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Abstract: Variations in shape, size, color, and texture of fruits, shape and size of cotyledons, shape, venation pattern, sur-
face and margin characters of mature leaves of 40 populations (either living plants or herbarium specimens) representing
all known taxa of Camptotheca have been analyzed within and between populations. A majority of the observed pheno-
typic variations for most morphometric measures was among populations. This is probably due largely to selfing and re-
lated matings common to both natural and cultivated populations, resulting in the current population structure that now
displays a highly fragmented distribution pattern. Trees of different generations from the same seed source but growing in
different locations demonstrated minimal variations in both means and frequency distributions of leaf vein number, fruit
length, fruit colors, and cotyledon vein number. The trees of different taxa even growing in the same location have sig-
nificant difference in main characters particularly fruit color and texture. The key diagnostic characters for the identifica-
tion of taxa of Camptotheca are leaf shape, venation type, vein number, stoma size and frequency, outer stomatal rim,
subsidiary cell number, and gland size; cotyledon shape, venation type, and vein number; and the fruit surface texture,

disc, length, and color.

Keywords: Camptotheca, cotyledon shape, fruit color, fruit length, fruit surface texture, gland length, leaf surface, leaf vein

number, leaf venation type, phenotypic variations,

INTRODUCTION

Evolutionary ecologists have stressed the importance of
understanding the expression and the components of pheno-
typic variation among and within populations [1-6] and have
proposed that a hierarchical perspective may provide insights
into the evolutionary history of a species [3]. Phenotypic
variations of the Camptotheca or any species of the genus
have never been analyzed. The primary objectives of this
study are: (1) to investigate the pattern of phenotypic varia-
tion within and among populations; (2) to determine whether
these traits examined are taxon specific and can be used as
diagnostic key characters in the genus; and (3) to clarify
taxonomic and systematic relationships.

MATERIALS AND METHODS
Plant Materials

General information on the plant materials collected from
1992 to 1995 for this study is presented in (Table 1). The
letters A, B, L, and Y followed by numbers designate popu-
lations. The letter A refers to the plant materials of C. acu-
minata var. acuminata collected directly from China: A1-9
represents the dominant seed sources in current plantations
in southern China. A10-16 refers to herbarium specimens.
The letter B refers to the materials of C. acuminata var.
acuminata collected from the United States: B1-6 represents
mature trees in the country (in 1995). B3a and B3b were
collected from the same tree San Antonio, Texas in 1993 and
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1995, respectively, and B6a and B6b were collected from the
same tree in Huntington, California in 1992 and 1995, re-
spectively. Three of these samples represent first generation
(B2) and the third generation (B3 and B4) from the same
ancestor see Fig. (1). The letter L refers to populations of C.
lowreyana: L1, L4, LS5, and L6 are herbarium specimens,
while L2 and L3 were collected from China. The letter Y
refers to population of C. yunnanensis: Y1 was collected in
China, and Y2 is the herbarium specimen. In addition, the
only sample of C. acuminata var. tenuifolia is the type
specimen. The data on C. acuminata var. rotundifolia are
drawn from the original description.

Climatic data including annual precipitation and mean
January temperatures were determined for each collection
site from the local records (Table 2).

Fruit and Cotyledon Shapes and Sizes

All fruit from herbarium specimens were measured. For
our collections, fruits from six individuals were measured,
germinated, and grown in the same environments for fruit
and seedling phenotypic analyses. For morphometric analy-
sis, length and maximum width of 64 randomly selected ma-
ture dry fruit from six trees were measured. For seedling
analysis, sample size was dependent on the seedlings avail-
able. Cotyledon venation type, lateral vein number, blade
length, blade width at widest point, and widths at 1/5 dis-
tance from the apex and the base were measured at the age of
three months.

Fruit Color and Texture

Color is usually diagnostic in plant taxonomy. Careful
color evaluation is desirable for botanical descriptions. A
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Table 1. Description of the populations of Camptotheca surveyed (* Tree age = parent tree age when seeds were collected; ** Seed-
ling age = age in 1997; ----- no data available/unapplicable; A = collections of C. acuminata from China; B = collections of
C. acuminata from the United States; L = C. lowreyana; Y = C. yunnanensis; A1-9, B1-6, L1-3, and Y1 = living collections;
rest = herbarium specimens).

Mature Tree Seed Tree Germinated | Seedling
Seed Source Origin Population | Collection Age * Seedling Age **
Size Year (year) Number (year)

C. acumi var. acuminat

Ala. Dakengshan, Huaiji, Guangdong, China Cultivated 24 1994 18 63 3

Alb. Dakengshan, Huaiji, Guangdong, China Cultivated (same with Ala) 24 1996 20 33 1

[A2. Gushui, Guangning, Guangdong, China Cultivated (same with A1) 18 1994 18 154 3

A3. Pengzhou, Sichuan, China Cultivated c. 300 1994 >10 0o |-

A4. Jintang, Sichuan, China Cultivated c. 500 1994 >10 22 3

A5. China (F.W. Schumacher Co, MA) Cultivated |- 1994 >10 0o |-

(A6. Nanjing, Jiangsu, China Cultivated 40 1994 25 850 3

A7. China (Lawyer Nursey, MT) Cultivated ~ [----- 1994 >10 220 3

A8. Xuancheng, Anhui Cultivated |- 1995 >10 350 3

A9. Zhejiang, China (Lawyer Nursey, MT) Cultivated |- 1991 >10 26 6

(A10. Emeishan, Sichuan, China (W. C. Cheng 2231)  |-— [~ 1930 |- e -

A11. Nanjing, Jiangsu, China (K. S. Chow 80271) Cultivated |- 1980 |- | -

(A12. Hubei, China (A. Henry 7606)  |-— e 1885-88  [-=--- e [emee-

A13. Guangzhou, Guangdong, China (H. G. Yip 431) Cultivated |- 1981 |- e[

(A14. Yunghsien, Guangxi, China (Steward & Cheo 1180) |- [ 1933 |- |- -

A15. Guilin, Guangxi, China (Wan & Chow 79088) Cultivated ~ [----- 1979 |- e e

(A16. Lushan, Jiangxi, China (David 866, isotype) ~  |-— [ 1868 |- | -

(A17. Botanical Garden, Guangzhou, China Cultivated 3 1996 18 0 1

A18. Botanical Garden, Xian, Shaanxi, China Cultivated 2 1996 8 24 1

A19. Changan, Shaanxi, China Cultivated 20 1996 25 52 1

(A20. Yangling, Shaanxi, China Cultivated 5 1996 25 65 1

(A21. China (unknown) Cultivated |- 199 |- |- -

C. acumi var. ac

B1. Chico, CA, USA (east tree) Cultivated (from Jiangsu, China) |1 1992 58 |- -

B2. Chico, CA, USA (west tree) Cultivated (same with B1) 1 1992 58 |- -

B3a. San Antonio, TX, USA Cultivated (parent tree from B2) |1 1993 12 20 4

B3b. San Antonio, TX, USA The same tree with B3a 1 1995 14 125 2

B4. Kingwood, TX, USA Cultivated (same with B3) 1 1994 12 20 3

BS. Summerville, SC, USA Cultivated (from Honolulu) 1 1994 24 50 3

B6a. Huntington, San Marino, CA, USA Cultivated (local source) 1 1992 29 e -

B6b. Huntington, San Marino, CA, USA The same tree with B6a 1 1995 32 134 2

B7a. SFA Arboretum, Nacogdoches, TX, USA Cultivated 1 1996 5 c. 600 1

B7b. SFA Arboretum, Nacogdoches, TX, USA Cultivated (same tree with B7a) 1 1997 6 |-

B8. SFA Exper. Forest, Nacogdoches, TX, USA Cultivated 1 1996 5 0o |-

C. acuminata var. rotundifolia Natural (?) |- |- - e |-

C. acuminata var. tenuifolia Natural 1 1996 |- 12 2

C. lowreyana Natural |- 1930 >0 |- -

L1. Lianxian, Guangdong, China (Gao 50863, type) Natural 21 1994 >50 22 3

L2. Shiying, Huaiji, Guangdong, China Natural 28 1994 >100 35 3

L3. Dakengshan, Huaiji, Guangdong, China Natural |- 1933 |- |- -

L4. Tongzhong, Huaiji, Guangdong, China (Tsang 23130) Natural |- 19280 |- | [

L5. Lechang, Guangdong, China (Jiang 1429) Natural |- 1936 |- |- -

L6. Yaoshan, Guangdong, China (Wang 40005) Natural c. 10 1996 >80 54 1

C. yunnanensis Cultivated |- |- - e |-

Y1. Mengyang, Xishuangbanna, Yunnan, China Cultivated c.250 1994 46 20 3

Y2. Simao, Yunnan, China (Henry 13433) Cultivated >100 1996 >30 11 1

Y3. Yangbi, Yunnan, China

Y4. Kunming, Yunnan, China

general description of color is inadequate today. To avoid
human visual errors, remote sensing technology was applied
in the fruit color analyses. Thirty dry fruit from each of 17
populations of Camptotheca were selected for chroma and
surface texture analysis using remote sensing technology.
The procedure involves the following steps: (1) optical dig-
itization using a Sony DXC 327A video camera; (2) record-
ing the digitized image using a "frame grabber" video board
(video 7 band) installed in an HP 9000 Model 720 worksta-
tion; (3) image processing using ERDAS Imagine 8.1 (ER-
DAS Inc., 1990) software normalized for contrast and

brightness by setting the Histogram Contrast Adjustment to a
linear curve indexed from 0 to 255 for all three channels
(red, green, and blue) Fig. (1); (4) definition of the AOI (area
of interest) of each fruit manually; (5) adding AOIs to each
seed signature and then merging signatures through a classi-
fication protocol; and (6) displaying statistics (means and
standard deviations) for all three (red, green, and blue) color
channels for all seed signatures. Diagnostic differences in
seed chroma were recorded indicating that multi-spectral
analysis may be a productive area for further research in
classifying visual indicators in plant taxonomy.
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Fig. (1). Analysis of fruit color and size of Camptotheca using ERDAS Imagine 8.1 (ERDAS Inc., 1990).

Leaf Shapes, Venation Patterns, and Margin Characters

Each sample (64 mature leaves when possible) was se-
lected from three trees for each of 17 populations/specimens
of C. acuminata var. acuminata, six populations of C.
lowreyana, and two of C. yumnanensis. Leaf shape, vein
number, blade length, blade width at widest point, and blade
widths at 1/5 the distance from the apex and from the base
were recorded for each leaf. Leaf margin characters include
three categories: serrate, slightly serrate, and entire was
measured for all samples. Both parent trees and seedlings
were measured when possible.

Statistical Analysis

Phenotypic variations of populations were compared us-
ing ANOVA and Tukey's Studentized Range (HSD) Test for
each of the quantitative measures. Means, standard devia-
tions, and variation ranges of all characters were calculated
for all samples. Statistical significance levels employed are
0.05, 0.01, and 0.001. Frequency distributions of all charac-
ters in each sample are also presented because means-based
methods tend to obscure overlap. Pearson correlation coeffi-
cients were calculated for major measures. Statistical analy-
ses employed SAS version 6.03 (SAS Institute 1990) at
SFASU.

RESULTS
Fruits (Seeds)

All observed samples of C. acuminata (var. acuminata,
var. rotundifolia, and var. tenuifolia) have a rugose surface

and thick disc when dry. Fruit of C. lowreyana and C. yun-
nanensis have a smooth surface and thin disc relative to C.
acuminata (Table 3). C. lowreyana, with a mean fruit length
of 29.02 mm, similar to C. acuminata var. tenuifolia (mean
length: 29.80 mm) has larger fruit than either C. acuminata
var. acuminata (22.54 mm) (Fig. 2) or C. yunnanensis (22.96
mm). A frequency distribution of fruit length shows the same
relationships Fig. (3). The ratio of fruit length by width also
displayed significant differences among species: C. lowrey-
ana, C. acuminata var. acuminata, and C. yunnanensis have
mean ratios of 5.08, 4.18, and 3.61, respectively. In fact,
ratio differences are largely contributed by the length differ-
ences among species.

A quantitative description of fruit color provides an im-
portant and objective measure of phenotypic variation and is
diagnostic in taxon identification of Camptotheca. C. yun-
nanensis displays significant differences in red, green, and
blue chroma from C. acuminata and C. lowreyana both in
terms of means and distribution frequencies for the number
of fruit measured (Table 4), Fig. (4).

Cotyledons

Venation type is constant within species, but different be-
tween C. lowreyana (pinninerved) and C. acuminata var.
acuminata or C. yunnanensis (pinnipalmate). Vein number
of the cotyledon is also an important character in distinguish-
ing C. lowreyana (mean vein number: 6.91) from both C.
acuminata var. acuminata (3.48) and C. yunnanensis (3.21)
(Table 5); Fig. (5). Vein number is also independent of coty-
ledon size, the latter often varying with environment.
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Table 2. Site descriptions of the populations of Camptotheca surveyed (----- no data available).
Altitude Lowest Mean January Annual
Population/Location Latitude Longitude Temperature | Temperature | Precipitation
(m) 8 9
(§9) (§9) (mm)

C. acuminata var. acuminata

Ala, b. Dakengshan, Huaiji, Guangdong, China 23°50'N 112°20'E 1270 -5 7 2000
A2. Gushui, Guangning, Guangdong, China 23°45'N 112°25'E 850 -3 7 2000
A3. Pengzhou, Sichuan, China 31°05'N 103°11'E 950 0 6 1300
A4. Jintang, Sichuan, China 30°49'N 104°22'E 900 -3 6 1200
AS.Chipa e e e e e e
A6 & All. Nanjing, Jiangsu, China 32°04'N 118°47'E 75 -9 2 1100
A7.China (unknown) e e e e e e
A8. Xuancheng, Anhui, China 31°00'N 118°45'E 200 -7 3 1100
A9. Zhejiang, China e e e e e e
A10. Emeishan, Sichuan, China |- e e e e e
A12. Hubei, China e e e e e e
A13. Guangzhou, Guangdong, China 23°08'N 113°20'E 20 3 14 1700
Al4. Yunghsien, Guangxi, China | | e e e e
A15. Guilin, Guangxi, China 25°21'N 110°11'E 220 0 9 1950
A16. Lushan, Jiangxi, China | e e e e e
A17. Botanical Garden, Guangzhou, China 34°01'N 108°58'E 620 -11

A18. Botanical Garden, Xian, Shaanxi, China 600 -18

A19. Changan, Shaanxi, China

A20. Yangling, Shaanxi, China

A21. China (unknown)

C. acuminata var. acuminata

B1. Chico, CA, USA (east tree) 39°42'N 121°47'W 70 2 7 660
B2. Chico, CA, USA (west tree) 39°42'N 121°47'W 70 2 7 660
B3a, b. San Antonio, TX, USA 29°25'N 98°30' W 200 4 10 750
B4. Kingwood, TX, USA 29°55'N 94°50' W 20 -1 12 1100
BS. Summerville, SC, USA 33°02'N 80°12' W 25 -6 10 1200
Bé6a, b. Huntington, San Marino, CA, USA 34°07'N 118°06' W 200 5 13 550
B7a, b. SFA Arboretum, Nacogdoches, TX, USA 31°38'N 94°40' W 100 -12 9 1200
B8. SFA Exper. Forest, Nacogdoches, TX, USA ? et e P P
C. acuminata var. rotundifolia 24°30'N 112°28'E |- -5 6 2000
C. acuminata var. tenuifolia 24°47'N 112°28'E 750 -7 5 1500
C. lowreyana 24°28'N 112°30'E 700 -5 6 2000
L1. Lianxian, Guangdong, China 23°50'N 112°20'E 1270 -5 7 2000
L2. Shiying, Huaiji, Guangdong, China 24°05'N 112°25'E 1000 -5 6 2000
L3. Dakengshan, Huaiji, Guangdong, China 25°12'N 11321I'E |- -7 5 2000
L4. Tongzhong, Huaiji, Guangdong, China 24°30'N 113°08'E |- -7 5 2000
LS. Lechang, Guangdong, China 22°10'N 100°51'E 724 0 10 2000
L6. Yaoshan, Guangdong, China 23°00'N 101°00'E 2000 0 8 2000
C. yunnanensis 25°45'N 100°00'E 1500 -5 12 1200
Y1. Mengyang, Xishuangbanna, Yunnan, China

Y2. Simao, Yunnan, China

Y3. Yangbi, Yunnan, China

Y4. Kunming, Yunnan, China

The Pearson correlation coefficient of vein number with Leaves

cotyledon length, width (W1 and W2) and ratio (R1 and R2)
are 0.20, 0.07, -0.05, 0.13, and 0.10, respectively. Cotyledon
sizes, especially length, displays a great variation within the
species, although it is usually smaller in C. yunnanensis than
in the other two species (Fig. 5). However, cotyledon shape
(R2 = W1/W2) is an ideal character for distinguishing C.
yunnanensis (linear, mean R2 = 1.40) from C. acuminata
var. acuminata (lanceolate, mean R2 = 2.08) and C. lowrey-
ana (lanceolate, mean R2 = 1.98) (see Fig. 5).

Leaf shape (R1, R2, R3) and vein number are relatively
consistent within populations and even within species rela-
tive to leaf size (length and maximum width). Thus, the leaf
is a key character in distinguishing species (Table 6). C.
lowreyana typically has cordate leaves with a mean of 16
veins on each side, C. acuminata usually has oval leaves
with fewer than 15 veins on each side, and C. yunnanensis
has elliptic leaves with 14 veins Fig. (6). C. lowreyana has a
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Table3. Means and standard deviations of fruit surface, disc, and size in Camptotheca (Means with the same letter are not signifi-
cantly different at the 0.001 level. ----- No data available).
. . . Length ‘Width Ratio
Population Sample Size Surface Disc
(mm) (mm) (L/W)

C. acuminata

var. acuminata 1636 Rugose Thick 22.54+£2.87 5.64 +£0.83 4.18 £0.60
AlA 64 Rugose Thick 23.23+2.10 5.75+£0.59 4.09 +0.58
AlB 64 Rugose Thick 27.30+2.74 6.46 +£0.67 4.26+0.62
A2 64 Rugose Thick 18.48 +1.74 4.41+047 4.23+0.54
A3 64 Rugose Thick 18.48 +£2.78 5.88+£0.73 3.19+0.62
A4 64 Rugose Thick 23.59+3.14 5.70 £0.74 4.19+0.71
A5 64 Rugose Thick 22.67+1.70 5.94 £0.94 3.91+0.65
A6 64 Rugose Thick 23.19 £2.56 5.77+£0.61 4.06 +0.60
A7 64 Rugose Thick 24.53 +£2.25 5.12+£0.64 4.86+0.71
A8 64 Rugose Thick 23.98 +£2.03 547 +0.61 4.44 +0.63
. N B T e e e (e

Al10 29 Rugose Thick 25.24+243 5.88 £0.68 435+0.72
All 32 Rugose Thick 22.55+2.68 6.36 +£0.80 3.57+£0.44
Al2 46 Rugose Thick 23.74 £ 1.58 5.68 £0.72 4.25+0.66
Al3 19 Rugose Thick 20.58 +£1.92 4.34+0.73 4.84 +0.84
Al4 64 Rugose Thick 19.70 +£2.23 5.05+0.72 3.96+0.61
Al5 64 Rugose Thick 22.79 +1.34 495+0.61 4.68+0.61
Al6 5 Rugose Thick 20.60 + 3.63 4.10+0.22 5.01+£0.73
A17 - Rugose Thick | - ||

Al8 64 Rugose Thick 24.09 +2.17 597 +£0.62 4.06+0.42
Al19 64 Rugose Thick 25.80+2.39 6.34 +0.60 4.11+0.62
A20 64 Rugose Thick 23.95+2.16 6.02+0.72 4.03 +0.59
A21 64 Rugose Thick 22.59+2.14 5.46 £0.54 4.17+0.55
B1 64 Rugose Thick 21.03+1.89 4.81+0.52 4.41+0.55
B2 64 Rugose Thick 23.02 +£2.00 5.88 £0.83 3.99+0.63
B3a 64 Rugose Thick 23.67+£2.10 6.27+0.79 3.82+0.49
B3b 64 Rugose Thick 23.77+1.99 6.17+0.72 3.89+0.47
B4 64 Rugose Thick 23.45+2.63 5.62+£0.53 4.20+0.57
B5 64 Rugose Thick 21.59+2.24 6.05 +0.60 3.60+0.52
B6a 64 Rugose Thick 20.17 £ 1.17 543+£0.33 3.73+£0.31
B6b 64 Rugose Thick 20.16 + 1.50 541+£048 3.75+0.42
B7A 64 Rugose Thick 24.05 +1.58 6.35+0.48 3.80+0.31
B7B 64 Rugose Thick 24.05 +2.02 6.13+0.44 3.94+0.41
B8 32 Rugose Thick 19.13+1.24 5.11+£0.44 3.76 £0.33
C. acuminata

var. rotundifolia | -——- | eeee e e e e

C. acuminata 10 Rugulose Thin 29.80+£2.74 5.65+041 531+0.75
var. tenuifolia 193 Smooth Thin 29.02+3.11 5.77+0.70 5.08+0.61
C. lowreyana 22 Smooth Thin 33.82+£3.63 6.25+0.84 5.47+0.59
L1 64 Smooth Thin 29.06 +2.73 5.62 £0.60 5.18+0.34
L2 64 Smooth Thin 29.00 +1.90 545+043 5.34+£0.39
L3 22 Smooth Thin 2532 +2.15 6.32+0.45 4.02+0.42
L4 11 Smooth Thin 26.14+2.47 6.64 +0.81 3.96 +£0.36
L5 32 Smooth Thin 26.69 +1.26 6.06 +0.69 446 +0.61
L6 215 Smooth Thin 22.92+2.76 6.41+£0.78 3.61+0.51
C. yunnanensis 64 Smooth Thin 2424 +£2.02 6.26 +0.70 391+0.44
Y1 23 Smooth Thin 21.89+3.97 7.35+0.44 2.98+£0.53
Y2 64 Smooth Thin 20.63 +2.03 5.93+£0.61 3.50+0.40
Y3 64 Smooth Thin 2427 + 1,68 6.73 £0.67 3.64+0.44

Y4
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Fig. (3). Frequency distributions of fruit length of C. acuminata (n = 1283), C. lowreyana_(n = 193), and C. yunnanensis (n = 87).

wider leaf blade base than apex (R2 = 1.55) with the widest
point near the blade base (R3 = 3.37), while both C. acumi-
nata and C. yunnanensis have balanced leaves (R2 = 1.03
and 1.18, respectively) with the widest point in the center of
the blade or slightly below center (R3 = 2.04 and 2.17, re-
spectively). However, leaf size, including length and maxi-
mum width, is variable with environment and is not a reli-
able character on which to distinguish the species. Leaf vein
number in this study is not strongly related to leaf size; the
Pearson correlation coefficient is only 0.54 between vein
number and blade length and 0.66 between vein number and
blade width.

Leaf margin is not a diagnostic character in distinguish-
ing the taxa of Camptotheca because all three species tend to
have serrate leaves in the juvenile phase of development (one

or two years old), and gradually become entire after two
years (Table 7). This phase variation in leaf margin is not an
environmental plasticity due to environmental stimuli; in
fact, it is developmental plasticity or fixed phenotypic varia-
tion as Bradshaw (1965) noted [7].

DISCUSSION
Character Variations and Key Characters

Evolutionary ecologists have stressed the importance of
understanding the expression and the components of pheno-
typic variation among and within populations [1-6] and have
proposed that a hierarchical perspective may provide insights
into the evolutionary history of a species [3].
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Table4. Means and standard deviations of fruit color in Camptotheca (Means with the same letter are not significantly different at
the 0.001 level; ----- No data available; general description: R-red, B-brown, and G-gray).
Population Syl Sz R.H.S. Red Color Green Color Blue color
Color 1-255) 1-255)  -255)
C. acuminata
var. acuminata 450 165A-C 139.03 £23.28 102.26 +£16.88 60.27 + 8.25
AlA 30 165B 107.97+9.82a 84.10+8.18a 53.28+6.02a
AlB | - 165B | e e
A2 30 165B 105.42+8.80 a 81.74+7.28b 51.38+594b
A3 30 165B 146.27+10.10 e 103.28+7.96 ¢ 57.89+5.04 ¢
A4 30 165B 11839+ 1148 g 88.61 +6.18d 55.55+4.85d
A5 30 165B 150.86 = 11.79 de 11021 +891 e 68.01 £6.55¢
A6 30 165B 156.04 £13.27 cd 113.94+9.78 £ 64.13+£7.10 f
A7 30 165A 11581+9.12 ¢ 89.01+692 ¢ 60.67+£6.59 g
A8 30 165A-B 117.84+9.10 g 86.83+6.03 h 58.67+7.02h
7 N L I e e R e
A0 | - 16sB | e e
A1 | - 165 |- e e
A12 | - 165 |- e e
A13 | - 165sB | e e
A14 | - 165 |- e e
Al | - 165B |- e e
Al6 | - 165B |- e e
A17 | - 165sB | e e
A8 | - 165sB | e e
A19 | - 165B |- e e
A0 | - 165sB | e e
A1 | - 165sB |- e e
B1 30 165B 14920+ 10.12 ¢ 10440+ 6.45 1 61.52+7.041
B2 30 165B 156.85+1091 ¢ 108.57+6.78 66.36+7.11]
B3a 30 165B 163.34+10.84b 119.74+7.12k 68.69 £ 7.98 k
B3b 30 165B 165.34+£8.32Db 135.18+£6.94 1 61.76 £6.171
B4 30 165B 16548 £10.71b 119.31+8.79 m 59.56+7.57m
B5 30 165B 13392+ 1501 f 97.79+9.44n 62.82+7.94n
B6a | e e e e
B6b 30 165B 132.79£8.33 f 91.15+£6.23 0 54.02+6.110
B7 |- 165A-B |- e e
B8 |- 165A-B |- e e
C. acuminata | —-— |- e e e
var. rotundifolia | --—--- RB |- e
C. acuminata 30 164B-C 137.15+11.14 112.33 £8.78 77.82+7.94
var. tenuifolia | --—--- 164B e e e
C. lowreyana | ----- 164B-C e e e
L1 30 164B-C 13715+ 11.14 f 11233 £8.78 p 77.82+794p
r ] - 164B-C | e e
3 |- 164B-C | e e
4 |- 164B-C | e e
L5 30 164B-C 179.61 £12.25h 143.93+10.12 q 96.07 £8.49 q
L6 164B | e e
C. yunnanensis 164B-C
Y1 164B
Y2
Y3
Y4
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Table5. Means and standard deviations of cotyledon characters in Camptotheca (Means with the same letter are not significantly
different at the 0.001 level. * N-pinninerved; P-pinnipalmate. W1 - blade width at 1/5 distance from the base; W2 - blade

width at 1/5 distance from the apex).

Population

Cotyledons
Surveyed

Venation
Type *

Lateral Vein
Number
(each side)

Blade
Length
(cm)

w1
(mm)

w2
(mm)

R1
(Length/W1)

R2
(W1/W2)

C. acuminata var. acuminata
Ala
Alb
A2
A3
A4
AS
A6
A7
A8
A9
Al0
All
Al2
Al3
Al4
AlS
Al6
Al7
Al8
Al9
A20
A21

583
62

348 +0.82
3.13+0.74

4.19+0.77
3.85+0.81
3.59+0.68

36.27 +£5.64
32.62+2.86

44.13 £ 4.66
39.88 £4.03
40.13 +4.34

7.95+1.45
7.76 +1.03

7.93 +1.15
8.73+1.25
7.11+0.82

3.90+0.75
4.37+0.82

3.70 £ 0.69
4.24+0.55
3.52+0.46

4.64+£0.78
4254043

5.63 +£0.68
4.63 £0.55
5.68+0.57

2.08 +£0.37
1.81+£0.29

2.19+0.36
2.07+0.30
2.05+0.29

B1

B2

B3a

B3b

B4

B5

B6a

B6b

B7a

B7b

B8

C. acuminata var. rotundifolia
C. acuminata var. tenuifolia
C. lowreyana
L1

L2

L3

L4

L5

L6

C. yunnanensis
Y1

Y2

Y3

Y4

7.07+0.78
6.82+0.93

33.78 £4.15
34.57+£532

7.04+1.17
7.69 +1.36

3.52+0.56
3.96+0.72

4.87+0.70
4.54+0.53

2.01+£0.24
1.96 £0.28
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Table 6. Means and standard deviations of leaf characters in Camptotheca (Means with the same letter are not significantly differ-
ent at the 0.001 level. * C—cordate, E—elliptic, NE—narrowly elliptic, Ol—oval, R—round, Ot—ovate; **according to
picture/publication. *** data from three parent trees. ----- no data available. W1 - blade width at 1/5 distance from the
base; W2 - blade width at 1/5 distance from the apex; Lm-distance of the widest point from the base along the main vein).

Vein Num- L (blade W (blade
. Leaves Typical R1 R2 R3
Population ber (each length) widest
Surveyed Shape* . . (L/W) (W1/W2) (L/Lm)
side) (cm) point) (cm)
C. acuminata var. acuminata 986 ol 13.88+£2.02 | 15.66+£3.11 | 8.32+1.51 1.89+£0.19 1.03+£0.23 | 2.04+0.20
Ala 64 ol 16.44+122 | 1858 +1.50 | 9.33+0.82 |2.00+0.14 | 0.98+0.12 |2.11+0.21
Alb 64 Ol 13.55+£1.48 | 1420+£2.90 | 7.32+£1.43 1.95+0.17 | 0.85+0.13 1.95+0.16
A2 64 ol 1448 +1.32 | 17.64£1.53 | 9.22+£0.81 1.92+0.16 1.00£0.11 1.99+£0.19
A3 - (0] S N e e = S I
A4 64 ol 1434+£2.12 | 16.42+3.62 | 830154 |197+0.18 | 0.93+0.12 |2.09+0.19
A (0] S e e e I I I
A6 64 ol 1595+1.36 | 19.37+2.66 | 9.48+1.64 |2.06+0.13 1.12+0.15 | 2.02+0.15
A7 64 ol 13.06+£1.49 | 14.16+£2.39 | 7.58 £ 1.15 1.87+£0.20 1.02+0.16 | 1.83+0.23
A8 64 ol 15.03+1.47 | 17.37+1.83 | 9.68+0.89 | 1.80+0.14 | 0.99+0.11 |2.02+0.11
A9 64 ol 1223 +£1.42 | 12.06+1.29 | 6.62+0.87 | 1.84+0.20 1.54+£020 |2.31+0.17
Al10 2 ol 11.50+0.71 | 17.00+2.12 | 8.50+1.41 |2.01+0.08 1.76 £0.54 | 2.53+0.08
All 3 ol 15.00+£2.00 | 17.50+1.50 | 9.27+2.19 |194+0.35 |2.01£037 |2.51+0.16
Al2 3 ol 15.00+£0.00 | 14.67+1.76 | 6.83£0.29 | 2.14+0.19 1.75+£0.23 | 2.32+0.07
Al3 2 ol 14.50£2.12 | 1225+ 1.06 | 6.00+0.71 | 2.07 +0.42 1.27+£022 | 1.97+0.28
Al4 4 ol 1325+1.71 | 16.13£1.60 | 763 £1.11 | 2.13+£0.22 1.77+£0.49 | 230+0.22
Al5 9 ol 1533 +£1.41 | 15.61+£1.47 | 7.22+£0.57 |2.16+0.13 1.63+£0.38 |2.32+0.16
Al6 3 Ol 13.00+1.00 | 11.50+1.00 | 5.93+0.60 | 1.94+0.04 1.60£0.20 |231+0.21
7. N A B e e e B B T
Al8 64 Ol 1270 £1.16 | 12.85+232 | 7.73+£1.44 | 1.67+0.11 098+0.14 | 2.04+0.12
A19 64 Ol 1225+1.79 | 14.67+£2.94 | 8.08 £1.55 1.83+£0.21 1.02+£0.12 | 2.04+0.18
A20 64 Ol 12.06+£1.48 | 1456+2.52 | 8.74+130 |1.66+1.29 | 0.90+0.07 |2.16+0.14
7. V2 B e e B B e T
Bpr |- (0] N T e e I B I
B |- (0] G T e e T B I
B3a |- [0 B B T B e B
B3b 64 | - 1420+1.18 | 16.11+0.87 | 8.32+0.49 |1.94+0.09 | 0.93+0.08 |2.02+0.11
B4 | (0] e T e e e B I
B5 64 Ol 15.69+1.41 | 1850+1.75 [ 9.62+1.02 | 1.93+0.14 | 0.98+0.11 1.93+0.14
B6a |- (6 B B T B e B R BE S
B6b 64 | - 13.88+1.11 | 1552+0.93 | 827+0.54 | 1.88+0.09 | 0.93+0.12 | 1.98+0.11
B7a 64 | - 11.95+£1.69 | 12.26+£2.02 | 6.70 £ 1.25 1.85+£0.19 | 094+0.10 | 1.93+0.16
B | - e R e B e B R B
B8 |- (0] N I e e e B I
C. acuminata var. rotundifolia | ----- cot | = - - e e
C. acuminata var. tenuifolia 5 C 10.20+1.10 | 830+1.48 | 4.70+0.76 | 1.76+0.12 1.38+£0.64 |2.01+0.22
C. lowreyana 174 C/Ot 1596+1.99 | 1545+3.09 | 829+1.52 | 1.87+0.21 1.55+0.35 | 3.37+0.63
L1 1 C/Ot 16.00 17.00 10.00 1.70 1.70 2.83
L2 *%* 20 C/Ot 16.70 £ 1.34 | 17.85+2.32 | 10.23+1.24 | 1.75+0.14 | 2.22+036 | 3.93+0.82
L2 83 Ot 15.13+1.47 | 13.12+2.11 | 750+ 1.38 | 1.76 +0.11 142+£020 | 3.45+0.57
L3 64 Ot 17.16 £1.86 | 17.84+1.85 | 8.77+1.01 |2.04+0.19 146+0.23 | 3.08+0.46
L4 3 - 13.33+£0.58 | 1533 +1.26 | 7.83+£0.76 | 1.97+0.23 1.90+£0.16 |3.19+0.44
L5 3 E 11.00+£0.00 | 1233 +1.15 | 7.00£0.00 | 1.76+0.16 | 2.06+0.24 | 4.04+1.03
e |- L B T B e B
C. yunnanensis 245 E 1425+1.57 | 16.17+2.81 | 7.28+1.68 |2.29+0.44 1.18+£0.20 | 2.17+0.25
Y1 64 E 1473 +£1.31 | 15.64+2.52 | 820+1.34 | 191+0.13 1.30+£0.18 | 2.14+0.15
Y2 6 E 11.83+1.47 | 1483 +2.01 | 9.08+1.24 | 1.64+0.15 1.72+£0.30 |2.35+0.25
Y3 111 13.73+£1.48 | 16.71 +£2.54 | 7.28+1.44 |233+0.32 1.10£0.13 | 2.23+0.23
Y4 64 1491+1.44 | 1596+3.41 | 6.17+1.72 | 2.66+0.47 1.14+£0.20 |2.10+0.32
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Fig (6). Frequency distributions of leaf vein number of C. acuminata_(n = 986), C. lowreyana (n = 174), and C. yunnanensis (n = 245).

Seed size is a critical feature in the life history of a plant
[8]. The size of a seed provides a measure of the size of the
nutrient reserve provided for the embryo by the parent. Thus,
seed size affects not only the dispersal, but also the estab-
lishment of seedlings. Seed size within a species is generally
regarded as relatively constant [9, 10]. However, consider-
able variation in seed size is still widely observed among and
within populations, within single plants, and even among
years in the same plant in many species [2, 11].

The fruit of Camptotheca is flattened and samara-like,
containing only a single seed. Thus, the fruit of Camptotheca
is treated the same as any other seed (or fruit). The fruit sur-
face texture and disc are consistent within the populations
and species studied.

The cotyledon is a conservative organ in plant life history
and is important and often overlooked in plant taxonomy and
phylogeny [12, 13]. Cotyledon shape and venation pattern is
usually relatively stable within populations and within spe-
cies and can provide important diagnostic characters for dis-
tinguishing the species in some genera [12, 14].

The leaf is commonly used for plant identification. Seed-
ling leaves are also important to Camptotheca because of
their high concentration of CPTs [15].

Our phenotypic analysis showed that key diagnostic
characters for the identification of taxa within Camptotheca
include leaf shape, venation type, vein number, stoma size
and frequency, outer stomatal rim, subsidiary cell number,
and gland size (Table 8); cotyledon shape, venation type, and
vein number; and the fruit surface texture, disc, length, and
color. Other characters could not be shown to be dependable
for diagnostic purposes.

Variation within and Among Populations

Camptotheca is a polygamo-monoecious genus. Neither
self-fertilization nor agamospermy were observed in C. acu-
minata var. acuminata [16] because the stamens are shed
nearly one week before the stigma of the same flower be-
comes receptive. Therefore, cross-pollination is the major
breeding system of the species. Indeed, pollination of Camp-

totheca is obligately entomophilous, and no fruit is produced
in the absence of visiting insects (bees, butterflies, flies, and
beetles) [16]. Seed set depends on the activities of pollinat-
ing insects. Species cross-pollinated by insects generally
have a greater proportion of their variation within rather than
among populations [17]. Major phenotypic variation was
observed among populations for most measures (Table 9).
The current population structure and distribution of existing
trees may largely shape this variation pattern. Camptotheca
has a fragmented geographic distribution and populations are
well isolated from each other. Each natural population is
very small, from 1-10 mature trees according to our observa-
tions. Selfing (crossing between male and female structures
of the same plant) or related matings (crossing between
closely related individual plants) are greatly increased due to
the small sizes of populations.

Relatedness is also common in plantations as the plants
frequently show the same seed source and may even be
ramets of the same clone. Consequently, the variation in both
wild populations and plantation trees now existing in China
is narrow. The extent of the variation base among trees culti-
vated in the United States is very narrow. Most of the mature
trees can be traced back to the same provenance, and all are
solitary except in Chico, California, where two trees are
known to exist. Therefore, selfing is the only breeding sys-
tem for nearly all individual trees in the United States. Con-
sequently, all existing plants received their limited gene pool
from parents displaying obvious heterozygosity loss for gen-
erations. If the effective population size of Camptotheca is
20 under natural conditions, genetic variation will decrease
by 2.5% per generation according to Koenig's model 1/2N
(1988).

A majority of the observed phenotypic variation for most
measures was among populations. In addition, related mat-
ings or selfing (the most severe form of related matings) is
common in both natural and cultivated populations of Camp-
totheca. Therefore, it is not possible to broaden genetic di-
versity at the species level using only materials from a single
population. To conserve genetic diversity of Camptotheca, it
is necessary to collect seeds from all populations.
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Table 7. Leaf margin characters in Camptotheca (* according to the original description. ----- No data available).
Parent Trees (>10 years old) One-Year-Old Seedlings Two-Year-Old Seedlings
Population Leaves Serrate Stightly Entire Leaves Serrate Stightly Entire Leaves Serrate Stightly Entire
(trees) Serrate (seedlings) Serrate (seedlings) Serrate
Surveyed &y (%) &y Surveyed &y (%) &y Surveyed &y (%) &y
C. acumi var. acuminat 1768 (54) |0.1 2.6 97.3 9495 (251)|91.9 79 0.2 4800 (120) |46.9 219 31.2
Ala 200(10) |15 5.0 93.5 800 (20) [80.5 19.5 0 800 (20) |71.5 22.5 6.0
Alb 200(10) |15 5.0 93.5 64 (5) 95.3 4.7 0 S O P
A2 200 (10) |0 5.0 95.0 800 (20) [96.0 4.0 0 800 (20) |57.1 23.0 19.9
7 N T e e e o B L E N L T e
7 e e e E 800 (20) [97.5 2.5 0 800 (20) |56.4 27.3 16.4
2 O O P P o P P S A
7 T e o E 800 (20) (83.3 13.8 29 800 (20) |12.7 14.1 73.2
7 T e e E 800 (20) [95.5 4.5 0 800 (20) |17.7 222 60.1
N T e e 800 (20) |87.8 12.2 [ T el e
N T e e 800 (20) [95.7 43 [ N R T el e
A10 4(1) 0 0 0[O e T e e e P N PR
All 4(1) 0 0 0[O e T e e e P C R PR
A12 6(1) 0 0 O B e e e e P e PR
A13 7(1) 0 0 O B e e e e P e PR
Al4 6(1) 0 0 0[O e e e e e P C R PR
A15 17() o 0 L e e e
Al6 4(1) 0 0 O[O e T e e e P R PR
Al17 20 (1) 0 0 0O B T e o e P e PR
Al8 40 (1) 0 5.0 95.0 128 (6) 93.8 6.2 (I T e e
A19 40 (1) 0 0 100.0 139 (5) 87.8 12.2 [ T el e
A20 60 (5) 0 33 96.7 229 (7) 91.3 8.7 (| T e e
7% 2 O O O P PO R S A
5 N e e e e L L e s L L L
3 T e e e L S e P e T
B3a 200 (1) 0 2.0 L S I B e e S E N P P
B3b 200 (1) 0 2.0 98.5 800 (20) [97.0 3.0 [ T e
B4 200 (1) 0 1.5 98.5 800 (20) |87.0 13.0 [ N T e
B5 200 (1) 0 14.0 86.0 800 (20) [86.5 13.5 0 800 (20) |66.2 22.1 11.7
7Y T T e e e e L e e e T e e
B6b e e e e 800 (20) [97.9 2.1 [ N T e -
B7a 50 (1) 0 4.0 96.0 135 (8) 97.8 22 [ N T e -
B7b 50 (1) 0 2.0 L | R B O e T e P P -
B8 60 (1) 0 5.0 LR e T et e o P ) -
C. acuminata var. rotundifolia * |7 (1) 0 0 L)L e T e e o e EE -
C. acuminata var. tenuifolia 6(1) 0 0 (O B T e e L e e e
C. lowreyana 423 (17) |0 1.5 98.5 81.9 2.0 1600 (40) |27.8 227 49.5
L1 3(1) 0 0 0[O e e e e e e C e FE
L2 200 (3) 0 5.0 95.0 800 (20) 9.0 89.9 1.1 800 (20) |25.6 27.8 46.7
L3 200 (10) |0 3.8 96.2 800 (20) |26.2 70.9 29 800 (20) |30.0 17.5 52.5
L4 8 (1) 0 0 O[O e e e e e e e FE
L5 8 (1) 0 0 0L e T e et e P -
L6 4(1) 0 0 0[O e e e e e e e FE
C. yunnanensis 308(22) |0 2.1 97.9 1419 (34) |70.7 27.6 1.7 800 (20) |28.3 62.1 65.5
Y1 50 (1) 0 0 100.0 380 (7) 89.0 6.3 N T e e E
Y2 8(1) 0 0 O[O e T e e e e e FE
Y3 200 (10) |0 2.6 97.4 800 (20) |32.3 67.7 0 800 (20) |28.3 62.1 65.5
Y4 50 (10) 0 1.5 98.5 239 (7) 90.8 8.8 04 |- | e |
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Means and standard deviations of leaf stoma features in Camptotheca (Means with the same letter are not significantly

different at the 0.001 level. * 120 cells were measured for each population).

. Stomatal | o maLength | Stoma Width R Subsidary Cell | Gland Length
Population Cell Number Density (L) (um) (W) (um) @L/W) Number * (um)
(no./mm?)
C. acuminata var. acuminata | 600 180.39 £35.62 | 22.85+£2.25 15.30+1.91 1.51+0.22 4.86 +0.80 34.87+3.92
Al 60 167.99 £31.12 | 24.08 +2.18 14.75+1.35 1.64+0.13 4.70 +0.69 37.33+298
A2 60 125.68 £22.64 | 23.33 £2.70 12.50 £2.45 1.90 +0.31 4.58 +£0.67 37.75+4.10
. N T T B B I T
A4 60 187.20 £23.95 | 20.64 + 1.50 1542 +1.27 1.34+0.11 4.88+0.84 34.04 £4.29
7. T B T e B e T
A6 60 173.05+29.08 | 24.18 +2.18 15.05+1.65 1.62+0.14 4.96 +0.80 38.83+3.43
A7 60 148.38 £23.42 | 24.23 +1.68 15.75+1.38 1.55+0.12 4.86 +0.81 33.18+2.63
A8 60 196.85+£23.18 | 22.38 +1.78 15.56 +1.48 1.44+0.12 4.83+0.79 33.45+3.02
A9 60 208.70 £21.23 | 21.73 +1.49 15.69 = 1.41 1.39+0.09 4.95+0.67 35.14+4.71
7. N | e T B B I T
7. N T T e B e T
7N b e T B B I T
7. N K e T B e I T
7. e T e B I T
7. N e T B e I R T
7. N L T T B B I T
3 e (e B B e
3 7 e (e B B T
B3a |- e e e e e
B3b 60 207.60 £28.73 | 22.44 +1.53 16.50 = 1.21 1.36 £0.10 4.88+0.83 34.56 +£3.30
3 e e (e B B e
B5 60 189.30 £ 19.36 | 23.25+2.28 15.17 £1.65 1.54+0.12 5.02+0.89 36.42 +3.64
B6a | = e e e e e
B6b 60 199.15+24.79 | 22.29+£2.03 16.60 +1.70 1.35+0.10 4.92+0.88 32.10+£2.72
C. acuminata var. rotundifolia | ----- | ——— | e eeeee e e e
C. acuminata var. tenuifolia | ----- | - | eeem e e e e
C. lowreyana 120 263.20 £ 60.47 | 29.33 +3.51 20.08 £2.11 1.46 +0.13 5.23+0.93 44.49 £4.51
| D O B e (e B B T
L2 60 297.09 £ 61.59 | 27.55+2.80 19.63 £2.45 1.41+0.11 527+091 38.61+4.78
L3’ 60 229.31+34.15 | 31.13+3.22 20.53+1.63 1.52+0.13 5.20+0.97 47.98 £3.70
| B e (e B B e
| T e e (e B B T
| O e (e B B T
C. yunnanensis 60 221.22 £46.85 | 31.05 +3.60 20.23 +£3.48 1.56 £0.23 5.83+1.12 32.20+£2.70
Y1 60 221.22 +46.85 | 31.05 +3.60 20.23 +£3.48 1.56 £0.23 5.83+1.12 35.20+2.70
| D B et e e B B 28.93 £2.57

Variations Among Generations

Reproduction from seed is a sexual process that results in
genetically variable offspring (Raulston and Tripp 1994).
Any population of seedlings demonstrates an amazing array
of variability. However, some populations exhibit more phe-
notypic variation than others do.

Six samples of C. acuminata var. acuminata in the
United States represent four selfing generations from the
same provenance (first generation: B1, second: B3, third: B4
and B11, and fourth: BS and B10). B6 and B7 are two self-
ing generations from the tree in Honolulu, Hawaii. Each of
these eight samples and Bl share the same parental base
from the Guangxi or Sichuan provenance (Steward No. 75).

Under different environmental conditions (see Table 1),
the composite samples from these trees are close in pedigree
and are more similar to each other than other samples in both

means and frequency distributions of leaf vein number, fruit
length, fruit colors, and cotyledon vein number (see Tables
3-6). For example, B2, B3, and B4 are similar to each other,
and relatively similar to B1 and B6, but less similar to others
(e.g., A2 and A6) in fruit length (23.03-23.67 vs. 21.03 of Bl
and 20.17 of B6 vs. 23.19 of A6 and 18.48 of A2 and A3),
red chroma (156.85-165.48 vs. 149.20 of B1 and 133.92 of
B6 vs. 115.81 of A6 and 105.42 of A2) and green chroma
(108.57-119.74 vs. 104.40 of B1 and 97.79 of B6 vs. 89.01
of A6 and 81.74 of A2). These data indicate that fruit length
and chroma is controlled genetically from generation to gen-
eration and is only marginally affected, if at all, by local
physical environment.

A major factor contributing to variation in fruit length
and chroma is the efficiency of pollination. The reason that
no significant variation in fruit length and chroma was
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Table 9.
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Tukey's Studentized Range (HSD) pairwise absolute mean differences for each measure between taxa (W1-blade width of

cotyledon at 5 mm from the base; W2-blade width of cotyledon at 5 mm from the apex. Level of significance: ** at
P<0.01; *** at P <0.001; ns: not significant at P < 0.05. ----- No data available. The difference between means listed in the

table is measured as column — row).

Taxon Measure C. acuminata var. acuminata C. lowreyana

C. lowreyana Leaf vein number 3.5 HH*
Leaf blade length (LL) 1.99%**
Leaf blade width (LW) 1.25%%*
Leaf ratio (LW/LL) 0.01***
Fruit length (FL) 8.23%**
Fruit width (FW) 0.14%**
Fruit ratio (FW/FL) 0.07%**
Fruit red color ns
Fruit green color 10.07%**
Fruit blue color 17.55%**
Cotyledon vein number 3.43%%*
Cotyledon length (CL) -1.98%**
Cotyledon width (W1) -0.49%**
Cotyledon width (W2) ns
Cotyledon ratio R1 (CL/W1) ns
Cotyledon ratio R2 (W1/W2) ns

C. yunnanensis Leaf vein number ns 3.43%%%
Leaf blade length (LL) ns 2. 17%%*
Leaf blade width (LW) 1.98%** 3.23%**
Leaf ratio (LW/LL) 0.12%%* 0.13%%*
Fruit length (FL) 1.50%** 9.73%*%*
Fruit width (FW) 0.33%%* ns
Fruit ratio (FW/FL) 0.03*** 0.10%**
Fruit red color 40.57*** 42 .45%x*
Fruit green color 41.67*%** 31.60%**
Fruit blue color 35.80%** 18.25%**
Cotyledon vein number -0.27%** -3.70%**
Cotyledon length (CL) -9.35% %% -7.36%**
Cotyledon width (W1) -2.58%** -2.09%**
Cotyledon width (W2) ns ns
Cotyledon ratio R1 (W1/CL) 0.43 %% 0.41%%*
Cotyledon ratio R2 (W2/W1) -0.67*** -0.57%**

observed among Chico (B2), San Antonio (B3), and King-
wood (B4) trees is that the pollination pool of C. acuminata
var. acuminata was fixed in these three locations. In both
San Antonio and Kingwood, there was only a single mature
C. acuminata var. acuminata tree in 1993 and 1994 when
fruits were collected. Chico had only two mature trees during
this period. Thus, it is expected that selfing or related mat-
ings restricted the genetic variation within those observed
plants.

Variation Among Populations in the Same Habitat and
Location

Both Al and L3 samples came from the same habitat and
the same general location. The distance between the closest
trees within these two populations is about 200 m. L3 had a
mean fruit size of 29.00 cm in length, 5.45 mm in width, and
5.34 in ratio, while A1A had a mean fruit size of 23.23 cm in
length, 5.75 mm in width, and 4.09 in ratio (see Table 3).
They also show significant differences in fruit color and tex-

ture: fruits of L3 have a smooth surface and gray-brown
color (chroma indices of 137.15 in red, 112.33 in green, and
77.82 in blue) while those of Al have a rugose surface and
are red-brown in color (107.97 in red, 84.10 in green, and
53.28 in blue) (see Table 5). In addition, samples from each
of the two populations differ in cotyledon features, espe-
cially venation type and vein number (see Table 5).

Camptotheca acuminata var. acuminata is commonly
planted in the "four-sides" (waterside, hillside, roadside, and
homeside); however, seed sources are widely scattered and
dependent on where mature surviving natural trees happen to
be found. Provenance tests for optimum ecotype selections
have never been done and seed is not commercially avail-
able.

It is generally expected that outcrossing plants like
Camptotheca have small variations among populations and
large within populations. However, our study found that a
majority of the observed phenotypic variation was among
populations for most morphometric characters (Table 10).
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Table 10. Sources of morphological variations for the genus Camptotheca (W1-blade width of cotyledon at 5 mm from the base; W2-
blade width of cotyledon at 5 mm from the apex; VWP-variation within populations; VAP-variation among population;

VAS-variation among species).

VWP VAP VAS
Character
(% of total) (% of total) (% of VAP)
Leaf vein number 5.46 94.54 30.35
Leaf blade length (LL) 31.59 68.41 6.65
Leaf blade width (LW) 17.07 82.93 2191
Leaf ratio (LW/LL) 20.44 79.56 35.57
Fruit length (FL) 2591 74.09 73.30
Fruit width (FW) 63.23 36.77 3.31
Fruit ratio (FW/FL) 45.72 54.28 55.31
Fruit red color 23.42 76.58 25.43
Fruit green color 22.14 77.86 51.08
Fruit blue color 28.73 71.27 83.13
Cotyledon vein number 25.32 74.68 99.00
Cotyledon length (CL) 12.93 87.07 27.45
Cotyledon width (W1) 45.80 54.20 97.81
Cotyledon width (W2) 86.73 13.27 90.73
Cotyledon R1 (W1/CL) 57.94 42.06 87.27
Cotyledon R2 (W2/W1) 39.00 61.00 91.37
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