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Abstract Ticks can significantly affect the health and
fitness of the host. Seasonal population dynamics of ticks
play a vital role in disease transmission and the shaping of
life-history traits of both tick and host. In this study, we
examine the seasonal population dynamics of Ixodes hirsti
in South Australia. For 2 years, we measured the prevalence
and intensity of I hirsti on passerines on Kangaroo Island.
Ticks were present on birds from April to November and
absent from December to March, with a peak in tick
prevalence between June and September. The peak in tick
abundance coincided with the host breeding season. Across
the year, the most prominent fluctuations in tick abundance
occurred in birds that were previously characterized as
having high tick prevalence. Tick abundance on passerines
fluctuated with host availability and climatic conditions:
more ticks were present in months with high humidity and
rainfall and low temperature. However, the relative influ-
ences of climate and host availability on tick presence were
hard to separate.

Introduction

Ticks are a common ectoparasite of birds throughout the
world (Frenot et al. 2001; Gryczynska et al. 2002;
Gonzalez-Acufia et al. 2004; Scharf 2004). By definition,
parasites feeding on hosts drain energy and other resources
and therefore may inflict fitness costs to the host (Price
1980; Clayton and Moore 1997). Many studies have found
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negative effects of tick infestation on their avian hosts. In
particular, ticks may reduce the expression of secondary
sexual characteristics (Hoodless et al. 2002), hematocrit
concentration (Wanless et al. 1997; McKilligan 1996;
Merino et al. 1999), fledging size (Bosch and Figuerola
1999; Merino et al. 1999), and survival in both adults
(Gauthier-Clerc et al. 1998; Hoodless et al. 2003) and
nestlings (McKilligan 1996; Ramos et al. 2001).

The susceptibility of hosts to the effects of ticks may
vary across seasons. For example, the avian immune
response has been found to be suppressed during the
breeding season (Nelson and Demas 1996). Decreased
immune response might be caused by a trade-off between
the allocation of critical resources (e.g., nutrients, anti-
bodies, carotenoids) to current reproduction versus immune
function (Deerenberg et al. 1996; Klasing 1998; Blount et
al. 2000; Grindstaff et al. 2003). Alternatively, the reduced
immune response might be caused by endocrinal changes
associated with reproduction (Grossman 1985; Marsh
1992). Regardless of the cause of reduced immune response
during the breeding season, a compromised immune system
lowers the host defense against parasites and therefore
increases the vulnerability of parent birds to the effects of
tick infestations. Additionally, the avian breeding season
provides ticks with an increase in potential hosts with weak
immune systems. Nestlings have a relatively ineffective
immune system compared to adults, and as such are more
susceptible to tick infestations (Tizard 1991; Pastoret et al.
1998). Ticks might not only inflict immediate costs to
nestlings but could also impact on their future reproductive
success (Fitze et al. 2004). For these reasons, measuring the
seasonal population dynamics of ticks is important to
understand the efficacy of parasite transmission and the
spread of disease as well as its role in shaping life-history
trade-offs in both parasite and host.
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Tick prevalence is known to vary across seasons
(Guglielmone 1994; Eisen et al. 2002; Randolph et al.
2002). Most tick species are present in the environment in
low numbers for most of the year, experience a peak in
abundance for a short period, and are absent for a few
weeks of the year. The seasonal prevalence in ticks is
commonly associated with fluctuations in climatic condi-
tions. During the off-host period, ticks are especially
vulnerable to desiccation and require a high relative
humidity (>85%) for survival (Needham and Teel 1991).
Ticks are most abundant under optimal climatic conditions,
whereas many tick species enter diapause and are absent
from the environment when climatic conditions become
unfavorable (Belozerov 1982).

In this study, we examine the seasonal population
dynamics of Ixodes hirsti, a common tick on passerines in
South Australia (Oorebeek and Kleindorfer in prep;
Chapman et al. 2008). Larvae and nymphs are the only
two life stages that have been found on passerines
(Kleindorfer et al. 2006; Oorebeck and Kleindorfer in
prep). Here, we record the prevalence and intensity of
immature /. hirsti on passerines across 2 years studied on
Kangaroo Island (Pelican Lagoon). To examine a possible
correlation between climate and the abundance of ticks, we
record daily temperature, relative humidity, and rainfall.

Materials and methods

The study was conducted at Pelican Lagoon Research and
Wildlife Centre, Kangaroo Island, Australia (35°48’ S, 137°
47" E). Birds were mist-netted every 2 months from March
2005 till May 2007, for a period of 3 days. Each bird was
banded with aluminum bands with a unique number and
examined for the presence of ticks. The head of each
individual was scanned by deflecting the feathers using
forceps. Ticks have only been found on the head of
passerines within South Australia, probably because of
preening limitations (Kleindorfer et al. 2006). The number
of ticks per bird was recorded, but the ticks were left in situ
so as not to interfere with population dynamics within the
site.

One data logger (HOBO® Microstation, Onset Computer
Corporation, Bourne, MA, USA) was placed at 50 cm
above ground level in scrubland to record climate variables
at the study site. The data logger recorded temperature (°C)
and relative humidity (%). Due to a malfunction in the data
logger, we only have climate data from January 2005 to
September 2006. A rain gauge was placed adjacent to the
data logger to record precipitation (mm).

Bird species in South Australia vary in their prevalence
of tick infestation (Oorebeek and Kleindorfer in prep). The
superb fairy wren had 0% prevalence, while the white-

@ Springer

browed scrubwren had 67.5% prevalence (Oorebeek and
Kleindorfer in prep). Because of this difference in preva-
lence across species, monthly tick prevalence will be
influenced by the species composition and number of
individuals captured. To account for the difference in tick
prevalence across species, we divided the species into three
groups that varied in their prevalence based on data in
Oorebeek and Kleindorfer (in prep). The three bird groups
consisted of species with low (>0-10%), medium (>10-
40%), and high (>40-100%) tick prevalence (Table 1).
Birds with a prevalence of 0% and recaptures from the
same month were excluded from the analyses.

Climate data from Pelican Lagoon were converted into
monthly mean, minimum, and maximum values. Because
many of the variables were highly correlated, a principal
component analysis (PCA) with Varimax rotation was used
to reduce the data set. Maximum humidity was excluded
from the PCA because values always reached 100%. The
PCA provided two components with eigenvalues >1, with
PC1 accounting for 66% and PC2 for 17% of the variation
(Table 2).

The number of ticks in the environment is the product of
prevalence and intensity. To calculate the relative abun-
dance of ticks present on the birds during the various
months, we multiplied tick prevalence by tick intensity for
all groups and then added the products together. To
examine the effect of climate on relative tick abundance,
we used linear regression with relative tick abundance as
the dependent variable and the PC factor scores as the
independent variables.

Table 1 The number of birds sampled each month for groups of host
species that were categorized as having low, medium, or high tick
prevalence

Date Low Medium High Total
prevalence  prevalence  prevalence
March 2005 4 12 7 23
May 2005 9 19 16 44
July 2005 3 12 28 43
September 2005 27 12 14 53
November 2005 32 11 7 50
February 2006 51 7 10 68
April 2006 5 8 6 19
June 2006 4 5 8 17
Augustus 2006 22 9 10 41
October 2006 40 15 6 61
December 2006 14 3 3 20
March 2007 0 3 10 13
May 2007 3 8 20 31

The classification into prevalence groups was based on a previous
finding (Oorebeek and Kleindorfer in prep).
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Table 2 Principal component analysis factor loadings for two derived
microclimate variables

Component

PC1 PC2
Minimum temperature -0.933
Maximum temperature 0.982
Mean temperature —0.747 0.645
Minimum humidity 0.591 —0.766
Mean humidity 0.849 —0.459
Rainfall 0.490
Results

I hirsti was present during the months of April to
November. We did not find ticks on the birds during the
summer months of December to March (Fig. 1). Tick
prevalence was 0% for all months in the low prevalence
group, except for November 2005 when one tick was
recorded. However, prevalence varied with month for both
the medium and high prevalence groups. For the group with
medium prevalence, August and September showed the
highest prevalence with a peak of 50% in September 2005.
For the group with high prevalence, the peak was between
June and September (being 100% in 2006). Within the high
and medium prevalence groups, ticks were detected at the
same time of year, but prevalence decreased earlier in the
medium prevalence group.

The number of ticks on the birds did not vary
significantly per month for either the medium or high
prevalence groups (Kruskal-Wallis test: x*=6.56, df=8,
P>0.5 and y?=8.55, df=8, P>0.3, respectively, Fig. 2).
The medium group had a mean intensity of one tick per
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Fig. 1 Seasonal variation in tick prevalence for host species with on
average low, medium, or high tick prevalence
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Fig. 2 Seasonal variation in mean tick intensity (+ SE) for host
species with on average low, medium, or high tick prevalence

bird with little variance. In contrast, tick intensity varied
between 1 and 38 in the high prevalence group and was
highest from June to August.

We used linear regression to test for a relationship
between the two principal component factors derived from
the temperature, humidity, and rainfall variables and
relative tick abundance (prevalence x intensity). There
was a significant positive relation between PC1 and relative
tick abundance (R*=0.57, F=9.34, n=9, P=0.018; Fig. 3).
That is, we found more ticks on birds under conditions of
high humidity and rainfall and low temperature. There was
no statistical association between PC2 and relative tick
abundance (R*=0.09, F=0.73, n=9, P>0.421).
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Fig. 3 Seasonal variation in the relative number of ticks on birds
(bars) and the positive association with microclimate (PCI; line).
Relative tick abundance was calculated as tick prevalence x tick
intensity. High values of PC1 scored for low maximum temperature,
low mean temperature, high minimum humidity, high mean humidity,
and high rainfall (ticks were sampled in the following months: in
2005: May, July, September, November; and in 2006: February, April,
June, August)
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Discussion

The abundance of 1. hirsti on birds showed a predictable
seasonal fluctuation. We collected ticks from birds between
April to November (tick abundance reached its peak during
the austral winter), while ticks were absent from birds between
December to March (the austral summer). The changes in tick
abundance across the season were most pronounced in birds
that were previously characterized as having high tick
prevalence on mainland South Australia. There were no
significant changes in either prevalence or intensity in bird
species with on average low prevalence. Additionally, we
found that tick abundance varied with climatic conditions,
which is in line with other research findings.

Previous studies on the seasonal activity patterns of ticks
showed an association with climatic conditions. During the
off-host period, ticks require high relative humidity (>85%)
for survival (Needham and Teel 1991). When unfavorable
climatic conditions occur, many tick species initiate
diapause—a state of dormancy—to survive (Belozerov
1982). The end of diapause, and thus the start of the
activity period, might be initiated through changing
climatic conditions. Unlike North America and Europe,
where the cue to discontinue diapause seems to be a rise in
temperature (Clark 1995; Perret et al. 2000; Eisen et al.
2002), I hirsti activity in South Australia increased when
humidity increased. The North American and European
climate is characterized by cold winters and mild summers,
which suggests that extended cold periods are the major
threat to tick survival. Tick emergence when minimum
ambient temperature has reached a minimum threshold
reduces the chance of freezing to death. Conversely, South
Australia’s climate is characterized by mild winters and hot
summers, and the probability of extreme cold stress is
small. In this hot climate, desiccation is the main cause of
death and emerging when the humidity rises is a reasonable
survival strategy.

Similar to other studies, we found higher tick abundance
under conditions of higher humidity and rainfall and lower
temperature (Loye and Lane1988; Harlan and Foster 1990;
Lane et al. 1995). Hydration is a crucial factor determining
questing activity. Questing ticks are susceptible to desicca-
tion due to lower humidity at questing height compared to
ground level (Lees 1946; Milne 1950; Lees and Milne
1951). High humidity at questing height enables ticks to
quest longer and increase the chance of locating a host.
Perhaps for this reason, hosts have more ticks when
humidity is high.

Alternatively, the peak in tick abundance could be the
result of an increase in suitable host numbers. In our study,
the peak abundance of . hirsti coincided with the breeding
season of their main hosts (e.g., honeyeaters, scrubwrens,
and thornbills). Tick abundance reached its peak between
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June and September. The breeding season of many passer-
ines in South Australia occurs approximately between June
and November (Higgins et al. 2001, 2002). As the result of
breeding aggregations or associations and the production of
offspring, host density is higher during the breeding season.
In addition to temporal patterns of avian density, recent
studies have shown that reproductive effort lowers the
immune response in birds (Deerenberg et al. 1997,
Nordling et al. 1998; Moreno et al. 1999). In birds with
healthy immune systems, ticks stimulate an immune
response involving antigens, basophiles, T lymphocytes,
and an intense hyperplasia (thickening of the skin; Brown
1985; Wikel 1996; Wikel and Bergman 1997). The raised
immune response to feeding ticks results in reduced
engorgement weights, decreased production of ova, and
death. Birds with lowered immune systems are incapable of
raising this effective defense against feeding ticks, and
therefore make suitable hosts. Additionally, there is a
sudden increase in host offspring during the breeding
season. Commonly, nestling birds have naive immune
systems and for this reason are considered extremely
vulnerable to parasitism (Tizard 1991; Pastoret et al. 1998).
In conclusion, we found that immature 1. hirsti occurred
on their hosts for 8 months of the year. The peak in tick
abundance was positively correlated with humidity and
rainfall, and negatively correlated with temperature. Addi-
tionally, the peak in tick abundance coincided with a peak
in host availability. Since the peak in tick abundance
occurred during the host breeding season when birds have a
lowered immune response, ticks have the potential to
significantly reduce host fitness. Indeed, a recent study
has shown that New Holland honeyeaters (Phylidonyris
novaehollandiae) have lower body condition and hemoglo-
bin concentration in areas with 1. Airsti, but only during the
breeding season (Oorebeek and Kleindorfer in prep).
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