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Morphological variation and its adaptive significance for Changnienia
amoena, an endangered or chid
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Abstract: Investigation of intraspecific morphological variation is critical for the understanding of
evolutionary and ecological processes, and may provide insights for uncovering the roles of natural
selection, gene flow, and genetic drift in the distribution and abundance of species diversity. In the
present study, we analyzed statistically the patterns of variation of 13 morphological traits among
12 populations in three localities of an endemic orchid, Changnienia amoena. The results showed
that, among the three localities, the mean value of all measured morphological traits is the highest
in the Lushan populations. There is abundant variation at both the species and population levels.
Coefficient of variation (CV) varied between 0.02 and 0.30 at the species level, and the CV values
of reproductive organs were lower than those of vegetative structures. ANOVA analysis showed
that there was significant difference in most morphological traits among the three localities. UP-
GMA analysis showed that the populations in three localities were clustered into three main clades,
the populations from Xinning and Lushan formed one clade, while the Shennongjia populations
formed another clade. It is noteworthy that the Shennongjia populations were separated into two
subclades corresponding to the populations at Longmenhe and Guanmenshan, respectively. This
morphological differentiation is most likely a result of pollinator-mediated selection because this
species is pollinated by different bumblebee species at these two sites. Pearson correlation analysis
showed that high correlation occurred within the vegetative organs, reproductive organs, and be-
tween them. These results have important implications for our understanding of the evolutionary
processes and mechanism of C. amoena and might provide useful information for the conservation
and management of this endangered orchid.
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Tablel Number, sample size, locality and habitats of the Changnienia amoena populations sampled in this study

12

Population Location Sample size Habitat
No.

Ls1 8 400 m 50°

Daowa, Lushan, Jiangxi Province Alt. 400 m, on an east slope (50°), spare woodlands
LS2 Lushan, Jiangxi Province 18 450m 40 .

Alt. 450 m, on an east slope (40°) woodlands

XN2 Duanjialing, Xin- 14 1000 m 18°

ning, Hunan Province Alt. 1000 m, on a south slope (18°), spare bamboo forest
XN4 . Wawuli, Xinning, 17 i

Hunan Province
SNIL Longmenhe, 13 1290 m 20°

Shennongjia, Hubei Province Alt. 1290 m, on a north slope (20°) woodlands
SN2 Longmenhe, 18 1290 m 15°

Shennongjia, Hubei Province Alt. 1290 m, on a north slope (15°) woodlands
SNI3 ) . Longmenhe, 24 1290 m 20° ]

Shennongjia, Hubei Province Alt. 1290 m, on a south slope (20°), spare woodlands
SN} ) ' Longmenhe, 17 1295 m 10° o

Shennongjia, Hubei Province Alt. 1295 m, on a north slope (10°), pine forest
SNI5 Longmenhe, 24 1285 m 15°

Shennongjia, Hubei Province Alt. 1285 m, on a south slope (15°), Carpinus sp. spare woodlands
SNIG Longmenhe, Shen- 12 1290 m 12°

nongjia, Hubei Province Alt. 1290 m, on a north slope (12°), spare woodlands
SNJ7 Guanmenshan, 1 1270 m 12°

Shennongjia, Hubei Province Alt. 1270 m, on a north slope (12°), spare woodlands
SNI8 Guanmenshan, 2 1270 m 12°

Shennongjia, Hubei Province

Alt. 1270 m, on a north slope (12°), spare woodlands
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Fig. 2 Comparison of the mean values of 13 morphological characters among Lushan, Xinning and Shennongjia

2 13 (cv)
Table2 Coefficients of variation (CV) for 13 morphological characters of 12 Changnienia amoena populations

(CV=0.141),

Population L eaf Stalk Spur Basal Lateral sepal Central sepal Petal

length  length  widthof Central Central
Length  Width spur lobe lobe  Length ~ Width  Length  Width Length ~ Width

length width
LS1 0.16 0.18 0.16 0.07 0.10 0.09 - 0.12 0.14 0.10 0.16 0.11 0.12
LS2 0.21 0.20 0.17 0.09 0.12 0.10 0.18 0.11 0.10 0.12 0.15 0.14 0.10
LSmean  0.185 0.19 0.165 0.08 0.11 0.095 0.18 0.115 0.12 0.11 0.155 0.125 0.11
XN2 0.18 0.14 0.30 0.08 0.07 0.08 - 0.10 0.11 0.03 0.24 0.03 0.08
XN4 0.13 0.14 0.24 0.07 0.11 0.10 - 0.07 0.17 0.1 0.13 0.06 0.13
XNmean  0.155 0.14 0.27 0.075 0.09 0.09 - 0.085 0.14 0.065 0.185 0.045 0.105
SNJ1 0.11 0.13 0.23 0.10 0.17 0.09 0.08 0.10 0.13 0.12 0.14 0.11 0.09
SNJ2 0.18 0.12 0.16 0.09 0.12 0.06 0.09 0.10 0.11 0.06 0.13 0.06 0.11
SNJ3 0.20 0.23 0.16 0.06 0.11 0.07 0.20 0.06 0.09 0.08 0.09 0.04 0.10
SNJ4 0.10 0.15 0.17 0.07 0.14 0.17 0.20 0.13 0.20 0.13 0.22 0.03 0.17
SNJ5 0.16 0.13 0.16 0.06 0.29 0.14 0.12 0.09 0.16 0.07 0.15 0.06 0.12
SNJ6 0.21 0.15 0.18 0.07 0.20 0.04 0.08 0.06 0.13 0.06 0.06 0.02 0.04
SNJ7 0.13 0.14 0.17 0.11 0.12 0.09 0.08 0.08 0.13 0.09 0.12 0.08 0.17
SNJ8 0.17 0.13 0.27 0.07 0.12 0.09 0.13 0.09 0.13 0.08 0.10 0.10 0.23
SNJmean 0.158 0.148 0.188 0.079 0.159 0.094 0.123 0.089 0.135 0.086 0.126 0.063 0.129
Totalmean  0.162 0.153 0.198 0.078 0.139 0.093 0.129 0.093 0.133 0.087 0.141 0.070 0.122

, (
( ); 3.2
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Fig. 3 Mean coefficients of variation for 13 morphological characters of C. amoena in the three localities

3 12 (PLS-XN P PXN-SNJ P
)
Table 3 One-way ANOVA analysis for 12 morphological characters of Changnienia amoena between the localities. P s xn
is the P value between populations of Lushan and Xinning, while Pyy.sny IS between populations of Xinning and Shennongjia

PLS)(N PXN—SNJ PLSXN PXN—SNJ
Character Character
0.1805 1.1003E-9*** 0.1135 3.5250E-8***
Leaf length Lateral sepal length
) 0.0688 8.2161E-8*** ) 0.6081 0.4174
Leaf width Lateral sepal width
0.1344 4.3830E-9*** 0.0029** 1.5374E-6***
Stalk length Central sepal length
0.0119* 1.3454E-10%** ) 0.1996 0.0711
Spur length Central sepal width
) 0.0012** 0.0047** Petal length 0.0048** 3.1931E-10***
Basal width of spur
0.1002 0.0%** Petal width 0.0352* 2.6994E—4***
Central |obe length

*P<0.05 **P<0.01 ***P<0.001
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Table 4 One-way ANOVA analysis for 15 morphological characters of Changnienia amoena between Longmenhe and
Guanmenshan populations in Shennongjia

Character P Character P
Leaf length 0.0220* Lateral sepal width 7.86232E-5***
Leaf width 0.0892 Central sepal length 1.77345E—4***
Stalk length 1.1023E—4*** Central sepal width 0.0048**
Spur length 0.3007 Petal length 5.2081E—4***
Basal width of spur 0.2967 Petal width 5.4005E-5***
Central lobe length 0.0501 Entrance width 0.0092* **
Central lobe width 0.0121* Entrance height 0.0075***
Lateral sepal length 7.3712E—-4***
*P<0.05 **P<0.01 ***P<0.001
| SNJ8 ( 8) 4 12
SNJ7 ( 7) UPGMA
SNJ6 ( 6) Fig.4 UPGMA dendrogram
__| SNI5 ( 5) using 12 morphological
characters for 12 populations
SNJ2 ( 2) of C. amoena
SNJ3( 3)
] SN ( 4)
{ SNJ1 ( 1)
XN4 ( 4)
—|: XN2 ( 2)
—— LS2 ( 2)
I S Y 1)
72 60 48 36 24 12 0
Euclidean distance
11 3.3
( 4 3 , 12( 13)
12 UPGMA ( )
4 , 3 12 , 18 53
, 8 : : (
2 2 ) 3
, (SNJ1-6) ,

(SNJ7-8) : :
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Table 5 Pearson correlation coefficients (r) for 12 morphological traits and their significance in the Changnienia amoena

populations

Leaf Stalk Spur Basal Lateral Cen-  Central Petal Petal
width length length  width of Central sepal Lateral tral sepal  sepal length width
spur lobe length sepal length width
length width
Leaf length  0.809** 0.734**  0.568** 0.244** 0.611** 0.078 0.611**  0.204* 0.557** 0.220* 0.507**
Leaf width 0.558**  0.573** 0.299** 0.571** 0.274* 0.446**  0.422**  0.444** 0.405**  0.430**
Stalk length 0.469** 0.396* * 0.644** 0.150 0.535**  0.059 0.499** 0.047 0.568**
Spur length 0.350** 0.598** 0.156 0.485**  0.262**  0.471** 0.170 0.515**
Basal
. 0.424** 0.281* 0.274**  0.111 0.324** 0.016 0.428**
width of spur
0.114 0.650**  0.111 0.646** 0.061 0.701**
Central lobe length
0.057 0.282* 0.194 0.210 0.289*
Lateral sepal length
. Laterdl 0.272**  0.803** 0.186* 0.723**
sepal width
Central 0195¢  0.780** 0.114
sepal length
Central
e 0.226*  0.835**
sepal width
Petal length 0.093
** 001 ;*0.05

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed)

6 (XN4)

Table 6 Pearson correlation coefficients for number of pseudobulbs and other 12 morphological traits in XN4 population of

Changnienia amoena

Leaf Leaf Stalk Spur Basal Lateral sepal Central sepal Petal
length  width length length width of Central
spur lobe
length Length Width Length Width Length Width
Number of -0.11 0.073 0.164 0.438 0.474  -0.123 -0.021 0.460 0.010 0.442 0.122 0.225

pseudobul bs
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