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Tab.1 The relative biomass of Yellowfin and Bigeye
tuna by three models in 2017

VY g

Yellowfin tuna

KIRGH

Bigeye tuna

KRR AR RAMER MK
Large Small Large Small

T Sy EI L
Model Proportion

size/t size/t size/t size/t

o =
Ui 1 I 1997 4500 5680 8900 9800

Model 1 AERIE

B 2 _

Model 2 1:4 203 8144 3756 15024
iRl 3 '

Model 3 1:5 1696 8483 3130 15650
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Fig.1 Eastern Pacific Ocean ecosystem
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Tab.2 Matrix of diet composition for the balanced Eastern Pacific Ocean ecosystem model
W Prey i & # Predator
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 Pursuit Birds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002 O 0 0
2 Grazing Birds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 Baleen Whales 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Toothed Whales 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 Spotted Dolphin 0 0 0 0 0 0 0 0 0 0.003 0 0 0 0 0.003 0 0 0
6 Meso Dolphin 0 0 0 0 0 0 0 0 0 0.012 0 0 0 0 0.017 0 0 0
7 Sea Turtles 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.006 0 0 0
8 Lg Yellowfin 0 0 0 0 0 0 0 0 0 002 0 0 0 0 o001 O 0 0
9 Lg Bigeye 0 0 0 0 0 0 0 0 0 002 0 0 0 0 o001 O 0 0
10 Lg Marlins 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 Lg Sailfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 Lg Swordfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 Lg Dorado 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 Lg Wahoo 0 0 0 0 0 0 0 0 0 0 0.005 O 0 0 0 0 0 0
15 Lg Sharks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 Rays 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 Skipjack 0 0 0 0.04 0.001 O 0 0.005 0 0.218 0.01 O 0 0.0440.139 0.002 0.005 0
18 Albacore 0 0 0 0.005 O 0 0 0.0010.0010.005 0O 0.005 0 0 0.005 0 0.0010.001
19 Auxis 0 0 0 0.06 0.058 0.01 O 0.542 0.02 0.22 0.105 0.001 0.035 0.228 0.051 0.1 0.542 0.02
20 Bluefin 0 0 0 0.001 0 0 0 0.000 0 0.006 0 0.0010.0010.0030.002 0 0.001 O
21 SmYellowfin 0 0 0 0.005 O 0 0 0.000 0 0.251 O 0.0210.0140.1130.09 0 0.001 O
22 SmBigeye 0 0 0 002 0 0 0 0 0 0 0 0.022 0 0.007 0.01 O 0 0
23 Sm Marlins 0 0 0 0 0 0 0 0 0 0.0050.005 0 0 0 0.003 0 0 0
24 Sm Sailfish 0 0 0 0 0 0 0 0 0 0.0050.005 0 0 0 0.003 0 0 0
25 Sm Swordfish 0 0 0 0 0 0 0 0 0 0.0010.000 O 0 0 0.001 O 0 0
26 Sm Dorado 0 0 0 0.01 0.011 O 0 0.004 0 0.0240.046 0 0.0180.0220.019 0 0.004 O
27 Sm Wahoo 0 0 0 0.015 0 0 0 0 0 0.0240.031 0 0 0.001 0.4 O 0 0
28 Sm Sharks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29 Misc. Pisc 0 0 0 0.05 0.01 O 0 0.017 0.063 0.025 0.25 0.002 0.049 0.056 0.04 0.026 0.017 0.063
30 Flying fish 0.55 0 0 0.02 007 O 0 005 0 0.006 0 0 0.5510.1520.011 0.05 0.05 O
31 MiscEpi Fish 0.05 0.05 0.114 0.09 0.088 0.176 0.05 0.2850.093 0.06 0.073 0.273 0.064 0.13 0.392 0.537 0.285 0.093
32 MiscMeso Fish 0.05 0.3 0 0.0380.1580.541 0 0.048 0.09 O 0.369 0.005 0.146 0.073 0.011 0.01 0.048 0.09
33 Cephalopods 0.35 0 0.02 0.646 0.597 0.253 0.05 0.036 0.713 0.095 0.09 0.604 0.107 0.125 0.115 0.25 0.036 0.713
34 Crabs 0 0 0.026 0 0 0.02 0.1 0.008 0.2 0 0 0 0.015 0.046 0.014 0.016 0.008 0.02
35 Mesozooplankton 0 0.3 0.8 0 0.006 0 0.4690.001 O 0 0.0060.066 0 0 0 0.0090.001 0
36 Microzooplankton 0 026 0 0 0.001 O 0.3010.001 O 0 0.04 O 0 0 0 0 0.000 0
37 Lg Phytoplankton 0 0 0 0 0 0 003 0 0 0 0 0 0 0 0 0 0 0
38 Sm Producers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 Detritus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
40 Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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6 1 TLEETN , 55 3L T Ecopath [FHF 7 KO- AE S R G RIM A S Hu i 925
CHERD -
o i Predator
BEIEL# Prey 19 20 21 2 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 Pursuit Birds O o0 0 0 0 O 0 0 00000 0 0 0 0 0 0 0
2 Grazing Birds O 0o 0 0 0 O 0O 0 0000 0 0 0 0 0O 0 0 0
3 Baleen Whales o o 0o 0 0O O O 0 O O O 0 0 0 0O 0 0 0
4 Toothed Whales o 0o 0o 0 0O 0O O 0O O 0O O 0O 0 O O 0 0 0
5 Spotted Dolphin O 0 0 0 0 O 0O 0 000020 0 0 0 0 0 0 0
6 Meso Dolphin O 0o 0 0 0O O O 0 00008 0 0O 0 0O 0O 0 0 0
7 Sea Turtles o o 0o 0 0O O O 0 O O O 0 0 0 0O 0 0 0
8 Le Yellowfin 0o 0 o0 ©0 00 O O O O O O 0 0 0 0O 0 0 0
9 L Bigeye 0O 0 0 0 000 0O O O O O O 0 0 0 0 0 0 0
10 Lg Marlins o o 0o 0 0O O O 0O O O O 0 0 0 0O 0 0 0
1 Lg Sailfish o o 0o 0 0O O O 0 O 0O O 0 0 0 0O 0 0 0
12 Lg Swordfish o o 0o 0 0 O 0O 0 0O O O 0 0 0 0O 0 0 0
13 Lg Dorado 0O 0 0 0 005 0 0O 0 0 O O 0 0 0 0 0 0 0
14 Lg Wahoo 0O 0 0 0 000 0O O O O O O 0 0 0 0 0 0 0
15 Lg Sharks o 0o 0o 0 0O O O 0O O O O 0 0 O 0O 0 0 0
16 Rays o o 0o 0 0 O O 0O O O O 0 0 0 0O 0 0 0
17 Skipjack 0 0.030.02 0 0050006 0 0 ©0 0122 0 0 0 0 0 0 0 0
18 Albacore 0 0 0 00000 O 0 0O O O 0 0 0 0 0 0 0
19 Auxis 0 0.003 0.1 0 0.2030.071 0 0.050.1190.0460.08 0 0 0 0 0 0 0
20 Bluefin 0 0 000 0 0000 0O 0O 0 0 0000000 0 0 0 0 0 0 0
21 SmYellowfin 0 0 000 0 009 0 0 0 0 037000 0 0 0 0 0 0 0
» SmBigeye 0 0 0 0 005 0 0O 0 00090 0 0 0 0 0 0 0 0
3 Sm Marlins 0O 0 0 0 000 0O O O 00030 0 0 0 0 0 0 0
2% Sm Sailfish 0O 0 0 0 000 0O O 0O 00030 0 0 0 0 0 0 0
25 Sm Swordfish 0 0 0 0000 0O 0O 0 0000 0 0 0 0 0 0 0 0
2% Sm Dorado 0 0 0 0 01001 0 002007008 0 0 0 0 0 0 0 0
7 Sm Wahoo 0 0 0 0 0050020 0 0 0 005 0 0 0 0 0 0 0 0
28 Sm Sharks 0 0 0 000050 0O 0O 0O O O 0 0 0 0 0 0 0
29 Misc. Pisc 0 0.0170.007 0.02 0.15 0.1 0 0.0740.0740.036 0.01 0.62 0 0 0 0 0 0
30 Flying fish 0.55 0 0.0720.035 0 0 0 0.4390.15 0.0l 0.0503% 0 0 003 0 0 0
31 MiscEpi Fish 0.05 0.2 0.3720.218 0.13 0.2 0.66 0.118 0.48 0.184 0.43 0 0.04 0 025 0.1 0 0
2 MiscMeso Fish ~ 0.05 0 0.2520.575 0 0.419 0 0.1210.03 0 007 0 0 0 042007 0 0
33 Cephalopods 0.35 0.007 0.18 0.132 0.1 0.1020.2340.146 0.12 0.097 0.06 0 0 0 0.15 0.0 0 0
34 Crabs 0 01 00002 0 0 0 002 0 002018 0 0005 0 005 0 0 0
35 Mesozooplankton 0 0.030.02 0 0 003016 0 0 0 006 0 0.4750.640.0720.456 0 0
36 Microzooplankion 0 0 000 0 0 002 0 0 0 0 004 0 028 0.3 0.0480.2640.69 0
37 Lg Phytoplankion o 0o 0o 0 0 O 0O 0 O 0O 0O 0 02 0 0 01034 0
38 Sm Producers o 0o 0o 0 0 0O 0O 0 0 O O 0 0 0 0 0 0 1
39 Detritus o o 0o 0 0O O O 0O O O O 0 0 0 0O 0 0 0
40 Sum | | 1 1 1 1 1 1 1 | | 1 1 1 1 1 1 1
. R 2. RO 3 AT 4 Bk 5. BENEIK: 6 BN, 7.1 8. KMIEMR A s 0. KAKIA R 10 KD
s 11 RAUE AR 12, RAGI 13, RALELEK; 14, RAURIER ; 15, KA M 16. fi55; 17. 6k 18, KEE AR ; 19. gk ; 20. PHE 440
s 21 NI BE A A A1 5 22 /NEICHR A f; 23, /N £ 5 24 /J\??‘Jﬁﬁ L 25 NS ; 26. NEUBILER; 27, /NEIRIGE ; 28, /N £
29-%%**@?*@2%4%; 30-7£ﬁi;31-?%**J;E§ﬁi?§;32-%%%*‘PE§£&4§;33-%&5%?@;34-5&3@;35-7?ﬁﬁ2ﬂ%ﬂ;36-hﬁﬂﬁ FiEsh#; 37. KAV

Wt 5 38. /NI P23 5 39, B

Notes:1. Pursuit Birds; 2. Grazing Birds; 3. Baleen Whales; 4. Toothed Whales; 5. Spotted Dolphin; 6. Meso Dolphin; 7. Sea Turtles; 8. Lg
Yellowfin; 9. Lg Bigeye; 10. Lg Marlins; 11. Lg Sailfish; 12. Lg Swordfish; 13. Lg Dorado; 14. Lg Wahoo; 15. Lg Sharks; 16. Rays;
17. Skipjack; 18. Albacore; 19. Auxis; 20. Bluefin; 21. Sm Yellowfin; 22. Sm Bigeye; 23. Sm Marlins; 24. Sm Sailfish; 25. Sm Swordfish;
26. Sm Dorado; 27. Sm Wahoo; 28. Sm Sharks; 29. Misc. Pisc; 30. Flying fish; 31. MiscEpi Fish; 32. MiscMeso Fish; 33. Cephalopods;
34. Crabs; 35. Mesozooplankton; 36. Microzooplankton; 37. Lg Phytoplankton; 38. Sm Producers; 39. Detritus
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Number represents functional group
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Fig.2 Energy flow diagram in the 2017 Ecopath Ecosystem model of the eastern Pacific Ocean
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IhEesH Functional group [ Positive
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Fig. 3 Mixed Trophic Impact in the eastern Pacific Ocean Ecopath model
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2.3 RBILLE
2.3.1 2017 4EHE% 5 1997 AREAREA [ 4%

F3INRK TP HEAT RGBSR
FHESHEOO H . 2017 AEREAY Y 3R 50 S i AH 4L
T 1997 AEBEBIIE N T 8. 5% , KW R G MAL AL
K 52017 AEBERYGE ) B 4 BN 3,310 x 10° v/
(km - a),1997 44 3.079 x 10* t/(km - a), 3
WA B 22 1Y) e T A ) 150 S VA 0 A R S 1Y PR
W, BVHEA R GE ) FEE BT, AR T R G
FIH

2017 4 Ll 1997 4F /) 240 A 7 1/ S i

T (total primary production/total respiration, TPP/

TR) {HFEAR T 35.9% AHZJRIZ KT 1, R W%
RGAAEREREEFIR. 7o, BEAID RG 54
724 (net system production , NSP) {5 # %5 & , 1811
EBRGAA B R R R A RA A 1E
FRGUHY R T T, 2017 AR Y R G 4
( connectance index, CI) M\ 0.22 315 0. 27, &
G2 B T8 %X (system omnivoryindex, SOL) t1E i1 T
23.8% , R WK DI REZH Z (B 2 ¥ W 1) 5 4%, tE
BRGEMAFESR R, 2017 4 Finn” s 455K
(finn” seycling index, FCI) 5 &, H#)/NF 0.1, 3%
BHIZ I S5 A R B P PR R AL, R G
5%

R3 1997 FREH 2017 FRBETRFESHFESHEER

Tab.3 Comparison of statistics for eastern Pacific Ocean Ecopath model between 1997 and 2017

F5: 2% System statistics

157 Model
1997181 2017

Z G Total system throughput/[t/(km « a) ]

1255 876 992 1362 275 090

ARG5S 774 Sum of all Production/[ t/(km + a) ] 729 791 232 804 865 715

JEA PRI B Sum of all Respiratory flows/[ t/(km - a) ] 246 167 200 226 406 148

Vi 8] 5 B Sum of all Flows to detritus/[ t/(km + a) | 307 958 496 330 987 651

Z 5t M & Sum of all exports/[ t/(km + a) ] 16 395.21 15 679. 64

B # 4 Sum of all Consumption/[ t/(km + a) ] 701 734 784 3930 683

Z 4544 77 i Net System Production( NSP) /[ t/(km « a) ] 307 961 696 343 593 956
BRI L TR/ BRI & Total Primary Production/Total Respiration( TPP/TR) 2.25 2.59
BRIH A TR AW Total Primary Production/Total Biomass( TPP/TB) 50.91 32.59
AR -1 F7 9% Mean Trophic Level of the Catch 4.69 4.02
RSB EETEE Connectance Index( CI) 0.22 0.27
RS I TEE System Omnivory Index( SOI) 0.26 0.32
Finn’ s fEH45%C Finn’ s Cycling Index( FCI) 0 0.06

2.3.2 3 AR[RAE Y AR RL 4 R0 L
HR A5 ¥ £ N CHR 4 46 F KA NAMEASTR]
Sy EIELBIFGEEY 3 AR (R 5) R T8
TR T , WE TR IR e bR 2
PRk J A o Y 2 AR fb I B B K H
WA UL AV 3 % 9% 1) 1 R Ik 7 b 503 A X 85 e
15 7 R G R] ) RE I A ASCR AR R B AR A
— W BE OB EAN, TR RAEE SR 1A
1], 2050k 23.15% F#120.29% 5 B 5548 V 14
AR, AL 2. 92% o FEBIHY 2 FIRLAY 3
W R A BN TS SRR R IR AR 43 R
20. 14% F119. 45% , i 8 21465 115 95 9 A s e
R A 15.86% F1 15.32% , 72 B 136 g 4 1) = Pk
WA A, S5 A, PIRD 32 22 A0 f R[] K/
AN A P EE AR A X AR S R G A AT AR B
. MRIEESEFERERRN 02—
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Tab.4 Comparison of transfer efficiency of discrete
trophic levels in Eastern Pacific

Ocean ecosystem in three models

FiI 1 Model 1 55712 Model 2 #5571 3 Model 3

BRE A " : " "
/:,:‘.P: = [ tl;.fg # e /:IIF’: # e JE
TL  Primary . Primary . Primary .
Detritus Detritus Detritus
producer producer producer

23.15 18.32 20.14 15.86 19.45 15.32
20.29 17.68 27.59 21.74 23.26 18.78
14.10 13.44 18.23 16.37 21.79 17.53
8.547 10.93 13.37 12.68 14.37 13.75
2.92 2.74 6.26 7.32 5.69 4.97
VI 2.96 3.56 3.50 5.48 2.87 2.63
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W], RS R G — D2 iP5 R o
FHEE RS R G Ml Al 455 0 K 40 1) 1 26
IR 2R B0 5500, RO 425 0 B 1R 34 K, 2
A 252 B 2 X W T R 2 8k
DIReREAR R EE (Bl R . SCsER 2 AE R R
G rp R W e AR R A A (AR £ 1 ) R 6 A
P, E B SBUAES R G A ERAN
ARAE S MTICE 3) LA AR S 05 R A
HZ AR R (B 4) #RY] TIREBEAR SR
25 Hh g SRR, R R 250 72 Akt Aty o A
FEAL T BEANES R G AR T ZAE .
TPP/TR AR T 1, Ui RE I A B Z TR
REHRERINHRE ™,

WA HENT 2017 AF AR KA S R S Ecopath
BEAL, XL 20 4F 2R 2R R 1 A2 28 R Ge AR B 11 5
FRES (3 3) v LAIK I, 2017 ARG R
B Ko AT EE A B 0 8 7 SR Rt 28 (4t f)
(AW ] DL I, B0 A A0 | K B AR £ D
SRR A 015 A7 A A [R) 2 B A a2, g it
R L U B8 4 M A, A EL 1997 AR A T
30.7% . x5 PREIKSHOT %) 7£ 2013 4F [ 1f
FEERYIG, SCHEE HIRIR B AE 1980—2010
A ) R 7 SRR A IS ) A ) e S I R )
VAR PSS RRGERRALNZRER
TEOLIEAAHRT o oAb, HAR Y B TR A8t 2
RKEA S RGHE ALY B 23 3, 2003 4F
HAR Y 7 1978 TR O 4. 685,2017 4E /N 1
14.1% ,3x 5 PAULY %520 )00 gk ) F 8 57
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FERG KL S TR S B R A 1950 4E3) 1994
AR B E TR TR 10 4R RR0. 05, i%
B RGE TR AR R %2 2 55
FA N Z S R AR

EABRG W FE & %+, TPP/TR [ TPP/TB
S RAEAR K, B LB YIE, TPP/TR (F){H Tt
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UL 77, TPP/TR 3% #8282 19

CHRISTENSEN 22/ 55 i+ e % 41 FpOR | (19 48 2
245 Ecopath #7228 TPP/TR #1 TPP/TB n] {E
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i (NSP) S8 RAE R GE UL B H S48 bR . TEAL
AES ARG, REEA 2R W7 5 A
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NARP A RE SR L A S MR L TPP/
TR {E SN 310 2. 251 F12. 593, 0 RGP
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Construction and historical comparison of ecosystem structure of the eastern
tropical Pacific Ocean based on Ecopath model

FENG Huili', ZHU Jiangfeng'*, CHEN Yan®

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries
Exploitation, Minisiry of Agriculture and Rural Affairs, Shanghai 201306, China; 3. College of Marine Ecology and
Environment , Shanghai Ocean University, Shanghai 201306, China)

Abstract: The 2017 East Pacific Ocean Ecosystem Ecopath model was established and compared with that in
1997. The results showed that: the overall energy conversion efficiency of the ecosystem was 18.78% ,
indicating that the energy utilization efficiency had reached the optimal level. The evaluation of the ecosystem
structure and function showed that the System Omnivory Index and the Connectance Index were 0.323 and
0.272, respectively. The indices indicated that the cohesion degree of the functional group and the complexity
of the food web structure were low, which showed that the ecosystem in our study was susceptible to external
environmental factors and fishing pressure. The ratio of total primary production to total spirometry was
2.593, which revealed that the ecosystem was immature. The total system flow, total biomass, and total
circulation flow indicators were compared between the two phases, and the ecosystem scale and the food web
complexity increased in 2017 and the maturity which was still in the development stage. It was assumed that
there are uncertainties in the production statistics of large and small-sized individuals of yellowfin tuna and
bigeye tuna. Three ecosystem models at different levels were constructed, which showed that the statistical
error in production significantly affected our understanding of the ecosystem structure. Therefore, the trophic
structure of different size groups and their impacts on the ecosystem should be fully considered.

Key words: eastern Pacific Ocean; Ecopath model; food web; ecosystem
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