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Fig. 1 Sampling sites of cephalopod species by
a bottom trawl survey for the Fishery Researcher
1 of the Fisheries Research Institute in October
2012 off northern Taiwan.
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Fig. 2 Topography for oceanographic factors in October 2012 off northern Taiwan.
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Table 1 Summary information of cephalopod species in 23 stations off northern Taiwan from October 10 to 27, 2012
Station lziltg?tgf Lo(nEii;J)de Wate(:n(?epth UcUd Ue Usp Se Sr S| Sp Ssp StI Mt Am T.p Sesp O.sp
1 25°56.4"  122°04.8' 101 0O 0 16 O 0o 0 0 o0 O 0 o 0 O 0 1
2 26°03.6’ 122°03.6’ 100 0O 0 O 0 0o 0 0 O 0 0 0 0 0 0 2
3 26°12.6"  122°07.2 97 o o0 7 0 0o 0 o0 0 O 0 o 0 O 0 2
4 25°59.6"  121°37.0/ 101 0 0 63 0 0o 0 o0 o0 O 0 0 260 2 0 0
5 25°53.0’ 121°46.4' 112 0 0 31 2 0o 0 1 0 0 0 0 0 0 0 0
6 25°45.9"  121°53.6’ 122 0o 0 19 0 3 0 0 0 O 0 o 3 0 0 2
7 25°36.4"  121°32.2 120 0O 0 5 0 0 0 0 O 1 0 0 45 O 1 0
9 25°56.2"  121°15.4' 74 1T 6 3 0 o 0 3 0 0 0 o 0 O 0 0
10 25°46.3’ 120°56.0" 79 2 0 O 0 37 0 O 5 0 0 53 O 12 0
11 25°34.3"  121°08.2 86 o 1 1 0 0O 1 23 0 O 5 o 7 0 0 0
12 25°27.0"  121°11.2/ 63 4 6 3 0 0o 0 3 0 O 1 0 91 0 0 0
13 25°18.0 121°06.6 82 o 1 0 0 0o 2 0 O 0 0 0 0 0 1 1
14 25°24.2"  120°53.2’ 88 4 8 0 0 o o0 1 0 0 4 o 0 O 1 0
15 25°33.6°  120°44.2' 71 0 21 O 0 1T 0 0 0 O 0 o 0 O 0 0
16 25°24.4" 120°28.2' 61 1T 115 0 0 0O 0 0 O 1 1 0 29 0 0 2
17 25°15.4 120°36.1" 79 0o 8 2 0 1T 0 0 O 0 0 0 25 0 16 0
18 25°06.3"  120°46.0 88 0o 2 0 1 o 1 1 0 2 0 o 3 0 14 1
19 24°47.4" 120°36.4' 63 118 13 62 23 T 1 2 1 0 2 o 2 0 1 0
20 24°56.3’ 120°25.9’ 74 4 28 O 0 0o 0 0 O 0 0 0 0 0 0 0
21 25°07.3"  120°15.7 52 2 93 0 0 0o 0 o0 0 O 2 o 0 O 0 0
22 24°35.2"  120°05.2' 61 0O 0 O 1 2 4 0 O 1 0 1 0 O 0 0
23 24°36.3"  120°16.3' 58 0o 2 0 0 1T 1 0 O 8 0 o 0 O 0 0
24 24°35.9 120°25.9’ 55 1T 1 24 1 1T 14 1 1 4 0 0 0 0 24 1

Sum: 137305236 28 13 31 35 2 22 15 1 518 2 70 12

U.c: Uroteuthis chinesis; U.d: U. duvauceli; U.e: U. edulis; U.sp: Uroteuthis nei; S.e: Sepia esculenta; S.r: S. recurvirostra;

S.I: S. lycidas; S.sp: Sepia nei; S.p: S. pharaonis; St.l: Sepioteuthis lessoniana; M.t: Metasepia tullbergi; A.m: Abralia

multihamata; T.p: Todarodes pacificus; Se.sp: Sepiolida nei; O.sp: Octopodidae nei
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Fig. 3 Redundancy analysis bi-plot of the Hellinger-transformed cephalopod abundance data constrained by
standardized environmental variablesand sample sites, scaling 2. (sal: salinity; temp: temperature; dens: density; B:

bottom water; S: surface water; U.c: Uroteuthis chinesis; U.d: U. duvauceli; U.e: U. edulis; S.e: Sepia esculenta; S.r:

S. recurvirostra; S.I: S. lycidas; St.I: Sepioteuthis lessoniana; A.m: Abralia multihamata; Se.sp: Sepiolida nei; O.sp:

Octopodidae nei).
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Fig. 5 Smoothed logistic GLM for the presence/absence of Uroteuthis duvauceli. Dashed lines indicate approximate

95% confidence intervals.
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Fig. 6 Smoothed logistic GLM for the presence/absence of Uroteuthis edulis. Dashed lines indicate approximate 95%
confidence intervals.

Table 2 Results for logistic GLM fitted to Uroteuthis species presence/absence data and related oceanographic factors

Species Variable R? adj R? p value

bottom density 0.565 0.545 0.023

U. duvauceli bottom salinity 0.538 0.516 0.011
bottom temperature 0.568 0.547 0.028

bottom density 0.188 0.149 0.040

U. edulis surface salinity 0.216 0.179 0.042
bottom salinity 0.184 0.145 0.038

bottom temperature 0.181 0.142 0.040
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Table 3 Results for logistic GLM fitted to Sepia species presence/absence data and related oceanographic factors.

The best model based on lowest AIC scores are shown in bold

. ) S p value p value
Species Model AIC R adj R (variable 1) (variable 2)
1 24.702 0.371 0.308 0.026 0.043
S. lycidas 2 22.956 0.429 0.372 0.033 0.056
3 22.799 0.435 0.378 0.026 0.043
4 21.129 0.491 0.440 0.015 0.074
S. recurvirostra 5 23.561 0.409 0.350 0.013 0.057
6 17.873 0.601 0.561 0.048 0.106
Model 1: Y=bottom salinity + surface density
Model 2: Y=bottom temperature + surface density
Model 3: Y=bottom density + surface density
Model 4: Y=bottom salinity + surface salinity

Model 5:
Model 6:

Y=bottom salinity + surface density
Y=bottom density + surface salinity

Table 4
oceanographic factors

Results for logistic GAM fitted to Uroteuthis and Sepia species presence/absence data and related

Variable d.f.

Species adj R? Deviance explained Chi.sq p value
bottom density 1.00 0.63 56.5% 5.15 0.02
U. duvauceli bottom salinity 1.34  0.62 56.3% 5.54 0.04
bottom temperature 1.00 0.63 56.8% 4.84 0.03
bottom density 1.00  0.21 18.7% 4.21 0.04
U. edulis
bottom temperature 1.00 0.19 18.1% 4.10 0.04
bottom temperature ~ 1.00 - - 4.53 0.03
S. lycidas
surface density 1.00 0.38 42.7% 3.64 0.06

d.f., degrees of freedom
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Fig. 7 Smoothed logistic GLM for the presence/absence of Sepia lycidas. Dashed lines indicate approximate 95%

confidence intervals.
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Fig. 8 Smoothed logistic GLM for the presence/absence of Sepia recurvirostra. Dashed lines indicate approximate 95% confidence

intervals.
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Distribution Patterns of Cephalopods and Effects of
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ABSTRACT

Most studies on the cephalopods of Taiwan have focused on population biology, while studies regarding
distribution patterns and oceanographic influences have been limited. This study applied redundancy analysis and
a generdized linear model to investigate the relationship between the oceanographic factors and spatial
distributions of cephal opod species captured using bottom trawling by the Fishery Researcher 1 in October 2012
off northern Taiwan. The results showed that the cephalopod species distributions were associated with distinct
oceanographic conditions. Three species, Uroteuthis duvauceli, Sepia recurvirostra, and Sepia lycidas, were
distributed in the low-density bottom waters around the Taiwan Strait, while U. edulis was distributed in the high-
density bottom waters around the southern East China Sea. This study suggested that the density and salinity of
bottom water might be the key factors affecting the distribution of cephalopod species. A contour map of the
hydrological parameters showed that the northern Taiwan waters were influenced by the waters from the Taiwan
Strait and the southern East China Sea. Therefore, the distributions of cephalopod species could be located by
determining the point where water masses meet. Such data could be used to locate potential fishing grounds and
be applied to stock assessment.

Key words: cephalopods, species distribution, hydrological parameters, bottom trawling,

East China Sea continental shelf
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