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Effect of Habitat Heterogeneity on Floral Trait Differentiation

Level in Distylous Species Primula nivalis
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Abstract ; Distylous plant is a special group of angiosperm which has reciprocal stigma and anthers within a
species. Comparative investigations of breeding system of distylous species on different elevations can be
revealing the relationship between distylous plant evolution and their environments. Primula nivalis is a
native primrose in the northern Xinjiang, NW China. In order to investigate the comparative effect of habi-
tat heterogeneity on frequency of morphs in different sexual morph plants and differentiation of floral char-
acters were quantified at seven low-elevation forest (1 657 —2 013 m) and seven high-elevation grassland
populations in this research. The study results will clarify the reproductive strategies and adaptation mech-
anisms of P. nivalis at different elevational environments. (1) The investigations on effect of heterogene-
ous habitats on P. nivalis floral phenotype suggested that frequency of LS (long style) morph individuals
in high elevation grassland population was higher than that of SS (short style) morph individuals; (2) The
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floral morphological characters of LS among populations in different ecological conditions were significant

different, but no significant difference for SS morphs with different ecological conditions; (3) The length

of corolla tube and stamen, and stamen-stigma spatial distance, herkogemy and relative reciprocity of LS

flowers in high elevation grassland population are the main factors for floral trait differentiation in P. ni-

valis at heterogeneous environments; (4) This revealed that variation of LS floral characters at different

population decreased the herkogamy level of both morph flower sexual organs in high elevation grassland

populations. Therefore, changes of floral trait of LS plants are the main factors for floral trait differentia-

tion and relative reciprocity of both morph flowers in heterogeneous environments.
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Table 1 The geographical location, altitude, micro habitat and population size and observed areas at all different location
ETRE 23 Z %7 N (A

Code Longitude Latitude Altitude/m Micro-habitat Population area /m?
1 43°6'47.87" N 84°7'20. 15"E 1632 PR Forest 30X 4
2 43°9'53. 29" N 84°1'20. 09"E 1836 R Forest 88
3 43°9'22. 04" N 84°1'07.59"E 1891 MR Forest 20X 20
4 43°8'05. 29"N 84°9'56. 39"E 1743 PR Forest 6X15
5 43°4'35. 36" N 84°8'52. 94"E 1712 ik Forest 50 X 30
6 43°6'02. 86" N 84°7'29. 05"E 1657 FEHK Forest 25X 35
7 43°2"12.10" N 84°0'40. 44"E 2013 PR Forest 26X 35
8 43°0'25.18" N 84°1'03. 89"E 2 526 W Grassland 70X 50
9 43°8'53. 00" N 84°1'22. 43"E 2 704 #JH Grassland 50X 160
10 43°9'58.07" N 84°2'24. 55"E 2 630 )5 Grassland 135X 28
11 43°0'53. 63" N 84°0'06. 56"E 2 450 i J5 Grassland 80 X 60
12 43°4'05. 65" N 84°2'42. 64"E 2 561 #JFH Grassland 50X 130
13 43°3'52.91" N 84°2'54. 82"E 2423 K7 Grassland 120185
14 43°6'18.70" N 84°4'03. 86"E 2 461 i J5 Grassland 130X 145
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Table 2 Ratio of I-and S-morph individuals of Primula nivalis in low elevation forest

and high elevation grassland populations

R MF4k INEBE R AL AT AL L] S A6 FE AT BE HE 1) ¢ P04
Code Altitude/m Micro-habitat Ratio of LS-plants/% Ratio of LS-plants/% t-test

1 1632 FEM Forest 50.1 49.9

2 1 836 FEMK Forest 49. 8 50. 2

3 1 891 FEMK Forest 44,5 54.5

4 & 1743 M Forest 19.8 50. 2 R

5 1712 FEMK Forest 49.9 50.1

6 1657 FEM Forest 52.4 47.9

7 2013 FEMK Forest 47.3 52.7

8 2526 B JE Grassland 76.5 23.5

9 2 704 ELJE Grassland 61.4 38.6

10 2 630 B Grassland 55.4 44.6

11 Hih 2 450 # )5 Grassland 54.7 45.3 }’3::32)’102260’

12 2 561 FLJ5 Grassland 60. 0 40.0

13 2 423 HJ§ Grassland 56.8 43.3

14 2 461 EL 5 Grassland 52.2 47.8
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CD. Corolla diameter; CTL. Corolla tube length; AH. Stamen height; SH. Stigma height; H. Herkogamy;

CAD. Corolla tube-stamen distance; CSD. Corolla tube-stigma distance; ASD. Stamen-stigma distance; The same as below

Fig. 1

Principal component analysis (PCA) of eight morphological floral traits for [-and S-morph individuals

of P. nivalis in low elevation forest and high elevation grassland populations
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Table 3 Principal component analyses (PCA) of eight morphological floral traits for LS-and SS-morph individuals

in low elevation forest and high elevation grassland populations (fourteen populations) of P. nivalis

KA L-morph S AEFEAY S-morph
AT HFAE Floral trait
PC1 PC2 PC1 PC2
158 H A% Corolla diameter 0.558 0.317 —0.239 0.307
A K EE Corolla tube length 0.751 0.638 0. 680 0.727
M KB Stamen height —0. 146 0.719 0.668 —0.108
M 8% i Stigma height 0.796 —0.176 —0.395 0.515
e b 5347 Herkogamy 0. 704 —0.699 0.793 —0.578
6 76 e &5 B B9 Corolla-stamen distance 0.876 0. 346 0.281 0. 865
AE 5 Mk 25 FE B Corolla-stigma distance 0.295 0. 866 0.829 0.516
T 2% M S 88 Stamen-stigma distance —0.791 0.603 0.872 —0.412
R4 SHEEKEEHEESTEARERFHNNSEREREBHAMNMIES (RIS
Table 4 Results of the Independent Samples #test (IST) for LS-and SS-morph individuals of
P. nivalis in low elevation forest and high elevation grassland populations
L-morph K 46 #: A S-morph % £ #: AY
AEFBEFAE Floral trait
t-test P-value t-test P-value
1 H % Corolla diameter 6.652 0. 111 2.381 0.024
A6 5 45 K B Corolla tube length 4. 819 0.039 8.737 0.063
I K ¥ Stamen height 13. 269 0. 000 1. 004 0.568
e &5 K B Stigma height 0.273 0.602 0.193 0. 661
Wi it 5+ 437 Herkogamy 13.210 0. 000 0.518 0.473
56k &5 B5 B Corolla-stamen distance 1. 376 0.168 0. 838 0.361
A 5 i 5 #E B Corolla-stigma distance 0.395 0.531 0.781 0.378
T 75 HfE &5 FF B9 Stamen-stigma distance 15. 500 0. 000 1.520 0.219
C—1KALH: L-morph W 5 {24 S-morph
16 16 -
14+ 14 ooviyp =
, . e R (i)
g 12f ﬂi?ﬁf&(ﬁ?%) = 12+ Highelevation (Grassland)
= Low elevation (Forest) g
W= 10} o 2= 10
N W B
25 8 25 8
N b- g
T8 6f g 6
= 4t 4
2+ 2
0 0
SH AH H |CSD CAS ASD| CD CTL SH AH H |CSD CAS ASD|CD CTL
PEASE TR M NGN PEasE AR
Sexual organ | Organ distance | Floral size Sexual organ | Organ distance |Floral size

2 35 A K AL A6 A5 A8 AR AR R AR = W 3R R R R i 22 R
Fig.2 Variation of each floral parameters for L-and S-morph individuals of P. nivalis
in low elevation forest and high elevation grassland populations
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Fig. 3 Differentiated degree of stigma and stamen position (A—D), and herkogamy (E, F) of LS-and SS-morph
individuals of P. nivalis in low elevation forest (A, B and E) and high elevation grassland (C,
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A. Corolla-stamen distance; B. Corolla-stigma distance; C. Stamen-stigma distance; D. Relative reciprocity

Fig. 4 Relationship between LS-and SS-morph plant floral characteristics of P.

and grassland populations

nivalis in forest
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