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Structure and Species Diversity of Ichthyoplankton in Spring in Laizhou Bay
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Abstract; The community structure, dominant species, spatial distribution, and diversity of ichthyoplankton in Laizhou Bay
were studied based on trawl survey data in spring (May) from 2007 to 2010. Twelve fixed sampling stations were established
in the investigation area. During the investigation, 26 ichthyoplankton taxa were collected, of which 24 taxa were identified
and belonged to 24 genera, 16 families, and 6 orders. One taxon of Callionymidae fish was identified to the family level
only, and the taxon of an egg sample was unidentified. The distribution of ichthyoplankton in Laizhou Bay was uneven; eggs
were richer in the west and southeast, but larvae were richer in the west. The dominant eggs in all years were
Konostruspunctatus ; 83% (n = 5543) of all specimens in 2008 were K. punctatus. The dominant larvae in 2007 and 2008
were Engraulis japonicas, and Gobiidae fishes were dominant in 2009 and 2010. The dominant species of larvae changed
from pelagic-neritic continental shelf fish to demersal continental shelf species. The diversity (H) and evenness (J) indices
showed a decreasing trend from 2007, and the species diversity (S) and species richness (D) indices showed a decreasing
trend from 2008. Cluster analysis showed significant differences among years in the community structure of eggs, larvae, and

juveniles ; the community structure of eggs and larvae was similar in 2007 and 2008. Compared to results from a 1982 survey

EETH . HZRMEHEA LI H (201405010) ;“ 11444 XA 2208
rfE B #9:2015-02-02; [ % H ki B 28 :2015-00- 00
# MIRVEH Corresponding author.E-mail ; xqdlmu@ 163.com

http ://www.ecologica.cn



2 S % 36 &

offshoreof Shandong Province, the community structure of ichthyoplankton in Laizhou Bay has changed. K. punctatuswas the

dominant species, and the numbers of economic fish species such as Larimichthyspolyactis have decreased.

Key Words: Laizhou Bay; ichthyoplankton; species composition; distribution pattern; biodiversity; community structure
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Table 1 Annual variations ofichthyoplankton species and abundance in Laizhou Bay
A ] E?ﬁigg %fégfﬁ 5 Eges AL Larvae FH IR
Survey time species of Number of Pk e i B Comn}on
ichthyoplankon  ichthyoplankon Species Number Species N species
2007.5 18 3589 16 3506 8 83 6
2008.5 20 8263 17 6770 8 1493 5
2009.5 10 1919 6 1438 5 481 1
2010.5 8 922 3 644 6 378 1
F2 FMTEEMEZR
Table 2 The species of fish eggs and larvae in the Laizhou Bay
KW B stage H 252 H Eco-type A4y Year
N G =P PSSl
zfies iiﬁ Ji;t% 5 friefi iﬂi %ﬁ:}fh 2007 2008 2009 2010
Eggs Léil”V'dC temperature temperature
BE#% Konosiruspunctatus RN vV vV WT CPN vV v Vv VvV
) Llishaelongata TFEDD vV WW CPN vV
6 Engraulisiaponicus FED vV vV WT CPN VvV v Vv
% Liza haematocheila TS vV vV WT CPN vV vV v
Vi 3E4 Trachuurusiaponicus FED vV WT CPN Vv VvV
ST Collichthysniveatus FPEDY vV wT CD Vv Vv
Bz TR 18 Johniusbelengerii YLD Y 4 wW CBD Vv VvV
T Ui Nibeaalbiflora FEPEDR vV wT CBD Vv Vv
/N¥E AL Larimichthyspolyactis TFPEN v vV WT CBD Y% v vV
k87 Callionymusbeniteguri be da i v WT cDh 2 VvV
/N Eupleurogrammusmuticus FEEG vV vV wWW CBD Vv vV vV
Hi 40 Trichiuruslepturus TRPEYN vV Vv WT CBD Vv vV Vv vV
§iy Scomberjaponicus EPEDY v vV WwW CPN Vv VvV
W 1 65 Scomberomorusniphonius  TRYESR vV WT CPN vV vV
243 Sillagosihama FPEDY v WwW CRA Vv Vv
iiitiiymgmm bict e vV WT cD vV vV %
//l ;%jﬁi?rrfh%shexanema R v wT b v
ziifgzﬁiimmme Hibea v wr cD Vv
T Sphyraenapinguis TRYEDD vV WT CPN vV vV
i Platycephalusindicus TRYEDD v Vv wW CRA Vv VvV
I3 I Syngnathusacus )il v WT CD vV vV
53 T Hippocampus coronatus G i 2 CT CD vV
W AT Paralichthysolivaceus IFYED vV WT CD vV Vv
KWL H 8 Cynoglossusjoyneri 7 vV WT CD v v
g fif§ Sp el Vv Vv
HAEM Spl el vV vV

CD: KK EKIE)Z 2 continental shelf demersal fish; CBD; KFliZ27 K R JZ 2 continental shelf benthopelagic fish; CPN ; K fili 4274 7k
1 JZ#25 continental shelf pelagic-neritic fish; CRA : KRG ATENE 2 continental shelf reef—associated fish; WT: B Ml warm temperate species;

WW . B /KPR warm water species;CT;;‘/‘?ﬁ‘@ﬁ‘ cold temperate species
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Table 3 Annual variations of ichthyoplankton abundance in Laizhou Bay

A AEAY Year
I H Project

2007 2008 2009 2010
1 B4 Number of eggs/ 7 5399 7287 3721 2029
H T Frequency of occurrence/ % 100 100 92 67
PN E diversity of eggs/ (Ri/ M) 449.92 607.25 310.08 169.08
fFHEAOHCRE Number oflarvae/ 2 239 3788 482 286
H I Frequency of occurrence/ % 67 100 50 58
F{HEL B8 BE Diversity of larvae/ ( &/ M) 19.92 315.67 40.17 23.83

2.3 fL#Hm

2007—2010 4FHZ=, ﬁfﬁ%([{onosiruspunctatus) A SRy S N vl 3k £ B 25— R, 7E 2008 4 3E 5% £ B %%
HEIRF 5543 Hi, i AR A SR AR N B 73% , 5 SRR 0 BRI FVECER A A b S D 1 A SRR TR
2007 AE % LR, Z 5 AR #Rh2E

% ( Engraulisjaponicus ) £ 2007 451 2008 AFAE A 12 1 8 A T-HE 2 55 — PL 3 F , T 2009 4 F1 2010 4F 3 7
VSl AR £ 25— D S A S R PR A £ 56
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Table 4 Dominant species composition of eggs in Laizhou Bay

AFA) Year

S E

FhK Species Index of Relative Importance IR1%

2007 4F-#:2% 2007 Spring BEAE Konosiruspunctatus 2688.71
fi Engraulisjaponicus 2021.28
2008 4F-#:Z= 2008 Spring B Konosiruspunctatus 6691.8
2009 4F-#:Z% 2009 Spring B Konosiruspunctatus 1827.47
2010 447 2010 Spring BEf Konosiruspunctatus 2069.99
x5 FMNZEFFHREABMEAR
Table 5 Dominant species composition of larvae in Laizhou Bay
LB RE

AEA)Y Year

P2 Species Index of Relative Importance TR1%

2007 4E#5 7 2007 Spring
2008 4747 2% 2008 Spring

2009 4F47 7% 2009 Spring
2010 4F£Z% 2010 Spring

fi Engraulisjaponicus 2562.76
fi Engraulisjaponicus 5037.84
& Liza haematocheila 2597.68
X BARFE Chaeturichthysstigmatias 3692.95
IS 2GR AR SR Amblychaeturichtyshexanema 2214.45

2.4 RV E] AN A [R] AR AL

2007—2010 4FEFZE3RMIB TG0 B A7HE RP SR =F & FE AR AU bk 35— 35, 2008 4F 4 fH A% 57, 2010 4F
BERAR, 2008 4F3 2009 4F Z [ AS AR IR BE R, (051 AFHE fo Fh R0 = 5 FE 48 B0/ LA W i 52009 12010
AR [A], 0N APHEORI ISR S AR BUE IR B RN, BRSNS O (A 35 B oA W 2
FEMEFE LA 2007 4EBUE iy , T B AR B
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Fig.2 Horizontal distribution ofichthyoplankton in Laizhou Bay
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Fig.3 Annual variations of ichthyoplankton biodiversity indices in Laizhou Bay
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Table 6 Similarity matrix of ichthyoplankton composition in Laizhou Bay

A year 2007 2008 2009 2010 A year 2007 2008 2009 2010
2007 2009 39.52 32.57
2008 72.82 2010 23.66 23.75 33.78
3 itie 2T
3.1 M R E A 40 |
ABTTELRF Y MR 5 A mn friEtn F
T DA 2007 4E 19 27 Fh AT 2008 4E (Y 30 F FEF] 2009 5 60 |
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2010 4F 3 A vb, B8 G0 KCiE Zp 00 o B S B R AR RO 72, 100 2007 2008 2010
10% F1 68.16% , FEHE%T 2008 4F 14 BUA7-HE o 5 g3 & A4} Year
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*_\‘T s 1J_'T Tiﬁz,'é\@ Elﬂéﬁ( E/‘] 73% ° ﬁfﬁﬁxﬁ ﬂ:/J\Z'FE EP J:E:’: @ Fig.4 Group average clustering for four years in Laizhou Bay
I A A AR SRR, 1 P o A AT (] 4
AR, KD TR AR B RS RS R IR D S5 R A PR T — il R BT R, AT = — T

http ; //www.ecologica.cn



8 S % 36 &

AW ) S KA OORE 1982 AT 5 1802 1959 4R B 14 £%,1993 2 34 fiF, 1998 4F 14 % 42
f 2 T B A 7 R B B Ml R DR R AR B AR I8 /D | 1983 4F 5 T i B0 254 63 R 1992 4E 5
A 43 B2 1998 4 5 H A 40 RO 2004 4 5 A B 30 RV 55—y S B AR AR (L R T 4
PRBE Y5 Y | R SEOIAT 265 DR 35 0 2 At b S RO el A SR TR 2 — ) R TS e R B S OHLAL 4
J& A AL 55 e, Herp JEHL RS MR S V5 7K T AR Ab 8 S 2 SRR 20T /N Tl R B YA Sl M TS 2 B TS
Ui ,2000—2004 4FEAH ST o, BT FE oK BT IV 2 20 Aim 2R 885 4y s /NE I = 1) HEl5
BTCAHLETG Y™ 7 AT LA, SR 5 I 3a 3 B2 T Y o JC ML R ZI | BT 0 AL/ T 1 B 30 95 e 7™
AP HEORBORAR S R LR S B IR EE S AR A XS AL B, SIS A S R 0 v 4 2R W R 1Y
PR LH R AE oA A T AR KRGSk, AT BORh FE AR A 2 A= T AR B i
32 RBFER

WA T 25 5 5 1% 1982 AF LR IAE 2 s DR A 8 SRR b 200 ] L B30 P 25 Y 3 B R 6 £ ) £ 34
FREEAAE T o, BRI 1982 4 FHFFMUY AFHE@RHE A LISEN 32 WA WA 25 R 3R B, 78 2007—
2010 4F[F 10 5P PE AR S BEEE . 3% 553 MR AR AR AL R 3 — 3K, 1998 AEBEARAE SIS MK
R P AR SR E D B 5 L 1982 AR AN ;2010 4F 7 3 T 1 el v 5 26 i e B S R 5 £ R £A
SRR 52013 AFEZE FLAE 3 BRSO SEMIVE S A0 fl R, 2007 4F 11 2008 AFATHE B S 4P 35 4
it 2009 4F- 1 2010 AFAFHE A AL B ALR BUIR B8 (Bl 02 8 98 55 SRR 9T 45 3 W, 2008 A4 Z A R SiE M
VS W A0 AT HE f AR 3R 2 — B 20009 4F B O RIAFHE f A9 B0 RIS, AT R, 2010 4 H B R
4 £ B FIAFHE S, 2010 AF 3V Hall 78 U5 R A rp , Rl 3R 62, 62 EL R PR SEMIS Y R 2RSS B2 fa B
P f0 R B s/ | JHL T2 B D DR A Al 57 3 B 0 K ST i v Ao 2, 7 S T 7= B ) et S AR S A
T i R RLSE 25 U AR OC | OB TRR AT 457 5 B2 I G, SRR A KRR AIG , B 452 R 300 1 SR PN V8 it 7 O A 50 o 1
%, 3 S MVE BRIPE R I D3 Ah IR AE R e i B T R I P L BELAS T B R A AT
2 SN VB SR OB T R SRR 22— 8577 O PR 45 A v s 2R /K38, 5.6 00 S Tl ol /K 9 10 10 1) 88T ik
K SRR FE A S , (B2 R MR SR R = B
3.3 AEYEZFEFRRE

RYEIFFEZE R oK, 5 2007 42008 4FAH L, 2009 4FF1 2010 4F 3 M 125 0 BP AFHE €0 (19 A= ) 2 M de Sk
FHARAY, 2 AT 5 6245 M0 2 TH R S & BT BE S IR AR LA 56, A /R 2007—2010 42
o1 B AFRE ff 35 B4 A A SN V5 DU AR S RN V5 TS, 32 M DX I 5 40 A BT /NIRRT RN kT A AT,
BT /NI T SR K5 ey VT i HE T i B T S A S PR B AN IS A A0 R4k | S0l BRI AE B | RV
A ONAFHREMAE Y ZAEE I IX T B SRR SR, LI A5 TR X2 dul £ B A FRE £ o 28 S A Mt A
BRFEM, o BEAE AR SR At 2 5 EOR IS R IR0 /D AW Z R ME R R B R N O MR R
B3 TU AR08 SR VA el P2 i = 5 RN 22 P 8 50100 A 18] A8 AR A T, SHE M T8 96 3o 119 0 SR 7 445 ) I A 1)
“ONRIE KR
3.4 GRAFHE@FPAR DU SRR 4510 22 ZhPE A

33X SN T R A0 B AR o S 2 AR R R 9 AR B 23 T B s, 2007 4T 2008 AF £ B AT AE £
T2 4 R B PE FIE 7% 235 M A DU M f 155, 2009 4E 1 2010 4E VR 22,2007 4E 1 2010 4E ik, 45 S 180 2007
A 2010 AF PUAERS ], ST A B AFHE (R S 2 B RIS 2540 K A2 T IR IR 4k, 2009 4 FlT 2010 4 £h B3
FPHERPSSAR /D B rfh B A0 P An RS £0 A £ B A f 4 B £ DA £ R U 25 4 B —Ak , fa B
DABEASE Ry 3 AFHEM DR R AR 32, RSN RIS MG G0 T, /N v 1 23 Fh 248 B 5 AT DA AE i B [
P BB A R R ) TR N R 1 R A0 TR T B O A R IS SR A B A0 i 2 /N e
LRI A AR 1 5 BN T 9 Sal vt Ml B U ) R 5 s RN A SR A R T R I AR
b B R IR T 40 0 AR5 L1 FH IR (14 2 09 A 7HE R (At 2 A AR R R B S

http ; //www.ecologica.cn



20 1 T A SNSRI AR A P AR PR AL (b e AR PRI ST 9

Brigh: OIS L AR TR T IR BRI B 28 PL 8 IR AS SO B A BN 2 B i R vh 25 45 =

5% 3Lk ( References) :

(1]

[2]

[25
[26
[27
[28

Lo e

[29]

[30]
[31]

[32]

Hjort J. Fluctuations in the great fisheries of Northern Europe viewed in the light of biological research. Rapports et Proces-Verbaux des Réunions,
1914, (4): 1-228.

Kim JY, Kang YS, Oh H J, Suh YS, Hwang JD. Spatial distribution of early life stages of anchovy ( Engraulisjaponicus) and hairtail (
Trichiuruslepturus) and their relationship with oceanographic features of the East China Sea during the 1997—1998 El Nifio Event. Estuarine,
Coastal and Shelf Science, 2004, 63(1-3); 13-21.

Aoki I, Miyashita K. Dispersal of larvae and juveniles of Japanese anchovy Engraulisjaponicus in the Kuroshio Extension and Kuroshio-Oyashio
transition regions, western North Pacific Ocean.Fisheries Research, 2000, 49(2) ; 155-164.

T4, AR, SIERSC, 2248, 2000 4FH ZE3EME RN LR G R ARHE. P EVEE RS54 AR, 2004, 34(1) : 7-12.
Gr AL, KRSRE. SN TS F 20l B S Y 2 R PR AR T AR k. K FERTSE, 1999, 20(1) ¢ 6-12.

TRULSE, PEEIR, B SOBK. SEMIEER BE AR BUIR B TR R SR AR B . IPERREERIE | 2006, 25(S1) ¢ 11-14.

Gt A, XBSRME. S el 0t TR TR A AR W 2R P AR . A= Z R | 2000, 8(1) : 65-72.

TS, ZFEM. W) B IGREE S0 G0 5 P HE AN S RS AR W R AR, IR R 4R, 2000, 9(4) @ 290-297.

e, ZRZE. ST ARk P BN R B S L. IR R T, 1995, 36. 297-310.

TR A BT K AR S AT S AE . 5 5 P ENEE RS AL, 2004 347-385.

INZRAG ST . ARG Z G A Y3 IR A ST, dbat. @RI i, 2010. 167-174.

SR, 2L, dinlE, SRR, BRPS, TR . 2010 4F 5 2 870 1 K SRIT IR (0 JSHEVE ZRE . Ml Rl2#ikE | 2013, 34(2) ; 10-18.
Tisist, ZF M. WhIEALB S0 G AN P HE A K LEh . KR, 1998, 5(1) « 44-51.

TEHE, Hhigt, &Rk ¥iEsNmERO fFHEQEY ZREN TR L. Wl BFEHERE, 2010, 31(1) : 19-24.

L, SIE, BIREE, WRIAER, MoE. SNSRI Sh RS R S AUR S 2. B Z R, 2013, 21(5) « 537-546.

E R AR, ERARHELZE 514, GB/T 12763.6-2007 MEVE WA LG EE 6 #04. WA iRA. Junt, hEFRMED Bk, 2007 56-62.
PiankaER. Ecology of the Agamid liZardamphibolunsisolepis in Western Austria.Copeia, 1971, 3; 527-536.

UlanowiczR E. Information theory in ecology.Computers & chemistry, 2001, 25(4) : 393-399.

Wilhm J L. Use of biomass units in Shannon’s formula.Ecology, 1968, 49(1) ; 153-156.

Pielou E C. Ecological Diversity.New York: Wiley, 1975.

IversenS A, Zhu D, Johannessen A, Toresen R. Stock size, distribution and biology of anchovy in the Yellow Sea and East China Sea. Fisheries
Research, 1992, 16(2) : 147-163.

FEE R, Bhi 2SR I ESE. VK= 15T, 1993, (14): 35-45.

& WA BRGS0 BRI PEEEAE SRR S I F IR I i e S R G S I R et B G,
2002:312- 255.

AR, FUIA, WOSHE. B AR W A TR OR S R B M R AE. TR IEST, 2008, 29(4) : 15-21.

HZNG, FEa. (ARG K 75 G )8 5 K B8 BIRT ST, ZR3ET  AloR2E AR, 1996 202-240.

BARERRR, APRER, TRLH, XVmei, UMD, X SCEE. Hhifg NI 00 5 B 3R A0 S L oT. MR RE R, 2000, (2): 41-46.

TKORZE, B, REAME, VB, 2005 4R E EINENE 16 5 EEAMG GG LRI, FREERE, 2007, 28(11) : 2409-2415.

sk, Rk B, RSO, KA, KT, BT, 3T A BT R AL A 0 B A SN T A S IR B BRI, AR, 2014, 34(1) .
105-114.

INZARA R R ZE D2 IR A8 U 5 A RN IR W IR 25 G T A R 4,
64-134.

=
8%

HIAXEEG A MRS, Jbat. P EBEEOR A, 1991.

Jennings S, Kaiser M J. The effects of fishing on marine ecosystems. Advances in Marine Biology, 1998, 34: 201-212, 212e, 213-352.

Gislason H, Rice J. Modelling the response of size and diversity spectra of fish assemblages to changes in exploitation. ICES Journal ofMarine
Science, 1998, 55(3) ; 362-370.

REEAE, BN, BRRLL, RCER A, WA R B TV R K S UK B W B T S M S AR SR SR PR R SR Bh ¢, 1994, 40(3) .
241-252.

http ; //www.ecologica.cn



