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Abstract
Due to the declining catch of the ground �sh, cephalopod as a short-lived invertebrate with commercially
important value has become the main �shery target species of East China Sea (ECS) in recent decades.
Therefore, it is necessary to explore its habitat for the sustainable utilization. In this study, with the
individual density of cephalopod derived from the �shery survey data in the coast of Zhejiang Province
from 2014 to 2019 and remote sensing data, the habitat suitability index (HSI) model of typical
cephalopod (Loliginidae, Octopodidae, Sepiidae, and Sepiolidae) in spring and autumn was obtained. The
habitat isolines of core zone, common zone and marginal zone were also established and then compared
among different typical cephalopod taxa based on arithmetic mean model (AMM). The distribution
ranges of SST and chlorophyll-a of cephalopod were respectively 12.95~21.91 ℃ and 0.52~5.57 mg/m3

in spring and 17.02~22.94℃ and 0.26~6.02 mg/m3 in autumn. The prediction results of the HSI model
suggested that the cephalopod distribution areas were concentrated in the range of 122°~124°E,
29.5°~31°N, displaying the distribution direction from coastal area to the northeast. The accumulative
density of the four cephalopod taxa in the area with HSI>0.6 accounted for 73.9%. The overlap between
the prediction results of HSI model and the actual density in 2019 also proved the good predictability of
HSI model based on AMM. Four cephalopod taxa showed distribution differences. Sepiolidae had the
widest distribution area, whereas Octopodidae had the narrowest distribution area.

Introduction
Cephalopod is a kind of invertebrate marine animals distributed in every corner of the world’s ocean
(Jereb and Roper, 2005, 2010; Jereb et al., 2014). It also plays an important role in marine ecosystems
(Navarro et al., 2013). As some of the species tend to gather as an assemblage, the different cephalopod
species assemblage known as cephalopod community showed signi�cant spatial distribution variations
in the global ocean (Rosa et al., 2008a; Pissarra, 2017). The diversity of cephalopod community is more
abundant in neritic waters than that in oceanic waters due to the difference in oceanographic conditions
(Rosa et al., 2008b, 2019). Northwest Paci�c Ocean, especially the East China Sea (ECS), has the most
abundant cephalopod species in the world (Pissarra, 2017; Rosa et al., 2019). With the high �shing
intensity and climate variability in recent three decades, the Chinese coastal cephalopods have
undergone overexploitation and the catch and species composition have signi�cantly �uctuated (Pang et
al., 2018; Kang et al., 2021).

The oceanographic environment is one of the fundamental factors in the survival of cephalopods and
each marine animal has its own speci�c habitat condition (Leporati et al., 2007; Aceves-Medina et al.,
2017). Abiotic environments affect the distribution of cephalopod individuals or population (Pierce et al.,
2008; Robin et al., 2014). Fishery scientists endeavor to explore the relationship between the distribution
of cephalopods and the environment by establishing suitable models (Xavier et al., 2016; Yu et al., 2016;
Alabia et al., 2020). Currently, the habitat suitability index (HSI) model proposed by United States Fish and
Wildlife Service (USFWS) in early 1980s is the most widely used evaluation model of wildlife habitats
(Brooks, 1997). As an evaluation system integrating animal abundance with environment features, HSI
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model has been widely used in �shing forecast, ecological ecosystem restoration and the conservation
and management of aquatic animals as a popular evaluation model (Agnew et al., 2002; Brambilla et al.,
2009; Tian et al., 2009; Guerra et al., 2016).

Cephalopod is a typical short-lived marine organism with approximately one-year lifetime (Lipiński,
1998). This characteristic enables it to passively experience different kinds of environment and makes it
sensitive to the environment change during its life history (Robin et al., 2014). The cephalopod habitat
distribution can be changed by some exceptional environment events (Puerta et al., 2015; Keller et al.,
2016). In the early life stage, cephalopod has limited movement ability and usually stay on the surface
(Rodhouse et al., 1992). Thus, the sea surface temperature (SST) is one of most important
oceanographic factors that in�uence the early life stage of cephalopod and play a vital role in the spatial
distribution (Rosa et al., 2011; Yu et al., 2016, 2018). Meanwhile, cephalopod distributions are also related
to the food availability, which can be also re�ected by chlorophyll-a (Chl-a) in the corresponding area
(Puerta et al., 2014; Mohamed et al., 2018). In addition, sea surface height anomaly (SSHA) may also
affect the distribution of some cephalopod species due to their diel vertical migration (Alabia et al., 2016;
Yu et al., 2019; Jin et al., 2020; Jereb and Roper, 2006, 2010).

The habitat distribution and related environment characteristics of oceanic cephalopod species in most
open waters have been already investigated (Xu et al., 2016; Igarashi et al., 2018; Yu et al., 2016, 2019;
Wang et al., 2020; Mohamed et al., 2018; Xavier et al., 2016). The distribution of abundant neritic
cephalopod species is also in�uenced by different kinds of oceanographic environments (Jin et al.,
2020). Sanchez et al. (2008) analyzed the habitat distribution of Loligo vulgaris in Northwest
Mediterranean Sea based on SST, Chl-a, SSHA and photosynthetically active radiation (PAR). Moreno et
al. (2014) suggested that there was a close relationship between bottom salinity, river runoff and habitat
distribution of Octopus vulgaris in the coast of Portugal. Puerta et al. (2015) indicated that Chl-a
concentration had the positive relationship with the habitat distribution of Eledone cirrhosa and Illex
coindetii. Chl-a concentration is also the key factor that in�uences the cephalopod distribution in Yellow
Sea (Jin et al., 2020).

In general, the cephalopod habitat distribution in the neritic area of China was seldom explored (Jin et al.,
2020). The most abundant taxa of cephalopod are Loliginidae, which habit in the pelagic area, and
Octopodidae, Sepiidae, Sepiolida, which prefer to live in the benthic water (Jin et al., 2020). Previous
studies mainly discussed the species composition, the number of individuals, and characteristics of
spatial agglomeration (Yu et al., 2009; Qin et al., 2011; Zhu et al., 2014; Song et al., 1999; Li et al., 2006;
Xu et al., 2008). These studies only focused on the importance of each environmental factor, but the
relationship between habitat distribution and environment characteristics was rarely explored. Therefore,
the cephalopod habitat in the ECS is not obscure. In addition, most of the current studies focused on the
area of offshore ECS and ignored the inshore area, the main spawning ground of neritic cephalopod
(Zheng et al., 1999). In order to develop a suitable conservation and restoration approach of cephalopod
habitat, it is urgently necessary to explore the cephalopod habitat change and oceanographic
environment response (Kang et al., 2021).
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In this study, the integrated HSI model was used to simulate the potential habitat distribution pattern of
neritic cephalopod taxa (Loliginidae, Octopodidae, Sepiidae, Sepiolidae) based on important
environmental factors in the coast of Zhejiang Province. In addition, the different types of the habitat
distributions were evaluated so as to explain the variations of cephalopod habitats with seasons and
taxa. The study provides the scienti�c evidence for the sustainable development and coastal ecological
protection of neritic cephalopods.

Materials And Methods
Survey data

Scienti�c survey data were obtained in the bottom trawl survey conducted by the Marine Fisheries
Research Institute of Zhejiang Province (MFRI-ZJ) in spring (April to May) and autumn (November) from
2014 to 2019. Most of the sampling stations were arranged according to the spatial resolution of
0.15°×0.15° along the coast of Zhejiang Province (Fig. 1). The survey was conducted by the R/V
“Zhepuyu 43019” with the same gear and protocol to keep the survey consistency. The trawl net had a
cod-end mesh size of 2.5 cm, a headline height of 6.5–9.0 m, and a span of 28 m between its wings
(Chen et al., 2020). The trawl survey started in the daytime with average speed was 3.0 knots and the
duration of each trawl survey for each species at each station was standardized as 1 h  (Jin et al., 2020).
Thus, the location (latitude and longitude) and the number of individual cephalopods were included in
this independent survey.

In this study, the individuals’ number of each cephalopod taxa is calculated as the CPUE (catch-per-unit-
effort) (Can et al., 2004):

where CPUEiik is the standardized CPUE of the i-th taxa at the j-th station in the k-th year (ind./km2); dijk is
the sum number of individuals of the i-th taxa at the j-th station in the k-th k; aijk is the swept area of the j-

th station in the k-th year (km2); E is escapement rate and set as 0.5 in this study. 

More than 10 cephalopod species were determined (Jereb and Roper, 2005, 2010; Jereb et al., 2014) in
the survey of 5 consecutive years. Considering the di�culty of species separation and similar habitat
characteristics within sibling species, we classi�ed all the cephalopod species into four main taxa at the
family level (Loliginidae, Octopodidae, Sepiidae, and Sepiolidae (Table 1)) as representatives to analyze
the dynamics of cephalopod habitat and related oceanographic environment.

Environmental data

Two key oceanographic environmental factors, sea surface temperature (SST) and chlorophyll-a
concentration (CHLA), were selected for the subsequent analysis due to their important in�eunces on the
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cephalopod distribution and abundance (Keller et al., 2016; Yu et al., 2016; Jin et al., 2020). Remote
sensing data of monthly SST (0.04 × 0.04 resolution) and CHLA (0.04 × 0.04 resolution) were
downloaded from National Oceanic and Atmospheric Administration (NOAA)
(https://oceanwatch.pifsc.noaa.gov/). The oceanographic environmental factors in the whole survey area
were acquired. All the environmental data were gridded to 0.15° × 0.15° for each season to match the
spatial resolution of survey data.

HSI model development and validation

Habitat suitability Index (HSI) model has been widely used to evaluate the cephalopod distribution
pattern in recent studies (Yu et al., 2018, 2019; Wang et al., 2020). Generally, this model should include all
the environmental factors and the suitability index (SI) can be estimated based on the relationship
between �shing/survey data and each environmental factor. Thus, the SI is calculated by dividing CPUE
in the interval of each environmental factor by the maximum CPUE in each interval (Li et al., 2014):

where SI is the suitability index in each interval of each environmental factor; CPUEi is the accumulative
CPUE in a given environmental factor interval; Max(CPUEi) is the maximum value of the accumulative
CPUE in a certain interval. The intervals of SST and CHLA were respectively chosen as 1 ℃ and 0.5
mg/m3 and were with several classes. 

The observed SI values were combined with the interval value of each environmental factor (SST and
CHLA) �rst and then converted into SI curve based on the exponential function between them (Yu et al.,
2016). For each environmental factor, the SI curve function is expressed as:

where a and b are the parameters in the model and the solutions of the two parameters were obtained
from least squares estimation so as to minimize the residuals between the observed and predicted SI
values; XSST and XCHLA are the interval values of each factor. The SI value of each environmental factor
ranged from 0 to 1.

Then, the �tted SI models of all environmental factors were integrated into an integrated HSI model.
Some commonly used models were applied in the model evaluation (Gong et al., 2011) and
the Arithmetic Mean Model (AMM) performed best and could accurately predict the suitable habitat of
cephalopod (Yu et al., 2016, 2019). The weighted AMM method, which fully considered the difference in

https://oceanwatch.pifsc.noaa.gov/
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the in�uences of various environmental factors on the habitat, was ultimately employed as the empirical
HSI model to predict the habitat suitability of different cephalopod taxa along the coast of Zhejiang
Province (Xue et al., 2017). The weighted model for each season (spring and autumn) is expressed as
(Xue et al., 2017):

where SISST and SICHLA correspond to the SI curve for each environmental factor; n is the number of
environmental factors in the HSI. 

In this study, we adopted AMM-based HSI model developed with survey and environmental data for each
taxon in 2014–2018, the same type of data in 2019 were used to evaluate the HSI performance. The
survey data of the cephalopod distribution of different taxa in each season in 2019 was then overlaid on
the predicted AMM-based HSI maps of the same year for visualization and comparison (Yu et al., 2019;
Jin et al., 2020). Meanwhile, the accumulative individual density in highly suitable habitat (HSI>0.6) was
also used in the validation of HSI model accuracy (Yu et al., 2019).

Habitat isoline of different cephalopod taxa

The values of HSI were obtained from the above calculation. The range of HSI was from 0 to 1. We
determined the areas with different HIS values (HSI<0.2, 0.2≤HSI≤0.6 and HSI>0.6) respectively as poor,
normal and suitable habitats for each cephalopod taxa in spring and autumn of each year (Yu et al.,
2019). In order to better understand the spatial distribution edge and the overlap area of typical
cephalopod taxa in inshore areas of Zhejiang Province, the isolines of HSI<0.2, 0.2≤HSI≤0.6 and HSI>0.6
were respectively regarded as core zone, common zone and marginal zone to describe the distribution
patterns of each cephalopod taxa. 

Results

SI curves for each environmental factor in different seasons
According to CPUE in relation to the environmental factor (SST and CHLA), SI curves in spring and
autumn were established (Fig. 2). All the SI models were well �tted (P<0.01) with high correlation
coe�cients (R2>0.9) and low Root Mean Square Errors (RMSEs <0.2) (Table 2).

SST preference was different in different taxa and seasons (Fig. 2). In spring, all the cephalopods were
distributed in the range of SST from 12.95 to 21.91℃ in the whole survey period (Fig. 2A). The inferred
suitable ranges determined from the suitable SI values (SI>0.6) for four taxa of Loliginidae, Octopodidae,
Sepiidae and Sepiolidae were 14.21~16.02℃, 13.69~15.52℃, 15.10~16.50℃ and 14.28~17.76℃,
respectively (Fig. 2A). The highest SI values for the above four cephalopod taxa were respectively
15.12℃, 14.61℃, 15.80℃ and 16.02℃ (Fig. 2A). In autumn, cephalopod individuals were distributed in
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the range of SST from 17.02 to 22.94℃ (Fig. 2B). The suitable ranges (SI>0.6) for Loliginidae,
Octopodidae, Sepiidae and Sepiolidae were respectively 20.56~21.93℃, 20.62~21.66℃, 21.07~22.34℃
and 21.21~22.34℃ Fig. 2B). The highest SI values for the mentioned four cephalopod taxa were
respectively 21.24℃, 21.14℃, 21.71℃ and 21.78℃ (Fig. 2B). Cephalopod preferred to concentrate in
narrower SST ranges in autumn than those in spring.

In terms of CHLA preference, the CHLA range also differed among various taxa and seasons (Fig. 3). All
the cephalopods were distributed in the range of CHLA from 0.52 to 5.57mg/m3 during the whole survey
in spring (Fig. 3A). The inferred suitable ranges (SI>0.6) of four taxa of Loliginidae, Octopodidae, Sepiidae
and Sepiolidae were respectively 1.72~3.20 mg/m3, 1.79~2.41 mg/m3, 1.89~3.96 mg/m3 and 1.44~2.55
mg/m3 (Fig. 3A). The highest SI values of the above four cephalopod taxa were respectively 2.46 mg/m3,
2.10 mg/m3, 2.92 mg/m3 and 1.99 mg/m3 (Fig. 3A). In autumn, cephalopod individuals were distributed
in the range of SST from 0.26 to 6.02 mg/m3 (Fig. 3B). The suitable ranges (SI>0.6) for Loliginidae,
Octopodidae, Sepiidae and Sepiolidae were respectively 0.80~1.28 mg/m3, 1.78~2.17 mg/m3, 0.80~1.30
mg/m3 and 0.75~1.41 mg/m3 (Fig. 3B). The highest SI values for the mentioned four cephalopod taxa
were respectively 1.04 mg/m3, 1.97 mg/m3, 1.05 mg/m3 and 1.07 mg/m3 (Fig. 3B). Cephalopod also
preferred to concentrate in narrower CHLA ranges in autumn than those in spring.

HSI model analysis and validation
According to the HSI maps of different cephalopods (Fig. 4), they had the similar distribution pattern with
highly suitable habitat in the area of 122°~124°E, 29.5°~31°N in spring (Fig. 4A). The HSI value of the
habitat of Octopodidae was smaller than that of other taxa (Fig. 4A). The highly suitable habitats for the
four cephalopod taxa in autumn were concentrated in the same area to that in spring (Fig. 4B).
Octopodidae still presented weaker suitability with a smaller HSI value than other taxa (Fig. 4B). The area
of suitable habitats for the four cephalopod taxa in autumn was obviously smaller than that in spring
(Fig. 4). However, the abundance of cephalopod in autumn was much more than that in spring (Fig. 4).
Meanwhile, the suitable habitats for the four cephalopod taxa in two seasons showed an identical
distribution pattern from coast to northeast (Fig. 4). The high-density areas were highly overlapped with
the suitable habitat (HSI>0.6) for each taxon in both spring and autumn (Fig. 4).

Furthermore, the accumulative individual density proportions of different taxa in highly suitable habitat
(HSI>0.6) respectively ranged from 76.84–97.39% in spring and from 73.88–92.23% in autumn (Fig. 5A).
Additionally, the predicted HSI distribution map also largely overlapped the individual density data
obtained in the survey in 2019 (Fig. 6). The AMM-based HSI models for four cephalopod taxa had a good
prediction effect with the accuracy above 70% and could be used to predict the cephalopod distribution
and abundance.

Different types of habitats for cephalopod taxa
The isoline distributions of different types of habitats were different among four taxa (Fig. 7). Habitat
isoline of Sepiolidae showed the widest coverage with the outmost edge (black line) (Fig. 7), followed by
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Sepiidae (yellow line), Loliginidae (red line) and Octopodidae (blue line). All the above isoline distributions
existed in each type of habitat and season (Fig. 7). The isolines in the marginal zone were similar among
taxa in both spring and autumn and mainly concentrated in the area of 28°N northward and 121°E
eastward (Fig. 7). Compared with the marginal zone, the common zone approached the inshore zone and
had a smaller area in spring and the common zone for each taxon overlapped the marginal zone for other
taxa (Fig. 7). In autumn, the isolines of common and marginal zones had nearly the same distribution
pattern (Fig. 7). Octopodidae had the smallest core zone compared with other three taxa, displaying the
similar distribution pattern in spring (Fig. 7). The core zone showed the shrinking trend in autumn (Fig. 7).

Discussion
Key environmental factors signi�cantly in�uence the habitat distribution of cephalopods and SST is an
important environmental factor in the life history of individuals (Pecl et al., 2008; Sanchez et al., 2008; Xu
et al., 2016; Jin et al., 2020). Each cephalopod taxa presented the similar environmental preference as
well as little difference for the HSI models based on SST and Chl-a (Figs. 2 and 3). The cephalopod
species composition in the coast of Zhejiang Province (western coast of ECS) was mainly composed of
neritic species (Song et al., 2009). This kind of cephalopod species or group has the characteristics of
seasonal migration behavior. They live at the offshore wintering ground in winter, migrate westward to the
coast for feeding and reproductive activity at feeding ground and spawning ground in spring and
summer, move to the offshore of wintering ground and �nally complete their life cycle (Chen et al., 2019).
Their preference SST and Chl-a were consistent with the previous results (Song et al., 2008, 2009; Ho,
2016). Cephalopods in the east coast of ECS share a similar oceanographic environment with shallow
water zone (10-40 m), although different kinds of cephalopods prefer to inhabit in different layers of
water. Cuttle�sh, octopus and bobtail squid spend their most lifetime in bottom water, whereas loligo
squid moves between surface at daytime and bottom at night (Jin et al., 2020). Thus, it is reasonable to
analyze their habitat distribution based on surface environmental factors.

In the ECS, the northward Taiwan current converges with freshwater from Yangtze River to form the
complicated current front in Yangtze estuary. Highly nutritional water easily becomes the �shing ground
attracting a large number of �shery species and the physical oceanography also drives the migration of
marine animals (Song et al., 2018). In addition, all the habitat data highly depended on the sampling
stations during the survey. This may explain the similar habitat distribution pattern among different
cephalopods in this study. However, according to the prediction results based on HSI model, the habitat
distribution pattern varied with cephalopod taxon (Fig. 4). As the dominant species of Loliginidae in this
study, Uroteuthis edulis is mainly distributed in the south of 30°N in the edge of the continental shelf
(Song et al., 2018) with the migration pattern from southwestern inshore to the northeastern offshore (Li
et al., 2021). The other two main species, Uroteuthis duvauceli and Loliolus beka, were mainly
concentrated in the area of southward of 29°N along the coast (Song et al., 2018). Octopus (family
Octopodidae), including Octopus minor and Octopus sinensis, is typical benthic species with the weaker
movement ability compared with other cephalopod species. Additionally, the bottom sediment is also an
important factor that in�uences the octopus habitat (Hermosilla et al., 2011). Therefore, the suitable
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habitat of octopus was concentrated in the north part (around 30°N) in spring in this study, but the
suitable habitat (HSI>0.6) did not exist in autumn (Fig. 4). The species in Sepiidae, especially Sepiella
maindroni, had the moderate movement ability and preyed on crustacea as benthic habitant (Wu et al.,
2010). The suitable habitat of cuttle�sh had obvious seasonal changes from the southwest (121°E
-122°E, 28°N-29°N) in spring to the offshore zone in the north (123°E -125°E, 30°N) (Fig. 4). This seasonal
change was also in accordance with the migration characteristics of cuttle�sh in ECS (Pang et al., 2018).
As a cephalopod taxon with a small size and a large abundance, bobtail squid (Sepiolidae) is widely
distributed in the Yellow Sea (YS) and ECS (Jin et al., 2020). Bobtail squid also plays an important role in
coast water (Rodrigues et al., 2011). Thus, the habitat distribution areas of between Sepiidae and
Sepiolidae were highly overlapped in autumn (Fig. 4B) due to their potential predator and prey
relationship (Cheng and Zhu, 1997).

The habitat with a high individual density accounted for a large proportion (>70%) of suitable habitats
(HSI>0.6) for the four cephalopod taxa in both seasons (Fig. 5). However, the abundance of cephalopod
varied with taxon and season (Fig. 4). Among the four taxa, Sepiolidae species had the most dominant
individual abundance and Sepiidae species had the least individual abundance in this study (Fig. 4).
Bobtail squid has a relatively large abundance and exists as prey in the marine ecosystems of the YS and
ECS (Yu et al., 2009; Jin et al., 2020). The other three cephalopod taxa (Loliginidae, Octopodidae and
Sepiidae) are mainly commercial species with a large size. In the previous surveys, the main taxa of the
swimming animal community are �sh and crustacean (crab and shrimp), which account for more than 80
% of the total individuals in spring (Chang et al., 2012). Therefore, the cephalopods had only less than
10% of the total individuals in each tow in spring, which did not have enough space to accommodate
cephalopods with a large size. This situation would change during season shift. In later autumn, the �sh
migrates to the offshore area for wintering and leave enough space and food for the cephalopod’s living
(Yoneda et al., 2002; Kawazu et al., 2015). Therefore, the proportion of cephalopod individuals increased
during the survey. Importantly, cephalopod migrated eastward and still inhabited shallow water, thus
presenting a long and band-shaped habitat distribution with poor habitat (HSI<0.2) in the coastal area in
autumn (Fig. 4B) compared with that in spring (Fig. 4A).

According to the comparison analysis results of the three types of spatial distribution zones of
cephalopods in neritic water of east coastal areas of ECS, we can understand the distribution difference
among different cephalopod taxa. Sepiidae had the largest distribution area among cephalopods (Fig. 5).
The above phenomenon also existed in three types of isoline HSI in both seasons (Fig. 5). Sepiidae may
have stronger adaptation and be less conquered by the environmental change. Octopodidae had a small
range among cephalopods in three types of habitats (Fig. 5). The heavily oceanographic change might
change the suitable habitat. The change was strongly correlated with its habitation characteristics,
including inhabiting the seabed and short-distance migration from deep subtidal zone to the shoal for
spawning (Song et al., 2009). In terms of the suitable habitat (HSI>0.6), the isoline extended to the
southeast coast of Zhejiang Province (26°N) in spring, but shrank to 26°N in the north without any
coastal distribution in autumn (Fig. 5). Temperature and food abundance are the main reasons that
control the suitable isoline shift (Yu et al., 2016, 2019). The differentiation of habitat isolines among
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different cephalopod taxa is a kind of self-adaptation and can avoid species competition in the limited
space (Passarella and Hopkins, 1991).

Conclusions
The habitat suitability index (HSI) model was used to describe the distribution pattern of four main
cephalopod taxa (Loliginidae, Octopodidae, Sepiidae, and Sepiolidae) based on the survey in the coast of
Zhejiang Province. The similar distribution pattern was observed among different cephalopod taxa. The
isoline of habitat suitability also indicated the different distribution areas among various cephalopod
taxa. Temperature and food availability were the two main factors in�uencing the spatial distribution of
cephalopods. As multiple species inhabit in the coast of Zhejiang Province, the in�uence of species
competition on the habitat distribution of cephalopods will be considered in the future.

Declarations
Acknowledgements: The support from the caption and crews in commercial �shing vessels in scienti�c
surveys is gratefully acknowledged. Also thank to the graduate students in Shanghai Ocean University for
their laboratory working.

Author contribution: FC contributed to the conception, data analyses and manuscript writing; GW
contributed to the conception and �gure drawing; NL contributed signi�cantly to data analyses and
modelling; ZF contributed to the manuscript conception, writing and revising, especially some
constructive discussions, also supported the �nance; HZ helped perform the analysis and manuscript
revising; YZ provided some important literatures and revised the manuscript; RJ helped the modelling
process and manuscript revising. All authors read and approved the �nal manuscript. 

Funding: This work was funded by the National Key R&D Program of China (2019YFD0901404),
Shanghai Science and Technology Innovation Program (19DZ1207502) and National Science
Foundation of China (41876141).

Data availability: The datasets used and/or analyzed during this study are available from the
corresponding author on reasonable request.

Ethics approval: Not applicable.

Consent to participate: Not applicable

Consent to publish: Not applicable.

Competing interests: The authors declare no competing interests.

References



Page 11/24

1. Aceves-Medina, G., Silva-Dávila, D., Cruz-Estudillo, I., Durazo, R., & Avendaño-Ibarra, R. (2017).
In�uence of the oceanographic dynamic in size distribution of cephalopod paralarvae in the southern
Mexican Paci�c Ocean (rainy seasons 2007 and 2008). Latin american journal of aquatic research,
45(2), 356-369.

2. Alabia, I. D., Dehara, M., Saitoh, S. I., & Hirawake, T. (2016). Seasonal habitat patterns of Japanese
common squid (Todarodes paci�cus) inferred from satellite-based species distribution models.
Remote Sensing, 8(11), 921.

3. Alabia, I. D., Saitoh, S. I., Igarashi, H., Ishikawa, Y., & Imamura, Y. (2020). Spatial habitat shifts of
oceanic cephalopod (Ommastrephes bartramii) in oscillating climate. Remote Sensing, 12(3), 521.

4. Agnew, D. J., Beddington, J. R., & Hill, S. L. (2002). The potential use of environmental information to
manage squid stocks. Canadian Journal of Fisheries and Aquatic Sciences, 59(12), 1851-1857. 

5. Brambilla, M., Casale, F., Bergero, V., Crovetto, G. M., Falco, R., Negri, I., ... & Bogliani, G. (2009). GIS-
models work well, but are not enough: Habitat preferences of Lanius collurio at multiple levels and
conservation implications. Biological Conservation, 142(10), 2033-2042.

�. Brooks R P. 1997. Improving habitat suitability index models. Wildlife Society Bulletin, 25: 163-167.

7. Can, M. F., Mazlum, Y., Demirci, A., & Aktaş, M. (2004). The catch composition and catch per unit of
swept area (CPUE) of penaeid shrimps in the bottom trawls from Iskenderun Bay, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 4(2).

�. Chang, N. N., Shiao, J. C., & Gong, G. C. (2012). Diversity of demersal �sh in the East China Sea:
Implication of eutrophication and �shery. Continental Shelf Research, 47, 42-54.

9. Chen F, Qu J Y, Fang Z, et al. 2020. Variation of community structure of Cephalopods in spring and
autumn along the coast of Zhejiang Province. Journal of Fisheries of China, 44(8): 1317−1328.

10. Chen X J, Liu B L, Fang Z, et al. 2019. Cephalopoda. Beijing: Ocean Press.

11. Cheng J S, Zhu J S. 1997. Feeding characteristics and nutritional levels of main economic
invertebrates in the Yellow Sea. Acta Oceanologica Sinica, 19(6): 102-108. (In Chinese)

12. Gong, C. X., Chen, X. J., Gao, F., Guan, W. J., and Lei, L. 2011. Review on habitat suitability index in
�shery science. Journal of Shanghai Ocean University, 20: 260–269.

13. Guerra, Á., Hernández-Urcera, J., Garci, M. E., Sestelo, M., Regueira, M., Gilcoto, M., & González, Á. F.
(2016). Spawning habitat selection by the common cuttle�sh Sepia o�cinalis in the Cíes Islands
(Northwest Spain). Fisheries research, 183, 44-54.

14. Hermosilla, C., Rocha, F., & Valavanis, V. D. (2011). Assessing Octopus vulgaris distribution using
presence-only model methods. Hydrobiologia, 670(1), 35-47.

15. Ho H Y. 2016. Ocean variations in relate to catch rates and distributions of swordtip squid (Uroteuhis
eduilis) of stick-held dip net �shery in the northeastern waters of Taiwan. Keelung: Taiwan Ocean
University. (In Chinese)

1�. Igarashi, H., Saitoh, S. I., Ishikawa, Y., Kamachi, M., Usui, N., Sakai, M., & Imamura, Y. (2018).
Identifying potential habitat distribution of the neon �ying squid (Ommastrephes bartramii) off the



Page 12/24

eastern coast of Japan in winter. Fisheries Oceanography, 27(1), 16-27.

17. Jereb P. and Roper C.F.E. 2005. Cephalopods of the world. An annotated and illustrated catalogue of
species known to date. Volume 1. Chambered nautiluses and sepioids. FAO Species Catalogue for
Fishery Purposes. No. 4, Vol. 1. Rome, FAO.

1�. Jereb P. and Roper C.F.E. 2010. Cephalopods of the world. An annotated and illustrated catalogue of
species known to date. Volume 2. Myopsid and Oegopsid Squids. FAO Species Catalogue for Fishery
Purposes. No. 4, Vol. 2. Rome, FAO.

19. Jereb, P., Roper C.F.E., Norman M.D., Finn J. K. 2014. Cephalopods of the world. An annotated and
illustrated catalogue of cephalopod species known to date. Volume 3. Octopods and Vampire
Squids. FAO Species Catalogue for Fishery Purposes. No. 4, Vol. 3. Rome, FAO

20. Jin, Y., Jin, X., Gor�ne, H., Wu, Q., & Shan, X. (2020). Modeling the oceanographic impacts on the
spatial distribution of common cephalopods during autumn in the yellow sea. Frontiers in Marine
Science, 7, 432.

21. Li, G., Chen, X., Lei, L., & Guan, W. (2014). Distribution of hotspots of chub mackerel based on remote-
sensing data in coastal waters of China. International Journal of Remote Sensing, 35(11-12), 4399-
4421.

22. Lipiński, M. R. (1998). Cephalopod life cycles: patterns and exceptions. South African Journal of
Marine Science, 20(1), 439-447.

23. Kang, B., Pecl, G. T., Lin, L., Sun, P., Zhang, P., Li, Y., ... & Niu, W. (2021). Climate change impacts on
China’s marine ecosystems. Reviews in Fish Biology and Fisheries, 1-31.

24. Kawazu, M., Kameda, T., Kurogi, H., Yoda, M., Ohshimo, S., Sakai, T., ... & Mochioka, N. (2015).
Biological characteristics of Conger myriaster during the initial stage of spawning migration in the
East China Sea. Fisheries science, 81(4), 663-671.

25. Keller, S., Bartolino, V., Hidalgo, M., Bitetto, I., Casciaro, L., Cuccu, D., ... & Quetglas, A. (2016). Large-
scale spatio-temporal patterns of Mediterranean cephalopod diversity. PloS one, 11(1), e0146469.

2�. Leporati, S. C., Pecl, G. T., & Semmens, J. M. (2007). Cephalopod hatchling growth: the effects of
initial size and seasonal temperatures. Marine Biology, 151(4), 1375-1383.

27. Li, N., Fang, Z., Chen, X., Feng, Z. 2021. Preliminary study on the migration characteristics of swordtip
squid (Uroteuthis edulis) based on the trace elements of statolith in the East China Sea. Regional
Studies in Marine Science, 46, 101879.

2�. Li S. F., Yan L. P., Li H. Y. et al. (2006). Spatial distribution of cephalopod assemblages in the region
of the East China Sea. Journal of Fishery Sciences of China, 13(6), 936-944.

29. Mohamed, K. S., Sajikumar, K. K., Ragesh, N., Ambrose, T. V., Jayasankar, J., Said Koya, K. P., &
Sasikumar, G. (2018). Relating abundance of purpleback �ying squid Sthenoteuthis oualaniensis
(Cephalopoda: Ommastrephidae) to environmental parameters using GIS and GAM in south-eastern
Arabian Sea. Journal of Natural History, 52(29-30), 1869-1882.

30. Moreno, A., Lourenço, S., Pereira, J., Gaspar, M. B., Cabral, H. N., Pierce, G. J., & Santos, A. M. P.
(2014). Essential habitats for pre-recruit Octopus vulgaris along the Portuguese coast. Fisheries



Page 13/24

Research, 152, 74-85.

31. Navarro, J., M. Coll, C. Somes, & R. J. Olson, 2013. Trophic niche of squids: Insights from isotopic
data in marine systems worldwide. Deep Sea Research Part II. 95: 93-102.

32. Pang, Y., Tian, Y., Fu, C., Wang, B., Li, J., Ren, Y., & Wan, R. (2018). Variability of coastal cephalopods
in overexploited China Seas under climate change with implications on �sheries management.
Fisheries Research, 208, 22-33.

33. Passarella, K. C., & Hopkins, T. L. (1991). Species composition and food habits of the micronektonic
cephalopod assemblage in the eastern Gulf of Mexico. Bulletin of Marine Science, 49(1-2), 638-659.

34. Pecl, G. T., & Jackson, G. D. (2008). The potential impacts of climate change on inshore squid:
biology, ecology and �sheries. Reviews in Fish Biology and Fisheries, 18(4), 373-385.

35. Pierce, G. J., Valavanis, V. D., Guerra, A., Jereb, P., Orsi-Relini, L., Bellido, J. M., ... & Zuur, A. F. (2008). A
review of cephalopod–environment interactions in European Seas. Hydrobiologia, 612(1), 49-70.

3�. Pissarra, V. M. D. C. (2017). Global diversity of coastal cephalopods: hotspots and latitudinal
gradients. Doctoral dissertation, Universidade de Lisboa, Portugal.

37. Puerta, P., Hidalgo, M., González, M., Esteban, A., & Quetglas, A. (2014). Role of hydro-climatic and
demographic processes on the spatio-temporal distribution of cephalopods in the western
Mediterranean. Marine Ecology Progress Series, 514, 105-118.

3�. Puerta, P., Hunsicker, M. E., Quetglas, A., Álvarez-Berastegui, D., Esteban, A., González, M., & Hidalgo,
M. (2015). Spatially explicit modeling reveals cephalopod distributions match contrasting trophic
pathways in the western Mediterranean Sea. PLoS One, 10(7), e0133439.

39. Qin, T., Yu, C. G., Chen, Q. Z., Ning, P., & Zheng, J. (2011). Species composition and quantitative
distribution study on Cephalopod in the Zhoushan �shing ground and adjacent waters. Oceanologia
et Limnologia Sinica, 42(1), 124-130.

40. Robin, J. P., Roberts, M., Zeidberg, L., Bloor, I., Rodriguez, A., Briceno, F., ... & Mather, J. (2014).
Transitions during cephalopod life history: the role of habitat, environment, functional morphology
and behaviour. Advances in marine biology, 67, 361-437.

41. Rodhouse, P. G., Symon, C., & Hat�eld, E. M. C. (1992). Early life cycle of cephalopods in relation to
the major oceanographic features of the southwest Atlantic Ocean. Marine ecology progress series.
Oldendorf, 89(2), 183-195.

42. Rosa, R., Dierssen, H. M., Gonzalez, L., & Seibel, B. A. (2008a). Large‐scale diversity patterns of
cephalopods in the Atlantic open ocean and deep sea. Ecology, 89(12), 3449-3461.

43. Rosa, R., Dierssen, H. M., Gonzalez, L., & Seibel, B. A. (2008b). Ecological biogeography of
cephalopod molluscs in the Atlantic Ocean: historical and contemporary causes of coastal diversity
patterns. Global Ecology and Biogeography, 17(5), 600-610.

44. Rosa, A. L., Yamamoto, J., & Sakurai, Y. (2011). Effects of environmental variability on the spawning
areas, catch, and recruitment of the Japanese common squid, Todarodes paci�cus (Cephalopoda:
Ommastrephidae), from the 1970s to the 2000s. ICES Journal of Marine Science, 68(6), 1114-1121.



Page 14/24

45. Rosa, R., Pissarra, V., Borges, F. O., Xavier, J., Gleadall, I. G., Golikov, A., ... & Villanueva, R. (2019).
Global patterns of species richness in coastal cephalopods. Frontiers in Marine Science, 6, 469.

4�. Rodrigues, M., Garci, M. E., Troncoso, J. S., & Guerra, Á. (2011). Seasonal abundance of the Atlantic
bobtail squid Sepiola atlantica in Galician waters (NE Atlantic). Marine Biology Research, 7(8), 812-
819.

47. Sanchez, P., Demestre, M., Recasens, L., Maynou, F., & Martin, P. (2008). Combining GIS and GAMs to
identify potential habitats of squid Loligo vulgaris in the Northwestern Mediterranean. In Essential
Fish Habitat Mapping in the Mediterranean (pp. 91-98). Springer, Dordrecht.

4�. Song, H, T., Ding T M, Yu K J, et al. 1999. Species composition & quantitative abundance of
cephalopod in the north of East China Sea. Journal of Zhejiang Ocean University (Natural
Science), 18(2), 99-106. (In Chinese)

49. Song, H. T., Ding, T. M., Xu, K. D. (2008). The quantity distribution and growth characteristics of
Loligo edulis in the East China Sea. Journal of Zhejiang Ocean University (Natural Science), 27, 115-
118.

50. Song, H.T., Ding, T.M., Xu, K.D. 2009. Commercial cephalopod resources in East China Sea. Beijing,
Ocean Press. (In Chinese)

51. Song, H.T., Zhou W X. 2018. Fisheries resource in the �shing ground of Zhejiang Province. Beijing,
Ocean Press. (In Chinese)

52. Tian, S., Chen, X., Chen, Y., Xu, L., & Dai, X. (2009). Evaluating habitat suitability indices derived from
CPUE and �shing effort data for Ommatrephes bratramii in the northwestern Paci�c Ocean. Fisheries
Research, 95(2-3), 181-188.

53. Wang, J., Jiang, Y., Zhang, J., Chen, X., & Kitazawa, D. (2020). Catch per unit effort (CPUE)
standardization of Argentine short�n squid (Illex argentinus) in the Southwest Atlantic Ocean using a
habitat-based model. International Journal of Remote Sensing, 41(24), 9309-9327.

54. Wu, C. W., Dong, Z. Y., Chi, C. F., & Ding, F. (2010). Reproductive and spawning habits of Sepiella
maindroni off Zhejiang, China. Oceanologia et Limnologia Sinica, 41(1), 39-46.

55. Xavier, J. C., Raymond, B., Jones, D. C., & Gri�ths, H. (2016). Biogeography of cephalopods in the
Southern Ocean using habitat suitability prediction models. Ecosystems, 19(2), 220-247.

5�. Xu, K. D., Zhu, W. B., & Li, P. F. (2008). Quantitative distribution of cephalopod in the shallow sea
�shing ground of the Northern East China Sea. Journal of Zhejiang Ocean University (Natural
Science), 27(1), 27-31. (In Chinese)

57. Xu, J., Chen, X., Chen, Y., Ding, Q., & Tian, S. (2016). The effect of sea surface temperature increase
on the potential habitat of Ommastrephes bartramii in the Northwest Paci�c Ocean. Acta
Oceanologica Sinica, 35(2), 109-116.

5�. Xue, Y., Guan, L. S., Tanaka, K., Li, Z. G., Chen, Y., and Ren, Y. P. 2017. Evaluating effects of rescaling
and weighting data on habitat suitability modeling. Fisheries Research, 188: 84–94.

59. Yoneda, M., Tokimura, M., Horikawa, H., Yamamoto, K., Matsuyama, M., & Matsuura, S. (2002).
Spawning migration of the angler�sh Lophius litulon in the East China and Yellow Seas. Fisheries



Page 15/24

science, 68(sup1), 310-313.

�0. Yu CG, Yu. C. D., & Ning, P. (2009). Species composition and quantitative distribution of cephalopod
in the offshore waters of southern Zhejiang Province. Marine Fisheries, 31(1), 27-33. (In Chinese)

�1. Yu, W., Yi, Q., Chen, X., & Chen, Y. (2016). Modelling the effects of climate variability on habitat
suitability of jumbo �ying squid, Dosidicus gigas, in the Southeast Paci�c Ocean off Peru. ICES
Journal of Marine Science, 73(2), 239-249.

�2. Yu, W., Zhang, Y., Chen, X., Yi, Q., & Qian, W. (2018). Response of winter cohort abundance of
Japanese common squid Todarodes paci�cus to the ENSO events. Acta Oceanologica Sinica, 37(6),
61-71.

�3. Yu, W., Chen, X., Zhang, Y., & Yi, Q. (2019). Habitat suitability modelling revealing environmental-
driven abundance variability and geographical distribution shift of winter–spring cohort of neon
�ying squid Ommastrephes bartramii in the northwest Paci�c Ocean. ICES Journal of Marine
Science, 76(6), 1722-1735.

�4. Zheng Y. J., Ling J. Z., Yan L.P., et al. (1999). Cephalopod resources and rational utilization in East
China Sea. Journal of Fishery Sciences of China, 6(2), 52-56. (In Chinese)

�5. Zhu, W. B., Xue, L. J., Lu, Z. H., Xu, H. X., & Xu, K. D. (2014). Cephalopod community structure and its
relationship with environmental factors in the southern East China Sea. Oceanologia et Limnologia
Sinica, 45(2), 436-442. (In Chinese)

Tables
Table 1. Proportions of total catch and occurrence proportion of each cephalopod species in the coast of
Zhejiang Province during the survey from 2014 to 2019.



Page 16/24

Families Genera Species Proportions of the
total catch

Occurrence proportion in
all stations

Loliginidae Uroteuthis Uroteuthis
edulis

88.0% 95%

Uroteuthis
duvauceli

10.0% 20%

Uroteuthis
chinensis

1.0% 2%

others 1.0% 28%

Octopodidae Amphioctopus Amphioctopus
fangsiao

10.0% 30%

Amphioctopus
ovulum

15.0% 38%

Octopus Octopus
sinensis

4.0% 27%

Octopus minor 70.0% 97%

others 1.0% 14%

Sepiidae Sepia Sepia esculenta 30.0% 64%

Sepiella
maindroni

65.0% 78%

Sepia kobiensis 2.0% 8%

others 3.0% 37%

Sepiolidae Sepiola Sepiola
birostrata

97.0% 99%

Euprymna Euprymna
morsei

1.5% 5%

Euprymna
berryi

1.5% 5%

Table.2 Suitability index (SI) models of cephalopods in the inshore area in Zhejiang Province.
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Seasons Environmental variablea Taxa Suitability R2 P RMSE

Spring SST Loliginidae  0.926 <0.01 0.091

Octopodidae  0.933 <0.01 0.108

Sepiidae  0.994 <0.01 0.027

Sepiolidae  0.910 <0.01 0.188

CHLA Loliginidae  0.908 <0.01 0.117

Octopodidae  0.976 <0.01 0.110

Sepiidae  0.932 <0.01 0.159

Sepiolidae  0.915 <0.01 0.120

Autumn SST Loliginidae  0.993 <0.01 0.036

Octopodidae  0.995 <0.01 0.028

Sepiidae  0.959 <0.01 0.085

Sepiolidae  0.977 <0.01 0.062

CHLA Loliginidae  0.924 <0.01 0.085

Octopodidae  0.941 <0.01 0.077

Sepiidae  0.924 <0.01 0.122

Sepiolidae  0.905 <0.01 0.103

Figures
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Figure 1

Survey area and station in the inshore area of Zhejiang Province in this study.
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Figure 2

Suitability index (SI) curves inferred from the relationship between individual density of cephalopods in
the inshore area of Zhejiang Province and sea surface temperature (SST) in spring (A) and autumn (B).
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Figure 3

Suitability index (SI) curves inferred from the relationship between individual density of cephalopods in
the inshore area of Zhejiang Province and chlorophyll-a concentration (CHLA) in spring (A) and autumn
(B).



Page 21/24

Figure 4

Distribution of HSI and individual density of cephalopods in the inshore area of Zhejiang Province in
spring (A) and autumn (B) from 2014 to 2018.
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Figure 5

Relationship between HSI and individual density of cephalopods in the offshore area of Zhejiang
Province in spring (A) and autumn (B) from 2014 to 2018.
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Figure 6

Distribution of HSI and individual density of cephalopods in the offshore area of Zhejiang Province in
spring (A) and autumn (B) in 2019.
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Figure 7

Isolines and comparison of cephalopods the inshore area of Zhejiang Province in spring and autumn.
Note: The red line is the contours of Loliginidae HSI; the blue line is the contours of Octopodidae HSI; the
yellow line is the contours of Sepiidae HSI; the black line is the contours of Sepiolidae HSI.


