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FEBR W B 40 308 Bk (5 27.04%) B E AR Y B F 4 ¥R 234 R (520.54%) , &
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The effects of crab herbivory on the growth of Phragmites australis seedlings in a high
marsh of the Yellow River delta. ZHANG Li-wen', WANG An-dong®, ZHAO Ya-jie’, SONG
Jian-bin* | HAN Guang-xuan'® ('Key Laboratory of Coastal Environmental Processes and Ecological
Remediation, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai
264003, Shandong, China; > Administration Bureau of the Yellow River Delta National Nature
Reserve, Dongying 257091, Shandong, China).

Abstract: Bottom-up and top-down effects as well as intra- and inter-specific interactions drive
plant growth and reproduction in the salt marsh. Compared to the bottom-up effect, however, the
top-down effect has been largely overlooked. Phragmites ausiralis is a dominant species, whose
populations living in the high marsh are important and unique in the Yellow River Delta. To
reveal the impacts of the top-down factor on the growth of P. ausiralis seedlings in the high
marsh, we investigated the effects of Helice tientsinensis herbivory on their growth by establishing
24 plots with a size of 2 mX2 m. The seedlings of P. australis were heavily grazed and damaged
by crab. In all plots, 52.41% of seedlings were not consumed by crabs, 27.04% of seedlings
were mildly fed, and heavy herbivory by crab accounted for 20.54%. The growth of seedlings was
significantly influenced by crab herbivory. Heavy herbivory by crab strongly reduced the height,
leaf number and leaf length of seedlings. The top-down effects should be considered in the protec-
tion and management of P. australis vegetation in the Yellow River Delta.

Key words: top-down effect; salt marsh; plant-animal relationship; biotic stress; Helice tien-
Isinensis.
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ERTHARY) AR B R S S R VR 45 1 55 2
AT ( bottom-up effect ) | ™ 47 AL W ( top-down
effect) I AF 4 Flv P9 A [8) A7 5 AF FH B9 36 5 52 el
(Adam, 1990; Bertness et al., 1994 ; Silliman et al.,
2005 ; Daleo et al., 2015;He et al., 2016), 47
A I Y PR 8 SR IR 25 A AR ) R S e AR
Yii& & RS A i IR 1 ean . SR N R4 K
ALK 535 A T8 2% 2 U AT s A ) AR K
FHANGM A B N5 F5 O T 47 BT ( Bertness , 2007 )

AT PR X R R R A 04 A A R RN A Y R
SRS 3 2 B ( Adam |, 1990 ; Bertness , 2007 ) |
T 0 WA B E B IR IE, He 5§
(2016) 3B RS T F 58 & B, 3hiH INAE B 3h P
BTN (A6 S M W 0 B HUAE) FRAIR T
ER RSN SNAE AN T N B A R 7/f I
TR E IR A oA, (HUZ HET AT R
ERTRAE) 1) S W A7 AE A H R, AR v
TESRNER TR, ZhPAE A H] 308 EEh TE A B
iBAE (Silliman et al., 2005 ; Holdredge et al., 2009;
Schultz et al., 2016) , WEZMAIHNIEE K ( Jefferies et al.
2006) F1 g 32 (Alberti et al., 2008; Alberti et al.,
2010; Alberti et al. , 2011 ;Daleo et al., 2011 ;Daleo et
al., 2015) HhIBEYIER FHEMIM A, (EXTT AR
ERTR SRR AR D A 5 ) 1 W R A (ZF TR
A 20105 B3R, 2011; He et al.,2015), He %
(2015) WIFFE A B, BT = #1 Y 30 TR D S0 6 iz
(Suaeda salsa) FNE: 1 5 ( Salicornia europaea ) 14
KPR T 328 R o35 AT oh B 26
R R AT 250 L S 3 O B A R, s (2011)
W98 R AV 1 £ T8 v A 4 19 7 =5 ( Phragmites
australis ) F1Y5 5 R} ( Cyperacea ) HL 4 # H.AE FH 32 3|
MY

SR IRV ££ BT LD s e T RSB tab N1 8 A i
TR s v B TR T SR AR G K ORI R )
W] A9 I - A A R e, HBAT R
Foug Bl B IR AL 5 2 A 1T PR B A A
WLEHE, AR TiE 2 AR S R G MRS, e,
B AR T R AR AP T 7 it A 7 T I % I 25 45
P S ] = AR N 1 A A A 2R A R T A
GRS R R GV £ R R BT TN |3 AT L S T F VA
TR e A P Tk BLRR A K R AR X
A R0 2ERRE WK R = R T AR B = A
PNt D | VR L A A 55 P 35 A v Y a5t 1%

Z PRI L MR 1) a8t A% 25 4 (R e R R ) o
U, IS S M 7K 35 A 4 R 3R e Ay 0T — AR
H AR 25 PR R LS R RS SR

SR, H AR 22 B0 o2 48 i e LA B X 2 3]
=fUNE ARG (REMEAE, 2011) AR R
A (HHESE,2009) ERK (15,2014 Guan et al.,
2017 ) FIFPHEREAE (FE LR 1L 55,2006 ) 1R, i 2L 4
FERM AR BRI 2 BRI K A
FEA 5 FATIR T A4 52 M H 3 K5 (HAR 245 1F 5 5%
HEFATHE X AR A, PR T
RN AR Ak, 45 T A7 B 2 1 IO R IR
THA By AR A A AR A I B T
A A L VR8s 52 i L3 A4 BE R0 977 7
H T B R AT T B = A P K S A A K
(R RE I | AR SC R Dy IR A O ik WIFGR T A B b
(RS ) S 3 0T = A I /K 7 =5 400 0 B 1
RIS ) 2 38 8 S BB X6 P 25 4 1 i A= K AR BRI

%ﬁnﬁo
1 HRBREHRTE

1.1 B IXHER

WFSE DA T LR A8 R 8 T 9 i i) = O el
KR AR X R DU B, % IR s A
NG R AR 11.7~12.6 °C L 4R
Wi A 530~ 630 mm , KB K AEAE T H A8
A AR 2 K 8N 1750 ~ 2430 mm, 8177 A 00
AR H L BT = N (R A R AR IR
A, HAE K ¥ ( Spartina alterniflora ) 4347 £ A ]
W, 0 M BREE 0 S O3 A TE v M
X3 H A28 1~ 2 WKW, RKHEEEE (Helice
tientsinensis ) +& B {A] — A YN [A) 7 AR AL b, AT
PEREARE A A, A B E . BR T KRR
AN AE = A A L [ 28 ( Helice tridens ) 431 ,
TG 3 e A WA B AR KR 88 ( Macrophthalmus
japonicus ) 4347 (B8R, 2013) o HE L BT IX 1)
MR 2RO KRR AR rER AR B4R K
HERIHFLIY) .
1.2 5L

ARWFFETF 2017 4F 5 H 16 H (P HELHI) 768
T = A N R % B AR PR A DR O A Bl 1Y) vy ) ol
P IX B (37°43732.3"N, 119°13'55.61"E ) #k 47 HE )T
P T 24 A4S 2 mx2 m FEJT L REDT Z RIS 10
m PAb, B #E X 4 3 5 R AU (ECTeatr 11) I &
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PRAEC B AR (O T 7 T 8058 — A A i
KB, R izt iy — O A R e (I ) R 4
IR B TR . R (R8s A,
“ATEOR) BRI CE (BB EAR T 2/3 MR
H 2 AP R s I BY 3R ), B R (273 DU
EAERRA S A BRI C7 ROR) .
1.3 HdEabr

PRSI R X A R4S 2 mx2 m AT
PR 2 R RRAI0) R 5 BB R B3R s BB R 5 L 181 £
SR P ATIN SR TR XA R AR
JER T 25 Iy v A A B B8 R W B 0 A I bl TR
PEAA AR IE S A L7 224857 R RS
5t )71 Kruskal-Wallis $Ef7# 56 UL R AES 5 £
5 I8¢ (Multiple comparison test after Kruskal-Wal-
lis) o =R A KIRARAYAHICE 73 1 H] Pearson
MW, A R M (R 1386 3.3.3 version) H111
“stats” F1“ pgirmess” B PTG 537

2 HER59H

JIF R A R T AR R A B P 2SN 24 AN FE DS
A S 1139 b For bl A2 BRI 25 308 Hk
(15 27.04%) , WCEEBRE A 234 #R (5 20.54%) ,
R HEA 597 MR (7 52.41%) , 24 FEH
o PR 26 ~72 tR,F Y 46 bR, FEE AT F
K (48.08+0.57) em; Pt F & (3£0) 5
SR R K A (17.3940.16) ¢m,

SR W] AR P 25 R B DU B R AR
B P B IR ARER S R AR S R IE
FHOC (T 1) 5 S Il 05y 2 09 180 05 3R 28045 00 R
0.317,0.299.0.390,0.683; R2, 437 7 0.135,0.521
0.261.0.468; P 4351 °} 0.043 ,.<0.001 .0.006 . <0.001
AR IR IRER L 51 e s OB AR AR LU 91 s o
B RRER LA 0] 5 %5 B T 10 25 OC &R (1B 2) s 4tk ol
VA7 R A 1] 05 28 %8539 A - 0.456 ,0.139 ,0.316 5 R2,,
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0.155, M FaRG5 R Al . AR A3 B AR A5 b 491 I 3 2
TN AR 34 T Bl A IR Ak A b 491 A e o R
R ARE LU A S ks (1 2) .

PR R B A R BCR AR R A A
KM, BERI B Pearson AH G R %KM £ 0.700
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Fig.1 The relationship of number of seedlings grazed by
crab and P. australis density
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sit MERE
y
4 -
s RN N5 = A a
REBRCED R 2 40 6 B RO SO 0, (0 r s
SEHOINT BT R (L 3) . I, 3 il
2w HOA PR IR I A R A Rl b
£ 2
. . *
3 3 i i
1 -
EhTEAA R Z Fh A 3R L[ 2 ( Bertness 2007
He et al., 2016) , % T =10 H TR (7 0
eetal., ‘),fqu %&&Thﬁﬂﬂ(K Frv—e — e—
ERACA ) AR ] Ab AR ELAE G R 38 A B A3 A BARE

HVEHAEH BEEE (Cui et al., 2011;He et al., 2012;
Zhang et al., 2017) . ANBFSY LB, B = A 81K
PEEAE A SR LI ( AT ) R
HAOE, i3 BV EE 2R IR (R AT 1) B9 2 25 s e,
SN TR BRI R A G, MR T R X
B FT AR B W5 T — 7 TR 2
i B AR O 0 O I —E  —JiH
F1 EXNABREXNAFOHERKERZNNESHS
TR AL R

Table 1 The non-parametric statistic test result of the in-

fluence of crab herbivory on the growth of Phragmites aus-
tralis seedlings

A AEFKIR Kruskal-Wallis [ B P
X (df

[REGALT=11 s WIERE 21061 2 <0.001

P R BEHE 444402 2 <0.001

PR T RKE WIRERE 4216 2 <0.001

B3 WERARENSEDEEROTMN

Fig.3 The influence of crab herbiovy levels on the growth
of P. australis seedlings.

AHFEAFEE (a b o) RARTEEF KT 0.05 0, 25 WA W%
25 AR FENE R 2B IR BEER ., RELFIR: SE,
R, T R R A R Y O A A Bl 2 (VR L
FE) o IXFPRIRVEAR S 1) B S I Uy o I 2 U 2
Fh i E A DA g e R K
JIT LA A7 2800 Xof BT == W i Y 7 =5 A= < 1) 67 T
WA RAMN, X —85 RS NPT e85 R — 2,
ER VR PR S A5 S W ER Y K R ) A W R MR
[ ( Silliman et al., 2001 ;Silliman et al., 2002 ;Da-
leo et al., 2015) . BR 7 P =540, B0l = F1 I R TH 1)
DI ST 8 b ol 2 1R A R ) A RN A sz 3 T
REEMBEZISE M (He et al., 2015) , BESSHCE ]
T ST AU ER 1 T A R T R, AT e
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ZREE T H AR ICE BT 1 1B Ak b Bl 2 AR B 1Y
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