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Fig. 1 Site of investigations and sampling
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Fig.2 Scheme of morphometric measurements for G. borealis beaks

UHL. upper hood length; UCL. upper crest length; URL. upper rostrum length; URW. upper rostrum width; ULWL. upper lateral wall length; UWL.

upper wing length; LHL. lower hood length; LCL. lower crest length; LRL. lower rostrum length; LRW. lower rostrum width; LLWL. lower lateral wall

length; LWL. lower wing length
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Tab.1 Differences of mantle length among different pigmentation stages
SEEEI95% B A X 1)
VIR 5% =% A 95% confidence interval for mean f/MA SN
pigmentation stage n mean TRR R minimum maximum
lower bound upper bound
4 7 258.43 241.75 275.11 235 285
5 9 260.33 247.39 273.28 241 291
6 82 262.39 257.47 267.32 220 309
7 82 265.70 261.17 270.23 227 310
®2 TREERINFZGNEREES
Tab. 2 Differences of body weight among different pigmentation stages
SFEIE95% B AE X )
TIRREE R ES TEIE 95% confidence interval for mean RME PN E
pigmentation stage n mean TR R minimum maximum
lower bound upper bound
4 7 498.17 406.80 590.63 378 659
5 9 498.11 428.81 567.41 362 608
6 82 551.59 523.79 579.38 327 835
7 82 560.89 533.40 588.38 339 853
350 900
300 800 r
£ 250 | O = s :Ij .. 700
£ 2 1 2075 600 =
£9 200 ¢ ig 2 500 x x
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=E £ 8 300
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Fig.5 Relationships between beak pigmentation stage and mantle length and body weight for G. borealis
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Tab.3 Relationship between percentage of pigmentation stages and sexual maturity stage for G. borealis
ARG AR AR T o EL /%
P I A P A 2 percentage of different pigmentation stages
sexual maturity stage 1 ) 3 4 s 6 7
I 0.00 0.00 0.00 50.00 50.00 0.00 00.00
Il 0.00 0.00 0.00 s2.35 4.71 47.06 45.88
il 0.00 0.00 0.00 435 435 44.57 46.74
v 0.00 0.00 0.00 0.00 0.00 100.00 00.00
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Fig. 6 Relation between beak pigmentation stages and external morphological parameters for G. borealis
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Analysis of pigmentation characteristics on beak for
Gonatopsis borealis in the Northwest Pacific Ocean
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Abstract: Gonatopsis borealis is a cold water cephalopod species which is extensively distributed in the northw-
est Pacific Ocean between 37°-55°N, and is rich in resources with a good development potentiality. The beak is an
important feeding organ of cephalopods, pigmentation is one of the important changes in the growth of the beak,
and its pigmentation characteristic is an important material to study the feeding ecology of cephalopods. In this
paper, the characteristics of pigmentation stages in the beak were studied, which would provide the basis for the
study of fishery ecology of G. borealis. We measured and identified the samples by basic fishery biology data
including mantle length (ML), body weight (BW), sex and sexual maturity, divided the pigmentation stages based
on Hernandez-Garcia's method, researched whether there were gender differences in pigmentation stages, and
established the growth models between the beak pigmentation and ML, BW, sexual maturity and the external mor-
phological parameters of 268 beaks of G. borealis collected in the Northwest Pacific Ocean from September to
November of 2018 by Chinese jigging fishing fleets. The results showed that the stage 6 and 7 were the dominant
pigmentation stages accounting for 91.11% of the total samples. There was no significant sexual difference in the
relationships between beak pigmentation stages and ML, BW and morphological parameters including Upper hood
length (UHL), Upper crest length (UCL), Upper rostrum length (URL), Lower hood length (LHL), Lower crest
length (LCL) and Lower rostrum length (LRL) of beaks based on analysis of covariance (ANCOVA). The correla-
tion analysis indicated that the pigmentation degrees of beak were highly significantly correlated with ML and
BW. The beak pigmentation degrees had a positive relationship with ML, BW and morphological parameters of
beaks, and the coefficient of association were 0.9800, 0.6715, 0.7615,0.9165,0.9188, 0.6772,0.8071 and 0.9153,
and there was also a positive relationship with sexual maturity. The pigmentation degrees of beak of G. borealis
had a positive relationship with ML, BW, sexual maturity and morphological parameters of beaks, and increased

with the growth of individuals and seemed to reach the maximum from September to November.
Key words: Gonatopsis borealis; beak; pigmentation stage; morphological parameters; northwest Pacific Ocean
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