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Dynamics of demersal fish species diversity and biomass of dominant species in

autumn in the Beibu Gulf, northwestern South China Sea
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Abstract; The Beibu Gulf is a semi-enclosed gulf located in the northwestern South China Sea and surrounded by the land
territories of China and Vietnam. The region has a tropical to subtropical climate. Thousands of fish and shellfish species
have been identified in the Beibu Gulf and support some very important fisheries throughout the year in the region. Large
scale resource surveys have been conducted over the last few decades to assess fisheries resources in the Beibu Gulf, and a
large quantity of biological and environmental data have been collected. Such scientific data are perfect for evaluating
changes in the ecosystem and answers questions such as what changes have occurred over the last few decades to the

fisheries ecosystem in the Beibu Gulf? In the study, we analyzed data collected in otter trawl surveys in the Beibu Gulf in
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autumn 1992, 2001 and 2006 to evaluate fish species composition and diversity, dominant species, and their biomasses.
The analysis showed that 171 fish species caught in the 1992 autumn survey in the Beibu Gulf Gulf belonged to 77 families
and 17 orders, a total of 156 fish species belonging to 71 families and 18 orders were found in the 2001 survey and 157
species belonging to 67 families and 17 orders were identified in 2006. Perciformes had the highest number of fish species,
96 species (accounting for 56.14% ) in 1992, 90 species (57.69% ) in 2001 and 89 species (56.69% ) in 2006. The
Pielou evenness index (J') had the same temporal trend as the Shannon-Wiener diversity index ( H'). Both indices were
the highest in 2001, followed by those in 1992 and 2006. The Margalef richness index (D) reduced from 21.03 in 1992 to
20.74 in 2001 and to 19. 61 in 2006. Nonlinear regression models were developed to quantify the temporal trends of
biomass of the 6 dominant species ( Acropoma japonicum, Trichiurus haumela, Parargyrops edita, Leiognathus bindus,
Trachurus japonicas and Upeneus sulphureus) in the Beibu Gulf. The dominant species were found to shift from the high-
value fish species to the low-value species, but no significant changes for fish species with high reproduction rates and short
life spans. The catch rates increased during the survey period for A. japonicum and L. bindus, decreased for T. haumela
and U. sulphureus, and remained similar for P. edita and T. japonicus. This study shows an apparent succession of the
dominant species with an overall trend of the K-selection species ( such as Lutjanus sanguineus and Carcharhinus
menisorrah) being replaced by the r-selection species (such as A. japonicum, Leiognathus, and Apogonichthys). The
abundance of fish species with long life span, large size and high trophic levels decreased, while short-lived and small-sized
fish species in low trophic levels increased their abundance over the time period covered by the survey. The study provides

important evidence of changes occurring in the Beibu Gulf ecosystem.
Key Words: fish; species diversity; dominant species; temporal trend; Beibu Gulf
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Table 1 Geographical positions of the sampling stations

Yli{3; Station Z2JF Longitude L5 Latitude Uif3; Station 2% Longitude 45 JF Latitude
S1 108 °30 'E 21 °00 'N S12 107 °30 'E 19 °00 'N
S2 109 °00 'E 21 °00 'N S13 108 °00 'E 19 °00 'N
S3 108 °45 'E 20 °45 'N S14 108 °00 'E 18 °45'N
S4 109 °00 'E 20 °30 'N S15 107 °00 'E 18 °30 'N
S5 109 °30 'E 20 °00 'N S16 107 °30 'E 18 °30 'N
S6 109 °00 'E 20 °00 'N S17 108 °00 'E 18 °30 'N
S7 107 °00 'E 19 °15'N S18 108 °15 'E 18 °15'N
S8 107 °09 'E 19 °15'N S19 108 °30 'E 18 °00 'N
S9 108 °45 'E 19 °15'N S20 108 °00 'E 18 °00 'N
S10 108 °15 'E 19 °15'N S21 107 °45 'E 17 °45'N
S11 107 °00 'E 19 °00 'N S22 108 °00 'E 17 °30 'N
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“KE KHREH Priacanthus ayenus HEBERE b Saurida Table 2 The IRI of the common dominant fish in the Beibu Gulf

undosquamis | [ i Argyrosomus argentatus .7 fii | 5% during 1992—2006

AT Upeneus bensasi , IR 575 FHAEEE Upeneus P4 Species 1992 2001 2006
moluccensis W [ 85 Decapterus maruadsi FTIE €0 PR KIEHH A, japonicum 6153.9  4552.7  3223.0
fifi Rastrelliger kanagurta FIEHT ) 1 & 8 H 4 & WET. haumela 3701 509.3 344.2
ol 37 549 T AR 2 (% OF W R S0 :Ljuﬁf@)ﬁip. edita 219.8 698.7 575.5
PPN L. bindus 188.8 533.9 3223.0
Leiognathus lineolatus JHEBEfE ] [ AR Raja hollandi F P06 T, japonicas 140.0 2441 1516.4

BE % 21 W 18 Lepidotrigla  punctipectoralis ) 5 31 5 FOHPE U, sulphureus 113.0  299.5  109.8
34.02% ;2001 LA (Fryefn | A i 4 |
R KIRER Priacanthus macracanthus 517 HEBE 2 G W Saurida tumbil 4481 Nemipterus virgatus LA
i Argyrosomus macrocephalus . [ G S FAEBEREHS ) 7351 5 34. 15% F1 36. 05% ;2006 4F24 5 s (113efa K
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Yy =— 12. 187 +5.000 x 10 - 4¢, = 6.217 x cos[0.0172 x (1, + 53.186) ]
Yys =— 10.012 +5.432 x 10 = 41, = 6.669 x cos[0. 0172 x (1, + 50.267) ]
Yirs = 2.440 — 6.833 x 10 - 5¢, + 0.619 x cos[0.0172 x (1, + 48.188) ]
Y = 2- 964 — 4.583 x 10 - 5¢, + 1.311 x cos [0.0172 x (¢, - 113.151) ]
Yy =— 4 176 + 1.546 x cos [0.0172 x (1, - 110.637) ]
Yippm =— 6.921 = 0.846 x cos [0.0172 x (1, +45.422) ]
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Table 3 Parameters estimated from the nonlinear regression models of catch rates

N - o 95% E{F X [A] 95% Confidence interval LB X4
s S8 fhEAE bRifEZE Correlation
Species Parameter Estimate Std. error LS R ..

Lower bound Upper bound coefficient
a -12.187 2.710 ~17.602 -6.771
T P65 b 5.000x107* 0.000 * 0.000 * 0.001 0.591
L. bindus ¢ -6.217 2.839 —11.890 -0.544
d 53.186 4.376 44441 61.931
a -10.012 3.603 -17.214 -2.811
KA b 5.432x107* 0.000 * 8.635x10° 0.001 0.558
A. japonicum ¢ -6.669 3.822 -14.310 0.972
d 50.267 6.713 36. 847 63. 686
a 2.440 2.324 ~2.198 7.078
gl b -6.833x107° 0.000 * 0.000 * 0.000 * 0.152
T. haumela ¢ 0.619 2.347 -4.064 5.303
d 48.188 54.793 -61.150 157.525
a 2.964 2.464 ~1.955 7.883
i (A b -4.583x107° 0.000* 0.000 * 0.000* 0.327
U. sulphureus c 1.311 2.538 -3.757 6.379
d ~113.151 17.477 —148.044 -78.257
a -4.176 2.694 -9.543 1.191
AR b 0.000* 0.000* 0.000 * 0.000* 0.330
P. edita ¢ 1.546 2.754 -3.941 7.032
d ~110.637 19.658 ~149.798 —71.476
a -6.921 3.680 —14.260 0.418
(UE ] b 0.000* 0.000* 0.000 * 0.001 0.377
T. japonicus c -0.846 3.664 -8.155 6.462
d 45.422 76. 695 ~107.543 198.386
% <1x1073
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Fig.2 Trends of catch rates for the main dominant fishes in the Beibu Gulf
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Table 4 Annual variations of the fish diversity indices in the Beibu Gulf

AR Years FRBERE D W EZ iR 0l
1992 21.03 0. 64 3.27
2001 20.74 0.72 3.64
2006 19.61 0.52 2.64

FRIE 2 AR BRE 5 v 1 B R B H A9 R /Nt e 43 B 26 ( k-dominance ) B 832 b T
TR AR BRI 2R e S 4 L b s TR TP AR A S R AR DT 3 ol 1992 AERKZR 2001
AEFK A 2006 AF- Bk ZE A0 RIS a2 A i L 34 2R A AR PR 5L . AAIRT 3 RT UL, 2006 4F- Bk 2 S I 34 B i 48
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Table 5 Percentage for weight of the dominant fish in deferent years in the Beibu Gulf (excluding cephalopods and crustaceans)

A Years P Fh 2l % Dominant species composition

L2t )E Nemipterus 19.4% ,ZIAE@@% 10.7% ,ﬁﬁﬁﬁfﬁﬁ Priacanthus 9. 6% ,?ﬂ’ﬁf}ﬁ Upeneus 8. 1% ,E}EE%%%@Z} Caranx
1957—1960!%! malabaricus 4.0% ; W5 Arius 3.4% ,:Kﬁﬁ@% 2.4% ; HRAR B Pentarion longimanus 1. 5% ,liﬁ‘IﬁE@'j Pomadasys hasta
1. 1% ; i fa )& Argyrosomus 0.9% ,,

2145168 10.87% ,FéﬂEﬂnﬁFﬁﬂi Upeneus moluccensis 4. 81% ,E‘fﬁ?”ﬁ?@ﬁ 4.24% ,ﬂ}i‘@%ﬁ?ﬁ@ Nemipterus tolu 3. 84% ,Jp/t,mi
1961—1962 117 AR 3. 42% ,ﬁﬂ Therapon theraps 3. 25% ;EHE% 1.88% ; LR MM M 8% Caranx malabaricus 1. 52% ,@Ejﬁﬁﬁﬁﬁﬂ
1.51% ; JRIRLTHEH 1.47%

K 29.90% 5 Alfifh 7.20% ; KB KHREH 5. 80% ; PR 4. 66% ; AL BEUE L 4. 61% ; H7 £ 3. 94% ; Ty FH Al fu
1992 2.54% ; 5 ERAR 2. 41 % ; W RI65 2. 28% ; “ I 1. 74% ;{7 [CHE 1. 69% ; Fréfh 1.42% ; BESELT IR0 1. 08% ; Al
YR 0. 94% ; HLUR 0. 83% ; HHEIR 0.52%

SEBEAT B 12.82% 5 KGN 10.76% ;i 0 5. 71% ;13640 5.52% ; M 5. 10% ;%68 IHREY 4. 68% ; Kk H it
4.17% s RYERL Dasyatis zugei 4.12% 5 A% 2. 77% 3 A R Gastrophysus lunaris 2. 65% ; BEE§ K Apogonichthys
carinatus 2.49% ,ﬁé}i@ 2.27% ,EH;’?IF@@ 2.08% ,ﬁﬁﬁuﬁ@ Gastrophysus spadiceus 2. 02% ,%iﬁﬂ’ﬁﬁ‘é& 1.20% ,Eﬁ&fx}@%
1. 18% ; fEBEHELE 0. 64%

2001

K 36.99% FiIéth 14.85% ; B{BENR 8. 77% ; A< R 5. 34% ; KKk FALlifa 4. 64% ;5 fa 3. 82% ; 46 & K HR
2006 1.49% kg i Mt 1. 449% ; JBE BE 08 Leiognathus ruconius 0. 96% ; BT & K 2% #1 0. 90% 5 ¥ 4 el 0. 85% ; 4Nl £ i
Leiognathus berbis 0.70%

1992 4 2001 4FF12006 4 3 ARk ZR 0 2 8 0 A 2 I, 6V 0 288 Y A 280 b g ka4 an A
1992 A1) 171 Fisi 28 2006 19 157 B, STAFEA, B Fhnas T ol 38 U A0 AR 3 555 B (AN SEAT AR M BOR ) |, A6
T AP AL T — R E HRAS (2001 42 156 F1,2006 4F24 157 #i)

3.2 RBFAEERIE

25 AR B AL S S A PR SRR ALK, FT LA Y, AS [R)AFAR 0 5 o 2 pl 4R 4 A i) o =l 1A
i, LU Lutjanus erythopterus & 2LV G ML BT 24 10, 7E 1957—1960 4F 1 1961—1962 4721 F i 2t
s Y U 110 L R A, 4 i M 3R 10. 7% 110, 87% o G B L1 0 (L WHIN S 4 ) TR R4 N
BRI K R | 2T B A R VR T A R R [ 1961—1962 4F-£T 4 ] W 5 45 B 1 34 229. 5 kg/km”, E1] 1992—1993
FHEFO kg/ka ,1998—1999 Y4 0. 48 kg/kmZLZJ o IR ORI KBRS Gerres filamentosus PEE])
B Carcharhinus menisorrah FURKAR TS Gymnocranius griseus SEU A2 A TL0H 05500 BT £ 28 A MR K,
TR AR NS AT B R T kB2 I — B IR T AR A i ) A e 5K &2, 7 I AE Ry L
R A A RN L Rt 2 B, 2006 4, £0H B84 & 3R ALY 0. 02% |,

M 2006 AF-ACFHRVE fa 2 B SR IR W] LB /NI R ' R e R B T, ik 36.99% . KOG TE
1960 AEARHAAR L BIAR/N FEABIRAMNTRTER"" . R T RO 665 /N80 A avi AP, J8 T r 28
SR H Bl ARG KA AU | K G 8 45 /NS £ 2 e AR 0 BB R R AR AR A R R G
B o5 FE B 22 I 1992 4EFKZE 5 sk LY 29.90% ,2001 4FERKZE (5 10. 76% , AR5 36.99% .

AR | (| RSk Gl R BE B 4G A Argyrosomus pawak ) | W il ( 22 145 i i 1AL BE e
i) W 5 5 R A S8 fa R AU RS A AR ) BRI RV ik St AR AN [R AR AR e AR AT T 2500, (ER SRR
BRI AR B B R W Z= T s,

AL UL AU fa RSP TR 1 SRR AR | SRR r SRR, RO I MR ORNB FR
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Table 6 Comparison of the diversity index among different regions

4E0y Years [X 3 Region Jti [l Range - Average SCHik Reference
2000 HFEIHE Southern Yellow Sea 0.82—1.99 1.45 [27]
2000 I Yellow Sea 0.40—2.34 1.58 [28]
1998—1999 FEM T Laizhou Bay 1.32—2.25 1.93 [29]
2000 ZRUEALH Northern East China Sea 0.54—2.74 1.84 [27]
2000 ZRiFHHE Central East China Sea 0.31—2.78 1.88 [27]
2000 Z%1% East China Sea 0.31—3.15 1.79 [28]
2004—2005 FaYb LR Xisha Islands 1.95—3.86 3.24 [30]
2004—2005 rhYb Ry Zhongsha Islands 2.70—4. 10 3.47 [30]
2004—2005 FE VPR Nansha Islands 0.92—3.71 2.58 [30]
1992 Jt#BIE The Beibu Gulf — 3.27 k'
2001 JEF#BIE The Beibu Gulf — 3.64 AL
2006 JL#E The Beibu Gulf — 2.64 A3

%6 JIH T E ML Shannon-Wiener ZAEVESSEUMIEE FISFISE, WK 6 Zn]LIE i M
REFES O 25 TARIG A, XML S S A st B B A S VI SE R — R4 BE Tk iy b
ZREVE e £ BRI
3.4 JUERE Y SRR ] RS X R

OIS s A 43 P AR 1 g 9 DY I BV A 43 P TSl 7 2o 8 00 45 R — R B AR A 1 T B, SRR
JE B SRR ZE Y BRI AR TR R R, ASSCROWT T A Rt — 2D ARSI DA LR U Al 5 R PR A
Bk RO I il Ak i, ©AR T BERAPIRAS {5 A9 S e i 4k i ] e i T b 3R e K52 7= i Al
THE, BT R A 45 SRR AR T A ERL AR 09 R R, O Tl BT U5 20 & BRI T, b 250 A2t Dl A 15 Vol
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