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Fig.1 Distribution of the sampling sites of the five reservoirs in Liaoning Province
F1 TT45EKERERBXIER S
Table 1 Regional division of sampling sites in five reservoirs in Liaoning Province
IK PR XA WL TR K HAZKE ST R KR RIK
Reservoir zone Guanyinge Reservoir Baishi Reservoir Chaihe Reservoir Qinghe Reservoir Tanghe Reservoir
T3 X River zone 67.7°.87.9° .8 67.77.8% 1727 17.27.97.10°
3P X Transition zone 4757 4757 67,97 4757 374757 67.77.87
FK X Still water zone 17,2737 17,2737 17273 67.77.87 374757

VB R R —"FRoRIIET; FRIZ ‘=" R/KJEAIK T, Note: Underline "—" indicates in front of dam, underline "="indicates the reser-

voir entrance.
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Table 2 The species composition of zoobenthos in five reservoirs in Liaoning Province

TR

Species composition

WL Pl K PR FA K
Guanyinge Baishi

Reservoir Reservoir

SETI KR
Chaihe
Reservoir

K PR
Qinghe
Reservoir

i K
Tanghe
Reservoir

T Eh#1] Arthropoda

4K 40 Malacostraca

¥ f& H Amphipoda

SEEIR Anisogammarus sp.

+ &£ H Decapoda

& —FF Exopalaemon sp.

2 HL4K Insecta

ke H Odonata

4 Caenagrionidae spp.

53 H Coleoptera

Je# Dytiscidae spp.

B2 W Chlaenius sp.

“E## H Trichoptera

BA Hydrotophylax sp.

8% H Ephemeroptera

I UE Ephemera orientalis

214 H Hemiptera

TS Sigara substriata

BE /Nl % Micronecta guttata

H AL % Ranattra chinensis

i85 1 8% Diplonychus rusticus

XU# H Diptera

JiE¥5 Culicoides sp.

HERIL Tipula sp.

HFHR R Cricotopus tmifasciatus
TR 38 LT AR UL Eukieffeeriella ilkleyensis
LIMRIFRIL Propsilocerus akamusi
SR = 3 Heterotrissocladius marcidus
TR Clunio sp.

SEERAE I Cladopelma edwardsi
SEESPRIL Chironomus anthracinus

Z BRI Dicrotendipus tritomus
FEEBRPEIL Crytochironomus nigronitens
M8k BRI Crytochironomus defectus
INEZ SRR Polypedilum nubeculosm
BRAVEEHEIL Stictochironomus juncai

FRIE 2 PRI AFP Polypedilum scalaenumgroup sp. A

FEARIL Chironomus acerbiphilus

B PIRIL Chironomus flaviplumus
FREEIE —F Crytochironomus sp.
FRERFR AL Glyptotendipes cauliginellus
7K BERPEIL Glyptotendipes tokunagai

UM ZE 2 PRI Polypedilum paraviceps
ZARBEHRIL Stictochironomus multannulatus

W BREEIL Cryptochironomus rostratus
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#£3 2 Continued Table 2

WL [ 7K SPEP/NES PSP/ EREIp/NES K PR

TS A . .
- Guanyinge Baishi Chaihe Qinghe Tanghe

Species composition . . . .
Reservoir Reservoir Reservoir Reservoir Reservoir
REZ BRI Polypedilum nubifer - - - - +
EFRIE ARl Cryptotendipes sp. A + + + ++
F AR PRI Chironomus salinarius - + _ _

B PRI Chironomus palidivitiatus + + +

+ o+ o+ o+

BRI Chironomus riparius - - -
Je2 IR SR I Monodiamesa nitida - - -
PR P PRI Lappodiamesa boltoni - - +
KM IR —Fh Macropelopia thienemann sp. - - -
ACIB R ZAR L Procladius choreus ++ - + Tt —

o+ o+ o+

|
+

LLRGHREFEBL Procladius rufovittaus - - - _ i

KSR FRUE —Fh Tanypus sp. - _ + _ 4

B BRI Thienemannimyia fuscipes - - - - +

R SR IR C Fh Procladius sp. C - - i N _

PR SRR Tanypus villipennis

Bk R RBL Tanypus punctipennis

BESSIEINFRIL Nazarsia punctata

PAZ% O SHLIE BRI Macropelopia paranebulosa

W ZEHE WS B Fh Procladius sp. B

A1) Annelida

T4 Oligochaeta

e Fits 2205| Lumbriculus variegstus + + o i n

274014 H Nais variabilis + 4+ T+ 4 4

A Al £z 88 Nais inflata - - - _ i

SERLIAK LY Limnodrilus claparedeianus - + - - _

FLBIK 2218 Limnodrilus grandisetosus - +

Biits|J& —Fl Tubifex sp. + -

YhARES| Tubifex sinicus ++ +

BB Tubifex wbifex + +

WKL Limnodrilus hoffimeisteri ++ ++ ++ Tt T4

JEE I 22 85| Teneridrilus mastix + - + _ _

HE5E R B 220 Bothrioneurem vejdovskyanum + - - + -

I BRI Branchiura sowerbyi + + ++ + +

ARSI ] Mollusca

J 1 20 Gastropoda

JEHR H Basommatophora

W 2 MR Radix swinhoei + - - _ i

i H Mesogastropoda

B IR Bellamya purificata + - _ _ _

B4 Lamellibranchia

FUAHE H Eulamellibranchia

KU Cristaria plicata - + - _ _

#it Total 35 23 25 29 39
RO T IROR R R, - R R AR L. Note: "+"indicates presence, "+ " indicates dominant species, and "-" indicates

not seen.

1) 5K S Sl W B 5 L Ko A . 6 e, DOULE PR 38 B AR Wit | 13 £ K e A W A
JRE TR JER AP Sl i R A e AR B R DX e P DX (1 2) o e, UL ) A S K P2 i X

|
+
+
+

|

+ o+ o+ o+
[
+
[
+

++ +
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Fig.2 Horizontal distribution of density(A) and biomass(B) of zoobenthos
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Fig.3 Seasonal variation of density(A) and biomass(B) of zoobenthos

401
Similarity 2D Stress:0.01
_—— s ®
= [ERapiNEE
E 60k Baishi Reservoir
£
[0}
A I
= B [ ] .
= g0t ESUESS \\
E Chaihe Reservoir N
. // W5 ) K A\
®Tan‘iﬁhf{;{;}e§rvoir Guanyinge Reservoir
1oo- - . ~ T WK
WK AAOKPE WK O IRKE SRR @ inabe Revervoir
Tanghe Baishi  Qinghe  Guanyinge  Chaihe Linghe Reservoir
Reservoir ~ Reservoir  Reservoir Reservoir Reservoir

4 BKEREHYHREREASESHESTERRF (B

Fig.4 The dendrogram(A) and MDS ordination(B) of zoobenthos communities in each reservoir

25 SEKERWEZMET=EN

5 JETK PR JEC AT 80 Wy B A m] AR i) v Ak B
FAFR, A KIE = 18505, R 35.75 kg/hm?, H
WA IK % 25.01 kg/hm?, 5450 K )% 15.47 kg/hm?,
W 1 K I3 13.48 kg/hm?, 35 1] 7K 2 Fe A%, 4 11.68
kg/hm?®. Hrp | [ A KR K NS K K AR
[ O £ 7 0 7 04 BT R v 5 U T K 4T
TR PR L 5 B o) =3y sk e v o U R L
A1 BIAT T TR K PR AR AT AR A% 5 660 .4 560

1 660.4 2401 740 hm®, 15t 5 F& 7K 2 R AT 2 4 1) A
72057, 43 R 763X 104,16.30 X 10*,2.57 X 10*,
4.95x10*,4.35X10* kg, Xt ke 5 J& 7K & 2019—2021
AR IR S AR AT T 2 0 LA Y Al £ 2 B i
it (&1 6) , it AR i a4 7 6 655 AT 30 1 £ vk
028 AT LA 5 R K PR JRCATE 2 4 9 S 0 7= ) 2 e
T [ 1 5 i B B L AR £ At v A 1 LA A
R SEN N



182

LS N AN S o ¢

943 %

x3 TTHSEKERMFMEET

Table 3 The environmental factors of five reservoirs in Liaoning Province

HEH T

Environmental factors index

WL Pl K
Guanyinge Reservoir

A K

Baishi Reservoir

S K

Chaihe Reservoir

NEREpINES

Qinghe Reservoir

K

Tanghe Reservoir

TN /(mg/L)
TP/ (mg/L)

1.665 £ 0.173
0.055 £ 0.018

2.306 & 0.621
0.058 == 0.012

2.095 = 0.470
0.054 == 0.009

2.061 = 0.116
0.054 = 0.008

1.257 £ 0.313
0.036 == 0.006

NO,~-N/(mg/L.) 1.248 4= 0.097 1.677 4= 0.522 1.697 4= 0.362 1.544 4+ 0.203 0.952 £ 0.164 5
NH, ‘ -N/(mg/L) 0.153 4= 0.030 0.180 £ 0.042 0.106 £ 0.035 0.047 = 0.018 0.038 = 0.015 6
POf*—I’/(mg/L) 0.046 + 0.009 0.035 £ 0.009 0.030 £ 0.006 0.042 4= 0.013 0.025 £ 0.005
pH 8.547 £ 0.056 8.608 4 0.180 8.412 4+ 0.152 8.419 = 0.134 8.439 + 0.157
WD/m 29.406 4+ 12.904 8.572 £ 4.809 13.284 + 4.249 10.852 + 3.429 11.316 + 3.997
Chla/(pg/1.) 6.770 £ 3.914 15.167 + 7.236 10.594 + 1.744 14.253 + 4.353 9.155 =+ 2.826
WT/C 17.002 + 0.488 16.767 + 3.464 16.788 + 0.565 13.803 4= 2.700 17.363 + 0.633
DO/(mg/1.) 9.480 £ 0.649 9.773 £ 1.329 8.296 + 0.313 9.651 + 1.024 9.325 £+ 0.619
CODy,,/(mg/L) 1.801 #+ 0.285 2.267 £ 0.348 2.608 £ 0.198 2.868 £ 0.387 2.028 £ 0.348
DOC/(mg/L) 6.733 £ 0.582 8.807 £ 1.049 9.732 £ 1.025 8.079 £ 0.694 7.598 £ 0.478
YT . WEHAE G
O Guanyinge Reservoir
A X
B i QR o
5 B e o
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03 ¥ &

CCA2

-1.0
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X
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X
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Pl 5 S AR JE () R 05 45 . The numbers in the figure are the numbers of the sampling points in the reservoirs.
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Fig.5 CCA ordination plots of zoobenthos density and environmental factors
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Table 4 The fish production potential of zoobenthos in five reservoirs in Liaoning Province kg/hm?*
2 4]
\ MK BTG/ %) SDKEGHIL/%) WKL/ %) AR /%)
ik G5/ %) L . . . . . .
. . . . Baishi Reservoir Chaihe Reservoir Qinghe Reservoir Tanghe Reservoir
Species Guanyinge Reservoir

(percentage )

(percentage)

(percentage)

(percentage ) (percentage)

JKA: Rt Aquatic insects

£ FE2 Oligochaete
AR ZhY) Mollusca
Bt Total

2.26(16.76 %)

11.13(82.57%)

0.09(0.67%)
13.48

20.61(57.65%)
15.05(42.09%)
0.09(0.25%)
35.75

4.11(26.59%)

11.35(73.42%)
0.00
15.47

19.67(78.66 %)
5.34(21.34%)
0.00

7.29(62.42%)
4.39(37.58%)
0.00

11.68 25.01
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Abstract To find out the community structure of zoobenthos in five drinking water reservoirs includ-
ing Guanyinge Reservoir, Baishi Reservoir, Chaihe Reservoir, Qinghe Reservoir, and Tanghe Reservoir,
in Liaoning Province, and to estimate the potential fishery production according to the stock of zoobenthos,
then to provide scientific guidance for the stocking and fishing of water conservation fisheries, seasonal sur-
veys of the five reservoirs were carried out in 2019—2020. A total of 67 taxa, belonging to 3 phyla were
identified. Among them, 39 species were chironomid larvae and 12 species were oligochaetes mainly Tubi~
fex and Naididae. Only three species of mollusks were identified, including Radix swinhoei collected from
Guanyinge Reservoir and Tanghe Reservoir, Bellamya purificata collected from Guanyinge Reservoir, and
Cristaria plicata collected from Baishi Reservoir. The most species were detected in Tanghe Reservoir
with 39 species, followed by 34 species in Guanyinge Reservoir, and the least in Baishi Reservoir with 23
species. The density was the highest in Baishi Reservoir with 1 546.89 ind/m?*, followed by Guanyinge Res-
ervoir with 658.33 ind/m”, and the lowest was Tanghe Reservoir with 481.92 ind/m”. The biomass was
the highest in Baishi Reservoir with 7.76 g/m’, followed by Tanghe Reservoir with 5.68 g/m*, and the
lowest was Qinghe Reservoir with 2.49 g/m*. The highest density of five reservoirs occurred in spring,
summer and autumn, but the lowest values were all in summer. The biomass was higher in spring and win-
ter, and lower in summer and autumn. The density and biomass of each reservoir was the highest in the
still water zone. Only the highest density and biomass in Guanyinge Reservoir and biomass in Baishi Reser-
voir appeared in the transition zone. The density and biomass of Guanyinge Reservoir and Chaihe Reservoir
were mainly composed of oligochaetes from the river zone to the front of the dam, while the reservoir en-
trance was dominated by chironomid larvae. The density and biomass of Qinghe Reservoir and Tanghe Res-
ervoir were mainly composed of chironomid larvae from the reservoir entrance to the still water zone, while
the front of the dam was dominated by oligochaetes. Baishi Reservoir was dominated by chironomid larvae
from the reservoir entrance to transition zone , while the still water zone and the front of the dam were main-
ly composed of oligochaetes. The results of clustering and MDS ordination indicated that the communities
of Guanyinge, Chaihe and Qinghe reservoirs were more similar. The communities of Baishi and Tanghe
reservoirs were less similar and significantly different from those of Guanyinge, Chaihe and Qinghe reser-
voirs. Canonical correspondence analysis indicated that the density of zoobenthos were significantly correlat-
ed with the depth of water, total nitrogen, ammonia nitrogen, dissolved organic carbon and chlorophyll-a
in five reservoirs. The species and composition of zoobenthos were obviously influenced by the contents of
total nitrogen and ammonia nitrogen. The contents of total nitrogen and ammonia nitrogen in Tanghe Reser-
voir were the lowest, showing the most species and high dominance of chironomid larvae. The contents of
total nitrogen and ammonia nitrogen in Baishi Reservoir were the highest, showing the least species and
high dominance of tubificid worm. The fish production potential based on zoobenthos of Baishi Reservoir
was the highest, followed by Tanghe Reservoir, and lowest in Qinghe Reservoir. Compared with previous
surveys, the species numbers of five reservoirs increased, mainly due to the increase of chironomid larvae
species. The trends of density and biomass were different from that of the number of species. The density
and biomass of Guanyinge Reservoir decreased, while those of Qinghe and Tanghe Reservoirs increased.
The density of Baishi Reservoir increased and the biomass decreased , while the density of Chaihe Reser-
voir decreased and the biomass increased. The stocking and fishing of demersal fish in five water source res-
ervoirs should be managed in a targeted manner according to the characteristics of zoobenthos community
structure.

Keywords zoobenthos; community structure; fish production potential; environmental factors;
drinking water reservoirs ; Liaoning Province
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