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Fig.1 Port distribution in coastal area of Peru
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Tab.1 Relationship between sea surface temperature and catch or
effort data at anchoveta fishing ground in different fishing seasons

25— a2 First fishing season

% — ¥ 2 Second fishing season

4 A 5H 6 H 7H 11 H 12 A 1A
W TR April May June July November December January
Sea surface i i . e .
temperature/ . WHERE 0, kRt 00 ekt OO it OO g SO e JBO een M
Catch/ R Catch/ % JJ Catch/ %}J Catch/ ks Catch/ F ik Catch/ %k Catch/ 5k
% Efforl/ % Effo. rl/ % Effo ‘l/ % Effort/ % Effo 11/ Py Effort/ 07/ Effort/
v % v % v % v % ? % ? % ¢ %
15~16 0.00 0.00 0.00 0.00 2.11 1.75 0.71 0.50 0.00 0.00 0.00 0.00 0.00 0.00
16 ~17 0.00 0.00 1.77 1.26 18.09 17.83 22.06 19.33 5.39 6.54 0.00 0.00 0.00 0.00
17 ~18 2.31 1.72 9.59 8.48 18.28 16.20 25.53 28.88 42.81 42.86 0.34 0.34 0.00 0.00
18 ~19 17.55 11.73 26.04 22.47 26.71 26.04 27.93 26.91 30.08 29.49 7.63 8.90 0.00 0.00
19 ~20 39.13 38.62 23.12 23.48 13.47 14.13 10.05 10.04 13.97 13.20 27.62 24.82 22.88 16.14
20 ~21 28.94 27.96 30.03 33.11 7.08 6.67 6.34 5.01 7.07 7.00 51.11 50.36 18.64 15.81
21 ~22 9.69 16.07 4.93 5.30 8.49 11.01 7.25 9.25 0.68 0.91 11.78 12.97 28.58 29.62
22 ~23 2.37 3.89 4.18 5.64 1.8 2.55 0.13 0.08 0.00 0.00 1.52 2.61 27.83 36.72
23 ~24 0.01 0.01 0.19 0.10 3.8 3.82 0.00 0.00 0.00 0.00 0.00 0.00 1.61 1.35
24 ~25 0.00 0.00 0.15 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.36
Hi AT, P25 ) Wity SSH GG Oy 29 ~41 em RYTEN

AR e L i i A A DX SR B e SSH
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Tab.2 Relationship between sea surface heightand catch or
effort data at anchoveta fishing ground in each fishing month
%[—aZ First fishing season %5 " faZ Second fishing season
4 H 5H 6 H 7H 1A 12 H 1 H
V2 1 April May June July November December January
Sea surface 3 3 s o .

heighvem 03600 agene O e WP e U e Y sgen S sagen JBOT
Catch/ it Catch/ Fyit Catch/ Fyit Catch/ gk Catch/ gk Catch/ 5yt Catch/ Z it

o Effort/ o Effort/ o Effort/ o Effort/ o Effort/ o Effort/ o Effort/

v % v % ’ % v % ¢ % ¢ % ¢ %
20 ~23 0.00 0.00 0.00 0.00 0.00 0.00 0.83 1.91 0.00 0.00 0.00 0.00 0.00 0.00
23 ~26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.27 1.42  0.00 0.00 0.00 0.00
26 ~29 0.78 1.44 2.62 3.41 4.44 4.96 5.51 7.03 3.00 3.89 2.93 1.98 0.00 0.00
29 ~32 10.23 11.80 19.11 20.95 17.43 18.17 27.69 29.44 16.87 19.36 32.94 33.37 0.09 0.03
32 ~35 22.31 24.03 18.70 19.95 20.52 20.63 20.42 19.85 42.08 38.92 19.41 20.15 60.49 65.65
35 ~38 46.69 44.40 27.35 25.05 21.01 20.30 16.02 16.16 26.56 26.63 15.06 15.00 36.57 33.03
38 ~41 13.44 12.56 15.73 15.14 18.10 17.24 14.95 9.55 9.25 9.05 21.80 21.46 2.85 1.29
41 ~44 4.82 4.49 10.27 9.11 8.00 8.15 0.83 0.53 0.97 0.73 7.62 7.83 0.00 0.00
44 ~ 47 1.42 1.04 4.26 4.14 10.50 10.55 13.75 15.53 0.00 0.00 0.00 0.00 0.00 0.00
47 ~50 0.31 0.24 1.96 2.25 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.21 0.00 0.00
2.1.3 AR ARSI S Chl. a RR 88.31% )5 %% 14 Fir o L #4390 4 58.70%

55 SST J% SSH 2841, 2% A i 3fe i Fi4555 71
RTE Chl.aj:lﬁl‘]ﬁ?ﬁ%%ﬁzlﬂ‘ﬁlﬁl fﬂxlﬁlﬁ?ﬁ
Aty Chl. a AR (£3) o H—ifiZ=(4—
7H), % A Chl. a E‘J?Blﬁﬁ?{)\jﬂ 0 ~10
mg/m’ 0 ~7 mg/m’ 0 ~6 mg/m’ 10 ~4 mg/m’,
SEE Chl. a JEEIMKIK 5 ~10 mg/m3 0~5 mg/
m®.0~3 mg/m3 0O ~2 mg/m LR i
e L EAK IR B 66. 24% 88. 59% .82. 39% FI

89.03% 84.38% 190.56% , 45 — a2 ( 11—k
1 1), 4% H g0 Chl. aJg AR N 0 ~ 10
mg/m’ .0 ~10 mg/m’ 10 ~7 mg/m’ & EL Chl. a
BRI NT ~5 mg/m3 0~5 mg/m3 M2 ~5
mg/m’ , it AR BE 5 OB M AR B H IR RO

77.24% [71.42% F1 69.77% , $¥s 4% S ir 5 e
K 78. 62% 65.05% F156.82% .,

®3 BEAMBERaRESUEREFERENBHENENXR

Tab.3 Relationship between Chl. a and catch or effort data at anchoveta fishing ground in each fishing month

#F—¥faZ= First fishing season

% a2 Second fishing season

4 H 5H 6 H 7H 11 A 12 A 1A
April May June July November December January
M a R : : : : :
Ot o/ Cog/®) et W e B e MO men e P e B9 pem P
Catch/ 551tk Catch/ 5kt Catch/ 5yt Catch/ 5yt Catch/ 5t Catch/ 5tk Catch/ 51t
% Effort/ % Effort/ % Effort/ % Effort/ % Effort/ % Effort/ % Effort/
% % % % % % %
0~1 9.87 16.27 14.83 20.46 39.70 42.73 62.32 69.60 5.81 7.51 9.54 14.09 8.12 15.73
1~2 4.81 5.77 14.11 13.91 27.99 26.98 25.99 20.96 27.71 28.54 18.85 18.50 5.83 6.81
2-~3 7.54 7.95 22.34 21.40 14.70 14.67 3.58 1.97 19.39 23.37 26.02 24.88 11.08 9.35
3~4 4.22  5.39 19.09 17.73 5.74 5.26 6.65 5.66 12.39 11.16 9.72 8.64 21.31 13.22
4-~5 7.32  5.92 18.22 15.53 7.99 6.87 0.00 0.00 17.75 15.55 16.83 13.03 37.38 34.25
5~6 22.50 18.20 9.46 8.81 3.8 3.49 0.00 0.00 8.59 6.26 8.41 8.13 1.38 1.3l
6~7 10.03  9.27 1.95 2.16 0.00 0.00 0.00 0.00 5.26 4.84 2.63 4.04 14.90 19.33
7~8 10.90 11.53 0.00 0.00 0.00 0.00 1.46 1.81 0.61 0.92 0.00 0.00 0.00 0.00
8~9 6.82 6.34 0.00 0.00 0.00 0.00 0.00 0.00 1.43 1.07 5.27 5.32 0.00 0.00
9~10 15.99 13.36 0.00 0.00 0.00 0.00 0.00 0.00 1.06 0.78 2.73 3.37 0.00 0.00
http: //www. shhydxxb. com
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i Eal g, P37 Chl. a YE@F@H fir HARRAE 1 ALISH, S—iads 4—7 H R
A A 5% B 72 i 4 /) 14 3, (ELE & 11 A& E SST Al 4R g P M 35 4R (D <
Chl. a JuHIHEH A 102 8 221K M*{ﬁﬂ"rﬁ%L 0.05) ;bR T URAFE 1 H LIS, 55— 2 4—T7 F Al
B Chl. a Ju[IkEE H 02w fE0CAF | HEERTE 58 i Zs 11—12 HHRiE SSH al {2 . ifa

Chl. a BRI AIFEHR (D <0.05) s 55—/ 4—7 A IS —iff
2. 1.4 25 SR ek UG R ) TT—AE 1 ARYIEE Chl. a al/E L

25 FRUMT BT (R 4) NN BR T 12 ER(D <0.05) .

x4 EGBFARERTFEELEZRERINELRRER (BEEMKTE «=0.1)
Tab.4 Results of empirical cumulative distribution function test to

ocean environmental variables optimum ranges ( significant level: a=0.1)

W IR Sea surface temperature MR JE Sea surface height 4% a #J¥ Chlorophyll-a
165 Month AR Catch  fifi%5 Jy i Effort  #3RIE Catch B85 Jrht Effort  ¥agfiht Catcch  #fi$i %5 Ju &t Effort
D P D P D P D P D P DI P

D (a/2) D (a/2) D (a/2) D (a/2) D (a/2) Dvalue (a/2)

4 H April 0.32 0.20 0.29 0.32 0.26 0.43 0.27 0.42 0.24 0.64 0.18 0.88

5 H May 0.28 0.37 0.25 0.49 0.27 0.41 0.27 0.39 0.22 0.73 0.21 0.76

6 H June 0.18 0.89 0.18 0.85 0.21 0.71 0.22 0.69 0.26 0.52 0.29 0.39

7 H July 0.23 0.59 0.23 0.58 0.25 0.48 0.22 0.67 0.37 0.14 0.38 0.11

11 A November 0.28 0.34 0.29 0.33 0.31 0.26 0.29 0.32 0.18 0.91 0.20 0.81
12 A December 0.32 0.22 0.30 0.29 0.25 0.50 0.27 0.38 0.21 0.75 0.17 0.93
1 A January 0.36 0.11 0.35 0.13 0.44 0.03 0.46 0.02 0.20 0.81 0.18 0.89

2.2 fefRifaly CPUE S5 EERERFH SST Ju 433 17 ~23 °C (16 ~24 C (15 ~23 C

X&E F1 15 ~22 °C, HF4#4 CPUE 7E 100 ~300 v/t ;45
H ] 2 AT 55— R 4—T a1 a5 H ) SST Y 73 16 ~22 °C |
_w 4 pprit 5H May 0 6 June
: E:
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£ MM 0 s S
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R 0 VERTTTRE WRIRE
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S w0
<
o | H n
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TR
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The error bars represent the standard deviation
B2 RABREERESHWERES CPUE XR
Fig.2 Relationship between the sea surface temperature
and anchoveta fishing ground CPUE in each fishing month
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The error bars represent the standard deviation
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Fig.3 Relationship between the sea surface height and anchoveta fishing ground CPUE in each fishing month
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Fig.4 Relationship between the Chl. a and anchoveta fishing ground CPUE in each fishing month
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Relationship between the variation of Peru coastal Engraulis ringens fishing
ground and oceanic environmental factors

CHEN Peng', CHEN Xinjun'?*?

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory for Marine Fisheries

Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266207,

Shandong ,China ; 3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Ministry of Education, Shanghat
201306, China; 4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 5. Key Laboratory
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Abstract: Anchoveta ( Engraulis ringens) is a small pelagic fish living in the coast of Peru and Chile.
Understanding the variations of fishing ground and its relationship with oceanic environmental factors is
beneficial to resource development. Based on the anchoveta fisheries data along the Peru coast from 2005 to
2014 and the oceanic environmental data including sea surface temperature (SST) , sea surface height (SSH)
and chlorophyll-a ( Chl. a) derived from satellite remote sensing, the variations of fishing ground and its
relationship with oceanic environmental factors in the two fishing seasons (the first; April-July; the second:
November-next year January) was analyzed. Results showed that the ranges of optimum oceanic environmental
factors had differences in each fishing month. There was a decreasing trend of optimum SST range as month
passed in the first fishing season and an increasing trend in the second fishing season. Each fishing month in
both fishing seasons nearly had the same optimum SSH range (29 cm to 4lcm). Optimum Chl. a range
showed a decreasing trend in the first fishing season and an increasing trend in the second fishing season.
Empirical cumulative distribution function test suggested that the optimum oceanic environmental ranges in
most fishing months could be the indicators of central fishing ground. But there was no certain form of catch
per unit effort along these factors. The studies indicated that, to better understand the variations of anchoveta
fishing ground, we should emphasize the annual variation of stock dynamics and other changes in the ocean
environment should be emphasized.

Key words: Engraulis ringens; Southeast Pacific Ocean; variations of fishing ground; oceanic environmental

factor
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