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ABSTRACT

ABSTRACT

[ Keywords ] Xue-Jian recreation area, Insect fauna, Ant, Insect pollinator, Plant
Phenology, Ecological education

The insect composition and the phenology of dominant plants were surveyed in
2015 and 2016 for environment monitoring and the ecological education in Xhejian
recreation area. Morover, insect composition from canopy surveyed in 2013-2014 were
analyzed simultaneously. The dominant insects families finding on the dominat plants
include the dipteran Sciaridae, Cecidomyiidae, and the thysanopteran Thripidae. High
insect biodiversity was found annually except that from December and the summer
composed the most abundant insects; While extremely dynamic fluctuation was found in
spring time. Flower-visiting insects shown thysanopteran thrips in 51% is the highest one.
As referring to the ants composition, 10 species including seven endemic ants were found.
Flowering and fruiting phenology surveys were carried on in a total of 83 families, 197
genus and 329 species and the first top five rich-families were Compositae, Rosaceae,
Urticaceae, Teaeceae and Lauraceae. The monthly flowering species of 2015 reached two
peaks and is April-December in 2016, and the monthly fruiting species showed the
abundant peak occurring in June-December. The flowering patterns were recognized as
continual, sub annual, and annual types; And the annual type occupied the most flowering
plants. Moreover, the extreme low -4.7°C occurred on January 24 in 2016 affecting
phenololgy vitally. For example, that all flower buds of Alpinia pricei were chilling injury.
Moreover, time-lapse photography could clearly get the phenological scenario. Results of
plant phenology relevant to insect composition shown that flower-visiting insects such as
thrips, anthomyiid fly, the hairy hymnopterans could be considerd as the efficient
pollinators. Moreovr, DCA showed that flower-visiting insects were appearing related to
flowering season and involved in a clockwise dynamic pattern. In clustering analysis, as
comparing to the canopy insect fauna, the flower-visiting insects were variable although
several clusters formed each in March, July, Novenmber, and June-July were found.
Finally, in order to apply these basic scientific results that photos, images, and videos
upon those insects and plants were used as primary material and presented in the

handbook, guide-sheet and e-book for environmental and ecological education.
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ABSTRACT

[ key words] Insect Pollinator, Insect Fauna, Canopy, Malaise Trap

The dominat insects collected by sweeping net from canopy layers were the piercing
hemipteran bugs and the sucking dipteran flies, and the next ones were the diversifiying
beetles and the parasite wasps. While the abundant ones were the dipteran and
coleopteran beetles in Malaise trap, but not the hemipteran. Both sweeping net and
Malaise trap could capture different kinds of insect from different woody plants.
Moreover, the flying effenciently flies and beetles could be captured more in Malaise trap
than those of the other insect orders; while the drosophilid fly would sometime increae
suddenly. We found that the insect community was abundant in summer time, i.e. June,
then in September, and the least one was in the winter time; Lots of temperature-adaptive
insects would sometimes be captured in spring season. Therefore, the insect abundant was
associated with temperature dynymics in this area. As referring the insects captured from
plant flower, the piercing bugs were the abundant one but their pollinating capability was
unclear. The captured insects could be considered as the pollinators were those of the
dipteran Anthomyiidae (flower fly), the hymenopteran furry Halticidae and hony bee, and
the setae-/fringe-covered thysanopteran thrips. During the collection performance, images
of the larger and/or the brightly colorful insects were always captured in addition to some
of the gall-making gnats and the host-specific bugs of Psyllidae and Chrysomelidae,
which will be presented finally in the handbood or guide-sheet construction for

environmental and ecological education.
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TAENY MBERE RRSHE A IHREAE > R 3ARZFT TERRA R
L o MR L hE SR N A D AR P FuRIRAR 0 0 R S B A JUIBR
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2. MEFABATELAD LAY Z RN ABRF ORI FIMR  REREY
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BAEIRAEATH F 2 U BN (Pitfall trap) BAZ ABBE RPN = T AR
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2 BB ME S FE 2 Excel fh% AT HR ARG BAE RS
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%/ﬁ °

RS i SR L

% Engelmann (1978) g4t & ¥ % (Engelmann’s Scale) » &% 7 A
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13



f PPz ey EMGnd
H L S _ﬂ»

ik gggt_&;—,—ﬁ At E %zgi)g » kB A A E .ggi N .ﬁg& g T %zgu ek Bk

LR AER e B 4
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coefficient 3+ & 4p 2 & (Similarity) i i = 4B » 12 gt ae s 41 % 3 & & 37 (Cluster
analysis)iZ = A 1TER G ()1 # %2 PC-ORD (McCune and Mefford, 1999)
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2. PAKHARHMTA BHP PR ES
d % 147 otk B P LR 12230 B (ik 54%) B S L Bam R 3476

B(15%) 0 @ B2 P 1753 §(7.7%) ~ %2 p 1713 £(7.5%) ~ L2 8 1511 & (6.6%)R]
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EECE S F NN 1 E %(225 &) FIE

AALB AR ETF6 P )EEBS o bl4e 2015 & 6 F chk & a4 E£E(CO)E A~ j7(SS)

LEPREE o FH kg EHs B 5 0 ¥ i 712014 £
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TAMEFRPFEE AT EMR DL
Fi BRI Ak

Pk B eh 40%)> R AL 2280 & (19%)>#3% 1949 & (16%)>¥4 1599(13%) (R 1-5) -

P B A0 2016 # 3 0 %:&%’fﬁﬁ—?ﬁﬁ e SR A B Rl B B ek S A

SAE GWE R REEET 0 R FRIER LA A EE

A u] G A GE(SS 55289 B)>% E £ (LA - 3854 B)>E£ k4 EH5(CC 2486 &) £

ﬁ%#ﬁ}%ﬁi’%  BiEp R B 60 m§§£ 01 chfE L B ¥ BB L

FF120 e 2016 £ 3 0 2 BB BB IR PR S L RS
SEERE Fl TR o

2000

250

My

= ',-zzjlm, 13
150 O .

100

TTMEIITL 3 v

W17 2R3 AR K50 & Ao 2 &R -
(FR &R AT T

SR P kAR 36 B 1703 &R AR 1-6) 0 B et ul g oA [ 3299 &
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>

FoF ZAE RERBAEAESZ SR

17%) ~ fmsz 4 [ 45 (194 & 5 11%)~ 8] 4 41153 & 59%)~ P b #2128 & 5 7%) »
$ U BRI TS Ao e pkIE S ST S ] 3 E S mBE A 5 o AJ(SS)

e P RN B E L S BHE(A T 620 E>E B X EH597 £>2 E 718496 £)-
LEEEHEE ARG LA EBOET R N6 L E FHF YR 9

PR EE RS REEF 127 22016 £ 3 0 = B
e p Bl R RS 0 LR R g e p kAR o
Biep X4 60 B 3476 Lk AHEE 0 bod ot L BAFG95 &
17%) ~ B4 (432 & 1 12%)~ 2 % B £.(237 & 5 7%)(B 1-7)> B v 5 5 vr s £(180
)~ fEadm g AQ201 &) 75 3 S p SN T H(124 &) P K
. A E (LA 1353 &)>Aj=(SS; 1183 &)y & % F£5(CC ;940 &) & X &
FPEEBXRF 6" L FEREG A2 9 ORERSIRLE T2 5
SEEte R S SRR FRAP I 0 = BHE 2016 & 3 0 Hiiep R AHKER S o
A FIARKT FAAEJ S RS
R 5 f S s Aot 155 S0 o -2 AR A At s e 4 47 PCORD
B8 > 53 R (Evenness 5 E) ~ § R % % {445 #ie(Shannons Diversity index ; H)# %
& & % % 1245 Bc(Simpson’s diversity index ; D)4 47 {6 ¥ 4v 0 353 R 4p #ic /i 3
0.61~0.703 R » #Fq&f_ﬁ_%—" RAAEEARS  BRAFARTIS H BT X AR K
M 3.128~3.566 2 fF (= 4 A3t 1.5~35 2 ) & kX FR(CO)snH E 5 = HHfa i
B fI* HEa F pIREFRE fle 2 i FIR BT & kX EhE i & 5 4
B A ik AN AR AR TR AR R RAR L D AT 2
RS B AR 1 A S R TIOA09 1 s AT A R A B

EAA

W o

1-5 2 2% R4 A0 0 il i
B Rdpde RR-SH IR 2F LI RE

(E) 4p Be(H) 1p (D)
cC 0.703 3.566 0.9381
SS 0.61 3.128 0.892
LA 0.639 3.257 0.8987

(FH & b a § A
4. AP HRXRHMFREIRESE B0

RATT R 45 R (SWP)E 5 L (ML) K 4 Je b B & B S A M54 & fdeo ~ 47
BP oM EE L EE L RS FERAN S VT E RS A E 12 EARRS (R
1-6 » F] 1-8) ; # g ulend 2 7 1 2014 22 2016 & 3 1 chZ B A7 8 A7 e endf
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ZARFREPSFGEE RGP EMED A
Ei:”%HM%

B Bl- £ehb 5 ¢4 ARH 4o ehlFa) 0 £ 122016 2RP A > d B 187 4o
XA AHEN G SRS PR FERE ST R AR FL P hise

I A S Y L
21-6 ZAE R AIMTALATZ ER S HRH

ek
TR — — ; Total
EEXER AR FEERR
32 18 105 14 137
2013 & 6 * 372 1328 793 2493
971 377 691 414 1482
L 2 . 285 158 517
37 503 481 901 1885
2014 & 6 " 1283 1099 718 3100
91 228 543 266 1037
e 127 T 172 .. LS 322
37 192 177 251 620
2015 & 6 * 1036 1461 333 2830
97 186 331 351 868
e 127 197 210 338
31 975 1232 1134 3341
2016 # 62 420 882 586 1888
971 257 265 408 930
12 * 144 263 185 592
Total 6237 9512 6851 22600
(F ki f g T
—— HEE EREAER BERE RE —a—RBEE NETR
1600
1400

1200

1000

800 -

600

400

200 -

3?‘6%‘95‘125 15‘65‘95‘125 3%‘65‘95‘125 35‘65‘95‘125

20134 20144 20154= 201645
Bl 1-8 TAW RXAHMFALAT T TEEH o
(FR &R AT A

2013 £ E3EB AT L2 165 FH(ErE 1-7) A4 4 FHH LR A oud
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F-% AN BEPEARSZ HE

3 R(E)% 5 42 (H-D)¥ 4> 355 B & 0.401~0.844 2 FF > 12 % i34 § B ik 0.725;

LB EENT LS I H(H) & 1.553-3.611 B 7 # & Margalef (1972)32.5 T B %
’faﬁ']{t:}hﬁxé % 1.5~3.5 mffﬂp\ ) “,% 2013 # 12 % #h > 5 <3025 20 p 3 q &5
1% 1435 #(Simpson's diversity index ; D)& 7 D" & & 0.4899~0.9446 2. & » & 2013 h
33869 20152132 2014 &6 2290 2016167 ~9 2 ixgr 12
T D ER09 o

F01-7 TR ARfRAE A S AL ABC 3 R SR

Num. Name E H D
1 2013Mar 0.844 2.812 0.9052
2 2013Jun 0.693 3.26 0.9045
3 2013Sep 0.554 2.285 0.7574
4 2013Dec 0.401 1.553 0.4899
5 2014Mar 0.616 2.836 0.8435
6 2014Jun 0.733 3.489 0.9417
7 2014Sep 0.741 33 0.9192
8 2014Dec 0.7 2.711 0.8449
9 2015Mar 0.822 3.611 0.9446
10 2015Jun 0.543 2.606 0.7597
11 2015Sep 0.621 2.62 0.8496
12 2015Dec 0.575 2.336 0.7273
13 2016Mar 0.509 2.352 0.793
14 2016Jun 0.687 3.231 0.9081
15 2016Sep 0.75 3.331 0.9222
16 2016Dec 0.725 3.149 0.9046

* E = Evenness = H / In (Richness) ; H = Diversity = - sum (Pi*In(Pi)) = Shannon's
diversity index ; D = Simpson's diversity index for infinite population = 1 - sum (Pi*Pi) ; Pi
= importance probability in element i (element i relativized by row total) (F 4L kik: A% 3

Bt ZARFF RS A SRR E Y 3 Y Bray-Curtis 4p £ i #cte 5 245
WEH2DAAFEFZELFR(R 1-9) Bririplke ! b HEL4pmd27 ~9 0
6 )y =2k el gRe L Rl 5 (Ax1s1)mE'%\§,_M< v e R dhi

PR AR ZHERP SR B R F e L R o
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Fid E VRISt Uk
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'Y
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'y
Dec-14
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Y
Dec-16 | Mar-14
Mot % Sep-16] Sep-i4 “ L Axis 1
e T T T T T _'H_"-l_lb LI L B
oo 0.4 b
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Y
044 }
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A
Jun-15
00 +a

Bl1-0 2 Apfmhk e Ea b a2 BATH-

(FH s b § T
WD OAME R R ARET AN R L PTEER B E Y A RS T 4o
1-10 » 34’1%‘*&2151&:&%&&&¢m%uf CREREFRAES > R AEER T
ErMAFFRTERAREEF A HBEHE I AREFETLFRERN

~

e LR E- #2014 % 2016%%g FH e B or 2016 #30 hEE AEE
Bt B PR RERE -
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$-F AR FREPRAESZ

5. TR R AR BEE A

2 AP H AT A N A 2 S 4% Engelmann(Engelmann, 1978) 4 % = 5% > ik BB & &
H(RE)E ABE GG HTPE AKEFAV A S AR E5 0 A EH
(Eudominant) ~ #&%*(Dominant) ~ ¥ #&%*(Subdominant) - 2013 % 2016 # 9 ? iTw #
E AR T 0 ZORE UM G RAECHREEFIE o i R - R 5 AR 7
BB(F 1R e R T THTAELL UERp LB LR 522y
B~ BRI~ Hdx o~ WEE o B R B A e P 2 e ¥ 4 (Sciaridae) ~ B
(Cecidomyiidae) ~ 43 (Chironomidae) ~ #5%(Ceratopogonidae) % i > B3 B2 P (4] 5 >
Thripidae) ~ £ 2 p (4 & » Psyllidae) o & % ek S35 %5 B2 P (A] 5 ) B2 P (K
JREN ~ Hdx ~ Fd= -Empididae) ~ i 22 p (] & A Scolytldae) % 1= & (Chrysomelidae)
X% p (7 ¥ > Miridae ; #7 fy > Aphididae) ~ %2 B (# | #% > Eulophidae © } *Lwi%

/l/. —r/

Platygastridae) °

KO R AHE(: 1-9)%F BEA LS RTINS b B o B F] 8
3R] S Bl BRI TRREHR AR S 58 T EAE R
£IET TR A AR PR R 0 BRI LL B RSP E
# e & B (Scolytidae)s F & e d g i o
#1-8 T ATk BR AP s

MLT SWP
CC SS LA CC SS LA
Sciaridae Sciaridae Sciaridae Sciaridae Sciaridae
(17%) (24%) (24%) (11%) (12%)
Cecidomyiidae Thripidae Chironomidae Psyllydae
Dominant (15%) .(1 1%). _ (10%) (10%)
Cecidomyiidae
(10%)
Chironomidae ~ Chironomidae  Cecidomyiidae Miridae Cicadellidae  Cicadellidae
(9%) (7%) (9%) (9%) (5%) (5%)
Thripidae Ceratopogonidae Ceratopogonidac  Thripidae Eulohidae Eulophidae
(6%) (7%) (9%) (9%) (4%) (5%)
Ceratopogonidae Scolytidae Sciaridae ~ Chrysomelidae Chironomidae
(5%) (4%) (5%) (4%) (4%)
Scolytidae Cicadellidae  Platygastridae Chrysomelidae
(3%) (5%) (3.5%) (3.8%)
. Eulophidae Phlaeothripidae
Subdominant (SI:%)) (3.7%I))
Chironomidae
(5%)
Empididae
(4%)
Aphididae
(3.4%)
Greenideidae
(3.6%)

(G TR AT T

25



T MBS E 2 S AR
g é’i AR S R

L 1-9 T A% ARtk E REEEMEA BE R AP RS

LHMEA L

Xuejian
CC SS LA
Sciaridae Sciaridae Sciaridae
. (14%) (24%) (23%)
Dominant Cecidomyiidae Thripidae Chironomidae
(11%) (11%) (10%)
. Chironomidae Cecidomyiidae Cecidomyiidae
Subdominant (8%) 9%) (9%)
Thripidae Ceratopgonidae Ceratopgonidae
(7%) (7%) (9%)
Ceratopogonidae Chironomidae Scolytidae
(4%) (1%) (3%)
(FH KR A5 T
SN EANRABREFTEALA RS2 BREH
SED LM R BRESER LA BRESFTHRLP TR A O EP

AR NSO ERE S 2B A3 RS (rk 1-10) REPEFF 2 L
o 1-10 (A FIR S cngz g p B AFI D) -

2 1-102 Ly B RREFENE AT A D D2 Bl

HERFR TS

L gt i JUTT BEAFES N
2015/03/16  , .. .. .

Rk EREF SIS S
2015/05/15 2L g 5 BH & E RS 4 % IR
2015/06/22  ® =R ihfe Hiiie HREe i

XA g 4k oA
1507145 v g s 3 awgu S YO
2015/11/10 §% o~ EEY

e F A A o e Jli‘;ff < s
2016/05/20

=]
2016/6/24  EAL L%
2016/6/30 B4 % 1

(FH &R AT T
b e Rkl S ded 1100 31 AR TS A 47
41658 2 e g

£2E g 128 106
A d R A5 (B 1-105 2 1-11)% 2148 &(51%) >
J2 P 555 8(13%) ~ AR P 450 £ (11%) ~ 420 447 &(11%) ~ L2 p 335 & (8%) -
SRTHIATET L BACCAES R 6 BIRD FS b S 0 B i
DB B B A LB e N L s L PRI ¢ BT b el ¥
TN AT HEBRERS
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$-F AP FEPLEAESZ

B 497E
s |

mEEFH
m EFE
HEE
nEEE
1 E8E
m R E
15EEE
mTTEIER S
mESEE
niEAE
1% =|IE

Bll-11 20+ F@FEPFTF AP0 B2F o
(FA & d a2 A

Z1-11 229 FERFEFTEIAHD B

EE-

e Xiep grep Wimp dfiep Fiep Hiwp ep EED A sy P OBARP BikEP Total
RS 13 13 5 4 4 0 0 0 0 8 34
L@ s 8 16 11 3 1 0 1 0 18 0 50
REFAFSF 12 21 11 0 5 0 1 0 2 4 44
K 9 21 0 0 10 1 1 1 0 8 42
SRR 2 16 0 0 0 0 0 0 0 1 17
HEREH 17 22 9 13 1 1 6 1 53
RS 15 9 1 12 27 20 69
o EReS 25 26 13 48 1 1 2 52 2 145
LHE ST 1 1 1
TREEF 1 1 1
14 R 19 8 9 3 4 2 3 2 15 1 47
FPg L 13 2 1 14 1 1 2 1 1 23
ERL e 13 7 19 2 6 1 2 4 2 43
e 15 45 4 2 12 76 16 155
L 30 18 27 27 46 1 410 3 532
R E e 21 18 17 3 5 4 1 1 10 68 127
FiE R T 18 5 4 23 7 3 16 2 60
ER 30 22 12 21 42 1 61 2 161
LR 9 3 6 2 2 13
3RO 23 9 8 3 18 2 1 66 7 114
LEELF 22 2 3 7 8 1 2 2 2 1 28
T 40 12 155 200 45 1 792 17 1222
L~ b g 31 11 183 46 58 1 175 9 483
L E 7 3 1 4 1 10
3w 18 11 5 10 3 1 7 9 46
LA ] 9 4 4 1 3 4 16
< e 16 1 7 13 8 9 2 40
Y 218 10 1 32 3 2 39
& % i 7 1 22 3 2 25
fefu A A 32 8 33 25 14 2 1 3 2 89
EHELA 20 7 1 12 17 3 392 5 436
Total 106 335 555 450 447 13 2 7 22 1 11 2148 174 4165

(FAL ki A 5 FAL)
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TEREELAY L FRE 1T 335 L X3 (B 1-12) % &0 2 EIE66 §519%)
%%?4(6 s 19%) ~ 87 B (52 & 5 15%)~ AH(GB8 & 5 11%) % & 5 4 S8y 1)
Bl iER YR G2 R B0 X2 FL555 Spten (R 1-13)@ R R A
4

S5 B IBEIN299 £ 5 53%)  BIA(40 & 5 T7%) -~ Hi=(63 & 11%)% o £ 3RE 27
#1450 &t p (B 1-14) 0 % 513185 > #] 1£(93 & ;20%) ~ 4P imik (66 8 5 14%))
2R w1225 27%) s AF A 2 AL P AR F L o g
BRI B R Lokt 5 T b B SRS T s i R A

@’%g%ﬂaﬁia;wao@m;%yﬁﬁ%pﬁrmﬂéﬁgﬁM{a%%
REB LA EHEETAMMT L BN LB T ATAMI & 11%) - R
£.80 & 5 17%) ~ T E A5 & 525%) %8 A58 &5 13%)% > TR 4o
B S RPERYE  AA VA LR R A RS FAH RS H S AR
PR F 2~ 0 Bl R E R P ARl RS o 2 e L RS 0 AR
WA WA A¥ LR A TARRPESF DT 0 HE F RS oY
R NS ¥ PNEAP T E S
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F-F R RIELEBAESE R

FHAG 2L RERAES T R A8 B Bray-Curtis 4p £k #icts 08 (7 2D
YT E AT B(F 1-16) 232 2015 & 3 7 chB Fofd gt 2 fle ¥ £ B X Ok~ £
BER) AL RFIZ ) AR RERS > TN LEBAE - BAROFL 3
RIEF (e B2 RECAFS AL )L &4 agh] 24§ > 57
THE S (AR T LR BB LA ESF A EE s £
ER&HF P ELASLAFR - TR0 BAF ~f50 i~ R E R
oV RAT ESER A )ER LY B Y LR REE S S RS
QI &) HEF - A2 BEEF ]l 231+ 7 L1R? FARAS
HEA IR AV ol B RO TR e SRV S FREFT G MG &
HLA~BAEF LG5~ 2N EHEFAT I REDHE EH HRp

143 o
WP TR GRS R BROL SRS RER AL AR A
ek B A (R 1-17) 0 FER AR SRR AN HT L LHARLER

LEEAREE o3 P R EIA S DB REEEEE T AR
FREALAES CBEAAZLER I BT L FE 2 SN E A
- ¥ 6~ 7nm»'v”fﬁ‘*4il.f‘—‘gﬁfs;‘ ‘1‘— Bz ;«/‘?’F&C{Eﬂi"

FRTE R ARRES TR EDL L B8 Y DCAY R TP 2D S
A BI(H 1-18)(1R%: ST g ~ S2 L fia ~ S3 K Jfr ~ S4 HEATAETF ~ S5
CHFR SO E LT F ST LAR S LT F SO & BHFE ~ SI0 & ER 4
3 v SI1 43 f ~ S12 % ﬁ#ﬁw‘m3 LT S S S14 R 0 E L~ S15 R 4
G S16 4 B ~S17 L RAF SIS SERaT ~SI9 L E A F 2 S20 B fAE
S21 {£ % ~ 822 -8~ Mr;ﬁé‘ ~S23 WL E - S24 4 Fion ~ S25 4 A - S26 &
W NS2T P EA A S8 AL 4 ~S29F 5 S0 B4 F); MpEFEE L 2 15
Fard ]l + 1 2 ARV ERIPHREFR D 3 &S - A $ o
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A a L AL LT

% 4 > ,
iy 1; 4 B fn_yl

S25550 f I'.ii"ﬁ. Date

a1
a2
v3
v4
°5
B
08+ o7

e3

Axis 2

. 523 &813
$30 Gl
. e
i ik $ Axis 1
. 52 513 516§ i
—} 4 Sl?' . -'32: l' Pat. §? LLIIT i XS
e T T .|;3| v hd ' v .1_ 0 ‘v \:hm._’l“
00 0.4 . ;0’8 0
s3,
044
s4
%
A
ssemzti, oo |

B1-18 ZARFHFP T [E T RREFFZELS TH -
(Date1:2015/3/16 ; Date2:2015/5/24 Dae32015/622 ; Dated2015/7/14  DateS:2015/11/10
Date6:2016/5/20 5 Date7:2016/6/24 ; Date8:2016/6/30)(F 42 % i 4 47 5 F#1)

S ZAF RBKEB L

K104 #9732 1058 2 A+ %9 BHIEHED IO 7f;§_912 g gk > &
R 3LAI0KH 1048 29 THLLEBEF B3 B LETR AT 64
1-12) « &2 A3 HIGIRFRY > FIRL P4 B4 LR T3 H 340 9%
TA3IE3IAZ ALr ®iEFF AL EAP ~ 5 7dk(Formica candida formosae) >
# % 7dk(Myrmica formosae)£? 4 * R 7 4L L &k (Nylanderia kraepelini) »+ £ %
R BEM B B E 68 L EEFQIS L) BB SR EE R
VR R B Rl (et R AR E)F M o T RE R SRS RIS
7 #4:3% % 7dk(Myrmica formosae) ~ E#) & % 7dk(Aphaenogaster sp. 6) ~ B4z +
2f 3%k (Formica candida formosae) ~ % < 2 # 7 ik (Myrmecina sauteri) ~ i # JLi#%
(Formica candida formosae) ~ 4 E .Likk(Camponotus carin tipunus)£ 2+ =< 4% 4%
(Hypoponera sp. 1)» 2 3= T B akfasg ey £ & 50 & 1-130 3% 5% pp (Pitfall trap)
TR E S REEAND A A RE Y FFRE & R ORISR R R S
M 0 T E T S ARG AR R R R B ER B o 2 B K e
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ok AR FRPLEAESZ R
TH Bk B2 (Winklerbag) 3 B A0 SRR P X T RET LBEY S
B EERHOFS AT T SR ERATL AR 0 AR A H A D LB R BRER
FROLELHEHAROTH > RELE? NP 3RS FERLOIRET TN -
2 1-122 L RiGRET A F
(L)
v - %é‘ ? - X0 4 % # %
(3-5)  (6-8) (9-10) (11-2)
[ Formica candida formosae 4 454 78 105 104 133 135
¥ R Myrmica formosae LR R 45 57 27 27
AR R Rk Myrmecina sauteri LT 0 3 0 0
B w) £ Hr Rk Aphaenogaster sp. 6 R a1 b 0 0 0
1SR A LR Nylanderia kraepelini LT A ] 75 20 24
TR Lk Formica candida formosae & 454 78 0 1 1 2
A E g Camponotus carin tipunus R g ] 1 1 0 0
Noed e £hi% Pachycondyla javana LET AT 0 27 10 3
B L gEE R Odontomachus monticola LEEA® 4 1 1 0
R Fagt] Hypoponera sp. 1 R AR 0 6 b 0
Z FAE(:) 165 275 194 191
(FAL & R AT 3 TR
Z 1-13 2 L8 RISRAHFE TR
Tf e LR gt £35(8) BHE(%)
TR I A B X BRIk Formica candida formosae 564 61.84
FIR I A q K 7% Myrmica formosae 156 17.11
Tk T PR 2 R Ak Myrmecina sauteri 3 0.33
Tk I AL PR £ R RIR Aphaenogaster sp. 6 2 0.22
bk 37 X R AL L% Nylanderia kraepelini 127 13.93
oLk Ty F R Lk Formica candida formosae 4 0.44
oL 37 4L 4 B Lk Camponotus carin tipunus 2 0.22
FHiR I A Neg fe 4% Pachycondyla javana 38 4.39
£ ik I A B LAE AR Odontomachus monticola 6 0.66
FHiR I A R L o £ Hypoponera sp. 1 8 0.88
ENIER 8 912 100

(FH k257 5 )
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TS TSP EE AT EN GRS
i AR R Ok

i~ %%

- RAIARHMBERABPES LB RS EGE

2013-2016 & & F ¥ g% 2 A= (SS)~ 2 F 7 #(LA) & & 2 FRE(CORT A >
E FHFE(SWP)2 5 ML) R & end B £ 15 P 204 £ 22600 & - #= & 5 B4
p &R P (54%) 0 H=x s p (15%) 0 @ B p (7.7%) ~ e p (7.5%) ~ =8
(6.6%)R|4p % -
1 2 A% % X Risk BE e A4y

ATk S N Rl dF e k2 5k - A% % 0 & Engelmann(Engelmann, 1978) ¢
A% 2@ gin(Sciaridae) 7 F b B AL BA A G FERD 2T R
ip (Cecidomyiidae) ~ #443(Chironomidae) ~ ¥j¢(Ceratopogonidae) = 2 » &5 #i2 P )
5 (Thripidae) ~ £ 32 p A i (Psyllidae) ; & B4 enn Ji5 B2 P (4] 5) B2 0 (8
JRIN S Hdx - Fd> Empididae) ~ g2 p ()} £ 840 Scolytidae ; & 7“ A& > Chrysomelidae)
+32p (7 t5 > Miridae 7 #7 3 - Aphididae) ~ %32 P (# -] # > Eulophidae ; } * imit >
Platygastridae) °
2. 2P BXAHMETAE B AR S

Lxp b AR I B LW [(TR RIS G e £ 36
Bt f %5 2RI ERD & F40%)> RN £ (19%) >4 85 (16%) >3
F(13%) 5 ffF Bl ehEfhix > 2016 £ 3 7 AP L AHEIG RS & F S PR
b~ G ST~ KRS BB F o 4 G R B R o e
Pi36 @A & EFNF A EA(1T%) - msEF 2 o4 (11%) ~ 3] 2 F£(9%) -
Pt F(7%) 0 7 P B AR S etk v RE A R S 2R e p £ 60 B
Foobos BAUG LEAF(T%)  ERAR2%E &A% TG AR S
ol (78
3 EAK TR R A ES SRS

Bk B MEALE A ? HREERE > B2 R 3p #(Evenness » E) /i »%
0.61~0.703 B ; & J 45 #(Shannons Diversity index » H) 7 3.128~3.566 2_ [ (- £& /i ¢
1.5~35 2 ) R X ERCCO)FH E: =2 EERS > FI - L EX ERy R
s ;}%ﬁé FAREHRENSFAIR FY ﬂt:}h #c(Simpson's diversity index > D*)**
ERAE 09 > BT AR ATAY I HREE o
4 ZAF FXRHRHEFREIFZE R A4

BEAMEELEARELTEA L > RAKER S R AREFTFETE

E“ﬁgﬁiﬂi/ﬁk‘ ) P?g‘:\—"*E##ﬁ-zg“‘&E P Ll mgiﬁh? ’—;—’k ﬁ-ﬁ"\? ’ X§ 12 3
34



>

FoF ZAE RERBAEAESZ SR

EABRCS R 2014 # 30 212016 # 3 FlE- EchEE 6 AR
fFA) 0 £ 002016 & P & 0 Z BHE NG SR EE > B GRELOFEH Y
BT RS SR NEE S U 2L S TR AR D S g
LEERE AT RE)E S HEREMH D) % 127 B EFE

Gk e & 02 Bray-Curtis 4 Bclide o 217 2D 2 A A dp ke
Gk B AR hE S (R oK) T DR B e S ER A H 5 - fh(Axis
A E A > RSB E N 0 AR LR R B kAT

'
\\‘A*

FPRLBHREFEENAAJESIRERL
r&ﬁﬂii%%&%?ﬁ#”%ﬂ%wdﬂHﬂ%#&ﬁmﬁ1%%%%5
& @D RS (51%)E % - R (13%) ~ ke p (11%) ~ i 2 p (11%) ~ £
JEP (B%)HEARYE c S P BT TG Lap A F A G A BRI B 5 B
SV ERaEl PR S A FHE Y L s L PE Lt BT e
SRR PSS A
BAME RIS AT WAL T e A AR > RS R L MR AT
i%a’mw¢pzm#%%a—°%&i%9?uﬂ&ﬁ%ﬁﬁiﬁ¥
2 R fu o R R R PR %@B#ﬁ&ﬁﬁ%ﬁ%{WEﬁﬁﬁﬁ%%’E#
R BRI B E LI RIAP AN FFL PBFE LI S
& 7 {4}5 e e ¥ f 4 > g i B2 BAYE ERIE AT S m;fq;[;% o

g e p & e AR E S P

&ﬁ*
=Y
s
‘g <
1_.
s~
i
~=i
el
o
T
&
B
>
'
!

i
= F &k Adic) Bray-Curtis 4p 8 ke #i3 2D pHz B A4 # o B IS
Pl 217 PAREAERTI R 3 B R AA T ] 28
57 7 B S EEOTE 1 P R AR RE RS EERM L - o - R R
RN R AEER R ER A PR EREEEFP G M
@%1?33%&?%%1%%%%@54%%ﬁ%éwﬁ#o

M TR QOSSN R FRol SRR PR AT HE R
kmwﬁwéﬁﬂo CEAMAESFRE AT LERBEFEIRNLES
AIRihEEl  4e3 0 ST 0 S0 F & 350 67 0 R RS o

=~ ZAK HIGRPAL
TR HFHREDGUEEE 3 LA 10/8912 & BRI AL BAP S F RS E R
35



ZAF R EE AP ERGA R

Fig E TR R OF
FLRE AT SR G LR R R R R FAR AR T BT
FCkRar (Pitfall trap) b & 2 SNRGE G A B A RB ¥ F B R OEE L IR

B TR T N EE i S RHE A R R R .

36



:m

FoF ZARREBEAHESZ FH

S &

gtk o 2004 BEHE 4B LR B AP A B (1) o BB 4 3 % 0004 5L o

FRF ok~ £ 2 4702003 0 & ATk (BORP R HET BBk EE - R4
Y AR E 7] 46: 5-69 -

HRETE S WA P TR 20060 SEL AR AEA RS B ATE o S
£ 0261261272 ¢

B2 ~dFELE ~ 230 RS s B B aF > 2002 0 2 H R R B A A
ZALFT—ZAE T ZHRFOFAFRAFT LV AESL > X 98T -

B 2008 ZHRFEFZAF RHRALILETR-FPAT R ZHRFOFFE
By R REE T5F o

2L I E PP ER 20040 SV M RALE EABNBERS TR o SER
B 6:293-305 -

hEE TR 220060 X ABREFOFE AFREH L 27F o p Y EE X
ERFRSFE Rk RE 38 F

REET2F - FER HRTH2000- 2FRFOFRGES RHFAE AN D
ZHIRFFF RS LHE 4T -

BIE 199 « ARRFEFFVAPA L - ERAFFIF R LS -
19 F o

B 1993 gL RrAFTRZFAY - *ERFRREAFSFE L HEF - 48
fg{ o

BEE 21991 x ERFRFEEY ~ By B2 & A2 Hph 4
RRFSFIE 2 R+ 3F 259 F -

BIE 2 GRBEAFSFZ > Q] 2 RR B R 2 F -T9F -

Eot 02013 2 A5 F HHATA L AFRE TR E2 - 2H R R P4
TEFEEAR L o 4] F oo

Erqgto20l4 2 A0 72 RHE A 1A AipE - ZHR T FlL 9%
WAL 265 F o

R 1996 Z Ak HFHFICRAEHENLFAT o PRNFEFZIERNFOFRFR
B 139 F o

ERE 2009 2 A HERGEFAL cZRRFTOFF Lrep FFRLFEFRE

|
(E-‘
\:\
o+
.
Ky

37



TAEFHESFGEE AT LN AR E
TR IR

=60 F o
TR 2011 BEE T SR RAFFTRAAZAY c ZHRESFE L ip (TH
m),l.;,iggr s X 26 F o

FILG~EAZ - MP &~ F 2008 5 FFr A% 2 f148 4+ (Melastomataceae)
AT 2T o &R P 28:67-85¢

Abrahamczyk, S., J. Kluge, Y. Gareca , S. Reichle , M. Kessler. 2011. The Influence of
Climatic Seasonality on the Diversity of Different Tropical Pollinator Groups. PLoS
ONE 6(11): e27115.

Engemlann, H. D. 1978. Zur dominnanz Klassifizierung von Bodenarthropoden, 18:
378-380.

Faegri, K, van der Pijl L. 1979. The principles of pollination ecology, 3rd revised edition.
Oxford, Pergamon Press. 242pp.

Laura, A. B., A. Ruben. 2011. The future of plant-pollinator diversity: understanding
interaction networks across time, spece, and global change. Am. J. Botany. 98:
528-538.

Lin, C. S. 1991. Vertical distribution and pollinating plants of bumblebees in Taiwan. Ann.
Taiwan Museum 34: 33-47.

Pellmyr, O. 2002. Pollination by animals. In: C. M. Herrera and O. Pellmyr (eds),
Plant-Animal Interactions. An Evolutionary Approach, Blackwell, Oxford, pp.
157-184.

Sannier, J., W. J. Baker, M.-C. Anstett, and S. Nadot. 2009. A comparative analysis of
pollinator type and pollen ornamentation in the Araceae and the Arecaceae, two

unrelated families of themonocots. BMC Res. Notes 2: 145-156.

38



$o% ZASFESFEAE

)

FoRZAXRHFFED

B2

—~p;$£
BUHESF P GEAREREREEES AR SF B 7 00 RS2
ﬁ~%a£ﬁf@ﬁﬁ%@%ff A RBE I MG AL 2P
EANEREHE AFLEACSERFERERL LA ATR L AT
B EEFETRT EAHLFERL > RSB %iﬁii%@xﬁﬁﬁﬁ
B FRERES 2 bR SRR T RGN R RB AL
fERKT EER 4T -
I PR EEER
AFFTUZABREHE - D5 UHRE 0 MR LR KLHES R efpd 7
PR 2R h- 5 FEEFRFTESIE2EFGHEAGAER 3
LYl gl MO G BHERS AR MG T2
b ek 2 B e b I SRR B L S A g 2
ﬁ%%%ﬁéﬁﬁﬁﬁﬁﬁﬁw%ﬂ°ﬁﬁﬁﬁﬁawﬁf*&mW?&gﬁ
THE  VRIAKREA IR 2EIFATEHRBENBEL AL EFLLE R
ZPT L P EE R THERR G R RER R "ﬁ"fﬁﬁé’?iﬁf’?ﬂ“
ERINE N 8
ZABBRF20I5E27 22017 # 37 A A+ % 83 4 197 F 329 fa(3
RTAEHE) - AAPEFRTLER ey faln S ol s § - FPL &
FEAL S FAL S AL o PR TR TR A R 2015 £ R WA
THEREIR2FEGT P E 1028 E17)2016 & B4 5 4-12 7 ;2015 £ %
FRAEKEEF 68 foft X 10-¥ & 1 7 WRFHE > 2016 #27  fAdcs Y
56127 cZABBERTET I EXIEL TR0 T MEREL > LR
FOEE AR TR AR R S SRR AL
39

4



il":lq

Ly Rl iz s gy M GA A
i S R L

P TANEFA - FANE ERF3H FHI
PRIEFERBT S BERE TAti g 7 N S XA F ARk
AR CHERE - FYRETFARE AP AR U AL B AR
%:#ﬁ%awmwﬁ £ 12 B2 - T AR RES L ERAR T ik
o AREPARTY G GHREES o
%ﬂ‘gﬂﬁi#ﬁ&%#myﬁw AT - Ko FHEFE
PEFFIRERAE O RTHAT RS SFFAR TR ERR T &
%ﬂ*ﬁ*%iﬁﬁo%ﬁahﬁﬁ%ﬂ&%~§§Pwmwﬁ%a§@

F.

§397 AR HEFE T FFERARDRREL T -
BF2ET]HFREANBERS > 7 ABREHEE
MO AR RGP R R ER T R AR TR KR
BASCHRTRLPBEE G FF AR ARG RE A TR B

m Joh

N
)

T AEREF 2016 & 17 24 p I RgEBEE(4TCO)E 2 0 S ARITH
@%ﬁ%ﬂﬁ%@% ABE s P — Ry HUE E 26 £ %(1991-2017) 0 F ik
FAER Nwﬁﬂxﬁmﬁimﬁéﬁé“ﬁé’nﬁﬁémgﬁm iy
BESFLF T BLEE BV MR METEOEE > ERE LBE wN
ﬁﬁﬁﬁﬁ~%ﬁ%i%%°%§ LS4 BB B¢ 5 79%0 A =30 =
FLITEEGHITCARRRL P AR TREREX TR
HFEFANDEA - BB O HEMA R AL -

1=

=k
Py
A}

P
|

B
=
Rd

B ER T RFR AL LA AV A HEF Y AL R AL RF ATE IR
2P PR BREP o NI T VR R P L L fp L e
BRSO EF R KRR AR DRGSO e 2 Y E
e R 4-rﬂﬂ.:—n¢if] o
GPERER AT PR S G R A PR R N
B 2015~ 2016 & i & chfp B s A RE L 0 T Ut~ % e
Wb 2016 # o F 9 2015 Eaffs 0 JaR| T A 8 2016 & 1 0 R MR

EA

40



$-o% AR RESPEDL

T~ 3 BREREA
Ek-
TR RIS R R RS
ERS RS oY F TS
ER LR g o s s iR LR L SR A R S N e A
GRS RN T N

8

=g

b Y
ik 2 R R
Pl fi bt GRE TR R REEFaed R o g
FLEARE RRFR 4 o S Ap S g AR T O RS AR AR R

AAr R