Effects of tick Ixodes ricinus infestation on pheasant Phasianus
colchicus breeding success and survival

Andrew N. Hoodless, Klaus Kurtenbach, Patricia A. Nuttall & Sarah E. Randolph

© WILDLIFE BIOLOGY - 9:3 (2003)

Hoodless, A.N., Kurtenbach, K., Nuttall, P.A. & Randolph, S.E. 2003: Effects
of tick Ixodes ricinus infestation on pheasant Phasianus colchicus breeding
success and survival. - Wildl. Biol. 9: 171-178.

In some parts of Britain, pheasants Phasianus colchicus are infested by Ixodes
ricinus ticks in the spring and summer. The effects of experimental reduction
of tick infestation levels on the breeding success and survival of reared female
pheasants were studied on two estates in southern England during 1995-1997.
Females were radio-tagged and half of the birds, selected at random, were
fitted with a slow-release acaricide, which substantially reduced their tick
burdens. Clutch survival was significantly higher for treated females through-
out the three-year study period, and hence more chicks were hatched by treat-
ed females (3.30 + 0.86) than by control females (0.70 + 0.36), even though
treated and control birds produced the same numbers of clutches and eggs. During
April-July, the female survival rate was significantly higher for acaricide-
treated birds, showing an improvement of 10-15% over that of control birds
each year. While these impacts will be of minor importance where annual pheas-
ant releasing takes place to supplement autumn stocks for shooting, they
might reduce the potential harvest on estates with wild pheasants or on those
aiming to re-establish self-sustaining naturalised populations.
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Ectoparasites have been shown to have a considerable
impact on a variety of hole nesting and colonial birds,
which suffer high infestations as a consequence of using
the same nest sites year after year. High parasite burdens
can cause increased nest desertion (Feare 1976, King,
Blankinship & Paul 1977, King, Keithe & Mitchell
1977, Duffy 1983) and reductions in mating success,
hatching success, brood size, nestling growth and sur-
vival, fledging success and the number of broods per sea-
son (Brown & Brown 1986, Mgller 1990, Chapman &
George 1991, Mgller 1993, Richner, Opplinger & Christe
1993). In contrast, there is very little information con-
cerning the impact of ectoparasites on birds, such as
gamebirds, that use different nests per breeding attempt.

In Britain a common ectoparasite on gamebirds is the
sheep tick Ixodes ricinus, which may have both direct
and indirect effects on fitness. Direct effects documented
in other groups of birds include exsanguination, caus-
ing anaemia in extreme cases (Janovy 1997), irritation
resulting in increased preening and decreased anti-
predator vigilance (Clayton 1991a, Cotgreave & Clayton
1994), and reduction of visual perception when ticks are
aggregated around the eyes. Additionally, indirect im-
pacts may result from the transmission of bacteria and
viruses. In red grouse Lagopus lagopus scoticus sub-
stantial chick mortality caused by the tick-borne flavivirus
that causes louping ill has been documented (Hudson
& Dobson 1991), but there is no published evidence of
deaths resulting from high tick burdens in the absence
of louping ill. Nevertheless, tick infestations may reduce
fitness in other more subtle ways, just as other groups
of parasites reduce productivity in galliforms. Experi-
mental reductions of intestinal nematodes resulted in im-
proved hatching success of pheasants Phasianus colchi-
cus (Woodburn 1995, 1999) and increased clutch size,
hatching success and brood size in red grouse (Hudson
1986).

Densities of the tick Ixodes ricinus vary markedly
between sites (Gray, Kahl, Robertson, Daniel, Estrada-
Pena, Gettinby, Jaenson, Jensen, Jongejan, Korenburg,
Kurtenbach & Zeman 1998), partly due to variable abi-
otic constraints on their survival and partly due to vari-
able success rates in finding hosts upon which to feed.
High population densities of deer, a significant host for
larvae and nymphs, and the most important host for adult
female ticks, are associated with high densities of ticks,
both . ricinus in Europe and /. scapularis in the USA
(Wilson, Telford, Piesman & Spielman 1988, Gray,
Kahl, Janetski & Stein 1992, Daniels, Fish & Schwartz
1993, Stafford 1993). Pheasants share the woodland habi-
tats of deer and ticks in Britain and up to 25 million are
released annually to satisfy game shooting interests
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(estimate based on Tapper 1999 and subsequent unpub-
lished Game Conservancy Trust records). Pheasants
are frequently infested with immature stages of /. ricinus,
males often heavily so (Hoodless, Kurtenbach, Peacey,
Nuttall & Randolph 1998, Hoodless, Kurtenbach, Nuttall
& Randolph 2002), and are also competent amplifying
hosts for the Lyme disease spirochaete Borrelia burgdor-

feri (Kurtenbach, Carey, Hoodless, Nuttall & Randolph

1998). Despite the considerable economic investment
in rearing and releasing pheasants in Britain, and the
renewed interest in managing self-sustaining populations
of wild pheasants, there is currently no information on
the effects of tick infestation on the survival and breed-
ing success of these precocial birds.

The aim of our study was to examine the impact of
tick infestation on the breeding success and survival of
reared female pheasants in the wild following the shoot-
ing season. This was achieved by experimental manip-
ulation of tick burdens by treating birds with an acari-
cide. The results of the study are discussed in the con-
text of pheasant management.

Methods

Study sites

Fieldwork was conducted at two sites; one consisted of
approximately 2.5 km? on the Wimborne St. Giles
estate (Wimborne), Dorset (50°54'N, 1°56'W) during
1995-1996, and the second was an area of 8 km? on the
Clarendon Park estate (Clarendon), Wiltshire (51°04'N,
1°43'W) in 1997. Both areas consist of deciduous and
coniferous woodland (making up ca 40% of each study
area) surrounded by agricultural fields. Pheasants are
reared by the gamekeepers on both estates and transferred
to release pens as six-week old poults at the end of July.
There are few, if any, truly wild pheasants, and naturalised
birds (those surviving at least two winters following
release) comprise about 10% of the spring populations.
Red foxes Vulpes vulpes are culled, but there is consid-
erable immigration from outside. Carrion crows Corvus
corone and magpies Pica pica are trapped or shot in
spring on both estates, and stoats Mustela erminea and
weasels Mustela nivalis are trapped at Wimborne. No
spring feeding of the pheasants takes place, and no
conservation headlands (Sotherton 1991) or other specif-
ically designed brood-rearing habitats are incorporat-
ed into the farming.

Assessment of tick infestations, radio-tagging
and acaricide treatment
Female pheasants were live-trapped during mid-February
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- mid-March each year and ticks were counted on their
heads. Total body counts of ticks on male pheasants shot
under licence during the summer showed that 96 + 1%
(N =42) of the ticks occurred on the head. Data on tick
infestations of female pheasants in April were obtained
from birds shot under licence at Clarendon in 1995 and
on the farm adjoining Wimborne in 1996.

The pheasants were fitted with 17-g necklace radio-
tags (Biotrack Ltd., Wareham, Dorset), and approxi-
mately half of those trapped each year were treated
with permethrin acaricide, a contact and stomach poison
against a wide range of insects, mites and ticks. Perme-
thin (a synthetic pyrethroid: (3-phenoxyphenyl) methyl
()-cis, trans-3-(2,2-dichloroethenyl)-2,2-dimethylcy-
clopropane-carboxylate) has very low avian and mammal-
ian toxicity (Elliott 1977), and there is no evidence that
dermal applications increase avian metabolic rate. This
method of application will have had no effect on any
intestinal parasites. Each year, 84-97 male pheasants were
also fitted with coded poncho-tags and approximately
half of these were treated with acaricide. Although these
birds are not considered here, it is important to under-
stand the context in which the effects on females were
studied. The effects of tick infestation on male pheas-
ant territoriality are discussed in Hoodless et al. (2002).

Birds were assigned to the two treatment groups on
the basis of the order in which they were captured ac-
cording to a predetermined sequence of N/2 random
numbers within the range 1...N, where N was the target
number to be caught. The permethrin was adminis-
tered in the form of strips of cattle ear tag (Expar,
manufactured by Coopers Animal Health Inc., Kansas,
USA and supplied by Mallinckrodt Veterinary Ltd.,
Middlesex, UK) attached to the underside of the radio-
tags, giving a dose of approximately 40 mg kg!. This
method has been shown to reduce tick infestations on
red grouse chicks (Laurenson, Hudson, McGuire, Thir-
good & Reid 1997). At Wimborne, 59 females (28
treated) were radio-tagged in 1995 and 60 (30 treated)
were radio-tagged in 1996. In 1997, 54 females (27 treat-
ed) were radio-tagged at Clarendon. Acaricide strips were
still attached to radio-tags recovered up to one year
later. The birds were aged according to the shaft diam-
eter of the proximal primary feather (Greenberg, Etter
& Anderson 1972, Hill & Robertson 1988), which was
removed at capture. All the females marked were first-
year birds, i.e. released the previous July.

Pheasant survival and breeding success

Dates of nest establishment, the outcome of nesting
attempts and the timing of mortality of female pheas-
ants were determined as follows. Using a TR2 receiv-
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er (Telonics, Arizona, USA) and a three-element Yagi
antenna, tagged females were pin-pointed to within a
5-m radius once a week during April-August. Any fe-
male that did not move between radio-locations was
approached to ascertain whether it was nesting or dead.
Nests were visited at 3-4-day intervals and clutch sizes
recorded when hens were absent. The causes of nest fail-
ure were separated into desertion and predation and,
where possible in the case of predated nests, a predator
was attributed on the basis of puncture marks in eggs
or other signs left in the vicinity of the nest. The num-
ber of chicks hatched from successful nests was record-
ed, and broods were located on alternate days. Brood
size was determined when the chicks were 10 days
old, the female being flushed if necessary to obtain an
accurate count. Broods were monitored at 3-7-day inter-
vals thereafter.

Statistical analysis

As ticks typically show over-dispersed distributions on
their host populations (Randolph 1975, Craine, Randolph
& Nuttall 1995), comparisons of tick burdens were made
by using a generalised linear model (GLM) with nega-
tive binomial errors (Wilson & Grenfell 1997). Survival
functions of radio-tagged females during April-July
were estimated by using a non-parametric method allow-
ing censoring of birds whose radio-tags failed (Kaplan
& Meier 1958, Pollock, Winterstein, Bunck & Curtis
1989). The number of birds at risk was modified to
account for uncertain relocation of individuals (Bunck,
Chen & Pollock 1995). The survival rates of females dur-
ing April-July were compared with a logistic regression
model. Analyses of the number of nesting attempts
and of nest success were based on the numbers of fe-
males alive on 15 April. Clutch sizes were corrected for
laying date, as the mean clutch size of pheasants declines
during the breeding season (Robertson 1991). Because
some nests were not detected during egg-laying, the tim-
ing of nesting was analysed using estimated dates of the
start of incubation (details in Hoodless, Draycott, Ludi-
man & Robertson 1999). Owing to the fact that site and
year were confounded, the effect of acaricide treat-
ment on pheasant survival and breeding success was
examined using models incorporating treatment and
site as factors and female pheasant density as a covari-
ate. Statistics were calculated in SYSTAT 9 (SPSS Inc.
1999). Generalised linear models with Poisson errors
and a logarithmic link function were performed in GEN-
STAT 5.3 (Lawes Agricultural Trust 1993), instead of
analysis of covariance, in cases where transformation
of the dependent variable failed to achieve normality.
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Results

Tick infestation levels and efficacy of acaricide
treatment

In Dorset, nymphal /. ricinus quest in increasing num-
bers from February to a peak in April/May, while very
few larvae start to quest before May and this stage typ-
ically reaches a peak in July/August (Hoodless et al.
1998). This was reflected in increasing infestation lev-
els of nymphs on female pheasants during February,
March and April, and greater numbers of nymphs than
larvae during these months (Table 1). No adult female
ticks were recorded on pheasants. Ticks could not be
counted on nesting pheasants, but tick infestations on
males reflected the seasonal trend in questing ticks de-
scribed above (Hoodless et al. 2002).

Tick infestation levels at the time of capture were sim-
ilar on the birds destined for each treatment (GLM treat-
ment Fy 5, =1.23, P=0.270, month X treatment F; ;5,=
0.01, P =0.936). There was a significant difference in
infestations at the time of capture between years, the
highest burdens being in 1997 and the lowest in 1996
(GLM year F, 15, =19.93, P <0.001). On the same indi-
vidual birds, tick infestation levels decreased significantly
between tagging and 7-36 days later (recaptured in
February-March) on treated birds, but remained simi-
lar on control birds (see Table 1). It was not possible to
measure the effect of acaricide treatment on female
pheasants after March, but treatment had a significant
effect on tick infestations on male pheasants until
August (Hoodless et al. 2002).

Pheasant survival

The survival rates of female pheasants during April-July
were not constant, with birds in both treated and con-
trol groups experiencing greater mortality during late
April and early May, the time when they started nest-

Table 1. Median (and quartiles) tick infestations of female pheasants
with a comparison of the numbers of larvae and nymphs during Feb-
ruary, March and April (A), and a comparison of total tick infesta-
tions (larvae + nymphs) on acaricide-treated and control birds when
radio-tagged and when recaptured 7-36 days later (B). Test statis-
tic is the Wilcoxon matched-pairs signed-rank test, with two-tailed
significance for (A) and one-tailed for (B).

(A) Month N Larvae Nymphs Statistic

February 72 0 (0-0) 2(0-3) z=6.29, P <0.001
March 81 0 (0-0) 3(1-5) 2=16.99, P <0.001
April 42 0(0-1) 7 (2-17) z=5.53,P<0.001
(B) Treatment N Tagging  Recapture Statistic

Acaricide 9 2(2-5) 0(0-2) z=-2.41,P=0.008
Control 13 3(1-6) 527 z=-0.04, P =0.485
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Figure 1. Female pheasant survival functions during April-July, esti-
mated by the Kaplan & Meier (1958) method at Wimborne 1995 (A),
Wimborne 1996 (B) and Clarendon 1997 (C). Control birds are open
circles and dashed line, acaricide-treated birds are filled circles and sol-
id line. Error bars show + 1 SE, and week 1 is the beginning of April.

ing (Fig. 1). Survival of acaricide-treated females was
significantly better than that of control females (logis-
tic regression: %, = 5.42, P = 0.020), with density, site
and treatment X site effects unimportant (y%, = 1.69, P =
0.194, ¥, =3.30, P = 0.069 and %2, =0.18, P =0.671
respectively). Survival of acaricide-treated females
varied between 32 and 43% and that of control females
between 12 and 31%, with a mean difference of 12.3 +
1.5%. There was no difference between the propor-
tions of treated (22%, N = 23) and control (32%, N =
28) females killed when clutches were predated (logis-
tic regression: treatment %2, = 0.70, P = 0.402, density
x% =0.01, P =0.938, site x% = 0.13, P = 0.723, treat-
ment X site x%, = 3.26, P = 0.071).
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Table 2. Nesting performance of female pheasants at Wimborne St. Giles (1995, 1996) and Clarendon Park (1997) in relation to experimental

reduction of tick infestations with permethrin acaricide.

Control birds

N Mean + SE N Mean + SE Test Statistic P
Proportion of females nesting" 62 0.49 = 0.06 72 0.41 £0.05 Chi-square x4 =0.11 0.745
Number of clutches/female 30 1.17 £0.07 30 1.17 £ 0.08 GLM F 54=0.004 0.950*
Date of start of incubation 30 9 May + 2.6 days 27 9 May + 2.9 days ANCOVA F,5 =029 0.5912b
Clutch size 15 11.62 +0.79 14 10.36 £ 0.77 ANOVA Fio5=129 0.267°
Proportion of nesting females 30 0.39 £ 0.09 30 0.13 £ 0.06 Logistic regn ¥ =4.63 0.03284
that hatched a clutch
Chicks hatched/female 30 3.30 +0.86 30 0.70 £ 0.36 GLM F55=9.62 0.003%¢

* Sample size refers to all females pooled for both sites for the three years. Clutch size could not be recorded for all nesting females because
some were never off the nest when visited and some were predated before clutch size could be determined.

T Means * SE based on values for each year and site separately.
2 Density, site and treatment X site effects not significant.

b Analysis based on day number post 15 April and restricted to first clutches.

¢ Clutch sizes corrected for laying date according to Robertson (1991). Density covariate excluded from the model because clutch sizes were
only obtained in 1995 and 1997. Site and treatment X site effects not significant.

d Statistics similar for the subset of females that survived to 15 June (treatment y2, = 4.89, P = 0.027).

¢ Statistics similar for the subset of females that survived to 15 June (treatment F, ;; = 8.10, P = 0.008).

Breeding performance of female pheasants

Similar proportions of females from each group nest-
ed and the mean number of clutches laid per female was
similar (Table 2). There was no significant difference
in clutch size (although treated females laid on average
one more egg) or in the timing of the start of incuba-
tion. In all years, nesting success was very low, as habit-
ually observed on these estates (Hoodless et al. 1999,
Game Conservancy Trust, unpubl. records). However,
in all three years the survival of clutches produced by
treated females was higher than that of clutches belong-
ing to control females (Fig. 2), and hence more chicks
were hatched per treated female. The proportion of
birds that hatched a clutch and the number of chicks
hatched were still significantly higher for acaricide-

45 1

1
T 404 0 8
2O a5 12
E2 a0
ﬁg 25 13
-
< 0 204
ELLI
ST 151
O 9
o FE 10
> <
T 5-
8
0 T T |
1995 1996 1997
YEAR

Figure 2. Proportions of nesting females that hatched a clutch of eggs
at Wimborne St. Giles (during 1995 and 1996) and Clarendon Park (dur-
ing 1997). Control birds are open bars, acaricide-treated birds are grey
bars. The figures above the bars are sample sizes. Note that no control
birds hatched clutches in 1996.
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treated females than for controls when the analyses
were repeated on the subset of females that survived until
15 June (about two weeks after the peak hatch date, see
Table 2). This demonstrates that the difference in clutch
survival was not simply a product of the differential mor-
tality of females. The only chicks that survived their first
10 days were those from two broods reared by treated
females, and five of these from one brood survived to
at least eight weeks of age.

Of predated clutches where the identity of the preda-
tor was clear, the proportions taken by foxes, rather than
corvids, did not differ significantly between groups (treat-
ed females: 85% fox predation of nests, N = 13; con-
trols: 79% fox predation, N = 19; Yates’ y*, =0.003, P =
0.956). Nest desertion was a rare cause of failure, occur-
ring in less than 3% of all cases.

Discussion

Using experimental manipulation of tick burdens by treat-
ing birds with an acaricide, we have already shown that
high tick burdens have a negative impact on wattle devel-
opment, harem acquisition and territoriality in male
pheasants (Hoodless et al. 2002). We now report that
infestations of ticks have significant adverse effects on
female pheasant survival and productivity, despite the
fact that female pheasants typically harbour lower tick
burdens than males.

Pheasants were assigned to the acaricide-treated or con-
trol groups without any prior knowledge of their natu-
ral tick burdens. This and the fact that all the females were
the same age, means that the observed differences in nest-
ing success between the two groups can be attributed
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directly to the treatment. It proved impractical to clear
spirochaetal infections from a sample of pheasants by
treating them with antibiotics, and thus to distinguish
between the effects of spirochaetes and ticks on pheas-
ant fitness. Nevertheless, given a) the numbers of nymph-
al ticks that would have fed on female pheasants between
their leaving release pens in August and the start of acar-
icide treatment in late February (Hoodless et al. 1998),
and b) the 2.6% mean infection prevalence of Borrelia
burgdorferi in questing nymphs at these sites (Kurten-
bach, Peacey, Rijpkema, Hoodless, Nuttall & Randolph
1998), it can be estimated that about 70% of the birds
in this study would have been bitten by a spirochaete-
infected tick prior to capture and assignment to the ex-
perimental groups. Therefore the observed differences
in pheasant fitness were more likely to be due to tick infes-
tations than to spirochaete infection.

Due to high predation rates by foxes, survival rates
were low for all the pheasants at our study sites during
April-July. Nevertheless, acaricide treatment revealed
that tick infestations reduced survival by a further 12%
during the three years of the study. This observation is
consistent with reports which indicate that ectoparasites
affect both survival and reproductive success in birds (re-
viewed in Clayton 1991b, Brown, Brown & Rannala
1995, Clayton & Moore 1997). A similar manipulative
study of intestinal parasites, notably the caecal nema-
tode Heterakis gallinarum, resulted in a difference in
the survival functions of reared female pheasants dur-
ing incubation (Woodburn 1999). The observed reduced
survival rate during late April and May agrees with
previous findings that female pheasants are most vulner-
able to predation when nesting (Brittas, Marcstrom, Ken-
ward & Karlbom 1992, Leif 1994). Treated and control
females were observed to be off the nest with similar
frequency (treated: 15.4% of observations, N = 104; con-
trol: 11.6%, N = 86). However, these data are biased
towards birds that survived until at least mid-way
through the nesting period and it is not known whether
the control birds predated earlier were killed because they
were prone to spending more time away from the nest.

Females carrying ticks suffered a slightly higher pre-
dation rate at the nest, which is consistent with lower anti-
predator vigilance if ectoparasites cause birds to spend
more time preening (Clayton 1991a, Cotgreave & Clay-
ton 1994). The majority of /. ricinus larvae and nymphs
that feed on birds are attached to their heads, often
around the eyes. The head is the one area of the body
where ticks cannot easily be removed by preening and
ticks around the eyes may impair vision. Possibly, even
for the females that escaped predation at the nest, a de-
layed escape might have been the cause of the higher
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rate of predation observed on the clutches of control
females. We know that clutches belonging to treated fe-
males survived better as a result of a lower rate of preda-
tion on the clutches per se, rather than simply because
of differential mortality of the females. Thus it seems that
even the relatively low infestation levels of ticks observed
on these female pheasants may have an impact on fitness,
although the mechanism is not yet clear.

On many estates where pheasants are released, the
number of chicks that survive to fledging is typically low
because of inadequate brood-rearing habitats and avail-
ability of invertebrates for chicks to feed on. However,
ticks are also present on some of these estates and may
further reduce chick survival. Owing to the small sam-
ple size in our study, it is unclear whether the greater
predation rate of control females or a higher pick-up of
ticks by control bird chicks was responsible for the poor
survival of chicks belonging to control females. This area
would merit further work because any adverse effects
of tick infestation on the survival of chicks hatched
from nests in woodlands, where most ticks live, would
apply equally to wild populations of pheasants. Female
pheasants (N = 5-17) on three out of six wild-bird
estates in Hampshire, Norfolk and Suffolk were found
to carry ticks in April 1996, with median infestations of
1-10 ticks per female (R.A.H. Draycott, pers. comm.)
which are comparable to the tick burdens observed in our
study.

The implications of tick infestations for pheasant
management may differ for estates with wild popula-
tions as opposed to estates where birds are released annu-
ally. As pheasant release serves to supplement autumn
stocks for shooting, rather than to restock wild breed-
ing populations, the impact of ticks on the breeding suc-
cess of females will be of minor importance in terms of
shoot management. On estates where no pheasants are
released, or where only males are released during the
transition back to self-sustaining naturalised populations,
the effects of tick infestation might reduce the potential
pheasant harvest in certain situations or years. Difficul-
ties are most likely to arise in woods which sustain high
densities of deer and are therefore likely to harbour high
densities of ticks (Gray et al. 1992). More extensive data
on tick distributions and pheasant infestations are now
needed in order to assess the extent of the potential prob-
lems highlighted by our study.
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