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F>PE, XFLEE (4100 7/m’) FIEAEYE (10.14 g/m’) em , F2E (1446 1/m*; 1.07 g/m’) KZ,HFE (579 A~/m’*;
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Abstract: Zoobenthos is an important natural food resource for fishes. Assessing the standing crop of zoobenthos in water
bodies ean provide the guideline for stocking fishes in fishery production. To explore the seasonal dynamics of zoobenthic
communities in freshwater aquaculture reservoirs, investigations were conducted in April, July, and October 2013, and
January 2014, to determine the composition of zoobenthic communities in the Sanhe Reservoir. The relationships between
zoobenthic communities and environmental factors ( water temperature, pH, turbidity, salinity, dissolved oxygen,

chlorophyll a, NH;-N, NO;-N, total nitrogen, and total phosphorus) were analyzed. In this study, seven genera of
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zoobenthos belonging to Tubificidae, Chironomidae, and Ceratopogouidae were detected. The results of the index of relative
importance (IRI) showed that Clinotanypus (IR1=7136), Tubifex (IRI=6734), and Branchiura (IRl =1384) were
dominant groups, which accounted for 34.26% , 50.38% , and 10.96% of total abundance, respectively. The total density
and biomass of zoobenthos significantly varied among seasons (P < 0.05) , and both were highest in winter (4100 ind./m”,
10.14 g/m*) , followed by spring (1446 ind./m*, 1.07 g¢/m”) , and summer (579 ind./m*, 0.66 g/m”) , and were lowest
in autumn (492 ind./m*, 0.64 g/m’, respectively). The zoobenthic communities in the Sanhe Reservoir mostly consisted of
oligochaetes and chironomid larvae, which exhibited characteristics of higher density and lower biomass. Tubifex was the
most dominant group in spring. Tubifex and Branchiura were dominant groups in summer and autumn. Chironomidae and
Tubifex were dominant groups in winter. Significant differences in zoobenthic communities among seasons were found by non-
metric multi-dimensional scaling ( MDS) and similarity analysis ( P = 0.001). Zoobenthic communities in. the Sanhe
Reservoir showed three temporal communities, i.e., spring community, summer-autumn community ; and winter community.
Pearson correlation analysis indicated that total density of zoobenthos was positively correlated with dissolved oxygen and
nutrients. However, the total density of zoobenthos had significant negative correlations<with water temperature, pH,
salinity, turbidity, and chlorophyll-a content (P < 0.05). Redundancy analysis suggested that NH,-N, salinity, pH, and
turbidity were important factors, which had significant effects on seasonal variation /of zoobenthic communities (P < 0.05).
Total nitrogen concentration had marginally significant effects on seasonal differences of zoobenthic communities (P=0.08).
In the pelagic zones of the small reservoir stocked with higher density of fishes, organism deposition resulted in a narrower
habitat for the distribution of molluscs, such as shellfish and snails. Therefore, the composition of benthic fauna was
dominated by oligochaetes and insect larvae. The differences in predator pressure on zoobenthos caused by fishes in different
seasons had direct effects on the seasonal dynamics of zoobenthic ¢ommunities in the fish stocked reservoir. In addition, the
distribution of some benthic feeding fish, such as Pelteobagrus fulvidraco, might lead to the decrease in zoobenthos density

in the reservoir.

Key Words: benthic fauna; density; biomass; seasonal dynamic; Sanhe Reservoir
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Fig.1 Diagram of zoobenthos sampling points in Sanhe Reservoir
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2013 4F 4 J 7 A 10 HR12014 48 1 H EZERE T =K PEBCE 1 6 SSRAE AL (P 1) 47 KRBRAR 2
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AL DR R S A BRI 490 487K Sh MRV W I € R AF T 50 mL BURHRAS R, SE6G 3 N, TR B T
Y B E G AR R B i FROK AR TR S AR A 2 T K 43 JE L RO B
M (CKEH% 0.0001 g)

1.3 FARIRAR 8 FRh e

KA S P R TR , 6 YSI6600V2 22 2 H0K 5t A ASCI 72 44 KA sl A9 /K IR (WT) \pH {H (pH) (It
JE (Tur) &% (DO) FREE (Sal) FIM4%3E a VKB (Chl-a) , FERERUCREEKEE 1000 mlL, Hf [0] 52505 % P &
BARERE R, A A (NH;-N) (A (NOS-N) (BEA (TIN) &8 (TP), & 57 5L I % 22 IR 58 b
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i Statistica7.0 B{F, XK FREE R T R S04 2% 1 FnA: W) A T 3R R 7 7 2201 (One-way ANOVA) |
fH Primer 5.0 3K A4, %5 4 05 A S RES AT AU S3ATT (Analysis of similarities, ANOSIM) Fl19E B &
Z 4 R EZ 51 HER ( Non-metric multi-dimensional scaling, MDS) ,, i FH SPSS 13.0 M Wi sh %2 5 Kk R8s
KT B AH S FF 318 2 IR FRAH S 2280 (Pearson correlation coefficients) , f# ] Canoco for Windows 4.5 3
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(5.85 mg/L) Hefll, %42 (12.08 mg/L) feim, pH FREEFIME 1B — 3, BRI AL F W ERTH
MZE (P<0.05), FAEMLEE a B&E (26.2 ne/L) i, A% (11.02 pg/L) &K,

=K PR A S R R TR B AR A B A S, 5 2 3 A ZR i R 22 S i e, TR L S i I 3
SAFEBER R 1RGSR S A A8 N HFEFERAK (0.497 mg/L,0.011 mg/L) , ZETHm BRI,
RZEFT R, BAMMEER B (1.203 mg/L) , BB EFEL TR (0.095 mg/L) ,
2.2 RS RAN

AW A I R B RAKA R 7 28, R8T 85 &l Tubificidae , #% Bl Chironomidae A £l
Ceratopogouidae ) 7 & (2 1) , Bl & Tubifex ZZHRHEWURE Clinotanypus PRSI E Branchiura FIFIXT FLEL
PEAR B R, FLA 590 o5 Al 3R A AU 50.38% ,34.26% Fil 10.96% , 72 A DL 34 kgl KL I #2 s
Pelopia #1 HUAE 4 DZENT YR 340, J& W WERE,

R1 ZKERBENMEFAR HRYE AN EZHERRES

Table 1~ Group composition, capture number, IRI and abbreviation of zoobenthos in Sanhe Reservoir
N w5 CES FkZE X% DO e 45
2Bt Groups . ) o
Spring Summer Autumn Winter IRT Abbreviation
B2 Oligochaetes
JEHRIEE Branchiura 7 37 29 101 1384 Bra
W& Tubifex 328 54 42 355 6734 Tub

KA H Aquatic insects

PRI Chironomus 0 0 0 17 6 Chi
SEHHEBUR Clinotanypus 1 20 21 502 7136 Cli
HUE IR Pelopia 6 14 13 9 352 Pel
R BEIUE Procladius 5 2 3 0 35 Pro
JREE)E Culicoides 0 0 1 0 1 Cul
R Total number 347 127 109 984

2.3 AN S R AR R A

ARFGZEEM S B HEEFEE (K 2), L FRMAYBFEERES THE3INFN (P<
0.05) , FFRZ JEETEEMKT, KNI S YR Hr R P T A 2 T H AR 3 51
(P<0.001) (3K 3) , Bk S 2 AV E )i 240 4 A Z95 ik,

R2 ZAKERBHUEE (1/m?)

Table 2 Density (ind./m?) of zoobenthos in Sanhe Reservoir

J5BE Groups %3‘3 H% R %é
Spring Summer Autumn Winter
HF2 Oligochaetes
S SR U5| &, Branchiura 29+20 a 154+34 b 121£25b 4214232 b
WElJE Tubifex 1367+507 a 275+63 b 213+44 b 1479£629 a
Kz B H Aquatic insects
SPIFEIUT Chironomus 0 0 0 71£71
FEHEIUR Clinotanypus 414 a 8329 b 88+27 b 20924468 ¢
MR FEIUE Pelopia 25+16 58+28 5419 38+24
BRI Procladius 2114 8+5 13£9 0
PEEIR Culicoides 0 0 44 0
S Total density 1446£519 a 57983 ab 492453 b 41001167 ¢
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®3 ZKERESWENE /(g/m”)

Table 3 Biomass (g/m?) of zoobenthos in Sanhe Reservoir

JHE Groups B Az P K7
Spring Summer Autumn Winter

2 Oligochaetes

FEHLMEJE Branchiura 0.09+0.08 0.210.15 0.20+0.14 0.20+0.07

BRISE Tubifex 0.84+0.29 a 0.25+0.06 b 0.19+0.05 b 0.79+0.28 a

KAR H Aquatic insects

SPIFERR Chironomus 0 0 0 0.05+0.05

SEMEIR Clinotanypus 0.01£0.01 a 0.08+0.03 a 0.08+0.03 a 8.9423.01h

MR FEIURE Pelopia 0.04+0.03 0.10+0.04 0.11+0.04 0.17+0.13

BRI Procladius 0.08+0.05 a 0.01£0.01 ab 0.01£0.01 ab 0'b

JEEEIR Culicoides 0 0 0.01£0.01 0

EEYE Total biomass 1.07£0.29 a 0.66+0.17 a 0.6420.13 a 10.14£3.23 b

DS Bis| & ) 1) 2 B A W i A R I & T MR R b, O 10 3 i T AR MRk R (P<0.05), %2
AP s A R | S 1 2 A A T, BRI IR, B i, 28 B Um0 A ) R B R 4
B RE (P<0.001) mTEE KEMESE, MBREENEYEEANTETZN LR EES
2.4 JEWESIYIRETE ZE AR )R

BEEARRIPE ST BT (ANOSIM) R W], =3 7K PR Sh W v AEDO A5 Z [ LA 325 7 (R=0.262,P=
0.001) , FET ISP MAER AR B & 248 REESrHT (MDS) KW ,2013 45 =)7K 22 i JIAT 2l 7 i 1] 4 )
R 3 HERRER KRR AR (K3) .,
2.5 JERWiEhY S5 KB R T &R
2.5.1 RIS S KRR I A OG4BT

B2 IR FRAR 3T 8 7 SR sh 4 6 8 B S5 7K MR R B2 pH B AN 2% 3% o & 3 TG (P<0.05), 5
VUL 35 IEAH G (P<0.05, 3% 4) SR RSB 8 SAGRM M4 K a F i B3 U, SiHA D EE
X (P<0.05) . Z2EfHRUR 5 A @AM W 0 & IEA G (P<0.05) , 5HE 5 A HL A B # AAHC
(P<0.05) . FEHR S5 B E TS, 4 DB M sh Y SRS N F 0 i MR R

F4 EFEVHEESIREEFH Pearson HXEREL

Table 4 Pearson correlation coefficients for the relationship between zoobenthos density and environment factors

4R a

KB Groups K it ) TR HhEE ap e AR GES BA SR

pe W Sal) pH  Tur/(NTU) &‘f DO NH:-N  NO;-N TN TP

-a

JEHE B Branchiura . —0.241 -0.460 " -0.281 -0.314 -0.312 0.166 0.279 -0.220 0.358 0.393
Wis| 8 Tubifex -0.485" -0.348 -0.112 -0.207 -0.447" 0.318 -0.204 0.485* -0.087 0.033
pp ’»)T‘
M?ﬁ & ~0.257  -0.361 -0.201 -0.277 -0.28 0.194 0.143 -0.0761 0.194 0.216
Chironomus
5 7 0 _ _ _
éﬂﬁﬁ: o -0.645" -0.857" -0.625"  -0.643* -0.601" 0.462" 0.425* -0.233 0.369 0.626"
Clinotanypus
*ﬁ’ﬁh‘ﬁﬁ 0.210 0.074 0.251 0.354 0.270  -0.156 0.189 -0.053 0.209 0.135
Pelopia
e iy
HUﬂtT%ﬁ}XE 0.086 0.293 0.026 -0.032 -0.057 0.056 -0.341 0.055 -0.359 -0.345
Procladius
JEEJE Culicoides 0.116 0.121 -0.309 0.204 0.021 0.092 0.021 -0.068 0.029 -0.09
BB E Total density -0.620" -0.692" -0.417" -0.481" -0.589" 0.429* 0.154 0.103 0.201 0.398 "

# FORYITT G IRE P b 2 [ B A B AR CHE (P<0.05)
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Fig.3 Non-metric multi-dimensional scaling ( MDS) ordination Fig.4  Ordination diagrams of redundancy analysis between

of zoobenthos communities in Sanhe Reservoir zoobenthos assemblage and water environmental factors
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3.1 JERMShYIRETS 4

ARG IR BRI KA A0 SRR S 14 43 A BA BTG B Sl ] WA A T I
FE R fm R LR R g et R IS ( Mutualistic theory ) UL MR AR AR W K A R
Z AT CE A R G, K AR R B AR e nT O RS AL By, A WESE IR e K IR T A Sh I R 2R =
JE— AR A ARSI AR A R X T XY R S S e WAL TR K P AT
AL JECHIG S TS5 AT T 2 VK XORAE BN ARAA s ) Villnas SF0F5E 4R H /K= 32585 R 1 WHAA BT
TR R S ) S5 RN T R R A AR ) A i 2 B SR KA oy KA 8l W i 4 A TRT o, 22 LA SE B2
PRI A AR A IR K P SCR SR B3 B ISR A B B S B 4 , R T K 2 T R A 1K X
SESREAT DX B i oA SE RN RS . SR IR T =0 7K P 2 — A A T A £ i 5 21/ NBRUK
PERENRIERT , HARAFE s T MUK X KRR, I HLICTTKAE Y 534, BN E T 54 3h 1) DL Fnag e iy
G AT o AT A5 R T LA | 70550 5 B 0 SRR /K EOK DX, i T A ML TR A E UK o34, S80S
BRI YIRZE RN DL 2 3 A 0 A B LB N, PRI sl ) i) 2 ) D SR B 2R MR g A ok 32
32 JRMShIRES =Tl

VKRS R T 22 B (P<0.05) , 5 2= FVRK 2= S WG 5l 40y 114 85 B2 R AE ) i B R AR T A 2=
AT R SR TTRR S RBRSORAE Y B TR A S SR, T S AT KT A B R R AR IR, A A A
FEIIHE S 3 ) T2 ZE B RN K A B e gl BUZH S, SRR Sl 0T R sl 1) % B RN AR W TTBRAR DN . R
HIBIFSE AL e AT 3l ) 3 S A B 2= AR =3I, AR 2R A =gy, T ol T 3AAR Sh Wy O A7, G s 40 1) 26 )
MR AT e (i, A TS S B BA I R AR A R MBS SR I &)y
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SRR A, B BE R i gl B (40N BFE 7 K B B Tokunagayusurika sexpapilosus 1 ET 4R 0 $5 I
Propsilocerus akamusi) FATER Y T JEAFN LB MTE T I NN T 80Z 2 B R
SR R AHIGY R PSR B IR IS Ay R 4 B R A e A R A g 3 v T A 3 AN R —
D5 T 5 S B SRR A B A 30 s 22 A 560 S — D T AT RE S AT I (AN gl TR A S )
P R i TR ZE R Rk AE B, (B AR =K P LA ZE BRI Al B R B, 5 A HA K E RS
SESRARIE X S K AT L SR AT AE SRR TR FR IR A0, X JECHTG Sl ) H VR s 1 B 2 LRk
T IR ATG Bl ) % B AR, Bk AR A Tl 0 5, AR Hh A 28 () A7 R RRAIR , 304 2 £ 20 IS VG 20 40 g B, 8
FEAIG, (4524 25 =3 7K B2 55 B AR AR B gl e 28 7 s
3.3 B RIS TR B S

TSRS A 2l P R T EA BRI, A DR R 4RO S B 28 A 3l P R e 40 U8 6 BT Bt /K
PR pH 5 i ok AT 2 AR RS TG Sh 4 1) B B T B AR Y AHIRGT B pH G 3R] K R
WG sl i 25 0 A HAA WA RE (P<0.05) , 5578 HRIE 48 H IS i K2 IOV A SE/K P 52 M ECATE s 0 A 1Y)
FE R ARG R B =K AT Sh 4 B S K R R AR A B B IR OO AR L T RS T
GE R ISR 22755 AT S A RETR 10 Sk 2 5 e PRl B R 25 5, B 2R IR R /K A B e 30 0 R A R AV 20
BT EAT R B A ST B 45 R I — 2, Bz R ARAR S oA FH =R K PEAK R £k 1 5 R 3 4 11
JE R FE AR (P<0.05) .

TRAE SRR R XA B ) 1) %% BE AN At L B B2 ), R OCARGR 48 B W v VAT B0 1 % B Kk A
ABE SR R AR AR ST R B K PR SRR S B MR BN U R ik e, HLA EURE R Y
FETEA TR (— AT TR 1) B 7K AR S e, (S T R U Rt A 2K AR S R A AR
RS 25 PE RS AL T B0 G 7= BRI (0 2 B BTG, WP B FR R R R A ) ) | & B TRk i 1A 1 2
KRR s BN A i s B — DB R, ORI C Hr R WIS sh W % B 5 VAL Sl A
A S B R IEASCOCR DU & B HHA B M (P<0.05) ,iX 5 BRI HaEH—3

R T KA DR 08 57 0 060 TS S e v LA 52 i A, 00 288 (0 4 B 0T ISV 30 0 B 9t AT LY
Mt AT K AR AL T 3—4 A ) =l K P R BT R R 0 T B R A0 2 R R I
B IR S B K, IR SOk F |, = K 3 rh s g — B A & PR £ 2 (i fifn
) oA, R 2R R TS S e 3O KRR sh % B B I T A MR — 1 H R A

Brigh: v B R R AT WG R RG] 2 Dy B P AMEE Al R AR, R B RS R R [R] S  I E E SEE A S A A, T8
e A AR A B ) R R B R R T B B B A
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