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Taxonomic diversity of fish assemblages in coastal waters off Shandong
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Abstract; Maintaining biological diversity is one of the central goals of global biodiversity and ecosystem management. The
coastal waters off Shandong, located in the Yellow and Bohai seas of northern China, are important spawning and feeding
grounds for many fishery species, and so play an important role in biodiversity maintenance. Assessing taxonomic diversity
provides a new method for measuring and interpreting community relationships in the form of inter-species differences. It can
be carried out simultaneously in different regions, habitats or surveys and has been widely used in fish community studies.
In this study, index and characters of taxonomic diversity of fishes in the coastal waters off Shandong were examined. First,
a list of fish in the study area was established. This list was based on several studies from published literature and was
established from surveys conducted during 1998 and 2009. Fish classification and nomenclature was adopted from the Nelson
classification system and synonymous species were excluded. Then the taxonomic diversity, including the average taxonomic
distinctness ( A+) and variation in taxonomic distinctness ( A+) , of fish assemblages was calculated based on the list of

fish species. Finally, the survey list of fishes was superpositioned into the total list of fishes in the coastal waters off
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Shandong and the 95% confidence funnel was calculated. Results show that there were 225 species belonging to 2 classes,
28 orders, 91 families and 169 genera in the checklist of fishes in coastal waters off Shandong. In 2006 there were only 2
classes, 11 orders, 41 families, 50 genera in 1998, 1 class, 13 orders, 41 families, 71 genera and 78 species; and in
2009 there were 1 class, 9 orders, 32 families, 55 genera and 62 species. These results show that the numbers of fish
species in coastal waters off Shandong declined in surveys taken between 1998 and 2009. Inclusion index at the taxonomic
level was low; with usually only a single species in each genus. The average taxonomic distinciness was 66.1 and variation
in taxonomic distinctness was 141.7. In surveys taken between 2006 and 2009, the average taxonomic distinctness was
between 60.9 and 62.7 and the variation in taxonomic distinctness was between 65.4 and 92.3. The analysis of 95%
confidence funnels showed that almost all surveys were lower than the theoretical mean and was out of 95% confidence
funnel, which suggests that the diversity of fishes in coastal waters off Shandong has significantly decreased. The inclusion
index of fishes in coastal waters off Shandong was in line with the trend that the inclusion index was higher in tropical waters
and lower in high-latitude waters. The average taxonomic distinctness value in coastal waters off Shandong was higher than in
other continental shelf waters in China. Due to the large numbers of estuaries, bays, and diverse habitats, the coastal waters
off Shandong maintain a fish community with many morphological different species and have a high taxonomic diversity.
After decades of overfishing, polluting and habitat loss, the species composition has significantly changed and the taxonomic

diversity has significantly declined.

Key Words: Coastal waters off Shandong; inclusion index at taxonomic level; taxonomic diversity; average taxonomic

distinctness ; variation in taxonomic distinctness
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Table 1 Sample area in 2009

N, R | R 35, ﬂ‘ﬁ]ﬁf@l’fl BT VAAS .
Year-month Survey area Location Numbers of station
2009A 2009-05 BT 121°00'—121°20'E ,37°40'—37°50'N 12
20098 2009-05 H BRI 119°25'—120°20'E ,35°00'—35°25'N 23
2009C 2009-06 N 120°12'—120°18'E ,36°02'—36°08'N 12
2009D 2009-06 H i 120°17.5'—120°50'F ,35°47.5'—36°02.5'N 12
2009E 2009-09 JEL I ST 121°40'—120°00'E ,37°30'—37°40'N 10
2009F 2009- 10 JER TRV 121°50'—122°12.5'E ,37°35'—37°45'N 12
2009G 2009-11 S 119°00'—119°50'E ,37°10'—37°25'N 20
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Table 2 The branch weight on species at each taxonomic level 2’

I3 SZEY Taxon level #§#% Distinciness weight (w;) I HEE Branch weight
i Species Yy T F — B A [ 16.667
J& Genus Y E T F— A RS 33.333
B} Family Yy g T W — H AR R 50.000
H Order Y g TR — AR H 66.667
4 Class LY R IR WP NG 83.333
2 #R

2.1 5r2EBrocdig

QIR ) PO e Sl AR K 28 257 Bl (HARE BT OB gE 202 R W, o A2 73 43 R 9 57 44
B, WN4EHE ( Raja chinensis) FIfLIE ( Raja porosa) 33 W BERE ( Okamejei kenojei ) , 8 8757 ( Callionymus kitaharae) j&
4AEHT ( Callionymus beniteguri ) W IR )44 , X Bl 181 ( Liparis choanus) "N W S0 . ( Liparis chefuensis ) [7)4)
S TR, 7 BB U B2 £f1 ( Synechogobius hasta ) FIHE B &2 HF FE £f1 ( Synechogobius ommaturus ) Ry BE B2 | #F 2 £f1
(Acanthogobius ommaturus ) (¥R 4544 3 350 FP 28 ToAR AR H A SCHRIE 20k oo A T 80 i, (HAR 4
H R BRI ST I S 3X 8 i 26 IF AN I3 A T 8 i, AR A AR 00 TR B I A B, AR 85 & (Tsuruso
wyrinchus) , BAE L& ( Carcharhinus menisorrah) , % W) ff1 % ( Squalus brevirostris) Ml ( Therapon jarbua) 7R J5 i
(Histiophorus orientalis) %5 . M 13 [F1Hy 544 F LA K 1F 845 00 TC 434 B A E | 4 A5 1 2R 0 7 £ 28 225 Fb
fU35 2 4028 H 91 B 169 J& 225 Fli, 1998 4FHA 25 2 49 11 H 41 £} 58 J& 62 F',2006 FJEA K 1 44 13 H
41 B 71 J& 78 Fh,2009 4EJE A A2 499 H 32 Bl 56 J& 62 Fl, 1998 4E—2009 445 a2 FhFOL o ik T IL Ak
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Table 3 Numbers of taxa of fishes in Yellow Sea &Bohai Sea and coastal waters off Shandong

i/ /& A2 JCEL Numbers of taxa
5% List Species/ Species/

Family Genius Fh Species J& Genius P Family H Order 2 Class
H# #11 Yellow Sea &Bohai sea 2.79 1.45 321 221 115 33 2
I ZR UL Coastal waters off Shandong 2.45 1.33 225 169 91 28 2
1998 4F A Survey in 1998 1.51 1.07 62 58 41 11 2
2006 J## Survey in 2006 1.90 1.10 78 71 41 13 1
2009 J## Survey in 2009 1.94 1.11 62 55 32 9 1

22 LR
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V453252 RABEE 60.9—62.7 Z (1], 73222 A8 RAREUAE 65.4—92.3 Z [ (F£ 4)
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Table 4 Taxonomic diversity of fish assemblages in the surveys between 1998 and 2009

I X 8, gt PSRRI SR (AT) O SUESESHEH(AT)
Survey area Numbers of species Af’eljage laXOI'IOmIC Van'at%on in té:l).(()]’l()mlc
distinctness index distinctness index

1998 61 62.4 86.1

2006 76 61.9 78.3
2009Total 60 61.5 79.2

2009A 32 61.6 36.8

20098 33 62.2 715

2009C 24 62.3 92.3

2009D 25 61.1 80.6

2009E 19 62.7 73.4

2009F 34 60.9 82.7

2009G 35 62.2 65.4
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SEUUAE JERE FANFE 31 Ff, XUREE T IA N B 40 AT 289 s I W RN A e 0 T Ok B i 11 AT 326
Foft s R R S 1 O B A0 AT 379 Al XURERN T RS SE AR A B B (0 A 321 Rl AR
FEILAR AT 054 225 Rl F 20 tHad 60 ARAR3L KRBT & LUK, B i (0 28 R BCRF Sk 0 |, A= ) 2 B
PESZ BN THORBEIR ™) 1998—2009 4FJEAE | 40H 0 28 (L H B8R H ( Pristiformes ) 1 Fft, B8 4511 25 v 1 fih
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Table 5 Composition characteristics of fish taxa in Yellow Sea &Bohai Sea and coastal waters off Shandong
JE%L Number of genus/ %X Number of species

H Order i IR L 8

Yellow sea and Coastal waters 1998 2006 2009

Bohai sea off Shandong

B 8 H ( Myxiniformes ) 1/1 — — — —
L i1 H ( Petromyzoniformes ) 172 — — — —
442 H ( Chimaeriformes ) 1/1 1/1 — — —
g H( Heterodontiformes ) 1/1 1/1 — — —
Zi%& H ( Orectolobiformes) 1/1 1/1 — — —
%% H (Isuriformes) 3/3 3/3 - - -
HEH ( Carcharhiniformes ) 5/17 4/6 — — —
758 H ( Hexanchhiformes ) 2/2 1/1 — — —
ff1 % H ( Squaliformes ) 1/1 1/1 — — —
Jiit ¥ H ( Squatiniformes ) 1/1 1/1 — — —
i % H ( Pristiophoriformes ) 1/1 1/1 — — —
FLE% H ( Torpediniformes ) 1/1 1/1 — — —
% H ( Pristiformes ) 5/1 3/5 1/1 — —
i35 H ( Myliobatiformes ) 4/5 3/3 — — —
3 B ( Acipenseriformes) 2/2 — — — —
135 B ( Elopiformes) 1/1 — — — —
54 H ( Anguilliformes ) 4/6 3/3 2/2 2/2 1/1
8% H ( Clupeiformes ) 11/16 9/12 7/10 9/10 5/6
FU## H ( Gonorhynchiformes ) 1/1 1/1 — — —
#JE H ( Salmoniformes ) 10/15 5/8 3/3 3/3 /1
4t H ( Lampridiformes ) 1/1 — — — —
5 H ( Gadiformes) 6/6 1/1 — 1/1 —
Riift § ( Scorpaeniformes ) 1/1 1/1 — — —
{55 | ( Lophiiformes ) 2/2 2/2 /1 /1 /1
#i§75 B ( Mugiliformes ) 2/3 2/2 — 2/2 —
B3 48 H ( Atheriniformes ) 2/2 2/2 - /1 —
4t 4 H ( Beloniformes ) 3/5 3/4 /1 /1 —
4x AR H ( Beryciformes ) 1/1 1/1 — — —
il H ( Gasterosteiformes ) 3/6 3/4 /1 /1 2/2
7% B ( Scorpaeniformes ) 28/46 17/25 /17 6/7 7/9
#7JE H (Perciformes) 86/118 77/92 29/29 36/37 28/29
i H ( Pleuronectiformes ) 18/28 13/20 4/5 6/6 8/10
fili ¥ H ( Tetraodontiformes ) 11/27 8/21 2/2 2/6 2/3

— JBETT T, MRS S AR ) Pl R SN Tk | BRIV B JRE - DY RSP, B O AR 2 - B e B - B J LN X
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Table 6 The inclusion index at taxonomic level in different areas

X3, Area S S/G S/F S/0 G/F G/0 F/0  3Cilik Reference
ZYPHER) Dongsha Tslands 514 2.41 7.45 2448  3.09  10.14  3.29 [17]
K% Daya Bay 320 1.55 3.40 1455 219 936  4.27 [20]
IR 4L East China Sea continental shelf 350 1.48 2.92 12.07 1.97 8.16 4.13 [15]
#EE Bohai Sea and Yellow Sea 321 1.45 2.84 9.73  1.96 6.70  3.42 [13]
1143 Coastal waters off Shandong 79 1.13 2.03 6.08 1.79 5.38  3.00 AR
i1 Bohai Sea 119 1.37 2.38 8.50 1.74 6.21 3.57 [35]
M Laizhou Bay 37 1.03 1.42 3.70  1.38 3.60  2.60 [22]
BT A Coastal waters of Bohai Sea 66 1.22 1.89 550  1.54 450  2.92 [35]
1 Z T 1998 Coastal waters off Shandong in1998 62 1.07 1.51 5.64 1.41 527 373 A3
1IR3 7 2006Coastal waters off Shandong in 2006 78 1.10 1.90 6.00 173 546  3.15 A3
11 45 3T 7 2009Coastal waters off Shandong in 2009 62 1.11 1.94 6.89 1.72 6.11 3.56 A3

S: F Species; G: J& Genius; F: F} Family;0: H Order

RO T RES A A, SSRGS T IR E A 2 AT A ) AR A R B 7R
JUE b WAL R BEE 2 A8 4k, TR 28 AT R L BB HE 0 A1, A EAR ATl A — BB/, R AT
T TR U R T AR R AR AR VR A e T A SRR Vs AR SCRHE P sl B AR AR T A
B E AR B2 A 66.4(TREFE D MR EIMACEMITE A 77.7) , A1l R4S %)
T FE AR IS AT =S (AR B 4 e — 2L

R7 TRARBEEFEZZHEIEY

Table 7 Taxonomic diversityof fish community in different surveys

HF5E X 35 Study area A* A* iﬁi f}: ﬁ)g

ZRUPHER) Dongsha Tslands 55.2 110 [17] %5k

PYVBRE S Xisha Tslands 60.2 — [18] A

163 Beibu Gulf 63.5 110 [19] s

751} East China Sea 65.7 — [15] 25

I ZR 3L Coastal waters off Shandong 66.1 142 EN'S B3k

# W Yellow Sea and Bohai Sea 66.4 129 £ P

I Yellow Sea and Bohai Sea 71.7 — [13] £ 53%  ANFIHRAE
AT Changjiang estuary 79.9 — [3] 258 AR SAE

T B3 £ 4% Coastal Waters of Qingdao 58.6 73 [14] 2004 4%, R[RIH AN E
H 530 £k ZE Coastal Waters of Qingdao 56.0 74 [14] 2004 4F | ARHRAE
M Laizhou Bay 60.9 100 Rrk 2010—2011 4E

I ZZ T Coastal waters off Shandong 62.4 86 AL 1998 4F

14 Coastal waters off Shandong 61.9 78 £ 2006 4

I ZZ T Coastal waters off Shandong 61.5 79 AL 2009 4F

A* PR RN AT 2 R B R — GRS I S5

SIS FE— D ARZISR R P AP SRR B B T AR AR mife 32 2™ 5
PR BT BEE A — LE B UG RN A LRI T30 0 VS AR, AR 2R (453
F A Y M5 ) O WA M AR B AR, B AR S 4 3 G BE R BT BRI
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159 AR RS ) AR A EDT 63 21 TH 2090300 A R 0 L 4F I S It ¥ 11 AR ST 40 S R 26 A
Bom gL T RIZA AR Eh ) IR RISt S | 383 A R AR /N AT A5 /DN, FF 2006—2009 4F:
P A SR AR A ARG 24 ST a0 2 A(EAH LU AR/ KR e A (AL T 95% B AH
2z A, 23] H AT LA 0 2R 2R CORIR (&L S) .
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