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rasshoppers and dragonflies scat-

ter as Atushi Ushimaru steps gin-

gerly along the banks of a terraced 

rice paddy. The paddy margins are 

a tapestry of plants, among them 

dozens of vulnerable and near-

threatened grassland species. The 

ecologist with Kobe University 

points out one showy example: an 

endangered relative of the sunflower found 

only in this part of central Japan and on Shi-

koku Island, a couple hundred kilometers 

away. The major threat it faces: In Japan, 

small, traditionally managed rice paddies 

like these are themselves endangered.

In this tiny valley, about half the farm-

land is abandoned, the once-meticulously 

manicured paddies turning into unkempt 

terraces overrun by vegetation. As Japan’s 

population shrinks and dietary prefer-

ences shift, demand for rice is dropping. 

Nationwide, the area planted with rice has 

declined by half since the early 1960s, with 

many remote, difficult-to-farm paddies go-

ing to seed as elderly farmers retire and 

part-timers simply give up. 

One might assume that fewer humans 

would mean more nature. But Ushimaru has 

documented how these isolated rice terraces 

are unexpected hot spots of biodiversity. As 

more such paddies across Japan are aban-

doned, he says, many rare plants and insects 

that have coexisted with Japanese farming 

for millennia, including the sunflower rela-

tive (the yaburegasamodoki), are likely to fol-

low traditional farmers into extinction. 

As Japan’s rice paddies go fallow, biodiversity suffers—
raising questions about rewilding strategies the world over

By Dennis Normile, in Kobe, Japan

NATURE FROM NURTURE
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Japan is embarking on an unprecedented 

experiment as the human footprint on its 

territory shrinks. Its population could drop 

from a 2008 peak of 128 million to 86 mil-

lion by 2060, according to one government 

projection. And that population is increas-

ingly concentrated in cities. In some rural 

prefectures, one in 10 houses is empty, and 

local governments are demolishing thou-

sands of derelict schools and other munici-

pal buildings.

Much of the country’s 

former farmland has been 

consumed by suburban de-

velopment, but since 1961, 

276,000 hectares have sim-

ply been allowed to revert 

to nature. The Ministry of 

Agriculture, Forestry and 

Fisheries forecasts that an-

other 120,000 hectares will 

be taken out of production 

in the next decade. What 

happens in Japan “is very 

important and instruc-

tive for many areas of the 

world, even those coun-

tries that are not shrink-

ing at the national scale 

but may be experiencing 

regional shrinkage,” says 

Peter Matanle, a sociologist 

at University of Sheffield in 

the United Kingdom who 

studies Japan’s population decline.

Japan offers a vivid case study in an on-

going debate: whether allowing farmland 

to revert to nature is a boon to biodiversity 

or actually harms it. “Farmland abandon-

ment is changing rural landscapes world-

wide, but its impacts on biodiversity are 

still being debated in the scientific litera-

ture,” Cibele Queiroz, an ecologist at Stock-

holm University and colleagues noted in 

Frontiers in Ecology and the Environment 

in July 2014 after reviewing 276 papers on 

the topic. In Europe and North America the 

picture is mixed. But in Japan, Ushimaru 

and others are finding that as farmland 

abandonment continues and the human 

touch recedes from rural landscapes, spe-

cies will suffer. 

MANY CULTURES nurture romantic vi-

sions of an idyllic pastoral past, when farms 

coexisted peacefully with nature. In Japan, 

this notion is captured in the satoyama, or 

“mountain village.” The archetype is a clutch 

of traditional wooden buildings nestled in a 

forested valley surrounded by rice paddies, 

vegetable plots, orchards, and pasture. 

But at an accelerating pace since the 1960s, 

traditional farming has come under pres-

sure. Paddies have been consolidated and 

farmed more intensively. And now, demo-

graphic and dietary shifts are picking up 

steam: In 2011, for the first time, Japanese 

households on average spent more on wheat 

products—bread and pasta—than on rice. 

Rice consumption has fallen from 118 kilo-

grams per person per year in the early 1960s 

to 58 kg in 2013, and the population itself is 

now shrinking. (Wheat fields are not replac-

ing the dwindling paddies, because most 

wheat is imported.) The decline in rice culti-

vation may accelerate because of the Trans-

Pacific Partnership trade deal, expected to 

be ratified within a couple years, which 

would gradually open Japan’s protected rice 

market to imports.

Researchers and farmers have long la-

mented the decline of satoyama. But in the 

past 15 years, Ushimaru says, a new genera-

tion of researchers has begun documenting 

the impact on biodiversity. With few excep-

tions, the studies point in one direction. 

Writing in the Journal of Insect Conserva-

tion in 2011, Yasuhiro Nakamura, execu-

tive director of the Japan Butterfly Conser-

vation Society in Tokyo, called the loss of 

satoyama ecosystems the “main cause” of 

steep declines in butterfly populations over 

40 years. In another example, Kazuhiro Ka-

toh, a landscape ecologist at the Open Uni-

versity of Japan in Chiba, and colleagues re-

ported in Biological Conservation in 2009 

that the gray-faced buzzard—“vulnerable” 

on Japan’s Red List of Threatened Spe-

cies—nests in forests in close proximity to 

paddies and grasslands, where it preys on 

frogs, insects, and rodents. Degradation of 

any of those key ecosystem components 

hurts the buzzard. And in more than two 

dozen reports since 2000, Susumu Yamada 

of the University of Tokyo has concluded 

that “paddy weed communities are declin-

ing with intensification and abandonment 

of agricultural activities.”  

Ushimaru has set out to unravel why tra-

ditionally managed paddies create habitat 

for so many species. Paddies are rimmed 

by banks so that they can be flooded and 

drained. Since time immemorial, farmers 

have encouraged wild grassland plants to 

grow on the banks because 

the roots stabilize the soil. 

They mow the banks two or 

three times a year to keep 

the vegetation in check. 

Mowing ceases when farms 

are abandoned, and is scaled 

back when smaller plots are 

merged into large fields. 

Ushimaru’s team compared 

insect species richness in 

abandoned, traditional, and 

large paddies and concluded 

that the periodic mowing 

encourages diversity in the 

grassland plants that, in 

turn, support an array of 

butterflies, dragonflies, and 

grasshoppers, the group re-

ported in Ecological Mono-

graphs in 2014.

Ushimaru believes this 

grassland diversity is rooted 

in history. In the 2012 book 

Grasslands and the Japanese, Ushimaru and 

two colleagues noted that early Japanese, 

like many primitive peoples, periodically set 

fires to create and maintain grasslands that 

first made hunting easier and later provided 

fodder for livestock. The scorched landscape 

paved the way for colonizing plants. Later, 

as rice cultivation displaced the seminatural 

grasslands, those plants and  their depen-

dent insects and birds adapted to thrive in 

the paddy environment. 

The terraced paddies that march up 

hillsides provide especially rich habitat. 

Reaching the terraces here near Kobe takes 

a 30-minute hike up a narrow road that 

winds through dense forest—a reminder 

that feudal-era villagers tried to hide pad-

dies from tax collectors, who took a share 

of the rice crop. These high terraces are of-

ten nutrient-poor, because fertilizer washes 

downhill—a condition that favors some wild 

plant species. Ushimaru has found that 

rare plants are more common in the upper 

reaches of terraced paddies than in consoli-

dated or abandoned fields. 

Abandoned rice terraces in Japan are soon overrun by vines and other invaders that crowd 

out grasses and weeds adapted to the paddy environment.

For millennia, Japan’s farmers have encouraged 

vegetation to grow on terraced rice paddy banks to 

stabilize the soil. Many of the plant species are now 

found nowhere else.
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Paddies also provide wetland habitat that 

has disappeared elsewhere, Ushimaru says; 

Japan has filled in many of its natural wet-

lands and confined streams to rock-lined 

channels. Studies of birds highlight the im-

portance of these artificial wetlands. A team 

led by Naoki Katayama, an ecologist at the 

National Institute for Agro-Environmental 

Sciences in Tsukuba, has found that aban-

doned farmland is a boon to grassland birds, 

with larger numbers and a greater variety 

of warblers and other species. But wetland 

birds—the most threatened group in Japan—

are losing out. The researchers found fewer 

egrets, herons, and other wetland species in 

abandoned and consolidated fields than in 

traditional paddies, particularly during the 

summer breeding season. 

The lack of diverse, undisturbed eco-

systems near the abandoned paddies means 

that they are slow to revert to historically 

natural conditions, Ushimaru and others 

say. Neglected paddies are initially colonized 

by a few hardy species such as the aggres-

sive kudzu vine and an invasive goldenrod 

from North America. “The low level of biodi-

versity may persist for decades,” Katayama 

says. And the surrounding forests, home to 

other species that could succeed the first 

invaders, are a shadow of their old selves. 

Once a diverse mix of trees and shrubs, 

these forests are now mostly cedar, which 

leaves little sunlight for understory plants, 

Matanle says. And they are now choked by 

an invasive bamboo from China.

Japan’s rewilding experience may fore-

tell what’s coming elsewhere. “Japan is a 

pioneer for a more generalized Asian ex-

perience,” Matanle says. China and South 

Korea are both undergoing demographic 

shifts, changes in diets, and farmland in-

tensification. Terraced rice paddies in Chi-

na’s rural hillsides “are being abandoned as 

young people leave for the cities,” says Yu 

Ping, a photographer who is documenting 

the impact of depopulation on China’s vil-

lages. Some researchers are predicting im-

pacts on biodiversity similar to those seen 

in Japan, though there is little relevant re-

search yet. In Europe, too, many eco logists 

believe that traditional agricultural prac-

tices coevolved with flora and fauna over 

millennia; the loss of small farms, they say, 

imperils this biodiversity. 

By contrast, in the Americas and Oceania 

the arrival of European agricultural prac-

tices over the last several hundred years is 

seen as “very harmful to local biodiversity,” 

Queiroz says. There, many researchers be-

lieve, abandoned farmlands will revert to 

pre-European pristine conditions and al-

low biodiversity to thrive. “In these places, 

agricultural abandonment provides an op-

portunity for the native landscapes to re-

cover,” Queiroz says. 

Henrique Pereira, a biodiversity ex-

pert at the German Centre for Integrative 

Biodiversity Research in Leipzig and an 

editor of the 2015 book Rewilding Aban-

doned Landscapes in Europe, argues that 

the prevailing view of traditional agricul-

ture underestimates the damage it did to 

biodiversity and the environment. In some 

instances, he concedes, it might be desir-

able to maintain an agricultural landscape 

to preserve particular species. However, “at 

global scales, this is rarely needed,” he ar-

gues. “Rewilding is a management strategy 

that should be considered in any situation 

of large-scale abandonment.” 

Japanese researchers disagree. Turning 

paddies back into forests would have little 

payoff, they say, because Japan already 

has plenty of forested habitat, while many 

species on paddy edges are threatened by 

habitat loss. “I am fearful that rewilding 

will increase the extinction probability of 

many farmland species in Japan,” Katayama 

says. Pereira concedes that “any strategy for 

large-scale rewilding of rice paddies should 

involve the restoration of wetlands.” This 

would be difficult, Japanese researchers 

say, because development has wiped out so 

many of the country’s wetlands.

Meanwhile, demography is steadily work-

ing against the satoyama and the species 

they host. At the hidden terraces near Kobe, 

Ushimaru says, the youngest farmer working 

the paddies is about 60. None of their chil-

dren or grandchildren is interested in the la-

borious occupation. “I don’t see a solution to 

this problem,” Ushimaru says sadly. ■ To
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Japan’s gray-faced buzzard, listed as vulnerable to extinction, preys on creatures that thrive near traditionally farmed paddies, including rodents and   the Japanese brown frog.

Fewer paddies, fewer mouths
Declining rice consumption and an aging, shrinking population are together whittling down the area of active 
farmland in Japan, from a peak of 6.1 million hectares in 1961 to 4.5 million hectares in 2015. The Ministry of 
Agriculture estimates that an additional 120,000 hectares could be taken out of production in the next decade.

Published by AAAS


