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Abstract: This paper reports the species diversity and spatial distribution patterns of icefishes (Salangidae) in both feeding and
breeding seasons in Poyang Lake, eastern China. The data were collected by a series of comprehensive surveys in the summer of
2002 and the spring of 2003, with a specially designed icefish trawl. The survey focused on 40 sampling sites with a total area of
50 ha along shallow bays, where had been identified as suitable habitats for icefishes.

Three species of icefishes, Neosalanx oligodontis, Neosalanx taihuensis and Hemisalanx brachyrostralis, were recorded from
the survey, among which N. oligodontis, the smallest icefish, was the most predominant species with the highest relative
abundance ( P;) of 71.5% , whereas, the largest icefish, H. brachyrostralis was the rarest species with the relative abundance of
2.9% only, and the intermediate sized icefish, N. taihuensis ranked as the second in predominance ( P; =25.6% ), according
to the summer data.

In summer, the distribution patterns of the three icefishes correlated with each other significantly, indicated similar habitat
selection for feeding. Species richness index ( R) and Shannon-Wiener diversity index ( H') was higher in the south than in the
north part of the lake, which correlated well with the conservation status of the lake, e.g. the least disturbed area recorded with

the highest species diversity of icefish assemblage.
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In spring, however, the three species showed significant difference in spawning field selection. N. oligodontis occurred most
diffusively in both northern and southern parts of the lake with the incidence of occurrence (I0) of 70.0% ; N. taihuensis
showed similar occurrence pattern but occurred in lower incidence ( 0 =55.0% ), whereas H. brachyrostralis only laid eggs in
the southern area and had the lowest incidence of occurrence ( JO = 30.0% ). This result indicated that the habitats in southern
area were highly qualified for all of the three species to spawn, but the northem habitats were just suitable for one (i.e. N.
oligodontis) or in certain conditions for two (i.e. Neosalanx) species.

Hierarchical cluster analysis distinguished the 40 sampling sites into six habitat types, among which three types of habitats
contributed significantly to the consistence of icefish assemblage. The southern habitats turned out to be the most important ones for
the persistence and stability of icefish diversity in Poyang Lake.

Above all, this study indicated that the quality and distribution pattern of spawning field had shed high light on the icefish
assemblage, and suggests paying more attention to the spawning field protection for the conservation and restoration of the wild
icefishes in Poyang Lake.

Key words: Poyang Lake;the Yangtze River;icefish; biodiversity ; spatial pattern

FESHRR/RYHERB#HASBERIE RN —MENEFE, £PRBT BREEEN WS BT R
AAKEWE" Y, EEMTEEAENZERERESRESEAHERBHFME ST, FHRE T HEXEER
ERFWERUENED  BEXRANFETTIBTYHR RAR KA EFEREZ,

SREN 1A E/NRIE Y SRS BRI, L SOa Bt K, RARBAEAFKEEZ~ENM AN
K ABAAFRFENHERAEENFETERY , KOABRXAKKBENERSHBRE LAKTER 5
BHEXEED , RMENKENRESEIHEERREERILE BTN R LIRE. 430848 2002 ~
2003 F B AR EARERE AT EDHAR SEALGRBEAESHTHETS ARt ERBAMBARKER
LM, R A BT RS AR R AR KR
1 WARXEMHEAREZ
1.1 BARXI

ERFHBANL T I T #3842 40 (28°027 ~ 29°46'N,115°50" ~ 116°46’E) , R IR N B KB ILHH. #H
ALK (173.0 km) , KRR (2.8 ~74.0 km) , BIE M7, I . BAZ A RRRERT . HFAAKAH
BB S HAWER A XD AEN TR, PR EMXRRFAERBILOMNE . ABUFRETEL N
FkMEATAE HARXRFARR Y TN, AEXFAELE, AR SKITARSH, @l UXRR
WHENE, ARZHEHERS. EMAFEERAETEEZNNS R 3 KB, BT 2L A B K8 1K
B(IR) MITWBCGRBEMREEAK(IR)MERAXBERAREFRKBR(IX,E 1),

1.2 REEH®

HF2001 F7 ABHABBRGZHEENTRE, & ZEHREBERMEBLERE, FSEHREELSHH
RELRS” R T 40 A2 FE A (sampling site, B 1): I K 10 M(1~105) 1K 17 1~ (11~23 B, 37~ 40
S) MX 1317(24~3658), HPESHAKMELPRREREAN6MN(IRI37~40 SHESEFIMME), B4
SEEREIR. RATERETHAEENBR B AMBS . FEREL GPS EML, URIERRZE T
E M-8

BEZHET2002F7A1H~8A20B#7, FEREEZFTABAKN™NEH(20034F 2 H 18 H ~4
H28 H). REMENBIEELGEH L L 5 M3 T LAY 4R A M (icefish trawl)” . TERFFFE I LLBIAZE
AR T, ZMR T B EF4W, LB/ EaFREN A EZR 5] MK Sm(M H 3mm x 3mm) . EMK 10m(M B
2mm x 2mm) MK 3m(M B 0.5mm x Imm), BAGHE &AL B B 3 AE Ik FEE 10m, B 1.5m, 6 M & 2.5
kn/h(GPS W #) . B (sample)HE M 30 min, B TFA 1.25 x 10° m*, BT R4R & 40 3180 R AN R b
F 500 6t H 250, £ F 500 BF LAREVLAHEAY 100 BAM MEEOEH T 0.01g) B E R AB(REE) .
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FERAFPHNAHABUAERLAFTZEVINEA
(THIREZSFH)HEHFACFBEBLUMMNNRERN
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1.3 B\

REYHENFEEMYHEEESHNITERA
EFRE . BAEFRAXZAABRBEHBEARE
#e, UFHEESESERHEARNT:

(1) FEFE$E$ (richness index, R)

R =S
(2) Shannon-Wiener & # 14 #5 ¥ (diversity index, H')
H =- >(P, nP;)
(3) Pielou ¥9%4] B #% % (evenness index, J')

J' = H'/inS
(4) Simpson % B #8 ${ (dominance index, D)
Sampling sites
p=S\(p)® o BETREA

Sites dried in spring

KH, S WY, OFHENEE P = n/N, n,
FFh i BAERE, N A AR

5466 5190 BT 25 £ 4100 2 25 BE 1 MO 39 7 X AN 2 s
H“0”,
ERRANYHLAZRESTER, RS B BRMEARE KRR

ﬁ%gﬁﬁi(%\%{ﬁ)ﬂﬁﬁj{d\@@ﬁﬁgm o $‘%‘?@.E‘J Fig.1 Sketch map of the study area of icefish survey in Poyang Lake with 40
S B BT B AR, S B R A gy e e ustreed o ,
BERT M. MHR 5 RLK Dashed lines divide the study area into three

BRITRERELR, Wz 3 #EEIERL=, A FEE E parts of 1,1 and Il
RaTMEBELAIERBEY, Hik2003 £5FRM
ﬁ'*ﬁ*ﬁ%ﬁ'ﬁ*a%mﬁﬂ’%ﬁﬁ“ﬁﬁ%"(pm%nee / absence) # E 37 .

R 8 Yy #h & 4 # (incidence of occurrence, I0) B 16H Y1 & 4 BIBE MBI & BAE BN E 2 %,

BENHRRUBREMTRABREERBEMBARREHEESEE Q B, UHKIB AN H SEHEH
BRERHXXER, RESMTUASRAZHEASENESTRALERENTE A6 . EFZREaNYH
FEE(R) EHEEEEMEBB(N) GFBRMERR(F) BAERR()MERERE(D) , BEEEA
3FRAM A/ RERIE . BB/ T L MsExcel2003 FI Minitabl4 X {4 3547 o
2 BRMSW
2.1 ERPHMI4R M YrFh 2 B4 A

ARFEXLEERRE 2 TR 28 37, H AT F (Neosalanginae ) H F1 4R £ 8B ( Neosalanx ) i K ¥ 1 4R
f(N. taihuensis) IFEWFR A (N. oligodontis )2 7, 4R £ T F} ( Salanginae ) 5 (8] 48 £ J& ( Hemisalanx ) B9 45 Yy (6]
e (H. brachyrostralis)1 F (3K 1),

EFRABRYNOHAR TN R, FRABABAMAEX R HAKH, SRa 8 MEE 97.1%, mEI4R
BEMELBIIE 2.9% ., EYFKT L, BEFRENMBBERBZBEE(P, =0.71), KMFBRAKRZ(P, =

0.26) , T %2 M) 8] 4R £ A X F B B AR (P, =0.03),

BEZEHPEDHE 36 MR 108 MK ERYI 53R 81, 47 £ 88 Wi 3R 4~ 2K (catch per unit effort, CPUE)
AASEEE K, 3 AR 108 M CPUE SVATREEZ R THM PHEGR ). RUEF3HBAEFABEAN
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Table 1 Icefish species and their relative abundances in the Poyang Lake

£
AT B i 3K NMA B CPU § - P
. . B BX BE( fRMEE)
Species (Latin name) . (N) (P;)
Min. Max. Mean ( +S.D.)
P B4R Neosalanx oligodontis 0 4791 820.99(1038.67) 91951 0.71
KB B4R B Neosalany taihuensis 0 1856 296.32(352.15) 32892 0.26
W E 4R B Hemisalanx brachyrostralis 0 165 33.65 (44.27) 3769 0.03

* CPUE: Catch per unit effort

2.2 EFFREMNBATZHIMERE

EFHREMBASHRIMENEZ 40 MEABRAERER(I0)E90.0%, B XTEM 37 ~ 40 S5H &5
HERARE(E22). RARERRERA B TRA:

(1) EEFRAMKMFRAIHZ —“FHEoHTF1. 0. 08X 1~36 5HE(10=9.0%),
R K% 8] £ 3576 (coexistence, & 2) , —EREHBHXKZRBE(r=0.76,p <0.001),

a b @-\/

H NO+NT NO
B NO+NT+HB B NO+NT

B NO+NT+HB

H2 3 #BAaEFOMEFOL)NIHER
Fig.2 Sketch map of the distribution patterns of the three icefish species in summer(a) and spring (b)
NO: G H#ME N. oligodontis; NT: KBIFR & N . taihuensis; HB: EWI B4R H . brachyrostralis

Q) EYRBaNSESBEEAMEKE 1 IXBEMA 9 MESAMIXALME 11 SEARLS
L, REE0=75.0%)ETHAEFBAE2a,%2). BEMGEENSRSHGHERBNSEEFHRAHMHEE
BE(r=0.37,p<0.05), 5 RMFBAMHEKEE(r=0.65,p <0.001),

Q) BHRAYHEEERTLER B4, ERYHFEFEE(REE :MXESERE R=3({124 5#
A R=2),MitMW(I . NX)R=3 HREEN G 66.7%(18 1), BH 14.8% (4 N)F 18.5% (5 M) KMEE R=0
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H2(E2a,%2) HXK, BHR(MX)YFHEHEEER(H =0.80+0.12, SDOFFIFHHIX(H =0.50 =
0.24,8.D.), —EZRHMEBE(+ = -5.20, p<0.001, DF =37),

(4) KB aZHEERETHEM TXKMIXAARM40.0%6B 5 R=0.50.0% &8 5 R =2,{010.0% Gk
S R=3;MAMR=3WHSALE92.6%,5 7.6 S R=2(E2a), KRUDHEHEHEBEDLEE (=
-3.21,p <0.05,DF =9) B TR MI#E & -
23 FF(EEPBATHIAER

FEHEHVYRAMAGHRBELESRKERE, RANTBERRTHXNEHNES MIRMI |
I XA (dE) MIF 4 82k B 4b . PB4 i R 2B HAUE R B K™% R (B 2b),

EH(IX)=RaEE D3 HBEATIE, N 24 SHE SRR EVRBAREBE, LML IX)=6
R 2 B arE AR, P 9O MRS ~T 01~ 16) N HRHE 6 MEA(2.3.17~19.23) (VA Xt
PR REES A (E2b), HRILKEER, EEFBRAFTBH AR ,70.0% KW A EEH LR, K#H
WAEFRG L HEAE,S5.02 WK A AED =B RALERTFE; NI ERENZEYE A, K50
B AU F BB AR S, AR S W () 4R f 7= IR B A 4 B3 {X 30.09% (B 2b, % 2),

%2 T RERANFRESHNBIEAMEFRARNGS G/ X" LEBRRITR
Table 2 Statistics of the diversity indexes in summer and the present/absent patterns in spring of the icefishes in the 40 sampling sites

HA ¥ % Summer # % Spring

Site R N H J D NO NT HB
1 2 104 0.5543 0.7997 0.6323 0 0 0
2 3 208 0.4925 0.4483 0.7208 1 0 0
3 3 116 0.6633 0.6037 0.5979 1 0 0
4 2 110 0.5477 0.7902 0.6383 0 0 0
5 3 1083 0.6984 0.6357 0.5234 1 1 0
6 3 5325 0.5621 0.5116 0.6464 1 1 0
7 3 1135 0.7505 0.6831 0.5197 1 1 0
8 2 47 0.3373 0.4866 0.8110 0 0 0
9 2 68 0.6420 0.9262 0.5503 0 0 0
10 3 270 0.4956 0.4511 0.6945 0 0 0
11 2 444 0.5392 0.7778 0.6459 1 1 0
12 3 2061 0.5835 0.5311 0.6427 1 1 0
13 3 1250 0.6092 0.5545 0.6227 1 1 0
14 3 1744 0.5597 0.5094 0.6788 1 1 0
15 3 3261 0.3714 0.3381 0.8008 1 1 0
16 3 4069 0.4530 0.4123 0.7557 1 1 0
17 3 1353 0.6270 0.5708 0.5981 1 0 0
18 3 722 0.5724 0.5210 0.6358 1 0 0
19 3 1065 0.4255 0.3873 0.7728 1 0 0
20 3 20 0.7073 0.6438 0. 6006 0 0 0
21 3 296 0.6158 0.5605 0.6631 0 0 0
22 3 287 0.8416 0.7660 0.4934 0 0 0
23 3 259 0.8080 0.7355 0.4997 1 0 0
24 3 3741 0.6315 0.5748 0.6295 1 1 0
25 3 3356 0.7610 0.6927 0.5191 1 1 1
26 3 1194 0.8195 0.7459 0.4678 1 1 1
27 3 1169 0.7267 0.6615 0.5093 1 1 1
28 3 69 0.7219 0.6571 0.5003 1 1 1
29 3 1790 0.8320 0.7574 0.4629 1 1 1
30 3 1041 0.9338 0.8500 0.4369 1 1 1
31 3 1010 0.9633 0.8768 0.4082 1 1 1
32 3 1089 0.9016 0.8206 0.4483 1 1 1
33 3 50 0.5662 0.5154 0.6809 1 1 1
34 3 1360 0.9317 0.8480 0.4252 1 1 1
35 3 496 0.7098 0.6461 0.6027 1 1 1
36 3 1224 0.9051 0.8239 0.4485 1 1 1
37 0 0 0.0000 0.0000 0.0000 0 0 0
38 0 0 0.0000 0.0000 0.0000 0 0 0
39 0 0 0.0000 0.0000 0.0000 0 0 0
40 0 0 0.0000 0.0000 0.0000 0 0 0

* R:YfEEE Species richness; N: B 13 1 58 FY s 4K N K 3 (U % %) Mean catch of individuals on each site (integer); H’: % ¥ #E 38 3
Diversity index; J' 5 15 2 Evenness index; D : K # B 1 2 Dominance index; NO . NT.HB: & X R 2 Defined as that in Fig. 2
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TV AR PR G R P A R A PR IR B R R A 3K 100.0% , M A M F B ARG P E TS ar-mE
RERAERBR 100.0% (B 2b), BREFLEVEBE IEBAAFRATRGFRERFNER, “HEABHER
BH. MR, EEHEEX PR EMERRME, IFREN N RIE

3MBAETRREALERANERBERRRE (test) BR, EVRIGAFMRAELRERE SEEFEA
ERBBE(:=3.85,p<0.001,DF=78), SABIFBAERBF (£ =2.31,p <0.05,DF =78), i 2 F#HIR
BFEBHLHERERABE.,

2.4 HETESGHR R G RLA -1
UESRENIHESHNESREN AL R %%
EWBHER(F2), 0 40 MAERANEERES 10
MERBR AR EHRRHAMEKTER 60.2%0, ;fé
WA RN 6 K (H3,A- P, KAMMBARER 5| B
FTRARIN 6 44 AR Ly ——
(A) BFEAR R A BB K 7= 5 [
HEH 2 HERENT; c| i3
(B) # ki 000 BTG oK IS TF 0 26 14 3
FRETEG; BEH 3 HRANH; -3
(C) BFAR JEFRY FHEH IR B8 O HF A 29
okt 2 MFTRAFNE: EE3MRATEH; P ;‘Zf@* -
(D) HFAK 2.0m LUk JEHBREMY , BH6bE | 38
RN MBRERETPT;EE 3 HRAREE,; . ”‘é::r—_}__
(E) %%k 2.0m Wk W&, £ FIL 350 5 55 - Is
AR E A ES 3 MEAREE, FL®
(F) BZHEE R, LK . EEZTHRENT 1000 667 73 0
6 % B B MR £ K R B M TR R, & FUEE Simiarity €6

EHF A :D>E>C>B>A>F, HPF4EHE D RHA B3 @AERERS0-0NYRERESEREREXE
B IMEALXERNHHMEELG, ST XA YR Fig.3 Hierarchical cluster dendrogram of the 40 sampling sites on the
SRt AR TR E R C . E SRR 2 Fioli4 fa iy divenity indexes of foefish assemblage
BRI (C MG E HHL), 5 B XK 4 s b i (g AR Q2% ACK LR R 6 FRK The 6 habita
QFE: ) ﬁﬁﬂ% . clusters at the similarity level of 60.2%
3 itig
3.1 B PH R A BT RO

BEAMHAMXEENEFART - AWK ERBVHEEHARB L. T L, BHBEEUTS
“EIAT(RATFEFSMET)MERS . ERMOBREET TN RMMIERELY . BZRXAKERS,H
e EAMEEEYEEARER . AMBEEHEKR N TEAVSF, MEAEEOHE B NS
TE 7= 5035 ) B 5 XS T B R K 4R B 38 ME BT (refuge) , XHRB R HE R RS T HRERA

2042 70 SERGHAF G . BHMB AL TR RE TREEN T, N MBHERT NI H TH
EHEY ., M ANEA— T EEERRRLNE, 5 —FEAFLEEREEY K. BFARE TN
EMr R BEX B EHB A EPRMETRESAHSERE, ERSFBRATPGBEIRAXTE ARG,
BERHERLER, E20HLE 80 FRPM, BIMHXKXAE AR H 20 42 60 L8 600 t/a TR 100
vaZe ', ML/ WX HLBIA R RS, SR A N EE AR R K, MAaRRHE—SBAY, 20
e 90 FAPH, BHEBIAH(I IR)WKBFIKEREREREAREZTHIBEME HEEFLEKK
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¥, 2002 ~2003 FEAEHE, BRBRARFEER™ENBLRE:

(MREHEEE . -BRET MIXBEEZBRAE SO0,

QBESHEEER BHEFAMEPEEES 26~360) N3 MBaET LK, VBAEZREEES K
FEBEMRE(R2,E3), LI IX)MHFHSHIMT (LA S~ 7)MBEB(FEE 15~ 17)F R 2
MEFBRASFENER, HEKkEBBaEE /N Oip— FHERA™HE,

(3)8R K & /ML (size diminution)" /NEIMBERHBEANBAERXRNEMNRAM(ELD), MEBEL
AV R BAaFMBER AN EERLE3.0%, BAMNYHIIENYRNESHEEKERT (X)) . KEEE
PERE AR
3.2 HHEBBAaZEETRYERSH

HEMRAaZHEENBEEFRAIMNBEEBRARERZN/NEL, REFE, TUBENUTFT3IAE
EHE:

(1) E#85 (over-fishing) WATHTIR , IR BAEF=HE RN EFME R ENETMETHRANERE
H,EESBRATRENREEL, XRAFEFETHE. BRI BER AN NEEHSERKERE FdA
BT mE Y, BEERNENERANHE NERNENSEES ALK R P RE A KM EEF
MFEEA NI AR A FERRE . TUNANEEESHARARERZBEANBEEN. E2EAY
KNBERENBE SRS KRB A @K K L AR/, Y58 E 4 P 28 #0E T B/ MER , kst g &
BN EEFR A, TRBB KK EY) R A% N E 28 EHRE R RN, BHEWKR4~6 8
MERRPBIINEFERFBRAELE, XFKEE . CFEOBSAARLERROHEE RN B AR ER
BHEMME, B A/NREMBEERNIERA,

Q) FNEHEE BATSRSARBNENTHSISEXAIHBEAESSARENSFAEHEME LR,
HEAZME SEARRDR) BEMX(E2,£2), IAERIAERBMEHNEENEELESTE,
MR, EFRASHTHRANAR)EEMHRZR (F 2, R 2) SHN YRR EE (S £ E)wihE2R R0 —
H, RUFMHRBHBEETH SRE/NEEMEEEREAAEINELER,

BEFRGEENSATERK BRI B (E 3-D.E.C), R M7 58 4 3 78 20 1t 42 60 4F 1%
RIRZAE 200km’ , EEEWLY AE XY KB ILLBAFEHERER=NEEER, SBE ARG ™
BEREA", Z 1984 FERAFNHWIREIE 40.0% 7" . BEFIIGHHKRBIEEN 3 HBEAERNRNEN,
EYEAR A (P EAT 2 RE TR ILF 2=, K05 UE TES (0 K)B&RK D B4
(B 2.E3), HILZT 2 MHBRATWAGEREMK, ERRSIRAH T RIABREEETRERIE, AHE
TR K T iE] 4R 4,

)T BERBLKEA, FHTHAREEQ-5s AN MBHENESALERHGEFH I 4~6
A, HETMEBEEEN(BHEBAMBARLERVTH)MBEEEIBEAE RN TR, LM FEKRER
WEYRBAEME R, EYWEREEASINT2-4 A0 EHN3 A8, LFBE M ERPERZ I LF /L8
EFHR MW TF3~-5 ARNKIFBREARTZTH T EXNAE R P ERHER TR ML T ESH
WAFNZERE/N, =0 ~5 AR FENX AREREY, ZALT=WT#HE . BREREX 3 #
BEEESBENAREN EESHBENEARNENZR BASRBEAR ZAHN/N LR HRLTRE,

MERE AR A EH R XRIPBER ™I T MBI TR A RIE, 1985 LA I Xk 5 4R
BRI AR T AR (B 26~ 28) JFH WM (BE X 29 ~ 36) Rl K 3 F W (FE A& 24 ~ 25) K,
MAERFER(E3-D), MELZ T, =R Z EREHANTHBREH, Wz % R0 JEH R0 %
BEESME, NERGRAEYRR AR 4K, KR A AT R, TE N A BRI E S iR f
BAZSRER., BHPETRBEATNHAP MNP XBaSREERPRETAHELENZE,
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4 LZiEMEIY

HEVBAMHBERL YHERHSEIHAYINBRAR R P RUELFERAXRANRBARFEEAZTR
KEFREES FHHEL"E, BATRAGRATRERRXRVESRIMRAY EAGEREAIHHREE
EHX,MEFRATNGTARELRATNGLHRRAMEEREE. SHERBREBER R/ ML
MBEFBAEES=MHRUMERTREAXEY, BEHEVSERBEA-NHRVPRIBAYHEE . SREEKF
HBAXRARBE, MEEARTHRBEENILBKBE=NERE UHRETENDRHSREEKEEK B
BRRABFTHERBE . XMEFRRTWREPNAIBHEBBEEHEERPOXBT Y, BaLHH
RIERMREINERAE-DPRANBEMVMBAZHEERRITRETAREEN KA~ NENRES (A 3,
D.E.C3 XA MEZRFHNORY ., —FEMRBAE BB MEBREAT=NG . F=RHRP . BHAART
;B —FEHLEED.E.CEPREENEBERLB I F=NET XN, 120k BB K8 8~ K 38 %
PR RE B A AR R, E R X BAM S IHF,
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