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Abstract: Submerged plants and snails both are important components of aquatic ecosystems. Their relationships with herbivory also
play an important role on the aquatic food web, and different sediment types may affect the growth of them and change the defensive
strategy of submerged plant against snail herbivory. By taking Vallisneria spiralis and Radix auricularia as the research object in this
research, we studied the effects of sediment types, snail herbivory on the growth submerged plants and the defensive strategies
change, and also studied the effects of sediment types on snail growth and physiological characteristics. Our results showed that
snail herbivory and sediment types have a significant impact on the growth and elemental characteristics of V. spiralis. In the pres-
ence of snail herbivory, the relative growth rate of V. spiralis in mixture and sand sediment both were significantly reduced. The
shoot biomass of V. spiralis in mixture, sand and mud sediment were decreased by 67.74% , 58.58% and 17.84% , respectively,
and the root ; shoot biomass ratio increased by 177.51% , 217.23% and 1.44% , respectively. The leaves number of V. spiralis in

mixture was significantly reduced with snail herbivory. Under different sediment types, the herbivory had no significant effect on the
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total carbon content of V. spiralis. However, the snail herbivory significantly reduced the total nitrogen content of V. spiralis, and
C/N increased significantly in mud and mixture sediment. The total phenols content of V. spiralis was significantly reduced in sand
sediment. The sediment types had no significant effect on the morphological characteristics ( except for shell width) , growth and el-
ement content of R. auricularia. In conclusion, the sediment types influenced on the snail herbivory and the defense strategy of V.
spiralis in some extent, but had no effect on the growth and elemental characteristics of R. auricularia. This study can provide basic
data support for the research of herbivory theory, and also provide reference for submerged vegetation restoration and aquatic eco-
system stability. However, the long-term effects of sediment types on submerged plants, snails, and their relationships with her-
bivory need to be further studied.
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Tab.1 The content of elements in three sediment types

B 9pie gl SR/ % BE/ % AL
Vs 1.565+0.070 0.158+0.008 9.890+0.091
Jevh 1.167+0.055 0.115+0.004 10.117+0.284
w 0.717+0.044 0.018+0.005 31.669+1.928

2017 457 F 30 H Bk K IBBAE Toh L B R/ I — B RS R MR D, A% A L ) o ek
R A RO AR — 3 (TR 1.55+0.03 g, Bk M 19.76+0.19 cm, I F ¥k 9.35£0.17) , 455 Fh 2
FR(60 H/m®). 3 RIGHESCIR BT A T MRE(YLERALTE 1 X)  HE H iRt A 6 RESE N
B2(50 H/m®)  HE8 Nt T AN 25 K /NEAR— 3 (£ 0 0.126+0.003 g, 7575 4 1.14620.008 cm, 5% 55 A
0.616+0.006 cm, 5% 115 0.787x0.008 cm, 7% 1155 %y 0.419+0.004 cm , {K12J2 Ky 0.983+0.007 cm) . SZH I
) 4 LR, g (I Ak BB ZH MR 3 1 — 350, B Bl A /N M. S IUI(A] , B AL asE B 3 T s 4% Ak B 21 7K 45
bi, BRI E YERESR I S A BRA K T de s OGBS i 25 (% 2).

2 AL K B AR

Tab.2 Water quality indexes measured in each treatment

UNIECEZR IR+Je el R+ VA IR+ PRI Tevba
K/ C 27.53+0.86  27.50+0.82 27.7£091  27.77£091  27.77:0.86  27.77+0.94
RS/ (mg/L) 4.63£0.07 4.80+0.06 4.63£0.03 4.80+0.06 4.60£0.06 4.73x0.01

5%/ (nS/cm) 345.00+£5.11  345.73+1.07 354.50+2.80 349.01+2.48 359.08+1.13  352.97+4.65
BIRREFEIA/ (mg/L)  213.13+0.43  213.89+2.58  219.68+2.94  217.17+2.08  219.10+3.56  213.00+3.28

ERRE/ %0 0.16+0.003 0.16+0.003 0.16+0.003 0.16+0.003 0.16+0.003 0.16+0.003
pH 8.35+0.003 8.37+0.01 8.37+0.01 8.39+0.01 8.34+0.01 8.37+0.02
SR/ 1x 440.33+5.49  449.67+1.20 448.67+4.67 449.67+4.67 444.33+4.06 442.33+4.37

13 BRI RERUE

SRR IR 3 FTUBRE S 3 0y, HOAKLAR 75°C BT 72 h. 2007 4F 9 1 2 FScRoshoe W e 5 ¢
T 5 0 A TR SRR, T BRI 2 K (Relative growth rate, RGR) , /A3 ; RGR =
In( W/ W,) /0, W W, SRR 25600 5 RS0 o 6 T 1 R 29000 TR, e TR IR 555 729
FEINR FE AR IRIBIZ R SR, W 52 LRSI 35 RS I AR T5°CRET: 72 b, 53 3
R R R AR T T B ER S T T, SR 5 BB O AR R Folin-Ciocalieau Jy i ' Wiz
R F S8 B SR JF T CHNS/O T2 41 B (vario PYRO cube, German) 5 FH#A B3 43 51 2 36
e BB LR SR R R
1.4 HHESHT

AT FFLER R BRHOSEHRIE 7407, 0306025 R 2 K F6 b B30 08 A 0 2
ik AR A AR K R A it BB L LB 95 ) 8 Two-way ANOVAS fEac=
0.05 f7k - F 47 5 ek 57 , IR i Bonferroni test 647905 K00, S T Ky o M AT A UK I (46¢
T FE I FETE ST 7 1196 B PR ) UG 2R R A B MR B IR ) B0 )
One-way ANOVA 7 ar=0.05 K F3ERT 5 HESMHT IE R Tukey's HSD SUR A8, A RO 5B 197 1)
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SPSS 19.0 G514k 4 5¢ hL.
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2.1 M EERSERNFME
FEFTSE A ORI S EAE O BRI B AR AR L AR R R A R A
SR ERN , TS T ARy G 35 R (Two-way ANOVA) (3£3).
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Tab.3 The effects of sediment types and herbivory on the morphological growth of V. spiralis

ARSI df L UMYk N U AR 7k e SRR MIXERR
B9 2,5 0.001 0.004 0.162 0.003 0.010 0.002
W 1,5 0.026 <0.001 0.633 <0.001 <0.001 <0.001

R <M 2,5 0.001 0.001 0.186 0.002 0.001 0.001

* MM PR FRZER B E.

PN GB35 =3I G S WG RN 3P N i 8 9 A Y S RS Uy O B A . 7/ Ol R
Yt AR L EE YR AR A R IE W R (P>0.05) (B 1), ZEJRVP IR T, SR A B X i A
KA BEMHIER, 8BS TR A A B (D T 4 37.84% ) M EAEIR (W T 4 67.74% ) LB
(WD T 2 63.09% ) FIAHRTAE K ZE (P<0.001 ) , Ml 7 4 T8 7E Pyt AR R (0l T 24 19.01% ), {BIf:
A E(P>0.05) MR b T 5 (P<0.01) (B 1), AEVP AR, R A0 B0 8 il 7 3 B b 1 2 )
(W T 2 58.58% ) AL Wit (P82 T 2 49.32% ) HFR B8, il 3 B () AH V2B K 6 b 25 T (P<0.01) | {HLfifE
TR AW i A B RS BN (P>0.05) R 5k bk 8 25 5 5 (P<0.001) |, 5% i 3400 e 35 5 i ( P>0.05)
().

ANEE ST, 3 B 2R B A S A T 25 5. A NSO i, S TR SE TR ) B 0 5 b b 2R R
R A Py AN AR A T S (P>0.05) |, VD AH v BOR GES LE 0 2 v TR AR TP 4H ( P<0.01) |, YR 2H 5
FE AR A R B = TV (P<0.01) (B 1) . JCIBR AR A, 56 o 2 A0 X o B b T A= ) ek AR 2 HE TG W 3
R (P>0.05) VR VD w5 A it 80 B AR i B AR e RO A R I I 2 e TR AP 4 (P<
0.05) , JRLH VDL ED A R M A8 S R AR AR KRB 22 7 (P>0.05) (A 1).

22 MEEREMZHESENHI
FE PRI O (R B B B AT B R B o B T Y, R R T

SRR AR LG, (EDGS S LG 19 5 B I S 25 ), R 2 AR A £ ) 5 A PR e 1 TG 3 S
B VRS B B LR B e L (R 4).
4 BEFURUFN A E Kb B R SR BV B UL S R R R S
Tab.4 The effects of sediment types and herbivory on total carbon content,
total nitrogen content, C/N ratio and total phenols content of V. spiralis
SR df ps¥id MA WAL PENL}
FE 2,5 0.182 0.410 0.491 0.141
M 1,5 0.600 0.002 0.010 0.146
FFHE 2,5 0.859 0.022 0.002 0.034
# JIHLFARIOR 22 7 B3

TEAE—JE BT, PR vy A0 S 5 1 0 B35 R0 (P>0.05) (18 2A) . BR+JE 4L moit o SRS
T IRLL(P<0.05) MR+ PR Vb2 vy it i A R R TRV 41 (P<0.01)  (HAR+ VD AL 5 Vb 2 vy A
IR (K 2B) . SR+ YRl o RO R R AU 35 o T 4L (P<0.05) , B2+ V2 vy B i B (L 3
5 T IRV AL (P<0.01)  HER+PD A FNVP AL FE vt 7o R LT B3 22 5 (1 2C) . I MR+ PR 4 5 Je 4 v vt
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Fig.1 Total plant number of leaves, shoot biomass, root biomass, root: shoot biomass ratio,
total plant biomass and relative growth rates of V. spiralis in all treatments
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Fig.2 Total carbon content, total nitrogen content,

C/N ratio and total phenols content of V. spiralis in all treatments

3 itip

3.1 BRKBEEEKNBM

KA TR 0 2% T R AR TSR . A BRI, UL M 8 Elodea nuttallii) % —fit
G T BT B DI, T 50— 43 5 M X 200 1 D) 25 28 o B T 9
W TER TR (AR 149 me/g) MOHERR A KA S0 A S (A b 0.80 me/g)
O TR BEIE 4 B A 1. ARG R B, T T R B h B 7 R 115 me/g) BOTEVIR A
S KT I K R i LK) ZE B R (R A BN 1.58 me/g) BT HEIR
AU 7 (RN 0.18 mg/s) BV LR/ Kbt (121 1), B S SeL e ™ UM 5 S — . BT
S A AR P F LR, e T B R B LT R T

5 T LB SRR AR ™ . AIFIE R BRI S R P SR T, BK O Bl 00 AR A
WA Ko, 8 R A T B 2 i S B S, X Fang 48 (45 SR — 0 R A5
BT LA B AR , B FOA K. ACIFTE 2 ML 5 3 0 0 R 8 e A 2 B
ELICNC E 3 8 2 S A A 3 e AR R ), T A o 38 4 4 2 4 4
3 K 05 6 10 36 T L R S /R A Er U I R R Y S AT O A AP T BT T KLU
DA £, Al T A2 P T K P I A 5 A P 0 2

RS SR IR R T 66 B R KL B 2 KPS B, S5 K PP 2 T 5 B 125
I TR T2, 9 FLIX 3 A I B 7 9 R A R0 25 R 5 AR 9 191 . T AR5
SR, AR, B P00 TS TR b TR T 38 R0 F 00 0 2 o 04 25 b SR , i
AT R (VR ML B FIR U S TR P B T 3 2 1 R, 3 5 S g A — .
3.2 B R AR THEE BB

Rosenblatt %5 A KR .CO, , B9 Bl £ 4 45 45 45 A S M 85 (0 s 9 2k 1. AT BFGE WiBk



464 J. Lake Sci. (#a#%) ,2019,31(2)
1.6 1.0
1401 A) (B)
08|
g E T
i O B 06
iR o, 2 -
0.4
0.2
%b
0.6
1.0F © 0.5F ®)
g 08 g
E 06 B
jmy jmy
1R 04 RS
0.2
0 > —
e Al w
1.6
141 (E)
: .
St = 0.06F
o i
T 004}
Lo
' 0.02 -
‘ ® R W ’ 2
Bl e e
[ 3 JEFRAIN A SRR K IR 2S5
Fig.3 Effects of sediment types on the growth and size of R. auricularia
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