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The changes of the catch and age structure of lake anchovy and
the relationship with environmental variation in Lake Taihu
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Abstract: Lake anchovy, Coilia ectenes tathuensis, a kind of small-sized and zooplanktivorous fish was the
dominant fish in Lake Taihu. The changes of the fish catch and the relationship with environmental variation were
studied, based on historical data from 1952 to 2004 and the studies from 2003 to 2005. The results were as
follow: (1) The catches of the fish increased from 640.5 t in 1952 to 21 221 t in 2004. Especially since 1994 the
increase had speeded up; (2) The age structure of the fish population was that 0* individuals occupied only 33 %
in 1979 and 34% in 1980, but the figure increased to 99.04% + 2.21% in 2003 and 99.08% + 0.80% in
2004; (3)0* lake anchovy mainly fed on zooplankton. Cladocera, Copepoda and Rotifera respectively accounted
for 89.77% +13.69% , 7.84% +11.53% and 2.39% +4.95% of its diet. The conclusion was that, human
activities such as the obstructed buildings between river and the lake, over fishing, environmental pollution and
the ecological characteristics of the fishes in Lake Taihu were responsible to the changes of catches and age
structures of the fish. With the fish catches increasing, there was the trend of zooplankton standing mass declining
during October in the lake. So the increase of the fish catches might enhance phytoplankton development in the
lake .
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Lake Taitm, located in the delta of the Yangtze
River, is the third largest freshwater lake in China.
The lake is a shallow lake, with the surface water area
of 2338.1 km” and an average water depth less than 2
m!'!. It has been a famous fishery base in China.
There were 107 species of fishes recorded in the
lake!?].
changed. With fish species decreasing to only 48
species collected in the survey from 2002 to 200313!
and the total fish catches increasing to 33 242 t in
2004, the changes of fish fauna showed the trend that

only lake anchovy, Coilia ectencs taihuensis, had

But in recent years, fish fauna has greatly
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increased in its catches, while most other species had
declined'! . Lake anchovy, Coilia ectencs taihuensis ,
a kind of small-sized and zooplanktivorous fish is the
dominate species in the lake and its catch was 21 221 t
and occupied 63.8% of the total fish catches in 2004.
So the causes of the fish increasing and the effects of
its increasing on environment have to be studied .
There have already been lots of reports on fishes
in Lake Taihu, which reports mainly focused on fish

biology!® %

. But there are few reports on the mutual
relationship between fish fauna and environmental
factors® ~ 1] The paper is to analyze the causes and

the effects of the increasing on environmental factors
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in the lake, based on the historical records of fish
catches from 1952 to 2004, past studies and the study
on age structure and diet composition from 2003 to
2005.

1 Materials and methods

1.1 Data of fish catches

The data of fish catches in Lake Taihu from 1952
to 2004 was offered by Lake Taihu Fisheries
Management Committee of Jiangsu Province. The fish
catches were divided into seven groups such as (D.
lake anchovy, Coilia ectenes taihuensis ; @ .ice fish,
Neosalanx  taihuensis; (3. topmouth culter,
Erythroculter ilishaeformis , and Mongolian redfin, E
mongolicus ; @ . common carp, Cyprinus carpio, and
crucian carp, Carassius auratus; &) . silver carp,
Hypophthalmichthys molitrix, and bighead carp,
nobilis ; ®.
piceus, and grass  carp,
other fishes. The

groups were approximately classified by the standards

Aristichthys black carp,
Mylopharyngodson

Ctenopharyngodson idella; @ .

of the sameness in ecological characteristics and
resemblance in food type, while other fishes mainly
So the fish

catches could show the changes of fishes with different

included various small-sized fishes.

food types.

1.2 Sampling sites of age structure and diet
composition

The samples of age structure of lake anchovy
were collected in No. 1 site and No.2 site during the
period from September 1 to October 15 in 2003 and
2004(Fig.1). The samples of diet composition were
collected in all of the 5 sites during the period from
September 1 to October 15 in 2004 and on April 30 in
2005.

1.3 Sampling methods of age structure and diet
composition

The samples of age structure and diet
composition of lake anchovy were performed by purse
net, a kind of nets specially catching the fish, with
meshes size 5 mm, about 2550 m in length and 3 m
in height and about 52 hm” in area for each operation.

The age was identified according to annuli in the

fish scales'” . 161 of 0* individuals, 67 of 1*
individuals, 43 of 2* individuals was identified and
then the average length and weight of the fish in each
age were respectively calculated. After samples of 3
- 5 kg were taken from each operation, the age
composition was calculated according to the average
35 482 of lake
anchovy individuals were analyzed during the period
from September 1 to October 15 in 2003 and 2004
which was the only time allowed catching the fish

length and the average weight.

every year in the lake.
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Fig.1 Sampling sites distribution in Taihu Lake

The diet composition of the fish was performed
twice. The first time was from September 1 to
October 15 in 2004 . The second time was on April 30
in 2005. About 22 — 30 individuals were chosen in
each sampling site. The diet species were identified
with microscope and the percentage of individual’ s
composition and apparent rates and the average

numbers in each intestine were calculated .
2 Results

2.1 The change of catches of lake anchovy from
1952 to 2004

The catches of lake anchovy increase to
21221.0t in 2004 from 640. 5 t in 1952. Its

percentage in total fish catches was from 15.8% in
1952 to 63.8% in 2004 . Based on the annual increase
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rate of the fish catches, the slow increase period, the
stable period and the quick increase period could be
divided. The slow increase period was from 640.5 t,
accounting for 15.8% of the total fish catches in 1952
t06 584.9 t, 62.2% in 1964, and the fish catch
increased annually at the rate of 457 t. The stable
period was from 1964 to 1994, and the annual
average catches fluctuated in (6175 + 1051) t. The
percentage of the fish in total fish catches fluctuated in
49.71% %= 10. 63% . The quick period was from
6706.6t, 49.71% in 1994 to 21 221 t, 63.8% in
2004, and the fish catches annually increased at the
rate of 1451 ).
2.2 The change of age structure of lake anchovy
0* lake anchovy occupied 99. 04% of the
individuals composition of its catch in 2003 and
99.08% in 2004 compared with only 33% in 1979
and 34% in 1980(Fig.2).
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Fig.2 The percentage of 0* individuals in
the catches of lake anchovy

The average weight and the average length of 0*
lake anchovy were respectively (1.94 +0.53) g and
(80.4 £ 7.1) mm; These of 1* individual were
(14.53 £10.04) g and (161.6 +38.6) mm; These
of 2* individual were (35.48 £20.17) g and (211.6
+27.4) mm. The relationship between body weight
and body length of the fish was W =0.0042L> %% r
=0.9971, n=118(Fig.3). 3" lake anchovy could
not be collected. The average weight of 07
individuals respectively accounted for 92.2% of the
fish catch in 2003 and 92.9% in 2004 compared with
only 4.53% in 1979 and 5.64% in 1980 while that

of 1* and 27 lake anchovy accounted for only 7.1%
in 2003 and 7.8% in 2004. It was very clear that the
population showed the more minjaturization in size
than that in past (Fig.2).
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Fig.3 The relationship between
body weight and body length

2.3 The diet composition of 0* lake anchovy
The studies were conducted twice. In the first

study from September 1 to October 15 in 2004, only
the diet composition of 0* individuals was carried out
because 0* individuals occupied 99.08% in the fish
catch. The diet compositions of 1* and 2* individual
were not done for there were few. The results showed
that 0* lake anchovy mainly fed on zooplankton and
the individual percentage of Cladocera, Copepoda and
Rotifera were respectively 89. 77% + 13. 69%,
7.84% +11.53% and 2.39% +4.95% in its diet
(Tab.1).
Tab.1 The diet composition of individuals in
43 alimentary canals of 0* lake anchovy
(body length from 58 mm to 89 mm; samples r = 43)

total average( % )

Calanoida 3.61+5.80
Cyclopidae 1.18+2.47
Nauplius 3.05+5.12
shrimp 0
Bosmina 85.66 = 15.4
Daphnia 80.83+1.44
Moina 2.11+3.63
Diaphanosoma 1.17+2.76
Rotifera 2.39+4.95

Additionally, lots of blue-green algae were
found and averagely accounted for 15% — 35% of the

volume of the diet.It remained unclear whether blue-
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green algae could be assimilated by lake anchovy.
The second time was on 30th April in 2005.
Only the diet composition of 1% individuals was
conducted in 2005, for 1* lake anchovy in 2005 were
born in the same time as 0" lake anchovy in 2004.
The diet composition of other age individuals was not
done for there were few. The results showed that 1*

lake anchovy also mainly fed on zooplankton among

which, the
Copepoda and shrimp were respectively 79.35% +
11.42% , 19.97% +10.78% and 0.20% +0.44%
(Tab. 2). Rotifera was almost not found. lots of

individual percentage of Cladocera,

blue-green algae were also found in alimentary canals
of the fish and averagely accounted for 35% — 55%
of the volume of the fish food.

Tab.2 The diet composition of individuals in 110 alimentary canals of
1" lake anchovy(body length from 111 mm to 144 mm; samples » = 110)

No.1l No.2 No.3 No.4 No.5 total average( % )
Calanoida 3.62 8.09 10.68 19.77 10.04 10.44+£5.90
Cyclopidae 1.76 6.37 8.00 12.82 5.53 6.89+4.02
Nauplius 0.20 3.84 2.21 3.30 3.66 2.64x1.51
shrimp 0 0 0 0.98 0 0.20+0.44
Bosmina 45.11 62.42 54.42 12.33 37.28 42.31+19.26
Daphnia 0.78 0.33 1.43 12.86 9.11 4.90+5.72
Moina 25.86 11.19 15.75 26.57 26.38 21.15+7.20
Diaphanosoma 2.79 3.02 2.53 1.46 1.62 2.28+x0.70
Simocephalus 16.96 2.45 3.22 4.11 5.11 6.37+6.00
Leptodorkindtii 0.39 0 0.55 2.64 0 0.72x1.10
longispina 0.68 0.49 0 0.57 0.26 0.40+0.27
Chydorus 1.86 0 0.83 0.16 0 0.57+0.80
D. magna 0 0.41 0.14 1.22 0 0.35+0.51
Bosminopsis 0 0.33 0 0.36 0.77 0.29+0.32
Rotifera 0 1.06 0.28 0.85 0.26 0.49+0.45

3 Discussions

3.1 The causes of lake anchovy increasing

After the changes of fish fauna were analyzed
based on the changes of environmental factors, there
were several reasons which maybe resulted in the
increase of lake anchovy in the lake.

The construction of numerous embankments and
dams was
disappearance of migratory and semi-migratory fishes.
There were 137 embankments and dams built during
1958 — 1986 in the low catchment’s area of Yangtze

the main reason that caused the

River. On the waterways between the Yangtze River
and the lake, there were more than 12 dams!?! . These
embankments and dams obstructed the pathways of
migratory and semi-migratory fishes. For example,
there were 12 species of migratory fishes and 15
species of semi-migratory fishes which disappeared or

at least were difficult to be collected in the survey

from 2002 to 20031, Among the 18 species of
migratory fishes, there are only 6 species of fishes left
which have become lake dwellers from migratory
fishes after

environment in the lake. These semi-migratory fishes

adapting well to the ecological

such as Hypophthalmichthys molitrix, Aristichthys
nobilis, Mylopharyngodson piceus , Ctenopharyngodson
idella have been kept by 1'estocking[2:| . There are no
doubts that the disappearance of these fishes which eat
the same food as lake anchovy or prey on the fish
benefit for its development.

Over fishing caused the declines of the piscivores
fishes such as Erythroculter ilishaeformis and E.
mongolicus which mainly fed on lake anchovy.
Historical records showed that the intensity of fishing
had been increased since 1980. Taking the horse
power of machine boats in the lake as an example, the
figure was only 364 hp in 1975 and 4824 hp in 1980,

but the figure increased to 129 967 hp in 1997[2]
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The relationships among main fishes were also
the very important reasons that led to the increase of
lake anchovy. On the basis of the analysis of the
catches recorded and surveys, the catches of
Erythroculter ilishaeformis and E. mongolicus mainly
feeding on lake anchovy showed the decrease trend
compared with the increase trend of lake anchovy.
The relationship between the two categories of fishes
showed the negative correlation at highly significant
level of P < 0. 01021
apparent rate of lake anchovy in the food of
Erythroculter ilishaeformis was 48.6 %3, while E.

mongolicus nearly eat the same food as Erythroculter

There was a report that

ilishaeformis. In the survey in 2004, appearance rate
of lake anchovy in the food of Erythroculter
ilishaeformis was 100% 12 .

Erythroculter ilishaeformis and E. mongolicus have

However the catches of

been decreased because of the over fishing and
especially the fishes captured as a kind of enemy fish
traditionally in Chinese lake fishery. So the decrease
benefited the increase of lake anchovy.

Additionally, correlation analysis showed that
the catches of lake anchovy had the negative
correlation at the very significant level with catches of
silver and bighead carp which also feed on
zooplankton. The catches of silver and bighead carp
totally showed the decrease trend since 1985. So lake
anchovy had nearly no diet competition from these
fishes™*! .

Eutrophication of Lake Taihu resulted in the
which
enhanced the growth of the fish. With the economical

development of the industry and the agriculture, more

quickly increase of lake anchovy diet,

and more nutrients and waster flowed into the lake
since 1980s’ . Especially since 1990s’ , the amount of
nutrients and waster increased quickly. The
eutrophication index such as COD was 1.90 mg-L™!
in 1960, but the figure respectively increased to 2.83
mg-L~! in 1981 and 5.28 mg-L~" in 2000(Fig.4) .
The direct results caused by the eutrophication was
that the biomass of algae and zooplankton increased.
The average biomass of algae and zooplankton were

respectively 22 162 ind-L~' and 2 mg-L~*' in 1960,

but the figure respectively increased to 102.8 x 10*
ind-L~! and 4.77 mg-L~! during 1980 — 1981, and
15.12 mg-L~! and 5.42 mg-L~! in 1992!2). The
analysis of the relationship between the catches of lake
anchovy and COD showed positive correlation at

significant level of P <0.05!*!.
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Fig.4 Relationship between
the catches of lake anchovy and COD

3.2 The effects of lake anchovy catches increasing
on environment

Lake anchovy has become the dominant fish in
Lake Taihu, while 0* lake anchovy mainly feeding
on zooplankton occuped 99. 08% of the catches.
There is no doubt that the great lots of 0" lake
anchovy are assuming enormous zooplankton in the
lake. According to the data of zooplankton standing
mass from 1991 to 20001 in the lake, with the
catches of lake anchovy increasing, there was the
trend of zooplankton standing mass declining during
October which were the time of lake anchovy growing
quickly and in the largest amount in every year.
However there was no the trend during February
which was the time of lake anchovy in fewer amount

and 0" fishes were not born'*!.

4 Conclusions

Human activities such as the obstructed between
river and the lake, over fishing, environmental
pollution and the ecological characteristics of the
fishes in Lake Taihu were responsible to the changes
in lake anchovy catches and age structures. With the

catches of lake anchovy increasing, there was the
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trend of zooplankton standing mass declining in the
lake. So the changes in fish catches of Lake Taihu
might enhance the development of phytoplankton in
the lake.

References :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Qin B Q, Hu W P, Chen W M. Process and mechanism
of environmental changes of the Lake Taihu [ M].
Scientific Press, 2004 :265.

Ni Y, Zhu C D. Fishes of the Lake Taihu [M].
Shanghai: Shanghai Scientific & Technologic Publishers,
2005: 23.

Zhu S Q. Ichthyologic survey of Lake Taihu during 2002
—2003[7J]. Journal of Lake Sciences, 2004, 16:120 —
124.

Liu ES, Liu ZW, Chen WM, e al. Changes in the
yield and the composition of fish catches and their relation
to the environmental factors in Lake Taihu[J]. Journal of
Lake Sciences, 2005, 17:251 — 255.

Zhu C D. A preliminary study on growth and feeding
habits of ice-fish in Lake Taihu[J]. Journal of Fisheries
of China, 1985, 9:275 —287.

Tang Y. Study on the growth and critical age of Coilia
ectenes Taihuensis[J]. Journal of Ecology, 1986, 5:5 —
13.

Sun X X, Chou Y F. Study on the age and growth of
lake anchovy in Taihu Lake [ J]. Oceanologia et
Limnologia Sinica, 1987, 18: 39 —47.

Gai Y X, Zhu M X. Individual spawning potential and

(10]

(11]

[12]

(13]

(14]

spawning temperature of neosalanx taihuensis in Lake
Taihu[ J] . Journal of Fishery Sciences of China, 1998,
5:21-25.

Wang Y F, Gai Y X. Research of main ecological factors
of waters in which neosaolanx taihuensis have been
multiplicated[ J]. Journal of Fishery Sciences of China,
1998, 5:123 - 127.

Li S F, Zang Z J. Present situation of inter specific
relationship among fishes in the main area of Lake Taihu
[J].Journal of Fisheries of China, 1998, 22:44 — 48.

Liu ES, BAOCH, WULK, e al. Comparison of
food composition and analysis on mutual effects between
Neosalanx tanghahkeii taiihuensis Chen and Coilia ectenes
taihuensis Yen et Lin in Lake Taihu[J]. Journal of Lake
Sciences, 2007, 19: 103 — 110.

Liu ES, Liu Z W, Chen WM, e al. A study on the

change of lake anchovy ( Coilia ectenes taihuensis Yen et
Lin) catches and its mutual relationship to the biological
environment in Lake Taihu [ J]. Journal of Lake
Sciences, 2005, 17: 340 — 345.
Xu P C. The biology of the whitefish ( Erythroculter
ilishaeformis Bleeker) and the significance for propagation
in Lake Taihu[J]. Journal of Fisheries of China, 1984,
8:275-286.
LiuE S, LiuZ W, Bao C H, et al. Food content and
the mutual effects between Hypophthalmichthys molitriz
(Cuvier et Valenciennes ) and Aristichthys nobilos
(Richardson ) and Coilia ectenes taihuensis Yen et Lin in
Lake Taihu[J]. Journal of Lake Sciences, 2007, 19:
451 — 456.

PDF M AFfFH "pdfFactory” il H AL www. fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

2 1 LIU, et al. : The changes of the catch and age structure of lake anchovy and the relationship
with environmental variation in Lake Taihu 235

K HEEaRER FREMNTBTUSHFEANEEX R
XEE, #HfHR, T 4

(BB RES WP 2B, LR G 230036)

WE:AAY BEEALLBEREN A M ufos XA XN FH WD, ¥ (Coilia ectenes
taihuensis Yen et Lin), — M N A R W o e X R VLN RE R, £ 1952-2004 £ W 4
it % 3% f1 2003 - 2005 E XA HHER SN ENLAR B BEE, FR T HGhEHE wh BE UK
EHRBENMEXRFR, SEFWT:(1)% 1952 2| 2004 45 3 |, # 5% % 3K & M 1952 4t 640.5 t.
HRBEHEEW15.8% L2 2004 £ 21 221 t, 5 63.8%, LHEE 1994 E EHMEAKEUS
412805t E M ;) MG HBHFREWRKR NMEEN LY H P, 1979 F1 1980 4 0*
MNEAR & 33% F1 34% , T 2003 F1 2004 4 0F MKk 4 A B A 2] 99.04% F2 99.08% 5 (3)0* # #F £
ERCRBIY., HBMRARLATE KA XTHE89.77% £13.69% R E £ F 7.84%
+11.53% B 2R 5 2.39% £4.95%, ST AN :THER TEHEH FEHRMCFTHWMELEA
REFUBRAMB AN ERESEFRERSEMFARERA T H n FREMRETLNREX
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TREANBUREDESGREK,

KR MG B RE;FREN W ER; KW

HESES S 917 X ERFRIREE A

1 5 H H8 :2006-11-20
BEHWA PR B ARAIE TR EAM B (KZCX1-SW-12) ; B R “NAZ "R BRI £ BT R (2002AA60101)
EEEA NBEONSB7-), 8, WEERA EL BB TENFHAESEMAEESEMFA . E-mail: liues13579 @ 163. com

PDF M AFfFH "pdfFactory” il H AL www. fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

