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Morphometric Discrimination between the Lake-Resident and Anadromous
Fish of Wakasagi in the Lake Abashiri System

Mitsuru Torao*' and Kazushi Imada:"?

Abstract The Wakasagi, Hypomesus nipponensis, population in Lake Abashiri is comprised of lake-resident
and anadromous groups depending on their migration patterns. We validated the morphometric method in
discriminating the two groups. Principal component analysis was performed, and the difference summarized by
the first and second principal component of the length- and size-adjusted data between lake-resident and
anadromous forms. Discriminant analysis successfully separated the two groups with the high probability of
about 95%, using ten variables (standard length, condition factor, body depth, body width, eye diameter,
interorbital width, depth of caudal peduncle, length of the top of snout to the origin of pelvic fin, length of
the origin of pelvic fin to the caudal fin base) . The results show the possibility of distinction of the migration
groups of Lake Abashiri by the morphometric method. We concluded that most morphological variations
between two forms should be related to the growth. Lake-resident groups in Lake Abashiri mainly prey on
plankton. On the other hand, anadromous form has a wider feeding habit, in most cases preying on benthos.
Accordingly, the differences in the nutritional condition and growth would occur due to influence of the

feeding environment.
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Fig.1 Map showing the locations and sampling points where
the lake-resident and the anadromous groups of H.nipponensis
were collected. The lake-resident sample was collected in
St. A, while the anadromous group was in St. B.

Fig. 2

[ustration of the measured morphometric characteristics
and locations of the 6 landmarks used to calculate the truss
network (lines). Measured characteristics are head length (HL),
eye diameter (ED), snout length (SNL), upper jaw length

(UJL), interorbital width (IW), body depth (BD), body
width (BW), and depth of caudal peduncle (DCP). Truss
landmarks refer to a) top of snout, b) origin of dorsal fin,

c) origin of adipose fin, d) origin of pelvic fin, e) origin of
anal fin, and f) caudal fin base.
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Fig. 3 Frequency distributions of standard length, body weight and condition factors with sex ratios of the lake-resident and
anadromous groups of H.nipponensis. There were significant differences between the lake-resident (#»=123) and anadromous
(n=108) groups in each characteristic (Mann-Whitney’s U-test. Standard length, z=4.41, p<0.0001; Body weight, z=6.17,

p<0.0001, Condition factor, z=6.17, p<0.0001).
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Table 1 Comparisons of measured values and proportional measurements between the lake-resident and the anadromous
groups of H.nipponensis.

Measured . . e Proportional . .
morphometric Lake-resident =~ Anadromous Probability Lake-resident Anadromous Probability
characters measurements
HL 15.85+1.67 16.52+0.82 p=0.0037 HL/SL(%) 20.95+0.58  20.77+0.85  p=0.0602
ED 4.65+0.36 4.72+0.48 p=0.1658 ED/SL(%) 6.16+0.38 5.98+0.35  p<0.0001
SNL 4.97+0.73 5.01+0.74 p=0.7158 SNL/SL(%) 6.55+0.47 6.29+0.57  p<0.0001
UJL 6.94+0.74 7.40+0.93 1 <0.0001 UJL/SL(%) 9.17+0.41 9.30£0.47 p=0.0433
W 3.47+0.45 3.47+0.47 p=0.9784 TW/SL(%) 4.59+0.34 4.38+0.40  p<0.0001
BD 12.59+1.44 13.32£1.60 <0.0001 BD/SL(%) 16.63+0.69 16.72+0.81 p=0.2852
BW 8.55+0.99 8.52+1.05 p=0.8481 BW/SL(%) 11.30+0.53  10.69+0.55  p<0.0001
DCP 4.64+0.47 4.79+0.62 p=0.0452 DCP/SL(%) 6.14+0.27 6.02+0.33  p=0.0008
ab 37.34+3.88 39.56+3.98 <0.0001 ab/SL(%) 49.32+1.22 = 49.756£1.23  p=0.0115
ac 60.94+5.99 65.09+6.86 <0.0001 ac/SL(%) 80.49+1.69 | 81.80+1.81  p<0.0001
ad 36.74+3.73 38.70+4.20 p=0.0002 ad/SL(%) 48.57+1.14  48.63+1.29  p=0.7473
ae 54.26+5.38 57.24+6.27 p=0.0001 ae/SL(%) 71.63+1.82  70.28+6.05  p=0.2302
bf 37.09+3.60 39.89+4.69 1 <0.0001 bf/SL(%) 49.05+1.24 | 50.01£1.73  p<0.0001
cf 13.12+1.56 13.92+1.99 p»=0.0008 cf/SL(%) 17.35+1.06  17.46+1.35  p=0.4606
df 37.88+3.84 40.40+4.75 »<0.0001 df/SL(%) 50.08+1.16 50.72+1.66 p=0.0006
ef 19.80+2.23 21.49+2.63 1 <0.0001 ef/SL(%) 26.18+1.26 = 26.98+1.34  p<0.0001

The statistical differences were determined by the t-test. Gray mesh shows the average value is significantly larger. Measured

characteristics are head length (HL), eye diameter (ED), snout length (SNL), upper jaw length (UJL), interorbital width (IW),
body depth (BD), body width (BW), and depth of caudal peduncle (DCP). Landmarks referred to a) top of snout, b) origin of

dorsal fin, c) origin of adipose fin, d) origin of pelvic fin, e) origin of anal fin, f) caudal fin base. Then, the lengths of ab, ac,
ad, ae, bf, cf, dfand ef were obtained.
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Fig. 4 Frequency distributions of numbers of gill rakers and vertebrae of the lake-resident and the anadromous groups of
H.nipponensis. No significant differences were found between both groups in the numbers of gill rakers and vertebrae
(Mann-Whitney’s U-test, numbers of gill rakers; z=1.94, p>0.05; number of vertebrae, z=1.25, p>0.05).
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Table 2 Eigenvalue of principal components (PC) 1-3 of the
morphological variation among individuals and the loadings
of predictor characteristics.

PC1 PC2 PC3
Eigenvalue 16.918 1.177 0.978

Cummulative percentage 0.736 0.787 0.829

Facter loading

Standard length (SL) 0.986 -0.031  -0.044
weight 0.973 0.119  -0.035
Condition factor (CF) 0.276  0.590 0.269
Body depth (BD) 0.949  0.155  0.079
Body width (BW) 0.894 0.166  0.003
Head length (HL) 0.961  0.025  -0.039
Eye diameter (ED) 0.821  0.037  -0.182
Interorbital width (IW) 0.790  -0.040  -0.010
Upper jaw length (UJL) 0.936  0.037 -0.064
Snout length (SNL) 0.855 -0.058  -0.021
Depth of caudal peduncle (DCP) 0.921  0.044 -0.013
ad 0.977 -0.023  -0.038

ae 0.983  -0.014  -0.042

df 0.978 -0.040  0.005

ef 0.927 -0.081  0.042

ab 0.973 -0.027  -0.030

ac 0.983 -0.020  -0.018

bf 0.970 -0.024  0.013

cf 0.882  -0.077  0.022

af 0.990 -0.040 -0.016

No. of gill rakers -0.009 0.486 0.627

No. of vertebrae 0.212 -0.627  0.505
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Fig. 5 Frequency distributions of discriminant scores among
the lake-resident or the anadromous groups of H.nipponensis

from the Lake Abashiri system
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