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Abstract Little is known about the louse species harboured by Red-footed and Amur Falcons despite the fact 
that various life-history traits of these hosts make them good model species to study host-parasite interactions. 
We collected lice samples from fully grown Amur (n=20) and Red-footed Falcons (n=59), and from nestlings of 
Red-footed Falcons (n=179) in four countries: Hungary, India, Italy and South Africa. We identified 3 louse spe-
cies on both host species, namely Degeeriella rufa, Colpocephalum subzerafae and Laembothrion tinnunculi. 
The latter species has never been found on these hosts. Comparing population parameters of lice between hosts 
we found significantly higher prevalence levels of D. rufa and C. subzerafae on Amur Falcons. Adult Red-foot-
ed Falcons had higher D. rufa prevalence compared to C. subzerafae. For the first time we also show inter-annual 
shift in prevalence and intensity levels of these species on Red-footed Falcons; in 2012 on adult hosts C. subzera-
fae had higher intensity levels than D. rufa, however in 2014 D. rufa had significantly higher intensity compared 
to C. subzerafae. In case of nestlings both louse species had significantly higher prevalence levels than in 2014. 
The exact causes of such inter-annual shifts are yet to be understood. 

Keywords: ectoparasite, lice, Degeeriella rufa, Colpocephalum subzerafae, Laembothrion tinnunculi, descriptive 
statistics

Összefoglalás A kék vércsék és az amúri vércsék tolltetű faunájáról és a fajok ökológiájáról keveset tudtunk, pe-
dig különleges életmenet-sajátosságaik jó modellrendszerré teszik őket parazitaökológiai vizsgálatokra. Felnőtt 
amúri vércsékről, valamint felnőtt és fióka kék vércsékről gyűjtöttünk ektoparazita mintákat. A Degeeriella rufa 
és Colpocephalum subzerafae már korábban is ismert volt mindkét gazdafajról, azonban a Laembothrion tinnun-
culi-nak ez az első ismert elfordulása mindkét madárfajon. Mind a D. rufa, mind a C. subzerafae prevalenciája 
magasabb volt az amúri vércséken a kék vércsékhez viszonyítva. A felnőtt kék vércséken a D. rufa prevalenciá-
ja meghaladta a C. subzerafae-jét. 2012-ben a C. subzerafae, 2014-ben a D. rufa átlagos intenzitása volt maga-
sabb. Mindkét vizsgált tetűfaj prevalenciája magasabb volt a fiókákon 2012-ben mint 2014-ben. Az eredmények 
alapján a tetvek abundanciája eltérést mutat évek között a kék vércse fiókákon. Ennek az évhatásnak a kialakító 
tényezői még nem ismertek.

Kulcsszavak: ektoparazita, tolltetű, Degeeriella rufa, Colpocephalum subzerafae, Laembothrion tinnunculi, leíró 
statisztika 
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Introduction

Relationship of avian hosts and their ectopara
sites has been widely studied from macroevo-
lutionary (Vas et al. 2013, Rózsa & Vas 2015) 
to ecological perspectives (Brooke 2010, 
Brown et al. 1995). Lice (Insecta: Phthirap-
teta) are the only insects that complete their 
full life-cycle on the surface of their avian or 
mammalian hosts. They also have relatively 
low pathogenicity levels compared to other 
ectoparasites (Clayton & Tompkins 1994, 
1995). Despite this, avian lice may have con-
siderable effects on their hosts (Brown et al. 
1995, Møller & Rózsa 2005) thus constitute 
an important aspect of avian evolutionary 
ecology. Comprehensive overviews of the ge-
nus and species composition of lice on vari
ous host species are available through world-
wide and regional open source databases and 
checklists (Price et al. 2003, Vas et al. 2012). 
However, quantitative data describing popu
lation level parameters of ectoparasites are 
seldom reported. Moreover, studies aiming to 
assess aspects of louse life history often neg
lect inter-annual differences in these parame-
ters (but see Hamstra & Badyaev 2009, Mo-
nello & Gomper 2009). 

The Amur Falcon (Falco amurensis) and 
the Red-footed Falcon (Falco vespertinus) 
are closely related sister species of the Fal-

conidae family (Fuchs et al. 2015). Both 
are small-bodied birds of prey exhibiting 
marked sexual dimorphism. The Amur Fal-
con breeds in east Asia from Transbaikalia 
to Amurland, southward to Eastern China, 
while the breeding area of the Red-footed 
Falcon extends from Central and Eastern 
Europe to Northern Central Asia (Fergu-
son-Lees & Christie 2001). They are both 
long-distance migrants wintering in simi-
lar habitats of southern Africa. During their 
annual migration cycle the Amur Falcon 
uses vast roosting sites in Nagaland (India) 
where many hundreds of thousands of birds 
can congregate (Kumar 2014). Their win-
tering areas may overlap with those of the 
Red-footed Falcon, where they can share 
roosting sites, making direct bodily con-
tacts between the two species possible (pers. 
obs.). The louse faunae of Amur Falcons 
and Red-footed Falcons has been scarcely 
studied to date (but see Tendeiro 1988). Ac-
cording to Price et al.’s (2003) world check-
list of lice, two common species were re-
ported from Amur Falcons: Degeeriella 
rufa (Ischnocera: Philopteridae) and Colpo-
cephalum subzerafae (Amblycera: Meno
ponidae) and both of them also can be found 
on Red-footed Falcons. The only other spe-
cies known to occur on Red-footed Falcons 
is Nosopon lucidum (Amblycera: Menopo
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nidae). In this study we aim to a) describe 
the louse faunae of these two falcon spe-
cies and, b) give precise population level 
estimates of louse infestations based on 
relatively large samples and c) investigate 
potential inter-annual differences in these 
parameters. 

Materials and Methods

Louse samples from Amur falcons were col-
lected in Nagaland, India in November 2013 
and from South Africa in March 2014. Ful-
ly developed individuals were trapped and 
sampled at both locations. Red-footed Fal-
cons were sampled in Körös-Maros Na-
tional Park, Hungary (Kotymán et al. 2015) 
with the aid of MME-Birdlife Hungary’s 
Red-footed Falcon Working Group. In 2012 
fledglings in 2014 both fledglings and adult 
birds were sampled. Only nestlings 0-7 days 
prior to leaving the nest were sampled. At 
this stage the feathers flight feathers are ful-
ly developed and most of the contour feath-
ers have appeared. Additionally 5 adult were 
sampled near Parma (Italy) in 2014.

Ectoparasite samples were collected by 
using the most widespread sampling method 
(Johnson & Clayton 2003, Rózsa 2003). The 
birds’ plumage were treated with pyreth
rin powder (marketed drug in veterinary 
practise for pet birds), and then we moved 
through gently the birds’ plumage with a 
forceps above a white tray for a standard 5 
minutes sampling time. Lice were collected 
per hosts into a 1.5 ml centrifuge tube con-
taining 70% ethanol. In case of Red-footed 
Falcon nestlings, we excluded all individu-
als where the parents were treated with py-
rethrin in previous years. The identification 
of lice was carried out by specialists using a 
stereoscopic microscope.

Descriptive statistics and statistical tests 
were calculated using Quantitative Parasi-
tology 3.0 (Reiczigel et al. 2005). Follow-
ing Rózsa et al. (2000) the prevalence, mean 
and median intensity of the infestation and 
their 95% confidence intervals are reported. 
To compare prevalences we used an exact 
unconditional test described in (Reiczigel et 
al. 2008). 

Results

A total of 20 Amur Falcons were sampled 
and three louse species were identified: De-
geeriella rufa, Colpocephalum subzera-
fae and Laembothrion tinnunculi. To our 
knowledge, this is a new host record for 
L. tinnunculi that was present in two birds 
(1 female, 1 nymph).

We identifed three louse species form the 
samples taken from the 238 Red-footed Fal-
cons. The two most prevalent species were 
Degeeriella rufa and Colpocephalum sub-
zerafae. Laemobothrion tinnunculi was 
found on 3 adult birds (one from Italy and 
two from Hungary) represented by a male, a 
female, and nymphs in two of the samples, 
and only nymphs in the third sample. The 
descriptive statistics of infestations are pre-
sented in Tables 1–3.

Comparing the infestation of the two 
most common lice on fully grown Amur 
and Red-footed Falcons, both D. rufa and 
C. subzerafae were more prevalent on Amur 
Falcons (p-value=0.0045) while there was 
no significant difference in mean (p-va
lue=0.2515) or median intensity (p-va
lue=0.547) between the two host species 
(see also Tables 1–2).

Examining the infestation patterns of the 
two most prevalent louse species on adult 
Red-footed Falcons, D. rufa was found to 
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be more prevalent (p-value=0.0001), while 
its mean (p-value=0.5127) and median in-
tensity (p-value=0.325) do not significantly 
differ from that of C. subzerafae (Table 2).

In 2012, there was no difference in preva-
lence between D. rufa and C. subzerafae on 
Red-footed Falcon nestlings (p-value=1), 
but the mean (p-value=0.0006) and medi-
an intensity (p-value=0.002) for C. subzera
fae was significantly higher. On the other 
hand, in 2014 the prevalence of D. rufa ex-
ceeded (p-value=0.0003) that of C. subzera-

fae while there was no significant difference 
in their median and mean intensities (p-va
lue=0.5724 and 0.633, respectively).

The prevalence of D. rufa on Red-footed 
Falcon nestlings was significantly higher in 
2012 than in 2014 (p-value=0.0308), but the 
mean (p-value=0.5107) and median inten-
sities (p-value=0.5107) showed no signi
ficant differences. In case of C. subzerafae 
the prevalence (p-value<0.0001), and both 
the mean (p-value<0.0001) and median in-
tensities (p-value<0.001) were significantly 

N=20 D. rufa C. subzerafae L. tinnunculi 

Prevalence 90% 70% 10%

95% CI 68%–98% 47%–86% 1%–31%

Mean intensity 4.39 2 1

95% CI 3.28–6.06 1.43–2.71 NA

Median intensity 3 1.5 1

CI 95.1%: 2–5 99.3%: 1–3 NA

Table 1.	 Descriptive statistics and their confidence intervals of the louse infestations of fully grown 
Amur Falcons. N is the number of birds. Calculating the confidence intervals for L. tinnunculi 
was not possible 

1. táblázat	 Az amúri vércséken talált tetűfajok, azok leíró statisztikái és a becsült paraméterek konfiden-
cia intervallumai (CI). N a madarak egyedszáma. A L. tinnunculi esetén nem lehetett konfi-
dencia intervallumot számolni 

Table 2.	 Descriptive statistics and their confidence intervals of the louse infestations of fully 
grown Red-footed Falcons. N is the number of birds. Calculating the confidence intervals 
for L. tinnunculi was not possible

2. táblázat	 A kék vércséken talált tetűfajok, azok leíró statisztikái és a becsült paraméterek konfiden-
cia intervallumai (CI). N a madarak egyedszáma. Az L. tinnunculi esetén nem lehetett kon-
fidencia intervallumot számolni

N=59 D. rufa C. subzerafae L. tinnunculi

Prevalence 56% 20% 0.034%

95% CI 43%–68% 12%–33% NA

Mean intensity 6.79 12.08 3.5

95% CI 4.21–12.03 4.17–37.08 NA

Median intensity 2 3.5 3.5

CI 95.8%: 2–3 98%: 1–13 NA
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higher in 2012. Moreover, the distribution 
of D. rufa and C. subzerafae infestation 
classes on nestlings was significantly diffe
rent in the two years (Goodness-of-fit tests: 
χ2:120.09, df=80, p=0.002 and χ2:112.06, 
df=48, p<<0.001, respectively. see also 
Figures 1-2). 

Discussion

We recorded the occurrence of the same 
three louse species on both Amur and 
Red-footed Falcons. L. tinnunculi, which 
can be found on several species in the ge-

nus Falco, is reported here for the first time 
to infest Amur Falcons and Red-footed Fal-
cons. Laemobothrion species differ in many 
characteristics from other lice. They have 
considerably larger body size (Price et al. 
2003) and appear to be more mobile, while 
their intensity tend to be low. We hypothe-
size that Laemobothrion lice might have a 
peculiar life cycle that calls for innovative 
new methods to be developed.

Both of the two smaller louse species had 
significantly higher prevalences on Amur 
Falcons than on Red-footed Falcons. The 
host species have similar body and bill 
sizes, possess similar plumage patterns in 

Table 3.	 Descriptive statistics and their confidence intervals of the louse infestations of Red-
footed Falcon nestlings in 2012. N is the number of nestlings 

3. táblázat	 Kék vércse fiókákon 2012-ben talált tetvek leíró statisztikái és azok konfidencia interval-
luma. N a madarak egyedszáma 

Table 4.	 Descriptive statistics and their confidence intervals of the louse infestations of Red-
footed Falcon nestlings in 2014. N is the number of nestlings 

4. táblázat	 Kék vércse fiókákon 2014-ben talált tetvek leíró statisztikái és azok konfidencia interval-
luma. N a madarak egyedszáma

N=95 D. rufa C. subzerafae

Prevalence 78% 78%

95% CI 68%–86% 68%–86%

Mean intensity 3.66 6.73

95% CI 3.07–4.53 5.58–8.28

Median intensity 2 5.5

CI 99.9%: 2–4 99.5%: 4–7

N=84 D. rufa C. subzerafae

Prevalence 63% 34%

95% CI 52%–73% 25%–45%

Mean intensity 3.28 2.86

95% CI 2.57–4.4 2–4.31

Median intensity 2 2

CI 95.1%: 2–2 96.9%: 1–2
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Figure 1.	 The distribution of D. rufa infestation classes on sampled Red-footed Falcon nestlings. The 
number of sampled birds is 95 in 2012 and 84 in 2014

1. ábra	 A D. rufa tetűfaj fertőzöttségi osztályainak eloszlása kék vércse fiókákon. A mintázott fiókák 
száma 2012-ben 95 példány, 2014-ben 84 példány 

Figure 2. The distribution of C. subzerafae infestation classes on sampled Red-footed Falcon nestlings. 
The number of sampled birds is 95 in 2012 and 84 in 2014

2. ábra A C. subzerafae tetűfaj fertőzöttségi osztályainak eloszlása kék vércse fiókákon. A mintázott 
fiókák száma 2012-ben 95 példány, 2014-ben 84 példány 
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every age and sex groups, thus making it un-
likely that they provide considerably diffe
rent habitats for lice. Increased rate of hori-
zontal transmission (lice infesting unrelated 
hosts) due to coloniality (Rózsa et al. 1996) 
or frequency of congregations of the hosts 
is hypothesized to increase ectoparasite pre
valence. In our case, samples were collec
ted from Amur Falcons at the two larg-
est known migratory (Nagaland, India: >1 
million birds present) and wintering (New
castle, South Africa: 5–10 thousand birds 
present) roost sites of the species, while in 
case of Red-footed Falcons the sampled in-
dividuals were taken from breeding colonies 
(10–200 adult individuals present) making 
the number of birds 2–5 orders of magni-
tude lower. This in itself may cause differ-
ences in prevalence. However, Red-footed 
Falcons are also known to aggregate in large 
numbers at pre-migratory roost sites (Bor-
báth & Zalai 2005, Fehérvári et al. 2014). 
Seasonality may also have an effect on louse 
population parameters (Monello & Gomper 
2009). Amur Falcons were sampled in the 
non-breeding period while Red-footed Fal-
cons were only sampled in the breeding sea-
son, thus the observed pattern may also be 
attributed to different infestation levels at 
different stages in their life cycle. 

Inter-annual differences in prevalence 
and intensity of the two common louse spe-
cies were detected in both adult and nest-
ling Red-footed Falcons. We emphasize that 
the samples were taken from the same popu
lation, at the same location and from simi-
lar aged nestlings in the two years. We be-
lieve our data shows for the first time shifts 
in population parameters of avian lice spe-
cies between years. It is plausible that such 
changes may have been caused by abiot-
ic factors such as different average tem-
perature or humidity, or by changes in host 

attributes such as deviating nestling sex ra-
tios. In any case, such inter-annual fluctua-
tions may be a key feature to further the un-
derstanding of host-parasite interactions. 

Our results shed light on species composi-
tion and various aspects of ectoparasite de-
mography in avian-host parasite systems. 
Albeit the currently used methodology to 
obtain ectoparasite samples yield valuable 
results, we believe that even a simple evalu
ation of infestation on a relatively large sam-
ple of hosts shows that invasive ectopara
site collection has its limits. We urge future 
studies to investigate the possibility of de-
veloping a precise, reliable non-invasive 
method to collect louse species that may al-
low to better enhance our understanding of 
host-parasite systems. 
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