






































Impact of rodents versus insects on food products stored in Mossi 
(Burkina Faso) and Bambara (Mali) regions 

Traore Sadiol, Moctar Keita2, Yves Papillon2 and Bruno Sicard2 

I Institut d'Economie Rurale, BP24 I, Bamako, Mali 
2 Laboratoire de mammalogie, Orstom, BP84, Bamako, Mali 

Except in a few cases, damage by rodents has only very seldom been quantified in 
Soudano-Sahelian West Africa, In order to obtain data in this field, we sought to 
quantify rodent damage in attics in Mali and Burkina-Faso, In each of the two 
selected areas (Sapogo, about 80 km from Ouagadougou in Burkina Faso; Djoliba 
about 50 km from Bamako in Mali), a study was carried out in 8 attics (4 attics in 
bush and 4 attics in villages) in February and August. In each attic, boxes were used 
in order to distinguish damage caused by insects from those caused by rodents. These 
boxes comprised 4 compartments, each contained a different food product cultivated 
in the two study areas (groundnut, millet, red sorghum and white sorghum). A first 
type of box was manufactured with openings of 5 x 5 cm, allowing access by both 
rodents and insects. A second type of box was manufactured with openings of 5 x 5 
cm sealed by a fine netting, allowing access to insects only. The third type of box was 
manufactured with openings sealed by a very fine netting in order to estimate the 
effect of humidity on food weight. At the end of this study, captures were carried out 
in order to identify rodent species which caused damage. 

The results obtained enable us to analyse the importance of the impact of rodents, 
compared with that of insects, in the two study regions. We can also consider damage 
according to the types of grains, the place of storage (bush or village), and the sea­
sons. These results allow us to make some proposals concerning storage of food 
products in the Soudano-Sahelian region. 

Rodent management in rice fields of Thailand 
Kornkaew Suasa-ard, Sermsakdi Hongnark, Yuvaluk Khoprasert and 

Puangtong Boonsong 
Agricultural Zoology Research Group, Division of Entomology and Zoology, Department of 

Agriculture, p.o. Box 9-34, Bangkok, Thailand 

Rice(Oryza sativa L.) is the most important economic crop in Thailand. Rodents for­
merly caused serious damage to rice crops. Thc damage assessment performed by the 
Agricultural Zoology Research Group (AZRG), Division of Entomology and Zool­
ogy, Department of Agriculture in 1976-77 revealed that, in all parts of Thailand, on 
average 6.9% of rice was damaged. During 1980-1990 investigation focused on 
rodent management in rice. It was a time when the Thai-German Rodent Control 
Project was set up to develop a rodent control strategy in rice. The objective of this 
paper is to provide an overview of investigations on rodent management in rice fields 
of Thailand such as investigation on important species of rodents, seasonal variation 
of rodent density, crop loss assessment and efficacy of rodenticides both in labora­
tory and in rice fields. The results of these investigations were integrated in rodent 
control strategies implemented of communication system to farmers. Since that time 
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damage in rice has dropped to 1.5% on average of all regions of Thailand. This 
assessment was performed by AZRG during 1990-1993. Moreover, a primary inves­
tigation on potential use of the protozoan Sarcocystis singaporensis as a biological 
control agent for biological control of rodents in rice fields will be included. 

Studies of integrated rodent control in the broken Loess plateau 
gully region 

Ting-Lin Wang, Zhen-Dong Ning, Bo Zou, Wen-Ying Chang and Ke-Gong Wang 
Institute of Plant Protection, Shanxi Academy of Agricultural Science, Taiyuan, Shanxi 

Province 030031, China 

A regional integrated management system to control rodent pests was ecologically 
assessed in the broken Loess plateau gully region. 

According to the frequency of occurrence of the rodents at different times and places, 
different specified management practices were used. Key techniques of the system 
included the following. 

1. Selection of the chemical rodenticide, improvement of baiting techniques and of 
the application methods of the chemicals involved. 

2. Rationalised use of the trap apparatus to catch the remaining rodents but without 
damage to the surrounding growing plants. 

3. Utilisation of agricultural methods to control the number of rodents. 

4. Environmental management and ecological measures to control the damage 
caused by the rodents is stressed. 

5. Protection and utilisation of the natural enemies of the rodents and development 
of regulation through ecological links. 

6. The economic threshold of the main rodent species was studied in order to 
increase the scientific basis for making policy decisions about rodent control. 

Initially, chemical control and capture methods reduced the population density of 
rodents. Later, methods such as agricultural methods, ecological engineering and 
natural enemies were used to prevent the rodent density from recovering. This man­
agement system was carried out between 1992-1995 in a 13 km2 area of Xixian, 
Shanxi Province and achieved good results. 

An introduction to the anticoagulant rodenticide, diphacinone 
sodium salt 

Liang-Sheng Zhang 
Dalian Chemical Experimental Factory, Dalian, 116113, China 

Dalian Chemical Experimental Factory (PRC) is the only factory in China produc­
ing the anticoagulant rodenticide, diphacinone sodium salt. a product with excel­
lent efficacy for rodents but low toxicity for human beings and livestock. The 
product has been used throughout the country for many years and is highly appreci-
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ated by the users for experimental and practical purposes. It has now become the 
leading rodenticide in the country. In 1996 the product was approved by the V.S. 
Environmental Protection Agency to enter the V.S. market and its efficacy has 
been proven in use. 

Description of diphacinone sodium salt. 

1. Yolk-coloured powder, odourless and tasteless. 

2. Purity is 90%, soluble in ethyl alcohol, acetone and hot water, insoluble in 
benzene and toluene; solubility in water is 5%. 

3. Noncorrosive, stable and suitable for long-term storage, no obvious melting 
point. When powder is exposed to I 07-208°C, the colour changes from yellow to 
red. When exposed to 325°C, it decomposes. 

4. It can be widely used to kill mice and rats in such places as houses, grain depots, 
chicken and cattle raising farms, stables, threshing grounds, food-processing fac­
tories, wharves and even ships and trains. It can also be used to poison rats in such 
areas as dry farmland, riee fields, forests, wasteland and grassland. 

Characteristics of diphacinone sodium salt: 

1. Strong effect. The chemical content of poison baits for mice or rats in the house 
or in the field is generally between 0.025-0.05%, with a maximum of 0.1 %. 

2. Low toxicity for human beings and livestock, but rabbits and cats are sensitive. 

3. Excellent killing capacity, mortality rate is between 90-100%. It is a slow-acting 
poison. 

4. Bait uptake by rats is high. 

5,. If accidental consumption of the poison occurs, an injection of the antidote, vita­
min K 1, can be administered. 

The rodent problem in farming areas and progress in its control in 
China 

En-Lin Zhu. Ping Li and Feng.Le Wang 
National Agro-Technical Extension and Service Center, Ministry of Agriculture, 

Beijing, China 

About 30 species of rodents occur commonly in farming areas in China. The 
important species are Apodemus agrarius, Cricetulus {riton, Myospalaxjontanieri, 
Rattus loseu, R. norvegicus and Mus musculus. Population densities of these 
species have increased gradually since the beginning of the 1980s, and the damage 
caused in crops and grain storage has become an increasing problem, particularly 
for farmers. Since the 1990s, more than 25 Mha of crop have been damaged by 
rodents and this has affected about 150 million farmers. The grain losses caused by 
the rodents have been estimated at about 10 Mt/year. In 1983 the Chinese Govern­
ment began to enhance the implementation of rodent pest control programs. The 
Ministry of Agrieulture established the rodent-monitoring network, has strength­
ened research and has extended the integrated pest control methods for rodents. In 
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addition, a nationwide, united action for rodent control was carried out in the 
spring and autumn seasons. As a result. crop losses have significantly decreased 
with effective control of the rodents. 

This paper discusses rodent occurrence and the progress of rodent pest management 
in the past 15 years and the potential for a more serious rodent pest infestation result­
ing from changes in cropping patterns. ecological factors and abnormal climatic con­
ditions. A sustainable rodent management strategy is suggested as follows: 

1. improve monitoring systems of rodent dynamics; 

2. implement unified action for rodent control at a community level; 

3. develop ecological and biological techniques for rodent control; 

4. extend the use of anticoagulant rodenticides to replace acute rodenticides; and 

5. promote training of extension staff at grass roots and farmer household level. 

Integrated rodent control measures in demolition areas in the city 
of Shanghai 

Long-Biao Zhu, Qian Ma and Hong Zhu 
Environmental Science Department, East China Nonnal University, Shanghai 200062, China 

This study investigated the implementation of integrated rodent control measures 
in demolition areas, comparing test and control zones. In test zones, the methods 
used were rodent killing, or a combination of rodent killing and prevention by 
improving the environmental sanitation. Three sites were chosen from different 
areas as test zones, and professionals were responsible for the environmental sani­
tation. At the first site, located at Changshou Road, rodent killing was attempted 
once only. At the seeond site, located at Jinjia Alley, a single rodent killing cam­
paign was implemented and a rodent-prevention zone was established. At the third 
plot, located in the Huahui demolished area, the killing measures were applied 
twice, once before moving the residents and then after demolition of the bUildings. 
A rodent prevention zone was also set up. In the eontrol zone, located in the Shang­
hai Timber Mill demolished area, no control measures were taken. The variation 
between rodent densities was measured within and around the demolition sites. 
Damage caused by rodents in the surrounding areas was markedly reduced. Never­
theless, in the eontrol zone, the rats increased by 5.07 times as measured by the 
powder track method, and inereased by 3.98 times when the feeding method was 
applied. The results show that whether or not measures are taken to kill rodents in 
the demolished areas, there are striking differenees in the intensities of rodent 
damage in the surrounding areas (powder track method: t = 17.21, P < 0.01; feeding 
method: t = 16.48, P < 0.01), 

The dominant rodent, Rattus flavipectus, comprises 41 % of the species in the 
demolition areas. If control measures were undertaken before demolition, and a 
rodent prevention zone was established, the surrounding areas experienced less 
damage than the control zone, or the areas where there was no rodent prevention 
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zone (t 3.94, P < 0.01). If the rodent kill control measures were undertaken twice 
and there was also a rodent prevention zone, the damage in surrounding areas 
decreased by 66%. Therefore, a rodent killing campaign launched before the evac­
uation of the residents as well as after the demolition of old buildings, together 
with the establishment of a rodent prevention zone, may effectively control the 
spread of rodents from demolition districts. 
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Symposium E 

Rodent chemical communication 

PLENARY LECTURE 

The olfactory world of the rodent 

Richard E. Brown 

Psychology Department, Dalhousie University, Halifax, Nova Scotia, Canada B3H 411 

Rodents live in an olfactory world and any attempt to understand rodent biology and 
management must understand the importance of olfaction for social behaviour, feed­
ing, learning and orientation in the environment. This paper reviews research on the 
role of olfaction throughout the life of the rodent. 

During prenatal development, the embryonic rodent is bathed in amniotic fluid, which 
imprints its odour on the infants. Olfaction is functional at the time of birth and infants 
are able to orientate to odours and make olfactory discriminations. Olfactory learning 
ability develops early in infancy and later the infants are attracted to the maternal 
odour, the odour of their littermates and to the odour of the food eaten by the parents. 

The development of attraction to maternal and littermate odours is a form of 'olfac­
tory imprinting' based on the genotype (MHC type) of the mother and siblings and 
on learned associations. After weaning, the young rodent learns to identify the sex 
and dominance status of other rodents by their odours and is able to learn food prefer­
ences and food aversions and to avoid predator odours. At puberty, rut odours 
develop and rodents learn by experience to discriminate sexually active from inactive 
conspecifics of the opposite sex. Odours are used for mate selection and the individ­
ual odours of mates are learned. Individual odours associated with dominant and sub­
ordinate conspecifics can also be learned. Following mating, females are able to 
discriminate between their own mate and an alien male, and mothers can discriminate 
between their own and alien infants by their odours. 

Odours can modulate the reproductive system, facilitating or inhibiting puberty and 
reproductive behaviour, and modulating pregnancy. Predator odours activate defen­
sive behaviours in rodents and rodents readily learn to associate odours with foods 
that make them sick, and they remember these odours for long periods. To orientate 
in their environment, rodents use scent marks. Thus, at each stage of their life, the 
social behaviour, food selection, and predator avoidance behaviour of the rodent 
depend on recognising and responding to olfactory stimuli. 
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Roles of gonadal hormones in the control of flank glands of rat-like 
hamsters (Cricetulus triton) 

Jian-Xu Zhang, Zu-Wang Wang and Zhi-Bin Zhang 
National Key Laboratory of Integrated Management of Pest Insects and Rodents in 

Agriculture, Institute of Zoology, Chinese Academy of Sciences, 19 Zhongguanchun Lu, 
Haidian, Beijing 100080, China 

Both male and female rat-like hamsters (Cricetulus tritan) possess a pair of flank 
glands that are imp011ant for chemical communication. A preliminary study of the 
influence of the steroid hormones, androgen and/or oestrogen, on the size and secre­
tion chemistry of flank glands of males or females was carried out. 

Intact males and castrated males with implants of testosterone had significantly 
higher blood testosterone concentrations than that of castrated males (p < 0.01). 
Flank glands were significantly smaller after castration than those of either intact or 
castrated males with implants of testosterone (p < 0.01). The secretion of flank 
glands from castrated males was less attractive to females (p < 0.01). From gas chro­
matographic (GC) analysis, it was found that there were fewer chemical components 
in the secretions. These results demonstrate that testosterone can stimulate the size 
and secretion of male's flank gland and alter the attractiveness of the male to the 
female. 

Intact females and ovariectomived females with oestradiol implants had significantly 
higher blood oestradiol concentrations than that of ovariectomised females (p < 0.0 I ). 
The flank glands were significantly increased after ovariectomy and were significantly 
larger than those of both intact and ovariectomised females with oestradiol (p < 0.01). 
The secretion from flank glands of ovariectomised females was more attractive to 
males (p < O.Q]) and GC analysis, showed the presence of more chemical components. 
These results demonstrate that oestradiol can decrease the size and secretion of the 
female's flank gland, and alter the attractiveness of the female to the male. 

It seems that similar components in the secretions of flank glands were stimulated by 
testosterone in males and inhibited by oestradiol in females. 

Influence of the vomeronasal organ on reproduction: 
chemosensory cues as potential regulators 

Charles J. Wysock! I, Linda H. Wysocki I , John J. Lepri2 and Maureen L. Tubbiola3 

I ~1onell Chemical Senses Center, 3500 Markct St., Philadelphia, PA 19104, USA 
2 Department of Biology, North Carolina State University, Greensboro, NC 27402, USA 

3 Department of Biology, University of Great Falls, Great Falls, Montana 59405 USA 

The vomeronasal organ (VNO) of rodents is a chemosensory structure in the nose. Its 
sensory neurones express genes for putative molecular receptors that are different 
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from those expressed within the olfactory epithelium. It is thought that these receptor 
proteins possess binding sites for chemical signals (ligands) that are species-specific 
pheromones and that these ligands elicit specific behavioural and/or physiological 
responses that have direct impact upon reproductive success of the organism. 

Aims: In a series of experiments, we set out to determine whether: (1) the urine of 
male prairie voles (lvficrOfUS ochrogaster) stimulates activation of the reproductive 
axis of female prairie voles, which allows successful mating to occur; (2) activation 
of the reproductive axis of female prairie voles is affected by chemical signals from 
male mice (Mus musculus); (3) the female's vomeronasal system within the brain is 
activated by exposure to the urine from male prairie voles, but is not activated by 
urine from male mice; and (4) the VNO of the female prairie vole is essential for 
detecting the signals in the male's urine that activate the reproductive axis to the 
point of successful mating. 

Methods: Unlike many other rodent species, the female vole does not have an oestrus 
cycle. Typically, the female's reproductive axis is quiescent and the uterus is unre­
markable. It can, however, exhibit a hypertrophic response to activation of the repro­
ductive axis. This can be measured by weighing the organ. Previous work 
demonstrated the importance of chemical signals for stimulating hypertrophy of the 
uterus. To determine whether a particular chemosensory stimulus activates neural 
pathways in the brain that are thought to carry relevant information, one can indi­
rectly measure, by immunocytochemistry. activation of neurons by monitoring the 
expression ofjos, a protein that is the product of early-immediate genes. Behavioural. 
e.g. mating, and/or physiological measures. i.e. hypertrophy of the uterus, to relevant 
chemical signals can be obtained from females who have an intact vomeronasal 
system or from females who lack the primary sensory affercnts of this system after 
surgical removal ofthe VNO. 

Results: (1) Urine from male voles activated the reproductive axis of females - uteri 
were hypertrophied, indicting that underlying hormonal pathways were stimulated. 
(2) The urine from male mice did not activate the reproductive axis of female 
voles-uteri were unremarkable. (3) The urine from male voles, but not from male 
mice. induced neural activity within the vomeronasal system of female voles-cells 
within specific brain regions that subserve the vomeronasal system stained positive 
for jos immunoreactivity. (4) Removal of the VNO from female voles impeded 
reproduction - most females failed to become pregnant, even during long-term 
cohabitation with males. 

Discussion: The vomeronasal system appears to be a critical component of successful 
reproduction in female prairie voles and other rodents. If the molecular receptors 
within the VNO can be isolated, expressed and manipulated. or the ligands that 
would normally interact them altered to produce antagonists, they could serve as 
additional potential targets or devices in developing approaches for managing pest 
species. 
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Odours, scent over-marking and mate preferences 

Robert E. Johnston 
Department of Psychology, Camel! University, Ithaca, N.Y., USA 

Odours are particularly well suited as sources of information about potential mates, and 
we know that animals can obtain information from other individuals about conspecifics 
versus heterospecifics, sex, reproductive state, social status, individual identity, kin 
versus non-kin, etc. More recently we have shown, using two-choice odour preference 
tests, that several species of rodents detect and respond differentially toward potential 
mates on the basis of (l) day-to-day changes in reproductive state, (2) graded changes 
in hormone levels, (3) seasonal changes in odours associated with changes in homlOnal 
condition, and (4) the quality of diet that has been consumed. From work in other labo­
ratories we know that preferences may also be based on relative similarity of the major 
histocompatibility complex, the degree of parasitisation, and other factors. 

In this talk I will review studies that suggest that scent marking behaviour may also 
provide information about the quality of a potential mate and that animals may use 
the extent and pattern of scent over-marks as a means of evaluating and preferring 
one individual over another. Scent over-marking occurs when one individual deposits 
its scent so that it at least partially covers the previous mark of another individual. 
The specific functions of scent over-marking have not been extensively investigated. 

Both golden hamsters, Mesocricetus auratus, and meadow voles, Microtus pennsyl­
vanicus, live solitarily during the breeding season. Home ranges overlap with several 
neighbours, and both males and females over-mark the scent marks of like-sex com­
petitors. Such over-marking may be a means of competing with particular rivals-Le. 
advertising oneself at the expense of the other individual. For an individual to contin­
ually keep its marks on top of one or more rivals should be energetically costly. Thus, 
over-marking would be an honest signal of vigour and phenotypic quality. Animals 
could use this only as a means to evaluate the relatively quality of two individuals, 
but if they could determine the identity of two or more individuals from an over­
mark, and furthermore if they could determine which individual had over-marked 
which other individual (that is, which individual had its marks on top). These abilities 
have not previously been demonstrated. 

I report experiments showing that after exposure to scent over-marks, animals (both 
golden hanlsters and meadow voles), show preferential memory for the top-scent of 
an over-mark. Investigations of how they do this suggest that they may use some as 
yet unknown cues from a region of overlap of two scents, and hamsters may also use 
the spatial arrangement of the two individuals marks. Surprisingly, they do not use, 
by itself, differences in scent age. We have also shown that, after exposure to scent 
over-marks of two opposite-sexed individuals. both male hamsters and male and 
female voles prefer to approach, investigate, and spend time near the individual that 
provided the top scent of the over-mark. Thus, hamsters and voles assess over-marks 
and prefer the top-scent individual; these preferences presumably reflect mate prefer­
ences. 
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These experiments emphasise the importance of scent over-marking for communica­
tion and competition between individuals. They also demonstrate previously 
unknown abilities of animals to analyse the topography of scent over-marks, and they 
suggest that these two rodent species use information contained in the pattern of 
over-marks to evaluate the quality of potential mates. 

The role of conspecific and heterospecific chemical cues in 
population dynamics-an experimental approach 

N. Yu Vasilieva 
Institute of Ecology and Evolution, Russian Academy of Sciences, 33 Leninskiy Prospect, 

Moscow, 117071 Russia 

Knowledge of the involvement of chemical cues on reproduction, a major factor 
influencing population dynamics, is restricted by conspecific odours. The aim of this 
study was to reveal a possible impact of odour cues on reproduction of model rodent 
species. Particular attention has been paid to heterospecific chemical cues such as 
odours of closely related species and unrelated species including predators. As the 
model species, hamsters of Phodopus genus and golden hamster (Mesocricetus aura­
tus) that vary in their level of sociality, and Mongolian gerbils (Meriones unguicula­
tus) were used. The data obtained showed that in spite of differences in social 
organisation conspecitlc odour cues strongly influence the rate of reproductive devel­
opment of juvenilcs. The chemical cues from closely related species were found to 
direct the rate of sexual maturation of juveniles to the same extend as conspecific 
ones. Odours of species of different genes were found ineffective in influencing the 
maturation ratc. In general, predator odours had a negative influence on breeding of 
all species studied, leading to suppression of the efficiency of reproduction and the 
rate of maturation of juveniles. However, from a long-term perspective such an influ­
ence may have a positive profound impact on survival rate and future reproduction of 
potential prey. These data show that chemical cues are important factors of popula­
tion dynamics in Cricetinae and Gerbellinae. 

Social environment in relation with the reproductive success of 
females in two vole species 

F.M. Rozenfeld, F. De Jaegere and A. Dobly 
Free University of Brussels, Behavioural Biology of Mammals, CP 160/12, 

50 av. F. Roosevelt, B 1050, Brussels, Belgium 

In western Europe, bank voles (Clethrionomys glareo/us) undergo seasonal popula­
tion fluctuations at relatively low local densities. Common voles (Microtus arvalis), 
on the contrary, undergo very high annual and pluri-annual population fluctuations 
and, in some years, they become a major agricultural pest. Ecological data indicate 
that during the breeding season, the social organisations of these two species mark­
edly differ. In bank voles, breeding females are solitary and hold exclusive territories 
while males form stable hierarchical groups. The home ranges of dominant males are 
larger than those of subordinates and overlap those of several females. 
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In common voles. most breeding females live in exclusive groups of2 to 6 and share 
large common burrows. The social position of males in relation to these groups is 
unknown. We hypothesised that differences in the reproductive success between 
females of these two species rely. at least partly. on their spacing behaviour and on 
the parental investment. The experiments reported here were aimed at testing this 
hypothesis under laboratory conditions. Unfamiliar and unrelated, non-breeding 
females as well as familiar and related females (mothers-and-daughters or sisters) 
were kept in pairs for several weeks in large complex enclosures provided with indi­
vidual artificial burrows. Their social behaviour was analysed throughout a reproduc­
tive cycle, from sexual quiescence to lactation. 

Unrelated female bank voles exhibited friendly behaviour until the middle of preg­
nancy, sharing the same nest. In late pregnancy, females became aggressive and soli­
tary. 

In common voles, spacing behaviour between unrelated females occurred in early 
pregnancy and was far more aggressive than in the former species. However, in most 
pairs of both species, the reproduction of one female was suppressed. 

In pairs of related female bank voles, pregnancy failure was far more frequent than 
among unrelated individuals. In contrast, in pairs of common voles, all related 
females did reproduce. These results strongly suggest that, in the field, grouped 
breeding female common voles are genetically related. 

The fine analysis of behaviour revealed that the exclusion from procreation did not 
result from mate selection by the male and suggested that, without any possibility of 
dispersion, stress and pheromones picked up during female-female contacts may 
interfere with the physiology of breeding. These effects could be one of the density­
dependent factors that may temporarily decrease reproductive success of females in 
the open, at high population densities. They may take place in groups of related 
female common voles but only in very crowded groups sharing the same burrows. 

Our very recent experiments suggest that differences in parental behaviour are 
another factor which may explain the high fertility of common voles. 

The role of predator cues in reproduction of Norway rats 
V.V. Voznessenskaya 

Institute of Ecology and Evolution, Russian Academy of Sciences, 33 Leninskiy Prospect, 
Moscow, J 17071 Russia 

The behaviour of prey can be changed dramatically by the presence of predator. Chem­
osensory detection may be an impOltant aspect of the predator-avoidance strategy of 
many mammals. Small mammals tend to avoid predator odours. Recent studies have 
sU'essed the potential of predator scents as natural repellents. Such odours have been 
used in the laboratory and in the field to repel herbivores and to reduce feeding damage 
to a variety of plants. Despite the increasing number of publications concerning the 
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problem of predator-prey chemical communication over recent decades, virtually 
nothing is known about how predator odour influences the reproductive status and 
reproductive success of prey. In our experiments we tested the efficiency of the action 
of chemical cues from sympatric and allopatric predators on reproductive status and 
final reproductive success of Norway rats. Urine from cats (Felis catus) kept on a strict 
meat diet, urine from coyotes (Canis latrans) and anal mink secretions (Mustela vison) 
were used as a source of predator chemical cues. The influence of predator chemical 
cues on a rat sexual behaviour and on the final reproductive success was evaluated in a 
number of tests. Mink secretions apparently caused an extension of the oestrus cycle 
for 4-12 days (1-3 complete cycles) when they were appl ied to the bedding of rats in 
metoestrus. However, the apparent expression of the effect may depend in part on the 
age of the secretions. Mink secretions also tended to be the most effective (among 
tested chemical cues) for suppression of male's sexual behaviour. Although rats 
responded to scents from allopatric predators, chemical cues from sympatric species 
tended to be more effective. Responses to chemical cues derived from non-native pred­
ators do not involve recognition of the predator as a species. They may be due to a 
common carnivore signal, sulfur-containing odorants, produced during the digestion of 
meat and fat. Removal of sulfur-containing compounds from the cat and coyote urine 
completely suppressed the behavioural response of Norway rats to these chemical sig­
nals. The total number of offspring of rats exposed to predator odours was considerably 
lower relative to control animals. Average litter size in the control group was double 
that of the experimental group. Exposures to predator odours also led to disturbances in 
sex ratio. The response of predator-naive laboratory rats to predator chemical cues and 
the failure to habituate to these signals can be interpreted as evidence that responses to 
these stimuli are innate. Exposure to predator odours for 48 hours after mating was suf­
ficient to produce effects on litter size and sex ratio. while the same length exposures 
during midgestational period did not produce negative effect. We propose the hypothe­
sis that predator urine affects hormonal mechanisms that regulate implantation of 
rodent embryos shortly after fertilisation. If predator odours act as reproductive disrup­
tors, these findings will pave the way to control rodent populations and their economic 
impact on agricultural production, without having to resort to toxic ants and other artifi­
cial chemical systems. 

Hierarchical structures, regulation of reproduction, odour 
preferences and susceptibility to diseases in groups of female 

common voles, Microtus arvalis 

s. Heise, F.M. Rozenfeld and A. Van Acker 
Universite Libre de Bruxelles, Dept. Biologie du Comportement des Mammiferes, Avenue 

Roosevelt 50, 1050 Brussels, Belgium 

At present, research on population dynamics of rodents lacks sufficient studies on 
female-female interactions. In species where females live in unisexual breeding 
groups, dominance-subordinate relationships may be one factor in regulating repro­
duction and distribution of rodent populations. For the common vole, Microtus arva­
lis, our studies show that the relatedness between females of a breeding group 
determines the form of established hierarchies in these groups and affects their repro-
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ductive success. By using non-metabolisable dyes to recognise urine marks, results 
showed that the intensity of urine marking and reproductive activity of individual 
females in female groups were positively correlated. This indicates that dominance in 
female groups of M. arvalis is associated with both advertising home range and repro­
ductive success. The variability in the intensity of reproduction in cyclic populations 
of M. an'alis may therefore be attributable to changes in the degree of relatedness 
between females in breeding groups of M. arvalis with increasing population density. 

In mother-daughter groups, young females are reproductively suppressed by their 
mothers which is manifested more by a failed implantation or abortion, than by the 
delay or inhibition of oestrus in young females. The dispersal behaviour of young, 
reproductively suppressed females from their mothers was tested in !,'TOUpS of two 
adult females and four of their daughters in large enclosures. Young females tend to 
be more frequently outside the initial home area of the enclosure than their mothers. 
Giving them the choice between an area scented by odour cues from related or unre­
lated females, they most frequently choose the side with the related odour. Female 
common voles avoid areas with odours from predators. However, young female M. 
arva/is, which do not leave their mother's nest, help protect the new pups of their 
mothers. Their help is restricted to the transport of the pups back to the nest, but does 
not include the fonnation or improvement of nests. In helping their mothers, young 
females may benefit more than from dispersal. This behaviour guarantees the rapid 
population growth seen in M. arvalis. 

At high popUlation density, young females may have to leave their natal site in seareh 
of their own nesting places. These dispersing young females are potential vectors for 
the transmission of rodent-borne diseases to humans. Experiments that tested differ­
ences in the specific immune response offemales to sheep red blood cells in breeding 
groups of M. arvalis, reveal that young females show a higher immune response than 
their mothers. As this could also be shown in non-reproducing groups of females, our 
findings indicate the existence of a hierarchy-related immunosuppression in female 
M. arvalis. The presented results are fundamental to the understanding of dispersal in 
rodent populatlons and will assist in the development of biological methods to 
control reproduction and dispersal of rodents in order to limit the transmission of 
rodent-borne diseases to humans. 

Olfactory communication in Brandt's vole: individual odour 
discrimination in mate choice 

Li Zhang, Ji-Ming Fang and Ru-Yong Sun 
Department of Biology, Beijing Normal University, Beijing 100875, China 

Olfactory cues underlie social discrimination in microtine rodents and appear to 
mediate many aspects of social behaviour, The adult Brandt's vole, Microtus brandti, 
was specifieally studied to investigate its ability to discriminate individuals and to 
determine the mating system of this species. In a 30-minute test, female voles dem­
onstrated more social investigations of foreign male odours than of odours of their 
partner. However, they also spent more time in self-grooming, resting, and staying in 
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the box with their own partner's odour in the substrate, while avoiding unfamiliar 
male odours. Virgin adult females showed more sniffing and licking behaviour 
towards wood-shavings containing the odours of subordinates than of those belong­
ing to the dominant male. They showed no significant differences in other behav­
iours. Male voles preferred the odours of oestrous females to those of non-oestrous 
females. During an oestrous cycle, a novel female's odour was more attractive to the 
male than his own partner's odour. 

The results indicate that adult Brandt's voles have the ability to discriminate between 
different individuals of the opposite sex by using chemical scents. It is also suggested 
that the principal mating system of Brandt's voles might be polygyny. 

Olfactory and cognitive abilities in senile Wistar rats 
Raimund Apfelbach and Simone Kruer 

University of Tubingen, Department of Zoology, Auf der Morgenstelle 28, 
D-72076 Tubingen, Germany 

For more than 70 years scientists have debated whether learning ability is reduced in 
old animals. Most of the research was done with rats, with variable results. When dis­
cussing these differences it was argued that the different results might be due to dif­
ferent experimental setups and/or that differences in learning or cognitive abilities 
can only be shown when the task is complex enough. Without any doubt, the physical 
abilities diminish with age in adult animals and the senses become less sensitive. In 
our studies with rats we therefore chose an experimental set-up, which does not 
require much locomotory activity of the animal. This was done to ensure that physi­
cal condition will not influence the performance of the learning task. 

An olfactory Skinner-box seemed to fit our demands. The animal is allowed to sit or 
to lie in the testing chamber while performing the task. The demand on the animal 
was to respond to a specific odour (5+) presented via a testing tube attached to one 
side of the chamber while air or a second odour (5-) should be ignored. After odour 
presentation (S+) and correct identification the animal had access to a water reward. 
Mistakes were neither rewarded nor punished. 

For our study 2,27 and 32-month old male Wistar rats were used. First, we looked 
for possible age dependent differences (time needed, number of mistakes) before 
learning criterion (90% correct responses) was reached. No significant differences 
between the ages were found. According to earlier studies by other researchers rats 
are able to create a learning-set when they have to discriminate between pairs of 
odours. In the following experiments we therefore concentrated on whether senile 
rats are able to build up a learning-set too. In this advanced form of learning we pre­
sented to 28-month old animals and 3-month old controls five different pairs of odor­
ants at fairly high concentrations (0.2% vol), one of the odours being rewarded (5+) 
the other one not (S-). Each pair was presented for one session only (100 trials), and 
only one session per day was performed. For the first pair the same odour was used as 
S+ as in the initial training when the animals had to learn the discrimination task; 5-
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was unknown. For sessions 2 to 5 either the odour used as S+ or S- was new to the 
rats. During the five sessions the rats improved their performance as indicated by the 
decreasing number of mistakes: in session 1 there were 7.69 mistakes on the average, 
in session 5 only 1.77 mistakes (p < 0.05). Thus, a learning set was established 
already during these few experiments. Again no difference in peIiOlmance between 
young and senile rats could be detected. We conclude that there is no diminished 
learning or cognitive ability in senile rats. 

POSTER PRESENTATIONS 

Influence of cat urinary chemosignals on maturation, testosterone 
level and meiosis in male Campbell's hamsters (Phodopus 

camp belli) 

N.Yu Vasilieva l , E.V. Cherepanova l , R. Apfelbach2 and D. von Holstl. 
IInstitute of Ecology and Evolution. Russian Academy of Sciences, Leninskiy Prospect 33. 

Moscow 110071. Russia 
2University of Tubingen. Department of Zoology, Auf der Morgenstelle 28, 

D-72076 Tubingen. Germany 
3University of Bayreuth, Animal Physiology, University Str. 30, D-95440 Bayreuth, Germany 

Only few studies have tried to estimate the influence of predator odours on reproduc­
tion and population dynamics of their potential prey. The present study was con­
ducted: 1) to reveal a possible role of eat urine (CD) in regulating the development in 
Campbell hamster males (Phodopus campbeUi); 2) to analyse the testosterone level 
in CD-treated males; and 3) to check whether CD influences meiosis in prepubertal 
males. Males were treated every other day from postnatal day I I until 30 by having 
cat urine (experimental group) or water (control group) applied directly onto the 
external nares and around the lips. After termination of the experiment, at the age of 
one month, the weights of the body, testes, epididymis and adrenal gland were 
obtained. The results revealed: 

1. experimental males had significantly lower body weights than control males (p < 
0.01). However, there were no significant differences in testes weights and testes 
weights corrected for body weights. In CD-exposed males epididymis weights (p 
< 0.01) as well as epididymis weights corrected for body weights (p < 0.05) were 
significantly lower than in control animals. There was no obvious difference 
between experimental and control groups in adrenal gland weights; yet, adrenal 
gland weights corrected for body weights were significantly higher in CD-treated 
males (p < 0.05). 

2. In the experimental group, testosterone concentration in the urine was 0.010 
ng/mL while in the control group the testosterone concentration amounted to 
0.233 ng/mL. 

3. Electron microscopic analysis of the pachytene nuclei in the control group 
revealed no abnormalities of the synaptonemal complexes in both sex chromo­
somes and autosomes. However, in the experimental group in 12.5% of the cells 
an abnormal configuration of SC was found (p < 0.001). The anomalies included 
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autosome tenninal asynapsis, interstitial autosome asynapsis combined with 
interlocking, and sex chromosome dissociation. These data indicate that CU 
influences the development of some organ weights and the testosterone level in 
prepubertal males and corresponds with the development and meiosis distur­
bance. 

Plasticity of rodent chemical communication 

v.v. Voznessenskaya I and C.J. Wysocki 2 

1 Institute of Ecology and Evolution, Russian Academy of Sciences, 33 Leninskiy Prospect, 
Moscow 117071 Russia 

2 Monell Chemical Senses Center, Philadelphia, 3500 Market St., PA 19104, USA 

Chemical communication influences population dynamics, species diversity, ecosys­
tem balance, individual reproduetive success, inter- and intraspecies competition, ter­
ritoriality, and access to habitat and nutrients. The olfactory epithelium and the 
vomeronasal organ extract information from chemical signals. Via these sensory 
pathways, chemical signals may alter the onset of puberty, block pregnancies, syn­
chronise breeding cycles, alter honnone levels, and provide infonnation about terri­
tory, the dominance and health status of the signalling animal, reproductive state, and 
individual identity. Unlike many other sensory systems, nasal chemoreception 
appears to be dynamic across the lifetime of an organism. Individual experiences 
with odours interact with genetic propensities to yield a measurable phenotype. 
Using rodents as model systems, we have determined that inbred strains of mice 
provide an excellent genetie model of variation in sensitivity to the mammalian phe­
romones. These mice could be sensitised to the mammalian pheromone androstenone 
(AND), regardless of their initial level of sensitivity or insensitivity to the eompound. 
Such induction is correlated with changes in the sensory epithelium as detennined 
bioehemically and electrophysiologically. Using different, unrelated odorants and 
complex mixtures, such as conspecific and heterospecific urine, we have shown that 
induced olfactory sensitivity is a general phenomenon, which reflects the plasticity of 
animal chemical communication. Modulation of olfactory sensitivity by environmen­
tal factors, as well as induction of sensitivity to odorants and eon-and heterospecific 
excretions, considerably influences an organism's adaptability. In separate studies, 
manipulation of the odour environment in Mus musculus and Rattus norvegicus 
revealed a eritical period in neonatal development for imprinting odour. Relative to 
age-matched controls AND exposures during days (14-28) after birth produced >600 
fold increase in sensitivity to AND, while the same exposures during adulthood or 
during days 1-16,28-42 after birth produced a 16-fold increase in sensitivity. These 
results are consistent with previous findings with rats and mice, which revealed a 
similar critical period during days 14-28 for affecting sensitivity to and recognition 
of individual-specific urine in adulthood. Induced sensitivity to odorants and 
complex mixtures such as conspecific or heterospecific urine persisted for relatively 
long periods. In our experiments with AND elevated sensitivity to the compound was 
recorded 8.5 months after exposure. Exposure to odorants of older animals (1 year or 
older) did not considerably affeet sensitivity to these odours. Hence, it appears that 
there is a critieal period 2 weeks after birth, just after the eyes open, during which 
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odour imprinting can be modulated. Developmental changes in olfactory sensitivity 
and possible mechanisms of induced olfactory sensitivity during different life periods 
are discussed. 

Sexual differences and seasonal changes in size of flank glands of 
rat-like hamsters (Cricetulus triton) 

Jian-Xu Zhang, Zhi-Bin Zhang and Zu-Wang Wang 
National Key Laboratory of Integrated Management of Pest Insects and Rodents 

Institute of Zoology, Chinese Academy of Sciences, 19 Zhongguanchun Lu, 
Haidian, Beijing 100080, China 

The length, width and thickness of flank glands of wild adult rat-like hamsters (Cri­
cetulus triton) were positively correlated with body weight or testes weight during 
the breeding season (p < 0.001), and with body weight (p < 0.001) but not with testes 
weight (p > 0.05) during the non-breeding season. The dimensions of the gland were 
significantly different between the sexes during the breeding season (p < Om) and 
significantly different between seasons in the males (p < 0.05). For females there 
were no significant differences in the gland size during the non-breeding and breed­
ing seasons (p > 0.05). 

These results show that body weight and testes weight can affect flank gland size 
independently. Also the seasonal changes and sexual differences in the flank gland 
were related to the seasonal changes in reproductive state and function of flank gland. 
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The brown rat: explorations of opportunism 

D.W. Macdonald. M. Berdoy and F. Mathews 

Wildlife Conservation Research Unit, Department of Zoology, South Parks Road, 

Oxford OXl 3PS, United Kingdom 

The brown rat, Rattus norvegicus, is an exceptionally successful opportunist, and its 
success is not merely fascinating for students of adaptation, but also poses a chal­
lenge to agriculture and public health. Yet, there have been surprisingly few studies 
of the behaviour of wild rats and much remains unknown about the intricacy of rat 
behaviour and ecology. Our team at Oxford has been involved in studies of rat behav­
iour for a decade, and in this paper we synthesise our findings on the behaviour of 
farm rats, their diseases, neophobia. anti-predator behaviour and social system. We 
interpret these findings in terms of both the evolution of rats and their management. 

Our presentation falls into a series of related sections. 

First, we consider what is known of the behavioural ecology of wild rats in the field. We 
have studied the demography of farm rat populations around Oxford and have radio­
tracked rats in the wild. Population structure, home range size and activity patterns all 
differ between populations.ln particular, we describe one popUlation where nocturnal risk 
of predation from foxes appears to be responsible for the rats switching to diurnal activity. 

Second we explore aspects of food selection and neophobia. In particular we describe 
an automated apparatus that enabled us to log the feeding bouts of rats in a large 
enclosure. It emerged that rats differ in their tendency to show pre- or postprandial 
feeding correlations, in terms of season, sex and social status. These results accord 
with studies in experimental psychology. 

Third, we review our work on neophobia in the field, where some individuals may avoid 
novel baits for as much as 40 days. We note that neophobia is reduced in individuals 
infected with the parasite Toxoplasma gondii. This leads us, fourthly, to a review of 
pathogens of farmland rats. We record, for the first time in the U.K., both Hantaan virus 
and Q fever in wild rats. Rats infected with Toxoplasma lose their fear of cat odours and 
indeed may seek out this predatory odour. This is likely to be a case of parasite-altered 
behaviour that ensures that the parasite completes its life cycle between rat and cat. 

Finally, we report a new form of warfarin resistance that appears to offer heterozy­
gote advantage even in the absence of poison. 
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Bark consumption by South African rodents and its implications 
for commercial pine forestry 

R.M. Baxter, B. Ntshebe, J. Matshili and E. Kelly 
University of Fort Hare, P/Bag X1314, Alice, E. Cape 5700, South Africa 

Studies in Scandinavia in particular have found that bark consumption by small 
rodents peaks in winter and seems linked to high population densities of voles and 
the mineral content of the bark. In most of these cases the bark consumption occurs 
under deep snow. In contrast, bark consumption in South Africa is not linked to 
season but appears linked to rainfall and occurs during the dry season in both summer 
and winter rainfall regions. The aim of this study is to examine the factors which 
might induce bark-eating behaviour in rodents. 

A study was made of the food value, moisture and mineral content of the bark of a 
variety of indigenous trees, shrubs occurring in eastern thorn bushveld, and com­
pared with nutritional data obtained for grasses. Results indicate that bark consump­
tion starts as soon as rainfall ends and the moisture content of the grasses drops. The 
bark moisture content of the preferred trees and shrubs remains relatively high (> 
40%) throughout the dry season. The results for mineral content and food value are 
equivocal. Preliminary results appear to indicate that the intensity of bark consump­
tion is linked to population density but that consumption does occur at low densities. 

The significance of bark consumption in a natural system appears to be ecological 
and when taken in conjunction with fire it appears to play a role in reducing bush 
encroachment of grassland. Three widely distributed rodent species have been impli­
cated in bark consumption in South Africa: Rhabdomys pumilio, Otomys irroratus 
and Mastomys natalensis. 

In commercial pine forestry, bark consumption takes on an economic significance. 
Damage to young pine saplings « 4 years old) costs the industry over R50 million 
per annum and this increases in years of drought, which are linked to the El Niiio 
Southern Oscillation phenomenon. The response of the forestry industry to this 
damage is widespread poisoning using 'super-wafarins' and with this goes the risk of 
secondary poisoning of carnivores and raptors. FUIthermore, poisoning is a tempo­
rary solution and has to be repeated until the wet season starts. Commercial forestry 
is very important in South Africa as the country has very little indigenous forest. 

A fuller understanding of the reasons underlying bark consumption should assist in 
formulating an appropriate control strategy for these rodents in commercial forests. 

III 



Arboreal behaviour of the Japanese dormouse (Glirulusjaponicus) 
s. Minato', T. Minato2, M. Wakabayashil and T. Hidaka 

'Dormouse Museum, 3545 Kiyosato, Takane, Yamanashi, 407-0301 Japan 
2434 Kaminagai, Kumanogawa, Wakayama, 647-1021 Japan 

3Kiyosato Educational Experiment Project, Department of Environmental Education, 
3545 Kiyosato, Takane, Yamanashi, 407-0301 Japan 

4University of Shia Prefecture, 2500 Hassaka, Hikone, Shia, 522-8533, Japan 

Arboreal behaviour is a feature characterising Gliridae. Therefore, in studying their 
life histories, it is important to understand their arboreal behaviour. The Japanese 
dormouse, GUrulus japonicus, is a species endemic to Japan and is designated as a 
natural monument. In the present study, the arboreal behaviour of the Japanese dor­
mouse was observed by using luminous material attached to the dorsum of the 
animaL The study was conducted from 1992 through to 1998 in a deciduous forest at 
an altitude of 1500 m. The arboreal behaviour of 20 animals was observed. The Japa­
nese dormouse showed the following characteristics in its arboreal behaviour: 

1. it moved very quickly; 

2. it often walked on the undersides of branches; 

3. it often jumped about 30 cm from trunk to trunk; and 

4. it moved along the same arboreal course twice or three times during a night. 

The arboreal behaviour of the Japanese dormouse showed a pattern characterised by 
staying in certain trees for feeding and moving very quickly between these trees. 
Individual animals were observed to fced on the bark of dead branches of Malus sie­
boldii; flowers of Larix ieptolepis, Clethra barbinervis and Enkianthus campanula­
tus; seeds of Piecajezoensis; and insects. The Japanese dormouse fed on the bark of 
M. sieholdii through the active season, indicating that this bark is an important food 
for the animal. It seems that food for dormice is not in abundance in the forest 
throughout the year, and hence the population cannot increase to high numbers. 

A method for studying behaviour of small animals 
Wen-Yang Zhou, Wan-Hong Wei and Nai-Chang Fan 

Northwest Plateau Institute of Biology, Chinese Academia Sciences, Xining 810001, China 

Many kinds of equipment including simple mazes, large arenas, mechanical treadles 
and computer recording systems have been used to study the behaviour of small 
animals in the laboratory. 

We have designed an advanced and complex area for researching behaviours of small 
animals. It includes an arena with 4 basements (each 6 m x 4 m). Depending on the 
species and the aims of experiments, each arena can include nests, tunnels and active 
areas. Environmental factors, such as light regimes. temperature variation, and noise 
level, can also be controlled. The observation room holds the equipment for recording 
the behaviour of small animals including infrared light closed-circuit videotape, remote 
television, infrared light sensors and computers. The distance from the basements and 
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observation room is 30 m and infonnation about the animals' behaviour is transferred 
electronically. Noise and other possible disturbing factors which may influence the 
animals are avoided so that the observed behaviour is as natural as possible. 

From 1987 to 1998, we successfully studied the behaviour of rats, plateau pika 
(Ochotona curzoniae), plateau zokor (iHyospala.'{ baileyi), polecat (Mustela ever­
smanni) and weasel (M. altaica). The basement areas were excellent for studying the 
effects of different odours, light regimes, food habits and predator influences. 

We suggest that some more general features could be incorporated into the design for 
researching the behaviour of wild small animals. 

1. Study arenas must be large enough to allow animals to behave naturally. 

2. Little or no training should be required to record responses of test animals. 
Responses observed should be validated and simulated if possible. What would 
occur in a natural situation? 

3. Disturbance should be reduced to allow animals to behave naturally. 

4. If more than one factor (odour) is to be tested, carryover effects should be elimi­
nated so that the results can be interpreted concisely. For odour tests, exhaust fans 
may be required. 

5. The methods for observing the animal's behaviour must be specific enough to 
assure accurate interpretations of the behaviour. The animal should not be aware 
of the sensing method. 

6. The study arenas and testing procedures should be designed so that replications 
and statistical analysis can be performed accurately. 

A comparative analysis of behaviour between two sympatric 
species, Ochotona daurica and OcJlOtona curzoniae 

Dao-Chuan Zhangl and Nai-Chang Fan2 

I Department of Biology, Hebei University, Baoding, 071002, China 

2 Department of Biology, Zhejiang Normal University. Jinhua, 321004, China 

The sympatric coexistence of Ochotona curzoniae and O. daurica was found at Nian­
nosoma area of Gangcha County, Qinghai Province (370 lO'N, 49°40'E). To heighten 
our understanding of the diversity, adaptation and mechanisms of pika's behaviour, 
we observed the behaviours of the two pika species in a comparative study. We 
marked 40 O. daurica and 30 O. curzoniae in a 0.5 km2 study area. Focal animal sam­
pling at 30 second intervals during 15 minute observations of each animal was used 
to describe 9 non-social behaviours and 14 social behaviours. For non-social behav­
iour, the pattern of alert behaviour of the two pika species was different. O. daurica 
shows hoarding behaviour, while O. curzoniae shows mowing behaviour. These 
behaviours are different to those where the species are not sympatric. 
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For O. daurica, non-social behaviour comprises 96% of all observed behaviours. For 
O. curzoniae, non-social behaviour comprised 87%. The frequency of non -social 
behaviour was significantly different between the two pika species (X2 7.06, > 
X2

om)' Feeding is the most common non-social behaviour in two pika species. There 
was a signiflcant difference in the frequency of social behaviours between the two 
species (X2 = 87.7, X2 > X2 om)' O. curzoniae spent more time in social interactions. 

Of the social behaviours, affiliative behaviour by O. curzoniae was the most common 
comprising 75% of all observed social interactions. The second most common was 
play-like behaviour, and the least common was aggressive behaviour and comprised 
10%. By contrast, aggressive behaviour of O. daurica was the most common social 
behaviour and comprised 61 % of the all observed social behaviours, the second was 
affiliative behaviour, with play-behaviour least at just over 5%. O. curzoniae is more 
social than O. daurica, while the aggressive character of individuals in O. dallrica 
population was stronger than that in O. curzoniae populations. 

Studies of the social behaviour in colonies of Brandt's vole 
(Microtus Brandti) 

Da-Zhao Shi. Shu-Zhen Hai, Shuang-Yue Zheng and Zhuo-Ran Zhang 

China Agriculture University, Beijing. 100094, China 

Social interactions in colonies of Brandt's vole were studied in the field and labora­
tory from August 1995 to October 1996. The results show that it is important to have 
ongoing behavioural interactions to maintain steady social structures in the colonies. 
There are two periods of social interaction in the colony. One is during the period of 
reproduction, when more than 50% of the voles (most are sub-adults and male adults) 
move into strange colonies. Another is in the non-reproduction period, when only a 
few voles move into strange colonies. Most colonies have social hierarchies. Juve­
niles born in July or August remain in their colony until next spring and assist adults 
with storing grass. 

There are three possible responses when a vole meets another unknown vole: accept­
ance of each other, tolerance or refusal. An unknown vole may be accepted during 
the reproduction period, or be tolerated, with disputes possible between two males. 
During the non-breeding period a stranger is refused or is tolerated. Disputes occur if 
the same sex feed together. 

It was also discovered that the juveniles (7-10 g) grow at different rates if they have 
been with a different partner. The vole with its mother grows quickly during the fIrst 
20 days. After then the voles will grow better in strange colony. 

114 



Studies of aggressive behaviour of plateau pika in the reproductive 
period 

Wan-Hong Wei, Nai-Chang Fan, Wen-Yang Zhou, Sheng-Mei Yang and Vi-Fan 
Cao 

Northwest Plateau Institute of Biology, Academia Sinica, Xining 810001, China 

It is generally acknowledged that aggressive interactions result in dispersion, inhibi­
tion of reproductive functions or death. These interactions play a major role in 
shaping social structure, mating systems and spatial distribution of rodents. The 
plateau pika (Ochotona curzoniae) is a social animal, and different opinions exist 
about its mating system. This paper mainly deals with the aggressive behaviour of 
plateau pika in the reproductive period by studying female-female, female-male, and 
male-male interactions in the laboratory in order to determine its mating system. A 
total of 20 individuals was used in the experiment: 10 females and 10 males. The ani­
mal's behaviour was automatically recorded by videotape. The following findings 
were made. 

I. Both females and males had the same aggressive abilities with inter-sex aggres­
sion being higher than that of intra-sex. 

2. Interactions with unfamiliar individuals caused females first to display 'attack 
and chase' aggressive behaviour and second to change to alternate defensive and 
amicable behaviour if it was a male, or to use defensive behaviour if it was 
another female. 

3. The pattern of male behaviour is that males first display attack, chase and offen­
sive positions when approached by an unfamiliar individual. They then change to 
an amicable behaviour if approached by a female, or display a high attack, chase 
and offensive position if approached by another male. 

4. This indicated that the pika can regulate its behaviour according to its interactions 
with different individuals. The females and males may actively select their mates. 
The mating system may allow monogamy, polygamy and polyandry together in 
natural populations because of this aggressive behaviour. The high degree of 
polygamy may arise from high aggression in males. 

Familiarity and mate choice of female and male root voles, 
Microtus oeconomus 

Ya-Jun Zhao l , Ji-Ming Fang and Ru-Yong Sun 

Department of Biology, Beijing Normal University, Beijing 100875, China 

I Present address: Northwest Plateau Institute of Biology, Chinese Academy of Scienees, 
Xining 810001, Qinghai, China 

Comparative behavioural experiments between monogamous and polygamous 
species of microtine rodents show that the mating systems are associated with inter­
sexual mate choice among individuals. A major component determining the nature of 
this sexual selection is familiarity between males and females. 
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Long and short-term effects of familiarity of both sexes on mate choices in the root 
vole (Microtus oeconomus) were examined. Experiments included female mate 
choices for the familiar versus the unfamiliar, their partner versus unfamiliar males 
and their partner versus familiar males. Similarly, male mate choice was determined 
with familiar versus unfamiliar partners and their partner versus unfamiliar females. 
Familiarity was established by housing a female with a male in the same cage for 8 
days before a trial. A partnership was defined by the production of at least one litter 
by a pair of voles. 

To conduct a trial, two voles were tethered between two chambers of aT-shaped 
maze. Another vole was placed in the central arena of the maze and interactions were 
scored. An observer recorded the duration and frequency of visits, social-investiga­
tions, copulation, aggression and amicable behaviours between each of the voles. 
Statistical analyses were performed using the Wilcoxon matched-pairs test. The 
results showed that females preferred familiar to unfamiliar males. their partner to 
unfamiliar males and their partner to familiar males. However. the males had no pref­
erence either for familiar versus unfamiliar females or for their partner versus unfa­
miliar females. These results suggest that the female root vole's preference for 
familiar males and the males lack of preference in mate choice may be a proximate 
behavioural process underlying this species' mating system. Thus. female monogamy 
and male polygamy could be explained only by the hypothesis that the mating system 
is polygynous in root voles. 

POSTER PRESENTATIONS 

Incest-avoiding behaviour of Levant's vole (Microtus guenthen) in 
captivity 
A. German 

Institute of Plant Protection, The Volcani Center, Bet-Dagan 50-250, Israel 

Since inbreeding harms the population, many plants and animals have adapted to 
avoid this phenomenon. In rodents this is usually expressed by suppressing the repro­
duction of offspring in family groups (mole rats, prairie dogs), or by ensuring adult 
males and females leave before they are mature (white-footed mouse and others). 
The effect of these activities was not found to be absolute and varied in the species. 
Levant voles were observed to display incest-avoiding behaviour in about 70% of 
cases. In most of the groups of voles that were weaned at the same time (imitating a 
non-divided litter), the animals did not reproduce, although they matured at the usual 
time. The pairs that consisted of voles reared after being weaned together (in the 
same cage) were usually sterile, whereas the same animals paired with those of other 
groups successfully reproduced from the age of 6--7 weeks. However, after being 
separated for about 3 weeks, the voles that were reared together mated with their 
daughters if they remained in family groups. In contrast, the house mice, both wild 
and laboratory, do not show any incest-avoiding behaviour in some animals and its 
absence in others has not yet been clarified. 
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A battery operated animal activity recording system with a single­
chip microcomputer programmed in BASIC language 

Feng-Man Dou, Jian-Hua Li and Xue-Rong Yang 
The Health and Anti-Epidemic Station of Chengdu, Chengdu 610021, China 

Many animals are nocturnal and secretive. It is useful to have an animal activity 
recorder to study the activity and related behaviour of animals in the field. However, 
making these recorders is very expensive. The existing systems cannot be used 
readily in the field, are too expensive or working duration of the battery is too short. 

This paper reports an animal activity recording system, which has been used in our 
rodent activity research. The system is operated by a single-chip microcomputer, 
which can rnn for days with a battery in the field; the running duration with a battery 
depends mainly on the kinds sensors connected. Single-chip microcomputers are 
designed for industrial purposes, so they can work reliably in harsh environments, and 
one model will be produced at least for many years. The model used in our system is a 
streamlined model with RISC construction, the progranllanguage is BASIC instead of 
machine code or assembly language. BASIC is one of the most popular program lan­
guages among scientists. The application program is written and edited in an IBM-PC 
compatible and debugged online then transferred to and stored in the single-chip 
microcomputer, the single-chip microcomputer will run independently. The user can 
easily modify the program to special work mode. The 12C bus is used in the system. 
The RISC single-chip microcomputer and the 12C bus make the system more simple 
and reliable with small light weight and low power consumption. 

The system is eompatible with many sensors such as infrared sensors, mechanical 
switches and magnetic sensors. From 1 to 14 sensors can be connected to the system. 
The occurrence and frequeney of animal activity can be recorded. The data acquired 
can be stored in the IC card, or printed out directly. The data stored in the IC card can 
be outputted later in three ways with the IC card reader of the system, which is also 
operated with the same mode single-chip microcomputer. One is transferred to an 
IBM compatible PC or read out from the LCD panel of the reader. 

The data acquired with the system in the rodent activity research conducted in 
Chengdu arepresented in the paper. 

The social structure and mating system of Brandt's vole (Microtus 
brandu) 

Xin-Rong Wan, Meng-Jun Wang, Wen·Qin Zhong and Guang-He Wang 
Institute of Zoology, Chinese Academy of Sciences, 19 Zhongguanchun Lu, 

Haidian, Beijing 100080, China 

This study was conducted in the typical steppe of the Inner Mongolian grassland 
from 1995 to 1998. We used capture-mark-recapture and direct sighting teehniques 
to census the wild populations of Brandt's vole (Microtus brandti) in two plots: a 
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natural sample plot (43°25',116°41'), and an enclosure plot (43°37',116°41'). Many 
studies of the social structure and mating system have been completed. 

Our data have revealed that Brandt's voles live in family units or groups throughout the 
year. In the winter, the communal group usually consists of 5-20 voles of mixed sex 
and age. These family units regroup in the early spring when reproduction starts. 
During this period, all of the males that over-wintered disperse from the original winter 
nest and the average dispersal distance is greater than 120 m. Most of the over-wintered 
females remain in the nest or move to neighbouring territories and the average dispersal 
distance is about 20-30 m. In the following breeding season, the family group is rela­
tively stable. A family usually consists of the founding over-wintered male, over-win­
tered female(s) and their offspring. Most of the offspring will stay in their territory 
except for a few males which, when they reach sexual maturation, will disperse. The 
over-wintered males are dominant and drive off any other males with scrotal testes in 
their territories. At the end of the breeding season, family groups with too many 
members usually break off into several groups. These reformed groups may also com­
prise some voles that come from an adjacent group. But the average reformation rate of 
these groups is very low (about 0.1) during that period. Most members of a communal 
winter group come from the same original families. 

There is evidence that the mating system of the Brandt's vole is polygynous. Translo­
cation experiments that have been done in the enclosure area have revealed that while 
only one mature male can live in a family unit, many mature females can live and 
reproduce in the same group during the breeding season. This result is strongly sup­
ported by the capture-recapture records from the wild populations. Furthermore the 
sex ratio of mature voles indicates that a male copulates with more than one female in 
the breeding season. The social hierarchy and the territorial behaviour of the over­
winter males also suggests a typical polygynous mating system. 

The effect of kinship on social behaviour of Brandt's voles 
(Microtus brandti) 

Xiao-Dong Yu and Ji-Fing Fang 

Department of Biology, Beijing Normal University, Beijing 100875, China 

It has become more and more obvious that kinship influences the lives of animals 
since the 'Kin Selection' hypothesis was proposed in 1960s. The role of kinship in 
Brandt's voles (Microtus brandti) in agonistic behaviour, mate choice and parental 
care was evaluated using testing chambers and breeding cages. We examined agonis­
tic behaviour and social investigation between unfamiliar siblings and nonsiblings. 
No significant kin bias by the experimental animals was found. Males sniffed and 
followed the unfamiliar, unrelated females significantly more than they did with their 
unfamiliar sibling sisters, but they did not show a significant preference in copulatory 
behaviour and agonistic behaviour. While females did not display significant kin bias 
in social investigation, they spent significantly more time copulating with the unfa­
miliar, unrelated males than with their unfamiliar sibling brothers. 
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Pup development was divided into five periods: period 1 (newborn: 1-5 days), period 
2 (ears erecting: 6-9 days), period 3 (eyes opening: 10-14 days), period 4 (eating 
solid food: 15-20 days), period 5 (weaning: 21-24 days). Males did not show any 
significant kin bias in paternal behaviour, while females sniffed the unfamiliar unre­
lated pups significantly more than the unfamiliar nieces/nephews during periods 2 
and 3. The parents displayed infanticide of their unfamiliar nieces/nephews or unfa­
miliar, unrelated pups once the pups were able to eat the solid food. However, no evi­
dence from the present study indicated that males and females could regulate the 
infanticide based on kinship. 

These results suggest that kinship influences the social behaviour of Brandt's voles, 
espeeially inbreeding avoidance, in maternal care during the specific periods (6-14 
days) of the pup development. 

Seasonal differences in social behaviour among adult rat-like 
hamsters (Cricetulus triton) 

Jian-Xu Zhang, Zhi-Bin Zhang and Zu-Wang Wang 
National Key Laboratory of Integrated Management of Pest Insects and Rodents in 

Agriculture, Institute of Zoology, Chinese Academy of Sciences, 19 Zhongguanchun Lu, 
Haidian, Beijing 100080, China 

The objeetives of this study were to describe the behavioural interactions of adult rat­
like hamsters (Cricetulus triton) in intra- and intersexual encounters in a neutral 
arena, and social preference in a Y maze during the non-breeding season and the 
breeding season, and to determine whether the hamster is solitary. 

During both the non-breeding and the breeding seasons, both males and females pre­
ferred to associate with individual con-specifics than a control (empty) Y maze. This 
implied that there usually were social interactions among solitary individuals. In the 
Y maze, tests between male and female individuals, showed that focal males pre­
ferred males to females during the non-breeding season and did not show a sexual 
preference during the breeding season; focal females did not display sexual prefer­
ences during either season. These results indicate that although there were frequent 
social interactions. permanent and close pairs were not formed. The non-breeding 
males' preference for male con-specifics may be motivated by aggression. The above 
results support the view that rat-like hamsters are solitary. 

For staged paired encounters in a neutral arena, the social interactions mainly con­
sisted of agonistic acts and investigation. Encounters between same sexes included 
frequent agonistic acts and no amicable acts, where the victors showed more attacks, 
were less defensive and showed more flank gland marking (p < 0.05 or p < 0.01) 
during each season. In female-male encounters, females always defeated male oppo­
nents during the non-breeding season,showing more aggression, less defensive 
behaviour and more tlank marking than males (p < 0.05). There were no significant 
differences in these behaviours between breeding males and dioestrous female 
encounters (p > 0.05). 
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The results imply that the hamster is solitary and does not form permanent and close 
pairs. Flank gland marking was positively related to agonistic behaviour and domi­
nant status during each season. Breeding encounters were more frequent than non­
breeding encounters (p < 0.05 or p < 0.01). Non-breeding male-female or 
female-female encounters showed more mutual aggression than breeding season 
encounters (p < 0.05 or p < 0.01). There were no between-season differences in 
mutual aggression between male-male encounters (p > 0.05). The results may be due 
to seasonal changes in reproductive status. 
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The role of rodents in emerging human disease: examples from the 
hantavirnses and arenaviruses 

James N. Mills 

Special Pathogens Branch, Centers for Disease Control and Prevention, 1600 CIifton Road, 
Atlanta, Georgia 30333, USA 

The disease potential for rodent-borne agents is vast; its extent and magnitude ares 
beginning to be understood for only a few groups of agents. One group for which 
great recent progress has been made is the rodent-borne haemorrhagic fevers, caused 
by the hantaviruses and arenaviruses. I will use these two families to illustrate the 
potential diversity of zoonotic agents, as well as the methodologies and the value of 
ecological studies of rodent reservoirs for zoonotic diseases. 

The hantaviruses and arena viruses, although not closely related taxonomically, have 
a number of important characteristics in common. Each virus is associated with a 
specific rodent host of the family Muridae in which it establishes a chronic, generally 
asymptomatic infection involving the shedding of virus into the environment. 
Humans become infected via inhalation of aerosolised virus. The haemorrhagic 
fevers caused by these viruses in humans cause significant morbidity (e.g. perhaps 
200,000 cases of haemorrhagic fever with renal syndrome each year in China) and 
mortality (e.g. up to 50% of cases of hantavirus pulmonary syndrome [HPS] may be 
fatal in the Americas). The number of recognised agents in these two groups has 
undergone an exponential expansion in recent years, Despite their recent discovery, 
evidence suggests that these agents have coevolved in association with their rodent 
hosts for millions of years; and these coevolutionary patterns suggest that there may 
be many additional specific host/virus associations which remain to be discovered. 

Recently, intensive ecological studies have provided important insight into the 
natural history of the rodent reservoirs for several haemorrhagic fever viruses. A 
combination of intensive cross-sectional and longitudinal studies has examined reser­
voir distribution and popUlation dynamics, and the prevalence and incidence of infec­
tion in reservoir populations. These studies provide data which allow the 
identification of specific times and places of increased risk of human disease and 
suggest specific mechanisms by which public health officials might intervene in 
order to minimise the incidence of human disease. 
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Rodent-borne Bartonella: their importance to human health 
B. Ellis, R. Regnery, L. Beati, E. Marston and J. E. Childs 

Viral and Rickettsial Zoonoses Branch, Centers for Disease Control and Prevention, 
1600 Clifton Road, Atlanta, Georgia 30333, USA 

The genus Bartonella (family Bartonellaceae) consists of gram-negative bacteria that 
are frequently haemotrophic parasites of the red blood cells of various vertebrates. 
including humans, Bartonella cause several important diseases, including cat scratch 
disease (B, henselae), trench fever (B. quintana), bartonellosis (B. bacilliformis) , and 
endocarditis (B. elizabethae). Recognition of a wide range of clinical diseases in 
immunocompetent and immunocompromised humans caused by Bartonella species 
has provided the impetus for the identification of the vectors and nonhuman reser­
voirs of these bacteria. 

Numerous species of Bartonella circulate in wild mammals, but our understanding of 
the natural history of any single species is incomplete. In the United States at least 
four unique genotypes of Bartonella have been shown to infect at least six species of 
native rodents. However, the importance of these Bartonella isolates in causing 
human disease is not established. 

Bartonella isolated from blood samples of Rattus rattus and R. norvegicus captured 
in six States of the USA was examined. PIimers producing a 379-bp amplicon of the 
citrate synthase gene (gltA) were used in the polymerase chain reaction (PCR). 
Nucleotide base sequence data were obtained on purified PCR products. Isolates 
were obtained from 65 of 323 R. norvegicus and 10 of 87 R. rattus. Infection in R. 
norvegicus was highly focal, ranging from 0% (0 of 87, New York; 0 of 35, Nevada) 
to 58% (36 of 62, Louisiana); overall prevalence was 21 % (67 of 325). Isolates were 
most closely related to B. elizabethae by gltA sequence, ranging from identity to 
93%. All rat isolates clustered in phylogenetic analyses with B. grahamii from 
Clethrionomys glareolus captured in the U.K. and with an isolate obtained from Mus 
musculus captured in the USA. These data support a hypothesis of an Old World 
origin for Bartonella elizabethae-like agents recovered from rodents introduced into 
the USA and South America. Bartonella elizabeth(le is a known human pathogen; 
these apparent rodent reservoir findings may have potential public health significance 
wherever Old World rats are found. 

Studies on rodent transmitted diseases in Tanzania 
R.S. Machang'u, B.S. Kilonzo and R.H. Makundi 

Rodent Research Project, Sokoine University of Agriculture. p.a. Box 3110, 
Morogoro, Tanzania 

Rodents have been known for centuries to spread major diseases of humans and live­
stock. In some parts of the world, environmental and pest management systems have 
succeeded in keeping rodent populations at significantly low levels, such that rodents 
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no longer present a threat to health. In certain regions of the developing world, how­
ever, rodents continue to be a major public health hazard. In Tanzania, research is 
going on in selected areas to study the epidemiology of rodent-transmitted (zoonotic) 
diseases (plague, leptospirosis and murine typhus), alongside taxonomical and eco­
logical studies of rodents. Recent research suggests that plague has been persistent in 
certain areas of Tanzania for almost two decades, and human cases are reported 
annually. Leptopirosis has been shown to be widespread amongst livestock and 
humans, and preliminary studies on the prevalence of murine typhus are being 
carried out to determine prevalence of this disease in the country. This paper reports 
briefly on these research activities and related findings. 

A serological study for rat cytomegalovirus in rice field rats 
(Rattus argentiventer) 

A.R. Sheikh-Omarl , K.Y. Lajl, B.K. Ng 1, M.L. Mohd-Azmjl, A.L. Smith1, M. van 
Wensveen3 and Y.M. Lam4. 

1 Department of Veterinary Pathology and Microbiology. Faculty of Veterinary Medicine and 
Animal Science, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

2Department of Pathology, Loyola University Chicago, il60 South First Avenue, Maywood, 
llIinois 60153, USA 

3CSIRO Wildlife and Ecology, GPO Box 284, Canberra, ACT 2601, Australia 
4MARDI Seberang Perai, PD. Box 203,13200 Kepala Batas, Malaysia 

A serological study for rat cytomegalovirus (RCMV) was conducted in five different 
geographic locations of Malaysia. Rice field rats (Rattus argentiventer) were cap­
tured using a live-capture method known as the trap-barrier system (TBS). Rats were 
sacrificed and blood was collected by cardiac puncture. An indirect enzyme-linked 
immunosorbent assay (ELISA) was developed to detect the presence of antibody 
against RCMV in rat sera. Results showed that more than 50% of 278 rat sera tested 
were strongly positive for RCMV, indicating significantly elevated antibody levels. 
The finding was found to be consistent in all geographical locations. 

Further tests were conducted to determine serological cross reactivity between 
RCMVs of Rattus norvegicus and Rattus argentiventer. both conventional and hyper­
immune sera were used in an ELlSA test. Results indicated that antibodies prcpared 
against individual viruses were highly reactive against these heterologous antigens. 

The sera collected in the field were also tested for the presence of antibodies against 
Mycoplasma pulmonis and other viruses, including rat coronavirus, adenovirus, new rat 
parvovirus, conventional parvovirus, Theiler's virus, lymphocytic choriomeningitis 
virus, vaccinia virus, Hantaan virus, Seoul virus, pneumonia virus and Sendai virus. The 
test used in this study was an indirect immunotlourescence and serum samples were 
scored as either positive or negative against the individual antigens. The results indicated 
that 36% and 13% of the samples were positive for mycoplasma and rat coronavirus, 
respectively. Less than 10% of the sera were positive for adenovirus, new rat parvovirus, 
conventional parvovirus and Theiler's virus. None of the serum samples tested was pos­
itive for lymphocytic choriomeningitis virus, vaccinia virus, Hantaan virus, Seoul virus, 
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pneumonia virus and Sendai virus. Our data imply that RCMV s are persistently and 
effectively maintained in the rice field rat populations. Compared with other viruses and 
mycoplasma, RCMV was found to be have a high sero-prevalence within rat popula­
tions. It is suggested, therefore, that the virus could be manipulated for the development 
as a suitable biological vector to control rat population in rice fields. 

Characterisation of new rat cytomegaloviruses isolated from rice 
field rats (Rattus argentiventer) 

M.L. Mohd-Azmi. K.Y. Lai and A.R. Sheikh-Omar 
Department of Veterinary Pathology and Microbiology, Faculty of Veterinary Medicine and 

Animal Science, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

Two different rat cytomegaloviruses (RCMV) were successfully isolated from the rice 
field rat. These viruses were individually isolated from the kidney and salivary glands 
of different individual rats. The rice field rats used for virus isolation were captured 
alive and examined to be clinically healthy. Rats were autopsied and individual organs 
of interest were collected and processed under a sterile environment for virus isola­
tion. Individual tissue extracts were then co-cultured with rat embryo fibroblast. 

Cytopathic effects, characterised by focal development of typical cytomegalovirus 
plaques, were observed within 4 to 6 days of co-culture. The presence of cytopathic 
effects was further visualised upon haematoxylin-eosin staining. Eosinophilic cytoplas­
mic and intranuclear inclusion bodies were observed under light microscope at higher 
magnifications. Typical morphology and size of the cytomegaloviruses were deter­
mined using transmission electron microscopy. The size and morphology of the viral 
particles were indistinguishable to those of an English strain of RCMV. An indirect 
immunoperoxidase test was used to further confirm the presence of RCMVs. Infected 
tissue strongly reacted against reference RCMV antisera. Polymerase chain reaction 
was employed in random amplified polymorphism DNA analysis to determine the rela­
tionship of the two virus isolates with the established RCMV s of the Dutch and English 
strains which were isolated from Rattus norvegicus. The results indicated that the two 
viruses isolated from the kidney and salivary gland of Rattus argentiventer, respec­
tively, were RCMVs. The two isolates were found to be genetically different from each 
other but serologically closely related to the RCMV English strain. 

Interrelationship of Leishmania parasites and rodents in arid 
regions of Asia 

V.M. Neronov l , M.V. Strelkova2 and A.A. Lushchekina l 

I Institute of Ecology and Evolution, Russian Academy of Sciences. 33 Leninskiy Prospect, 
Moscow, 117071 Russia 

2 Institute of Medical Parasitology and Tropical Medicine, Ministry of Public Health of 
Russian Federation, Moscow, Russia 

Zoonotic cutaneous leishmaniasis (ZCL) is an obligate transmissive infection with 
natural focality. In a number of arid regions of Asia the disease is still a problem for 
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the public health services. In 1985 a detail review of regional geography of cutaneous 
leishmaniases in the Old World was published and features of distribution and 
ecology of different Leishmania (L. major. L. tropica, L. gerbilU, L. ethiopica, L. 
were described and relevant zonations of their nosoranges were presented. During 
recent sp.) years new data on natural focality of leishmaniases in Asia have been 
obtained, including a description of two new species (L. arabica and L. turanica). 
These discoveries have changed traditional notions considerably and should be taken 
into consideration by public health services. In the paper, the main results of studies 
of the Leishmania isolates from various natural foci of Mongolia, Uzbekistan, Turk­
menistan and South of Kazakhstan are presented and compared with the data from 
other parts of Asian deserts. It is important to underline that only L. major is causing 
the ZCL morbidity among human beings, and it has different long-term fluctuations 
in different hypo-, meso-, and hyper-endemic foci; even within the overlapping zone 
of ranges of Rhombomys opimus (main host of three parasites species in Turan) and 
Phlebotomus papatasi (main vector of L. major in different parts of its nosorange) 
there are large areas with no risk of infection to people, but this situation couldchange 
if irrigation systems are developed. Pure L. major infection of wild rodents has not 
been found, and mixed infection (L. major + L. turanica or sometimes L. major + L. 
turanica + L. gerbil/i) is typical for vast territories. Seasonal variations in L. major + 
L. turanica relative abundance have been detected both during a transmission season 
and in different years. If L. turanica could affect up to 100% of R. opimus population 
in many foci, L. major infection rate as a rule is not higher than 50% and even this 
level occurs only at the end of transmission season and in the most favourable habi­
tats (river deltas and valleys, and piedmont areas). 

Rodent-borne diseases and their control in China 

Cheng-Xin Wang, Jing-Hui Li and Qi-Y ong Liu 
Institute of Epidemiology and Microbiology, Chinese Academy of Preventive Medicine, 

P.O. Box 5, Changping. Beijing 102206, China 

The earliest observations concerning rodent-borne diseases in China were recorded 
5000 years ago. The diseases were plague and leptospirosis. Today, several rodent­
borne diseases still occur. Cases of plague are rarely found, although natural epi­
demic foci exist and it still poses a threat. Haemorrhagic fever with renal syndrome 
(HFRS) requires major control because there are many epidemic foci and thousands 
of cases per year. Leptospirosis, with total cases fluctuating up and down, is partially 
transmitted by rodents. Other rodent-borne diseases, such as Lyme disease, are of 
serious concern but their epidemiology is not well understood. 

There are at least 79 rodent species belonging to 12 families that are associated with 
the incidence of human diseases in China. About 10 species are the main hosts of the 
various zoonoses and so are the focus of control efforts. Rodent control on a large­
scale produced good results for the control of rodent plague. However, the cost is 
high and the effect is short-lived, although the environment recovers. Currently. the 
strategy is to undertake surveillance and temporary control of the host rodent density. 
For HFRS, because there is now a highly effective vaccine for humans, the rodent 
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control measures include surveillance, focal point rodent control, and vaccination of 
highly susceptible people, and the disease foci are manageable. For leptospirosis, 
rodent control should be conducted only after it has been confirmed that rodents 
transmit this disease. 

POSTER PRESENTATIONS 

Norway rats, reservoir hosts for Cryptosporidium parvum 

R. J. Quy,1 R. W. Watkins, I D. P. Cowan, I P. J. Haynes, lA. Sturdee, 2 R. M. 
Chalmers, 2 S. A. Bull 2 and A. Bodley-Tickell2 

I Central Science Laboratory, Sand Hutton. York, Y041 lLZ. U.K. 
2 Cryptosporidium Research Group, Coventry University, Coventry, CVI 5FB, U.K. 

Cryptosporidium parvum is a single-cclled parasite which can cause severe gastro­
intestinal illness in both humans and livestock. The infection may be acquired by 
eating or drinking contaminated material. Commensal rodents, which appear to be 
asymptomatic carriers, may be a source of the contamination and Norway rats 
(Rattus norvegicus), in particular, may be an important vector. To determine this, 
populations of rats were studied on three infested sites, a livestock farm, the banks of 
a pond and its outflowing stream and a farm rubbish tip. Rats were regularly trapped, 
marked and released and a faecal sample was obtained from each animaL The para­
site was detected in the sample by an immunofluorescence monoclonal antibody test. 
The study sought to quantify the rate of infection and how this varied with respect to 
rat population dynamics. Overall, the average rate of infection was 24.0% (n = 438), 
with no variation between the three sites. There was a significant weight (age) effect 
with 40.4% of juveniles (:s 100 g body weight) infected, decreasing to 11.8% for rats 
over 400 g. More males were infected (28.8%) than females (19.2%). There was no 
strong evidence linking infection rate to population density. Seasonally, most 
infected rats were found in May-June (39.6%), the lowest number in Septem­
ber-October (13.0%). Radio-tagged rats had ranges that kept them in close to the 
f,um buildings, pond or tip, thereby offering ample opportunity to pass on the infec­
tion. The results suggest that measures taken to reduce infection in cattle and clean­
up water supplies should include rodent control, otherwise reinfection/recontamina­
tion will occur. 
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Rodent-ecosystem relationships: a review 

Chris R. Dickman 
Institute of Wildlife Research, School of Biological Sciences, University of Sydney, 

NSW 2006, Australia 

Because of their ability to use agricultural production and their role in spreading 
disease in humans, rodents are often viewed as having negative impacts in modified 
and natural ecosystems. Species that occur communally with humans, such as black, 
brown and Pacific rats and house mice, have acquired particularly notorious reputa­
tions. Some, such as the black rat, have been further implicated in the extinctions of 
many species of insular land birds and small mammals. 

In this review. I focus on the interactions of rodents with chemical and structural 
attributes of the environment, and their direct and indirect impacts on food resources. 
Chemical interactions such as cycling of nitrogen and carbon can be affected mark­
edly by the selectivity and intensity of rodent foraging. Peaks in mictotine rodents, 
for example, may direct flows of carbon and nitrogen from primary producers to the 
soil system, and reduce surface litter. Rates of mineralisation and fixation of nitrogen 
are affected. Effects of rodents on structural attributes of the environment are most 
obvious in 'ecosystem engineer' species such as beavers, prairie dogs and mole-rats. 
However, many rodents alter the structure of their environment more subtly by 
surface tunnelling, construction of leaf or stick nests, or even by arranging pebbles 
around tunnel entrances. The impoundments of North American beavers affect nutli­
ent cycles, water and the species richness of aquatic invertebrates and fish; they also 
facilitate terrestrial leaf beetles by changing the chemistry of cottonwood host plants. 

Facultative and obligate use of rodent burrows is also made by many species of verte­
brates and invertebrates. Impacts of rodents on food resources vary from simple deple­
tion of preferred food types to dramatic changes in the composition of prey 
communities. Impacts may be direct, as by foraging, or indirect, as by changing of soil 
structure, drainage and cycling of nutrients. Several species of arboreal rodents, prima­
lily squirrels, have been implicated in the dispersal of tree seeds and mole-rats in the 
dispersal of geophytic plants; terrestrial rodents may disperse seeds via caching. 

The foraging activities of rodents may facilitate other taxa such as ants and birds. 
Rodents appear to play a minor role in pollination in some systems and to effect dis­
persal of hypogeal fungi that form mycorrhizal associations with plants. Although 
many of these interactions remain to be quantified, rodent-ccosystem relationships 

127 



are clearly diverse and often beneficial in terms of their effects on populations of 
other species. Understanding of rodent-ecosystem relationships is of considerable 
theoretical interest. and also essential if rodents are to have value as indicators of 
environmental change. 

ORAL PRESENTATIONS 

Rodents in disturbed forest habitats 
Joanna Gliwicz 

Agricultural University of Warsaw, Department of Wildlife Management, 
Rakowiecka st. 26/30,02-528 Warsaw, Poland 

In the forests of Holarctic, newly disturbed areas constantly appear as the result of 
burning or clearcutting. Rodent communities characteristic of undamaged forest hab­
itats disappear, and the areas are resettled by species from the neighbourhood. These 
new rodent communities are highly predominated by one species: in northern and 
central Europe it is usually Clethrionomys glareolus (although with some notable 
exceptions); in the northern part of Nearctic (northern U.S., Canada) by Peromyscus 
maniculatus, despite the fact that another Clethrionomys species (c. gapperi) is 
common in these habitats before the disturbance. 

Why isn't C. gapperi in America equally successful in colonising the disturbed areas 
as C. glareo/us in Europe? Published data have been analysed in order to gauge 
support for one (or more) of the following hypotheses and provide the answer to the 
above question: 

1. Peromyscus is more suited to colonising such areas than is Clethrionomys. 
Absence of Peromyscus in Europe leaves the disturbed habitats free for C. glare­
oius. 

2. C. glareolus is more generalistic and therefore better preadapted for resettling 
such areas than C. gapperi. 

3. Historical duration of human management in forests affected breadth of niches of 
Clethrionomys species, and thus their ability to colonise disturbed areas. 

Rodents as monitors of environmental contamination 
Luisa Anna leradi' and Mauro Cristaldi2 

I Department of Genetic and Molecular Biology, Nucleic Acid Center. 'La Sapienza' 
University, A. Moro 5,00185 Rome, Italy 

2 Department of Animal and Human Biology, 'La Sapienza' University, A. Borelli 50, 
00161 Rome, Italy 

This paper is a summary of a research carried out during recent years in order to 
verify the suitability of using wild rodents to monitor the environmental impact of 
human activities and to assess the relationship between environmental pollution 
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and genotoxic damage. The work consists of the setting up of biological models, in 
particular a mammalian model, including sentinel species and relevant endpoints. 
Some rodent species (Rodentia, Muridae) were used as indicators for the following 
reasons: they are able to concentrate contaminants present in the ecosystem, they 
are easily trapped, readily available, characterised by a relatively small home range 
and a high reproductive rate. 

Among the numerous endpoints for detecting biological damage, cytogenetic end­
points, observable in bone marrow and peripheral blood (micronuclei), and in 
sperm (abnormal sperm cells), were chosen. Two mutagenicity tests (micronucleus 
test and sperm abnormality assay) were applied on 893 rodents belonging to seven 
species: Mus musculus domesticus (n = 426), Mus spretus (n = 92), Apodemus syl­
vaticus (n = 64), Apodemus jlavicollis (n = 35), Rattus norvegicus (n = 93), Rattus 
mttus (n = 37), and Clethrionomys glareolus (n 146). Animals were collected in 
24 differently contaminated sites, located in Italy, Sweden, Spain and the Czech 
Republic, to detect the possible genetic effects on resident populations. In some 
animal groups the contents of 137-Cs and 134-Cs and of heavy metals (lead, cad­
mium, zinc, copper) were analysed in total body and in target organs, respectively. 
Results showed that the frequency of micronucleated erythrocytes and abnormal 
sperm cells is significantly higher in rodents living in sites contaminated by radio­
activity, petrochemical industry and in urban areas, in comparison with those 
sampled in areas characterised by negligible pollution. A significant correlation 
between radionuclide concentration and lead and cadmium content in soil and body 
and micronuclei frequency, was observed. The frequency of abnormal sperm cells 
and content of lead and cadmium were also significantly correlated. Furthermore 
the results show a different susceptibility among species. Whereas A. sylvaticus 
and M. m. domesticus seem suitable indicators because they are also able to assess 
the impact of the low level of pollutants, the usefulness of other species, such as 
Rattus spp. and C. glareolus, needs further investigation. Therefore the establish­
ment of an international data bank to catalogue the species used in biomonitoring is 
proposed. 

We propose that infesting rodents be used as sentinel species, whether in urban or 
agricultural environment. It would allow us to save rodents which, using the current 
disinfestation methods, would be eliminated. So, the use of these animals as monitors 
might also induce us to set up non-invasive methods for rodent control. These 
methods may be used in parallel and. where and when possible. to replace rodenti­
cides. On the basis of these results, the possibility of including wild rodents in bio­
monitoring, not only in contaminated areas, but also in natural areas, which may 
become contaminated, is suggested in order to prevent risk. 
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The impact of rodents on forest regeneration in the mountain 
areas of Beijing, China 

Zhi-Bin Zhang, Shou-Shen Hao, Fu-Sheng Wang, Shu-Qing Wang and 
Zhi-Bin Meng 

National Key Laboratory of Integrated Pest Management on Insects and Rodents in 
Agriculture, Institute of Zoology, Chinese Academy of Sciences, 19 Zhongguanchun Lu, 

Haidian, Beijing 100080, China 

From 1993 to 1995, the impact of rodents on forest regeneration in the mountain 
areas of Beijing was studied. The study aimed to assess the predation pressure on the 
seed bank by rodents, to find an effective method for reducing seed loss by rodents 
and to increase seed germination. The primary results are described briefly. 

Rodents removed most of the oak, apricot and walnut seeds from the soil surface. 
When the seeds were protected by wire mesh, 23% of oak seeds and 24% apricot 
seeds on the soil surface germinated in the next year. Although the walnut seeds pro­
tected by the wire mesh were intact, none were observed to gelminate. It seems that 
walnut seeds need more than one year to germinate. When seeds were sown about 5 
cm deep into the soil, many of them survived. Oak seeds (39%) and apricot seeds 
(18%) germinated in the next year. We suggest that rodents play a very important 
role in forest regeneration in the mountain areas in Beijing. There is high potential for 
forest regeneration if seed loss is reduced. Sowing seeds under the soil may be effec­
tive in reducing seed loss by rodents and also in facilitating seed germination. 

POSTER PRESENTATIONS 

Rodent diversity in Vietnam 
CaoVan Sung 

Institute of Ecology and Biological Resources, Hanoi, Vietnam 

The rodents of Vietnam are diverse and abundant. There are 64 species recorded 
which belong to 27 genera and 7 families. The taxonomy of rodents in Vietnam was 
revised using anatomical and cytological data. Chromosomal and DNA characteris­
tics were reviewed for the genus Rattus. 

This analysis provides a zoogeographical division of Vietnamese rodents and the distri­
bution of species by latitude and habitat. Several species were determined to be threat­
ened with extinction including Rattus bieolor, Rattus ajJinis, Petaurista petaurista, 
Petaurista elegans, Hylopetes spp., Belomys pearsoni and Calloseiurusfinlaysoni. 

The species of northern Vietnam include Rhizomys sinensis, Dremomys pernyi, Cal­
loseiurus erythraeus, Rattus jlavipeetus, Niviventer bickit and Niviventer confu­
eianus. The species of southern Vietnam include Hylopeetes lepidus, H. spadieeus, 
Manetes berdmorei, Rattus exulans, Ratufa ajJlnis, Callosciurus notatus, Callosciu­
rus nigrovittatus and Scundasciurus hippirus. 
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Microhabitat preferences of desert rodents in the southern 
Dzungaria Basin 

Kun Dail,Jun Yao l and De-Fu Hu2 

1 Xinjiang Institute of Biology, Pedology and Desert Research, Chinese Academy of Science, 
830046 Urumqi, China 

2 Wildlife Resource College, Northeast Forest University, 150040, Harbin, China 

From March 1997 to June 1998, we investigated the five main microhabitat types in the 
southern Dzungaria Basin of Xinjang China. These microhabitats can be classified 
according to the characteristics of terrain and vegetation: Type I, sand dune; Type 11, 
valley between sand dunes associated with high perennial shrub (height>l.om); Type 
Ill, flatland along the sand dune associated with herb and small perennial shrub 
(height<I.Om); Type IV, sand dune with perennial shrub; Type V, wash zone. 

The results of our survey were as follows. 

1. There were four rodent species observed in these microhabitats. Rhombomys 
opimus mainly inhabited Type III micro-habitat. Meriones meriones meridial1us 
was in Type n, Salpingotus crassicauda was in Type IV and Dipus sagitta was 
found in all types. 

2. The microhabitat uses of both bipedal rodents and quadrupedal rodents were corre­
lated with the high perennial shrub (height> 1.0 m), although bipedal rodents pre­
ferred to move in open space while the quadrupedal rodents primarily foraged 
beneath the shrub. This result may be attributed to the risk of predation. 

3. In the different seasons, Dipus sagitta shifted their microhabitat use between the 
different types. We believe this movement could be related to food supply. 

Mechanisms of coexistence of desert rodent communities in the 
southern fringe of Dzungaria Basin 

De-Fu Hu' and He-Lin Sheng2 

I Xinjing Institute of Biology, Pedology and Desert Research, The Chinese Academy of 
Sciences, Urumqi, Xinjing, 830011 

2 Department of Biology, East China Normal University, Shanghai 200062, China 

This study was conducted in the southern part of Gurbantongout Sandy Desert, 
Fukang MAB Desert Ecology Station (87°45'-88°05'E, 43°50'-44°30'N) in 1996. 
Four rodent species were investigated, great gerbil, Rhombomys opimus, mid-day 
gerbil, Meriones meridianus, northern three-toed jerboa, Dipus sagitta and thick­
tailed pygmy jerboa, Salpingotus crassicauda. The work aimed to study species 
diversity and reveal mechanisms of coexistence of rodent communities in the sandy 
desert. Phenological characteristics and food composition in the region were exam­
ined during two periods. 

1. The rich ephemeral biomass period during April-June 

Based on a three dimensional niche overlap, the habitat use was determined by 
spotlighting, the food by microscopic analysis of stomach contents and the time 
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by direct observations. Results indicated that, during April-June, each pair of the 
four rodent species had a high niche overlap and showed no significant ecological 
separation. This suggests that there is weak or no interspecific competition and 
they have a stable coexistence by using similar resources during this period. 

2. Annual and perennial period during July-October 

Great gerbil forage for shoots on bushes, forming a vertical resource separation 
with other species, enabling stable coexistence. The northern three-toed jerboa 
prefers open patches and forages as a gleaner, whereas the mid-day gerbil prefers 
bush patches and forages as a digger. 

Using each species' population density, behaviour and the known available food, 
mechanisms of coexistence in the two periods were analysed. Firstly, during the 
ephemeral period given the abundance of food, space and the low population densi­
ties of all species, there was no competition. Also, we consider that two conditions 
must exist for this coexistence pattern. First, there is a restrained survival period in 
the rodent community that leads to a sharp decline in population size and second 
there is a rapid increase in resources. This phenomenon possibly exists in other 
rodent communities in high latitudinal regions. During the annual and perennial 
period when food is scarce for all rodents (except the great gerbil), variations in for­
aging behaviour and efficiency due to morphology and physiology allow a stable 
interspecific trade-off. This results in lower levels of competition between species. 
All these conditions are necessary ecological separations that allow sympatric species 
to coexist during periods of poor survival and low resource availability in desert 
environments where such resources fluctuate severely from year to year. 

The rodent fauna composition, distribution and degree of damage 
in the gully region of the Loess plateau 

Zhen-Dong Ningl, Ting-Lin Wang l , 80 Zou l , Wen-Ying Changl , Ke-GongWangl 

and Jun-Mao Ji2 

1 Institute of Plant Protection, Shanxi Academy of Agricultural Sciences, 030031 Taiyuan, 
Shanxi Province, China 

2Station of Agricultural Techniques, Ruicheng, Shanxi Province, China 

Trapping and plug recovery methods were employed in this study to investigate the 
mammalian species composition, their distribution and variation in population 
density in the Gully Region on Loess Plateau. Biomass and daily food consumption 
were used to evaluate the degree of damage by all species of rodent. 

Rodent species composition. In this region, there are 11 species, belonging to 2 
orders,4 families and 7 genera. Of these there are 10 species of the order Rodentia, 
including 4 species of hamster, Myospalaxfontanieri (Milne-Edwards), Cricetulus 
triton (de Winton), Cricetulus longicaudatus (Milne-Edwards) and Meriones merid­
ianus (pallas); 5 species of mice and rats, Rattus norvegicus (Berkenhout), Mus 
musculus (Linnaeus), Rattus niviventer sacer, Apodemus pen insulae (Thomas) and 
Apodemus agrarius (pallas); 1 species of squirrel, Eutamias sibiricus (Laxmann); 
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and 1 species of hare, Ochotona daurica (Pallas). Eight of these species are consid­
ered to be Palaearctic mammals, and comprise 73% of the total number of the spe­
cies, of which northern zone species are found to be the dominant forms. Of the 
remaining species, two are widely spread and one is distributed in the oriental 
region. 

Rodent population density dynamics and distribution characteristics. The popula­
tion densities vary in different seasons. The density of rodents increases rapidly 
from April to August, where it reaches its peak. Capture rates in the peak period are 
more than 4 times that in the low-density period. The relative distribution of 
rodents in different environment habitats is greater in fannland than in orchards, 
uncultivated slopes and forestland. Distribution in dry and sloped landscapes is 
greater than in trenches and valleys. 

Degree and time oJ damage. The combinations of biomass, daily food consumption 
and capture rate can accurately reflect the degree of damage. The damage caused by 
rodents relative to other species is in the order (highest to lowest) MyospalaxJontani­
eri (Milne-Edwards), Meriones meridian us (pallas), Cricetulus triton (de Winton), 
Cricetulus longicaudatus (Milne-Edwards), Rattus niviventer (Sacer), Eutamias 
sibiricus (Laxmann), and Mus musculus (Linnaeus). The rodents cause the most 
serious damage to crops in June, August and September. 

Natural enemies of rodents and their protection and utilisation in 
the Loess plateau of West Shanxi, China 

Bo ZOU, Zhen-Dong Ning, Ting-Ling Wang, Wen-Ying Chang and Ke-Gong Wang 
Institute of Plant Protection, Shanxi Academy of Agricultural Science. 030031 Taiyuan, 

Shanxi Province. China 

The resources available for the natral enemies of rodents in the Loess Plateau, the 
west range of Shanxi, China were investigated. Food habits and food consumption 
were measured and analysed. A series of studies was conducted on protection and 
utilisation of natural enemies by planting trees and grass and by improving the eco­
logical environment. 

1. Species of natural enemy 

In the literature there are over 30 species which are natural enemies of rodents. 
During three years of investigation, 20 species of natural enemies that belonged 
to 3 classes, 4 orders and 7 families were recorded: Columbridae, Reptilia; 
Accipitridae and Falconidae, Falconiformes, Aves; Atrigidae, Strigirformes, 
Aves; Canidae, Felidae and Mustelidae, Carnivora, Mammalia. Among them, 
Otus scops sticronotus, Falco cherrug milvipes are new records for this area. 

2. Food habits and food consumption 

Rodents make up 64% of the diet of snakes, 60% of predatory birds, and 71 % of 
small carnivores. The daily food consumption of small predatory birds, medium 
bird predators, small carnivores and snakes is 30 g, over 20 g, near 200 g and 
about 3 g, respectively. 
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3. Protection and utilisation of natural enemies 

Key measures for protection and utilisation of the natural enemies of rodents are 
to increase the public's awareness by improving the ecological environment and 
stopping the use of acute rodenticides, so as to reduce secondary poisoning. After 
the implementation of these measures for natural enemies in a 13 km2 area of 
Xixian, Shanxi, China, the numbers of natural enemies showed a tendency to 
recover. Therefore, protecting the natural enemies of rodents and their environ­
ments helps to eliminate rodents and is an important measure of integrated man­
agement. 

Microhabitat use of Salpingotus crassicauda in the southern 
Dzungaria Basin 

Jun Yao l , Kun Dai l and De-Fu Hu2 

1 Xinjiang Institute of Biology, Pedology and Desert Research, Chinese Academy of Science, 
830011 Urumqi, China 

2 Wildlife Resource College, Northeast Forest University, 150040 Harbin, China 

Salpingotus crassicauda is a bipedal rodent that lives very successfully in sandy 
deserts. It is a very small animal (average weight = 6.0 g, n = 8), and is regarded as 
very rare in Dzungaria Basin of Xinjiang, China. From March 1997 to June of 1998, 
we investigated the use by Salpingotus crassicauda of five microhabitat types in 
sandy desert in southern Dzungaria Basin. 

This study showed that their microhabitat use was mostly limited to areas along the 
sand dune associated with herbs and small shrubs. In this microhabitat, there was 
greater insect density than in any other microhabitat type. The annual activity cycle 
of Salpingotus crassicauda coincides with that of insects. We think that the food is 
one of the main causes for selection of the microhabitat. Their annual activity cycle is 
from May to the end of October and this cycle is the shortest among the four coexist­
ing rodent species in the sandy desert. Small body size, the shorter cycle of annual 
activity and the use of a limited microhabitat are regarded as some of the reasons for 
the rarity of this species. 
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