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Diel variations of fish assemblages in multiple habitats of Ma'an archipelago,

Shengsi, China

WANG Zhenhua, WANG Kai, ZHANG Shouyu *
College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: In order to develop effective methods on fish sampling at different habitats as well as to test the assumption that
collection of fishes by passive gear in specific habitat should ensure at least a time coverage of 24h, both day and night
surveys on fish assemblages in seven habitats (i. e. , rocky reef, sandy bottom, soft-bottom, hard bottom, artificial reef,
cage aquaculture and mussel farms) were carried out in Ma’an archipelago, Shengsi, China, from 16th to 27th of
September, 2009, using multi-mesh trammel nets. The species composition, relative abundance and biomass, species
richness and diversity, species similarity were compared between two sampling period and among different habitats. Multi-
variable statistics such as cluster analysis and non-metric multidimensional scaling (nMDS) were used to explain the fish
assemblage patterns from our diel fish collections. A total of 55 species, belonging to 2 classes, 8 orders, 37 families and
50 genera, among which, 28 families and 38 genera at daytime, 34 families and 44 genera at night, were collected from our

24 diel samplings in 12 sites. The diel shift patterns of habitat use by fishes varied with their eco-types, especially with
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their habitation on certain water levels. More ground fishes, such as Sebastiscus marmoratus and Plotosus anguillaris, were
collected at night in hard-substrate habitats (i. e. rocky reef and artificial reef habitat) than daytime. The diel variations of
near-ground fish assemblages varied at different habitats. Some of them had a much higher occurrence (e. g. Stephanolepis
cirrhifer ) during daytime while others(e. g. Pagrus major) appeared frequently at night. Pelagic fishes such as Thryssa
kammalensis were mostly collected during daytime in artificial habitats. In general, a much higher abundance catch rate
(ACR) was found in artificial habitats ( AHs) during daytime than it was at night. However, no significant diel variations
were found in natural habitats (NHs) for both ACR and biomass catch rate. Only few species, including Larimichthys
polyactis and Thryssa kammalensis, were observed with significant diel variations. No significant differences were found in
species richness and diversity between daytime and night both in AHs and NHs. Significant changes of fish species were
observed due to low species similarity between day and night. Three patterns of fish assemblages can be described,
including the dominance of night-tendency fishes such as Sebastiscus marmoratus and Plotosus anguillaris at hard-bottom
habitats, the dominance of day-tendency species such as Stephanolepis cirrhifer and Microcanthus strigatus at hard-bottom
habitats, and high abundance of Sciaenidae at soft-bottom habitats. Based on the results of the present study, it is

recommended that the time duration of any surveys on fish assemblages in coastal areas shall last more than 24h.

Key Words: fish assemblage; Ma’an archipelago; diel variation; artificial habitat; natural habitat
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Table 1 Technical data of sampling multi-mesh trammel nets

TN AR 4515 R 5L

WM H K /mm A H R/ mm [ A< 45715 5 /m P45/ m Horizontal hanein S PR E 4K /m
Inner layer Outer layer Height of each Length of each . . gine Total length of
k . . . ratio for inner layer .
mesh size mesh size piece of net piece of net . . sampling nets
in each piece of net
25 210 1.5 15 0.40—0. 45
34 270 1.5 15 0. 40—0. 45 25—58mm [ Ji 45—
B, BB 15x
43 270 1.5 15 0.40—0. 45 _
4=60
58 270 1.5 15 0.45—0. 50
50 330 2.4 30 0.45—0. 50
60 330 2.4 30 0.45—0. 50 50—80mm YA — H
B, BB 30
70 330 2.4 30 0.45—0. 50 _
4=120
80 330 2.4 30 0.45—0. 50
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Fig.1 Study area and location of sampling sites
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ST TRt U AR R M (AR R RE 2t 4 YO ) | TR A i U] (B AR RS I ) B
Bray-Curtis AL R AL IE BRI PE AR [ | >R SRR IS (UPGMA ) IR B & 2 4E 47 B (nMDS ) 1 Ry fa S HER
3 ZERHEE 7 v G55 P 0 M 4% il R TR N Be i) (28 ik JRy . B IR TS FEARAE PRIMERS. O B4 rh S8

K75 2250 (LSRRI BE A 2R N 2R B4 5. D9 38 07 22 73 ( One-Way ANOVA ) R BE A A
BiRAUR R R 2 IR J7 225311 (Two-Way ANOVA ) X AN [] B Be FIAS ] A= 455 26 A i Fb S 4 B L T R 22 4
MEIEAT 25 A0, KSR @=0. 05, DA E43HrfE SPSSIS. 0 B ac B,

2 HR
2.1 FPZELH R A

TE 12 A3 24 FIHRAEH HORARMIE S5 50, 70 I8 2 499 B 37 BE50 J& (R 2) P HIORSE M
41 Fh SRJE 2 208 H 28 B138 J@ ;M [ 46 B SRJE 2 M8 H 34 Fl 44 J&, e H 1 FraZs (B8R4 . Fistularia
petimba) RAE KRR, 6 H 3 Fp3s (G868 Muraenesox cinereus 22 JE75 88 Conger myriaster F1J3 W) i fi5
Ophichthus apicalis) RAER AR, R AT AR L 6 B 6 J& . Frfa asdg o Ff H7E FHRBHE IR,
RPEEASE Konosirus punctatus 8 llisha elongata S§XHE i 7548 S8 Polynemus sextarius /D54 Sillago japonica
ERJEME Goniistius quadricornis | W 15, 55 Scomberomorus niphonius . KIE 752k £ Hexagrammos otakii F1 H A5
5 Paraplagusia japonica; 41 14 Fh L AERL AR AH R , BRI P alidi 62 Thrissa mustax | GERET 6 TR0 JeW)upie i fif
Sphyraena pinguis i Mugil cephalus L8 Lateolabrax maculatus . 75 P 4715 Carangoides caeruleopinnatus . H A< #
Uittt Nibea japonica V-8 Rhabdosargus sarba & Wi ¥ Siganus fuscescens 75227 B % i Amblychaeturichthys
hexanema & [ 75 85 Cynoglossus joyneri F12%E& T Navodon modestus , 45 32 F 2SR IR (F2) , H
TR EC/NA L Anchoviella commersoni 8815 Plotosus anguillaris . % /8% Decapterus maruadsi 57 B G £ Johnius
belengerii ;B3 i i Nibea albiflora /N5 Larimichthys polyactis B Pagrus major FE§ Platycephalus indicus %5 8
P TE R 0 H IR B AR TR M 5 T AN £ Chaetodon modestus B3k £ Agrammus agrammus 148 4
BF Paralichthys olivaceus %5 7E RN I L AR T 11 K HAWRN S L BB 220K

R2 BEMNERHUNE EFXBVREEAREREHHIH

Table 2 The fish diel occurrence, ecological types and distribution in the 7 habitats of Ma’an archipelago

YR B % TrERn
i Oceurrence: frequency Habitat types HEASRA
Species Eco-types

B Day W Night RR SB HB SS AR MF CA
H /N T Harengula zunasi 1.08 1.08 + - - - + - - QAT
B Konosirus punctatus 1:08 - - - + - - - - [ Ve
) Hisha elongata 3:25 - + + - - - + - OAO
fit Engraulis japonicus 2:17 2:17 + - + - + - - OAO
BE /N Anchoviella commersoni 1.08 6.50 + + + - + - + QA
I UE Thryssa kammalensis 9.75 10.83 + + + + + + + OAC
R B Thrissa mustax - 2.17 + - - - - + _ OAO
J kA Harpodon nehereus 1:08 1:08 - - - + - - + L YNu|
18 Conger myriaster - 3.25 + - + - - - _ oAl
W38 Muraenesox cinereus - 5:42 + + + - + = - (YN |
RIS Ophichthus apicalis - 1.08 - - - + - - - [ JA |
#8144 Plotosus anguillaris 1.08 4.33 + - - - + - - YN |
RS 0. Fistularia petimba 1.08 - + - - - - - - OA[]
HF Sphyraena pinguis - 1:08 + - - - - - - OAO
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HBLRH R % Al
LUES Occurrence; frequency Habitat types TR
Species Eco-types
Mt Day X Night RR SB HB SS AR MF CA
6§ Mugil cephalus - 1.08 - - - + - _ _ PR
VU¥E Ehfik Eleutheronema tetradactylum 2:17 2:17 - - - - + - + OA]
NT8 SR Polynemus sextarius 1.08 - + + - - - - - QAL
A Lateolabrax maculatus - 2.17 + - + - - - - OAL]
2Lk KA Apogon semillneatus 5:42 5:42 + - + - + - + OA[]
2642 Sillago sihama 1.:08 2.17 + - - + - - - OA]
D fiE Sillago japonica 1.08 - - - - - + - - OA[]
NS Caranx sexfasciatus 3.25 2.17 + - + + - - - OA[]
W 8% Decapterus maruadsi 1.08 3.25 + - + - - - - OAO
TP Carangoides caeruleopinnatus - 1.08 + - - - - - - QA
S BCY i 81 Johnius belengerii 6:50 9.75 + + + + + + + [ NN
4 Nibea albiflora 6:50 11:92 + + + + + + + [ YNE
H A Bl 4 Nibea japonica - 1.08 + - - - - - - oA
fifi . Miichthys Miiuy 2:17 3.25 + - - - + - - oA
/NEE Al Larimichthys polyactis 5:42 9.75 + + + + + + - OAl]
TU8 Pagrus major 3.25 8.67 + - + + + - + oA[]
S8 Rhabdosargus sarba - 1.08 - - - - + - - oA
=R Parapristipoma trilineatus 1:08 2:17 + - - - - - - [ JNE|
B (faHil) Pelates quadrilineatus 3.25 3.25 + - + + - + - oA[]
ARl 8. Microcanthus strigatus 5.42 5.42 + - + - + - + o A[]
FMSIEE £ Chaetodon modestus 3.25 1.08 + - - - + - - oAN[]
E B (%) Goniistius quadricornis 1.08 - + - - - - - - OA[]
R (1057 Goniistius zonatus 2.17 2.17 + - - - - - — OA]
s T Siganus fuscescens - 1.08 + - - - - - - OA[]
W Trichiurus haumela 3:25 2:17 + - - + - + - OA[]
W5 RS BE Scomberomorus niphonius 4.33 - + + + + - - - QA
SR8 Pampus argentus 2:17 1:08 - - - - = - 0AC
pfE] Psenopsis anomala 1.08 2.17 + - - - + - - OAL]
NP BB R Al Amblychaeturichthys hexanema - 3.25 + + + - - - - oy |
B fil Sebastiscus marmoratus 9.75 9.75 + - + + + - + [eyN |
PAFE Pl Minous monodactylus 1.08 1.08 - - - + - - - [ WA |
Kkt Hexagrammos otakii 2.17 - + - - - - - - [oyN |
Bk Al Agrammus agrammus 5.:42 3.25 + - - + - - - OAR
fiffi Platycephalus indicus 2.17 8.67 + + + - + - + [ JN |
e i Paralichthys olivaceus 6:50 4.33 + - - + + + [ N |
H ) 55885 Zebrias Japonicus 1.08 2.17 + - - + - - - [ AN |
$E QT 3 Cynoglossus joyneri - 1:08 + - - - - - - [ N |
H AR08 Paraplagusia japonica 1.08 - - - - + - - - [ WA |
2475 A g i Stephanolepis cirrhifer 7.58 7.58 + - + - - - + OA[]
£l Lh T i Navodon modestus - 1:08 - - - - - - + OA[]
SRl Takifugu niphobles 2:17 1.08 + - - - + - - OA[]
55 Fhf2 55 fish species 12 nets 12 nets 44 11 21 19 23 8 14 9 eco-types

RR: #AfEASE;SB.: JetbA 3% HB . WA JSREIRAEE;SS: WHL A S AR, N TAIEANE;CA. MAFRFAERE;MF. ISR AESE; O, K
T, @ WERFD; A TR A A DI O PEZ; O R B R

TR AR 2SR ) £ 2 AT T (3% 2 MR 3) B BROR AR B A R A= A5 R 2 20 2 A, Ferh K R e BT Ay
A5 R R, JCIE HUR IR JE I B 22 TR IR 1T IR A A 1 K B A R S RCEAR T b BB 2EZH A
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K& EFR, ARRRAIT R A RS T3 W, T3 T T30t £ 2 7 1 R A 1 S v T B, SR IR
A R R 77 28 £ 28 B RP R EE IR AN K . WAk JZE BB IRIZ GERJZE AR L= 2R i B (e e
(] (4 22 R AN, PR E A eh b R AR BGERAE 10 FhZeAy, TS 2 R Fh ] .2 T HAdK 2

R3 TRESEBGBEMEHMERETN

Table 3 Number of fish species collected during daytime and night associated to specific eco-type

H: 25 Ecological types 1/ Day time R % Night JEA Fp Mutual species ST Total species
B /K F Warm water fishes 33 34 25 42
BRI A Warm temperature fishes 8 12 7 13
WL Near shore wild-spread fishes 17 24 15 26
T Offshore migrating fishes 24 22 17 29
JIKJZ Ground fishes 9 12 7 14
I )2 Near-ground fishes 23 24 19 28
o )2 Pelagic fishes 9 10 6 13

DAL R L (R 4) ,7E 12 U 24 IR AR AR AEAT 16 B fa 248 /R s S A A 3Rl HEFp Ad) & fif
Sebastiscus marmoratus JEh AR JFE Ji A= 35 B 26 XL FFR | /NS £ o8 Ik £ R Bz G Y oty £ 2 3 iR 2 A 2 B i UL

R4 BEEWMEHRARKEHNERRBMAR

Table 4 Composition of the dominant fishes at each site during daytime and night in associated habitat within three different water levels

- it B AR P HAFI A B Dominant fishes in different water levels
YA -
Sites  eviod JiEJZ 125 &IRI )2 8 &IRI bR 2K &IRI
of time Ground fishes & IR/ Near-ground fishes & IRl Pelagic fishes & IRI
RRI1 BD 16 E firh 68. 4 — —
wN 1 E i 57. 4,48 F6E 26. 5 INEE 35,5, 2 AL 9. 3 TR EENE12.6
RR2 B D 1oy il 42 1 225 Y 67. 4 BB 65. 6
®N e 8. 2 /NHEAR 9.5, Bl 18,5 R 108. 3
RR3 BED 1 E i 38. 5, Bk £1.65. 3 — —
N 1 E i 58. 4 B3k #4130 AN 19. 4 RS 27.1
RR4 BED ey il 24. 0, B 411 37.9 — —
N B 49,2 BEL 0 18.6, 6865 7.4 400 29. 8, =£RHLEY 40. 9 —
RR5 BD i 5.9 HIN AR 153, 2215 A 65. 1 TR iE 55.7
N M Eh 11,8, 6842, 8 HIN 8 36,4, R I8 22,5 —
SB1 BED — B8 49. 3, 7 R 4k 8. 59. 2 B R 34.5
®N — HN M0 61. 8, 7 B i f 23.2 bR 87. 8
HBI BD 1 e 32. 4 — TREBEL19.8
N e il 27 Kz FCfti4n 37,5, ELA 15.3 e 47
o3k A 27,2 /NEE AT 20. 4, Bz TG0 1
— ; ’ Tr BB 7.
S5 &D fi134.3, ¥l 1 52 HRBORT. L
, ' JNEE A 12,6, 7 TG Y 4 £ 23, B 4
g fali s s bR 12,
N A6 15.5 12.9. 50 #4133, 5 IR 12,5
AR1 B D — — IRERER119.5
N e E i 8.7 JNEEFE 583 A FA 11,8 IR 32,5
AR2 BD  fif49.7 Bl 22.2 TRELBE 42,5 HERV/NA R 151
e 16.2, 836k 41. 9 48 2F BF 17. .
N 2 8 45. 4 N 12.6 B 27.3
CAl B D W EHh27.6 — R R 112
N et 18.8 B 32,1, R i 94. 6 —
# . n kit 79. 5, %
MFI ED - AN 535, BRSO 5 B i n 3
111 26.9
N — Fe FC 4t 41 96. 8, # Tk 11 68. 7 e 27.6

http ; //www. ecologica. cn



22 1] TR 55, SRR A58 a2 BER A Bk ARk 6919

BTN AR S AL B Thryssa kammalensis 52 b2 P g 4a XL FN 458 AR B BLR R Z L3 F0 - 3
P B 0k 5 B 3R TS Bl AR SF SRS 6l DR R 1 RSON DR BRI B Sk A M AL B A R T
G SN B A R 4 B i i VD Ve RS AR B 08 U R AR o5 A S 7, (R AE iR AR B R
Wo A B Ak ORI BT A 855 (el Vbt ANt DL3%) ) B b v rb 0948 24 SE AR I B A DL AR A | B0 Hofth 1
KRETEX LA B R R AR H , ITRJZE 9 FLH 2 IR IRy 6 B, I 1o 8 B 78 55 1 A fr ik 2
B /NS TR R R) B B AR T A K, iR VD b RNR DL 3 A e BRI — AR M gk, A fa
Microcanthus strigatus RER B3 2 50E H L, —RWLET Parapristipoma trilineatus , B8R 15 2 (f14]) Pelates
quadrilineatus 773 R AER ] () RR4 v 5 VA e A S5 ANy oA 358 0 BA 2 800 . i Il AR 0 Bz EG Y o 7 45
BE e BT BE B LR B 2 K220, 2275 MEEEE Stephanolepis cirrhifer BIGHE FHREE R TR . RE
N b RS U R Bk i | TR 65 R FC/INA 0 3, L rp ol 9 b 8 T A0 A 35 1) I3 A B B R
PR, WERIESTE RR2 (R AIA B AR AR T B /N f U7 7R 2 L 0 A B3 1) 1 R AR — e i
2.2 MREMEZHAE

12 ANl SRR RS A P SR R S N 1726 45 (HiP R 672 4%, 1 E 1054 4%) , Mgk
75110. 8g( Hrf 1K 28053. 3¢, M |- 47057. 5¢) . RIRAESR IR RIR MG a2 3 JE MU YL 435I ol 424 451
20381 g, FAAV MR YR M 35433l R 53 S5 A1 2547 . 65 W L3 N i = FE RN A= W0 732 251132241, 1g, B R YR i
PN 91.5 ZM14030. 1g, AT AN A RRIRM @IS REFA: W) 451y 248 251 7672. dg, S IR a3k
O 62 S5 1918, Lg; W b X Ry A = B R A 99 6 4300 Ry 322 45 F11 14816. g, B I P 36 3K 5 4 80. 5 45 il
8704. 1g, BRHAKRAN TSR EFRE W RR T RIRA BN, HoAh I B TCie U RE e I, RARA B B
LS AEY) OB EER T N TAERS 145 il s B R A e AR 40 S i B 5 /NI R BE A it (3R 5) , RERAN
N T8 R 44 2 B AR 20 1) (6. 924, 5) 5/h FI(8.4£2.1) %/h, BRJGHZE R THI#E B 2L 7T
ANWE(F, ,=0.332,P=0.577) , PiE W b B-F- 2 BEUE AR AR 300 (6. 1+2) 55/h FI(4.9+1.4) 55/h B #&
KFEHE, HEERIRRER R (F, ,=1.031,P=0.334) ; [l —2A A5 p | RIRAE BT R O34 3 B ok 1)
ZERIFARE(F, ,=0.172,P=0.685) fH AN TAL AR FREMPREERTH L (F =6.143,P=
0.048) . RIRFINTAESE R 1Y V-2 Wy B v AR 3253301 Ry (326. 3+154.7) g/h F1(261.1+86.7) g/h, i & =
HMIE#H 24.7% ,EF AN E (F, ,=0.511,P=0.491) , i & M I (7 B i 3K R 44 (261. 7113.6) g/h
(222.8+120.6) g/h, B & W& & 15 # s WAHFEIZRBVE SR E AP AR ST B ROF- ¥ E Y kR 22 5 8 A B
(R4S F, ,=0.794,P=0.388>0.05; N TAEE: . F, |, =0.277,P=0.610>0.05) ,

[ IREE R EAR AT AR b T AN [ AR 5SS B AR i i B R AR (AR IR A G T2 SR i 25 F AN B
B TS R S SRR S A AR I R R 25 R PR S BRI KT 30% H P SR A 25 AR BE A5 AR
XEEHTEIT, 12 Fh R EARHERN B R Ak BEDTIRAE S 51k 78. 58% F1 78.32% W AL, AN
IKZ R BRTTIRAR T, h LR RN, B RBURS 518 8.23% F16.43% , 22 I A ; HAK 2R
R B RN 19.26% F1 34.38% M /2R EI Y 1. 8 4% ; IR /2 25 T0IR B, H R PURHES & i
KA, 5300 51. 1% F1 37.5% , AR 2R 117 1.36 4%, RRFIGF MR 5 R R IR B e R AR
A B EF IR E (F, 4=0.019,P=0.894) {H7E3 Fh A TABs AR B &R TH L (F, ,=6.535,
P=0.043) B iR J R AREAR B 8.3 4%/h, /NEEAAAERG b (0 BE A S 2R 55 P oA T it ERBUR | T
FERARIEC A 5, HOS 0 H B ], (R R % R B 2 i T B (F, , =8.065,P=0.047) , g mif (2.9
4/h) MIRAE VRS B IG DA o B 0B 1 0 (B R AR AR B35 1 Hh 038 5 T R A, L 4R R AE B R
AR AE SR I) 19 25 SRS R B i | L R B KA AR VP HIAEBE 1 5.3 F/h, A AR 1 R I B Gy 4l £ =
JE AR R AR T AR A5 (F, , =12.386,P=0.024) , i FRFIME 0. 3 ZRA/NTHIRA S 1.0,
HERMAEE(F,,=6.125,P=0.069) , Hig S E 0y ORI D FRFEAEBE Y 3.6 55/h, 2275 A0l m) 115
WEARA B R B, P340 AR R (0. 9 45/h) >R (0.2 %&/h) (AR B (F, ,=2.782,P=0. 121) , s i3k %N
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ETEAEBE 2.9 45/h, At HAERERIPREE i i B OB A M R YA N 'S 0.3 45/h, o RIE R B A
WEAEBERY 1.1 25/h, ELHRE ) TER ) B AR RE AR AR B b e RAE h BUTE (R AR SR 1 LK, O 0.4 55/h, B IR
WAL W BRI T A A, B R A REY 1.2 &/h, BRRZERAKR, 864
KA B T b (HE R AR 22 5N, SRR A] A RE AR A 5 L0 SR B s T R (H A AR R e 22
FAR/IN B8l T SR R R R AR | 1 R BERARAIG, e P33 53 (0. 9 45/h) KRR HE R (0. 05 2%/
h) o e E il S5 LA R] P B R R 0.7 25/h FERTAEIAY 0. 6 45/,
x5 BSUHAFEEVEERE MEHRSHEEEHNERTH
Table 5 The diel variation of species abundance, biomass, CPUE, number of species and values of diversity indices of 12 sampling sites

A B FE At MR A HOR B B AT

il A

Sires Period Abund  Biomass  Cpue-A  Cpue-B  Species  No. of the I R H' J
of time  -ance/%% /g %/h o/h number  same fish
RR1 BD 19 1284.6 2.9 197.6 7 5 0.263 2.04 1.67 0.76
"N 98 8508.8 5.8 500. 5 17 3.49 1.86 0.79
RR2 BD 60 1541.1 10.9 280. 2 8 5 0. 357 1.71 1.46 0. 67
&N 126 3042.4 9.0 217.3 11 2.07 1.98 0.43
RR3 BED 21 1317.7 3.2 202.7 7 5 0. 357 1.97 1.68 0. 83
N 54 2008. 9 3.0 111.6 12 2.76 2.20 0.79
RR4 B D 22 1395.9 3.4 214.8 9 6 0. 300 2.59 1.89 0.91
®N 125 5857.1 7.1 334.7 17 3.31 2.35 0.76
RR5 B D 123 5749.4 12.3 574.9 18 8 0. 286 3.53 2.15 0.63
N 58 3329.9 4.1 237.9 18 4.19 2.38 0.81
SB1 B D 33 2649.4 4.1 331.2 7 4 0. 364 1.72 1.66 0. 82
N 111 2518. 1 8.2 186.5 8 2.32 1.63 0.65
HB1 B D 24 1402.6 3.7 215.8 12 6 0. 286 3.46 1.99 0.93
N 74 2456.3 5.5 181.9 15 3.25 2.38 0.73
Ss1 B D 122 5040. 3 14.4 593.0 16 10 0. 526 3.12 2.27 0.73
®N 86 4519.6 6.1 322.8 13 2.69 1.90 0. 83
AR1 B D 73 1623.2 9.7 216.4 10 7 0. 389 2.60 1.39 0. 60
"N 72 3038. 1 4.4 184.1 15 3.27 2.32 0.73
AR2 B D 42 2258.2 6.0 322.6 12 9 0. 563 2.94 1.94 0.82
AN 120 6118.5 7.1 359.9 13 2.51 2.08 0. 82
CAl BD 51 1071.6 6.8 142.9 7 4 0. 286 1.53 1.58 0. 44
N 75 4518.3 4.4 265.8 11 2.32 1.63 0. 65
MF1 BD 82 2719.4 10.9 362.6 7 4 0. 500 1.36 1.39 0.79
BN 55 1141.5 3.9 81.5 5 1.00 1.00 0.74

WA SRR R PRI 22 485 B AR RE ), B 453l i i A R B — B R TR (32 5) o 453l s I KRR 3K
FIRPSEBOEAS R 10 Bl e 1o 12 F, R K A8 0 RRS (BRI A ) BR ok 18 A /b R 7E TR
DG SRR TR A5 A, AR L, 25 o s R R 2 T R (1), =-2.642,P=0.023) , 12 il
BERFESEA FRECAE 4-10 Z 08, V34528 6 B, 6] — 25 5519 Jaccard FPISLL BRI T 5e/ME R RR1 19 0. 263, fi%
KIEA AR2 19 0. 563,344 0. 373, Hrh AR AE B HARUM A 0. 342, T A TAEBE R 0. 434 5 # =R 1)
1.3 %, BEIP SRR AR HA YA 5% (0. 526)  fffEAERE 2(0. 563 ) Allis I 3R A= 55 (0. 500 ) , HALA F
REZDAE AR L2 adh T, Fra sl SR EE BHER 2. 38120. 761, H i KRS IE
H52.5170. 767 , N TAEIE A 2. 107 £0. 781 ; 45 3 s M L P FF RN 2. 765£0. 821, Ho RIRAESE H 3. 01+
0.686, N T8N 2. 274 +0. 946 ; Fh 25 - 55 8 i KB 1A RRS Y 4. 19, Jt/IME R 12 18] It D1 3%l AR 45 1Y
0.998, HARAEMEATE A AR B0 R A HMES KT AR H A S &, s e
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WEFIFAN R AL BEN (CFREF, =2.732,P=0. 137 ; 24Pk F, ;=6.127,P=0.038) , &
KB &l G B 2257 TP AN 3 (F, 5, =0.463,P=0.821) , AU AESI N R B (A BKR) , Ak ik
VDA 55 0 8 B W = TG DU AR B0 (P (E 4351 0.016,0. 022 F1 0. 035, % /T 0. 05, Post Hoc-
LSD) . FFA ol i Wilhm PP 2 RE MBI 50 1. 756 £0. 292 Fl 1. 976 £0. 411, Hi ] 2% F 3f A I 3
(F, ,=2.288,P=0.145) , H ARESIBREZFAEIIE T3 1.847+0. 277 F12.085+0. 282, A TAEBGE
IIMEAS N 1.57420. 257 F1 1.755+0. 581, ZFEMER AL 1 BZER A B RRS 3 5, 2. 38 3 5/ IME H F7E R
[ PIG DL FRAE A58, R 0. 996, ANFH BB R AR, AR ASEH M Z A R EER (F,,,=2.803,P=
0.042) , Hrpranfe fan v Fnvb A e A B 0 2 R PR B B T A DU SR A AR 55 (P {6 43914 0. 003 ,0. 008
0. 006 F10. 003, % /T 0.01,Post Hoc-LSD) 45 3 s 45 BEFR AR B B4R 0. 750. 14 F10. 73£0. 11,
F R AE AN/ IME AR5 LK RR4 190,91 AT L RR2 9 0. 43, AR[RSG S ER 225 IFR B2 (Fy ,,=0. 635,
P=0.701) .,

AR 12 3l 2 A 7K )2 0 2 AR = B R AR e e AR S 1) B R 2 RN R I (F B A SIS [ ) A 1 2
W R SE N DR S g 2 5 nrp FR A E AENTAESE T RAE R B2 A K (F, 4 =0.000,P=
1.00) fHFREAA Y ifa SRR AR RE = T b (FBEF,  =6.172,P=0.048; /LY iE . F) (=6.088,P=
0.049) .
2.3 ERIERN T

A 2R AR R T S R (1 2 FNIET 3, 4553k 2 fisk 4) | RIDIJR SR SRAA e fa Rty T2 3
FEREAUSE 1 SR SRR LR R R0 fE €00 288 Sy AR R IE R 20 2 IR, I i 3 1 f R R AR X
AT S 43 3 ik Je) (LRI AR UM R 3 Ry = 0.599,R | ;= 0.628,R; = 0.859 , F-AH LI <
66.2% , =F B E VK K P<0. 001, Global Fl pair-wise ANOSIM tests) , HoH T . UBRRMaZE i |2 2%
PR A R 2E LR N T RS2 O SR, B8 ks K% A8 5 fos 25 Ay JE 2 A0 R IR A1) 1 2 i) 1) T 2R )
Pl =F 5 B AR AE A B A0 SR SR AR R, SR — Pl S w1 7 ] AR AR K, I . i rh LRt R b i, IS
LSRR/ INEE | Hg [ I gy £ R 95 o A5 2 B ) B0CRH A B8 B S SR A R IR AR e 2 IS IR P S E AR
HEKRZRALYIE . LIRS G 2 E L ARE, 2275 Sk il R0 200 0 305 I 2 U SHE 48
B B3 00 148 i 55 P 2 DR AR A B AH A B8 0 S E SR AR Sy, L4328 T RN TL B o) PRI A A R IR 2 &8

20 —

I T, -

Bray-Curtis similarity

100

2022222202022 0032003200000%Z
o o o +d N N 5 4 a9 MM d S 9 d N
n:n:o:n:n:m<n:o:@'§é‘§ﬁﬁmmn:mmn:<mn:
¥ ¥ & < @ T O < < S SI ¥ @@ C <0 & @

Diel sampling sites and habitat types

B2 BRELSEBEERHENRE
Fig.2 Dendrogram of diel collections of fish in associated habitats in September of 2009
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Fig.3 nMDS plot for fish assemblage pattern for 12 sites associated to 7 habitats during day and night
3 iTFig
3.1 AR AEHARN SRS
2 2 DROA B A TIOR3 5 5 2R 0 458 A [ A st 1 B A A 7 ) A B 3 O AR g v, ]
AR BIFPIEEL LG IR 2 | 3X B i T RS A Pt 2 HAE AR I glAli %, iin 5 77 1] 1 300 A s g (1) 1 030
R R R L I RN B 2 . R WLFD (Ui as fa 75 P45 65 4 W f0 RN 2% 6 B i 55 ) B AR X
TEF KRB R (EARMEHE KT OO B A A I F B2 3, 1R BR3P — (%) 6 DL (AN ) 7S48 Sk D
fffis RN S SR H AR ) | EAR T 22 WS AR A 1A AR, 1H AN BB U B L 11 R A 3% 3l 3R bl 7 1)
559, AN, R E A R T AR R K GRS VR K BRG DL 3 A R v OIS B it AR B L RAE LR AR ZE K
R THEE TG o, T H R BRLSE , i o —FP X EL T DATE R BE A 8 SR S B AR A, H AR LA
KRB B — IR (B8 L A 3 R A R B, 2 B L3RI P 355 0 B3R O ) o Dby | P e
R A B A W S R 1) T A R A T ER A By, H v e S G R H R R L B A i K Bl
flfn s IR LG/ VA flo el G T8 | 1A 65 R L R o 4080 A5 U] O O A A ) ¥, R [R/IN A T 5, 3K AT g
St TR A T REIE PR AR R L B TR B, R IR A0 2 | s il A AR ) Y
BB E T AR, T Re S H R E YA o, Horp i R AN T A A 58 A (] et B, LAk, BSR4 2 B 4% (]
BRI 3 T R, o A ) L5 19 306 sh e, HE s AT 9 R AR T I, 25 18 38 B0 Sl J2 1 L B8 4
1%, 48 S SF R T R IFTIC 2 KAVE I IR S0 R E o, A f e 73 i A3 B AR ] (H R PR A TR R AR 3
i, A RHE 2R ] R IR 5 T R, U IR Bl RN N AR T LRSS R A B
TR R R B, ARG D37, W P R BORE R A A, 1 80 3% g O 1 T £ (48 5 il R s S B ) | G
AT AR RN B  TC A 8 22 501, A R 46 oI 38 | X 45 A= B3 0 B 70 ) FH R 8 W ) T — B AL A 1 842k
BRSO SEN A BT ) B R G A — ) 28 0 35 25 5 (R s 20 22 S A S DKL B 1 L T 3 AT 1, A0 9K
SRR LA R A G, B A AR 1 0 R B R AR IE , A AR S e R = A
G R R B A0 ) (Es S 29 AN JE AP K At R 37 O 195 100, Mk DA S P AR 9 B9 B4, & T B /b AR
25T A5 R SRR IE S5 A TR G R B A 5 A5 7o (HI 28 22 e 2 K, — HL ARSI FR ) 25 oA A AR X
L,
AR ARt s b | BRI VR B ) AP 2R R 2 T L oh AR A ik B 2 T 1R, PR )=
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BRI FP AL TR i L AR BE R RUNE], K JZ MR AP AR AR R 48 i ok Ay 5 A A 5% 4 X6 1
Pl ARAE N T AR RAER A B2 HCR Ak, A (RERR S A 02 0 28 1) = A S Horp i
Ty 0 RN/ IN B A0 R T LA B 2 R T R A T L (B A SRR PR T s 0 28 R B AR BE RN AR R /N 43, i
A AR KT (PR E KT 200, Q65 RS i £ FN W T AT ) BB BOR E AT Ee R 2. 1%, 4l fa (1
PR /N T 2 HA P O /IR, F 2 A ke Bl /N B £ £ R R TG Y g 40 55 1 S i b SRR ) £
Fbh 59.4% 5] T o b HSFH Ho 50 5 B TH 2 3. 3% F164. 3% , 4l fa He ol Fnk Bl fa 2R g gk e A oG, (E
Aehp— MR AR L BLX ALY I R . Douglas 2578 HF 5T il R B 0 25 00 L i ) i 8 R F R A IF R
Xt Gy £ 1 L ARGEE [R5 24T
3.2 ARRAERERFEM N R ER

— BRI S B, AT 11 K B i R R A B [ 4 3 R SR 3k g KO L Methven 28 A LA
G B W ¥ TR T SE W N T W i R SO [ S G

WRASCEE T I A 0 [, T 10) K R A= 358 B IO k8 00 e A B o Y 1R 40 S & F R R 1. 73 1. 58
TR PRI T A 55 AH 7 B0 43 B2 LR 14 1. 30 Fil 4. 54 £% , Toit e N Tk & KAR A5 (L F-7¢ 6] f) = B A=
Y AR (AR (FJR S A X AR i, a5 SR R N T AR AR B M foR B35 = T b X R a7
TURRIE 3 £ 28 1) =5 BE W R % 1 K i T I A5 IR , TBR 22 A1, TCie AN ) AR B8 2 R — AR B ], 2 e g%
A Y ORI TR ENERZES, UL F R IR —E 88 m T H K, XM Richard % AWF5E 1Y
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