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An evaluation of the nutritional structure and function of the typical tropical

natural oyster reef ecosystems in Hainan Island
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Abstract: Human activities have impacted natural oyster reefs globally to varying extents, leading to a severe decline in the
ecological functions of the majority of oyster reefs in China. In this study, we focused on the natural oyster reefs located in
the typical intertidal zones of Longlou, Wenchang (on the east coast) and Haitou, Danzhou (on the west coast) in Hainan.
Using the static model of Ecopath, we compared and analyzed the ecological structure and energy flow of these ecosystems.
The study indicated that the trophic levels of the two oyster reef ecosystems were similar, the food webs were relatively
simple, and the energy conversion efficiency of the first and second trophic levels were low, and both of them were

dominated by debris food chain. The keystone functional groups include gastropods, arthropods, macroalgae and
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phytoplankton. The first trophic level faces an exceptionally intense predation pressure, with the amount consumed reaching
up to 99.48% and 99.16% of the total predation, respectively. The majority of energy within these two ecosystems is
concentrated at the first and second trophic levels, accounting for 99.88% and 99.67% of the total energy flow,
respectively. In the Longlou oyster reef ecosystem, phytoplankton exhibit a stronger bottom-up effect, while the Haitou
oyster reef ecosystem has a higher average energy transfer efficiency, reaching 7.046%. The connectance index (Cl),
system omnivory index (SOI), Finn's cycling index (FCI), Finn's mean path length ( FML) and ascendency (A) of
Haitou were 0.301, 0.111, 23.70%, 4.510 and 39.42%, respectively, which were higher than those of Longlou (0.281
0.110.9.927% ,3.170 and 33.14% ). The TPP/TR (total primary production/total respiration) and TPP/TB (total primary
production/total biomass) value of Longlou are 2.442 and 6.557, respectively, while those of Haitou are 1.026 and 2.927,
respectively, indicating that the oyster reef ecosystem in Haitou exhibits a higher degree of maturity and stability. Research
findings indicate that the two natural oyster reef ecosystems possess a relatively high level of maturity and stability,, with the
oyster reef ecosystem in Haitou showing better health status than that in Longlou. However, both ecosystems are facing an
issue where the energy transfer between the first and second trophic levels is impeded, with the majority of energy being
directed towards detritus. This suggests a scarcity of organisms at higher trophic levels within the systems. Future
management strategies should focus on reducing anthropogenic fishing activities targeting higher trophic level organisms such

as nearshore predatory fish and crabs, to further enhance the stability of the oyster reef ecosystems.

Key Words: Hainan Island; intertidal zone; natural oyster reef; Ecopath
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Fig.1 Opyster reef locations and field images
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Table 1 Main species composition of functional groups of Longlou Oyster Reef

75 Urtiedd FERE
Number Functional group Main species
1 P £ kS A B £ ( Epinephelus fuscoguttatus) a8 ( Acanthopagrus schlegelii) FG G K22 ] ( Apogon doederleini) .z
A > N — .
o B ¥ 1. ( Halichoeres nigrescens) EVEE RIHEE ( Parupeneus indicus) 3231741 i ( Eubleekeria splendens ) %5
S ke Wy T £ ( Siganus fuscescens) | Z i ( Sillago sihama) BELUE IR g ( Glossogobius olivaceus) .5 IRt
2 AR . -
(Abudefduf septemfasciatus)
. N WAL ( Entomacrodus thalassinus) #5355 T 81 ( Siganus oramin) 2B F i ( Siganus guttatus) |7 8§
3 iER e RS «( ) .
ifii ( Osteomugil ophuyseni)
e 40 A F B ( Ozius rugulosus) . TN LI ( Pachygrapsus minutus) | 1807 8 Grapsus albolineatus ) L
4 WY . o 4
18 ( Percnon planissimum ) %5
5 Tl shi M5 (Holothuria atra)
6 LR W4 ( Saccostrea mordax) 55
ke ?ZJ:EEH( Barbatia obliquata) =L ( Trisidos semitorta) HEFE9 ( Hormomya mutabilis) | %5 75 It ( Botula
7 HERFIE . S
silicula ) 5F
H s W W VDA ( Nereis persica) XU IV 4% ( Perinereis aibuhitensis) 35
gt ] 448 5 ( Phascoknma esulenta)
. FLEEWR (Morula granulata) SE5HIR ( Planaxis sulcaturs) (EREE /NG FAR ( Drupella margariticola ) | 528 55 2
10 JiE 2 . P
( Nerita balteata) 55
11 33 S YN AE 528 (Anthopleura asiatica)
1 o W EEES HF A 5 ( Lepidozona coreanica ) | %5 JNHBL 1 U1 ( Copperband busterflyfish ) . 5 Bk #8L 8 U1 ( Patelloida
SRRIIEIR ryukyuensis) JEAE /N UL (Lottia luchuana) %5
13 T sh e 2 (Copepods) , 15[ ( Fish spawns) , 3 & 2% ( Pteropoda) 55
[ 2R A2 (Ulva fasciata) 8B ( Valoniopsis pachynema) | 9% W ( Mastophora rosea) 55 HF % ( Enteromorpha
14 KA B o
clathrata ) %
15 TR LR (green alga) 4
16 REUTIRY) ik A ALK ( Particulate Organic Carbon )
17 IKAARHEJE Wik A MUK ( Particulate Organic Carbon)
x2 BLHIGEIIEEEEMAEER
Table 2 Main species composition of functional groups of Haitou Oyster Reef
F5 ifiedl TR
Group Functional group Main species
N M5 2 40 il ( Takifugu niphobles) 1 FCH 8 ( Lutjanus russellii) \ K3k FE & ( Uropterygius macrocephalus) | #%1
1 PR S o o b it . o
I ( Gymnothorax flavimarginatus ) \BEBEARSE ( Upeneus tragula) | 157 4 BEF ( Epinephelus coioides) 55
) Jefr itk 1 BE FLIEGS ( Valenciennea muralis) | PO HT o] ( Pelates quadrilineatus ) Y £ 4l (Lactoria diaphana) Rt
AR 68T ( Chromis notata) "R HEEASA il ( Monacanthus chinensis) %
A e BT 10 ( Siganus oramin) ST BEEL i 63 ( Blenniella bilitonensis) & 46§ ( Pomacentrus brachialis) | Hij 8§
3 o , ,
i fifii ( Osteomugil ophuyseni)
4 W sh Y ] P51/ ( Eriphia smithi) F8IRJE LU ( Pachygrapsus plicatus) G MR 25 55 ( Pagurisles calvus ) %5
5 LR TR A ( Saccostrea cucullata) %5
R FH il ( Barbatia obliquata) | M1 £ R W U1 ( Hormomya mutabilis ) | J& V-8 8 ( Isognomon ephippium ) | %6 5¢ i i
6 HesEsk .
( Botula silicula)
s XU Bl V0 2% ( Perinereis aibuhitensis) . H A 8.0 %% ( Diopatra sugokai) 55
A n] 135 4% 52 11 ( Phascoknma esulenta)
9 g 2k SEENI ( Planaxis sulcaturs) FiAETE/INH W2 (Lunella coronata) K+E/INEE SR ( Drupella margariticola) \JE¥E
7S WilZ ( Batillaria sordida) BEEZRBENWE ( Nerita balteata) %5
10 T34 SEIM AL 5 5% ( Anthopleura asiatica)
11 Hop ks K TR ( Notoacmea radula) J65E/N15 W (Lottia luchuana) JFRERIEE U1 ( Patelloida ryukyuensis)
12 s 156 JE 2 (Copepods) , F1 5[ ( Fish spawns) , 32 £ 25 ( Pteropoda) 55
13 KAV P ( Colpomenia sinuosa) AL A k6 # ( Padina boryana)
14 TRUEEY) £ (green alga) &5
15 FEUIRY) Biki A ALK ( Particulate Organic Carbon )
16 b QNI ki A ALK ( Particulate Organic Carbon )
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2.1 IR SH

T B IG TEE Y 5 FR G I TE 1.00—3.359 2 [8], ¥ Sk AL Wi ik 1) 75 55 400 FIAE 1.00—3.467 Z[H] (£ 3,
F4) UG 2 NMEBRGRE BRI Y R0 F RS, A S R s b, W E 2 e etk
125 EE {H530°8 0.951 ,0.982, 1S4t ARG b, WS A shi B s RIZ VIR 5K A mE
JE 0 EE {HALTF 0.906—0.996 Z[H],

R3 BEHHHEATSRY Ecopath THEEAE RS

Table 3 Basic parameters of ecopath functional group in Longlou Oyster Reef Ecosystem

=} T B e L

501 lfliitriilnal group T B/(t/km?) P/B(/3) O/B(/a) EE Catch/?gﬁtjkfrfz a™')
1 WPk 3.359 0.026 0.85 9.94 0.687 0.015
2 W 3.356 3.147 2.0 4.0 0.416 —
3 Vs 2.658 25.346 4.80%] 14,51 0.693 0.042
4 Rz S 2.434 0.356 1.6026] 3.70%] 0.645 —
5 JiE 2 2.414 68.800 3.41%] 12.7120 0.951 —
6 H YRS 2.269 0.005 1.44 13.86 0.982 0.007
7 THE M 2.002 0.854 5.63 40.21 0.047 0.055
8 AW 2.000 6546.557 1.131%7] 4.76!77] 0.007 1.042
9 Hesek 2.000 33.637 2.70026] 9.30020] 0.307 —
10 WA s 2.000 2.063 5.8[%] 24.00%] 0.036 —
11 2 2.000 0.284 1.52 11.75 0.854 —
12 HEiks 2.000 145.847 1.09 4.77 0.017 —
13 tealisILY] 2.000 3.011 27.101%] 72.90128) 0.995 —
14 I I 1.000 181.917 238.001% — 0.021 —
15 I 1.000 2.274 1186.00122) — 0.975 —
16 RKEVIRY) 1.000 1512.646 — — 0.635 —
17 TRMTE 1.000 80.376 — 0.222

x4 FLHIFFEA SRS Ecopath THEEAE RS

Table 4 Basic parameters of ecopath functional group in Haitou Oyster Reef Ecosystem

o [ .
({jmi) F?lfl:jinal group I B/ (Vkm?) P/B(/a) O/B(/a) EE Calch/fﬁt*fr?iz a™l)
1 RER RS 3.467 0.077 0.97 9.89 0.371 0.013
2 2% 3.384 0.623 2.00 4.00 0.768 —
3 Vs 2.718 65.946 4.801%) 14.501%) 0.979 0.077
4 ZRET M 2.516 0.040 1.71 18.55 0.188 0.008
5 JE R 2.414 68.483 3.40120 12.7012¢) 0.041 1.920
6 THE M 2.002 0.018 8.89 63.50 0.553 0.087
7 G 2.000 10527.450 1.131%7 476771 0.019 6.000
8 Hesw%k 2.000 822.420 2700201 9.30(%%] 0.057 —
9 7S VRILY] 2.000 9.740 5.800%) 24.00'>! 0.906 —
10 IS 2.000 54.863 1.31 4.90 0.960 —
11 HERksE 2.000 0.573 1.79 12.56 0.035 —
12 s 2.000 4.171 27.101%"] 72.90128] 0.297 —
13 KI5 1.000 140.032 238.00%% — 0.004 —
14 TR 1.000 0.763 1186.00122] — 0.969 —
15 FKEVEY) 1.000 2278.590 — 0.996 —
16 IKIETE G 1.000 78.896 — 0.969 —

TL. &% Trophic level ;B ¥ i Biomass; P . A e Production; Q: THAE Consumption ; EE ; B SRR Nutrient conversion efficiency
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22 KAESH

WA IR KIRA T 21.17—32.32°C Z ], ) 6 A & 2 A BHIRAG, 163k i0ER 5 2 3] B AL T IR K S A )
M6 Sk BRI ER B T Pl R B (R 5) o WA R B R YEEITE 6.00—7.72 mg/L Z[6], pH 1Y
B 7E 8.31—8.77 ZI],

K5 BERERKEHE(CFYEARMERE)

Table 5 Basic hydrological characteristics of reef area ( meantstandard deviation)

it i) A5 B/ C Az AR/ (mg/L)
Time Site temperature Salinity Dissolved oxygen pH
6 H June 3k () 32.32+0.00 31.96=0.00 7.100.05 8.60=0.00
3% (i) 29.76 37.20 7.72 8.46
Ttk 28.88+0.01 37.75+0.05 6.00+0.00 8.50+0.00
11 H November HESS 28.20+0.05 37.05+0.05 6.07+0.01 8.34+0.05
etk 24.00+0.00 32.57+0.01 7.30+0.02 8.31+0.02
2 H February TSN 24.70 38.89 — 8.77
Jerk 21.17+0.00 38.22+0.01 6.94+0.00 8.45+0.01

= REEREAE B 6 H Sk () 15 2 7Sk 1P AT Bl %

2.3 ABRGMRER D)

Bl TR TR, 2 AW AE R R G A S SR N B R B A, 2 AN E R R HT AN E SR
b TR R, RE T EERY AN E BB, R T S SR 530 112068.00 t
km™ a™' 33262.00 t km ™ a” ' (£ 6) , HAEBRG A E(145504.00 t km™ a™") 1Y 77.02% .22.86% , 3k W5

I I E SR B i 435120 93977.00 t km™ a™' 193977.00 t km™ a™' (K 6) , di A=A R G0 Lt fE (154063.00 t
km™a )1 61.00% .38.67%,

B UERYE 2 MES RGN F LY URMGE R IR, ARGk 05 1 E R & =0 33262.00
tkm™?a' 59579.00 t km” a” ' (£ 6) , H AR E E (B:33436.00 t km™ a”', ¥ :60086.00 t km™ a”') A
99.48% 99.16% ., SR AHUETEA S RGN UEFRFWBER M HIFA T, RS 1E R0 0 75 1Y 2
Tt ol 42454.00 t km™ a™' (R 6) , FIATR AR E BT (56882.00 t km™ a™" ) i 74.64% ; 1K T 78 F: 907 1] 1E
JE (AR B R 33227.00 t km ™ a1 JE AT (59445.00 t km ™ a™') 1 55.90%

F6 BIERBHFHESRENZEER (tkm2a")
Table 6 Total energy flow of Haitou and Longlou Oyster Reef Ecosystem

Pl T T S I B S

EE =20 Consumption by predation Export Flow to detritus Respiration Throughput
Trophic level N \ N \ X : y . N :

Tk 53k Jerk gk Tk 3k Tk 5k Jerk 33k
I\ 0.57 0.00 0.00 0.00 2.24 0.10 3.02 0.16 5.84 0.27
] 5.81 0.27 0.031 0.81 60.76 209.10 100.50 296.90 167.10 507.10
I} 167.10 507.00 1.13 7.30  14365.00  26009.00 18729.00  33056.00  33262.00 59579.00
I 33262.00  59579.00  27159.00 872.00  42454.00  33227.00 0.00 0.00 112068.00 93977.00
S Total — 33436.00  60086.00  27160.00 880.10  56882.00  59445.00 18833.00  33353.00 145504.00  154063.00

162 NS RGH MRS IR R Z B ORI ZE 5 . 50 TS IR BRI G A ™ 3 RE RO R A
JeREN 7.69% k0 2.93% (P 2) o e i i 008 FRFe ORI B B SR R 528 IV E SRR Z ],
3.50%, 5 EFRHIRI Y-S LI T #EE , REEMS B A
24 HEERGEEYMLER

RS ] o3 A9 D RELL e 54 Bl e [l 1) ) TR AR A e D BE A A= W [BA B 2 i) )i €2 pih 4k 267 AN ) T RE AL
Z IR i it il (181 3) o 2 DA RGN RE R A& 1 AR 0 - AV 3 Ui A 0 O S A9 O B W A LA
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Fig.2 Energy Flow within the Trophic Tevels of the Oyster Reef Ecosystems in Longlou and Haitou
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Table 7 Comparison of trophic level conversion efficiency between two oyster reef ecosystems
85 Index Je 3k
H YL Trophic level I I v I I v
AP e SRR Producer energy source 1.833 3.429 12.510 2.85 20.49 26.63
T8 RE s R IR Detrital energy source 0.348 3.541 8.264 0.94 13.09 26.65
S Total flow 0.506 3.498 9.876 0.98 13.47 26.65
T8 5 SLRETAL LL Debris ratio to total energy flow 0.66 0.78
%}J%&ifﬂ%&ﬂt»ﬁ(% - 4.284% 11.59%
Primary producer conversion efficiency
ﬁm@?)ﬁ%fh?&? . . 2.167% 6.697%
Conversion efficiency of organic debris
14 79 3%
R RACR 2.595% 7.046%

Total efficiency of system transformation
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Fig.4 Mixed trophic impact of the oyster reef ecosystem of Longlou and Haitou
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RGPS RAR T, 09 49142.078 t km™ a™' il 54102.609
a ', RG G e Al 879.731 t

s R G TPP/TR 43 3 4 2.442 1.026, TPP/TB
TS W EHEARER (CL) (RS2 B84 (SOL) (Finn's JEFFE4L Finn's “FH R K

BEFIEARE(A) 4510 0.301.0.111 .23.70% 4.510 F1 39.42% , Y955 T e # (0.281.0.110 .9.927% .3.170 Fil

33.14%) .
*8 KBE5ELHIFHEA SRS Ecoapth B A4 KI5HR
Table 8 Ecological indicators of Ecoapth Model of Longlou and Haitou Oyster Reef Ecosystem
28 Tt (et R i (k)
Parameter Model output ( Longlou) Model output ( Haitou)

RYREWETETR System energy flow index

S IHFERE Sum of all consumption/ (t km™ a™") 33732.801 60403.949
B Sum of all exports/(t km™ a™!) 27160.199 880.096
JSIEI A Sum of all respiratory flows/ (t km™ a™!) 18832.939 33352.711
WIS S Sum of all flows into detritus/(t km™ a™") 66075.258 59744.250
ARG Total system throughput/ (t km™ a™") 145801.203 154381.000
A2 Sum of all production/(t km™ a™!) 54102.609 49142.078
B BB Gross efficiency 0.00003 0.00024
SS9 4 rR i Caleulated total net primary production/ (t km™2 a™!) 45993.211 34232.449
RS FR i Net system production/ (t km™ a™!) 27160.270 879.731
TB/TR 0.048 0.076
ARG EHEFEAR System stability index

TPP/TR 2.442 1.026
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TPP/TB 6.557 2.927

RGN TR AR System maturity index

CI 0.281 0.301
SOIL 0.110 0.111
FCI 9.927% 23.70%
FML 3.170 4.510
A 33.14% 39.42%

TB/TR . @AYt/ S Total biomass/total throughput; TPP/TR : B#I A = 1t/ BIFI & Total primary production/total respiration; TPP/TB
BRI R/ B Total primary production/total biomass ; CI; #3454 Cornectance Index; SOI: R EHE4L System omnivory index; FCI; Finn, s
TEFFEEL Finn's cycling index ; FML: Finn's SR 12R K Finn's mean path length;A;%ﬁE Ascendency
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