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Abstract

China has developed a major fishing fleet for oceanic squid since 1989, currently having more than 400 squid jigging boats with an annual catch
of 250-300 thousand metric tonnes and accounting for about one-sixth of the global oceanic squid production. The main fishing target species
include Ommastrephes bartramii in the northwestern Pacific, Illex argentinus in the southwestern Atlantic, Dosidicus gigas in the southeastern
Pacific, Sthenoteuthis oualaniensis in the northwestern Indian, and Todarodes pacificus in the Sea of Japan. The ommastrephidae squid is an
opportunist species and vulnerable to environmental fluctuations, making its abundance difficult to assess, forecast and manage. This calls for
sharing of scientific information worldwide for better understanding and management of squid fisheries. This study reviews biology, fisheries and
resource status of important commercial oceanic squid for the Chinese squid jigging fisheries with a focus on recent literatures published in China.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Since the 1970s, the over-exploitation and collapse of many
traditional demersal fisheries resources have lead to large
changes in the species composition of world capture fisheries
(Rodhouse, 2001). The species with short life cycles such as
cephalopod have been continually increasing in their shares in
the marine capture fisheries (Chen, 1996a), and are playing a
critical role in maintaining or increasing the world capture fish-
eries production. Of the over 3 million tonnes of cephalopod
production, the Teuthoidea squid (including both Ommastrephid
and Loliginidae) have the largest share, consisting of 70-80%
of the total catch (Chen, 2005). The oceanic squid made the
most significant contribution to such an increase (FAO, 2004).
More than 10 species of squid has became the main fishing
target for the oceanic squid fisheries, including Todarodes paci-
ficus in the Sea of Japan, Ommastrephes bartramii in the North
Pacific, Illex argentinus in the southwestern Atlantic, Dosidi-
cus gigas in the southeastern Pacific, and Nototodarus sloani in
the New Zealand waters. These squid species are also the tar-
gets of the Chinese distant-water squid jigging fishery (Chen,
2005).

A total of more than 300,000 tonnes of squid are landed annu-
ally in recent years by the Chinese squid fishing fleet, accounting
for more than one-sixth of the global oceanic squid production.
China has one of the largest fishing fleets for oceanic squid. Since
1989, Chinese scientists have conducted a great deal of research
on squid in the fields such as squid fishery resource assessment,
biology, fishing grounds and fishing technology, and have made
great progress in these fields (e.g., Chen, 2000; Chen and Tian,
2005; Chen and Shao, 2006; Chen and Zhao, 2006; Chen et
al., 2007a). Because most publications are made in Chinese and
there is a limited exchange between China and other countries,
much of the work remains unknown to scientists outside China.
This prompts us to write this paper to review the research and
development of Chinese squid fishery and to share the results
with scientists around the world. For this reason, this review
is focused on recent literatures published in Chinese which
may not be readily available to scientists and managers outside
China.

2. Japanese common squid in the Sea of Japan
2.1. Jigging fishery

Japanese common squid, Todarodes pacificus, is a commer-
cially important species for Japan, Korea and China (Kang et
al., 2005). Its spatial distribution ranges from the Kamchatka
Peninsula of Russia to Taiwan of China, and is especially abun-
dant around Japan. The autumn spawning population, mainly
distributed in the Sea of Japan, has become the major fishing
target since the 1970s. The annual catch from this population by
Japan, Korea and China in the Sea of Japan varies between 210
and 320 thousands tonnes since 1995 (Wang and Chen, 2005).

The first Chinese survey of Japanese common squid resources
was made for a period of less than 1 month in 1989 in the
Sea of Japan (40°—41°45'N and 131°30'-135°20'E) under the
Russian jurisdiction (Wang and Chen, 2005). This was the
beginning of the Chinese distant-water squid jigging fishery
(not including Taiwan provinces; Wang and Chen, 1998). In
1991, a small-scale commercial fishery for this squid started.
Fishing season was mainly in the period of June to Decem-
ber and the annual catch was less than 3000 tonnes from 1991
to 1994 (Wang and Chen, 2005). After 1994, because of the
large-scale commercial exploitation of Neon flying squid O.
bartramii in the northwestern Pacific, the squid population in
the Sea of Japan became the fishing target during the later
fishing season (October—December) with an annual yield less
than 10,000 tonnes (Wang and Chen, 2005). The 5-year period
(2000-2004) of bilateral fisheries agreements between China
and South Korea and between China and Japan were signed,
which allows the Chinese squid jigging boats to operate in the
regulated regions of EEZ of Japan and South Korea in the Sea
of Japan (Le, 2003). The agreement sets the fishing season
from October 1 to December 31 for the Chinese squid jigging
fishery (Le, 2003). According to the preliminary statistics for
the time period of 2000-2004, the annual catch of squid for
the Chinese squid jigging fleets reached 1300-4000 tonnes, and
the fishing season was mainly from November to December.
Since 2005, China has held bilateral meetings with Japan and
South Korea annually to determine the number of fishing ves-
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sels and total catch allowed for the squid fishery in the Sea of
Japan.

2.2. Biology

The squid catch was found to be mainly from the autumn
spawning population during June to September from 1989 to
1994 in the central area of the Sea of Japan, which represented
about 80% of the total catch (Chen, 1997a). The average man-
tle length (ML) increased gradually from June to September. In
June, the average ML was 21.3 cm, and the dominant ML class
was from 19 to 23 cm to which 74.8% of the total catch belonged.
In July, the average ML reached 23.6 cm and the dominant ML
class was between 21 and 26 cm, accounting for 80.2% of the
total catch. The average ML in August and September reached
23.8 and 25.3 cm, respectively. The dominant ML class was from
22.0t027.0 cm and from 24.0 to 28.0 cm for August and Septem-
ber, respectively, with 59.7% and 66.7% of the total catch from
these two ML classes (Chen, 1997a).

The relationship between ML (mm) and body weight (W, g)
can be described as W=5.751672 x 10~'"ML>787 (R? =0.8352,
P <0.05; Yang, 1992). The ratio of female to male squid (F:M)
of the catch was 68.3:31.7 in August and 61.4:38.6 in Septem-
ber (Yang, 1992). The smallest size reaching full maturity was
23.0cm ML. More than 80% male squid in the catch were
mature, but only 40% females were found mature after August
(Yang, 1992).

Yang (1992) found that the squid is an active predator con-
suming a wide range of foods. It preys upon zooplankton,
anchovy, sardine, T. pacificus, and juveniles of many other fish
species. During the feeding period, about 75% of the stomachs
evaluated were found to be more than half full, and the empty
stomach was almost not observed (Yang, 1992).

The basic biology of this squid has been understood through
long term studies (Dong, 1991; Wang and Chen, 2005). How-
ever, as a animal with short life span, more studies need to be
done for a better understanding of ecological roles this squid
species plays in the Sea of Japan, impacts of physical and chem-
ical variables on its spawning and feeding grounds, and key
ecological factors influencing its larval development and trans-
portation and life history processes.

2.3. Fishing ground

This squid generally makes an annual north—south migration.
They moved northwards to 40°-45°N from May to September,
and then moved gradually southwards during October to Decem-
ber. According to the log book of the Chinese squid jigging
fleets during June to December in 1992 and 1993, the fishing
grounds gradually moved northwards from June to August, and
were mainly distributed in the latitudes of 37°00'-38°30'N in
June, 38°30'-39°30'N in July, and 39°30'—40°30'N in August.
The fishing grounds then moved southwards from Septem-
ber to November, and were mainly located in the latitudes
of 38°30'—40°00'N in September, 37°00'-39°00'N in Octo-
ber, and 37°00'-38°00'N in November (Wang and Chen,
2005).

The locality of fishing grounds of T. pacificus was closely
related to the current edge and upwelling (Wang and Chen,
2005). During the period of squid moving northwards, the fishing
ground was generally distributed in the warm side of differ-
ent current confluences. The fishing ground was also distributed
around the warm core of current confluence and upwelling areas
of continental slope, piles and reefs. During the period of squid
migrating southwards, the squid aggregated in the cold mass
with tongue stretching from the north (Wang and Chen, 2005).

Yang (1992) found that the squid distribution was closely
related to the distribution of zooplankton. The two different cur-
rents, Liman Current and Tsushima Current, converged and led
to the high concentration of various zooplanktons with the dom-
inant species of Calanus finmarchicus, Amphipoda and Sagitta
crassa. This provided suitable biological environment for the
formation of fishing ground. The optimum sea surface temper-
ature (SST) of squid schooling ranged from 20 to 23 °C during
June and August (Yang, 1992). Environmental conditions in the
deep water layer may play an important role in the squid distribu-
tion because the squid have a dial vertical movement. Thus, more
studies need to be done to identify key environmental variables
in the deep water layer that may influence the squid abundance
and distribution.

2.4. Fishing technology

Jigging is an effective method for fishing this squid and yields
90% of the total catch in the Japanese squid fishery (Xu, 1992).
An auto-machined jigger usually has two jigging lines (diameter
0.75-1.00 mm) equipped with 30 jiggers (Xu, 1992). During the
jigging survey in 1990 and 1991, Chen (1996b) reported squid
drop-off rates of 5-10%. The low drop-off rates might result
from the high breaking strength of squid tentacles which was
7.488 times of its body weight (Chen, 1996b). Xu (1994) found
that there was no significant difference in catch rates between
white and gray lines (P =0.425), and among the lines of four
different diameters (i.e., 0.75, 0.85, 0.9 and 1.00 mm). However,
80 and 90 cm long of jigging lines tended to yield a higher catch
rate than 100 cm long of lines (P =0.067). Xu (1992) suggested
that the jigger with the colors of yellow and green might help
increase the catch rate. The body weights of most individuals in
the catch were below 450 g (Wang and Chen, 2005).

3. Neon flying squid in the North Pacific

3.1. Jigging fishery

Neon flying squid, O. bartramii, is a large oceanic squid dis-
tributed in temperate and subtropical waters of the Pacific, Indian
and Atlantic Oceans, and is especially abundant in the North
Pacific. This squid has become an important fishing target since
1974. In the 1980s, the total annual catch in both jigging and
driftnet fisheries ranged from 150,000 to 350,000 tonnes. How-
ever, because the squid driftnet fishery is banned since 1993, the
total annual catch dropped to less than 50,000 tonnes (Bower
and Ichii, 2005), and further fell to below 20,000 tonnes after
2001 (Wang and Chen, 2005).
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Fig. 1. The annual catch and catch per fishing boat (a) and catch per fishing day
(b), of Ommastrephes bartramii fished by the Chinese squid jigging boats in the
North Pacific during 1995 and 2005.

The first three-year survey on this squid resource by the Chi-
nese squid jigging boats was made in the North Pacific from
1993 to 1995, and the information on squid resources and fish-
ing ground was collected and fishing technology was evaluated
in the waters west of 160°E in the North Pacific (Wang and
Chen, 1998). A large scale squid jigging fishery started in 1994,

Table 1
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and a total of 23,000 tonnes catch was landed. In 1995, the catch
was increased to 73,000 tonnes as a result of an increase of fish-
ing vessels. As the new 5-year survey from 1996 to 2000 was
completed, the fishing area was expanded eastwards to 170°W
(Wang and Chen, 2005), and the fishing season became earlier
to the end of April and the beginning of May (Liu and Chen,
2002; Liu et al., 2001). The maximum output in 1999 reached
132,000 tonnes (Fig. 1a). As the Sino-Japanese fishing agree-
ment came into effect since 2000, the Chinese squid jigging
boats were prohibited from operating on an important fishing
ground (40°—43°N and 147°-150°E). The current fishing area is
mainly located in the waters of 150°~165°E and 40°-46°N dur-
ing August and November for the Chinese squid jigging boats,
accounting for more than 65% of the total Chinese squid catch
(Chen and Tian, 2006).

3.2. Biology

According to the squid survey during 1993 and 1995 in waters
west of 150°E, there existed two cohorts, small groups (S) and
large groups (L), with dominant ML classes of 19-21 cm and
26-31 cm (n=1490), respectively (Wang and Chen, 2005). Chen
et al. (2002) also reported that there were two stocks in the area
west of 165°E based on a cluster analysis of nine morphological
variables.

The squid surveys made during 1993 and 2000 showed that
population structure tended to differ in different waters (Table 1).
In waters west of 160°E, the average individual ranged from 23
to 27 cm (n=15613) with the dominant ML of 20-28 cm during
June and October (Wang and Chen, 2005). However, in June and
July 1997, the average ML reached 35-39 cm (Table 1), which
was significantly larger than that in the other years (P <0.01).
The monthly sex ratios of females to males for catch were 1.31:1,
1.42:1, 1.33:1 and 1.35:1 for June to October, respectively. In

The mantle length (ML) composition of O. bartramii caught by the Chinese squid jigging vessels in the three different waters of North Pacific

Fishing area Month and Year ML range (cm) Dominant ML range (cm) Percentage (%) Average ML (cm) Number of sample
West of 160°E 93.8 15-32 21-25 76 23.1 7246
94.8 17-40 24-31 69 26.8 2476
95.8 17-36 21-26 64 24.0 2581
96.7 17-49 20-24 72 23.2 149
96.8 16-39 21-28 61 25.1 675
97.6 21-48 22-26, 37-45 18,48.8 35.7 223
97.7 22-51 38-43 69.9 38.6 1780
98.8 21-46 23-28 73 27 74
98.9 1947 21-22,28-29 42,19.7 26.6 96
98.10 19-31 24-28 80.4 26.2 41
99.7 1847 19-28 76.5 24.6 150
99.8 21-46 23-28 80 26.5 122
160°E~170°E 97.6 20-49 26-42 71.6 394 905
97.7 24-49 38-45 77.7 40.4 54
98.6 23-53 35-53 71.1 38.2 760
98.7 30-51 37-43 60.8 40.5 675
98.10 18-32 21-22,25-30 16.2,60.4 26.0 43
99.6 28-43 34-38 65.9 35.8 47
East of 170°E 98.6 33-47 36-41 62.27 37.6 55
98.7 34-49 38-45 72.72 40.7 44
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the waters of 160°-170°E, the squid had the average ML of
35-41cm (n=2441) and was larger than that in the waters
west of 160°E (P <0.05). The sex ratios of females to males
were 2.13:1 and 1.91:1, respectively, for the two populations.
In October 1998, as new recruits entered into the fishery, indi-
viduals in catch were small, compared with those caught during
June and September (P <0.01), and the average size was only
26 cm ML (n=43) (Table 1). In the waters of 170°-180°E,
their ML’s were significantly higher (P <0.01) than those in
the area west of 170°E, and the average size reached 37—41 cm
ML in the same time period (n=99; Table 1; Wang and Chen,
2005). The samples of squid in different fishing areas were
collected by the Technical Group of Chinese squid jigging fish-
eries since 2004. The squid growth, ML and age composition
and life history are currently being analyzed by the authors,
which can lead to a better understanding of the biology of this
squid.

Wang and Chen (2005) found that O. bartramii stomach con-
tents were dominated by myctophids and followed by sardines,
mackerel larvae and sauries. Squid species found in its stomach
contents were O. borealijaponicus and species of Abraliopsis.
A high proportion of O. bartramii was found to be cannibalis-
tic. Crustacean species fluctuated widely between 2% and 18%
in the squid stomach contents with higher percentages being
observed in young squids. More than 80% of squid in the catch
had less than half full stomachs (Wang and Chen, 2005; Sun et
al., 2001; Huang et al., 2003).

3.3. Fishing ground

The Chinese squid jigging boats have already become one
of the important squid fishing fleets in the North Pacific. Typ-
ically, a Chinese squid jigging vessel would leave for the
waters of 170°E—-175°W, 38°-40°N to fish squid in the middle
and late April, and continue to early July. They then gradu-
ally moved to the areas of 160°—~170°E. From early or middle
August, the squid vessels were mainly fishing in the area of
150°-155°E and 40°—42°N, and gradually moved northeast to
the waters of 155°-165°E, 42°-44°N in November (Chen and
Tian, 2005).

The fishing ground is closely related to the distribution of
Kuroshio Current and Oyashio Current (Chen et al., 2003a;
Wang et al., 2003). During the squid moving northwards in
summer and autumn, it was mainly distributed in the vicinity
of Kuroshio front. During the southward spawning migration
in winter, the squid were mainly concentrated in the Oyashio
front or the warm mass in low SSTs (Wang and Chen, 2005).
During 1995 and 2005, Chinese squid jigging vessels mainly
fished in the waters of 145°-148°E and 153°-161°E, and the
annual output was 70-85% of the total catch (Chen et al.,
2003b).

Many studies showed that optimum SSTs for squid varied
with months and fishing areas, and there appeared to have the
tendency of optimum SST gradually decreasing from west to east
(Chen and Tian, 2005). In the waters of 140°—150°E, the monthly
optimal SSTs were 17-19°C, 18-22°C, 17-19°C, 13-18°C
and 10-14°C, respectively, from July to November (Chen,

1997b; Chen and Tian, 2005; Shen et al., 2004). In the waters
of 150°-165°E, the monthly optimum SSTs were 12-14°C,
14-17°C, 15-19°C, 14-18 °C, 10-13 °C and 12-15 °C, respec-
tively, for the months of July to November (Chen, 1997b, 1999;
Chen and Tian, 2005; Shen et al., 2004). In the waters of
165°-180°E, the optimum SST in June and July ranged from 11
to 15 °C (Chen and Tian, 2005). The squid preferred the habitat
in the warm front of 100 or 200 m water layer and its optimum
temperature was at 9—10 °C during June and July (Liu and Chen,
2002). In the waters of 180°~170°W, Liu et al. (2001) reported
that the fishing ground had a good relationship with the water
temperature at the depth of 100 m with an optimal temperature
of 10-12°C.

Previous studies suggested that in the waters west of 160°E,
vertical temperature structure played an important role in the
formation of fishing ground (Chen, 1995). The fishing grounds
usually existed in an area with a thermocline layer found above
the 50 m (Chen, 1995). The CPUE (daily catch per fishing ves-
sel) was positively correlated to the temperature changes both
in the range of 0 and 100 m and in the range of 0 and 50 m
(Chen, 1995). This phenomenon was not obvious in the waters
east of 160°E, which might be caused by different marine envi-
ronmental conditions (Chen and Tian, 2005). There was no
interaction of Kuroshio Current and Oyashio Current (Chen and
Tian, 2005).

The existence of plankton is a basic condition for the for-
mation of the squid fishing grounds (Chen, 2004). Wang et al.
(2003) reported that a skewed distribution function could be
used to describe the relationship between chlorophyll-a con-
tent and the catch in the waters of 150°~165°E and 41°—45°N
during August and October, and that the area with chlorophyll-
a content ranging from 0.15 to 3 mg/m> produced 95% of the
total catch. Xu et al. (2004) also found that in the waters of
152°E-171°W and 39°—42°N during June and July, the squid
tended to aggregate near the areas with the highest abundance
(50-100ind/m>) of crustaceans (mainly Copepoda and Thali-
acea).

3.4. Fishing technology

The tentacles of large squid often snap during retrievals as
the squid breaks the surface, causing the squid to drop from
the jigger. Based on the jigging survey from 1993 to 1995, Sun
and Chen (1996) reported that the drop-off rate of small squid
reached 25-40% for auto machine-jigging and 20% for hand
jigging in the waters west of 160°E. While in the waters east
of 160°E, the drop-off rate of large squid also reached 25-40%
for auto machine-jigging and 30% for hand jiggers (Chen and
Huang, 1999). The experiment showed that the breaking strength
of squid’s tentacle was only 1.874 times of its body weight,
which was one of the main reasons resulting in a higher drop-off
rate (Chen, 1996b).

This squid were also found to be selective of the color of
lines used in jiggers. Sun and Chen (1997) found that the green,
light green and light-blue lines used in jiggers could improve
the catch of squid, while the orange jigging lines had low catch
rates.
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Chen et al. (2006) conducted a GAM analysis to find that the
moon phase was one of the important factors affecting fishing
efficiency. Based on the production statistics in the northern
Pacific Ocean during August and October from 1995 to 2000,
the catch in the new moon period was 1.16, 1.53 and 1.20 times
as high as that of the full moon period, respectively, for these 3
months.

The first experiment on underwater lights began in 1997
in the central North Pacific to fish large squids (body weight
of 1-2kg) inhabiting in the deep water layer (300—-400 m) at
daytime. Chen (2000) reported that the average catch at day-
time reached 0.8 tonnes, the maximum catch was 3.0 tonnes
during June and July in 1998 when underwater lights were
used, but the drop-off rate increased to between 40% and
60%. The optimal vertical distance between fishing depth and
depth of underwater lights ranged from 100 to 150 m (Chen,
2000)

3.5. Squid abundance and its relationship with marine
environment factors

According to the daily catch of Chinese squid jigging ves-
sels from 1995 to 2005, a high abundance of squid appeared
in 1995, 1997-1998, and 2003-2005 with CPUE higher than
2.5tonnes/day (Fig. 1b). The low squid catches occurred in
2000-2002 with a CPUE of 1.30 tonnes/day (Chen etal., 2003b).
CPUE differed in the areas of 140°-150°E, 150°-165°E and
165°-180°E, and the average CPUEs from 1995 to 2001 were
2.41,1.94 and 1.18 tonnes/day, respectively, for these three areas
(Chen and Tian, 2005). The significant difference in CPUE
between the west of 165°E and the east of 165°E (P<0.01)
might be caused by different marine environmental conditions.
In the west of 165°E, the Kuroshio Current and Oyashio Current
mixed intensively, which created optimal habitats for the squid,
resulting in an increased density of squid schooling in the area
(Chen and Tian, 2005).

This squid species, as a short-lived ecological opportunist,
typically fluctuated greatly in abundance, responding rapidly to
changes in environmental conditions which often play an impor-
tant role in driving the inter-annual variability and influence both
the distribution and abundance of populations. Shao et al. (2005)
reported that the CPUE was highest in the year when the quasi-
bending of Kuroshio occurred, followed by the years of a small
bending of Kuroshio. The lowest CPUE occurred in the years of
big bending of Kuroshio (Shao et al., 2005). The squid CPUE
was closely related to environmental variables, especially SST
on the spawning ground and feeding ground. Such a relation-
ship could be quantified by multiple linear regression equations
(Chen et al., 2007b).

Previous studies showed that La Nifa event would result in
the fall of squid recruitment through the variability of environ-
mental conditions on the spawning ground (Chen et al., 2007b),
but El Nifio event would lead to the environmental condition
favorable to squid recruitment. El Nifio/La Nifa events also
affected squid distribution on the feeding ground, resulting in
a northward shift of the fishing ground in the years of La Nifia
and a southward shift in the years of El Nifio (Chen et al., 2007b).
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Fig. 2. The annual catch of Illex argentinus fished by the Chinese squid jigging
boats during 1999 and 2005 in the southwestern Atlantic.

4. Argentinus shortfin squid in the southwest Atlantic
4.1. Chinese jigging fisheries

Argentinus shortfin squid, Illex argentinus, is a major compo-
nent of commercial squid fisheries in the southwestern Atlantic.
It is widely distributed across the Patagonian Shelf and in adja-
cent oceanic waters, and could be found in waters between
22° and 54°S (Haimovici et al., 1998). Chinese squid jigging
boats fished this squid for the first time in 1997. In 1999 more
squid fishing vessels entered into this area, and the annual out-
put reached 60,000 tonnes and the average annual catch per
fishing vessel was 3000 tonnes (Wang and Chen, 2005). In
2001 the number of fishing vessels increased to 95 boats with
99,000 tonnes of total catch and an average catch of 1044 tonnes
per vessel. In 2004, as its recruitment fell, the squid pro-
duction decreased dramatically, and the total catch was only
13,400 tonnes for the Chinese squid jigging fleets. The total
catch was recovered to 44,000 tonnes in 2005 (Fig. 2).

4.2. Biology

4.2.1. Population structure

In the high sea during the fishing season from January to
May in 2000, the squid in the catch mainly came from the South
Patagonic Stock (SPS). Its sizes ranged from 130 to 373 mm ML,
and the dominant ML was between 170 and 250 mm, accounting
for 55% of the total catch (Ye and Chen, 2002). For the female
squid, the ML ranged from 130 to 373 mm (n=3613), and for
the male squid, the ML was from 150 to 315 mm (n=2514).
The average sex ratio of female to male was 60:40 in the catch
during January and May (Ye and Chen, 2002).

For different fishing areas, catch size structure differed
greatly (Table 2; Wang and Chen, 2005), which was likely to
result from timing of squid recruitment and differences in size
structure among the populations. In the high sea, the domi-
nant ML ranged between 160 and 260 mm from January to
April. The average ML of squid increased from 196.2 mm in
January to 239.0mm in April (Table 2). The proportion of
females reached 70% in January, and decreased gradually to
44.8% in April (Table 3). In the Falkland waters, the dominant
ML was between 190 and 340 mm from February to May, and
the average ML of squid increased from 227.0 mm in Febru-
ary to 308.9mm in May (Table 2). The female abundance
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Table 2

The mantle length (ML) composition of 1. argentinus caught by the Chinese squid jigging vessels in the southwestern Atlantic from January to August in 2000

Fishing area Month ML range (mm) Dominant ML (mm) Percentage of dominant ML (%) Average ML (mm)
January 146-290 160-210 80.7 196.2
High seas February 146-297 170-220 79.8 202.8
March 158-311 190-240 80.5 230.4
April 187-345 210-260 74.6 239.0
February 187-309 190-250 80.9 227.0
Around March 198-317 220-280 81.9 256.7
Falkland April 231-341 250-320 83.4 287.3
May 250-363 280-340 81.1 308.9
April 255-328 280-320 72.7 295.8
EEZ of May 242-366 280-300, 320-350 24.2,50.0 316.7
Argentines June 130-322 170-210 72.1 202.6
July 157-358 200-230 52.4 212.4
August 153-373 210-260 754 232.3

tended to be always higher than the male, and the propor-
tion of female ranged between 57% and 69% (Table 3). In the
Argentine EEZ, there were three modes in the size frequency
distribution from April to August: 180-220 mm, 280-300 mm
and 320-350 mm. The monthly average ML varied from 202.6
to 316.7 mm during April and August (Table 2). The proportion
of females ranged from 51% to 78% (Table 3; Ye and Chen,
2002).

4.2.2. Sex maturity

On the fishing ground of high sea around 45°S and 60°W
during January and April, the SPS squids were in the process of
becoming sexual maturity. The female squid attained maturity
stages I and II (immature), accounting for 60—82% of the total
catch from January to April. For the male squid, 60-93% of
the total catch were in maturity stages II (immature) and III
(maturing), and the proportion of stage III (maturing) increased
gradually (Tang, 2001; Ye and Chen, 2002).

In the Falkland waters, the squids from SPS were also becom-
ing sexual maturing. The sexual maturity of female squid was
mainly in stage II, accounting for 45-55% of the total catch from
March to May in 2000. The proportion of stage I squid decreased
from 50.5% in February to 3.9% in April. For the male squid,
the proportion of sexual maturity varied between 42% and 79%
(Tang, 2002; Ye and Chen, 2002).

In the Argentine EEZ waters, there was no obvious trend for
the maturity of females and males, and the composition of squid
in different maturity stages fluctuated greatly between April and
August in 2000. After June, individuals were mainly in stages
I and II. However, the proportion of squid in maturity stage I

for female and male squid decrease from 85.6% and 84.6% in
June to 40.8% and 3.1% in August, respectively (Ye and Chen,
2002).

4.2.3. Feeding

Cannibalism was observed in all sizes. The diet of adult squid,
1. argentinus, consisted mainly of crustaceans (Euthemisto
bispinosa, Galatheidea, Euphausia, Chaetognatha), juveniles
fish (Merluccius hubbsi, Hygophom) and cephalopod (I. argenti-
nus, Loligo gahi) (Wang and Chen, 2005).

4.3. Fishing ground and its relationship with marine
environment factors

Chinese squid fishing vessels were mainly distributed in
waters around 45°-47°S and 59°-60°30’'W during January and
May. In the high sea, the fishing season usually peaked in
February and March, and mainly targeted the SPS. The dis-
tribution of fishing grounds showed a close relationship with
SST, and the optimum SST on fishing grounds for high CPUE
(over 10 tonnes/day per fishing vessel) varied among months:
14-15°C in January, 13—15 °C in February, 12-14 °C in March,
9-13°C in April, 8-10 °C in May, and 7-9 °C in June (Liu and
Chen, 2004; Chen and Zhao, 2005; Chen et al., 2005a).

4.4. Fishing technology

This squid is relatively small in size and the breaking strength
of squid tentacle is similar to that of the Japanese common squid
(Wang and Chen, 2005). Thus, its drop-off rate is also low. The

Table 3
The sex ratio of squid, 1. argentinus, catch caught by the Chinese squid jigging vessels in the southwestern Atlantic from January to August in 2000
Area and month High seas Around Falkland EEZ of Argentines

January ~ February = March  April February =~ March April May April May June July August
Number of sample 854 1328 699 259 310 955 882 577 99 308 222 213 250
Female (%) 70.0 53.1 51.2 44.8 64.5 57.5 66.7 69.0  69.7 77.6 53.2 51.6 60.8
Male (%) 30.0 46.9 48.7 55.2 355 425 333 31.0 303 22.4 46.8 48.4 39.2
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experiments on the sea showed that different colors of lines used
in jiggers had different catch rates, with green jiggers having the
highest catch rate. Tang (2001) also suggested that the size of
jigger, number of jigger in each fishing line and diameter of
fishing line needed to be adjusted according to the size of squid.
They also found that underwater lights played a critical role in
attracting more squid around the fishing boats and increasing
catch rates (Tang, 2001).

5. Jumbo flying squid in the southeast Pacific

5.1. Jigging fishery

Dosidicus gigas, the jumbo flying squid, is distributed
from 37°-40°N to 45°-47°S between California and southern
Chile, extending westward from the coast to a maximum of
125°-140°W in the Equator (Nigmatullin et al., 2001). Since
the early 1990s there has been an increase in industrial ves-
sels, largely from Japan and Korea, fishing off Peru and Central
America, resulting in an increase in squid catch from the east-
ern Pacific Ocean. During June and September in 2001, the
Chinese squid jigging industry made their first resources sur-
vey of D. gigas in the high sea of Peru and Costa Rica (Ye,
2002), followed by commercial production, and its annual catch
reached 17,770 tonnes. Because of the poor catch of Argentinus
shortfin squid in 2004, a large number of Chinese squid jig-
ging boats moved to offshore waters of Peru after April, and its
annual output reached 205,600 tonnes, with an average output
of 1728 tonnes per fishing vessel (Fig. 3a).

5.2. Biology

During the first resource survey of D. gigas made by the Chi-
nese squid jigging boats in the high sea (5°-16°S and 79°-90°W)
off Peru from June to August in 2001, the size range of squid in
the catch was large. The ML ranged from 203 to 805 mm and
the dominant ML was between 240 and 480 mm. Squid in the
dominant ML size class accounted for 80% of the total catch
(Ye, 2002). For the male squid, the size of squid varied between
203 and 736 mm ML, and the dominant ML was from 230 to
440 mm, consisting of 80.0% of the total catch. For the female
squid, ML ranged from 205 to 805 mm with the dominant ML
of 260 to 440 mm, accounting for 74.4% of the total catch. The
female squid was more abundant than the male squid in the catch
during June and August, and the average ratio of female to male
was 2.52:1 (Ye, 2002).

In the high sea (5°-16°S and 79°-90°W) off Peru from June
to August, three groups of squid may exist according to the
ML composition. Three peaks were observed in the ML com-
position of male squid catch. They represent three groups with
significantly different average MLs (P <0.01): 261 £21.5 mm,
381 £40.0mm and 496 4+ 110.6 mm (mean =+ standard devia-
tion). For the female squid, three peaks were also observed with
significantly different average MLs (P <0.01): 289 £ 32.2 mm,
406 +57.9 mm and 634 4+ 64.1 mm (Ye and Chen, 2007).

The male squid were found to mature at younger ages than
the female squid. The initial size at sexual maturity was 374 mm
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Fig. 3. The annual catch during 2001 and 2005 (a), and catch distribution by
latitudes during 2004 and 2005 (b), of Dosidicus gigas fished by the Chinese
squid jigging boats in the southeastern Pacific.

ML for females and 228 mm ML for males (Ye and Chen, 2007).
In the high sea (5°-16°S and 79°-90°W) off Peru during June
and August, maturity stages III and IV consisted of 84.3% of
the all males squid in the catch, but only 47.5% for the female
squid (Ye, 2002).

5.3. Fishing ground and its relationship with SST

The production statistics showed that Chinese squid fishing
vessels fished in waters from 7° to 20°S all year around, but
mainly operated in the waters of 13°-16°S which yielded over
50% of the total catch and an average daily output of 7 tonnes
per fishing vessels in 2004 and 2005 (Fig. 3b). The second most
productive fishing area was located from 9° to 12°S, which
yielded 20-25% of the total catch with an average daily out-
put of 7-9 tonnes/day (Fig. 3b). The combined catch in fishing
areas of 5°—6°S and 19°-20°S was less than 0.5% of the total
catch (Fig. 3b).

Fishing areas varied among months, and main fishing sea-
sons ranged from May to December. During January and July,
the fishing area was mainly concentrated in the waters of
14°-17°S and 80°-84°W in August and 9°—11°S and 81°-83°W
in September, and waters south of 14°S in December. The
monthly optimal SSTs on fishing grounds were estimated as
23-25°C from January to April, 21-22°C in May, 17-20°C
from June to October, and 20-22 °C in November and December
(Chen and Zhao, 2006).
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6. Purpleback squid in the Northwest Indian

6.1. Jigging fishery

The purpleback squid Sthenoteuthis oualaniensis is widely
distributed in the equatorial and tropical waters of Indo-Pacific
Ocean (Chen et al., 2007a). It is most abundant in the South
China Sea and northwestern Indian Ocean. During 2003 and
2005, three scientific fishery surveys for S. oualaniensis were
undertaken by the Chinese squid jigger vessels in the high sea
of the northwestern Indian Ocean (Chen et al., 2007a). In 2005, a
small-scale Chinese commercial jigging fishery started, yielding
more than 5000 tonnes in production.

6.2. Biology

The female squid tended to be larger than the male squid
(Chen et al., 2007a). The largest female squid attained 612 mm
ML. During September 2004 and April 2005, the mean ML of
the catch was 299 mm for males (ranging 106—462 mm) and
352 mm for females (ranging 106612 mm), and the dominant
MLs were between 260 and 300 mm for males, and 300-360 mm
and 480-540 mm for females (Chen et al., 2007a). The size of
squid also tended to have large spatial variations, especially
in the latitudinal direction. Large squids of over 400 mm ML
were mainly located in the north of 18°N, medium squid rang-
ing 300400 mm ML mainly distributed from 12° to 18°N, and
small squid of under 300 mm ML mainly in the south of 12°N.
There was no such spatial pattern in size distribution along the
longitudinal direction (Ye and Chen, 2004; Chen et al., 2007a).
Based on morphological analyses, Random Amplified Polymor-
phic DNA (RAPD) analyses and analyses of the microstructure
of statolith, three groups were identified: spring spawning group,
summer spawning group and autumn spawning group (Chen
et al., 2007a). The growth patterns of spring spawning group
and autumn spawning group could be well described by linear
regression models, while summer spawning group by the Gom-
pertz model (Chen et al., submitted for publication; unpublished
data). The instantaneous relative growth rates (IRGR) and abso-
lute growth rate (AGR) of ML ranged from 0.18 to 1.06 and from
0.53 to 2.13 mm per day, respectively. The IRGR and AGR of
body weight ranged between 0.55 and 3.33, and between 2.23
and 30.67 g per day, respectively. The IRGR and AGR varied
with size for a given group, and showed large differences among
squids of the same sizes in different groups (ANCOVA, p <0.05;
Chen et al., submitted for publication, unpublished data).

The stomach contents included three major groups of preys:
juvenile fish, cephalopods and crustaceans, representing 56%,
36% and 8% of the stomach contents by weight, respectively (Ye
and Chen, 2004; Chen et al., 2007a). All other species remaining
in the stomach contents were identified as Cypselurus spp. and
S. oualaniensis. The cannibalism generally existed in the squids
of all sizes. About 70% of the stomachs were less than half full
(Chen et al., 2007a).

During the study period from September 2004 to April 2005,
the female squid were much more abundant than the male squid,
and the sex ratio of females to males for the catch was 30.5:1

(Chen et al., 2007a) which was much higher than that of jigging
fisheries of other squids. This might result from using jiggers of
large sizes in this fishery. Eighty-eight percent of males in the
catch were in maturity stages II (immature), III (maturing) and
IV (maturing). For females, only 20% were in maturity stages
IIT or IV (maturing) or stage V (fully mature), but the majority
were immature (stages [ and II; Chen et al., 2007a).

The large squid tended to have their life span less than one
year (Chen et al., 2007a). Squid in the catch had ages ranging
from 88 to 363 days, and the dominant ages were between 180
and 270 days, accounting for 81.3% of the total catch. The squid
might hatch all year around, with the majority (57.8%) of hatch-
ing occurring from March to May (Chen et al., 2007a). Chen et
al. (submitted for publication; unpublished data) also found that
the highest growth rate was observed in the summer spawning
group, followed by the spring spawning group and fall spawning

group.

6.3. Fishing ground and its relationship with marine
environmental factors

Previous studies suggest that the fishing ground of squid was
closely related to the marine environmental variables such as
SST, sea surface height (SSH), wind, chlorophyll-a and zoo-
plankton (Chen and Shao, 2006). The optimum SST on the
fishing ground was 27-28 °C during September and Novem-
ber, and 26-27 °C from December to March in the following
year. Most high-yield fishing grounds were distributed in the
waters near sea surface height anomalies, SSHA <0, and the
optimal range of salinity in the surface water was from 35.5
to 36.5 (Chen and Shao, 2006; Tian et al., 2006; Yang et
al., 2006). On the fishing ground of high daily catch (over
5 tonnes), zooplankton mainly consisted of Chaetognatha (aver-
age biomass was 9.18 mg/m?), Copepoda (2.32mg/m>) and
Mysidacea (1.38 mg/m?), and they presented in 86% of all fish-
ing stations (Qian et al., 2006). These three species were also
found in the stomachs of squid. Thus they were critical in the for-
mation of fishing ground, and could be considered as indicator
species for a squid fishing ground (Qian et al., 2006).

6.4. Fishing technology

The largest squid in weight is more than 6000 g, similar to
the Neon flying squid in the North Pacific. Thus, there were
high drop-off rates in the fishery. In the first fishing experiment
during September and November of 2003, Tian et al. (2004)
reported that the average drop-off rate was higher than 45% for
machined jiggers, but only 7-12% for hand jiggers when using
2 rows of 1.17 mm diameter jigger. The drop-off mainly resulted
from broken tentacles. In the second fishing experiment during
September and November of 2004, the jigger with 3 rows of
1.6 mm diameter was used to reduce effectively the drop-off
rate to about 10-12% for machined jigging (Chen et al., 2005b).
The breaking strength of tentacle was considered as one of main
reasons leading to the high drop-off rate of squid, and it was only
1.06 times of its weight and 2.72 times of its five arms (Chen et
al., 2005b).
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7. Conclusions

China has successfully exploited some important oceanic
squids since 1989, including T. pacificus around Sea of Japan,
O. bartramii in the North Pacific, I. argentinus in the south-
western Atlantic, and D. gigas in the southeastern Pacific and
S. oualaniensis in the northwestern Indian Ocean. A great deal
of progress has been made in oceanic squid research such as
fisheries biology, ecology, and fishing technology. The ommas-
trephidae squid is an opportunist species that plays an important
role in the ecosystem and is also vulnerable to environment
fluctuations. We should recognize that we still do not fully under-
stand basic biology of the squid and its interactions with its
ecosystems. We still lack effective ways to assess and manage
the squid resources. Exchange of data and information among
countries and regions that are involved in these fisheries can
certainly help improve our understanding of these species and
fisheries, leading to the development of sustainable squid jigging
fishery in the world.
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