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Tab.1 Trophic level of main fishing species in the western Indian Ocean

LR BRR LR BRK
Fishing Species MTL Fishing Species MTL
H| AR Acanthuridae B2y 55Aill Zonichtyys nigrofasciata 4.17
| B a8 Acanthurus H. % F} Carcharhinidae
21 V64 2 i Acanthurus sohal 2.00 H &g Carcharhinus
B 4 J& Naso B H % Carcharhinus brachyurus 4.50
Hff & Al Naso unicornis 2.17 HIR ELE Carcharhinus falciformis 4.50
KEZF Alopiidae KAEE % Carcharhinus longimanus 4.16
K& )& Alopias K& )8 Prionace
i K B % Alopias pelagicus 4.50 K & Prionace glauca 4.24
INE K B ¥E Alopias vulpinus 4.50 #HlE % J& Rhizoprionodon
MHFEERl Ariidae W) 1l 5F . Rhizoprionodon acutus 4.33
Wil & Arius VO HEV BB Carchariidae
B VG Arius gigas 3.10 HE 8 & Carcharias
4 IRE3FE} Berycidae HEIN 8 Carcharias taurus 4.49
4 HR 64 )& Beryx Hil%F} Centrophoridae
#1 4 MR Beryx splendens 4.13 K& )& Centrophorus
£} Bothidae KIGEERIE Centrophorus granulosus 4.13
1} )& Bothus 5 J]fa R} Chirocentridae
515U Bothus pantherinus 3.50 T JI )& Chirocentrus
JRE5F} Bregmacerotidae 52 JJ 4 Chirocentrus dorab 4.50
JRA% & Bregmaceros KA J]fa Chirocentrus nudus 4.19
7 [C BRI Bregmaceros meclellandi 3.30 Wi} Cichlidae
M- 4R B¢ R}l Callorhinchidae KAfift1 J& Pterophyllum
MWy 4R 15 J@ Callorhinchus KAgifh Prerophyllum scalare 2.80
FARM 4R 48 Callorhinchus capensis 3.45 A} Clupeidae
55} Carangidae NG IR LR Etrumeus
21i5)E Carangoides NEHR & Etrumeus teres 3.49
¥ 55845 Carangoides bajad 4.50 JNYP T )@ Sardinella
fi% )& Caranx G /NG T f Sardinella gibbosa 2.85
N5 Caranx sexfasciatus 4.50 K3/ T 4 Sardinella longiceps 2.41
W 4% Caranx melampygus 4.49 YT )& Sardinops
DR ARG 4% Caranx malabaricus 4.36 MARLY T £ Sardinops sagax 2.43
MRS Caranx djeddaba 3.32 i} J& Tenualosa
|7 % )& Decapterus 2l Tenualosa ilisha 2.04
21 R IRS Decapterus akaadsi 3.69 fift Bl Coryphaenidae
Jeik %8 Gnathanodon L ff & Coryphaena
B IG5 %5 Gnathanodon speciosus 3.84 itk Coryphaena hippurus 4.37
K58 Megalaspis TR Cynoglossidae
KH B Megalaspis cordyla 3.66 & )& Cynoglossus
% JE Pseudocaranx W5 Cynoglossus semilaevis 3.42
T S Pseudocaranx dentex 4.39 i} Dasyatidae
#ilii J& Seriola L J& Dasyatis
% Wi Seriola lalandi 4.07 JIMEET Dasyatis zugei 3.73
K& il Seriola rivoliana 4.34 3 FEHE L Drepanidae
EVAE Seriola dumerili 4.50 X955 E )& Drepane
{L15 )& Scomberoides WSS SR Drepane punctata 3.32
KALLIS Scomberoides lysan 4.50 i} Echeneidae
FECALES Scomberoides commersonnianus 4.48 fif) & Echeneis
FifLliB Scomberoides tol 4.43 fifl Echeneis naucrates 3.36
Y65 )& Selaroides B HFAl Euphausiidae
£ A% Selaroides leptolepis 3.53 W& Euphausia
8% & Trachinotus P B HF Euphausia superba 2.20
AEINBEES Trachinotus africanus 3.72 g5 Rl Gempylidae
Wi B 88 6% Trachinotus blochii 3.74 Tt e 55 )R Ruwettus
2510 )J@ Zonichtyys TS Ruvettus pretiosus 4.34
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¥ |
Yy F BN Yyl BN
Fishing Species MTL Fishing Species MTL
W% J@ Gempylus Lk BB Lutjanus malabaricus 4.46
W f% Gempylus serpens 3.74 TeAERE Merlucciidae
LRl Gerreidae TCE J& Merluccius
HL & Gerres A AR JCAEE Merluccius capensis 4.29
SRR Gerres abbreviatus 3.07 iR} Mugilidae
K BEEME 0 Gerres oblongus 3.50 i J& Mugil
175 44 558} Haemulidae fiffi 1. Mugil cephalus 2.32
f1 15 )& Pomadasys 4328 11 B} Nemipteridae
A8 Pomadasys argenteus 3.42 4x 2R £ & Nemipterus
S5 Pomadasys kaakan 3.46 H 7R 4328 1 Nemipterus japonicus 3.77
258040 i Pomadasys taeniatus 4.02 Z240F} Ommastrephidae
NEEE R Hexanchidae ZE & Ommastrephes
N & Hexanchus ZAfi Ommastrephes bartramii 3.20
JKINEE Hexanchus griseus 4.28 B HFAR} Palinuridae
i A} Istiophoridae T URJE Panulirus
i AfL R Istiophorus W B M Panulirus homarus 3.20
SE-tE T fa Istiophorus platypterus 4.50 XFTUFR} Penaeidae
i@ Makaira XTHF )@ Penaeus
WMt Makaira mazara 4.50 E[J & XHER Penaeus indicus 2.70
KPGLEWEH i Makaira nigricans 4.50 BET XK Penaeus monodon 2.60
DU g i 61 & Tetrapturus XTUR Penaeus orientalis 2.30
W) PUSE T 1 Tetrapturus angustirostris 4.50 SV SR Penaeus semisulcatus 2.70
s DU BB AL, Tetrapturus pfluegeri 4.28 TLJESH A} Pentacerotidae
FH AR lactariidae LTI JE Pseudopentaceros
HAFMJE Lactarius 2= [ T Pseudopentaceros richardsoni 3.50
H A& Lactarius lactarius 3.97 i fa B} Pomacanthidae
BRI Lamnidae 5|8 )@ Pomacanthus
5% & Isurus BELUH 7 £ Pomacanthus maculosus 2.67
Rt Isurus oxyrinchus 4.50 1558} Pomadasyidae
& JE Lamna BAMUH & Plectorhinchus
KV FUE Lamna ditropis 4.50 RO MU Plectorhinchus lessonii 3.46
W i) Latidae 1 FCEABU Plectorhinchus schotaf 3.82
2R fifi J& Lates LTSS Plectorhinchus sordidus 3.99
JW i Lates calcarifer 4.35 fi:#f A} Pomatomidae
LI Al Lethrinidae fitJ@& Pomatomus
HLIE i J& Lethrinus fit Pomatomus saltatrix 4.50
S MY Lethrinus harak 3.56 12 T8} Portunidae
YNGR Lethrinus lentjan 4.21 888 Portunus
TR Lethrinus mahsena 3.43 CiEER T8 Portunus pelagicus 3.00
NSRRI Lethrinus microdon 3.79 42 4 B} Rachycentridae
W AR5 Lethrinus obsoletus 3.39 F38 111 J& Rachycentron
ARG Lethrinus semicinctus 3.32 F {f1 Rachycentron canadum 3.96
W BRI Lethrinus xanthochilus 3.67 XA %) Rhynchobatidae
BAK 5 8 & Monotaxis YSRY 3% )& Rhynchobatus
BT Monotaxis grandoculis 3.19 FOGRRFLSLEE Rhynchobatus djiddensis 3.60
5%} Lutjanidae e Bl Scaridae
X R E Aphareus K ESWE 4 J& Bolbometopon
005 5 B8] Aphareus rutilans 3.67 By KWW 6 Bolbometopon muricatum 2.67
W 95)& Lutjanus W5 140 J& Scarus
LT B Lutjanus argentimaculatus 3.58 H A WWE £ Scarus ghobban 2.00
E B 8 Lutjanus bohar 4. 11 WEBSWE {61 Scarus persicus 2.00
KB Lutjanus fulviflamma 3.99 £ fa Rl Sciaenidae
WERF Y Lutjanus gibbus 3.62 H i )& Argyrosomus
DU 84 Lutjanus kasmira 3.60 W B 3 Bl £ Argyrosomus hololepidotus 3.82
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Fishing Species MTL Fishing Species MTL
KVUFEE LA Argyrosomus regius 4.29 BE S JUIlGE Cephalopholis argus 4.48
K J&@ Otolithes 2 & U Cephalopholis hemistiktos 4.14
21 G- ik, Otolithes ruber 3.60 BRI 8 & Plectropomus
HEE g 55 R Scolopsidae R LR B85 Plectropomus pessuliferus 4.28
HE §ififi J& Scolopsis ) 7t J& Variola
MHHE I8 Scolopsis monogramma 3.51 N - Variola louti 4.33
1558} Scombrida =] Sillaginidae
Hilt J& Acanthocybium )5 Sillago
Y A Acanthocybium solandri 4.40 Z 82 Sillago sihama 3.29
Reli)E Auxis 55} Sparidae
[R et Auxis tapeionosoma 4.13 Tty )& Acanthopagrus
L5k J& Elagatis B i Acanthopagrus bifasciatus 3.39
254l Elagatis bipinnulata 3.59 T HE SR Acanthopagrus latus 3. 15
fifi 1 J& Euthynnus KIpfJE Argyrops
fifi Euthynnus yaito 4.50 E AR YK S8 Argyrops spinifer 4.47
MIRER & Gymnosarda &)@ Cheimerius
BRARER Gymnosarda unicolor 4.50 LG KM Cheimerius nufar 3.54
il J& Katsuwonus #¥ %} Sphyraenidae
il Katsuwonus pelamis 4.35 %% )& Sphyraena
PIEREEE Rastrelliger Kb¥ Sphyraena barracuda 4.50
PIERER Rastrelliger kanagurta 3.19 BE4T Sphyraena jello 4.50
IER)E Sarda {57 Sphyraena obtusata 4.49
Z IR Sarda orientalis 4.21 IE & Bl Sphyrnidae
L5 J& Scomberomorus WEE & & Sphyrna
K8 Scomberomorus commerson 4.50 Sk AE2 & Sphyrna zygaena 4.50
LM fa )& Thunnus HREER) Squillidae
KA 440 Thunnus alalunga 4.31 M #FiL & Oratosquilla
B g4 Myt Thunnus albacores 4.34 I #Ris Oratosquilla oratoria 2.80
KR 446 1 Thunnus obesus 4. 49 BB} Stromateidae
W g4 A 1 Thunnus thynnus 3.93 8 J& Pampus
HH &M Thunnus tonggol 4.50 LB Pampus argenteus 3.12
fifi &} Scorpaenidae DA T kB8 Pampus cinereus 3.45
TetEfith & Helicolenus A Al Synodontidae
ARG TCHE i Helicolenus dactylopterus 3.81 W3k fi1 )& Harpadon
J#i % B} Scyliorhinidae 3k i Harpadon nehereus 4.20
5% )& Scyliorhinus JaEk ) Synodontidae
PEAEA & Seyliorhinus cervigoni 3.78 et E Saurida
R} Sepiidae LUl Saurida tumbil 4. 40
Tkt B IR Sepiella PR Saurida undosquamis 4.48
=2 R TCET B, Sepiella maindroni 3.55 J% WA} Trachichthyidae
5} Serranidae Nt J& Hoplostethus
f1 544 J& Epinephelus KPGEENG IR Hoplostethus atlanticus 4.3
F A1 A B Epinephelus areolatus 3.58 7 1B} Trichiuridae
¥ 55 41 B0 Epinephelus bleekeri 3.90 i@ Trichiurus
W5 A B Epinephelus caeruleopunctatus 3.72 T 1 Trichiurus lepturus 4.45
WS B Epinephelus chlorostigma 3.99 I B2 R} Trochidae
1% S A P AL Epinephelus fuscoguttatus 4. 14 W2 Trochus
35 A1 Bt Epinephelus labriformis 3.86 th BEW2 Trochus maculatus 2.10
INA G B Epinephelus microdon 3.94 S} Xiphiidae
S A1 B 4 Epinephelus morrhua 3.97 Nt J& Xiphias
24 B4 Epinephelus polylepis 3.84 S ff Xiphias gladius 4.49
E A B4, Epinephelus tauvina 4.13 WG Rl Zeidae
W LA B Epinephelus undulosus 3.80 )8 Zeus
JU S JE Cephalopholis Wit Zeus capensis 4.50

http: //www. shhydxxb. com



24 B A TR T R E RGN PG P RE VML BT URR DA 517

450
400
350
300
250
200
150

IR HB Catch/(10* t)

100
50

0
1950 1954 1958 1962 1966 1970 1974 1978 19

82 1986 1990 1994 1998 2002 2006 2010 2014 2018

EH Year

1 1950—2018 FAENEFFBERED HE
Fig.1 Annual catch in the western Indian Ocean from 1950 to 2018
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Fig.3 Annual catch of main economic species in the western Indian Ocean from 1950 to 2018
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Evaluation of fishery resources utilization in the western Indian Ocean based
on mean trophic levels
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(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Fisheries Bureaw, Ministry of
Agriculture and Rural Affairs of the People’ s Republic of China, Beijing 100125, China; 3. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University, Ministry of Education, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries, Shanghat Ocean University, Shanghai 201306, China; 5. Key
Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 6. Scientific
Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs, Shanghat 201306,
China)

Abstract: The West Indian Ocean is an important fishing area in the world. The evaluation of fishery
resources utilization is an important basis for scientific management and sustainable development of the
resources. According to the FAO’ s catch data from 1950 to 2018 and trophic level of fish species in the
western Indian Ocean, the mean trophic level ( MTL) of 69 years and fishing in the balance index (FiB)
were analyzed to evaluate the development and utilization of fishery resources. The results showed that the
catch showed an increasing trend from 1950 to 2018 in the western Indian Ocean, and the increasing trend
could be divided into three stages including 1950 —1982, 1983 —2005 and 2006 —2018. The catch of small
sardines was the highest in the species from the western Indian Ocean. The MTL of the catch decreased first,
then increased, and then stabilized during 1950 to 2018. According to the above three phases, its average
MTL were 3.49 0. 14, 3.71 £0.06 and 3.71 £0. 03 respectively, and the hich MTL of the catches ( TL >
3.25) were4.04 £0.04, 4.09 £0.04 and 4. 13 £0. 01 respectively. It is found that the average trophic level
fromthe high MTL (TL >3.25) caich and total catch show the similar changing trend (P <0.001). The FiB
index showed an upward trend on the whole, and the mean FiB of three stages were 0.099 8 +0. 165 9,
0.8041+0.184 9 and 0. 978 2 +0. 067 O respectively. According to the analysis, the early catch was
relatively low in the western Indian Ocean from 1950 to 1982, and the MTL and FiB showed a fluctuating
decreasing trend with the increase of the catch of low trophic level such as sardines. From 1983 to 2005, with
the increase of high trophic level catch, MTL and FiB showed a gradually increasing trend. From 2006 to
2018, MTL and FIB were relatively stable at a high value. The resulis show that the fishery resources in the
western Indian Ocean are in good condition, the ecosystem structure and function are stable, and the
resources of western Indian Ocean still have great development potential.

Key words: western Indian Ocean; fishery resources; mean trophic level; resource evaluation
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