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Identification of effective pollinators of Primula merrilliana and effects of
flower density and population size on pollination efficiency
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Abstract In order to make a scientific and practical plan for conservation of an endangered species, it is indis-
pensable to identify the kind of insects effective in legitimate pollination and to clarify the main factors on their
pollination behavior. Primula merrilliana, a small biennial rosette herb with distylous flowers, is an endangered
and endemic species of China. In this study, the effective pollinators and the effects of flower density and popula-
tion size on pollination efficiency were investigated. The results indicated that the primary effective pollinators of
this distylous herb were two bee flies, Bombylius major and Anastoechus chinensis rather than Thrips sp., which
was previously considered as an effective pollinator for the plant. The density of flowers and the population size
were the two main factors that influenced pollination efficiency of P. merrilliana. Flowers with higher density
attracted more pollinator visits, particularly in low dense populations. The number of pollinators and flowers
visited per day and the average time of a flower visited per day were significantly positively correlated to the
density of flowers in the samples. Legitimate pollination and its percentage of total stigmatic pollen loads were
higher in larger populations. The biased ratio of short-styled and long-styled flowers and pollinator limitation
might be responsible for pollination disadvantages in small populations.

Key words flower density, pollination efficiency, pollinator, population size, Primula merrilliana.
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E2 RIS LE I, AT s b f), B
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FEAE P15 15 285 — Wik (http://bd.brim.ac.cn/copy
of 159 226 89 44/consult/chenys/Search Form. asp),
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KII%%, 1999; Huang & Guo, 2000). X1, &4 M1k
KB MHR AR A2 7 ISR AR 2D, AR
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Table 1 The traits of the populations examined for pollination efficiency

Tt Hh et R 5273 Tt R
Population Locality Habitat Elevation (m)  Population size

A L B, A (30°05.7917 N; 118°08.001" E) ji257] 500 9
Hougu, Mt. Huangshan, Anhui roadside

B 2, K, B (30°07.385'N; 117°56.741' E) ji25v] 155 13
Guocun, Taiping, Anhui roadside

C L, i, BT JJ1& (30°05.875' N; 118°08.015' E) W, ik 842 29
Jiandaofeng, Mt. Huangshan, Anhui under forest, brook-side

D 27, i, BY 0% (30°05.426' N; 118°08.222' E) WF, Bl 709 40
Jiandaofeng, Mt. Huangshan, Anhui under forest, brook-side

E LR KT, FF il (29°48.898' N; 118°02.427' E) il 200 58
Mt. Qiyunshan, Xiuning, Anhui tilth-side

F 2, 3, HWUR (30°06.167'N; 118°10.173' E) MR, B 673 95
Wenquan, Mt. Huangshan, Anhui under forest, brook-side

G G, KF, FA (30°07.478'N; 117°56.831" E) eIyl 170 107
Guocun, Taiping, Anhui riverside

H L, KT, Fail (29°48.909' N; 118°02.348' E) fiZ5vi] 166 119
Mt. Qiyun, Xiuning, Anhui roadside

I L, KT, FFzill (29°48.601' N; 118°01.499' E) Sl 395 211
Mt. Qiyun, Xiuning, Anhui roadside

J L, i, AR (30°06.174' N; 118°09.989 E) i 741 256
Wenquan, Mt. Huangshan, Anhui roadside

K L, A6, NHEE (30°19.302'N; 117°50.610" E) e 152 970
Liudu, Shitai, Anhui edge of forest

L L, AR, EHR (30°14.067' N; 117°32.468' E) Rk 77 1693
Penglaidong, Shitai, Anhui edge of forest

M L, KF, EEHF (30°06.167'N; 118°10.106' E) MR, Bl 303 4431

Tanjiaqiao, Taiping, Anhui

under forest, brook-side

KNGS LT K519 pmAI30 wm, HRFR A8 R RE 1 /N
Sy FIWTAE R R R
1.5 HIESH

JFH BRLR 35 5 22 43 KT QL 56 AN (R A6 2% 5 6 7 vh
RIGHHY B HRE B IE2 50 VIR U B
LR B RO SRR Ui e B 22 575 TR OT R 56
WA Rt by B U IR U5 AR T B A /N T L
FE AT T REA LR, LA A A A 3 R X T (1 2
BEE LG E 2T, H PearsonHl 5 P23 A [ Bf:
FETE S B S RETT AR R R Ui TE 250K
SRR VT B R T B Ui e B IR &, LA
JFRER N S8k B ek A, IERCAEH
B BACKR BB G FR . BT 5 BT 3472 SPSS
(10.0) 58 1%, M 7EExcel (2003)H 58 ik

2 WRE

2.1 1EHEMERITH
LEXT 22 BOP AR R AAFhE T 100 h A 82,
KRIFFRBFIRIR L, HAILS R B duiy i) 22 18

PIMRE, EAE: — R IE LR 12, BRI HE
W Bombus sp. ViAb2IK5%c, — &5 Thrips sp.' .
T Fa e N (B 1 B), 8B Bombylius
major L. (E1: A, )M ABAEIENT Anastoechus chin-
ensis Paramonow (& 1: B, D) AT T-{elH]. KIgknr
DAA) A JI TR i AN S 22 P R 1 AR K
L, RRVIER R — R E] o WA T e L
B AE T VRS NG, (AR AR ©AT . BB
R T AR AR T U LA T A ARARL, U5 R ATl I
KRBT RE AR, [N A5 B st 3 LA /b
XFAEAE Ty, PR A VRS N AL IR 1E
B, CFRIREACYS ) IS TR R I 0T 4 3.14+0.26 s
(Mean=SE, n=20), 4N H3.35+£0.30 s
(Mean+SE, n=20), W3 3% % 7 (12,35=0.627,
P=0.534), W4 — Ui 6500 12 T BT B A
W J AR ) EAT BB 5 WU f, — RN (R T
BRI 16.60+1.9425(Mean=SE, n=20),
HE4fEIET 4 49.46£20.98 45 (Mean=SE, n=13), &
) JIC W 372 5 (42.35=1.940, P=0.062). PiZHHEA—
YK 2, 7% K5.78+0.40 mm (Mean+SE,
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Bl ZRCPMHREN FEGRRR A, C. #UBI. B, D. fARAEEET. E. —Fh&i5,
Fig. 1 Main visitors of Primula merrillina. A, C, Bombylius major L. B, D, Anastoechus chinensis Paramonow. E, Thrips sp.
Scale bars = 5 mm.

n=6), % T J5# 17.90£0.18 mm (MeantSE, n=3)
(t27-3.546, P= 0.009), W& 1ife— M 1E9:00-16:00,
e U 1] — M E10:00-14:00
22 TERFENBMEHMRRENNIIN

X KPR T 3N AN [F) 46 8 5 5 7 A B BRI
ML R, B B BV R IR U AR BN 52 46 % B 5%
Ah, AR B BB R WU AR R N2 R AR U
DB R 3 W S8 52 AR 2 1) 55 B e (3R 2), ok 2
B/ RK(n=9, r=0.951, P<0.001). #Vj1 2B/ R (n=9,
r=0.928, P<0.001) Fl - 13 4F £& B Vi ¥k £/ K (n=9,
r=0.909, P<0.01)3) 51Ea< % A IEAH KR R 1M
B PERE K, M 10:00-16:00 7] WAT RAE K B HRE
&, MRS FERE 7K AE 13:00-15:004 3 4685 . bt
BN J15k, TEARE FEFE T K FIKS Y, ARGk

EE B IR I 1) A 2 A g 5 A /NFE D P IR AE 2 1
MR OB Sl i T BN L2 (3R3) 6
2.3 FhEE R/ IR AR M

FRE /NS AR O SRR, BRSO A6 R 5L
(n=13, r=0.219, P=0.472)4b, ¥tk L FrH52 (1) IERL
WK E(n=13, =0.791, P=0.001). EBCAERIEL L
TR L (n=13, r=0.857, P<0.001), VLK RAEH
H(n=13, r=0.608, P=0.028)34J LRt/ N7 I k1)
IEAHR KR (E2).
24 AIEHRE

R A I AR R 22 i I 8 1) 4 SR A RUFF
R BERTABENERY) . BAREE ML
FIHERR B L I B8 1) B AR £ (LSD: P=0.522) Fl1 4
A (x*=2.565, df=1, P=0.109) % H BE 2 5.
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Table 2 Observation of pollinator behavior from three samples of different floral density in the K population
¥ 775 No. of samples

F
K, K» K3
RFR I R K B di 5 (Mean+SE) 17.00+3.61° 7.33+2.08" 2.00+1.00° 28.382"
Number of effective pollinators per day (n=3) (n=3) (n=3)
KOG VifE 23 (Mean+SE) 800.67+183.92° 367.00+179.28" 47.00+27.79° 19.380™
Number of visited flowers per day (n=3) (n=3) (n=3)
PSRRI BER BV B (Mean+SE) 0.89+0.04° 0.46+0.05° 0.08+0.04° 16.142"
Visits to a flower per day (n=3) (n=3) (n=3)
AR AR BRI 5 R AR50 (Mean+SE) 47.10+£55.29° 49.64+37.92° 28.20+13.48° 0.389™
Average flowers per visitation of pollinators (n=51) (n=22) (n=5)

R Z MG R, a>b> ¢; **, P<0.01; n.s., P>0.05.
Results of One-Way ANOVA, a>b > c; **, P<0.01; n.s., P>0.05.

R3 PRI S RNy B B TR R AE 2 R 52 45 R

Table 3 The effects of sample size and flower number on times of the first visits by effective pollinators

HJis PR E BRSSPSR R PR F=KR oy e Y H x? p

No.of  Length x width of  No. of total No. of flowers in Ui il Ik E ViR Wi M
sample plot area flowers small sample First day Second Third day ~ Total first
(m) visits day visits visits visits
b N v N? v NZ) Y N2
K, 1.0x0.5 895 98 3 14 6 21 4 16 13 51 2.133  0.144
K, 2.0x0.5 805 63 3 5 4 8 4 9 11 22 5.802 0.016
Ks 4.0x0.5 603 28 4 3 1 1 0 1 5 5 0.033%

DA A B AU RS IR AR S Ak /IR T A BRIAE RS, 2) 8 0o B R VR ] BRIAE AN J dpe i Ak /IR T BRAE 2R 3) Fisher i DI A< o

1) The first visits to the densest flowers in small plots; 2) Other visits; 3) Fisher’s Exact test.

R4 ERIBLGR
Table 4 Results of bagging experiments

IS S5 REAHFFEL
No. of flowers No. of fruits Filled seeds per fruit (Mean+SE)

£% % Bagged by dense nets 82 10 1.41£0.40°

EHiM Bagged by sparse nets 157 36 3.69+0.64°

*J . Open-pollinated 367 187 33.78+3.53%

x*=30.295"" F>4=56.979""
WL R 2T M 45 R, a>b; *x*, P<0.001.
Results of One-Way ANOVA, a>b; ***, P<0.001.
3 i W, DRI E B REREAT D A ALKy, (HA
[F) ) Folt 100 A3 2% A% oy B MRUORP R A A8 BRI 2 S

3.1 BHEM R BEFHEMRIA (Woodell, 1960; Boyd et al., 1990; Washitani et al.,

XF =PRI AT AR Ky B R SR R A 2 T AR L 1995). “ZHCHIM-HAR R 4 K 2 Fdk AL R iy —
TR R EE NS, R AT Fe, BpIAE, Ttk B S5 4 e 58 o &tk
MPSEHLEI ATFe (UG5S, 1995; Washitani et al., K, BN B AR AR ORI A M AR B
1995). /&1 JEPrimula LAEYZ B AP AL, 6 B, PR, AT SR B RS R A AR LN
ALKy BT e AR R], ALK IR ) 52 IR 1R 5% 1T B,

PP AL A7 52 2 b, BRI AR A 0% BN EE RN, L HOP AR e A K 2 59,
Bz Ky (Byers, 1995; Matsumura & Washitani, T2 L — MK AT, TEE G TAE 2, HA
2000). [4# H Hymenopterafi§ i J& Bombus FIXU H PRI /INET HE N A8 1) BICEL 404K T 4 HL AR B 42 (BlAS
Dipteradé i J& Bombylius & U 1% & HE Y ) - 2 A% AT LA AR (1) B H A AT DA 3146 T 58 ik
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Fig. 2. Relationship between number of individuals per population
and legitimate pollination.

Note the log-scale in the X-axis; *, P<0.05; **, P<0.01; ***  P<0.001;
n = 13; Error bars=SE.
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] 2 H AR B A, (HE PSR, i
FAFTACE b, IRADIEARI] AT, AFFE A Rk R
Rk . NLESRKE AR TR, B%ME
G 2R 4 R A RO AR T AR S AF
G RA RG2S I R 5 A (1
RAEFFH(LSD: P=0.522)F145 B8 (x*=2.565, df=1,
P=0.109) 3847 i 25 (¥ 25 5, R W] 1 JF A It 2 L
IR AR I A AR B

T T 1 R o A6 A e A 5 22 BB R X

ok B PR RE S bR 8, A —dKrH
i, VIAEI AN 1 sl B e e S b, B B
G HE BRI R T, PIE I HAA ML, B
REPAE 1 REAE A e T 2, SO T4l i H 445
fefahAE(EL: A, B). SHAEUIES IR e Al
ARSI AR AR B NS, R AL KR R
B AR A% FAUR i A5 Ay . AR R P A%
Kt SRS ANEE SO H0Y B2 TR (GR4), DR
TV e - R v A8 A e 2 22 (ORI R R 1) AT L
i B
3.2 ABEMMBEXNERYRIZ

IR Z W R WI R PR (16 20) 5 2 0 A by B ER Y
X R A l(Kwak, 1987) #1516 2=40 ) L9 (Dreisig,
1995; Kunin, 1997). 315KV €41 (Treuren et
al., 1994)55 ) — & (F5% M, T md 2 3L AR5 )
(Bosch & Waser, 2001; Ishihama et al., 2006). M43
BIFFE S K, KEPE 34N e b e 7 N RER
Ak B L. VT e 2 B0 P B R AR U B
LR A5 A W S IEAH SRR R o FUHR A,
AT RE A T ZBeR RSB, B R
TR 2 B R R IG A 2 1 5 B, AT A4 5 |
fER OV o AEBARE FEIFE T, B
IR VT A6 %A TT A d5 B b AR 2 R B W 2
REREHUNESR, T2 B T K XM I R AL
(%3), Kb B U] T = e A W T B B
G B RS, JEILAE /AN . X AE FRATTAR 21
ZRCPH R M T RO RE ARG, 45K 2 ok 148
S VR AL R B, 3% BN PR IR HOR S R AN
Fl(Cahalan & Gliddon, 1985), thr]fiE<r FEULAEHE
iR, HERE W25 P MR AL B T2, el A
ANFRRE AL R B LB Z RS DL, SRR AR |
ik B d, A AR B e D R 2 KR

BRAe 22 JE AN, PO /R 22 O i 2 1 4%
RO RAR W2, FESK IRz e B I
WA 80 v A8 ) A9 330 55 e KN AT W
BIIEAE K R (E2). BRI /NREE T
EIERAF A o< [ MERE I D e R F(Ellstrand & Elam,
1993; Agren, 1996). 41 B A 2 (Agren, 1996).
1624 L 9 f 25 (Nishihiro et al., 2000; Watanabe et al.,
2003) 2 FEUNIEA R AR T ZE R 2R o AT
WA KT, L BCP R AR (W HEYE D Be (24 20
LR RN T8 W) I A OGP (n=13, r=0.244,
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P=0.422, 53R, LK FRAL K AT A &
FAEMA LT T2 TAME R, NP AE
11:00-13:002c 45 A7 /b i ALk B Ok, 1 KR
M9:00-16:0038 F7 £ K5 B HUTG B, /Nl e o A Sk T
B2 (1) AR K E5ORN 1E C A6 H E38 0] /T K ol
FEER2)o T /NFIEA-F 1 45 FF 2 (Fh -1 B0 I ER 5L
x100%) 38 A2 50%, B 1208k A6 5 15 (5 4%
DN i NP = B | TR T DT (NG 2
K-M B G506 38 5 T-85%, Hi%ARRIE 35 2ok &
AN i (Shao et al., 2008). LA_I- 19 13 32 B 2 ORI -4
FNFIRER AR RS, e S BUNIREE R
AR RR 2 — o BEAh, JLT-BrE /AN Kk
AEFFAEEECH OO AR 101, T KR (K-M)
A B R B A, (SRR S RN B
B Al % (Shao et al., 2008). K, /NFHEEH X FHAE
2 LI 25 R S EUE M AR R R 2 —. 25 I
JITI, ZINFRERE AR Ay T PR AS A R L ) 25 02 5 |
JEC/NFRRE R RAER 0 IEECAE R B A ek £
EE A1 B SRARG T P 1) 32 B AL

BEAk, A8 TR et A o A A G T PR A R 5 80 52
4R, R S iik20 C UL LA
RS T A HkiGsh, BARREMAERE . K
I, BRI R AR A BT B R 2 T O 75 22
BRI, A REAG I, 5 AR T e o A4
e 5 B L 5 A I A B ) Y B ——f R, (H
CHCPI R TGN AR, AN KL, EIHREK
By BT AR B R R RS, 30X — 6 7 JE i e 8
PR A A S5 (R PR AT A, AN oA TV R
BRI 7K A2 B8 I ) e AR 2 B i Ak

Bt Al B Rk K F A HAR A B R A
MEETEHLAER. BE A AHAF AL ®No
30500300); 2 #H B RAHF KA (No. 050430501);
KEHGEFRELTEFHETAAMAE L
(20060370001); #7356 X F 1+ B sh 2% 8.
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