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Abstract

A large population of the blue-green damsel (Chromis viridis Cuvier, 1830)
inhabits the small embayment encompassing the water inlet of the Third Nuclear
Power Plant at Nanwan, southern Taiwan (21°57'N, 120°45'E). This damselfish
mainly feeds on zooplankton. Continuous water flow in the embayment brings in its
food. The fish spawns yearly round in this area. To study the energy allocation for
reproduction in the blue-green damsel in this environment, monthly specimen
collections were made during January 2011 and February 2012, and data on the C/N
ratio, stable isotopes of 8"°C, 8'°N in white muscle, liver and gonad were gathered

from both sexes for analyses.

The C/N ratio in female’s gonad was positively related with the gonadal somatic
index (GSI), while the relationship was negative in the male. Due to that the §"°C
tends to be affected by the C/N ratio in the tissue, calibration of the '°C was made

(denoted as 8'"°C") according to the corresponding C/N value for further comparisons.

In the male, both positive and negative values occurred in the difference of §'°C'
between gonad and liver (viz., 8"°C' in gonad minuses 8"C" in liver) and its
distribution seemed not affected by the GSI, showing that the organic carbon in the
gonad might not have directly come from the food through the transfer of liver.
Meanwhile, negative values occurred in the majority of the difference of '°N, and the
distribution again was not affected by the GSI, showing that the organic nitrogen was
transferred from liver to gonad for development and the transfer was not governed by

the size or the developmental stage of the gonad.

In the female, the difference of '°C' between gonad and liver showed that: for

v



GSI =3, both negative and positive values occurred, where they centered in zero but
were distributed in the range of about 3%eo; for GSI > 3, more negative values occurred
and distributional range was smaller. This might be due to that: despite that both
undeveloped gonad and discharged ovary bore low GSI, their organic carbons might
have stemmed from different origins. The undeveloped gonad might bear organic
carbons with heavier (hence positive values) §"°C' signatures. These organic carbons
were not newly transferred from the liver. By contrast, the discharged gonads
contained remains of the developed ovary that bore lighter (hence negative values)
signatures because the organic carbons mainly originated from the liver. The latter
case also explained sufficiently the situation of GSI>3. In the difference of §"°N,
positive values prevailed, indicating either that the organic nitrogen for the ovary
development might not come from the liver, or that the liver did not provided the

gonad with the nutrients newly obtained from the food.

In the blue-green damsel, the energy demanded for reproduction might have
eventually come from foods through the transfer of the liver. However, the way of
energy allocation seemed to differ between sexes. Mechanisms underlying the
difference are yet to know. At the study area, spawning of this damselfish was
observed throughout the year. Whether the fish may enhance its reproductive gains

with the above way of energy allocation remains to be studied.

Keywords : damselfish ~ reproduction - stable isotope ~ energy allocation
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[ shrimp
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1. Temora Scale = 1.0mm 2. Eucalanus Scale = 1.0mm

e
3. Eucheata Scale = 0.5mm 4. Chaetognatha  Scale = 1.0mm

5. Fish Scale = 1.0mm 6. Shrimp Scale = 1.0mm

7. Algae Scale = 0.5mm 8.Fish eggs Scale = 1.0mm
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DT &
b2 ™~

2L ~sA AT P P 0 LR (MANOVA)
()2 4. ~ (b)PE

(a)

Wilk’s Hypothesis
Effect Lambda F df Error df p
Intercept 0.027 216.119 9 53 <0.001
Month 0.017 2.541 117 409.610 <0.001
(b)

Wilk’s Hypothesis
Effect Lambda F df Error df p
Intercept 0.037 192.622 8 59 <0.001
Month 0.013 3.545 104 417.268 <0.001
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%2~ 4 = ffesk C/Nratio &7 > ihZ £ (ANCOVA) :
()2 5?.“’?\ ~(b)d B~ (c) R

(a)

Effect SS df MS F p
Intercept 10.785 1 10.785 148.892 <0.001
SL 0.085 1 0.085 1.171 0.281
Month 1.919 13 0.148 2.038 0.023
Error 8.475 117 0.072

(b)

Effect SS df MS F p
Intercept 10.948 1 10.948 667.951 <0.001
SL 0.006 1 0.006 0.364 0.548
Month 0.602 13 0.046 2.818 0.001
Error 1.918 117 0.016

(c)

Effect SS df MS F p
Intercept 24.223 1 24.223 9.299 0.003
SL 3.841 1 3.841 1.474 0.227
Month 304.445 13 23.419 8.990 <0.001

Error 304.792 L1A 2.605
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Z 3 0pdh = A C/Nratio &7 i 2 & (ANCOVA) :

(@2 7~ (b)d f -~ (0)'F5
(a)
Effect SS df MS F p
Intercept 18.637 1 18.637 263.314 <0.001
SL 0.296 1 0.296 4.187 0.043
Month 22.514 13 1.732 24.469 <0.001
Error 8.069 114 0.071
(b)
Effect SS df MS F p
Intercept 8.789 1 8.789 297.211 <0.001
SL 0.042 1 0.042 1.422 0.235
Month 0.482 13 0.037 1.253 0.252
Error 3.371 114 0.030
(c)
Effect SS df MS F p
Intercept 53.668 | 53.668 59.606 <0.001
SL 7.575 1 I215 8.413 0.004
Month 205.843 13 15.834 17.586 <0.001
Error 102.644 114 0.900
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£ 1)

(a)z2 4 2 73 5°C

Effect

SS df MS F p
Intercept 400.838 1 400.838 3727.291 <0.001
SL 0.895 1 0.895 8.327 0.005
Month 25.360 13 1.951 18.140 <0.001
Error 12.582 117 0.108
(b)ze 4. 4 75 5N
Effect SS df MS F p
Intercept 25.559 1 25.559 153.275 <0.001
SL 7.287 1 7.287 43.698 <0.001
Month 68.525 13 5.271 31.611 <0.001
Error 19.510 117 0.167
(c)zz 4 v p §°C
Effect SS df MS F p
Intercept 392.044 1 392.044 6346.681 <0.001
SL 1.749 1 1.749 28.318 <0.001
Month 5.444 13 0.419 6.780 <0.001
Error 7.227 117 0.062
(d)ze 4o p 8PN
Effect SS df MS F p
Intercept 58.251 1 58.251 911.538 <0.001
SL 5.476 1 5.476 85.693 <0.001
Month 3.616 13 0.278 4.353 <0.001
Error 7477 117 0.064
(e)z2 4. % 51°C
Effect SS df MS F p
Intercept 567.583 1 567.583 780.685 <0.001
SL 10.246 1 10.246 14.093 <0.001
Month 138.754 13 10.673 14.681 <0.001
Error 85.062 117 0.727
(2 4 7% 3N
Effect SS df MS F p
Intercept 39.652 1 39.651 315.717 <0.001
SL 4.569 1 4.569 36.379 <0.001
Month 42.890 13 3.299 26.271 <0.001
Error 14.694 117 0.126
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25 vpp = e sadPC 8 N Bt L B (ANCOVA » A& &

+ #4K)
()¢ 4. 3 754 3°°C
Effect SS df MS F p
Intercept  303.649 1 303.649 2227.883  <0.001
SL 1.000 1 1.000 7.340 0.008
Month 63.752 13 4.904 35.981 <0.001
Error 15.538 114 0.136

(b)et 4 4 79 5PN

Effect SS df MS F p
Intercept 35.675 1 35.675 649.888 <0.001
SL 0.439 1 0.439 7.993 0.006
Month 51.625 13 3.971 72.342 <0.001
Error 6.258 114 0.055

(cpd v p 8°C

Effect SS df MS F p
Intercept 265.251 1 265250 2795.781 <0.001
SL 1.490 I 1.490 15.701 <0.001
Month 5.085 13 0.391 4.123 <0.001
Error 10.816 114 0.095

(d#ed v p 8PN

Effect SS df MS Iy p
Intercept 51.882 1 51.882 1176.055 <0.001
SL 0.582 1 0.582 13.188 <0.001
Month 4.088 13 0.314 7.128 <0.001
Error 5.029 114 0.044

()t 4. "% 51°C

Effect SS df MS F p
Intercept 358.413 1 358.413 1460.397 <0.001
SL 4924 1 4.924 20.062 <0.001
Month 62.702 13 4.823 19.653 <0.001
Error 27.978 114 0.245

(D¥E 4 F5 3°N

Effect SS df MS F p
Intercept 31.263 1 31.263 273.033 <0.001
SL 0.610 1 0.61 5.326 0.023
Month 37.569 13 2.890 25.239 <0.001

Error 13.053 114 0.115
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or

KfT%’?l Al i’g,é’ )Ié. A ]’]a\*i j‘\ﬁ’{:“é‘ ~ /‘%ﬁ ~ rgﬁ{ ~ EJF—F%\ ,rig? N PE‘] EF:E‘_;‘E_"J z 3 IE’?&
4p #(GSI ~ HSI ~ MFI)-* 3218 (£SD)

Wet

Number of  body Body LiV'er anad Fat.
Month specimen weight( length weight  weight weight GSI HSI MFI
o) (em, FL) — (g) (2 (®
2011.01 8 11.35+ 6.18+ 0.12+  0.19+  0.05+ .66+ 1.01x 046t
8.17 1.27 0.11 0.23 0.03 1.55 0.38 0.25
2011.02 30 19.56+ 7.70+ 0.19+ 1.15¢  0.18% 581+ 094+ 0.81t
4.99 0.76 0.07 0.44 0.13 2.14 0.19 0.51
2011.03 21 19.29+ 7.58+ 028+ 0.63+ 0.14+ 3.10+ 145+ 0.57¢
6.62 1.00 0.11 0.32 0.11 1.42 0.24 0.48
2011.04 19 21.10+ 7.87+ 0.24+ 1.80+ 0.10+ 887+ [1.11+ 0.44+
5.17 0.71 0.08 0.48 0.10 2.63 0.19 0.41
2011.05 27 17.65+ 7.27+ 0.31+ 1.42+  0.06+ 7.89+ 1.72+ 031+
7.61 1.26 0.14 0.81 0.13 3.37 0.25 0.55
2011.06 18 13.00+ 6.88+ 0.14+ 0.14+ 0.01% 1.06+ 1.07+ 0.07+
6.09 1.06 0.08 0.12 0.01 0.74 0.39 0.10
2011.07 20 16.55+ 7.34+ OIS 0:25+  0.02% 1.54+ 132+ 0.14+
4.37 0.67 0.06 0.09 0.02 0.44 0.27 0.14
2011.08 30 13.13+ 6.81+ 0.13+  0.77+  0.07+ 5.72+ 1.03+ 0.66+
4.62 0.76 0.05 0.46 0.05 2.49 0.23 0.51
2011.09 26 19.89+ 7.82+ 025+ 094+ 0.06+ 5.02+ 127+ 0.32%
2.96 0.52 0.06 0.34 0.10 248 0.22 0.49
2011.10 17 18.11+ 7.36% 0.33+ .15+ 0.08+ 6.57+ 1.76+ 047+
5.28 0.70 0.16 0.43 0.09 2.67 0.47 0.60
2011.11 22 16.76+ 7.51+ 0.16+ 0.87+ 0.02+ 5.03+ 094+ 0.17¢
5.30 0.79 0.06 0.42 0.03 231 0.22 0.29
2011.12 28 15.84+ 7.37+ 0.17t  0.54+ 0.11+ 3.55+ 1.09+ 0.77
3.39 0.56 0.05 0.22 0.12 1.59 0.18 0.78
2012.01 19 17.02+ 7.36% 0.29+ 030+ 0.15¢ 168+ 1.67+ 0.92t
5.16 0.79 0.13 0.23 0.1. 1.09 0.44 0.73
2012.02 23 18.03+ 7.61+ 020+ 0.80+ 0.22+ 455+ 1.12¢ 1.24+
4.01 0.59 0.06 0.39 0.13 2.63 0.23 0.70
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B2 MRA L DR AR CME MR TR e R Z TR
4p #(GSI ~ HSI ~ MFI)-* 3218 (£SD)

Wet

Number of  body Body LiV'er anad Fat.
Month specimen weight( length weight  weight  weight  GSI HSI MFI
o) (cm, FL) — (g) (2 (2
2011.01 11 11.33+  6.39+ 0.17+  0.18+  0.07+ 1.30+ 1.38% 0.66%
6.85 1.20 0.13 0.16 0.10 0.70 0.41 0.75
2011.02 18 15.96+ 7.24+ 032+ 098+ 0.07t 5.60+ 196 047+
5.24 0.82 0.11 0.54 0.07 2.23 0.35 0.50
2011.03 18 17.14+ 7.48+ 039+ 0.75+ 0.04+ 4.15+ 226+ 0.29¢
5.84 0.94 0.15 0.38 0.04 1.45 0.37 0.42
2011.04 11 15.68+ 7.32+ 035+ 095+ 0.01+ 599+ 225+ 0.10t
3.61 0.52 0.09 0.34 0.02 1.27 0.45 0.15
2011.05 16 15.72¢+  7.11% 0.46+ 1.14+  0.01+ 7.02+ 2.83+ 0.13%
5.32 0.77 0.20 0.51 0.02 1.39 0.53 0.19
2011.06 17 11.35+ 6.78+ 0.15+ 0.10+ 0.01+ 0.84+ 135+ 0.07¢
4.02 0.70 0.12 0.05 0.01 0.26 1.37 0.12
2011.07 9 14.64+ 7.09+ 031+ 037+ 0.01+ 242+ 2.04+ 0.06+
4.06 0.78 0.11 0.19 0.01 0.94 0.29 0.05
2011.08 8 1097+ 6.51+ 0.14+ 0.89+ 0.03+ 7.16+ 129+ 0.37¢
4.47 0.78 0.07 0.71 0.04 3.56 0.19 0.43
2011.09 16 12.61+ 6.66% 0.24+ 1.16+ 0.03+ 896+ 1.88+ 0.23+
2.87 0.52 0.07 0.40 0.03 1.65 0.35 0.20
2011.10 18 15.69+ 7.06+ 0.38+ 1.40+ 0.02+ 892+ 240+ 0.13+
4.93 0.66 0.14 0.50 0.02 1.34 0.38 0.18
2011.11 14 15.11+  7.22+ 0.19+  0.79+  0.01+ 448+ 126 0.06%
4.63 0.66 0.06 15241 0.03 4.84 0.23 0.21
2011.12 15 15.77+ 7.39+ 0.23+ 1.22+  0.01+ 7.51+ 1.45+ 0.04+
3.31 0.83 0.10 0.53 0.01 2.61 0.52 0.09
2012.01 17 13.52+ 6.94+ 0.25+ 0.14+  0.07+ 1.04+ 1.78% 0.62%
2.74 0.49 0.10 0.07 0.12 0.35 0.43 0.10
2012.02 20 16.30+ 7.37+ 024+ 0.74+ 0.06+ 451+ 149t 041+
2.87 0.47 0.07 0.55 0.07 3.18 0.42 0.46
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A3 MR P iR A2 RE ~ BEE  FER 'lviﬂﬁl NRERZD: A SRR i ECE S
(GSI ~ HSI ~ MFI) i *

Month Area Wet Body Liver Gonad Fat GSI HSI MFI
body length weight weight weight
zvt)fight (emFL)  (2) (2 (2
g

2011.01 A 5.350 5.300 0.060 0.030 0.010 0.561 1.121 0.187
2011.03 A NA 6.700 0.250 0.360 0.010 NA NA NA

2011.03 A 4.850 5.230 0.070 0.020 0.000 0.412 1.443 0.000
2011.05 A 3.310 4.550 0.04 0.020 0.000 0.6042  1.208 0.000
2011.07 A 3.243 4.650 0.058 0.000 0.000 0.000 1.788 0.000
2011.07 A 2.576 3.955 0.040 0.009 0.000 0.349 1.553 0.000
2011.07 A 2.964 4.400 0.044 0.000 0.000 0.000 1.484 0.000
2011.07 A 2.543 4.080 0.044 0.006 0.000 0.236 1.730 0.000
2011.07 A 2.626 4.170 0.014 0.000 0.000 0.000 0.533 0.000
2011.08 A 4.563 5.000 0.046 0.004 0.008 0.088 1.008 0.175
2011.08 A 2.536 4.120 0.026 NA 0.003 0.000 1.025 0.118
2011.08 B NA 8.380 0.323 0.993 0.000 NA NA NA

2011.10 A 4.891 5.270 0.054 NA 0.003 NA NA 0.061
2011.11 A 5.980 5.480 0.093 0.050 0.035 0.836 1.555 0.585
2011.11 A 4971 4.950 0.048 0.023 0.043 0.463 0.966 0.865
2011.12 A 12.319  7.020 0.452 NA 0.055 NA 3.669 0.446
2012.01 B 9.081 6.110 0.120 0.043 0.008 0.474 1.321 0.088
2012.01 B 14.409  7.830 0.244 NA 0.147 NA 1.693 1.020

*NA : data are not available
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WA RAT P FF LA HEAE A

Month  Area copepod  chaetognatha  egg algae fish shrimp polychaeta  isopod scale

2011.01 A 80.46 19.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 80.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 85.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 75.03 21.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 49.23 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 57.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 50.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 44.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 51.13 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 90.91 9.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 68.18 4.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 B 45.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.03 B 74.80 3.15 0.00 0.00 1.57 3.94 0.00 0.00 0.00
2011.03 B 75.89 6.38 0.00 0.00 1.77 2.48 0.00 0.00 0.00
2011.03 B 65.57 5.74 0.00 0.00 0.82 3.28 0.00 0.00 0.00
2011.03 B 47.73 9.09 0.00 0.00 530 @ 6.06 0.00 0.00 0.00
2011.03 B 62.64 17.24 0.00 0.00 1.15 1.72 0.00 0.00 0.00
2011.04 B 93.26 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.04 B 83.82 1.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.04 B 85.96 0.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.04 B 90.96 1.03 0.00 0.00 0.00 0.00 0.78 0.00 0.00
2011.04 B 82.31 9.62 0.00 0.00 0.00  0.00 0.00 0.00 0.00
2011.05 A 92.98 4.75 0.00 030 0.00 0.40 0.00 0.00 0.00
2011.05 A 97.84 0.72 0.00 0.00 0.00  0.00 0.00 0.00 0.00
2011.05 B 77.88 19.63 0.00 0.00 0.00  0.00 0.00 0.00 0.00
2011.05 B 53.38 27.76 0.00 0.00 1.78 0.00 0.00 0.00 0.00
2011.05 B 74.91 432 0.00 048 0.12 0.00 0.00 0.00 0.00
2011.05 B 71.15 27.20 0.00 0.00 0.00 027 0.00 0.00 0.00
2011.06 A 74.53 331 0.00 0.21 0.00 1.66 0.41 0.00 0.00
2011.06 A 70.40 0.00 0.00 0.00 0.00  0.00 0.80 0.00 0.00
2011.06 B 67.95 3.09 0.005__0.27=":0:00 .30.39 0.00 0.00 0.00
2011.06 B 93.41 5.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.06 B 94.82 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.07 A 96.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.07 A 48.18 33.58 0.00 0.00 0.00 0.73 0.00 0.00 0.00
2011.07 A 88.24 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.07 A 96.48 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.07 B 95.93 3.25 0.00 0.81 0.00 0.00 0.00 0.00 0.00
2011.08 B 97.24 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 85.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 75.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 71.75 0.65 0.00 0.16 0.32 0.39 0.00 0.00 0.00
2011.08 B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 95.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 90.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 B 74.34 23.98 0.00 0.00 0.00 0.08 0.00 0.00 0.00
2011.09 B 97.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 B 48.48 29.09 0.00 0.00 0.00 0.00 0.00 0.61 0.00
2011.09 B 96.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 B 94.12 2.94 0.00 0.00 0.59  0.00 0.00 0.00 0.00
2011.10 B 79.49 18.34 0.00 0.00 0.64 0.00 0.00 0.00 0.00
2011.10 B 98.67 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 B 92.59 0.62 0.00 0.00 432 0.00 0.00 0.00 0.00
2011.11 A 89.02 7.99 029 0.14 0.00  0.00 0.00 0.00 0.29
2011.11 A 46.21 52.17 0.00 0.00 0.00 0.12 0.00 0.00 0.00
2011.11 A 77.32 16.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TR
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2011.11 A 85.00 13.33 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2011.11 B 70.00 15.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 44.44 11.11 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 74.07 18.52 0.00 1.23  0.00 0.00 0.00 0.00 0.00
2011.12 B 54.29 22.86 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 64.86 5.41 2.70  0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 57.89 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2012.01 A 81.03 15.52 0.00  0.00 0.00 0.43 0.00 0.00 0.00
2012.01 A 43.43 48.00 0.00  0.00 0.00 0.57 0.00 0.00 0.00
2012.01 A 57.62 35.76 0.00  0.00 0.00 0.66 0.00 0.00 0.00
2012.01 A 76.92 21.74 0.00  0.00 0.00 0.33 0.33 0.00 0.67
2012.01 B 72.61 12.45 0.00  2.07 0.00 0.41 0.00 0.00 0.00
2012.02 A 66.67 8.89 11.11  0.00 0.00 0.00 0.00 0.00 0.00
2012.02 A 73.33 10.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2012.02 A 79.21 15.84 0.99  0.00 0.00 0.00 0.00 0.00 0.00
2012.02 A 61.11 30.56 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2012.02 A 95.24 0.00 0.00 476  0.00 0.00 0.00 0.00 0.00

Mean 73.17 9.47 0.19 0.14 024 0.31 0.03 0.01 0.01

STD 22.29 11.85 1.29  0.61 0.84 0.95 0.14 0.07 0.08
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E S MPAS R FF R ST EEF AL

Month  Area copepod chaetognatha egg algae  fish shrimp  polychaeta isopod scale

2011.01 A 82.43 14.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 73.02 25.40 1.59 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 55.39 34.90 1.37 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 88.89 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 88.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 75.00 10.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 90.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 84.21 15.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.01 A 75.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 93.81 0.00 0.00 6.19  0.00 0.00 0.00 0.00 0.00
2011.02 A 30.19 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 93.75 5.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 37.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 34.57 6.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 92.31 7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 36.36 9.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 44.44 3.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 A 66.67 6.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.02 B 30.77 7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.03 A 58.28 12.27 0.00 0.00 4.29 3.68 0.00 0.00 0.00
2011.03 A 53.03 4.55 0.00 0.00 0.00 4.55 0.00 0.00 0.00
2011.03 A 58.42 13.86 0.00 0.00 0.00 2.97 0.00 0.00 0.00
2011.03 A 60.54 6.12 0.00 0.00 4.76 4.76 0.00 0.00 0.00
2011.03 A 65.35 1.98 0.00 0.00 13.86 1.98 0.00 0.00 0.00
2011.04 A 73.68 1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.04 A 76.36 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.04 B 62.63 26.29 0.00 0.00 0.26 0.00 0.00 0.00 0.00
2011.04 B 74.92 14.33 0.00 0.00 0.33 0.65 0.00 0.00 0.00
2011.04 B 83.11 6.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.05 A 89.16 9.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.05 A 74.19 15.05 0.00  0.00 1.08 0.00 0.00 0.00 0.00
2011.05 B 76.11 18.58 0.00 0.00 0.44 0.00 0.44 0.00 0.00
2011.05 B 63.33 34.07 0.00 040  0.00 0.40 0.00 0.00 0.00
2011.06 A 57.14 0.00 2.04 0.00 0.00 0.00 0.00 0.00 0.00
2011.06 A 63.83 3.19 0.00 1.06  0.00 0.00 0.00 0.00 0.00
2011.06 B 75.95 1.27 0.00 2.53  0.00 0.00 2.53 0.00 0.00
2011.06 B 91.18 0.98 0.00 098  0.00 0.00 0.98 0.00 0.00
2011.06 B 64.26 0.00 0.00 2.01 0.00 0.00 1.61 0.00 0.00
2011.07 A 79.40 17.09 0.00 0.00 0.00 1.01 0.00 0.00 0.00
2011.07 A 97.70 1.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.07 A 47.52 36.11 0.00 0.00 0.12 0.10 0.00 0.00 0.00
2011.07 A 70.82 24.14 0.00 0.00 0.00 0.20 0.00 0.00 0.00
2011.07 B 82.54 3.17 0.00 0.00 0.00 3.17 0.00 0.00 0.00
2011.08 B 70.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 75.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.08 B 72.36 0.00 0.00 0.08  0.00 0.00 0.00 0.00 0.00
2011.08 B 61.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 93.69 0.90 0.00  0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 89.11 5.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 82.43 14.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 73.02 25.40 1.59 0.00 0.00 0.00 0.00 0.00 0.00
2011.09 A 55.39 34.90 1.37 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 A 88.89 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 A 88.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 B 75.00 10.42 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TEH
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2011.10 B 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.10 B 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.11 A 90.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.11 A 84.21 15.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.11 A 75.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.11 A 93.81 0.00 0.00 6.19 0.00 0.00 0.00 0.00 0.00
2011.11 B 30.19 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.12 A 93.75 5.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 37.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 34.57 6.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2011.12 B 92.31 7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.01 A 36.36 9.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.01 A 44.44 3.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.01 A 66.67 6.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.01 B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.01 B 30.77 7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2012.02 A 58.28 12.27 0.00 0.00 4.29 3.68 0.00 0.00 0.00
2012.02 A 53.03 4.55 0.00 0.00 0.00 4.55 0.00 0.00 0.00
2012.02 A 58.42 13.86 0.00 0.00 0.00 2.97 0.00 0.00 0.00
2012.02 A 60.54 6.12 0.00 0.00 4.76 4.76 0.00 0.00 0.00
2012.02 A 65.35 1.98 0.00 0.00 13.86 1.98 0.00 0.00 0.00

Mean 70.48 8.12 0.09 0.25 0.47 0.44 0.10 0.00 0.00

STD 20.99 9.69 0.39 0.96 2.07 1.17 0.43 0.00 0.00
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S-S AL ki LS R =l 2

Mo Gomad  Gonad  Liver  Liver B R

8UCO)  3NCi)  37COR) NG 0 3NG%e)
2011.01 -18.7+02  7.7+02 204405  8.440.2 _18340.6  9.6%0.5
2011.02  -19.0+0.4  7.840.5 20.9+0.8  8.240.5 18.0£02  9.840.3
2011.03  -19.3+03  8.240.6 20.640.5  9.0+0.4 183402 9.7+0.4
2011.04 -18.9+02  8.5+0.6 20.0+0.8  9.240.4 183404  9.9+0.4
2011.05 -18.6+0.1  8.2%0.5 _18.9+0.7  8.6+0.4 181402 9.840.2
2011.06 -18.8+0.5 8.5+0.8 19.240.1  8.840.4 179402 10.0£0.3
2011.07 -18.5+0.4  7.440.4 205411 8.140.5 179402 9.940.3
2011.08 -17.940.1  7.120.3 19.640.7  8.240.4 _18.0£0.3  9.840.3
2011.09 -18.2+0.3  5.6+0.4 19.6)13  7.040.3 17.8402 9.540.3
2011.10 -17.840.4  7.4+0.4 192420  8.140.4 17.8402  9.4%0.4
2011.11 -18.4+0.3  7.7+0.4 187402 8.040.6 17.8402  9.4%0.5
2011.12  -18.5402  7.440.3 20.4+0.6  8.340.2 17.8402  9.6£0.3
2012.01 -18.8+0.6  6.80.4 218408  7.540.4 _18.340.5  9.8%0.4
2012.02 -19.2402  7.440.6 T e 7.940.4 18.0403  9.940.2
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HiAE T S PEA L P AR R R R Ti0m R R E

Mo Gomad  Gonad  Liver  Liver  SHC THE

87C(%) 8Nk 87CCM)  8"NGR) Sl 5N(%)
2011.01  -19.650.5 7.840.3  -20.740.6 7.940.3  -18.040.2 9.3%0.
201102  -20.5¢0.1 8.3+0.1  -20.4+0.5 7.6+03  -18.2%40.3 9.60.3
2011.03  -20.840.1 8.5#02  -20.5+0.3 8.1#0.3  -18.120.5 9.6+0.2
2011.04  -20.5¢02 8.840.3  -19.840.4 83402  -18.5+04 9.5+0.3
2011.05 -19.7402 8.6#02  -19.4%#0.3 8.1#0.3  -18.040.1 9.6%0.2
2011.06  -18.840.7 82404  -19.5¢0.6 8.5+0.5  -18.1#0.3 9.8%0.2
2011.07  -19.5¢0.5 7.7402  -20.6+0.4 7.5¢03  -18.1#0.2 9.740.2
2011.08  -19.3#03 7.740.5  -19.640.7 7.4403  -18.310.6 9.620.1
2011.09 -19.740.1 6.0402  -202%#0.5 6.140.3  -17.940.3 9.240.1
2011.10  -19.0#0.1 83402  -192%#0.6 7.4+02  -17.8402 9.3%0.1
201111 -19.1404 7.9403  -18.740.2 7.3%02  -17.620.0 9.440.2
2011.12  -20.1402 84402  -19.6+0.5 7.6£02  -17.940.3 9.4%0.2
2012.01  -18.340.7 7.3#02  21.5¢1.0 7.5¢0.7  -18.020.2 9.7+0.3
2012.02 -203+04 7.8402  -20.6+0.5 7.740.3  -18.120.5 9.840.3
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