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Fig. 1 Macrozoobenthos survey sites distribution in Yanpu Bay

1.2 HEREHE
1.2.1  AEBAMNE
(1) A= 254 %2 ) {di ] Shannon 15 %k!'%!

R
B :_Z p; In p;
=1

K, BN AESNLTEE, Py=nj/Ni., FoPi7E
55§ A P AMAECE PRl | TR A REY LA,
Horp R R 8L, B €[0,R]. MG KT A 5h 4
i A 2507 T B 1 A LA B kAT R 41T B>2.0
NN, 1.0<Bi<2.0 ARSI Fl, 0<Bi<
1.0 A7 AR, I Bi=0 i) 4 —41 .

(2) A= A5A7 E&H f# FH Pianka F5 %

R
2 (R -Ry)
Q=T
DAL
= =
Krh, QuNESE, Pyl Py /3 BlZRmFh i Fifh k
FESS | AN TR A ARE A ITA SRE LE
i, QuE[0,1]. M4 Wathne S IFHI bR, ¥
BN EBITN 3NFI: Qu=0.6 HAEDNIES
PRI, 0.3<Qu<0.6 NABMESREP, Qu<
0.3 NN EHSFEEAL,
1.2.2  INEEEE (HZESCHER19-21 K IR sh ¥ D fig
HE AT 52

(1) 1##H%& 4 (planktophagous group, Pl):
MR A5 Fb 3k U8 A% B UE BOUKAR RN TR AR,
TEABRGETE TIHEE, MFZNEE. Pt
H4E,

(2) &+ (phytophagous group, Ph): FZ D
A RAHY AN EY, EESRSETIE T
P, WNHLEIE R . XTI RIS

(3) W& (camivorous group, Ca): i/l
SRk, EAESRETE TIHESA, W
B 57 N VESIL 7/ Rt

(4) 2%+ (omnivorous group, Om): #K3E
JUR BB A e B, R RSO R K B A LY,
WAT BB AL B e F N e 28 . Haek, A
BRGETE THEH, MELLEER . BTN
B,

(5) WEJE & & (detritivorous group, De): &
JRFRHAYLEE, FEUURY, TEHLIE N
Howa iy, FAESRSE TR TFafE,
BB LN Give

MR SCHR [20-2275%F 7Y R A 21 9 451> T BE AR
K H A A& — Bl 44 (Shannon-Wiener) £ #£ P $8 %L
(H"). Margalef F & FEE540(D) 1 Pielou 2] 45
(AT RERE Z RS -

123 TRSHE IR RDA)P >t
TR Jo s R0 R B R AR 2l ) B i 64T 0 i, DARA
SR K I A Bl o3 A B i 2 R IR - LR
MR LSS 2 IR — ', UG




%54

SRV B A I T RO R FIT R R B R A Sh 4 A A L Rl RERE AR AL 951

BERK, Z5REVHE, ML s e vE 5
WM KEFR . RDA HEF 40 Hr Rk CANOCO4.5
Bk sE Y RDA HEFF B P s — i s — il it
YRR AR S 1 E oy F R PR B AR S 1) 43 e an SR
HRTF 40%>) UL HEF 45 SRl 48

2 HBRESH

2.1 EBMUEE

H1 11, KO PR i DR BRI AT sh 40 3k 39 Filr,
LT EEAEYE A 0.11~3.18, A MA H
A K HR & (Macrophthalmus japonicus)., &K
& (Metaplax |ongipes)fil4; % (Sinonovacula con-

stricta)3 fr, (5 EMIFEIY 7.69%; A SR A H
AR (Alpheus japonicus) ., 54 ffi(Periophthalmus
modestus) . i/ #1818 (Uca arcuata) 55 6 1, 5 &
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AP AT B 0 kil (Scapharca broughtonii) % 23

R 1 WMER. FBRERMNYESMATEEMINERL S

Tab.1 Niche breadth and functional groups of macrozoobenthos before/after Kandelia candel planting

e YFh HEASNLFEE niche breadth RERE
code species FHAETT before planting  Ff#lJ5 after planting functional group
1 #3441 Periophthalmus modestus 1.62 0.58 Om
2 KR Boleophthal mus pectinirostris 1.23 1.01 Om
3 FH R Scartelaos histophorus 1.47 0.35 Om
4 ik Scartelaos gigas 0.45 1.18 Om
5 #fnJE  Periophthalmus sp. 0.14 - Om
6 FeUFE i Trypauchen vagina 0.26 - Ca
7 H AR Alpheus japonicus 1.85 0.61 Ca
8 fif B IR Alpheus digitalis 1.32 0.32 Ca
9 ZHN#LUF  Leptochela gracilis 0.38 - Pl
10 HASEFEHF Processa japonica 0.12 - Pl
11 LGS Helicana wuana 0.25 1.13 Ph
12 ILICJE#E Helice sheni 0.17 - Ph
13 ) JE 4 Helice latimera 0.30 - Ph
14 KK Metaplax longipes 2.74 3.12 Ph
15 H A KR Macrophthal mus japonicus 3.18 3.11 Ph
16 IR FA1 % Uca arcuata 1.05 1.21 Ph
17 WE H % Ucaiiy lacteus 0.17 - Ph
18 21 B A F-%&  Chiromantes haematocheir 0.50 0.52 Ph
19 TP Ve 1lyoplax ningpoensis 0.17 - Ph
20 A5 Je Nlyoplax formosensis 0.98 - Ph
21 PO K 4% Metopograpsus quadridentatus 0.12 - Ph
22 HIEZM Pyrhila pisum - 0.29 Om
23 MR FE 12 Lunatica gilva 0.75 0.75 Ca
24 HHFER Polinices mammata - 0.19 Ca
25 BRI ST Cerithidea cingulata 0.35 1.92 Ph
26 ISHERIESTIZ Cerithidea largillierti 0.26 2.26 Ph
27 JNELIBE ST IR Cerithidea microptera - 0.04 Ph

(f¥%% to be continued)
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(3 1 table 1 continued)

s YiFh M niche breadth TRERE
code species FhHEAT before planting  FP#HJ5 after planting functional group
28 ] (G <72 Rhinoclavis kochi 0.30 - Ph
29 Y\ MERTIR Batillaria zonalis 0.31 0.14 Pl
30 W CHERTIZ Batillaria cumingi - 0.04 Pl
31 HEHIVAR Assiminea violacea 0.17 0.18 Pl
32 ZEHITR IR Assiminea latericea 0.37 - Pl
33 FE A LR Nassarius semiplicatus - 0.36 Ca
34 VI PR S Moerella jedoensis - 0.04 Pl
35 4i%% Sinonovacula constricta 2.68 1.94 Pl
36 A Cyclina sinensis 0.36 0.13 Pl
37 K A4tU5 Crassostrea gigas - 0.29 Om
38 LT E4LW5 Crassostrea ariakensis - 0.21 Om
39 FEWPEHE Potamocorbula ustulata 0.14 - Pl
40 JEHF ¥ % Potamocorbula laevis 0.35 0.32 Pl
41 i Scapharca broughtonii 0.12 0.41 Pl
42 JEFENR DL Mytilus coruscus - 0.35 Pl
43 L HEAE  Amphibalanus amphitrite - 0.79 Pl
44 PeW)¥b A% Tylorrhynchus heterochaetus 0.24 0.22 Ca
45 KWyb# Glycera chirori 0.38 - Ca
46 [ 85 15 W) Vb A% Dentinephtys glabra 0.11 - Ca
47 H AR MW vh % Goniada japonica 0.20 0.22 Ca
48 Hi§VP7# Nereis neoneanthes 0.11 - Ca
49 WS P 1457 Aglaophamus dibranchis 0.14 - Ca

T: Ca WKW EH, Om FRFE#H, Ph R EH, PLERIFIREYEH.

Note: Ca means the camivorous group; Om means the omnivorous group; Ph means the phytophagous group; Pl means the planktophagous group.
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Fig. 2 The proportion of species pairs with different niche
overlap degree before/after Kandelia candel planting
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RERf, RUIFEILTH = = WRERK, 5
THUCE RGO E Y A (PRI R (Ph), 2R
B RPN EH (Om), BURERINANE
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Tab. 2 The density of different functional groups be-

fore/after Kandelia candel planting
2

ind/m
s #JE density
Riijz —
functional group Ff i . URCH .
before planting after planting
TR 108 s
planktophagous group (P1)
&% phytophagous group (Ph) 506 1062
W& # camivorous group (Ca) 168 130
Z% ¥ omnivorous group (Om) 120 154
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Tab.3 The diversity indexes of macrozoobenthos before/after Kandelia candel planning in different intertidal zones

FHAETT before planting

Pt )5 after planting

i s
. i Fm B oy e g Z R EL B9 KiE i 5] R EL Z TR S

tidal zone . . . . . .

richness evenness diversity richness evenness diversity

index (D) index (J') index (H") index (D) index (J') index (H')
= high tide zone 0.378 0.547 0.758 0.515 0.624 0.864
A7 middle tide zone 0.439 0.752 1.042 0.406 0.853 1.182
K77 low tide zone 0.470 0.755 1.047 0.451 0.720 0.978

M6 3 AT, Bomh RIS AT T RE R 1Y
Margalef F & EEF54(D). Pielou ¥J5JEIRE)
AN Z AR B (H) 3 BT iy D ae
BERG IR HARBCE T, W D 38 8RR KA Ih
RERERY DL JAI HE R %,

M 4 T, BOmFPRLET 3 AN 22 R G
FE 22 5 (P>0.05); B FP RIS 0 T 5 I T
AT SR AT M 25 7 (P<0.05)

24 DMEEBHESTAYETARERFZENTR
S

Xof K i AR I S R T RS A 3l T e RS D0
T i Z (Bl AT TUAR 4P (RDA)Y R B (3% 5), Fh
AT 55—l RN 55 Sl i RRAEAE 3 B 0.407 1
0.137, HAHEZRECH 0.919 1 0.754, fEk: T Y fh
S 65 1% MR AS T 87.0%, KT —ts

Fz 4 BIFMERT. FEAREHEIIAER
NENBRERRFESH
Tab. 4 ANOVA of the functional groups of different
intertidal zones before/after Kandelia candel planting

kil [k g iy
tidal zone high tide zone middle tide zone low tide zone
155
high tide zone
g
middle tide zone
iy
low tide zone
FE: A7 BJ7 RRMETT, 22T NI BTN PAE, SRR 2%
54 3 (P<0.05), **3R/R8 22 7 3 (P<0.01).
Note: Top right means before planting, and bottom left means after

planting. Numbers mean P value, * and ** denotes significant
difference (P<0.05) and extremely significant difference (P<0.01).

KA 40%, ULBHHEFSSRAIEE . M 5 —Sh A
o R (E 4 9 0.219 A1 0.161, HAHXK &

0.275 0.869

0.134 0.343

0 0.002"
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AIH(0.3565)FEE —HE 7 4l 2 e R IEAHOG, 4%
(—0.1854)FN % —HeJp il 2 e R ARG, BIFEHET
R 2 ™ 2 LigEn, Mg, #
FJE (B 4), #£(0.5289)F15 — 4l Al & f RIEAH G,
i (—0.1765) A2 — Al 22 de R FAAH G, BIZEHET &

HBE N A2 B A48 8 B, TR B D BRI
(0.3413)F1%5 —HE 7 il 2 R IEAH G, ifi(—0.6530)
A HE il 2 e KA O, BAEHE Y B v g h
TNE BRI, B R I, AR TR R
T AP S P05 W K PR EE T2 4y . .
A2, PR S WDEEE . A,

% 6 mIAL, BomFRE A ISR Y & B
BERPRE AU A, A A 5 PR A ek (AR
SR R — RV T AR, f . BEL ORI
Fif 10 5 S T REL I S A I, B 8 AR A
B0 HR 2 R — DU o A

F5 FTATHFIERT. 5 RDA HEFER
Tab.5 The results of RDA ordination before and after Kandelia candel planting

FAEHT before planting

Fpid)5 after planting

ST FHIEE
statistical eigenvalue 1 %l 2 W3 4 Al 1 %l 2 %l 3 L
axis 1 axis 2 axis 3 axis 4 axis 1 axis 2 axis 3 axis 4
FREAR{E eigenvalue 0.407 0.137 0.058 0.023 0.219 0.161 0.091 0.011
A i v
.%ﬁl M BT . 0.919 0.754 0.771 0.360 0.705 0.820 0.694 0.286
species-environment correlation
Yy —IREE 1 R i R
cumulative percentage variance of 65.1 87.0 96.3 100.0 45.5 78.9 97.8 100.0
species-environment relation
0.6 0.6
[Oil Om
Ca
| Cd Cr
'\ Ph

S\ E Hg .

.2 Zn o= 2

& _ 2

all Cu o~

& e

A
s Pb
Pl
-0.6 L .
-1.0 1.0
-1.0 . . . . .
#h1 axis 1 -0.6 0.8
#h1 axis 1

B3 Bkt mh AR iR R EAT Sh 4 Dh RERE S
UUBU) T (1) RDA S A7 HE 1]
Ca F/RAEF, Om FK/RZREH, PhRRHEH,
Pl RN E Y B,
Fig. 3 RDA analysis of functional groups and sediment
quality before Kandelia candel planting
Ca means the camivorous group; Om means the

omnivorous group; Ph means the phytophagous
group; Pl means the planktophagous group.

K4 BOFMAE S KBRS D RERE 5
VORI i 19 RDA J3 By
P EREE R T L3R 6, DHREREIM4HILE 1.
Fig. 4 RDA analysis of functional groups and
sediment quality after Kandelia candel planting
The environmental factors in the figure are
shown in table 6, and the functional groups
in the figure are shown in table 1.
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Tab. 6 The average content of environmental factors before/after Kandelia candel planting

n=15; x+SD; mg/kg

BN ¥ FERIIEN] % Cd ¥ Cr i Cu #5 Pb £ Zn & Hg fifl As
environmental factor oil cadmium chromium copper lead zinc mercury arsenic
FHAE AT before planting  24.31£2.80  0.12+0.01  64.06+2.59 40.79+2.01 36.95£1.32 116.73+3.32 0.06+0.002  12.95+0.47
fiHi)J5 after planting 5.3743.21 0.27£0.08 106.47+£15.29 37.20+£1.22 19.67+£8.74 126.07+4.89 0.07+0.01  13.87+0.48
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Changes in the ecological niche and functional groups of macrozoo-
benthos before and after the planting of Kandelia candel in Yanpu Bay,
Zhejiang
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1. College of Fishery, Zhejiang Ocean University, Zhoushan 316000, China;
2. Taizhou Marine Environment Monitoring Center, Taizhou 318000, China

Abstract: Based on data from the macrozoobenthos resource survey along Yanpu Bay in October 2014 (autumn)
and October 2016 (autumn), variation in the ecological niche and functional groups following planting of Kandelia
candel were studied via niche breadth, niche overlap, functional group classification, and redundancy analysis
(RDA). The results showed that the proportions of the wild niche and middle niche species increased after planting
whereas that of the narrow niche species decreased. The species pair comprising Scartelaos gigas and Cambarel-
lus shufeldtii (0.94) presented the highest niche overlap before planting, whereas those of Pyrhila pisum and Lu-
natica gilva (0.99), and Assiminea violacea and Potamocorbula laevis (0.99) were highest after planting. Com-
pared with the diversity index of the functional groups before planting, the diversity index of the functional groups
in high and middle tidal zones was increased whereas that in low tidal zones was reduced after planting. Densities
of the planktophagous group (PI), phytophagous group (Ph), and omnivorous group (Om) increased whereas that
of the carnivorous group (Ca) decreased slightly compared with the year before planting. There were significant
differences (P<0.05) between the high and low tide zones, as well as the middle and low tide zones after planting;
however, the relationships between each pair of intertidal zones were not significantly different (P>0.05) before
planting. The RDA concluded that the factors with greater effects in macrozoobenthos communities changed from
lead, cadmium, and petroleum before planting to zinc, cadmium, and arsenic after planting. In summary, planting
Kandelia candel along Yanpu Bay had a positive effect on the overall improvement of the ecological niche and
functional groups of macrozoobenthos.
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