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ZAREPEX KL HE R AR B e e G TR PR Y
S F; KRS PRI T VLW BB AT fa 2K Th e
IRFITNRE LM A LR, SRt 5 2T T
TS 10 SRR v DN RE 2 REPE R I 2= A2 AL RL AL . i
HRBERINREL AN T AR X AR AR WARIE -

ABTFEHE T i E PR R X 4
75 JEE 10 i R = R 0 9 A Kl 2SR RS
P2 REEREEORIEE T 12 S ThREMER I ThRE 24
PEFSEO AT T SR v 2 REPE I I 23 22 AR il
HSRENTRRER, LU AT kA S

HREIEZPERE (BRI 24
1 HRSE

1.1 FAEREENR

PR VI R LU AR 4 P T B 11 0 S i [
RRWF R REIX, L4 848 hm®, HH,
WIETIARZ) R 163.39 hm?®, MO0 Hemf . ANAT
TREE A RE S 2 25 Tias . JHAETIE] R 2020
4£7 HEZ)M 10 H#ZE), 2021 4£ 1 A (&%)
4 HEZ), BMIRKTE@RE X (AR)RE L E M
B 6 . RTRIX(CA) 34>, TR0 A b7 W
K.

N o
N
on'n" AI@%Z
37°0'0" - artificial reef area | * structure of the reef
< 36°40'30"
36°300" >
i S‘{ellow Sea K% legend
- s . MR X > ] X
121°0'0” 121°30'0"” 122°0'0" E control area ° survey areas
0 051 2km o BN
) ) survey stations
121°26'0" 121°280" E
S ECS i bAS]
Fig. 1 Map of survey stations

VA N O FE Il 5% 5 R A RK R BT R A
VA A v ELR FH M GE A = R, Hidr, R H
RFHR 2 em, RS R 37 ecmx22 cm, A Hib
FAL T 2575, 3 R ARy 1 24H; =mEfIM i 4
ol 0o B BUAS 114 0 7 KSR B 1 8K, LR B R I
PR —2, M ERSE5508 4 cm .5 cm 6 cm
17 em, JNMRE RS 33 cm, BIE 1.2 m,
P 200 mo B ub SRS 1 AR 1 ik =
O, R By 48 WP, SRAE R IR YA
[e] S 6 2 WEAT R 0 5 LA S AR R SR K | iR
TR R ZSH0K B (YS] Proplus)
MR . . pH MiEf A, RAHFRUKIE
{L(DMT-20)i 5 K R, R FH %€ R 452 0 5 35 B

KA B 7K R 1] S 06 28 I A fb 2 75 S i . P
% a USCEFERGEINESE . HRES 5%
RO A ML (GB/T12763-2007) ) BUAN (it
SIS (GB17378-2007) ) PSSR 4T,

1.2 BiEAES SR

1.21 M EFRLEL P Fh FE L (species
accumulation curve, SAC)+2& R H] Wil A R Af 2
BIEIIA R T AP AR 1 AR R0
FHhAE R X £ i DXORI T R DX 7 £ A I A T )
SR L, LLILAS 2] T 4 Fh B A 1o
SR =E

1.2.2 BEBFSH R A 32 P45 8 (index
of relative importance, IRD)Ciffi5E S BEIS L3
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W% RZ R A Y S AR E AT L F%h
R N DN R VA QRN VA DN E R
IRI=1000 [P FIE A PR F

123 W# SN 0 HFE E S (Margalef
index) . ¥J41JE 8% (Pielou index). ZHFETEFEE
(Shannon index. Simpson index) 5 B S HEVEK
TEYIFP K |- 22 REPER™

1.2.4 IheestEME  ARIESCATAREETIRS
BEPERO B SR PO, ARSI T SRR 12
Bl AT SRR S A A ) 12 A TIRETER,
&S Aok eat:: et Pty et:.

WK Wkt R 8P . AP .
WA . MREE . FRIE . RERIE . mi s
) R 1 1 2 S = 1 P b =i
FEJEAL . WriE A TR | AN (RS 77
PEOR . MfEEVEED . BEEIFIEID . BREUIEDD . BP
faAE, WA S i, MK, W5 w1 7 Sk
PERCEFRR . R . IR R L Ik
PR RE | HEACHT R AR BB G55 1) o
IHAREMEREE T 5 S % 0 28 )% FishBasel Al
EL & 2 1Y SCRR B 388122772 DRIk U A S
S 25 WG S AR M IRk, LU [ A v 35
Bekk, HAb R A 2B i FishBase, i
MTIREMER L 1,
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Tab. 1

Functional traits of fish

Ik IR
i LUNIS fagy AR/ AR A 1 R

RAEHR

sampling

M Y pidl . o fishing gear
W Fh ﬁ"@ »:.5'%4& A7 e /c.m e cm % /a i il Ja EX =9 Jife 55
. feeding trophic body "~ maximum body age at . . vulnera =
species habit level shape migration 4 eggs length at first generation grow_th resilie- bility L .
type . time coefficient nce
length first sexual sexual ¢ |
i+ 4 not tramme
maturity maturity net
LIRAFUF IR M B 39 1 ST 334 AE 20.3 3.7 42 0.19 M 31 *
Odontamblyopus
rubicundus
T 4 f] R £ B 34 6 ST 30.0 AE 27.0 2.2 2.8 032 M 33 * *
Acanthogobius
flavimanus
INLL RN R A B 34 6 ST 174 AE 11.4 1.9 2.5 0.70 M 10 * *
Amblychaeturichthys
hexanema
F B UR 5T fa B 38 6 ST 282 AE 11.8 2.7 2.9 0.45 M 18 * *
Acanthogobius hasta
SUeE R B 34 6 ST 11.0 AE 7.6 1.3 1.8 0.64 H 0 =
Tridentiger
trigonocephalus
Bl KR 52 B 35 6 ST 104 AE 7.3 1.5 20 056 H 10 *
Tridentiger barbatus
SRl B-N 41 3 oM 40.0 PE 11.1 1.6 20 042 H 34 *
Pennahia argentata
Ly iRl B-N 4 3 oM 435 PE 19.0 1.1 1.3 040 M 25 * *
Nibea albiflora
F G 4 £ B 33 3 oM 30.0 PE 12.5 1.3 1.5 0.53 H 20 * *
Johnius belangerii
771G 2 P-B 3.2 1 CM 16.8 O 11.2 1.1 1.5 0.61 H 10 * *
Pholis fangi
T LG4t B 3.5 1 CM 451 O 26.5 6.2 7.5 0.11 VL 35 *

Zoarces gillii

(f¥%% to be continued)
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(8231 Tab. 1 continued)
WCHERE, WU U
iy FOER gy iR RRE e gk K e
y e 2l — 551
Yy T ERY R ) om e cm s /a i)/ Z5  Hh i 55 1 g
. feeding trophic body © maximum body age at . - h ... vulnera =T
Species habit level shape TIERAUON o4y €E8S length at  first generation  growth resilie- bility Hh 5 sl
type 1 h o type time coefficient nce
engt first sexual gexual cage mmel
maturity  maturity net net
1 fifi N 3.1 3 CM 102.0 PE 52.7 2.0 5.2 0.42 M 52 *
Lateolabrax
japonicus
ERNEL B 36 3 ST 55.0 — 1.5 8.2 10.6 0.08 VL 42 *
Chirolophis
japonicus
7 fi i B 35 5 oM 30.0 PE 18.5 1.4 1.5 0.80 H 20 * *
Sillago japonica
P S ey P 3.7 3 oM 10.2 PAE 6.8 0.8 1.0 0.50 H 12 * *
Jaydia lineata
HREE P 33 3 DM 60.0 PE 253 1.3 1.5 0.56 M 31 *
Pampus argenteus
8- i B 35 3 ST 156 O 7.2 3.0 4.0 0.27 M 10 *
Sebastes hubbsi
P FCT- iy B-N 3.8 3 ST 65.0 (0] 27.0 7.2 9.6 0.38 M 46 * *
Sebastes schlegelii
B i B 37 3 oM 36.2 (0] 17.3 2.2 2.3 0.30 M 33 *
Sebastiscus
marmoratus
LRE B 3.7 7 oM 60.0 PE 23.0 1.4 2.1 0.49 M 29 *
Chelidonichthys
kumu
JINIR S 4 £ B 3.7 7 oM 40.0 PE 23.8 3.1 3.7 0.40 M 30 *
Chelidonichthys
spinosus
g T R B 36 5 DM 30.0 PE 18.5 2.5 2.7 0.29 M 20 *
Lepidotrigla
microptera
Bk Nkt B-N 33 3 oM 30.0 AE 9.1 1.8 1.8 0.34 M 27 * *
Hexagrammos
agrammus
K N2t B 3.8 3 oM 57.0 AE 11.6 2.0 2.9 0.36 M 34 * *
Hexagrammos
otakii
e i) B-N 43 7 CM 56.3 DAE 322 33 43 0.31 M 43 *
Liparis tanakae
fifi Platycephalus B-N 36 4 oM 100.0 PE 45.7 1.8 2.5 0.30 M 35 *
indicus
2 B 3.7 8 CM 61.1 PE 34.6 2.8 3.8 0.26 M 44 * *
Cynoglossus
semilaevis
LA FARGE B 43 8 CM 31.0 PE 17.2 3.8 4.1 0.20 M 40 * *
Cynoglossus
joyneri
Vayi s B 3.7 8 CM 50.0 PE 31.6 3.7 4.8 0.18 M 32 *
Platichthys
bicoloratus

(¥4 to be continued)
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(8231 Tab. 1 continued)
Wt WUt ‘%#?;ﬁjﬁ-
ae BOIEKS gy BUAK B > B 1 samping
bt g g 0 SRR g IR ORRE ek K ohing gear
Y feeding trophic body X% movimum X2 S0 BB upma o omm s Bl ——
. eeding trophic body “~7 maximum ody ace at . . vulnera =
Species habit level shape TIERAUON o4y €E8S length at fgirst generation groth resilie- bility Hh 5
R )
type length YP€ g 1 time coefficient nce a
g irst sexual gsexual trammel
maturity  maturity net net
BT ik H 29 3 oM 320 PE 18.1 2.9 3.2 0.65 H 36 * *
Konosirus
punctatus
o 52 b e P-B 34 3 oM 18.0 PE 8.9 2.4 3.3 0.56 M 32 * *
S W
Thryssa
kammalensis
VI fi i N 4.1 4 CM 150.0 PAE 52.7 5.9 9.7 0.23 L 78 *
Lophius litulon
B g B-N 4 2 oM 100.0 PE 55.6 3.2 5.6 0.21 M 53 * *
Conger myriaster
K s £l N 45 5 oM 50.0 PE 21.7 0.6 0.7 0.17 H 23 *

Saurida elongata

TE: Ho A etk P PR E B P-B. WRIERURIIAE B IE; B, IR W& B-N. IRWIAIEK S B N ks . AR
1 AE: 2. 88 3. MUmJE; 4. FmIE; 5. WIRAETE; 6. WIaRBIA:, J5abMn; 7. BIARIEm, /58 Mm; 8. AXIFRIE. ST. AL CM.
WL OM. TG DM. iR PE. FEYEEN; PAE. Mi% FPE00; AE. M2 14:00; DAE. it UUPkon; O. BRMG4E; VL. MR J1; L.

ARIKIZ 1 ML AR 75 H. R .

Note: H, Herbivorous; P, Planktivorous; P-B, Planktivorous and Benthivorous; B, Benthivorous; B-N, Benthivorous and Nektivorous; N,
Nektivorous. Body shape: 1, Band shape; 2, Anguilliform; 3, Compressiform; 4, Depressiform; 5, Sub-cylinder; 6, Front cylindrical and rear
side flat; 7, Front wide flat and rear side flat; 8, Asymmetry; ST, Settlement type; CM, Coastal migratory; OM, Offshore migratory; DM,
Distantly migrating; PE, Pelagic eggs; PAE, Pelagic adhesive eggs; AE, Adhesive eggs; DAE, Demersal adhesive eggs; O, Ovoviviparous; VL,
Very low resilience; L, Low resilience; M, Medium resilience; H, High resilience.

WP Gower HiESH- 5% Cornwell 450V
Villeger 45 DU i 5 B3 5 ) g £ BE
(functional diversity, FD), AR#F57LL 4 FiT)fE 24
PEFEFOk B 1 2 I5 DU RE 2 AR 0 i == 22 A,
Horr TfE = & & (functional richness, FRic)& 1k
TYRTERETE NI i AE RS R KON, S e T
R P DA S 2% i 2 5 1 P AR AR S AR I fiE
J3133), i RE ¥4 4) ¥ (functional evenness, FEve)f&
167 e N YA D RE PR 3 BEAE D g A 1Al vh A
(R AT FEE, 2 Il Ay o ot e (R 30 114 ) PR 475 1. ),
I HE B B (functional divergence, FDiv)Efk T #f
% NP R DRtk = AR D BE 2 ] h 23 A A B 1
FREE, ROWLHETE WP Z 8] B A 25 o0 A A 9% R
vi 4 f ) ThAETCU A ¥ (functional redundancy,
FRed) &4k 1 #E v b B AT A0 5] 2 BE 1R 4R 10 0 b £k
EAE, e A S R E A AR EDY, 3l id Rao’s
TIREFE LS Simpson ZFEPEFRELAY LLIE TR .
% a0 HURE 95 4 AR 0 AF 34 %% (community

weighted mean, CWM) S Bl £ S B v& 0 SR
{H R A,
125 BHEZHESHNERFHMEXIEST X
5 2Z I i A F (variance inflation factor, VIF)f:
WA g Z Al p 2 i PE, BBk VIF>10 1Y
W . SRIG X Fh Z R SO D) RE 2 HE 1k
FREHA T2 X N 43 BT (detrended correspondence
analysis, DCA), H¥& DCA 73 #14h KT 4 1~ HEF
Bl A BE (e K HE T Bl <B) I B UU R A BT
(redundancy analysis, RDA), Jf R 4R EK
Y PRIT AT K -0 0 eV AR M i 1) 8 5k
1.3 Sitath

K Excel 115 AH X #2488 R A
PRIMER 6 IR ZHEMEIR 4G R R 4.2.1
1 “vegan” [ #E 17 9 Fp R AL £ A1 RDA 3 #7,
“FD” 2, "1 () dbFD bR ¥t 55 2 RE 22 FF 1 95 48,
“stats”E 1T Spearman A 3 B IR STV Fh 2
WSR2t Z R R, kM SPSS 25.0
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PEAT BN R 7 22 0 MR S B 3 o e, A5 AT
25 S W AT 2 5 LLAL(LSDY 2 B, LUK 3R 4%
TEVR ZAEMETR HCTE A ) X S8 A 2715 22 ) S A5 A7 7E
BEXER,

HBRES

¥ R R h 2%

4 MMRILA 33 AREEuAL, o, X
22 AL XD 1T Ao FET SRR UCE Pl SRR
ik ISR, Hgdnia TFa( 2), £W
AHFFE I A RAETE T o

2

2.1

—_ - N N W
S v O wn O
T T T T

HpFhE number of species

S W
T

20

— 53 N
() (=] W
T T T

—_
o
T

(%]
T

YIFPEX number of species

4 6 8 10
SEAEREL number of samples
e DX () FX BR DX (b) g 4 b R AR 2k
P BRI > R BLAR IX [A].
Species accumulation curves in the reef area
(a) and control area (b)
lightly shaded areas indicate confidence intervals.

2
& 2

Fig. 2

FEEE L
Fbe B o,

Fx2

2.2 B R FPLE R R L

HRAER M 34FER ), FIE T H 21 B30
J&, 99 R R 2, HUOeay B 808 3 fsE
BB, ifihkE . g6 H DL AT 5 0 B R,
YR 1 B sk DR RE X 0 B 2 fa S 29 R
24 Fb, FheIL=AT 35.8%,

PEFFP o3 AT (IRDEE SRRV (R 2), LHFhA K
FEAR A XA 225 [ B A — e A8 fk . Hih, B
FRBFRIRZ, OIEXAXRXEN 6 f, H
55— B S Al 5% KL ] (Jaydia lineate); F
T/, MEEX X RIX N 3 Fh, 3 KO- fil
(Sebastes schlegelii) Fy Faife X 5 — L5 Fh, LR
WF 5§ 1. (Odontamblyopus rubicundus) >} X 1 X 2
—fLEA . NRAERE, X FZL AR T
Vil . 2R AR PR . 45 R4, XIRIX
F BB A LR U R | HE 6 ) AF T
(Acanthogobius flavimanus) . V-l %5, HorpiF
G- fify Sy 4 AE ML 3R, A0 3 3 AE A ] DX Jk
FIAS R 274 [|) 8 Bh K
23 PR HESINGESHFENR T2 RYE

Yk Z RS T 25 AR I (K 3), famfE X Bk
Margalef F 5 BB ERTEE, LAFMEE
(P<0.05); %% Shannon ZHEMEIEH B EIRTE
7%, BKFENETE(P<0.05); Simpson ZFEPEHE AL
TERK | A ZRAFAE 1 35 22 5 (P<0.05); TA JR X &4
Tl Z2 AR PR 8 B0 2271 W] 19 25 /- R 0 25 (P>0.05) .
MZSERE, & ZFMaiEIX Pielou YJ25) BT840
Simpson ZAEVEFE B3 B E KT X IR IX (P<0.05);
MR T EMER, KU 28 s
) | TG i 3 25 5 (P>0.05),

BEATEERSNREXBLXABFMAREN

Tab.2 Changes in the composition of dominant fish species in the reef area and control area of Pipa Island sea

FHXT EE ZEHEFE EL index of relative importance

YIFh species X summer Fk autumn 4 winter % spring
AR CA AR CA AR CA AR CA
LIAR T U — — — — — — 5283.71 10302.38
Odontamblyopus rubicundus
A | 0 £ 41.02 — — — 2247.88 7876.33 — —
Acanthogobius flavimanus
N Ll RIT R — — 19.40 — — — 1404.93 231.34

Amblychaeturichthys hexanema

(¥4 to be continued)
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(8232 Tab. 2 continued)

A% ZEEFE 4L index of relative importance

YFp species B summer Fk autumn £ winter % spring

AR CA AR CA AR CA AR CA
M4l fa Pennahia argentata 2976.19 2845.34 2109.85 3434.76 — — 84.50 —
Bz G B 48. Johnius belangerii 1875.88  1908.57 — — — — 888.69 398.59
7 Kz Pholis fangi — — 477.70 — 2760.95  1180.87 46.14 320.96
145 Lateolabrax japonicus — — — — — 2297.75 200.14 —
N5 KR Jaydia lineata 3914.99  4910.70 538.34 4483.78 — — — —
Vi G-l Sebastes schlegelii 1311.00  1015.14  7497.55  2483.51 897624  3719.13  7433.59 3899.21
fifi Platycephalus indicus 1906.52 3241.52 — — — — — —
o Y4 1309.00  2612.57  2026.10  4102.75 — 282.85 384.56 2569.66
Cynoglossus semilaevis
S W) 4T 15 50.77 47.25 60.62 — 2787.36 100.40 10.44 425.62
Cynoglossus joyneri
B8 Conger myriaster — 134.95 79322 2088.07 — — 4921 104.74

T —FR AR AR: FHEX, CA: XFHEIX.

Note: — indicates no catch; AR: reef area, CA: control area.

[ X reefarea [ | XtHBIX control area
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E 0.8
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Fig. 3 Spatial and temporal variation in species diversity of fish communities in Pipa Island sea

IRe Z R T SRR (K] 4), kX 4R
FRic 8% 2 K T Bk & il & 2 (P<0.05); k&
FEve 85l & THZE | & F MK Z(P<0.05);

X 7= FDiv {8808 % & Tk MEF 2 (P<0.05), [F]
B4 28 25 5 T/ 22 (P<0.05); /2% FRed 162010
EE T4 (P<0.05), FMNEZREST
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AR (P<0.05); WHRIX4Z= FEve 8800 & = TFH
Z%(P<0.05); B 7 FDiv R E & & TAFTMESE
(P<0.05), [FIBJEKZE 2% M T/ 2 (P<0.05); HZ
FRed 8% %/ T4 2(P<0.05), Nk A,

I faff[X reefarea [_| XTMEIX control area
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Z=15 season
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So4f
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e 0.2}
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@m&
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FZ X FEve FEE0EE = T4 X (P<0.05);
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Fig. 4 Spatial and temporal variation in the functional diversity of fish communities in Pipa Island sea

Spearman FHCHE BT 45 SR R B (K] 5), FRic 15
BS P F O Margalef 38 B8 80 W 3 IEAH G
XK Z; FEve $8805 Pielou ¥4 JE a5 5 i & 1FAH
KRR, MHYFEEEEAMHIEKLR,; FDiv 458
B FRed 48505 WFh SRR BZ BCRBIA
23 (P<0.05),

24 BRBEMABMHEREAR KM Z T

FETE FRAE BT 2 8U(CWM) BB T a5 7%
DL R 2 B s 23 AR b a3 (18] 6) o FE B PR 7 I,
kX AR EE 3 etk DRty e
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Fig. 5 Spearman’s correlation analysis of species diversity and functional diversity
* indicates significant correlation (P<0.05); ** indicates highly significant correlation (P<0.01); S: number of species;
Margalef: Margalef index; Pielou: Pielou index; Shannon: Shannon index; Simpson: Simpson index; FRic: functional
richness index; FEve: functional evenness index; FDiv: functional divergence index; FRed: functional redundancy
index. The size of the circle indicates the magnitude of the correlation coefficient.
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Fig. 6 Spatial and temporal variation of community weighted mean index (CWM) of fish community in Pipa Island sea
P: planktivorous; P-B: planktivorous and benthivorous; B: benthivorous; B-N: benthivorous and nektivorous;
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Tab. 3 Variance inflation factor values for each environment factor

TR H B [a i mERREL R THLA 4K a
water depth transparency dissolved oxygen silicate  phosphate inorganic nitrogen  chlorophyll a
i
ﬁ_ﬁﬁﬂ/ﬂ&,%_ 1.32 3.00 2.16 2.39 1.19 1.81 1.61 2.81
variance inflation factor
2Fa Pielou b % FDiv
* D
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X
o 1r
o
i
g chl.a
@ 0
DO Tra
! Dep , 1 8i0;-Si  FEve |
-1 0 1 -1 0 1

RDALI (81.43%)

RDAI (45.88%)

K7 b Z k() I REZ AR (b) 5 B 5L [ 59 RDA 7t
*FIR P<0.05; **FIR P<0.01; ***F/R P<0.001; Dep: /KiF; Tra: BWIEE; DO: %, SiOs-Si: fEFREL; PO,-P: BERREL;
IN: JCHLA; chl.a: 4% % a; Margalef: F & B85 Pielou: 5] 5%, Shannon, Simpson: £ kM85 FRic:
REE & BEHREG FEve: THRESISIEETEH FDiv: DhREBIBUR IR0 FRed: THRETUARETEEL
Fig. 7 RDA analysis of species diversity (a) and functional diversity (b) with environmental factors
* indicates P<0.05; ** indicates P<0.01; *** indicates P<0.001; Dep: water depth; Tra: transparency; DO: dissolved oxygen;
Si0;-Si: silicate; PO4-P: phosphate; IN: inorganic nitrogen; chl.a: chlorophyll a; Margalef: Margalef index; Pielou: Pielou
index; Shannon: Shannon index; Simpson: Simpson index; FRic: functional richness index; FEve: functional evenness
index; FDiv: functional divergence index; FRed: functional redundancy index.
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Species and functional diversity of fish communities in an artificial
reef area of the Pipa Island sea, Shandong

HE Qian', LIU Shude’, TANG Yanli', DONG Xiugiang®, ZHAO Wei', FENG Jie’, YU Mengjie'

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Shandong Fisheries Development and Resources Conservation Center, Yantai 264003, China;
3. Institute of Oceanography, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: The diversity of fish communities in artificial reefs has attracted considerable interest. Previous studies
have primarily focused on species-level assessments, often overlooking variations in functional traits across
species, including morphology, physiology, and reproduction. To deepen our understanding of community
differences and aid in fish resource conservation, this study examined species diversity indices and functional
diversity indices encompassing 12 functional traits. We analyzed data from four seasonal surveys of fishery
resources and environmental variables conducted between July 2020 and April 2021 in the Fuhan National Sea
Ranch Demonstration Area. Our study explored the spatial and temporal variations in fish community diversity
and their correlation with environmental factors. We found significant seasonal changes in both species and
functional diversity indices in the artificial reef area, whereas only functional diversity indices varied in the
control area. Additionally, we observed marked spatial changes in the Pielou evenness, Simpson diversity,
functional evenness, and functional dispersion indices. Spearman correlation analysis indicated that functional
richness was significantly correlated with the number of species and Margalef richness index, whereas functional
evenness was significantly associated with the number of species and Pielou evenness index. The
community-weighted mean (CWM) index illustrates spatial and temporal shifts in the dominance of specific traits
within fish communities. Redundancy analysis indicated that transparency and inorganic nitrogen were significant
drivers of species diversity indices, whereas pH, inorganic nitrogen, dissolved oxygen, and transparency
substantially influenced the functional diversity indices. Thus, our study highlights the complementary roles of
traditional species diversity and functional diversity indices in characterizing the intricacies of fish community
dynamics. Our findings suggest that the spatial and temporal patterns of fish community diversity are largely
shaped by fish migration, habitat complexity, and seasonal variability in environmental factors.

Key words: artificial reef area; fish community; functional traits; functional diversity; spatial and temporal
variation; environmental factors
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