
ARTICLE

Differential Responses of Two Anuran Species Breeding
in Rice Fields to Landscape Composition and Spatial Scale

Noriyuki Kato & Masanobu Yoshio & Raita Kobayashi &
Tadashi Miyashita

Received: 1 February 2010 /Accepted: 14 September 2010 /Published online: 22 October 2010
# Society of Wetland Scientists 2010

Abstract Rice fields provide important habitats for many
endemic and endangered species originally dependent on
wetlands as habitat. However, the value of rice fields has
rarely been evaluated from a multi-scale perspective. We
examined abundance of two frogs, the montane brown frog
Rana ornativentris and the forest green tree frog Rhaco-
phorus arboreus, that use rice fields as breeding sites, and
explored local and landscape-level factors determining their
abundance. To determine appropriate spatial scales influ-
encing abundance, we generated different sized buffer
circles around a focal rice field, calculated landscape
composition in each buffer, and determined the regression
model that best explained frog abundance using Akaike’s
Information criterion (AIC). The montane brown frog and
the forest green tree frog exhibited the lowest AIC at buffer
sizes of 300 and 1,000 m, respectively. Both species
exhibited a higher abundance at intermediate water depths
(7–10 cm). At the landscape-level, the montane brown frog
showed highest abundance at intermediate forest cover
(50%–60%). Forest green tree frogs showed a monotonic
increase with forest cover. Because each species responded
somewhat differently to spatial scale and landscape com-
position, context and species dependent outcomes of local
restoration practices are required for particular rice fields to
achieve cost-effective results.

Keywords Forest cover . Habitat suitability . Landscape
structure . Restoration

Introduction

Agricultural landscapes experienced a dramatic change in the
second half of the 20th century by intensification of farmland
management aiming to increase productivity and efficiency
(Blaxter and Robertson 1995; Krebs et al. 1999). This led to
a severe decline in biodiversity worldwide (e.g., Benton et al.
2003; Tscharntke et al. 2005). Because many species of
indigenous plants and animals now depend on human-
dominated landscapes, preservation and restoration of biodi-
versity in agricultural landscapes is a pressing conservation
issue (e.g., Benton et al. 2003; Bennett et al. 2006).

Rice fields are considered to be important substitutes for
natural wetlands and many organisms are known to depend
on rice fields as foraging and breeding sites (Elphick 2000;
Lawler 2001; Donald 2004). Rice fields occupy about 11%
of the world’s arable lands (Falso and Ruiz 1997), and
approximately 90% of them are distributed in Asian
countries (FAO Statistics Division 2008). In Japan, rice
cultivation has a history of more than a thousand years, and
rice fields occupy a substantial portion of habitats for many
indigenous and endangered species inhabiting wetlands
(Washitani 2001; Kobori and Primack 2003). However,
agricultural intensification and abandonment of rice fields
since the 1970s deteriorated habitat quality for many
species including insects, amphibians, and birds, some of
which are now facing extinction (Washitani 2001; Kobori
and Primack 2003). To seek effective restoration and
conservation practices, research has been conducted to
explore factors affecting distribution and abundance of
organisms in rice fields (Fujioka and Lane 1997; Mukai et
al. 2005; Fujimoto et al. 2008). As a result, water
management of rice fields, such as flooding in winter, and
enhancing connection between rice fields and streams are
considered important restoration practices. In addition to
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these small-scale factors, landscape structure is also likely to
play an important role in habitat quality. However, few studies
have examined the influence of surrounding environments on
organisms in rice fields (but see Amano et al. 2008). Because
the rural landscape in Japan comprises a fine-scale mosaic of
rice fields, forests, and human settlements (Kobori and
Primack 2003), a research approach that incorporates
different spatial scales is essential. Frogs that utilize rice
fields as breeding sites may be an example requiring such an
approach, because they are characterized by ontogenetic
habitat shifts from aquatic to terrestrial ecosystems. It is well
recognized that terrestrial land use has a large influence on
the presence or density of frog species in ponds or marshes
(Marsh and Trenham 2001; Guerry and Hunter 2002;
Cushman 2006), including agricultural landscapes (Zanini
et al. 2008; Babbitt et al. 2009). Moreover, several studies
have shown that different species of pond or marsh breeding
frogs respond to landscapes at different spatial scales
(Houlahan and Findlay 2003; Gagne and Fahrig 2007;
Eigenbrod et al. 2008). Thus, identifying multi-scale limiting
factors for the target species will help predict the outcome of
a particular restoration practice in a spatial context. However,
no studies have been conducted from multi-scale perspec-
tives on frogs that use rice fields as breeding sites.

Here we focused on the montane brown frog Rana
ornativentris and the forest green tree frog Rhacophorus
arboreus to explore local and landscape factors influencing
the abundance of each frog species. Both species are
declining in Japan due to habitat alteration and agricultural
intensification (Ise and Mitsuhashi 2006; Yoshida et al.
2006), and have been red-listed by local governments
(Association of Wildlife Research & Envision 2007). Both
of these species breed, spend their larval periods in rice
fields and use terrestrial habitats following metamorphosis.
As they lay a single egg mass in one breeding season
(montane brown frog: Maeda and Ueda 2010, forest green
tree frog: Kasuya et al. 1996), the number of egg masses are
a good measure for the relative abundance of each species
breeding in a particular rice field. Adult montane brown
frogs live on the forest floor in the non-breeding season
(Osawa and Katsuno 2001), while adult forest green tree
frogs spend their arboreal life in forests (Kusano 1998). The
migration distances of the adults from the breeding sites to
forests are known to differ, with the montane brown frog
exhibiting a 500 m (Osawa and Katsuno 2001) and the
forest green tree frog approximately 120 m (Kusano 1998)
migration distance. Adults of both species exhibit site
fidelity in forests across years in non-breeding season
(Kusano 1998; Osawa and Katsuno 2001).

The objective of our study was to identify factors
influencing the abundance of egg masses in a rice field
from two spatial scales. We hypothesized that the forest
green tree frog requires a larger proportion of forest cover at

the landscape level, but the spatial extent to which the
abundance of the montane brown frog responds is larger
than that of the tree frog due to the longer migration
distance of the adult montane brown frog. Regarding local
factors, we hypothesized that water depth in the breeding
season as well as ditch size adjacent to forests are
important, because water depth may affect local
oviposition-site suitability (e.g., Watson et al. 2003;
Ficetola et al. 2006) and large ditches could prevent
movement between forests and rice fields (Lane and
Fujioka 1997).

Methods

Study Area

Field surveys were conducted in 58 rice fields located on Sado
Island (38N,138E; altitude: 0–300 m), Niigata prefecture,
Japan (Fig. 1). The surveys covered an area of approximately
131 km2, and the landscape consisted mostly of rice fields
(30%) and forests (60%), ranging from forest-dominated

Sea of Japan

Fig. 1 A map showing the location of the paddy fields (black triangles)
surveyed on Sado Island, Japan. “Others” includes residential areas,
rivers and orchards
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hilly areas to rice-dominated plains along an east to west
geographical gradient. The forest mainly consisted of native
deciduous hardwood trees (such as Quercus serrata, Carpinus
tschonoskii, Acer spp.) mixed with patchy plantations of
Japanese cedar (Cryptomeria japonica) introduced from the
mainland of Japan. Nearly all natural wetlands have been
converted into rice fields. We selected rice fields that had
varying degrees of forest cover in surrounding landscapes (0%–
97%within a 500m-radius). Seasonal management practices of
rice fields were similar across the study area, i.e., flooding, rice
plantation, and harvesting took place in April, early May, and
late September, respectively. We did not have quantitative data
on pesticide application, but the use of agricultural chemicals
was likely not correlated with local and landscape factors used
in our analyses (personal communication, local government).
This suggests that the effect of pesticide use, when present, was
not confounded with these factors.

Seven native amphibian species have been recorded on
Sado Island (Sekiya 2006), but the montane brown frog, the
forest green tree frog, and another species of tree frog (Hyla
japonica) use rice fields as major breeding sites, while
others use mainly farm ponds. We did not include H.
japonica in our surveys because it was difficult to locate its
egg masses in the field.

Breeding sites for the montane brown frog on Sado
Island are predominantly in rice fields (Sekiya 2006)
because there are few natural wetlands. The forest green
tree frog, however, is also found in small ponds and
temporary water bodies in and near the forests, but rice
fields are likely to be major habitats because the total area
available for breeding appears to be much more abundant in
rice fields than in small ponds and temporal water bodies
that are distributed sparsely on this island.

Sampling

Egg masses of the montane brown frog and the forest green
tree frog were counted in late March and in mid-May 2008,
respectively, after the peak of each breeding season. The
montane brown frog lays jelly-like egg masses in the
shallow water of rice fields (e.g., Osawa and Katsuno
2001), and the forest green tree frog lays frothy egg masses
along rice-field margins on Sado Island (personal observa-
tion). We counted the number of egg masses, which were
identified by eye, while walking along the paths surround-
ing rice fields. When egg masses of the montane brown
frog were located too far from the paths to identify or
count, binoculars were used to confirm their numbers.
Because egg masses were large (>10 cm diameter) and
water in the rice fields was clear with minimal floating
material, we are confident that almost all egg masses were
counted. We conducted field surveys when the majority of
egg masses were fresh to minimize estimation error.

We measured the following environmental variables at
the local (rice field) level: water depth in the rice field, the
number of ditches adjacent to the rice field, the width and
depth of each ditch, landuse type (paved road, river, paddy,
forest) across the ditch from the rice field, and the perimeter
length of the rice field. We recorded paddy water depth at
six different points along the periphery of each rice field
and used the average as the water depth value. Water depths
were recorded in March and May when egg surveys were
conducted. Other variables such as vegetation and water
chemistry were not measured because there was almost no
vegetation in rice fields in the season surveyed, and
conductivity and pH are known to have little influence on
the abundance of egg masses within the range of those
found in most rice fields (Yoshida et al. 2006).

In late-March 2009 and 2010, we surveyed egg masses
of the montane brown frog in 28 and 19 rice fields,
respectively, that had been included in a 2008 survey using
the same methodologies. We did not survey egg masses of
the forest green tree frog because this species is known to
show fairly stable yearly variations in egg mass abundance
(Toda 2004).

GIS Analysis

Landscape variables and the areas of the rice fields were
evaluated using a geographic information system (GIS; Arc
GIS ESRI). We extracted the percent forest cover (hard-
wood forest and cedar plantation), percent rice-field cover,
distance to the nearest forest, and paved road length as
landscape variables, because forest is a major terrestrial
habitat for adults of our target species, and paved road
length is suggested as a landscape variable affecting
abundances of some amphibians (Carr and Fahrig 2001).
The mean and the range of environmental variables
measured are listed in Table 1.

We employed the patch-landscape approach for extract-
ing landscape factors by generating circular buffers cen-
tered around the focal paddy field (McGarigal and
Cushman 2002; Holland et al. 2004; Bennett et al. 2006).
To identify the appropriate spatial scale of the landscape
factors affecting the abundance of a target species, we
generated different sized circular buffers from 100 m to
1,500 m at 100 m intervals, and extracted landscape
variables for 15 spatial scales. Although anurans may have
an average maximum movement distance of about 2,000 m
or more (Smith and Green 2005), we set 1,500 m as a
maximum spatial scale to avoid a very large overlap of
buffer circles between sites. Even within this range,
occasional large overlaps between sites occurred, but this
seemed not to be a serious problem, as abundance of egg
masses (dependent variable) exhibited no clear spatial
autocorrelations (see Results). Percent forest cover and
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rice-field cover were calculated using a digital vegetation map
downloaded from J-IBIS (Japan Integrated Biodiversity
Information System; http://www.biodic.go.jp/J-IBIS.html;
Ministry of the Environment, Japan). The areas of the paddy
fields were calculated using an aerial photograph of the study
region taken in the winter of 2006.

Statistical Analysis

We assessed the spatial autocorrelation of the egg mass
distribution for each frog species by generating a correlo-
gram of Moran’s I. We then examined the factors affecting
egg mass abundance in rice fields using a generalized linear
model (GLM) with a negative binomial error distribution
and log-link function. The independent variables (Table 1)
were categorized as local and landscape level variables
according to differences in spatial scales. Five variables
were used to represent the local level: rice-field size, water
depth, (water depth)2, number of ditches adjacent to the rice
field, and the size of ditches lying between the focal rice
field and the adjacent forest. Rice-field size represents the
space available for frogs to lay egg masses. We used the
area of the rice field for the montane brown frog and the
perimeter length of the rice field for the forest green tree
frog, because the brown frog lays egg masses inside the rice
field whereas the tree frog does so alongside the paddy
shore. We calculated the size of the ditches adjacent to
forests because this likely affects the migration of frogs
between rice fields and forests. Ditch size was defined as
the first principal component (PCA) of the width and depth
of the ditch, which explained 90.6% of the variance.

We used three landscape variables for the analyses:
percent of total forest cover, (forest cover)2, and percent
hardwood forest within a total forest cover. We included the
quadratic terms for water depth and total forest cover, as
these variables might exhibit a peak at intermediate values.
We did not use distance to the nearest forest and paved road
length for statistical analyses because they were highly
correlated with percent forest cover, with correlation
coefficients being larger than 0.5, except in the case of
the smallest buffer size.

An information theoretic approach based on Akaike’s
Information Criterion (AIC; Burnham and Anderson 2002)
was used to select the generalized linear model that best
explained the abundance of egg masses. This approach is
superior to traditional stepwise procedures because it
accounts for uncertainties concerning model structure and
parameter estimation when there are several competing
models with respect to their performance on the observed
dataset (Whittingham et al. 2006). Here we used a
hierarchical approach using AIC. First, to find the appro-
priate spatial scale determining the abundance of each frog
species, we constructed models for all possible subsets ofT

ab
le

1
M
ea
n
va
lu
es

(a
nd

ra
ng

es
)
of

en
vi
ro
nm

en
ta
l
va
ri
ab
le
s
in

ri
ce

fi
el
ds

(n
=
58

)
ex
am

in
ed

in
fi
el
d
su
rv
ey
s

S
pe
ci
es

D
itc
h
si
ze

(c
m
)

N
o.

of
di
tc
he
s

S
iz
e
of

a
ri
ce

fi
el
d

(m
2o

r
m
)a

W
at
er

de
pt
h
(c
m
)

F
or
es
t
co
ve
r
(%

)b
R
oa
d
le
ng

th
(m

)b
D
is
ta
nc
e
to

th
e
fo
re
st
(m

)
P
er
ce
nt

ha
rd
w
oo

d
fo
re
st
b

w
id
th

de
pt
h

M
on

ta
ne

br
ow

n
fr
og

12
.3

(0
–1
16

)
8
(0
–6

0)
1.
2
(0
–3
)

1,
15

0
(6
1–
56

91
)

3.
7
(0
–1

3)
37

(0
–9
4)

91
7
(0
–2

58
2)

11
4
(1
–1
12

2)
73

(0
–1

00
)

F
or
es
t
gr
ee
n
fr
og

12
.3

(0
–1
16

)
8
(0
–6

0)
1.
2
(0
–3
)

15
0
(3
6–
28

0)
5.
0
(0
–1

6)
43

(0
–9
3)

6,
38

2
(0
–1

53
31

)
11
4
(1
–1
12

2)
74

(3
4–

10
0)

a
A
re
a
fo
r
th
e
br
ow

n
fr
og

an
d
pe
ri
m
et
er

fo
r
th
e
tr
ee

fr
og

b
M
ea
su
re
m
en
ts
at

th
e
ap
pr
op
ri
at
e
bu
ff
er

si
ze
;
30
0
m

fo
r
th
e
br
ow

n
fr
og

an
d
1,
00
0
m

fo
r
th
e
gr
ee
n
fr
og

1174 Wetlands (2010) 30:1171–1179

http://www.biodic.go.jp/J-IBIS.html


independent variables at each buffer size, and computed their
AICs. We then compared the lowest AICs obtained from
different buffer sizes, and determined the appropriate spatial
scale based on the grand-lowest AIC across all buffer sizes.
Next, to identify the environmental factors affecting the
abundance, we calculated ΔAICðΔAIC ¼ AIC� AIClowestÞ
for all models at the appropriate spatial scale. As models
havingΔAIC<2 are considered to have similar performance,
and hence no single best model can be chosen in such a case
(Burnham and Anderson 2002), we listed all these models in
the results (see Table 2). When the estimated regression
coefficient of a variable was more than twice the standard
error, we considered the variable influential because the
confidence interval of the regression coefficient did not
include zero (Burnham and Anderson 2002).

All statistical procedures were conducted using the statis-
tical software R-2.6.2 (R Development Core Team 2005).

Results

The mean number (and ranges) of egg masses in rice fields
were 26.9 (0–193) and 5.2 (0–42) for the montane brown frog
and the forest green tree frog, respectively. Correlograms for
the number of egg masses indicated that neither species
exhibited a trend in Moran’s I with increasing distance,
suggesting no strong spatial autocorrelations for either
species (Fig. 2). Therefore, we did not consider spatial
autocorrelation in subsequent analyses.

The two species of frogs showed a difference in their
spatial scales determining their abundance of egg masses, i.e.,
300 m for the montane brown frog and 1,000 m for the forest
green tree frog, as revealed by the lowest AIC at these buffer
sizes (Fig. 3). At these spatial scales, forest cover was an
important landscape variable determining the abundance of
egg masses in both frog species, because the regression
coefficients were more than twice their standard errors, and

these variables were almost always included in competing
models (ΔAIC<2; Appendix). According to the best model,
the abundance of egg masses peaked at approximately 60%
forest cover for the montane brown frog, while it showed a
monotonic increase for the forest green tree frog (Fig. 4).
This difference was due to whether or not the quadratic term
of forest cover was included in the best model (Appendix).
Percent hardwood forest within a total forest cover was not
influential to either species because the estimated coefficient
was equal to or less than its standard error (Appendix).

Regarding local factors, water depth was a common
important variable for both species (Appendix). The
number of egg masses exhibited high values at intermediate
water depths of approximately 7–10 cm in both species
(Fig. 4), as the quadratic term of water depth was included
for both species (Appendix). Ditch size and rice-field size
were also important local factors for the montane brown
frog and forest green tree frog, respectively (Appendix).
Larger ditches adjacent to rice fields had a negative effect
on the montane brown frog, and larger rice-fields had a
positive effect on the forest green tree frog.

There were highly significant correlations between the
number of egg masses of the montane brown frog in 2008
and 2009 (r=0.717, n=28, p<0.001), and in 2009 and 2010
(r=0.587, n=19, p=0.007).

Discussion

We found that the montane brown frog showed maximum
abundance in a landscape with approximately 60% forest
cover in the best model, while maximum forest green tree
frog abundance was observed in a landscape with more
than 90% forest cover. As the entire landscape consisted
mostly of forests and rice fields, the montane brown frog
appeared to prefer landscapes with an intermediate mixture
of forests and rice fields. This is consistent with the report
that while adult montane brown frogs inhabit both forests
and grasslands, adult forest green tree frogs are mainly
arboreal (Maeda and Matsui 1989). Similar findings for
European and American amphibians have shown that
forest-dependent species were more abundant in ponds
with more surrounding forest cover (Guerry and Hunter
2002; Houlahan and Findlay 2003; Porej et al. 2003; Van
Buskirk 2005; Gagne and Fahrig 2007).

The spatial scale affecting the abundance of the montane
brown frog was smaller than that of the forest green tree frog
(300 vs. 1,000 m). This was opposite to the trend expected
from the migration distance of adults from the breeding sites
to forest habitats, i.e., the montane brown frog is known to
exhibit a longer maximum distance than the forest green tree
frog (500 vs. 120 m, respectively; Kusano 1998; Osawa and
Katsuno 2001). Thus, the effective spatial scale for the
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Fig. 2 Spatial autocorrelation analysis for the number of egg masses
in the brown frog (closed circle) and the forest green tree frog (open
circle) estimated by Moran’s I
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montane brown frog estimated by our model (300 m) was
mostly consistent with the movement distance reported in an
earlier study (500 m; Osawa and Katsuno 2001), but for the
forest green tree frog (1,000 m) it was much larger than the
movement distance reported earlier (120 m; Kusano 1998).
Some amphibian species exhibit an effective spatial scale
similar to their movement distance (Houlahan and Findlay
2003), whereas others have shown a larger effective spatial
scale than their movement distance (Herrman et al. 2005).
This suggests that ecological processes operating at the
landscape level differ among species. Several researchers
have suggested that landscape features affect amphibian
abundance in two ways: adult habitat use and metapopula-
tion processes (e.g., Van Buskirk 2005; Ficetola et al. 2008).
The concordance of the effective spatial scale and movement
distance reported in the montane brown frog suggests the
process of adult habitat use, i.e., most individuals exhibit
site-fidelity in the sense that they utilize a particular range
including breeding sites and nearby forests throughout their
lives. In contrast, the discrepancy between the effective
spatial scale and movement distance in the forest green tree
frog may reflect a long-distance movement that occasionally

occurs. Smith and Green (2005) speculated by reviewing
literature that such migrants may connect populations
separated by tens of kilometers.

With respect to local factors, the abundance of egg
masses for both species exhibited a peak at approximately
7–10 cm water depths in the rice fields. This is consistent
with the finding that the montane brown frog prefers to lay
eggs in relatively shallow water (Maeda and Matsui 1989),
which is also true for other frog species (e.g., Watson et al.
2003; Ficetola et al. 2006; Wang et al. 2008). Frogs may
show preferences for intermediate water depths as a
tradeoff, i.e., water that is too shallow poses a high risk of
drying up, while deep water exhibits low temperatures and
oxygen concentrations, that may inhibit rapid development
(Watson et al. 2003; Ficetola et al. 2006) or survival (Wang
et al. 2008). Another local factor that influenced egg
abundance was the size of the ditch between the rice field
and forest, but this effect was only detected for the montane
brown frog. This is plausible because the forest green tree frog
possesses digital disks on its feet while the montane brown
frog does not, making it difficult for themontane brown frog to
climb up thewall of deep ditches once it dropped off. It appears
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that large ditches may act as barriers preventing the montane
brown frog from immigrating to the rice fields.

Our statistical model was constructed using single-year
data. Some frog species show large annual variations in the
number egg masses laid at a given locality (Loman and
Anderson 2007). However, we found positive correlations
in the number of egg masses laid by the montane brown
frog in a given rice field over three consecutive years. This
suggests that the qualitative importance of landscape
variables on the number of egg masses of the montane
brown frog does not change greatly, at least within a few
years. We did not have multiple-year data for the forest
green tree frog in our field, but Toda (2004) reported that
the annual variation in the number of egg masses of this
species was within the range of 250–300 over seven years.
Thus, we believe that our use of single-year data did not
lead to severely biased estimation of suitable habitats for
the forest green tree frog.

Our study provides important implications for rice-field
restoration in rural landscapes. In Japan, reserving water in
winter and non-tillage practices are undertaken to enhance
or restore biodiversity (Maeda and Yoshida 2009; Mineta et
al. 2009). It should be noted however that rice fields are
one of the components of rural landscapes called
“Satoyama.” Mosaic structure in a Satoyama landscape is
thought to enhance biodiversity by providing composite
habitats to organisms such as amphibians and aquatic
insects that undergo ontogenetic habitat changes (Washitani
2001; Kobori and Primack 2003). Thus, the outcomes of
restoration practices in particular rice fields are likely to
differ greatly depending on the surrounding landscape
structure, but such a context-dependent view has been
totally lacking in previous studies. We found that the
montane brown frog preferred a landscape with a mixture
of rice fields and forests at a small spatial scale, while the
forest green tree frog required large-scale forest surround-
ings. These results suggest that reserving shallow water in
winter could greatly enhance the abundance of the montane
brown frog, which breeds in early spring, if performed in a
landscape with a moderate mixture of forests and rice
fields. Likewise, reviving cultivation in abandoned rice
fields surrounded by extensive forests could enhance forest
green tree frog abundance. Habitat restoration for the
montane brown frog may be particularly important because
it would increase the likelihood of persistence of many
other organisms that depend on small scale heterogeneity in
Satoyama landscapes. This hypothesis should be tested in
future studies that target a variety of organisms.
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