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In four different areas simultaneous measurements were conducted of the numbers of mice, shrews 
and voles, ticks on these mammals, ticks in the vegetation and the percentage of ticks infested with 
Borrelia. The areas included heather, a city park, a forest and a dune area. The data were analysed 
for correlations in the measurements between areas and years. The results indicated a general 
trend according to which areas with high mice numbers also showed a high number of ticks on the 
mice, a high number of ticks on the vegetation and a high percentage of ticks infected with the 
Borrelia bacterium, which is the cause of Lyme disease. Correlations between the observed trends 
are discussed in relation to the simultaneously occurring ‘inflation effect’ on Lyme incidence of high 
mice/vole and tick populations and the ‘dilution effect’ reducing Lyme incidence in the case of a high 
biodiversity of tick hosts. 
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In recent years Lyme disease has emerged as an increasing threat to public health in the 
Netherlands. The numbers of registered hospital treatments of humans infected with the bacterium 
Borrelia burgdorferi that causes Lyme, have increased with approximately 100 each year from 
1991 to 1998 (Prismant 2000). Extrapolating this trend gives an estimation of 1400 hospital 
treatments in 2003. As is indicated by a study of Borgdorff et al. (1997) the number of Borrelia 
infections treated by physicians is approximately 20 times higher, and the number of people that 
visit a physician with a tick bite is even 100 times higher. In the study of Borgdorff et al. (1997) it 
was shown that most Lyme infections were reported from the north of the province Overijssel and 
from the corridor Utrecht-Amsterdam. 

The increasing incidence of Lyme raises questions such as: are ticks becoming more numerous 
or are more ticks becoming infected with Lyme, why are infections linked mainly to certain 
regions and, can ecological knowledge of the association between the biotope, the tick, the 
Borrelia bacterium and small mammal hosts be applied to reduce the presence of Lyme in the 
Netherlands and/or predict high –infection years or areas?  

For answering these questions basic ecological relationships underlying Lyme disease were 
taken into account. First of all a chain reaction has been proposed by Jones et al. (1998) in which 
mast seeding of trees causes high populations of mice and vole, the main hosts of ticks, which in 
turn causes a high incidence of Lyme. That mice and vole populations are not equally promoted by 
mast has been shown by Margaletic et al. (2002), while others have studied tick populations in 
relation to forest types (e.g. Ostfeld et al. 1998). Finally, the fact that small mammals are not 
equally good hosts led Logiudice et al. (2003) to propose a host diversity dependent ‘dilution 
effect’ model, in which higher biodiversity of the hosts causes a reduction of the incidence of 
Lyme. 

Biotope effects and recreation risks 
To obtain answers to the above questions, field observations were started in 2000. It was decided 
to study four different biotopes, because this would allow an analysis of tick ecology in relation to 
habitat conditions. To assure a link with human infection risks, the experimental plots were also 
selected for their suitability as a recreation area. These criteria resulted in the choice of four plots 
including a dune area at Duin en Kruidberg (near Haarlem), a dry heather area at the 
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Kroondomeinen (Veluwe), an oak forest with blueberry undergrowth at the Kroondomeinen and a 
city park at De Bijlmer (near Amsterdam). In each plot, tick populations were monitored monthly 
during the summer. The trapped ticks were identified to species, developmental stage, e.g. larvae, 
nymphs and adults, and sex.  

Because ticks become infected after feeding on small mammals that are infected with Borrelia, 
the study included the trapping of the most abundant small mammal hosts such as mice, voles and 
shrews. Lyme infection in the trapped ticks and mammals was determined.  

In addition to the four experimental areas that were sampled on a regular basis, a broader range 
of habitats was studied with the help of volunteers of the ‘Koninklijke Nederlandse 
Jagersvereniging (KNJV)’, the ‘Nederlandse Vereniging voor Lyme Patiënten (NVLP)’ and the 
‘Nederlandse Federatie voor Nudisten (NFN)’. These were invited to start a national survey of tick 
numbers in different habitats across the country. In this paper we show the results of a pilot project 
in 2001 in which 100 volunteers participated. 

Aim: investigating the inflation effect model 
In combination, the measurements on densities of ticks, mice, voles and shrews, and Borrelia 
infection in ticks and mice were regarded as a basis for a preliminary analysis of the relationships 
in which a high density of small mammals gives rise to high survival and densities of ticks, of high 
transmission of Borrelia, leading to many infected ticks and finally, of high risk of Lyme infection 
for humans. We will refer to this ecological chain reaction (see Jones et al 1998) as the ‘inflation 
effect’ which, as discussed above, is always accompanied by a counteracting ‘dilution effect’ 
described by LoGiudice et al. (2003). LoGiudice et al. (2002) have published a model showing 
that the presence of relatively many suboptimal host species for Borrelia and/or its tick vector lead 
to a reduction in the nymphal infection prevalence. Consequently, the ‘inflation’ that may be 
expected in the case of a high density of a single, good host, may be damped when it occurs in an 
area with many suboptimal, alternative hosts. 

The present study offers a field-based inventory of factors related to the inflation effect, the 
results of which may contribute also to more insight in the dilution effect. 

MATERIAL AND METHODS 

Trapping of ticks from the vegetation and from the bodies of the 
captured mice and voles 
Ticks were sampled from the vegetation in the four experimental plots and nation-wide with the 
help of volunteers. Trapping implied the dragging of a large, white-coloured cloth of 1 m2 over the 
vegetation of a 30 by 10 meter area. Triggered by the movement, ticks actively leave the 
vegetation and attach to the cloth. They were sampled from the cloth’s surface, counted and put 
into alcohol. In the laboratory they were identified (van Bronswijk 1979) and prepared for the 
analysis of Borrelia infection (Schouls et al. 1999). To prevent the trapping away of ticks, the 
sampling area of each next occasion was shifted by 10 m. The four experimental plots were visited 
monthly, from April to September, from 2000 to 2002.  

The volunteers were instructed to use the same sampling method as used on the experimental 
plots. The participatory experiment included 100 volunteers sampling on many different locations 
nation-wide during October and November of 2001. Each sample that was send to us by the 
volunteers was checked. If uncertainty existed about location or moment of sampling, as well as 
about the area sampled, the samples were not included in further analysis.  

Ticks were also sampled in 2001 from the carcasses of the trapped mice and voles. For this 
purpose, the mice that were kept in plastic bags in the freezer were thawed and the number of ticks 
in the plastic bag and on the carcasses was counted.  

Trapping of mice 
Mice were trapped in 2000, 2001 and 2002 during August/September on all four experimental 
plots using Longworth life traps. Each trap was baited with small portions of apple, peanut butter 
and canned cat-food that were refreshed when looking desiccated. Traps were standing in the field 
during five subsequent days and were inspected three times daily at 7.00, 17.00 and 22.00 h. The 
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trapped mice were anaesthetised with diethyl ether and a hart-puncture was used to take a blood 
sample for later laboratory analysis to detect Borrelia infection. Blood samples were stored at 
refrigerator temperature and centrifuged within 3 days for extraction of plasma and serum, which 
was stored in a freezer. 

Borrelia infection of ticks 
The Borrelia infections of the ticks were determined according to Schouls et al. (1999). The 
results in the present paper concern ticks trapped in 2000, excluding the analysis of ticks from June 
and July in the city park and from August in the dune and forest plots, which were not yet 
available. Mean infection percentages of the plots were based on the available data. 

RESULTS 

Tick populations in space and time 
The population density of ticks showed marked differences between biotopes and years. This result 
was illustrated by the data of the four experimental plots as well as by the data of the participatory 
study. The data showed that more than 99.9% of the trapped ticks were Ixodes ricinus. 

The results of the four experimental locations showed that the biotopes could be ranked in 
decreasing number of trapped ticks per location from dune area, via the oak forest with blueberry 
undergrowth and the recreational forest-park of the Bijlmer, to the heather of the Kroondomeinen 
(Fig. 1). This indicates a general decrease in tick numbers when going from shady, humid biotopes 
such as forests and parks to open dry areas, such as heather. 

Tick numbers over the years were analysed using a polynomial model with a linear and 
quadratic component and independent plot levels. Due to the lack of replicates of the biotopes, the 
year effect could only be analysed as a general trend and not as independent trends per biotope.  

The result indicated a significant increase (at the t≤0.05% level) in trapped ticks, with a 
maximum during the second sampling year (overall averages of 0.65, 1.10 and 1.01 tick per m2 in 
2000, 2001 and 2002). Besides this, the analysis showed that the three-year averages of the number 
of ticks in the city park plot and the oak forest plot were not significantly different. Compared to 
these two plots, the average of the number of ticks in the dune plot was significantly higher, and in 
the heather plot significantly lower. 
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Figure 1. Effects of biotope on the number of ticks: results of the four experimental areas (mean numbers 
per year of monthly catches from April until September). 
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Figure 2. Results of the participatory research (averages of all catches per terrain type). 
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Figure 3. Seasonal occurrence of life stages. 

 
 
Large differences in the mean number of trapped ticks between biotopes were also indicated 

by the 80 samples obtained from the participatory study. The ranking of biotopes in order of 
decreasing tick populations is shown in Fig. 2. Although a similar general trend in tick numbers 
was found in relation to biotope as in the four experimental plots, the ‘dune’ samples here showed 
relatively low scores, while the ‘recreation area’ samples showed relatively high scores. Without a 
clear reason, the numbers of trapped ticks in the participatory study were relatively low compared 
to the experimental plots.  

The seasonal occurrence of the life stages of ticks 
All ticks captured were I. ricinus. Although minor differences existed in the stage development 
between years and locations, the present paper focuses on the overall pattern in the seasonal 
occurrence of the different life stages. Accordingly, each dot in Fig. 3 represents a total of 12 
sampling occasions. As is shown in Fig. 3 the largest changes occur in the number of larvae, which 
appear for the first time in may, increase to approximately 60% of the trapped numbers in august, 
and show a rapid decline thereafter. A less prominent change can be observed in the nymphs, 
which show an earlier increase in numbers, a peak density around June and a moderate decline 
thereafter. Finally, the number of adults is fairly constant ranging from 5 to 10% during all 
sampling months.  
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Figure 4. Preliminary data on the monthly percentage of Borrelia infection in ticks on the four experimental 
plots. 
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Figure 5. Numbers of tick larvae and nymphs collected from the corpses of the captured mice and voles. 

 
 

Borrelia infections in ticks 
As is illustrated by Fig. 4, the available measurements of the infection of ticks with Borrelia show 
that the highest percentage of infected ticks was found in the dune plot. The infection percentage 
in this plot was especially high in April (26%) and September (16%). High infection percentages 
were also found in the forest plot. Here the percentage increased between April and Mai to show a 
decrease between Mai and July. The highest percentage in the forest plot was 14%. Finally, in 
august and September some infected ticks were identified in the city park, were a highest infection 
percentage of 13% was measured in September. Due to the absence of four samples out of the total 
of 24 the results should be regarded as indications of trends only. 

Mice populations and their infestation with ticks 
Before discussing the numbers of trapped mice, voles and shrews, it is informative to analyse the 
number of ticks trapped on the carcasses of these animals. The reason is that this gives an 
impression of the suitability of the different small mammals as a host for the ticks, which in turn 
offers an instrument to rank the overview of trapped mammals according to ‘tick-load’. 

As shown in Fig. 5 most ticks gathered from the mammals trapped in 2001 were larvae, with a 
much smaller fraction of nymphs. Not a single adult tick was found on the trapped mammals.  
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Table 1. Numbers of mice and voles trapped each year on the four experimental plots. 

Species year Dune Forest City park Heather Total / y 
Wood mouse 2000    1 1 
A. sylvaticus 2001 19 13 16 3 51 
Total of 57 2002 2  3  5 
Bank vole 2000 1 1   2 
C. glareolus 2001 15 14  5 34 
Total of 84 2002 25 23   48 
Common vole 2000     0 
M. arvalis 2001 1    1 
Total of 1 2002     0 
White-toothed shrew 2000  1 8  9 
C. russula 2001   25  25 
Total of 60 2002   26  26 
Common shrew 2000     0 
S. araneus 2001   1 1 2 
Total of 16 2002 7   7 14 
Yearly total per plot 2000 1 2 8 1 12 
 2001 35 27 42 9 113 
 2002 34 23 29 7 93 
Total: A.s., C.g., M.a.  63 51 19 9 141 
Total: C.r., S.a.  8 1 60 8 77 
TOTAL      218 
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Figure 6. Comparison of trends in the number of ticks, small mammals, ticks on mice and the percentage 
Borrelia infection of ticks in the four experimental terrain types. 

 
 
Even more interesting was the observation that the average number of larvae on the mice and 

vole species showed a rapid decrease from 76 on Woodmouse (Apodemus sylvaticus), 19 on Bank 
vole (Clethrionomys glareolus), 4 on Common vole (Microtus arvalis), 4 on White toothed-shrew 
(Crocidura russula) and 2 on Common shrew (Sorex araneus). A similar trend, although at much 
lower numbers, was found for the nymphs. 

The numbers of trapped mice and voles are shown in Table 1, which is ranked according to the 
number of ticks that was found on the animals (see Fig. 5). The table shows that large variation 
exists in the number of individuals per species between years and plots. 

Despite intensive trapping, hardly any mice or voles were caught in 2000, indicating low 
population densities in that year. Overall numbers of mice and vole species were highest in the 
dune, the forest and the city-park plot. White toothed shrews were only abundant in the city-park 
plot, which was probably linked to large numbers of slugs in the vegetation surrounding the 
ditches in this area.  
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The inflation effect 
Indications for the inflation effect were obtained by relating the measurements of ticks, small 
mammals, ticks on small mammals and the infection percentage of trapped ticks. The analysis of 
Borrelia infection in ticks and mammalian blood is at the moment not yet completed, nor are the 
ticks on all trapped mammals counted. Consequently, the overview includes the following data: 
tick data of all three years, mice, voles and shrew data of all three years, Borrelia infection 
percentages of ticks trapped in 2000 and the numbers of ticks on trapped mammals in 2002. All 
data are brought together in Fig. 6, in which the four experimental plots are ranked in order of 
increasing total tick catches during three years. To achieve comparable scales, all data are divided 
by the mean result of the four plots.  

The trends in Fig. 6 show that an increasing number of ticks in the different plots is associated 
with increasing numbers of mice and voles (Wood mouse, Bank vole and Common vole), with an 
increase in the numbers of ticks found on the animals and with an increasing percentage of ticks 
infected with Borrelia. Relatively low numbers of ticks in the forest plot, compared to the general 
trend, may be the result of a low trapping efficiency of ticks on the blueberry shrubs in the forest. 
Relatively many ticks on mice in the heather plot may result from mice that visit the heather from 
the nearby forest, taking their high forest-related tick load with them.  

Further support for the inflation effect comes from the temporal trend in the numbers of tick 
and mice. Averaging the data over all four experimental plots, the mice data change from 3 
specimens in 2000, to 86 in 2001 and 53 in 2002. The number of ticks follows this trend by mean 
numbers of 0.65 per m2 in 2000, 1.10 in 2001 and 1.01 in 2002. This shows that also between 
years, more mice are consistently correlated with higher tick catches.  

DISCUSSION 
By simultaneous measurements of the variation in densities of ticks, their small-mammal hosts and 
the Borrelia bacterium infection of ticks and mice during subsequent years and in different 
habitats, the results of the present study offer a means to gain more insight in the ecology of Lyme, 
and in the validity of the inflation effect on the one hand and the dilution effect on the other. Even 
though the data on Borrelia infection in ticks and of tick numbers on the trapped mammals have 
not yet become fully available, the consistency of the trends in the data, between habitats and 
years, seem to support the inflation effect model.  

The inflation effect may also offer a context for explaining the variation between sites and 
years that is observed in the Borrelia infection of ticks in other studies reporting values between 1 
and 30% (Hubalek and Halouzka 1998, Groen 1999, de Loof 1999). If studies include terrain that 
is rich in small mammals, higher tick catches may be expected and higher percentages of Borrelia 
infection of the ticks. The positive relationship between mice and tick population is also supported 
by studies of the chain reaction in which an acorn-rich autumn causes an increase of mice 
populations and of tick populations (Margaletic et al. 2002, Jones et al. 1998). Besides this 
inflation aspect, one should also take into account the simultaneous and inverse influence of the 
dilution effect (LoGiudice 2003) due to which a higher biodiversity of alternative, non-favourable 
hosts may lead to a reduction in the presence of the ticks and the Borrelia infection. 

Lyme disease is a steadily increasing problem in the Netherlands. The inflation effect, that is 
supported by the present results, may offer grips for yearly predictions of Lyme in response to 
habitat-related abundance of mice, voles and shrews. In addition, the biodiversity component of 
the dilution effect may offer handles for reducing the incidence of Lyme in certain areas. Given 
these potentials of these two effect models for prediction and management of Lyme disease in 
relation to habitat we recommend more research in the theoretical basis and practical application of 
both effect models 
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