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Abstract: [ Objective 1 Vatica mangachapoi is an endangered tree species distributed naturally in Hainan Island,
China. Its population decreased rapidly along with heavy loss of natural forest resources and habitat fragmentation due to
over-harvesting and devastating forests for arable land. Efficient strategies are urgently needed for conserving natural forest
resources of this species. Moreover, the taxonomy of this species is in controversy, taxonomic status of some varieties still
need to be proved. Properties of fruits and leaves were measured for trees sampled from different populations to reveal
phenotypic variations within and among natural populations. The study would provide scientific evidences for conservation
and management of natural forests, and collection, conservation and utilization of genetic resources of the species, and
provide basic data for revision of the taxonomy of species and its varieties. [Method] Based on surveys of whole range of
natural distribution of V. mangachapoi in Hainan Island, 17 traits of fruit and leaf morphology were investigated for 133

individuals in 9 natural populations, and level of phenotypic diversity in its natural populations was assessed, and
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relationship between the diversity level and geographic and environmental factors was estimated using nest design, multiple
comparison test, correlation analysis and cluster analysis. [Result1The variance analysis showed significant differences in
the 17 morphological traits of fruit and leaf both within and among populations, indicating abundant variation among and
within populations. The within-population variation (50.57% ) was far greater than the among-population variation

(11.38%) ;

the number of lateral leaf veins to 40.31% for the length/width ratio of the short sepal. Correlation analysis revealed that

and the average phenotypic population differentiation coefficient was 18.31% with a range from 4.52% for

there were significant positive correlations between leaf length and petiole length, leaf length/width ratio and distance from
the widest position to leaf base, while the length of long fruit sepals were in significantly negative correlation with the
number of lateral leaf veins and petiole length. No significant correlation was found between fruit and leaf traits and mean
annual air temperature and precipitation. While there were significantly negative correlation between number of lateral
vein, leaf length and mean air temperature in January, and the number of lateral veins and petiole length increased
remarkably with the increment of elevation. The 9 natural populations were divided into 3 groups by UPGMA cluster
analysis based on Euclidean distance calculated from phenotypic traits. [Conclusion ]It is important to conserve the
remaining natural forests and habitats of V. mangachapoi, and in particular, more attention need to be paid to
conservation of populations with abundant variations such as Kafaling (Population 4) and populations with special soil
conditions such as Shimeiwan (Population 7). Within—population variation was the main source of variation, more
individual trees and fewer populations should be used for genetic improvement and conservation of genetic resources.
Furthermore, the findings of the present study do not support the new species and varieties in the Hainan Island which
were published previously since morphological variation of fruit and leaf varied greatly and continuously, and the variation
range were of considerable overlap among individuals within population and among all populations.

Key words:

Vatica mangachapoi; natural population; phenotypic diversity; Hainan Island

al., 1985) .
FH#F (Vatica mangachapoi) ¥ % 3 B, 5 I i
7 &} (Dipterocarpaceae) T 1 J& (Vatica) 1Y), /&

BT W) I A2 5 1A AL R S A (1 R T
R AR5 LA B U AR oG, 362 RE K P 2 8 A% 2 4F
P45 3R 05 S IR ) £ 5 AR B O 16 4%, 2009) .

RUZFEHAEEN A E A EEZE S &S
F5 AL W R AR (R 4, 2002;
Pigliucci et al., 2006 ; Mizianty et al., 2007) . F)H %
TR AR 5 6 358 % 22 B 1 B A fi A S PR BE S 2 AR
ARl FFAIIEAT K Z HEMEEIT, 246D TR
R AZ A AR S R DA S AR S L A B R Y
% (Hausmann et al., 2001 ; Sanou et al, 2006) .
T 25 19 R ) A B A AR Ik DA SR M 8 D AT
7% (Chechowitz et al., 1990; Weight et al., 2008) , {E
H— R EA KRR )2 T MY o 2R
(Duminil et al., 2009; Weight et al., 2008) . 3 28
Sro(B AN 45, 20055 3 < A4S, 2009; Siso et al.,
2001 ; Cardillo et al., 2006; Li et al., 2006) #f57. &
SR 3 2R 2 N TR o 98 15 R B 2 e PR
FUH S FE A SE AR T 2 a5 AL R ER A5 S R O i
H R EREE R A A (B4R 4%, 2013) , bz 2 2 4
RS Wi b5~ 017 R 0 &)y 1 5 s, JE T 5 R S A 0 23 A
¥ 5 (Simons et al., 2006; Leverett et al., 2014;
Parciak, 2002) , 5 it AE 58 (1 F sl R AR S — HL A2
ERFEHIAEDFE TN Z— (Venable er

TR PRy AT R AR A, 3L e s 30 m DL B i 4
B 1.2 mo FAERAR AT TR AR E L JEE SR B
FEJE VY M, 3 AL B 5 A A e M R K
TR 800 m DL 5 % - 48 B A o Al N S A
VD B L bR Ll M R T P R
A A (A4, 2007) o 55 46 0 44 i Hh 1
ffl, &5 b 40 B0, MmO ok, A 9 T K S A 2
o [ B AR R T B R M
(Appanah et al., 1998) ; Lt Jy 2K &4 K & wf
A B RAEAR B T T AR 21 IF K (Qin er
al, 2011) .

YT DAk s B SR A% A HT S80I 7 5 4 O3 2 B
& ¥ B W ( Hevea brasiliensis ) « 2§ ¥; ( Litchi
chinensis) 55 HAE e« R (¥ 2%, B H IF B ALK
T A% 55 3 B0 A R AR T T A 05 R AL, R AR AR
YAk O R SR N (R A, 1995) ,
HHEILC A B K G R R N
R IR AR AP 5 A 20 B U OR 7 S0 1 AE A
W o T 1 A2 SRS I B i 17 AR i R A R 3 A
5 (Mamo et al., 2006) , F2 4 2L BLA7 Ji B KN 55



156 e

W B2 51 %

B A% 2 FE R K P AT B X R I RF2E R (Lee e
al., 2006; 2013) o A7 75 Mg 3844 2 FEPE O 90, H
AN L 3 K A 2% (2008) ] AFLP #xic 20 #7 i 19
By 7 AR Z Mg, JFREmEMNL
FEVEWT 5T BE 68 91 20 4 75 JC i BE 1A% 2 A 1K
IRBER G I A& N A, — J5 ] i g LA S
RECR I3 Bt PR AR 4l s 50— T, O L AR i R
BOE A, A BTN TR R K R .
AR T M2y 2% ) R A AE g, — S8R,
Ji 7 i M (V. mangachapoi ssp. hainanensis var.
wanningensis) %5 & 15 W L W RE N JE B K P IE
S¢o AW GUAE 4 I 1 R R M R AR 20 A X
Feni b, BLO AN Mg R AR S B N BE S B, RGN
B LIRS 17 AR BVER, 5 A o LR
RUPEARAE J5 A 1) 40 i B A A 4 8] 1) 28 5 B A
FORARM AR L5 288 LU b it 8 Y5 lie £ 4 9 A2t
REE AR IR 0 5 v B 75 A Bl L8 Bl i 48 1T 2 it

i ith 2 #h
1 #MR57HE

L1 SR b T e i & RE B B &l 52 K/ 4R B
G N2 M R SRR D R R B X fE
R HASE ) 75 MR A I Ao 2011 489 J] 22013
10 F A5 I R 8 5 M R AR PR 4 T U A 2 il
s O e M RS DA R AR A B R AR AR Jvh 2011
B9 58 5y ALE B K R AR T AR, 2013 42 7—10
JUREET 8 B RV We H AT I R i s = 31 #4
R AR A US4 Mg B 2 8 A S BE I
PRAAR S, LTk 9 A& BE, 133 A gk o B4
TE A BORE R BR 18] BE AE 100 m DL ko S A A R E
B S BEHLR A RS, T M T v b R 1) R AR R
ZlE AR A, HI R BRE AL R g (GPS) Il sE JL 4 4
FERNG P o o A 1) b B A7 ST b A% 1R DL R HORE
oL 1.

*1 FEINKRABHMBEBNESHKERT'

Tab.1 Geographical location and environmental factors of the 9 natural populations of Vatica mangachapoi

\ 4i B % AT S ORI PR K R § § . 14
mE omm o BE WK RS ERKE G g rrsan paen MR
R § Latitude Longitude Elevation/ MAAT/ MAP/ o Number of
Populations Codes . MATJU/C MATJA/C Soil type
(N) (E) m C mm samples
i £ Bawangling Pop. 1 19°07~ 109°06~ 400 ~ 500 23.6 1751 28.6 18.0 G2 1 Latosol 6
2RI Jianfengling Pop.2  18°43~ 108°56" 270 ~460 24.5 1682 27.3 19.4 T4 3 Latosol 14
H % Ganshiling Pop.3 18°22° 109°39- 200 ~300 24.5 1 200 28.0 20.0 TG4 1 Latosol 11
b
k0% Kafaling Pop.4  18°41° 109°19° 620 ~790 24.0 1559 26.3 17.2 u,-limﬁi #* 17
Mountain yellow earth
s R A Tropical .
AR Tropic Pop.5 18915  109°38° 290 ~430 25.5 1279 285 20.9 FE47 5 Latosol 8
Paradise Forest Park
) . FRELHE
T35 111 Wuzhishan Pop. 6 18°56~ 109°26- 420 ~570 22.5 1 690 26.0 17.0 L 7
Lateritic red earth
VEE VM
A A7 Shimeiwan Pop.7 18°39~ 110°15~ 5~70 24.5 2 032 28.5 18.7 Ele . 34
Coastal sandy soil
%1 Tuolie Pop.8  18°54° 108°51° 350 ~520 24.0 1240 27.2 19.1 T 414 Latosol 18
1521 Wulie Pop.9 19°10° 109°00° 130 ~400 24.3 1 676 29.3 18.7 TG 4133 Latosol 18

O GHE AR T [H FAGAF b P8 AR SRl s B30T 752 i 1 00 00 8008 o SR A Vi R T 100 m, AU R B 0.6 C o The

climatic data were obtained from the National Meteorological Information Center. Mean air temperatures were calculated with data from the meteorological

stations near the sampled populations according to the formulae: T, =T, - (4, =A4,) x 0.6/100, where T, and T, are temperature (°C) , and A, and 4,

are altitude (m) of sampled population and meteorological station nearby, respectively. MAAT: Mean annual air temperature; MAP: Mean annual

precipitation; MATJU: Mean air temperature in July; MATJA: Mean air temperature in January.
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Tab.2 Variance analysis of 17 phenotypic traits among and within 9 Vatica mangachapoi

populations on the Hainan Island, China

)77 Mean square F
F T PR 45 Joi T 1] Jii T A B AL % 2 St B 1) Ja A
Phenotypic traits Abbreviation Among Within Random Among Within

populations population error populations population
] Jik % Number of lateral leaf veins NLV 227.10 22.62 2.13 106. 61 10. 62
3% # Angle of leaf base ALB 13 155. 80 2 289. 81 119. 83 109. 79 ™ 19. 11°%
K Leaf length LL 5570. 67 1 849. 69 102. 42 54.39* 18. 06 ™
5% Leaf width LW 421. 64 185. 61 15.91 26.507 11.66*
A% K Leaf petiole length PL 149. 08 24.71 3.01 49.56™ 8.21%
H 9% PF Height of maximum leaf width HMW 1391.15 532.43 37.51 37.09* 14,20
I K 58 LE Ratio of leaf length to width RLW 6.15 1.48 0.08 78.21* 18. 86 ™
i} 8% B Leaf length multiply width LMW 12237 183.66 4773 023.05 308 171.61 39. 71 15. 49 *
K%} Long-sepal length LSL 5 148.32 1254.51 15.75 326. 80 79. 63 ™
S¥ 55 Long-sepal width LSW 593. 87 97.29 1.47 404. 64 66.29 ™
/NEE K Short-sepal length SSL 1142.78 253.53 2.87 398.32% 88.37*
/N J 3% Short—sepal width SSW 60. 54 14. 12 0.18 343,75 80.16™
H92E Fruit height FH 99. 82 17.31 0.36 274,29 47.57*
529 Fruit width FW 125.39 18.39 0.34 374.23* 54.89 ™
fffhr‘ﬁ t Ratio of long-sepal length ) | o 12.03 4.70 0.05 235.71* 92.09 %
l’i\;:t }i 'ff“dtﬁ Ratio of short-sepal RSLW 11.48 6.78 0.07 166. 67 98. 45
JL 52 % 9% L Ratio of fruit height to width RFHW 0.13 0.06 0.00 44,78 19.20*

D %k : P<0.0l.
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Tab.3 Variations of 17 phenotypic traits in 9 Vatica mangachapoi populations on the Hainan Island (mean = SD)

ﬁ’ﬂﬂﬁl}\ Ji B Population SR
Phenotypic Me:
traits Pop. 1 Pop. 2 Pop. 3 Pop. 4 Pop. 5 Pop. 6 Pop.7 Pop. 8 Pop.9 ean
Ly 14.18 + 13.03 = 13.21 = 14.71 = 12.07 + 13.90 + 11.83 + 12.85 + 12.78 + 12.93 +
: 1. 60b 1. 16¢d 1. 64c 1.52a 1.02e 1.29h 0.92¢ 1.15d 1.20d 1.52
ALB/(°) 71.5 £ 82.2 % 83.7 + 75.9 £ 89.0 + 81.7 + 91.9 + 75.4 = 73.8 & 81.8 +
’ 12. 8e 10. 0¢ 14. 2¢ 12.0d 9.5b 21.0¢ 12. 6a 12.7d 9.0de 14.1
. 74.62 + 68.30 + 73.91 + 80.73 + 61.15 « 70. 64 + 71.46 = 67. 64 « 68.64 + 71.10 =
mm 7.86b 7.70e 14. 17be 20.36a 8. 10f 9.88cd 7.80d 9.77e 7.21e 11.76
™ 23.48 + 25.06 + 26.81 + 27.02 + 24.98 + 25.38 + 26.75 + 24.03 + 23.93 + 25.54 +
mm 2.62d 3.62¢ 4.13ab 5.68a 2.81c 2.39h 3.05ab 2.83d 2.59d 3.65
PL/ 11.99 + 11.00 11.83 = 12.60 + 10. 68 + 11.29 = 10. 18 + 10.96 + 11.16 = 11.12
Aimm 0.41b 1. 65¢cde 1. 86b 1.30a 1.03e 1.49¢ 1. 26f 0.96de 1.08cd 1.47
- 35.47 + 32.54 + 37.87 + 39.55 + 30.67 + 36.69 + 34.30 + 34.89 + 34.67 + 35.17 +
mm 4.44¢ 4.07d 8. 50D 9.74a 3.41e 5. 64b 4.77¢ 5.90¢ 3.58¢ 6.22
. 3.25+ 2.79 + 2.78 + 3.01 2.47 + 2.80 + 2.70 + 2.84 = 2.89 2.82 +
0.53a 0.45de 0.33¢ 0.37b 0.22¢ 0.34de 0.22f 0.32cd 0.21¢ 0.34
MW me 1791125 1757.00 207313 2325.71x 1581.20s 1830.01% 1962.08% 1668.21% 1678.72% 1 880. 46 +
‘ mm 251.35de 411.48e 722.82b  1119.36a  357.48f 402.26¢d  400.50bc  396.36ef  331.34ef 590. 51
LSL ) 44.78 + 42.44 + 44.03 + 42.27 + 45.85 « 42.28 = 50.63 + 48.19 + 45.89 = 46.19 =
mm 2.86d 7. 16f 3.85¢ 4,891 5.66¢ 6. 741 7.50a 4.89) 8. 36¢ 7.05
- 13.17 + 11.30 « 13.34 + 12.11 = 13.16 + 12.10 = 14.43 + 13.45 « 11.85 + 12.98 +
SW fmm 0.99¢ 1.41f 1.61be 1.96d 1.87¢ 1.62d 2.06a 1.57b 1.91e 2.06
SSL / 16.02 + 16.52 + 16.22 + 17.78 + 18.16 17.02 = 19.90 + 19. 84 + 16.79 = 18.11 =
ook fmm 1. 10f 3.36e 1. 74f 2.21¢ 2.95b 2.18d 3.27a 2.99a 3.36d 3.20
W / 5.07 + 4.48 = 4.83 « 4.95 « 5.22+ 4.79 « 5.49 + 5.15 + 4.61 « 502+
Sl fmm 0.44d 0. 56h 0. 521 0.62e¢ 0. 84b 0. 60f 0.83a 0.78¢ 0.51g 0.75
o 732+ 5.87 + 7.19 « 6.89 + 7.30 6.08 + 6.69 + 6.90 = 732 6.82 +
mm 0. 40a 0.92f 1.00b 0.51c 0. 49a 0.97¢ 0.85d 0.82¢ 0.43a 0.86
W/ 6.93 + 5.56 6.95 + 6.61 + 7.12 £ 5.75 £ 6.44 + 6.60 + 7.28 & 6.57
""" 0.55¢ 0.87g 0.99¢ 0. 60d 0. 49b 1. 00f 0.87¢ 0.87d 0.44a 0.91
RLLW 3,42 3.76 = 3.35 + 3.54 3.51 + 3.53 + 3.53 3.61 + 3.90 + 3.60 +
0.23¢ 0.42b 0. 441 0.40d 0.33d 0.46d 0.36d 0.31¢ 0.52a 0.41
RSLw 3.19 + 3.67 + 3.39 + 3.62+ 3.50 + 3.61 + 3,65+ 3.87 + 3.65 + 3.63 +
; 0.37g 0.45b 0. 40f 0. dded 0.33e 0.55d 0. 50be 0.41a 0. 62be 0.49
RFHW 1.06 = 1.06 + 1.04 = 1.05 = 1.03 = 1.06 = 1.04 = 1.05 = 1.01 = 1.04 +
0.05a 0.06a 0.03¢ 0. 04be 0.03d 0.04a 0. 04¢ 0. 05b 0.04e 0.04

OJERER S WL 1, RN S WK 2, Wi B AR 78RR 27 8% (P<0.05) . See Tab. 1 for codes of populations, and Tab. 2 for abbreviations of

phenotypic characters. Paired populations without the same letter are significantly different (P <0.05) .
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Tab.4 Distribution of phenotypic variances among and within Vatica mangachapoi

populations on the Hainan Island, China

Ji %5y iR

2% M ,I\[|A ;Iji Varian(:e (:()mp(ment Per(:enlage ()f Varian(:e (3()11'1})(]116]’1'. <% ) z‘z];ji %’ft /% %&

Phenotyic Ji BE B A BB % Ji BE BEA BHRE  gieeiaion

S Among Within Random Among Within Random coefficient (%)

populations populations error populations populations error

NLV 0.922 1.366 2. 130 20. 88 30.91 48.21 40.31
ALB 49. 020 144. 665 119. 831 15. 64 46. 14 38.22 25.31
LL 16. 786 116. 485 102. 416 7.12 49.42 43.45 12. 60
LW 1. 065 11.313 15.913 3.76 39.99 56.25 8. 60
PL 0. 561 1. 447 3.008 11. 19 28.85 59.97 27.94
HMW 3.874 32.995 37.506 5.21 44.36 50.43 10. 51
RLW 0.021 0. 094 0.079 10. 89 48. 44 40. 67 18.36
LMW 33 672.905 297 656.762 308 171. 612 5.27 46.55 48. 19 10. 16
LSL 8.783 41.292 15.754 13.34 62.73 23.93 17. 54
LSW 1. 120 3.194 1.468 19.37 55.24 25.38 25.96
SSL 2. 006 8.355 2.869 15.16 63.15 21. 69 19. 36
SSW 0. 105 0. 465 0.176 14.05 62.33 23.62 18.39
FH 0. 186 0.565 0.364 16. 69 50. 67 32. 64 24.78
FW 0. 241 0. 602 0.335 20. 48 51.08 28. 44 28.62
RLLW 0.017 0. 155 0.051 7.43 69. 64 22.93 9. 64
RSLW 0.011 0.224 0. 069 3.50 73.79 22.72 4.52
RFHW 0 0.002 0.003 3.47 36.45 60. 09 8.69
) Mean - — — 11.38 50.57 38. 05 18. 31

XM HRGE S W2 2. See Tab. 2 for abbreviations of phenotypic traits.

k5 BEBEEER1TAREMEKENELYE"
Tab.5 Correlation between 17 phenotypic traits in Vatica mangachapoi populations on the Hainan Island, China
FARPEAR
Phenotypic  NLV ALB LL LW PL HMW RLW LMW LSL LSW SSL SSW FH FW RLLW RSLW
traits

ALB ~0.675

LL 0.752" -0.390

LW 0.031 0568 0.45

PL 0.915™ -0.643 0.768" 0134

HMW 0.741" -0.404 0.895™ 0.45% 0.767°

RLW 0.758" -0.89™ 0.707° -0.32 062" 0557

LMW 0.537 -0.005 0.889* 0.80™ 0.62  0.88™ 0312

LSL —0.733"  0.329 -0.325 -0.088 -0.682" -0361 -0260 -0.288

ISW -0.453  0.415 -0.0% 0.188 -0.32 -0062 -0.182  0.030 0.789"

SSL -0.516 0382 -0.2%4 0.174 -0.561 -0.198 -0.411 -0.065 0756  0.5%

SSW -0.370  0.410 -0.063 0.181 -0.341 -0.129 -0.197 0.039 0.738"  0.898" 0.728"

FH -0.086 -0.244 0.009 -0.205 0213 004 0150 -0.04 03% 0428 -0.04 0355

FW -0.164 -0.203 -0.055 -0.191 0.146 -0.001 0.065 -0.088 0.348 0373 -0.02 029 0.988*

RLLW -0.223 -0.248 -0.316 -0.39%0 -0.298 -0.335 -0.059 -039%5 0.0¢4 -0.5% 0026 -0512 -027 -0.114

RSLW 0311 0100 —0.257 0.065 -0.425 -0.112 -0.377 -0124 0265 -0.148 062 -0.02 -0.48  -0.351 0.586

RFHW 0.58 -0112 0348 0058 0282 0237 0367 0233 -03% -0082 -0.10 -0.021 -0.595 —0.711° -0.415 -0.120
DO HARSE W3 2. See Tab.2 for abbreviations of phenotypic traits. * : P <0.05; %% : P <0.01.

2.4 HMRBESIE N T WRTUE MR BE R N0 & S RE PR S A S Ry 8. B B

KB TG 17 S RAPPRI SO AR ABJE RO RS R RAE R B 9 R
[ B85 1T UPGMA Vi 7 526, 40 BU TR REDIR B 0 30 B0 85 15 U B B A7 6 A T R DL, — o 2
(D . T 9 AMRBES 3 % BB FHEIEA 2% (R=0.3022, P=0.954 1)

i i B 5 RIS 5 TR R
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Tab.6 Correlation between geo-ecological factors and phenotypic traits of Vatica mangachapoi

populations on the Hainan Island, China

TR s R R 7 R AR
Phenotypic traits Elevation MAP MAAT MATJU MATJA
NLV 0.883 -0. 006 -0.647 -0.570 -0.715"
ALB -0.624 0. 087 0.453 0. 068 0. 469
LL 0. 495 0.253 —-0.445 -0.356 -0.681"
LW -0.052 0.039 0.129 -0.357 -0.062
PL 0.767" -0.220 -0.352 -0.357 -0.464
HMW 0.536 -0.026 -0.560 -0.484 -0.657
RLW 0.527 0. 287 -0.559 -0.066 -0.656
LMW 0.354 0.117 -0.186 -0.427 -0.458
LSL -0.687" 0.179 0.352 0.545 0. 306
LSW -0.505 -0.021 0.240 0. 341 0.270
SSL -0.245 0.033 0.214 -0.061 0. 095
SSW -0.301 0.091 0.228 0. 186 0.118
FH -0.168 -0.346 0. 397 0. 647 0.309
FW -0.235 -0.336 0. 448 0.686" 0. 346
RLLW -0.091 0.253 0.089 0.178 -0.031
RSLW 0.003 -0.039 0. 008 -0.331 -0.040
RFHW 0.478 0.176 -0.547 -0.632 -0.409

O EFH FA B HAR SS9 9 W F 1 M3 2. See Tab. 1 and Tab. 2 for abbreviations of environmental factors and phenotypic traits. * :

P <0.05; %% : P<0.01.

Pop.1
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Pop.2 |

Pop.6

JE#E Population

Pop.5

Pop.8

Pop.7 L L L L L 1 L L L

0 0.17

1
0.34 0.51 0.68

Bk B #E B Euclidean distance

U R B O AN M R AR i T I 2R 2

Fig.1 Dendrogram of 9 natural Vatica mangachapoi populations on the Hainan Island, China using UPGMA clustering method for

Euclidean distance derived from 17 phenotypic traits

JEREGR S5 W4 1. See Tab. 1 for codes of populations.
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