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Geographic variation in the skull morphology of the finless porpoise was studied with special refer
ence to identifying local populations in Japanese waters. Twenty-five skull characters were measured 
for 146 specimens. These specimens were divided into five samples on the basis of available distribution
al information: 1) from Sendai Bay to Tokyo Bay, 2) Ise Bay and Mikawa Bay, 3) Inland Sea and the ad
jacent waters, 4) Omura Bay, 5) Ariake Sound and Tachibana Bay. Morphological differences were ex
amined by the analysis of covariance and canonical discriminant analysis. The skull morphology varied 
among the samples. The porpoises in Ise Bay and Mikawa Bay possessed rather narrow skulls. There 
was no evidence that skull morphology was more similar between geographically close areas. Such geo

graphic variation suggests that porpoises in each area rarely intermingle. We considered that there are 
at least five local populations in Japanese waters.
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The finless porpoise Neophocaena phocaenoides is a 
small cetacean distributed in the coastal waters of tropical 
and temperate Asia.1) Geographic differences in its skull 
morphology have been pointed out among porpoises in the 
Indian Ocean, Chinese waters, and Japanese waters7-9) and 
among animals within Chinese waters.7-9) Geographic vari
ation in this morphology may also be observed within 
Japanese waters. This variation provides evidence for the 
identification of local populations, which here possess the 
same meaning as stocks. However, no such study has previ
ously been conducted.

Occurrence of the porpoise is confirmed widely in 
Japanese coastal waters, but frequent sightings are report
ed only from the several limited waters.10) A geographic 
difference in the parturition season was found in Japanese 
waters.11) These results suggest multiple populations.

This study aims to clarify the geographic variation in the

skull morphology of the finless porpoise in Japanese 

waters and to identify local populations.

Materials and Methods

We examined skulls of 146 finless porpoises from 
Japanese coastal waters (Table 1). These skulls are deposit
ed in aquariums, museums, and schools in Japan: Himeji 
City Aquarium (HCA), Kitakyushu Museum and Institute 
of Natural History (KMINH), Kamogawa Sea World 
(KSW), Matsushima Aquarium (MA), Minamichita 
Beachland Aquarium (MBA), Marine World Umino
Nakamichi (MWUN), Natural History Museum and In
stitute, Chiba (NHMIC), National Science Museum, 
Tokyo (NSMT), Nagasaki University (NU), Oarai Aquari
um (OA), Toba Aquarium (TA), and Waji Elementary 
School (WES). For specimens at Nagasaki University, age

Table 1. List of the finless porpoise Neophocaena phocaenoides specimens examined

*1For abbreviations, see text.
*2-7These were considered to be sexually or physically mature because they were pregnant, lactating, or showed complete fusion of all vertebral epiphyses with centra

 (2, Miyazaki;12) 3, Y. Yoshida: OA, pers. comm.; 4, O. Tsukada: TA, pers. comm.;5, T. Tochimoto: HCA, pers. comm.; 6, Amano et a!.;6)7, KMINH, pers. comm.).
*8 These animals had been kept in TA for eight years (TA 23) and five years (TA 51; O. Tsukada: TA, pers. comm.).
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as well as sexual or physical maturity had previously been 
examined 11,13) Age had not been determined for the other 
specimens, while information on sexual or physical maturi
ty was available for 10 animals and the period of captivity 
in Toba Aquarium was available for 2 animals (Table 1). 
The senior author measured 25 skull characters of all the 
specimens with calipers or rulers to the nearest 1 mm (Fig. 
1).

For statistical analyses, the specimens were grouped into 
five samples: 1) from Sendai Bay to Tokyo Bay (here
inafter referred to as the ST sample, n=5), 2) Ise Bay and 
Mikawa Bay (IM, n = 11), 3) Inland Sea and the adjacent 
waters (IS, n=48), 4) Omura Bay (OB, n=8), 5) Ariake 
Sound and Tachibana Bay (AT, n = 74). This division was 
based on the following. Shirakihara et al. 10) reported that 
finless porpoises are mainly distributed in four coastal 
waters, i.e., ST, IM, IS, and the coastal waters of western 
Kyushu (Fig. 2). In the coastal waters of western Kyushu, 
Shirakihara et al. 14) indicated that they are common in OB 
and AT, but rare in Sumo Nada. All the specimens used in 
this study were collected within these five areas.

Because of small sample sizes in the ST, IM, and OB 
samples, we did not conduct separate analyses for each 
sex. Thus, characters that showed sexual dimorphism by 
the analysis of covariance (explained below) were not 
used. These characters were Nos. 10 and 20 in the AT por
poises") and No. 19 in the IS sample.

Considering that many specimens were cranially imma
ture, geographic differences were examined by two

Fig. 1. Skull measurements of the finless porpoise Neophocaena 

 phocaenoides.

(a) Dorsal, (b) ventral, and (c) lateral aspects of skull. No. 1, con
 dylobasal length; 2, length of rostrum; 3, width of rostrum at base;

 4, width of rostrum at midlength; 5, greatest preorbital width; 6,

 greatest postorbital width; 7, greatest width of external pares; 8, 
 greatest width across zygomatic processes of squamosal; 9, width be

 tween parietals; 10, greatest width of left nasal; 11, greatest length of

 left posttemporal fossa; 12, greatest width of left posttemporal fossa
 at right angles to greatest length; 13, length of left orbit; 14, greatest

 width of internal pares; 15, length of upper left tooth row; 16,

 greatest length of left ramus; 17, greatest height of left ramus at right
 angles to greatest length; 18, length of lower left tooth row; 19,

 greatest width between tip of thyrohyals (measured only when fusion
 had already occurred between the basihyal and thyrohyals); 20,

 greatest length of left stylohyal; 21, greatest length of left tympanic 
 bulla; 22, greatest width of left tympanic bulla; 23, greatest length of

 left periotic; 24, greatest width of left periotic; 25, diameter of co
 chlear portion of left periotic.

Fig. 2. (a) Coastal waters where the finless porpoise Neophocaena

 phocaenoides is mainly distributed. 10,14)
ST, waters from Sendai Bay to Tokyo Bay; IM, Ise Bay and Mi

 kawa Bay; IS, Inland Sea and the adjacent waters; OB, Omura Bay;
 AT, Ariake Sound and Tachibana Bay.

(b) Enlarged map of coastal waters of western Kyushu.

methods. The first was the analysis of covariance (ANCO
VA) using the data for all the specimens. This is based on 
an assumption that the allometric relationship holds ir
respective of age: log10y=a log10x+log10b, where a and b 
are constants, x is the condylobasal length and y is the 
measurement of one of remaining characters. Measure
ments of the following 6 characters were not used as y: two 
characters (Nos. 24 and 25) with no significant regression 
(p>0.05) and four characters (2, 3, 6, and 14) with sig
nificant differences (p < 0.05) among the five samples in a. 
ANCOVA was carried out with the GLM procedure of 
SAS. 15)

The second method was the canonical discriminant anal
ysis (CDA) which was performed to visually interpret the 
differences in the skull morphology among the five samples 
using only the data for characters whose growth had 
ceased. On the basis of the skull development of the AT 
porpoises,13) we selected data for five tympano-periotic 
characters (Nos. 21-25) for all the animals and data for 16 
other characters (Nos. 1-9, 11-13, 15-18) for individuals 
whose ages were estimated to be 4 years or older. In cases 
where the age of a porpoise was not determined, we used 
only the data for individuals which were sexually or physi
cally mature (Table 1). We also added measurements of 
two animals kept in Toba Aquarium for over 4 years. Of 
these data, 11 characters (Nos. 2, 4, 6, 8, 12, 13, 15-18, 22) 
were excluded from CDA because of missing values. We 
conducted CDA with the CANDISC procedure16) using 
two data sets: data for four tympano-periotic characters 
(Nos. 21, 23-25) and data for six other characters (Nos. 1, 
3, 5, 7, 9, 11).

Results

Geographic difference was found in Log,ob for 6 of 15 
characters by ANCOVA (p<0.01, Table 2): width of ros
trum at midlength (No. 4), greatest preorbital width (5), 

greatest width across zygomatic processes of squamosal (8), 
width between parietals (9), greatest length of left posttern
poral fossa (11), and length of lower left tooth row (18). 
The adjusted means of three characters related to the skull 
width (Nos. 4, 5, 8) were lowest in the IM sample. Figure 3 
shows that the IM sample possesses the narrower skull 
than other samples.
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Table 2. Results of analyses of covariance on geographic differ
 ences in skull measurements of finless porpoises Neophocaena 

 phocaenoides from five coastal waters in Japan

*

1 For abbreviations, see text.
*2 Only character with significant difference (p<0.01) are showed among all the 

 15 characters examined. Character numbers are defined in Fig. 1.
*3 Adjusted mean.

*4 Same superscript in each row indicates significant difference between the two 

 ADs (p<0.01).

Fig. 3. (a) Relationship between condylobasal length and width of ros

 trum at midlength (No. 4).

(b) Relationship between condylobasal length and greatest preor

 bital width (No. 5).•£

, ST; •ŸIM; +, IS; • , OB; •›, AT.

Scores on the first and second canonical variables de
rived by CDA are plotted in Fig. 4. The cumulative propor
tion of both variables was 0.97 for four tympano-periotic 
characters and 0.89 for the remaining six characters. 
Among the five samples, scores for the tympano-periotic 
characters overlapped each other (Fig. 4a). On the other 
hand, the AT sample separated visually from three other 
samples (IM, IS, and OB) with respect to scores for the 
other six characters (Fig. 4b). The IM sample specimens 
were also visually distinct from the others.

Discussion

The skull morphology of the finless porpoise varied 
noticeably within Japanese waters. The IM porpoises pos
sessed rather narrow skulls (Table 2, Fig. 3). It should be 
noted that there was no evidence that skull morphology 
was more similar between geographically close areas: for 
example, differences were detected between ST and IM, be
tween IM and IS, and between OB and AT, whereas there 
was some similarity between the more distantly located AT 
and ST (Table 2, Fig. 4b). The morphology of the OB por
poises seemed more similar to those in IS than those in AT 
(Fig. 4b). Such geographic variation suggests that finless 
porpoises from four areas, ST, IM, IS + OB, and AT, rare

Fig. 4. Scatter plots of scores on the first and second canonical vari

ables derived from (a) four tympano-periotic characters and (b) six 

 other characters.

To avoid congestion, only marginal scores in each sample are plot

 ted and connected with lines in (a), whereas scores of all the speci

 mens are showed in (b). •£, ST; •Ÿ IM; +, IS; • , OB; •›, AT.

ly intermingle. In support of this, during the period 
1973-82, many animals were captured alive in IM and IS, 
whereas only one porpoise was captured in the waters be
tween them.17)

Morphological differences were not detectable in the 
skulls of porpoises from IS and OB. No difference in the 
parturition season has been confirmed between these two 
waters because only one specimen was available for es
timating this season in OB (M. Shirakihara, pers. comm.). 
But coastal waters between IS and OB do not possess the 
geographical conditions (dominance of non-rocky bot
toms and offshore extension of areas with depth less than 
50 m) that are commonly observed in waters where the por
poise is distributed.10) In these waters, sightings are 
rare. 10,14)

On the basis of morphological differences reported here 
and ecological studies,10,11,14) we considered that there are 
at least five local populations of the finless porpoise in 
Japan. Genetic studies will be required for more detailed 
analyses of this population separation.
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