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ABSTRACT. Cranial features (development, individual variation, and sexual dimorphism) were examined from the 23 metrical characters
and 2 nonmetrical characters (the degree of closure of the 9 cranial sutures and the presence of sagittal crest) in the two spotted seal
specimen groups at the Nemuro Strait, Hokkaido. One specimen group was incidentally taken in the salmon trap nets between 1982 and
1983 (n=70), and the other was randomly sampled by damage control kill between 1997 and 1998 (n=82). The development of mor-
phometrical characters of skulls ceased at 5.6, 10.7, 7.9, and 11.9 yr. old, for 1982—83 male, 1982—83 female, 1997-98 male and 1997—
98 female, respectively. The sutures were half ankylosed till approximately 10 yr. old in both sexes. The sagittal crest began from about
5 yr. old in male. Individual variation of skull was large in the feeding, breathing, and facial-expression apparatus. On the other hand,
the variation of braincase, and skull concerning to the movement of head/neck tended to be small. Only 1997-98 specimens exhibited
a sexual dimorphism in skull characters except for the braincase, whereas the dimorphism was not found in 1982-83 specimens. We
could not detect the significant difference between two specimen groups, although there were a few differences in characters related to

the rostrum and mandible.
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The spotted seal, Phoca largha, which is widely distrib-
uted in the Sea of Okhotsk, the Japan Sea, and the Bering
Sea [20], exhibits regional variations in morphology. In the
Bering Sea, the three geographical populations was found
using non-metrical characters of skulls [5]. In the Sea of
Okhotsk, it was confirmed of the cranial differentiation
based on metrical and non-metrical characters between the
northern area (Shelekhova Bay) and the southern area (Ter-
peniya Bay in Sakhalin) [6]. In the Japan Sea, cranial fea-
tures in the Mamiya Strait concentration have been reported,
almost characters did not show a sexual dimorphism except
for the rostrum and nasal bone, and the skulls of female were
larger than those in the Peter the Great Bay [12]. However,
these studies used the sexual mature specimens, without
consideration of the age-based cranial development. There
are a few studies to describe the cranial developments. One
study reported the development of condylobasal lengths
with age [15]. Another study reported the developments of
17 cranial morphometric characters, and denied the sexual
dimorphism of sexual mature seal [22], as well as the review
study [2].

Clarification of the development of morphometric char-
acters provides the basic data for the analysis of geographi-
cal variations among neighboring populations. Estimation
of the age when development ceases will make it possible to
use all the measurements from animals exceeding this age
for a morphological comparison [23]. No such studies have,
however, previously been conducted for spotted seals.

Offshore of Hokkaido, including the Nemuro Strait, spot-
ted seals appeared mostly in fall for following salmon, and
also in the sea ice season for reproduction [15]. Since most
morphological studies in this area focus on the inter-species
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differences between spotted seals and the sympatric species
of harbour seals, Phoca vitulina stejnegeri [10, 14, 15, 22],
intra-specific variations in the cranial features of spotted
seals were not described enough.

The purpose of this study is to describe the cranial fea-
tures of spotted seals in the Nemuro Strait. We report here
growth with age, individual variation, and sexual dimor-
phism of the skulls, considering age structure, capture meth-
ods, and seasons which contribute to the specimen features.

MATERIALS AND METHODS

Sampling and skull specimen: Spotted seals were col-
lected in coastal waters of eastern Hokkaido from the Shire-
toko Peninsula to the Nemuro Peninsula (Fig. 1) between
1982 and 1983 (n=70; 37 males and 33 females) and again
between 1997 and 1998 (n=82; 52 males and 30 females).
The former specimens were primarily collected by inciden-
tal take in salmon trap nets between September and Novem-
ber, and the latter specimens were collected by damage
control kills during February and March (around the breed-
ing season). The sex of each seal was referred from the reg-
ister for 1982-83 specimens, and from the morphological
features of the external genitalia for 1997-98 specimens.
Skulls were boiled and skeletonized, then put in 50°C water
with proteinase (TasinaseN—11-100: Kyowahakkokogyo,
Tokyo, Japan) [7]. All of skulls are stored in the Graduate
School of Veterinary Medicine, Hokkaido University.

Age determination: For age determination, lower canine
teeth were taken from each animal, sectioned 20 um and
stained by Delafield’s hematoxylin, following the funda-
mental methods on the textbook [7]. When lower canine
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Fig. 1. Location of sampling area (represented as shadow area)

and distribution area of spotted seals around Japan.

teeth were lost, upper canine teeth were used. Ages were
estimated from count of cementum annuli [13]. The
assumed mean birth date was set at the 25th March [14].
Ages were calculated to the nearest 0.01 year old to accom-
modate differences in the timing of collections.
Measurements for metrical and non-metrical cranial fea-
tures: Twenty-three morphometric characters (Table 1, Fig.
2) were measured following the previous studies [3, 22].
Functional components were identified referring to text-
books of the anatomy [4, 11]. Each character was measured
with calipers to the nearest 0.05 mm. Some skulls were
partly damaged by shot so that those measurements were
removed from the analysis. The degree of closure of nine

Table 1.  Skull measurements of the spotted seal

Condylobasal length

1
2 Palatal length
3 Length of upper tooth row
4 Greatest width at mastoids
5 Greatest width of cranium
6 Greatest zygomatic width
7 Height of cranium
8 Length of mandible
9 Height of mandible at coronoid process
10 Length of lower tooth row
11 Height of mandible behind the molar
12 Overall length of nasals
13 Length of maxillo-frontal suture to anterior end of nasals
14 Width of nasals at maxillo-frontal suture
15 Maximal width of external nares
16  Width of snout at canines
17 Width of palate behind first molars
18 Greatest length of bulla
19  Greatest width at condyles
20 Length of snout from anterior edge of nasals
21  Greatest length of jugal
22 Width of bulla from tip of auditory process to anterior edge of
carotid foramen
23 Width of coronoid process at anterior margin
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cranial sutures (occipito-parietal, squamoso-parietal, inter-
parietal, fronto-parietal, interfrontal, basioccipital-basisphe-
noidal, basisphenoidal-presphenoidal, intermaxillary, and
incisivomaxillary) were assessed visually and assigned a
numerical score from 1 to 4, following the previous studies
[3,9]. Score 1 was that the suture was open wide, and score
4 was that the suture was fully ankylosed. We also observed
the presence of sagittal crest.

Apply for the growth models: To examine the growth of
skull, we used the monomolecular model within four growth
models (the von Bertalanffy, Gompertz, logistic, and mono-
molecular models), because the monomolecular model
showed the best fit to the growth of condylobasal length in
all groups (both males and females in each period). This
model has already been used successfully for the growth of
brown bears, Ursus arctus [16]. We then used the monomo-
lecular model for the other characters. The monomolecular
equation is: L, = L.. -exp (-K (t-1)), where L, is the length at
age t, L.. is the asymptotic length, K is a growth-rate con-
stant, and I is the age at the inflection point. Parameters in
these models were estimated by the nonlinear least squares
method with the SPSS [21].

Estimate the age to cease the cranial development: To
estimate the age of completion of development on a particu-
lar character, we assumed the growth of skull virtually
ceased at the age at which length attains 95% of its asymp-
totic length (tos) [23]. T.os was calculated from the estimates
of growth parameters in each measurement. In order to ver-
ify the completion of development, the zero growth rate (L,
= constant, t>tgs) was tested by linear regression analysis,
using the specimens that the ages were more than the
median value of tos among all 23 characters. We regarded
the specimens over the age when the zero growth rate was
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Fig.2.  Skull measurements of the spotted seal. Numbers refer to
characters described in Table 1.
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accepted in all characters, as the completion of the develop-
ment, and used them for the comparisons between groups.
Statistical comparison about the cranial features: Differ-
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Fig. 3. Age structures of spotted seals collected in 1982—-83 and
1997-98. Closed and open squares represent males and females,
respectively.

ences between sampling periods or sexual dimorphism in
skull were examined by three statistical methods {z-test,
principal component analysis (PCA), and analysis of covari-
ance (ANCOVA)}. The r-test was used for comparing the
difference between means, using specimens that the growth
was considered to have ceased. PCA was used to elucidate
the size and shape variation among groups, also using spec-
imens which the development complete. The data of 17
characters of 24 specimens (i. e. 6, 5, 7, and 6 specimens for
1982-83 males, 1997-98 males, 198283 females, and
1997-98 females, respectively) except specimens with
unmeasured portions were applied for PCA, because 6 char-
acters (nos. 12, 13, 18, 19, 20, and 22) could not be mea-
sured in some specimens. In order to overcome the small
sample size, ANCOVA was carried out using data obtained
from all age individuals, following the previous study [23].
We first assumed an allometric relationship between mea-
surements of two characters: y=bx?, where x is the condylo-
basal length, and y is a measurement of another character.
Parameters a and b were estimated by regression analysis
after the equation was linearized by a log transformation.
Period differences and sexual dimorphism in these parame-
ters were examined by ANCOVA using the GLM procedure
of SPSS [21].

RESULTS

Growth: Figure 3 shows the age structures of the speci-
men groups. The sutures were half ankylosed till approxi-
mately 10 yr. old in both sexes (Fig. 4). The sagittal crest
began from about 5 yr. old in male, whereas the presence in
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Fig. 4.

Relationship between age and total score of suture, and the presence of sagittal crest in male and female spotted seals.
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Table 2.  Estimates of parameters for growth of morphometric characters in spotted seal. Character number refers to Table 1 and Fig. 2.
Male in 1982-83 Male in 1997-98 Female in 1982-83 Female in 1997-98
Character L. K 1 tos L. K 1 tos L. K 1 tos L. K 1 tos
no. n?  (mm) (mm/yr) (yr) (yr) 0¥ (mm) (mm/yr) (yr) (yr) Y (mm) (mm/yr) (y) (yr) 0¥ (mm) (mmiyr) (yr)  (yr)
1 40 215.0 7.33 2.69 2.59 33 2247 438 477 450 34 2145 625 3.13 3.02 212114 5.04 3.89 3.78
2 41 952 590 228 3.54 49 1005 3.74 392 576 37 953 497 269 4.18 27 935 4.68 289 451
3 41 731 4.07 225 472 57 761 256 392 7.69 37 726 341 255 552 34 715 229 372 821
4 41 1231 9.10 1.18 1.71 38 1235 733 149 2.14 37 1199 992 098 150 24 117.5 13.26 0.69 1.09
5 40 94.1 13.05 025 0.82 39 950 1294 031 0.89 36 947 1275 031 0.89 24 93.0 3396 0.10 0.32
6 40 131.4 3.61 398 5.14 44 1358 2.66 5.82 728 37 1293 437 324 424 251248 342 389 527
7 41 679 12.14 027 1.16 31 688 7.77 045 182 35 67.7 951 031 145 22 66.8 9.74 024 1.36
8 41 1424 531 3.09 3.73 57 148.1 3.44 5.02 590 37 1403 533 3.01 3.68 34 139.1 4.00 4.08 4.99
9 41 673 3.69 3.14 6.09 58 689 321 3.83 7.5 37 654 479 236 469 35 635 301 354 736
10 41 61.7 418 1.16 397 58 635 248 229 692 37 60.6 305 126 517 34 59.6 269 148 597
11 41 212 2.09 -1.32 940 58 21.8 1.57 -1.09 13.03 37 20.5 2.14 -1.67 896 36 244 044 1.78 49.38
12 40 544 354 1.79 547 48 577 216 3.65 939 36 549 221 277 8.63 28 53.0 245 227 7.68
13 40 315 284 062 7.13 50 314 195 0.63 10.16 36 30.7 1.78 0.28 10.82 30 292 296 -0.20 6.30
14 41 142 349 -1.75 583 52 141 3.15 -1.87 6.55 37 133 597 -1.18 3.37 32 133 2.60 -2.65 7.77
15 40 332 280 021 6.62 54 327 293 0.15 633 36 306 270 -0.85 6.11 32 294 424 -058 3.94
16 41 46.1 1.61 3.6212.72 56 462 176 3.56 11.88 35 415 225 147 846 33 394 188 1.09 9.75
17 41 608 2.63 200 6.53 54 609 221 244 7.82 37 585 3.02 128 534 33 569 249 105 6.11
18 41 41.0 14.45 -0.14 096 43 423 6.24 -020 229 37 393 1395 -031 0.85 25 398 7.34 -052 1.67
19 39 59.7 12.76 —0.05 0.89 31 59.8 13.84 -0.05 0.82 33 59.0 11.23 -0.13 095 20 587 1226 -0.15 0.85
20 40 334 10.09 049 226 49 373 460 142 508 36 36.1 683 090 340 30 337 510 099 448
21 39 574 537 139 372 47 612 294 295 698 36 579 564 139 359 30 576 465 171 439
22 41 428 1056 0.01 147 46 433 747 0.08 2.13 37 422 628 —0.10 238 27 415 9.84 -0.10 1.50
23 41 52 349 -364 684 58 55 210 =529 11.76 37 48 433 321 541 35 43 1.58-10.17 14.12
a) Six age known specimens were used for fitting growth curves.
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Fig. 5.

Relationship between age and condylobasal length in male and female spotted seals in

1982-83 and 1997-98. Growth parameters are given in Table 2.
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pleted. Character number refers to Table 1 and Fig. 2.
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Mean, standard deviation (SD), and individual variation (CV%) of measurements of spotted seals which the skull growth com-

Character Male in 1982-83 Male in 1997-98 Female in 1982-83 Female in 1997-98

no. n Mean SD (A n Mean SD CV n  Mean SD CvV n Mean SD CV
(mm) (mm) (%) (mm) (mm) (%) ) (%) (%) (mm) (mm) (%)

1 6 2204> 517 235 6 227.0°% 3.15 1.39 9 2179 8.03 3.69 7 21344 5.62 2.63
2 6 97.5> 326 3.35 15 101.6*° 329 324 9 97.0c 283 292 11 93.84¢ 2.95 3.14
3 6 72.9 2.13 2.92 18 75.6% 313 414 9 73.1 285 3.90 13 70.14 3.57 5.09
4 6 124.0 534 431 10 1233* 3.07 249 9 121.7 273 225 10 119.4* 2.38 1.99
5 6 95.3 1.98  2.08 10 95.5 249 261 9 96.0 236 246 10 94.4 343 3.63
6 6 129.3>  6.63 5.13 14 1352 390 289 9 130.1° 342 263 10 125.04¢ 4,01 3.21
7 6 68.6 1.22 1.78 5 69.5 196 282 9 683 260 3.81 8 67.8 2.00 2.95
8 6 1440 5.48 3.81 18 1483% 469 316 9 1424 436 3.06 14 139.2* 3.67 2.63
9 6 67.2 410  6.10 19 68.84 292 424 9 658 595 9.03 14 63.04 3.18 5.05
10 6 61.4 1.93 3.15 19 6294 346 550 9 609 126 2.07 14 59.3A 2.45 4.14
11 6 20.2 1.12 5.55 19 2094 124 593 9 20.4¢ 0.83 4.05 14 19.02¢  0.97 5.09
12 6 53.8° 246 4.8 14 56.7% 272 480 8 55.0 153 277 11 53.22 4.01 7.54
13 6 31.1 2.21 7.11 15 30.6 2.56 838 8 305 190 6.23 13 29.0 2.94 10.13
14 6 14.2 1.74 12.28 16 142* 156 1095 9 13.5 1.84 13.65 14 13.12 1.40 10.70
15 6 323 2.25 6.97 18 3264 1.78 546 9 30.6 1.84 6.00 13 29.24 1.77 6.05
16 6 42.6 424 9095 18 4474 225 504 7 41.3¢ 1.37 331 13 38.54¢€ 1.41 3.67
17 6 58.6 406 692 18 60.24 2.8 470 9 58.6° 1.88 3.22 13 55.8A¢€ 1.83 3.28
18 6 414 2.07  5.00 11 4274 201 470 9 399 1.65 4.13 10 40.3* 1.42 3.51
19 5 59.7 3.27 5.48 5 60.4 137 226 9 59.5 171 2.88 6 58.9 1.14 1.94
20 6 35.7 2.68 7.52 12 3814 3.10 812 8 37.0¢ 137 3.71 13 33.94¢ 241 7.11
21 6 58.1 3.17 545 14 61.2* 339 553 9 58.7 291 4.96 14 58.4* 2.52 4.32
22 6 43.3 1.73 4.00 13 4394 118 268 9 4277 2.06 4.83 12 41.9* 0.87 2.08
23 6 5.2 0.71 13.61 19 534 1.04 1944 9 4.8 0.78 16.20 14 4.14¢ 0.74 1835

Significantly different pairs of means are indicated with same superscript letters. Lowercase letters indicate p<0.05, capital letters p<0.01.

female was not certified because of few female specimens
between 5 and 10 yr. old (Fig. 4). Table 2 includes parame-
ter estimates for the growth of all 23 morphometric charac-
ters.

Figure 5 shows the growth of condylobasal length for
males and females. The median ages of t.o5 from all 23 mea-
surements were 4.0, 4.2, 6.6, and 5.0 yr. for 1982—83 male,
1982-83 female, 1997-98 male and 1997-98 female,
respectively. We tested the zero growth of the cranial char-
acters over the median ages in each group. Only 1982-83
male group was accepted the zero growth for all characters
(P>0.01), when the minimal specimen age was 5.6 yr. old.
Whereas, in other groups, some characters were disproving
the zero growth; nos. 12, 16, and 17 in 1982-83 females; no.
10 in 1997-98 males; and nos. 8 and 9 in 1997-98 females
(P<0.01). The latter three groups were accepted the zero
growth for all characters, when the minimal age among the
specimens were 10.7,7.9, and 11.9 yr. or older, for 198283
female, 1997-98 male and 1997-98 female, respectively
(P>0.01). We considered these specimens to complete the
development, and used for the comparison of means by the
t-test, and for the principal component analysis (PCA).

Individual variation: Table 3 gives individual variations
(CV %) in the morphometric characters of the skull. Varia-
tion of feeding (nos. 9, 16, 17, and 23) and breathing/facial-
expression apparatus (nos. 12, 13, 14, 15, and 20) were

seemed to be large in all groups, especially nos. 14 and 23.
Variation of braincase (nos. 5 and 7) and head/neck move-
ment apparatus (nos. 4 and 19) are seemed to be small.

Sexual dimorphism: Sexual dimorphism was detected by
t-test in 19 of 23 characters of 1997-98 specimens (P<0.05),
whereas it was not detected in all characters of 1982-83
specimens (P>0.05) (Table 3). On the other hand, sexual
dimorphism in log;o b by ANCOVA was detected in nos. 6,
9, 18, 22 (P<0.01), and no. 3 (p<0.05) of 1982-83, and nos.
1, 13, and 18 (p<0.05) of 1997-98 (Table 4).

Differences between specimen groups: Difference
between 1982-83 and 1997-98 males by #-test was detected
in the cranial characters nos. 1, 2, 6, and 12 (P<0.05), and
those of females was detected in nos. 6, 11, 16, 17, 20
(P<0.01), 2 and 23 (P<0.05) (Table 3). These characters
were in rostrum, mandible and greatest zygomatic width.
On the other hand, group differences in log;o b by
ANCOVA were detected only in nos. 20 (P<0.01), 16 and
23 (p<0.05) of females (Table 5). These characters were in
rostrum and mandible.

Principal component analysis: The principal component
charts between the first and second transformed variables
from 17 measurement items are given in Fig. 6. The two
clusters of male and female in 1997-98 were obviously dis-
tinguished in this chart. On the other hand, two clusters of
male and female in 1982-83 were not distinguished,
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Table 4. A summary of analyses of covariance on sexual dimorphism in skull measurements of spotted seal.
Character number refers to Table 1 and Fig. 2.
1982-83 1997-98
Character Adjusted mean (mm) Character Adjusted mean (mm)
no. Male Female no. Male Female
Covariate: standard length (mm) Covariate: standard length (mm)
1 187.9 188.8 I8 199.1 194.5

Covariate: codnylobasal length (mm)

Covariate: condylobasal length (mm)

2 80.0 80.4 2 83.8 84.1
39 60.8 61.8 3 63.7 63.7
4 1143 113.0 4 116.9 115.1
5 91.0 91.6 5 93.1 92.5
6 109.9 112.5 6 114.8 115.1
7 64.9 64.1 7 65.8 65.3
8 120.5 121.3 8 125.9 126.8
9v) 50.8 52.8 9 54.6 54.7
10 53.8 53.8 10 55.6 55.5
11 16.3 16.8 11 17.0 17.0
12 443 44.6 12 46.2 47.9
13 24.4 24.4 13 25.0 26.9
14 114 11.4 14 12.0 11.8
15 27.2 26.9 15 28.1 28.2
16 335 34.2 16 35.8 35.0
17 50.7 515 17 52.1 53.1
18» 39.4 38.0 189 39.9 38.6
19 57.5 56.9 19 58.7 57.9
20 28.8 29.6 20 30.5 294
21 48.8 49.5 21 51.9 52.8
229 40.2 385 22 40.7 40.3
23 3.6 3.7 23 3.8 35

a) The difference was significant at the 5% level.
b) The difference was significant at the 1% level.

although the points of each sex tended to be plotted adjacent
to the same sex clusters of 1997-98 (Fig. 6). The percentage
of variation explained by the first principal component
(PC1) is 51.1%, and that by the second principal component
(PC2)is 11.8%. The items, which largely contribute to PC1,
were almost characters in higher ranking except nos. 5 and 7
(braincase), and to PC2 were nos. 5, and 7 for positive, and
nos. 11, 14, 15, 16, and 17 (rostrum) for negative. PC1 rep-
resented the total skull size except braincase, and showed
the tendency of sexual dimorphism in 1997-98 and the little
of the dimorphism in 1982-83. PC2 represented the propor-
tion between braincase and rostrum, and denied both sex
and period differences in this proportion because of the
large variation in each group.

DISCUSSION

Growth: The morphometric characters from the median
values of t.gs indicate that skull growth ceased mostly
around 5 yr. old. This is corresponded with the age of the
sagittal crest appearances in male, and the age of sexual
maturity in both sexes [14]. After 5 yr. old, there would be
moderate development in some skull characters, because the
completion ages for all character development in our speci-

mens were about 8§ and 12 yr. old in males and females,
respectively. This moderate growth correspond with those
of the sexual organs such as ovaries and testes after the sex-
ual maturity at 5 yr. old [14]. The difference of the comple-
tion age of skull development between sexes would have
caused from few female specimens aged between 5 and 10
yr. old. This age specimens in female are required for more
precise analysis of skull development. Sutures did not com-
plete to ankylose at 5 yr. old, and they tended to continue
ankylosing after 10 yr. old. Although almost morphometri-
cal developments ceased until 10 yr. old, it is not necessarily
to complete the ankylosing after the completion of skull
growth and even in older animals [4].

Individual variation: Individual variations of feeding and
breathing apparatus were the greatest, and it is shown in fin-
less porpoises (Neophocaena phocaenoides) [23] and spot-
ted porpoises (Stenella attenuata) [17]. In addition, spotted
seals have a great individual variation in the facial-expres-
sion apparatus with regard to movements of the nose and
vibrissae, both of which play a unique role in the behaviors
of pinnipeds. Seals frequently open and close their nose not
only in relation to breathing, but also to smelling the water
and diving [19]. The vibrotactile sensors are best developed
in pinnipeds, which is useful not only for catching prey in
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Table 5. A summary of analyses of covariance on period difference in skull measurements of spotted
seal. Character number refers to Table 1 and Figure 2.

Male Female
Character Adjusted mean (mm) Character Adjusted mean (mm)
no. 1982-83 1997-98 no.” 1982-83 1997-98
Covariate: condylobasal length (mm) Covariate: condylobasal length (mm)
2 81.5 81.8 2 81.3 81.7
3 62.1 62.2 3 62.7 61.8
4 115.6 115.6 5 91.8 91.8
5 91.6 92.5 6 113.5 112.5
6 111.7 112.7 7 64.6 64.7
7 65.3 65.3 8 123.0 123.0
8 123.0 123.0 9 54.0 52.6
9 522 52.8 10 54.3 54.3
10 54.7 54.6 11 17.1 16.4
11 16.7 16.6 12 452 45.9
12 454 452 13 24.8 25.6
13 25.1 244 14 11.6 11.5
14 11.6 11.6 15 27.1 27.6
15 27.7 27.5 16 34.7 33.7
16 34.4 34.8 17 52.1 51.8
17 51.5 51.2 18 38.1 38.3
18 39.7 39.6 19 57.0 57.5
19 57.9 583 209 30.1 28.2
20 29.5 29.7 21 50.1 51.1
21 49.8 50.7 22 38.8 39.5
23 3.7 3.6

a) Character no. 4 in female was omitted because differences in parameter a were significant between

periods (P<0.01).

b) The difference was significant at the 5% level.
c¢) The difference was significant at the 1% level.
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Fig. 6. The principal component chart of skulls between the first
and second transformed variables from 17 measurement items.
PCl1, the first principal component. PC2, the second principal
component. The percentage of variation explained by PCl1 is
51.1 %, and that by PC2 is 11.8 %.

the water, but also possibly in relation to the nonuse of their
reduced forelimbs as tactile agents [18].

Explanation for the different results among analysis: The
results between ANCOVA and #-test/PCA seem to be incon-
sistent. ANCOVA detected less period differences and little
sexual dimorphism in both specimen groups. On the other-
hand, #-test and PCA detected more number of period differ-
ences in the skull morphometric features related to the
rostrum and mandible, and indicated strong sexual dimor-
phism only in 1997-98 specimens, not in 1982—83 speci-
mens, that was consistent with the result of previous study
[22]. However, since ANCOVA can analyze including the
growth effects [8] and can use larger sample size than #-test
[23], it might be considered that ANCOVA and #-test/PCA
detect the features of “the population” and those of “each
specimen group”, respectively. This statement would
explain our results; some cranial differences between 1982—
83 and 1997-98 specimen groups were detected by the
results of #-test/PCA, but both groups would not be obvi-
ously separated as population by the results of ANCOVA.

Sexual dimorphism and population contaminants: The
capture methods and seasonal effects should be considered
for the cranial differences between sexes and between spec-
imen groups. 1997-98 specimens were taken by the random
sampling of damage control kill in the breeding season, and
they would represent the “breeding population” in the Nem-
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uro Strait. Many pinniped species have developed the sex-
ual dimorphism by the large body size of breeding males,
where the degrees of the dimorphism are related to the
breeding system [1, 9]. Although spotted seals reported as
monogamy [19], well-developed males could get females
easily and therefore some sexual dimorphism might appear
in the “breeding population”, such as in 1997-98 specimen
group. Concerning about 1982—-83 specimens, it would rep-
resent the “incidentally taken seal group”. One of reasons
for little sexual dimorphism in this group might be a small
number of mature male specimens. However, the informa-
tion was not enough to confirm that the mature males are not
taken easily in the trap nets, and that most of them are not
inhabited in the autumn Nemuro Strait. The estimation of
sampling bias for entanglement will partly explain these
issues. Conclusive resolution of spotted seal population
contaminates between two specimen groups requires further
detailed analysis of large number of skulls, the genetic com-
parison, and seasonal movement patterns by the satellite-
linked telemetry.

ACKNOWLEDGMENTS. We would like to thank Y.
Goto, T. Isono, I. Chiba, T. Ishinazaka, K. Konishi, T.
Kariya, marine mammal hunters in Rausu, and members of
the Kuril Seal Research Group for gaving us their assistance
in collecting specimens. We are grateful to N. Hachiya for
his advice regarding specimen preparation, to M. Suzuki for
providing valuable information regarding 1982-83 speci-
mens, to M. Yokoyama for advice on carrying out statistical
analysis with the computer program, and to N. Baba, T. Sai-
toh and A. Wada for suggestions and discussion of an early
draft of this paper.

REFERENCES

1. Bartholomew, G. A. 1970. A model for the evolution of pin-
niped polygyny. Evolution 24: 546-559.

2. Bigg, M. A. 1981. Harbour seal Phoca vitulina Linnaeus, 1758
and Phoca largha Pallas, 1811. pp. 1-28. In: Handbook of
Marine Mammals, vol. 2 (Ridgway, S. H. and Harrison, R. J.
eds.), Academic Press Ltd., London.

3. Burns, J. J., Fay, F. H. and Fedoseev, G. A. 1984. Craniologi-
cal analysis of harbor and spotted seals of the north Pacific
region. U. S. Dep. Commer., NOAA Tech. Rep. NMFS 12: 5—
16.

4. Dyce, K. M., Sack, W. O. and Wensing, C. J. G. 1987. Text-
book of Veterinary Anatomy. W.B.Saunders Company, Phila-
delphia. (Translated from English to Japanese by Yamauchi, S.
et al., Kindai Shuppan Ltd., Tokyo. 1990.)

5. Fedoseev, G. A. 1984. Use of nonmetrical characters of skulls
of Bering Sea seals in a study of the phenotypic structure of
their populations. U. S. Dep. Commer., NOAA Tech. Rep.
NMFS 12: 49-54.

6. Fedoseev, G. A., Bukhtiyarov, Yu. A. and Shmakova, G. G.
1979. Comparative analysis of craniological characters of the
Okhotsk Sea seals with respect to the structure of their popula-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tions. Zoologichesky Zhurnal 58: 570-581 (in Russian with
English summary).

Hachiya, N. and Ohtaishi, N. 1994. Methods of Preparing
Osteal Specimens. Hokkaido Univ. Press, Sapporo (in Japa-
nese).

Ishimura, S. 1992. Analysis of Variance. Tokyo Tosho, Tokyo
(in Japanese).

Isono, T. 2000. Comparative morphology in growth pattern
and geographical variation of Steller sea lion. PhD Thesis,
Hokkaido Univ., Hokkaido (in Japanese).

Itoo, T., Niizuma, A., Kubo, K., Fujita, 1., Kogaya, Y., Suzuki,
Y. and Iwaku, F. 2000. Sexual difference in canine thickness in
four Northwestern Pacific pinnipeds. J. Gifu Dent. Soc. 27:
240-248.

Kato, Y. 1991. Comparative Anatomy for Domestic Animals.
Yokendo, Tokyo (in Japanese).

Kosygin, G. M. and Gol’tsev, V. N. 1974. Data on the mor-
phology and ecology of the harbour seal of the Tatar Strait. /n:
Research on Marine Mammals (Chapskii, K. K. and
Mil'chenko, E.S. eds.), AtlantNIRO 39, Russia (Translated
from Russian by Fish. Mar. Serv., Canada, Transl. 3185, 1974;
238-252).

Mansfield, A.W. and Fisher, H.D. 1960. Age determination in
the harbour seal, Phoca Vitulina L. Nature (Lond.) 186: 92-93.
Naito, Y. and Nishiwaki, M. 1972. The growth of two species
of the harbour seal in the adjacent waters of Hokkaido. Sci.
Rep. Whales Res. Inst. 24: 127-144.

Naito, Y. and Nishiwaki, M. 1975. Ecology and morphology of
Phoca vitulina largha and Phoca krilensis in the southern Sea
of Okhotsk and northeast of Hokkaido. Rapp. P.-v. Réun. Cons.
int. Explor. Mer. 169: 379-386.

Ohdachi, S., Aoi, T., Mano, T. and Tsubota, T. 1992. Growth,
sexual dimorphism, and geographical variation of skull dimen-
sions of the brown bear Ursus arctos in Hokkaido. J. Mamm.
Soc. Jpn. 17: 27-47.

Perrin, W. F. 1975. Variation of spotted and spinner porpoise
(genus Stenella) in the eastern Pacific and Hawaii. Bull.
Scripps Institution of Oceanography 21: 1-206.

Renouf, D. 1991. The Behaviour of Pinnipeds. Chapman and
Hall, London.

Riedman, M. 1990. The Pinnipeds. Univ. California Press,
Berkley.

Shaughnessy, P. D. and Fay, F. H. 1977. A review of the taxon-
omy and nomenclature of North Pacific harbour seals. J. Zool.
(Lond.) 182: 385—419.

SPSS Inc. 1999. SPSS Base 10.0 J User’s Guide. SPSS Inc.,
Chicago (in Japanese).

Uno, H. 1986. Comparison of cranial growth and development
between Kuril and largha seals. pp. 158-178. In: Proceedings
of the Symposium on Ecology and Protection of the Kuril Seal
(Wada, K., Itoo, T., Niizuma, A., Hayama, S. and Suzuki, M.
eds.), Tokai Univ. Press, Tokyo (in Japanese with English sum-
mary).

Yoshida, H., Shirakihara, M., Takemura, A. and Shirakihara,
K. 1994. Development, sexual dimorphism, and individual
variation in the skeleton of the finless porpoise, Neophocaena
phocaenoides, in the coastal waters of western Kyusyu, Japan.
Mar. Mamm. Sci. 10: 266-282.



