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Abstract

Background: Determining patterns of habitat use is key to understanding of animal ecology. Approximately 1% of
bird species use brood parasitism for their breeding strategy, in which they exploit other species’ (hosts) parental
care by laying eggs in their nests. Brood parasitism may complicate the habitat requirement of brood parasites
because they need habitats that support both their host and their own conditions for breeding. Brood parasitism,
through changes in reproductive roles of sex or individual, may further diversify habitat use patterns among
individuals. However, patterns of habitat use in avian brood parasites have rarely been characterized. In this study,
we categorized the habitat preference of a population of brood parasitic lesser cuckoos (Cuculus poliocephalus)
breeding on Jeju Island, Korea. By using compositional analyses together with radio-tracking and land cover data,
we determined patterns of habitat use and their sexual and diurnal differences.

Results: We found that the lesser cuckoo had a relatively large home range and its overall habitat
composition (the second-order selection) was similar to those of the study area; open areas such as the field
and grassland habitats accounted for 80% of the home range. Nonetheless, their habitat, comprised of 2.54
different habitats per hectare, could be characterized as a mosaic. We also found sexual differences in habitat
composition and selection in the core-use area of home ranges (third-order selection). In particular, the forest
habitat was preferentially utilized by females, while underutilized by males. However, there was no diurnal
change in the pattern of habitat use. Both sexes preferred field habitats at the second-order selection. At the
third-order selection, males preferred field habitats followed by grasslands and females preferred grasslands
followed by forest habitats.

Conclusions: We suggest that the field and grassland habitats represent the two most important areas for
the lesser cuckoo on Jeju Island. Nevertheless, this study shows that habitat preference may differ between
sexes, likely due to differences in sex roles, sex-based energy demands, and potential sexual conflict.

Keywords: Core-use area, Habitat composition, Habitat preference, Home range, Radio-tracking, Sexual
difference
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Background
The habitat of an animal refers to the natural envir-
onment that contains essential resources for survival
and reproduction, such as food, shelter, and nest sites
(Brown 1988; Ersts and Rosenbaum 2003). The abun-
dance and distribution of these resources may differ
according to the type of habitat. Different species of
animals may need different types of resources, poten-
tially resulting in divergence among species in habitat
preference (Cody 1985; Pulliam and Danielson 1991).
Habitat preference may also differ among conspecific
individuals owing to differences in food availability
and potential competitive ability based on sex or age
(Bon and Campan 1996; Darden and Croft 2008;
Martin and da Silva 2004; Mysterud 2000). Therefore,
determining the patterns of habitat use is key to
assessing critical resources for animals and managing
their habitats for conservation purposes.

Avian brood parasites rely exclusively on other species
(i.e., hosts) to breed, by laying eggs in their nests (Hau-
ber and Dearborn 2003). Due to this unique breeding
strategy, their habitat selection may differ from that of
host birds, which require sufficient food and available
nest sites for successful breeding. Optimal breeding
habitat for brood parasites should include sufficient
hosts and food resources (Croston and Hauber 2010;
Payne 2005). Freedom from parental care and sex role
differences may further differentiate breeding habitat
preference between sexes in avian brood parasites. In
Cuculus cuckoos, for example, males provide sperms
only for successful breeding; therefore, they should mate
with as many females as possible to maximize their fit-
ness (Hauber and Dearborn 2003). Instead of frequent
mating, females are expected to secure sufficient re-
sources for egg production and to search for and moni-
tor host nests to lay eggs, within the optimal time period
to maximize their fitness (Hauber and Dearborn 2003;

Fig. 1 A map showing the habitat characteristics of study area and the example of individual home ranges with their observation locations
(individuals tracked in 2017). Different colors of dots and lines (solid or dotted) represent observation locations of different individuals and their
home range areas, respectively
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Ward 1996). These sex-related differences may generate
different habitat preferences between male and female
cuckoos. In addition, potential sexual conflict over opti-
mal mating rates and resultant sexual harassment by
males may force females to escape from males, resulting
in fine-scale habitat segregation between sexes (Darden
and Croft 2008; Lee et al. 2019; Martin and da Silva
2004). However, few studies have attempted to deter-
mine the pattern of habitat use in avian brood parasites.
In this study, we investigated the habitat selection of

radio-tracked lesser cuckoos (Cuculus poliocephalus) a
small-sized (ca. 60 g) brood parasite. This species is a
summer visitor in Korea, primarily parasitizing the Japa-
nese bush warbler (Horornis diphone) between May and
July (Lee 2014; Yun et al. 2019; Yoo et al. 2020).
Although this species has been designated as a Korean
Natural Monument (No. 447) and protected since 2005,
their pattern of habitat use has rarely been quantified.
Specifically, we first quantified the habitat composition
of the entire study area inhabited by the lesser cuckoo
and estimated their home range and core-use area. From
these data, we then analyzed habitat preference with a
focus on sexual and diurnal differences.

Methods
Fieldwork and radio-tracking
Radio-tracking of lesser cuckoos was conducted on the
eastern part of Jeju Island (33° 28′ N, 126° 49′ E, Fig. 1)
in the Republic of Korea from May to June in 2016 and
June to July in 2017. We captured cuckoos using mist
nets with a decoy and playback of female calls. Upon
capture, individuals were first banded with a metal ring,
measured (e.g., primary wing length and body mass),
and photographed. We then attached a radio-
transmitter, weighing 0.64 g, on a rachis from their mid-
dle rectrices, using instant adhesive, and subsequently
released the bird at the site where they were captured.
The attached transmitter is expected to safely detach
during subsequent molting (Godet et al. 2015; Sykes
et al. 1990). We located and tracked individuals using
three-element Yagi antennae and receivers (Sika, Bio-
track, UK; IC-R20, Icom, Japan). Tracking was per-
formed every day during the study period from 04:00 to
20:00, except for midday (i.e., 12:00–15:00) or rainy pe-
riods, when activity is expected to be low (Yoo et al.
2020). The tracking process proceeded as follows: we
first searched for the target signal in a slow moving car;
once detected, the signal was located and tracked on
foot and by car as necessary. The target signals location
was recorded every 10 min. All areas and individuals
were systematically assessed. When target signals
showed no movement for three consecutive days, we
regarded it as accidental transmitter removal or preda-
tion occurred and stopped tracking.

Defining the study area and home range
Study area boundaries are often defined arbitrarily,
which can lead to inaccuracies in determining habitat
composition (Bozek et al. 2007; Johnson 1980). To
minimize such inaccuracies, the study area and its
boundary were determined based on 100% minimum
convex polygons (MCP) with a 200 m buffer, using all
location data from all radio-tracked lesser cuckoos
(Bozek et al. 2007; Mohr 1947).
We used a fixed kernel density estimator to estimate the

home range of the lesser cuckoo in ArcGIS 10.1(ESRI,
USA). Kernel home ranges are a non-parametric probabil-
istic estimate of home range, based on the distribution
and concentration of locations, covering 95% of all loca-
tion points for each individual (Dickson and Beier 2002)
(Fig. 1). Home ranges were estimated for individuals
which were monitored for at least 4 days and had more
than 30 recorded locations (Seaman et al. 1999). The se-
lection criteria resulted in home ranges for 16 males and
five females, for use in subsequent analyses of habitat se-
lection. The effect of sex, year, wing length, and the num-
ber of location fixes on home range size was assessed
using a linear regression model, for which home range size
was log-transformed to satisfy normality. The maximum
model included all variables, together with their two-way
interaction, while the minimal adequate model was
reached by the sequential removal of non-significant
terms (Freeman and Jackson 1990; Crawley 2012).

Classifying habitat types
We classified habitats into five different types according
to typical and homogeneous vegetation types: field,
grassland, forest, orchard, and anthropogenic area. Field
habitat was characterized by agricultural fields for crops
such as radish, potato, and fodder (e.g., Gramineae).
Shrubs and trees were often found along the edge of
field habitat. Grassland habitat represented a natural en-
vironment where herbaceous plants dominantly occur
with shrubs and trees scattered throughout. Forest habi-
tat consisted of a mixture of broadleaf and coniferous
trees with dense canopies (e.g., Pinus, Cryptomeria, and
Cinnamomum spp.). Orchard habitats were represented
by cultivated citrus trees (Citrus spp.) and were often
sprayed with pesticides. Finally, the anthropogenic habi-
tats included areas where human disturbance were se-
vere and frequent, such as towns, wastelands, and
greenhouses. The typical nest site of cuckoos’ major host
species, the Japanese bush warbler utilized in our study
area, was characterized by trees and shrubs such as the
Japanese holly (Ilex crenata) and the arrow bamboo
(Pseudosasa japonica). These potential nest sites were
mostly distributed along the boundaries of the various
habitats described above (Hamao 2014; Hamao and
Hayama 2015).
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Quantifying habitat composition
To investigate the habitat selection of lesser cuckoos, we
first determined the habitat composition of the entire
study area by calculating the proportion each habitat oc-
cupied within the study area. The habitat occupancy
provided reference data for habitat availability in the
study area, which allowed for the calculation of habitat
composition for the home range of individuals. The
habitat composition of the whole study area and individ-
ual home range were determined using a land cover
digital map with 1 m × 1m resolution provided by En-
vironmental Geographic Information Service (EGIS, last
updated in 2016; https://egis.me.go.kr/). For individual
home ranges, we clipped the area corresponding to the
respective home range from this map and calculated
habitat composition in ArcGIS. Habitat composition was
calculated as the relative proportion of each habitat type
described above, the sum of which was 100%.
Animals may not use the entire home range evenly

but may have certain preferred sites which they use
more regularly (Rettie and McLoughlin 1999). Thus,
habitat selection estimated from the habitat composition
of the whole home range may differ from actual habitat
preference characteristic of each lesser cuckoo. To allevi-
ate this problem, we also calculated the habitat compos-
ition of a 200-m radius circle at each location point.
From these data, we calculated the average proportion of
each habitat type in each 200 m radius circles for each
individual, which we could use (hereafter defined as
“core-use area”) to weight the frequently used areas
(Dickson and Beier 2002; Rettie and McLoughlin 1999).

Assessing habitat preference
Habitat selection was assessed by comparing the compos-
ition of used and available habitats at two spatial scales:
home range vs. whole study area (i.e., “second-order habi-
tat selection”) and core-use area vs. home range (i.e.,
“third-order habitat selection”) (Aebischer et al. 1993).
Using the rrcov package (Todorov and Filzmoser 2009) in
R 3.5.0 (R Core Team 2017), we employed a multivariate
analysis of variance (MANOVA), with Wilks’ lambda stat-
istic (Λ), to determine the statistical significance of differ-
ences in habitat composition between used and available
habitats for all individuals. We also conducted pairwise
preference comparisons between habitat types to deter-
mine relative habitat preferences among them. The equa-
tion for comparison was as follows:

Pab ¼ ln usea=availabilitya
� �

� ln useb=availabilityb
� �

;

where a and b represent different habitat types for com-
parison, and Pab represents ɑ habitat preference in com-
parison with b habitat preference. The equation implies

that if a habitat type is preferred over the b habitat type,
Pab will be positive and vice versa. We then ranked habi-
tat preference among the five habitat types from 1 (high-
est) to 5 (lowest) based on this comparison at both
scales, home range and core-use area, and assessed its
statistical significance using the permutation t test (1000
iterations) in R with the RVAideMemoire package
(Hervé 2019). Sexual differences in third-order habitat
composition and third-order habitat preference were
also assessed. The proportion of each habitat in a given
area was log-transformed for all analyses, for which we
added 0.3 for all values (Bingham and Brennan 2004;
Janke and Gates 2013).
Cuckoos may depict different habitat use patterns ac-

cording to the time of day and activity (e.g., foraging,
calling, and egg-laying) (Nakamura et al. 2005; Rothstein
et al. 1984; Vogl et al. 2004; Yoo et al. 2020). Yoo et al.
(2020) showed that the calling activity of the lesser
cuckoo is bimodal based on the time of day: highest in
the early morning (04:00–09:00) followed by evening
(17:00–20:00) and lowest during midday (09:00–17:00).
Therefore, we analyzed whether habitat use patterns
change diurnally in association with calling activity by
comparing the third-order habitat compositions of the
area identified when calling was active (04:00–09:00, 17:
00–20:00) and inactive (09:00–17:00). All analyses were
performed using R 3.5.0 (R Core Team 2017).

Results
Habitat composition of the study area
The size of the study area estimated based on all location
data was 8777 ha, which was composed predominantly of
grassland (39%) and field (38.6%) habitats, followed by for-
est (12.1%), orchards (5.5%), and anthropogenic habitats
(4.7%) (Fig. 2a). However, the study area was characterized
by a mosaic habitat consisting of, on average, 2.54 differ-
ent habitat types per hectare (Fig. 1).

Habitat selection assessment at home range: second-
order selection
The median home ranges of lesser cuckoos and their 1st
and 3rd quantiles were 337.7 (193.3–407.1) ha for males,
194.7 (129.8–371.6) ha for females, and overall 315.6
(185.8–379.2) ha. We found no significant differences in
the size of home range according to sex, number of loca-
tion points, wing length, and study year (Table 1). The
relative proportion of each habitat type in the overall
home range of the lesser cuckoo was similar to that of
the study area. Field and grassland types explained al-
most 80% of the habitat types used (Fig. 2). However,
they tended to preferentially use field habitats and
underutilized anthropogenic habitats in their home
range, leading to a significant difference between used
and available habitat proportions (one-way MANOVA:
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Λ = 0.13, X2
5 = 77.8, P < 0.001, Fig. 2). Thus, the most

used habitat in the home range of lesser cuckoos was
field habitats followed by forest habitats.

Habitat selection assessment in the core-use area: third-
order selection
We found a significant sexual difference in the third-
order selection (one-way MANOVA: Λ = 0.81, X2

5 =
373.78, P < 0.001, Fig. 3). First, the relative proportion of
habitats in the core-use area differed between sexes. Fe-
males tended to use larger proportions of grassland and
forest and a smaller proportion of field habitats in their
core-use area when compared to males. Both sexes also
showed different habitat composition in their core-use
area compared to their home range (one-way MAN-
OVA: males: Λ = 0.52, X2

5 = 1806.8, P < 0.001, Fig. 3a–
c; females: Λ = 0.76, X2

5 = 238.4, P < 0.001, Fig. 3d–f).
Male lesser cuckoos tended to use anthropogenic habi-
tats more in their core-use area than their home range,
and forest habitats less when their core was compared to
their home range (Fig. 3c). In female lesser cuckoos,
however, the proportions of utilized grassland and forest
habitats were larger than those available in their home
range, whereas the proportion of utilized field habitat
was smaller than available in their home range. (Fig. 3f).

Diurnal changes in habitat selection
We found that lesser cuckoos showed no habitat differ-
ences with regard to diurnal activity. Both habitat com-
positions in active period areas (males: Fig. 4a; females:
Fig. 4d) and those in inactive period areas (males: Fig.
4b; females: Fig. 4e) were similar to each other in both
sexes (one-way MANOVA: in males: Λ = 1.0, X2

5 = 1.94,
P < 0.86, Fig. 4c; in females: Λ = 0.98, X2

5 = 6.78, P =
0.24, Fig. 4f).

Habitat preferences
In second-order selection, lesser cuckoos most preferred
field, followed by forest, grassland, orchard, and an-
thropogenic habitats (Table 2). In third-order selection,
males preferred field followed by grassland and orchard
habitats and least preferred forest and anthropogenic
habitats (Table 2). In contrast, females tended to prefer
grassland and forest habitats, followed by field, orchard,
and anthropogenic habitats (Table 2).

Discussion
Our results showed that the study area was predom-
inantly characterized by field and grassland habitat
types, which occupied almost 80% of the study area.
Naturally, these two habitats types occupied most of
the home range of lesser cuckoos. However, this habi-
tat was heterogeneous rather than uniform, with on
average 2.54 different habitat types occurring per hec-
tare. This seems to be the reason why there was no
diurnal change in the pattern of habitat use. Whether
the habitat is heterogeneous or homogeneous plays an
important role in determining home range size in
avian brood parasites, as the optimal area for parasit-
izing may not necessarily be optimal for foraging
(Nakamura and Miyazawa 1997; Rothstein et al. 1984;
Vogl et al. 2002). Many populations of brown-headed

Fig. 2 Habitat composition of the study area (a) and home ranges of 21 lesser cuckoos averaged (b) and its proportional difference (c). Proportion
differences in each habitat type were presented by a mean difference (square dot) with its 95% confidence intervals. Confidence intervals not crossing
zero represent statistically significant differences (p < 0.05)

Table 1 The effect of various factors on home range size of
lesser cuckoos breeding in Jeju Island, Korea

Variable Estimate 95% confidence interval t P

Location − 0.0003 − 0.003 to 0.003 − 0.2 0.85

Sex 0.1719 − 0.143 to 0.487 1.15 0.27

Wing − 0.0481 − 0.109 to 0.004 − 1.95 0.07

Year 0.2417 − 0.067 to 0.551 1.64 0.12
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cowbirds (Molothrus ater) and common cuckoos
(Cuculus canorus) commute daily between breeding
and foraging sites, expanding the overall size of home
ranges in these birds (approximately 1025 ha for the
brown-headed cowbird, Rothstein et al. 1984; 677 ha
for the common cuckoo, Nakamura and Miyazawa
1997). However, a previous study has reported that
the lesser cuckoo on Jeju Island display no commut-
ing behavior, which is presumably due to the high de-
gree of habitat heterogeneity (Yun et al. 2019).
Nevertheless, the size of their home ranges (315 ha)
was relatively large when compared to those of other
brood parasites that do not commute, such as shiny
cowbirds (Molothrus bonariensis), screaming cowbirds
(Molothrus rufoaxillaris), and Horsfield’s bronze
cuckoo (Chalcites basalis), which range from 27 to
170 ha (Langmore et al. 2007; Scardamaglia and
Reboreda 2014). In general, territoriality, in response
to increasing population density, may cause shrinkage
in individual home ranges (Jirotkul 1999; Rothstein
et al. 1984). However, our previous study showed that
the lesser cuckoo on Jeju Island share home ranges
without antagonistic territorial interactions, which

may allow them to extend their home ranges (Yun
et al. 2019). Further studies focusing on the factors
affecting home range size will be worthwhile.
Despite overall similarities, it was recognized that the

lesser cuckoo showed non-random habitat preference in
second-order selection (study area vs. home range), with
cuckoos expressing preferences primarily for field habi-
tats, where they may obtain critical resources for breed-
ing and foraging, while avoiding anthropogenic habitats.
Third-order selection (home range vs. core-use area)
also showed non-random habitat selection; however,
preferences differed between sexes. In males, forest habi-
tats appeared to be underused, whereas females tended
to prefer forest and grassland habitats. Such differences
in habitat use may result in spatial segregation between
sexes (Bon and Campan 1996; Darden and Croft 2008;
Martin and da Silva 2004). In fact, our observation of
positions, during radio-tracking, showed that females
were often located in the forest, whereas males were in-
frequently located in forests.
Sexual differences in habitat use patterns could be ex-

plained in several ways. First, sex role differences in
breeding may generate different habitat preferences

Fig 3 The comparison of habitat composition between home ranges and core use areas in male (a–c) and female (d–f) lesser cuckoos. Proportion
differences (c, f) in each habitat type were presented by a mean difference (square dot) with its 95% confidence intervals. Confidence intervals not
crossing zero represent statistically significant differences (p < 0.05)
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(Jakimchuk et al. 1987; Ornat and Greenberg 1990;
Roelke and Sogard 1993). Females, but not males, are
expected to search for and monitor host nests in order
to approach and secretively parasitize hosts (Hauber and
Dearborn 2003; Nakamura et al. 2005). Because host
nest sites, such as bamboo shrubs, are often distributed
along the forest edge, perches in forest areas may repre-
sent ideal locations to search for and discreetly monitor
host nests. Second, different energy demands may alter
habitat preferences between sexes (Chapman et al. 2003;
Jakimchuk et al. 1987; Ward 1996). Females need extra
food to form eggs and their major food source, hairy cat-
erpillars, are more abundant in forests, which are char-
acterized by the presence of more woody plants than in
other habitat types (Ishizawa and Chiba 1966). There-
fore, females may spend more time in forest than males,
to forage. Nakamura and Miyazawa (1997) also reported
that forests are a primary area for foraging in the com-
mon cuckoo. Third, sexual conflicts may cause spatial
segregation in the lesser cuckoo (Hauber and Dearborn
2003; Lee et al. 2019). It is often observed that several
male cuckoos chase one female excessively to attempt to

copulate with her. In avian brood parasites, which do
not provide parental care, females are expected to locate
host nests within which to lay as many eggs as possible
to maximize their fitness; in contrast, males can
maximize their fitness by increasing their mating fre-
quency (Bon and Campan 1996; Darden and Croft 2008;
Hauber and Dearborn 2003; Martin and da Silva 2004;
Trivers 1972). This fundamental difference in
reproduction generates conflict over the optimal number
of mating events between sexes, often causing sexual
harassment by males. Recently, Lee et al. (2019) sug-
gested that female cuckoos may be discreet, not only to
avoid the host’s attention, but also to escape excessive
sexual contact by males. A dense forest with limited visi-
bility may allow females to escape excessive male harass-
ment as well as to forage.

Conclusion
In summary, our study showed that the home range of
lesser cuckoos on Jeju Island is composed of a mosaic
habitat that may result in no diurnal change in habitat
use pattern and a lack of commuting behavior. Overall,

Fig. 4 The diurnal comparison of habitat composition according to activity in male (a–c) and female (d–f) lesser cuckoos. Proportion differences
(c, f) in each habitat type were presented by a mean difference (square dot) with its 95% confidence intervals. Confidence intervals not crossing
zero represent statistically significant differences (p < 0.05)
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lesser cuckoos preferred field habitats in second-order
selection. We identified sexual differences in third-order
selection: with males preferring open spaces such as field
and grassland habitats, whereas females preferred grass-
land and forest habitats. These results may suggest that
female lesser cuckoo may use habitat not only to secure
hosts, mates, and food, which are critical for their
reproduction and survival, but also use habitat choice to
escape unwanted risks such as male harassment and host
attention.

Abbreviations
MANOVA: Multivariate analysis of variance; MCP: Minimum convex polygon
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