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We have determined the ideal size range
for a TBS for farmers (G.R. Singleton and
Sudarmaji, unpublished data), but not the
optimum spatial distribution of these in the
landscape. Although there was much
variation between seasons in the extent of
the halo of protection provided to crops by a
TBS+TC, we recommend that a 25 x 25 m
TBS would significantly reduce rat damage
in the surrounding 10-20 ha of rice crop.
Therefore, at a village level we suggest that
one TBS+TC would be sufficient for every 15
ha of rice crop. This recommendation has not
been tested.

The spatial distribution of physical
methods for controlling rat numbers is an
important issue given the ability rats have to
re-colonise areas where their densities have
been reduced. In rice fields, rats move
hundreds of metres in a night, especially
once the developing crop reaches the
booting stage (Singleton et al. 1994; P.
Brown, pers. comm.). To reduce this ability
of rats to compensate for control activities,
management needs to be approached
initially at the village level and then at the
district level. A good extension program
with strong grower participation is
fundamental for a community-based control
campaign to be successful (FAO 1997).

At the village level, the spatial
distribution and number of TBS sites will not
simply be determined by the area of land
under rice production. Important
considerations will be how rat populations
respond to:

P the heterogeneity of the habitat (the
seasonal dynamics in habitats where rats
can take safe refuge and/ or breed);

P the degree of asynchronous planting of rice
crops; and

P thevariety of other crops grownin thearea.

This information requires detailed
studies of the population ecology and
behaviour of Rattus argentiventer and good
documentation of farming practices. There
are some data available on the first two dot
points. For instance, banks along the
margins of rice fields and the banks of the
major irrigation canals provide important
habitats for rats to take refuge in during non-
breeding seasons, and for rats to nest and
breed in after the crop reaches the maximum
tillering stage (see Leung et al., Chapter 14).
Also, the breeding season of R. argentiventer
is linked to the reproductive stage of the rice
crop (Lam 1983; Murakami et al. 1990).
Therefore, asynchronous planting of
neighbouring crops will extend the breeding
season of rats. Although we require more
detailed knowledge of the population
ecology and biology of R. argentiventer, what
we already know has had an important
influence on the development of
management strategies for this species. Our
efforts to manage this species would be
considerably strengthened if we had a better
understanding of the processes that
influenced whether a rat did or did not enter
a trap of a TBS. Towards this end, we need to
develop a better awareness of the
behavioural responses of rats to a TBS+TC
and of the factors that may influence this
response.

CONCLUDING REMARKS

In closing, the biggest hurdle facing the
successful use of physical methods for
managing rodent pests is the ability of
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rodent populations to compensate for
reductions in population size through
immigration, increased survival and/or
better breeding performance. The early
studies of Davis (1953) clearly demonstrated
the ability of rat populations to recover to
original levels following poisoning
operations. Similarly, H. Leirs (pers. comm.)
has shown that a 50% reductionin a
Mastomys natalensis population, through the
use of chemical rodenticides, has little
impact on the yield loss of crops. However,
sustained harvesting of rats from a
population can lead to the collapse of that
population, presumably because of a decline
in the age structure of the breeding
population (Davis and Christian 1958).
Together, these studies indicate that one-off
uses of physical control, especially when
rodent densities are high, may have little to
no impact on rat populations. In contrast,
sustained use of physical control methods
over an appropriate spatial scale may be
both cost effective and environmentally
sustainable.

Two methods which warrant further
study are the use of TBS+TC and the targeting
of bounty seasons at appropriate times of the
year. The timing of the latter needs to be
dictated by our understanding of the
population biology of the rat rather than the
phenology of the crop. For both methods,
success will revolve around coordinated,
synchronised actions at a village or district
level and their ability to be adopted as part of
an integrated approach to rodent
management (see Singleton 1997;
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Leung et al., Chapter 14, for discussion of
other actions).

How the use of physical barriers plus
traps has evolved in our endeavours to
manage the rice-field rat highlights the
imperative of having sound ecological
studies in progress before embarking on
broad scale management programs of a
rodent pest (Leirs et al. 1996; Singleton 1997).
Further population studies of rodent pests
are planned for Indonesia, Vietnam and Lao
PDR, and they will complement our
progress towards optimising the use of trap
barrier systems and trap crops.
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INTRODUCTION

RANDT’S VOLE (Microtus brandti)
B is a major rodent pest in the

grasslands of Inner Mongolia,
especially in the typical steppe of the Xilin
Gele region. It can cause problems in an area
of up to 20 million ha or 75% of this region.
The populations of Brandt’s vole fluctuate
remarkably, with positive feedback indicated
by 2-3 years of low density after a period of
high density. Each vole can eat 40 g of fresh
plant material per day and in high-density
years, with up to 1,384 individuals/ha, 15—
44% of grass production can be consumed by
voles (Zhang and Zhong 1981). The diet of
Brandt’s voles is similar to that of sheep and
cattle (Wang et al. 1992), so it is an important
competitor of livestock.

Brandt’s voles live in social groups and
dig complex burrow systems with up to
approximately 5,616 holes/ha in high-
density areas (Zhong et al. 1985b). Because
voles excavate large amounts of soil, they
accelerate erosion and desertification in
grasslands.

Poison baiting is the traditional approach
to controlling Brandt’s vole in the Inner
Mongolian grasslands. Although this
sharply reduces the density of voles, the
remaining resident animals have high
survival rates because there are more
resources available to them (Dong et al.
1991). The pregnancy rate increases and
voles become mature earlier, leading to the
rapid recovery of the Brandt’s vole
population (Yang et al. 1979; Zhou et al.
1992). Its relative abundance in the rodent
community recovers within four months
(Hou et al. 1993). Chemical control is applied
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nearly every year but pest problems also
occur each year in a “pest outbreak —
chemical control — pest outbreak’ cycle.
This approach is not only expensive and fails
to provide a long-term solution, but it also
results in heavy environmental
contamination. A new non-polluting,
economically efficient technique, offering
effective long-term control, is urgently
required for the management of Brandt’s
vole. Major advances will depend on
ecological studies (Barnett 1988).

The habitat of rodents is determined by
many attributes of the plant community,
such as the distribution and spatial pattern
of plants, the proportions of edible and
inedible plant species, and changes in
phenology, biomass, cover and species
composition. All of these influence the
composition and dynamics of rodent
communities. On the other hand, the
animals’ activities also change the
vegetation.

We have investigated the number of
species and the diversity and heterogeneity
of plant and rodent communities in five
types of steppe in the grassland of Inner
Mongolia (Zhou et al. 1982). The results
showed that the rodent and plant
communities are closely connected (Table
1). The diversity index of the rodent
community is correlated with the diversity
index of the plant community (r = 0.972,

p < 0.01) and that the heterogeneity index
of the rodent community is also correlated
with that of plants (r = 0.905, p <0.05). Also,
we have investigated the plant-rodent
community in different stages of the same
type of grassland (Wang et al. 1997; Table
2). The changes in the a-diversity index of
the plant community and rodent
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(a)

(b)

Plant community

Aneurolepidium chinense

Stipa krylovii

Artemisia frigida

Aneurolepidium chinense

Cleistogenes squarrosa

Artemisia frigida
Potentilla acaulis
Cleistogenes squarrosa

Planta annua

Plant community
Stipa Kkrylovii

Artemisia frigida
Cleistogenes squarrosa

Stipa krylovii
Artemisia frigida
Cleistogenes squarrosa

Heteropappus altaicus
Artemisia frigida
Salsola collina

Planta annua

Lightly over-grazed

Heavily over-grazed

Excessively over-grazed

Lightly over-grazed

Heavily over-grazed

Excessively over-grazed

Rodent community

Cricetulus barabensis
Citellus dauricus
Ochotona daurica

Ochotona daurica
Cricetulus barabensis
Citellus dauricus

Microtus brandti

Meriones unguiculatus

Rodent community

Citellus dauricus
Ochotona daurica

Ochotona daurica
Citellus dauricus

Microtus brandti

Meriones unguiculatus

Figure 1.

The impact of grazing by livestock on the plant-rodent communities at (a) Xilin Hot (43°25’N, 116°41’E;
annual precipitation 350-400 mm) and (b) the Kelulun River (49°25’N, 116°42’E; annual precipitation

250-300 mm) in the typical steppe of Inner Mongolia (from Zhong et al. 1985a).
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In degraded grasslands, the biomass of
families in the Compositae, Rosaceae and
Chenopodiaceae increase, all of which are
the preferred food of the Daurian pika
(Ochotona daurica) (Zhong et al. 1983). The
vegetation of this stage also provides
suitable cover and food for storage for the
Daurian pika (Wang et al. 1998). With
heavier grazing pressure, the height and
cover of vegetation is reduced, the
availability of food and shelter becomes
unsuitable for the pika, its abundance
decreases and its dominant position is taken
by Brandt’s vole. This degenerative stage is
the preferred habitat of Brandt’s vole and
populations increase quickly and reach high
densities (Zhong et al. 1985b). With
excessive grazing, soil becomes susceptible
to erosion and Planta annua becomes the
main component of the plant community.
Brandt’s vole is displaced by the Mongolian
gerbil (Meriones unguiculatus) and eruptions
of this species can occur (Xia and Zhong
1966; Zhong et al. 1983).

Degradation of grassland is facilitated by
the digging and feeding activities of Brandt’s
vole. Groups of voles occupy complex
burrow systems. They often excavate soil
when they repair their burrows, especially
when constructing 3—4 storerooms per
burrow system in autumn. As each
storeroom is about 1.1 m long and 120 mm
high, large volumes of new soil are
mounded on the soil surface beside burrow
entrances. Burrow systems can have up to 36
holes covering some 14 m?, of which 9 m?
can be covered by fresh soil (Zhang and
Zhong 1981). Around the burrow systems,
the production of fine-grazing grasses such
as Aneurolepidium chinense, Stipa grandis and
Cleistogenes squarrosa decreases by 20%, 86%

and 83%, respectively, and Artemisia scoparia,
Artemisia frigida, Carex duriuscula and Keoleria
cristata increase to 60% of total plant
production. The result is that Brandt’s vole
facilitates the degeneration of pasture for
livestock.

HABITAT SELECTION OF BRANDT’S VOLE

There are no recorded cases of rodent pest
problems in natural grassland or in areas
subject to low grazing pressure. Outbreaks
of Brandt’s vole usually occur only in
degraded pasture.

In natural pasture, the location of water
sources, such as rivers, influences the
grazing pressure of livestock. In one study
(Zhong et al. 1985a) pasture within 3 km of a
river suffered excessive grazing pressure.
The area 3-8 km from the river showed
moderate degradation, while the area 8-13
km from the river showed slight
degradation. In the Kelulun River region, the
production of herbs was 36% or 53% lower,
and the density of Brandt’s vole 3.6 or 0.9
times higher, in a heavily degraded area
compared to a moderately degraded area
(Zhong et al.1985a; Table 3).

Other research has reported a similar
relationship between the density of Brandt’s
vole and the condition of the plant
community (Liu 1979). A further
investigation was conducted in a livestock
resting site that was no longer used (Zhong et
al. 1985b). Table 4 shows that in May 1974 low
plant cover was associated with a high
density of Brandt’s vole, indexed by the
number of holes/ha, whereas in August an
increase in the height and cover of plants,
mostly through rapid growth of Aneuro-
lepidium chinense and Allium anisopodium,
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Te
Col « t _tyofB vole and the vegetation condii ons ts habitat. Data :given as
: n PR B S ).
| vey B () C: 1 (%) r , «fBre “t's vole
(X + SE) (X++F) (Animals/ha)
(X * SE)

12.92 + 0.89 36.40+2 11 308.31 4 21.36
13.82 £ 0.95 52.00- 2.55 339.36 £ 23.31
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(i

0304, p > 0.05).”

s result is supported

some areas to reduce problems

iused by

by the data in Table 8 which show the rate of
¢ hange in the height of herbs (c.g. A chinense)
and the percentage changes in tne density of
voles.

Mhere is a significant co ticient of
corelatio between these two variables of —
0,917 indicating a very significant correlative
relationship. e conclusion is that the
density and height of vegetation in the habitat
of Brandt’s vole trongly infle ~ ¢ 5 its social
bohaviour; e, anincreased heig it of
vy, Mation decrease  the fitness o1 “randt’s
vole so that the popuiation density of the vole
dec eeses sharplv. s iggests that fencing,

and pasture manager v teould be used in
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Brandt’s vole. As a guide, the density of voles
was low where the height of vegetation was

90 mm but high where vegetation height
was 30-130 mm.

The suppressive effect of vegetation
growth on the abundance ot Srandt’s vole
takes effect from spring to autumn. However
the most important factor influencing the
surviva of voles in winter is their store of
foud (Zhong 1996). As A. frigida is the largest
component (44-71) of stored food ( hou et
al. 1988), pasture management such as
fencing that diminishes production of
A. frigida, will also reduce the over-winter

survival of voles.
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biomass of A. chinense in mosaics I and Il was
2.87 times and 7.96 times that of the biomass
in the non-burrow area, respectively.
Productivity of a mosaic could exceed the
productivity of the surrounding area in three
months, with a considerable increase in the
biomass of fine grazing grass such as

~ A. chinense in the mosaics.

The ecological management of the
vegetation was economically efficient with
an increase of 530 kg /ha of dry matter
produced in 1987 and an investment:income
ratio of 1:7. 1988 was a wet year, with 1,753
kg/ha more dry herbs harvested, and the
investment:income ratio was 1:8.8 (Zhong et
al. 1991). By comparison, 1989 was the worst
drought year in 29 years. Productivity was
increased by 123 kg/ha at harvest that year
and the investment:income ratio equaled
1:2.7. Over the three years from 1987-89, the
average investment:income ratio was 1:7. In
summary, good ecological management not
only stopped the damage caused by Brandt’s
vole but also enhanced the productivity of
the grassland.

DiscussIoN

Heavy grazing pressure by livestock causes
degradation of grassland in Inner Mongolia,
with different rodent pests occurring at each

different degenerative stage. At the same
time, the rodents’ devouring and digging
activities aggravate the degradation of the
grassland, i.e. there is positive feedback
between damage caused by rodents and the
degeneration of grassland that can lead
ultimately to desertification (Figure 2).
Coordinated management of livestock,
grasses and rodents is required to break this
vicious cycle.

The main aims of an ecological approach
to controlling rodents in grasslands are
economic benefits, minimal or no use of
rodenticides to avoid chemical
contamination of the environment, and a
long-term solution brought about by
decreasing the carrying capacity of rodents.
To achieve this, we have studied the
ecological management of both M. brandti
and O. daurica simultaneously (Zhong 1996)
from 1991 to 1996.

Detailed ecological studies of pest species
are needed before ecological management is
applied: the life history of a pest species
must be understood for identifying weak
links. For example, stored food is the most
important factor influencing the survival of
rodents during the long and cold winters in
the grassland of Inner Mongolia. Decreasing
the available storage food for rodents could

Heavy grazing by livestock ——————~ Degradation of grassland ~e———

Rodent pests

Figure 2.

Schematic diagram showing the interactions of livestock and rodents in grasslands. Overgrazing by
livestock can degrade grasslands to a level that will be maintained indefinitely by rodent pests.
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remarkably suppress the growth of rodent
populations (Zhong 1996).

We used exclosures to adjust the pressure
and duration of grazing by livestock. This
resulted in the recovery of degraded
grassland and a decline of the density of
Brandt’s vole. This result could be achieved
in other ways. The cost of building fences
could be saved by moving herds of livestock
alternately between different areas based on
well designed grazing plans, effectively
employing ‘formless exclosures’. As well,
irrigation and the use of fertiliser are
effective means of accelerating the recovery
of degraded grassland (Zhong 1996). Rapid
recovery of vegetation can quickly suppress
Brandt’s vole, preventing future
degradation with economic savings in the
long term.

The need for livestock to have access to
water results in uneven grazing pressure
and degradation of grassland near rivers.
Grazing pressure near rivers can be reduced
by digging wells to change the pattern of
herding livestock and make full use of grass
resources distant from rivers.

Dicotyledons are the main component of
rodents’ stored food for winter. Fencing to
exclude livestock can decrease the biomass
and proportion of dicotyledons in the plant
community. In addition, we sowed
monocotyledon seeds to increase the
proportion of fine-grazing grass in fenced
areas, with encouraging results (Zhong
1996). Another practice is to plough the
grassland. Roots of A. chinense and S. grandis
are extensive and easily cut to promote
tillering. The result is an increase in the
biomass and proportion of these fine-
grazing grasses in the plant community
(Zhong 1996).
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Future research will be directed towards
the strategy of ecological management at the
landscape level. Myllymaiki (1979) reviewed
the landscape characteristics that could
create conditions favourable for rodent
plagues, and others that tend to prevent
outbreaks. Some references suggest that
characteristic changes of landscape would
influence movement, competitive
interaction, predation etc. of mammals in
this habitat (Lidicker 1995).

Our approach to ecological management
is not simply habitat modification. The main
features of habitat modification are removal
of basic life needs (food and water) from
rodents and rodent proofing (Fitzwater
1988) using techniques such as clearing
weeds quickly after crops are harvested,
spraying 2,4-D herbicides to reduce pocket
gopher’s (Thomoys talpoides) favourite food
and hence decrease their activity (Keith et al.
1959), planting buffer crops which pests
prefer and setting up physical barriers.
These techniques can eliminate rodent pests
but may have deleterious effects on other
vertebrate species that share the same
habitat (Howard 1988), and they are usually
expensive. Ecological management comes
from systematic view, based on ecological
studies, using natural forces to target weak
links in the life history of a pest species. The
aim is to take careful consideration of
relationships with other species and the
environment, while using existing
equipment to save money and exploring
new ways to enhance production.

Although we have achieved effective
ways to manage Brandt’s vole and the
Daurian pika simultaneously (Zhong 1996),
many improvements are still demanded.
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Future study will continue to apply
ecological principles to pest management.
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