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Abstract: To enhance the understanding of biomass distribution and its driving factors in the threatened seagrass
Halophila beccarii along the South China coast, this study systematically investigated the spatiotemporal dynamics of its
biomass and key environmental variables across six regions ( Huachangwan, Yangpu, Shajing, Tangjiawan, Yifengxi,
and Zhao’an) , located in four coastal provinces (regions) of South China. Seasonal field sampling was conducted to
capture intra-annual variations. The results were as follows; (1) The mean aboveground, belowground, and total
biomass values of H. beccarii were (11.98 + 13.06) g - m”DW (x#s, the same below) , (12.06 = 12.96) g + m” DW ,
and (24.05 + 23.70) g - m” DW, respectively, in which biomass at Tangjiawan was significantly lower than that at
other research sites (P<0.05). Distinct seasonal patterns were observed, with lower biomass during winter and spring
and higher values in summer and autumn. (2) Except for pH and nitrite, all other environmental factors ( water
temperature, salinity, inorganic phosphorus, nitrate, and ammonia nitrogen ) differed significantly among sites ( P<
0.05), indicating substantial spatial heterogeneity in habitat conditions. (3) Correlation analyses revealed that
aboveground biomass was significantly positively correlated with water temperature and inorganic phosphorus ( P<0.05) ,
and negatively correlated with ammonia nitrogen ( P <0.05). Belowground biomass was positively correlated with
inorganic phosphorus and nitrate ( P<0.05). Total biomass showed positive correlations with inorganic phosphorus and
nitrate (P<0.05) , and a negative correlation with ammonia nitrogen ( P<0.05) , suggesting that both nutrient availability
and temperature play key roles in regulating productivity. (4) Principal component analysis (PCA) result showed that
water temperature and nitrite were the main positive factors affecting total biomass, whereas ammonia nitrogen exhibited
an inhibitory effect, underscoring the importance of nutrient balance and thermal environment. (5) Linear regression
further confirmed a significant linear relationship (R*=0.118, P<0.001) between pore water physicochemical factors
and total biomass, indicating that other unmeasured variables may also influence biomass variability. The results of this
study have important scientific value for understanding the ecological characteristics, environmental adaptation
mechanism, and causes of endangerment of H. beccarii, and offer a theoretical foundation for its conservation and
management of this species.
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Table 1 Basic information of each research site

— . o ALK KA AR K oS I

Research site Latitude Longitude Seagrass coverage Macroalgae coverage Leaf herbivory rate
(%) (%) (%)

P YP 19°43'09.68"N 109°12'34.03"E 31.45+9.57a 24.60+11.53a 15.46+4.94a
7 HCW 19°55'07.46"N 109°58'37.37"E 25.33+£3.66b 9.38+3.92h 5.74+1.77¢

It S) 21°29'19.55"N 108°34'38.24"E 20.97+4.56b 2.78+2.11d 10.95+5.46b
AR TIW 22°01'51.28"N 113°35'31.12"E 2.24+0.24d 5.37+£3.88¢ 5.91£2.11¢
MR YFX 23°32'33.37"N 116°53'53.74"E 25.33+10.23b 4.20+3.56¢ 7.64+5.69h

1B% ZA 23°40'05.82"N 117°13'26.13"E 10.77+2.11¢ 1.08+1.11d 0.06+0.24d

T Bl B EARERE R R NS FREROR S LA 2 57 B3 (P<0.05)

Note : Data are x+s, and different lowercase letters indicate significant differences among groups (P<0.05).

(KEPE 0.000 1 g) PRI, 155 4 A b 507 T AR P
Dl vE &= £h Wi BR 1 M I A ) £ (aboveground
biomass, AB)  #i T 4z ) & ( belowground biomass,
BB) A 5 A= ¥ (total biomass, TB)
1.3 BUEFRESUE

TR ) SR DA R B R TR U R R T AR
Wy FEAROK DX R AT SR A O R 38 8] 217 75 0 PR 58 42
g HAKBENZE, RS TRINT . (1) W50 H A
HE& AR BRI IT ML GAZ 8 R E 2 30 em (YTIER
VA TAD , L 5~ 10 ming (2) 8] B 7K il B, £ A e
IR ST HCFLBR /K 29 500 mL, #AF it ikt e A DL
TR IORE 5 (3) A i Ak 2L« Fily BU RS 1) Bt 7K 57 BV i A
P LR L B, e (4 °C) /A7, IFT 24 h
P28 0.45 wm UEIAH UK, 73385 19 TR (=20 C) 4
1, T 5256 % I %2 JCHLBE (inorganic phosphorus,
IP) Al PR 5 ( mitrite, NO,”=N) iR £ ( nitrate,
NO, -N) Al A (ammonia nitrogen, NH,—-N) [
JE 5 (4) I S50 & < R ] 22 D REZK BT A i 4 (A
fik AZ86031) B 5 8] Bt K 19 £ 2 IR pH %
S R A (total dissolved solids, TDS) & &,
FAEA AT E 3 B . R RS AR 92 #hhr ok
N, T,
1.4 it 54

FEBUE 2 HT T, 2K Shapiro-Wilk 6 56 Pk 45
AR ) TE S 0T AN AL TE 2 204 B | i i
Xof B A LA IR 2R T oK . R BRI R 7 22
73BT (one-way ANOVA) XA [R] B 5 Ml 5 1) D1 5 &
R A Yy DL ORI AT 25 A I, A
45 Tk 3] B F K P<0.05 B}, iz [ Tukey-

Kramer HSD test #1172 5 HL#

RS i A W) i R (] B K B PR 22 T 7
TEM LM I OC &R, AT T 45748 & Z [H] 11
Pearson F5¢ REL, 3K A1 Origin 2024 2 il #H 5 P
PR FEAR DGV o B g B b AU B4 R
FE AR S50, B IBM SPSS Statistics 25.0 1 &
184343 H7 (principal component analysis, PCA) *of
HEATRELE AL B, 3 B 40 1 428 BURE TRA IR R T 1
(AR HE (Kaiser, 1960) , ILAM, A HRFERIBR K 2 4L
PR~ X T /5 G A W & Y 52 e, R ] IBM SPSS
Statistics 25.0 ¥ & T &P 109 (linear regression ) 5
B R PR S O DL v e AR R A i, AR
RT3 M 4 R U R AR AR (R R T 1 A
T o AR 2% [ B R BT HORE 8 A AR v A ]
IR E(Beta) DAL T ¢ K 50 ) P ER 280 (2 3%
PEAKFREN 0.05 ) o BIrA Btk 8 2 2L K 2 181 o3
SIZE Excel 2007 . IBM SPSS Statistics 25.0 Fl Origin
2024 PoE Rk,

2 HREHAM

21 MREREAYENRBERMETTH
HEREIT I D] S B A FOE B AR i M
AR A Y 5 (11.98£13.06) ¢ -
m>DW _ (12.06+12.96) g - m” DW Al (24.05+
23.70) g+ m”DW,Jf H b A& M T AP e
FLEA: Y 4 R BN 8 8 e/, 43 5 R (2.29+
2.85) g - m”DW, (1.57+£2.23) g - m>DW AHI
(3.86+4.70) g - m”DW (I 1:A . C.E;%2), &
[F] BfF 5 b A8 D1 o i A ) AR 1Y A8 S v T A
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/N(58.29% ~142.18% ) , H:Hh HCW 1 TIW 119745 5
B, BIHE 110.01% LA |51 YFX A9ZE 5 R 4L
/N, AR S R BUIE 75.68% LI (£2)

J RV UL ok R A i N T AT
S A AR )i (P<0.05) (B 1:A . C.E); 3T
FAREA M AR MR A W R A ) e
BT R I A A e B (BRI
LT A= W) s AE 2023 AEA VD H LT AW &
TE 2023 AEE ZLIAN)  BVFE A 22 MR 2 AR, T
FHRERE (K 1:B.D.F),

22 BERKERAKEBLEAFHESEHESR

WE 2 fros, BT pH A1 AE R £ 78 A R BF 5%
M ] 22 R AN (P>0.05) (F2:.C.F), Hisy
[i] Bt 7K B4k PR -6 AS [R) BF 5% b A5 18] A7 76 AN () 2
22 7Pk (P<0.05) , H, Eh B HCW &,
YFX A%, 2 ¥ HCW>ZA > YP >TIW >SI>YFX (131
HECE 2:A) ;7K YFX fis, S) BA%, 23 YFX >
TIW>YP>HCW>ZA>S] BYRLEE (& 2. B) 5 B Rk
BAN ZA Femr, TIW Jefil, 23 ZA > HCW>S] >
YP>YFX STIW BREE (K 2.D) ; TTHLEE & &0 ZA
R, TIW &/, 23 ZA > HCW>YP >YFX>S] >
TIW R RLAEE (] 2. B) s iR 3 & oA TIW fie i,
HCW A%, 23 TIW > ZASYP >YFX>S] >HCW [
FAE(E 2.6) s MRS ®/HR YP s, TIW ffik, 2
P YP > HCW>ZA >SJ>YFX >TIW AR (& 2:.H) .
23INEZEREAYESEBRKELEFHNS T
it o

Pearson *H?&‘@%T‘ﬁéﬁ%( K 3)5&H, Il LR=XN
FSAEY RS A Y R R AR R R A
IEME(r=0.91, P<0.01) ;b FA Y& 54T 49
RN EIEM X (r=0.66, P<0.01), pH #hJEF
SV (AR I TR R 34 5 A W A B 1 A G
PEAR R E (P>0.05) , TCHLBE S5 r A AR Wy it 48 hn 34 2
W IEAHDC(P<0.01) o FHMRER 530 AW (r=
0.10) FLEAYHE (r=0.11) 2 IEM K (P<0.05) , &
A FAY R 2R E RAC(P<0.01), 5 84
P R A E (P<0.05) , KI5 H A9
BB E AR (r=0.16, P<0.01),

TSI ATR (£ 3) WoR  FFEE R T 1/
WAE 44, BRI EH kR T777.189%, i
iF F R AT B 8 AN AR R RIS 4 LR A YERE
TR 1 (PCL) RE R BOK AT LR, 5 5%
fife P E A R BE AT pH 2% UIAH DG ; L4 2 (PC2)

F B WG PR A 1 M, S RS R R A R
ME A A T 3 (PC3) TR IR 1 &
FEREL, 5 K T T ML BE A R OA G L 4
(PC4) R EIE A S PR B AE DL R 38 7R 15 e i
AFFIE, 5 & A SRR A pH A5G, 2 Dl 7 &
o A W A 1] B K BEAL R AT R A
R AR AR KR A A, LA LR
el e (% 4) £, PC3 FI PC2 2 W&
) % g e F R 7, Hop PC3 Bk i K, PCL A
PC4 43 5 % S A= W) o A7 055 A2 A R o AR
Mo BAY R FIHA AR T 11.8% 42 5, 4
A SEPER S (F=11.950, P<0.001) .
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3 MR EREEMETRSM

AR ARG A T D BRI, R
I 1Y R I DA A 2 R G i R I B i 3 3
() B FE AT ( Tang et al., 2018) . AHBFFE K, 4
BT DL Se = SR S ny - 2 AR b T AR
A RN (11.98+13.06) g+ m”DW |
(12.06+12.96) g - m”DW Hl(24.05+23.70) g -
m>DW , AR I b 5 04 A ) i A7 7 o P 22 5
o R R 0 A i AR T A A S M A A
WFFE L5 A e T DL 5 5 3 BEAE AN ) PR 4 45 4 1Y
ARG 22 5, X Pl 25 7 5 LT Ab 1 2R B RRAE
Vi B ) A K T M B K o3 RS 4y B AR iz 4 DR 2R %% )
FHOC, X S FEIE 55 (2024) BT FE 45 R AHIF] . Pan
S (2025) BFoE 0, FE RIS N TR i K,
it 70% , oA WF 5% M s N R T A R B A 6 AR
(20% ~39% ) , I3F H N T P2 BE XS D s 5 3R By
M bR L AR AR R RO DG, A,
AN [R5 ML A 22 8] 9 445 B2 it B 0 R, I HL A 9% b
SUTE] PR T B 7K 38 7 K e A 3k BE 45 A B IR - A7
R MR, X REON R M e
Y R AR RS R

D5 B $h F AR ) 1 AR AL B 52 B 3R BRI &R
e LASR i 55 H AR AR KRR 2 T A DG (Qin et al.
2020; Ankel et al., 2021) , AWF5E LB, 4= 9 b
TR R FFZTRAC A KET RS
IR, AN [R] B[] B P 45 A 90 b i 19 DL 5 i R
ARG (AN 78 55 BE RV ) FAAE B K 26 7, XAl
ESEEYRAENS FRSEEERE, i,
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F( P<0.05),

The lines outside the box represent the normal range of the data, namely the maximum and minimum values; the line and point inside the box

represent the median and mean, respectively; the points outside the box indicate outliers. The same below. A, C, and E represent the

differences in aboveground, belowground, and total biomass of H. beccarii across different research sites, respectively. The dashed lines indicate

the mean biomass of H. beccarii. B, D, and F indicate the spatiotemporal variation trends of aboveground, belowground, and total biomass of

H. beccarii, respectively. Different lowercase letters indicate significant differences in biomass among different research sites (P<0.05).
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Fig. 1
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5 T

ARG K IR, bbb A i 5 K R R TE PL B

Aboveground, belowground and total biomass of Halophila beccarii at each research site
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Table 2 Statistical information on the biomass of Halophila beccarii at different research sites
e R EL ZZ
WFSEHL Ay 91 g SRR fi w  EEH
) ; . Standard . cv
Research site Biomass Mean Median L Skewness Kurtosis
deviation (%)
T HCW o A 13.30 7.73 17.16 1.38 2.95 129.01
Aboveground biomass
R A 12.55 7.98 14.98 1.23 3.92 119.34
Belowground biomass
MY 25.85 12.98 28.43 0.74 2.67 110.01
Total biomass
VR YP A 17.53 12.73 15.59 1.55 4.87 88.94
Aboveground biomass
R A 14.05 8.68 12.51 1.18 3.70 88.99
Belowground biomass
APy 31.85 22.40 25.92 1.08 3.30 82.07
Total biomass
I S) M AR 7.29 5.95 7.27 2.82 11.53 99.82
Aboveground biomass
T A E 10.45 7.61 11.04 1.78 6.93 105.71
Belowground biomass
MY 17.74 14.76 15.60 1.13 4.20 87.97
Total biomass
JEFRTE TIW A 2.29 0.13 2.85 0.92 2.75 124.35
Aboveground biomass
H R AR 1.57 0.10 2.23 2.15 9.70 142.18
Belowground biomass
PEREELY/b-2s 3.86 0.23 4.70 0.89 2.72 121.54
Total biomass
YFEIE YFX o AR 16.70 16.29 9.73 0.21 2.60 58.29
Aboveground biomass
T A 14.74 11.38 11.16 1.05 3.95 75.68
Belowground biomass
PEREELY/b-is 31.44 31.08 19.53 0.48 2.67 62.10
Total biomass
1B ZA o AR 12.37 8.77 11.47 1.98 7.50 92.75
Aboveground biomass
R A 16.27 9.94 15.39 0.95 2.76 94.61
Belowground biomass
BAEYE 28.64 19.12 25.37 1.32 4.18 88.59

Total biomass

Wi AT, A B B B Bk RN ALV T, T 5
B AT B B R (R 5, 20125 XA AR
55,2016) o 2SR B 5k v o 6] U AR EgE I AT
I 308 3 410 1) G A FH R IR 200 e S 52 i) A ) 1 1
R (BB ,2012) , HELZ TR, JOHLBE 934
WA BT 22 i A B 1, f2 0 1 5 A K (XA AR
55,2016)  [FIAE, AR ERVE N WS fb i RE 27
BB R PE U B AR s B R (I AE,2017)
A R R T REAE SRy U0 B o ) 7= 4 555 H A O
7 (ANl R £k ) 3648 B & 55 A4 4 i 0 s 2k
PEAH R % 2576 PCA E LWL T2 il h 5

AR R DA DGR — A AR KA D B R
AHLIEF B B DU b i T o 52 BRI i A
RAEBRIR £5 TR b 1) T8 38 0 23 32 3 i PR A
TERLSCRE 5 JF T, 1 5 n] AR 52 21 Z60F B ) B
FRH| ( Fourqurean & Zieman, 2002) ., ifi & 1) 8 5F
Fh R AT AR v AR, 527 SR R PR A A T AR
B IR B hE A5G 0 AT BE 2 02 i i A ) ) Y
e B ARRK S (2020) A B0 A FNBEAS 2 =0 ] 1
X #& K &L ( Thalassia hemprichii) 4= 7 BR ] K+,
PR R S5 8 IR A N T R R R P i,
AR IR R W G . AN R
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Different lowercase letters indicate significant differences in environmental factors among different research sites (P<0.05).
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Fig. 2 Comparison of environmental factors among different research sites

S5(2012) FIXIAA AR AE (2016 ) X 1 7 2R 22 s Vg
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55 R R e v R A R A O, X
FARIR T2 T2 CO, W i B BRI, T 45 pH

(B3R, SRR B 19 i 52 B ) (32 N 55 g
76 5,2019) o (R RN A 1 A4 5 R 4 1) T
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O3 AT DX 22 O 2R KA A ) R B9 E X, 52 TR
TR 2 R R DL RO IR K i A 235
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, 2008 ) Hh 5 A AT 9 A0 9B R 0 A T RE
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Ko J3obh, D pa 33 RO BOA 2 T R,

et al.

R A2 75 F N 0~ 30, FeiiE AR KX A 10 ~ 20
(M FENE 55,2024 339 77 55 ,2025) . A 5T X 36,

() M Bt 7K £R B (3918 4 17.54) 76 D1 75 5 5k 75 B
A DX TE] P, AN 8 35 1 6 S5 4 36 B 7 DL o 5 ik
1 32 1 61 PR 5 B AN 2 L AR iy ) S BRI R F
SNZ ER FE RN S A A O 5 e S B
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A 2k e LA B (P<0.001) ﬁﬁém/\
(R TR (RS A P TELAC R BE A AR 3 KR AL
R) BT DL 5w h AR e AR T Rl R A
ey, (A B ) AN AR R (R? = 0.118) , R AR
A E R A AR IR M O R R 42 28 H K



106 U MW 46 &
* P<0.05, ** P<0.01
1.00
o A o
Aboveground biomass
0.80
R A o *
Belowground biomass
0.60
BEWR| oo | oo | - » 5 .
Total biomass
— 0.40
pH = sk *k sk

SV R ] A 0.72

Total dissolved solid

KR

Water temperature

TEHLIE

Inorganic phosphorus

RIZTEN

Nitrite
ElEN

Nitrate

HA

Ammonia nitrogen

E;'IF; -~ ok ok *ok ok ok — 0.20
Salinity

*x% *% * * — 0.00

— -0.20

-0.40

-0.60

-0.80

-1.00

3 EXMESTRE

Fig. 3 Correlation analysis calorific value
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Table 3  Eigenvalues and principal component matrix

b GER TR IG5 53 2RO
Initial eigenvalues Component score coefficient matrix
A ) 3 . g =1
¢ s FETIM }%i\ﬁ%ﬁﬁﬂt £
omponent A . Cumulative Variable
it Variance
s percentage 1 2 3 4
Total percentage £ vari
(%) oI variance
(%)
1 2.475 30.939 30.939 pH -0.201 -0.202 0.174 -0.478
2 1.476 18.451 49.390 e 0.337 0.022 0.230 0.178
Salinity
3 1.192 14.894 64.285 VAR A [ A 0.352 0.024 0.073 -0.012
Total dissolved solid
4 1.032 12.904 77.189 IK iR -0.186 -0.057 0.623 -0.148
Water temperature
5 0.678 8.477 85.666 THLBE 0.173 0.325 0.474 -0.257
Inorganic phosphorus
6 0.501 6.259 91.925 R RS ivEN -0.140 0.531 0.050 0.092
Nitrite
7 0.409 5.116 97.041 Tl IR Eh -0.199 0.328 0.057 0.475
Nitrate
8 0.237 2.959 100 A -0.044 -0.371 0.364 0.621
Ammonia nitrogen
x4 BEVENERSORER

Table 4  Principal component regression results for total biomass

Beta t F R’
Ia] Y4 45 25 — — 11.950 0.118
Regression model
72 i PC1 0.104 2.097 0.037 — —
Independent variable

PC2 0.206 4.140 — —

PC3 0.230 4.616 — —

PC4 -0.111 -2.226 0.027 — —

il AP I X — S B DL g A AR A
TE PR AF T B A A A B AL ) B 4 1 5T Y
LA, A T PR A DR R S 4R BT R . (1) AT
A0 3o S RO A A AR AR St R A At R
SRS YR I 5 PRI UMY 5 (2) 7EAE 52 10 H LA
FERE PRI L JCHLBE A AR £ 45 8 SR SR vk L 1
Y XA R A . ASBIE ST 4 2R ] B T
DUsE B AR A R LR AR B S A TR
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