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Appendix I. Total volume of water filtered during the routine monthly

sampling.
Date F value Station

1A 1B 3A 3B 4A 4B 5A 5B 6A 6B
May 02 0.1062 120.16 116.24 103.80 104.07 66.75 95.40 123.95 104.31 102.96 94.50
June 02 0.1075 117.17 188.93 194.20 151.11 203.42 139.95 116.38 116.71 160.00 179.16
July 02 0.1103 101.05 117.11 101.87 105.68 111.68 109.76 153.44 111.02 105.20 112.66
Aug 02 0.1126 131.26 115.95 149.71 127.79 167.13 168.60 104.96 92.97
Sept 02 0.1126 111.24 134.45 100.45 127.88 104.72 92.54 98.72 99.62 101.45 113.03
Oct 02 0.1107 149.80 159.96 140.78 158.60 139.86 124.24 157.73 117.28 168.73 124.87
Nov 02 0.1102 195.87 138.00 122.86 144.49 112.92 152.30 130.58 144.31 167.98 142.23
Dec 02 0.1102 121.54 137.10 122.86 127.93 128.27 117.14 121.26 117.89 118.67 121.21
Jan 03 0.1092 99.06 119.97 127.12 116.37 132.05 117.69 129.84 126.63 75.52 85.12
Feb 03 0.1087 142.66 160.75 136.72 167.99 144.29 139.48 112.78 108.72 129.27 123.87
Mar 03 0.1082 95.08 89.81 87.35 82.03 79.11 80.09 89.33 80.55 87.25 85.39
Apr 03 0.1091 166.70 122.54 137.53 117.82 141.99 152.23 131.94 136.66 116.84 127.87
May 03 0.1114 140.07 83.53 94.42 85.59 82.09 65.59 61.59 69.93 71.38 60.38
June 03 0.1117 114.19 112.45 103.23 105.99 114.50 123.20 114.55 122.83 104.22 104.22
Jul 03 0.1105 74.53 107.52 65.32 105.90 100.30 86.95 75.41 86.51
Aug 03 0.1096 99.82 108.91 102.02 84.57 104.58 89.26 91.17 102.56 98.12 51.16
Sept 03 0.1115 152.76 127.90 130.16 106.12 111.46 112.31 107.24 96.52 104.97 82.43
Oct 03 0.1135 94.47 76.13 70.93 77.50 86.19 81.19 48.02 69.13 88.74 67.65
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Appendix II. Total volume of water filtered during the 24-h sampling.

Date
Sample 5 63 1430103 21Jul-03  28-Jul-03 _ 2-Nov-03  9-Nov-03 17-Nov-03 _ 24-Nov-03
1a 44.34 53.18 54.66 56.72 49.65 43.16 48.76 40.21
1b 31.07 48.76 54.66 53.48 38.15 47.88 4257 40,51
1c 26.95 44.63 52.89 47.29 46.11 48.47 44.04 38.44
1d 31.66 50.83 49.06 51.12 52.59 49.06 44.93 41.98
2a 40.80 50.24 51.41 49.94 34.32 48.47 49.06 46.99
2b 31.66 52.89 57.90 51.41 54.95 55.54 50.24 46.70
2¢ 33.73 46.70 46.99 51.41 37.85 37.85 48.47 46.99
2d 37.85 48.17 49.06 54.07 41.69 49.06 29.01 43.75
3a 56.13 53.77 50.83 52.59 46.11 43.16 44.93 46.70
3b 41.10 53.18 53.77 49.65 46.70 49.65 49.65 47.88
3c 39.92 47.29 45.22 53.48 43.16 51.41 38.15 41.10
3d 4051 4758 47.29 4758 46.99 48.17 48.76 47.88
4a 39.92 47.58 51.71 46.11 35.79 49.06 45.22 50.83
4b 43.75 54.66 55.54 49.65 4758 4552 47.29 47.29
4c¢ 39.62 42.28 54.95 59.96 43.16 50.83 45.81 45.81
4d 36.67 44.93 42.87 46.11 4552 44.63 51.71 41.10
5a 45.81 26.36 59.37 51.71 42.28 50.53 4051 41.69
5b 44.93 54.95 52.30 47.88 41.10 4758 40.21 37.26
5¢ 40.21 45.22 4552 41.39 48.47 49.35 51.41 47.88
5d 42.28 46.99 46.11 58.49 56.13 47.88 41.98 44.63
6a 23.41 53.77 58.20 51.12 52.59 47.29 4375 46.11
6b 40.21 48.76 67.33 54.95 52.00 47.88 49.06 49.94
6c 47.88 49.06 41.10 46.40 49.65 42.87 44.93 48.47
6d 40.80 46.11 48.17 48.47 46.11 47.29 4552 47.29
7a 48.76 56.72 53.48 48.76 43.16 46.40 41.10 41.10
7b 4581 48.17 49.06 46.11 44.63 48.76 34.91 47.29
7c 46.40 48.17 4552 43.45 35.49 51.12 43.45 48.47
7d 37.56 49.35 50.83 43.16 52.59 49.94 4051 45.81
8a 46.40 50.24 52.00 52.00 54.66 36.38 44.34 34.61
8b 46.70 49.94 54.07 53.18 37.56 40.21 49.65 4581
8c 45.22 46.99 42.28 45.22 4758 44.63 33.43 47.88
8d 42.28 53.18 51.12 4758 50.83 49.94 4257 43.75
%a 45.52 49.65 36.97 56.72 43.16 46.70 37.26 45.22
9b 44.34 48.47 53.18 44.63 43.16 51.41 47.29 38.15
9c 36.97 46.11 31.37 44.93 46.11 37.85 41.10 28.42
9d 34.02 46.70 46.99 42.87 51.71 44.63 47.88 3432
10a 39.92 53.77 49.65 75.29 52.89 50.53 44.93 44.04
10b 44.34 57.02 54.95 44.34 52.30 43.45 53.77 47.58
10c 30.78 44.93 38.15 44.63 45.22 44.63 45.22 46.70
10d 31.07 47.58 4758 44.04 43.16 48.76 44.34 39.33
11a 40,51 54.36 48.76 59.08 50.53 47.88 46.11 41.69
11b 41.98 56.13 50.83 55.54 59.67 41.98 47.29 44.04
11c 35.79 50.24 35.20 46.70 48.76 30.19 51.41 48.76
11d 35.20 42,57 41.39 44.34 46.99 49.35 42.87 40.21
12a 45.81 50.53 53.77 33.14 47.29 40.21 42.87 44.93
12b 45.22 4552 46.70 52.89 46.99 48.47 49.65 41.39
12¢ 38.44 46.70 44.34 110.97 4522 49.06 44.63 48.47

12d 36.38 49.65 44.63 54.07 48.47 47.29 39.92 46.99
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Appendix I11.

Chew, L. L., & Chong, V.C. (2011). Copepod community structure and
abundance in a tropical mangrove estuary, with comparisons to coastal
waters. Hydrobiologia, 666, 127-143
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Appendix V. Details of RDA analysis on zooplankton assemblages for routine monthly

sampling.
Spec: Species scores (adjusted for species variance)
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NAME

EIG

Aery
Aspl
Aspi
Capau
Cdor
Cfur
Acgi b
Bsim
Pacu
Pcras
Pspl
Maur
Pbow
Tbar
Tfor
Oaru
Oatt e
Obre
Odis s
Osim
Cand
Cery
Pseu
Hem
Eacu
Mnor
Hspl
Bal
Luci
Ser
Pena
Bra
Dio
Xys
Cod
Noc
Sag
Hyd
Sabe
Spio

AX1

0.2368

-0.5174
0.6231
0.428
-0.1623
-0.5942
-0.4456
-0.4186
-0.4408
-0.5574
0.1033
0.103
-0.1844
-0.4787
-0.5026
-0.4343
0.5533
-0.691
-0.2855
0.7174
-0.3665
-0.6051
-0.352
-0.0248
-0.251
-0.7028
-0.4418
0.0431
-0.0204
-0.7113
-0.551
-0.1729
-0.0459
-0.6834
0.1296
-0.035
-0.0723
0.0146
-0.0831
-0.5002
-0.2973

AX2

0.0315

0.023
0.005
0.1072
-0.1421
-0.0805
0.0483
0.0006
0.3431
-0.0427
0.4135
0.3727
0.2398
0.2216
-0.0178
0.0465
0.1866
0.0243
-0.0516
0.1788
0.3704
-0.1089
-0.0686
0.0301
0.0765
-0.0928
-0.0631
0.2497
0.2416
0.0338
0.1745
0.1236
0.4048
0.1042
0.1341
0.1143
-0.1483
-0.1302
0.1844
-0.0886
-0.0169

AX3

0.0246

-0.255
0.0204
0.1264
-0.0785
0.0435
-0.2222
0.0051
0.0117
0.1105
0.1004
0.245
0.0705
0.1159
0.0096
-0.0099
-0.0114
0.055
-0.1698
-0.0579
0.0499
-0.3072
0.0218
-0.1661
-0.2323
-0.0294
-0.0856
-0.3291
0.1793
-0.2592
-0.053
-0.2493
0.0506
0.0992
-0.1582
-0.1443
0.168
-0.3167
-0.2652
0.3134
-0.1702

AX4

0.0179

-0.0141
0.1817
-0.1077
0.1221
-0.1689
0.0126
0.0416
-0.1472
-0.0232
-0.1643
-0.141
0.2588
0.0248
-0.0481
-0.0061
-0.1246
-0.0816
0.0339
-0.0423
0.1143
-0.0924
-0.1587
-0.0212
-0.2443
-0.0559
0.1321
0.1904
0.0654
-0.067
0.0174
-0.0098
-0.1743
-0.0097
0.1232
0.3275
-0.011
0.0123
0.0278
0.1548
0.2338

WEIGHT

R R R R R R R R R R R R R R R R R R R R R R R R R P R P RPB P P RB RB RPB RP B B RPB RPB #2

R R R R R R R R R R R R R R R R R R R R R R R R R P R P RPB P P RB RB RPB RP B B RPB RPB #2
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42
43
44
45
46
47

Samp:
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Tere
Ga
Bv
Bry
Ophi
Oiko
Pho

Sample scores

NAME

M1
M2
M3
M4
M5
J1
J2
J3
J4
J5
JY1
JY2
JY3
JY4
JY5
Al
A2
A3
A4
S1
S2
S3
S4
S5
01
02
03
04
05
N1
N2
N3
N4
N5

0

EIG

-0.4606
-0.6026
-0.6513

-0.415
-0.4723
-0.6419
-0.3257

AX1

0.2368

1.2533
0.4681
-0.5155
-1.1938
-1.0822
0.7777
0.3709
0.0022
-1.6958
-1.3523
0.8286
0.2922
-0.7298
-1.7674
-1.6825
0.1847
0.2451
0.0235
-1.7918
0.9729
0.5965
-0.2469
-1.6492
-1.2994
1.5836
1.485
-0.0907
-0.9165
-1.4438
1.3155
1.3804
0.7648
-1.0012
-1.0437

-0.006
0.1195
0.0402
0.2129
0.3388
-0.234
0.0798

AX2

0.0315

-0.5856
1.1511
1.8601

0.813

-2.2071

-1.1221

-0.7818

-1.0279
0.5712

-1.2228

-0.0062
0.3874
0.8695
0.7272

-0.93

-0.5518

-1.1251

-1.2971
0.5993

1.652
0.9327
2.0571

1.595
0.5079

-2.7026

-1.3783
0.4801

-1.1854

-0.1227

-0.7773
0.1225
0.3681

1.287

-0.3752

-0.0634
-0.0655
0.0499
0.1933
-0.081
0.0758
-0.0427

AX3

0.0246

-0.6411
-0.4258
-1.6753
-0.819
-2.5383
0.1513
1.0213
1.5567
0.2454
-0.7451
0.5399
0.4767
1.4141
0.7279
-0.9198
0.044
0.713
0.7333
1.4925
0.8202
0.4986
0.2285
-0.3148
0.8024
0.2548
-0.101
-0.1146
0.1124
0.4584
1.0164
0.4515
0.4888
0.2826
0.6613

-0.0176
0.0301
0.101
0.2452
-0.0072
0.0063
-0.1096

AX4

0.0179

-0.9552
1.2399
3.4578
0.4737
-2.343
0.7053
2.5846
2.0699
1.6343

-1.5637
1.4719

1.991
2.9721

-1.1582
1.4481
2.4848
2.3208
1.6017

-0.0024

-0.0119

241
3.1147
1.0409
1.4298

-1.5432

-1.0531

1.785
0.6839

-0.8783

-1.4802

-0.8164
0.2062
1.0991
1.5495

N e

WEIGHT

N e = T = = T T = T S e e e S e S S S N = = T = T e e S S S S N e T T e e =)

N e

N e = T = = T T = T S e e e S e S S S N = = T = T e e S S S S N e T T e e =)
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

D1
D2
D3
D4
D5
JAL
IA2
A3
IA4
JA5
F1
F2
F3
F4
F5
MR1
MR2
MR3
MR4
MR5
AP1
AP2
AP3
AP4
AP5
M1.
M2.
M3.
M4,
MS5.
J.
312
3.
34,
35,
JLL
JL2.
JLs.
L4,
Al
A2,
A3,
A4,
AS.
S1.
s2.
s3.
s4.

1.4221
1.4549
1.1884
-0.9366
-2.029
1.2017
0.8437
1.0298
-1.2443
-1.8379
1.4961
1.4293
0.7876
-1.6881
-1.3165
0.8319
0.9081
0.7343
-1.7061
-0.8417
1.101
0.6089
0.3467
-0.9434
-0.6567
1.0116
0.8702
0.1645
-0.9949
-0.6346
1.127
0.4055
0.0696
-0.4567
-0.7041
0.8612
0.1476
0.026
-1.8832
1.385
1.0483
0.2202
-1.7677
-1.6384
1.5713
1.909
1.7137
-1.0192

0.8035
0.6422
0.3064
1.2512
0.7637
1.5483
2.3631
2.2329
1.4386
1.2107
-1.0688
-0.8648
0.5325
1.5824
-0.5819
2.1559
1.5405
2.9152
1.604
-0.1592
-1.8765
-1.2448
-0.6273
0.2908
-3.2916
-1.8303
-2.182
1.243
0.5239
-3.0907
-1.9812
-1.6468
-1.4622
-2.1498
-2.5506
-0.4407
-0.9756
-0.7523
1.1357
-1.188
-0.6074
-0.2037
0.7445
-0.1047
-1.0055
-0.8788
0.5618
0.7316

-0.3667
-0.0412
0.2379
-0.6277
-1.8498
-0.3956
-1.094
-1.4419
-1.29
-3.8009
0.2444
-0.7508
-1.1135
-3.1861
-2.8645
-1.5376
-0.9604
-1.8442
-1.5729
-1.7767
-0.0863
-1.8071
-1.2981
-1.8084
-1.5087
-0.6939
-1.2201
-2.7903
-0.4765
-0.5394
0.246
1.1593
2.3901
1.2688
-1.8355
1.1028
1.6569
1.4041
1.6845
0.1383
2.089
2.2943
2.1599
1.8978
0.8871
0.3188
0.0202
1.1922

-1.6365
-0.6451
-0.1278
0.0011
0.4126
-0.9199
1.0164
0.859
-0.0088
1.579
-1.5218
-0.9515
-0.0475
0.2525
-0.064
-0.5319
-0.6592
0.1682
0.4414
-2.2297
2.7909
2.6309
2.6665
-3.9962
-2.5956
2.3241
1.6218
2.4637
-2.0294
-3.7085
-0.0271
1.6038
2.2237
-1.075
-1.2688
-0.5698
1.6165
2.1356
-2.1433
-1.9108
-0.746
0.5859
-2.1275
-2.4069
-2.6126
-1.4158
-2.3516
-2.2123

B R R R R R R R R R R R R R R R R R R R R R R R RPB R P R P P P RPB RPB P P RB RPB P P RPB RPB P P B RPB P B @
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83
84
85
86
87
88
89

S5. -0.4403
O1. 1.5851
02. 1.6
03. 0.5322
0O4. -0.7586
05. -1.1766
ORIGIN 1.1649

-2.3277
1.3981
1.7127
1.7185
1.9405
1.6186

-5.0713

0.6707
2.185
1.9502
1.8959
1.8905
2.6969
-0.1028

CFit: Cumulative fit per species as fraction of variance of species
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NAME AX1
FR FITTED 0.2368
Aery 0.2677
Aspl 0.3883
Aspi 0.1832
Capau 0.0264
Cdor 0.353
Cfur 0.1986
Acgi b 0.1752
Bsim 0.1943
Pacu 0.3107
Pcras 0.0107
Pspl 0.0106
Maur 0.034
Pbow 0.2291
Thar 0.2526
Tfor 0.1886
Oaru 0.3061
Oatt e 0.4775
Obre 0.0815
Odis s 0.5147
Osim 0.1343
Cand 0.3661
Cery 0.1239
Pseu 0.0006
Hem 0.063
Eacu 0.4939
Mnor 0.1952
Hspl 0.0019
Bal 0.0004
Luci 0.5059
Ser 0.3036
Pena 0.0299
Bra 0.0021
Dio 0.467
Xys 0.0168

AX2

0.0315

0.2683
0.3883
0.1947
0.0465
0.3595
0.2009
0.1752
0.3121
0.3125
0.1816
0.1495
0.0915
0.2783

0.253
0.1908
0.3409
0.4781
0.0842
0.5467
0.2715

0.378
0.1286
0.0015
0.0689
0.5025
0.1991
0.0642
0.0588

0.507

0.334
0.0452
0.1659
0.4779
0.0348

AX3

0.0246

0.3333
0.3887
0.2107
0.0527
0.3614
0.2503
0.1752
0.3122
0.3248
0.1917
0.2095
0.0965
0.2917

0.253
0.1909
0.3411
0.4811

0.113
0.5501

0.274
0.4724
0.1291
0.0291
0.1228
0.5034
0.2065
0.1725
0.0909
0.5743
0.3368
0.1073
0.1685
0.4877
0.0598

-2.354
-3.4687
-2.1389
-1.1643
-1.0151

-2.681
-1.2666

AX4

0.0179

0.3335
0.4217
0.2223
0.0676
0.3899
0.2504

0.177
0.3339
0.3253
0.2187
0.2294
0.1634
0.2923
0.2554
0.1909
0.3566
0.4878
0.1142
0.5519
0.2871
0.4809
0.1542
0.0296
0.1825
0.5065
0.2239
0.2088
0.0952
0.5787
0.3371
0.1074
0.1989
0.4878

0.075

(=R N

VAR(Y)

0.74
1.97
0.81
0.05
1.33
0.24
0.47
0.96
0.88
0.36
1.37
0.59
0.51
0.85
0.79
1.46
1.81
0.75
2.01
0.78
1.17
0.24
0.86
0.64
1.76
0.88
0.77
1.09

1.04
0.59
0.98

1.5
1.43

(=R N

% EXPL

35.82
45.7
28.96
13.09
41.33
25.96
27
39.09
33.58
28.78
27.06
24.35
3251
31.39
20.34
41.71
50.46
17.13
56.21
32.26
50.47
19.56
6.11
21.02
52.62
25.77
2212
12.36
64.98
34.47
14.98
22.51
51.41
20.45
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SqRL:
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Cod
Noc
Sag
Hyd
Sabe
Spio
Tere
Ga
Bv
Bry
Ophi o
Oiko
Pho

0.0012
0.0052
0.0002
0.0069
0.2502
0.0884
0.2122
0.3632
0.4242
0.1722

0.223

0.412
0.1061

0.0143
0.0272
0.0172
0.0409

0.258
0.0887
0.2122
0.3775
0.4258
0.2175
0.3378
0.4668
0.1124

0.0351
0.0554
0.1175
0.1112
0.3562
0.1177
0.2162
0.3817
0.4283
0.2549
0.3444
0.4725
0.1143

Squared residual length per sample with s axes (s=1...4)

NAME

FRFITTED

M1
M2
M3
M4
M5
J1
J2
J3
J4
J5
JY1
JY2
JY3
JY4
JY5
Al
A2
A3
A4
S1
S2
S3
S4
S5
01
02
03
04

AX1

0.2368

0.4112
0.6667
0.9955
1.2209
1.3522
0.2937
0.5809
0.9167
0.4288
0.9976
0.3808
0.3703
0.6846
1.156
0.8639
0.35
0.5872
0.4624
0.8504
0.4252
0.4252
1.015
1.008
0.6672
0.6547
0.5315
1.1181
1.4853

AX2

0.0315

0.4004
0.7019
1.0573
1.2829
1.2413
0.3063
0.5671
0.9502
0.4359
1.0285
0.4368
0.4068
0.6767
1.1456
0.8489
0.3414
0.5487
0.4669
0.8458
0.3505
0.4042
1.0199
0.9505
0.6621
0.5504
0.4898
1.1734
1.4427

AX3

0.0246

0.3916
0.7033
0.9998
1.2747
1.0947
0.3059
0.5571
0.9313
0.4344
1.0463
0.4298
0.4102
0.6328
1.1332
0.8589

0.347
0.5592
0.4541
0.7911
0.3342
0.3981
1.0189
0.9976
0.6468
0.5631

0.492
1.1751
1.4783

0.1424
0.0556
0.1176

0.112
0.3802
0.1723
0.2165
0.3826
0.4385

0.315
0.3444
0.4726
0.1263

AX4

0.0179

0.43
0.6844
0.948
1.273
1.0927
0.3008
0.5338
0.9235
0.4236
1.055
0.4054
0.3639
0.5306
1.225
0.8538
0.307
0.5138
0.414
0.7911
0.352
0.3073
0.8496
1.0096
0.6666
0.5206
0.4744
1.2054
1.47

1.92
0.54
0.38
0.69
2.39
0.94
0.71
1.05
1.09
1.29
1.61

12

0.5

SQLENG

0.77
0.72
0.95
1.55
1.61
0.44
0.38
0.52
1.08
1.43
0.54
0.38

0.8
1.77
1.44
0.35
0.51
0.34
1.41
0.61
0.49
0.84
1.55
1.07
1.25

1.04
1.68

15.24
8.6
16.98
14.95
39.36
22.53
30.14
423
47.25
33.02
37.68
52.54
174

% FIT

44.26
4.74
-0.09
17.69
32.28
31.12
-41.04
-78.8
60.72
26.24
25.36
5.3
34.06
306
40.77
12.06
-0.89
-22.39
43.7
42.26
36.65
-15
34.68
37.42
58.21
52.53
-15.46
12.69

342



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

05
N1
N2
N3
N4
N5
D1
D2
D3
D4
D5
JAL
IA2
A3
IA4
JA5
F1
F2
F3
F4
F5
MR1
MR2
MR3
MR4
MR5
AP1
AP2
AP3
AP4
AP5
M1.
M2.
M3.
M4,
M5,
J.
32
3.
34,
35,
JLL
JL2.
JLs.
JL4.
AL
A2,
A3,

0.6141
0.4214
0.3897
0.6414
1.0696
0.6371
0.7274
0.2139
0.2698

0.683
0.9003
0.4803
0.4955
0.6659
0.9935
1.3924
0.7878
0.2033
0.6669
1.3721
1.0528
0.6262
0.4831
0.7722
0.8699
0.8726
0.7311
0.5909

0.603
1.0093
1.0276
0.7229
0.6764
1.0203
0.8812

1.159
0.2998
0.4083
0.9043
0.8053
0.9852

0.385
0.6883
0.8069
1.0634
0.3571

0.833
1.3724

0.623
0.4143
0.3929
0.6413
1.1392
0.6784
0.7109
0.2029
0.2719
0.6344
0.8819
0.4303
0.3388
0.5089
0.9344
1.3807
0.7535

0.185
0.7268
1.4019
1.0452
0.4993
0.4118
0.6455
0.7928
0.8728
0.6239
0.5451
0.5932

1.023
0.7318
0.6702
0.5631
1.0067
0.9249
0.8811
0.1866
0.3459
0.8421

0.668
0.8256
0.3826
0.6584
0.8656
1.0306
0.3249
0.8217
1.3717

0.6301
0.3895
0.3963
0.6394
1.2536
0.6719
0.7077
0.2273
0.3138
0.6248
0.8334
0.4266
0.3111
0.4659
0.9126
1.283
0.7521
0.1712
0.6973
1.2503
0.9383
0.4716
0.3926
0.57
0.7321
0.7958
0.6253
0.4924
0.5521
0.9437
0.6759
0.6709
0.5307
0.8566
0.9622
0.8745
0.1868
0.3645
0.773
0.661
0.7615
0.3621
0.6049
0.8172
0.9725
0.363
0.8082
1.3498

0.6372
0.4351
0.4251
0.6506
1.2399
0.6399
0.6911
0.2199

0.3386
0.6375
0.8844

0.416

0.293
0.4579
0.9163

1.324
0.7109
0.1816
0.7227
1.2545
0.9686
0.4705
0.3895
0.5753
0.7287
0.7725
0.4899
0.3723
0.4755
0.8858
0.6234
0.6001
0.5576

1.011
0.9206
0.7555
0.1987
0.3313
0.7451
0.6507
0.7484
0.3565
0.5962
0.8343
0.8906
0.3147
0.7995
1.3627

1.05
0.82
0.82
0.78
1.29
0.82
1.21
0.72
0.52
0.87
1.67
0.75
0.66
0.77
1.28
2.04
1.04
0.69
0.79
1.75
1.43
0.71
0.68

0.9
1.35
1.04
0.98
0.68
0.58
1.22
1.12
0.96
0.85
1.03
1.09
1.25

0.6
0.41
0.77
0.77
1.06
0.49
0.67
0.74
1.85
0.77
1.09
1.36

39.14
46.86
48.46
16.41
3.98
22.33
42.7
69.25
34.32
26.43
47.18
44.68
55.36
40.5
28.34
35.19
31.95
73.53
8.24
28.45
32.36
33.75
42.57
36.04
45.99
25.72
50
45.14
18.57
27.36
44.24
37.34
34.38
1.45
15.54
39.76
66.8
20.12
2.97
15.98
29.44
26.66
11.06
-12.24
51.93
59.08
26.45
-0.34
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77
78
79
80
81
82
83
84
85
86
87
88

Ad.
AS5.
SL.
S2.
S3.
S4.
S5.
O1.
02.
03.
0O4.
05.

1.0388
0.8347
0.6496
0.7818
1.0585
0.7562
0.7876
0.8334
0.7943
0.9021
1.0276
1.1598

1.063
0.8353
0.6463
0.7979
1.0491
0.8292
0.6201

0.794
0.7089
0.8248
0.9499
1.1266

1.0156
0.7994
0.6282
0.8047
1.1265
0.8164
0.6097
0.6779
0.6209
0.7528
0.8625
0.9807

Regr: Regression/canonical coefficients for standardized variables
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NAME

EIG

pH

Temp

DO

Sal

Tur

Chla
NO2.NO3
PO4

NH3

AX1

0.2368

-0.5169
0.2172
0.0626
-0.481

-0.0535
0.1289

-0.0826

-0.0886
0.0775

tVal: t-values of regression coefficients
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StBi: Species coordinates for t-value biplot

NAME

FR EXPLAINED

pH

Temp

DO

Sal

Tur

Chla
NO2.NO3
PO4

NH3

AX1

0.6824

-3.3265
3.0828
0.6561

-3.3166

-0.6689
1.6016

-0.9276

-1.3388
1.1283

AX2

0.0315

-0.3178
0.0224
-0.0159
0.4833
0.9198
-0.1521
0.3216
-0.0066
-0.3163

AX2

0.0908

-1.1263
0.1752
-0.092
1.8353
6.3294
-1.0407
1.9887
-0.0551
-2.5368

AX3

0.0246

-0.619
-1.0168
0.4876
0.0253
-0.2339
0.199
0.1143
0.2197
0.1697

AX3

0.0708

-2.2552
-8.1715
2.8915
0.0989
-1.6548
1.3996
0.7267
1.8782
1.3989

1.0399
0.7491
0.5857
0.7712
1.1386
0.7641
0.5712
0.4854

0.575
0.7926
0.8462

0.905

AX4

0.0179

0.4055
-0.0145
0.1105
-0.7908
-0.1278
0.6515
-1.1481
0.0413
-0.1801

AX4

0.0514

0.938
-0.0739
0.4159
-1.9597
-0.5737
2.9085
-4.6337
0.224
-0.9427

1.7
1.45
1.22
1.23

1.2
0.97
0.77
1.42
1.19
0.94
1.16
1.49

38.86

48.2
51.89
37.17

4.89

214
25.97
65.81
51.71
15.29
26.97
39.16
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NAME

EIG

Aery
Aspl
Aspi
Capau
Cdor
Cfur
Acgi b
Bsim
Pacu
Pcras
Pspl
Maur
Pbow
Tbar
Tfor
Oaru
Oatt e
Obre
Odis s
Osim
Cand
Cery
Pseu
Hem
Eacu
Mnor
Hspl
Bal
Luci
Ser
Pena
Bra
Dio
Xys
Cod
Noc
Sag
Hyd
Sabe
Spio
Tere
Ga
Bv
Bry

AX1

0.2368

-0.3499
0.2678
0.4196

-0.7363

-0.2867

-0.4322

-0.4622

-0.2497

-0.3292
0.1087
0.1332
-0.397

-0.32

-0.3727

-0.4601
0.2806

-0.2304

-0.6991
0.1967

-0.2516

-0.2551

-0.5559

-3.5777

-0.7336
-0.218

-0.4328
0.1341

-0.0735
-0.188

-0.3024

-0.7993

-0.0552

-0.2257
0.7529

-0.5102

-0.5751
0.1758

-0.4241

-0.3418

-0.6682

-0.4109

-0.2746

-0.2516

-0.3536

AX2

0.0315

0.0155
0.0021
0.1051
-0.6446
-0.0388
0.0469
0.0006
0.1943
-0.0252
0.435
0.4821
0.5162
0.1482
-0.0132
0.0492
0.0946
0.0081
-0.1264
0.049
0.2543
-0.0459
-0.1084
4.3379
0.2236
-0.0288
-0.0619
0.7772
0.8712
0.0089
0.0958
0.5716
0.4862
0.0344
0.779
1.6679
-1.1793
-1.5648
0.9415
-0.0606
-0.0379
-0.0053
0.0544
0.0155
0.1814

AX3

0.0246

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

AX4

0.0179

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

VAR(Y)

0.74
1.97
0.81
0.05
1.33
0.24
0.47
0.96
0.88
0.36
1.37
0.59
0.51
0.85
0.79
1.46
1.81
0.75
2.01
0.78
1.17
0.24
0.86
0.64
1.76
0.88
0.77
1.09

1.04
0.59
0.98

15
1.43
1.92
0.54
0.38
0.69
2.39
0.94
0.71
1.05
1.09
1.29

% EXPL

35.82
45.7
28.96
13.09
41.33
25.96
27
39.09
33.58
28.78
27.06
24.35
3251
31.39
20.34
41.71
50.46
17.13
56.21
32.26
50.47
19.56
6.11
21.02
52.62
25.77
22.12
12.36
64.98
34.47
14.98
2251
5141
20.45
15.24
8.6
16.98
14.95
39.36
22.53
30.14
423
47.25
33.02
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45 Ophio -0.2499 0.1793
46  Oiko -0.2145  -0.0782
47  Pho -0.5961 0.1461

EtBi: Environmental coordinates for t-value biplot

N NAME AX1 AX2

EIG 0.2368 0.0315
1 pH -0.2023  -0.1244
2  Temp 0.1875 0.0194
3 DO 0.0399 -0.0102
4  Sal -0.2017 0.2027
5 Tur -0.0407 0.6991
6 Chla 0.0974  -0.1149
7  NO2.NO3 -0.0564  0.2196
8 PO4 -0.0814  -0.0061
9 NH3 0.0686  -0.2802

AX3

0.0246

O O O O O o o o o

CorE: Inter set correlations of environmental variables with axes

N NAME AX1 AX2

FR EXTRACTED 0.2099 0.0793
1 pH -0.8177  -0.1382
2  Temp 0.3567  -0.1963
3 DO -0.4365  -0.2541
4 Sl -0.825 -0.0278
5 Tur 0.1076 0.6719
6 Chla 0.2623 0.2413
7 NO2.NO3 0.3464 0.0521
8 PO4 -0.0063  -0.0479
9 NH3 0.1473 -0.276

BipE: Biplot scores of environmental variables

N NAME AX1 AX2
R(SPEC,ENV) 0.8809 0.7158
1 pH -0.9282  -0.1931
2  Temp 0.4049 -0.2742
3 DO -0.4955 -0.355
4  Sal -0.9365  -0.0389
5 Tur 0.1222 0.9386

AX3

0.0413

-0.1211
-0.5654
0.1207
-0.1035
0.0423
0.0373
0.0524
0.0136
0.0755

AX3

0.7254

-0.1669
-0.7794
0.1665
-0.1427
0.0584

AX4

0.0179

O O O O O o o o o

AX4

0.0311

0.0338
-0.0096
0.1896
-0.0073
0.0635
0.039
-0.3864
0.0833
-0.284

AX4

0.5561

0.0607
-0.0173
0.341
-0.0131
0.1141

1.61
12
0.5

37.68
52.54
174

346
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CenE: Centroids of environmental variables (mean.gt.0) in ordination

Chla

NO2.NO3

PO4
NH3

diagram
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NAME

R(SPEC,ENV)

pH

Temp

DO
Sal
Tur

Chla

NO2.NO3

PO4
NH3

0.2977
0.3932
-0.0071
0.1672

AX1

0.8809

-0.0393
0.0106
-0.0894
-0.165
0.034
0.1294
0.2376
0
1.0954

0.3371
0.0728
-0.067
-0.3856

AX2

0.7158

-0.0082
-0.0072
-0.0641
-0.0069
0.2616
0.1465
0.044

0
-2.5255

0.0514
0.0723
0.0188
0.1041

AX3

0.7254

-0.0071
-0.0204
0.03
-0.0251
0.0163
0.0223
0.0436
0
0.6815

0.0701
-0.6949
0.1498
-0.5108

AX4

0.5561

0.0026
-0.0005
0.0616
-0.0023
0.0318
0.0305
-0.4198
0
-3.3457

SamE: Sample scores which are linear combinations of environmental

variables
N NAME
EIG

1 M1

2 M2

3 M3

4 M4

5 M5

6 J1

7 J2

8 J3

9 XM
10 X5
11 Jyl
12 JY?2
13 JY3
14  Jy4
15 JY5
16 Al
17 A2
18 A3
19 A4
20 S1

AX1

0.2368

1.4753
0.4894
0.1703
-0.9702
-1.3418
0.7498
-0.6253
-1.2977
-1.3318
-1.3911
0.8622
0.1298
-0.5689
-1.0241
-1.0569
-0.0096
-0.3787
-0.7009
-0.8601
1.3827

AX2

0.0315

-0.5604
-0.4118
-0.4681
-0.8082
-1.043
0.1655
-0.3651
0.4273
-0.1726
0.3505
1.3261
1.5314
1.5797
1.1703
-0.3063
-0.7285
-0.9189
0.0533
0.1369
1.0532

AX3

0.0246

-0.8782
-0.9153
-0.9947
-1.3994
-1.8492
0.2447
0.2259
0.2699
0.2366
0.387
0.6338
1.0811
0.9513
0.5664
0.1996
-0.4373
-0.2544
0.8758
1.4998
0.72

AX4

0.0179

0.7946
0.547
0.4486
0.1127
-0.0244
0.2449
0.2653
0.1084
0.1983
0.1489
0.5766
0.8201
1.2093
1.3877
2.7949
0.5011
0.6343
1.0382
0.0176
0.986

WEIGHT

% FIT

44.26
4.74
-0.09
17.69
32.28
31.12
-41.04
-78.8
60.72
26.24
25.36
53
34.06
30.6
40.77
12.06
-0.89
-22.39
43.7
42.26
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

S2
S3
S4
S5
01
02
03
04
05
N1
N2
N3
N4
N5
D1
D2
D3
D4
D5
JA1
JA2
JA3
JA4
JAS
F1
F2
F3
F4
F5
MR1
MR2
MR3
MR4
MR5
AP1
AP2
AP3
AP4
APS
M1.
M2.
M3.
M4,
M5.
J1.
J.2
J3.
J4.

0.9174
0.6545
-0.9783
-1.2099
1.6957
1.0056
0.4761
-0.9689
-0.937
1.0861
1.119
0.6825
-0.7436
-1.5921
1.4648
1.4786
0.5763
-0.6163
-1.1077
0.6566
0.6626
0.2405
-0.6577
-1.0429
2.5703
1.5009
1.1203
-0.5746
-0.953
1.4128
0.8853
0.6876
-0.7643
-0.8005
1.5042
0.5914
-0.101
-0.998
-0.8777
1.1898
1.0299
0.1056
-0.6658
-0.6626
1.2244
0.0349
-0.6924
-1.0385

0.4809
-0.0377
0.748
0.8196
-0.704
-0.6193
-0.9293
-0.9539
-0.6676
-0.1614
-0.2195
0.0046
-0.6787
0.829
0.4522
0.8984
0.7053
1.41
0.7683
2.4496
1.5815
2.1673
0.9975
0.1658
-1.3011
-0.4587
-0.9454
-0.2749
-0.27
1.3669
1.2043
0.7986
1.2468
0.0203
-1.5277
-0.9344
-0.9191
1.0105
-2.087
-0.5354
-1.103
0.1871
1.813
-2.2327
-1.4035
-0.7912
-1.8692
-1.6315

0.5323
0.3329
1.1054
0.6677
1.0162
0.2157
0.1722
1.322
1.1653
0.8665
1.0386
0.0885
2.4596
0.2469
-0.4185
-1.0384
-1.0897
-0.5891
-0.6479
-0.4723
-0.8282
-0.8689
-0.4084
-0.565
0.2998
-0.6954
-1.3141
-1.191
-0.9019
-0.4258
-1.3329
-1.2709
-1.5738
-1.6393
0.1607
-0.7494
-1.3889
-1.5981
-1.4754
0.0201
-0.8038
-1.4959
-1.7978
-0.3985
0.5086
-0.2896
0.6868
0.118

1.5609
2.6464
-0.2853
-0.3463
-1.5879
-0.7005
-0.4243
0.7095
0.2026
0.6984
0.6929
1.026
0.4362
0.7701
-0.3154
-0.6104
1.0584
-0.8417
-1.3274
-0.4207
1.1572
0.3218
-0.4637
-0.6091
-1.4337
-2.1708
-1.2405
-0.2929
-1.3687
-1.003
-0.1465
0.7343
0.5146
-0.3139
2.3361
2.1875
0.9855
-0.4288
-0.6469
1.125
-0.4119
-1.3725
-0.6925
-1.0457
0.7899
0.7592
0.3849
-0.3156

36.65
-15
34.68
37.42
58.21
52.53
-15.46
12.69
39.14
46.86
48.46
16.41
3.98
22.33
42.7
69.25
34.32
26.43
47.18
44.68
55.36
40.5
28.34
35.19
31.95
73.53
8.24
28.45
32.36
33.75
4257
36.04
45.99
25.72
50
45.14
18.57
27.36
44.24
37.34
34.38
1.45
15.54
39.76
66.8
20.12
2.97
15.98
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69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

J5.

JLL.
JL2.
JL3.
JLA.

Al
A2.
A3.
Ad.
AS5.
SL.
S2.
S3.
S4.
S5.
O1.
02.
03.
0O4.
05.

-1.1255
0.3004
-0.1646
-0.4927
-1.4207
1.8077
0.8852
-0.1099
-1.1935
-1.3181
1.3027
0.5814
0.1804
-0.6623
-0.952
1.3902
0.6586
0.1561
-0.9066
-1.2096

-1.3505
-0.0974
-1.0418
0.8058
0.6365
-0.5636
-0.5019
-0.3406
-0.405
0.0676
-0.054
0.2537
0.6968
-0.9565
-2.0038
0.5586
1.2386
1.011
0.7989
0.3672

-0.9634
0.4841
0.9038
1.3458
0.9965
1.3909
0.1363
0.2038
0.5063
0.4357

0.662

-0.2957

-1.7548
0.2426
0.5078
2.4065
1.4796
1.0826

1.769
1.5421

-0.3333
-0.4597

0.1584
-0.2135

-2.058
-0.9369
-1.0077
-0.4471

0.2992
-0.6812
-0.5043

-1.057

0.1403
-0.8104
-0.5151
-2.3516
-0.7232

0.7296
-1.3555
-0.9637

29.44
26.66
11.06
-12.24
51.93
59.08
26.45
-0.34
38.86
48.2
51.89
37.17
4.89
214
25.97
65.81
51.71
15.29
26.97
39.16
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Appendix V. Results of Tukey HSD test for significant interaction effects on physical parameters
and chl. a in the dry and wet periods (only selected interaction effects were shown).

a. Interaction between moon phase and depth on salinity in the dry period.

b D D B R B |
0 N oo O B~ W N B

b

b

Salinity

30.5

30.0

29.5

29.0

28.5

28.0

27.5

1st quarter Full moon
moon phase Depth {1}

1% quarter S

1% quarter B 0210
Full moon S 0.026
Full moon B 0.010
3" quarter S 0.069
3" quarter B 0.000
New moon S 0.000
New moon B 0.000

3rd quarter

{2}

0.990
0.936
1.000
0.001
0.000
0.000

New moon

{3}

1.000
1.000
0.018
0.000
0.000

{4

0.997
0.046
0.000
0.000

—o— Surface
-0- Bottom

6y {6 {7

0.006
0.000 0.498
0.000 0.204 0.999

b. Interaction between moon phase and depth on salinity in the wet period.

0T T o o7 2T T o1

Salinity

30

28

26

24

22

20

18

16

1st quarter Full moon

moon phase Depth {1}

1% quarter S

1% quarter B 0.000
Full moon S 0.909
Full moon B 0.709
3" quarter S 1.000
3" quarter B 0.000
New moon S 0.839
New moon B 0.131

3rd quarter

G

0.000
0.000
0.000
0.989
0.000
0.014

New moon

{3}

0.080
0.936
0.000
0.139
0.004

{4}

0.654
0.000
1.000
0.963

—o— Surface
-0- Bottom

5y {6 {1}

0.000
0.795 0.000
0.107 0.001 0.899
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c. Interaction between moon phase and depth on DO in the dry period.

0" T o M AT T oY Y

6.5

6.0

5.5

5.0

DO

4.5

4.0

3.5

3.0

2.5

—o— Surface

1st quarter Full moon 3rd quarter Newmoon . ootm
moon phase Depth {1} {2} {3} {4} {5} {6} {7}
1" quarter S
1% quarter B 0.183
Full moon S 0.000 0.000
Full moon B  0.000 0.000 1.000
3" quarter S 0.020 0.000 0.000 0.000
3" quarter B  0.990 0.675 0.000 0.000 0.001
New moon S 0.000 0.186 0.012 0.018 0.000 0.001
New moon B  0.000 0.001 0.716 0.802 0.000 0.000 0.511

d. Interaction between moon phase and depth on DO in the wet period.

s I, IS T G 7S NN T, |

8.0

7.5

7.0

6.5

6.0

5.5

5.0

DO

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1st quarter Full moon 3rd quarter New moon

—o— Surface
-0O- Bottom

moon phase Depth {1} {2} {3} {4} {5} {6} {7}

1" quarter S

1™ quarter B 0.036

Full moon S 0974 0.340

Full moon B  0.679 0.793 0.996

3" quarter S 0972 0.347 1.000 0.997

3 quarter B  0.000 0.137 0.000 0.002 0.000

New moon S 0.000 0.560 0.002 0.022 0.002 0.992

New moon B  0.000 0.463 0.001 0.014 0.001 0.998 1.000
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e. Interaction between moon phase and diel on chl. a in the wet period.

o T ot oY 2Ty T T

moon phase

1% quarter
1% quarter
Full moon
Full moon
3" quarter
3" quarter
New moon

New moon

Log Chl. a

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

0.9

0.8

0.6

0.5

—o— Night

Diel

O 0O 0O 0 2 2 Z2

1st quarter

{1}

1.000
1.000
1.000
0.998
0.000
0.017
0.000

Full moon

{2}

1.000
1.000
1.000
0.000
0.042
0.000

{3}

1.000
0.998
0.000
0.017
0.000

-0- Day

3rd quarter New moon

{4}

1.000
0.000
0.028
0.000

5y {6 {7}

0.000
0.039 0.194
0.000 1.000 0.423
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AppendixVI. Results of Tukey HSD test for significant interaction effects of total and size-fractionated biomass in the dry
period (only selected interaction effects were shown). Shaded area indicates significance at p<0.05.

moon phase*Diel*Tide; LS Means

Current effect: F(3, 160)=4.6431, p=.00385
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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moon phase*Diel*Tide; LS Means
Current effect: F(3, 160)=4.3696, p=.00549
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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a. Interaction between moon phase, diel and tide of total zooplankton biomass.
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0.000
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b. Interation between moon phase, diel and tide of large-sized zooplankton biomass.
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1.000
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0.883
0.000
0.000
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0.212
0.000
0.000
0.000
0.000
0.447
0.000
0.007

0.008
0.002
0.995
0.998
0.000
0.000
0.000
0.000
1.000
0.000
0.640

1.000
0.230
0.315
0.001
0.015
1.000
0.975
0.437
1.000
0.773

0.156
0.248
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0.002
1.000
0.830
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1.000
0.735

1.000
0.000
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0.011
0.000
1.000
0.011
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0.000
0.000
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0.000
1.000
0.026
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{13y &3 8 {4 {5 {6 {3 {8 {9%
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{10}
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0.000 0.000 1.000 0.389
0.000 0.000 1.000 0.047 1.000
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0.999
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1.000 0.999 0.073
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c. Interaction between diel and depth of large-sized
zooplankton biomass.

Diel*Depth; LS Means
Current effect: F(1, 160)=5.0258, p=.02635
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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d. Interaction between tide and depth of large-

sized zooplankton biomass.

Logy, (500um biomass +1)
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Tide*Depth; LS Means
Current effect: F(1, 160)=4.7214, p=.03126
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Surface Bottom
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B 0.000
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B 0.002 0.886 0.688

e. Interaction between moon phase, diel and tide of medium-sized zooplankton biomass.

moon phase*Diel*Tide; LS Means
Current effect: F(3, 160)=10.908, p=.00000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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1% quarter N F 0002
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Full moon D F 0.000 1.000 0.776 0.001 1.000 1.000
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f. Interaction between moon phase, diel and tide of small-sized zooplankton biomass.
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Current effect: F(3, 160)=10.319, p=.00000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Appendix VII. Results of Tukey HSD test for significant interaction effects of total and size-fractionated density in
the dry period (only selected interaction effects were shown). Shaded area indicates significance at p<0.05.

moon phase*Diel*Tide; LS Means b moon phase*Diel*Tide; LS Means
a. Current effect: F(3, 160)=5.3174, p=.00161 . Current effect: F(3, 160)=5.7536, p=.00092
Effective hypothesis decomposition Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals Vertical bars denote 0.95 confidence intervals

Logyo (Total density +1)
Logyo(250um density +1)
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1
Tide: E F Tide: E F Tide: E F Tide: E F Tide: E F Tide: E F Tide: E F Tide: E F

-0~ Night —o— Night
-0- Day -0- Day
1% quarter Full moon 3" quarter New moon 1% quarter Full moon 3" quarter New moon

o

Interaction between moon phase, diel and tide of total zooplankton density.
moon phase Diel Tide {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {12} {13} {14} {15}

F st

1 1% quarter N E

2 1%quarter N F 0976

B quarter D E 1.000 0.800

4 1% quarter D F 0821 1.000 0.401

5 Full moon N E 0907 1.000 0.609 1.000

' Fullmoon N F 0439 1.000 0.132 1.000 1.000

7 Full moon D E 1.000 1.000 0.987 0.998 0.999 0.897

'8 Fullmoon D F 0993 1.000 0.869 1.000 1.000 0.999 1.000

9 39 quarter N E 1.000 1.000 0.969 1.000 1.000 0.983 1.000 1.000

"0 39 quarter N F 1.000 0.991 1.000 0.931 0.958 0.652 1.000 0.998 1.000

M1 39 quarter D E 0788 0.055 0.981 0.003 0.022 0.000 0.140 0.050 0.126 0.894

2 39quarter D F 1.000 1.000 0.958 1.000 1.000 0.958 1.000 1.000 1.000 1.000 0.080

13 New moon N E 1.000 1.000 0.985 1.000 1.000 0.996 1.000 1.000 1.000 1.000 0.251 1.000

"4 New moon N F 0005 0.782 0.000 0.605 0.917 0.982 0.044 0.338 0.167 0.027 0.000 0.081 0.370

"5 New moon D E 0103 0.999 0.015 0.997 1.000 1.000 0.467 0.940 0.788 0.270 0.000 0.630 0.926 0.999
"6 New moon D F 0904 1.000 0558 1.000 1.000 1.000 0.999 1.000 1.000 0.963 0.009 1.000 1.000 0.685 0.998

b. Interaction between moon phase, diel and tide of medium-sized zooplankton density.

moon phase Diel Tide {1} {2} {3} {4} {5} {6} {7} {8y {9} {10} {11} {12} {13} {14} {15}

1 1% quarter N E

2 1% quarter N F 0550

3 1% quarter D E  1.000 0.242

4 1*quarter D F 0973 0.999 0.759

5 Fullmoon N E 0.845 1.000 0.535 1.000

6  Fullmoon N F  0.651 1.000 0.288 1.000 1.000

7 Fullmoon D E 1.000 0.833 0.999 1.000 0.979 0.914

8  Fullmoon D F 1.000 0.978 0.986 1.000 0.999 0.996 1.000

9 3“quarter N E  1.000 0.973 0.990 1.000 0.999 0.994 1.000 1.000

10 3" quarter N F  1.000 0550 1.000 0.964 0.824 0.658 1.000 0.999 1.000

11 3" quarter D E  0.077 0.000 0.279 0.000 0.000 0.000 0.004 0.002 0.003 0.323

12 3" quarter D F  1.000 0.903 0.995 1.000 0.992 0.962 1.000 1.000 1.000 1.000 0.002

13 New moon N E 1.000 0.966 1.000 1.000 0.998 0.991 1.000 1.000 1.000 1.000 0.032 1.000

14  New moon N F  0.288 1.000 0.080 0.992 1.000 1.000 0.589 0.914 0.898 0.328 0.000 0.714 0.898

15  New moon D E 0926 1.000 0.614 1.000 1.000 1.000 0.997 1.000 1.000 0.915 0.000 1.000 1.000 0.999
16  New moon D F 1.000 0.892 0.999 1.000 0.989 0.955 1.000 1.000 1.000 1.000 0.010 1.000 1.000 0.717 0.999
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c. Interaction between moon phase, diel and tide of large-sized zooplankton density.

moon phase*Diel*Tide; LS Means
Current effect: F(3, 160)=2.8781, p=.03782

Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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moonphase Diel Tide {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {12} {13} {14} {15}

r st

1 1% quarter N E

AL quarter N F  1.000

3 1 quarter D E 0015 0039

1% quarter D F 0882 0916 0.736

r5 Full moon N E 1.000 1.000 0.281 1.000

'6 Full moon N F 0.946 0.958 0.788 1.000 1.000

'7 Full moon D E 0.984 0.987 0.441 1.000 1.000 1.000

r8 Full moon D F 0.952 0.963 0.771 1.000 1.000 1.000 1.000

'9 3" quarter N E 1.000 1.000 0.005 0.709 1.000 0.835 0.921 0.849

'?I.O 3" quarter N F  1.000 1.000 0.162 0.996 1.000 0.999 1.000 0.999 1.000

rll 3™ quarter D E 0.005 0.015 1.000 0.489 0.146 0.566 0.228 0.546 0.001 0.075

'5[2 3" quarter D F 1.000 1.000 0.000 0.287 0.998 0.471 0.593 0.493 1.000 1.000 0.000

'?|.3 New moon N E 0.279 0.357 1.000 0.997 0.827 0.997 0.965 0.997 0.156 0.687 1.000 0.036

r14 New moon N F 0.254 0.358 1.000 0.999 0.861 0.999 0.979 0.999 0.129 0.718 0.997 0.020 1.000

'3.5 New moon D E 0.002 0.008 1.000 0.394 0.109 0.489 0.154 0.468 0.000 0.051 1.000 0.000 1.000 0.997
'?I.G New moon D F  0.005 0.017 1.000 0.521 0.159 0.596 0.251 0.576 0.002 0.083 1.000 0.000 1.000 0.998 1.000

d. Interaction between diel and depth of large-sized zooplankton density.

Diel*Depth; LS Means
Current effect: F(1, 160)=6.3231, p=.01291

Effective hypothesis decomposition Diel Depth {1} {2} {3}
Vertical bars denote 0.95 confidence intervals r
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Appendix VIII. Results of Tukey HSD test for significant interaction effects of total and size-fractionated biomass in the wet
period (only selected interaction effects were shown). Shaded area indicates significance at p<0.05.

a. Interaction between diel and tide of medium-sized

zooplankton biomass.

Diel*Tide; LS Means
Current effect: F(1, 160)=4.8871, p=.02848
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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b. Interaction between moon phase and diel of small-
sized zooplankton biomass.

moon phase*Diel; LS Means

Current effect: F(3, 160)=3.4575, p=.01789

Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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0.007 0.523 0.029 0.530
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Appendix IX. Results of Tukey HSD test for significant interaction effects of total and size-fractionated
density in the wet period (only selected interaction effects were shown). Shaded area indicates
significance at p<0.05.

a. Interaction between diel and tide of medium-sized zooplankton density.
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Diel*Tide; LS Means
Current effect: F(1, 160)=4.4252, p=.03698
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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. Interaction between moon phase, diel and tide of large-sized zooplankton density.
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moon phase: WN1 moon phase: WS1 moon phase: WN2 moon phase: WS2
moon phase Diel Tide
1% quarter N E
1% quarter N F 0826
1% quarter D E 0179 1.000
1% quarter D F 0854 1.000 0.998
Full moon N E 0983 0.065 0.001 0.033
Full moon N F 0989 0.078 0.001 0.042 1.000
Full moon D E 0799 0.012 0.000 0.004 1.000
Full moon D F 0.800 0.012 0.000 0.004 1.000
3" quarter N E 1.000 0.995 0.682 0.999 0.658
3" quarter N F 1.000 0.970 0.542 0.988 0.969
3" quarter D E 0998 0.135 0.003 0.087 1.000
3" quarter D F 1.000 0.765 0.106 0.769 0.967
New moon N E 0.013 0.000 0.000 0.000 0.607
New moon N F 0.133 0.000 0.000 0.000 0.970
New moon D E 0905 0.025 0.000 0.009 1.000
New moon D F 0.000 0.000 0.000 0.000 0.000

1.000
1.000
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0.979
1.000
0.978
0.554
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1.000
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1.000
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1.000
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1.000
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1.000
0.001
0.012
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0.000

{1+ {2+ &}
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0.000 0.005
0.021 0.098 0.623

{1y & &8y {4 & {6 {73 {8 {9 {10} {11} {12} {13} {14} {15}

0.994

1.000 0.996

0.022 0.393 0.004

0.160 0.887 0.071 1.000

0.879 1.000 0.844 0.831 0.997
0.000 0.000 0.000 0.033 0.002 0.000
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Appendix X. Results of Tukey HSD test for significant interaction effects of copepod density in the dry period (only
selected interaction effects were shown). Shaded area indicates significance at p<0.05.
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Current effect: F(3, 160)=2.7404, p=.04515

Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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Diel: N

Full moon

o Diel: N

3¢ quarter

D Diel N D o Ebp

-0- Flood

New moon

moon phase Diel Tide {1} {2} {3} {4} {5} {6} {7} {8 {9} {10} {11} {12} {13} {14} {15}

1% quarter
1% quarter
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1% quarter
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Full moon
Full moon
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1% quarter
1% quarter
1% quarter
Full moon
Full moon
Full moon
Full moon
3" quarter
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1.000
0.999
0.952
0.970
0.897
0.367
0.988
0.302
0.036
0.982
1.000
0.482
1.000
1.000
1.000

0.934
0.655
1.000
1.000
0.976
1.000
0.942
0.435
1.000
1.000
0.969
1.000
1.000
1.000

1.000
0.397
0.176
0.011
0.418
0.010
0.001
0.373
0.941
0.040
0.957
1.000
0.903

0.110
0.023
0.000
0.092
0.000
0.000
0.076
0.567
0.004
0.662
0.978
0.520

1.000
1.000
1.000
1.000
0.928
1.000
0.998
1.000
0.999
0.875
1.000

1.000
1.000
1.000
0.889
1.000
0.986
1.000
0.995
0.671
0.999

0.999
1.000
0.992
1.000
0.625
1.000
0.780
0.119
0.881

0.996
0.671
1.000
1.000
0.998
1.000
0.917
1.000

phase, diel and tide of Parvocalanus crassirostris
{1 & &8 {4 &8 {6 {7 {8

0.982
0.934
0.998
0.157
0.000
0.000
0.321
0.035
0.000
1.000
0.999
0.015
0.518
0.821
0.129

0.141
1.000
0.992
0.127
0.308
1.000
0.958
0.019
1.000
1.000
0.779
1.000
1.000
0.997

0.126
0.001
0.000
0.000
0.001
0.000
0.000
0.295
0.152
0.000
0.003
0.010
0.000

0.769
0.002
0.008
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0.000
1.000
1.000
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1.000
0.782

0.971
0.999
1.000
1.000
0.605
0.749
0.728
1.000
1.000
0.990
1.000

1.000
0.512
0.963
1.000
0.003
0.002
1.000
0.317
0.038
0.793

0.826
0.999
0.976
0.013
0.006
1.000
0.629
0.122
0.972

1.000
0.115
0.946
0.940
0.994
1.000
1.000
1.000

1.000

0.998 0.711
0.534 0.083
1.000 1.000
0.687 0.147
0.101 0.008
0.803 0.217

density.
{9y {10}

0.536

0.454 0.000
0.396 0.000
1.000 0.962
0.999 0.056
0.928 0.004
1.000 0.270

0.999
0.999
1.000
0.892
1.000

{11}

1.000
0.224
0.989
1.000
0.768

0.722

1.000 0.819

1.000 0.242 1.000
1.000 0.896 1.000 1.000

{12} {13} {14} {15}

0.189

0.989 0.969

1.000 0.686 1.000
0.735 1.000 1.000 0.996

360



c. Interaction between moon phase and diel of Bestiolina similis density.
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3.5

3.0

25

2.0

15

1.0

0.5

moon phase*Diel; LS Means
Current effect: F(3, 160)=8.6424, p=.00002
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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0.000 0.045
0.074 0.739
0.341 0.982
0.308 0.974

0.604
0.000 0.000

0.454
0.951
0.000
1.000
0.220

{3}

0.134
1.000
0.693
0.259
0.289

Depth {1} {2} {3}

0.094 0.001 0.000

0.025
0.000
0.544
1.000

{4}

0.232
0.978
1.000
1.000

0.000
0.918 0.000
0.006 0.000 0.287

By {6y {7}

0.836
0.402 0.998
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f moon phase*Diel*Depth; LS Means moon phase*Diel; LS Means

Current effect: F(3, 160)=3.2615, p=.02305 g Current effect: F(3, 160)=4.6773, p=.00368
Effective hypothesis decomposition Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals Vertical bars denote 0.95 confidence intervals
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moonphase:DN1  moon phase:DS1  moon phase:DN2  moon phase: DS2

f. Interaction between moon phase, diel and depth of Acartia spinicauda density.
moon phase Diel Depth {1} {2} {3} {4} {5+ {6} {7+ {8} {9y {10} {11} {12} {13} {14} {15}

r st

1 1> quarter N S

g 1% quarter N B 1.000

3 1% quarter D S 0006 0.006

T 1quarter D B 0600 0.601 0893

5  Fulmoon N S 1000 1.000 0.020 0.824

%  Fullmon N B 1000 1.000 0.006 0.600 1.000

7  Fullmoon D S 0000 0.000 0.929 0.026 0.000 0.000

'8 Fulmon D B 1000 1.000 0.005 0.680 1.000 1.000 0.000

9 3%uater N S 1000 1.000 0.020 0.827 1.000 1.000 0.000 1.000

0 3%quater N B 0.937 0.937 0.000 0.003 0.803 0.937 0.000 0.713 0.799

1 3%Guater D S 0060 0.061 1.000 0.999 0.153 0.061 0.477 0.062 0.156 0.000

2 3%uater D B 0707 0.708 0.814 1000 0.894 0.708 0.015 0.783 0.897 0.005 0.996

3 Newmoon N S 1.000 1.000 0.005 0.567 1.000 1.000 0.000 1.000 1.000 0.948 0.053 0.676

4 Newmoon N B 1000 1.000 0.003 0.466 1.000 1.000 0.000 1.000 1.000 0.973 0.034 0.576 1.000

5 Newmoon D S  0.000 0.000 1.000 0.420 0.001 0.000 1.000 0.000 0.002 0.000 0.989 0.312 0.000 0.000
6 Newmoon D B 1000 1.000 0.008 0.782 1.000 1.000 0.000 1.000 1.000 0.613 0.097 0.869 1.000 1.000 0.000

g. Interaction between moon phase and diel of Acartia copepodid density.
moon phase Diel {1} {2} {3} {4} {5+ {6} {7}

1 1% quarter N

g 1% quarter D 0.999

3 Fullmoon N 0418 0.672

"4 Fullmoon D 0962 0.640 0.019

5 3%quarter N 0979 1.000 0.951 0.400

5 3quarter D 0.171 0.016 0.000 0.736 0.008

7 Newmoon N 0.123 0.253 0.999 0.002 0.667 0.000

'8 Newmoon D 0.037 0.086 0.989 0.000 0.426 0.000 1.000
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Appendix XI. Results of Tukey HSD test for significant interaction effects of other zooplankton density in the dry

period (only selected interaction effects were shown). Shaded area indicates significance at p<0.05.
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Vertical bars denote 0.95 confidence intervals
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Effective hypothesis decomposition
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1.000
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1.000
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1.000
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Full moon

. Interaction between moon phase, diel and tide of cirripede larva density.
Diel Tide {1} {2} {3y {4 {5 {6 {73 {8 {9 {10} {11} {12} {13} {14} {15}

1.000

1.000 1.000
0.000 0.000
0.035 0.006
1.000 1.000
0.004 0.023
1.000 0.992
0.812 0.479

{8 {9

0.362

0.992 1.000
0.998 0.989
0.224 1.000
0.059 1.000
0.000 0.009
0.001 0.979
0.421 1.000

Diel: N

) Diel: N D o Ebp

3quarter

0.000
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1.000
0.354
0.892
0.247

{10}

1.000
0.999
0.911
0.001
0.551
1.000

0.272
0.000
0.000
0.000
0.009

{11}

0.971
0.634
0.000
0.141
0.994

-0- Flood
New moon

0.180
0.000 0.012
0.232 1.000 0.000

0.993 0.955 0.000 0.997

{12} {13} {14} {15}

1.000
0.004 0.468
0.968 1.000 0.360

1.000 1.000 0.006 0.965
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moon phase*Diel*Tide; LS Means d Tide*Depth; LS Means
Current effect: F(3, 160)=7.2263, p=.00014 : Current effect: F(1, 160)=6.1505, p=.01417
Effective hypothesis decomposition Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals Vertical bars denote 0.95 confidence intervals
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c. Interaction between moon phase, diel and tide of polychaete density.

moonphase  Diel Tide {1} {2} {3} {4} {5} {6} {7} {8 {9} {10} {11} {12} {13} {14} {15}

1% quarter

1% quarter 0.994

1% quarter 0.897 0.166

1% quarter 1.000 1.000 0.225

Full moon 0.999 1.000 0.264 1.000

Full moon 0.000 0.003 0.000 0.000 0.001

Full moon 0.110 0.993 0.000 0.515 0.973 0.049

Full moon

3" quarter 0.000 0.106 0.000 0.001 0.059 0.999 0.664 0.793

0.008 0.574 0.000 0.061 0.437 0.973 0.993 0.997 1.000

1.000 0.992 0.916 1.000 0.998 0.000 0.095 0.148 0.000 0.007

0.517 1.000 0.001 0.956 1.000 0.003 1.000 1.000 0.183 0.824 0.477

0.422 0.999 0.003 0.871 0.996 0.190 1.000 1.000 0.849 0.997 0.391 1.000

0.000 0.000 0.000 0.000 0.000 0.889 0.000 0.000 0.176 0.086 0.000 0.000 0.000

0.181 0.998 0.000 0.670 0.991 0.026 1.000 1.000 0.520 0.979 0.158 1.000 1.000 0.000
0.024 0.873 0.000 0.171 0.762 0.451 1.000 1.000 0.990 1.000 0.020 0.987 1.000 0.001 1.000

0 3" quarter
1 3" quarter
2 3" quarter
3 New moon
4 New moon

5 New moon

T Y T Y Y LY oY oV T Y oY AT o oY e
U Uz=z0U0OzZz2z0O0OZzZz2z0OOZz2ZzZ

E
E
E
F
E
F
E
F 0.168 0.995 0.000 0.616 0.979 0.108 1.000
E
F
E
E
E
F
E
E

6 New moon

d. Interaction between tide and depth of chaetognath density.
Tide Depth {1} {2} {3}

r

1 E

r

2 E B 0018

g F S 0.094 0.930

% F B 0371 0.554 0.895
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Appendix XII. Results of Tukey HSD test for significant interaction effects of copepod abundance in the wet period (only
selected interaction effects were shown). Shaded area indicates significance at p<0.05.

Current effect: F(3, 160)=5.4533, p=.00135

Vertical bars denote 0.95 confidence intervals

moon phase*DielTide; LS Means

Effective hypothesis decomposition
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c. Interaction between moon phase and diel of P. crassirostris abundance.

moon phase*Diel; LS Means

Current effect: F(3, 160)=17.009, p=.00000
Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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f. Interaction between moon phase, diel and tide of P. crassirostris abundance.
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Appendix XIll. Results of Tukey HSD test for significant interaction effects of other zooplankton abundance in the wet
period (only selected interaction effects were shown). Shaded area indicates significance at p<0.05.

a. Interaction between moon phase, diel and tide of cirripede larva abundance.

moon phase*Diel*Tide; LS Means
Current effect: F(3, 157)=3.4835, p=.01734
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Appendix XIV. Results of Tukey HSD test for significant interaction effects of copepod biodiversity indexin the dry period (only selected

interaction effects were shown). Shaded area indicates significance at p<0.05.

moon phase*Diel*Tide; LS Means
Current effect: F(3, 160)=3.6156, p=.01457
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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moon phase*Diel‘Tide; LS Means
Current effect: F(3, 160)=9.0185, p=.00001
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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moon phase*Depth; LS Means

Current effect: F(3, 160)=3.4040, p=.01917

Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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Appendix XV. Results of Tukey HSD test for significant interaction effects of copepod biodiversity index in the wet period (only selected interaction
effects were shown). Shaded area indicates significance at p<0.05.

moon phase*Diel*Tide; LS Means
Current effect: F(3, 160)=5.6958, p=.00099
Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals

Copel'

035

Diel: N [}

1stquarter

Diel: N

D Diel: N

Full moon

3%quarter

o

Diel: N

D

New moon

a. Interaction between moon phase, diel and tide of J'.

moon phase
1% quarter
1% quarter
1% quarter
1% quarter
Full moon
Full moon
Full moon
Full moon

3" quarter

G TR TG T TR TG T P TS T IO TS, I I, IS K |

0  3“quarter
1 3" quarter
2 3" quarter
3 New moon
4 New moon
5 New moon
6 New moon

Diel

=z

O 0O z2z00=z2zZ00O2z2zZz0O0Zz

Tide

m

M m M m T m T m T m T m Tom T

{1

1.000
0.003
0.997
1.000
1.000
1.000
0.278
0.998
1.000
1.000
0.958
0.931
0.950
0.531
1.000

{2

0.239
1.000
1.000
0.998
1.000
0.971
1.000
1.000
0.999
1.000
1.000
1.000
0.997
1.000

{8

0.089
0.005
0.001
0.021
0.990
0.167
0.032
0.001
0.250
0.514
0.464
0.924
0.007

—o— ebb
-a- flood

4

0.999
0.968
1.000
0.941
1.000
1.000
0.986
1.000
1.000
1.000
0.995
1.000

{5

1.000
1.000
0.364
1.000
1.000
1.000
0.981
0.965
0.976
0.634
1.000

{6

1.000
0.126
0.980
1.000
1.000
0.822
0.776
0.816
0.299
1.000

{n

0.652
1.000
1.000
1.000
0.999
0.998
0.999
0.877
1.000

{8

0.970
0.627
0.174
0.995
1.000
0.999
1.000
0.432

{9

1.000
0.991
1.000
1.000
1.000
0.998
1.000

{10} {11} {12} {13} {14} {15}

1.000
0.997
0.993
0.995
0.842
1.000

0.888
0.848
0.880
0.381
1.000

1.000
1.000
1.000
0.991

1.000
1.000 1.000
0.980 0.987 0.705

370



moon phase*Diel*Tide; LS Means

Current effect: F(3, 160)=5.7334, p=.00094

Effective hypothesis decomposition

Vertical bars denote 0.95 confidence intervals
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Abstract Zooplankton, sampled at five stations
from the upper Sangga estuary (7 km upstream) in
Matang Mangrove Forest Reserve (MMFR), Malaysia,
to 16 km offshore, comprised more than 47%
copepod. Copepod abundance was highest at near-
shore waters (20,311 ind m_3), but decreased toward
both upstream (15,572 ind m~> ) and offshore waters
(12,330 ind m—>). Copepod abundance was also
higher during the wetter NE monsoon period as
compared to the drier SW monsoon period, but vice
versa for copepod species diversity. Redundancy
analysis (RDA) shows that copepod community
structure in the upper estuary, nearshore and offshore
waters differed, being influenced by spatial and
seasonal variations in environmental conditions.
The copepods could generally be grouped into
estuarine species (dominantly Acartia spinicauda
Mori, Acartia spl, Oithona aruensis Friichtl, and
Oithona dissimilis Lindberg), stenohaline species
(Acartia erythraea Giesbrecht, Acrocalanus gibber
Giesbrecht, Paracalanus aculateus Giesbrecht, and
Corycaeus andrewsi Farran) and euryhaline species
(Parvocalanus crassirostris Dahl, Oithona simplex
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Farran, and Bestiolina similis (Sewell)). Shifts in
copepod community structure due to monsoonal
effects on water parameters occurred at the lower
estuary. Copepod peak abundance in mangrove
waters could be associated with the peak chlorophyll
a concentration prior to it. Evidence of copepod
consumption by many species of young fish and
shrimp larvae in the MMFR estuary implies the
considerable impact of phytoplankton and micro-
phytobenthos on mangrove trophodynamics.

Keywords Community structure -
Abundance - Copepods - Mangrove estuary -
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Introduction

The mangrove habitat has been regarded as a
zooplankton-rich area (Robertson & Blaber, 1992)
serving as feeding and nursery ground for a variety of
fishes and invertebrates (Robertson & Duke, 1987;
Sasekumar et al., 1994; Laegdsgaard & Johnson,
2001; Chong, 2007). The high productivity of the
mangrove ecosystem has always been linked to its
largely detritus-based food web with mangrove
supplying the main source of carbon to aquatic
consumers (Lugo & Snedaker, 1974; Odum & Heald,
1975). However, this role of mangrove has recently
been questioned and debated (e.g., Loneragan et al.,
1997; Chong et al., 2001; Bouillon et al., 2003; Lee,
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2005) with the advent of stable isotope (DeNiro &
Epstein, 1978; Peterson & Fry, 1987) and fatty acid
tracers (Meziane & Tsuchiya, 2000, 2002) tech-
niques. Arguments for the importance of phytoplank-
ton as a carbon source have alluded to the role of
herbivorous zooplankton as intermediaries that are
consumed directly or indirectly by juvenile fish
or shrimps in the mangrove (Schwamborn, 1997,
Bouillon et al., 2000; Chew et al., 2007).

Several studies have shown the dominance of
zooplankton feeders among juvenile fish in the
mangrove (Robertson & Duke, 1987; Blaber, 2000;
Chew et al., 2007) where copepods are often the main
food of small or young fishes (Robertson et al., 1988;
Chew et al., 2007) and shrimps (Chong & Sasekumar,
1981). Copepod-dominated zooplanktons are more
abundant in mangrove estuaries than in adjacent
coastal waters (Robertson et al., 1988). In many
cases, the higher abundance is correlated with the
higher chlorophyll a concentration and primary
production in the mangrove estuary (Robertson &
Blaber, 1992). It has been argued that while phyto-
plankton production is low in mangrove creeks, it
could be substantial in the more open estuaries
(Chong, 2007). This view is consistent with studies
based on stable isotope analysis indicating that
penaeid shrimps sampled upstream to offshore
become increasingly more dependent on phytoplank-
ton carbon (Rodelli et al., 1984; Chong et al., 2001).

In the view that copepods are an important food
source for young mangrove fishes, it is necessary to
study their community structure and abundance in
relation with the environment, to evaluate their
contribution to mangrove trophodynamics and thus
to coastal fisheries (see Blaber, 2007; Chong, 2007).
Moreover, there are few studies on zooplankton
ecology in the mangrove ecosystem worldwide (e.g.,
Grindley, 1984; Madhupratap, 1987; Robertson et al.,
1988; McKinnon & Klumpp, 1998; Krumme &
Liang, 2004). In Malaysian waters, published works
on marine zooplankton or copepods are depauperate
and sporadic (Sewell, 1933; Chong & Chua, 1975;
Chua & Chong, 1975; Johan et al., 2002; Rezai et al.,
2004, 2005; Yoshida et al., 2006), with only one
involving mangrove (Oka, 2000). The present study
therefore intends to contribute further knowledge of
the ecological role of copepods in turbid-water
mangrove habitats. The objectives are to determine
the copepod community structure and abundance of
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mangrove and adjacent coastal waters, and to relate
copepod community attributes to the environmental
factors.

Materials and methods
Study site

The general study site was located at the Matang
Mangrove Forest Reserve (MMFR) on the west coast
of Peninsular Malaysia (4°50'N, 100°35E; Fig. 1).
The MMEFR is dominated by silvicultured Rhizophora
apiculata Blume. The upper, middle, and lower
regions of the complex interconnected estuaries of
the Sangga rivers that were sampled for zooplankton
were located 7, 3.5, and O km from the river mouth of
Sangga Kecil (Table 1). The adjacent coastal waters
were sampled at their nearshore and offshore sites
located 8 and 16 km from the mouth of Sangga Kecil,
respectively. The water depths are relatively shallow,
the deepest water not exceeding 8 m. The hydrology
of the Matang estuaries is dominated by semidiurnal
tidal circulation. The tidal levels at MHWS, MHWN,
MLWN, and MLWS have been reported as 2.1, 1.5,
0.9, and 0.3 m above chart datum (Chong et al., 1999).

Field collection

Routine monthly sampling of zooplankton was car-
ried out from May 2002 to October 2003 from the
upper estuary to offshore waters (Fig. 1). Samplings
were conducted during neap tides when the water
parameters were less fluctuating (Chong et al., 1999).
At each sampling station, physical parameters (salin-
ity, temperature, pH, dissolved oxygen, and turbidity)
were measured by a metered multi-parameter sonde
(Model YSI 3800 and Hydrolab 4a). All water
parameters were taken at 0.5 m depth. Rainfall data
during sampling periods were obtained from the
Malaysian Meteorological Department based on
measurements recorded at Taiping, a town located
10 km to the east of MMFR. Chlorophyll a concen-
trations were measured using the fluorometric method
(Parson et al., 1984) from July 2002 to October 2003.

Duplicate zooplankton samples were taken by
45 cm-diameter bongo nets (363 and 180 pum) fitted
with calibrated flow-meters. Two horizontal tows
(0.5-1 m depth) were made at each station during
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Table 1 Station location, water depth, number of species and composition of copepod population in Matang, Malaysia

Station Location Distance from Mean water ~ Number of Percentage of copepod (%)
river mouth (km) depth (m) species identified -
Adult Juvenile

Upper estuary ~ 4°50'N 100°36'E -7 3.46 25 57.2 42.8
Mid-estuary 4°49'N  100°35E  —3.5 7.25 29 49 51

Lower estuary ~ 4°49N  100°33'E 0 5.75 34 54.6 45.4
Nearshore 4°47N  100°29E 8 3.30 42 72.7 27.3
Offshore 4°45'N  100°25'E 16 7.04 39 66.4 33.6

Negative and positive distances indicate upstream and off shore directions, respectively

day, one on the seabound journey and the other on the
return. Tow durations ranged between 3 and 10 min
depending on net clogging. Collected zooplankton
samples were preserved in 10% buffered formalde-
hyde in seawater and kept in 500 ml plastic bottles
before subsequent analysis.

Only the 180 pm-net samples were analyzed and
the results reported here. Samples were gently and
quickly wet sieved through stacked 1,000, 500, 250,
and 125 um Endecott sieves using running tap water.
The various fractions were immediately resuspended

in 80% alcohol in separate 100-ml vials. For
enumeration, the samples were split between 1 and
8 times using a Folsom plankton splitter. Adult
copepods were identified to species or the lowest
possible level. Copepodids were identified to genus
level. Juveniles that could not be identified were
classified as unidentified copepodids or nauplii. Large
copepods (>1 mm) were individually counted on a
Petri dish. Small copepods (<1 mm) were subsampled
using a 1 ml Stempel pipette before transferring them
onto a 1 ml Sedgewick-Rafter cell for total counts.
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Copepod abundance was calculated as number of
individuals per m’ (ind m_3).

Data analyses
Univariate analysis

Species diversity was calculated for all adults and
Hemicyclops copepodids using Shannon—Wiener
diversity index (H') (Shannon, 1948) and Pielou’s
evenness (J') (Pielou, 1969). Two-way factorial
ANOVA with unequal, but proportional replication
was used to examine effects due to monsoon season
(NE monsoon and SW monsoon) and station (upper
estuary, mid-estuary, lower estuary, nearshore, and
offshore) on the diversity index (H'), evenness (I'),
copepod abundance [total, Parvocalanus crassirostris
Dahl, Acartia spinicauda Mori, Acartia copepodid,
Oithona simplex Farran, Bestiolina similis (Sewell),
and Euterpina acutifrons (Dana)] and the various
environmental variables (salinity, temperature, pH,
dissolved oxygen, turbidity, and chlorophyll a con-
centration). If the ANOVA test was significant,
Tukey HSD test was further conducted for multiple
comparisons of the means. Data were first tested for
normality and homogeneity of variance. Skewed data
were either fourth rooted, log;o(x) (environmental
variable) or log;o(x + 1) (copepod abundance) trans-
formed. Kruskal-Wallis test was conducted if the
variable (e.g., abundance of Parvocalanus elegans
Andronov, Metacalanus aurivilli Cleve, and Harpac-
ticoida spl) did not fulfill parametric assumptions
even after data transformation. Significance level at
o = 0.05 was applied to determine significant differ-
ence. All statistical analyses were conducted using
Statistica Version 8 software on a PC.

Multivariate analysis

The relationships between copepod abundance and
environmental variables were analyzed by RDA
using the CANOCO 4 program. RDA is a constrained
linear ordination method that assumes the species-
environment relations are linear based on direct
ordination (Ter Braak, 1994). We used RDA which
is a short-gradient analysis because the copepod
community variation in the study area was not wide,
<2SD (Ter Braak & Prentice, 1988). Eighty-eight
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samples containing 23 copepod species (those that
accounted for at least 0.2% of the total abundance at
each sampling station) were related to six environmental
parameters (salinity, pH, temperature, dissolved oxygen,
turbidity, and chlorophyll a concentration). Copepod
abundance was log;y (x + 1) transformed, while
turbidity and chlorophyll a contents were logio (x)
transformed due to skewed data.

Results
Environmental parameters

Monthly rainfall at Taiping during the sampling
period ranged from 67 to 650 mm (Fig. 2). Mean
total rainfall (221 mm) and mean number of rainy
days (17 days) during the SW monsoon period were
relatively lower than that (416 mm, 25 days) during
the NE monsoon. The rainfall pattern, however, did
not show a well-defined dry and wet seasons (Fig. 2).

Mean station salinity ranged from 20.4 £ 3.7 ppt
to 30.5 &+ 1.2 ppt from upper estuary to offshore
waters (Fig. 3a; Table 2). Salinity was significantly
higher (P < 0.01) during the SW monsoon season
than NE monsoon season, but there were no signif-
icant interaction effects between monsoon season and
station. Mean pH values of near neutral (7.2)
recorded at the upper estuary increased to 8.0 in
offshore waters. Mean DO values also increased in
the offshore direction (4.8-6.0 mg 171). Mean tur-
bidity values were highest at the river mouth
(35.6 NTU) generally decreased in both directions,
but the clearest water was observed offshore
(15.2 NTU). Mean water temperature of the five
stations were generally similar ranging between 30
and 31°C, while mean monthly temperature at station
was rather consistent at <1.5°C fluctuation during the
sampling period (Table 2). Water temperatures of
both mangrove and adjacent coastal waters were not
significantly different between the two monsoon
seasons (Fig. 3b).

Phytoplankton biomass as indicated by mean
chlorophyll a concentration was higher at the man-
grove stations (21.0, 20.2, and 22.8 pg 1_1) than at
the nearshore (12.3 pg 17") or offshore (9.2 pg 17"
stations (see Table 2). After pooling the above data,
the mean chlorophyll a concentration was found to
be significantly higher (P < 0.01) in the mangrove
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Fig. 2 Monthly total rainfall and number of rainy days
recorded from May 2002 to October 2003 at Taiping, located
10 km east of the study site. Shaded region indicates SW

estuary (40.1 & 21.9 pg 17") than adjacent coastal
waters (26.8 £ 7.7 nug 171), and in the NE monsoon
(213 £21.7 pg1™") than in the SW monsoon
(14.1 & 8.5 ug 1™") period. Phytoplankton blooms
apparently occurred in the mangrove estuary with a
major peak in January 2003 (Fig. 3c), following
heavy rainfall in December 2002.

Spatial variation of copepod abundance
and composition

Mean zooplankton density estimated for the mangrove
estuary and adjacent coastal waters over the sampling
period were 26,533 ind m— (SD =+ 23,089 ind m ™)
and 30,945 ind m™> (SD £ 56,643 ind m™), respec-
tively. Copepods constituted at least 47% of the
zooplankton at all stations. Density of copepods at the
five stations ranged from 3,030 to 62,650 ind m™>
(mean = 17,417 ind m™—, SD =+ 13,223 ind m ™),
with the lowest density recorded at mid-estuary in
May 2003 and the highest at upper estuary in December
2002 (Fig. 4a, b). However, mean density of total
copepods increased from the upper estuary (15,572 &
20,171 ind m73) to nearshore waters (20,311 &
12,892 ind m73), and decreased toward offshore waters
(12,330 + 11,046 ind m; Fig. 5; Table 2).

A total of 48 species of copepods were recorded.
The highest number of identified copepod taxa was

monsoon period (April-September); unshaded region indicates
NE monsoon period (October—March)

obtained from the nearshore station (42 taxa)
followed by offshore (39 taxa) station. In mangrove
waters, the lower estuary, mid-estuary, and upper
estuary each recorded 34, 29, and 25 taxa, respec-
tively (Table 1). Shannon—Wiener diversity index
(H) and Pielou’s evenness (J') were significantly
lowest (P < 0.01) at the upper estuary as compared to
the other four stations (Table 2). Nearshore and
offshore copepods were mainly adults, constituting
73 and 66% of the total copepod abundance, respec-
tively. Juvenile copepods (copepodid and nauplius
stages) of mainly Acartia copepodids constituted
43-51% of the total copepod abundance in mangrove
waters (Table 1).

Dominant species that comprised at least 5% of the
total abundance or present in at least one station were
P. crassirostris, A. spinicauda, O. simplex, B. similis,
and E. acutifrons. The small calanoid copepod,
P. crassirostris comprised 20-32% of the copepod
population and was present in all samples collected
during the study (100% occurrence; Table 3).
P. crassirostris was also the most abundant species
at all sampling stations except in mid-estuary and
nearshore waters which were dominated by Acartia
copepodids and O. simplex, respectively (Fig. 5).
Copepodids of Parvocalanus constituted 6-12% of
the total abundance and were absent in only a few
samples from the upper estuary. P. crassirostris
abundance showed that no significant difference
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among sampling stations suggesting that the euryha-
line species could tolerate a wider range of salinity
(Fig. 5). Acartia copepodid abundance was always
higher than their adults at all stations (Table 3).
Juvenile stages of Acartia were as dominant as
P. crassirostris, but they were more confined inside
mangrove waters (P < 0.01; Table 2). Mean total
abundance of Acartia copepodids (6,129 +
5,866 ind m > ) exceeded P. crassirostris (4,211 &
4,196 ind m ™) at mid-estuary (Table 3). A similar
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distribution pattern was observed for A. spinicauda
with higher abundance in mangrove than coastal
waters (Fig. 5). In contrast, O. simplex showed
preference for higher salinity water although it was
sampled at all stations. The abundance of O. simplex
was significantly higher at the river mouth to coastal
stations (P < 0.01) than at the upper and mid-
estuary (Table 2). It was more abundant than even
P. crassirostris in nearshore waters (Fig. 5; Table 3).
A similar trend of distribution as O. simplex was also
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Table 2 continued

83

Station x
Season
P-level

Season

Source of variation

Station

Springer

Offshore P-level SW NE P-level

32 (28)

Nearshore
36 (32)

Lower estuary

36 (32)

Mid-estuary
36 (32)

Upper estuary
36 (32)

70

106 (86)

Variable

0.118 0.412

592

492

<0.001%%*

607¢
665

1,102¢
1,536
1,865°¢
3,362

437%¢
484

27 Sa,b
377
63°

248*
472

Mean

Bestiolina similis

1,165
988

623
394

+SD

0.276

0.321

<0.001%*

1,037¢
1,255

221°
333

12*
37

Mean
+SD

Euterpina acutifrons

2,631

677

140

n = sample size for all parameters except chlorophyll @ in parentheses; A diversity index (H') computed on log-base e; homogenous groups indicated by superscripts a, b, ¢ and d

* Significance at P < 0.05, ** significance at P < 0.01

observed for B. similis and its juveniles (Fig. 5).
E. acutifrons preferred nearshore (9%) and offshore
(8%) waters than mangrove waters (<1%; Fig. 5).

Tortanus barbatus (Brady) and Tortanus forcipa-
tus (Giesbrecht) each constituted less than 1% of the
overall copepod abundance, but copepodids of Tort-
anus comprised 5% of the total copepod abundance in
nearshore waters (Fig. 5). Tortanus copepodids were
frequently sampled in nearshore and offshore stations
with >90% of occurrence (Table 3). Other copepods,
such as Oithona dissimilis Lindberg, Oithona aruen-
sis Friichtl, Acartia spl, copepodids of Pseudodia-
ptomus, Oithona attenuata Farran, and copepodids of
Pontellidae, were also frequently collected. The
former first four taxa were more abundant in estua-
rine waters whereas the Pontellidae mainly occurred
in offshore waters (Table 3).

Temporal variation of copepod abundance
and composition

The abundance of copepods was significantly higher
(P < 0.01) during the NE monsoon period which
experienced a higher rainfall (Table 2). Seasonal
variation in copepod abundance was markedly
observed at the upper estuary with two large peaks
in December 2002 and October 2003 (Fig. 4a) that
coincided with the period of heaviest rainfall. Upper
estuary copepods sampled monthly rarely exceeded
20,000 ind m73, but densities in these months were
much higher at ca. 60,000 ind m 3. Peak abundance
was also exhibited at mid-estuary to offshore stations
during NE monsoon particularly in November 2002,
February 2003, and October 2003 (Fig. 4b—e) con-
currently the months of heavy rainfall (see Fig. 2).
Copepod abundance was scarce in June and August
2002 and in May and June 2003 (Fig. 4). These were
the months of lower rainfall (see Fig. 2). Although
copepod abundance was relatively lower during SW
monsoon, new copepod recruits first appeared in
September 2002 and August 2003 (Fig. 4b—e), and
their numbers soon increased thereafter with the
arrival of heavier rain.

Variations in copepod abundance were generally
influenced by the seasonal change of dominant
species. The abundance of copepods in mangrove
waters was strongly dependent on the dominant
genera, Acartia and Parvocalanus. P. crassirostris
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Fig. 4 Monthly composition of major copepod taxa by station,
from May 2002 to October, 2003. (a) upper estuary; (b) mid-
estuary; (c) lower estuary; (d) nearshore water; (e) offshore

was significantly more abundant (P < 0.01) during
the NE monsoon than SW monsoon (Table 2).
Similarly, the abundance of A. spinicauda and
copepodids varied seasonally and were significantly
more abundant (P < 0.01) during the NE monsoon
period (Fig. 4; Table 2). The coastal species, O.
simplex, was also significantly more abundant
(P < 0.01) during the NE monsoon period particu-
larly in November 2002 and February 2003 (Fig. 4;

[] oOthers

[ Bestiolina similis

(] Euterpina acutifrons
Oithona simplex

["] Acartia spinicauda
Acartia copepodids

[0 Parvocalanus copepodids

B Forvocalanus crassirostris

1)

2003

water. Only the five most abundant taxa of each station are
shown. “Others” grouped the remainder species. Error bar
indicates SD of total abundance

Table 2). The abundance of E. acutifrons and B.
similis was not seasonally affected. The higher
densities of the dominant species had resulted in a
significantly lower (P < 0.01) diversity index and
evenness during the NE monsoon than in the SW
monsoon (see Fig. 6; Table 2). No significant inter-
action effects (P > 0.05) between station and mon-
soon period were detected for copepod abundances
and diversity indexes (Table 2).
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Fig. 5 Mean abundance of copepod species (those comprising >5% of total abundance) by sampling stations

Species—environment relationships

The relationship between copepod species and envi-
ronmental parameters is shown in the RDA ordina-
tion diagrams in Fig. 6. The first two axes explained
88.6% of the variance in the correlation of species—
environmental parameters. Stations in mangrove
water (1, 2, and 3) were generally positively corre-
lated with higher turbidity values and chlorophyll a
concentrations (positive direction on axis 1), but
negatively correlated with lower salinity and pH
values (negative direction on axis). Coastal stations
(4 and 5), however, showed the exact opposite
(Fig. 6a).

Although most of the copepod species samples
were present at all stations, they can be generally
classified into stenohaline, estuarine, and euryhaline
species based on their relative abundance along the
salinity gradient over spatial and temporal scales. The
abundance of four estuarine species, A. spinicauda,
Acartia spl, O. dissimilis, and O. aruensis were
negatively correlated with salinity and pH indicating
that these species preferred lower salinity although
they were also found in nearshore and offshore waters
(see Fig. 6b; Table 3). Nevertheless, 12 out of 23
species were closely associated with higher salinity
and pH suggesting that these copepods were steno-
haline species. The four major stenohaline species
that were only present at the lower estuary and further
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offshore stations were Paracalanus aculateus
Giesbrecht, Acartia erythraea Giesbrecht, Corycaeus
andrewsi Farran, and Acrocalanus gibber Giesbrecht
(see Table 3). Other stenohaline species that were
sporadically found inside the estuary included the
calanoids, Centropages dorsispinatus Thompson &
Scott, T. barbatus, T. forcipatus, the cyclopoids,
Oithona attenuata Farran, Oithona brevicornis Gies-
brecht, Hemicyclops spl, Pseudomacrochiron spl,
and the harpacticoids, E. acutifrons, and Microsetella
norvegica Dana.

The euryhaline species were oriented closer to axis
2 in the positive direction. Within the group, the
species that correlated with higher salinity were
0. simplex, B. similis, and M. aurivilli. The arrow
orientations of P. crassirostris, P. elegans, and
Harpacticoida spl were almost perpendicular to the
salinity gradient implying that salinity did not have
significant effect on their abundance. However, these
species seemed to be more associated with higher
turbidity (Fig. 6b). Parametric and non-parametric
tests further revealed that no significant difference in
abundance among stations for euryhaline species
except O. simplex and B. similis which were more
abundant in the coastal stations (Table 3).

Copepod community of the upper estuary (1)
appeared quite distinct from those of the nearshore
and offshore waters (4 and 5) (see Fig. 6b). The
monsoon had an effect on the copepod community of



137

Hydrobiologia (2011) 666:127-143

16 9Y  €LS 6 Sy To 6 6'¢c 8LL €8 9C L6v 69 'l CLI ds vuijonsag
001 9t 8hv 001 0¢ <I9 001 9t 0CL 001 0'¢  99¢ 001 9Yv OIL tidneu paynueprun
001 T6 6CIT 001 08 6791 001 S11 TLTT 001 L6 8781 L6 8¢ 188 “dds snuvjpooaivg
L6 ¢C ¢le L6 0¢  <S09 001 S1T 1STY 001 9TE 6T1°9 001 v'6T 10SY “dds viuwoy

prpodadoos pue snipdneN
99-€ 90 (DoL 95¢€ €0 (6D¥S 66¢€ + (D + 8z¢ + D+ ¢z¢ + 9+ S}npe 1L2y0
It + + 8¢C 0 1€ 9 + + JYOIQSALL) £2Gq1S SNUD[DIOLIY
69 LAV % 9¢ 70 6¢ 11 + + JYOQIQSAD) DIDLYILLD DILADIY
6l 0 I¢ 9¢ 0 St Il + + 8 + + 9 + + 1ds sdopofonuagy
9 + + T + + €€ 70 ¥8 < + + 14! + + 1ds eproonoedreyq
6S 0 T 69 €0 LS 6¢ + + ST + + 9 + + (yoeIqsarD) snipdioiof snupiiof
6 + + L1 €0 6S 9 + + 9 + + ¢ + + QAJ[D N1ALIND SNUDIDIDII W
99 70 0¢ 98 70 +8 19 + + 9¢ + + 1€ + + (Apeag) smpqinq snuvpiof
€l + + €€ €0 ¢S 9¢ 0 S L1 + + 9 + + 1ds uo.nyoo.rovuwopnasg
SL o1 Il 9¢ 90 8II 61 + + uelLIR,] ISMUPUD SNIDILL0)
|84 0 0T €S Lo el ST + + L1 + + € + + BUB( PI1S24.10U D]]212SOLIIA
Ly 6’1 8¢ 1T + + 9 + + 9 + + JYORIQSALD) SIULLIOIINIAG DUOYIIO)
€S 0C 9¥C (44 €0 ¢S 9 + + JYORIQSALD) SHAIDINOD SNUDIDIDIDT
69 0T €T1 69 9T 9C¢ ST + + 94 + + 11 + + 1100 29 uosdwoy], smpuidsisiop sa8vdo.sjua)
16 [ 8L ST 00¢ S¢ €0 99 14! + + 11 + + uelLre vipnuaip vuoyiiQg
L6 7’8 LEO'I 001 T6  S98°1 69 't Ice 69 €0 €9 1€ + + (eueQQ) suo4fynov vurdiagng
9 + + 8 + + L6 0T ¥6¢ L6 't VvLL 68 't SLI 1ds piuvoy
001 6t L09 6 v'S  TOI'1 6 T LEy SL ST SLe L 91 89T ([19MmaS) sijnuts putjorsag
[4¢ 80 €6 69 't vic 001 ¥'e  ¥99 ¥6 I'c 16t L6 6’1 L8C Pyont] sisuaniv vuoyilQ
€ + + 61 €0 09 98 A2 %2'14 001 0'¢ 896 001 Le  69¢ S1oqpury syuuIssip uoyiQ
€l 60 901 9¢ Y0 €L £% 80 ISI 4! Tl 6CC €e 0y 819 AOUOIPUY SUP3I]2 SHUD[PIOAID]
001 8€l T0LT 001 T8T 0TL'S 001 (SYARNAY 4 6 L9 IST1 6 SN ueLre xopduas puoyiQ
88 60 CII 001 ST 00¢ L6 6'S  LSI'T Y6 €L YvLET 001 TL €011 LOJN pphponuds vipoy
001 L'ST pLI'E 001 661 €0V 001 67T 9ISY 001 ¥ 11Ty 001 8IE L8V [ed SHISOLISSDLO SHUDIDIOAUD]

Inpv

00% 199 % UBN 990 % [P % UBN 990 % PN % UBIN 990 % [ % UBSN 990 % [0 % UBN uoxe],

AI0YSHO QIOYSIBAN AIen)se 1Mo Arenysa-pIjN Aremyse 1oddn

uonels

s10jeM QI0ysyjo 03 Areniso soddn oy woiy papIodar spodadod Jo (990 %) DULLMII0 PUE ‘([Y %) MUBPUN|E ATE[AI (W Pul) dduLpUNqe UESJA € JqEL

pringer

s



138

Hydrobiologia (2011) 666:127-143

Offshore

Nearshore

Lower estuary

Mid-estuary

Station
Upper estuary

Table 3 continued
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% Occ

% Rel

Mean

% Rel % Occ Mean % Rel % Occ  Mean % Rel % Occ  Mean % Rel % Occ

Mean

Taxon

72
72
94
100
3-72

0.7
0.6
44
4.0
39

86

69

0.5
0.6

110
131
1,056

86
69

14
1.6

1.1
0.3

0.3

279
323
225

97
72
72
47
3-6

1.5
0.9
0.5

86 278

69

1.1

0.6

172

Pseudodiaptomus spp.

75
543
495

478 (10)

81

163

95

Oithona spp.

97

5.2
1.3

1.1

89
53
6-19

92

42

0.2

26

Tortanus spp.

89
3-36

256
227 (7)

59
55 (6)

0.2

+

29
+ (3

19
3-6

Pontellidae spp.

+

+(2)

Other juveniles

“+” indicates present but constituted <0.2% of relative abundance; number of taxa of grouped copepods in parentheses

the lower estuary (3) where a seasonal shift in
community structure was evident. For instance,
stenohaline and euryhaline species dominated in the
lower estuary during the dry period from June to
September (dotted line arrows joining station 3), but
the community soon changed to one dominated by
estuarine species with the onset of the wet period
from October to January (dotted line arrows joining
station 3 in boldface). Neritic copepods invaded the
lower estuary and reached the upper estuary in the
driest months of June to August (indicated by
polygon enclosing stations 1 and 2) when high
salinity water penetrated upstream.

Discussion
Copepod composition and community structure

Acartiidae, Paracalanidae, and Oithonidae were the
predominant copepod taxa in the MMFR and adjacent
waters, comprising 70-98% of total copepod popu-
lation. The estuarine species, A. spinicauda and
Acartia spl, were mostly sampled at their copepodid
stages. Low abundance of adults as compared to
copepodids implied the recruitment of new genera-
tion and juvenile mortality. McKinnon & Klumpp
(1998) found that the larger species, such as Acartia,
were rare in a mangrove estuary in Queensland,
Australia. The distribution of Acartia species is
affected by salinity and temperature (Ueda, 1987;
Cervetto et al., 1999; Gaudy et al., 2000). Yoshida
et al. (2006) suggested that Acartia pacifica Steuer
prefers water of higher salinity and lower temperature
as opposed to A. spinicauda. In our study, A.
erythraea, which was found in more saline and
relatively lower temperature water, was not observed
in the Matang estuary over the sampling period. On
the other hand, Acartia sp.1 was more confined to
mangrove waters, while A. spinicauda was more
dispersed including to adjacent coastal waters. A.
spinicauda, which is known to have a broad salinity
tolerance, was the most abundant Acartiidae sampled
from the MMFR and adjacent waters.

Parvocalanus crassirostris is widely distributed
from the upper mangrove estuary to offshore waters.
This species has been identified as a common species
of Australian mangroves as well as the Great Barrier
Reef lagoons (McKinnon & Klumpp, 1998). The
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Fig. 6 RDA ordination diagrams showing (a) biplots of
environmental parameters (large arrow heads) and station
samples (1-5), and (b) biplots of environmental parameters
(large arrow heads) and copepod taxa (small arrow heads).
Dotted line arrows in (a) show seasonal shift of environmental
parameters and copepod community structure from June to
August 2002 (dry period) and from October to January 2003
(wet period) in the lower estuary. Polygon enclosing upper
stations (1 and 2) indicates dry period from June to August
2002/2003. Numbers indicate sampled stations at: / upper
estuary, 2 mid-estuary, 3 lower estuary, 4 nearshore water, and
5 offshore water. Bold face numbers indicate sampling during
NE monsoon, while regular numbers indicate sampling during

species is considered eurythermal and euryhaline
species, since they are found to inhabit water of 3.4—
55 ppt and 1-30°C (Lawson & Grice, 1973). Due to
its ability to adapt to a wide range of salinity and
temperature, P. crassirostris has successfully domi-
nated the copepod community of MMFR and adja-
cent waters. The closely similar P. elegans is also, but
sporadically present, while B. similis prefers more
saline coastal waters. The three Paracalanidae species
have been reported to be among the dominant species
of copepod found in the Straits of Malacca (Rezai
et al., 2005).

The cyclopoid, Oithona is commonly found in the
Malaysian waters (Chong & Chua, 1975). O. simplex,
O. attenuata, Oithona plumifera Baird, Oithona
rigida Giesbrecht, and Oithona nana Giesbrecht are
commonly encountered (Chua & Chong, 1975; Rezai
et al., 2004). However, only the former two were

SW monsoon. Abbreviations used: Sal, salinity; DO, dissolved
oxygen; Temp, temperature; Tur, turbidity; Chl a, chlorophyll a
concentrations; Aery, Acartia erythraea; Aspi, A. spinicauda,
Aspl, Acartia spl; Pcrass, Parvocalanus crassirostris; Peleg,
P. elegans; Agib, Acrocalanus gibber; Bsim, Bestiolina similis;
Pacu, Paracalanus aculateus; Mauri, Metacalanus aurivilli,
Tbar, Tortanus barbatus; Tfor, T. forcipatus; Cdor, Centro-
pages dorsispinatus; Oarue, Oithona aruensis, Oatten, O.
attenuata; Obre, O. brevicornis; Odiss, O. dissimilis; Osim, O.
simplex; Coandre, Corycaeus andrewsi; Hemi, Hemicyclops
spl; Pdmacro, Pseudomacrochiron spl; Eacu, Euterpina
acutifrons; Hspl, Harpacticoida spl; Mnorv, Microsetella
norvegica

commonly collected in MMFR and its adjacent
waters. As also reported by Oka (2000), the estuarine
oithonids, O. dissimilis, and O. aruensis are also
common in MMFR waterways, but have not been
reported in the Straits of Malacca by Rezai et al.
(2004) and Chua & Chong (1975). In the present
study, O. brevicornis and O. rigida were both
restricted to more saline waters. However, the latter
was rare although this species was found to be
abundant in the Straits of Malacca (Chua & Chong,
1975; Rezai et al., 2004).

Our samples were generally composed of plank-
tonic copepods. The so-called “Saphirella-like”
copepodids of Hemicyclops were occasionally col-
lected in both mangrove and adjacent coastal waters,
but were more abundant in the latter. The genus
Hemicyclops with its first-stage copepodid occurring
as plankton is closely associated with various benthic
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borrowers that are normally found in the estuary,
coastal inlet, and mudflat (Boxshall & Halsey, 2004;
Itoh, 2006; Itoh & Nishida, 2007). Thus, as in our
study, Hemicyclops copepodids were more abundant
in nearshore waters close to coastal mudflats. Nev-
ertheless, the ecology of this genus in the mudflat
region of MMFR has not been documented before.
Similarly, Pseudomacrochiron spl which is com-
monly associated with scyphozoans and hydrozoans
(Boxshall & Halsey, 2004) was occasionally present
in our samples.

Copepod abundance

Copepods dominate both mangrove and coastal
waters in Matang, and they are numerically more
abundant than in offshore waters. Previous studies in
the Straits of Malacca show that copepod abundance
was higher in coastal waters (Chong & Chua, 1975;
Chua & Chong, 1975; Rezai et al., 2004) than in
offshore waters. Similarly, copepod-dominated zoo-
planktons in mangrove estuaries of India and Aus-
tralia have also been reported to be more abundant
than in offshore waters (Madhupratap, 1987; Robert-
son et al., 1988; McKinnon & Klumpp, 1998). The
abundance of copepod can be as high as
60,000 ind m~ in Matang during the NE monsoon
season. In comparison, the deeper waters of the
Straits of Malacca yielded a mean total copepod
abundance of only 3,000 ind m~3 (Rezai et al.,
2004). In Cochin backwaters, India, a density of ca.
55,000 ind m™> of copepods was recorded by Tranter
& Abraham (1971), while an even higher abundance
of 286,000 ind m~> had been recorded from the
Vellar estuary, India, by Subbaraju & Krishnamurthy
(1972). However, the documented copepod abun-
dance may not be comparable among studies since
plankton nets of different mesh sizes were used
(Robertson et al., 1988; McKinnon & Klumpp, 1998).
We used a 180 um mesh size net, while others used
nets of smaller mesh sizes.

The abundance of copepod nauplii, copepodids,
and highly nocturnal copepods are likely to be
underestimated in the present study, since a 180 um
mesh size net was used to sample copepods at the
surface during day time. We rarely observed Pseudo-
diaptomus spp. in our daytime samples although they
were sampled at the surface during night (not
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reported in this study). However, fish diet analysis
showed that large numbers of Pseudodiaptomus
annandalei Sewell were eaten by small or juvenile
demersal fish during day time (Chew et al., 2007).
This suggests that such markedly nocturnal behavior
may be a response to predation.

The abundance of copepods is closely associated
with the physical-chemical parameters of their hab-
itats. Copepod abundance has been reported to vary
seasonally in tropical mangrove and coastal waters
with higher abundance in the wet season or after the
monsoonal flush (Madhupratap, 1987; Robertson
et al., 1988; Osore, 1992; McKinnon & Klumpp,
1998; Krumme & Liang, 2004). Similarly in MMFR
waterways and shallow coastal waters, copepod
abundance is affected by a rainfall pattern that is
monsoon-dictated. The abundance of copepod
appears to peak after heavy rainfall. However, in
the deeper waters of the Straits of Malacca, there
appears to be no significant difference in copepod
abundance between the monsoon seasons (Rezai
et al., 2004). This is attributable to the stable physical
and chemical conditions of the deep water as
compared to the variable estuarine and coastal
conditions.

The abundance of zooplankton in the mangrove
and nearshore waters may be related to primary
production (see Robertson & Blaber, 1992) driven by
phytoplankton, benthic microalgae, and mangrove.
Phytoplankton biomass has been reported to be
closely related to water nutrient level in a tropical
mangrove swamp in Australia during the wet season
(Trott & Alongi, 1999). Chlorophyll a concentrations
in the Klang mangrove, Malaysia, increase following
tidal or freshwater flushing (Thong et al., 1993).
However, phytoplankton blooms may not only
immediately respond to nutrient input but also only
after a lag period during which the nutrient concen-
tration gradually builds up. This is the case in the
MMEFR where heavy rainfall and subsequent salinity
depression were observed in the month prior to the
peak concentration of chlorophyll a in January 2003
(see Fig. 3). The peak recruitment (November 2002)
of copepods in MMFR waterways seemed to occur
prior to the phytoplankton bloom in January 2003,
and can be explained as a reproductive strategy
adopted by copepods in order that newly recruited
young are timed to exploit the larger biomass of
phytoplankton (see Fig. 3).
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Notwithstanding the importance of phytoplankton
carbon to zooplankton, the contribution of micro-
phytobenthos may be significant in the lower estuary
and shallow nearshore waters as shown by stable
isotope studies (Newell et al., 1995; Chong et al.,
2001; Chew et al., 2007).

Copepod as potential food in mangrove
and nearshore waters

The MMFR waterways and adjacent mudfiat are
populated by juveniles of commercially important
fish and shrimps (Chong, 2005). Our results showed
that copepods are numerically abundant in MMFR
waterways and nearshore waters. Considering that
copepods are the major food items in pelagic food
webs, their abundance in the estuary will have
considerable impact on the trophodynamics of the
mangrove ecosystem. Chew et al. (2007) reported
that more than 50% of the examined 2,123 juvenile
and small fish that belonged to 26 species in MMFR
waterways fed on copepods. Predominant mangrove
and mudflat fish species, such as ambassids, ariids,
and engraulids (Sasekumar et al., 1994) consumed
copepods that together comprised >50% of their
stomach contents (Chew et al., 2007). Post-flexion
engraulid larvae were reported to be very abundant at
the time when copepods were also found to be
abundant in the MMFR waterways (Ooi et al., 2005,
2007). Pseudodiaptomus, Acartia, Parvocalanus, and
Oithona were the main copepods consumed by
zooplanktivorous fish in MMFR (Chew et al., 2007).

Conclusion

The abundance and community structure of copepods
in the Matang estuary and adjacent coastal waters
showed that spatio-temporal variations related to the
physical and chemical parameters that varied with the
prevailing rainfall pattern. Copepod abundance and
chlorophyll a concentrations were higher in man-
grove and nearshore waters than in offshore waters.
Both copepod and phytoplankton abundance peaked
during the NE monsoon when rainfall was highest.
The copepods in Matang waterways and adjacent
coastal waters were dominated by Acartia, Parvo-
calanus, and Oithona spp. Salinity and chlorophyll a

concentrations appear to be the two major controlling
factors of copepod diversity in the estuary.
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