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Abstract

Paddy fields are known to serve as alternative wetland habitats for a range of
aquatic and semi-aquatic wildlife that once inhabited floodplain wetlands. However,
modernisation of agriculture led to loss of biodiversity in Japanese paddy fields.
Implementation of wildlife-friendly farming is considered effective means to restore
paddy field biodiversity and to revitalise depopulated rural communities. Sado Island
(Niigata Prefecture) in central Japan was designated a Globally Important Agricultural
Heritage System site in 2011. Sado is known for its island-wide wildlife-friendly
farming practices using crested ibis (Nipponia nippon) as a wildlife icon. Typical
wildlife-friendly farming practices include reduction or omission of agrochemicals
(chemical pesticides and fertilizers) and creation of wildlife habitats, such as winter
flooding practice and diversion ditch implementation. In this presentation, I will
introduce a novel method to assess cost-effectiveness of wildlife-friendly farming by
integrating ecological and economic analyses. I will subsequently introduce an
experimental study evaluating the effects of different water management practices on
amphibians, spiders and macroinvertebrates in agrochemical-free (organic) farming.
Based on these results, organic farming with diversified flooding practices in the
winter—spring period is recommended to enhance aquatic and terrestrial animal diversity,

which in turn, may lead to promotion biological control by natural enemies.

Keywords: Globally-Important Agricultural Heritage System (GIAHS), Biodiversity,

Organic farming, Water management, Rice farming
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Introduction

Paddy fields are known to serve as alternative wetland habitats for a range of
aquatic and semi-aquatic wildlife that once inhabited floodplain wetlands (Natuhara
2013, Usio 2015). However, biodiversity in paddy fields are threatened in many parts of
Monsoon Asia, due to the overuse of agrochemicals (i.e. chemical synthetic pesticides
and fertilizers), land consolidation and changes in farmland management practices. In
Japan, considerable attention has been given to wildlife-friendly farming (Usio 2015).
Wildlife-friendly farming is typically performed with reduction or omission of
agrochemicals or creation of wildlife habitats. Increased attention has been given to
effectiveness of wildlife-friendly farming on paddy field biodiversity.

Sado Island (Niigata Prefecture) in central Japan provides an ideal place for
evaluating the effectiveness of wildlife-friendly rice faming. In 2008, a reintroduction
programme for the crested ibis (Nipponia nippon) started on Sado Island. At the same
time, the Sado City government introduced Toki Brand Rice Certification Initiative to
rice agriculture using the crested ibis as a wildlife icon. Owing to sustainable ecological
restoration activities of Satoyama landscapes using crested ibis as a wildlife icon and
indigenous culture influenced by Aikawa gold and silver mine, Sado City was
designated a Globally Important Agricultural Heritage System (GIAHS) site in 2011. In
addition to reduction or omission of agrochemicals during the rice cultivation period,
prolonged flooding practices, such as winter flooding, early-spring flooding and
unimplementation of midseason drainage have also attracted attention to promote paddy
field biodiversity.

Through the island-wide surveys of over 390 paddy fields across heterogeneous
landscapes on Sado Island, our research team has previously shown that agrochemical
reduction and fallow flooding were major practices influencing macroinvertebrate
diversity in summer, while water coverage and diversion ditch implementation were
major factors affecting macroinvertebrate diversity in winter (Usio et al. 2015).

In this presentation, I will first introduce a novel method to assess
cost-effectiveness of wildlife-friendly farming through integration of ecological and
economic approaches. Because agrochemical-free farming (hereafter termed organic
farming) was most cost-effective in enhancing a rage of biodiversity indicators, I will
subsequently introduce an experimental study that tested whether different water
management practices differentially affect amphibians, spiders and macroinvertebrates

in organic farming.
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Methods
Cost-effectiveness of wildlife-friendly farming

Biodiversity surveys were performed using terrestrial plants, aquatic plants,
wandering spiders (on levees), web-spinning spiders (on rice plants), zooplankton and
aquatic maroinvertebrates as biodiversity indicators in 18 paddy fields in Kuninaka
Plain on Sado Island (Fig. 1). Four types of paddy fields were selected with 4-5
replicates each: 1) organic farming with winter flooding practice, 2) herbicide farming
with winter flooding practice, 3) agrochemical farming with winter flooding practice, 4)
agrochemical farming without winter flooding practice (conventional farming).
Taxonomic richness or abundance of dominant taxa were determined in the four types
of paddy fields.

To evaluate the difficulty of implementing each wildlife-friendly faming practice, a
questionnaire survey was performed. The questionnaire was mailed to all 5,010 farmers
on Sado Island. To quantify the relative difficulty of implementing each of
representative wildlife-friendly farming practices, the best-worst scaling approach was
employed (Finn and Louviere 1992), a simple evaluation technique used in the field of
environmental and resource economics.

Cost-effectiveness was calculated based on effectiveness (taxonomic richness or
abundance of biodiversity indicators) and cost (difficulty of implementing farming

practice).

Effects of water management practice on amphibian, spider and macroinvertebrate
diversity

Using 12 experimental paddy fields, a 1.5-year experimental study was performed
in 2011-2012 that tested the effectiveness of prolonged flooding practices on paddy
field biodiversity (Fig. 2). A 2 x 2 factorial design (with and without midseason
drainage and winter-spring flooding practice) was adopted with 3 replicates each in a
completely randomised design. Macroinvertebrates, web-spinning spiders and

amphibians (egg mass) were used as biodiversity indicators.
Results and discussion

Cost-effectiveness of wildlife-friendly farming

As a result of the questionnaire survey (response rate: 44.5%) and the best-worst

scaling, organic farming was considered the most difficult practice while winter



flooding was regarded the least difficult practice. Nevertheless, organic farming turned
out to be most cost effective in terms of enhancing a range of biodiversity indicators. On
the other hand, winter flooding practice alone was not cost-effective despite its

wide-spread implementation across Sado Island.

Effects of water management practice on amphibian, spider and macroinvertebrate
diversity

Effectiveness of prolonged flooding practices on aquatic and terrestrial animals
were variable depending on taxon. Macroinvertebrate taxonomic richness, total
macroinvertebrate abundance and the abundance of five major macroinvertebrate taxa
(Odonata, Ephemeroptera Heteroptera, Gastropoda, and Coleoptera) were greater in
paddy fields without than with midseason drainage. Although the abundance of
Nematoda and Oligochaeta in winter were greater in paddy fields with than without
winter-spring flooding practice, the abundance of Odonata larvae was less in paddy
fields with than without such practice. For Spiders, the abundance of Tetragnatha was
greater in paddy fields without than with midseason drainage. The egg masses of
montane brown frog (Rana ornativentris) and Japanese black salamander (Hynobius
nigrescens) were more numerous in paddy fields with than without winter-spring
flooding practice.

Overall, unimplementation of midseason drainage leads to enhance aquatic
macroinvertebrate diversity and Tetragnatha abundance in summer. In contrast, the
effects of winter-spring flooding practice were variable depending on taxonomic groups
and season; amphibians (egg masses) were positively influenced, Tetragnatha spiders
showed no measurable effect and the responses of macroinvertebrates were variable

depending on taxon.
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Implications for wildlife-friendly farming
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Despite the difficulty of implementation, organic farming turned out to be most

ﬁ cost effective in enhancing a range of biodiversity indicators. When implementing

%’Jg organic practices, flooding practices should be diversified in the winter—spring period to
B  enhance a range of aquatic and terrestrial animals, which in turn, may lead to promotion
% of biological control by natural enemies. If possible, midseason drainage should be

5= avoided in organic farming. When midseason drainage is inevitable, water should be

%  kept at a minimal depth to avoid complete desiccation of paddy sediments.
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Fig. 1. Diagram of integrated ecological and economic analyses in cost-effectiveness
calculation. A natural experiment was conducted with 4 treatments comprising 1)
organic farming + winter flooding (WF), 2) herbicide farming + WF, 3) agrochemical
farming + WF and 4) agrochemical farming without WF (conventional farming) in a
total of 18 paddy fields (45 replicates each). Economic analysis was based on a

questionnaire survey (2,231 farmers) with the best-worst scaling approach (Tsuge et

al 2015).
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Objective

» To test effects of prolonged water
management practices on aquatic
and terrestrial animals

2 x 2 design (3 replicates)

» Organic farming
Midseason drainage

(MD)

+ -
Winter-
spring T |VSF+MD+ WSF+MD-
flooding
(WSF) — |WSF-MD+ WSF-MD-

Fig. 2. Plan of 12 experimental paddy fields. A manipulation experiment was
performed with or without winter-spring flooding practice and midseason drainage
with 3 replicates each in a 2 x 2 factorial design. The experiment was conducted in

2011-2012.
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Natural experiment Questionnaire

(18 paddy fields) (2,231 farmers)
e : 0,92%% 0?‘?:% -

Organic+WF
Herbicide + WF :
@ Agrochem+WE

. Agrochem -WF
(Conventional)

Economic
analysis

Cost-
effectiveness

Rl 1~ BE4 2 g@A Tt 22e3 3 En AR # % U T o fAAJE & 18 &
fem AIE R R (1) R FRk - QX AR 2K ()
BECEEFTERIZER-@DERECFEPITRL ZER(BRPTFS
FABEILMAT]SKEA ) EFRASPFUREAE (2231 =R ) 2 Rtk it

BRI F (Tsuge ef al 2015)



Objective

» To test effects of prolonged water
management practices on aquatic
and terrestrial animals

2 X 2 design (3 replicates)

» Organic farming
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