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Abstract Mass production is a logical outcome of price
competition in a capitalist economy. It has resulted in
the need for large-scale logging and planting of com-
mercial crops. However, such monotonous land use, or
monoculture, has damaged various ecological functions
of forests and eroded the beneficial public service pro-
vided by forests. In Japan, the most widespread
monotonous land use is associated with coniferous
plantations, the expansion of which was encouraged by
Forest Agency policies from 1958 that were aimed at
increasing wood production. By 1986, half of all forested
lands had been transformed into single-species conifer
plantations. These policies may damage the ecological
functions of forests: to provide stable habitats for forest
wildlife. In particular, food supplies for wildlife have
fluctuated greatly after several decades of logging. Some
species have therefore changed their ecology and begun
to explore novel environments proactively in order to
adapt to such extreme fluctuations. Such species have
started to use farmlands that neighbor the plantations.
In this sense, crop raiding by wildlife can be regarded as
a negative result of monotonous land use due to the loss
of ecological functions. Therefore, habitat management
to rehabilitate ecological functions and to reorganize the
landscape will be required in order to resolve the prob-
lem of crop raiding by wildlife. This study examines crop
raiding by Japanese deer (Cervus nippon) and monkeys
(Macaca fuscata) on the island of Yakushima, which
typifies crop-raiding situations in Japan.
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Monotonous forest and deterioration
of ecological functions

Mass production is a logical outcome of price competi-
tion in a capitalist economy. It has necessitated intensive
and monotonous land use for primary industries, espe-
cially large-scale logging, and the planting of commer-
cial crops. Typical examples are the monocultures of
coffee, palm, gum and sugarcane that are cultivated
widely throughout tropical and subtropical regions (e.g.,
Nagata et al. 1994; Hartemink 2005). However, such
monotonous land use, or monoculture, has damaged
ecological functions and services provided by forest
ecosystems, including those which benefit the public
(e.g., McNeely et al. 1990; Lugo 1997).

In Japan, monotonous land use has developed mainly
as the large-scale logging of natural forests and their
replacement with coniferous trees, in accordance with
the policies of the Forest Agency from 1958, which were
aimed at increasing wood production (e.g., Japan Fed-
eration of Bar Associations 1991). Originally, Japanese
forests consisted mainly of numerous broad-leaved
species (i.e., summer green and evergreen broad-leaved
forests: e.g., Miyawaki and Okuda 1978). However by
1986, half of all forested land had been logged and
transformed into conifer plantations consisting of
mainly single species, such as Japanese cedar (Crypto-
meria japonica) and cypress (Chamaecyparis obtusa).
Nonetheless, the financial situation of the Forest Agency
administrating the National Forest worsened after 1973
for various reasons, including the start of mass impor-
tation of wood (e.g., Japan Federation of Bar Associa-
tions 1991). The situation for private forest owners was
similar or worse. The cumulative debt of the Forest
Agency in 1998 amounted to nearly ¥4,000 billion (ca.
$30 billion). These policies have brought not only
financial burdens to Japan, but they have also caused
various environmental problems. In general, monoto-
nous plantations exert various negative influences on the
ecological functions of forest ecosystems. Conifer plan-
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tations in Japan decrease species diversity and disturb
the species compositions of plant (e.g., Nagaike 2002)
and animal communities (e.g., Saitoh and Nakatsu 1997;
Maeto et al. 2002). Various material flows are influenced
by such activities (e.g., Nakane 1995); mudslides occur
frequently in logging and plantation areas (e.g., Inagaki
1999). Moreover, increasing numbers of Japanese people
suffer allergies from cedar pollen (e.g., Inoue et al. 1986).
These can be regarded as negative impacts of monoto-
nous plantations through the deterioration of ecological
functions and services.

Logging natural forests and transforming them into
monotonous plantations profoundly disturbs the habi-
tats of many mammals. For example, food supplies for
herbivores tend to fluctuate greatly for around 20 years
after logging and planting in Japan (e.g., Koizumi 1988;
Sone et al. 1999; Hanya et al. 2005). Logging initially
destroys food production, but it soon increases after
improved exposure of the field layer to light. It then
decreases rapidly to minimum levels, concomitant with
tree growth (Fig. 1). These great fluctuations occur for
two decades after logging. After this, productivity
gradually recovers in a process that takes several decades
or longer, even if vegetation regenerates naturally
(Fig. 1a). Thus, forest mammals have been exposed to
extreme fluctuations in food availability over long peri-
ods. Some species, such as deer (Cervus nippon), monkey
(Macaca fuscata) and serow (Capricornis crispus), have
begun to adapt various aspects of their ecology (diet
selection, range use, daily rhythm, dispersion, repro-
duction, life history, social relation, etc.) and to proac-
tively explore novel environments (farmlands
neighboring the plantations and logging areas). By
adaptating to these new habitats, these mammals have
started to damage agricultural crops (Agetsuma 1999b,
2006). In this sense, crop raiding by mammals can also
be regarded as a negative impact of monotonous plan-
tations.

A typical case is that of Yakushima Island in Japan,
which was designated as a World Heritage site in 1993.
As in most parts of Japan, large-scale logging and
transformation to conifer plantations has engendered
various environmental problems on this island. The
diversity of woody plants and buried seeds has decreased
in plantation forests (Aiba, unpublished data). Some
insect taxa have also decreased in secondary forests and
decreased greatly in plantations (Yumoto, unpublished
data), while the diversity of foraging bat species has also
decreased in plantations (Hill, unpublished data).
Mudslides have occurred frequently in and around log-
ging areas and young plantations (Japan Institute of
Land and Environmental Studies 1981). These facts
suggest that deterioration of ecological function due to
the transformation to monotonous forest has occurred
in Yakushima. Endemic subspecies of Japanese deer (C.
n. yakushimae) and monkeys (M. f. yakui) inhabit the
whole of this island. They have experienced great habitat
disturbance as a result of the transformations. After
extensive forest transformations (in the 1960s to 1970s),

these species began to intensively damage crops (in the
1980s to 1990s). This paper presents a review of the
processes and factors associated with agricultural crop
raiding by these mammals in relation to forest devel-
opment in Yakushima, referring to cases from other
locations in Japan. Then, the importance of land use
management is examined to determine a possible route
to recovering the damaged ecological functions, in order
to prevent crop raiding as well as to conserve wildlife.

Forest development

Yakushima is a round mountainous island (ca. 500 km2)
located in southern Japan (30�N, 130�E). About 14,000
residents populate its two townships. Most villages are
located less than 100 m above sea level (a.s.l.); most
other areas are forested (Fig. 2). About 80% of the
forested area is National Forest property. From 0 to
800 m a.s.l., natural forests consist mainly of evergreen

Fig. 1a–d Food plant biomass (dry weight/m2) after clear-cut
logging of broad-leaved forests. a Food plant biomass under cedar
plantations (solid line) and that under secondary broad-leaved
forests for Japanese sika deer (broken line; modified from Takatsuki
1992). b Food plant biomass under conifer plantations in
November (solid line) and in August for Japanese serow (thin line;
drawn from Sone et al. 1999). c Food plant biomass under cedar
plantations for Japanese serow (squares: modified from Ochiai
1996). d Biomass of fruit, which is an important food for Japanese
monkey, in primary and secondary broad-leaved forests (open
circles), and cedar plantations (solid circles; modified from Hanya
et al. 2005)

391



broad-leaved trees. Then, from 800 to 1,800 m, forests
consist of both broad-leaved and coniferous trees. There
are many natural Japanese cedars, especially at over
1,200 m a.s.l. (Tagawa 1994). Cedars more than
1,000 years old are called ‘‘Yaku Sugi,’’ and they pro-
duce very valuable timber (Kamiyaku Town 1984).
Annual precipitation at lower altitudes is 2,500–
5,000 mm, and that at higher altitudes is up to
7,000 mm, and occasionally 10,000 mm (Kagoshima
Prefecture 1992). On the coasts, the annual mean tem-
perature is around 20 ˚ C, which corresponds to the
margin between subtropical and warm temperate zones
(Tagawa 1994). On the other hand, above 1,000 m a.s.l.,
the climate is much cooler, with snow cover in winter.

Intensive logging in Yakushima began in the upper
area for Yaku-Sugi. The logging of conifer trees in-
creased around 1950 and decreased in the 1960s because
of tree depletion (Fig. 3a). During 1955–1973, because
the Japanese economy grew rapidly (average GNP
growth rate was 9.1% per year according to data from
the Cabinet Office of the Government of Japan), there
was increased demand for wood and pulp production
(Japan Federation of Bar Associations 1991). The log-
ging area was then shifted to broad-leaved forests in the
middle altitudes in Yakushima. The volumes of broad-
leaved trees logged increased greatly from 1963, but
decreased after 1973 (Fig. 3b), when the market price of
wood dropped (Japan Federation of Bar Associations
1991), the number of trees that could be logged de-
creased, and the social trend of nature conservation
became more popular (Kamiyaku Town 1984). After
logging broad-leaved trees, Japanese cedar were widely
planted in areas that were not the original habitat for the
species (Fig. 3b).

Figure 4 shows logged areas in the National Forests
of the island up to 1983. As the logging continued after
1983 (Fig. 3a,b), the actual total area logged must be
much greater than shown. Most of the logging took
place within a period of 20–30 years, and a quarter of all
forested areas were transformed into monotonous
conifer plantations (Kagoshima Prefecture 1992). The

plantations were particularly dense at middle-to-low
altitudes on this island.

Land use changes in lower areas

Social and economic structures in regional societies in
Japan, as well as those at a national level, are closely

Fig. 2 The island of Yakushima. Villages are represented as dots.
Contours show 100, 800 and 1,700 m a.s.l. A line shows the
boundary between the two towns

Fig. 3a–d Annual logging volumes, conifer planting area, agricul-
tural crop damage by wildlife, and number of hunted animals. ‘‘+’’
indicates possibly underestimated values; ‘‘�’’ indicates possibly
overestimated values; and ‘‘?’’ indicates approximate values in the
figure. a Logging volume of conifer trees (solid line; Suwa, personal
data) and those of cedar (thin line; Miura 1984; Fujimura 1971).
These trees were logged at the higher altitudes of Yakushima. b
Logging volume of broad-leaved trees (solid line; Suwa, personal
data) and conifer plantation area (gray line; data from Kagoshima
Pref.; data from Forest Agency). Broad-leaved trees were logged at
both higher and middle altitudes. However, after 1963, they were
mainly logged at middle altitudes. c Amount of crop damage
(·¥100,000, ca. $800) by monkeys (solid line) and number of
monkeys killed (thin line; Agetsuma 1998; Azuma 1984; Hirose
1984; data from Kagoshima Pref.). The value at *1 is 833
individuals. Monkeys were captured for experimental use in the
1950s and 1960s. After 1972, all captures were conducted as pest
control measures. d Amount of crop damaged by deer (solid line)
and the number of deer hunted and controlled (thin line;
Kagoshimaken Shizen Aigo Kyokai 1981; Sueyoshi 1992; data
from Kagoshima Pref.). During 1971–1977, deer hunting was
prohibited. Since 1999, deer control has been concentrated around
farms
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related to local land uses (Agetsuma 1999a). Below
300 m a.s.l. in Yakushima, the residents deforested the
land and used it intensively for traditional purposes such
as swidden cultivation, fuel wood, and charcoal (Spra-
gue, unpublished data). Green fertilizer and litter for
compost might also have been collected from the forest.
As a result, ‘‘rough land,’’ i.e., treeless land, spread
extensively by the 1920s (Sprague, unpublished data). As
both monkeys (Agetsuma 1995a, 1995b, 2001; Hanya
et al. 2004) and deer (Agetsuma and Agetsuma-Yanag-
ihara 2006) in natural forests in Yakushima depend
largely on the production of tall trees, the treeless land
might not be so valuable to them, although the deer
could feed on herbaceous plants (Takatsuki 1990) and
monkeys can feed on the fruits of some shrubs (Hanya
et al. 2005). Higher human activity in farmlands would
also have limited the utility of such places for animals.
However, a fuel and fertilizer revolution then occurred.
In addition, because of the shift in the industrial struc-
ture of this island, the number of farmers and the area of
farmed land decreased greatly between 1950 and 1975
(Fig. 5a). In addition, some areas of treeless land and
farm areas were rapidly converted into orange orchards
around 1970 due to the promotional efforts of local
governments (Fig. 5b; Agetsuma 1998). Some broad-
leaved forests were also transformed into orange orch-
ards at that time. Most treeless lands were abandoned
and subsequently reverted to broad-leaved forests
(Sprague, unpublished data), thereby providing many
resources for animals after the 1970s. Consequently, the
total area of treeless land decreased in the lower areas,
while the areas of broad-leaved forests and orange
orchards simultaneously increased. Production of or-
anges increased greatly after 1980 (Fig. 5b), but this
industry has increasingly been damaged by wildlife.

Outbreaks of crop raiding and pest control

The population of raiding monkeys was estimated to be
roughly 1,600–3,100 in 1991–1992 (see Table 1 of Yo-
shihiro et al. 1998, excluding Area 7 where there was no
farmland), but there are estimated to be many other
monkeys that bear no influence on crops in Yakushima
(e.g., Hanya et al. 2004). The monkeys mainly damage
oranges and other fruits, as well as sweet potatoes (data
from Kamiyaku Town). Crop raiding by monkeys began
before 1950 in Yakushima (Itani 1994). However, the
amount of damage increased greatly after 1980, which
was about 15 years after the peak of broad-leaved forest
logging (Fig. 3b,c). Therefore, before the monkeys
started to damage crops intensively, they had experi-
enced great disturbances to their habitat through log-
ging and planting.

Pest control of monkeys have been conducted from at
least the 1910s (e.g., Kagoshima Dairinkusho 1916).
After 1978, local governments greatly increased the
number of monkeys controlled. However, from 1978 to
1983, even though more monkeys were controlled, there
was still increased damage to crops (Fig. 3c). Thereafter,
high levels of damage have continued to occur, even
though 300–600 monkeys have been killed every year
since 1984. It could be argued that an increase in the
monkey population has been averted by controlling 300–
600 monkeys since 1984. However, the number of mon-
keys removed has not been determined by scientific

Fig. 4 Areas logged by 1983 and the main orchard in Yakushima
(modified Agetsuma 1996). Very small unlogged forests among
large logged forests were classified as logged areas. Solid areas
indicate unlogged forests. Lightly shaded areas indicate logged
areas. Open areas around coasts indicate private lands; dark-shaded
areas indicate major orchards Fig. 5a–b Working population, farmland area and fruit produc-

tion (·¥1000,000, ca. $8,000) in Yakushima. a Total working
population (solid line) and number of people engaged in agriculture
(thin line; Kagoshima Prefecture 1992). b Farm areas of the five
main crop items (solid line); that of orchards (thin line); and fruit
production (broken line; Agetsuma 1998; Kagoshima Prefecture
1992)
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means, nor in response to the intensity of damage. Ra-
ther it has been mainly influenced by voluntary efforts of
local hunters and the availability of subsidies from the
local government. Therefore, it would be a lucky coin-
cidence if the number of monkeys that were removed
happened to be the number required to stop population
growth. It seems much more likely that the rate of pop-
ulation increase varies to match the number of monkeys
removed, thereby maintaining a fairly constant popula-
tion size. The annual amount of damage by monkeys has
varied greatly. Some of this variation might be attribut-
able to interannual differences in the production of wild
fruits (Noma, unpublished data), which are very impor-
tant foods for monkeys during any season in the forests
(e.g., Agetsuma 1995b, 2001; Hanya 2004).

Severe raiding of agricultural crops by deer in
Yakushima has occurred since at least the eighteenth
century (Kamiyaku Town 1984). In addition, Matsuda
(1997) documented deer raiding fields in the 1950s.
However, crop raiding by deer greatly increased around
1990 (Fig. 3d). This period was around 25 years after
the logging peak of broad-leaved forests (Fig. 3b). The
crops damaged were mainly orange trees (by bark
stripping; data from the Kagoshima Prefecture), sweet
potatoes and rice (Sueyoshi 1992). On the other hand,
damage to planted conifer trees has decreased from the
1990s onwards (data from the Kagoshima Prefecture).
This may be explained simply by the decline in newly
planted areas after the 1970s (Fig. 3b) and the conse-
quent decrease in the number of small planted saplings
that are vulnerable to deer.

Deer hunting was traditionally conducted in Yaku-
shima. By around 1950, more than 1,000 deer could be
hunted per year (Kamiyaku Town 1984). However, the
number of deer hunted decreased rapidly during 1964–
1970 (Fig. 3d). Ultimately, deer hunting was banned
from 1971, but was brought back for pest control from
1978. However, the damage caused by deer to crops and
forestry did not seem to be substantial during this period
(Tagawa 1987). Deer control was conducted over the
whole island using very similar methods to those used
when hunting before the ban, including at middle and
even upper altitudes. Therefore, deer that took no
interest in crops were also controlled. However, from
1999, deer control has been limited to areas around
farmlands so that actual raiding deer are targeted. Since
the number of deer controlled per year has stayed at
around 200–300 since 1980 (Fig. 3d), raiding deer are
now being controlled more intensively than before 1999.
Nevertheless, the amount of crop damage has not de-
creased. As with the monkeys, raiding deer might also
adapt to maintain their population size after depletion
by intensive pest control.

Two common tendencies are recognizable in the crop
raiding by both mammals in these empirical data. One is
the timing of the rapid increase in crop raiding, which
occurs after a delay of around 20 years from the logging
peak of broad-leaved forests (Fig. 3b–d). Another is the
ineffectiveness of pest control at reducing crop damage.

It has often been mentioned that pest control is inef-
fective at protecting crops from monkeys (e.g., Ministry
of the Environment 2000; Hakusan Nature Conserva-
tion Center 1995). In addition, deer control appears to
have had no beneficial effects in Yakushima to date.

Impacts of forest development on the ecology
of mammals

The impacts of the transformation of natural forests into
monotonous conifer plantations on the ecology of
wildlife take a variety of forms, altering diet, habitat use
and various behaviors (Gill et al. 1996). Some ecological
functions are degraded by the transformation. The
population density can be used as an easily detectable
index to evaluate those impacts.

Monkey group density tends to have been degraded
by the spread of plantations in Yakushima (Hill et al.
1994; Hanya et al. 2005). Food production of naturally
regenerated young forests (<20 years old approx.) for
monkeys is higher than that of primary forests. How-
ever, that of plantation forests (>20 years old) is very
low in Yakushima (Hanya et al. 2005). Monkey group
density corresponds closely to the food production of
forests in Yakushima (Hanya et al. 2004; 2005). Various
negative impacts of conifer plantations on Japanese
monkeys have also been reported in other places.
Monkey groups tend to avoid plantations within their
ranges (e.g., Shirai 1993; Hakusan Nature Conservation
Center 1995). Therefore, they must expand their ranging
area after the establishment of conifer plantation nearby
in order to compensate for that area’s lower productivity
(Furuichi et al. 1982). The topography of areas where
cedar plantations have been established has made mat-
ters worse. Japanese cedar is typically planted in valleys
and lower side slopes (e.g., Yamabayashi 1962), where
food plant species diversity for monkey is high in
Yakushima (Agetsuma and Noma 1995). Monkeys have
therefore lost these diversified food resources, which
they depend upon in spring when food conditions are
poor in plantation areas.

Deer greatly depend on leaves and fruits of various
woody species in various places at altitudes below
1500 m a.s.l. in Yakushima, although in some places
they feed extensively on graminoides (Takatsuki 1990).
In natural forest they are especially dependent upon
fallen broad leaves (Agetsuma and Agetsuma-Yanagi-
hara 2006) which arise mainly from tall trees in the
canopy. However, a few tall broad-leaved trees might be
able to regenerate in conifer plantations (e.g., Hanya
et al. 2005). Therefore, the increase in food supply sev-
eral years after logging (Fig. 1) might not be remarkable
for monkey and deer in Yakushima, although they may
be able to shift their diet to herbaceous plants in the
logged areas.

Ohsawa et al. (1995) and Agetsuma et al. (unpub-
lished data) surveyed deer density at four sites with
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different plantation occupancies in 1994 and 2004. In
addition, Agetsuma et al. (2003) estimated the density in
natural forests almost free of plantations in 2001. These
studies showed that deer densities in heavily planted sites
were much lower than those of relatively undisturbed
sites (Fig. 6). This indicates that intensive plantations
decrease deer density. The impacts cannot be cancelled
out, even several decades after planting. Deer hunting
and control statistics suggest that the deer population
declined soon after intensive logging. Numbers of hun-
ted deer decreased greatly in the 1960s (Fig. 3d). This
decrease may indicate a decline in the deer population,
but some local people thought that the decrease was
caused by a decrease in hunting activity for social and
economic reasons (Makise, personal communication).
Kagoshimaken Shizen Aigo Kyokai (1981) also sus-
pected that there was a notable decrease in the deer
population in the late 1960s. On the other hand, the
literature suggests that deer were commonly seen in
forests around villages in 1925–1940 (Kamiyaku Town
1984; Miyamoto 1974). Therefore, it is reasonable to
assume that deer populations fell precipitously in the
1960s and 1970s. Deer populations seemed to have
recovered by the 1990s, as they began to be seen around
villages once more (Fig. 7).

A similar decrease in the deer population caused by
food depletion due to the establishment of conifer
plantations has also been reported in other places (Gill
et al. 1996). Roe deer (Capreolus capreolus) increased
gradually over the 15 years following conifer planting,
but decreased rapidly during the next few years; they
then recovered very slowly (Fig. 6). This population

dynamic corresponds to a great change in food avail-
ability after planting (Gill et al. 1996). A similar ten-
dency is apparent in Japanese serow. Food availability
decreased greatly 15 years after the establishment of
conifer plantations (Fig. 1b). Changes in serow density
corresponded to differences in food availability (Sone
et al. 1999). However, these numerical responses to food
availability show some time lags (Gill et al. 1996).

The recovery in the deer density might occur earlier at
higher altitudes in Yakushima. Asahi et al. (1984) sus-
pected that the deer density was higher at around
1,000 m a.s.l. than at lower altitudes after reviewing
brief surveys of deer traces conducted in 1981. Intensive
logging at higher altitudes began earlier than at middle
altitudes (Kamiyaku Town 1984; Fig. 3a,b). In addition,
at higher altitudes, much unlogged forest remains and
conifer plantations are less widespread (Fig. 4). There-
fore, food production might recover earlier in higher
areas.

It is probable that populations of monkeys and deer
decreased because of the lowered productivity caused by
logging and planting. Subsequently, they gradually
recovered as production recovered, mainly in naturally
regenerating forest stands, from the 1980s. However,
they might not recover to their original levels because
the production from conifer plantations may still be low
in the 2000s and, in fact, their population densities in
plantation areas have also been much lower than in
undisturbed forests (e.g., Hanya et al. 2005; Fig. 6).

Possible factors contributing to crop raiding

Several factors that may contribute to crop raiding and
impacts on natural vegetation by wildlife have been
suggested in Japan: extinction of natural predators; a
decrease in the numbers of wild dogs; decreased snow-
fall; the expansion of the grasslands; and a decrease in
the numbers of hunters (e.g., Matsuda et al. 1999; Miura
1999; Tsuji 1999; Agriculture, Forestry and Fisheries

Fig. 6 Relative deer population density at six sites in Yakushima.
Solid squares indicate estimated population densities in two
lowland natural forests (50–200 m a.s.l.) almost free of plantations
in August 2001 (Agetsuma et al. 2003). Solid circles indicate the
estimated densities in the autumn of 2004 (Agetsuma et al.,
unpublished data) and open circles indicate the number of detected
deer per observation day in the autumn of 1994 (Ohsawa et al.
1995) at four sites including plantations at middle altitudes (300–
700 m a.s.l.). Sites with higher disturbance ranks have as more
areas of younger plantations. Disturbance ranks 1–5 come from
Hill et al. (1994)

Fig. 7 Population change in roe deer (Capreolus capreolus) after
the establishment of conifer plantations (rewritten from Gill et al.
1996). The solid line indicates the density estimated by the
hypergeometric maximum likelihood method, and the thin line
indicates the density based on the minimum number of known deer.
Years after plantation are approximate values. Population density
rapidly decreases around 15 years after intensive conifer plantation
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Research Council et al. 2003; Hakusan Nature Conser-
vation Center 1995). These factors have induced popu-
lation eruptions of pest species. These provide the basis
for adopting pest control as measure of this problem.
Here, I examine the validity of these factors and their
applicability to the case of Yakushima.

Extinction of wolves and decrease in numbers
of wild dogs

The Japanese wolf (Canis lupus), a natural predator of
herbivores, became extinct in 1905 in Japan. Generally
in Japan, it is presumed that wolves regulated the
number of deer and monkeys to ‘‘adequate’’ densities
through predation. Consequently, the wolves must have
served to limit the impact of these herbivores on crops
and natural vegetation. Without their influence, herbi-
vore populations would have erupted and completely
destroyed vegetation (e.g., Stockton 2005; Peterson
1999). However, the effects of wolves on herbivore
populations and their impact are not simple. Skogland
(1991) reviewed the effects of predators on large herbi-
vore populations using data from long-term studies.
That study concluded that predators rarely regulate
herbivore populations. Wolves may decrease deer when
deer populations are small or decreasing, but they can-
not limit large or increasing populations (e.g., Skogland
1991; Messier 1991). In fact, on Hokkaido Island (ca.
78,000 km2) of Japan, more than 100,000 deer were
hunted per year around 1870 when wolves still inhabited
the island (Kaji 1995): therefore, the deer population
must have been several times greater than 100,000,
which would be far above the ‘‘eruption level’’ set by
Hokkaido Prefecture (2002).

Some studies have reported that reintroduced wolves
have decreased the feeding pressure from deer on natural
vegetation (e.g., Ripple and Beschta 2004). However, it
has also been pointed out that wolves may force deer to
modify their range usage (Dussault et al. 2005), and
consequently they relieve the intensity of the deer feed-
ing pressure on vegetation in a particular location. In
this sense, behavioral changes (i.e., functional response)
of deer induced by wolves would be more important
than the decrease in the numbers of deer through pre-
dation (i.e., numerical response). Moreover, some stud-
ies have shown that deer populations are regulated
naturally without wolves and hunting, and that they do
not unnaturally influence vegetation and nutritional
cycles of soils very much, or even facilitate them (e.g.,
Singer et al. 1998; Boyce 1998).

Another large herbivore inhabiting Japan, the Japa-
nese serow, has also lost its natural predator. In addi-
tion, in most places, the government passed laws
prohibited serow hunting and control in 1934. There-
fore, serow populations should have erupted since then
without predation and hunting pressure. The population
of this species did indeed increase until the 1990s.
However, since then its population density has decreased

in various places (e.g., Nawa and Takayanagi 2001;
Koganezawa 1999). There has been speculation that the
decrease in the serow population is caused by severe
competition with the increasing numbers of deer (e.g.,
Koganezawa 1999), but this seems unlikely, as decreas-
ing tendencies are also apparent in areas without deer
(e.g., Wildlife Workshop 2003; Miyazawa, unpublished
data).

No large or middle-sized carnivores inhabited
Yakushima originally (Environment Agency 1984).
However, deer and monkeys have sustained their
populations in forests which have a great diversity of
plant species, including many endemic species (Tagawa
1994). Therefore, it is probable that some natural reg-
ulating mechanism functioned in Yakushima to sustain
the forest ecosystem. For these reasons, wolf extinction
does not seem to be a self-evident cause of the popu-
lation eruptions of pest species in Japan. Moreover, the
smaller body sizes of deer and monkeys in Yakushima
are somewhat suggestive. Both deer and monkeys in
Yakushima have smaller body sizes than other sub-
species in Japan (Izawa et al. 1996). This feature may
evolve under food limitation without predation (Kay
1998).

It has been anecdotally pointed out that a decrease in
the number of wild dogs may have relaxed the limit on
the deer population. However, if wild dogs perform
similar functions to those of wolves, they are equally
unlikely to regulate the deer population. The number of
wild dogs seemed to increase from the late 1990s in the
natural forest of Yakushima as the deer population
recovered (Agetsuma, personal observation). In this
sense, the wild dog population may be supported by the
deer population, and their population dynamics might
simply track those of deer.

Decreased snowfall due to global warming

Another factor might be a decrease in snowfall, attrib-
utable to global warming. Snowfall can be a limiting
factor on herbivore populations (Skogland 1991). Heavy
snows can result in a considerable decrease in popula-
tion size. If snowfall decreases as a result of global
warming, herbivore populations may increase sharply.
However, we should note that global warming may not
result in increases in the mean annual temperature; it
may also increase the frequency of extreme weather (e.g.,
Sanchez et al. 2004), which might cause very severe
winters. For example, many observatories in east Hok-
kaido have measured record snow depths since 2000
(data from the Japan Meteorological Agency). Espe-
cially in early 2004, 17 of the 36 observatories measured
the heaviest snow depths in their recorded histories
(which varied from 20 to 110 years depending on the
observatory). Subsequently, deer populations seemed to
decrease in 2004 (Fig. 8). However, the Hokkaido Pre-
fectural authorities concluded that the data taken in
2004 must be underestimates (information from Hok-
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kaido Prefecture). Anyway, in 2005, the population
recovered to or maintained their size at 2003 levels. It
has been pointed out that expanding conifer plantations
offer refuge to animals from snowfall (Kaji 1995).
Therefore, the habitat structure might be a very impor-
tant factor for deer populations, even in relation to the
effects of snow. In the winter of 2005/2006, various
places in Japan had their greatest ever recorded snow-
falls (data from the Japan Meteorological Agency).
Forthcoming data may confirm the impact of snow on
wildlife populations.

The recent decreased levels of snowfall cannot ex-
plain the decline in the serow population. They tend to
inhabit snow-filled areas and should be influenced by
snow to a much greater extent than deer. In addition,
heavy snows cannot be expected in warmer areas,
including the middle to low altitudes of Yakushima. The
number of days with snowfall per year in lowland
Yakushima did not change much from 1939 to 2005
(0.36 day/year: 1939–1949; 0.70 day/year: 1950–1959;
2.33 day/year: 1960–1969; 0.56 day/year: 1970–1979;
0.60 day/year: 1980–1989; 0.20 day/year: 1990–1999;
1.00 day/year: 2000–2005), and the maximum snow
depth was 2 cm (data from the Japan Meteorological
Agency). The trend for the snowfall in the middle alti-
tudes is likely to be similar.

Expansion of grasslands

The expansion of the artificial grasslands has been in-
ferred to cause population eruption. Grasslands were
often established after large-scale logging. Such grass-
lands produce more food for herbivores than do natural
forests: they might therefore engender population
eruption. However, the production is higher for 10–
15 years at most; production then decreases rapidly to
lower levels than those of natural forests for a much
longer period (Fig. 1). Food conditions worsen there-
after, and population size may be limited by this lower
production.

Forest roads were constructed during forest devel-
opment. Some grassland strips occur at the roadsides.
However, at the same time, plants cannot grow on the
road surface itself or on concreted slopes around the
road. Therefore, road construction has both positive and
negative effects in terms of food production. Because
roadside vegetation will also show successional change,
the positive effects will decrease with time since con-
struction. The forest roads also may not then have a
great effect on the deer population, although they may
exert some influence on the habitat use of individual
animals.

The development of pastures yields much food for
herbivores. However, for most parts of Japan, excluding
Hokkaido Island, pasture areas are trivial (7% for
Hokkaido, but 0.7% for other parts of Japan: data from
The Ministry of Agriculture, Forestry and Fisheries) in
comparison to the area of forested lands (71% for
Hokkaido and 66% for other parts: data from the
Forestry Agency). Also, in Yakushima, the area of
pasture is less than 0.1% (Kagoshima Prefecture 2005),
and that of the forest is 91% of the total area of the
island (Kagoshima Prefecture 1992). For this reason,
this factor may only be applicable to some limited areas
that have many pastures. Even in such areas, habitat
deterioration by logging and conifer plantations must be
considered when gauging food conditions.

Some grasslands have been created unintentionally
around farms. Such grasslands might attract wildlife and
induce crop raiding. However, this influences habitat
structures and range usage of animals rather than pop-
ulation eruption, even though increased population
densities might occur in limited areas.

Decrease in the number of hunters

The number of registered hunters has decreased (Inter-
nal Affairs and Communications Agency 1992) con-
comitant with changes in social fashions in Japan. This
is presumed to be a factor that explains the burgeoning
populations of deer and monkeys (e.g., Tsuji 1999; Ha-
kusan Nature Conservation Center 1995). About 30
professional hunters lived in Yakushima around 1950
(Kamiyaku Town 1984), but few professional hunters
reside there now. Members of hunter associations in

Fig. 8 Deer population and agricultural crop damage in the east
part of Hokkaido Island, Japan. The gray line indicates the
estimated deer population and the solid line indicates the amount of
crop damage. The population size in 1994 was estimated at 200,000
by the Hokkaido Prefecture (2002). The populations in other years
were calculated by averaging four relative density indices presented
by the Hokkaido Pref.; sightings per unit effort from hunters
(SPUE), density estimates from aerial surveys in main wintering
places (three places for 1993 and 1996–2001, one place for 2002–
2004), detection rates per 10 km of census routes, and those in main
wintering places. Missing data were ignored. Since 1995, deer
fences for protecting crops have been gradually elongating (over
3,000 km by 2003: Agriculture, Forestry and Fisheries Research
Council et al. 2003; data from Hokkaido Pref.)
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Yakushima have also decreased (data from the Kago-
shima Prefecture). However, we should note that hunt-
ing pressure cannot be assessed simply by the number of
hunters. Hunting equipment and transportation (e.g.,
guns, transceivers, forest roads, automobiles, etc.) have
improved considerably over the last 50 years. On the
other hand, hunting skills and experience have likely
declined, and hunting regulations have also undergone
changes. Past hunting pressures on wildlife populations
have not been adequately evaluated in Japan. Data
reflecting the number of hunted animals exist in many
areas in Japan, as shown in Yakushima (Fig. 3c,d).
However, the task of interpreting these data is a complex
one. Large numbers of hunted animals do not always
imply strong hunting pressure on wildlife populations,
because far more animals may remain alive, and vice
versa. Notwithstanding, if the numbers of animals
hunted were large over a long period, large animal
populations would have to have been present to permit
the steady supply of so many animals.

Deer hunting was strictly limited in Yakushima in the
eighteenth century. Deer were controlled goods within
the Shimazu Domain. People could not hunt deer freely
(Kamiyaku Town 1984). In a particular village, deer
hunts were conducted only three times each winter sea-
son. As a result, even in recent times, people eat venison
only a few times per year (e.g., Kamiyaku Town 1984).
Therefore, no proof exists that hunting pressure on deer
or monkeys has ever regulated their populations in
Yakushima. However, past hunting pressure should be
examined more carefully by gathering as much local
information as possible.

The need to seek other factors

Many Japanese researchers and administrators have
inferred that the main cause of crop raiding is an
‘‘unnatural increase’’ in pest species because of the fac-
tors described above. Consequently, they may affirm
that humans must control their numbers to ‘‘natural’’ or
‘‘adequate’’ levels to protect crops or even to conserve
natural ecosystems. However, pest control measures
have proved incapable of decreasing crop damage from
various species of wildlife in various places. Direct
control of wildlife has not mitigated their crop damage,
implying that the factors that cause the problem have
little to do with the mere number of animals involved.
Nevertheless, so much emphasis has been placed on the
mammal population eruptions that other factors and
measures have not been seriously examined. It is there-
fore worth examining other factors and mechanisms of
crop raiding from completely different points of view.

The putative factors mentioned above, excluding
decreased hunters, could be adapted for limited areas or
for limited wildlife species in Japan. However, agricul-
tural crop raiding by various species increased across
subtropical regions and cool temperate regions in Japan
during the 1980s and 1990s (e.g., Agetsuma, 1999a). For

this reason, it is reasonable to seek factors that are
generally applicable to crop raiding that can be adapted
to various areas and to various species.

Relation between crop raiding and habitat
transformations

Large-scale loggings of natural forest and transforma-
tions to monotonous conifer plantations occurred at
similar times all over Japan (Japan Federation of Bar
Associations 1991). Furthermore, the reconstruction of
the structure of the landscape in forests and farm areas
would have changed resource allocations for wildlife
during the period when the Japanese industrial structure
was changed. Such land use changes produce long per-
turbations that trigger changes in wildlife ecology.
Therefore, this factor is applicable to all of Japan and to
myriad pest species. In fact, a positive relation exists
between the areal occupancy of conifer plantations and
crop damage by deer in the Hyogo Prefecture (Sakata
et al. 2001). In addition, crop damage by monkeys was
high in places with 40–50% areal occupancy by conifer
plantations (Japan Society for Preservation of Birds
1988). These imply negative influences of plantations on
crop raiding.

In Yakushima, crop raiding increased rapidly for
several years after 1980 for monkeys, and around 1990
for deer (Fig. 3c,d). However, because of the deteriora-
tion of food conditions after logging and conifer plant-
ing during those periods, their populations might have
been lower than before intensive logging began. There-
fore, wildlife population eruptions cannot explain the
onset of intensive crop raiding. Some ecological and
behavioral changes of animals are likely to cause crop
raiding. If this was not the case, more crop raiding
should have occurred previously (i.e., in the 1950s),
when more animals inhabited the area and when much
larger farm areas existed, than in the 1980s (Fig. 5).
Moreover, it is impossible to explain the increased rates
of crop damage at the beginning (mean 65% per year
from 1976–1981 for monkeys, and mean 46% per year
from 1990 to 1993 for deer; Fig. 3c,d) merely by popu-
lation increases in pest species. Population growth rates
of intensively provisioned monkeys are 10–14% (Oita
City 1977). Those of deer without predation and hunting
are reported to be 15–20% at most (e.g., Hokkaido
Prefecture 2002), although a 36% increase was observed
in one year after a population crash on Kinkazan Island
(The Nature Conservation Society of Japan 1991).

Sometimes unclear or even reverse relationships be-
tween herbivore population densities and damage to
crops, forestry and natural vegetation have been re-
ported in Japan (e.g., Oi and Suzuki 2001; Ochiai 1996;
Sakata et al. 2001), although the damage is commonly
presumed to correlate with population densities (e.g.,
Suda and Koganezawa 2002; Hokkaido Prefecture
2002). In Yakushima, damage rates among wild plant
species and plant individuals relative to deer density
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were much higher in plantation areas than in natural
forests (e.g., Mupemo et al. 1999; Agetsuma et al. 2004).
In east Hokkaido, damage caused to agricultural crops
by deer increased rapidly during 1993–1998, even
though the deer population was relatively constant
(Fig. 8). Sakata et al. (2001) pointed out that some
places with lower deer density receive greater crop
damage and vice versa. Ochiai (1996) also suggested that
damage of plantation trees by serow begins before their
density increases. These empirical data and various
other instances suggest that some functional responses
(shifts in ecological strategies) play important roles in
impacts on crops and vegetation, rather than simply the
density of wildlife. We must note the importance of such
functional responses and the ecological plasticity of
wildlife if we are to understand and control their im-
pacts. Attention must also be paid to the historical
contexts of habitats and wildlife populations, not merely
their current conditions (Gill et al. 1996).

The reasons why animals change ecological strategies
and how they do so have never been seriously studied,
but they can be explained as adaptations to fluctuations
in habitat to some extent. Different ecological strategies
have been understood as adaptations to habitat stability
and unpredictability (e.g., Begon et al. 1986). Such
adaptations explain interspecific differences in ecology.
Similarly, the same species, and even the same individ-
uals, within their respective ranges of capability, must
change their ecologies in response to changes in habitat
stability. Mammals have broad plasticity based on large
behavioral repertoires with high abilities to learn and to
physiologically adapt. These characteristics can allow
them to shift their ecological strategies quickly upon
great perturbations in habitat. In a fluctuating environ-
ment, generalist characteristics will be more adaptable
than specialist characteristics. Therefore, mammals will
tend to widen acceptable food species and ranges, and
disperse to new areas in order to adapt to an unpre-
dictable environment. As a result, they will tend to visit
farmlands (novel places) and start to feed upon crops
(novel foods). In addition, animals in less predictable
environments will try to maximize their fitness within a
short time frame because of the uncertainty over future
benefits (e.g., Timberlake et al. 1987). Furthermore,
optimum foraging theory (e.g., Charnov 1976) and
experimental studies (e.g., Kacelink and Cuthill 1987;
Agetsuma 1999c) show that animals facing lower food
availability or dispersed food resources tend to feed
longer at one food resource. These features engender
intensive consumption of certain resources or resources
in certain places, thereby causing intensive damage to
crops and vegetation. These shifts in ecological strategies
may be induced by large-scale transformations in habitat
structure, which result in large perturbations.

Pest control must be an additional disturbance for
wildlife populations. However, they seemed to have
adapted to constant control pressures over the last 20–
30 years in Yakushima because they have been able to
continue damaging agricultural crops even under these

pest control pressures (Fig. 3c,d). They may have re-
tained their population size because similar control ef-
forts since the 1980s have presumably resulted in a
constant number of monkeys being controlled each year
(Fig. 3c). If the size of the population of raiding mon-
keys has been constant (at 1,600–3,100 hd; Yoshihiro
et al. 1998) since 1984, the population growth rate to
compensate for the controlled animals (300–600 per
year) would need to be very high compared to the
intensively provisioned population growth rate (10–14%
per year; Oita City 1977), even though that population
size might be underestimated. Muroyama (2003) re-
ported that monkeys that depend on agricultural crops
year-round have birth rates as high as those of inten-
sively provisioned monkeys. However, most raiding
monkeys in Yakushima seem to feed on crops (oranges)
for limited seasons.

Changes in landscape structure in forests and farm
areas would facilitate crop raiding. In Yakushima’s
middle altitudes, highly productive broad-leaved forests
have been transformed into low-productivity conifer
plantations (Fig. 3b). On the other hand, at lower alti-
tudes, low-productivity treeless lands have reverted to
broad-leaved forest or have been transformed into
farmland (Sprague, unpublished data). The altitudes
associated with the production of resources for wildlife
has changed inversely from middle-to-low altitudes to
low-to-middle altitudes. Similar landscape changes are
also apparent in other parts of Japan that are suffering
from crop raiding (Agetsuma 2006). These changes in
landscape structure encourage crop raiding and make it
difficult to defend crops. Morino and Koike (2006)
analyzed proximate environmental factors around or-
ange orchards that influence crop raiding by monkeys in
Yakushima. They showed that intensity of crop raiding
was negatively correlated with the distance from large
forest patches, and positively correlated with distance
from wide roads. Therefore, appropriate landscape
management could decrease crop raiding by wildlife,
although it may not always promote ecological function
around farmlands (Agetsuma 2006).

Habitat disturbances and changes in landscape
structure that induce functional responses of wildlife will
be important contributing factors to crop raiding. Even
if population eruptions occur in some cases, distin-
guishing simple population recoveries from unnatural
population eruptions must be very difficult; we note that
it is accompanied by a shift in ecological strategies to
large environmental perturbations. Takatsuki (1996)
pointed out that pest control is only a tentative measure
for crop raiding and that habitat rehabilitation is
strongly required as an essential measure.

To confirm such shifts in ecological strategies and
functional responses of mammals to habitat distur-
bances, we must analyze more histories of the distur-
bances wildlife have sustained in relation to their
impacts on crops, forestry and vegetation. There must be
many sources of empirical data throughout Japan, al-
though they may not be perfect, because intensive forest

399



development and crop raiding have occurred in many
places. Moreover, research into the responses of indi-
vidual animals to disturbances will provide much
information on the shifts in their strategies.

Rehabilitation of ecological functions through
land use management

Natural forests provide more stable environments with
temporally and spatially diversified resources for various
wildlife species than do artificially developed areas.
These ecological functions help maintain the original
ecologies of wildlife. Without them, wildlife will change
diet selection, range use, dispersion, demography, etc.,
to have ‘‘pioneering’’ ecologies in order to adapt to large
perturbations. This shift in ecological strategies may
result in functional responses to disturbances. Species
that cannot shift their strategies will falter numerically
or become extinct. In fact, the strongest thread linking
endangered species is habitat transformation (Hilton-
Taylor 2000). In this sense, crop raiding and biodiversity
loss express different aspects of the same ecological
function losses. Therefore, habitat management (i.e., the
rehabilitation of ecological functions and the reorgani-
zation of landscape structures) should have positive ef-
fects on both problems (Agetsuma 1995c, 1998, 2006).
Nevertheless, few studies have been conducted from this
point of view. The specific functions and processes
needed to conserve wildlife ecology in forest ecosystems
must be determined for taking actual measures against
crop raiding.

Destruction of natural vegetation by deer has been
reported in several parts of Japan, including Yaku-
shima, as being a serious environmental problem
(Yumoto and Matsuda 2006). To resolve this problem,
we should note first that most natural vegetation has
already been disturbed by forest transformation.
Large-scale forest transformation deprives the original
habitat of various plant species as a direct effect.
These transformations may encourage deer to damage
vegetation as a side effect. Therefore, habitat rehabil-
itation is required in order to conserve vegetation and
natural ecosystems.

Presuming that there is an ‘‘ideal’’ or ‘‘expected’’
relationship among wildlife, vegetation and humans to
conserve an ecosystem, we must devote careful attention
to the relationships between them before performing
heavy logging and planting. Most of our scientific
knowledge of the dynamics of wildlife and forests has
been obtained since the large transformations of the
forests. Meanwhile, wildlife and plants have endured
continual disturbances and have adapted to them. In
more stable environments, or their original environ-
ments, they might show different dynamics and rela-
tionships. Attempts to conserve ecosystems and
maintain ecological functions and services should make
use of the many clues provided by the relationships
among wildlife, natural vegetation and human activity

that occurred before the great forest transformations
(Agetsuma 2005).

This study specifically addressed natural processes of
agricultural crop raiding by wildlife in Japan. However,
adaptations of society to this problem (through socio-
logical, economic and political processes) also play an
important role when elucidating the problem and pre-
scribing its solution (Agetsuma 1999b).
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