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Abstract ; Ottelia cordata is a kind of rare and endangered submerged plant that grows in freshwater wetlands in northern
Hainan Island, from Haikou to Wenchang in China. This species is known for its beautiful appearance and the distinct
“flower river” landscape, which makes it a high ornamental value. With the intensification of human activities, the
habitat of O. cordata has been sharply reduced and fragmented, leading to its endangerment. In order to explore the
reproductive characteristics and reproductive laws of O. cordata, the flower morphology, sex ratio, pollen viability,
stigma receptivity, reflectance spectrum, pollen limitation and apomixis, and the types and behaviors of pollinators in
0. cordata were analyzed. That is, the pollination biology of O. cordata were studied for its further in-situ and ex-situ
conservation. The results were as follows: (1) The flowers were dioecism, and the sex ratio of female and male
individuals was about 1 : 2; the morphologies of male and female flowers were similar, and the female flowers were
slightly larger than the male. (2) O. cordata had high pollen viability and stigma receptivity in budding and blooming
phases. (3) Apis cerana was the main pollinator of Ottelia cordata, which visited male flowers more frequently than
female flowers, with higher pollination efficiency. (4) The distance between the color loci of pistils and stamens was
significantly higher than the discrimination threshold of Apis cerana. (5) The fruit setting percentage under natural
pollination was similar to that under artificial pollination (95.29% and 98.42%, respectively ), and there was no
apomixis and low pollen limitation in the natural population of Ottelia cordata. In conclusion, the deceptive pollination of
0. cordata simulated by both sexes is imperfect. Pollinators can visually distinguish female and male flowers. However,
the large number of male flowers of O. cordata attracted many insects to visit flowers, which increases the probability of
“mistake” pollination and is enough for the reproductive needs of female flowers. Therefore, future ex-situ conservation

and artificial population restoration should pay more attention to population size, sex ratio and the number of local
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pollinators.
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Fig. 1 The “flower river” landscape (A) and its habitat (B) of Ouelia cordata
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A IEPERE S, A AR D BT A A AT Sk S TE
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ARR A FEUL A T A e 5 m) I 2 et Ak
22 FNAE Sk B 68, P B 00 728 TR BT 08 i o B A 24 BIOKY
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Floral morphological differentiation between

Table 1

female and male flowers in Ottelia cordata

e il I

Measurement Male Female P
AEME B2 34.67+  53.30+  <0.001
Petal length (mm) 0.27 0.55

B 58 B2 38.00+  56.83x  <0.001
Petal width (mm) 0.32 0.64

PR E R 18.00+  26.30x  <0.001
Sexual organ length ( mm) 0.28 0.34

AR 59.13x  22.43x  <0.001
Nectar guide radius ( mm) 0.70 0.29

TERER 17.40+  6.20= <0.001
Pedicel length ( mm) 0.21 0.45

HEHRZE 52.20+  27.23x  <0.001
Calyx diameter ( mm) 1.03 0.37

4 m® A A% 8.40+ 4.40= <0.001
Individual numbers per 4 m’ 0.79 0.52

2.2 T My iE AN ST HE 1 A A8
H 1 3 RRN, ZKSRAE AL 6 P AT Sk T #2428
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1L Male flower

ME4E Female flower
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Fig. 2 Flowering dynamics of Ottelia cordata
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Fig. 3 Pollen viability and stigma receptivity of Ottelia cordata
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A R BRIk R R A, COMRHR A D, BRI R B R iR R,
A. Apis cerana; B. Lasioglossum sp.; C. Muscidae sp.; D. Calliphoridae sp.; E. Episyrphus sp.
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Fig. 4 Floral visitors of Ottelia cordata
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Fig. 5 Visiting frequencies of visitors to male flowers (solid line) and female flowers ( dashed line) of Outelia cordata
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6) . X PR B B R AERT F DL R R AL

BALZY N B T T R S T 1) AT, H SRR M
PRFNE BB A by (18 4) o Bk, AT
TR SR IR SRAL 1Y) EE AR M B B RR B,
IRk % e Jg B RIS AL R 3
2.4 REHFHIESHT

IKEEAE S 3k o AT 25 R R | K S 46 e |
AEIRE A 2 (Pillai” s FLIE = 0.564, F = 4.518,
P=0.055) F1% S 5 (A 5 (Pillai’ s L3k =0.366,
F=2.017,P=0.203) LI B EI @25 (K 7,K8),
SR, 88 A e S A7 A B B 25 57 (0.54 vs
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Fig. 6 Retention time of flower visitors to a single flower in Ottelia cordata
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Fig. 7 Spectral reflection curves of different parts of female and male flowers of Otelia cordata
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The visual color space of bees is divided into six zones, and the
color space inside the central circle (0.1 hexagon units) appears

achromatic for the bees.

B8 U RAEEXNARE IR PHEEGR
Fig. 8 Color loci of female and male flowers

in the color hexagon of bee perspective

12 085.282) I (4 256+133.079) , 7K 3EAE Ak F 3 AN
SESRAE HARBER T 40 310 95.29% F1 100% , 7E N
T 828 T Nk 98.429%F1 100% ; A4£K5 BRI ( PL) {6
0.15, UL /K A6 BF A A B - AR BARAE R BR . L
BB IER  KCEAE R A SRR RN 245 SR 0 0, 5%
HHEE RGEANFAELME ARG,

3 itk ik

3.1 KR EE T

IKEEAE g T UUK AR, (8 A% ¥y 2ok R 20 AE 7K
B KR BOR SRR T . A5 KSR
FER) T2 AL By 2 h AR e X 5 (R T Al ) i
SRAE (Outilia acuminata) B9 45 - — 3 ( Yang et al.,
2020) . AS[E S, IR Dk B 88 Ja Lt 5 1R) 7K SR AE Y
VIAEIS TG (H 42 B #5040y, 7] BE 2 /K S4BT
eI 3 B AL By | T 5% A8 7Y D) 2 8825 ( Yang et
al., 2020) , X ] 685 24 4 19 1% ¥ 2 P15 ( pollinator
environment ) FH & 5

TERY R IR SRAE N U5 A8 & H2 B A 2 Wl ¥y
ARWEFE r, HEAE B A O, v A2 2 06 15 ) B 6 1Y
AR T IR BE/INRE 110 W, Fp A B 0 [ 7 AR AL I
Je RSk A A A ] o SR SR AE R, V5 AL I E] S

8~17 s, 2 By RENS AL N0 . 1T A8 TCAE M | Hh 4R
04 7 [R) M A %) A 23 A X 3SR, A R D[R] I AE A
SRIW 173, 1 HAE WA LA Sk 145 B8 B a] 4
105 s ZE Al e, SR, K SRAE H AR B
A JEFR IR 95% LA b BRI AR B AR R ASOR 1
BAR U AT 23 IR ] 338 28 R W6 A2 7K 5% A6 I 4K
) EH 3K

ISR 5t 85% 1 B4 46 #8 A 46 K/ — B
(Delph et al., 1996) , /KEALEA 16K /N APk
PG, BIV[R]— A 4 1% O e A6 A R/ A B I G 22
5o AR, 48 K 2 508 3 W) 1% 8 1 HE A6 1
FEAAT K B 46 R 5 2 B 48 8 7 (Bell, 1985;
Delph et al., 1996; Eckhart, 1999; Costich &
Meagher, 2001) , 1 Az i 76 HHF O IX (8 7K SEAEAR 15
FASL, AKCRAEMEAL AL T 28 1 V28 3 AE = AR
FEESH W K T HEAL, XM MR AR ARG
W E £ W (Delph et al., 1996; Humeau et al.,
2003) . X ATRE SRR AT OC, fE R Y B AR
RGN R A6 R /INFIAE B i 2 () A 7E UM OC ( Harder &
Barrett, 1996) , /K= AEHEAE B X0 8 R T MEAE , I
PR — 80 P HEAE 10 ~ 30 2, 1 Bk 49 07
RPN 1 2= AR 5 I L PR 174 550 02 o PR A 1A
B 2 A%, dE 203 T HEAE W B, R, BT AR
AEF J5 WA 4 5 I 5| AR R T e 2 4l
KT B 4E 00 1) BRT ( Mulligan & Kevan, 1973)
FI b A6 VAT A% Ry i P, L RE 8 A B KA A R
INAE T AOR W G AR K, DA AE ) & 80w |
B & 8 o HfEAE ( Renner & Feil, 1993)
3.2 JKFETE A AR SR B O 1 A

TREEAC I ME A6 7E 25060 R AR A A AL,
ey R R L S R S ek B s | D ER
AR PR e 25 Ao b (R (AEAE 9~ 18 M)
FRERE (12 80 B9 RIS A —E 1 25 7, X 7]
RE S HESS AP AE R AE M A O, LB R 1 2 78 5
B oy RN 2 o U L oy < AT D N P 0 |
HESE (Yang et al., 2020) . H ORI UL, A 15 By i
P A DL AT ST (A ) O AR AT PR 1 AR 4
(intersexual mimicry ) I8 R MEAE B, X 5 H [A] J A
Wit AL 5¢ & M A ( Yang et al., 2020) , If H 7K
Y AL 85 A H UL ( Baker, 1976 Dafni, 1984)

TEAEAUL AT AL A B , I H AL 2 5
2 TWEAE S Ay 3 B 2 0 AR 7 A 1B, B
1717 565 1] 377 1] 2 M 5 22 79 U 46 ( Agren et al.,
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1986; Dukas, 1987; Vaughton & Ramsey, 1998)
ARWFFE R SR G 73 B 25 5 s | 5 R R S A 7
B S 4 2 0, 2 S, 0 B 5 e B A0 DAL o) TR
HEATIX Gy 2B b FRATHE B A W58 3 1) 45 R Al 1
SRV AH L MEAE , i A2 8 e X A AT B . B U5 4K
Pl AFAE X8 e A8 B U5 A8 5L, 7T BE -5 BOE By BR i
(pollen limitation) , #RT, ASBHF 5% 45 R W, 7K =R A
HIFoR H B R A AE R R (PL=0.15) , B 230 %
I 224 Fh 3h Yy WA IF A6 A6 W 19 ~F 249 26 B R ]
(PL=0.4) (Larson & Barrett, 2000) , LA 5 H:|v] J& #i
YIF A6 (PL=0.34) ( Yang et al., 2020) , % [ JT
W FATIN A v A2 28 0 X ik AE A7 72— € 1Y Ui
PR ABAL M 238 SR 12, /KSR AE R & 1 A 4R
SE SR FNA R AW UE S T R4

1 T A% Ry B i 2 2T AT Oy, 350 1 A5 AR 1 U
[7) 2 [y 2o ol & 1 3R T 08 48 350 A 1 T 1 198, T —
YRkt 1 1 ) — 28 U 1% 4£ ( Simonds & Plowright,
2004; fE5EIT4E,2012) o (HIKSRAETE B IERIE L
LAY AET 7 S5 UL, PE K Y AL B R 5] 1 R &
VIAEHE AL ZT B AR B AT 1) T 2 Jily i 46 %)
1By A B 27 2D AT N AR ST B/, 2] UL 22 g
( Schaefer & Ruxton, 2009; Yang et al., 2020) , H
AT UL W A 32 BT B8 AR O T £ (negative
frequency-dependent selection) 1 FH , 24 4 i [N % 7K
SEACHEAE AR R TL & Je , MEAE AR TS T 3 2 0945 #
BT, XM AR A 2 B Y b R I,
WK BE TN Dactylorhiza sambucina J& #F P 8 (4 3%
RIS, B A 1 5 AL R BV B Rz b
Tk ZIRER LA PRI A A7 2 B AR R RE N A AR E
( Gigord et al., 2001) , X A e J& H 2R i 7K
SR AR HE P L A1) D 2 1) S B i PR 22—

PE LRI K3 55 20 ] RE S 3 BUK S AE 1% 4 1L
Dy 8 R A ( Oster & Eriksson, 2007; Xia et al.,
2013; Yang et al., 2020) , H T4&8 & X 4L B 51 19
WP ITFASZ —AA8 ZEKR |, I B[R] 4% 43
MR Z I 25 47 7E 25 5 ( Chittka et al., 2003) . B
HALRY VT [0 AL AT 1) 500, 44 Hy 25 %0 MEAE 5
ViR N BEAR BT B R T DA
by B U AEAT A TR oA A 25 T AN Vs ) EAE
J S BB U IR R W & A (Krishna &
Somanathan, 2018; Yang et al., 2020) ;32 , H11E%
WAL YRR i AR 0Y “ B5U5 7 S 25 e Tt A
PERY BFE TR o o HENT , 25 R AL 8 7 7 1] K 5

AERWRERT B AT M A6 4 1 1)t 23 386 o, AT AR
LRI RS | & AL BR . AEX RSO , A
S84 18 T PEASL UL Ol A2 3 2 A Y

25 LTk AR K SR AL X — W e ) B
R, e L ORIEMEAL AL A 2 AL M R R = i AE
WK (Xia et al., 2013) , 1Mij X 3= 2 BOR TR EER) K
AN PRI LR By 2 B 2R R S, Y ARG
SRR, K SEAE ] BE 23 ) B0 = A% R BRI
ERY RGO E NG SS, MELLE R, L, TP KSR
AR T R AEK A 45 TARR, 0 8 8 G T A
(R RUARE | AN A H A9 | DA B Y i PR AL 0y B 85%

B RMEHEREFIELSRALEIT HE
DHBIRATRITE R TR EHRFHFTF
A I EERF AR LTI AL TR B B
Wi K AL IR B Fe TR A M A R e LAY 35
G ABEALFAAREG T FE
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