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Fig. 1 The habitat of Aeschynanthus moningeriae at Mt. Wuzhishan with frontal and lateral views of flowers
PEATREFRDILEE, A BT IC AN R PR3 B BOMERSS 5
HESS G A AL A B DL o U TR AR Y

1.2 FREYFSHIFIE
121 FR#EERFHEE  2024-12-27—
2025-01-06, 7£ B 52 b i B AL 28 AR 12 15 Rk
#, 5K 09:00 —10: 00, 12:00 — 13:00 F1 15:00—
16:00 £ M52 1k, HEER T EEE, id R Bl
DA RS i s < O[PS ANL € A £ 3
BK-318, #§ & 0.01 mm) & 30 2 16 1 1L RFAiE
FUR RV A B BE 18 7K -5 2 it ) R e A7 (ks
AL RS A B AL 2GR 25 R IR D), AP B E D
5%,

AT EEERILFmTES~7d FEAE
1, BERE 1 d BUHRS, A AE A TR S SE 5
122 REFRHEG LB E AR K TR M
TEbE 1 d B CEE AT BTt 3 B50R 159 IR
W B DB i & . 24 h 5 A6 s
(XTL-10C, 100x)Geit e M i & %8, Ak id Pk ]
FHRCEAGE, Kt 5 AMERIRAES AT EON 3%
YRR, o = AR A A Sk A T 1, e
o SHAR A SR A T TET . EREECN 10 548,
123 #HHEAERENGHEINLEMN T 1 dETE

10 ZRIEAL FHO LI AE T B B AL (528, ol
WS, R E ), R | g o B AR,
TRFE AR B AR, S SIRAELE FAA 5@ W h s
]S %, il A U0 7 B AR 2 XPHESE 1A
HEA62H, 1662 1 808 (XTL-10C, 100%) g H A
A= 254

BT 2 XA A RS ) A R R 5 A
A4 FiJi Image J H, 43 LA 2 X465 & A0 BN
Al T L SRR X BRER, i RS2
HL 2, EK 2t Rk, T 2 SR 2GR A
PRI A AR B (] 2), VE AR 25 6 A R B Y 4 Wiy
Fahm
1.3 BHEEMNNFRE NHCHL AL mE
(FEZy A A B 1 20 TP I G Jy 2 B ) B S50
B VAT A R R B R 1 ) 6 2, ol FH 8 =X
Fi St (4% HP-3, 3N, Fe/Nr#E /14 0.001 N),
Gyt 2 %A AR 2 A A A EA T R 12 it
AR 1 0 1 el [ S T R R A A (R



5 ]

77 R4 SR AT B BI04 G A R B R AR & 3 S 915

Angle of united
anthers

/Q?\\
: S

Short

E: [5] N Downward

S i
2%
T 2

Downward

Lateral

A ) 15] Lateral

A GAAEZIE AN ORI B A A2 SR BRI 7 1) IR DR ZEEL . CL A AR AR 2y T 2 B 5y ) IR BE IR
A. Schematic illustration of the method for measuring the connation angle of the connate anthers; B. Front-view schematic showing
the loading directions for mechanical strength testing of the connate anthers; C. Top-view schematic showing the loading directions

for mechanical strength testing of the connate anthers.
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Fig. 2 The connation angle and measurement method of mechanical strength of the connate anthers
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Fig. 9 Flower-visiting behavior of male Aethopyga
Iatouchii
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Note: Arrows indicate the position of the anther contacted by the bird;
* marks the clearly visible yellow spot of pollen on the bird’s head
following flower visitation.

5~8g, 4K 95~ 120 mm, B K 15~ 17 mm; #L5
SR AE 5~ 8.5 g, &K 88~ 105 mm, MK
14.1 ~ 19 mm,

XKL 1 AR R AEAE0R 3 2%, fix
B 17 9%, 7E H I 9 h TEIREE h, S5 IR AL
R 29 WK, FEMEL T — M BE 8 ML E2 3 SRR K FH S 7
1 Y7 ) RE A AT 1 0] 20 5063 1A FA: Sk AT 2 1 1Y
1, LA BEE TR AL SR . £
TR B3O S RN A Sk T B2 26 R rp, SR K FH
B S A A R AR, 5l B2 2 XA
A AR R PR AR S 1, FH T Sk IR A i £
AR A, HSL AR RE 8 il il B 21 4B 1 B H W
OB s 301 118 A5 A 4 24 IR S T 42 301 A A 3k (T 9-
B,C). MMt LIHE, LR KMH S RO
BEIABAEH

XK SRS 4 ~ 7 KD REIH
HIAGET, s A I F I et fa , G Sk 0 4 fink 32
2 X HEREAC LT A AR R SEAT Sk, > 5 I s f
BTk R I, T DA W S HE AT >k
AR AE R TR B ARk (8 9-B), M H
S5k 2 X HESE R T, N 2 X A AR R S v i i
AACTE (R W AR 2, LKA 2 i B4 3k, i) 5
Sk B AR Bl A5 328 31 L 28 L RSk i KO 1)
FESL (] 9-C) o A Sk AR, 15 4b F 4656 4
I FR A, SR K BH 5 i B IR R BE i B A Sk
(1 9-D).

K PH 5 ik 5y AE I [ AR TR AE 11: 00— 14:
30, MR KPH S Ui ETT Aol fER SR MR, J5 L
e 2 R B TR R 2% 1 (B FHG AR AT AR AE
SR, WS, SR Ja Pk G (] 9), ST ERT
] (1.58+0.63)s, FAYK AL 3~ 17 4=, 1EH HF1
9 h Wgerh, S EIREGE 29 (K] 10)

8:00—9:00  9:00—10:00 10:00—11:00 11:00—12:00 00 13:00—14:00 14:00—15:00 15:00—16:00 16:00—17:00

itrine
B 10 XEXMEBHE 1dARIHERRE
Fig. 10 The daily visiting frequency of Aethopyga
Iatouchii

3 3t g

31 SHERALEFLBRMEERE 44N EH
H A RIS S REAEE 5 1 A 7 B AP
MAETE W RIS 4 BoIR S, BIAEE T, 2 %)
FEMESS SE A A T, 25 e 2 RTT, A
KAESEAELGIL I 180° P47 5 A2, JMESEAE 25 IE
A5 A . LA B E B HERXAIES
AL AR IR Fh AL 22 R4 25 218 s 33 Y, RERS AE
FETT R PEPE—A> 23 () o B [ E 1Y) L S rp HLoe %
FRAE R S BT, ) A ds e A ol

ARBETE T 2 XHE A2 R B RO R, 468
P P R AN TR T A2 B B — B, IF HAEZ57E
JEBAEH IR L E T2, ek B —E T,
SR p R N R o i B 2 L R )
JIIE, I A= S5 70 8 T B O B3 R TR M
8o XELIEAS | ST AR 22 5 R, 2 X
HESEAEAE R ML ZN BE AT BEAS [W], Jo A S AR 181 1
FE2565 HE SR mT IR AL Ry 2 R IR el ke Ry 22 7
B IR T7, MRS i T2 A AR BT, 25 52 5]
DT AR AR O 1] Vg, 000 1) LR X s B9 4R
2y e P AT AR R IS A S TR . X
PSSR RE_L A 22 520k, DR T o ME R
A LEAE 25 5 M AR AL By o AR v B AR AR E
32 HHBEMNFRE B EMLARHILHA
DI R S5 SRR B, AR R A AR R R T
PR e S - R e o B s 2 L A )



5 ]

P EA: SR AT B ST G AR B R AR & R X 919

Ty, FoA HE S5 o B BT A T BT R M
B0 XULH, JEME S AOASE TR SR TR MERE, IXFERY
IR RENE L L ME RS TR 32 B SRR S A
PENORE 8 N N T S A N o (1 N (DA i A
REPRFFA RS . JEHESE A LR AR 25 (0 B 5 0T
AETERETIT 1, 55 W RIS | i 0 45 Al 3 0
HERS B G AR AL 23 MUY IR T BE R MRS 1 & AR AR
G HON E AR, AT e S EUHRIERS & AR AR
2y00 S, T A AR B R ) 25k B e S
TARMESS o DR S AYTIEAT N BIIE R, H R
YA A RS, 158 A6 25 1 AL T T PN Y 28 AL
TRUEALA ) L) o

LA BEH 2 MG AT 4 A
Tr=E R A 22 Sk, O R ESE N T SR BH
B TTAEAT N AELE KR EEA—3L, 22 XA L M
BRTEAE N AL AN A5 A MERS 5 2R AE 25 IR
KITIE, J e s WIS DI B AR st KMERE &
HEAEZGHA B 180°, Sk KE Y £ J3E REAS fe K I
JO7 SR R BH 5 5 B e 4 K 8, S e A5 AR AE 2y
FREN 1150, B UE) V7 BIG A, X RE R
P 125 7 A1 22 ik 21 iy BR A2 A ) 15 R 3 0 55 4 i
W, L MERE R AL 25 FEA B R R BE SR A A5 A5 2 B 1A
FRAOL, SEINAER B IR BRI LR, 4 A4 ARG
BB AR,

TEARWEFEH, LLAETE B A M A X
RS, FRIEAE. SRR
By AR AEAE N A — R 25 Al B, [ I a6 53
HE RS B 58 B, 7 A% By 35 U A 1 i vl i 5 P
EFFAEL O REX AL B K RIRESE 5 A= AL 25 1Y
61 R ) 27500 B B 22 Sl W 1 SR R B B AN [
2T AR5 B A, B8 R B v A VS P A2 R 2
R WL, AT E A MRS AL T
o BERFAL B AL R AL, PRAIE T 76 B — 1545 3 P18
N ETEAI)

3.3 SERANEMENNE 1EARKLHB
By, MERESE 2 A 2 e AR 7R Ak, X0 Pl T MESS
FI0 oI ARV A5 26 22 (1 A8 25 il i 3 Y, 51
ELA AR, 04620 B B A ME AT K B i
JREL I 25 A 2 BRI I T B B TG A, EL IR
AR 1] R A s (H AR A, RETEAS [R)
[F] U e 5 A () — A 2 ) o7 2, R I R HIOR)
Bk B, PRUEAE A AR BEA T, S i A2 By R0,

CLAGTS B e TR TR, WA n A R Y
HA, (BT ITE—E R BE bk Sl ife 40 L fie
S AR EIR SO I

Chen %W B 58 K B, 15 B & & (deschyn-
anthus acuminatus ) (‘S£AET- B E E W JE) 1AL
erp o 3R EIE H S, HE 5, 5LIES.
KES B G RERRE . MEESIE S5 &
VETC, A1 Sk Bl 2 0 57 F 55 F50M B 0 P e o 2
— 2, MR O 2 M Of HAER VR o 3 Fh TP
H 5 260] UL TACS: E a8 U548, i Sk R 4%
fil A% 3 AEH, IFAE T — IR UL AE L i 3 2
ZRCARMERS AT Sk B DAERRIE BT LI 545
FRF, BRI WG T AR (&, 7E VTR Hk
IS 42 fih 28] RS P e S R ME R, X 5 Rl e i+ B
BT 3 7R KA S £ A
(Rhodoleia championii )G ¥y A= W~# A58 vh , & 31
SR K PH % B 2ok 3l 7 A % i B A 45 3K
ARUERT,

AHECEEENVES RAYERHY, 5
BT R 300 ~ 700 nmt1¥1 . WAL IR 5 R
GRS, BT BE BN A N A s 6,
Ak 5 2RISR 03 BTN, 1] SR K B S R A%
TR A A BT Strp PUN B 2B B E B WAL,
LA B EE AR 2R LR A SRS RE
i, SRR O R 6 2, RESIEN, BB %
R G T A, R K BH S 385 UiEA H,
PRUEAE A AN A 10200

4 % it

LA B A MES A AR e, HoAE
Eii55 710 S N [0 e A R i BT i R N
W] 2 W MESSAENLIEN RE EAF Ak . RIESE S
HE B2 1A A5 A8 3 LA 2 Bl 14 Sk O, T
HERE A AR A2 8] V7 B 45 R I3 1 SR K PH
RIS S A, TR MRS A AR 2 R
WK T il i, G ool 0 DR 5 R Sl RS
BAAEZ ). P, e SR R 2 & A R
FETEBRHY whily T3 2N RERS PR 7 AL 25 5 AR,
T SE AL FIAE 25 A X0, AT BB A T A M 7%
FEAL R B AR AL, $2 TR HE S5, 1 1M ook 2> A6 Ay
e

AP, ZLAETE R A B A LR AR 2 IR AR ] Y



920 P EMFER (L) J Trop. Biol.

2026 4F

SERIRGIE, MHE—MERE B, I i6E
FRAEBIZE R, ST 5 R RIS B L L E &R
Hhofe i AR B AR OCBEE IR . 7RSS BT
FEH, n]RET EERE— BT SR K BH S U5 1R Y
i S ALESE, A b SRR G & A R R ()
BRI BC R | AR R S E AR T
AL 22 SRS SRR AL, S AERR M AT AR 2S5 A
B AL A T L LA

Sk

(1) AR, R RS B A A AR L SN L 32
SCRNERLT]. HEHI 5267741, 2008, 46(4): 452-466.

VAR HESE S A Y E I R B B IE S K E R
S5 [J]. MR ZS2ER, 2009, 33(2): 361-368. https://doi.
org/10.3773/1.issn.1005-264x.2009.02.014

[3] Ren M X, Tang J Y. Anther fusion enhances pollen re-
moval in Campsis grandiflora, a Hermaphroditic flower
with didynamous stamens[J]. International Journal of
Plant Sciences, 2010, 171(3): 275—282. https://doi.org/10.
1086/650157

[4] Chen K H, Lu J Y, Wang C N. Effective pollination of
Aeschynanthus acuminatus (Gesneriaceae) by generalist
passerines, in sunbird-absent East Asia[J]. Scientific Re-
ports, 2019, 9(1): 17552. https://doi.org/10.1038/s41598-
019-53035-2

[5] Ling S J, Lu T, Ren M X. A novel type of mirror-image
flowers caused by lateral bending of the floral tube in a
bumblebee-pollinated plant[J]. Flora, 2020, 272: 151694.
https://doi.org/10.1016/j.flora.2020.151694

[6] Dafni A. Pollination ecology: a practical approach[M].
Oxford: Oxford University Press, 1992: 59—85.

(7] PN AR, w2 /D4 (E . RIS E & & (Gyrocheilos) 1t
O i 25 4 B 5 R HC A% oy i LA O, T PE AR ),
2023, 43(5): 817—826. https://doi.org/10.11931/guihaia.
gxzw202112007

(8] 2R, SR IAIIA], [ SCA, 45 MM fE TR KR AL
LR Y5 (7). T PEAIY), 2024, 44(1): 157-166.
https://doi.org/10.11931/guihaia.gxzw202212002

(91 )" AR R AR sl =, rhIl R AW 2 1R 5 1Y

B ML dest: Bl b, 1983: 270-271.

(10] FEaetT, B4, 18y B AT M M BIF 5 7 i 6t ().
e ZRETE, 2007, 15(6): 576—583. https://doi.org/10.
1360/biodiv.070155

(117 HE, Bl 8, 228, S ORI AR MR i &
B M HE BB ] M AR A A iR, 2013, 37(7):
641-649. https://doi.org/10.3724/SP.J.1258.2013.00066

(120 AR WA 9P A6 B e 532 2y 20 e A oz 2 S [T,
FLW A5 25 4k, 2010, 34(7): 867-875. https://doi.org/
10.3773/j.issn.1005-264x.2010.07.012

(B3] AEMIR, Bk, & TJ7. Meds: AR S IM]. deat:
Fl2g i fiat, 2016: 77-87.

[14] Ren M X, Tang J Y. Up and down: stamen movements
in Ruta graveolens (Rutaceae) enhance both outcrossing
and delayed selfing[J]. Annals of Botany, 2012, 110(5):
1017-1025. https://doi.org/10.1093/a0b/mcs181

[15] Armbruster W S, Corbet S A, Vey A J M, et al. In the
right place at the right time: Parnassia resolves the
herkogamy dilemma by accurate repositioning of sta-
mens and stigmas[J]. Annals of Botany, 2014, 113(1):
97—-103. https://doi.org/10.1093/aob/mct261

[16] Lewis D. Incompatibility, stamen movement and pollen
economy in a heterostyled tropical forest tree, Cratoxylum
formosum (Guttiferae)[J]. Proceedings of the Royal So-
ciety B: Biological Sciences, 1982, 214(1195): 273-283.
https://doi.org/10.1098/rspb.1982.0010

[17] Gu L, Luo Z L, Zhang D X, et al. Passerine pollination
of Rhodoleia championii (Hamamelidaceae) in subtrop-
ical China[J]. Biotropica, 2010, 42(3): 336—341. https://
doi.org/10.1111/§.1744-7429.2009.00585.x

(18] SCAi, AR B IR AR A AR & N 3 LT A2
ZHREME, 2019, 27(4): 373-379. https://doi.org/10.17520/
biods.2019003

[19] Dafni A, Kevan P G. Floral symmetry and nectar guides:
ontogenetic constraints from floral development, colour
pattern rules and functional significance[J]. Botanical
Journal of the Linnean Society, 1996, 120(4): 371-377.
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x

[20] Johnson S D. Bird pollination[J]. Current Biology, 2022,
32(20): 1059-1060. https://doi.org/10.1016/j.cub.2022.
06.081


https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.3773/j.issn.1005-264x.2009.02.014
https://doi.org/10.1086/650157
https://doi.org/10.1086/650157
https://doi.org/10.1086/650157
https://doi.org/10.1086/650157
https://doi.org/10.1086/650157
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1038/s41598-019-53035-2
https://doi.org/10.1016/j.flora.2020.151694
https://doi.org/10.1016/j.flora.2020.151694
https://doi.org/10.11931/guihaia.gxzw202112007
https://doi.org/10.11931/guihaia.gxzw202112007
https://doi.org/10.11931/guihaia.gxzw202112007
https://doi.org/10.11931/guihaia.gxzw202112007
https://doi.org/10.11931/guihaia.gxzw202212002
https://doi.org/10.11931/guihaia.gxzw202212002
https://doi.org/10.1360/biodiv.070155
https://doi.org/10.1360/biodiv.070155
https://doi.org/10.1360/biodiv.070155
https://doi.org/10.1360/biodiv.070155
https://doi.org/10.3724/SP.J.1258.2013.00066
https://doi.org/10.3724/SP.J.1258.2013.00066
https://doi.org/10.3724/SP.J.1258.2013.00066
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.3773/j.issn.1005-264x.2010.07.012
https://doi.org/10.1093/aob/mcs181
https://doi.org/10.1093/aob/mcs181
https://doi.org/10.1093/aob/mcs181
https://doi.org/10.1093/aob/mct261
https://doi.org/10.1093/aob/mct261
https://doi.org/10.1093/aob/mct261
https://doi.org/10.1098/rspb.1982.0010
https://doi.org/10.1098/rspb.1982.0010
https://doi.org/10.1098/rspb.1982.0010
https://doi.org/10.1098/rspb.1982.0010
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.1111/j.1744-7429.2009.00585.x
https://doi.org/10.17520/biods.2019003
https://doi.org/10.17520/biods.2019003
https://doi.org/10.17520/biods.2019003
https://doi.org/10.17520/biods.2019003
https://doi.org/10.17520/biods.2019003
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x
https://doi.org/10.1111/j.1095-8339.1996.tb00487.x
https://doi.org/10.1016/j.cub.2022.06.081
https://doi.org/10.1016/j.cub.2022.06.081
https://doi.org/10.1016/j.cub.2022.06.081
https://doi.org/10.1016/j.cub.2022.06.081

5 77 B4 SR B B IR & AR R AR & R 3 921

Mechanical strength of anther connation and its pollination
adaptation of the bird-pollinated Aeschynanthus

moningeriae (Gesneriaceae)

Fu Guoyu"*, Xiang Wenqgian'?, Huang Lianghong’, Ren Mingxun'**

(1. International Joint Center for Terrestrial Biodiversity Around South China Sea of Hainan Province, School of Ecology, Hainan
University, Haikou, Hainan 570228, China; 2. Hainan Institute of National Park/Key Laboratory for National Park Protection and
Development of Hainan Province, Haikou, Hainan 570203, China; 3. Administration Bureau of Hainan Tropical Rainforest
National Park, Wuzhishan, Hainan 572200, China)

Abstract: Anther connation is an important floral trait that influences pollination accuracy and efficiency by altering anther
arrangement and anther-stigma separation (herkogamy). The flowering biology, the mechanical properties of connate anthers, and
the pollination process of Aeschynanthus moningeriae (Gesneriaceae) at Mt. Wuzhi in Hainan Island, China were examined to
investigate the developmental pattern of anther connation and pollination adaptation in the bird-pollinated 4. moningeriae. The
results showed that 4. moningeriae is hermaphroditic, with didynamous stamens containing anthers in pairs from the bud stage
and that anthers were coherent throughout the whole flowering period. The long anther pair ultimately formed an angle of
approximately 180° (parallel) while the short anther pair grow at 115° (inverted V-shape). The short anther pair was connated with
more fused part than the long anther pair. The mechanical strength of the short anther pair was F = (0.159 + 0.031) N and F' =
(0.211 + 0.034) N in the upward and downward directions respectively, which is significantly higher than that of the long anther
pair [upward: F' = (0.127 £ 0.020) N; downward: F = (0.117 £ 0.018) N]. The fork-tailed sunbird (4dethopyga latouchii) was the
only effective pollinator. The red corolla, along with the black stripes on the lobes, function as a nectar guide. The long anther pair
was mainly touched by the bird forehead, while the short anther pair was contacted mainly by the narrow base of the bird beak.
Such separated pollen deposition increased the contact probobality of the stigma with pollen. Because the bird beak exerted
stronger force on anthers, the higher mechanical strength with higher fusion proportion of the short anther pair can thus maintain
at a fusion mode and spatial position of the connate anthers under stronger force, increasing pollen removal ratio.

Keywords: Gesneriaceae; didynamous stamens; stamen developmentl; herkogamy; dichogamy; pollination mechanism
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