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Abstract: Habitats where plants grow, not only directly affects the resource availability and allocation, but also indirectly
affects the plants’ reproductive status by shaping the community, especially the composition and behavior of pollinators. The
direction and relative strength of direct and indirect effects are rarely considered simultaneously, which limits our
understanding of environment-driven differences in plant reproduction. We placed Sagittaria trifolia plants of the same
genotype composition in two common gardens that differed considerably in light (understory and sun). During the peak of
anthesis, we quantified the flowering status, identified visiting insects, and recorded their foraging behaviors. The

reproductive output of plants in both habitats was also estimated in aspects of fruit-set as well as seed number and size. The
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results showed that plants in the sun had more flowers and flowering individuals than those in the understory did. The main
visitors of S. irifolia could be summarized into four categories, namely the hoverfly, bee, butterfly, and fly, among which,
the hoverfly and bee were the most important in the understory and sunlit habitats. The pollinator visitation frequency was
higher in the sun than it was in the understory. During each foraging bout, a higher number of male flowers, total flowers,
and inflorescences in the sun were visited than those in the understory. The S. trifolia plants grown in the sun had a higher
fruit-set than those grown in the understory, but there was little variation in their seed per fruit and seed size. Taken
together, these results indicate that the total reproductive output of plants grown under the two habitats showed more than
three-fold differences, which was caused by accumulation in the same direction induced by direct and indirect environmental
effects, and the former appeared to be the dominating factor. Our study highlights the importance of focusing on the
interactions between plants and the physical environment as well as biotic factors at every step of plant reproduction,

especially the distinctive performances of pollinators.
Key Words: pollination; Sagittaria trifolia; foraging bout; sunlight; reproductive fitness
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F1 AHEETHREHFEER
Table 1 Flowering status of Sagittaria trifolia under two habitats
TP RAELR Mean + s.e.

AR Variables df F P
MBHIX Understory H BRIX Sun

HEAEEL No. of male flowers 99+8 203+16 1,6 71.16 0.0002

WEAEEL No. of female flowers 135 43+7 1,6 11.75 0.014

JBAEEL Total flower number 112+11 245+17 1,6 91.66 <0.0001

FFAERIMEEL No. of flowering plants 321 69=+1 1,6 1857.85 <0.0001
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St 49 AN, B A AR 23 A0, DUBHE CAIRD B B I
S A DR (R T 4% 2, TR B0 22
HOIRAT MBS (2050 11 /U, 25 (A RIER) S A~ 5 o
YRR CRBERE) 5 UG B KR AR S PR 2

(HASEW, —RigE MRiGE Bue%), HR ’ HIX Understory F X Sun
XA 51 AN, Hirige 2 13 ANk S i 2 (B B B

BRAE CrI I B BN F G S CLBE MR AU BOEWIME . by | The pollinator visitation frequency on Sagittaria trifolia
PRI TEJE W ) 9 UK, WS (2200280 | I SR (SUM8 under two habitats

J&) T AU (M SCR SRR | 2R TR IR R I Ky

WAL ) 4 AU HA S A0 45 T8 S i AR A e L BB s RR AR HE A RS 18 MR, BRITH:
2, PUFF ARl AE S AY & e P XA I 2 X 3 (X2 =9.3, P=0.026; & 2) , MRB X A A5 ) B e DA
Wk T H BRI ek BRI B AR AN AL SR BRAE L 5| Z2 R0 L U5 AL, AR S S — 250 B Tz
LEIE RS,

K2 HESBHERRMEER

Table 2 Observed pollinator species for Sagittaria trifolia

A} Family J&/Fh Genus/Species SEIYIH2 Experimental category
JRIERL Lycaenidae KL IR Tongeia filicaudis WK Butterfly
E3E KIS Pseudozizeeria maha
TRl Hesperiidae M ZCFE 574 Parnara ganga
BHERL Pieridae ARER
B UFMEA}L Syrphidae A B U)R Episyrphus sp. WFBESE Hoverfly

RRLESE G WF W Phytomia errans

HEBERBRAS S I Mesembrius flavipes

T BEHRL A 488 Eristalinus arvorum

PG PEHRYFWE Eristalinus aeneus

W B 1B WM Asarkina porcina

HEIFUE Phytomia zonata
WA} Muscidae BUJE Graphomya sp. a2 Fly
HEBERL Calliphoridae IR Lucilla sericata

I 5L & Stomorhina sp.
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B} Family J&/F Genus/Species SEERIHZE Experimental category
HIEFL Apidae B KFIVE % Apis mellifera 12 Bee
15 Eumenidae SRR Allorhynchium argentatum HAbZE Others
R} Vespidae BB Vespa nigrithorax

35 R} Colletidae W5 %R Hylaeus sp.

WY Formicidae H A5 B W Camponotus japonicus

AL Coccinellidae LRI Coccinella septempunctata

5%l Pentatomidae TR WSJE Eysarcoris sp.

KIEF} Lygaeidae INEHRIE Nysius sp.

W&} Halictidae ARERN

5 W} Neriidae ARER

BEWRAL Thomisidae AR

B2 MMERTHRGEMNHERERAR

Fig.2 Pollinator compositions of Sagittaria trifolia under two habitats

2.4 PFPAE T DR R AU LA U RS T

H R DX Y B SRR 11517 Tn) 6 i /3 AR X, LU ) (%) AR B8R il 46 25 8 25 o AR X, (HL2:
VIR AEAE RO AR 2 (36 3) , (AR —FEAYIE LA X8R A R AL 17 10 %o 45 A1 ) Jk 2 YA 2 M R i (P 8
TEPEF, ,=2.23, P=0.14; 8AEHEL F, ,=0.24, P=0.63; BUHEMEEL F, (,=0.07, P=0.80; GLMEFEEL. F, o, =
0.05, P=0.83) , XRWERYIEATH A GIER KRR [R E 2 B0, A JE i A X EE TR
SERECR YA ST SR, BAREE UL R A B RSB R A X ek 22 18] 22 S AN A S (AR XA 2R AE 45
BEINHE A R T H IR IX A (£ 3) .

®3 AHERTHRGEHERNESEAHERFE

Table 3 Pollinators’ visitation characters per foraging bout on Sagittaria trifolia under two habitats

S E +1R 72 Meants.e.
A5 Variables i P »
MBIIX Undersotry  HFRIX Sun
4 [0 -E- 5B ] Time duration per foraging bout/s 281.4+43.3 301.9+40.4 1,65 0.72 0.3999
BAE BRI ] Time spent per flower/s 48.6+8.0 28.6%5.9 1,65 3.65 0.0604
iRl HEAEEL No. of visited male flowers 4.9+0.6 10.6+1.0 1,65 7.50 0.0079
iR MEAEEL No. of visited female flowers 1.8+0.5 2.0+0.6 1,65 1.86 0.1771
i) AL No. of visited flowers 6.9+0.7 12.6+1.4 1,65 6.56 0.0128
5L FF %X No. of visited inflorescences 2.6+0.3 6.6+0.5 1,65 30.30 <0.0001
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Fig.3 Pollinators’ visitation characters per foraging bout on Sagittaria trifolia for different pollinator categories
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Fig.4 The reproductive output of Sagittaria trifolia under two habitats
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