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Abstract 

The topographic variation in blubber thickness was analyzed at eight body locations in 
Pacific walruses (Odobenus rosmarus) of different age, sex, and reproductive status. We found 
differences in the pattern of blubber distribution between male and female walruses. Females had 
thicker blubber than males in four of eight body locations. Blubber thickness measured at the 
dorsal neck, ventral neck, shoulder, and back locations of pregnant females was thicker than that 
of non-pregnant females. Age and size were not factors in the distribution of blubber, however, 
sample sizes of juveniles of both sexes were low in tins study. Blubber measurements collected 
during different seasons of the year should not be pooled for inter'-annuai comparisons. The 
standard sternal blubber measurement was a good index of body condition for males and pregnant 
females, but not for non-pregnant females. 

Introduction 

The ability to monitor body condition is important for detecting changes in habitat quality 
and reproductive parameters that affect the demographics of mammalian populations. The 
physical condition of terrestrial and marine mammals, as measured by fat stores, correlates with 
habitat quality and reproductive rate (Kistner et al. 1980, Alban et al. 1983, Boyd 1984, Cameron 
et al. 1993, Testa and Adams 1998). The Pacific walrus (Odobenus rosmarus divergens) 
population is a natural resource of economic and cultural importance to the Eskimo people of 
Alaska and Chukotka. Walruses are difficult to enumerate and little is known about the current 
status or trend of the population (Fay et al. 1997). Evaluating and monitoring body condition 
could be valuable in assessing the status of the Pacific walrus population (Eberhardt and Siniff 
1977). 

The standard blubber measurement for walruses and other marine mammals is taken on the 
chest over the xiphoid process of the sternum between the pectoral flippers (American Society of 
Mammalogists 1967). Significant differences have been detected in blubber thlckness of walruses 
sampled during different time periods. For example, walruses that died in a mass natural mortality 
event in fall of 1978 had blubber that was 50% less thick than that of walruses killed January 
through September by lmnters between 1958-1973 (Fay and Kelly 1980, Fay et al. 1989). 
Walruses collected during spring harvests from 1958-1972 and 1980 were compared with those 
collected during research cruises in 1981 (spring), 1983 (summer). and 1984 (fall). Adult males 
and females collected during the more recent years had blubber measurements that were 
significantly lower (Sease 1986, Fay et al. 1989). If these are valid comparisons of blubber 
measurements, they suggest that walruses in the 1980s were leaner, implying either their food was 
limited or they were spending more energy to acquire it Population estimates, a preliminary 
population model, and subsequent declines in reproductive rates and juvenile survival indicated 
that the population peaked in the early 1980s. Possibly, walruses exceeded the carrying capacity 
of the environment during thls decade (Fay et aL 1997). 

The variability of blubber thlckness over the sternum relative to time of year and 
reproductive status is not well known, however, males tend to be fattest in fall and early winter, 
prior to breeding, and leanest in spring and summer (Vibe 1956 in Fay 1982, Fay 1982). Captive 
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male walruses consumed the most calories in November and December prior to the breeding 
season, decreased intake during January-February, fasted March and April, and gradually 
increased their intake through May. This pattern of caloric intake supports the changes in fatness 
observed in wild males. In females, sternal blubber is thickest in pregnant females prior to 
parturition (March). Caloric intake of pregnant or lactating captive walruses was 50% higher 
than for those not pregnant or lactating (Fay eta!. 1984, Gelmrich 1984). 

The blubber layer of marine mammals is more than an energy reserve; it also serves as 
thermal insulation and effects buoyancy and streamlining (Bryden 1968, Stewart and Lavigne 
1980). Because of these multiple and potentially competing functions, blubber deposition and loss 
in marine mammals may vary with age, sex, reproductive status, season, and location on the body, 
thus complicating its use as an indicator of body condition. Ringed seals (Phoca hispida) were 
found to store excess fat on the hind part of the body and fat was lost from this region more 
quickly than other body locations during times of energetic stress (Ryg et al. 1988). Age, sex, 
and season were significant contributors to fatness in harbor seals (P. vitulina: Pitcher 1986). We 
analyzed blubber measurements from eight different body locations on a sample of walruses 
representing post-breeding males, pregnant females just prior to parturition, and non-pregnant 
females in order to understand how blubber topography varied with age, sex, and reproductive 
status. We investigated whether the standard blubber metric for marine mammals was a good 
indication of overall body condition. 

l\Iethods 

Collection of Data 

During a joint Soviet-American marine mammal research expedition in the Bering Sea, 
walruses were collected using high-powered rifles fi·om a Russian ship; the vessel ZRS Zvyagino, 
a 73-m combination sealer-trawler with icebreaking capability. Between 25 February and 10 
March 1981, 180 walruses (90 males, 90 females) were collected in the Bering Sea south of 
Nunivak Island and west ofthe Pribiloflslands to investigate many aspects of walrus biology and 
ecology. Data were collected by five Soviet scientists (L. A Popov, A A Kibal' chich, M. V. 
Yuaklmo, Y. A Bukhtiarov, A G. Somov), two American scientists (F. H. Fay and R Nelson), 
and two American observers (A. A Akeya and K. Lourie). Walruses were killed on the ice and 
brought aboard within 30 minutes with the ship's crane. A uniquely numbered tag was fixed to 
the head. Whole body weights were measured by suspension from a 2,000-kg capacity scale. 
Extemal body and tusk measurements were taken using a plastic-coated, non-stretchable, metric 
tape. Blubber thickness was measured with a stiff plastic or metal ruler inserted into a 5-8 em
long incision made at selected locations. Ages were determined by counting the annual layers in 
the cementum of sectioned teeth (Mansfield 1958, Bums 1965, Krylov 1965, Fay 1982). 
Reproductive status of females was detem1ined by removal of the uterus and opening the uterine 
horns to look for placental scars. Ovaries were removed, preserved and examined later for 
corpora lutea and corpora albicantia. Fetuses were measured and weighed. Evidence of male 
reproductive status included spermatozoa in the epididymides. Adult males were observed 
fighting with other males and engaged in mating displays near herds of females and young. 
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Blubber thickness was measured at eight body locations (four on the dorsum, four on the 
ventrum; Fig. 1) on some of the specimens. Of the 90 male specimens coHected, a maximum of 
30 could be analyzed for blubber topography. Similarly, of the 90 female specimens collected, 24 
were useful for topographic analysis. For some of the analyses, smaller samples occurred due to 
missing measurements in one or more of the body locations. 

Data Analysis 

Multivariate regression techniques were used to examine the dependency of blubber 
topography on age for mates and females, regardless of reproductive status. Scatter plots and 
linear regressions were also prepared to assess each measure's age and size dependency. A one
way MANOV A was performed to examine the dependency of blubber topography on sex and 
reproductive status. Principal component analysis was used to determine how the underlying 
variability in the blubber topography might be most efficiently expressed. Multivariate analyses 
were performed using S-Plus Version 3 .1. 

Univariate two-sample t-tests were used to determine if blubber thickness at each body 
location differed among the sexes, reproductive status, and dorsal and ventral body locations. 
One-way analysis of variance tests were used to determine if there were differences among age 
groups within each sex. Summary statistics, t-tests, and analyses of variance tests were calculated 
using the software package Statistix 4.1 from Analytical Software, Tallahassee, FL. Box plots 
were prepared using S-Plus. In order to evaluate body locations that may be good indicators of 
overall body condition, we developed two fat scores for each individual. The first was calculated 
by summing blubber measurements across the eight body locations. The second was calculated by 
dividing the measurement for each body location by the within age and reproductive status mean 
of that location. Those values were summed across the eight body locations. Pairwise 
correlations among the morphologic measures, including the fat scores, were calculated using 
Excel version 5.0. 

Results 

Sample composition 

The male specimens used in this analysis ranged. from 7-33 years old (Table 1 ). Males 
become sexually mature around age 10, but they are probably not large enough to compete for 
females until they are 15 years old (Fay 1982). Mating probably occurs January through March 
(Fay 1982), so socially mature males in this sample should have been engaged in mating activities 
prior to collection. In the male sample, two were immature, two were sexually but not socially 
mature, and 26 were both sexually and socially mature (Table 1 ). Of the 24 females used in this 
analysis, three were immature, seven were pregnant with near-term fetuses, and 14 were non
pregnant adult females (Table 2). Immature females were included in analyses to examine 
dependency of blubber topography on age and size, but were not included in the category of non
pregnant females for other analyses. 
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(a) 

(b) 

Figure L Body locations where blubber measurements were taken on walruses (a) dorsal 
locations from anterior to posterior (dorsal neck, shoulder, back1rump ), (b) ventral locations from 
anterior to posterior (ventral neck, chest, abdomen, inguinal). 
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Blubber thickness and topography 

Multivariate tests were performed on a subset ofthe data consisting of21 males, six 
pregnant, and eight non-pregnant females that did not contain any missing values. Multivariate 
regression showed no dependence of blubber topography on age for males (P value= 0. 76) or 
females (P value= 0.81). Univariate scatter plots, ANOVAs, and two sample T -tests, conducted 
on larger data sets because individual body locations had fewer missing values, were consistent 
with these results showing no trend with age in either sex, except for one body location (the 
abdomen) in males (Tables 3 and 4). This single significant result in a set of moderate to highly 
correlated variables may reasonably be interpreted as a multiple comparison problem and due to 
chance. Linear regression models for each measure within each sex and reproductive class using 
length or weight as the explanatory variable yielded no significant results at the 95% confidence 
level. Because blubber distribution was independent of age and size (standard length and weight) 
comparisons were made among sex and reproductive categories without including age and size in 
the models or by normalizing values for age and size. 

A One-way MANOVA showed no significant differences in blubber topography among 
males, pregnant females~ and non-pregnant females at the >71% confidence level (P value= 0.29). 
Two-sample T -tests showed that males were different from the combined female category. 
Females had thicker blubber than males at four of eight body locations measured (back, chest, 
abdomen, and inguinal; Table 5). Pregnant females had significantly thicker blubber than males, 
except at the dorsal and ventral neck, and rump locations (Table 6). 

Univariate test results for differences among females due to reproductive status also 
differed from the MANOV A results. The dorsal and ventral neck, shoulder, and back locations of 
pregnant females had thicker blubber than the same locations on non-pregnant females at the 
>92% confidence level (Table 6). Blubber thickness at the back location was the only measure 
able to distinguish among all categories of sex and reproductive status (Tables 5 and 6). The 
univariate results supported real differences among all sex and reproductive categories, 
differences the MANOV A was unable to discern because it was performed on a restricted data 
set. The larger data set was found to be free of outliers that might have accounted for the 
difference in results between the two analyses. 

A dorsal-ventral comparison of blubber thickness in males showed that blubber is 
significantly thicker on the dorsal neck and rump than their corresponding ventral locations (Table 
7). The same comparison for females showed the only significant difference to be at the neck 
where the dorsal blubber was thicker (P value= 0.008). 

The standard chest blubber measurement was better correlated than any other body 
location to the fat scores in males and pregnant females (Tables 8 and 9). In non-pregnant 
females, the back, rump, abdomen, and shoulder locations were better correlated with the fat 
scores than the standard chest measurement (Table 10). For all females (regardless of 
reproductive status), the chest location was the fourth best correlated with fat scores (Table 11). 
All dorsal body locations, except for the neck, were better correlated with fat scores in females 
than the standard chest measurement (Table 11 ). Therefore, the standard blubber measurement 
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was a good indicator of body condition in male and pregnant female walruses in this sample, but 
not for non-pregnant females, and marginally so for all females together (Table 11). Both fat 
scores calculated showed similar results indicating that weighting each measure's contribution to 
the fat score was not important for this data set. Therefore, only results from the straight sum of 
blubber measurements are presented. 

Principle component analysis was performed on males, females, pregnant females and non
pregnant females. The significance of each principal component was evaluated using the 
"Broken-stick method" and sample size considerations. The "broken-stick method" was 
determined to provide an accurate evaluation of the dimensionality of multivariate data and is 
relatively easy to calculate (Jackson 1993). This method showed the first component to be the 
only component appropriate for interpretation for aU groups except for non-pregnant females 
where two components were shown to be significant However, the small sample size relative to 
the number of variables persuaded the authors to restrict interpretation to a single component for 
this group as well. The first component accounted for 56%, 57%, 68%, and 54% of the 
variability ~n the data for males, females, pregnant females and non-pregnant females, respectively. 

Many of the eight locations contributed similarly to the variability in blubber thickness 
represented by the first component (Table 12a). In all cases, the ventral and dorsal neck 
contributed least to the variability (Table 12b ). In general, shoulder and back contributed most to 
the variability, followed by rump, chest and then abdomen. AU females and non-pregnant females 
have more variability in the inguinal location compared to males and pregnant females. Principal 
components showed the chest measure accounted for much of the variability in blubber thickness 
of males and pregnant females but not in non-pregnant females. 

Discussion 

Even though walruses are strongly sexually dimorphic in body size (Pacific females 
average 83% of the length and 67% of the weight ofPacific males; Mansfield 1958, Fay 1982, 
1985), we found that blubber distribution was independent of age and size (standard length and 
weight). Although age was not a factor in the distribution of blubber, sample sizes of juveniles of 
both sexes were low in this study. 

We found differences in the pattern ofblubber distribution bet\veen male and female 
walruses in this sample. Males were collected during the mating season (Fay 1981, 1982) when 
mature bulls were likely depleting their fat stores by fasting while participating in mating (Fay 
1985). Fat may also serve a social function, if body size is related to dominance during mating 
(Miller 197 5), and possibly as padding and protection from tusk blows of other males. After the 
mating season, males replenish their fat stores, which peak in late fall and early winter prior to the 
next breeding season (Fay 1985). The pregnant females in this sample were collected just prior to 
parturition when the blubber is thickest, most likely to serve as a nutrient reserve for lactation. 
The non-pregnant females in this sample likely include lactating females supporting yearling calves 
and possibly females that had lost their calves and would not be lactating. A normal maintenance 
diet for an adult walrus is 3-5% of its total body mass per day, however, 
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energetic stresses such as pregnancy and lactation can require an increase in energy intake of 40-
50% of total body mass per day (Fay 1982, Genrich 1984). 

Blubber data from walruses collected during a different time of year would be expected to 
show different results. Males in late fall would be at their fattest and females that were pregnant 
and very fat in March would have been lactating throughout the summer and would likely be less 
fat A similar analysis of walruses collected in October may be expected to show males fatter than 
females or no difference between males and females. Intra-annual variation in blubber thickness 
related to seasonal energetic stresses, should be considered when comparing blubber data among 
years. Pooling data collected during different times of year would increase the overall variability 
of the data and tend to mask differences that might be significant if comparisons were restricted to 
the same season. Pooling the sexes even during the same season is not appropriate given the 
seasonal differences in timing of their energetic stresses and the differences between males and 
females. 

The standard blubber measurement taken for marine mammals appears to be a reasonable 
index to overall blubber thickness in walruses in this sample. Many of the locations analyzed were 
able to distinguish males from females and showed a relatively high correlation with body 
condition indicated by fat score. Blubber thickness at the chest location, however, has the 
advantage that it can be measured with accuracy and precision. This measurement is taken in a 
location that is easy to find by using the ventral midline between the pectoral flippers. The 
sternum provides a stop for the incision and blubber can be measured from the base of the skin to 
the sternum. We see no compelling reason to change the standard blubber measurement for 
walruses especially given the extensive collection of sternal blubber measurements. 

Conclusions 

1. Blubber distribution differed between male and female walruses at four of eight body locations 
(back, chest, abdomen, and inguinal). 

2. Dorsal and ventral neck, back, and to a lesser extent, shoulder measures may be useful when 
distinguishing between pregnant and non-pregnant females is desired. 

3. Blubber distribution was independent of age and size (standard length and weight) therefore, 
normalization of data was not required for comparisons among sex and reproductive categories. 

4. The standard blubber measurement correlated well with the fat score for males and pregnant 
females, but not for non-pregnant females in this sample. 

5. When comparing blubber measurements among years for indications of changes in the 
nutritional status of walruses, data sets to be compared should be from the same time of year and 
of the same sex. 
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Recommendations 

Sternal blubber data exists for walruses collected during joint Soviet-American research 
cruises between 1981 and 1987 (Table 13). Comparing the data across seasons by sex may be 
useful to determine the variability that could be expected to occur during normal life history 
events that would not be attributable to a change in the environment. For instance, data from the 
Zykovo collected in summer (July and August) 1983 could be compared with data collected from 
the Zakharovo in fall (November and December) 1984 and spring (March and April) 1985. 

With a better understanding of the seasonal fluctuations in sternal blubber thickness of 
male and female walruses, comparisons can be made within season across years to evaluate 
possible changes in the body condition of the population that might reflect changes in the 
environment Data from the vessel Zvyagino, February-March, 1981 should be compared with 
data from the Zakharovo cruise, March-April, 1985. Similarly, data from the Zykovo cruise in 
July-August, 1983 should be compared with data from the Zakharovo, September-October 1987. 
A comparison of these data sets from similar seasons throughout the 1980s could be useful in 
determining .if changes in blubber thickness reflected changes in body condition consistent with 
the population reaching a peak in the late 1970s and early 1980s then declining, as was theorized 
(Fay et al. 1989, Fay et al. 1997). 

Blubber data is not collected during the Walrus Harvest Monitoring Project (WHMP) 
conducted by U.S. Fjsh and Wildlife Service, Marine Mammals Management (Dickerson et al. 
19.97). Walrus harvests occur during April-May each year, and the WHMP may be able to 
incorporate the standard blubber measurement into the sampling method either permanently or as 
a special effort every 3 to 5 years. This would provide data sets that could be compared to 
monitor body condition. 
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Table 1. Age, weight (kg), length (em), and reproductive status of male walruses 
collected in the Bering Sea in February and March 1981 and analyzed for topographic 
variation in blubber thickness. 

Age Weight Length se,.,:ually Socially Mature 
Mature 

7 540 255 No No 
9 670 277 No No 
l1 940 312 Yes No 
11 820 285 Yes No 
16 1080 276 Yes Yes 
16 1260 300 Yes Yes 
17 1400 315 Yes Yes 
17 1190 312 Yes Yes 
18 1220 310 Yes Yes 
18 1190 312 Yes Yes 
19 1350 354 Yes Yes 
19 1140 295 Yes Yes 
20 1380 311 Yes Yes 
20 1180 307 Yes Yes 
21 1380 320 Yes Yes 
21 1440 317 Yes Yes 
21 1110 311 Yes Yes 
22 1480 325 Yes Yes 
23 1380 Yes Yes 
23 1460 325 Yes Yes 
23 1280 323 Yes Yes 
23 1240 300 Yes Yes 
24 1240 299 Yes Yes 
24 1580 294 Yes Yes 
24 1400 345 Yes Yes 
26 1180 315 Yes Yes 
26 1420 335 Yes Yes 
28 1150 300 Yes Yes 
31 1180 301 Yes Yes 
33 1300 319 Yes Yes 
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Table 2. Age, weight (kg), length (em), and reproductive status of female walruses 
collected in the Bering Sea in February and March 1981 and analyzed for topographic 
variation in blubber thickness. 

Age Weight Length Reproductive 
status 

3 420 Immature 
4 420 224 Immature 
4 490 250 Immature 
7 520 237 Non-pregnant 
7 460 217 Non-pregnant 
7 770 268 Pregnant 
8 600 266 Non-pregnant 
9 930 270 Pregnant 
10 780. 259 Pregnant 
13 780 271 Non-pregnant 
13 840 256 Non-pregnant 
14 960 294 Pregnant 
15 soo 280 Pregnant 
16 760 265 Non~ pregnant 
16 740 290 Non-pregnant 
17 820 270 Non-pregnant 
17 800 276 Non-pregnant 
17 800 260 Non-, pregnant 
17 1020 269 Pregnant 
18 970 285 Pregnant 
20 770 261 Non-pregnant 
14+ 850 265 Non-pregnant 
16+ 930 280 Non-pregnant 
20+ 1050 293 Non-pregnant 
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Table 3. Summary statistics and one-way AN OVA test results (P values) for blubber measurements of male Pacific walruses by age, 
measured at eight body locations. P values indicating significance at > 90% confidence level in bold. 

Dorsal bod~ location Ventral body location 
Age Statistic Neck Shoulder Back Rump Neck Chest Abdomen Inguinal 

7-11 11 4 4 4 4 4 4 4 4 
Range 25-46 25-45 32-42 30-45 25-33 26-42 37-45 25-31 
Mean 36.5 32.8 36.5 37.3 27.5 32.8 41.8 28.5 
SD 8.9 8.6 4.4 6.6 3.8 6.8 3.6 2.6 

12-19 11 5 7 7 7 8 8 6 6 
Range 20-54 28-48 31-67 24-57 19-45 15-39 20-38 14-37 
Mean 34.2 34.9 39.1 41.1 28.2 30.5 28.7 29.7 
SD 13.8 8.7 12.5 10.7 10.0 7.6 6.7 8.3 

20-33 n 16 17 17 17 18 18 18 18 
Range 22-54 24-69 25-68 20-70 14-44 20-54 20-60 20-51 
Mean 35.3 37.0 38.8 34,4 28,5 32.6 35.1 32.7 
SD 9.0 10.2 10.6 11.1 6.8 8.7 9.7 9.0 

Pvalue 0.94 0.70 0.91 0.38 0.97 0.82 0.08 0.56 
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Table 4. Summary statistics and one-way ANOVA test results (P values) for blubber measurements of female Pacific walruses by 
age, measured at eight body locations. P values indicating significance at> 90% confidence level in bold. 

Dorsal body location Ventral body location 
Age Statistic Neck Shoulder Back Rump Neck Chest Abdomen Inguinal 

3-6 n 3 3 "' 3 2 2 2 2 _., 

Range 25-28 30-35 27-46 27-43 22-26 31-33 36-48 29-35 
Mean 26.3 32.7 38.3 36.0 24.0 32.0 42.0 32.0 
SD 1.5 2.5 10.0 8.2 2.8 1.4 8.5 4.2 

7-16 n 11 12 12 12 11 12 11 1l 
Range 20-47 28-64 32-72 29-54 22-39 29-68 30-59 18-49 
Mean 35.5 44.0 47.3 38.6 28.2 41.1 41.0 35.5 
SD 8.4 12.5 13.2 7.0 5.0 11.3 9.5 9.1 

17-20+ 11 6 8 8 8 7 8 8 8 
Range 19-48 33-54 38-62 30-50 12-35 25-51 35-55 26-60 
Mean 30.8 44.0 48.9 39.8 23.0 39.3 42.9 39.9 
SD 9.9 9.0 7.7 8.1 7.4 9.0 7.0 11.0 

Pvalue 0.23 0.26 0.39 0.76 0.19 0.51 0.89 0.48 
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Table 5. Summary statistics and two-sample t-test results (P values) for blubber measurements of male and female Pacific walruses 
measured at eight body locations. P values indicating significance at> 90% confidence level in bold. 

Dorsal body location Ventral body location 
Sex Statistic Neck Shoulder Back Rump Neck Chest Abdomen Inguinal 

Male n 25 28 28 28 30 30 28 28 
Range 20-54 24-69 25-68 20-70 14-45 15-54 20-60 14-51 
Mean 35.3 35.9 38.6 36.5 28.3 32.1 34.7 31.5 
SD 9.6 9.4 10.2 10.6 7.3 8.0 9.2 8.2 

Female fl 20 23 23 23 20 22 21 21 
Range 19-48 28-64 27-72 27-54 12-39 25-68 30-59 18-60 
Mean 32.7 42.5 46.7 38.6 25.9 39.6 41.8 36.8 
SD 8.7 11.0 11.3 7"" ·-' 6.1 10.0 8.2 9.6 

Pvalue 0.35 0.24 0.01 0.41 0.24 <0.01 0.01 0.04 
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Table 6. Summary statistics and two-sample t-test results (P values) for blubber measurements of male vs. non-pregnant female, male 
vs. pregnant female, and non-pregnant vs. pregnant female Pacific walruses measured at eight body locations. P values indicating 
significance at> 90% confidence level in bold .. 

Dorsal body location Ventral body location 
Sex ·Statistic Neck Shoulder Back Rump Neck Chest Abdomen Inguinal 

Male 11 25 28 28 28 30 30 28 28 
Range 20-54 24-69 25-68 20-70 14-45 15-54 20-60 14-51 
Mean 35.3 35.9 38.6 365 28.3 32.1 34.7 31.5 
SD 9.6 9.4 10.2 10.6 7.3 8.0 9.2 8.2 

Non-
pregnant 11 10 13 13 13 12 13 13 13 

female Range 19-40 28-54 32-62 29-50 12-33 29-51 30-59 18-60 
Mean 29.2 40.6 44.8 37.9 24.2 37.8 40.8 36.9 
SD 7.5 8.8 9.1 7.5 5.8 6.9 9.0 11.4 
P value1 0.08 0.13 0.07 0.67 0.09 0.03 0.05 0.09 

.Pregnant 
female 11 7 7 7 7 6 7 6 6 

Range 29-48 33-64 37-72 34-54 22-39 25-68 35-54 30-46 
Mean 40.4 50.3 53.9 41.1 30.0 45.0 43.8 38.2 
SD 6.6 12.5 12.8 6.8 6.0 14.0 7.4 6.3 
P value2 0.20 <0.01 <0.01 0.28 0.60 0.05 0.03 0.07 
Pvalue3 <0.01 0.08 0.04 0.358 0.07 0.24 0.49 0.81 

1P values for males vs. non-pregnant females. 
2P values for males vs. pregnant females. 
3P values for non-pregnant vs. pregnant females 
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Table 7. Summary statistics and hvo-sample t-test results (P values) for blubber 
measurements of male Pacific walruses, dorsal vs. ventral, measured at eight body 
locations. P values indicating significance at> 90% confidence level in bold. 

Bodl1ocation 
Statistic Neck Shoulder/chest Back/abdomen Rump/inguinal 

Dorsal n 25 28 28 28 
Range 20-54 24-69 25-68 20-70 
Mean 35.3 35.9 38.6 36.5 
SD 9.6 9.4 10.2 10.6 

Ventral 11 30 30 28 28 
Range 14-45 15-54 20-60 14-51 
Mean 28.3 1 34.7 3L5 
SD 8.0 10.2 

P value <0.01 0.10 OJ4 0.05 
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Table 8. Correlation among weight (kg), length (em), fat scores, and blubber thickness at eight body locations in male walruses. 
Correlations having absolute values> 0.6 in bold. 

kg em d. neck shoulder back mmp v.neck chest abdomen inguinal fat score 

kg I 
ern 0.74 1 
d. neck 0.00 -0.11 1 
shoulder 0.24 0.17 0.66 1 
back 0.21 0.03 0.45 0.63 
rump 0.10 0.02 0.41 0.54 0.69 1 
v. neck -0.05 0.15 -0.09 0.13 0.18 0.23 I 
chest -0.03 -0.17 0.51 0.67 0.52 0.44 0.14 1 
abdomen -0.27 -0.26 0.12 0.32 0.37 0.40 0.54 0.72 1 
inguinal 0.20 0.08 0.19 0.38 0.35 0.08 0.21 0.70 0.56 1 
fat score 0.08 -0.02 0.60 0.80 0.78 0.71 0.37 0.87 0.72 0.62 1 
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Table 9. Correlation among weight (kg), length (em), fat scores, and blubber thickness at eight body locations in pregnant female 
walruses. Correlations having absolute values> 0.6 in bold. 

kg em d. neck shoulder back rump v. neck chest abdomen inguinal fat score 

kg 1 
Clll 0.57 1 
d. neck 0.21 -0.34 1 
shoulder 0.04 -0.14 0.36 1 
back -0.09 -0.16 0.01 0.91 1 
rump -0.30 -0.16 0.08 0.70 0.60 1 
v. neck -0.26 -0.20 0.02 0.10 0.29 -0.44 1 
chest -0.39 -0.66 0.47 0.78 0.67· 0.76 -0.01 1 
abdomen -0.08 -0.74 0.54 0.63 0.52 0.52 -0.10 0.87 1 
inguinal -0.66 -0.34 -0.38 0.47 0.63 0.77 -0.06 0.62 0.36 1 
fat score -0.24 -0.46 0.37 0.93 0.87 0.75 0.12 0.94 0.79 0.63 1 
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Table 10. Correlation among weight (kg), length (ern), fat scores, and blubber thickness at eight body locations in non-pregnant 
female walruses. Correlations having absolute values> 0.6 in bold. 

kg em d. neck shoulder back rump v. neck chest abdomen inguinal fat score 

kg 1 
em 0.74 1 
d. neck 0.15 0.33 1 
shoulder 0.65 0.50 0.06 1 
back 0.31 0.33 0.23 0.57 I 
rump 0.29 0.38 0.22 0.56 0.98 1 
v. neck -0.27 -0.04 0.81 -0.30 0.12 0.16 1 
chest 0.29 0.17 -0.25 0.11 0.36 0.21 -0.47 1 
abdomen -0.34 -0.13 0.48 -0.02 0.51 0.41 0.43 0.35 1 
inguinal 0.48 0.33 0.05 0.83 0.67 0.62 -0.37 0.34 0.26 1 
fat score 0.34 0.37 0.48 0.63 0.91 0.86 0.20 0.35 0.67 0.77 1 
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Table I L Correlation among weight (kg), length (em), fat scores, and blubber thiCkness at eight body locations in female walruses. 
Correlations having absolute values> 0.6 in bold. 

kg em d. neck shoulder back rump v.neck chest abdomen inguinal fat score 

kg l 
ern 0.80 1 
d. neck 0.53 0.41 1 
shoulder 0.60 0.43 0.47 1 
back 0.48 0.44 0.40 0.76 1 
tump 0.33 0.40 0.35 0.61 0.84 l 
v. neck 0.13 0.12 0.65 0.17 0.31 0.07 1 
chest 0.28 0.11 0.26 0.58 0.58 0.51 -0.07 1 
abdomen -0.03 -0.07 0.50 0.29 0.54 0.54 0.29 0.52 I 
inguinal 0.32 0.30 0.04 0.57 0.61 0.59 -0.22 0.41 0.27 1 
fat score 0.49 0.40 0.62 0.82 0.92 0.82 0.35 0.69 0.69 0.63 

20 



Table l2a~ Loading values for each first principal component Loading values provide a summary of the relative contribution of each 
variable to the variance represented by the principal component 

d. neck shoulder back rump v. neck chest abdomen inguinal 

.Male 0.288 0.445 0.419 0.416 <0.100 0.410 0.328 0.296 

Female 0.238 0.473 0.551 0.339 <0.100 0.293 0.271 0.369 

Pregnant 0.101 0.565 0.488 0.293 <0.100 0.478 0.279 0.202 

Non-pregnant <0.100 0.347 0.496 0.329 <0.100 0.140 0.236 0.664 

Table 12b. .Locations ranked according to their loading values. A rank of 1 means that location accounted for the most variability. 

d. neck shoulder back ntmp v. neck chest abdomen inguinal ... 

Male 7 1 2 ... 8 4 5 6 _, 

Female 7 2 4 8 5 6 "' " 
Pregnant 7 1 2 4 8 

..,. 
5 6 " 

Non-pregnant 7.5 3 2 4 7.5 6 5 
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Table 13. Standard blubber measurement data sets. 

Year Months Ship 

1981 Feb-Mar Zvyagino 
1983 Jul-Aug Zykovo 
1984 Nov-Dec Zakharovo 
1985 Mar-Apr Zakharovo 
1987 Sept-Oct Zakharovo 
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