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Nest box utility for arboreal small mammals
in Vietnham’s tropical forest

Ami Kato, Tatsuo Oshida, Son Truong Nguyen, Nghia Xuan Nguyen, Hao Van
Luon, Tue Van Ha, Bich Quang Truong, Hideki Endo & Dang Xuan Nguyen

ABSTRACT. To test nest box utility in a Southeast Asian tropical forest, we set 30 wooden nest boxes on
trees in the Cuc Phuong National Park, Vietnam for a year. During the rainy season, we checked each nest
box each month in the daytime. We expected that arboreal rodents might be more likely to use the nest boxes
as shelter from the heavy rain. During dry season, we additionally checked each nest box every two months.
We expected that nest boxes would be used as a shelter from the rain by small arboreal mammals, such as
rats and flying squirrels in the rainy season more than in the dry season. During the rainy season, we found
ants, bees, and birds mainly nested the nest boxes for reproduction: bees in April; ants from May to August;
and birds from April to June. From the late rainy season to the dry season, arboreal small mammals mainly
used nest boxes: rats from August to February and flying squirrel in December. Nest resource competition
between birds and rodents may be minimal since they use cavities in different seasons. Also, unlike our
expectation, it was preliminary suggested that arboreal small rodents would use more frequently nest box in
the dry season than in the rainy season.
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MUcnonb3oBaHue AYNNAHOK AnA unccriegqoBaHnsa MeJsikKux apeBeCcHbIX
MIieKonutTarwwmnx B TPONMNYeCKoOM riecy BbeTHama

A. Kato, T. Ownga, C.Y. HryeH, H.C. HryeH, X.B. JliooH, T.B. Xa,
B.K. Yynr, X. 9upo, A.C. HryeH

PE3IOME. JInst ananu3a NpuUrogHOCTH THE3I0BBIX TYTIITHOK B TponindeckoM secy FOro-BocTounoit Azum,
B TEUYEHUE T'0JIa TPOBOAMIM HaOMoaeHus 3a 30 1epeBsSHHBIMU TYTUITHKAMH, YCTaHOBJICHHBIMH Ha JIEPEBb-
AX B HanumoHasbHOM napke Kykdoin, BoetHam. B TeueHne mokUIMBOTO ce30Ha AYMIISIHKH MTPOBEPSUIN
Kbl Mecsll, B AHEBHOE BpeMs. OKUAAI0Ch, 4TO apOOpeabHbIe TPHI3YHBI MOTJIH OBl MCIIOIb30BATH
JOYIUITHKY KaK YOEXHIIa OT MIPOJIIMBHOTO JOXKIsI. B TeueHne cyxoro ce30Ha JyTUITHKH [IPOBEPSUTH KaX[ble
nBa Mecsina. OXKnaanoch, 4To AYIUITHKE OyAyT UCTIONB30BATHCS METKUMH APEBECHBIMH MIJICKOTINTAIOIN-
MU, B YaCTHOCTH, KPBICAMH U JICTSTaMH, KaK yOSKHUIIE OT A0/, B JOKUTMBBII CE30H Yalle, YeM B CyXOH
Ce30H. B TeueHMe MOKUIMBOrO C€30HA AYIUISHKH HCIIOJIB30BAIMCh MYpPaBbsIMH, MMUEIaMU U NTHLAMH,
TJIaBHBIM 00pa3oM, JJIsi BOCIIPOM3BOJICTBA: ITYEJIAaMH — B alpesie; MypaBbsIMH — C Mas JI0 aBIycTa;
NOTHIIAMU — ¢ amnpens 10 HioHA. C KOHIA JOKAJIUBOIO CE30Ha JI0 CYyXOro Ce30HA JYIJISIHKH B OCHOBHOM
HCTIONIB30BATNCH MEIKHMH JIPEBECHBIMU MIICKOITUTAOIINMHE: KPBICAMU — C aBIYCTa A0 (eBpais, JeTsra-
MH — B Jeka0pe. 'He310Bas KOHKYPEHIUA MEXy NTULAMU U TPBI3yHAMH, BEPOSITHO, MUHUMAIIbHA, TaK
KaK OHH HCIIOJIb3YIOT IyIUIa B Pa3HbIe Ce30HbI rojia. Kpome Toro, B 0TIMYHE OT paHee MPeAoI0KEHHOTO,
apOopeasbHbIe TPBI3YHBI HCIOIB30BAIN JIYIUISHKU B CyXOW CE30H Yallle, YeM B J0K/JIMBBIH CE30H.

KIJIFOUYEBBIE CJIOBA: netsira, Kpbica, AOXKAJIMBBIA CE30H, CYXOW CE€30H, KOHKYPEHIIHS, THE3/10BaHUE,
THE3JI0BOM MaTepual raesza.
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Introduction

Tree cavities in forest ecosystems are a vital re-
source, providing sites for nesting, roosting, foraging,
and reproduction for many vertebrates (e.g., Fokidis &
Risch, 2005). Arboreal rodents living in sub-boreal and
temperate zones mainly use tree cavities for nests: for
instance, northern flying squirrel Glaucomys sabrinus
(Carey et al., 1997; Cotton & Parker, 2000; Bakker &
Hastings, 2002), southern flying squirrel G. volans
(Wells-Gosling, 1985; Fokidis & Risch, 2005), Siberi-
an flying squirrel Pteromys volans (Hanski et al., 2000a;
Airapetyants & Fokin, 2004; Kadoya et al., 2011),
Allen’s squirrel Sciurus alleni (Best, 1995), gray squir-
rel S. carolinensis (Koprowski, 1996), and Arizona
gray squirrel S. arizonensis (Best & Riedel, 1995).
Although there are many arboreal rodent species in
tropical regions (Corbet & Hill, 1992; Wilson & Reed-
er, 2005), little known about how they use nest cavities.
It was reported that gray-cheeked flying squirrel Hylo-
petes lepidus and smoky flying squirrel Pteromyscus
pulverulentus use tree cavities for nests in Malaysia
(Muul & Liat, 1974). Boyle et al. (2008) suggested that,
worldwide, cavity density appears to increase from the
poles to the tropics. Therefore, tree cavities may be a
useful resource for arboreal mammals in tropical forests.

It is difficult to observe and track small arboreal
rodents in dense tropical forests, because most species
are nocturnal and cautious.Nest boxes are useful tools
for investigating arboreal small mammals. These boxes
are often used in ecological studies of rodents in the
Holarctic region, such as southern flying squirrel (Ray-
mond & Layne, 1988; Layne & Raymond, 1994; Taul-
man & Smith, 2004), Siberian flying squirrel (Hanski et
al., 2000b) and small Japanese field mouse Apodemus
argenteus (Shibata & Kawamichi, 2009). In Asian trop-
ical forests, nest boxes may be used by arboreal mam-
mals. These nest boxes may also be used by cavity-
nesting birds such as lorikeets, parakeets, robins and
shamas (Ali, 1979) and cavity-nesting insects such as
honeybees (Seeley & Seeley, 1982; Dyer & Seeley,
1991) and ants (Tanaka et al., 2010). In fact, artificial
nest boxes are used by the great hornbill (Buceros
bicornis) and the rhinoceros hornbill (Buceros rhinoc-
eros) in Thailand (Pasuwan et al., 2011). There may be
competition between such birds and insects and arbore-
al small mammals for nest boxes. In the present study,
to know whether wooden nest boxes are useful tool in
ecological research of arboreal small rodents in tropical
forest, we observed the use of them placed in a tropical
forest in Vietnam.

Study site

This study was conducted in the Cuc Phuong Na-
tional Park, Ninh Binh Province, Vietnam (20°14" —
20°24'N, 105°29" — 105°44°E; Fig. 1). This natural
forest has an area of 22,220 ha. It is characterized with
natural broad-leaved evergreen tropical forests (Djaja
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Figure 1. Location of the Cuc Phuong National Park, Viet-
nam.

et al., 2004). In this forest, we chose a 2.0 ha area
dominated by Dimerocarpus brenieri, Saraca dives
and Hydnocarpus sp. as our study site. During our
study period, average temperatures and rainfalls in the
rainy season (from late April to August 2006) were
about 26.7°C and 2966 mm per month, respectively;
those in the dry season (from September 2006 to early
April 2007) were about 21.0°C and 323 mm per month,
respectively. In this area, many small mammal species
are recorded such as Ratufa bicolor, Dremomys rufige-
nis, Bandicota indica, Mus caroli, Niviventer fulve-
scens, Rhizomys pruinosis and Hystrix branchyura (Lun-
de & Nguyen, 2001).

Methods

We built wooden nest boxes with inner dimensions
of 160x160x210 mm. This size was based on the head
and body lengths of the Indomalayan niviventer Niviven-
ter fulvescens and the particoloured flying squirrel Hy-
lopetes alboniger, which are 130-170 mm and 175-
225 mm, respectively (Francis, 2008). These are com-
mon arboreal rodents in the Indochina Peninsula. Ac-
cording to a case study of the southern flying squirrel
(Fokidis & Risch, 2005), nest entrance diameter is 4
cm. This diameter is large enough for Hylopetes and
Niviventer rodents to enter. In early April 2006, we
attached 30 nest boxes to 30 randomly selected trees.
Nest boxes were placed at heights of 4—6 m above the
ground. We did not identify tree species and take bear-
ings of nest box locations. Distances between the two
nearest nest boxes were around 20-30 m. During the
rainy season (from late April to late August 2006), we
checked each nest box each month in the daytime. We
expected that arboreal rodents might be more likely to
use the nest boxes as shelter from the heavy rain. Dur-
ing dry season (from late December 2006 to early April
2007), we checked each nest box every two months.
When we check so frequently nest boxes, arboreal
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Table 1. Animals, their remains, and tooth marks found in nest boxes placed in Cuc Phuong National Park, Vietnam.

Nest box Rainy season Dry season
number
2006 2006 2007
late May June July August December February early April
April
1 DL DL DL DL DL - - -
2 - OA - A - - - -
3 R(F) OA OA A DL A A A, OA
4 DL DL DL B(N) B(N) FS, DL - OA
5 - DL DL B(N) B(N) DL, OA - B(N)
6 - - - R(F) - OA OA B(N)
7 - - - - OA* - - B(N)
8 - - B(N) B(N), OA B(N) - - R(T), DL
9 A A FL, R(T) FL FL DL, OA OA -
10 A A OA OA FL, R(T) - DL OA
11 A - - OA OA DL R(F) B(N)
12 - B(N, ] B(N) B(N) B(N), OA R(F, H) R(F), DL DL
13 - A DL,O0A | DL, A, OA OA R(F, H) R(F), OA -
14 - - - OA - R(F), DL - OA
15 Be - B, N) B(N) B(N) - R(F), OA -
16 - DL DL, OA DL, OA DL, A DL R(F) DL, A
17 - - DL DL - R(F) R(F) -
18 - DL, A DL DL, A, OA DL R(F, Br) R(F) B(E,N)
19 - - - A - R(F, Br) - -
20 DL - - - - - - -
21 OA A A A FL - — A, OA
22 - - - R(T) R(T) - R(F) Be
23 A - A A A R(F, Br) OA R(T), Be
24 A A A A A A - -
25 OA BN, D B(N), OA | B(N), OA B(N) - - B, N)
26 - DL, OA DL, A DL A - - Be
27 A A B, N), B(N) B(N) - - DL, Be
OA
28 - - OA OA OA - - A
29 OA - - - - - - Be, OA
30 A A - OA OA - R(F) A

Designations: A — ants; OA — other arthropods; B(E) — bird’s egg; B(I) — bird nestling; B(N) — bird nest; Be — bees; DL — dry
leaves; FL — fresh leaves; FS — flying squirrel; R(Br) — bark pieces collected by rats; R(F) — rat feces; R(H) — rat hairs; R(T) — rat teeth

marks. Asterisk indicates the nest box consumed by termites.

rodents may not use or discard nest box. Therefore, we
made an enough interval (at least one month) between
successive observations. We recorded presence of ro-
dents and their nest materials. We also recorded use by
potential competitors: birds and arthropods (ants and
bees). We did not remove anything from the nest boxes.
After the rainy season, we removed all nest boxes to
repair, replacing them in November 2006.

Results

From May to July 2006, vertebrates gradually filled
nest boxes with dry leaves (Tab. 1, Fig. 2). From De-
cember 2006 to early April 2007, we also found a few
dry leaves in nest boxes (Tab. 1, Fig. 2). They seemed
to be occasionally brought by wind, but not collected
by any vertebrates. From May to June 2006 and in April
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Figure 2. Number of nest boxes used by vertebrates in the Cuc Phuong National Park, Vietnam. Use indicated by presence of
animals and their remains found in nest boxes and rodent teeth marks on nest box walls.
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Figure 3. Number of nest boxes used by arthropods in the Cuc Phuong National Park, Vietnam.

2007, the bird, Copsychus sp., used nest boxes for
reproduction (Tab. 1, Fig. 2). This bird nested in nest
boxes occupied with dry leaves. Seven nest boxes and
five ones were used by this bird species in the rainy
season and in the dry season, respectively. From June to
August 2006, vertebrates filled three nest boxes with
fresh leaves (Tab. 1, Fig. 2). During the same time
period, we found rodent teeth marks on the inner walls
of nest boxes. In April and July 2006 and December
2006 to February 2007, we found rodent feces (Tab. 1,
Fig. 2). In December 2006, a flying squirrel (Hylopetes

sp.) nested in one box (Tab. 1, Fig. 2). The nest was
composed of dry leaves of Bauhinia. Unfortunately, as
the flying squirrel run away when we approached to the
nest box, we were not able to identify this individual to
species. Nest box utility of vertebrates between rainy
and dry seasons based on bird individuals or bird nests
and rodent individuals or rodent remains (feces and
hairs) was significantly different from each other (> =
11.089, df =1, P <0.0001).

We found many arthropods (ants, bees, spiders,
centipedes, Stenopelmatidae crickets and termites) in
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the nest boxes (Tab. 1, Fig. 3). It was difficult for us to
identify each arthropod species, because we avoided
collecting animals inside the protected Cuc Phuong
National Park. Ants (Polyrhachis sp.) used nest boxes
year-round (Fig. 3), but cared for eggs in May and
August. Bees only used nest boxes in April (Fig. 3).
Although the other insects and spiders were found in
the nest boxes (Tab. 1, Fig. 3), it was not clear whether
they were nesting. Also, nest box utility of arthropods
between rainy and dry seasons based on the use of bees
and ants was significantly different from each other (3> =
9.989, df =1, P <0.001). Termites consumed one nest
box in August (Tab. 1).

Discussion

During both the rainy and dry seasons, Polyrhachis
ants frequently used nest boxes. They laid eggs in rainy
season, showing that this might be their reproductive
season. Bees only used nest boxes in April. We never
found both ants or bees and vertebrates together in a
nest box. Therefore, in the tropical forest in Vietnam,
Polyrhachis ants and bees could complete with cavity-
nesting vertebrates for cavity resources. Copsychus birds
nested in the boxes in May and June 2006 and April
2007. These birds nest in tree cavities (e.g., Komdeur,
1996; Siddique, 2008). We found that the nest materi-
als were dry leaves. Therefore, this bird probably col-
lected the dry leaves in nest boxes from May to June
2006. Presence of dry leaves in a nest box may signal
Copsychus reproductive condition. From June to Au-
gust 2006, the number of nest boxes occupied with
fresh leaves slightly increased. At the same time, rodent
teeth marks on the walls of nest boxes also slightly
increased. In Japan, the small Japanese field mouse
Apodemus argenteus, which is semi-arboreal, puts fresh
and dry leaves in nest boxes (Ando, 2005). The fresh
leaves found in the nest boxes in our study may have
been gathered by arboreal rats, such as Niviventer.
Unfortunately, we did not observe the rodents using the
nest boxes. In December 2006 and February 2007,
rodent feces were frequently found in nest boxes, but
we could not identify the species. Since these signs of
rodent activity increased in the late rainy season and in
dry season, we may suppose that rodents use cavity
resources in colder seasons. At the end of December
2006, we found a flying squirrel (Hylopetes sp.) nesting
in a nest box. This is the first record of a flying squirrel
using a nest box in the tropical forests of Vietnam. Nest
boxes may be useful tools for investigation of flying
squirrels in tropical Southeast Asia. Although arboreal
rodents seem to compete to ants and bees over cavity
resources, they broadly divided nest resources by sea-
son. During the rainy season, ants, bees and birds main-
ly used the nest boxes for reproduction: bees in April;
ants from May to August; birds from April to June.
From the late rainy season through the dry season,
arboreal small mammals used the nest boxes: rats from
August to February and flying squirrel in December. In

Louisiana, USA, the nest boxes were most frequently
used by birds from spring to early summer and by
arboreal mammals from late autumn to winter (Mc-
Comb & Noble, 1981). Even in the temperate forests of
Louisiana, seasonal differences of nest box use may
benefit both birds and arboreal rodents. In South Caro-
lina, USA, southern flying squirrels (Glaucomys vol-
ans) were less likely to use nest boxes during the sum-
mer season (Fokidis & Risch, 2005). Therefore, the
season in which nest boxes are installed is probably
important for studies of arboreal mammals. Nest box
surveys of arboreal rodents in Vietnam’s tropical forest
should focus on the dry season. To concrete the conjec-
ture, study on nest box utility by arboreal mammals in
the other tropical forests in Southeast Asia is needed.
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