Seedling establishment

CHAPER 5

RESULTS -

A total of 78 tree seedling species (1,156 individuals) had established in the
studied plots (Appendix B). Most seedlings, 57 tree species (64.2% of individuals)
were dispersed by animals (birds and small mammals), whilst 21 tree species were
dispersed seeds by wind (Table 2). Plots beneath tree crowns supported morc tree
seedling species and individuals (72 species, 648 seedlings) than control plots (60

species, 508 individuals).

Table 2 Number of scedlings and number of seedling species divided by dispersal

means in all plots

Under tree crown Control Total
Dispersal means { no.of no.of no.of no.of No.of no.of
seedlings | species | seedlings | species | seedlings | species
wind 215 19 200 19 415 21
(33.2%) | (26.4%) | (394%) | (31.7%) | (35.9%) | (26.9%)
birds and wind 22 3 10 2 32 3
(34%) | (4.2%) (1.9%) (3.3%) (2.8%) (3.8%)
birds 73 5 53 5 126 6
(11.3%) | (6.9%) | (10.4%) | (8.3%) | (10.9%) | (7.7%)
birds and small 216 22 157 20 373 25
mammals (33.3%) | (30.6%) | (30.9%) | (33.3%) | (32.3%) | (32.1%)
small mammals 122 23 88 14 210 23
(18.8%) | (31.9%) | (17.3%) | (23.3%) | (18.2%) | (29.5%)
Total 648 72 508 60 1156 78
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The most abundant seedling species in all plots combined were Dalbergia
ovata Grah, ex Bth. (Leguminosae, Papilionoideae) (127 seedlings, 11.0%), Schima
wallichii (DC.) Korth. (Theaceae) (83 seedlings, 7.2%), Litsea cubeba (Lour.) Pers.
var. cubeba (Lauraceae) (76 seedlings, 6.6%), Rhus chinensis Mill. (Anacardiaceae)
(64 seedlings, 5.5%) and Litsea monopetala (Roxb.) Pers. (Lauraceag) (55 seedlings,
4.8%). In plots undemeath tree crowns, the most abundant sﬁec_ies were Dalbergia
ovata Grah. ex Bth. (Leguminosae, Papilionoideae) (80 seedlings, 12.3%), Litsea
cubeba (Lour.) Pers. var. cubeba (Lauraceae) (43 seedlings, 6.6%) and Litsea
monopetala (Roxb.) Pers. (Lauraceae) (42 seedlings, 6.5%). In the control plots, the
most abundant species were Schima wallichii (DC.) Korth. (Theaceae) (58 seedlings,
11.4%), Dalbergia ovata Grah. ex Bth. (Leguminosae, Papilionoideac) (47 seedlings,
9.2%) and Litsea cubeba (Lour.) Pers. var. cubeba (Lauraceae) (33 seedlings, 6.5%)

(Table 3).



46

£8 8$ §T pum 28308y |, oy (DA) uyipm vungos| 07
6 ¥ S puIMm aeasrIuousig zmy (1) winorpur wrydxodry| 61
z 0 z pum SBIORIINDING jdeig (nnoH) vivypaquin viyooiapy| 81
Il v L pum oBISRIUOUS I ondeidg naiay
TRA YOS Y X2 WS ('T[BM) biopndiis prupyyiopy L
8 L 1 puim sesoeIqIoydnyg V=W () sisuaddipyd smopppy| 91
8 ¥ ¥ pum SBIDBAJRIA "GOy purodioo pipAy | 1
1 I 0 puim aeooeroJInby usa0T ('[rem) propnjiaquin xagy| 1
z 0 Z pum 9BIOBINOINS 3¢ ¥ (qx0y) vipiojoo vubtuiy| €1
6 1 8 pum araprouorfideq ‘sesourum3a AROY DoLgS pupyIdisy) 71
$ ré £ pum aeaogpuR|INf ppvo1ds “JBA [ ¥2 USYORT ppwords vipdvyjaSug| 11
LZ1 Ly 08 puim aeapiouolided ‘sesourwnsa P X2 YRID) vivao vidiaquocr| 01
¥l g 9 pumm seaprouoijideg ‘sesounindoa P x2 qern) v niiaqipg| 6
Z ré 0 purm opoorouadAy ‘ovraymnn 19 (MoT) asuauyouryo00 wnidxowi)| §
6€ 61 0Z puIM awaproruidiesae) ‘sesomunSay 1 DyoBatava pluyRDg| [
S € 4 pum OBOPIOSOWIN “deSOUIunga| DLIDAAA]D "TRA
pLipadApo “dss ‘S[OIN (loef) pripadApo uodpuspiyosy ?
6 IS ¥ pum SBOPIOSOWITIA] “Sesouingda] g (I 1) punssipaopo vizigy|
st S 01 puIM SE3PIOSOWIIA ‘SeSOUTUNGa | O (1qsQ) sisuauyo viziqry| v
97 g g1 | [eunue puim aeaderqIoydnyg ziny ("W-"IN) wnudBoapyds votpryoorn| €
1 0 I [EUHug ‘puIm Jeasviqroydnsy qrex) iy uopwyooin| T
S Z ¢ jeunue ‘purm oeaoBIQIOYANT| 'S’V osuawipls “IBA Y- WRIDUHIINOD UOIPIYI0ILY|
I £ TISTUBYOSU .
@0l sjonuo) \ MM%D e, poos swreu Ajrure,j el [eoRog ou

PaUIqUI0d $9102ds 3513 paje|osl [[& woy saroads yors Uy punoy sFuEpass Jo qumy ¢ JlqeL




47

1z 6 Zl jewiue aeaoedey 3 MH xa Bury (2in¥) pijofisasatp s1sdouvisv o_r\
v 0 |y lewue y ~ oeooudey 3 NH %2 Jury pydydoidSao sisdoupisuy| 6¢
6 I g Jeuwiue oeaoede] *0d v (19) pussypuumop sisdounisn)| 8¢
74 Al 01 [ewue Ie0RIqNY ‘Qxoy wnijofiadod wniyup?)| L€
T I [BwIUR oBa0RISsINg WM wmpngns wnoun?)| 9€
I 0 I jeuniue SBAVDBUSQION D340QD "TRA “(GXOY Da40qiD bdivojn)| SE
1 0 I [ewiue oraIRINgT UV DIpauiatu] ‘J3e bipatuyosyiag| €
T T [ | puue aeaoelqioydnyg “HVO DAOYlnd 02anpo0g| €5
9 £ £ jeurtue QBIORION "001], PIDJoaoUD) SRAIDIOMY| TE
) 01 9 [ewue 9BIORION "qx0y byrooyp} sndivooldy) 1€
(14 8I 1€ fewrue aedoerqioydnyg reg (Ipury x2 “[lep\) psojjia psniody| O
€1 S 8 Jeurrue seaoeIqioydng snuung “rea ‘Juaidg () snmung pusspnuy| 62
s LT 4 jeuwnue seaoeiqioydnyg "ZWY wnptov vusapiiuy| 8¢
il ré 6 jewnue oBa0BY ], TeM SUDLBpif Dajsauuy| LT

Z I ! [BUIIue oedoeIneT|  uuolsod (J WH X2 Bury) mmosiapup suydopoasyy 97
4 G z [ewiue seovIduely qre1)y pziny wmiSunyy| ST
0¢ 81 4! pum arodRIqNYy memo)) (qreID) vz

bpunqriolf *dss "D ('qX0Y) pLOI2UL DIpUDIPUL 4
8 £ S pum apysodwo)) DHOfILioMDYj04 "TeA "D PHOftoMDY[0 DIUOULZ| €T
8 ¥ ¥ pum SBIORI[DA w0y W Do bUoo]: T
0z S Sl pum sedorUOUTIg QQeIN (M X2 'H-'€l) $10j00 winuetadsoadag| 17
SUMOID
[e30], Isjonyuon)| oay WSHrEYOUL sureu Afrur,] SLBY [BoIURIog ‘ou
1opug) [esxodsip peag : :

(panunuos) ¢ ojqeL




48

9L €€ £t [ewiue seaoRINe | bgaqnd “¥eA 's1vd (‘10T) vgaqno pasiy| 09

I 0 I jewiiue seaoede "PUY (qx0Y) smyvarsauaf sndavooyry| 65

1 0 1 [euIUR SBIDBOIISLIAIN 097 1724041 Dipjarfsiory| 8S

6 £ 9 Jewruy oB30Bd}0I] ‘PPog poruSopu votag| LS

I I 0 [ewurug edVRII], 'SSN{ DAUD20LID DiMads)| 9C

6 9 € Jeurme SB3IBUSQIDA 'qX0Y vatoqiv putpouisy| g

¢ Z I [ewiue JB3oBIpIRIBUY QIe1) pivaoqgo pinin)| v§

v |z 'z [eUiuR B 2eadEZIasINg ‘qx0y pwuud vSnaosy| £¢

I 0 I [puiue SBIORION DIDINgRs “TeA "I BIongns snapg| 7S

I 0 I [ewue SBIDRION vIDPLOdULDS Ic

CIBA WIS H'( X2 - DIDPJONUIS SNOLLY

2 T O B ...----mwammmE B4 U e ppidsyy “TeA 371 pprdsiy snopp 05
RN 0 | Jewug SBAORION| psomisy oA 1g xa Moy “psopmsif snoLy| 64 |

B ¢ Z € jewnue 2E20B3AY |, RAQ DuRIYIIDM "TeA "0y DIDUIIHNID pdiniy| 8%

Sl L 3 [ewnue SBIOBUAN QXY ("DA) psoonnif vadng| Ly

62 81 I¥ [ewrue BD0ORUAN ‘qxoy vaopfavp buadng| of

g 4 £ jewrue seadediesoae|y QXY snijofisouny sndawzoanyy| o

Y L 6 jeunue oBoIRUSqL 208 psoypupid souddsoi ! v

r4 0 z eaiiue seaoepuideS|  wnduop rea upsuoy dss "o ubBuot snduvoouncy| €y
A i B T ~ oradRIAI| | [Hooy (qresD) 1ruay “ren “Jnoy vaoyiamd o oo

s Z s [ewiItEg T oB3dRINET 1M H wmmjonadiSuor winwownuu)) 1

- SUMOIO
WISTUBGOSUL i
B0 [s[jonuo) h MM%D Ems.%% paog WY AJIue,] SUIRH [EoIRIOq ou

(ponunuod) ¢ sqqey,



49

9SIL | 80S | 8¥9 \ ) 1
s¢ Z1 £z |ewiue oeadajAydulg "0 %2 [eM (qx0y) vaafuod vruiding| gz
I I 0 [ewug aeaoBWN 9 (1) sypanio vuiasy| L1
121 S 6 Jewnue oed0RIRIALG qre1D) saprozuaq xvidig| 9f
€S 9¢ L [eurnye 9B30RINOING "GX0Y bsojpa vinoag| L
I 0 I [ewue desoeiqroydnyg 1B10A (PIlIM x2 “qx0Y) psousa vadSnyy| yi
9 I ¢ [eurrue JB20RINBINES MeM #Ydangxod vinvanog| €/
I 0 I [ewiue svdoupuidey '0d ypavd snputdos| 7L
9 LT LE [ewnue SEB2dRIpIBIBUY IHAL Sisuatinygo snyyr| 1L
I 0 I jewue seadelasing 18ug (19910 x2 '[eM\) winivaios tuniosdg| QfF
1 0 I [ewnue seoorjodeg 18I viwround pirauoyounyy| 69
It 1 07 [ewIUe seaoeiqioydnyg "1 Doljquia Snyubldyg| 89
01 9 ¥ jeunue seademe] SIIN| (SOaN ¥2 [[eM) vivjosoup] aqaoyg| L9
z I I [ewmue SuaoeIouUTRN LRI Huofing vyayotpy| 99
£ £ 0 [ewIue SBIOBUISIAA "0d v ((qx0Y) veovrusiups sappy| 9
€Z 11 Al Jewmue JradRINE | 3 H ¥o Sury putodquiog snpryonpy| 9
I 0 I jeunue seaoRINE] "GX0Y X2 SN vijofionps vasiry| €9
(4 €l A [eunue Qe0RINE| 'S1dg & ﬁ_xozv piradovout vasyry) 79
Z NS 1 [ewwe | T ouoomne| T psounngS rea ‘q0y "g') (o) EeSS.& posiry| 19
SUMOID
[BloL [sjonuoy| sy tSHEyoaul sureu Arue,| SUIRY [BOTURIOE] ‘ou
1opur) _H&omm% pasg

an

(panunuoo) ¢ JqeL




50

Comparison between recruitment beneath tree crown and control

A comparison of tree seedling recruitment beneath tree crowns and in control

plots was carried out by using #-tests on seedling density and species richness.

Although mean seedling density and species richness beneath tree crowns

were higher than in control plots for ali tree species (except Albizia chinensis) the

differences were statistical significant (P<0.05) only for seedling density in the

Schima wallichii-plots (P=0.02) and for species richness in the Eucalyptus

camaldulensis-plots (P=0.01).

Table4 Average density (no./m?) and species richness (no.species/m?) of total-

seediings in each studied tree plots

Density Species richness
Species n | Beneath iree Control Beneath tree Control
Mean SD | Mean | SD | Mean | SD | Mean | SD
Albizia chinensis 6| 0153 | 0.061 | 0.155 | 0.122 { 0.108 | 0.032 | 0.074 | 0.054
Callicarpa arborea 70209 | 0.131 | 0.206 | 0.168 | 0.154 | 0.092 | 0.152 | 0.136
Castanopsis diversifolia 810224 | 0.165 | 0.170 | 0.076 | 0.122 | 0.095 | 0.098 | 0.036
Lirvthrina siricta 61 039 | 0157 § 0.369 | 0.216 | 0.247 | 0.091 | 0.212 | 0.134
Eucalyptus camaldulensis | 81 0268 | 0.121 | 0.198 | 0.245 [0.097 *| 0.041 0.057 * | 0.047
Pinus kesiva 8| 0156 | 0139 | 0.135 | 0.165 | 0.116 | 0.087 | 0.089 0.085
Schima wallichii 810372*| 0210 [0.199*| 0123 | 0.161 | 0.042 | 0.133 | 0.074

Remark: * significant differences (P<0.05)
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Considering only wind-dispersed seedling species (Table 5) seedling density

beneath tree crowns was higher than in control plots for the Castanop,

sis diversifolia,

Erythrina stricta and Schima wallichii-plots, but the difference was significant (P

<0.05) only in the Erythrina stricta-plots (P=0.04). Mean seedling density beneath

the tree crowns was lower than in the control plots for all other tree species plots, but

not significantly so. Mean seedling species richness was high beneath the crowns of

most remnant tree species (except for only Pinus kesiva and Schima wallichii),

However, the differences between tree crown plots and control plots were not

statistically significant.

Table 5 Average density (no./m”) and species richness (no.species/m®) of wind-

dispersed seedlings in each studied tree plots

Density

Species richness

—

Species n | Beneath tree Control Beneath tree Control
Mean SD Mean SD Mean SD Mean SD
Albizia chinensis 6] 0.069 | 0.064 | 0.086 | 0.113 {0.041 * 0.032 | 0.026 *| 0.025
Callicarpa arborea 71 0.065 | 0.037 | 0.070 | 0.049 | 0.052 0.032 | 0.049 | 0.037
Castanopsis diversifolia 8| 0.072 | 0.053 | 0.058 | 0.041 | 0.044 | 0035 0.036 | 0.019
| Erythring stricia - 610219 %] 0.147 [0.077*| 0.043 |0.108 * | 0.060 |0 044 * 0.018
Fucalyptus camaldulensis |8 0.068 | 0.084 | 0.109 | 0.160 0.023 | 0.022 | 0.021 | 0.019
Pinus kesiva 8| 0.031 | 0.036 | 0.044 | 0.049 | 0.031 | 0.036 | 0.035 0.027
Schima wallichii 87 0.143 [ 0.170 | 0.079 | 0.054 | 0.037 | 0.019 | 0038 0.021

Remark: * significant differences (P<0.05)
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Considering only animal-dispersed seedling species (Table 6) seedling density

beneath tree crowns was higher than in control plots for all of remnant tree species

except for Erythrina stricta. However, the difference was significant (P<0.05) only

for Schima wallichii (P=0.008). Mean seedling species richness beneath the tree

crowns was higher than in the control plots, also except for only Erythrina stricta.

For three species of remnant tree, this difference was statistically significant (P<0.05),

Eucalyptus camaldulensis (P=0.0006), Pinus kesiya (P=0.02), and Schima wallichii

(P=0.04).

Table 6 Average density (no./m?) and species richness (no.species/m?) of animal-

dispersed seedlings in each studied tree plots

Density Species richness
Species n | Beneath tree Control Beneath tree Control
Mean SD [ Mean | SD | Mean | SD Mean SD
Albizia chinensis 6| 0084 | 0.049 | 0.068 | 0.049 | 0.067 | 0.025 0.0648 | 0.042
Callicarpa arborea 710148 | 0.117 | 0.138 | 0.135 | 0.106 | 0.072 0.104 | 0.104
Casldnopsfs diversifolia 8} 0172 | 0.134 | 0.125 | 0.079 | 0.091 | 0.07 0.071 | 0.031
Erythrina stricta 610197 | 0.119 | 0292 | 0.225 | 0.156 | 0.072 | 0.168 0.121
Fucalyptus camaldulensis | 8 | 0202 | 0.137 | 0.089 0.111 {0.075*{ 0.024 [0.036 *| 0.033
Pinus kesiya 810132 | 0.140 | 0.091 | 0.125 [0.094*| 0.085 |0.055 * 0.070
Schima wallichii 810232*| 0.076 [0.120*| 0.080 |0. 126 * | 0.035 [0.097 *| 0.064

Remark: * significant differences (P<0.05)
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The mean ratios of animal / wind -dispersed seedling (Table 7) individuals
were higher beneath tree crowns than in control plots for all remnant trec species
studied except Erythrina stricta. However, the differences were insignificant (P>
0.05). For seedling species richness, the ratios were higher beneath tree crowns than
in control plots for all of remnant tree species, except Erythrina stricta. However,
these differences were statistically significant (P<0.05) only for Fucalyptus

camaldulensis (P=0.03).

Table 7 Mean ratios of animal / wind seedlings using number of individuals and

number of species

Individual Species richness

Species n| Beneath tree Control Beneath tree Control

Mean Sbh Mean SD Mean SD Mean SD

Albizia chinensis 411952 | 2.309 | 0.956 | 0.931 | 3.021 | 4028 1.542 } 1.329
Callicarpa arborea 6 2.786 ( 3.208 | 1.601 | 1.372 | 2375 | 2312 1.944 | 1.42]
Castanopsis diversifolia 7] 2485 | 0.926 | 1.812 | 1.087 | 2.152 | 0.516 | 1 928 | 0.937
Erythrina stricta 6 1506 | 1.611 | 4.889 | 3.908 | 2.212 2436 | 3.750 | 1475
Eucalyptus camaldulensis | 4 | 2.088 | 2.048 1.684 | 1.664 [2.875%| 1.315 [1.625*| 0.478
Pinus kesiyva 412917 | 3.625 | 0.833 | 1.106 | 2.167 | 2.285 0917 | 1.258
Schima wallichii 812726 | 1.453 | 2.069 | 1.833 <4292 | 2.250 | 2.858 | 1.670

Remark: * significant differences (P<0.05)
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Ecological indices

Maximum species richness (NO=17) occurred beneath the crown of a
Castanopsis diversifolia tree (7) (Table 8). Minimum species richness (N0=0)
occurred underneath the crown of a Pinus kesiya (4) and one of the control plots of
Eucalyprus éamaldulensis (3). Mean s.pecies richness of tree seedlings, for each
species of isolated tree was highest underneath Castanopsis diversifolia crowns

(N=39) and lowest in the control plots near to Eucalyprus camaldulensis trees

(N0=14).

Species diversity was highest (N1=25.16,N2=29.62) underneath Castanopsis |
diversifolia and Albizia chinensis crowns, while highest evenness (E5=1.32) occurred
undemeath Albizia chinensis and Pinus kesiya crowns. For the control plots, species
diversity was highest in the Callicarpa arborea-control plots (N1226.75,N2=40.83),

but evenness was highest in the Pinus kesiya-control plots (E5=1.63 ).
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Species/area curves

Species/area curves were used to compare the expected number of seedling
species beneath tree crowns and in control plots. The species/area curves for wind-
dispersed, animal-dispersed, and total seedliﬁgs are shown in Figures 14-34. MNiost
species/area curves beneath tree crowns indicate higher numbers of species than in
control plots, except all charts of Callicarpa arborea-plots and charts of wind-
dispersed seedling species in the Castanopsis diversifolia and Pinus kesiya-plots, for
which the species/area curves are hi gher in control. However, all differences between

the curves are very small.




59

expected no. of species:

S

N . ]
Figure 14 Species/area curves of wind-dispersed seedlings |
in Albizia chinensis plots J
|
L ¢ N TETS T
2 30
Tz }
gz 20+ |
& 5
g 10 ==#~=Beneath tree crown l
2 3 w ===~ Control [
.6 0 T i T T T |
0 100 200 300 400 500 600 700 800 |
total area (mz)
Figure 15 Species/area curves of animal-dispersed seedlings T
in Albizia chinensis plots
40 A 888 e e et - i . 0 e et 5 o A

{-._ Bencath tree crown
— ==#=Control

0 160 200 300 400 500 600 700 800

total area (mz)

total arca (m?)
|
Figure 16 Species/area curves of natural tree seedlings
in Albizia chinensis plots 5
é e A 1 100K St st 1 s \‘.N.,._V:[
z i
c = :
g7 1’
= c " |
é —L —Q—Egnl]::::l'r tree crown l: I
g T T L T T I
0 100 200 300 400 500 600 700 800 |
1
F
1




60

—

Figure 17 Species/area curves of wind-dispersed seedlings
in Callicarpa arborea var. arborea plots
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—
Figure 20 Species/area curves of wind-dispersed seedlings
in Castanopsis diversifolia plots
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Figure 21 Species/area curves of animal-dispersed seedlings
in Castariopsis diversifolia plots
] 40
g 35 ==®—Bencath (ree crown ]I
= 30 === Control ;
52
& ©
T 1
g 5
5 0
(5] T T T
0 100 200 300 400 500 600 700 860
total area (m?)
Figure 22 Species/area curves of natural tree seedlings
in Castanopsis diversifolia plots
i 40
§ 35 4~  ==@e=DBeneath iree crown
(= 30 +—{ =—8—Control
“5; = 25
g & 20
o 15
[ BT
g 5

100 200 300 400 500 600 700 800

total area (m®)




62

Figure 23 Species/area curves of wind-dispersed seedlings
in Erythrina stricta plots
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Figure 27 Species/area curves of animal-dispersed seedlings
in Eucalyptus camaldulensis plots
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Figure 32 Species/area curves of wind-dispersed seedlings
in Schima wallichii plots
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Rarefraction

The rarefraction method is used to calculate expected number of seeding
species from different communities if all samples of the seedling commﬁﬁity plots
were reduced to a standard number of individuals. Since, in this study, seedling
density varied greatly among plots, and plot size varied according to the dimensions
of the tree crowns, it is a more appropriate technique than standard species/area
curves. Rarefraction curves were used to compare expected numbers of seedling
species beneath the tree crowns and in the control plots. Separate curves for wind-
dispersed, animal-dispersed, and total seedlings are shown in Figures 35-55. Most
charts show similar relationships between numbers of individuals and number of
species beneath the tree crowns and in control plots. The expected numbers of
seedling species beneath tree crowns was higher than in control plots in charts of
wind-dispersed seedlings in Albizia chinensis-plots, animal-dispersed seedlings in
Erythrina stricta-plots, and total seedlings in Albizia chinensis and Erythrina stricata-
plots. The opposite result was found in all charts of Schima wallichii-plots and for

animal-dispersed seedlings and total seedlings in the Callicarpa arborea-plots.
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Figure 35 Rarefraction curves of wind-dispersed seedlings
in Albizia chinensis plots
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Figure 38 Rarefraction curves of wind-dispersed seedlings
in Callicarpa arborea var. arborea plots
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Figure 41 Rarefraction curves of wind-dispersed seedlings
in Castanopsis diversifolia plots
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Figure 44 Rarefraction curves of wind-dispersed seedlings
in Erythrina stricta plots
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Figure 47 Rarefraction curves of wind-dispersed seedlings
in Eucalyptus camaldulensis plots
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Figure 50 Rarefraction curves of wind-dispersed seedlings
in Pinus kesiya plots
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Figure 53 Rarefraction curves of wind-dispersed seedlings
in Schima wallichii plots
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Similarity and difference indices

Sorensen’s index was used to compare the species composition of the seedling
communities beneath tree crowns and in control plots (Table 9). The maximum value
of this coefficient is 1, when two communities have same species and the minimum

value is 0, when there are no common species.

Therefore, a low value of Sorensen’s index would indicate that remnant tree
crowns have a large influence on the species composition of the tree seedling
community establishing in deforested areas. The lowest values of Sorensen’s index
(beiow 0.5) were obtained with 2 species (Albizia chinensis and Eucalyptus

camaldulensis).

The data were also tested using the difference coefficient, Chord distance,
Which, unlike Sorensen’s index, takes into account the relative abundance of the
different species (Table 9). The highest value of Chord distance is 1.41, whilst the
lowest value is 0. Therefore, values of above 0.7 would indicate a substantial effect
of tree crowns in altering the species composition of the tree seedling community.
Chord distance values of above 0.7 were attained with Albizia chinensis, Callicarpa

arborea, Erythrina stricta, Eucalyptus camaldulensis, and Pinus kesiya.




Table 9  Similarity coefficient (Sorensen's index) and difference coefficient
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(Chord distance; CRD) of natural seedling communities between

tree crowns and control plots

no. of seedling species -

Mature tree species Beneath Both | Sorensen| CRD |

Control ;

tree (C) ;

Albizia chinensis (1) 3 2 I 0.40 1.09 |

Albizia chinensis (2) 11 4 2 0.27 0.89 |

Albizia chinensis (3) 4 3 2 0.57 1.20 |

Albizia chinensis (4) 10 4 2 0.29 1.39 |
Albizia chinensis (5) 2 1 1 0.67 0.77
Albizia chinensis (6) 8 10 2 0.22 1.01
Albizia chinensis 27 19 10 0.43 1.12
Callicarpa arborea var. arborea (1) 6 8 3 0.43 1.14
Callicarpa arborea var. arborea (2) 4 3 0 0.00 1.41
Callicarpa arborea var. arborea (3) 3 5 0 0.00 1.41
Callicarpa arborea var. arborea (4) 8 8 | 0.13 1.37
Callicarpa arborea var. arborea (5) 6 1 1 0.29 0.63
Callicarpa arborea var. arborea (6) 2 1 1 0.67 0.24
Callicarpa arborea var. arborea (7) 9 9 2 0.22 1.02
Callicarpa arborea var. arborea 26 31 16 0.56 0.91
Castanopsis diversifolia (1) 12 9 4 0.38 1.02
Castanopsis diversifolia (2) 11 14 6 0.48 0.47
Castanopsis diversifolia (3) 9 5 1 0.14 0.54
Castanopsis diversifolia (4) 8 8 3 0.38 1.13
Castanopsis diversifolia (5) 6 7 1 0.15 1.33
Castanopsis diversifolia (6) 10 7 4 0.47 1.23
Castanopsis diversifolia (7) 17 8 5 0.40 1.25
Castanopsis diversifolia (8) 3 12 2 0.27 1.26
Castanopsis diversifolia 39 38 30 0.78 0.49
Erythrina stricta (1) 11 5 2 0.25 1.27
Erythrina stricta (2) 13 5 5 0.56 0.86
Erythrina stricta (3) 4 13 3 0.35 1.28
Erythrina stricta (4) 8 5 4 0.62 0.73
Erythrina stricta (5) 3 5 1 0.25 1.24
Erythrina stricta (6) 10 4 3 043 1.24
Erythrina stricta 28 22 16 0.64 0.72
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Tablp 9 (continued)

no. of seedling species | 1'
Mature tree species Beneath Both | Sorensen: CRD
Control
tree (©) !
Eucalyptus camaldulensis (1) 5 2 2 | 057 0.42
Eucalyptus camaldulensis (2) 1 1 0 | 000 1.41
Eucalyptus camaldulensis (3) 2 0 0 | 000
Eucalyptus camaldulensis (4) 6 2 1 | 025 1.32
Eucalyptus camaldulensis (5) 5 6 3 055 O.98j
Eucalyptus camaldulensis (6) 2 1 0 0.00 1.41
Eucalyptus camaldulensis (7) 5 3 2 0.50 0.21
Fucalyptus camaldulensis (8) 8 5 2 0.31 0.68 |
Eucalyptus camaldulensis 15 14 8 0.55 0.73
Pinus kesiya (1) 5 5 1 0.20 1.29
Pinus kesiva (2) 11 [§ 3 0.27 1.28
Pinus kesiya (3) 3 2 0 0.00 1.41
Pinus kesiya (4) 0 2 0 0.00
Pinus kesiya (5) 4 2 1 0.33 1.14
Pinus kesiya (6) 1 1 0 0.00 1.41
Pinus kesiya (7) 5 2 0 0.00 1.41
Pinus kesiya (8) 4 2 i 0.33 1.14
Pinus kesiya 24 23 11 0.47 1.18
Schima wallichii (1) 9 8 6 0.71 0.54
Schima wallichii (2) 4 4 2 0.50 0.86
Schima wallichii (3) 13 10 7 0.61 1.07
Schima wallichii (4) 8 10 3 0.33 1.27
Schima wallichii (5) 15 5 2 0.20 1.35
Schima wallichii (6) 8 5 3 0.46 0.50
Schima wallichii (7) 12 5 3 0.35 1.27
Schima wallichii (8) 6 6 2 0.33 1.13
 Schima wallichii 36 33 25 0.72 0.63
Total 72 60 54 0.82 0.50
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Krusal Wallis-test, used to test for statistical differences in mean Sorensen’s
index and mean Chord distance of natural seedling communities between tree crowns
and control plots among remnant tree species (Table 10), showed no statistically

significant differences (P>0.05).

Table 10 Mean Sorensen’s index and mean Chord distance of natural seedling

communities between tree crowns and control plots

Specios Sorensen ™ Chord distance ™
n Mean SD N Mean Sb

Albizia chinensis 6 0.402 0.180 o 1.058 0.221
Callicarpa arborea 7 0.247 0.241 7 1.031 0.447
Castanopsis diversifolia 8 0.334 0.132 E 1.029 0.337
Erythrina stricta 6 0.409 0.154 6 1.103 0.243
Eucalyptus camaldulernsis 8 0.272 0.251 7 0.919 0.492
Pinus kesiya 8 0.142 0.158 7 1.297 0.121
Schima wallichii 8 0.437 0.165 8 0.999 0332

Total 51 0315 0.203 49 1.060 0.337

Remark: ns = no significant differences (>0.05)
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Effect of the species of remnant tree on seedling establishment

A comparison of seedling communities among the remnant tree species was
ana%yzed by using a Kruskal Wallis-test and a Mann Whitney-test on seedling dessity

and species richness.

A Kruskal Wallis-test was used to test for statistical differences in the density
and the species richness of seedling establishment beneath the tree crowns aud i (ic
control plots among the 7 remnant tree species. In this study, the differences of
seediing density and species composition varied according to seed-dispersal
mechanism, wind and animal. The differences beneath the tree canopies were
statistically significant (P<0.05) for density and species component of wind-disporsed
seedlings, but not significant (P>0.05) for density and species component of animal-
dispersed seedlings (Table 11). Furthermore, the differences in the comtrol plots
among the 7 remnant tree species were statistically significant (P<0.05) in species

component of animal-dispersed seedlings.

Table 11 Summary results of Kruskal Wallis-test on density (no./m?) aud specics
richness (no.species/m®) of seedling establishment among the 7 spceics of

isolated tree studied
Beneath tree crown Control
Dispersed type Density Species Density Species
Richness Richness |
wind-dispersed seedling P=0.032 P=0.033 ns ng
animal-dispersed seedling ns ns ns P06
Total seedling P=0014 | P=0.012 ns P=0.004 |

Remark: ns = no significant differences (P>0.05)
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The Mann Whitney-test was used to test for significant aifferenoes in density
and species richness between pairs of remnant tree spe;:ies. Average density of
seedlings beneath remnant tree species studied was highest beneath Etythrinq sticta
and lowest beneath Albizia chinensis and Pinus kesiva (Table 12). The del;sity of
animal-dispersed seedlings was highest beneath Schima wallichii and lowest beneath
Albizia chinensis, but the differences were insignificant (P>0.05). The density of
wind-dispersed seedlings was highest beneath Erythrina stricta and lowest beneath

Pinus kesiya, and the differences were statistically significant (P<0.05).

Table 12 Summary results of Mann Whitney-test on average density (no./m’) of
seedling establishment beneath isolated tree species (P<0.05)

. Dispersal means
Species Wind Animal Total
Albizia chinensis 0.069 be 0.084 0153 ¢
Callicarpa arborea 0.065 bc 0.148 0.209 be
Castanopsis diversifolia 0.072 b 0.172 0.224 abc
Erythrina stricta 0219 a 0.197 0399 a
Eucalyptus camaldulensis 0.068 bc 0.202 0.268 abc
Pinus kesiya 0.031 c 0.132 0.156 ¢
Schima wallichii 0.143 ab 0.232 0.372 ab

Remark: ns = no significant differences (P=0.05)

Mean species richness of seedlings beneath the studied trees was highest
beneath Erythrina sticta and lowest beneath Eucalyptus camaldulensis (Table 13).
The diversity of animal-dispersed seedlings was highest beneath Erythrina stricta and
lowest beneath 4lbizia chinensis, but the differences were insignificant (P>0.05). The
species richness of wind-dispersed seedlings was highest beneath Erythrina stricta
and lowest beneath Fucalyptus canzafdulensis, the differences were statistically

significant (P<0.05).
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Table 13 Summary results of Mann Whitney-test on average species richness

(no.species/m?) of seedling establishment beneath isolated tree species (P

<0.05)
. Dispersal means -

Species Wind Animal ® Total
Albizia chinensis 0.041 b 0.067 0.108 ¢
Callicarpa arborea 0.052 ab 0.106 0.154 abc
Castanopsis diversifolia 0.044 b 0.091 0.122  be
Erythrina stricta 0.108 a 0.156 0.247 - a
Fucalyptus camaldulensis 0.023 b. 0.075 0.097 c
Pinus kesiya 0.031 b 0.094 0.116 be
Schima wallichii 0037 b 0.126 0.161 ab

Remark: ns = no significant differences (P>0.05)

Considering among control plots of the 7 species. of remnant. trees studied, the.

differences. among remnant species in seedling density were insignificant (P=0.05)

(Table 14).

The differences of species richness were almost insignificant.

Differences amang temnant species in species, richness of estahlishing seedlings were.

significant (P<0.05) (Table 15). However, this was.due almost entirely to the very

high number of animal-dispersed species in control. plots of Erytrina stricta.

Table 14 Summary results of Mann Whitney-test on average density (no./m*) of
seedling establishment between control plots of remmant tree species (P

<0.05)
] Dispersal means s

Species Wind ™ Amiroal © Total
Albizia chinensis 0.086 0.068 0.155
Callicarpa arborea 0.070 0.138 0.206
Castanopsis diversifolia 0.058 0.125 0.170
Erythrina stricta 0.077 0.292 0.369
Fucalyptus camaldulensis 0.109 0.089 0.198
Pinus kesiya 0.044 0.091 0.135
Schima wallichii 0.079 0.120 0.199

Remark: ns = no significant differences (P>0.05)
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Table 15 Summary results of AMann Whitney-test on average species richness

(no.species/m?) of seedling establishment between control plots of remnant

tree species (P<0.05)
. Dispersal means

Species Wind ™ Animal Total
Albizig chinensis 0.026 0.048 b 06074 b
Callicarpa arborea 0.049 0.104 ab 0.152 ab
Castanopsis diversifolia 0.036 0.071 ab 0088 b
Erythrina stricta 0.044 0.168 a 0212 a
Eucalyptus camaldulensis 0.021 0036 b 0.057 b
Pinus kesiva ' 0.035 0.055 b 008 b
Schima wallichii 0.038 0.097 ab 0.133 ab

Remark: ns = no significant differences (P>0.05)
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Effects of the sizes of remnant trees on seedling establishment

Relationships between remnant tree size with seedling establishment were
analyzed by linear regression. Linear- regression charts of each studied tree species
were made to determine the relationships and statistical analysis. Results varied
greatly according to parameters of tree size, seed-dispersed mechanism, and species

of rempant tree.

Most analyses showed no relations between any parameters of tree size with
density or species richness of seedlings (Table 16). However, there were some
significant inverse relationships bencath Castanopsis diversifolia, Eucalyptus

camaldulensis, and Schima wallichii.

Table 16 Summary results of linear-regression test between remnant tree size with
density (no./m®) and species richness (no.species/m®) of natural seedling

establishment bencath similar remnant tree species

Density Species richness
Species Height GBH Canopy Height GBH Canopy
width width

Albizia chinensis ns s ns ns ns ns
Callicarpa arborea ns ns ns ns ns ns
Castanapsis diversifolia ns ns P=0.006(-) ns ns P=0.007(-)
Erythring siricta ns ns ns ns ns ns
Eucalyptus camaldulensis ns P=0.038(-) ns ns ns ns
Pinus kesiya ns ns ns ns ns ns
Schima wallichii ns ns ns ns P=0.032(-) | P=0.027(-)

Total ns ns ns ns ns P=0.009(-)

Remark: ns = no significant differences (P>0.05)

(-) = inverse linear regression




Considering only wind-dispersed seedlings (Table 17) most analyses indicated

no statistical relationships except a relationship between canopy width of Castanopsis

diversifolia and species richness of seedlings.

Table 17 Summary results of linear-regression test between remnant tree size with

density (no./m?®) and species richness (no.species/m”) of wind-dispersed

seedlings beneath similar remnant tree species

Density Species richness
Species Height GBH Canopy | Height GBH Canopv
width width

Albjzia chinensis ns ns ns ns ns ns
Caliicarpa arborea ns ns ns ns ns ns
Castanopsis diversifolia ns ns ns ns ns P=0.014(-)
Erythrina stricta s ns ns ns ns ns
Eucalyptus camaldulensis ns ns ns ns ns ns
Pinus kesiya ns ns ns ns ns ns
Schima wallichii ns ns ns ns ns ns

Total ns ns ns ns ns ns

Remark: ns = no significant differences (P=0.05)

(-) = inverse linear regression

Considering only animal-dispersed seedlings (Table 18) most analyses

indicated no statistical relationships between tree size with density or species richness

of seedlings except some relationships beneath Albizia chinensis, Castanopsis

diversifolia, and Schima wallichii.
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Table 18 Summary results of linear-regression test between remnant tree size with

density (no./rnz) and species richness (no.species/mz) of animal-dispersed

seedlings beneath similar remnant tree species

Density Species richness
Species Height GBH Canopy Height GBH Canopy
width width

Albizia chinensis ns ns P=0.03(+) ns ns ns
Callicarpa arborea ns ns ns ns ns ns
Castanopsis diversifolia ns ns P=0.003(-) ns ns P=0.005(-)
Erythrina stricta ns ns ns ns ns ns
Eucalyptus camaldulensis ns ns ns ns ns ns
Pinus kesiya ns ns ns ns ns ns
Schima wallichii ns ns ns ns P=0.003(-} { P=0.025(-)

Total ns ns ns ns ns P=0.025(-)

Remark: ns = no significant differences (P>0.05)

(-) = inverse linear regression

{+) = relative linear regression
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. Relative growth rate (RGR)

Relative growth rates of different natural tree seedling species were calculated
by using remainder of seedling height (cm). The RGR results did not include all
recorded seedlings due to random sampling of seedlings for monitoring in some plots
and the loss of some seedlings during the study period. Average RGR's of 58
seedling species (339 seedlings) are presented in Appendix E. The average RGR's
combined from beneath remnant trees and in control plots are reported in Table 19.
The range of average RGR was 5.23 — 228.24 (% / year). Height RGR of seedling
species was highest for Trema orientalis (L.) Bl. (Ulmaceae), 228.24 (% / year)
followed by Callicarpa arborea Roxb. var. arborea (Verbenaceae), 114.83 (% / year),

and lowest for Ficus fistulosa Reinw. ex Bl. var. Sistulosa (Moraceae), 5.23 (% / year).

Frequency of histograms of average RGR values displayed in Figures 56-58.
Most seedling species (39 species) recruited beneath remnant tree crowns had wide
ranges in average RGR (10-60 % / year) (Figure 56). In the control plots, the number

- of seedling species peaked clearly at 13 species, which had average RGR's of 20-30 %

/ year (Figure 57).
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Figure 56 Frequency of seedling species beneath remnant tree
crowns separated by periods of average RGR
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Figure 57 Frequency of seedling species in control plots separated
by periods of average RGR
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Figure 58 Frequency of scedling species in both, beneath tree
crowns and control plots separated by periods of average RGR
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A comparison of average RGR of tree seedlings beneath tree crowns and in
control plots was carried out by considering 10 seedling species, which were
abundance (Table 20). The Mann Whitney-test was used to determine statistical
differences in RGR. There were no significant difference in mean RGR's of seedlings

beneath remnant tree crowns and those in control plots (P<0.05).

Table 20 Mann Whitney-test on average RGR's of 10 seedling species between

beneath remnant tree crowns and in control plots

’ Mean RGR (% / year) Statistical
Species Bogeath Control result
tree crown
Antidesma bunius (L.) Spreng. var. bunius 72.75 30.96 ns
Aporusa villosa (Wall. ex lindl.) Baill. 38.21 28.09 ns
Artocarpus lakoocha Roxb., 18.50 28.75 ns
Canthium parvifolium Roxb. 41.77 27.39 ns
Dalbergia ovata Grah. ex Bth. 57.20 58.11 s
Eugenia fruticosa (DC.) Roxb. 57.31 57.33 ns
Litsea cubeba (Lour.) Pers. var, cubeba 51.03 61.36 ns
Litsea monopetala (Roxb.) Pers. 50.75 87.98 ns
Schima wallichii (DC.) Korth. 60.81 66.31 ns
{ Sterculia villosa Roxb. 23.15 27.56 ns

Remark: ns = no significant differences (P>0.05)
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Bird observations

Bird visitations to the remnant trees studied

During two hundred and thirty-one hours of observations at remnant trees in a
deforested site, thirteen species of bird were observed visiting the trees studied (Table
21). Considering all trees combined, the Inomate Warbler visited the longest
followed by the Flavescent Bulbul. The Inomate Wabler was the most prevalent
visitor in most of tree species studied, Albizia chinensis (Obs.) Merr. (Leguminosae,
Mimosoideae), Erythrina stricta Roxb. (Leguminosae, Papilionoideae), Eucalyptus
camaldulensis Dehnh. (Myrtaceae), Pinus kesiva Roy. ex Gord. (Pinaceae), and
Schima wallichii (DC.) Korth. (Theaceae), whereas for Callicarpa arborea Roxb. var.
arborea (Verbenaceae) it was the Flavescent Bulbul and for Castanopsis diversifolia
(Kurz) King ex Hk. f. (Fagaceae) it was the Burmese Shrike. Schima wallichii was

most attractive remnant tree species to birds.

Most birds observed were insectivorous (6 species), general or omnivorous (5
species) and a few were carnivorous (2 species) (Appendix F). Insectivorous birds
were the most dominant group in Albizia chinensis (Obs.) Merr. (Leguminosae,
Mimosoideae), Erythrina stricta Roxb. (Leguminosae, Papilionoideae) and Schima
wallichii (DC.) Korth. (Theaceae). Omnivorous birds, which eat both insects and
fruits were the longest visiting group in Callicarpa arborea Roxb. var. arborea
(Verbenaceae), Eucalyptus camaldulensis Dehnh. (Myrtaceae), and Pinus kesiva Roy.
ex Gord. (Pinaceac). Whilst camnivorous birds predominated in Castanopsis

diversifolia (Kurz) King ex Hk. f. (Fagaceae) (Table 22).



92

6550°0 ; 0661°0 | 8120°0 | 0910°0 | 19€0°0 | 00E0°0 | 9€T0°0 | 6020°0 18101
£000°0 | €100°0 L0000 YOIeyINN PaJuOL-ISAJOA SHvIUO DI
0000 | 6£00°0 | $T00'0 | $£00°0 | 6900°0 | L0000 | T#00'0 | STO0'0 qqug PAISTYM-pIY snsoo0/ snjououod
960070 | I1£€0°0 | ££00°0 | SEC0°0 | IT00'0 | L0000 | 0Z10°0 | 6100°0 Ingng yuadsaAe]y Suaosa4anY snjouousd g
£500°0 | €810°0 | TS00'0 | #T00°0 | 8T00'0 | L0000 | 6100°0 | L£0O'0 Inqing papeay-£100g 42ISD31ND SnjouoUsAg
100070 $000°0 Inq[ng] popesy-yorjg sdoorip snjouousl ]
610070 ; 1600°0 | L0000 $000°0 | J919qeg-MYS Pamolq-aHIym SHouDjauL SIindaj
0£20°0 | €160°0 | $800°0 | 6¥00°0 | 8810°0 | L0000 | 8Z00°0 | 911070 JIqIB A\ SjeLIouy Snpuioui sndoasody g
1000°0 | ¥000°0 BUYON[CA] PA[1Q-U310) S15141 snavydonusvy J
05000 1 ¥220°0 AU TIBWIS | SHatuoupuilo SRIODO042142 J
60000 | 84000 LIYS pajIe)-guo] YoDuyos sniuvy
€000 ¥000°0 | L000'0 | L0000 | TLZO'0 | S000°0 | $000°0 AfUYS esauLmg SIpioLnfjo Smup’y
1000°0 $000°0 003onD) pleldwy URISY | snypnopul xA000205A4y7)
ZC00°0 19500°0 | £000°0 | #100°0 | 6#00°0 ¥100°0 | #1000 BJOT ooy vrydly v gay
o
3 3 BR8] ¥ |28 |s8F]| ¥
g 2 RIS W % 3 < 8 Q
= g g 18| & |33/ &
§ | 5| % (§° 8 |S8/8% § SWIEN UOUR0)) SWEN OYIUALS
- g = | 3 $| 3
= Y S >4
8

$2100ds 213 Y0€S JOJ SSINIUTUI UOHEAISSqO [£10] / PIAISSqO PIIq SSNUIUI josoney 1zoqel




93

Table 22 Percent of individual visit minutes by each bird group (according to diet) in
the trees studied

. |es JEls
';; =1 ‘&?3 3 5: = s r. E
= [ S B ] Q Phosd
matpes | SE[SE[SE|E5[SY|T 258
S| 8¥[8 88 & RS
SSISE|ISE[E5|88(€ |38
Camivorous bird 22 1.9 [ 907 ] 19 4.3 1.7 2.4 7.2
Insectivorous bird 642 | 19.6 | 23 | 654 | 435|459 | 676 | 58.1
Omnivorous bird 33.6 | 784 | 69 | 327 1522|524 | 299 | 346
% total 100 { 100 | 10 100 | 100 | 100 | 100 | 100

Bird behavior, wﬂile they visited the trees could be divided in to three main
activities. First, birds perched for 2 moment and then flew out. This behavior was
observed for all bird species. Some birds dropped faeces. Secondly, birds visited for
feeding which took longer, depending on the abundance of food. Sooty-headed
Bulbul, Flavescent Bulbul, Red-whiskered Bulbul spent a long time in fruiting trees,
of Callicarpa arborea var. arborea (6). Common lora, Small Minivet, Inornat
Warbler, White-browed Shrike-Babbler, Sooty-headed Bulbul, Flavescent Bulbul,
Red-whiskered Bulbul, and Velvet-fronted Nuthatch spent a long time foraging for
caterpill&rs or adult insects in almost all trees, Lastly, birds visited trees to defend
their territories. Burmese Shrike spent a long time visiting Castanopsis diversifolia
(3) without feeding and the Long-tailed Shrike spent a long time visiting Schima
wallichii (3) and Schima wallichii (5). Both birds, which are carnivorous, often called
and attacked other birds coming in their territories. Nests of both birds were found

nearby.
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. Bird feeding on fruiting trees in intact forest

Birds were observed in fruiting trees of one individual of Aporusa octandra
(B.-H. ex D. Don) Vick. var. octandra (Euphorbiaceae), one Bischofia javanica Bl.
(Euphorbiaceae), two Callicarpa arborea Roxb. var. arborea (Verbenaceae), one
Debregeasia longifolia (Burm. £) Wedd. (Urticaceae), and one Heynea trijuga Roxb.
ex Sims (Meliaceae). Aporusa octandra (B.-H. ex D. Don) Vick. var. octandra
(Euphorbiaceae) was located at the National Park Headquarters (FORRU tree number
s205) and two Callicarpa arborea Roxb. var. arborea (Verbenaceae) trees were
located along the road near the National Park Headquarters. Debregeasia longifolia
(Burm. ) Wedd. (Urticaceae) and Heynea trijuga Roxb. ex Sims (Meliaceae) were
located at the Coffee Research Station. Bischofia javanica Bl. (Euphorbiaceae) is

located near the Chang Kian Highland Agriculture Research Station.

During fifty-four hours of observations seventeen bird-species visited the trees
(Table 23). Most birds were omnivorous, except the Black-throated Sunbird
(nectar/insectivorous), Common Iora, Inornate Warbler (insectivorous), Burmese
Shrike, Blue Whistling Thrush (carnivorous), and Wedge-tailed Pigeon (frugivorous).
Black-crested Bulbul visited the longest time on Aporusa octandra and Bischofia
Javanica. Red-whiskered Bulbul visited the longest time on Debregeasia longifolia
and Heynea trijuga. Flavescent Bulbul visited the longest time on Callicarpa
arborea. Bischofia javanica was most attractive to birds ate them fruits compare with
other trees. Red-whiskered Bulbul ate fruits widely by feeding every fruiting tree

studied.
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Most birds visited the trees to feed on fleshy fruits, except the Common lora
and Inornate Warbler, which foraged for insects, while Burmese Shrike and Blue
Whistling Thrush only perched for a moment. Black-throated Sunbird visited Heynea

trijuga to pick white arils and then flew out, only once.

Aporusa octandra (B.-H. ex D. Don) Vick. var. octandra {Euphorbiaceae)
fruits during March to May. The fruit type is a septicidal capsule, light green-yellow
when ripe. The ﬁ'uit size is about 10 mm x 8 mm x 8 mm. The birds ate the fruits by
using their bills to rip open the green epicarp and then pecked out the orange aril,
including the seeds which were swallowed immediately. Whilst foraging for ripe
ﬁdt- some birds defecated. Most birds spent a few minutes feeding, ate about 1-4
arils, and then flew away. Red-whiskered Bulbuis often visited in flocks of 5-10
individuals for a few minutes. Sooty-headed Bulbuls often visited as individuals and
fed for a few minutes. Black-crested Bulbuls visited in small flocks of 2-3
individuals, but spent the longest time in Aporusa octandra var. octandra compared

with other bulbuls.

Bischoﬁa javénica Bl. (Euphorbiaceae) fruits from June to February. The fruit
type is a slightly fleshy globose drupe, brown-black when ripe. The fruit size is about
7-10 mm diameter. The birds ate whole fruits and some of them defecated while
foraging. Red-whiskered Bulbuls often visited in large flocks of 10-15 individuals
and spent a few minutes feeding. Puff-throated Bulbuls and Black-crested Bulbuls
visited in smaller flocks of 3-7 individuals and spent a very long time in the tree.

Wedge-tailed Pigeons visited the fruiting tree alone and spent 15-45 minutes feeding.
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Callicarpa arborea Roxb. var, arborea (Verbenaceae) fruits from August to
October. The fruit type is a globose drupe, dark purple when ripe. The fruit size is
about 4 mm diameter. The birds ate whole fruits and some of them dropped faeces
while perched in the trees. Most birds visite& singly or in groups of 2-3 individuals.

They usually spent 1-2 minutes feeding on the fruits.

Debregeasia longifolia (Burm. £.) Wedd. (Urticaceae) fruits from October to
March. The fruit is an achene, surrounded by a fleshy receptacle, orange when ripe.
The fruit size is about 5 mm diameter. 1 observed only Red-whiskered Bulbuls
visiting this tree. The birds ate whole fruits. Large flocks of Red-whiskered Bulbuls
visited this species, but usually separated into small groups of 2-3 whilst foraging.

Visits were rare and usually last only a few minutes

Heynea trijuga Roxb. ex Sims (Meliaceae) fruits from August to December.
The fruit type is a septicidal capsule, globose, fleshy, maroon when ripe. The fruit size
is about 12-14 mm diameter. Red-whiskered Bulbuls and Puff-throated Bulbuls ate
fruits by usihg their bills to peck at the white arils, but did not swallow seeds. Red-
whiskered Bulbuls visited in large flocks of 10-15 individuals and spent about 4-8
minutes per visit. Puff-throated Bulbuls visited in smaller flocks of about 4

individuals and spent about 3 minutes feeding but were observed only once.

Birds attracted to fruiting trees in the forest were mostly different species to
those observed in remnant trees in the deforested area. Although bird species
recorded differed between forest and remnant trees, the following species: Aegithina
tiphia (Common lora), Lanius collurioides (Burmese Shrike), Phylloscopus inornatus

(Inomate Warbler), Pycnonotus aurigaster (Sooty-headed Bulbul), Pycnonotus
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flavescens (Flavescent Bulbul), Pycrorotus jocosus (Red-whiskered Bulbul) were
recorded in both places. Of these bird species, only the latter three species are likely

to disperse seeds from forest to deforested areas (the others are mostly insectivores). |




