. 1996). Leukograms were relatively 
insensitive to handling effects of drugging and sample handling (Tables 15, 16), and were 
completely unaffected by gender. As with hemograms, other studies have found varied effects. 
Kopec and Harvey (1995), found that neutrophils, monocytes and lymphocytes were effected by 
gender, though de Swart et al. (1995) did not find significant effects of gender on leukograms. 
All three studies detected significa.nt age-related effects on several leukocyte values (Tables 15, 
16). In contrast to plasma chemistries and hemograms, however, combinations of handling, 
individual, temporal or regional factors did not account for much of the overall variability in 
leukocytes (Tables 15, 16, 17). It is also evident that because of very small detectable differences 
based on power analyses (Table 21), these factors must be considered when performing 
interannual or interregional comparisons. 



Blubber analyses 
Fadely et al. (1996) found no detectable effect of handling, measured as the elapsed time 

from seal collection to blubber sample freezing, on blubber energy content. If effects of this type 
were operating, then they occur within 1 hour of collecting a seal. Otherwise, handling effects 
can be ignored for other comparisons. Previously, regional differences in blubber energy density 
and lipid content were inseparable from seasonal effects (Fadely et al. 1996), but we have now 
found that seal blubber from Prince William Sound seals was more energy dense than from seals 
collected in southeast Alaska in both spring and autumn periods (Figure 8). We also found that 
blubber energy density apparently declined with increasing mass for males, but not females (Figure 
7). This mass difference did not alter the results of regional comparisons for males. These 
differences in blubber energy density can arise by two mechanisms; either lipids were being 
selectively removed and stored, or blubber hydration states were changing. These two 
mechanisms can be differentiated by comparing blubber water and dry-mass basis lipid contents 
(Fadely et al. 1996), and we are currently conducting these analyses on the samples. However, 
regional and seasonal differences in blubber quality arising from changes in lipid content have also 
been shown in other pinnipeds including harbor seals (Bowen et al. 1992). 

Differences in blubber quality can be compensated by changes in quantity (Beck et al. 
1993, Gales et al. 1994). Though blubber mass is not directly measured as part of the 
biosampling program, several morphometric measurements were collected that were used as 
indices of blubber content. There was marginal evidence for increased blubber content of 
southeast Alaska seals based on xiphosternal blubber thickness measurements (Table 18). 
Xiphosternal blubber depth, however, is poorly correlated with the total blubber content of a 
harbor seal (Pitcher 1986; Fadely and Castellini 1994, 1995). Better estimates of blubber stores 
were achieved by Ryg et al. (1990) using an index based on mass, length and a dorsal blubber 
depth taken at about 60% of body length. This index was modified to incorporate xiphosternal 
blubber depth measurements, which has modest correlation with total blubber content (Fadely and 
Castellini 1995). Comparison of this index suggests that regional differences in blubber content 
were minimal or absent, and that lower blubber energy densities of SE seals were not 
compensated for by increased blubber mass. Likewise, there was no detectable difference in the 
mass-length relationship of seals between the two regions (Figure 9), and though this index has no 
relationship with changes in blubber content (Fadely and Castellini 1995), the lack of differences 
suggest SE seals were not more or less massive than PWS seals. The utility of this index 
increases if mass and length can be measured against animal age. Teeth were extracted from 
harvested seals for aging as part of the biosampling program, but have yet to be analyzed by 
ADFG. Size ranges at age were taken from aged-seals during 1972 - 1978 (Pitcher and Calkins 
1979) and delineated on Figure 9. Based on this, 1 - 4 year-old seals were well represented in the 
sarnp!ing, an age group that could be susceptible to nutritional compromise. 

Seasonal decreases in blubber quality and quantity have been shown in lactating harbor 
seals (Bowen et al. 1992). Several studies have now shown a positive relationship between 
blubber energy density and total body fat stores (Worthy and Lavigne 1983, Bowen et al. 1992, 
Gales et al. 1994). Therefore these regional differences in quality, but not quantity, can also be 
interpreted as reflecting total energy stores. Differences in condition could result fiom either 
differences in prey quality, effecting either energy intake or assimilation, or from different energy 



expenditures in prey acquisition. We are currently testing methods to analyze blubber biopsy 
samples taken from live-captured seals, that when combined with estimates of blubber volume, 
will help add resolution to the problem. We are also currently analyzing recently acquired 
subsistence harvest samples fiom elsewhere in Alaska (Bering Sea, Yakutat, lower Cook Inlet), 
and have subsampled appropriately season-region matched specimens from the ADFG archived 
blubber collected during 1973 - 1978, continuing analyses initiated in 1995 (Fadely et al. 1996). 

CONCLUSIONS 
1. Reference ranges were constructed from a core database of up to 296 seals for plasma 

chemistries, 349 for hematologies, and 275 for leukograms. However, samples were 
somewhat biased towards adult males from Prince William Sound. Pups and yearlings 
were nearly absent from the database, accounting for only 3% and 8%, respectively. 
Future sampling efforts should attempt to increase numbers of these age classes. 

2. Seal handling, blood sample processing, individual (age and gender), seasonal, regional, 
and interannual factors accounted for up to 55% of variation in plasma chemistries, 
54% in hemograms, and 40% in leukograms. Seal handling and blood processing 
factors in general did not affect many variables with respect to the total variation 
observed fiom other sources. 

3. Power analysis of interregional and interannual comparisons showed that small 
differences in blood variables can be detected with high statistical power. These 
minimum detectable differences were within the magnitude of effects resulting from 
handling or individual factors. Therefore, they must be incorporated in statistical 
comparisons of temporal or spatial differences of blood analytes. 

4. Based on a frequency of occurrence distribution of clinically outlying blood variables, 
some seals sampled during this project were clinically unhealthy. A preliminary 
comparison indicated that there were probably temporal and regional patterns to 
outlying blood values. These analyses will be compared and contrasted with 
examinations of sub-clinical interannual or regional patterns in blood indices. 

5. Gender-specific differences were found in blubber quality (measured as energy 
density). Within seasons and regions, female blubber was always more energy dense 
than male blubber, and male blubber decreased in energy density as body mass 
increased. 

6. Prince William Sound seal blubber was up to 4% more energy dense than blubber fiom 
southeast Alaska seals in both spring and autumn. There was no clear evidence of 
differences in whole-seal blubber content or body size between the two regions. We 
are continuing analyses to determine whether these differences were due to changes in 
hydration state or lipid content. Additionally, increased regional and seasonal 
distributions of subsistence harvest-derived blubber samples will expand comparisons 
with archived (pre-decline) blubber samples to Lower Cook Inlet and Yakutat. 



ACKNOWLEDGMENTS 
We thank the captains and crew of the vessels used for this research: Big Valley, Hannah 

Cove, John Cobb, PacrJic Star, Panctalus, Provider, Quest, and S~irflird. We also thank the 
many people who were instrumental in this work: Lloyd Lowry, Kathy Frost, Jon Lewis, Kate 
Wynne, Rob DeLong, Jay Ver Hoef, Dan Reed, Dave Withrow, Pam Tuome, Randall Davis, 
Shane Kanatouos, Una Swain, Joyce Murphy, Terry Spraker, Jennifer Moss, Lorrie Rea, Robert 
Small, Steve Trumble, Dave Vandenbosch, Tania Zenteno-Savin, Amal Ajmi, Ken Taylor, 
Vladimir Burkanov, Dennis McAllister, Bud Antonelis, Ken Pitcher, Don Calkins and Darlene 
DeGhetto. 

Blubber and body condition analyses were made possible by the Harbor Seal Tissue 
Biosampling Program, a cooperative agreement formed by Alaska Department of Fish and Game 
(ADFG), National Marine Fisheries Service (NMFS), and the Alaska Native Harbor Seal 
Commission (ANHSC). We thank Monica Reidel (ANHSC), Kate Wynne (UAF-FITC), Vicky 
Vanek (ADFG Division of Subsistence) and Linda Shaw (NMFS) for their efforts in establishing 
this program. We especially thank the villages of Angoon, Cape Peirce, Craig, Cordova, Iliamna, 
Ketchikan, Klawock, Naknek, Nanwalek, Sitka, Tatitlek, Togiak and Yakutat and the village 
facilitators, students and hunters; Fred Antone, Vickie Bartels, John Boone, Laura Burke, Eddie 
Clark, Al Duncan, Tom George, Fred Hamilton, Gary Johnson, Matt Kookesh, Peter Lockuk Sr., 
Frank Logusak, John Moran, Iris O'Brien, Nick Tanape Sr., Jim Totemoff, Daniel Vlasoff, 
Martha Vlasoff, Norman Vlasoff, Larry Willard and Carol Wilson. Steve Lewis and Joe Cook of 
the UAF Museum were instrumental in transferring blubber samples. Bomb calorimetry was 
performed by Rich Kedrowski of UAF Institute of Arctic Biology. 

Funding for 1996 was provided by the Exxon Valdez Oil Spill Trustee Council, and 1993- 
94 by cooperative research agreements with Alaska Department of Fish and Game. Other funding 
was provided by the Center for Global Change and Arctic System Research, Rasmuson Fisheries 
Research Center, and the National Marine Fisheries Service. Blubber quality work in 1995 was 
supported by the National Oceanic and Atmospheric Administration and the EXXOII Valdez Oil 
Spill Trustee Council through NOAA-EVOS-BAA contract 50ABNF500095. This research was 
conducted with authorization from the University of Alaska Fairbanks Institutional Animal Care 
and Use Committee. Harvest tissues were received by authority of Marine Mammal Protection 
Act Permit #797 of the NMFS. Other work was performed under permits held by ADFG or 
M S .  

LITERATURE CITED 
Alaska Sea Grant. 1993. Is it food? Addressing marine mammal and seabird declines. Alaska 

Sea Grant Report 93-01. Alaska Sea Grant College Program, Fairbanks, AK. 59pp. 
Beck, G. G., and T. G. Smith. 1995. Distribution of blubber in the northwest Atlantic harp seal, 

Phocu groenlarzdica. Can. J. 2001. 73: 199 1 - 1998. 
, , and M. 0. Harnmill. 1993. Evaluation of body condition in the northwest Atlantic 
harp seal (Phoca groenlandica). Can. J. Fish. Aquat. Sci. 50: 1372-1 38 1. 

Bland, M. 1987. An introduction to medical statistics. Oxford University Press, Oxford. 365pp. 



Bossart, G. D., and L. A. Dierauf. 1990. Marine mammal clinical laboratory medicine. Pages I - 
52 in L. A. Dierauf, ed. CRC Handbook of marine mammal medicine: health, disease and 
rehabilitation. CRC Press, Ann Arbor, MI. 

Bowen, W. D., 0. T. Oftedal and D. J. Boness. 1992. Mass and energy transfer during lactation 
in a small phocid, the harbor seal (Phoca vitulina). Phys. 2001. 65(4):844-866. 

Castellini, M. A., R. W. Davis, T. R. Loughlin, and T. M. Williams. 1993. Blood chemistries and 
body condition of Steller sea lion pups at Marmot Island, Alaska. Mar. Mammal Sci. 
9:202-208. 

Castellini, J. M., H. J. Meiselman and M. A. Castellini. 1996. Understanding and interpreting 
hematocrit measurements in pinnipeds. Mar. Mammal Sci. 12(2):25 1-264. 

D u e ,  L. K., R. T. Bowyer, J. W. Testa, and J. B. Faro. 1993. Differences in blood haptoglobin 
and length-mass relationships in river otters (Littra canadensis) from oiled and non-oiled 
areas of Prince William Sound, Alaska. J. Wildl. Dis. 29:353-359. 

Engelhardt, F. R. 1979. Haematology and plasma chemistry of captive pinnipeds and cetaceans. 
Aquatic Mammals 7(1): 1 1-20. 

Fadely, B. S., and M. A. Castellini. 1994. Modeling effects of hydrodynamic constraints on the 
use of morphometric condition indices in pinnipeds. Physiologist 37(5):,4-52. 

, and . 1995. Health status and body condition of Gulf of Alaska harbor seals. Proc. 
11" Biennial Conf. on the Biology of Marine Mammals, Dec. 14-18, Orlando, FL. 

A and . 1996. Recovery of harbor seals from EVOS: condition and health status. 
Exxon VcrIdez Oil Spill Restor. Stud. 95001 Annu. Rep. 39pp. 
, , and J. M. Castellini. 1996. Harbor seals and EVOS: blubber and lipids as indices 
of food limitation. Exxon Valdez Oil Spill Restor. Stud. 95 117-BAA Annu. Rep. 34pp. 

Frost, K. J., and L. F. Lowry. 1994a. Assessment of injury to harbor seals in Prince William 
Sound, Alaska, and adjacent areas following the Exxon Valdez oil spill. Final Rep., Mar. 
Mammals Stud. Number 5, State-Fed. Nat. Resour. Damage Assessment for 1 April 1989 
through 3 1 September 199 1. 154pp. 
, and . 1994b. Habitat use, behavior, and monitoring of harbor seals in Prince William 

Sound. Exxon Valdez Oil Spill Restor. Sci. Stud. 1994 Annu. Rep. 98pp. 
, , and J. Ver Hoef 1995. Habitat use, behavior, and monitoring of harbor seals in 
Prince William Sound, Alaska. Exxon Valdez Oil Spill Restor. Stud. 94064 Annu. Rep. 
8 8 ~ ~ .  

Gales, R., and D. Renouf. 1994. Assessment of body condition of harp seals. Polar Biol. 
14:381-387. 

, , and E. Noseworthy. 1994. Body composition of harp seals. Can. J. Zool. 
72:545-55 1. 

Geraci, J. R., and F. R. Engelhardt. 1974. The effects of storage time, temperature, and 
anticoagulants on harp seal, Phoca groenlandica, hemograms: a simulated field study. 
Physiol. Zool. 47(1):22-28. 
, and T. G. Smith. 1975. Functional hematology of ringed seals (Phoca hispida) in the 
Canadian Arctic. J. Fish. Res. Board Can. 32:2559-2564. 



, D. J. St. Aubin, and T. G. Smith. 1979. Influence of age, condition, sampling time, and 
method on plasma chemical constituents in free-ranging ringed seals, Phoca hispida. J. 
Fish. Res. Board Can. 36:1278-1282. 

Hoover-Miller, A. A. 1994. Harbor seal (Phoca vitzilinn) biology and management in Alaska. 
Mar. Mammal Cornm. Contract Rep. T5134749, Wash., DC. 45pp. 

Horning, M. and F. Trillmich. 1997. Development of hemoglobin, hematocrit, and erythrocyte 
values in Galapagos h r  seals. Marine Mammal Science 13(1): 100- 1 13. 

Kerr, M. G. 1989. Veterinary laboratory medicine. Clinical biochemistry and hematology. 
Blackwell Scientific Publ., Oxford. 270pp. 

Kopec, A. D., and J. T. Harvey. 1995. Toxic pollutants, health indices, and population dynamics 
of harbor seals in San Francisco Bay, 1989-1992. Final Rep., Moss Landing Marine 
Laboratories, Moss Landing, CA. 13 8pp. 

Kuiken, T. 1985. Influences of diet, gestation and age on haematology and plasma chemistry of 
the harbour seal, Phoca vitulina. Aquatic Mammals 11 :40. 

Lewis, J. P. 1995. Investigations of harbor seals in Alaska. Final Rep. NOAA Award 
NA37FX0142, Alaska Dep. Fish and Game. 24pp plus appendices. 
, editor. 1996. Annual report harbor seal investigations in Alaska, NOAA Grant 

NAA57FX0367. Alaska Dep. Fish and Game. 203pp. 
McClatchey, K. D., editor. 1994. Clinical laboratory medicine. Williams and Wilkins, Baltimore. 

1893pp. 
McConnell, L. C., and R. W. Vaughan. 1983. Some blood values in captive and free-living 

common seals (Phoca vitzilina). Aquatic Mammals 10:9- 13. 
Murphy, E. A. 1982. Biostatistics in Medicine. Johns Hopkins University Press, Baltimore. 

541pp. 
Neter, J., W. Wasserman and M.H. Kutner. 1990. Applied linear statistical models: regression, 

analysis of variance, and experimental designs. Richard D. Irwin, Inc. 1 18 1 pp. 
Nordsy, E. S., and A. S. Blix. 1985. Energy sources in fasting grey seal pups evaluated with 

computed tomography. Am. J. Physiol. 18:R47 1 -R476. 
Payne, J. M., and S. Payne. 1987. The metabolic profile test. Oxford Univ. Press, Oxford. 

179pp. 
Pitcher, K. W. 1986. Variation in blubber thickness of harbor seals in southern Alaska. J. Wildl. 

Manage. 50:463-466. 
. 1990. Major decline in number of harbor seal, Phoca vittrlina richarbi, on Tugidak 
Island, Gulf of Alaska. Mar. Mammal Sci. 6: 12 1-134. 
, and D. G. Calkins. 1979. Biology of the harbor seal (Phoca vitulina richardsi), in the 

Gulf of Alaska. In Environ. Assessment of the Alaskan Continental Shelf Final Rep. 
Principal Invest. December 1983. 1923 1-3 10. 

Rea, L. D. 1995. Prolonged fasting in pinnipeds. Ph.D. Thesis, Univ. of Alaska, Fairbanks. 
135pp. 

Roletto, J. 1993. Hematology and serum chemistry values for clinically healthy and sick 
pinnipeds. J. 2001. Wildl. Med. 24: 145-1 57. 

Ronald, K., M. E. Foster, and E. Johnson. 1969. The harp seal, Pagophilus groenlandicus 
(Erxleben, 1777). 11. Physical blood properties. Can. J. 2001. 47:46 1-468. 



Ryg, M., T.G. Smith, and N.A. 0ritsland. 1988. Thermal significance of the topographical 
distribution of blubber in ringed seals (Phoca hispida). Can. J. Fish. Aquat. Sci. 45:985- 
992. 

, Lydersen, N. H. Markussen, T. G. Smith, and N. A. antsland. 1990. Estimating the 
blubber content of phocid seals. Can. J. Fish. Aquatic Sci. 47: 1223-1227. 

Seal, U. S., L. D. Mech, and V. V. Ballenberghe. 1975. Blood analyses of wolf pups and their 
ecological and metabolic interpretation. J.  Mammal. 56:64-75. 

Schumacher, U., G. Heidemann, K. Skirnisson, W. Schumacher, and R. M. Pickering. 1995. 
Impact of captivity and contamination level on blood parameters of harbour seals (Phocn 
vitzrlina). Comp. Biochem. Physiol. 1 12A(3/4):45 5-462. 

Small, R. J. 1996. Population assessment of harbor seals in Alaska. Report of workshop held in 
Fairbanks, Alaska, November 14- 16, 1995. National Marine Mammal Laboratory, 
Seattle, WA. 

, and D. P. DeMaster. 1995. Alaska marine mammal stock assessments 1995. U. S. Dep. 
Comrner., NOAA Tech. Memo. NMFS-AFSC-57,93pp. 

Sokal, R. R., and F. J. Rohlf. 1973. Introduction to biostatistics. W. H. Freeman and Co., San 
Francisco. 368pp. 

de Swart, R. L., P. S. Ross, L. J. Vedder, F. B. T. J. Boink, P. J. H. Reijnders, P. G. H. Mulder, 
and A. D. M. E. Osterhaus. 1995. Haematology and clinical chemistry values for harbor 
seals (Phoca vitulina) fed environmentally contaminated herring remain within normal 
ranges. Can. J. Zool. 73:2035-2043. 

Worthy, G. A. J., and D. M. Lavigne. 1983. Mass loss, metabolic rate, and energy utilization by 
harp and gray seal pups during the postweaning fast. Physiol. 2001. 60(3):352-364. 

Zar, J. H. 1984. Biostatistical analysis. Second ed. Prentice-Hall Inc., N.J. 718pp. 
Zenteno-Savin, T., M. A. Castellini, L. D. Rea, and B. S. Fadely. 1997. Plasma haptoglobin 

levels in threatened Alaskan pinniped populations. J. Widl. Dis. 33(1):64-71. 



Table 1 .  Seasonal and regional sampling distribution for calculation cf plasma chemistry reference 
ranges for harbor seals (Phoca vitulina) captured during Spring (Mar - May), Summer (Jul - Aug) 
or Autumn (Sep - Oct). 

Prince 
Kodiak William Seasonal 

Year Season Island Sound Southeast Totals 
1992 Spring 8 8 

1993 Spring 4 12 8 
Autumn 1 8 

1994 Spring 10 
Summer 3 1 
Autumn 9 23 7 

8 1995 Spring 22 19 
Summer 6 
Autumn 8 14 9 

1996 Spring 2 1 
Summer 26 
Autumn 13 15 14 

Regional Totals 43 157 96 296 



Table 2. Breakdown by age and sex of harbor seals (Phoca vitulina) used to calculate plasma 
chemistry reference ranges, captured during 1992 - 96 from Prince William Sound, Kodiak Island 
or southeast Alaska. 

Age 
Age Class Male Female Undetermined Total 

PUP 4 5 9 
Yearling 11 12 23 
Sub Adult 46 39 8 5 
Adult 113 57 170 
Undetermined Age 5 2 2 9 

Gender Total 179 115 2 296 



Table 3.  Seasonal and regional sampling distribution for calculations of hematological 
and leukocyte reference ranges for harbor seals (Phoca vitulina) captured during 
Spring (Mar - May), Summer (Jul - Aug) or Autumn (Sep - Oct) of 1991 - 96. 

Prince 
Kodiak William Seasonal 

Year Season Island Sound Southeast Totals 

1991 Spring 4 4 
1992 Spring 4 4 

1993 Spring 12 12 
1994 Spring 9 9 

Summer 30 30 
Autumn 23 23 

1995 Spring 8 22 30 

Summer 4 4 

Autumn 9 20 29 
1996 Spring 22 22 

Summer 3 4 3 4 

Autumn 15 17 16 48 

Regional Totals 32 171 46 249 



Table 4. Breakdown by age and sex of harbor seals (Phoca vitulina) used to calculate 
hematological and leukogram reference ranges for seals captured during 1991 - 96 in 
Prince William Sound, Kodiak Island, or southeast Alaska. 

Age 
Age Class Male Female Undetermined Total 

PUP 3 6 9 
Yearling 9 13 22 
Sub Adult 39 3 1 70 
Adult 85 55 140 
Undetermined Age 4 4 8 

Gender Total 140 105 4 249 



Table 5. Harbor seal (Phoca vitzlliim) plasma chemistry reference ranges calculated from samples collected during 1992 - 1996 in 
southeast Alaska, Prince William Sound and Kodiak Island regions. 

Reference Total Range 
Variable - 

x sd I I  Range 95%CIi (min - max) 

Sodiumqb 148 5 291 138 - 157 1 136 - 167 
108 4 296 99 - 117 1 84 - 122 

~ o t a ~ s i u r n ~ ~ ~ ~ ~  3.9 0.7 29 1 3.1 - 4.6 ns' 2.7 - 12.2 
Calciumd 2.4 0.2 29 1 2.1 - 2.7 0.0 2.0 - 3.0 
Phosphorusd 1.6 0.4 29 1 0.7 - 2.5 0.1 0.5 - 3.6 
Glucosed 9.0 1.4 29 1 6.2 - 11.9 0.3 3.6 - 15.2 
Blood Urea Nitrogen  BUN)^,^ 15.7 4.6 296 6.8 - 24.6 0.7 6.1 - 28.6 
Creatinineb7c>d 72 27 296 44 - 133 nsk 35 - 159 
BUN:Creatinine ~ a t i o ~  5 2 20 296 12 - 92 4 12 - 155 
Cholesterol b9d 5.78 1.24 296 3 . 2 9 -  8.26 0.23 3.44 - 10.64 

tu Total Bilirubinb.c>d 6.8 3.4 286 1.7 - 13.7 ns' 1.7 - 18.8 
h, Direct Bilirubinb.c9d 5.1 3.4 284 0.0 - 10.3 nsm 0.0 - 17.1 

Total Proteine 78.7 7.1 293 64.5 - 92.9 1.4 53.0 - 96.0 
Albuminb*" 31.1 2.5 293 26.1 - 36.1 0.5 23.0 - 49.0 
Globulinb~" 47.6 6.4 293 34.8 - 60.4 1.3 25.0 - 66.0 
Albumin:Globulinb 0.7 0.1 293 0.5 - 0.9 0.0 0.4 - 1.2 
Alkaline Phosphataseeg 57 26 290 24 - 135 5 20 - 179 
Aspartate Aminotran~ferase~,~ 155 8 1 293 56 - 425 16 53 - 1164 
Alanine Aminotransferasefpg 5 7 37 293 17 - 195 7 9 - 930 
Creatine Phosphokinaseflg 1038 1286 296 129 - 8318 254 146 - 20000 
Gammaglutamyl Transfera~e~?~ 19 8 269 9 - 41 2 5 - 197 
Lactate Dehydr~genase'>~ 3837 1880 268 1493 - 9863 390 626 - 21500 
~aptoglobin~;~  1131 41 1 223 3 1 1 - 1 9 5 1  93 259 - 2447 



Table 5. Continued. 

won-normal distribution (P < 0.05; Kolmogorov-Smirnoff Probability Test). 
"Reference range and 95% CI calculated from 2.5% and 97.5% quantiles of ranked data. 
dpmol/L 
"g/L 
f;u/L 
gStatistics derived from log-transformed data, therefore listed sd are not symmetrical about the 
mean. 

hmg/L 
'95% confidence intervals around lower and upper reference range values. 
Won-symmetrical intervals: lower limits 2.9 - 3.2; upper limits 4.6 - 5.4 
%on-symmetrical intervals: lower limits 35 - 44; upper limits 124 - 144 
%on-symmetrical intervals: lower limits 1.7 - 1.7; upper limits 10.3 - 17.1 
Ton-symmetrical intervals: lower limits 0.0 - 0.0; upper limits 8.6 - 13.7 



Table 6. Harbor seal (Phoca vitulilza) hematological reference ranges calculated fkom samples 
collected during 199 1 - 1996 in southeast Alaska, Prince William Sound, and Kodiak Island 
regions. 

Reference 95% Total range 
- 

Variable x sd n range C 1' (min - max) 

Field 
Hematocrit 0.55 0.07 349 0.41 - 0.68 1 0.32 - 0.74 
Hemoglobin" 3.6 0.5 302 2.6 - 4.6 0.1 2.3 - 5.5 
MCHC~." 43 5 301 33 - 53 1 25 - 72 
MCVd 110.9 5.8 228 93.2- 128.5 2.0 75.2 - 143.2 
M C H " ~  47.2 6.0 216 36.6- 60.8 1.4 29.1 - 82.6 

Clinical Laboratory 
Hematocrit 0.60 0.06 232 0.47- 0.72 1 0.44 - 0.76 

Hemoglobin" 3.4 0.3 232 2.7- 4.1 0.1 2.4 - 4.4 
M C H C ~ . ~  3 6 2 232 33 - 40 0 29 - 47 
MCVd 119.0 5.7 232 107.6- 130.5 1.3 82.6 - 131.0 
MCH~." 43.4 2.6 232 38.2 - 48.6 0.6 31.5 - 52.5 

Red Blood Cell Countg 5.03 0.58 232 3.86 - 6.20 0.13 3.62 - 7.87 
Platelet Counthi 340 251 224 111 - 694 57 33 - 1278 

"mm0lL 
won-normal distribution (P  < 0.05; Kolmogorov-Smimoff Probability Test). 

'Mean corpuscular hemoglobin concentration; g/L. 
Wean corpuscular volume; fL. 
'Mean corpuscular hemoglobin; pg. 
'Statistics calculated from log-transformed data. Standard deviation is not symmetrical around 
mean. " 0 ' " ~ .  

h i  0 9 ~ .  

'Statistics calculated fkom square-root transformed data. Standard deviation is not symmetrical 
around mean. 

'95% confidence intervals around lower and upper reference range values. 



Table 7. Harbor seal (Phoca vitzrlina) white blood cell count and differential leukocyte count 
reference ranges calculated from samples collected during 199 1 - 1996 in southeast Alaska, Prince 
William Sound, and Kodiak Island regions. 

Reference 95% Total range 
Variable IX sd n range CIf (min - max) 

Absolute counts 
%te Blood Cell Countab 1 1.4 3.0 275 6.7 - 19.3 0.3 5.2 - 25.3 
Neutrophilsa 6.8 2.5 219 1.8 - 11.8 0.3 2.2 - 18.2 
Banded Neutrophils"' 0.0 0.02 219 0.0 - 0.0 nsg 0.00 - 0.14 

Lymphocytesa 3.45 1.42 219 0.61 - 6.29 0.30 0.96 - 9.00 
Mon~cy te s~ ,~  0.47 0.4 219 0.0 - 1.4 nsh 0.00 - 2.40 
Eo~inophils"~ 0.84 0.04 219 0.04 - 2.65 0.01 0.0 - 3.2 
Basophilsa~' 2.2 2.8 82 0 . 0 -  11.5 ns' 0.0 - 11.8 

Differential Counts 
Neutrophilsd 5 6 12 249 3 1 - 8 1  3 25 - 88 
Banded Ne~trophlls'~~ 0 0 249 0 - 1  nd 0 - 1  

Lymphocytesd 30 11 249 8 - 51 2 8 - 61 
Mon~cytes '~~ 3 1-7 249 0 - 11 nsk 0 - 15 
Eosinophilsd.' 8 6 249 1 - 22 1 0 - 29 
Ba~ophils',~ 1 0-4 249 0 - 7 nsl 0 - 12 

= 1 0 9 ~ .  
bStatistics calculated from log-transformed data; sd is non-symmetrical about mean. 
%on-normal distribution (Kolmogorov-Srnirnoff Probability Test; P > 0.05). Statistics calculated 

fiom yuantiles of ranked data. 
%'A. 
"Statistics calculated fiom angular-transformed data; sd is asymmetrical about mean. 
f95% confidence intervals around lower and upper reference range values. 
gAsyrnrnetrical intervals: upper limits 0.0 - 0.12. 
hAsymmetrical intervals: lower limits 0.0 - 0.0; upper limits 1.3 - 1.8. 
'Asymmetrical intervals: lower limits 0.0 - 0.0; upper limits 8.4 - 11.8. 
JAsymrnetrical intervals: upper limits 0 - 1. 
kAsymmetrical intervals: lower limits 0.0 - 0.0; upper limits 10 - 15. 
'Asymmetrical intervals: lower limits 0 - 0; upper limits 6 - 12. 



Table 8. Forward stepwise multiple regression matrix showing statistically significant (P < 0.05) regression coefficients of individual or 
environmental variables on plasma chemistries of harbor seals (I'hoca vitrrlit~a) sampled in Prince William Sound, southeast Alaska, and 
the Kodiak archipelago during 1995 - 1996 (11 = 75) .  

Elapsed 
captire to 

Age Clrts$ GendeP Regionh Season' Year Sainpling I)lugsk 
Variable P Y S A M F PWS KO SE Sp Su Au 95 96 Timd Y N R2 
Sodiutn* 2.1 -2.7 0.261 
Chloride' -2.5 0.149 
Potassi~ml' -0.4 -0.2 -0.3 0.371 
Calciumb -0.1 -0.1 0.2 0.399 
Phosphorusb -0.4 0.4 0.330 
Glucoseb 0.000 
Blood Urea Nitrogen (BUN) 4.0 0.285 
Creatinineb 18 44 9 0.553 
BUN:Creatinine Ratio 0.107 
Cholesterolb 0.000 
Total Bilirubinb 1.7 0.458 

IU Direct 13ilirubinb 0.490 
Q\ Total Proteinc 4.3 0.104 

Albuminc 0.250 
Globuluic 4.1 0.107 
Albmnin:Globulin Ratio -0. I 0.1 0.184 
Alkaline Phosphatased 0.000 
Alariine Aminotmnsferased 0.000 
Aspartate Aminotransferased 2 -1 1 0.163 
Creatine Phosphokinased -3 2 2 0.393 
Gammaglutamyl Transferased 1 1 0.227 
Lactate Dehydrogenased 2 -I 2 0.345 



Table 8 .  Continued. 
"mmol/L 
bpmol/L 

d i ~ / L  

f P = pup; Y = yearling; S = subadult; A = adult. 
gM=male; F=female. 
h ~ W S  = Prince William Sound; KO = Kodiak Island; SE = southeast Alaska. 
i Sp = spring; Su = summer; Au = autumn. 
'Hours. 
kY = yes; N = no. 



Table 9. Forward stepwise multiple regression matrix showing statistically significant (P < 0.05) regression coefficients of indi\~idual or 
environmental variables on plasma chemistries of chemically anaesthetized harbor seals (I'hoca vitrrlirm) sampled in Prince William 
Sound, southeast Alaska, and the Kodiak archipelago during 1992 - 1996 (rz = 201 unless noted otherwise). 

Age Class' (iendef" Regionn Season0 Year 
Variable P Y S A  M I :  PW KO SE Sp 93 95 96 H z  Au 92 93 
Sodiunl" 1.7 -1.7 2.8 -3 7 -4.0 0.232 
Chloride' 
Potassiu~n~~ 
Calciuinc 
Phosphomsc 
GlucoseC 
Blood Urea Nitrogen (BUN)' 
Creatininec 
BUN:Creatinine Ratio 
Cholest~~ol' 
Total Bili~ubin'.~ 
Direct Bilirubinc~d 
Total Protein" 
~ i b ~ u l ~  
Globulin" 
A1bumin:Globulin Ratio 

N 
03 Alkaline Phosphatasef 

Aspartate Aminotransferasecg 
Alaninc Aminotransferasef 
Creatine PhosphokinaseCh 
Gmnaglutamyl Transferasefs' 
Lactate I)ehydrogenasefJ 



Table 9. Continued. 
'mmol/L 
b~ncluded elapsed capture to blood sampling time in model, but in was non-significant (11 = 147) 
"pmoVL 
dri = 194. 
"g/L. 
'iu/L. 
gIncludes elapsed capture to blood sampling time in model (P = 1;  R2= 0.182; n = 147). 
hInciudes elapsed capture to blood sampling time in model (P = 3; R2= 0.357; 1-1 = 147). 
'?I = 180. 
jlncludes elapsed capture to blood sampling time in model (P = 2; R2= 0.308,11= 127). 
k mg/L, n = 1 54. 
1 P = pup; Y = yearling; S = subadult; A = adult. 
"M = male; F = female. 
"PWS = Prince William Sound; KO = Kodiak Island; SE = southeast Alaska. 
"Sp = spring; Au = autumn. 



Table 10. Relative contribution (R2) of individual or environmental factors to total variance in 
harbor seal (Phoca vitulina) plasma chemistries, based on decomposed multiple regression sums of 
squares with all other factors included in model (Table 9; n = 201). R' values of zero left blank. 

Variable Age Class Gender Region Season Year 

Sodium 0.025 0.028 0.063 0.135 0.074 

Chloride 0.024 0.057 0.098 0.035 
Potassium3 0.048 
Calcium 0.082 0.076 0.063 

Phosphorus 0.023 

Glucose 0.072 0.096 

Blood Urea Nitrogen (BUN) 0.068 0.038 
Creatinine 0.178 0.022 
BLN:Creatinine Ratio 0.020 0.024 
Cholesterol 0.128 0.025 0.060 
Total Bilirubin 0.040 0.093 
Direct Bilirubin 0.033 0.032 0.069 
Total Protein 0.154 0.052 0.037 

Albumin 0.021 
Globulin 0.156 0.044 0.029 
Albumin: Globulin Ratio 0.115 0.017 0.042 
Alkaline Phosphatase 0.061 0.018 0.173 0.147 0.016 
Alanine Aminotransferase 0.184 0.052 0.184 
Aspartate Aminotransferaseb 0.035 
Creatine Phosphokinasec 
Garnrnaglutamyl Transferase 0.029 0.046 0.03 1 

Lactate Dehydrogenased 0.041 0.022 
Haptoglobin 0.170 0.095 0.041 

a,l = 147. 

"Elapsed time between capture and blood sampling R2 = 0.153 ( n = 147). 
"Elapsed time between capture and blood sampling R2 = 0.357 (n = 147). 
" ~ i a ~ s e d  time between capture and blood sampling R2 = 0.308 (n = 127). 



Table 11. Effects of blood collection tube-type (relative to values derived from sodium-heparin 
collection tube samples) on plasma chemistries of two harbor seals (Phoca vitzrlina). 

Variable Lithium-heparin Serum 

Sodium" -3 -2 

Glucoseb* -0.4 
Blood Urea Nitrogen (BUN) bn -0.5 

BUN:Creatinine Ratio 
Cholesterolb' 

Total ~ilirubin~*** 0.0 1.7 
Direct ~ilirubin~*** 0.0 2.6 
Total Proteinc 
Albuminc 

Alkaline phosphatased - 1 1 
Aspartate ~rninotransferase~ 
Alanine  min not ran sf erase^*** 
Creatine Phosphokinased 17 - 10 
Gammaglutamyl Transferassd* 0 2 
Lactate ~ e h ~ d r o g e n a s e ~  20 1 5 9 

"rnrnol/L. 

bpmol/L. 
". 

'iu/L. 
'P < 0.05; **P < 0.01; ***P < 0.001; 2-way ANOVA df = 2,6. 



Table 12. Forward stepwise multiple regression matrix of statistically significant (P < 0.05) coefficients of individual or 
environmental factors on hematological variables ( 1 1  = 88) of harbor seals (Phoca v i t~r l im) .  

Elapscd 
Sampling 
to CBC' 

Age Classg Gender" Region' Season' Yea? Process 
Variable P Y S A M F PWS KO SE Sp Su Au 95 96 Time"' R2 

Field 
He~natwrit -0.04 -0.05 0.05 -0.03 0.509 
Hemoglobin" -0.3 0.2 0.216 
MCHC~ -4 0.076 
MCV -1.8 0.063 
M C H ~  -1 .0 0.067 

Clinical Lab 
Hematwrit -0.1 1 -0.05 0.49 1 
Henloglobin' -0.2 -0.3 0.352 
MCHC~ -1 -0.9 0.45 1 

W 
h, 

MCVc -11 -4 2 5 0.237 
M C H ~  -4.3 -2.3 -1.9 0.218 
Red Blood Cell Counte -0.40 -0.65 0.19 0.27 0.44 0.02 0.540 
Platelet Countf 0.000 

a ~ n ~ n o ~ k .  
b ~ e a ~ ~  corpuscular hemoglobin concentration; g/L. 
"Mean corpuscular volume; fL. 
dMean co&uscular hemoglobin; pg. 
e1012/L. 
f109/L. 
T = pup; Y = yearling; S= subadult; A = adult. 
h~ = male; F = female. 
'PWS = Prince William Sound; KO = Kodiak Island; SE = soutlioast Alaska. 
'Sp = Spring; Su = Summer; Au = Autumn. 
'95 = 1995; 96 = 1996. 
'Complete blood count. 
"'Hours. 



Table 13. Forward stepwise multiple regression matrix of statistically significant (P < 0.05) coefficients of individual or environmental 
factors on expanded data set of harbor seal (Phocn vi/t~litln) hematological variables collected during 1991 - 1996. 

Gender' Age Classk ~ e ~ i o d  Seasonn1 Year" 
Variable M F P Y S A PWS KO SE Sp Su Au 93 94 95 96 11 R2 

Field 
Hematocrit -0.02 -0.04 -0.04 -0.08 -0.04 0.02 344 0.484 

Hemoglobin" 0.1 -0.2 -0.4 0.2 0.1 -0.4 -0.2 -0.2 298 0.333 

MCHC~ -3 -3 296 0.097 
M C V ~  -9 201 0.031 
MCH" 1.1 1.1 21 1 0.072 

Clinical Lab 
Hematocrit -0.02 -0.03 -0.05 -0.03 0.03 -0.06 228 0.439 
Hemoglobine -0.1 -0.1 -0.3 -0.2 0.2 -0.3 0.1 228 0.041 
MCHCb,' 1 1 - 1 1 214 0.393 
M C V  -6 3 -2 228 0.133 
MCHe -3.8 -1.4 1.0 2.5 228 0.281 

w Red Blood Cell Countd% 0.15 -0.45 -0.72 
w -0.49 0.72 

0.41 0.22 203 0.564 
Platelet Count' -4 -2 -15 216 0.248 

"mmolL 
b Mean corpuscular hemoglobin concentration; g/L. 
"Mean corpuscular volume; fL. 

Model limited to elapsed sample to CBC process time <6 days. 
Wean corpuscular l~en~oglobin; pg. 
%lapsed time between sanlpling and CBC processing excluded from model (F*(I,ZIB)= 0.13; P > 0.50). 
g1012/-L. 
'109/~ .  
'M = male; F = female. 
k~ = pup; Y = yearling; S= subadult; A = adult. 
'PWS = Prince William Sound; KO = Kodiak Island; SE = southeast Alaska. 
"'Sp = Spring; Su = Summer; Au = Autumn. 
"93 =1993; 94 = 1994; 95 = 1995; 96 = 1996. 



Table 14. Relative contribution (R2) of individual or environmental factors to total variance in 
harbor seal (Phoca vitulina) hematologies, based on decomposed multiple regression sums of 
squares with all other model factors included (Table 13). R2 values of zero left blank. 

Variable Gender Age Class Region Season Year n 

Field 
Hematocrit 0.013 0.081 0.063 0.170 0.015 344 
Hemoglobin 0.016 0.070 0.032 0.172 0.027 298 
MCHC 0.097 296 

MCV 0.03 1 20 1 
MCH 0.072 21 1 

Clinical Lab 
Hematocrit 0 021 0.071 0.023 0.226 228 
Hemoglobin 0.025 0.077 0.033 0.187 0.020 228 
MCHC 0.080 0.121 211 
MCV 0.139 0.026 228 
MCH 0.096 0.191 228 
Red Blood Cell Count 0.016 0.154 0.053 0.167 0.014 203 
Platelet Count 0.032 0.008 0.116 2 16 



Table 15. Forward stepwise multiple regression matrix of statistically significant (P < 0.05) coefficients of individual or environmental 
factors , , ,, , .,. ,- on leukograms , ., .. ... ...., ,,,, ,- (11 , ,,.,..- = 

Elapsed Elapsed Elapsed 
Capture Blood Sampling 
to Blood Sample to to CBC1' 

Age Class" Regiond Seasone Yearf Sample Processing Process 

Absolute Counts 
White Blood Cell Counta -1.2 
Neutrophils" -1.5 
Banded Neutrophilsa 0.01 
Lymphocytes" 
Monocytesa 
Eosinophilsa 
Basophilsa 
Differential Counts 
~eut rophi l s~  
Banded ~eut rophi l s~  

C" Lymphocytesb 
Monocytesb 
Eosii~ophils~ 

b%. 

T = pup; Y = yearling; S = subadult; A = adult. 
dPWS = Prince Wilialn Sound; KO = Kodiak Island; SE = soutlleast Alaska. 
'Sp = Spriug; Su = Summer; Au = Autumn. 
'95 = 1995; 96 = 1996. 
%ours. 
hComplete blood count. 



Table 16. Forward stepwise multiple regression matrix of statistically significant (P < 0.05) coefficients of individual or environmental 
factors on leukograms of harbor seals (Phocn vitrrlitm), sampled during 199 1 - 1996. 

Age Class" ~eg ion '  Year" 

Absolute Counts 
White Blood Cell Counta 1 . 3  -1.1 
Neutrophilsa 2.3 -0.9 -1 .3  
Banded Neutrophilsa 
Lympl~ocytes~~~ 
Monocytes" 
Eosinophilsa,' 

Differential Counts 
Neutrophilsd 
Banded Neutrophilsd 0.05 -0.05 0.04 247 0.065 

Lymphocytesd 4 4 10 4 247 0.090 
Monocytesd -4 -2 

W 
214 0.108 

m ~osinophi l s~  0.2 -0.1 0 . 3  217 0.108 

~ 0 ~ 1 ~ .  
"Elapsed capture to blood sample time included in model (coefficient = -0.8). 
%lapsed capture to blood sanlple time included in model (coefficient = -0.3). 
d%. 

'P = pup; Y = yearling; S = subadult; A = adult. 
PWS = Prince Wiliam Sound; KO = Kodiak Island; SE = soutlteast Alaska. 
gSp = Spring; Su = Summer; Au = Autumn. 
"91= 1991; 92 = 1992; 93 = 1993; 94 = 1991; 95 = 1995; 96 = 1996. 



Table 17. Relative contribution (RL) of individual or environmental factors to total variance in 
harbor seal (Phoca vitulirza) leukograms, based on decomposed multiple regression sums of 
squares with all other model factors considered (Table 16). R2 values of zero left blank. 

Variable Age Class Region Season Year n 

Absolute Counts 
White Blood Cell Count 0.082 0.019 27 1 
Neutrophils 0.072 0.047 0.020 217 
Banded Neutrophils 2 17 

Lymphocytes" 0.034 0.017 0.034 212 

Monocytes 0.096 217 

~ a s o ~ h i l s ~  0.205 8 8 
Eosinophilsc 2 12 

Differential Counts 
Neutrophils 0.037 0.062 0.047 247 
Banded Neutrophils 0.030 0.032 0.020 247 
Lymphocytes 0.030 0.023 0.05 1 247 

Monocytes 0.108 214 

Eosinophils 0.038 0.027 0.050 247 

Basophilsd 0.202 88 

"Elapsed time between capture and blood sampling time irduded in model (R2 = 0.082). 
%lapsed time between blood sampling and blood smear processing time included in model 
(R2= 0.065). 

%lapsed capture to blood sample time included in model (R2 = 0.066). 
d~lapsed time between blood sampling and blood smear processing time included in model 
(R" 0.064). 



Table 18. Condition indices for harbor seals (Phoca vitulirza) collected during subsistence harvests 
fiom Prince William Sound and southeast Alaska, during spring and autumn months of 1995 - 
1996. 

Relative Blubber Thickness mLMD 

Prince William Prince William 
Sound Southeast Sound Southeast 

2 se n R se n R se n R se n 

Spring 
Males 0.193 0.018 11 0.250 0.021 12 0.005 0.001 4 0.005 0.000 10 
Females 0.200 0.021 7 0.249 0.016 8 

Autumn 
Males 0.189 0.017 5 0.219 0.029 3 
Females 0.191 0.007 9 0.225 0.024 4 0.004 0.000 9 0.005 0.001 4 



Table 19. Minimum detectable differences (6) in harbor seal (Phoca vitulina) plasma 
chemistries for sample regional and interannual comparisons. Regional comparison was 
based on detecting differences among Prince William Sound, Kodiak Island, and 
southeast Alaska seals using seals sampled during autumn 1996. Interannual 
comparison test was based on Prince Wiam Sound seals sampled between 1992 - 96. 
Both models tested at a = 0.05 and I-P = 0.95, following power calculations in Zar 
(1984). 

Variable Regional af Interannual 6g 
Sodium" 4 3 
Chloride3 3 3 
Potassium3 0.6 0.5 
Calciumb 0.2 0.1 
Phosphorusb 0.3 0.3 
Glucoseb 1.2 0.9 
Blood Urea Nitrogen (BUN)b 3.9 3.1 
Creatinineb 23 18 
BUN: Creatinine Ratio 17 13 
Cholesterolb 1.05 0.83 
Total Bilirubinb 2.9 2.3 
Direct Bilirubinb 2.9 2.3 
Total Proteinc 6.0 4.8 
Albuminc 2.1 1.7 
Globulinc 5.4 4.3 
Albumin: Globulin Ratio 0.1 0.1 
Alkaline Phosphatased 22 17 
Aspartate Armnotransferased 69 
Alanine Aminotransferased 3 1 
Creatine Phosphokinased 1094 

Gammaglutamyl Transferased 7 
Lactate Dehydrogenased 1599 
Haptoglobin" 3 50 275 

3rnm~VL. 



Table 20 Minimum detectable differences (6) in harbor seal (Phoca vitirlina) 
hematologies for sample regional and interannual comparisons. Regional comparison was 
based on detecting differences among Prince William Sound, Kodiak Island, and southeast 
Alaska seals using seals sampled during autumn 1996. Interannual comparison test was 
based on Prince William Sound seals sampled between 1992 - 1996. Both models tested 
at a = 0.05 and 1-P = 0.95, following ANOVA power calculations in Zar (1984). 

Variable 
-- 

Regional 6 9  Interannual 6h 

Field 
Hematocrit 
Hemoglobina 
MCHC~ 
MCV" 

M C H ~  

Clinical Laboratory 
Hematocrit 0.05 0.03 
Hemoglobina 0.2 0.2 
MCHC~ 2 1 
MCV 4.5 3.3 
M C H ~  2.1 1.5 
Red Blood Cell Counte 0.46 0.33 
Platelet Countf 200 144 

ammol''L. 
bMean corpuscular hemoglobin concentration; g/L. 
"Mean corpuscular volume; &. 
"Mean corpuscular hemoglobin; pg. 
e1012/L. 
1 09/L. 

gvl = 2, v2= 141, 4 = 2.25. 
hv, = 4, V, = 340, @ = 1.95. 



Table 2 1. Minimum detectable differences (6) in harbor seal (Phoca vitzrlina) leukograms 
for sample regional and interannual comparisons. Regional comparison was based on 
detecting differences among Prince William Sound, Kodiak Island, and southeast Alaska 
seals using seals sampled during autumn 1996. Interannual comparison test was based on 
Prince William Sound seals sampled between 1992 - 1996. Both models tested at a = 
0.05 and 1 - P = 0.95, following ANOVA power calculations in Zar (1984). 

Variable Regional 6' Interannual ad 
Absolute Countsa 
Whlte Blood Cell Count 
Neutrophils 
Banded Neutrophils 
Lymphocytes 
Monocytes 
Eosinophils 
Basophils 

Differential Countsb 
Neutrophils 
Banded Neutrophils 
Lymphocytes 
Monocytes 
Eosinophils 
Basophils 3 2 

" 1 0 9 ~ .  
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Figure 1. Plasma chemistry frequency histograms for harbor seals (Phocn vitzrlina) captured 
during 1992 - 1996 tiom Kodiak Island, Prince William Sound, and southeast Alaska. 
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Figure 2. Plasma enzyme activity frequency histograms (natural and log-transformed) for harbor 
seals (Phoca vituliira) captured fiom Kodiak Island, Prince William Sound, and southeast Alaska 
during 1992 - 1996. 
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Figure 2. Continued. 
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Figure 3. Hematological frequency histograms for harbor seals (Phoca vitulina) captured during 
1991 - 1996 from Kodiak Island, Prince William Sound, and southeast Alaska. 
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Figure 4. Frequency histograms (natural and transformed) of mean corpuscular hemoglobin 
(MCH) and platelet counts for harbor seals (Phoca vitulina) captured during 199 1 - 1996 from 
Kodiak Island, Prince William Sound, and southeast Alaska. 
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Figure 5. Frequency distribution of white blood cell counts (natural and log-transformed) and 
absolute leukocyte counts for harbor seals (Phoca vitzrlirza) captured during 199 1 - 1996 from 
Kodiak Island, Prince W i a m  Sound, and southeast Alaska. 
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Figure 6. Effect of elapsed time between blood sampling and sample processing on red blood cell 
counts of harbor seals (Phoca vitulina). Least squares means adjusted for gender, season, and 
region (n = 220). 
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Figure 7. Relationships between blubber energy densities and male or female harbor seal (Phoca 
vitulina) body mass, for seals collected during subsistence harvests during 1995 - 1996 in Prince 
William Sound and Southeast Alaska. 
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Figure 8. Comparisons of blubber energy density among gender, season and region for harbor 
seals (Phoca vitulitm) collected during subsistence harvests in Prince William Sound and 
southeast Alaska, 1995 - 1996. 
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Figure 9. Scaling of body mass with length for harbor seals (Phoca vitulina) collected during 
subsistence harvests 1995 - 1996 in Prince William Sound and southeast Alaska. No significant 
difference between regions (F(,,,,,= 0.077, P = 0.783), overall R* = 0.808. Approximate divisions 
in age class length from Pitcher and Calkins (1979). 
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Number of outlying variables per seal 

Figure 10. Frequency histogram of total numbers of plasma chemical or hematological outlying 
variables per harbor seal (Phoca vitulina) sampled during 1993 - 1996 from Prince William 
Sound, Kodiak Island or southeast Alaska. Total of 48 blood analytes surveyed among 307 seals. 
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Figure 1 1. Regional, seasonal and interannual distributions of plasma sodium, haptoglobin and 
white blood cell count (WBC) outliers (expressed as relative outlier proportion, based on 
weighted samples size) for harbor seals (Phoca vitulina). 


