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ABSTRACT
People may be exposed to questing Ixodes ricinus ticks in urban settings, e.g. residential 
gardens. Little is known about the garden characteristics that support a tick population. To 
determine which features in and around residential gardens support or limit the occurrence 
and abundance of questing I. ricinus ticks, we sampled them in residential gardens in the 
Braunschweig region that differed in various intrinsic and extrinsic parameters. We recorded 
the number of questing nymphal and adult ticks on transects, and by using mixed-effects 
generalized linear regression models, we related their occurrence and abundance to garden 
characteristics, meteorological covariates, and landscape features in the vicinity. We detected 
questing I. ricinus ticks in about 90% of the 103 surveyed gardens. Our occurrence model 
(marginal R2 = 0.31) predicted the highest probability of questing ticks on transects with 
hedges or groundcover in gardens, which are located in neighborhoods with large propor
tions of forest. The abundance of questing ticks was similarly influenced. We conclude that 
I. ricinus ticks are frequent in residential gardens in Northern Germany and likely associated 
with intrinsic garden characteristics on a small scale, such as hedges, as well as extrinsic 
factors on a local scale, such as the proportion of nearby woodland.
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Introduction

In Central Europe, the wood tick Ixodes ricinus 
Linnaeus, 1758 serves as a vector of several patho
genic agents, causing, e.g. Lyme disease, neoehrli
chiosis, and tick-borne encephalitis [1]. For people, 
the risk of infection with tick-borne pathogens 
depends on the pathogens’ prevalence in the tick 
population, but also on the abundance of questing 
ticks and the probability of contact. An optimal 
habitat for I. ricinus ticks must provide sufficient 
humidity to prevent desiccation during the host- 
seeking and developing phases as well as abundant 
and accessible hosts for the subadult and adult 
stages [2]. The abundance of questing I. ricinus 
ticks in rural European sites is driven by various 
habitat-, landscape-, and climate-related predictor 
variables reflecting its complex ecology [3]. The 
larger the proportion of forest and the higher the 
abundance of trees and shrubs, the more questing 
I. ricinus nymphs appear abundant in these sites. 
The ecotone at the woodland edge seems to be the 
preferred habitat of these ticks [4,5]. There, the risk 
of contact may be greatest during recreational 
activities of people.

In addition, people may also be exposed to quest
ing ticks in urban settings, such as parks, cemeteries, 
and private gardens [6–10]. Indeed, contact rates may 
be substantial in residential settings. Almost one- 
third of 8,043 Dutch study participants reported hav
ing acquired a tick bite in a private garden when 
gardening or playing [11]. This contact rate with 
ticks was second to that in the sylvatic setting. Most 
reports on ticks in residential gardens are anecdotal 
[12], and systematic studies on this kind of exposure 
site are scarce. In a study comparing public parks, 
periurban forests, and private gardens in the area of 
the city of Bonn, Germany, questing I. ricinus ticks 
were detected in 7 of 20 gardens; however, tick den
sities and details on particular garden features were 
not recorded [13]. Although people acquire tick bites 
in residential gardens, little is known about the char
acteristics that may support a tick population and 
whether these are features that may be actively mod
ified with the intention to decrease the contact risk in 
this type of cultivated urban landscapes.

To determine whether particular features in and 
around private gardens support or limit the occur
rence and abundance of questing I. ricinus ticks, we
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sampled ticks in residential gardens that differed in 
various intrinsic and extrinsic parameters. In particu
lar, we recorded the number of questing nymphal and 
adult ticks on transects and related their occurrence 
and abundance to various garden characteristics, 
meteorological covariates, and landscape features in 
the vicinity of each garden.

Methods

Study site and sampling

Garden owners interested in having their garden 
sampled for ticks contacted us after an announce
ment in a local newspaper. Thus, the selection of 
gardens was biased by their owners’ interest in ticks. 
We sampled questing I. ricinus ticks in 103 private 
gardens in the greater region of the city of 
Braunschweig, Germany, during the daytime hours 
from 8 April through 16 July 2015 (Figure 1). 
Within each garden, we identified transects to be 
sampled by aiming to include the variety of differ
ent structures present, such as lawns, patches of

other ground vegetation (e.g. ivy), flowerbeds and 
vegetablele patches, hedges and aggregated shrubs, 
compost heaps, and accumulated deadwood. The 
transects were linear but followed the natural 
shape of the vegetation structure to allow for uni
form sampling. For each transect, we recorded the 
length, the type of vegetation (lawn, groundcover, 
hedge or shrubs, flowerbed or vegetable patch, no 
vegetation), the density of vegetation (i.e. dense, 
sparse, no vegetation), the type of ground (i.e. 
bare soil, litter, or vegetated), the type of compost 
(i.e. open, closed, used for deadwood only, or no 
compost), and whether the transect was shaded 
(Figure 2). Each garden was sampled once. We 
sampled for ticks only when the vegetation was 
dry. Questing ticks were collected using a white 
flannel flag (1.0 � 1.5 m2) attached to a rod, 
which was slowly drawn over the vegetation. At 
intervals of 20 steps, if the transect was longer 
than 20 steps, the flag was inspected and all ticks 
were collected. For each transect, ticks were counted 
and gathered into an individual tube containing 
tissue soaked with 70% ethanol. Ticks were

Figure 1. Study area with the 103 individual gardens (points with 500 m buffers) and land use units, such as agriculture, forest, 
water body, park or garden allotment, settlement, and street, which may affect the occurrence and abundance of questing 
Ixodes ricinus ticks. Source of land use data: German Authoritative Real Estate Cadastre Information System ALKIS® (LGLN - 
Landesamt für Geoinformation und Landesvermessung Niedersachsen, 2014).
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identified to species and stage under the micro
scope; we did not differentiate I. ricinus from 
I. inopinatus which may be present in the 
Braunschweig region. The presence of larval ticks 
was noted but not included in the analysis.

Statistical modelling

We used mixed-effects generalized linear regression 
models to link potential predictor variables with 
either the occurrence of questing ticks (i.e. presence 
of at least one tick in a garden) or their abundance 
(i.e. sum of all ticks sampled in a garden). Although 
evidence suggests that nymphs and adult ticks 
respond somewhat differently to environmental pre
dictors [14,15], we decided to combine both stages in 
our analyses, because the number of collected adult 
ticks did not justify a stage-specific consideration.

We chose a binomial error distribution (logit link) 
for the occurrence data. For the abundance analysis, 
we standardized the tick counts to a 5-m-transect 
length and chose a negative binomial error distribu
tion and an observation-level random effect to 
account for overdispersion [16]. Since both, the 
occurrence and abundance data, were gathered in 
an unbalanced, nested sampling design (number of

transects per garden ranged between 7 and 70, med
ian number of transects was 22), we added the gar
dens as random intercept (block effect).

Potential predictor variables were divided into three 
thematic subsets (Tables 1–3): 1) garden level, 2) land
scape level, and 3) meteorological variables. Predictors 
on the garden level characterized the transects by

Vegetation Type 

Vegetation Density 

Ground Type 

i j k

a b c d e 

f g h

Figure 2. Examples of the predictor variables on the garden level: vegetation type (a–e) including no vegetation (a), lawn (b), 
groundcover (c), hedge (d), and flower bed (e); vegetation density (f–h) including no vegetation (f), sparse vegetation (g), and 
dense vegetation (h); and ground type (i–k) including bare soil (i), litter (j), and vegetated ground (k).

Table 1. Characteristics of potential predictor variables, cov
ariates, and their distribution in and around 103 private 
gardens in the Braunschweig region. Garden-level predictor 
variables (In Figure 2 are several examples) characterizing the 
sample transects (n = 2,666).

Predictor variable Factor levels No. transects

Vegetation type no vegetation 141
lawn 697
groundcover 316
hedge 744
flower/vegetablele bed 768

Vegetation density no vegetation 189
sparse 1,033
dense 1,444

Ground type bare soil 114
litter 224
vegetated 2,328

Compost type no compost 2,471
open 100
closed 14
deadwood 81

Shade shaded 817
not shaded 1,849
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a classification of vegetation type, vegetation density, 
ground property, compost type, and shading (Table 1). 
Variables on the landscape level included the distance to 
or proportions of particular land use types considered 
relevant for the spatial distribution of questing I. ricinus 
[3,15]. We, therefore, included the proportion of the land 
use types forest, agricultural land, and sealed area sur
rounding the garden within a 500 m buffer (Figures 1, 3) 
and Euclidean distances to forest patches of at least 1 ha 
size, measured from the garden’s centroid to the nearest 
edge of a forest polygon (Table 2, Figure 1). Vectorial 
land use data were derived from the German 
Authoritative Real Estate Cadastre Information System 
ALKIS® (LGLN – Landesamt für Geoinformation und 
Landesvermessung Niedersachsen, 2014). To account for 
the temporal variability of meteorological conditions 
during the sampling period spanning 14 weeks, we 
added meteorological variables as potential covariates 
(Table 3, Figure 4). Hourly meteorological data were 
obtained from the Climate Data Center (CDC, https:// 
cdc.dwd.de/portal/) of the German National 
Meteorological Service (Deutscher Wetterdienst, DWD) 
for a station in the northwest of our study area (52°

17‘29“N, 10°26’47“E, 81 m a.s.l.) and aggregated accord
ing to Kiewra et al. [14]. All numeric predictor variables 
were standardised (z-transformed) before entering the 
variable selection process.

We applied a multi-step variable and model selec
tion procedure due to the high number of potential 
predictor variable combinations (Tables 1–3). In the 
first stage, we selected the best models within each of 
the three predictor variable subsets (Tables 1–3), and 
in the second stage, we combined the predictors of 
the best models from each subset into the final 
model. In both stages (i.e. within and across variable 
subsets), we applied the following three-step model- 
building procedure: (i) we avoided collinearity bias
ing the model estimates [17] by building alternative 
models for highly correlated predictor variables. To 
assess correlations between two numeric variables, we 
used Spearman’s rank correlation coefficient (critical 
threshold = 0.5); for a numeric and a binary or multi
factorial predictor variable, we used biserial or poly
serial correlation (critical threshold = 0.5); and for 
associations between two factorial variables, we either 
used the χ2-test or Barnard testing if any expected

Figure 3. Sampled gardens with minimum and maximum values of the landscape predictor variables, such as forest, agriculture, 
and sealed area, in their 500 m buffers. Source of land use data: German Authoritative Real Estate Cadastre Information System 
ALKIS® (LGLN - Landesamt für Geoinformation und Landesvermessung Niedersachsen, 2014).

Table 2. Characteristics of potential predictor variables, covariates, and their distribution in and around 103 private gardens in 
the Braunschweig region. Landscape-level predictor variables. Proportions were determined within a 500 m buffer around the 
garden perimeter (see Figure 3 for gardens with minimum and maximum values of these variables).

Proportion or distance

Predictor variable Minimum Maximum Median

Proportion of
forest (ALKIS class 43,002) 0.00 0.53 0.01
agriculture (ALKIS class 43,001) 0.00 0.67 0.21
sealed area, i.e. building area (ALKIS class 41,001) and traffic area (ALKIS class 42,001) 0.10 0.79 0.38

Euclidean distance (m) to nearest forest patch >1 ha 13.8 2,785.6 609.6
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value in the χ2-test was <5 (p-value threshold = 0.05), 
following Dormann [18]. (ii) For the resulting full 
model candidates, we applied a backwards variable 
selection using the Akaike information criterion (AIC 
[19]). And (iii), we ranked the reduced models 
according to their marginal R2 [20] which depicts 
the explained variance of the fixed effects in the

mixed effects model. The predictors of the best mod
els from each variable subset in stage 1 entered the 
three-step model-building procedure of stage 2. After 
these fully automated first two stages, we finally 
assessed the ecological plausibility of the resulting 
few best models by drawing partial dependence 
plots, and model parsimony by taking the number

Table 3. Characteristics of potential predictor variables, covariates, and their distribution in and around 103 private gardens in 
the Braunschweig region. Meteorological covariates observed at various times on or before the sampling day. Predictor variables 
were selected and aggregated according to Kiewra et al. [14].

Cumulative number of hours with

Condition measured Air temperature1 (°C) Relative humidity1 (%) Precipitation2 (mm) Air temperature >8°C
Air temperature 

>8°C + relative humidity >60%

on same day
minimum 6.0 53.5 0.0 7 1
maximum 21.9 83.5 6.3 24 23
median 13.7 65.4 0.0 23 11

2 days prior
minimum 6.2 59.0 0.0 21 2
maximum 22.1 88.9 15.9 48 48
median 13.0 68.1 0.2 46 28

7 days prior
minimum 4.3 58.3 0.0 28 8
maximum 23.6 80.5 24.1 168 152
median 12.9 69.3 9.6 155 86

1measured at 2 m height; 2 measured at 1 m height. 

Figure 4. Time series of meteorological covariates during the sampling period in 2015: daily mean air temperature, daily mean 
relative humidity, and daily precipitation sum. Sampling dates are given as vertical grey lines.
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of predictor variables into account. For occurrence 
models, we additionally calculated the ROC-AUC 
(area under the receiver operating characteristic 
curve) to account for the models’ discriminatory per
formance. All analyses were performed in R (version 
3.6.2) [21], using packages rgeos (version 0.4-2) [22], 
for geodata processing, psych (version 1.9.12.31) [23], 
polycor (version, 0.7-10) [24], and Barnard (version 
1.8) [25] for detecting correlations and associations, 
as well as lme4 (version 1.1–21) [26], for mixed- 
effects modelling.

Results

In 103 private gardens, we flagged the vegetation on 
2,666 transects spanning a total length of 26,872.4 m. 
The sampled transects varied in length (1–39 m) to 
cover the entire extent of each uniform vegetation 
type. We collected a total of 3,193 questing ticks on 
956 transects harboring at least one tick, spanning 
a total length of 9,716.2 m (Table 4). Of these ticks, 
the majority (77.5%) were in the nymphal stage. 
Males constituted 46.4% of the adult ticks. Only 
I. ricinus-like ticks were found. Besides I. ricinus 
ticks, our collection may have included I. inopinatus 
which are hardly distinguishable from the former. 
One transect of 22.2 m harbored as many as 60 quest
ing nymphs, as well as one male and one female 
adult. In one garden, we detected questing ticks on

30 of 32 transects. In another garden, ticks were 
found only on 1 of 27 transects. Ticks quested on 
more than 50% of the transects in 25 gardens 
(Figure 5). In contrast, we did not detect any questing 
ticks during our visit to 10 gardens with a total of 170 
transects spanning a combined length of 1,769.3 m. 
On 24 transects, we noticed the presence of larval 
ticks (data not shown and not included in the analy
sis). Overall, we detected questing I. ricinus ticks in 
about 90% of the surveyed residential gardens.

According to the final model, the occurrence of 
questing nymphal and adult I. ricinus ticks on trans
ects in residential gardens was affected by the vegeta
tion type, proportion of forest in a 500 m buffer and 
the cumulative hours above 8°C on the day of sam
pling. The model yielded an explained variance of 0.31 
(marginal R2) with these three predictor variables and 
an ROC-AUC of 0.83, i.e. good discrimination. On 
transects at hedges, the relative risk of encountering 
a questing tick was four times that of a lawn transect 
(cf. odds ratio in Table 5, Figures 6a, 7). Groundcover 
or lacking vegetation doubled the relative risk com
pared to lawn (cf. odds ratios in Table 5). The effect of 
vegetable or flower beds on tick occurrence did not 
differ significantly from the effect of lawn, which was 
used as reference category. With an increasing propor
tion of forest in a 500-m vicinity of a garden, the 
relative risk of encountering ticks there increased by 
a factor of 1.2 for every 25% increment of forest. 
Cumulative hours of air temperatures above 8°C on 
the day of sampling decreased the relative risk by 
0.8 per added hour (Figure 7b). Analysing solely nym
phal ticks supported the same variables and only 
slightly modified the models’ outcome (Table S1). 
Taken together, our occurrence model predicted the 
highest probability of questing ticks on transects with 
hedges or groundcover in gardens that are located in 
a neighborhood with large proportions of forest.

The final model for the abundance of nymphal 
and adult I. ricinus ticks questing in residential gar
dens identified the same set of predictors as the 
occurrence model, i.e. vegetation type, proportion 
of forest, and the cumulative number of hours 
above 8°C (Table 5). This model yielded 
a marginal R2 of 0.23. Most ticks were collected on 
hedge transects, amounting to one tick questing on 
average every 10 m at this type of vegetation. 
Although this description of the effect of garden 
features on tick abundance may help to discern the 
differences, it is important to consider that questing 
ticks are not evenly distributed, but rather clumped. 
Transects characterized by groundcover or not cov
ered by vegetation harbored on average a questing 
tick every 15 or 12 m, respectively. In contrast, ticks 
were rarest on lawn transects, a tick would quest 
there only every 32 m on average. The number of 
ticks questing per 5 m transect increased with an

Table 4. Distribution of questing Ixodes ricinus ticks on trans
ects on which at least one tick was found, when sampling 
2,666 transects in 103 private gardens in the Braunschweig 
region.

Number of questing ticks

Number of transects with at 
least one questing tickStage Total

Maximum 
per transect

Nymphs 2,475 60 791
Males 334 16 217
Females 384 11 251
Total adults 718 27 371
Total ticks 3,193 62 956

Figure 5. Proportion of transects with ticks present in the 
103 sampled gardens.
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increasing proportion of forest surrounding the gar
den (Figure 8a, partial dependency plots based on 
model predictions). The cumulative hours of air 
temperature above 8°C on the sampling day nega
tively affected the number of questing ticks collected 
during our study period (Table 5, Figure 8b). Taken 
together, the abundance of questing ticks in a garden 
was positively influenced by hedges and ground
cover as well as an increasing proportion of nearby 
forest, but negatively by the presence of lawn.

Discussion

Garden-specific predictors

The type of vegetation that characterized a transect 
appeared to affect the occurrence and abundance of 
questing wood ticks in residential gardens in 
Northern Germany. Hedges, in particular, increased

the likelihood of encountering a tick. Our definition 
of hedge included not only hedgerows but also non- 
linear clusters of shrubs, i.e. wooden perennial plants. 
The structural and functional properties of hedges 
and larger shrubs directly enhance the survival of 
ticks during phases of questing and development by 
providing a supportive microclimate [27]. Such vege
tation structures may also indirectly affect the tick 
population by providing shelter and food for hosts of 
the subadult tick stages, such as rodents and birds [3]. 
The effect of hedges and shrubs on ticks is also 
observed in sylvatic and agricultural landscapes. 
Abundance of questing I. ricinus ticks increased 
with increasing shrub cover in oak stands [28]. 
When comparing the presence and abundance of 
I. ricinus ticks among structures adjacent to farmland 
in southern England, questing ticks were more likely 
and more abundant at hedges than on transects at 
arable land [5]. Hedges would, thus, constitute

Table 5. Occurrence and abundance of questing nymphal and adult Ixodes ricinus ticks in 103 private gardens in the 
Braunschweig region in the final generalized linear mixed-effects models and their performance. Reference for comparisons 
was lawn as vegetation type (intercept), n = 2,666 transects.

Variables

Occurrence model Abundance model

Coefficient SE Significance1
Odds ratio 
(95% CI)2 Coefficient SE Significance 1 tick per x meter3

Intercept −1.52 0.16 *** 0.22 
(0.16–0.30)

−1.87 0.13 *** 32.1

Vegetation type:
hedge 1.46 0.14 *** 4.33 

(3.32–5.65)
1.20 0.10 *** 9.8

groundcover 0.87 0.17 *** 2.40 
(1.71–3.35)

0.77 0.12 *** 15.0

no vegetation 0.77 0.23 *** 2.17 
(1.38–3.39)

0.99 0.16 *** 12.1

flower/vegetable bed 0.19 0.14 1.21 
(0.92–1.59)

0.11 0.11 29.2

Proportion of forest 0.73 0.12 *** 1.074 

(1.05–1.08)
0.59 0.10 *** NA5

Hours >8°C on sampling day −0.22 0.11 * 0.81 
(0.65–0.99)

−0.21 0.08 * NA

R2 with fixed effects only 0.31 0.23
R2 with fixed and random effects 0.68 0.67
ROC-AUC 0.83 -
1Levels of significance: *** <0.001; ** <0.01; * <0.05; 2 CI – Confidence interval; 3 Estimate analogous to odds ratio; 4 with each 10% increase; 5 NA – not 

applicable. 

Figure 6. Comparison of the effects of various vegetation types on the occurrence probability (a) and abundance (b) of questing 
Ixodes ricinus ticks in private gardens in the Braunschweig region. The letters above the boxes denote effects that differ 
significantly from all other effects with different letters.
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dispersules for tick hosts [3] and ticks may be dis
persed from these sites by frequenting hosts. In con
trast to hedges, lawns were the most unlikely of all 
vegetation types in private gardens to harbor ticks. 
Similarly, nymphal and adult Ixodes dammini (= now 
also called I. scapularis) ticks are the least abundant 
on lawns when compared to ornamental vegetation, 
unmaintained ecotonal edges, and woodlots on resi
dential properties in Westchester County, NY, USA 
[29,30]. In the rural landscape, too, significantly fewer 
questing ticks were observed on a sun-exposed

meadow and a pasture than on densely vegetated 
fallow land [31]. Because ticks are likely more inten
sely exposed to desiccating conditions on a well- 
maintained lawn than in the shade of hedges and 
shrubs, they are more likely to be encountered in 
densely vegetated parts of private gardens.

Somewhat unexpectedly, we noticed that questing 
ticks on transects not covered by vegetation were as likely 
as on transects with short groundcover, such as ivy. Of 
the 141 transects without vegetation, 51 transects har
bored ticks, adding to a total of 177 ticks. Interestingly,

Figure 7. Modeled occurrence probabilities of questing Ixodes ricinus ticks in private gardens in the Braunschweig region, 
characterized by the vegetation type on the sampled transects, related to varying proportions of forest in a 500 m buffer around 
the garden (left) or related to varying numbers of cumulative hours of air temperatures >8°C on sampling day (right). Shaded 
areas around the lines display the 95% confidence interval.

Figure 8. Modeled abundance of questing nymphal and adult Ixodes ricinus ticks on transects, characterized by the vegetation 
type, in private gardens in the Braunschweig region, related to varying proportions of forest in a 500 m buffer around the 
garden (left), or related to varying numbers of cumulative hours of air temperatures >8°C (right). Shaded areas around the lines 
display the 95% confidence interval.
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80% of these tick-infested transects (41 of 51) were 
covered by leaf litter and 84% of all ticks collected on 
transects without vegetation (149 of 177) were sampled 
from transects with leaf litter. The predictor ‘ground 
type’, which included litter, had been eliminated during 
the stepwise model generation due to collinearity 
between the categorical garden predictors, as inclusion 
of this predictor would have resulted in a loss of model 
performance. Nevertheless, leaf litter appeared to affect 
the occurrence and abundance of ticks in non-vegetated 
areas of gardens. Ixodes ricinus ticks intersperse periods 
of questing in an exposed position on the vegetation with 
those on the ground near the soil to reconstitute their 
water balance [32,33]. Thus, they retreat into the leaf 
litter, especially during desiccating weather conditions. 
The composition and condition of this humus layer also 
affects the nymphal density, because the moder type, 
consisting of fragmented leaves, is associated with more 
ticks than the mull type, consisting mainly of whole 
leaves [34]. The presence of leaf litter may also support 
the overwintering survival of ticks, as has been demon
strated for nymphs of the related tick species, Ixodes 
scapularis, prevalent in northeastern America [35]. In 
addition, sylvatic study plots with deeper layers of leaf 
litter or residential study plots with artificially accumu
lated leaf litter harbor significantly augmented numbers 
of these ticks [27,36]. Thus, particular intrinsic charac
teristics of residential gardens, such as hedges, ground
cover, and litter as well as combinations thereof, 
appeared to support questing ticks.

Surrounding landscape

Characteristics of the surrounding landscape affected 
whether questing ticks were present and abundant in 
a garden. The likelihood of encountering ticks in 
a garden as well as their abundance increased with the 
proportion of forest in the immediate garden’s neigh
bourhood of 500 m. A garden’s distance to a forest may 
likely also affect questing ticks, but the Euclidean distance 
to the nearest forest as predictor has been eliminated in 
our models due to collinearity. In a study comparing 
public parks, periurban forests, and private gardens in 
the area of the city of Bonn, Germany, questing I. ricinus 
ticks were detected in only 7 of 20 gardens, and all of 
these properties were in suburban settings with 
a neighboring forest [13]. Similarly, more forest cover 
in the surroundings increased tick abundance when 
environmental drivers were examined in rural 
European sites [3]. On a gradient of urban parks to 
suburban forests, the level of urbanization lowers the 
density of questing ticks, as does the cost distance for 
potential tick hosts, but cost was calculated for the rela
tively large roe deer [37]. Other synurbanized animals 
potentially serving as hosts to adult ticks, such as cats, 
hedgehogs, or foxes, with their various life-history traits 
were not examined. However, any suitable tick host that

frequently moves between these habitats, such as birds, 
rodents, hedgehogs, or cats, would be likely to introduce 
these generalist ticks into gardens. With an increasing 
proportion of sylvatic habitat in the vicinity, this trans
port likelihood ought to increase [38]. Woodland may be 
considered a source of ticks and more open landscape 
types, such as meadow [39] or even a garden’s lawn, as 
sink. Gardens are rarely isolated but are connected to the 
surrounding habitat and serve, themselves, as 
a connecting element. Particularly in the urban land
scape, the green infrastructure realized on residential 
property may increase the connectivity between suitable 
habitats for animals [40,41] that serve as tick hosts and 
may support dispersion of ticks by host-mediated move
ment. In addition, due to behavioral adaptation and 
anthropogenic resource subsidies, synurbanized animals 
may be somewhat less sensitive to particular barriers 
than individuals of the same species in the rural land
scape [42], thus efficiently transporting ticks within the 
urban landscape. The influx and efflux of ticks during 
their blood meal on agile hosts would be considered 
constant and may also be affected by behavioral prefer
ence of particular host species to garden-specific char
acteristics. On a local scale, a garden appeared to be more 
suitable for ticks with an increasing proportion of forest 
in the immediate vicinity.

Meteorological covariates

We considered various meteorological covariates in our 
models, because our survey was not conducted simulta
neously at the various sites. We sampled ticks through
out a period of 100 days during their main period of 
activity. Therefore, meteorological covariates may have 
exerted a confounding effect on our sampling [43]. We 
did not consider the spatial variability in microclimatic 
meteorological data, as it was not feasible to measure 
micrometeorological conditions before or during our 
visit to each garden. Instead, we explored the effect of 
meteorological condition depicting the general weather 
situation in our models. Of the covariates included, such 
as air temperature, relative humidity, precipitation, and 
cumulative numbers of hours above 8°C as well as those 
above 8°C and above 60% relative humidity at various 
time points before sampling (similar to [14]), sums of 
hours above 8°C on the day of sampling negatively 
affected the occurrence and abundance of questing 
ticks. Thus, it may be that we slightly underestimated 
the presence and abundance of questing ticks in those 
gardens that were sampled on warmer days. Although 
the macroclimate may explain only a small fraction of 
the variation, temperature sums seem to be macrocli
matic drivers for tick abundance at local scales in com
bination with habitat and landscape predictors [3]. 
Micrometeorological conditions, in contrast, may be 
more favorable for ticks in sites that are cooled by 
a nearby forest than those in urban heat islands. An
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ideal macrohabitat, such as a forest in the vicinity, and 
a particular microhabitat, such as a shrub layer, may 
serve as buffers moderating the microclimate experi
enced by questing ticks and increasing the habitat suit
ability [3,27]. The general weather situation, particularly 
cumulative hours above 8°C, affected the sampling 
effort and should be considered in the sampling design.

Anthropogenic influence and recommendations

Similar to results from a Europe-wide study in rural 
settings [3], predictors related to the macro- and 
microhabitat, i.e. extrinsic and intrinsic features of 
the garden, seemed to drive the occurrence and abun
dance of questing ticks in the residential urban set
ting in our Northern German site. Some gardening 
practices, especially frequent watering, may support 
habitat conditions – particularly microclimatic con
ditions – for ticks. Accumulating leaf litter or 
neglected areas in the garden may similarly enhance 
the risk of encountering ticks there [6,36]. In con
trast, keeping the vegetation height of lawn areas 
short by frequent mowing may substantially reduce 
the habitat suitability for ticks. We did not evaluate 
whether a garden was well maintained or contained 
numerous semi-natural elements because these are 
somewhat subjective criteria. Residential gardens, as 
part of the green urban infrastructure, are of great 
importance for ecosystem services [44,45]. Less inten
sely managed or even neglected areas in gardens, 
composts, leaf litter, etc., serve as habitat for 
a variety of vertebrates and invertebrates and, 
thereby, contribute to urban biodiversity. The overlap 
of habitat suitability for beneficial and harmful 
organisms constitutes a considerable tradeoff between 
the benefits of urban ecosystem services and the 
potential or perceived health risks associated with 
the presence of questing ticks [46,47]. Thus, it is 
important to raise awareness that particular areas in 
a garden may be more likely to harbor ticks than 
others and that garden owners are well advised to 
check themselves routinely for ticks. Those garden 
owners interested in determining the presence of 
questing ticks on their property may drag a white 
cloth over the vegetation in various areas to detect 
ticks. Garden owners who strive to reduce the num
ber of ticks on their premises may purposefully limit 
the amount of litter, groundcover, and vegetation 
height in highly frequented areas. Whether particular 
characteristics of hedges affect the presence of ticks is 
a focus of another current study. We conclude that 
I. ricinus ticks are frequent in residential gardens in 
Northern Germany and likely associated with intrin
sic garden characteristics on a small scale, such as 
hedges and groundcover, as well as extrinsic factors 
on a local scale, such as the proportion of nearby 
sylvatic landscape.
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