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Abstract: Globally, there are more than 2600 species of termites which adapted plenty of terrestrial ecosystems
by various strategies such as making termite nest and society. Various studies were recently carried out on
termites because they play significant roles in the context of carbon (C) cycle of terrestrial ecosystems.
According to the results of previous studies, termite activities influenced the amount of soil organic C, methane
emission, and organic matter decomposition. Termite nests, where termite biomass was concentrated, exhibited
1.8 times higher soil organic C concentration than reference soils, and emitted 0.0-6.0 kg ha™ year of methane
in tropical forests and savannas. Feeding activity of termites, in addition, accelerated coarse woody debris
(CWD) decomposition by increasing the surface area to volume ratio of CWD. Especially, CWD decomposition
induced by the Rhinotermitidae family appeared to be significant for the C cycle in temperate forests. However,
more studies should be conducted on termite-induced CWD decomposition in temperate forests because few
studies have dealt with it. The termite-induced CWD decomposition could be measured by preparing disc-shaped
CWD samples, excluding access of termites to the CWD samples, and comparing the decomposition rate of the
CWD samples with and without the termite exclusion treatment. Studies on the termite-induced CWD
decomposition would contribute to further elucidation of the C cycle in temperate forests.

Key words: carbon cycle, termite activity, terrestrial ecosystem, coarse woody debris decomposition, organic carbon

*Corresponding author
E-mail: yson@korea.ac.kr



2 EEEIHEREEE A1058 A 15 (2016)

2011). 7 AejA ] Bae olikstaart FAAES &
3 7152 FE L, HolAHE wet O]Eo}fq *gixﬂ
2 Q% B9t 5o R UE =
AR Fghgie, weba S A A 9 3% 5‘%01 125
A 8| A e IS e A2 B o]
afjah= dloll A<l

EF ol Masl=
AF o] Bl B2 43
th I FollM = AR 25 Slv=
FE AT T8 AT oR ERE o, 4 A
EA Q] BA 3o Fa3 B lSﬂ%ol‘:‘r(Jouquet et
al 2011). E7v]e] 52 EY 5SS
et i egs 245k, f71ES 2 —’?‘4“01 THE F
13t Tr7] < vek 5o FEHE dEste] 7= H)

2} e A ] BhA Zedh) 1, Ao ' o

] 1i‘r(Jamall et al., 2013; Sarcinelli et al., 2013).
on7t Eu xR A Gl 2 A o2&
Aol FEFER S7in| o] E5o] S A A <]
oA 3 98-S & Zo7 o= tH(Jones
and Eggleton, 2011). B3k 713 Hal2 Q1 t7] 2% 4
ol Arme] A2 Mot DS MSAIL Aog F
A% 3 glo](Lee and Chon, 2011), TF3F X ol|A] 217}
1 AFE FREe 22 7% wslol] uhE A =3
&< olslish= dlol T8ttt

grlnle] S5 du ¢ Ax A HA 71 ks,
oo we} S7mlol] gk AEje Eof A= ' A
S FHe=Z 23 =] YrhJouquet et al,, 2011). 53] A
vt 2 Ao Az Ao = iR AF GEoR
At B EA WSk 248 F A7 v 218 EA
Uh(Sileshi et al., 2010). 22|32 o]itslghie} wgh WY
4 715 Boll A 5 EE 3 SHolA Eir &%
o] qake 3t A 3 A JH(Brimmer et al.,
2009; Buxton, 1981; Usher, 1975). T3+ Atf) A oM %=
FAF A7 g Eo] slmlo] &gt f7l= wal B
B A<d 22 d4 o] BuE 2 UtHLu et al., 2013;
Takamura, 2001).

whH S7fu| o] AR FeA ol Estal

< ez 3§ v A+t S35 ASHE
o2 JPHUY. & o] FE U E &=
3= Esimled gk A= F 5 (Park and Bae, 1997;
Takematsu, 2006; Yasuda et al., 2000), A WH(Lee
and Jeong, 2004; Ra et al., 2012; Yamauchi et al., 1998;
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Yoshimura, 2011), & W 34 v]AE 2 & 4(Kitade, 2007;
Park, 1998; Park et al., 2010) 5o & W5 glom,

AR B ko] BAdlA 20 A el duivlE A

3 Al FUele thesty 38 2Ee Agolt, o

g7 u = 870 v A FH(Termitoidae) T 17| n) &} &
(Isoptera)>. 2 F-F5| 3L HA A S 2 260009F ©]fo] 1
2E ARSI ZFo]th(Lo and Eggleton, 2011). 3 7l=]<]
TAE o|F= F790] v 50| &3k= ¥ S (Hymenoptera)
sk, BUlivl= B73H4 0 2 b9 & (Blattodea)oll
o2 d# A rk(Eggleton, 2011). 37hn] E5F
AAE dutd o A dEze s EelE 5e 9
| glob7t FAske sks AW 63
(Hodotermitidae, Kalotermitidae, Mastotermitidae, Rhinoter-
mitidae, Serritermitidae = Termopsidae)<} B} 2] o}yto]
FA3= %5 /NP 13 (Termitidae)Z 7 2] ¥ Th(Table
1). o]& gt EF/ A= AlFER7e ok A7 Xl
met A|EH o7 F£4 Y BeE lon, ZHd=
Termopsidae?}9} Kalotermitidae3} Alo]2] AlF&E7Fa4
A 7+ 2 Rhinotermitidaex}2} Termitidae3}ol] <3t of
HF=9 7 AA AR ™ Fol ag AR AHHA
A THEngel et al., 2009; Lo and Eggleton, 2011).
ARAIE -8k 2in] 2 715 27060 et Aol
She|, 2t Aol 4 = Kalotermitidae>}, Rhinotermitidae
#}, Termopsidae¥}7F Ft Aol A= Termitidae}7+ 2
g Bx3te Aoz d#A S th(Engel et al, 2009;
Maynard et al., 2015). 28|32 o|& 3/hu|= 2 2] 3
el g A8 AES 7RIt o & S0 20 A A
2she SfnE 7o) FHaste] 87 7o) Esid
A BEA 1 moPge AER ol5sl= 59 485 52
Hole Z1og d#A dth(Maynard et al., 2015). 3k
= e vk 7 g 8 278 Apdst
2 EoA FAE ol & v Hel FEHe FHm,
EG U & 2 b g™ 6331 e, g
T WM = AqE=E Jo] 27] & Fe7t v Zo 8
U2 ATh(Korb, 2011). 53] G} Ao A 2)3h= 3
Mul= Foiv] Feie] J& sk ol 7= 43t
sto] THE FHIE 2 o]&5h] W] St % e
27} SH] ol - 202 ¥ 7T YrkSileshi
et al., 2010).
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Table 1. Diet and habitat of major termite families (Jones and Eggleton, 2011; Lo and Eggleton, 2011).

Category Family Main diet Main habitat
Hodotermitidae Grasses Arid grasslands (only in the Old World)
Kalotermitidae Dry woods Coasts, deserts, oceanic islands, temperate and tropical forests

. Mastotermitidae Woods Savannas (only in northern Australia)

Lower termites . .. . .
Rhinotermitidae Woods Deserts, mangroves, oceanic islands, temperate and tropical forests
Serritermitidae Woods Tropical forests (only in South America)
Termopsidae Wet woods Temperate forests, tropical alpine areas

Higher termites Termitidae Diverse Savannas, semi-deserts, tropical forests

AEAZSE frefd 5255 A2 S TH(Table 1). BF
A o Fo oF 70%% Z3sl= Termitidaed =
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ol M dE T Tt HolE HAgte 2 oE Hily
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Ask= 5 T Termitidaes?t 37Hnj e} 34 4
R IthLo and Eggleton, 2011).

HIE 2 A]7F d] 4% A2 o, sdl= o

H 3]7)m) 9] 0}5—0] Reticulitermes speratus kyushuensis7}

=)

rU]o mlm

A=A oz BEE3L JthHHan et al., 1998; Park and
Bae, 1997) R. speratus kyushuensis7} 478+ Rhinotermitidae
= Sl AAsie EHRE He ot A

]aJri/\i, ;O] 2 AGA 7 Hske Sin J
o7 d#A 1tk (Maynard et al., 2015). Z# ] = o]
X2 B= R. speratus kyushuensis= A S| 2ZA 2
& A7)l A= A E D 2A) Yol BEe Bt ole}
ALHAE & &ol|A] o] Gl G55 A &sh= o=

B3E v} 9lth(Lee and Jeong, 2004).
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AL A3} Aol slth(Sileshi et al., 2010). =, XH°] 5
& F=9 &E A, EG WA el UK
e Aago] Be MBS AHE K7 AY &
EG do] 2502M EY 78] &
TH(Bagine, 1984). B=3F 817)|u|7} A A8k &
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e dEohe A EY B sEE A 1}
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Figure 1. Difference in carbon (C) concentration in termite
nests of Termitidae family (Macrotermitinae subfamily and
the others) compared to C concentration in reference soil.
The difference in C concentration indicates C concentration
of termite nests minus C concentration of reference soils
(Abe and Wakatsuki, 2010; Abe et al., 2011; Ackerman et al.,
2007; Arshad, 1982; Asawalam and Johnson, 2007; Asawalam
et al,, 1999; Ekundayo and Aghatise, 1996; Ekundayo and
Orhue, 2011; Garba et al., 2011; Garnier-Sillam and Harry,
1995; Gosling et al., 2012; Hesse, 1955; Jiménez et al., 2008;
Jouquet et al., 2004; Jouquet et al., 2005; Kang, 1978;
Kaschuk et al., 2006; Lopez-Hernandez, 2001; Maduakor et
al., 1995; Menichetti et al., 2014; Ndiaye et al., 2004; Park et
al., 1994; Sarcinelli et al., 2009; Sarcinelli et al., 2013; Traoré
et al., 2008; Traoré et al., 2015; Watson, 1975; Wood and
Johnson, 1983).

)

A E EY 71840 £99 T shE dEA ok
(Jouquet et al., 2011).

T2 gd] A Y| A28k Termitidaet 70| <] &
n] Peje] H& §J7HU1 AEeo] JsE Ao, Ut
Aol BT} =& §7]ekaS §x|5HThSileshi et al.,
2010). Aol Termitidaet 7m]e] 33} Unk EFe] &
& FEE Y 687 A AtdlE THS A,
Termitidae®} 371 v] F o] &4 s Aut B v}
of et 1.8 ZSho}, I A ofFpEE tE Ao
UrE‘r”'E}(Flgure 1). Termitidae3} FoXN = FFolE 7|2

+ HPR1 Macrotermitinaeo}}2] 7] J €A FE=
0.07-2.77%(B T 1.01%)% Lk B g4 F=2l 0.32-
1.94%(34 1.10%)2}F FATSIATE 28] 32 Macrotermitinae
olHE A3 3971 Atell S ARk o]l 217 Al oA
SRR o] A FE7F kAl B gAa RO

Hgte] Yokt ey ol g, e ol &al=
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Termitidae?} 77| 3o &4 FEE 1.68-20.1%((F
6.23%)Z A= A9 ESF ghA T2l 0.57-5.17%(F
2.42%)°] °F 2.5u100 @t om, 7he] Al E A2 g
57 AHCA B7iv] o g4 w7 ESG @A
Tof H]3] =4t} ©]*¥ Macrotermitinae®}2+2] 37]
Zlo] TermitidaeZtol] &3 TF= o}xte] A3} Aol EX
< Hol= A2, v F& ol Macrotermitinae
olxte] Sn| 7} G7 ethEo] v E] Ee Al E 9} ElH
< o]&ste v, e EF9] WlivlE fIEAaE o
e BHES ol

ATHAbe et al.,

uEOh*l-UFiJFJ(J

o
S ASE

o} 714
== T
7 LEJ]X% E‘r(Maynard et al.,
gubatol] e £E3t= R. speratus
AMvEA W] Feje] J& vhs
ZTHHan et al., 2004). ©]<} 7+& 317
, FdlelM e 3a P4l
2 A J’ 542 29siA] &g slog A

gl 3m= A E} A E Aol E
ok AR} 7 Lol AAE S EA
Ao g FA ] (Holt and
Lepage, 2000; Maynard et al., 2015), ©]ol] #3+ A A}
#7F A5-3te] =] Ak olxe] Ashu]e] g EYF {71
B X HEl P2 odd] BEEEE R E ol

ATF.
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Figure 2. CH, emission from termites of different feeding
groups including humus or soil organic matter (SOM)
feeders, litter or wood feeders, and fungus-growers. Box
plots show median and 10th, 25th, 75th, and 90th percentiles,
and dots outside the box plots denote outliers (Jeeva et al.,
1999; Martius et al., 1993; Nunes et al., 1997; Sanderson,
1996; Sugimoto et al., 1998).

7 ]/xﬂ weke A sl 23y s)v)7) WSSk v
ghe] e B F, 4 A NE FF, Lw

S sk a<lo] wal o= th(Brimmer et al.,
1997). &% 3
H| gk A3,

2009; Jamali et al.,, 2013; Nunes et al.,
Aule] wg &S Bs 90 AMEIE
HAshs Holo] FRL AAml Mgk $ETo) 2 9T
S "HE Aog YRt} (Figure 2). 2 Zolu B
%°ﬂ€—””&é%ﬂﬂéﬁﬁﬂ@€%lgﬂ2
 0.35 umol h'e] HES w&3H=d), ol Yg9A
2 IAME-S W Sfn] o] gk ujEEe] Hat 0.17 umol
h'¢} 33gol 5 712 A7) e] v viE<] Hat 0.20
umol h'XEt} 1.58] o] & Fo|th(Jeeva et al., 1999;
Martius et al., 1993; Nunes et al., 1997; Sanderson, 1996;
Sugimoto et al., 1998). 4 2]3t= B = S7ln] o] wgh
wlZ o] T 21 fhvlsh FASHE Al MARe] o

oo BHA A &dte FFOERYH 7|R1G Zlo R FAH
Y, ololl e 7|4 ol AR A eks) FHEA ke 4
3}o]tH(Brune, 2010).

53] 7

AL

Table 2. Summary for previous studies extrapolating the landscape-scale CH, emission from termite nests and net CH, balance

in several tropical ecosystems.

Location Ecosvstem Emission from termite Net balance Reference
Y nests (kg ha™ year™) (kg ha™' year™)
C Premontane forest 0.5 -6.1 Macdonald et al. (1999
ameroon Premontane forest 1.2 -3.1 acdonald etal. ( )
Rainforest 0.1 -4.8
Burkina Faso Rainforest 0.2 -4.2 Macdonald et al. (1999)
Rainforest 0.0 -3.4
Burkina Faso Savana grassland 0.0 0.2 Briimmer et al. (2009)
Australia Savana woodland 0.2 -0.9 Jamali et al. (2011)
Savana woodland 49 -21.7
Australi Savana woodland 2.5 3.6 Jamali et al. (2013
ustratia Savana woodland 6.0 9.1 amali etal. ( )
Wetland 2.0 8.9
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A v AN 7 AR & A we 2
Aoz AR 9 tHBrune, 2010). FAAIZH = 317)
Joll o)ste] WA E] = mlghe] ¢ AZF °F 19.7 TgS 2
FAE =], ol AAA e wjEe] oF 4%l 38t
+ A o]tk(Sanderson, 1996). 53| slv|= olxg|7}, &
ol 2]7}, FoM o} & A 7]20] =& ddl XY
oA Fagh vg Aot o]of wel G XA ellA
T AT F IF fﬂ7HU1°ﬂ o3k wigk A o
9l WA T ] 52 EUE S A9 w3
o thgk 7w 710452 2359 tH(Table 2). 3ld
T TAT A, i) F2 G AF=elA A7 0.0-
1.2 kg ha', Apaluell Al 47F 0.0-6.0 kg ha-1 *Xl of| A
7+ 2.0 kg ha'¢] W& 7] T2 WEshe HEe]
A A0 Aoz el th(Briimmer et al., 2009;
Jamali et al., 2011; Jamali et al., 2013; Macdonald et
. 1999). eju} B7ju)e] oS wiodgh wjek A= &
EH Aol A A7 -6.1--3.1 kg ha™t, Apdfitell A A7E
-21.7-3.6 kg ha™', 2|94 A7t 8.9 kg ha'2 YERS o
e df A HellA 0 olske] FoE AMNEHAT
(Brimmer et al., 2009; Jamali et al, 2011; Jamali et al.,
2013; Macdonald et al., 1999). o] 370 HoA e
oo wjete] WAIROIE BFek $AE 7} ol A4s

£ 9 A9 e FEA0RA )55 9L oy

r{

d

s},
SeUtE T3 £ AGe] Masks SAEE
ke WA ARITE £ Ae] AAm) 7k w2 H el

G F g AT AHEHER Agolstd], AU A=
1 g2 271v|7} 3170l 0.09-9.75 pmole] Hghe WA A|7)
= A0 2 B 7% 3% tH(Maynard et al., 2015). Z12]3L
Sl7pwol o3k v gt WA E-S 324 S Sanderson(1996)011 41

= 2 A HolA A7fmlel ofste] W= wEe] Y
F0.05 Tgel Aoz Uepylth a3y dMAde=w o
wlgke] Zeko] A7k oF 500-600 Tgoll Batths 7
Eﬂ‘é‘}uﬂ 2t X9 ¢] S7fmlo] ofs) WAy 0}—‘ | &
AEA B 3 S A= E HSS AR5
Zﬂ\ © 2 A5 EtH(Brune, 2010; Sanderson, 1996).

N orlo dle o & fr
T

FI O
i

o

3. DA =3

S7fml o] IARE A SEe IARSS] o ] 3
Aol Hl&E ST EN Fuet dojue rd=El
o3k IAHE el E 7HEsA It 2] AL ST 7 A1
g AR Sfm] g W] 34 e 8o <
aff W= Eelj ], A= v o] sjd &, Ehls B AL
A 5o PR B @4 Aol FPEAY w9

ojitslgtae] FHE thr] WEEHE Ao 44 ot
(Jouquet et al., 2011). o] w} Ax X937 o) 2 &

f 2ol e Ex3E 3712 Termitidaet 2}
Rhinotermitidae3}ol] €]t IALE Baj7t IE=Hoz AL
H 3L JtH(Table 3). 53] 7| AFANA = Termitidaed:
hn) o] FEol Abhd, 1z A gl Ao 2bg o] AL
& walolA g Fash AR UERHTH(Table 3). =,
A AR EE zpo] R 1% A Faf & x}ol
(Schuurman, 2005), 217§w] ] A 2]of] o] &k A= |7
B R A3 ZZ(Lu et al, 2013; Takamura, 2001),
rlv] H Zte] w2 JARE EalE 24 @3(Collins,
1981; Takamura, 2001) 5°] ZA=E AT} B2-0] ApHlLt
A Aol = TermitidaeZ} S/ v 71 A GHHA] AL
cbeFe] ti 3t (85-91%)S AAshs A o2 HiE7| % 3
2AH(Buxton, 1981; Usher, 1975).

S Rhinotermitidae?t 7P 42 E5S 3t &
f AFg o] AR S X TH(Table 3). 715 A+l
] Rhinotermitidaes} 317107} o7 € 7F ZAHE F3ke]
3-20%%5 43431 (Gentry and Whitford, 1982), Rhinoter-
mitidae3} 7P| 7} A4l eh= 0] A 9] IAME-S F7)
n)7F X 2E1A] e &t AF O] SAREC] HlEke] 11.5%
w27 2= AS2 YElt(Warren and Bradford,
2012). 28] 3L Ulyshen(2014a)y= Sl7m]ol] )3k wAlE &
a7t Pinus taeda IAES] D= ZHAE-0] 13.7-20.5%°]
s Fshs 22 BTt §HH Ulyshen et al.(2014)7F
AT P taeda ZHA A=, 7] ek 27t A
5o Axe} T S-S IA MSA7IA] ke, 3
ARE O] H3 TAES 15-20% HA skth o Sol
Bradford et al.(2014)2] Aol Eaflol 23k TAM= &
A A aago] Aln] BE, 3] A IAE
9 B¢ 2ro AulE ety et AR Yehr=
StSiTh. Bgh o] AFtolA = 2 A oA &) JIAHES]
3] 8-©] Rhinotermitidaes} S17juje} 7+ B TE2] &
& ool wE A 7k 2polE B )
7 QAN & o] & wletsh= A2 E7FsS Ao B
sttt olelgh A A 7\]'34]%% %"ﬂ Ah ol A 270

n)7F AR B REEA F25
gk IARE ZEE olsishe Aol Q"ﬂ chde] A =%
< 7ok ol T88tthe S AlAKekaL 9

S-Zygtel] EXE3}= R. speratus kyushuenSISJ_ Rhino-
termitidae ol &30 AFAS 3P, S7fn] o] A4
5 g A AR 8 AN E T 9T
S & o2 ot 58] FljollA] IS 4 g
A AT oF 2-3%E A s HU] Abgo] AR s
of wie} IARE o] A} F7HE ASR FAHEEE (Lee
et al., 2015; Noh et al., 2013), Sl7ju|o] ¢]3F FAME &
5 st AAR 8l A P ske A2 U
b A 23S B J e RdRste do 28
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S Qo) e sotsle Fad the 34
TAE Ba) &g GotalA AN she Rolth TARE A
o] Hal &S Altete 7S A AR S
(Collins, 1981; Gentry and Whitford, 1982; Warren and
Bradford, 2012), %3] (Ulyshen et al., 2014), 2 %=(Ulyshen,
2014a), T4 A7 (Bradford et al., 2014; Takamura, 2001)
S HFsiH, ol AT A wet e E ook gt
il 37 24345 Bl T 2] ol8He FEHE &
718t M2 oE AFAe AAE HawEN S A
aloF gict.

o

O T
=5 e del B EE Aurel moel] vsk]
$o Qo Ueith B8 /6 2AE go) Ay o
Apht =)

N
18
2
>
=)
)
o
i)
2
o
o
o
u
>
N
ofr
ttlo
ol
o 32 H
o foy

—_

Bl

SE A9 Q- Asks 2o Ao $Eake $)
et e W, D0 Mo wa A4 54

Pl e eelst e

e 2R E 2 VIFS A G A

S 3ie o] EE AN B S5

N

=)

=2
e fo K o7

ol

fo

=

N
fo1e

2 A}
_%_

23
- 2 >
P A U A A

o g o A SR Ik S Ao T FP )
©]x]¥ Rhinotermitidaez} 37]0]2] &-Fo] IAE E3
F8 3= E3tar, vt s Ssfn
Sk IAE Bl A= AE-gE Aol b =l

d] HHE e R & IAE B3 A7 F10H
of gt} mEhA AR e} whE A5l 2] A}
AP E 3 F Bl =S sl AP s e AlRe

sz okl A7t Basiet 2y o
Tl H 2 ThpE U ] S5 ol 8 A
2 ZolAte] Ees WA g o EE dA IAlE

ML ool &Rt 2o o2
to
q
R
NFJ

TR i o f

3 IS Al 5 ete AN EY JAE AlE Ul
F2 ol FAZ F Urhe S dEsted, AR iR E
FE HA AAT & el g A4S sloF T e Ad
e} oloh 2 Wy o R sfu]e] oF ARE Eaf A
TES AA FAFEA S oA 9] B FE-S

B AT S ATATE o] F N7 2 ATA DA
(FAIM S 2015RIDIA1A01057124) % AH03 Q714
A AL (A F: S121313L130100)° 2] A 9-S H}
go 2 Y= ALt

References

Abe, S.S., and Wakatsuki, T. 2010. Possible influence of ter-
mites (Macrotermes bellicosus) on forms and composi-
tion of free sesquioxides in tropical soils. Pedobiologia
53:301-306.

Abe, S.S., Watanabe, Y., Onishi, T., Kotegawa, T., and Wakat-
suki, T. 2011. Nutrient storage in termite (Macrotermes bellico-
sus) mounds and the implications for nutrient dynamics in
a tropical savanna Ultisol. Soil Science and Plant Nutri-
tion 57: 786-795.

Abe, T. 1980. Studies on the distribution and ecological role
of termites in a lowland rain forest of West Malaysia. 4.
the role of termites in the process of wood decomposi-
tion in the Pasoh Forest Reserve. Revue d'Ecologie et de
Biologie du Sol 17: 23-40.

Ackerman, 1.L., Teixeira, W.G., Riha, S.J., Lehmann, J., and
Fernandes, E.C.M. 2007. The impact of mound-building
termites on surface soil properties in a secondary forest
of central Amazonia. Applied Soil Ecology 37: 267-276.

Arshad, M.A. 1982. Influence of the termite Macrotermes michaels-
eni (SJIOST) on soil fertility and vegetation in a semi-arid
savannah ecosystem. Agro-Ecosystems 8: 47-58.

Asawalam, D.O., and Johnson, S. 2007. Physical and chemi-
cal characteristics of soils modified by earthworms and
termites. Communications in Soil Science and Plant Anal-
ysis 38: 513-521.

Asawalam, D.O., Osodeke, V.E., Kamalu, OJ., and Ugwa, LK.
1999. Effects of termites on the physical and chemical
properties of the acid sandy soils of southern Nigeria.
Communications in Soil Science and Plant Analysis 30:
1691-1696.

Bagine, RK.N. 1984. Soil translocation by termites of the genus
Odontotermes (Holmgren) (Isoptera: Macrotermitinae) in
an arid area of northern Kenya. Oecologia 64: 263-266.

Bradford, M.A., Warren, R.J., Baldrian, P, Crowther, T.W., May-
nard, D.S., Oldfield, E.E., Wieder, WR., Wood, S.A., and



A7 A

King, J.R. 2014. Climate fails to predict wood decompo-
sition at regional scales. Nature Climate Change 4: 625-
630.

Brune, A. 2010. Methanogens in the digestive tract of termites.
In: Microbiology Monographs (ed) Hackstein, J.H.P. Springer,
Berlin. pp. 81-100.

Briimmer, C., Papen, H., Wassmann, R., and Briiggemann, N.
2009. Fluxes of CH, and CO, from soil and termite mounds
in south Sudanian savanna of Burkina Faso (West Aftica).
Global Biogeochemical Cycles 23: 13.

Buxton, R.D. 1981. Changes in the composition and activi-
ties of termites communities in relation to changing rain-
fall. Oecologia 51: 371-378.

Collins, N.M. 1981. The role of termites in the decomposition of
wood and leaf litter in the southern Guinea savanna of Nige-
ria. Oecologia 51: 389-399.

Donovan, S.E., Eggleton, P., Dubbin, W.E., Batchelder, M.,
and Dibog, L. 2001. The effect of a soil-feeding termite,
Cubitermes fungifaber (Isoptera: Termitidae) on soil prop-
erties: termites may be an important source of soil micro-
habitat heterogeneity in tropical forests. Pedobiologia 45:
1-11.

Eggleton, P. 2011. An introduction to termites: biology, taxon-
omy and functional morphology. In: Biology of termites: a
modern synthesis (eds) Bignell, D.E., Roisin, Y., and Lo,
N. Springer, Dorderecht. pp. 1-26.

Ekundayo, E.O., and Aghatise, V.O. 1996. Soil properties of
termite mounds under different land use types in a typi-
cal Paleudult of midwestern Nigeria. Environmental Mon-
itoring and Assessment 45: 1-7.

Ekundayo, E.O., and Orhue, E.R. 2011. Physical and chemi-
cal properties of termite mounds and surrounding soil as
influenced by land use in the Niger Delta region of Nige-
ria. Nigerian Journal of Soil and Environmental Research
9:53-58.

Engel, M.S., Grimaldi, D.A., and Krishna, K. 2009. Termites
(Isoptera): their phylogeny, classification, and rise to eco-
logical dominance. American Museum Novitates 3650: 1-
27.

Garba, M., Cornelis, WM., and Steppe, K. 2011. Effect of
termite mound material on the physical properties of sandy
soil and on the growth characteristics of tomato (Solanum
lycopersicum L.) in semi-arid Niger. Plant and Soil 338:
451-466.

Garnier-Sillam, E., and Harry, M. 1995. Distribution of humic
compounds in mounds of some soil-feeding termite spe-
cies of tropical rainforests: its influence on soil structure
stability. Insectes Sociaux 42: 167-185.

Genet, J.A., Genet, K.S., Burton, TM., Murphy, PG, and Lugo
A.E. 2001. Response of termite community and wood
decomposition rates to habitat fragmentation in a subtrop-
ical dry forest. Tropical Ecology 42: 35-49.

Gentry, J.B., and Whitford, W.G. 1982. The relationship between

S =8k H|R|

A
il

G A EElE THeR 9
wood litter infall and relative abundance and feed-
ing activity of subterranean termites Reticulitermes spp.
in three southeastern coastal plain habitats. Oecologia 54:
63-67.

Gosling, C.M., Cromsigt, J.P.GM., Mpanza, N., and OIff, H.
2012. Effects of erosion from mounds of different ter-
mite genera on distinct functional grassland types in an
African savannah. Ecosystems 15: 128-139.

Han, S.H., Lee, K.S., and Cung, Y.J. 1998. Characteristic of
termite inhabits in South Korea and the control. Conser-
vation Studies 19: 145-172. (In Korean with English abstract)

Haverty, M.L., and Nutting, W.L. 1975. A simulation of wood
consumption by the subterranean termite, Heterotermes
aureus (Snyder), in an Arizona desert grassland. Insectes
Sociaux 22: 92-102.

Hesse, PR. 1955. A chemical and physical study of the soils
of termite mounds in East Africa. Journal of Ecology 43:
449-461.

Holt, J.A., and Lepage, M. 2000. Termites and soil properties. In:
Termites: evolution, sociality, symbioses, ecology (eds)
Abe, T., Bignell, D.E., and Higashi, M. Kluwer Aca-
demic Publishers, Dordrecht. pp. 389-407.

Hopkins, B. 1966. Vegetation of the Olokemeji Forest Reserve,
Nigeria: IV. The litter and soil with special reference to
their seasonal changes. Journal of Ecology 54: 687-703.

Itakura, S., Okuda, J., Utagawa, K., Tanaka, H., and Enoki,
A. 2006. Nutritional value of two subterranean termite
species, Cuptotermes formosanus Shiraki and Retuculuter-
mes speratues (Kolbe) (Isoptera: Rhinotermitidae). Japa-
nese Journal of Environmental Entomology and Zoology
17: 107-115.

Jamali, H., Livesley, S.J., and Hutley, L.B., Fest, B., Arndt,
S.K. 2013. The relationships between termite mound CH,/
CO, emissions and internal concentration ratios are spe-
cies specific. Biogeosciences 10: 2229-2240.

Jamali, H., Livesley, S.J., Grover, S.P,, Dawes, T.Z., Hutley, L.B.,
Cook, GD., and Arndt, SK. 2011. The importance of ter-
mites to the CH, balance of a tropical savanna woodland
of northern Australia. Ecosystems 14: 698-709.

Jeeva, D., Bignell, D.E., Eggleton, P, and Maryati, M. 1999.
Respiratory gas exchanges of termites from the Sabah (Borneo)
assemblage. Physiological Entomology 24: 11-17.

Jiménez, 1.J., Decaéns, T., and Lavelle, P. 2008. C and N
concentrations in biogenic structures of a soil-feeding ter-
mite and a fungus-growing ant in the Colombian savan-
nas. Applied Soil Ecology 40: 120-128.

Jones, D.T., and Eggleton, P. 2011. Global biogeography of
termites: a compilation of sources. In: Biology of termites: a
modern synthesis (eds) Bignell, D.E., Roisin, Y., and Lo,
N. Springer, Dorderecht. pp. 477-498.

Jouquet, P, Ranjard, L., Lepage, M., and Lata, J.C. 2005.
Incidnece of fungus-growing termites (Isoptera, Macroter-
mitinae) on the structure of soil microbial communities.



10 EEEIHEREEE A1058 A 15 (2016)

Soil Biology and Biochemistry 37: 1852-1859.

Jouquet, P, Tessier, D., and Lepage, M. 2004. The soil struc-
tural stability of termite nests: role of clays in Macroter-
mes bellicosus (Isoptera, Macrotermitinae) mound soils.
European Journal of Soil Biology 40: 23-29.

Jouquet, P, Traoré, S., Coosai, C., Hartmann, C., and Bignell, D.
2011. Influence of termites on ecosystem functioning. ecosys-
tem services provided by termites. European Journal of
Soil Biology 47: 215-222.

Kampichler, C., and Bruckner, A. 2009. The role of microar-
thropods in terrestrial decomposition: a meta-analysis of
40 years of litterbag studies. Biological Reviews 84: 375-
389.

Kang, B.T. 1978. Effect of some biological factors on soil
variability in the tropics III. effect of Macrotermes
mounds. Plant and Soil 50: 241-251.

Kaschuk, G, Santos, J.C.P, Almeida, J.A., Sinhorati, D.C., and
Berton Jr. J.F., 2006. Termite activity in relation to natu-
ral grassland soil attributes. Scientia Agricola 63: 583-588.

Kitade, O. 2007. Characteristics and host-symbiont relation-
ships of termite gut flagellates. Japanese Journal of Proto-
zoology 40: 101-112. (In Japanese)

Korb, J. 2011. Termite mound architecture, from function to
construction. In: Biology of termites: a modern synthesis
(eds) Bignell, D.E., Roisin, Y., and Lo, N. Springer, Dor-
drecht. pp. 349-374.

Lee, J., Han, S.H., Kim, S., Chang, H., Yi, M.J.,, Park, GS.,
Kim, C., Son, YM., Kim R., and Son, Y. 2015. Estimat-
ing the changes in forest carbon dynamics of Pinus densi-
flora and Quercus variabilis forests in South Korea under
the RCP 8.5 climate change scenario. Korean Journal of
Agricultural and Forest Meteorology 17: 35-44. (In Korean
with English abstract)

Lee, K.-S., and Jeong, S.-Y. 2004. Ecological characteristics
of termite (Reticulitermes speratus kyushuensis) for pres-
ervation of wooden cultural heritage. Conservation Stud-
ies 37: 327-348. (In Korean with English abstract)

Lee, KE., and Butler, J.H.A. 1977. Termites, soil organic matter
decomposition and nutrient cycling. Ecological Bulletines
25: 544-548.

Lee, S.-H., and Chon, T.-S. 2011. Effects of climate change
on subterranean termite territory size: a simulation study.
Journal of Insect Science 11: 1-14.

Lo, N., and Eggleton, P. 2011. Termite phylogenetics and co-
cladogenesis with symbionts. In: Biology of termites: a
modern synthesis (eds) Bignell, D.E., Roisin, Y., and Lo,
N. Springer, Dorderecht. pp. 27-50.

Lu, M., Davidescu, M., Sukri, R.S., and Daskin, J.H. 2013.
Termites facilitate root foraging by trees in a Bornean
tropical forest. Journal of Tropical Ecology 29: 563-566.

Loépez-Hernandez, D. 2001. Nutrient dynamics (C, N and P)
in termite mounds of Nasutitermes ephratae from savan-
nas of the Orinoco Llanos (Venezuela). Soil Biology and

Biochemistry 33: 747-753.

Macdonald, J.A., Jeeva, D., Eggleton, P., Davies, R., Bignell,
D.E., Fowler, D., Lawton, J., and Maryati, M. 1999. The
effect of termite biomass and anthropogenic disturbance
on the CH, budget of tropical forests in Cameroon and
Borneo. Global Change Biology 5: 869-879.

Maduakor, H.O., Okere, A.N., and Onyeanuforo, C.C. 1995.
Termite mounds in relation to the surrounding soils in the
forest and derived savanna zones of southeastern Nige-
ria. Biology and Fertility of Soils 20: 157-162.

Martius, C., Wassamann, R., Thein, U., Bandeira, A., Rennen-
berg, H., Junk, W, and Seiler, W. 1993. Methane emission
from wood-feeding termites in Amazonia. Chemosphere
26: 623-632.

Maynard, D.S., Crowther, T.W., King, J.R., Warren, R.J., and
Bradford, M.A. 2015. Temperate forest termites: ecology,
biogeography, and ecosystem impacts. Ecological Ento-
mology 40: 199-210.

Menichetti, L., Landi, L., Nannipieri, P, Katterer, T., Kirch-
mann, H., and Renella, G. 2014. Chemical properties and
biochemical activity of colonized and abandoned litter-
feeding termite (Macrotermes spp.) mounds in chromic
Cambisol area on the Borana Plateau, Ethiopia. Pedo-
sphere 24: 399-407.

Ndiaye, D., Lensi, R., Lepage, M., and Brauman, A. 2004. The
effect of the soil-feeding termite Cubitermes niokoloensis
on soil microbial activity in a semi-arid savanna in West
Africa. Plant and Soil 259: 277-286.

Noh, N.J., Kim, C., Bae, SW., Lee, WK., Yoon, TK., Muraoka,
H., and Son, Y. 2013. Carbon and nitrogen dynamics in a
Pinus densiflora forest with low and high stand densi-
ties. Journal of Plant Ecology 6: 368-379.

Nunes, L., Bignell, D.E., Lo, N., and Eggleton, P. 1997. On
the respiratory quotient (RQ) of termites (Insecta: Isoptera).
Journal of Insect Physiology 43: 749-758.

Pan, Y., Birdsey, R.A., Fang, J., Houghton, R., Kauppi, PE., Kurz,
W.A., Phillips, O.L., Shvidenko, A., Lewis, S.L., Canadell, J.G,
Ciais, P, Jackson, R.B., Pacala, S.W., McGuire, A.D., Piao,
S., Rautiainen, A., Sitch, S., and Hayes, D. 2011. A large
and persistent carbon sink in the world’s forests. Science
333: 988-993.

Park, H.-C. 1998. Symbiotic relationship between termite,
Reticulitermes speratus kyushuenesis Morimoto, and its
intestinal microorganisms. Korean Journal of Soil Zool-
ogy 3: 19-24.

Park, H.-C., and Bae, T.-W. 1997. Morphological description
of Reticulitermes speratus kyushuenesis Morimoto (Isoptera:
Rhinotermitidae) in southern part of Korea. Korean Jour-
nal of Soil Zoology 2: 59-64.

Park, H.C., Majer, J.D., and Hobbs, R.J. 1994. Contribution
of the western Australian wheatbelt termite, Drepanoter-
mes tamminensis (Hill), to the soil nutrient budget. Eco-
logical Research 9: 351-356.



A7 A

Park, H.C., Majer, J.D., Hobbs, R.J., and Bae, T.U. 1993.
Harvesting rate of the termite, Drepanotermes tamminen-
sis (Hill) within native woodland and shrubland of the west-
ern Australian wheatbelt. Ecological Research 8: 269-275.

Park, M.-K., Son, H.-J., Kim, Y.-G., Lee, S.-M., Kim, K.-K.,
and Park, H.-C. 2010. Optimal condition to produce pro-
tease by strain separated from the intestine of Reticuliter-
mes speratus. Journal of Life Science 20: 77-81. (In Korean
with English abstract)

Ra, J.-B., Kim, K.-B., and Leem, K.-H. 2012. Effect of heat
treatment conditions on color change and termite resis-
tance of heat-treated wood. Journal of Korean Wood Sci-
ence and Technology 40: 370-377. (In Korean with
English abstract)

Salick, J., Herrera, R., and Jordan, C.F. 1983. Termitaria: nutrient
patchiness in nutrient-deficient rain forests. Biotropica 15:
1-7.

Sanderson, M.G. 1996. Biomass of termites and their emis-
sions of methane and carbon dioxide: a global database.
Global Biogeochemical Cycles 10: 543-557.

Sarcinelli, T.S., Ermesto, C., Schaefer, C.E.GR., de Souza Lynch,
L., Arato, HD., Viana, J.HM., de Albuquerque Filho,
M.R., and Goncalves, T.T. 2009. Chemical, physical and
micromorphological properties of termite mounds and
adjacent soils along a toposequence in Zona da Mata, Minas
Gerais State, Brazil. Catena 76: 107-113.

Sarcinelli, T.S., Schaefer, C.E.GR., Filho, E.LF., Mafia, R.G,,
and Neri, A.V. 2013. Soil modification by termites in a
sandy-soil vegetation in the Brazilian Atlantic rain forest.
Journal of Tropical Ecology 29: 439-448.

Schuurman, G. 2005. Decomposition rates and termite assem-
blage composition in semiarid Africa. Ecology 86: 1236-
1249.

Sileshi, GW., Arshad, M.A., Konaté, S., and Nkunika, P.O.Y.
2010. Termite-induced heterogeneity in African savanna
vegetation: mechanisms and patterns. Journal of Vegetation
Science 21: 923-937.

Sugimoto, A., Inoue, T., Tayasu, 1., Miller, L., Takeichi, S.,
and Abe, T. 1998. Methane and hydrogen production in a ter-
mite-symbiont system. Ecological Research 13: 241-257.

Takamura, K. 2001. Effects of termite exclusion on decay of
heavy and light hardwood in a tropical rain forest of Pen-
insular Malaysia. Journal of Tropical Ecology 17: 541-548.

Takematsu, Y. 2006. Present status of taxonomy of termites in
Japan. House and Household Insect Pests 28: 29-35. (In
Japanese)

Traoré, S., Tigabu, M., Jouquet, P, Ouédraogo, S.J., Guinko,
S., and Lepage, M. 2015. Long-term effects of Macroter-
mes termites, herbivores and annual early fire on woody

S =8k H|R|

3

il

TR 11

M

G A

undergrowth community in Sudanian woodland, Burkina
Faso. Flora 211: 40-50.

Traoré, S., Tigabu, M., Ouédraogo, S.J., Boussim, J.I., Guinko, S.,
and Lepage, M.G. 2008. Macrotermes mounds as sites for
tree regeneration in a Sudanian woodland (Burkina Faso).
Plant Ecology 198: 285-295.

Ulyshen, M.D. 2014a. Interacting effects of insects and flood-
ing on wood decomposition. PLoS ONE 9: 9.

Ulyshen, M.D. 2014b. Wood decomposition as influenced by
invertebrates. Biological Reviews. (online published)

Ulyshen, M.D., and Wagner, T.L. 2013. Quantifying arthro-
pod contribution to wood decay. Methods in Ecology and
Evolution 4: 345-352.

Ulyshen, M.D., Wagner, T.L., and Mulrooney, J.E. 2014. Contrast-
ing effects of insect exclusion on wood loss in a temper-
ate forest. Ecosphere 5: 15.

Usher, M.B. 1975. Studies on a wood-feeding termite com-
mutity in Ghana, West Africa. Biotropica 7: 217-233.

Vasconcellos, A., and Moura, FM.D.S. 2010. Wood litter
consumption by three species of Nasutitermes termites in
an area of the Atlantic Coastal Forest in northeastern Bra-
zil. Journal of Insect Science 10: 9.

Warren, R.J., and Bradford, M.A. 2012. Ant colonization and
coarse woody debris decomposition in temperate forests.
Insectes Sociaux 59: 215-221.

Watson, J.P. 1975. The composition of termite (Macrotermes
spp.) mounds on soil derived from basic rock in three
rainfall zones of Rhodesia. Geoderma 13: 147-158.

Whitford, W.G., Steinberger, Y., and Ettershank, G. 1982. Contribu-
tions of subterranean termites to the “economy” of Chi-
huahuan Desert ecosystems. Oecologia 55: 298-302.

Wood, T.G., and Johnson, R.A. 1983. Modification of soils in
Nigerian savanna by soil-feeding Cubitermes (Isoptera,
Termitidae). Soil Biology and Biochemistry 15: 575-579.

Yamauchi, K., Ohdake, J., and Ishikura, H. 1998. Termite control
technology in the new era - termite colony elimination by
the sentricon system-. House and Household Insect Pests
20: 17-24. (In Japanese)

Yasuda, 1., Nakasone, Y., Kinjo, K., and Yaga, S. 2000. Mor-
phology and distribution of termites in Ryukyu Islands
and North and South Daito Islands. Japanese Journal of
Entomology 3: 139-156. (In Japanese with English abstract)

Yoshimura, T. 2011. Strategies towards the integrated man-
agement of the invasive dry-wood termite, Incisitermes
minor. Mokuzai Gakkaishi 57: 329-339. (In Japanese with
English abstract)

(Received: September 1, 2015; Accepted: November 23, 2015)



