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Fig. 1 Sampling sites of D. gigas in
the eastern equatorial Pacific
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Tab.1 Information of the D. gigas samples taken from the waters of eastern equatorial Pacific
Jii/mm
0 SRR 7] s “hj AR mantle length »
area sampling data longitude latitude number H1E+SD B/MA T oN I

mean=SD min max

WOG 2017-06—2017-08 96°45'~101°44'W 01°15'~04°23'S 129 257+46 182 379
0.134

EOG 2017-06—2017-08 84°37'~87°32'W 02°50'~04°41'S 115 250+40 186 388
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Fig. 2 Scheme of morphometric measurements and digitized landmarks of D. gigas beak '»*"

(a) lateral view of upper beak, (b) lateral view of lower beak, (c) dorsal view of upper beak, (d) dorsal view of lower beak. 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.

lowerhood 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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Fig. 3 Comparison of standardized beak morphology of D. gigas in the eastern equatorial Pacific
NS. no significance, *. P<0.05, **. P<0.01, ***. P<0.001, the same below.
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Tab.3 Difference coefficient for morphometric characters of D. gigas® beak with significant differences between

cohorts in the eastern equatorial Pacific

¥ WOG EOG
parameter FH{E+SD RAME~RORE FHE+SD RAME~ROKME CD P
mean+SD min-max mean+SD min-max

UCLs 21.27£1.51 17.16~26.60 21.02+1.39 17.90~24.37 0.11 *

URLs 5.92+0.70 3.91~8.39 5.77+0.64 4.47~7.73 0.13 Rk

URWs 5.70+0.69 4.01~8.07 5.22+0.46 4.20~6.23 0.42 o

ULWLs 15.53+1.48 12.07~21.01 16.66:1.22 14.41~19.50 0.42 Rk

UWLs 5.15+0.63 3.31~7.05 4.78+0.59 3.35~6.19 0.30 o

LHLs 4.99+0.52 3.58~6.52 4.80+0.58 3.29~6.16 0.18 o

LCLs 10.15+0.87 7.68~12.85 9.86+0.93 7.79~12.37 0.16 o

LRLs 5.53+0.62 4.05~7.39 5.34+0.52 4.14~6.44 0.15 o

LRWs 5.66+0.68 3.70~8.14 5.41%0.57 4.08~6.76 0.20 o

LLWLs 15.11%1.06 11.97~18.61 15.41£0.98 13.10~17.70 0.11 *

LWLs 8.34+0.72 6.34~10.71 8.17+0.82 6.33~10.41 0.13 ok

F4 BREFFESHEZEARMSTHETH (MANCOVA)
Tab.4 MANCOVA of different effects on beak shape by cohorts of D. gigas in the eastern equatorial Pacific
b5 T
Al d upper beak lower beak
factor ‘ ss MS F z P ss  Ms F z P

KN size 10019 0019 409 3678 0.001 0033 0033 4860  3.869  0.001
Bk cohort 10043 0043 9218 5668 0.001  0.052 0052 7.693 4.883  0.001
PR sex 10005 0005 0993  0.187 0411 0014 0007 1027 0198 0428
PERS maturity 1 0004 0004 0909 —0.025 0508 0012 0012 1708 1.518  0.078
KAN<BES size x cohort 1 0013 0013 2.806 2.802  0.002 0015 0015 2175 2254 0.020
KA size x sex 10007 0.007 1533 1377 0.085  0.005 0.005 0.800 —0.347 0.628
B xS cohort x sex 10005 0005 1014 0347 0360 0003 0003 0471 —1.529  0.945
KoAFEAMET]  size x cohort x sex 10007 0.007 1507 1.425  0.081  0.004 0.004 0579 —0.894  0.841
B residuals 235 1.077  0.005 1.517  0.007
SR total 243 1.200 1.710

Ee df BHE, SSSFUTA, MS. 975, FAESRGHE, Z BN, MRS EE S REER.

Notes: df. degree of freedom, SS. sum of squares, MS. mean squares, F. test statistics; Z. effect size, statistically significant results are in bold.
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Fig. 4 Boxplot showing differences in log-transformed centroid size of upper beak (a) and lower beak (b) between

the two cohorts of D. gigas in the eastern equatorial Pacific
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Fig.5 The first principal component PC1 versus PC2 for upper beak (a) and lower beak (b) of different cohorts of

D. gigas in the eastern equatorial Pacific

Ellipses represent 95% confident intervals.
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Fig. 6 Results of regression score and predicted values of the upper beaks (a, b) and lower beaks (c, d) of

the D. gigas versus log centroid size in the eastern equatorial Pacific
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Fig. 7 Thin-plate spline wireframe deformation grids of D. gigas upper beaks (a, ¢) and lower beaks (b, d) from

WOG (a, b) and EOG (c, d) water in the eastern equatorial Pacific
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Tab.5 Stepwise discriminant analysis (SDA) of selected principal components (PCs) of upper beak and lower beak shape for
different cohorts of D. gigas in the eastern equatorial Pacific
et T
S upper beak lower beak
e ?f?p}u\t Wilks' A F A 5{51 E(Eleaaié‘:z P ﬁﬁzfu\t Wilks' A F nga.lgl A 5?2 P
1 PC5 0.803 59.501 1 242.000 0.000 PC9 0.841 45.035 1 238.000 0.000
2 PC1 0.740 42.363 2 241.000 0.000 PC7 0.766 36.156 2 237.000 0.000
3 PC2 0.703 33.744 3 240.000 0.000 PC3 0.705 32.927 3 236.000 0.000
PC16 0.671 29.340 4 239.000 0.000 PC2 0.644 32412 4 235.000 0.000
5 PCl11 0.642 26.581 5 238.000 0.000 PCo6 0.608 30.217 5 234.000 0.000
6 PC33 0.617 24.527 6 237.000 0.000 PC8 0.575 28.681 6 233.000 0.000
7 PC14 0.595 22.909 7 236.000 0.000 PC5 0.552 26.910 7 232.000 0.000
8 PC13 0.576 21.633 8 235.000 0.000 PC1 0.530 25.584 8 231.000 0.000
9 PC3 0.559 20.471 9 234.000 0.000 PC12 0.513 24.246 9 230.000 0.000
10 PC15 0.545 19.421 10 233.000 0.000
11 PC35 0.532 18.564 11 232.000 0.000
12 PC7 0.519 17.860 12 231.000 0.000
13 PC36 0.506 17.290 13 230.000 0.000
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Tab. 6 Discrimination results of the upper beaks and lower beaks for different cohorts of

D. gigas in the eastern equatorial Pacific

RN

cohort

i B HN 5 B Mt EHE/% P IERER/%
beak SDA cohort WOG EOG total accuracy mean accuracy
%0 upper beak WIgHA  original WOG 119 10 129 92.25 89.61
EOG 15 100 115 86.96
ACXIGAE  cross-validation WOG 112 17 129 86.82 85.15
EOG 19 96 115 83.48
T%i  lower beak YIUEFH  original WOG 115 14 129 89.15 85.88
EOG 20 95 115 82.61
T XIGAUE  cross-validation WOG 113 16 129 87.60 83.80
EOG 23 92 115 80.00
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gy FE R WU, LSS O By A < sy et
5 AR5 (UC) AR LU P A s 0y Ul £
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WEE T, WX IO T F A 4 B A 5l o B A
Tyt AN, BE AT B AN [ ¥ 2 ST A
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Variation in beak morphology of Dosidicus gigas in
the eastern equatorial Pacific

GAO Xiaodi', FANG Zhou'?, CHEN Xinjun ’, LI Yunkai "***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China,
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East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China,
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Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract: Phenotypic variation within a species can be associated with varying environmental conditions in
their habitats. Understanding the variations in species’ phenotypes helps to understand their resource utiliza-
tion and ecological niche. The jumbo squid, Dosidicus gigas, is a keystone species of the Eastern Pacific Ocean,
which is widely distributed and exhibits large phenotypic variation under environmental influences. To investigate
whether different environmental conditions lead to morphological changes in the beak of D. gigas, the animal’s
important feeding apparatus, a total of 244 D. gigas’ beaks were collected from the eastern equatorial Pacific
Ocean from Jun to August in 2017, 129 and 115 specimens were from the western and eastern waters of the
Galapagos Archipelago, respectively. Traditional morphometrics and geometric morphometrics methods were
applied to quantify the external morphology of the beak. A total of twelve external morphological parameters
were measured through traditional morphometrics, and twenty landmarks were set on the one-side image of
upper and lower beaks and digitized for geometric morphometrics analysis. The results showed that 11
external standard morphological parameters of beaks were significantly different between different cohorts
except for upper hood length (UCLs) (P<0.05). Although the coefficients of difference were all less than 1.28.
Geometric morphometric analysis showed significant differences (P<0.001) in the size and shape of upper and
lower beaks between the two cohorts, with different allometric growth patterns. The morphological differences
were mainly reflected in the rostrum and lateral wall of the upper beak, and the rostrum and wing of the lower
beak. Stepwise discrimination analysis based on land-mark geometric morphometrics showed high success rates
for both upper and lower beaks, which were 89.61% and 85.88%, respectively. D. gigas from the eastern waters
had smaller beaks with more curved and sharper rostrum, larger lateral walls, and wider but shorter wings com-
pared to those from the western waters, which may be attributed to the environmental conditions and food types of
the habitat. Such resource allocation-related phenotypic plasticity could be considered as a response to the environ-

mental characteristics of their habitats, which may likely facilitate their survival.
Key words: Dosidicus gigas; beak; environment; geometric morphology; eastern equatorial Pacific
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