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This article discusses the horizontal distribution and domiant species of heteropods in the East Ching
Sea. The ecological ch istici of heteropods and thetr adaptability to the environments were also
considered. Oceanographic census was camied out in the East China Sea (23°30~33% N and
118°30'~128° E} in_four seasons from 1997 ta 2000. It was found that the total abma’am:
showed obviows seasonal variations. ft peu)tm'm autumn with a mean oafue of 21.03 ind. 107° m,
followed by summer (4.89 ind. (100 m®)™"). The lowest abundance occurred in wintey and spring.
As to the horizontal distribution, abundance in and was kigher in nearshore than in
the offchore of the Fast Ching Sea. In winter and spring, hetergpods were barely found n the nardem
nagrshore. Three dominant species were observed in_four tnvestigated seasons, tn which enly Atlanta
rosea dominated in winter, spring and summey while Atlanta peroni and Atlanta lsjururt mainly
dominated in autumn. These koo dominani species obsooed tn autumn extibited a vather higher
occurrence frequency than A. rosea. Temperature was found to be a major influencing factor whereas
salinity was a minor one. Comparing thetr adaptability, A. rosea con swrcive in a under tmperature
range (16~28°C), which enables it to dominate in four seasons, while A. peront survives in a
narrac lemy ¢ range (19~28°CC) and the range for A. lerueun was even maore
narww (21~ 28°CC} Moreover, A. msea was also adgpted to o wider range of sakinity. However,
the abundance of A. rosea n autumn was lmver than those of A. peromi and A. lesuevri. It can be
therehy inferred that the multiplication speed of A. rosea was lower than the other two species within
the same favorable tenperature range. Due to their adaptability o high salinity, the disiribution of
heteropods was closely related to the domatn of the Tarwan Warm Gurrent and Kuroshio. Especiclly
for A. peroni and A. lesucuri, thetr high abundance areas are akoays indicative of the lasting exustnce
of stromg warm curvents. The negative values of aggregation “ndices indicated relatively even distribu-
tion of heleropods in the Easi China Sea. The high abundunce area (31°00' N, 126°00' E) of
heteropods in autumn is on the migration pathrugy of the mackerel (Scomber japonicus Houttiom).
Thus, there i5 also a fishing ground of the mackersl This suggested that the high cbundance area of
heteropods tn qutumn is important o the fisheries in the East China Sea. Comparing with the
historical records, the abundance of heteropods appeared to increase in the past 40 years. This may be
& result of strengthened warm currents due lo global wanmmg.

INTRODUCTION . . . ]
warming. So they are indicator species of water masses.

Heteropoda belong to Prosobranchia subdlass, Gastro-  In addition, heteropods are good food for fishes.

poda order. They mainly consist of pelagic species and Regarding the abundance and species number, het-

thus their distribution patterns are closely associated eropods are not the major taxon in pelagic zooplankton.

with the strength of ocean warm currents and global Thereby, the ecology of heteropods was not largely

doiz10.1093/ planke/hi014, available online at www.plankt.oupjoumals.org
Joumna! of Plankton Rescarch Vol. 27 No. 4 © Ouxdford University Press 2005; all rights reserved
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studied over the world. Thiriot-Quicvreux (Thivior-
Quievreux, 1973) veviewed the coetaneous studivd of
the heteropods on their seasonal and geographical dis-
wibution, morphology, feod and digestion, and develop-
ment. Later on, taxonomy, abundance diswibution or
specics composition of hieteropods were widely studied in
different waters iRichter, 1972; Newman, 1990; Michel
and Michel, 1991; Hernandez ¢ al.. 1993; Castellanos
and Suarez-Morales, 2001} Concerning the western
Pacific, studies of heteropods mainly focused on taxon-
omy and recent researches were scarcely found. The
geographical distribution of heteropods i the western
Pacific Ocean and in the Kuroshio waters was investi-
gated (Okutani, [966; Tanaka, 1971). As a diet of fishes,
it was found that heteropods were the food for the
pelagic shrimps in the central part of the Tndian Ocean
and also the lancet fish in Hawaiian and the cenual
equatorial Pacific waters (Moteki ef al., 1993; Pakhomov
et al., 1993). In China, reports are even fewer. Based on
an oceanographic census during 1958 and 1960, the
taxonomy of heteropods in coastal areas of China
{(Zhang and (3, 1961; Zhang, 1954, 1966) and a very
simple ecology studies (Section of Planktology, 1977)
were carried out. With the data obtained in 1970s, the
vertical distribution of zooplankton was investigated, in
which heteropods was also involved {(Gao, 1990} In
19805, the ecology of mollusks were studied in the cen-
tral of the South China Sea and in Taiwan Strait (Dai,
1989, 1995; Huang o af.. 198Y9). However, their
researches were mainly related to Pteropoda and very
litle to heteropods. In conclusion, there have been no
complete reports of heteropods in large-scale water arcas
in the China Seas.

With the data obtained in a large-scale census in the
Fast China Sea {23°30~33° N, 118°30/~128° E; {rom
1997 to 2000, abundance and geographic distribution of
heteropods in the East China Sea were studied. This
article only considers the first part, namely the abundance
variation of heteropods. The abundance dynamics of
heteropods were revealed by analyzing changes of domi-
nant specics and their relationship with environmental
factors. In addition, through the analysis of their ecology,
the scientific significance of heteropods were  also
approached as an indicator of warm water currents.

METHODS

Study area and sampling methods

The census was carried out i a large area
(23°30'~33°00' N, 118°30'~128°00" L) in the East
China Sea. Four cruises were conducted separately in the
spring of 1498 {from March to May), the summer of 1999

118°
ek

120°

1220 124°

324

30° 4

28° A

26°

24° -

1267 1287 130°

120° 1220 124 132°E

Fig. L. {3} Location of sampling stations. {b) Seasonal circulation
pattern i the East China Sea (as courtesy of Prof. Zhang Jing).

{from June to August}, the autumn of 1997 {from October
to November) and the winter of 2000 {from January to
February), The locations of sampling starions were shown
in Fig. (2} In order to examine the relationship between
heteropods and their habitats, the census area was divided
into 3 zones according to the reference (Fishery burcau of
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Mivisrry of” Agricalore. FiT Zeme 1, neoth neavshore
0CR0 AT IN, 122730~ 1205 B Zune 1 north olfshore
R RS R N BUL S R 1i, Zeme 11 gonth nearshore
IREI0S29030T N, 120530125 B}, Zone IV, soulh
oftshore (25°30°-29730" N, 123°~128° L. Zoune V,
Tabwan straie (23950725730 N, 1187~1217 The

first four zones were delimituted dong 29°30° N and

1257 £ As shown in g Lhj, the offshore arca of the
Fast Ghina Sea Zone 11 and Zone Vi was dominated hy
the IKuroshio while the nearshore area was atfecred by the
Yellow Sea Continental Waters 1
Dilute Waters
Cuvent {EC
TW

masses varied witl seasons.

W, the Changjiang
{CDW, the Fast China Sea Continental
SCCH and dhe Tawan Warm  Current
2 The inHuence of the warm coarrents and water

In total, 508 samples were collected. The sampling and
laboratory processing strictly followed the Specifications
of Oceanographic Survey {China State Bureaun of Tech-
nical Supervision, 1991). For zooplankton sampling, a
standard large net {diameter 80 cm, mesh fiber GG36,
tesh size 0.505 mm) was hauled vertically from the ocean
bottom o the surface. A Howmeter was mounted in the
center of the net mouth to measure the velume of water
filtered. Catches were then removed from the net and
immediately preserved in 5% buffered formalin seawater.
In the laboratory, each sample was divided by uvsing a
Folsom plankten splitter until the subsample contained
~500 organisms. Enumeration and determination of each
species were pesformed with the aid of a stereomicro-
scope. Abundance was expresed as ind. {100-m%
Since the water arca of Taiwan Strait {Zone V) was not
sampled in winter, the total abundance of Zone 1, TI, 111
and TV were averaged as the overall mean abundance in
the East China Sea in the discussion below.

Data processing

In this article, occurrence frequency of a species reters to
the proportion of the number of stations reporting its
occurrence in the total number of the sampling stations.
Dorminance {1} of a species was calculated by the tollow-
ing equation {Zhao and Zhou, 1984):

K3

Y=—.f i1
¥ A L

i which, #; is the abundance of species i, f; is the occur-
rence frequency of species i, ¥ is the total abundance.
The dominant species was defined when ¥ > (.02
Xu and Chen, 1989

Moreaver, a series of indices were introduced to
describe the aggregation characteristics of dominant
specics as shown below: 1Zhao and Zhou, 1984).

Index of cnmping: £ = i
Mean crowding U — :i i3
\
Index of patchiness Y
Index of dispresion: £y = ; {3}

In the above equations, ¥ is the variance of the sam-
ples and X is the mean. These indices are stacistical
variables that describe the nonrandom degree of the
spatial distribution from ditferent aspects. In a viewpoint
of statistics, they are to estimate the statistical value of
/X When V> XI, ie. T—Xis pasitive, it means that
the norrandom magnitude of the spatial distribution was
relutively high; or in another words, aggregmeon exists
to some extent and vice versa. The higher the positive
value is, the higher the aggregation intensity . When
the above four indices are all positive, it suggests that the
distribution of a species shows an aggregation trait.

All statistical analysis was carrled with the statistical
packuge SPSS as proposed in reference {Guo, 1494],

RESULTS

Horizontal distribution of the total
abundance

Figure 2 shows that the toral abundance of heteropads was
ratherlow in spring. In the noith, heteropodsbecame scarce
in nearshore and were only ehserved in three sampling
stations of the offshore area with the water temperature in
the range of 17~24°C. Heteropods mainly distributed in
the southemn nearshore and offshove area, where water
temperature ranged from 16.5 to 26.3°C0 However, the
abundance there was stll very low. Atfarde req was found
to be the main component of the heteropods, and Atenta
lesueuri was vecorded only i one sampling station in the
northern ofishore,

In sumnmer, the distribution aras were located mainly
in the southern nearshove of the East China Sea and the

northem part of the Taiwan Strait as shown in Fig. 2,

3
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Fig. 2. Horzonal distribution of heternpods abundance m the East China Sea.

where the water temperature was around 27°C. Likewise
A, deswewri only oceurred in one sampling slation in the
northern offshore. Atlanta peront was recorded in the
Changjiang estuary and in the northern nearshore area
ofl the estuary {123°30" E}, where the water temperature
was around 26~27°C., In the northern offshore of the East
China Sea, heteropods consisted of A peroni and A, msea
while in the southern offshore it consisted of only A, rosea.

In Fig. 2, it shows that the total abundance of hetevo-
pods was relatively uneven in autumn. Theve was a high-
abundance distribution area 1o the east ol Chanjiang
estuary (31°00° N, 122°30°~128°00" K}, which spread
from southwest to the northeast. In this area, the highest
abundance (195 ind.-(100 m:s'; :'_:- occurred in 31°00° N,
126°00" F with the local temperature of 23~24°C, and
heteropods were composed of A, peront. Another high-
abundance area was located in the edge of the southern

nearshore, siretching from the northwest to the southeast

with the water temperature ranging from 22 10 25°C.
The main species were A, peront and AL fesmeurt.

In winter, heteropods were hardly  observed  in
other water areas except in five sampling stations in the
south. In these stations, the water temperature was

17.5~.22.3°C, and the abundance was very low.

Seasonal changes of the total abundance
In Table 1,
seasonal variation. It peaked in awumn (2103 ind.
(100m”) 7, declined in summer (489 ind, (100m™
and reached the lowest in winter and spring, In summer

the total abundance exhibited an obvious

and autumn, the abundance was higher in the nearshore
(Zone T and 1) than in the offshore (Zone [T and TV} at
the same latitude. In winter and spring, heteropods were
not found in the northern nearshore. In the oflshore area,

the abundance was always higher in summer than in

winter, no matter in northern part or in the southern part,
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Table I Seasonal aniation of heteropods abundance in the Fast China Sea (dviduals (100 m""‘_ }_‘I_ J

Season Zone | Zome Il Jane 1 Zone 1Y Zone Y Drverall mean
Spr'ng 0.00 G55 ] 037 033 155
Sommes 287 13/ 2% 545 ] A8%
Auturmn 2230 1627 0 19.45 785 7103
Winter 0.00 108 40 225 - 075
Year rourd mean 6.29 A.50 257 .81 621

Dominant species of heteropods

Ecological characteristics

Totally three dominant species (¥> 0.02) occurred in four
investigated seasons. They were A. rosea, A perons and
A, lesweuri. In winter and spring, although its occurrence
frequency was rather low (7.7% in Winter and 9.2%
in Spring), A. resea was almost the sole species of hetero-
pods, because its abundance accounted for all the hetero-
pods. In summer, 4. rosee remained dominant and its
occurrence frequency increased drastically to 28.5%. Its
abundance stll covered 82.2% of the total abundance
of heteropods. In auturnn, A. peroni and A. lesueunt replaced
the first place of A. rosea as the major dominant species.
The abundance and dominance were only 2.9 ind.
(100m*™ and 0.03 respectively for 4. rosea, while
10.0 ind. (100m*™" and 0.20 respectively for A peroni
and 573 ind. (100-m* " and 0.10 respectively for
A. lesusunt. Their occurrence frequency were 23.4, 396
and 36.0% respectively.

Temperature and salinity adaptabulity of domnant species

In order to show their temperature adaptability, the abun-
dance of each dominant species was plotted against tem-
perature and salinity as shown in Figs. 3, 4 and 5. It shows
that 4. resea developed in the temperature of 16~28°C
with the highest abundance found in the range of
23~28°C. Meanwhile, the salinity range for 4. rosea was

0.8
07t °
-
alé
gaﬁ- °
o 0.4 T
[*]
_ge.s-
802
-
0.1
0

10 12 14 16 18 20 22 24 26 28 30
Surface tempersture (°C)

31~35 and the range for high abundance was 33~35.
Likewise the temperature range for A peont was
19~28°C, and its high abundance occurred around
23°C. lIts adapied salinity range was 32~33, and the
range for highest abundance was 33~34. A. lesueun grew
as temperature ranged from 21~28°C and showed high
abundance at temperature of ~23°C. The salinity range
for A. leaeuri was 32~35, and the range was 33~34 for
high abundance.

Aggregation characteristics of dominant species

As shown in Table 1T, the aggregation indices of hetero-
pods were all negative, showing relatively even distribu-
tion pattern. However, comparing with the other two
dominant species, 4. peoni showed relatively higher
aggregation intensity.

DISCUSSION

Horizontal abundance distribution and
its seasonal changes

For low-temperature seasons, the abundance and the
occurrence frequency of heteropods were both rather
low. For example, the occurrence frequency was only
7.7% in winter and 10.0% i spring. Heteropods
were mainly distributed in arcas with a relatively high

0.8
0.7 ©
0.6
0.5 ©
0.4
0.3
0.2t
ot

o}

Abundapce (ind. a™)

18 20 22 24 26 28 30 32 34 36
Surface aalinity

Fig. 3. Relationship between Atianta ros2 abundance and surface temperature and salinity.

5.



L4
i &
r?_‘1‘2 2
:g 1 0
Z 08t
g 0.6 8
'gl o °O
0.4 %
= [ 4

1

Fig. 4. Relationship between

012 14 16 18 20 22 24 26 28 30

Surface tenperature{*C

0.9

12 14 16 18 20 22 24 26 B 30
Surface temperatur={®C)

1.4
12 %
2 0
g
:0.8 ° o
gﬂ‘ﬁ r

[+

= EX-
504 %
ﬁ_l feelee]

0.2

o Lood-o wm_ﬁ

20 22 24 26 28 30 32 M ¥

Surfuce salinity

Adania gevant abundance and surface emperature and szlinioe.

0.9
0.8 -
0.7
0.6
0.5
0.4
0.3
0.2
L7
0 0o
18 20 22 24 26 28 30 32 M
Surface salinity

oo
-]

S —

90

Abundance {lind.m )

L)

o [+
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Table IT: Aggregation indices of dommnant species of heteropods

Daminent species Spring Summer
! XX fy ky i Iy % X
Allarta peros — - — — -7 12803 -17909 =178
Atlanta rosea -07a -144 43 14543 475 -0.68 14 62 1562 6L
Aptumre Winter
Allanta percn -2 a7 =117 002 — — — -
Atlanta lesueuri .52 -9.05 SLIE] .52 — — — —
Allanta rosea -0.43 -13.76 ~14 76 ~han =041 5395 5495 .41

temperature, such as the offshore and the southem part of
the East China Sea and northermn part of the Taiwan
Strait. This suggested that temperature was a major factor
influencing the seasonal changes of the total abundance.
Namely, the abundance of heteropods increased with
increasing temperature. Thus, the occurrence frequency
increased drastically when it changing from spring to
summer. The abundance of cach station increased [ike-
wise, However, regarding the absolute values, the abun-
dance was still very low in the northem nearshore, while it

was a littde higher in the other areas and ranged from 0w
25 ind. {L0.m™ ™. When it turned from summer to
auhumm, the high-abundince area expanded gradually
from the south to the north, with heteropods presenting
all over the East Ghina Sea. The seasonal variation of
total abundance was rather remarkable. For example, the
abundance in the autumn was 35 times that in winter.
Such a tremendous difference way ravely observed for
other zooplanktons in the East China Sea (Xu o af,
2i3a,b.c, 2004a,c; Xu and Chen, 2004d). Therefore, it
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cain he concluded that heterapods populations are very
sensitive to temperature,

Relationship between abundance variation
and ocean currents

Besides minor species, the three dominant specices of
heteropods were all pelagic warm water species (Zheng
et al, 1984). Therefore, ocean currents would have same
impact on the abundance vanation. As shown m Fig. 2, m
winter and spring, heteropods are only disuibuted in
Kuroshio and the southern pant of the Bast China Sea,
where the temperamre was relatively high. In summer,
the distribution area of heteropods expanded from the
south to the north and from the offshore towards the
nearshore. As it tumed from summer to autumn, the
nearshore temperature maintained high for a period of
time, and thus heteropods transported by the warm cur-
rents were able to multiply rapidly. Meanwhile, with the
expansion of the warm current, high-abundance areas
were formed in areas where the Talwan Warm Current
converged with Changjiang Dilute Waters, coastal water
masses in Fujian and Zhejiang provinces and Yellow Sea
Water Masses. Synchronous observations showed that the
abundance of phytoplankton in these areas was also high
in autumn. Therefore, it can be concluded that the ocean
currents firstly brought heteropods to the nearshore of the
East China Sea, and they then quickly grew into high
abundance in the nearshore rather than in the offshore
with abundant phytoplankton as food and favorable high
temperature. In a word, ocean currents played an impar-
tant role in the abundance vanation and the specific
distribution of heteropods.

Relationship between abundance and
environmental factors
The environmental {actors, which influenced the toval

abundance of heteropods, were selected from the step-
wise regression. The results {shown in Table ITT) were

Table III: Regression analysis betiveen
abundance of heteropods and temperature
and salinity

Season Regiessian equation n r F o

Spring Y= 00087 + 00007 127 Q216 611 D043
Summer Ya 00820+ 000705, 131 0266 @285 Om0N
Yegr-ound V= 05347 + 00144 5, 426 0277 1764 0.0000

+007108 5y

¥ is the 1otal sburdence of neteropods; 1 and & isfare the surlate anc
bottam temperature, tespectively; Sip 's the 10-m salinitg: n. v £ pare
stabstcg parameters related o the step wise Tegréssan.

consistent with tose lound i the scasonal variation
patteri. Concerning the year-round regression result,
temperarure was a major influencing tactor P = 026,
and salimity was & minor factor {f = 0101 As the
temperature changed drastically irom spring to summer,
the abundance of hieteropails also nereased remarkably,
showing a significant correlation. In winter heteropods
were only present in five stations, which were all within
the Kureshio, and thus the temperature of every station
differed licde. In autumn the whole area of the East
China Sea exhibited lile wmperature variation as
well. Therefore, the total abundance of heteropads in
winter and autumn was not significantly velated to tem-
perature, as it was i spring and sammer,

Comparison of the adaptability of dominant
species

Comparing the results shown in Figs. 3,4 and 3, it can be
found that 4. resee was able to survive in winter and spring
when water temperature was rather low, indicating that
this species is adapted to a lower temperature than the
other twe species. Thus, i has a temporal superiority,
which enables it to mulaply earlier than the others when
summer arrives. This explained its domination in summer
and its highest abundance in four seasons as well. More-
over, from Fig. 3, it can be seen that 4. rosea can survive at
temperature ranging from 16 w 28°C. So it remamed
dominant in four seasons. On the contrary, 4. peroni was
adapted to a relatively narrow temperature range
{19~28%C), and the temperature range for A. leoewri was
even more narrow (21~28°C). Therefore, the order of
survival superionity was 4. rosea > A, peromt > A, lesuewr.
In autumn, 4. peroni and A, fewenrt were able to grow
to high abundance in the areas where Changjiang Dilute
Waters and Yellow Sea Water Masses converged with
the Taiwan Warm Current. This indicated that they
were warm water species, which can grow to a large
amount in the neasshore areas. However, 4. perons dis-
tributed in both nearshore and offshore areas, while
A leseuri mainly distributed in the nearshore and sear-
cely in the ofshore. In Figs. 3, 4 and 3, it showed that
the abundance of A. e m antumn was lower than
those of A. perord and A. lesueurt, though it was adapted
to wider ranges of temperature and salinity. [t can be
thereby inferred that ander favorable temperature, the
growth of A. rsea population was slower than those of
A peoni and A, feswewri. Though the temperature in
autumn favored the growth of all these three dominam
species, different growth speeds of their populations
eventually resulted in the difference in their abundance.
These three dominant species were all found adapred
to high salinity likewise, though A. msea is adupted w
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a relatively wider salinity range. This feawre is quite
distinct from other zooplanktons i the East China
Sea, whose dominant species usually exhibit diverse
adaptabilities. Emyhalinous and eurythermous species
are acclimatized 0 a variety of environments, and
coastal species are somewhat adapted to the low salinity
of estuary. For example, Calunus simcus is euryhalinous
and eurythermous species (Xu et af, 2003b, 2004a; Xu,
2004b), and Muggaea atlantica is coastal temperate water
species (Xu ¢t al., 2003c). Sagitta bedoti Xu and Chen,
2004d, 2005) and Preudeuphausta sinica (Xu e aof 2003d,
2004¢) are coastal warm water species. As shown in
Fig. 1(bj, the nutrients brought by the East China Sea
Continental Currents boosted the growth of phytoplank-
ton. Therefore, when they meet Taiwan warm current,
they provide sufficient food for the flourish of zooplank-
tons. Thus, owing to their varied adaptabilities, the
abovementioned dominant species were able to grow
into high abundance in this area. This increased their
total biomass as well. Therefore, compared with other
zooplankton, the poor adaptability of heteropods
explained their low abundance in the East China Sea.

The above discussion also indicated that the dominant
species of heteropods were adapted to high temperature
and high salinity. Thus, their distribution pattems were
closely associated with the strength of the Taiwan Warm
Current and Kuroshio. This is particularly true for 4. peront
and A. lesuenn, whose high abundance areas often indicate
the presence of lasting intensified waym currents.

Comparison of the aggregation
characteristics of dominant species

The aggregation indices of the Heteroped dominant
species were all negative, suggesting a relatively even
distribution of these species in the East China Sea.
This feature was totally different from what were
observed for Copepods (Xu et af,, 2004a), Siphonophores
(Xu et af., 2003b), Chaetognaths (Xu and Chen, 2004d,
Pteropods and Euphausiids {Fishery bureau of Ministry
of Agriculture, 1987). Since heteropods are adapted to
velatively narrow temperature and salinity ranges, their
high abundance accurred in limited areas and seasons.
Even though the conditions are favorable, the growth of
the same dominant species in different water areas will
not differ much, owing (o their relatively low growth
speed. So their distribution showed a random pattern
rather than an aggregated pattern. The low abundance
of dominant species was another evidence.

Significance in fishing grounds

In winter, spring and summer, the abundance of hetero-
pods was tao low to henefit the fishing grounds. However,
as the abundance increased drastically in autumn, the

high-abundance disiribution area ovedapped the high-
abundance areas of other zooplanktons, such as Cope-
pods [Xu et ol 2004a), Siphonophores {Nu et ai, 2003b),
Chactognaths (Xu and Chen, 2004d), Pteropoda and
Euphausiids {unpublished data). These arcas were not
ouly the localities, where the Taiwan Warm Gurrent
mixed with the Changjiang Dilute Waters, the Continen-
tal Currents and Yellow Sea Water Masses, but also the
grazing grounds of many commercial fishes. In particular,
the high abundance area of heteropods (31°00 N and
126°00"), where A. peroni dominated, was on the migration
pathway of the mackevel {Scomber japonicus). So the high-
abundance area of heteropods in Changjiang estuary and
in the nearshore area of the East China Sea will be of
some significance to fisheries.

Significance as indicator species

There were many studics on the indicator species in
marine environment. Johnson and Terazaki {2003)
found that Chaetognaths showed lower abundance but
higher species diversity in the Kuroshic Warm-Core
Ring (KWCR) than in the Oyashio waters. For example,
Sagitta. elegans accounts for a large proportion of individ-
uals in the Oyashio water and presents in deep water in
Sagami. Thereby, it can be regarded as a cold water
indicator. Similarly, Sagitfa pacifica and Krohnitta pacifica
are Kuroshio water indicator species. The high abun-
dance of S serippsae occwred in the place where the
Kuroshic and the Oyashio currents meet. Thus, it is a
mixed-water species. Kang e al (Kang o 2, 2004)
siudied the influence of physical parameters on the dis-
tribution of indicator species in the Ulleung Basin, which
i¢ characterized by the northward-flowing East Korean
Warm Current. Benovic & ol {{Benovie et al,, 2005)
investigated the distribution of medusae in the open
waters of the middle and south Adriatic Sea during
spring 2002, and revealed the indicative role of hydro-
medusa in different water depth. More discussion can be
found elsewhere (Stylianos et af,, 2002; Delphine e al,
2004). All these studies applied different ecological indices
and analysis methods.

The indicator species in the East China Sea can be
categorized into two different groups, according to their
abundance and aggregation characteristics. One s
marked by the occurrence of the species, and the other
is marked by the presence of their high abundance area.
As an important indicater species in the East China Sea,
heteropods fall into the first group. Zooplanktons in this
group ave mostly pelagic warm water species, which was
adapted to a narrow range of temperature and salinity
and thus usually very sensitive to the changes of aquatic
environmenes, They can hardly survive the Jow tempera-
ture in winter and spring. Even though the environment
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condidons ave favorable, they will not show high aggrega-
tion intensity because of ther low growth speed and
abundance. Therefore, although their agpregation indices
listed in Table II were all negative, showing an even
distribution pattern, heteropods can still be used as indhi-
cator of warmn curtents. The second group of indicator
species can be represented by some coastal warm water
species, such as Fucalanus suberassus {X. Zhao-li, unpub-
lished results), 8. dedett 2Xu and Chen, 200d, 2005 and
P stz (Xu, 2003d, ; Xu et al, 2004<). In the East China
Sea, the presence of their high abundance area indicated
the expansion of high- temperature-and-low-salinity
coastal currents in summer and autumn. Different from
heteropods, these zooplank(ons species are relatively less
sensitive to the changes of aquatic environments and
show high aggregation intensity in favorable conditions
due to their fast growth. So their high abundance area
can indicate the convergence of different water masses.
Aggregation characteristics are important ecological fea-
tures to differentiate these two groups.

Comparing the results of this study with historical
records, the abundance of heteropods showed an
increasing trend during the past 40 years. In the earliest
oceanographic census in 1959, the abundance of hetero-
pods seldom exceeded 1 ind. m™ in the nearshore areas
of the East China Sea {Zhang, 1966). However, in this
study, the highest abundance was observed up to 1.93
ind.'m™ as shown in Fig. 2. As to Atlmia genus, their
mean abundance in September was 0.153 ind. m”
{Zhang, 1966), while the mean value in autumn in this
study was 0.20 ind.-m™ plus, much higher than pre-
viously reported data. Meanwhile, a similar trend can be
found in the central part of the South China 5ea when
comparing the observations in 1997 2000 {unpublished
data) with the results found in 19805 (Dai, 1995). The
increased abundance of heteropods may be explained by
the strengthened warm currents due to global warming.

ACKNOWLEDGEMENTS

"This study was funded by National Key Science Foundation
Research “973” Project of the Ministry of Science and Tech-
nology of China under contract No. 2001CB40S9700-07.
We thank Prof. Chen Yuan-quan, Mr. Wang Yun-long,
Ms. Yuan (4, Ms. Jiang Mei, Ms. Han Jin<ii and Mr.
Zhun Jiang-xing for sampling, in-door sample processing
and data processing. We also express our gratitude to Prof.
He De-hua and Prof. Yang Guan-min, Prof. Yang Yuan-li
of the Second Institute of Oceanography, SOA, for in-
door sample processing. Special thanks are due to Prof.
Shen Xiao-ming for his insightful suggestion and great
efforts in the preparation of the draft copy.

REFERENCES

Benovic, Ao Lucwe. I1, Dok, Voo el (2008 Bathvmetne dist
of medusae m the apen waters of the middle and south Adviatic Sea
during spring 2002, 7. Plaskton Ree, 27, 7050,

Castellanos, 1. and Suarez-Morales, E. (600 Heteropod moluscs
Cannasiidae and Prerotracheidas of the GulfofMexico and the western
Canhbean Sea. dn. fe, Bial, Dnin, N, Anetem. Mex, Zood, T2, 2212302,

China State Bureau of Technical Superision (1991] Spergteation for
Uceamagraphic Swrey (GEI276Y. 6-21), 1-12 {in Chinese).

Drai, ¥ ¥, (1989) Distribanon of pelagic mollusks in western Taiwan
Strait. F. Ouearsgr. Tateaw Stait, 8, 54-39 {in Chinese).

Dvai, Y. . (1995) Preliminary study on the ecology of Preropoda and
Heteropodz in the central and the southern part of the South China
Sea. Acta Oeeanol. Sin, 17, 111-1186 (in Chinese].

Dielphine, T. B., Johenn, R. E. L. and Gibbens, M. J. (2004) Siphono-
phore assemblages aong the cast coast of South Africa; mesoscale
distribution and tempaoral variations. 7. Plankion Res, 26, 1115-1123.

Fishery bureau of Ministry of Agviculture (1987) Inestizasion and Diririm
of Fisheries Resource of the East Ching S2a. East China Normal University
Press, Shanghai, pp. 63-78, 124-131 {in Chinese).

Gao, §. W._{1940) The vertical distribution of the Medusae, Preropoda,
Heteropoda and Thaliacea in the East China Sea. Stud. Mar. S, 31,
43-92 {in Chinese).

Guo, £, G, (1999 Socal Stanstcal Analysas Methods— Manual of SFSS
Sftieare, Renmin University of China Publishing House, Beijing,
po. 18-83 {in Chinese).

Hemandez, M. P, Ferrandis, E. and Lozano-Soldevilla, F. (1993
Pieropoda Thecosomata and Heteropoda Mellusca, Gastropoda)
in Canary Island waters. Bel. Jnst. Esp. Oceanagr, 9, 263-283,

Huang, J. @., Li, 8. J. and Zhu, €. S. {1989) Abundance distribution
2nd species composition of pelagic zooplankton in Luoyuan bay of
Fujian. J. Xiomen L. Nat, Sei, 28, 85-95 (in Chinese).

Johnson, T. B. and Terazaki, M. i2003) Specics composition 2nd depth
distribution of chactognaths in 2 Kuroshio warm-core ring and
Ovashio water. 7. Plambin Res, 25, 1270-1280.

Kang, J. H, Kim, W. 5 Chang, K. I & al (2004} Distribution of
plankton related to the mesoscale physical structure within the sur-
face mmixed layer in the southwestern East Sea, Korea. 7. Plntin
Res., 26, 1315-1528.

Michel, H. B. and Michel, J. F. {1991} Heteropod and thecosome
Moliusca: Gastmpoda'j macroplankton in the Florida Stvaits, Budl
Mar, &, 49, B62-574

Moteki, M., Fujite, K. and Kohno, H. {193} Stomach conrents of long-
noss lancefish, Alepisaurus ferox, in Flawaizn and Cential Equaronal
Pacific waters. §. Tokws Univ, Fish, Takys Suiundz Kempo, 80, 121-137.

Mewman, Lo J. (1990) The raxonomy, disribution and biology of
Atfanta zoufichaudi. Souleyet, 1852 (Gastropoda, Heteropodz] from
the Great Barrier Reef, Austrelia. Am. Malacol. Bull, 8, 85-94.

Okutani, T. (1966] Heteropoda and Thecosomata in the Kuroshio,
Deep-Sea Res, 13, 1092-1093.

Pakhamov, E. A, Mednikow, Vo V. and Koltsov, 00 V. (1093] Pelagic
shrimps of equatorial waters in the renteal part of the Indian Ocean.
Ehtal, Morpa, 44, 23-27,

Richter, G. (1979 [nformation on the ssecies Atlanta (Heteropoda:
Atlantidae). drek, Melluskenkd, 102, 35-91 {in German.

Secrion of Plankto.ogy, Institate of Oceanology, Academia Sinica (1977]
Study on plznkton in China Seas. Stimentiic Rigorts of Conprehesioe



Ocsanograpiry Expediti
=159 fin Chinese).

o Lfiina Seas, & Ooran Bes of Press, Tiangin, op.

Srvlianes, 5., Fanes, IV znd Varvava, F.i2002) Dhaibation and a5un-
dance of larval fish in the northern Aegean Sea? eastern Mediteria-
nean? in relation to early sumimer occanogaphic conditions.
J Flarkim Res, 24, 339-333,

Tanaka, T. {1971) Pteropodz and Heterapoda (Gastrooada, Mallusea)
collected in the western Paciiv: Ocean in the northern swnmer 1968,
Eaipo Repert, 3, 27-36,

Thiriot-Quicvreux, C. {19731 Heteropoda. Ceanegr. Mar. Biad,, Aunee
Rew, 11, 237-261

Xu, 7. L. {2004b) Relationship between red tide occurrence
and zooplankton communities structure in the coastal sea of
East China Sez in spring. China Emiéon. Sei, 24, 357-260 (in
Chinese).

Xu, Z. L, Chao, M. and Chen, Y. Q. (2004} Distribution character-
istics of zooplankton biomass in the East China Sea. Acts Oeeanol.
Sin., 23, 337-345 (in Chinese).

Xu, 7. L. and Chen, Y. Q. {1939) Aggregated intensity of dominant
species of zooplankton in autumn in the East China Sea and Yellow
Sea. 7. Ecol, 8, 13-15 (in Chinesc),

Xu, Z. L. and Chen, Y. 3, {2004d) Stady on relationship between
Chactognatha abundance and environmental factors in rthe East
China Sca. f. Shunghai Fsh Uniz,, 4, 1-8 (in Chinese].

X¥u, Z. L. and Chen, Y. Q. {2005) Relationships between dominant
species of Chaetognatha and environmental factors in the East
China Sea. 7. Fishery S, Ching, 12, 76-82 (in Chinese).

Nu 4 Lo Cui X050 and Chen, W2 i2000a) Suecies coanposition
aned duminant species study oo peiagh: cupesuds in the East
See, FoFd Ui, 27, 3540 o Clunese),

NXu. Z, L. Hong, B and Zhu, M. Y. (2003¢) Swdy on ecological
chasacteristics of zooplankton in the areas of often occurrence of
redd tide in the East China ez o ospring. Chin, J. ddppl Bl 14,
10&1=1083 (in Chinese).

Xu. £. L, Jiang, M. and Chao, M. (2003z2) Quantitztive distnibution of
pelagic copenods in the East China Sca. . Fish, Ghing, 27, 255-264

(in Chinesel.

Xu, Z. L, Zhang, J. B., Jiang, M. & ol {2003b) Ecological study of
Siphonoshores in the Ezst China Sca. 7. Fish Ching, 27, 82-90 (in
Chinese).

Zhang, F. 5. (1964) The pelagic mollugks of the China coast I 2
systernatic study of Preropeda {Opisthobranchia)l, Heteropoda (Pre-
scbranchial and Janthinidac (Ptennoglossa, Prosobranchia). Sk,
Mar. Sin, 5, 125-226 in Chinese).

Zhang, F. 5. (1965) The pelagic mollusks of the China coast II: on the
ccology of the pelagic mollusks of the Yellow Sea and the East China
sca. Oceanof. Limnol Sin., 8, 13-23 {in Chinese),

Zhang, X. and Qi, 7. Y. (1961} The Ersentials of Conchalzgv. Science
Press, Beijing, op. [-387 {in Chinese].

Zhao, Z. M. and Zhou, X Y. ([ 984) Intraduction b Ecolagy. Scientific and
Technical Documents Publishing House, Chongging, pp. 108-119
lin Chinese).

Zheng, 7., Li, 8. ] and Xu, Z. Z. {1984) Mavine Plankislazy. Ocean
Press, Beijing, pr. 462494 {in Chinese).,

-10-



Aquat, Living Resour. 18, 187-192 (2005) i

@ EDP Sciences. IFREMER. IRD 2005 A.q!'lat‘c
DO 10.1051/alr: 2003020 Living
www.edpsciences.orgfale nesou rces

Morphological differences between close populations
discernible by multivariate analysis: A case study
of genus Coilia (Teleostei: Clupeiforms)

Qi-Qun Cheng'?, Da-Ru Lu"* and Li Ma'

! State Key Laboratory of Genetic Engineering, Institute of Genetics, Fudan University, Shanghai 200433, China
* Key Laboratory of Marine and Estuarine Fisheries, Ministry of Agriculture, East China Sea Fisheries Research Institute,

Chinese Academy of Fishery Sciences, Shanghai 200090, China

Received 9 April 2005; Accepted 10 June 2005

Abstract — In order to understand the morphelogical differences between four populations of genus Coilia (Teleostei:
Clupeiforms) and identify them conveniently, truss network data were used to conduct multivariate analysis. Nine-
teen morphometric measurements were made for each individual. Burnaby’s multivariate method was used to obtain
size-adjusted shape data. The cluster analysis and discriminant analysis were used to discriminate among popula-
tions. The results indicated that 1) the four populations were clustered into three distinct groups; the first group in-
cluded Changjiang C. mystus and Taihu C. ectenes, the second one included Zhujiang C. mysius, the last one included
Changjiang C. ectenes, and 2) disctiminant analysis with selected 4 morphological parameters showed that the iden-
tification accuracy was between 88% and 100%, and global identification accuracy was 93%. Our result showed that
populations of different Coilia species living in geographic proximity to one another are more similar than conspecifics
living farther apart. Separation and adaption arc important to morphological difference. The taxonomy of genus Coilia
should be reconsidered. This study also showed that the method 1o obtain size-adjusted data is important to acquire
right conclusion.

Key words: Coilia ectenes | Coilia mystus | Cluster analysis / Discriminant analysis / Stock identification

Résumé — Différences morphologiques entre populations proches, et déterminées par analyse multivariée : une
étude de cas du genre Coilia (Téléostéens : Clupéiformes). Afin de comprendre les différences morphologiques
entre quatre populations du genre Coilia (Téléostéens : Clupéiformes) et de les identifies de fagon pratique, un réseau de
données a é1é wtilisé pour conduire 1" analyse multivariée. Dix-neuf mesures morphometriques ont &é faites sur chaque
individu. La méthode multivariée de Bunaby’s a ét¢ utilisée pour obtenir des ajustements des données, L'analyse par
groupes (clusters) et 'analyse discriminante ont i€ utilisées. Les résultats montrent que : 1) les quatre populations sont
regroupées en trois groupes distincts ; le premier groupe inclut le « changjiang » C. mystus et le « taihu » C. ectenes,
le deuxizme inclut le « zhujiang » C. mystus, le dernier le « changjiang » C. ectenes, et 2) I"analyse discriminante avec
4 paramétres morphologiques sélectionnés montre que 1a précision d'identification se silue entre 88 el 100 %, et la
précision globale d'identification est de 95 %. Nos résultats montrent que les populations de différentes espéces de
Coilia vivant 3 proximité géographique des unes des autres ont davantage de caractéres communs que des individus
de la méme espéce mais plus éloignés géographiquement. La séparation et I'adaptation importent beaucoup dans les
différences morphologiques. La taxonomie du genre Coilia devrait éire reconsidérée. Cette éude montre aussi que la
méthode d'ajustement est déterminante pour obtenir un résultat correct.

Introduction

Genus Coilia (Gray 1831} fishes are distributed mainly
in the northwest and western Pacific, extending southward to-
ward Canton in the north of southern China and northward
to the Ariake Sound of southwestern Japan, including all of
the Yellow Sea and the area off the western coast of Korea

* Carresponding author:
drlu@fudan.edu.cn and giquncheng@yahoo.com.cn

{Whitehead ct al. 1988). In China, four kinds of Coilia fishes
were found (Zhang 2001). Two of them, namely, C. ectenes
(Jordan et Seale 1905) and €. mysits (Linnaeus 1758), are
of higher economic value (East China Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences and Shanghai
Fisheries Research Institute 1990).

Due to great similarity, the taxonomic relationship be-
tween two ecolypes of C. ectenes, i.e., migrating Changjiang
C. ectenes and resident Taihu C. ectenes, is controversial
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Table L. Sumpling details of Coili fishes in this study. Runge of standard length (SL). mean standard length (MSL). and standard deviations

of MSL.
Population Sampling location Dute Range MSL£5.D.
of capture of SL{em) temy)

DJ Yangtze river estuary, Shanghai April 2003 16.9-24.7 21.09 = 2.06
(N31° 37", E121" 8D")

HJ Taihu lake, Wuxi, Dec. 2002 10.1-19.4 14.02 + 2.45
Jiangsu province
(N31° 38" EI120° 107)

Cl Yangtze river cstuary, Shanghai Mar. 2004 11.2-168 13.56 = 1.51
(N31° 37, E121° 90)

2 Pear] river estuary, Mar, 2004 8.6-16.9 1217« 1.47
Guangzhou

(N22° 51", EL13" §2')

(Yuan et al. 1976; Yuan 1980, Liu 1995). Though they can be
diseriminated according to their physiological and ecological
differences, it is very difficult to identify them with meristic
index for they have many overlapping characters (Yuan et al.
1976). The physiological and ecological differences can be
easily observed in spawning seasons. For example, the mature
Changjiang C. ectenes has a longer standard length and larger
diameter of mature eggs than dozs Taibu C. ectenes (East
China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences and Shanghai Fisheries Research Institute
1990). These differences are not consistently useful for they
can be found only in spawning seasons and are not evident
in other seasons. Different populations of C. mysrus, such as,
Changjiang C. mystus and Zhujiang C. mystus, are also diffi-
cult to identify with meristic index.

Moreover, only two meristic indices, i.e., numbers of anal
spines and lateral lines, can be used to discriminate C. ecrenes
from C. mystus in traditional taxonomy (Cheng znd Zheng
1987). In C. ectenes, anal spines number above 90 and lateral
lines above 68 while in C. miystus anal spines number from 73
to 86 and lateral lines from 58 to 65. Given the difficulty in
counting the numbers of anal spines and lateral lines to differ-
entiate these two species they are not practical for use in ev-
eryday identification. Between February and April, C. ectenes
is expensive, and delicious and tasteful at this season (East
China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences and Shanghai Fisheries Research Institute
1990); therefore due to the tremendous pressure to capture
C. ectenes an illegal mix C. ectenes with C. mystus are of-
ten sold to consumers. This phenomenon not only damages
the interests of the consumer, but is also very harmful to the
protection and sustainable wiilization of these two nnportant
fishery resources. Thus, it is necessary to discern their mor-
phological differences and develop a convenient and practical
method to identify them accurately. For the sake of conve-
nience, Changjiang C. ectenes, Taihu C. ectenes, Changjiang
C. mystus and Zhujiang C. mysms are coded in the text as DJ,
HI, CJ and Z), respectively.

Morphometric characters are continuous characters de-
scribing aspects of body shape. Morphometric variation be-
tween stocks can provide @ basis for stock structure, and
may be more applicable for studying short-term, environ-
mentally induced variation and thus perhaps more applicable
for fisheries management (Begg et al. 1999). Morphomeiric

characters have been successfully used for stock identifica-
tion. Tradittonal measurements tended to concentrated along
the body axis with only sampling from depth and breadth, and
most measurements were taken from the head. Another system
of morphometric measurements called the truss network sys-
tem (Strauss and Bookstein 1982) has been increasingly used
for stock identification (Corti et al. 1988; Junquera and Perez-
Gandaras 1993; Silva 2003; Tzeng 2004; Turan 2004; Turan
et al. 2004).

[ 2 multivariate sense, morphology has two independent
components: size and shape (Bookstein et al. 1985). Most of
the vanability in a set of multivariate characters is due 10 size
(Junguera and Perez-Gandaras 1993). Thus, shape analysis
should be tree from the effect of size to avoid misinterpretation
of the results (Strauss 1985).

Based on geographic variation in ontogenelic rates, mor-
phometric differences are expected among Coilia populations.
The objective of this study is to understand the morphological
dilference between four populations of genus Coilia fishes and
identify them conveniently using multivariate statistical tech-
niques. The results can provide a scientific basis for effective
management and sustainable exploitation of Coilia fishes re-
sources, opiimizing their yield, and avoiding fraud.

Materials and methods

Sampling

A total of four populations of genus Coilia, two popula-
tions of C. ectenes and two populations of C. mysius, was
collected between December 2002 and March 2004 (Table 1,
Fig. 1). The sampling location and relative information are pre-
sented in Table 1. Forty animals were collected at each site,
based on Reist’s (1983) reccommendation that at least 25 an-
imals be used for morphological analyses. All samples were
collected strictly following classification standard (Cheng and
Zheng 1987).

Data collection
Nineteen morphological measurements were made on each

specimen following the Truss method (Strauss and Bookstein
1982). They consisted of 18 morphological distances between
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Fig. 1. Locations of sampling sites (numbers): 1. Pearl river
(Zhujiang) estuary, Guangzhou; 2. Taihu lake, Wuxi, Tangsu
province; 3. Yangize river (Changjiang) estuary, Shanghai; 4. Yangtee
river estuary. Shanghai.

Fig. 2. Truss network of Coilia fish; 18 truss parameter measurements
are the distances between the two of 9 landmark points, For exam-
ple, D{1-2} denotes the distance between landmark points | and 2.
Landmark points: 1. most posterior point of maxilla, 2. tip of snout,
3. origin of pelvic fin, 4. most anterior of scales on skull, 5. origin of
anal fin, 6. origin of dorsal fin, 7. tremunus of anal fin, 8. remunus of
dorsal fin, 9. dorsal origin of caudal fin.

9 truss network landmark points plus standard length (SL}. The
morphological measurements were collected according o the
method described by Elliott et al. (1995). Truss network of
Coilia fish was shown in Figure 2.

Data analysis

To remove size-dependent variation, the data were adjusted
prior to the analysis. Data were adjusted using Burnaby's mul-
tivariate size adjustment 1o test for shape differences among
groups (Burnaby 1966; Rohlf and Bookstein 1987). The size-
adjusted data were used in sequent analysis. Statistical analysis
were performed with Statistica 6.0 software.

Dendrogram of four populations was constructed by hi-
erarchical clustering of single linkage (nearest neighbor) by
using Euclidean distance to assess the degree of similur-
ity between the populations. The other linkage rules (ic..
complete linkage, unweighted pair-group average, unweighted
pair-group centroid) and distance measures (i.e., Manhattan
distance and Chebychev distance) were also tested to see if
the results are robust to clustering method.

Table 2. The Euclidean distances between four Coilia fishes derived
from size-free shape marrix,

Population D) HI Cl A
j3d} 0.0}

HJ 18 1.0

(0] 103 1.2 (LN}

7] 13.5 33 25 0.00

0 4 8 12

Fig. 3. Cluster dendrogram of four Coilia fishes derived from
Euclidean distances.

A stepwise multivariate discriminant analysis was used
to identify the combination of variables that best separate
Coilia fishes, The relative importance of morphometric char-
acters in discriminating populations was assessed using the F-
to-remove statistic. Collinearity among variables used in the
discriminant model was evaluated using the tolerance statis-
tic. Accuracy of classifications was evaluated using extrinsic
jackknife cross-validation, in which each specimen is removed
from a discriminant function and classified to group (Marcus
1990). The proportion of individuals correctly reallocated was
taken as a measure of the honesty of that population. In such a
case the proportion of individuals that are misclassified is low
if all groups discriminated by cluster analysis does not derived
by chance alone {Soriano et al. 1988},

Results
Cluster analysis

I8 characters were used to perform the cluster analysis.
Different linkage rules (single linkage, complete linkage, un-
weighted pair-group average, unweighted pair-group centroid)
and distance measures (Euclidean distance, Manhattan dis-
tance and Chebychev distance) were all tested and the results
are rebust to clustering method. That is to say, they produced
the same cluster patterns (data not shown),

The Euclideun distance values between four samples de-
rived from size-adjusted morphometric data were shown in
Table 2. The Euclidean distance (13.5) between samples of DJ
and ZJ was least similar, but the one (1.2) from the data sets
of HJ and CJ was most similar. Figure 3 shows the Euclidean
dendrogram of four samples,

Four samples were clustered into three distinct groups, The
first group included HJ and C): the secand group included ZJ.
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