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ABSTRACT: We placed and monitored 2,137 nest boxes to determine how the size of the entrance hole and
the box placement influenced nest box selection by secondary cavity-nesting birds and to derive recommen-
dations for the use of nest boxes for management of cavity-nesting birds in forested environments. A total of
566 pairs of seven bird species used the nest boxes from 1997 to 2006, 562 of which were secondary
cavity-nesters. Sympatric tits such as varied tits (Parus varius), great tits (P. major), and marsh tits (P. palustris)
were common breeding birds in nest boxes, and showed clear preferences for 4.0 cm, 3.5 cm and 3.0 cm nest
holes, respectively. Tree sparrows (Passer montanus) and Eurasian nuthatches (Sitta europaea) preferred 4 cm
and 3.5 cm holes, respectively. We did not detect selection for the directional orientation for the entrance hole,
but the birds appeared to avoid nest boxes that faced steep or gentle upward slopes and those less than 1.8
m from the ground. These results are probably related to avoidance of disturbance and predation. We suggest
that diverse species can be supported by the placement of nest boxes with entrance holes of various sizes and
that specific species can be targeted by selecting the hole sizes preferred by those species. To attract secondary
cavity-nesters, managers should avoid placing nest boxes close to the ground and facing hills. This study also
suggests that careful selection and placement of nest boxes is needed to avoid biases in research using nest
boxes.
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INTRODUCTION

A bird’s choice of nest site can influence the bird’s life history,
and a species' choice of a nest site may directly influence where
it can live and with which species it can coexist (Brightsmith 2005).
Many characteristics of cavities affect the probability of selection as
a nest site by cavity-nesting birds, including the location of cavities
within a habitat (Rendell and Robertson 1990), the cavity size
(Rendell and Robertson 1993), and the directional orientation of the
cavity's entrance (Raphael 1985, Balgooyen 1990). The number and
quality of cavities in an area, inter- and intra-specific interactions
(predation, parasitism, competition, etc.) and environmental condi-
tions (microclimate, wind, sunlight, etc.) are also important factors
affecting nest site selection (Martin et al. 2004).

Unlike primary cavity-nesters (i.e., birds that excavate their own
nest cavities), secondary cavity-nesters (i.e., birds that use cavities
excavated by others) often suffer from limited nest sites and have
less control over cavity production and modification (Martin 1993,

Wiebe and Swift 2001). Therefore, secondary cavity-nesters display

unpredictable breeding patterns (Martin 1993) and may select the
most opportune nest site without regard for cavity size or micro-
habitat. Nevertheless, in studies of nest site preference among se-
condary cavity-nesting birds with large sample sizes, we expect to
detect a preference for specific nest characteristics. Although results
from nest box studies must be interpreted carefully because nest
boxes may not be accurate models for natural cavities (Robertson
and Rendell 1990, Newton 1994), nest boxes are often used in
studies and the management of cavity-nesting species (Purcell et al.
1997, Mannan et al. 1996).

Nest boxes have been used in many studies on the breeding
biology of forest birds in Korea, but most of these studies did not
consider the factors affecting nest box selection by cavity-nesting
birds. Won et al. (1965) and Kim et al. (1967) concluded that nest
boxes with a 3cm hole were appropriate for tits (Parus spp.), and
Kim (1978) outlined a brief set of general guidelines regarding nest
box selection by cavity-nesting birds. Choi and Kim (1987) also
discussed nest box use by several cavity-nesters. However, the pre-
vious studies used relatively small numbers of nest boxes and none
of them focused in detail on the pattern of nest box selection by
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each species. We monitored the selection of nest boxes by secon-
dary cavity-nesters in 2,137 nest boxes in several forested environ-
ments. We focused on the orientation of the entrance, the height of
the nest box, the inclination of terrain around the nest box and,
most of all, on the preferred size of an entrance hole. The objec-
tives of this study are (1) to determine how the entrance hole and
nest box placement influences nest box selection by secondary ca-
vity-nesting birds, (2) to produce a general guide for effective nest
box placement, and (3) to derive a set of guidelines for manage-
ment of secondary cavity-nesters applicable to forested environ-

ments in Korea.

MATERIALS AND METHODS

From 1997 to 2006, we placed and monitored 2,137 nest boxes
on Mt. Cheonggye, Mt. Gwanak, Mt. Umyeon and Mt. An in Seoul;
in the Gwangneung Forest in Gyeonggi Province; on Mt. Sambong
and Mt. Cheongtae in Gangwon Province; on Mt. Yeongin and Mt.
Huiri in Chungnam Province; on Mt. Saembong in Chungbuk Pro-
vince; and in Mt. Jiri National Park in Jeonnam Province (Fig. 1).
The nest boxes, which had entrance holes ranging from 3.0 cm to
7.0 cm, were made of wood for the most part, although we did use

some made of cement and recycled plastics. Nest boxes were set out
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Fig. 1. Map showing locations of study sites. SE: Seoul (Mt. Cheong-
gye, Mt. Gwanak, Mt. Umyeon and Mt. An), GR: Gwang-
neung forest, SA: Mt. Sambong, CT: Mt. Cheongtae, YI: Mt.
Yeongin, HR: Mt. Huiri, SB: Mt. Saembong, and JR: Mt. Jiri
national park.
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from October to January, and we repeatedly visited the boxes from
March to June to determine breeding status and conditions. We re-
garded the laying of the first egg as the start of breeding, but bree-
ding success was not considered. We monitored occupancy of nest
boxes during the following breeding seasons only after nest box
placement in each study site.

We recorded general information on the breeding birds using the
nest boxes, and measured the body masses of great tits (Parus ma-
Jjor), marsh tits (P. palustris) and varied tits (P. varius) to determine
social dominance among tit species. We also measured the size and
orientation of the entrance hole, the height of the nest boxes and
the angle of inclination of the land on which the nest box was
placed. The entrance orientation was measured using a hand-held
compass and the measured orientations were grouped into eight
categories (North 337.5°~022.5°, Northeast 022.5°~067.5°, East
067.5°~112.5°, Southeast 112.5°~157.5° South 157.5°~202.5°,
Southwest 202.5°~247.5°, West 247.5°~292.5° and Northwest
292.5°~337.5°). The height of the entrance hole was measured using
a tape measure and the resulting measurements were grouped into
six categories ranging from 1.0 m to 3.4 m above the ground at
intervals of 40 cm. The angle of inclination was categorized as
steep (>50°), gentle (30°~49°), slight (10~29°) and flat (<10°).

We used Jacobs' index of preference (Jacobs 1974) to calculate
the preference index (PI) for each nest box type, and categorized
the resulting PI’s into five groups: strong preference (1.00>PI>
0.60), moderate preference (0.60>PI>0.20), no preference (0.20>
PI>-0.20), moderate avoidance (—0.20>P1>—0.60), and strong avoi-
dance (—0.60>PI>-1.00).

We pooled data from all sites because examination of local
differences in patterns of nest box use was beyond the scope of this
study, and we were unable to analyze the effects of interactions
among variables due to the lack of complete information on envi-
ronmental variables for each nest box. The statistical analysis fo-
cussed on some major species because of small sample sizes for
many species. We used Chi-square tests to determine differences bet-
ween expected and observed values. All statistics were calculated
using SAS 9.1 (SAS Institute Inc.) and values are presented as
mean + SD.

RESULTS

Species Composition

Over the ten-year period, 566 of the 2,137 nest boxes were used
by seven bird species during the breeding seasons. Most of the birds
(562 of 566 pairs) using the nest boxes were secondary cavity-
nesters; the four others were all Daurian redstarts (Phoenicurus

auroreus), which are not cavity-nesters. Varied tits (Parus varius)
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and great tits (P. major) were the most common breeders using the
nest boxes although marsh tits (P. palustris) often used them too
(Table 1).

Hole Size Preference

The birds including the three common tit species used nest boxes
with specific hole sizes more frequently than expected (Table I;
pooled: )(2:10.05, p=0.037; P. varius: x2:63.42, p<0.001; P. ma-
jor: 17=55.71, p<0.001; P. palustris: x°=193.20, p<0.001). Varied
tits showed a moderate preference for nest boxes with a 4 cm hole
(P1=0.283) and moderate avoidance of boxes with a 3cm hole
(PI=-0.524). Great tits preferred nest boxes with a 3.5 cm hole
(PI=0.277) and avoided boxes of any other hole size. Marsh tits
most frequently used nest boxes with a 3 cm hole (PI=0.472), but
showed moderate or strong avoidance for all other hole sizes (Fig.
2). In addition, tree sparrows preferred a 4 cm hole (PI=0.292), and
Eurasian nuthatches used nest boxes with a 3.5 cm hole most
frequently (PI=0.370; Fig. 3). The mean diameter of the entrance
holes was 3.76 + 0.41 cm for varied tits (P. varius: n=201), 3.52
+ 041 cm for great tits (P. major: n=197), 3.06 £ 0.16 cm for
marsh tits (P. palustris: n=143), and 3.73 = 0.32 cm for tree
sparrows (P. montanus: n=15). The mean and preferred sizes of the
entrance holes increased as the body mass of these three tits
increased (Fig. 4; P. varius: 45.33 + 1.04 g, n=3; P. major: 38.71
+ 1.80 g, n=12; P. palustris: 28.00 £ 2.22 g, n=9).

Preference for Nest Box Placement

In this study, cavity-nesting birds selected nest boxes at random
with regard to orientation ((Table 2, n=504, df=7, x’=1.223,
p=0.9904) and showed no preference for any specific orientation
(Fig. 5; 0.2>PI> —0.2). However, they showed moderate avoidance
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(A) Jacobs' preference indices for entrance hole sizes of nest
boxes, and (B) the number of nest boxes of each size placed
and used by three tit species; varied tits (Parus varius; n=
201), great tits (Parus major; n=197), and marsh tits (Parus
palustris; n=143).

Table 1. Number and percentage of nest boxes placed and used in forested areas by species and by diameter of entrance hole

Diameter of entrance hole

Total x p value
3.0 cm 3.5 cm 4.0 cm 5.0 cm 7.0 cm

Placed nest boxes 680 ( 31.8%) 737 (34.5%) 624 (29.2%) 67 (3.1%) 29 ( 1.4%) 2,137 (100%)

Used nest boxes 188 (1 33.2%) 215 (38.0%) 152 (26.9%) 8 (1.4%) 3 ( 0.5%) 566 (100%) 10.05 0.037
Parus varius 20 ( 10.0%) 69 (34.3%) 105 (52.5%) 7 (3.5%) 0 ( 0.0%) 201 (100%) 63.42 <0.001
Parus major 38 (119.3%) 120 (60.9%) 37 (18.8%) 1 (0.5%) 1 ( 0.5%) 197 (100%) 55.71 <0.001
Parus palustris 127 ( 88.8%) 16 (11.2%) 0 (00%  0(0.0%) 0 ( 0.0%) 143 (100%) 193.20 <0.001
Passer montanus 1 ( 6.7%) 6 (40.0%) 8 (53.3%) 0 (0.0%) 0 ( 0.0%) 15 (100%) - -
Sitta europaea 0 ( 0.0%) 3 (75.0%) 1 (25.0%) 0 (0.0%) 0 ( 0.0%) 4 (100%) - -
Phoenicurus auroreus 0 ( 0.0%) 1 (25.0%) 1 (25.0%) 0 (0.0%) 2 (50.0%) 4 (100%) - -
Parus ater 2 (100%) 0 ( 0.0%) 0 (0.0%)  0(0.0%) 0 ( 0.0%) 2 (100%) - -
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(PI==0.205) of nest boxes facing steep and gentle upward slopes

(more than 30°) although this was not statistically significant (Fig.
6, Table 3; n=362, df=6, ;’=3.085, p=0.7981). The breeding birds'
selection of nest boxes placed at different heights differed sig-
nificantly from chance (Table 4; n=599, df=5, x’=15.104, p=0.0099),
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(A) Jacobs' preference indices for entrance hole sizes of nest
boxes, and (B) number of nest boxes of each size placed and
used by tree sparrows (Passer montanus; n=15), Eurasian nu-
thatches (Sitta europaea; n=4) and Daurian redstarts (Phoe-

nicurus auroreus; n=4).
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Fig. 4. Body mass and mean hole sizes of active nest boxes of three

tit species: the varied tit (Parus varius), the great tit (Parus
major), and the marsh tit (Parus palustris).
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Fig. 5. Jacobs' preference indices of secondary cavity-nesting birds

for the compass orientation of entrance holes in forested areas.

Table 2. Number and percentage of nest boxes placed and used facing different compass orientations in forested areas

Compass orientation of the entrance hole

N

NE

E

SE

S

SW

W

NW

2

Total x p value
337.5°~  022.5°~  067.5°~  112.5°~  157.5°~ 2025°~ 247.5°~  292.5°~
022.5° 067.5° 112.5° 157.5° 202.5° 247.5° 292.5° 337.5°
Placed 62 47 82 58 80 49 68 58 504
nest boxes  (12.3%) (9.3%) (16.3%) (11.5%) (15.9%) (9.7%) (13.5%) (11.5%) (100%)
Used 12 10 15 9 15 10 15 14 100
1.223 0.9904
nest boxes  (12.0%) (10.0%) (15.0%) (9.0%) (15.0%) (10.0%) (15.0%) (14.0%) (100%)
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and they apparently avoided nest boxes placed lower than 1.8 m
above ground (Fig. 7; 1.0 m~1.4 m: P[=-0.235; 1.4 m~1.8 m:
PI=—0.313).

DISCUSSION
Species Composition

This study shows that tits (Genus Parus) are the most frequent

users of nest boxes, which agrees with the results of previous stu-
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Fig. 6. Jacobs' preference indices of secondary cavity-nesting
birds for the inclination where the nest boxes were placed in fo-
rested areas.
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dies on nest boxes in Korea (Kim et al. 1967, Woo and Kim 1985,
Choi and Kim 1987, Kim and Woo 1987, Lee and Kim 1996, Kim
et al. 2000). Tits are the most abundant and widespread species in
Korean forested environments, and they play an important role in
forest ecosystem as major consumers of insects (Won et al. 1965,
Kim et al. 1967, Eguchi 1979, Cowie and Hinsley 1988, Lee and
Kim 1996). Consequently, tits are useful for pest control, and nest
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Fig. 7. Jacobs' preference indices of secondary cavity-nesting birds
for the height of nest boxes in forested areas.

Table 3. Number and percentage of nest boxes placed and used at different inclinations in forested areas

Inclination
Steep Gentle Slight Flat area Slight Gentle Steep Total 22 » value
upward upward upward (<10°) downward  downward  downward
(>50°) (30°~49°)  (10°~29°) ' (10°~29°)  (30°~49°) (>50°)
Placed 8 18 94 160 64 12 6 362
nest boxes  (2.2%) (5.0%) (26.0%) (44.2%) (17.7%) (3:3%) (1.7%) (100%)
4 2 4 2 1
Used 3 7 5 87 6 83 3.085 07981
nest boxes  (1.6%) (3.8%) (29.5%) (47.5%) (14.2%) (2.2%) (1.1%) (100%)
Table 4. Number and percentage of nest boxes placed and used at different heights in forested areas
Height of nest boxes (m) ,
Total X p value
1.00~139 140~1.79 1.80~2.19 220~259 2.60~2.99  3.00~3.39
Placed 38 110 56 196 142 57 599
nest boxes (6.3%) (18.4%) (9.3%) (32.7%) (23.7%) (9.5%) (100%)
Used 9 22 18 88 71 21 229
15.104 0.0099
nest boxes (3.9%) 9.6%) (7.9%) (38.4%) (31.0%) (9:2%) (100%)
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boxes are often used to increase breeding populations of tits
(Purcell et al. 1997, Mannan et al. 1996).

Varied tits (Parus varius) occupied many active nest boxes in
this study, but this result does not correspond to those of previous
studies in Korea (Woo and Kim 1985, Choi and Kim 1987, Kim
and Woo 1987, Kim et al. 2000). Previous studies suggested that
great tits (P. major), marsh tits (P. palustris) and coal tits (P. ater)
are the major users of nest boxes in forested areas. Only Lee and
Kim (1996) noted that the varied tit may be a major nest box user
in certain conditions, but they suggested no explanation for this
pattern. Although there is no information on the population trend
of the varied tit in Korea, we believe that these results can be
partially explained by examination of the sizes of the entrance holes
used in these studies. Unlike most other studies, Lee and Kim
(1996) used nest boxes with entrance holes of several different
sizes, many of which were large enough for varied tits. The
previous studies probably produced biased results because many
used holes of only a single size, which generated a more favorable

environment for some species than for others.

Hole Size Preference

In this study, marsh tits, great tits and varied tits showed clear
preference for 3.0 cm, 3.5 cm and 4.0 cm holes respectively, although
they are sympatric and closely-related species. This suggests that
their nesting niches differ due to adaptation, competition and niche
partitioning. This result corresponds to those of previous studies on
foraging niches and behaviors in those tits (Park 2005, Park et al.
2005).

Tree sparrows showed a preference for 4 cm nest box holes, but
interspecific competition with the varied tit may be reduced because
the sparrow generally inhabits villages and edges of forests while
the varied tit breeds in forested areas (Won 1981, Choi and Kim
1987). The Daurian redstart is an open-cup nester and prefers larger
entrance holes that create similar breeding conditions to open nests.

The size of an entrance hole will affect exposure to solar radia-
tion and prevailing winds, and access by large predators and com-
petitors. Entrance hole sizes have been described as affecting the
rate of successful breeding in the nest boxes along with other fac-
tors such as the adult’s age, and the height and placement of the
nest boxes (Purcell et al. 1997, Wiebe and Swift 2001). As cavity
size is an important variable affecting species occupancy (Evans et
al. 2002), we suggest that the size of entrance holes also plays an
important role in the nest box selection of secondary cavity-nesters.
Selection of a nest box with optimal entrance hole size may maxi-
mize the chances of successful breeding. Won et al. (1965), Kim
et al. (1967), Kim (1978), and Choi and Kim (1987) suggested that
smaller entrance holes are better for secondary cavity-nesting birds
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(e.g., the nest boxes with a 3 cm hole fit well to all tits species).
However, based on the results presented here, we argue that the use
of nest boxes with many different hole sizes should support a
greater diversity of species.

Alatalo and Moreno (1987) suggest that body size and mass can
be used as indices of social dominance in tits. Apparently, domi-
nance among closely-related species can affect the nest selection of
secondary cavity-nesters, but we were unable to show the results of
competition and dominance in this study. Although Won (1981)
suggested that great tits lead mixed-species flocks in wintering sea-
sons, however, varied tits are larger in body mass than the other
two tits, so we suggest that the varied tit may be the socially

dominant species among tits in Korea.

Preference for Nest Box Placement

Previous studies on several cavity-nesters (Dennis 1971, Inouye
et al. 1981, Korol and Hutto 1984) showed that some species have
a preferred orientation for nest entrances or cups. The usual
explanation for this behavior is that birds derive thermoregulatory
benefits from specific orientations; e.g., by avoiding direct exposure
to wind or sun (Dennis 1971, Stauffer and Best 1982, Korol and
Hutto 1984) but other explanations such as acoustic properties have
also been suggested (Mennill and Ratcliffe 2004).

Although several studies provided evidence for preferred cavity
orientations in secondary cavity-nesters (Lumsden 1986, Minegishi
1994), other studies have not (Stauffer and Best 1982). A recent
study concluded that (1) no relationship exists between nest en-
trance orientation and directional orientation, and that (2) nest en-
trances are non-randomly oriented and individuals regulate the nest
microclimate by nesting in cavities oriented relative to prevailing
winds or solar radiation (Mennill and Ratcliffe 2004). No preference
with regard to directional orientation was detected in this study,
although we did not focus on the effects of microclimate. Our re-
sults correspond to those of other recent studies (see Rendell and
Robertson 1994).

Secondary cavity-nesters avoided nest boxes less than 1.8 m
above the ground, which is similar to the result of a previous study
in Japan (Minegishi 1996) that showed that the great tit preferred
nest boxes set at heights of 1.7 m to 2.0 m. There was no signifi-
cant difference in the breeding success of birds in nest boxes placed
at different heights (Minegishi 1996). However, the nest boxes
placed lower are usually more vulnerable to human disturbance and
predators. Won et al. (1965), Kim et al. (1967) and Kim (1978)
also noted that a nest box placed close to the ground may be more
vulnerable to human damage. The nest height is often cited as the
most important factor influencing predation risk (Nilsson 1984, Li
and Martin 1991). Li and Martin (1991) suggested that secondary
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cavity-nesters suffered greater nest predation than primary cavity-
nesters because they were forced to use lower holes. Therefore, the
selection of nest boxes at specific heights may result from a trade-
off between the energetic costs of flying up to high nest boxes and
the risk of breeding failure from predation or disturbance at low
nest boxes.

In this study, secondary cavity-nesting birds avoided nest boxes
facing upward slopes of greater than 30° inclination, and preferred
a flat or slight downward inclination. There was no evidence for the
cause of this preference, but it may be related to the height of nest
boxes and their distance from ground. Upward slopes may reduce
distance between the ground and the entrance hole of nest boxes,
which creates a similar effect to that of lower-placed nest boxes in
terms of disturbance and predation. A nest box facing the ground
may also have disadvantages in acoustic properties, which is an
important factor affecting selection of nest hole orientation (Mennill
and Ratcliffe 2004).

Management Implication and Further Researches

It may be possible to support the breeding of a more diverse set
of cavity-nesters by placing nest boxes with various entrance hole
sizes, and more favorable breeding conditions for specific species
can also be created by controlling the size of nest box entrance holes.
The size of an entrance hole affects nest box selection by birds and
may ensure more successful breeding and greater fitness of cavity-
nesting birds. Therefore selection of the hole size of nest boxes can
be a part of management measures for breeding populations of se-
condary cavity-nesting birds in forest environments. To improve
rates of nest box occupancy by secondary cavity-nesters, it may be
also helpful to avoid placing nest boxes close to the ground or fa-
cing a steep incline. In addition, greater consideration should be
paid to the interpretation of research results in studies using nest
boxes because patterns of occupancy may be biased when nest
boxes with a single hole size are used. For example, in this study,
varied tits avoided nest boxes with small entrance holes, and this
fact may be a principle cause for underestimates of nest box occu-
pancy of the varied tit in previous studies.

Nest boxes have been regarded as tools for pest control and for
management of cavity-nesting species in forested environments in
Korea (Woo and Kim 1985, Choi and Kim 1987, Kim and Woo
1987, Lee and Kim 1996), but it is very difficult to estimate the
effect of nest boxes on populations of cavity-nesting birds. Breeding
pairs of secondary cavity-nesters increased in number after nest box
placement, suggesting that nest boxes may be useful for short-term
forest management (Woo and Kim 1985, Choi and Kim 1987, Kim
and Woo 1987, Lee and Kim 1996). Nevertheless, the long-term

effects of nest box placement remain uncertain; furthermore, a nest
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box may be an 'ecological trap' that functions to 'attract and kill'.

Recent attention has focused on nest predation in natural
conditions, but only a few researchers have examined the influence
of cavity characteristics on nesting success in natural cavities
(Christman and Dhondt 1997). We still need intensive comparative
studies considering inter- and intra-species interactions and compa-
ring the breeding success of cavity-nesting birds in natural cavities
and nest boxes to understand long-term effects of nest box place-
ment.
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