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- & 7o 4k (Coptotermes formosanus Shiraki) #4+ & 5 B > H Ko ixeng T o v d -
DM LIRS R R KD LD iR urt sl sent E B % 43 ff—r%:;; FEinH - v Bk g B

R e RaREFRIFRFEE A 2GR T AP PR T B h e (microsatellite
marker) » 3 & 4 - i R rr’i‘%%m%ﬁ (colony) fﬂ»‘g‘,’;’?\;ﬁﬁi- Ll BEERREY % &
BERFRBZRELERAATFA R » BRAAFA RIS 2 B A F B R K L e

&Ja:%xmj@.xi%\m? ?3€E TH G N RFATFIZ R 7 S AN e AP
BERURAREY - PSR b D AP A AR N i e AR A G F 16 BRI R
v ﬁi‘)‘éfﬁ HY ch6 BB 484216 10 & BRI o sk A& > 8.6 B 8 »rF 2 g (N & 54 4p
fe > ¥ @I"'ﬁi‘lqwmg‘f'—xﬁ';@ﬁfkﬁ Hed@Bedofgps v @mat ik k-
E¥H o Hu 10 BrieeABaMEr 10 €32 A AT BRI A FA e s
{{ibﬁzj\ Kp - EHEPHE o AP E AN AL hH P - Bl e a0 B 38 X 10
BRI PSR R LG 9 e - K BREE SRR hR R AP o FE K EET
R AT PR A 2 BN ER o Bt Ak SR MRS K fola B R B B B4 S8R

§ ke ARG 4 1R

B = BB ES (Gay, 1969; Scheffrahn and
Su, 2005; Evans et al., 2013) » F¥EFEE - 3

G857 % (Coptotermes formosanus Shiraki, MTHMEEEEREESRT Rust and Su,
1909) - [FA R EE K EEET 5 (Kistner, 1985; 2012; Evans et al., 2013) - B HF H g %
Maruyama and Iwata, 2002; Li et al., 2009; (Eusociality) AYZZ Hig &AL (colony) 75 fEHHAYPE
Liang et al., 2020) » (R HARRHE S BLAIZHE 1R BAHRC - —EEEEEH SR TR —EREEE
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B - A T o Ry Sl T & R Wl
TERY o R R LB T DUAE EE RS 100 B
#% (Su and Scheffrahn, 1988) - # i@ EN H 434 HE
B ZE—BHARDLE - FEESRRIE 40 R S I
48—/ B (King and Spink, 1969; Su and
Scheffrahn, 1988) - £ E&I&IEN - HigEFEEHD
T 4SRRI 2 S = AR R L B
BRI = i B S N BRI ED
PRI B DL i 7 U E RS B
st¥x HigE (Coptotermes Wasmann, 1896)
E& o 5 AT A EN A IRIBEERIER]
#75 ZATRFB B SRS oy Fs DAY =718 (Su and
Scheffrahn, 1998; Su, 2019; Chen, 2021; Oi,
2022) : (1) "EREEE ¥ S AR DURER B &I A
iE(ERS - (2) DL EYE S Y TP R aE g
FHFE B E DL (3) LLE& T 8 & i 6
(chitin synthase inhibitors, CSIs) A&k HY
BREDREREE A R A, - FURER BRI EL 7 (B RSEC
HERH R E - B (2 O H s
VI = 22 v DAEEZHY » 28I BRI LA & B
THY AR ARERE - Bt )7 AR & R AR+
Bt - B HEFARENERD A TR - Ferr(EE T
RE IR AR 2 PRl H AR ECE AT AY &I (Su and
Scheffrahn, 1996) - ‘AR 1F HERHE— T
A G B RE S B S AR S R B S B A M
YR AS o RlIIE > Su and Scheffrahn (1998) 27 AT
REEE e S EFHRER A s e IPM (Integrated
Pest Management) H[7 67781 5 CSIs eEFIHIIE A
FCoT B M B L& ZA R 2 (5 mT DA SRR
ISR (Su, 1994; Chouvenc and Su, 2017) > [F]#F
R ARIEZENE S - B RENIRENE
-
1 CSIs gHAIRY S5 s - i 2e N B3 ER T
g E B8 i S Sy e n e B A A A R Y 2
fB&FF (Su, 2019) « HFAZE HiEHY T i B Mo igg i e
EEAFNEYER EHE - AREZR QR
HT 2 A RIR T AR - BRI AR
FrRE(E g AT - AT H AR AL HAA (5] 35
VBN T R Foige > RATHY SEBERAR - A REE 7 G
HIZR 2 T ~ TR ER 7 BB N B bR T &l
HEf WS QIRAARINARME T2 B2 FBEE R
o] (Su, 2019) - MEAKIF AN EBIRER AR E
BN B BN E X IRAVERE S 7y o v T %
15 B HNEBRVEINEEF - TFIEAR T 8E
G E =R EI R R SRR A 2 KA
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SR - TSI H AR Ik S L B 1 s SRR R
SHE R R EEHE (Grace et al., 1996) - L4
X H IR S ERARINB I EE A T8 DUERES S
/e - AT ABHITERAA - B8R iR n DU A4S
Hif& 3 {8 (Mullins et al., 2011) = 6 {HH (Su
etal.,2016b) 1% - FLERXAREYEEE o HI{H4E
PR E SHEIE A - B A TE L o8 2R % U
H R 3R - S R M AR SR & 77 > RlfeA
TR MR AR Z EIRYARIE - fd% T AEE
TR A Y 1 e SR 2 T 7 AT RE S 7 Bh AP 2 15
JETRES » AENTE BRI R EIE B BT % T H
— BRI Em AR - &7 LR - B SRR R ITE
EREE R » DA A EfEDH iR 4
B A Re A (AR E A RIE RGPS DA R - M E HY
HEHANPEEE -

AT AW 7R LLZ BB ARG B R AR AR R H
g LB B4 aY EE)#iE (Su and Scheffrahn,
1986) » F£E F A H Ay AR RO EAE RO AR B 8 A AR
HiZ{E4E (Su and Scheffrahn, 1988; Su et al.,
1993) » FE I AR EARAE R EEE 5 73 DU R BT 2= [
PARITRp L=t e g oa= s Seg ST E =y R s aal 75
2G4 I8 RS AE SR P (G HAY R [E R B R R )
SRR B — ELEE A SEIEGEIE] - TS s E A B
[E] i SR o FLEOERUERY BRI TR AT & )
H BT 2w E- Ay -0 (Su and Scheffrahn,
1988; Suet al., 1993) - iIfi H (&1 B & EEIEE =

1987; Cornelius and Osbrink, 2011) - 32 E6EHEA
THETAEVERE - AN P a B Eh R LR
AR E K EE IR RS NS E - THEE
HIESGEH AR AED G » Uk 2 H
V2 A T 1 [5] — 3t B B 5 ] 1 I BB 5 A Y B2
B

4tk 2 DNA (microsatellite DNA) » 5 LU {E
5% Ef% R (nucleotide) % EEfir S HEYIFTIE
RCHY R 51 L f s S B EE 42 (short tandem
repeat) f5l > fy—THILEAM: (codominant) {YiE
fHEEEC (genetic marker) - fif# EAYZEER St
Mze s (Schlotterer and Tautz, 1992; Jarne
and Lagoda, 1996) > fEEEF NIRRT E BA RS
%561 (length polymorphic) < Kt - AL H B
RZE(ERE ~ T BB 2 RV E E R % (Taute,
1989) - iR tH GBI SRR E (Goodisman
and Crozier, 2002; Husen et al., 2006; Kusaka
and Matsuura, 2018; Braude et al., 2021) - {{#
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EREERAE BRI EEBUENERITE » BBAN
s R EEf (Husen et al., 2006; Mullins et al.,
2011; Su et al., 2016b) ; [ RIAREAIEUCEE N
TE&UEE RSB " B s | fERERTR
A A EE SRR 5 &k - 1 BhES R Ry
BEEYEE (Owenset al., 2012) - [fE4) e 24
BEE A AR EIRE BIFAVEAR (AU R RAE
A~ HZIBREA) (ERTLURAE » RN 25 A S EEL
BYTETTENRE AR R S AR B R A -

BEAEGERER HRPAHTE  HEAE
{5 F AL RO AR A A [E 8y i 8 A (Chiu et
al., 2016; Lai, 2019) - [i1& 172 B 38 i
HEFRR ARSI RS - R R AR 2 Z
ERERUESGR AN EEE (Lin et al., 2021) » B30T
BB TR 5 | A 2 SR e AR a UM - A
WroE EFER S A Y & SR Y R R S B ARHIR
12 0 R A BB I 22 SR B 2T Y i 2
fZst(microsatellite marker) (Chen, 2022) » 31fj 544
el BRSO R R E FAVE M o MR
T B 25 B SR 2 DT A E AN E R /A 51
o BT ERY H AR —BUE A B AR R
([B—) » &EZF ARAHE L 16 ([ER[ER A B
fa o TR AR AV R (IR A UK EHY
et BN (8RR AR R B S B R % - %
P BN H P —(EfER i &7 CSIs #Y
B » MRFEREHEEERIE SRR T R (E SET -

MtERJT7A

SLE e ZNCE ATy

KEBNIEHR B —EKL 1.6 m £ 6.2
m ERE B (Calocedrus formosana) AR
B (E—)  BIAREANERGRCENERZRMLS
1999 4 921 MFETREE » fol e 2 UK AL
PEEESERA 2 - TCETY 12.3 x 16.9 m? (YRERESHE
b FORIBEECAS Bl g 4 o 7 2021 426 H >
TP m g N S R E R E - BB
TIPS E G E Ry e ER A - e
{THERART G -

F AR e RS - —EEREAAV(ERR R 2L
ZEVERELER—ZEZHNEHAOREE) (Wilson,
1971) » i H BAHEE (Wallis, 1964) - FELAHH
eI F[F — AT Y IR (E B v e | A —EFE
7 Bl A (5] —frrigg 2 Y i8S ~ & F 5 — AR
EALHY A EE RS ~ TE[E— = AR IR A iR (E S
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% T EREREARHVEREE AL B S BERE « t 2021 4F
Hy6 H 24 HA16 H 25 H » FAFIERIEAY RIS ERL
HERE T 16 B OGS » I R BHEREA I HI4R5
GT1 = GT16 (E—) - GT1(4R5R), 1(EEEE); GT2,
115; GT3, 5; GT4, 14; GT5, 14; GT6, 45; GT7, 5;
GTS8, 5; GT9, 5; GT10, 17; GT11, 7; GT12, 6;
GT13, 5; GT14, 4; GT15, 2; GT16, 1 - i 16 &
AL R E R AR E E — e (&3 -6 A
25 H » P2 GT10 BB E 7 —(Ei EAYH
iREH s (B —) » WEAKKT 0.5%: & F#
(Noviflumuron) AyHr_EAY HigEHYE Recruit IVAG
(Dow AgroSciences, Indiana, United States) - i
TEERUE A SR K LURR BRI - BE 1% » Bt
ERTARR BiZ2 S 16 (BRI H iR &2 F8H
RIS EE MR - (EATA OSSN H A% FRERRI
8 DATERS g A PR

i EERFI M

16 Bf (AR 95% B N - A& 30
ELLERIRATE 30 S {EAG TR 2 ARy
M AN HIREREEE DT 30 & - (£ &
ERGE Rrasie A - Her e BuE T 2 &R Py
S38r e BigDL HotSHOT J574%H! DNA (Meeker et
al., 2007) - T TR & SA0E A 0.2 ml 7
J&E > EFiA 50 mM NaOH 100 nL - R éa G
W o fs R GRAE 95°C TNEA 20 7388 - g%
A% 4°C » #2E1A 1 M Tris-HC1 (pH 8.0) 10 L »
B R B BB » B EORFEIR-20°C JKAE - it PCR
(Polymerase chain reaction) {ii o P &g 53
1 & 8 3 & 22 1 858 % B 09 7o 8 6 B AR &0
CopF6F ~ CopF10F ~ CopF10-4 ~ Clacl #i Cg33
(Chouvencet al., 2017; Chen, 2022) - B2t PCR )z
FEBSFE B 10 uL > 4 1 pL ) HotSHOT DNA »
5 nL W &85 fH )R 41 (master mix, amaR
OnePCR™) - AfiffE 5 [ 7 R ER &Y forward
primer ~ reverse primer B M13 (-19) #&¢5]T1 -
CopF6F - CopFI10F £1 CopF10-4 {#F 100 nM
forward primer~200 nM reverse primer 1 40 nM
5[ 5 M Clacl Bl Cg33 RAl&7H 350 nM
forward primer-200 nM reverse primer i 24 nM
B [F o FEAILL SensoQuest Labceycler Eii |
(5
GmbH, Gottingen, Germany) &% - EE{THE R ¢
DNA 85538 (95°C, 5 min) - 27 {EIERE (95°C,
30 sec; 55°C, 30 sec; 72°C,30 sec) » ## 8 {E P

(SensoQuest Biomedizinische Elektronik



51 2 & Formosan Entomol. 44: 15-25 (2024)

:\ \\\ : \ \ \ :\
s
RAEAECEERAMAEE » BIFAEZEIRREE P LUEFRET - BF 1 £ 16 DRI ERIH

X \\, ¥\\_\\_xv

FIHAIERRE GT1 2| GT16 - #wsz 1 = 9 AR PR EEAIERES - M#wsE 10 2 16 AOREERI M
EWNEH - AMEE CT10 AR EEIRISTER RSB L - BALLAIRLGER 20 cm AORARSHEA

B2%.

Fig. 1. A huge Shen-mu (“holy giant tree” in Chinese, a kind of decoration made with a big fallen tree in
Taiwanese culture) tree trunk infested by termites. The sample points where termite activity was found
are indicated by numbers. The numbers 1 to 16 correspond to the sample points GT1 to GT16 listed in
the main text. The sample points numbered 1 to 9 are located at the front of the tree, while 10 to 16 are
located at the back of the tree. The bait station with bait was installed beside GT10. The 20-cm tiles
can serve as a reference for the picture’s scale.

(95°C, 30 sec; 50°C, 30 sec; 72°C, 30 sec) » Fxi& it
= DNA 1##4fg (72°C, 20 min) - PCR EYA 2]
TLF5 ARS8 R B2 R A b s b oe o L 1T R B oy
ffr (fragment analysis) > F§LL Geneious R11 &S
FRENEL AR E3E (peak calling/allele calling) -

BRI LR EE

AWFER-FRSES 10 EMEEEAVEARTYE
RERNRIE R - —Hig TS — i AR E
(locus) £ —3tA 7THAFTIEMENA (allele) 41
& B RIEREEEN > ASGRIE 7 EE S
(k% (Punnett square) HYJ5sU2HFTAH AT RENTA
HHTREREE (B ) - & — B R —(E
BT HEHEEATEL - AR R SR
e 7 AP AR —E - fEAY5E > &
RE BRI T ERNE S BT E 7 EHAEP
(8 =) BE—TE  RonE i —(EE T B ERY T
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4 IARIEIE K E AR Y AR - BN E
TS YRR EIAH S B A/C ~ A/D ~ B/C 1 B/D (&
— > Type 1) > FMIREEEBHATERREILH S A/B
1 C/D - RWFFenVEEEE AR AR (AR S
i T E R [E R E A SE M EI R AR R A /]
15 LR RE A A [E] SR -

By T b LRI (S - B R B LN E
FH SE A [EI AR R R T e E — S8 > FRdM
G R AR B E—(EEE RS - M — AR A
LB - ELBUIERA R AT & — H iR EEE
H— (B RSV BT 4 - RUGEEEAY AR AYAH
BT RERE T AT - JNEES
ZH A AR RBI L] - B4 = > & —E H iR
BEHRARRERAIHE B A/B 1 C/D » TEREAILH
&E R A/C~ A/D~ B/C il B/D » HEMH & HIRAEE
BIfE Ry 1:1:1:1 (@ — - Type 1) - 457E —RERAVHEG
TE & BT R B R 2 48 R BUI{E  (observed
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Parent 1 alleles
Pagent offspring allele Ratio of each combination
combinations
alleles
Type 1 C D Allele combination  AC AD BC BD
A AC AD
B BC BD ratio 1 1 1 1
Type 2 B C Allele combination ~ AB AC
A AB AC
A AB AC ratio 1 1
Type 3 B C Allele combination ~ AB AC BB BC
A AB AC
B BB BC ratio 1 1 1 1
Type 4 A B Allele combination ~ AA AB BB
A AA AB
B AB BB ratio 1 2 1
Type 5 B B Allele combination  AB
A AB AB
A AB AB ratio 1
Type 6 A B Allele combination ~ AA AB
A AA AB
A AA AB ratio 1 1
Type7 A A Allele combination ~ AA
A AA AA
A AA AA ratio 1

B- EBEFXEREFMNEREEATESHEGHELRN - BfHEREREAETERRHET AW &
HRAERIES (BER) UREFRERMES (T - fuf) - TREFAERIESHBELLD -
BRI HBECERRERBBETNX (Typel-Type7) » GFRIFIHBEMESTEAH » FEFRER

BIAHARIBELLA -

Fig. 2. Allelic combinations in colonies led by single-king and single-queen, along with the corresponding
proportions of each combination. The left half of the figure lists seven allelic combination forms (Type1-
TypeT); the right half lists the proportion of each offspring allele combination.

value) » R4 [E — P31 Y SRR BIGH S Y EL I 2E
FHIZME (expected value) - FRAFI{E BT E R
E (Fisher exact test, a=0.05) #{TtaE » BHLAFS
&% (Bonferroni correction) #{T25EE LR
HIBEEERE -

E RS AR EE A E T
B > e AR A8 & PR AR e &
EmEETHE - RIZRPT DR SRR SRR AR Ty B
FHGE NEE A HE—E SR RE L s
T AT A HETRE R RIRY R % -
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& R

o pIEABEEAR L 16 [HAEREE
firE - #R%E 16 BEOEEA (E— - 9% GT1-
GT16) - RNEER{LESE AT 132 SEERE T
WEERNFIION GR— 2) - ILERFTEEHEIM
FEEFIIERIIBR (REH% 98.5%) - FEREAIAR
RHEAYAERIREE T - CopF6F {50 FHEEH 4 iR
AT EEAN : CopF10F FEec EALEE 1 R
FE CopF10-4 250 33530 4 TEREAYE(L
F 5 Clacl ffac EHEER 3 RERVFAIAN ¢
Cg33 fEaC FIE3R 1 R EAVZE (I 2N - CopFI0F
81 Cg33 EM B NEAE R TIR A LRIy
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Table 1. Results of parental reconstruction for samples with the number of individuals more than 10

Sample Code Punnett Observed Expected
locus  genotype p-value® Parent1 Parent 2
GT2 GT3 GT4 GT5 GT6 GT10 square value? value?
191/195 9 1 4 1 4 3 22 26
191/202 2 2 3 10 4 26 26
CopF6F Type 1 0.80 191/206  195/202
206/195 6 3 2 3 7 3 24 26
206/202 8 6 3 5 8 2 32 26
158/176 9 2 4 4 9 4 32 26
158/182 4 3 1 3 2 18 26
CopF10-4 Type 1 0.55 158/167  176/182
167/176 8 1 1 5 11 1 27 26
167/182 6 5 3 2 6 5 27 26
199/199 10 3 3 2 14 1 33 26
Clacl 199/206 12 3 6 7 1 6 Type 4 45 52 0.51 199/206  199/206
206/206 6 6 2 3 4 5 26 26

CopFI10F 346/346 28 12 11 12 29 12

Cg33 214/214 28 12 11 12 29 12

@ SRR E —(E AR RN S A BB 48 A BUHI{E (Observed value) @ HRIBRHNAIAVAL A . (Punnett
square) f3E[&ZEAAHGHEAVHIZ(E (Expected value) -

b DB NSEMRE (Fisher Exact Test, a = 0.05) g BRI E 2 & (R > LLE) -

2 The quantity of the same allele combination of each sample is summed as the observed value, while the

proportions of each allele combination listed in Punnett square serve as the expected value.

Fisher’s exact test (a = 0.05) is conducted to test if the observed value deviates from the expected

proportion.

HreR R ER: [EIERES (F—) » Fom GT2 ~ GT3 ~ GT4 ~ GT5 -
1 16 BefEA S > GT2-GT3-GT4-GT5-GT6 -~ GT6 ~ GT10 i= 6 {EtER: SR H A —H B 5 e -
GT10 iZ 6 {AEAEEUSEE 10 E(ERNEERE #E2R GT1-GT7-GT8-GT9-GT11-GT12-GT13-
i HOEEAH R AR B E SRR AR T GT14 - GT15 - GT16 =% (EEBAEIEEE R 2
AR EERARRAEE FEERRE B—) - 10 - SEEBIRFIHERN AR R AL - (HE Bl
LA CopF6F {50 Fefil» /A #£2%] 191/195 HIRLRAY B & A R E ATl GT2~GT3~GT4-GT5-
191/202 - 206/195 ~ 206/202 i PUFELLAES > ] 1L GT6~GT10 iz 6 {EfEPTEZ Ry AERE (R 7).
A/C~A/D-B/C-B/D {7 Bi5 [ EHE—E! (Type B LA ERVAESR - FRAPIER Rt B e —(
1) A/B RAREL C/D AR AR R &) P BE F RS FTHEN BE 5 IR LR -
& (B - 6 AR ERAVEIZZE 4 - 2021 6 H 25 H » FMi AiReHnESEH A
155 22 (191/195) ~ 26 (191/202) ~ 24 (206/195) ~ i EE R NS GT10 - A 7 A 2 HGEHE
32 (206/202) > FFILHUELLEIEL 1:1:1:1 ELBIFTES iEE) (<60 &) MRN7THIH (<508)-7H
FECHIE 26 (191/195) ~ 26 (191/202) ~ 26 (206/195) ~ 16 H >50%8) &7 H23 H (> 100 &) aH
26 (206/202) &S g E (Fisher Exact Test) BHIEA A EEN 2 HIR(EAS - T H AR F O EE)
GEH Ry p=0.80  NIEAEHE—HEFE B EAVEGEE HAR o IREAFIVE R &Y 7 B 23 HZEFIXY 95% >
b7 CopFIOF i Cg33 WifE)g AR REN PRI A% H f 7oy isReEs] - 7 8 A 2 H - gk
HIfEEED > ANEEATER T Y CopF10-4 B Clacl i MRV 38 Ki% @ BHUE A S EELH| TR ol
e BRI A A E AR R R AAH A o T HIERS » H AL @A (e EB)HY H i - H1%HY 8
B B AR A S PR B AR — SR B B H6H-8H13H-8F27THM9 A3H A
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Table 2. Genotypes of samples with less than 10 individuals

locus genotype GT1 GT7 GT8 GT9 GT11 GT12 GT13 GT14 GT15 GT16
191/195 2 1 2
191/202 1 3 1 2 1
CopF6F
195/206 1 1 1 1 1
202/206 1 1 1 1 1
158/176 1 1 1 1 1
158/182 1 2 2 1 1
CopF10-4
167/176 1 1 3 1
167/182 1 1 1 1 1
199/199 1 1 1 2 1 1 1
Clacl 199/206 2 2 1 2 1 2
206/206 1 1 1 1 1
CopF10F 346/346 1 3 3 3 3 3 3 2 1 1
Cg33 214/214 1 3 3 3 3 3 3 2 1 1

RSB E R - SRR ORI R AR
& (2023 4 8 7)) s HARIEA A HFHTHY B ik
EE BN EER QR T HST 2R A E
ABHEREEE - A HA B EFET AR -
ENI-

At Feie ft— BRI M ERECAV RN -
SRR PRI USSR AR AR A & - R
AHERR AR SRR G 6 - HH S HHERY
BRI & 2 HBRRETE SN G R ER R
ERERHIRRIE - AWFFEAZGT » AR EIE
16 {IEA [EHY CREERS - AT (EREE R, 10 AVEE
B T (AR BRI R & R T B SR
NTEMHIREVAE & - SRR AT EE I AR SR A AT
[FI H A AR iR E - B o] LIS AIE LA
B [F S - EN(ERREE S 10 AR -
WA S PR EA AT ARG A FI RN » 55— 51 »
HAHE R EAYEh—EfEE (GT10) _EHERER
Rl - TR AR BERRRY B RS B 2 S A
s BIMAE— (82 HI&SE MK - BRI (E
AT TS RERNNRER > MHAZEEREE—
{16 SR ELAFAVTT Ry - INIL - PUBRE RS T8
ESEE R HIET - BRI DR HIRGEEE K B
[ —flE S -

~21~

AHZEHE T TEEEC (CopF6F ~ CopF10F -~
CopF10-4-Clacl #1 Cg33) {E & EIGAER A
% A E T 2B - I A EEC /2 H Chouvencet
al. (2017) T AFTERATE AR E 220
HE > BREE D AR DR & B 5 R B AR T 52 ik
RIS P51 - R B A E e B AN e
B RIS TR IR YER E (Chen, 2022) -
RS [ A 5] (Chen, 2022) BA%HEF 5
BRI T (Lin et al., 2021) > i AWFSE#E—
FAECLTEANGER QBRI EREE - R
Chen (2022) > &85 Hig(E CopF6F ~ CopF10-4 -
Clacl #1 CopF10F FEiC BAE{H LR8N S A&
HiRI7E CopF6F ~ CopF10-4 ~ Clacl 1 Cg33 &
SCHABEME LN 828 CopF10F H1 Cg33 Kty
AERSHTZ g ) 68 R QiR ER 225800 - (H1E
I _E R YR A A R R - TS BB
ENB R ZIEER S PENS S (Bl B
KRHHE ~ FEARE/ D - Gz iR o] (i Ry - SETE
RS L EA AR &I P T B AT o AT DARE
FH 3 7R [EI0 22 WY O e te B S B B e Y

AWFCEES | FTA o] eV AL R R AH & DU
AREERA B RAR RIRIR) S H R SR - L7704
BN EE H R FEESAE E G - Ry E R
BRI (IR E A BB RN AHE B2
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TRHE | ACETEEHEIEER - SRR
] fie g B P B A S B E B R AR Y
ENELE S RS i S CE I EES MR
RGBS T RIUN 2R - 55— {E0
el i — E BRIV - FR R e BN B B
i (genotyping error) - #/F N B/HEREEIETTE
IEEEFE M R ZE (population level allele
frequency) » 7 gE#E SRR T BRI GHER < ARIHFTIE R E
HEE B0 BR T iRl RN R [ Hoy
Mt B AR R E R R ETEMHN (B R
HEHE) fsetiee - Sttt e RE—ENE
HIRs X SRR PE R BN o B SE s s A
WA E ] -

W 0l S SR A2 A ) sk e (areawide
control) Bk & (sustainable management)
(Suet al., 2016a) » B AH B PR 2 (E ST
BER PR SRR R & I AN AT SRR B
BN S EhEL E AR - AT REL R
SR € 77740 UARCHIET A B A B PR &R0y
A S BN E—HEE - MBI K B SeaH Y 5
HERISHVEE - AR QRAEYERE—=F
THWHFRE LA -

JENEH B T R R B S e R/ R L H 8 8
AR AL E B S BRI i B ST #ETT © ASTEEH
B VL P57 BH A A K B AR R B B Lo s S 2 B R B A
HE 22 B PR R 78 2K TE 3% B PO 2 RO AR S
(NSTC 112-2740-B-A49-001) » DL Kz (R E B 52
RlE R FiiZEde (NSTC 112-2313-B-005-024,
NSTC 111-2313-B-005-021) #E{LEEEIFIC 24K
%i’ o

5 [FSTRR

Braude S, Hess J, Ingram C. 2021. Inter-
colony invasion between wild naked mole-
rat colonies. J Zool 313: 37-42. doi:
10.1111/jz0.12834

Chen G-Y. 2022.

Formosan subterranean termite and Asian

Hybridization between

subterranean termite in Taiwan [Master
thesis]. Taichung, Taiwan: National Chung
Hsing University. 100 pp.

~22~

Chen K-H. 2021.

methods for termiticide used in Taiwan

Developing evaluation
[Master thesis]. Taichung, Taiwan: National
Chung Hsing University. 44 pp.

Chiu C-I, Yeh H-T, Tsai M-J, Li H-F. 2016.
Naturalization and control of Coptotermes
gestroi (Blattodea: Rhinotermitidae) in a
Taiwanese forest. J Econ Entomol 109:
1317-1325. doi: 10.1093/jee/tow050

Chouvenc T, Su N-Y. 2017. Subterranean
termites feeding on CSI baits for a short
duration still results in colony elimination.
J Econ Entomol 110: 2534-2538. doi:
10.1093/jee/tox282

Chouvenc T, Osorio S, Chakrabarti S,
Helmick EE, Li H-F, Su N-Y. 2017.
Assessment of genetic markers for the
determination of Coptotermes formosanusx
Coptotermes gestroi (Isoptera:
Rhinotermitidae) F1 hybrids. Fla Entomol
100: 657-659. doi: 10.1653/024.100.0325

Cornelius ML, Osbrink WL. 2011. Effect of
seasonal changes in soil temperature and
moisture on wood consumption and foraging
activity of Formosan subterranean termite
(Isoptera: Rhinotermitidae). J Econ Entomol
104: 1024-1030. doi: 10.1603/EC10332

Evans TA, Forschler BT, Grace JK. 2013.
Biology of invasive termites: a worldwide
review. Annu Rev Entomol 58: 455-474. doi:
10.1146/annurev-ento-120811-153554

Gay FdJ. 1969. Species introduced by man, pp.
459-494. In: Krishna K, Weesner FM (eds.),
Biology of Termites. Academic, New York.

MA, Crozier RH. 2002.
Population and colony genetic structure of
the  primitive
darwiniensis. Evolution 56: 70-83. doi:
10.1111/.0014-3820.2002.tb00850.x

Grace J, Tome C, Shelton T, Oshiro R, Yates

J. 1996. Baiting studies and consideration

Goodisman

termite Mastotermes

with Coptotermes formosanus (Isoptera:
Rhinotermitidae) in Hawaii. Sociobiology
28: 511-520.

Husen TJ, Kamble ST, Stone JM. 2006.



51 2 & Formosan Entomol. 44: 15-25 (2024)

Microsatellite genotyping to distinguish
colonies and intraspecies genetic variation
in the

Reticulitermes

subterranean termite,

flavipes (Isoptera:
Rhinotermitidae). Sociobiology 48: 819-835.

Jarne P, Lagoda PJ. 1996. Microsatellites,
from molecules to populations and back.
Trends Ecol Evol 11: 424-429. doi:
10.1016/0169-5347(96)10049-5

King EG, Spink WT. 1969. Foraging galleries

of the Formosan subterranean termite,

eastern

Coptotermes formosanus, in Louisiana. Ann
Entomol Soc Am 62: 536-542. doi: 10.1093/
aesa/62.3.536

Kistner D. 1985. A new genus and species of
termiphilous aleocharinae from mainland
China associated with Coptotermes formosanus
and its zoogeographic significance
(Coleoptera: Staphylinidae). Sociobiology 10:
93-104.

Kusaka A, Matsuura K. 2018. Allee effect in
termite colony formation: influence of alate
density and flight timing on pairing success
and survivorship. Insectes Soc 65: 17-24.
doi: 10.1007/s00040-017-0580-9

Lai Y-Y. 2019. Termite infestation survey of
protected old trees and baiting Formosan

(Blattodea:

Rhinotermitidae) in mango trees [Master

subterranean termite
thesis]. Taichung, Taiwan: National Chung
Hsing University. 57 pp.

Li H-F, Ye W-M, Su N-Y, Kanzaki N. 2009.
Phylogeography of Coptotermes gestroi and
Coptotermes formosanus (Isoptera:
Rhinotermitidae) in Taiwan. Ann Entomol
Soc Am 102: 684-693. doi: 10.1603/008.
102.0413

Liang W-R, Maruyama M, Kanao T, Iwata R,
Li H-F. 2020. Discovery of termitophilous
rove beetles associated with Formosan
subterranean termite Coptotermes

formosanus in Taiwan, with the first larval

description for the tribe Termitohospitini

(Coleoptera: Staphylinidae). Acta Entomol

Mus National Prag 60: 77-87. doi: 10.

~23~

37520/aemnp.2020.005

Lin W-J, Chen G-Y, Chiu C-I, Liang W-R,
Tsai M-J, Yeh H-T, Li H-F. 2021. Damage
and reinvasion of Asian subterranean
termite on trees: a case study of Luchu pine
in xiaping tropical botanical garden. Jour
Exp For Nat Taiwan Univ 35: 49-60. doi:
10.6542/EFNTU.202103_35(1).0005

Maruyama M, Iwata R. 2002. Two new
termitophiles of the tribe Termitohospitini
(Coleoptera: Staphylinidae: Aleocharinae)
associated with Coptotermes formosanus
(Isoptera: Rhinotermitidae). Can Entomol
134: 419-432. doi: 10.4039/Ent134419-4

Meeker ND, Hutchinson SA, Ho L, Trede
NS. 2007. Method for isolation of PCR-ready
genomic DNA from
Biotechniques 43: 610-614. doi: 10.2144/
000112619

zebrafish tissues.

Mullins AdJ, Su N-Y, Owens C. 2011.
Reinvasion and colony expansion of
Coptotermes formosanus (Isoptera:

Rhinotermitidae) after areawide elimination.
J Econ Entomol 104: 1687-1697. doi: 10.
1603/ec11036

Oi F. 2022. A review of the evolution of termite
control: A continuum of alternatives to
termiticides in the United States with
emphasis on efficacy testing requirements
for product registration. Insects 13: 50. doi:
10.3390/insects13010050

Owens CB, Su N-Y, Husseneder C, Riegel C,
Brown KS. 2012.

evidence of Formosan subterranean termite

Molecular genetic
(Isoptera: Rhinotermitidae) colony survivorship
after prolonged inundation. J Econ Entomol
105: 518-522. doi: 10.1603/EC11150

Rust MK, Su NY. 2012. Managing social insects
of urban importance. Annu Rev Entomol 57:
355-375. doi: 10.1146/annurev-ento-120710-
100634

Scheffrahn RH, Su N-Y. 2005. Distribution of
the termite genus Coptotermes (Isoptera:
Rhinotermitidae) in Florida. Fla Entomol
88: 201-203. doi: 10.1653/0015-4040(2005)



51 2 & Formosan Entomol. 44: 15-25 (2024)

088 [0201:DOTTGC]2.0.CO;2

Schl6tterer C, Tautz D. 1992. Slippage
synthesis of simple sequence DNA. Nucleic
Acids Res 20: 211-215. doi: 10.1093/nar/

20.2.211

Su N-Y. 1994. Field evaluation of a
hexaflumuron bait for population
suppression of subterranean termites

(Isoptera: Rhinotermitidae). J Econ Entomol
87: 389-397. doi: 10.1093/jee/87.2.389

N-Y. 2019. Development of baits for
population management of subterranean
termites. Annu Rev Entomol 64: 115-130.
doi: 10.1146/annurev-ento-011118-112429
N-Y, Scheffrahn RH. 1986. A method to
access, trap, and monitor field populations
of the
(Isoptera:
12: 299-304.

N-Y, Scheffrahn RH. 1988. Foraging

population and territory of the Formosan

Su

Su

Formosan subterranean termite
Rhinotermitidae). Sociobiology
Su

subterranean termite (Isoptera:
Rhinotermitidae) in an urban environment.
Sociobiology 14: 353-360.

N-Y, Scheffrahn RH. 1996. Fate of

subterranean termite colonies (Isoptera)

Su

after bait applications--an update and
review. Sociobiology 27: 253-275.
N-Y, Scheffrahn RH. 1998. A review of

subterranean termite control practices and

Su

prospects for integrated pest management
programmes. Integr Pest Manag 3: 1-13. doi:
10.1023/A:1009684821954

D4~

Su N-Y, Ban PM, Scheffrahn RH. 1993.
Foraging populations and territories of the
eastern subterranean termite (Isoptera:
Rhinotermitidae) in southeastern Florida
Environ Entomol 22: 1113-1117. doi: 10.
1093/ee/22.5.1113

N-Y, Guidry E, Cottone C. 2016a.

Sustainable management of subterranean

Su
termite populations (Isoptera:
Rhinotermitidae) in Armstrong Park, New
Orleans, with durable baits. J Econ Entomol
109: 1326-1332. doi: 10.1093/jee/tow051

Su N-Y, Guidry E, Mullins AJ, Cotonne C.
2016b. Reinvasion dynamics of subterranean
termites (Isoptera: Rhinotermitidae) following
the elimination of all detectable colonies in
a large area. J Econ Entomol 109: 809-814.
doi: 10.1093/jee/tow018

Tautz D. 1989. Hypervariability of simple
sequences as a general source for
polymorphic DNA markers. Nucleic Acids
Res 17: 6463-6471. doi: 10.1093/nar/17.16.
6463

Waller D, La Fage J. 1987. Seasonal patterns

of
formosanus (Rhinotermitidae). Sociobiology
13:173-181.

Wallis D. 1964. Aggression in social insects, pp.
15-22. In: Carthy J, Ebling F (eds.), The
Natural History of Aggression, London, New
York.

Wilson EO. 1971. The insect societies. Harvard

University Press, Cambridge, USA. 562 pp.

in foraging groups Coptotermes



51 2 & Formosan Entomol. 44: 15-25 (2024)

Utilizing Microsatellite Markers for Formosan Subterranean
Termite Coptotermes formosanus Shiraki (Termitoidae:
Rhinotermitidae) Colony Identification

Guan-Yu Chen!, Mu-Xuan Chen!, Chun-I Chiu?, Hou-Feng Li'3"

1 Department of Entomology, National Chung Hsing University, Taichung, Taiwan

2 Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai
50200, Thailand

3 i-Center for Advanced Science and Technology (i CAST), National Chung Hsing University, Taichung, Taiwan

* Corresponding email: houfeng@nchu.edu.tw

Received: 11 October 2023 Accepted: 18 January 2024 Available online: 1 March 2024

ABSTRACT

The Formosan subterranean termite (Coptotermes formosanus Shiraki) is a social insect,
and the damage caused by a single termite colony can extend up to one hectare. For assessing
whether insecticides effectively eliminate the entire termite colony, the traditional method
involves using the mark-release-recapture (MRR) procedure to determine the activity range
of a single termite colony. However, this MRR procedure is labor-intensive and time-
consuming. Therefore, this study aimed to develop a nest identification process specific to
Taiwanese populations using five microsatellite markers. This process involved collecting
termites from multiple locations, reconstructing parental genotypes following Mendelian
inheritance rules, and determining whether they belong to the same colony based on their
parental genotypes. It also involved examining the reproductive structure of the colonies to
avoid misidentification due to the presence of multiple kings or queens within a colony. We
applied this identification process to a case of termite control, where we found termite activity
on the surface of a tree trunk at the National Chung Hsing University in 16 different
locations. Termite samples with more than 10 individuals were collected from 6 of these
locations. Their reconstructed parental genotypes are the same, fitting the genetic
composition of a single-pair-reproductive colony. Although the termites collected from the
other 10 locations were fewer than 10 individuals, which is insufficient for reconstructing
parental genotypes, the observed genotypes are not different from the other 6 samples,
indicating that the 16 locations were infested by the same colony. Bait was only applied to
one of the locations on the tree trunk, and after 38 days, all termites were eradicated. The
control treatment results supported the conclusion that all termites belonged to a single
colony, consistent with the microsatellite identification method. The microsatellite-based
nest identification method assisted in determining the colony relationships among samples
and will contribute to the development of future strategies for controlling Formosan
subterranean termites and the development of baits. Additionally, it provides a powerful
research tool for studying the ecology of Formosan subterranean termites.

Key words: Coptotermes formosanus, pesticide efficacy test, termite control, colony
structure
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