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Abstract

Aims Diverse stamen structures and interactions with pollinators make Salvia the model plants for studying
evolutionary changes in plant pollination mechanisms. The dorsal pollination mechanism of lever-like stamens has
been extensively investigated as a classic example for precise interactions between plants of Salvia genus and
their pollinators. However, there are many atypical lever-like structures and pollination mechanisms among Salvia
species. For example, Salvia liguliloba has floral organ structures and a pollination mechanism characterized by
degenerated lever-like stamens. The aim of this work was to understand the selection pressure and ecological sig-
nificance of Salvia plants that have the atypical staminal level mechanism.

Methods In this study, we described the morphological features of S. liguliloba, a plant species endemic to the
Tianmu Mountains, and investigated its pollination ecology in detail. Various components of the flower of S.
liguliloba were measured, which included the corolla, corolla tube, corolla entrance, filament, connective and pis-
til. Flower-visiting insects, pollinators, and the pollination process were observed and recorded by a digital video
camera. Furthermore, we focused on comparing the floral organ structures and the pollination characteristics of S.
liguliloba with those of S. digitaloides, which has a short-lever stamen. The relative frequency of insects, visiting
time per flower, activity rate and visitation rate were measured and compared with the data from our previous
study of S. digitaloides, for which the flower structure and pollination features were well concluded.

Important findings Salvia liguliloba has smaller corolla length, tube width, and shorter filament and pistil than
S. digitaloides (p < 0.05). The only effective pollinator was Bombus trifasciatus, and its average relative visiting
frequency and the visiting time per flower were (0.959 * 0.065) and (1.54 £ 0.60) s. The degenerated lower arm
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and limited moving space in the upper arm of the stamen restrict the pollinating insects from pushing the stamens
in a lever-like motion. Thus, bumblebees completed pollination with the aid of their heads. Compared with the
structure of the lever-like stamen and the pollination mechanism of S. digitaloides, the structural features of the
floral organs of S. liguliloba make it adapt to a more specific pollinator with shorter visiting time and higher activ-
ity rate. The results suggested that the species with degraded lever-like stamens might be different from other
typical Salvia species in their evolution direction and reproductive strategy.

Key words adaptive evolution, forehead pollination, short-lever stamen, Salvia liguliloba, Bombus trifasciatus
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RS B A EAER Y, 1 X ARG
TS HRLP 3 B 1 A2 2B 2 2 R A 1 A IE 0 S
LN — AN A0 (B4 R ES AU, 2000; 354,
2007; J7BRFIE A4S, 2014). EUR5JE (Salvia)kay)
HATCR B WIS RR. oSS, U S A FIAT AT
TR MU SR REAE, 55 Ak 3 10 W 1] JE A2 58 ¢ o
(K55, 2010), ST [FIAT AT AL Ik eI T 188 24 1
(0 S 2 . A LB SR FH A 24 B BE R 2 n]
IBHN AT LR, (AR B AN & e
W, A NE MR AT RIS, EERTE A
PR TER TR R AR B RS S T A e . B
JE eSS S5 M 5 TR A4k T BEAR I T B R 2 4%
M 17 1% (ClaRen-Bockhoff et al., 2004). R 1L K4
FM, TR R AT 4 A W I R (M R AE, melitto-
philae) Al & ALK} (S 87%, omithophily), IELEAL )
YR 3 B A TR KR . M dy . AR AR
JergAE R LA A A3 Hu X S i A f A
AT TALSE PR A ARG BF . PSS R SE M e 8 3
L1 bk A 4 0 (B 2%, 2015) . w85 45 M) AL by 45
TETT o, B P AT =R 28 (AT AR A 58 4
GAP Iy

T I S5 (2014) KR 16 45 B 45 My R AE b e A%
By B SO, o o R B R A Rk Sy b 3
FER RIS AL: a2 RAT A . K25 AT A R AGAT
FF o 3ANBERBUW B LU 25 B AT AT P Fh A o o941 T
E TR, K RATAF R b FAerh, IR GATAT
R DA N IZ O Ak SR b BB R )
FHIATAT AR L T iR 2, Wi 29 B AT AT 2R 21
I 45 B (S, cyclostegia) Fll K 24 B AT AT S5 ) 2
(S. miltiorrhiza) 34 f& By 4Ky B KA 21 I 58 AR AR
B, SEMAER 0 R R AT FH (k% 2012; %
%, 2014). fe [, BUR 5O JE (subgenus Al
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lagospadonopsis) ) 16 4 4 i 4 3B 4k 1 AT &5 14,
HEW e AT LA R R PR KT A K R A (B U 5
2014) . 5B HESS 1) 73 A2 DA i 2 A
A Y G X % (ClaRen-Bockhoff et al., 2003), XFf
T RS TR T B SRAT H  % Rh RS R 48 1 ) 25
HAEREE S RV 0T T R 23 A (1 A 2 B 2R AL il
TR R SR A I YR Y R PR AR A P T
(Zhang et al., 2011; 5K#)%%, 2012; Zhang & Li,
2014), {HAHLE B 5 22 FEVE 0 A% 80 45 K R4 By
R, AR A TR R AR A DA O B
e Jeg TH6S (1) A% K 5 e 8 s ) MR 7 ) o SEART 0,
AT ZB Y AN E SR E T KRG8 TR
A% (ClaRen-Bockhoff et al., 2003).

oh A I R R E A BN T, (RS
FRI LA AT o ) 5l 2 0 e el SR 5 A R RN B
QU EAE TR R G, $ 1) W SRR I 2 FE
(10 e 5 AN AN [R] B B R g 1 Bl 8 o g 0 e 1) 3 A Ty
. U H(S. liguliloba) & il 50 & iR AL AT
FRE B AR M, A T AR H -3 10
DX R IR M A SRR HAR 38 7 450 S AT Ry i 7
AT T, T AR IR B AL ORI U AR A, [R) A
5 R RR A B T R (S, digitaloides)UEAT
oA, DA B AALA o] e 1 Ak 38 6 ) R A

HERE X
1 #RFNTE%E

1.1 #h B AEUR

T R ST TR A TR H L SR AR R
$11X(30.39° N, 119.48° E), #§4k677 m. K H 1LI{RH
DR Ay S, ZE X ES . DUZ=or . A
R R ZK A3 O FRE B A1) 8.9-15.8 C, i
A HAMR2.6-3.4 °C, BIMHAULN19.9-28.1 C
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= 10 CHH#2 500-5 100 ‘C, 4EF#%/KE1 390-1 870
mm, 44 JERE §1209-235°K, 4 K BH SR 53 770~
4 460 MIm™ (3445, 1992). K H ILHEYIX R i
e MV AR X ZR B REAE 2 2, AE B EoR
A ESERWHA, bk R WEHEAFREER
WA (MiEAR, 1992) 0 WTFTURE R & T 4 i i Ak
(i, 1992), HRBFisdl i =2 4R &
(Erigeron annuus). 3 J LI (Sinosenecio oldhamianus),
AL R 7% % (Lysimachia christinae), A5
I3 Jfk (Boehmeria nivea var. tenacissima), 1125} 2%
(Camellia sinensis), A& A%} i 45 77T (Indocalamus
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12 & (Cunninghamia lanceolata), ] Kk &} 1l # Bk
(Carya cathayensis). H:H L APk 3= 52 A2 75 2 FK
FATRNLAZ S .

BT BB HA TR HLAL T = A NV T B2
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ERINE & S Y SN (S AR o N 1] - 25273
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(IR D N Wﬁk\ SRR, A 455, B, fHlE. C, e, D, {9, E, MEE. F {EiCiH.
G HESE. H, . 1, =488, J, BBIER - FhOREIMEE). K, BERMORIERICE). L, KRIER-—Fr. BRI
32 mm,

Fig. 1 Photographic images of Salvia liguliloba and its visiting insects. A, Habitat. B, Plant. C, Lateral view of flower. D, Longitu-
dinal section of flower. E, Pistil. F, Front view of flower. G, Stamens. H, Fruits. I, Bombus trifasciatus (pollinator). J, Ventral visiting
by a species of Halictidae. K, Dorsal visiting by a species of Halictidae. L, A visitor of Sphingidae species. Bar =2 mm.

B2 HEREEASRENEREE.
A e . B Tﬁiﬁo [
D JORCIR IS 56k T o

G ek, H ZikRt,

§ e | Bl bR U 252 mm.
Rﬁ Fig. 2 Diagram of Salvia liguliloba
- : L) - flower measurement. A, Corolla length.
= . H C i/ A B, Corolla width. C, Corolla height. D,

Tube length. E, Entrance height. F, En-

"P =3 -‘.. G . b . Y i . ]
- =t ; l T trance width. G, Filament length. H,

T — Sy Connective length. I, Pistil length. Bar =
2 mm.

E3 il RHEA-D) S B R REE-H) RS, AE, M. B F, F8EMHME. C, G iEf. D, H, M.

R N5 mm
Fig. 3 Comparisons of morphometric data between Salvia liguliloba (A to D) and S. digitaloides (E to H). A, E, Lateral view of a
flower. B, F, Longitudinal section of a flower. C, G, Front view of a flower. D, H, Stamens. Bar =5 mm.
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(2007) (1) J7 3%, W I ) SR R
(effective pollinator), 74877 16Ky I 58 B 4% M 1) B
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BEME, MR Sk T B R TR ORI R A T ]
Ptk

A bR B A A B A R AE 0 & 3A-3D it
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HEALT o BEAE SRR T U/ ME B AR T3 A (32 +
35)(n = 16)25 . AL BEEPTE, Fhiek 5 I (X FR 1) B
AR Es by, ek i, o T, B0 E AR5
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2N EPETE, USSR R . B NETE
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W AMUTTEL, R RS NS, ) TR0 .
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B T SN . 48 22(7.33 £ 0.46) mmZE T (4 IS i
P, 1) el 5 R AR, fE 22 KT 2505 (5.10 £ 0.43)
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FE.

22 BRHWIAEITA

FE 5 I SR EE R RE T e S Mg B3R U 1E R
Hy, oy i g R RE g JE (Bombus) 1) — 4k B 4 (B.
trifasciatus), B&iAl(Halictidae) KA (Sphing-
idae) AL (1) o PRIRIRARH R U /> /AT AR,
RAEHHFEBNE AR, WO R T = 4R RN PR g R R
Hio MARTK/INE, 3Fp Ui AE B U AR IE 22 5 W I
(#2), I HUiefT h e AR mE4AFTR, =4
REMEAATUIR K, R —Fii e 33, WWEH 2
F1, ASECHT L R I L BB R R P4, Skidd
NG, A A R, I N 200 55 0 A 5
AR R, K Aeky e, SE R U A R
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FEE I, AT AR FSL AR A% T Ak, SE AR -
52 N R 2N A N 1 e A W R A2y I R 22 (G
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MR R Ui e AR K BIRER, F
%145(73.9 £ 55.6) so Rl RIMR} R HL ) R AT 2
Betl, Ay et %, P34 (0.67 £ 0.23) s,
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doi: 10.17521/cjpe.2015.0072



758 HEA: &R Chinese Journal of Plant Ecology 2015, 39 (7): 753-761

RL OIS BB RS B R R CP bR e R 72) (mm)
Table 1 Comparison between Salvia liguliloba and S. digitaloides on flower features (mean + SD) (mm)

FIATRIS A7 v AL RGNS 5tk 17y ek 158 HAAS ES]ERS MK

Corolla Corolla Corolla Tube Entrance height  Entrance  Filament length Connective Pistil

Length width height Length width length Length
TR 23.67+074° 531+034° 730:£067° 1949+08 4.87+061° 441+£052° 239:014° 519033 2374043

S. liguliloba
bW R 30.80 £2.60° 1252+149° 2298+262° 28.99+201° 4.33+0.68° 680£0.72° 7.33x046° 510+043" 34.89+230°
S. digitaloides

ANF - RER TP 2 AT 25 P 22 5 (p < 0.05).
Different letters indicate that two average values are significantly different (p < 0.05).

F2 WU RV e B ARTR BRI B (TR AR (R 22) (mm)
Table 2 Morphometric data of visiting insects from Salvia liguliloba in the study (mean + SD) (mm)

YiAEE I K JH9 5 Jig )5 L3S
Visiting insect Body length Thorax width Thorax thickness Tongue length
—4kf&l% Bombus trifasciatus (n = 10) 21.8+1.29 7.35+0.41 5.10+0.24 11.0+1.32
PR L Halictidae (n = 1) 6.88 191 1.66 0.73

R3O B b R AR B R AV RS A T I (b v MR 22)
Table 3 Flower-visiting traits of pollinators from Salvia liguliloba and S. digitaloides (mean + SD)

VifEE I ARRARIR AR i) I ) TR RS i I =X

Visiting insects Relative frequency  Visiting time per flower (s) Activity rate  Visitation rate Pollination mode
P B AR B — Ak Rk 0.959 + 0.065 1.54 +0.60 18.2+3.12 17.45 F
Pollinator of S. liguliloba Bombus trifasciatus (n=7) (n=1035) (n=10)
BB R AR B PLRE I B i 0.57 8.68 £0.90 - 3.94 D
Pollinators of S. digitaloides Psithyrus sp.

/NHfEREIE B. lepidus 0.20 15.57 £ 1.20 - 0.77 DIV

B. infrequens <0.20 - - - D

EHH R AR RS T ok £ 55(2012) F, SK¥AeHr; D, H#AH0,; DIV, SEFHBERAEN . — oM.
The data of S. digitaloides refer to Zhang et al. (2012). F, forehead pollination; D, dorsal pollination; D/V, dorsal pollination prevails over ventral pollination. -,
no data measured.

B4 R REA N B AR IR R R . A, LR . B, MEREEAGER, REHTH . C, KRR AE
AR E, S E ey, BBk 2 HaraEs. Bhbs 82 mm.

Fig. 4 The pollination process of Bombus trifasciatus, an effective pollinator of Salvia liguliloba. A, Approaching to the corolla. B,
Accessing to flower tube and the pollinator’s tongue is extending. C, B. trifasciatus is sucking nectar and its forehead touching the
fertile anther. Bar =2 mm.

lepidus) fl1Bombus infrequens. —Fiij e AR FEEDI  FrIL @I e s B i #5407 AR Ry, Vide S K (R
AT EBALKT, NHEREIESEIEAT IR ALK (R3)(k3  SUIEH W)

%, 2012). EATIMVITEL AL, k2 ied FE, AR T R R ME— ARy B, X —
PR A I e, Rt A b eSS TR R RE T WU R R Uy IR v R B 4k RE
FAPRIZS), ETEBEm T4 6 R Iagss, ISR R0.959, (4ax R, BRI RR
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08:00-09:00
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12:00-13:00
13:00-14:00
14:00-15:00
15:00-16:00
16:00-17:00
17:00-18:00 -

BE5 A AR T R B Vi 4E H 3l
Fig. 5 The daily dynamic of flower-visiting times for Salvia
liguliloba by Bombus trifasciatus.

T} EL H 3 AV (50,016 F10.024  Fofl Tx) = 4 g i
TE— RV R AT — P8, Geit B/t
FEJT A =4 BRI IR D DT AR, DAL T i 5 i Bl 2
AN B RS B A . MBS St A RE I
7:004218:008F Vi feAT A, M. 2 Ma k)i s e &
ILPRR AL AR, (BTG LA MU AR A%, A
BETTE i, A214:0008 Bl 5w, BEE IR TR, &2
18:00/r 47 XA LTt

3 Wit

ASCWFFER ], SR AATAT 23 175l B
Tove INAEAS T G AL I8 e B IR VT AERFAIE, #8-5He 248
FAF SR B B B R W Al IXARBL T B
Ry B A AL AR Th R R T N, RN B 7R
2B AN RIS A B TR R IIE RIS ), 4
Di T AR @ AR . H S5 R AN R R I
A SRR AT JE R 7 Ao B A L e
B TATRRET? AL B B Y A AR P 2
ATHEAL? XFIX 2L i) U IR AN 2, RRIE TR AL
JUA™ i FEAGER NI ORI B 0 o 3

FHLE B RS, 5 R A by B AR
AEVT IV I 18] 75 R EE M AL A< 2 5 v (%3), B
NIRRT RGRAG (I FL AT S R A de T Vi AEI 8], 32
TR, wIRefedt T RIRMVERCR . EmR
SEMETT IR, 5 SRS AL 45 A BE NS [ e U AR B
WEAEE ML, PRAER T St R e vk, [
I [ 5 (A2 25 R B Hefi iz, BE b de sy T 4%H
(RIREIATE . ALk S5 R FIA AL K 25 (R RFAESL 7] e

TR AN T e 2 REATAT I B 3 R
L, Alky B ik NG A 2m 2, JF AR
A F RIS S5 8], SRS B AT B ful A6 245 (1) ]
e, WEMER AN 7E VAT I& TP A T R, Y
KT IR BRI e (K 2055, 2012). ARFFULMAL
B SRR B AR AR A AT T ERANT
5t BIBALHF Rl B A B2 m—Hp
FER AT A R0 ? 10T B S AR ) M
FERVEEH KRG J7 AT IR T, IR T
AT AR S 2 B R IR B R )

TR R AT — ek R Ak ReE, &
Hh e BB FAG 3 T — R M S s ) S
BAHMAT OGRS, AR 2 SR
SRR AR R 3 1 1 B — PR T BB T AE ) e
FhRYLRAR G, F0 e AL B AT A 45 ) 38 T oAt
W, AR & R S EALA D Rek k2 #H
LRI, J1— 71, TPk Bl
T R AER, — Bk ARk 5, whAa Joik a4
AR RE AR, B ZAMMERH YR, IXFE
ARSI KRB o Ri6S 55 5 e i 24 B AT AT AL
(RIAE FH DA B AR 28 i I3 (10 A 2 2 i U5 7 TR 9 4
787 (Zhang et al., 2011; 5k$)%%, 2012; Zhang & Li,
2014), T HABERIATHT (T TR D, %% Jm 2
FIUATAFALEI I (] B, TCBE 2048 7R SLER IR AL
T3 10 LA S OZ R 2 RERE I =2 SRAE RN RENL 32
L EATE

TEZWIEA A5 10, BRGS0 S
ZIBGE B AP A . 2505 T 2R R A T B S & A,
B2 5 56 4% 2k D) B X RE 1Y 13 4k 77 72 (ClaBen-
Bockhoff et al., 2003; #& 1y %%, 2014). EHi# {2
B I R A L e e D R B R . LiSE
(2013)K H [ = 43%h BB LB M T RG AL
B, R R R T R IR ) BB R JE R
b3 R R AE (R IR B B, (R IR
B B FIX AL AIZSCH AN TR 1)
g K, &R T BB S i 5E 5T
2 FITAE 1) 7% k5 52V J (subgenus Sclarea) 58 k) — 37,
55 B M R R AE R R R B R —
S, AT LA TR ) 0T R T E (1) IR R
V8 T B 2 AR, T A B R A I ) T
il RPN TR . PR 128 AT B A A T (1 A A
JRRTBY B, AL LA SR AR FIA% S DX BRI
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BB MR R X R, 5 EEMTZEAL,
KA TAL Y E 2 bRic sl AR, 45 G F
Iy AR JRI AN 2R M BRI ST (E F 4, 2015), AT BE I
N FRFREAFER B R AR E LR

EEWME LETHAATEETERTHAA
(G09240442F132423).
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