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Fig. 1 Locations of typical seagrass beds and sampling sites in the Bohai Sea
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Fig.2 Comprehensive indicator system for evaluating the nursery function of seagrass beds
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Table 1 Scoring criteria for evaluation indicators
FERACE- (kAL S )
P Eidton Hp
f[0.8,1.0]  F1£[0.6,0.8) —f§[0.4,0.6) 7[0.2,0.4) #7410, 0.2)
IKIREE B cm =150 100~150 50~100 25~50 <25
AR mg/L =10 9~10 8~9 7~8 <7
NS PSU <30 >30
pH TR 7.8~8.5 6.8~7.8 <6.8
KR C 20~25 15~20 <15 >25
TR mg/L <02 0.2~0.4 0.4~0.8 0.8~1 >1
BEmREL pg/L <15 15~30 30~45 45~60 >60
DU R mg/g <03 0.3~0.4 0.4~0.5 0.5~0.6 >0.6
B mg/g <02 0.2~0.4 0.4~0.5 0.5~0.6 >0.6
[ % <75 75~80 80~85 85~90 >90
2 B %05 ind./m’ =300 200~300 100~200 50~100 <50
E7/h shoots/m” =500 300~500 200~300 100~200 <100
SEHRk cm =40 30~40 20~30 10~20 <10
TFUFHIY)  Shannon-WienerZZRE1EFE %L o =2 1.5~2 1~1.5 0.5~1 <0.5
Margalef = & JEH5L TR =2 1~2 0.5~1 0.1~0.5 <0.1
Pielou #5454 T =0.9 0.8~0.9 0.6~0.8 0.5~0.6 <0.5
£ 10° cells/L <3000 3000~10000 10 000~30000 30 000~60 000 >60 000
ER7/) mg/L <05 0.5~1 1~3 3~5 >5
IRUFSNY) Shannon-WienerZHEPEFE T =15 1~1.5 0.5~1 0.1~0.5 <0.1
Margalef &= & B4 P =2 1~2 0.5~1 0.1~0.5 <0.1
Piclou 5] B4R 4K T =0.8 0.7~0.8 0.6~0.7 0.5~0.6 <0.5
FE ind./L =80 40~80 20~40 10~20 <10
ER7/) mg/L =15 1~15 0.5~1 0.25~0.5 <0.25
JEMGEHY  Shannon-WienerZ HE1EFE 4 o =15 1~1.5 0.5~1 0.1~0.5 <0.1
Margalef & & BEH AL P =2 1~2 0.5~1 0.1~0.5 <0.1
Pielou #5454 T =0.8 0.7~0.8 0.6~0.7 0.5~0.6 <0.5
W ind./m’ =400 300~400 200~300 100~200 <100
YR g/m® =40 25~40 10~25 5~10 <5
i R kg/km® =4 000 1 500~4 000 500~1 500 250~500 <250
E7/h ind./km? =20 15~20 10~15 5~10 <5
g L % =04 0.3~0.4 0.2~0.3 0.1~0.2 <0.1

12763.8—2007 ).

A REVE VR A MR PRI AW L IS S RE
Fi HRAH S SRRERRTE (HY/T 083—2005) R4, il AE W)
K P W AT SRR . H T8 RIS S B R4 8 my IIHE

RSF R (58 > R )30 em x 25 em; [ H AR 10 mm.,
TR 3 MBI, EE—H 8 SUCE BI%E —H
8 A1, HHUE 48 h K T Wl A= s Il SE e il sk
YRR | AR IR R AR, IR R AR R R B
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Table 2 Weights and types of hierarchical indicators in the

comprehensive evaluation system

WWE AR | PR AE a7 )2 K

B 0.203 9

oy iy 0.166 8

i 0.070 1

KIS 0.800 0 pH 0.048 7

b 7K 0.168 2
s 03700 )

JohLax 0.1727

B 0.1727

BA 03333

gf_’g 0.200 0 X 03333

b frit 03333

E T 0.333 3

MR 0.166 7 G 0.3333

TR 0.333 3

Shannon-WienerZFEPEFEEL 0.142 9

Margalef £ BEFEEL 0.1429

gg 0.166 7 Piclou 5] EEHE K 0.1429
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AWk 0.285 7

Shannon-WienerZFEPEFEEL 0.142 9

Margalef £ BEFEEL 0.1429

ﬁ? 0.630 0 gg 0.166 7 Piclou 5] EEHE 4K 0.1429

FHE 0.2857

AWk 0.285 7

Shannon-WienerZFEPEFEEL 0.142 9

Margalef £ BEFEEL 0.1429

gg 0.166 7 Piclou 5] R K 0.1429

R 0.2857

AWk 0.285 7

R 0.333 3

4t 03333 L7/ 0.333 3

LR e 0.3333

AT TR 3 B 352k 4R A5 SCHR IR AIE AT 21 04 ) 1 25

MY g B DR () £ SR A DL S g5 R R
P, 3 22 8 PR BE ) o R 7 58 A ( Acanthogobius
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Yy (m/h); d 2R~ 34 7K G (m); ¢ kg 38 ) 4 I (]
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FEVE | Fh 2 T2 AR B AR S B X S M

N
H':—ZP,.xlnP,., (8)
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S—-1
" InN’ (9)
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]:E, (10)

Aorfre PRy SRS A Wy RET AR A A S SR
RELL A5 S Ry ST A W RE T W) R B N o MR AR )
BEB AR

TF IR EHE 43 Bk, 1 5 {8 F Shapiro-Wilk £ 55 (S-
W RS 58 ) Sf 4] W7 B 85 R A 4 B0 S A A IR A A A
(p>0.05). #HEIEFFAEDA, R E I 2
43 M7 (One way ANOVA) 3K D1k 45 20 K5 B B A7 78
FE T (p<0.05), I FH LSD ik (5 22 55 P ) o
Tamhane T2 7 (5 2Z AR HE1TH G5 L ERA KR, H
SE 5 AU R 22 5 M . A B AT SR IEAS S
A, fifi Fl Kruskal-Wallis A 6 56 A P71l 45 21 5548 5 75
AR F 2R (p<0.05), F&ildFHpricikit T
Z5hid. LR HTIITE SPSS 27.0 MUAS L iEAT .

3 45

31 BERKRKAERABRAENZTEAES

VR T U e AR B | VETAT T A ) VA R % K A
S UURAEE WA 3, &y 22 5 KR
BB A3 P R 7R 3 A X [A) S I Y A ) 22 R
o, ) 1V L R GE W B2V 1 R 32.95 em, 1 3 IR
Tt 4 5 (131.00 cm) A1 42 45 (104.25 cm, p < 0.05).
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£ DX 3K A pH & A D B, A0 ) VA R R P R
y 8.54, H YR Ry BT I B0 K (8.04) 10t 48 B g i IR
(7.39, p <0.05)c 3 /™ DXl 75 fiff 480 o o ok B Xy 3 o, 3G
T 0 9.14 mg/L, 648 5 i B R 9.01 mg/L,
L) VR R R 8.74 mg/Lo MK EREE o 48 77 SR 48 A
B, BT A TOHL AU R B e (1,12 mg/L), Sz

3 IV 28K bR vfE (0.5 mg/L), Hvk 8 4041 (0.13 mg/L)
FE A 1% (0.08 mg/L); 3 > H0 IR [a] JG L &UR B ik )%
2R EN W (p<0.05). 7K BB Bl iR 1 o i ik
A DU) 2 R R 2 R A, BB T AR R R OK g R SR
JER R P Al 4.60 pg/L, B U ) R A 12.13 pg/L,
B AL B R R N 23.74 ng/L(p < 0.05),

®3 BEANERFZTEER

Table 3 Spatial differences in environmental factors among seagrass beds

el FRPRA R Hp AR B gt

TKHREE B cm 131.00 + 10.55* 32.95+0.35° 104.25 + 14.27°

TR mg/L 9.01 +0.35 9.14+0.10° 8.74 £ 0.30

EhHEE PSU 30.82 + 0.46° 33.10 +0.63" 32.93 +0.59°

pH T 7.39+0.08° 8.04+0.05° 8.54+0.04°

kil 18.07 + 1.44° 22.71+£0.16* 17.89 = 1.03°

THLA mg/L 0.08 = 0.01° 1.12+0.02° 0.13 £ 0.00°

WL pg/L 23.74+2.03" 4.60 + 0.00° 12.13 + 1.60°

DURREREE BA mg/g 0.38+0.01° 0.40 £ 0.00° 0.68 =0.01°

S mg/g 0.14 +0.00° 0.10 £ 0.00° 0.49 =+ 0.00°

o % 87.19+1.08" 86.60 +0.17° 81.88£2.92°

T R PR A P EARED; BT (o, b, ) FRERBE (p <0.05),

FE T DR A DTN ERBE 8 A v, 7 0 ) 96 0 DR (19 58
T VR B (0,68 mg/L) B I 25 5 T AT 1 R
(0.40 mg/L) %% 4 & ¥ BE R (0.38 mg/L, p < 0.05)
JAL M, L e VA R PR UT AR A v R T R R
k1 0.49 mg/L, 2 & T HAL A X (p < 0.05), 5
A B BRI -3 B b i s, O 87.19%, B3 T
HABF A X5 (p < 0.05),
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TE 78.60~686.44 g/m* Z ], Horfr | g 46 I F1 4 fa) Vi
AR AT, 23 9 340.05 g/m? Fl 371.22 g/m?, G
BB A3 1) 25 Sk (p > 0.05); 17 #7171 ¥ 45 A= )
¥R 161.24 g/m?®, i KT HAL B A X 3k (p < 0.05).
T B 25 A R FE AE 83.28~349.43 shoot/m® 2 [f], HiH 4t
A I L TRl A ) YA 2K A BT Y (E 4 0 R
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Fig. 3 Spatial differences in biological characteristics of Zostera marina among seagrass beds
RIZELR E AN R)/ING R 3 7R W R AR 5 R AE AL AR [R) 8 R PR 22 18] 47 7 1835 22 57 (p < 0.05)

Different lowercase letters above error bars indicate significant differences in biological characteristics of Zostera marina among seagrass beds (p < 0.05)
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38.54 cm, A5 DX F A ZEASRE HE AR R 22 DO OR £
B 25 A 2 W) 22 54 (p > 0.05).

0° cells/L). IFUiFHL Y A 9 it 52 PR BLAG R 3, 4%
DX 3 A= 4 S Y AELAR YR R 8RN T (2.09 mg/L), 4 fe)

3.2.2 At AE MRS R S AR Y (0.95 mg/L), 5E4E 1% (0.09 mg/L), H. 3 A4~ IX sk [a] 77 97 A8
HE— 20 X A A RV AR AR 0 T (O ) e W AR R B B2 5 (p < 0.05), PRI
AW AT TR, R T & X FOR P AERE SRR s BV SR ) D e AR I (62.58 ind /L),
7R Y 23 (8] 22 S PEARAE, S5 R ANTE 4 FOIE 5 Brzn o IFIF B0 1 (29.48 ind /L) A2 A9 (9.61 ind/L) . AEH
FE W = T B o B A 0 2 B (82,49 x  HEEBBELER, 545 a5 (1.35 mg/L), B
0’ cells/L), B4 £ (59.97 x 10° cells/L), %45 (11.70 x  [1(0.44 mg/L) A1 & 4] (0.61 mg/L). 3 4~ iff 5K [
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£ 201 % 20 ig_t 1
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Fig. 4 Spatial differences in abundance/density of typical biological communities among seagrass beds
WREL WA NG T8 7R ML B0 A )R 98 = B /% BE A0 7S R) ¥ B0 R 22 (B A7 A i % 22 57 (p < 0.05)
Different lowercase letters above error bars indicate significant differences in abundance/density of typical biological
communities among seagrass beds (p < 0.05)
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Fig. 5 Spatial differences in biomass of typical biological communities among seagrass beds

WR2EEL b B[R] /NG T RE R R AR T v A W T S (] PR 2 [B] A7 A S 3 22 5 (p < 0.05)

Different lowercase letters above error bars indicate significant differences in biomass of typical

biological communities among seagrass beds (p < 0.05)



72

MHEEd 4745

TS R IR R B RS
25 (p>0.05),

] 1M o0 ) %% fi% i5 (387.56 ind./m?), & 4g
) 14 JES 0 30 4 %5 5 (291.40 ind./m?) R 2, 56 5 1Y S
G 501 ) 25 B A% (277.45 ind./m?) . RCATE 3l 40 A 1y 2 )
S AR T H i (98.60 g/m?), U ) R Z (34.61 g/m?),
B AT s ) A i (24.39 g/m?) e fI%, 3 A~ X35
(] VA 25 22 5% (p > 0.05)s

i A 5 &y IHE £00 % FE f e (4.03 % 107 ind./m?), ¥ 0]
MK 2 (3.96 x 10° ind./m?), B 40 ) 4y /HfE 400 25 i e %
(1.14 x 10* ind./m*) . XF F &y /#E fa Af 4 i, R Ry 3
16 1% %) /HE £ A ) B e (31,10 kg/km?), #530] 11 (16.02
kg/km?) I H 4048 (18.16 kg/km?) YR 2 o 56 HE B 114 Jilt £

5 1 f 2 K (18.67 x 10° ind./m?), &) 11 ¥k 22 (11.30 x
10° ind./m*), ¥ 4 fa) /) i £ %% FE (4.50 x 10° ind./m*),
B E KT AP A X 3R (p < 0.05), #0711 5l £ 4= )
i (231.88 kg/km?) f5 i, 2 35 5 T HABL B A X (p <
0.05), %t 8 & ¥ Z (146.80 kg/km?), & 4 fa) % A%
(116.55 kg/km?) 5 1%
3.2.3 BRI WIRETS LR W) 2 HE T RRAE

T W A ) 1Y Shannon-Wiener £ 4 14 5 %1 . Mar-
galef = & JF 15 BUF Pielou ¥ %) FF 48 B4 W 7E 0.13~
243, 0.10~3.05, 0.23~1.00 Z [a] (W& 6 fif 7 ),
U ) ¥ B PR Shannon-Wiener £ Ff 1 48 54 . Margalef =
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Fig. 6 Spatial differences in biodiversity of typical biological communities among seagrass beds
RZELR RIS R/ING g 3R R AR MR i 226 PR R AE A5 A (R 1 R R 22 ) A7 A 35 25 5+ (p < 0.05)

Different lowercase letters above error bars indicate significant differences in biodiversity of typical biological communities among seagrass beds (p < 0.05)
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Fig. 7 Assessment results of environmental indicators
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among seagrass beds
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Fig. 8 Evaluation of biological indicators among seagrass beds
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Fig. 9 Spatiotemporal differences in comprehensive nursery
function index (NFI) among seagrass beds
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Different lowercase letters above error bars indicate significant differ-

ences in NFI (Nursery Function Index) among seagrass beds (p < 0.05)
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Evaluation system establishment of nursery function for three seagrass beds
and their spatial differences in the nearshore Bohai Sea

Zhao Jiayue, Yang Wei, Bai Junhong

(State Key Laboratory of Wetland Conservation and Restoration, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: In this study, we conducted comprehensive field surveys in the Bohai Sea’s seagrass beds at Caofeidian,
Huanghe River mouth, and Juehua Island, gathering data on seagrass growth, water and sediment quality, plankton,
benthic life, and juvenile fish. An integrated assessment index system for the nursery function of nearshore seagrass
beds was constructed. The seagrass biomass at Caofeidian and Juehua Island was measured at 371.22 g/m?® and
340.05 g/m?, respectively, both of which were significantly higher than that recorded at the Huanghe River mouth
(161.24 g/m*, p < 0.05). The average abundance and biomass of phytoplankton in each seagrass bed followed the or-
der: Huanghe River mouth > Caofeidian > Juehua Island, exhibiting significant spatial differences (p < 0.05). Re-
garding juvenile fish density, Juehua Island exhibited the highest density, followed by the Huanghe River mouth,
with Caofeidian showing the lowest density, also demonstrating significant spatial differences (p < 0.05). The nurs-
ery function of seagrass beds was best in Juehua Island seagrass bed, followed by Caofeidian seagrass bed and
Huanghe River mouth seagrass bed. Environmental and biological indicators with significant contributions varied
spatially. The seagrass bed in Juehua Island has a good environmental and biological status, with high water trans-

parency, abundant dissolved oxygen, and moderate inorganic nitrogen mass concentration, and the juvenile fish
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community indicators all performed well, contributing significantly to the nursery function. The seagrass bed in
Huanghe River Delta has relatively poor water environment and biological status, with low water transparency,
high pH value, and excessive inorganic nitrogen. The biological indicators showed poor plankton diversity charac-
teristics and low proportion of juvenile fish, which became the main negative factors for its nursery function assess-
ment result of only average. The environmental status in Caofeidian seagrass bed is good, with factors such as tem-
perature, inorganic nitrogen, and inorganic phosphorus mass concentration contributing significantly. However, its
biological status is average, and the low number of planktonic animals and juvenile fish is the main negative factor
in the nursery function assessment of this area. This study helps to deeply understand and recognize the spatial and
temporal differences and driving factors of the nursery function of typical seagrass beds in the Bohai Sea area, and
provides effective scientific basis and data support for the protection of seagrass bed ecosystems and the sustain-

able development of marine fishery resources in China.

Key words: seagrass beds; nursery function; evaluation system; spatial differences; nearshore Bohai Sea
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