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Nest box location determines the exposure of the host to ectoparasites

Jestis Veiga' and Francisco Valera'
"Departamento de Ecologia Funcional y Evolutiva, Estacién Experimental de Zonas Aridas (EEZA-CSIC), Almeria, Spain

ABSTRACT. Nest box supplementation is a widely used technique to aid in the conservation of cavity nesting bird species. However,
the criteria to choose the best location for nest boxes has seldom considered the likely exposure of cavity-users to parasites. Birds host
an impressive diversity of ectoparasites that may have detrimental effects on their fitness. Here we focus on the ectoparasite
infracommunity of a secondary cavity nesting bird species, the European Roller (Coracias garrulus), breeding in nest boxes in a semiarid
environment. During three breeding seasons, we examined the composition and abundance of parasites at the nest level and explored
their spatial structure and the effect of nest-site type, breeding phenology, and host number (brood mass) on the variability of the
infracommunity. Nest location (nest boxes on trees vs nests on cliffs and human constructions) contributed the most to explain differences
in prevalence and abundance of the various ectoparasite species during the three years. Host breeding phenology consistently affected
the abundance of the most prevalent and abundant ectoparasite (Carnus hemapterus) and also the abundance of biting midges and
blackflies, but only during some years. Host brood mass had no significant influence on any ectoparasite. Neither the occurrence nor
the abundance of the infracommunity of parasites had a significant spatial structure. This study, performed at the host population
scale, reveals that the socioenvironmental characteristics resulting from the selection of nest-site microhabitat explain most of the
variation of the ectoparasite infracommunity. Accordingly, nest boxes for vulnerable species should be placed with solid knowledge of
the effect of such features.

L'emplacement du nichoir détermine I'exposition de I'h6te aux ectoparasites

RESUME. On installe trés souvent des nichoirs pour aider a la conservation des espéces d'oiseaux cavicoles. Toutefois, les critéres pour
I'emplacement des nichoirs ont rarement pris en compte I'exposition probable des utilisateurs de cavités aux parasites. Les oiseaux sont
les hotes d'une diversité impressionnante d'ectoparasites qui peuvent avoir des effets néfastes sur leur santé. Dans la présente étude,
nous examinons l'infracommunauté d'ectoparasites d'une espéce d'oiseaux nicheurs utilisatrice secondaire de cavités, le Rollier d'Europe
(Coracias garrulus), qui niche dans des nichoirs en milieu semi-aride. Durant trois saisons de reproduction, nous avons étudié la
composition et I'abondance des parasites a I'échelle du nid et exploré leur structure spatiale ainsi que I'effet du type de site de nidification,
de la phénologie de reproduction et du nombre d'hotes (masse des couvées) sur la variabilité de I'infracommunauté. L'emplacement des
nids (nichoirs sur les arbres par rapport aux nids sur les falaises et les constructions humaines) a contribué le plus a expliquer les
différences de prévalence et d'abondance des diverses espéces d'ectoparasites au cours des trois années. La phénologie de reproduction
de I'hote a eu un effet systématique sur 'abondance de 'ectoparasite le plus fréquent et le plus abondant (Carnus hemapterus), de méme
que sur celle des moucherons piqueurs et des mouches noires, mais seulement lors de certaines années. La masse de la couvée hote n'a
pas eu d'influence significative sur aucun ectoparasite. Ni la présence ni I'abondance de l'infracommunauté de parasites n'avaient une
structure spatiale significative. Cette étude, réalisée a 1'échelle de la population hoéte, révéle que les caractéristiques socio-
environnementales résultant de la sélection du microhabitat du site de nidification expliquent la plupart des variations observées chez
I'infracommunauté d'ectoparasites. Par conséquent, les nichoirs destinés aux espéces vulnérables doivent étre placés avec une
connaissance solide de l'effet de ces caractéristiques.
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INTRODUCTION antiparasiticadaptations by their hosts (Clayton et al. 2010). Birds

Nest site supplementation by addition of nest boxes has become are known to host a wide array of ectoparasites (Clayton et al.

an increasingly common restoration strategy that has proved to 2010), many of which are Yector s of pailthogens, €., avian ma!laria
promote population increases of threatened species (e.g. Vaclav a‘?fi close?ly related parasites transml}tted by Culex mosquitoes,
etal. 2011, Berthier et al. 2012). However, a number of shortfalls blthg midges, and louse.ﬂles (Valklupas 2004) that also have
have also been reported (see Klein et al. 2007, Valera et al. 2019). detrimental effects on their hosts (Merino et al. 2000, Marzal et
To date, only limited research has considered whether the location al. 2005, Valkitinas et al. 2006, Martinez-de la Puente et a.l. 20_10’
of nest boxes influences the exposure of birds to parasites. Asghar' et al_. 201,5 )- In fa}ct, the abundance of ectoparasites is a
Ectoparasites are a taxonomically diverse group of organisms key epidemiological variable (Sol et al. 2000, Martinez-de la
able to affect the hosts’ fitness (Lehmann 1993) and provoke Puente et al. 2013).
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Much research has been dedicated to exploring the factors
accounting for the prevalence and abundance of specific
ectoparasitic species or families (for ticks see Oorebeek and
Kleindorfer 2008, for biting midges and blackflies see Martinez-
delaPuenteetal. 20094, for mites, fleas, and blowflies see Merino
and Potti 1996; Cantarero et al. 2013, Griebel et al. 2020) on
different bird species. However, a given host species or individual
(adult, nestling, infested nest) usually hosts a variety of
ectoparasitic species, the ectoparasite infracommunity (Bush et
al. 1997). Considering this level of organization is important
because, for instance, it is mainly within the framework of the
infracommunity where interactions among different parasite
species occur (Poulin 2007) and such interactions can influence
the structure of the infracommunity (Heeb et al. 2000). Thus,
analyzing separately a given ectoparasite species gives an
incomplete picture of the factors influencing that ectoparasite
and, in turn, the host.

Optimally, the ectoparasite community should be studied as a
whole, what could give deeper insights into the underlying
mechanisms ruling variations in composition and abundance.
For instance, studies focused on some ectoparasite taxa have
shown that factors such as distance at large scale (Gomez-Diaz
et al. 2008 on birds) or locality features (Lareschi and Krasnov
2010 on mammals), host characteristics (Krasnov et al. 2008,
Lareschi and Krasnov 2010, Sponchiado et al. 2017 on
mammals), off-host environment such as temperature and
precipitation (Krasnov et al. 2005, 2008 on mammals), or habitat
characteristics (Manzoli et al. 2013 on birds) are partly
responsible for the variation in the ectoparasite community. Yet,
comprehensive studies on the ectoparasitic community of bird
species are scarce (see Hamstra and Badyaev 2009, and Lareschi
and Krasnov 2010, Sponchiado et al. 2017 for a similar approach
on rodents and marsupials). Such scarcity is partly because of
the fact that studying different ectoparasite species (each of them
with different life cycles, requirements, and adaptations) is
methodological and logistically complicated. However, cavity-
nesting birds offer an excellent opportunity to address this issue.
They usually host a wide variety of ectoparasites (Marshall
1981), some of which are nidicolous, whereas others visit the
nest temporarily to feed on the adults and/or nestlings. Thus,
studying the nests of hole-breeding birds facilitates the
investigation of the ectoparasitic community.

The European Roller Coracias garrulus (hereafter roller) is a
migratory, secondary cavity-nesting species breeding in sandy
cliffs, tree holes, human constructions, and artificial nest boxes
(Cramp 1998). This species has been of conservation concern
for years given its decline in Europe from the last decades of the
20th century (BirdLife International 2019). Subsequent
conservation efforts (mainly artificial nesting sites provisioning)
have led to the recovery of the species in several European
countries and its current protection status is “Least Concern”
(BirdLife International 2019). However, given the dependence
of the species on continued management actions, e.g., nest box
schemes (Rohlf et al. 2014), it has been proposed as a
“conservation-reliant species” (Gameiro et al. 2020). Several
ectoparasites have been described for this species: carnid flies
(Carnus hemapterus; Calero-Torralbo et al. 2013, Vaclav et al.
2016), biting midges, blackflies, and sandflies (Vaclav et al. 2016,
Veiga et al. 2018), hematophagous mites (Vaclav et al. 2008, Roy
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et al. 2009), lice (Sosnowski and Chmielewski 1996), louse flies
(Nartshuk and Matyukhin 2019, Veiga et al. 20194), and ticks
(Hoogstraal and Kaiser 1961, Tsapko 2017). Specific studies on
these ectoparasites show that factors such as host body features
(Clayton and Walther 2001, Valera et al. 2004, Martinez-de la
Puente et al. 20095, Vaclav and Valera 2018), breeding phenology
(Martinez-de la Puente et al. 20094, Calero-Torralbo et al. 2013),
or habitat characteristics (Cerny et al. 2011, Manzoli et al. 2013)
account for variation in their abundance and prevalence.

In this paper, we examine the ectoparasites of rollers breeding in
nest boxes in a semiarid landscape over three breeding seasons.
We focus on the effect of nest box location, breeding phenology,
and brood mass on the composition and abundance of
ectoparasites at the infracommunity level (nest), its variation, and
spatial distribution. We evaluate the relative importance of off-
host and host related variables on the exposure of the avian host
to ectoparasites. Finally, we discuss the implications of our results
for conservation of rollers and other cavity-nesting species.

METHODS

Study area

The study area (~ 50 km?) is located in the Desert of Tabernas
(Almeria, SE Spain, 37°05'N, 2°21’W). The landscape mostly
consists of badlands and wadis with olive and almond groves
interspersed among dry watercourses. The climate is semiarid with
mild winters, long hot summers, and low average annual rainfall
(235 mm) with strong inter- and intra-annual variation (Lazaro
et al. 2001).

During this study rainfall varied broadly (accumulated
precipitation during the hydrologic year 1 October — 30
September: 2016 = 100.4 mm; 2017 = 334.8 mm; 2018 = 200.2
mm), with 2016 being a dry year and 2017 a very rainy one.

Study system

The European Roller used to breed in our study area in burrows
excavated by the European Bee-eater (Merops apiaster) in
sandstone cliffs or in cavities in human constructions. A nest box
supplementation program starting in 2005 (Vaclav et al. 2011)
showed that rollers were limited by the availability of nesting sites.
Maintenance of the nest box scheme has made the roller the most
common cavity nester in the area and, during the study, most of
the roller population bred in nest boxes located on trees, sandstone
cliffs, and human constructions (Valera et al. 2019). Nest boxes
on trees were usually isolated from other breeding bird species,
which mostly consisted of open nesters including the Eurasian
Collared Dove (Streptopelia decaocto) and Common Wood
Pigeon (Columba palumbus). In contrast, nest boxes located on
sandstone cliffs were usually near other natural cavities occupied
by cavity-nesting birds such as Common Kestrels (Falco
tinnunculus), Jackdaws (Corvus monedula), Rock Pigeons
(Columba livia), and Little Owls (Athene noctua). Similarly, nest
boxes on farmhouses were usually neighbors to bird species
breeding in cavities and crevices such as Rock Pigeons, Common
Kestrels, Spotless Starlings (Sturnus unicolor), and House
Sparrows (Passer domesticus). Another common feature of nest
boxes on sandstone cliffs and farmhouses was that they were
located on devegetated surface, while nest boxes on trees were
covered by dense tree canopy.
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During the three breeding seasons under study (2016-2018) 61,
60, and 59 nest boxes were available for rollers, respectively. Nest
boxes were kept in the same places all three years. On average,
about 60% of the nest boxes were occupied by rollers (range:
58%—-63%), the rest were occupied by other species (Spotless
Starlings, House Sparrows, Little Owls, Scops Owls [Otus scops])
or were not used. Nest boxes on trees, cliffs, and human
constructions were frequently interspersed so that, averaging
data from the ones occupied during the study period, in 57%
(range: 48%-62%) of the cases the nearest nest box neighbor of
a focal nest was in the same nest site location (e.g., tree-tree or
cliff-cliff), whereas the remaining 43% (range: 52%-38%) were
in a different location (e.g., tree-farmhouse, tree-cliff,
farmhouse-cliff).

Rollers nest in unlined holes where they lay the eggs directly on
the bottom of the cavity. They rear a single brood per year, and
egg hatching is distinctly asynchronous with remarkable annual
differences in hatching date and in clutch and brood size (Vaclav
et al. 2008, 2011). In our population, incubation takes ~21 days
and nestling rollers fledge approximately 20-22 days after
hatching (Vaclav et al. 2011).

Rollers in our study area were parasitized at least by biting
midges (Fam. Ceratopogonoidae), blackflies (Fam. Simuliidae),
sandflies (Fam. Psychodidae), carnid flies (Fam. Carnidae),
louse flies (Fam. Hippoboscidae), hematophagous mites (Fam.
Macronyssidae and Fam. Dermanyssidae), and soft ticks (Fam.
Argasidae). Because each group of ectoparasites has different
habits, mobility and strategies of host exploitation, e.g.,
nidicolous vs temporary parasites, diurnal vs nocturnal, different

methods were required for estimating their respective
abundances.
Routine fieldwork

The reproduction of rollers and their ectoparasite community
was studied in 31, 37, and 36 nest boxes during the breeding
seasons of 2016, 2017, and 2018, respectively (although the
sample size decreased because of the occurrence of noninfested
nests or nests where the abundance of some parasites was not
estimated). Occupied nest boxes were followed closely from
occupancy (end of April) until fledging and inspected
periodically during egg laying, incubation, hatching, and
nestling development. At least three visits were made every year
during the nestling phase: the first one to place a sticky trap, the
second one to remove the trap, and the third to ring the fledglings.
The number of nestlings was recorded in each visit. We also
measured the mass of roller nestlings (with 0.1 g accuracy) when
the oldest nestling of each nest was ~13 days old.

Prior to each breeding season, nests were emptied, cleaned with
soap, and disinsected with a solution of 10 ml/L of Arpon®
(cipermetrine). The solution was sprayed on the nest’s inner
surface and walls. This insecticide has been proved to be highly
efficient against Carnus hemapterus (prevalence in treated boxes:
0%, Amat-Valero et al. 2012) and other insects. Thus, infestation
in a given year did not affect the next year. After fumigation,
each nest was provided with fresh, clean sand (the usual
substratum in natural cavities in our study area).

During 2018, a thermal pad was placed on the inner wall of 18
nest boxes during the nestlings phase (day 6 to day 21, day 1 =
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hatching date of the first egg) for a different study. Its effect on
microclimate was not significant and subdued by factors such as
nest orientation or nest location. Nevertheless, we tested the effect
of the thermal pads on the occurrence and abundance of the
ectoparasites via redundancy analysis (RDA). We found that
thermal pads had no significant effect in any model (P > 0.3).

Ectoparasite sampling

Winged diptera visiting the host temporarily (biting midges,
blackflies, and sandflies) were sampled by means of sticky traps
placed under the upper lid of the nest boxes (Tomas et al. 2008).
This method has been found reliable and effective for sampling
small flying insects that are captured while entering or leaving the
nest. Sticky traps were placed when the oldest nestling of each
nest was ~13 days old (2016: mean = 12.9, range = 11-17; 2017:
mean =13.57, range = 11-19; 2018: mean = 13.83, range = 13—
19). Sticky traps were maintained three days in 2016 (trap size =
57,6 cm?) and four days in 2017 (trap size = 80 cm?) and 2018 (trap
size = 330 cm?). The number of ectoparasites captured by the
sticky traps was then standardized to captures per day per cm?.

Carnus hemapterus (hereafter Carnus) is a nidicolous ectoparasite
that parasitizes nestlings of many bird species but it may also
attack adult birds during incubation (Lopez-Rull et al. 2007).
Carnid flies are winged when emerged from the pupa and during
dispersal (Veiga et al. 2019b) but they lose the wings when a
suitable host is found. Then, flies remain on the nestlings and in
the nest debris. Therefore, sticky traps are not suitable to estimate
the abundance of carnid flies. Instead, direct estimation of
wingless carnid flies during the peak infestation phase (when
nestlings have sheaths, see Vaclav et al. 2008, Vaclav and Valera
2018) is a reliable method (see Roulin 1998). Carnus estimation
in each nest was done when the older nestling was ~13 days old
(Vaclav et al. 2008). Roller nestlings were carefully taken from the
nest and placed in a cotton bag. Subsequently, each nestling was
examined and the number of carnid flies was counted twice. Both
counts were averaged. The number of carnid flies that remained
in the nest debris (even if small, mean = 4.3%, see Veiga et al.
2020) was also counted and added to the sum of the number of
carnid flies in all nestlings to get the total number of Carnus flies
inside the nest.

Louse flies are robust flying insects and they can probably escape
from the sticky traps. Thus, they were estimated following the
same method employed for carnid flies. However, because they
are not nidicolous and are highly mobile parasites, their detection
during a single visit is unlikely and, thus, we screened all the
nestlings in search of louse flies upon every visit. Furthermore,
in some cases we took advantage of adults captured brooding the
nestlings to check the presence of louse flies too, exploring
carefully between the feathers. This method probably gives
accurate estimates of prevalence but not of abundance, which can
be easily underestimated because of the high mobility and escape
behavior of louse flies (Veiga et al. 2019q).

Regarding hematophagous mites, we recorded the occurrence of
Pellonyssus reedi, Ornithonyssus sylviarum, Dermanyssus gallinae,
and Dermanyssus hirundinis in nest boxes occupied by rollers. In
general, hematophagous mites have short generation times. They
are able to reach high numbers rapidly (Pacejka et al. 1996,
Proctor and Owens 2000), so that they are easier to detect when
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nestlings are grown, but their abundance is highly variable. Similar
to louse flies, we took advantage of successive monitoring of the
nestlings along the breeding cycle to detect parasitic mites.

Argasidae ticks were usually found under the lid of nest boxes.
They also become more abundant along the nestling phase (see,
for instance, Dupraz et al. 2017). We recorded their presence
during the routine checks of nestlings.

Louse flies, hematophagous mites, and soft ticks had low
prevalence in our study area, and a reliable estimation on their
abundance requires specific and demanding surveys. Therefore,
we only analyzed their prevalence.

After discarding the nests where no ectoparasites were found and
those where the abundance of some ectoparasites was not
estimated, the sample size for the three study years was 30, 36,
and 36 for presence-absence data and 29, 36, and 36 for abundance
data, respectively.

Statistical analysis

The ectoparasite infracommunity was analyzed in terms of
species prevalence (presence-absence of biting midges, blackflies,
sandflies, carnid flies, louse flies, hematophagous flies, and ticks)
and abundance (of biting midges, blackflies, sandflies, and carnid
flies). To control for the effect of the different sampling methods,
the abundance of a given parasite group in each nest was scaled
by dividing it by the maximum value of that parasite group in all
the nests. This transformed variable was used in all the analyses.

In order to test whether geographical location of nests accounted
for variations in the ectoparasite infracommunity, Moran’s
eigenvector maps (MEM) were performed on both the presence-
absence and abundance data in each year. MEM analyses are
considered robust and suitable for discriminating between spatial
and environmental effects on community composition (Griffith
and Peres-Neto 2006). This method computes the principal
coordinates of a matrix of distances among geographicneighbors,
i.e.,, geographic connectivity matrices among sampling sites
(Borcard et al. 2011). MEM decomposes the spatial relationships
into eigenvectors, which represent the variation at specific spatial
scales. First, we explored for each year whether there was
significant linear relationships between the infracommunity
composition or abundance data and the geographical coordinates.
Because no relationship was found we worked on nondetrended
data (Borcard et al. 2004). Then, we selected the eigenvectors
describing significant spatial autocorrelation (only positive
eigenvalues, see Dray et al. 2006). Constrained canonical analyses
(CCA; for presence-absence data) and redundancy analyses
(RDA; for abundance data) were run for each year with the
corresponding set of eigenvectors selected. According to Borcard
et al. (2004) forward selection of the MEM eigenvectors should
follow in those ordination analyses (CCA or RDA) that proved
significant. Selection of eigenvectors in nonsignificant cases
would lead to spurious models. The forward-selected eigenvectors
should then be included in the final CCA and RDA to compare
the effect of socioenvironmental and distance-related variables.

Ordination analysis is an adequate method to examine complex
ecological data sets (Legendre and Legendre 2012). In order to
examine how environmental and host-related parameters
contributed to explain the variation of the ectoparasite
infracommunity, CCA (for presence/absence of all parasite
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groups) and RDA (for abundance of carnid flies, blackflies, biting
midges, and sandflies) were used. In these analyses, brood mass
(sum of the mass of all nestlings at day 13), nest location (cliff,
tree, farmhouse), and breeding phenology (hatching date of the
first egg in the population = 1, calculated separately for each year)
were included as constraining variables. Brood mass and breeding
phenology were scaled and centered before being included in the
analyses. Forward selection was applied to the overall models to
increase parsimony and reduce correlation between explanatory
variables. ANOVA-like permutation tests with 999 permutations
were employed to assess the significance of the models and
constraining variables. Analyses (CCA and RDA) were run
separately for each study year. All analyses and plotting were
conducted with R software 3.6.1 (R Core Team 2019), using the
packages vegan (Oksanen et al. 2019), PCNM (Legendre et al.
2012), and MASS (Venables and Ripley 2002).

RESULTS

Spatial analysis

CCA analyses (for presence-absence data) with the set of selected
eigenvectors for each year were nonsignificant in all cases (2016:
F,,, = 1.37,P=0.11;2017: Fy,, = 0.87, P = 0.69; 2018: F, ,; =
1.24, P = 0.18), so the procedure was stopped because no
significant spatial structure was detected. Concerning the
abundance of ectoparasites, no spatial structure was found in any
of the three study years either (RDA analyses: 2016: F,, =107,
P=0.39;2017: F¢ ,,=0.59, P =0.95;2018: F, ,=1.34, P =0.17).

Determinants of the variation in the
composition of the ectoparasite

infracommunity

CCAs on the presence-absence of the seven ectoparasitic groups
rendered significant overall models in each year (Table 1).
Forward selection retained the variable nest location to explain
the variation on the occurrence of ectoparasites in all the study
years, but phenology was also retained in 2017 (Table 1). Brood
mass was never selected.

Table 1. Permutation tests for the constrained canonical analyses
(CCA) in each study year. F-values, degrees of freedom, and P
values of the global models, the selected models, and the
corresponding variables selected are shown. The variance
explained (%) by each selected model is also offered.

2016 2017 2018
F (df) P F (df) P F (df) P
value value value
3.23(4,25) 0.001 2.54(4,31) 0.002 3.89 (4,31) 0.001
5.22(2,27) 0.001 3.35(3,32) 0.001 5.71(2,33) 0.001
5.22(2,27) 0.001 3.85(2,32) 0.001 5.71(2,33) 0.001

Global model
Selected model
Nest box location

Phenology - - 236(1,32) 0.03
Explained 28% 24% 26%
variance

The selected models included two significant CCA axes in 2016,
whereas only the first axis was significant in 2017 and 2018 (Table
Al.1). These models accounted on average for 26% of variation
(range: 24%-28%; Table 1).
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Fig. 1. Constrained canonical analyses on the effect of nest box location and phenology on the composition of the ectoparasite
infracommunity of breeding European Rollers (Coracias garrulus) in southeastern Spain during (a) 2016, (b) 2017, (c) 2018. The
canonical correspondence correlation biplot (scaling 2) shows the relation between the constraining (blue arrows, crosses, ellipses,
and labels) and the response variables (black crosses, lines, and labels). The blue crosses of the three levels of the explanatory
variable (nest box location) represent the centroids of each level, and the blue ellipses depict 95% confidence limits for the SE of

these centroids.
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Nest location contributed significantly to explain the variation in
ectoparasite community composition so that in all three years the
occurrence of blackflies, biting midges, and hematophagous mites
was associated to nest boxes on trees (Fig. 1a-c). In contrast, ticks
occurred preferentially in nest boxes on cliffs, and sandflies in nest
boxes on cliffs and farmhouses (Fig. 1a-c). The presence of carnid
flies and louse flies was not related to nest location (Fig. 1a-c).
Phenology also contributed significantly to explain the variation
in ectoparasite community composition but only in the humid
year (2017), when the occurrence of biting midges increased along
the season (Fig. 1b).

Determinants of the variation in the
abundance of the ectoparasite

infracommunity

RDAs on the abundance of the four ectoparasitic groups rendered
significant overall models in all three years (Table 2). Forward
selection retained the variables nest location and phenology to
explain the variation on the abundance of ectoparasites in the
three years (Table 2). Brood mass was not selected in any study
year.

The selected models included two significant RDA axes in 2016
and 2017, whereas only the first axis was significant in 2018 (Table
A1.2). The models selected accounted on average for 29% of
variation (range: 23%-36%; Table 2).

Nest location contributed significantly to explain the variation in
ectoparasite community composition during all the study years
(Table 2) so that nests on cliffs and farmhouses had higher
abundance of carnid flies and sandflies (Fig. 2a-c). Conversely,
nests on trees held higher abundances of biting midges and
blackflies (Fig. 2a-c). Breeding phenology also contributed
significantly to explaining the variation of abundance of
ectoparasites (Table 2), affecting negatively the abundance of
Carnus hemapterus in all three years and also the abundance of
blackflies in 2016 and 2017. Biting midges increased over the
breeding season in 2017 (Fig. 2b).

CCA axis 1

0 1 2 3 -2 -1 0 1 2

CCA axis 1

Table 2. Permutation tests for the redundancy analyses (RDA) in
each study year. F-values, degrees of freedom, and P values of
the global models, the selected models, and the corresponding
variables selected are shown. The variance explained (%) by each
selected model is also offered.

2016 2017 2018
F (df) P F (df) P F (df) P
value value value

Global model 3.84 (4,24) 0.001 2.39(4,31) 0.008 3.66(4,31) 0.001
Selected model 4.66 (3,25) 0.001 3.21(3,32) 0.002 4.35(3,32) 0.001
Nest box location  5.50 (2,25) 0.003 2.82(2,32) 0.002 4.86(2,32) 0.002
Phenology 2.97 (1,25) 0.039 3.97(1,32) 0.010 3.32(1,32) 0.036
Explained 36% 23% 29%
variance
DISCUSSION

The number of conservation-reliant species (those fully
dependent on continued management actions) is increasing
because of human activities (Scott et al. 2010). Whereas some
conservation actions, e.g. nest box installation, can be very
effective, they may lead to permanent human dependence of some
species. Gameiro et al. (2020) showed that > 65% of Portuguese
Lesser Kestrels (Falco naumanni) and European Rollers breeding
pairs currently nest in artificial nest sites. Alternative methods
should be implemented to avoid such dependence, e.g., natural
cavity restoration (Valera et al. 2019), but, meanwhile, the
consequences of artificial breeding for a large fraction of the
population of some species should be carefully considered (see,
for instance, Griebel et al. 2020). However, the criteria to install
nest boxes are not always clear (e.g., Klein et al. 2007, Rodriguez
etal. 2011) and, to our knowledge, the exposure of cavity-nesting
bird species to parasites due to the location of nest boxes has
seldom been considered. This study reveals that habitat
characteristics at small scale (nest box location), more than
geographical or host-related traits, e.g., brood mass, determine
the assemblage of ectoparasites of a cavity-nesting bird species.
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Fig. 2. Redundancy analyses on the effect of breeding phenology and nest box location on the abundance of ectoparasites of
breeding European Rollers (Coracias garrulus) in southeastern Spain during (a) 2016, (b) 2017, (c) 2018. Redundancy analysis
correlation biplot (scaling 2) shows the relation between the constraining (blue arrows, crosses, ellipses, and labels) and response
variables (black crosses, lines, and labels). The blue crosses of the three levels of the explanatory variable (nest box location)
represent the centroids of the variable, and the blue ellipses denote 95% confidence limits for the SE of these centroids.
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We did not find any spatial structure neither in the occurrence
nor in the abundance of the ectoparasite infracommunity. A
strong effect of location and distance has been found at large
scales (hundreds or thousands of km) where environmental
conditions differ substantially (Gémez-Diaz et al. 2008, Krasnov
et al. 2008). However, at smaller spatial scales the effect of locality
on ectoparasites richness and abundances has been reported
(Lareschi and Krasnov 2010) together with factors such as
microclimate, habitat characteristics at mesoscale, or host-related
features (Poulin 2004, Kleindorfer and Dudaniec 2009, Krasnov
et al. 2015, Kleindorfer et al. 2016, Dube et al. 2018). Given that
water availability and moist habitats determine the distribution
and abundance of biting midges, mosquitoes, and blackflies
(Braverman et al. 1974, Ferraguti et al. 2016), and given the large
interannual differences in precipitation, we expected some
geographical pattern associated with the proximity of temporary
water courses or ponds to some nests, at least in some year(s).
However, the spatial scale of our study and the high dispersal
abilities of most of the study species (Crosskey 1990, Murray and
Kirkland 1995, Veiga et al. 2020) may account for the lack of a
clear spatial pattern of the ectoparasite infracommunity.

Brood mass seemingly had no effect on the variation of the
ectoparasite infracommunity either. Previous studies did find a
relationship between brood mass or brood size and the abundance
of some ectoparasites (see, for instance, Veiga et al. 2020 for
Carnus hemapterus, and Martinez-de la Puente et al. 20095 for
biting midges), probably because of an associated increase in host
cues or food availability. Nonetheless, this variable could
contribute similarly to all the ectoparasite taxa studied here, thus
increasing their abundances in a similar fashion.

In contrast, nest location (habitat characteristics close to the nest
boxes) was the most important variable defining the spatial
distribution of ectoparasites in all three years. This is particularly
interesting because the various types of locations of nests in our
study area were interspersed, so that a nest box in a given habitat,
e.g., trees, could be closer to another in a very different one, e.g.,
cliff. Because this could influence host detection and facilitate
infestation, we would expect similar infracommunities in

neighboring nest boxes. However, this was not always the case.
Ticks occurred almost exclusively in nest boxes on cliffs (78.6%
of the infested nests, n = 14) whereas hematophagous mites
selected nest boxes on trees (81.8% of the infested nests, n = 18).
Blackflies and biting midges were more frequently found and were
more abundant in nest boxes on trees whereas sandflies were more
prevalent and abundant in nest boxes on cliffs and farmhouses.
The prevalence of other parasites (carnid flies and louse flies),
did not seem to be affected by the habitat around the nest,
although Carnus was more abundant in nest boxes on cliffs and
farmhouses.

Habitat requirements and preferences of ectoparasites, e.g.,
humidity and temperature (see Heeb et al. 2000, Goodenough et
al. 2011, Amat-Valero et al. 2014) may account for some of our
results. For instance, the preferences of blackflies and biting
midges for nest boxes located on trees correspond with previous
studies reporting their selection of tree canopies for resting
(Carpenter et al. 2008, Cerny et al. 2011). Similarly, sandflies use
undergrowth, rock crevices, animal burrows, and human
dwellings as resting sites during the daytime (Lane 1993). In our
study area, these microhabitats are mostly found in cliffs and
farmhouses.

The social environment of the host may also influence the rollers’
ectoparasite infracommunity. For example, most Argasidae ticks
are nest, burrow, or roost parasites (Klompen et al. 1996), and
Argas reflexus, the most common species in our study area, is
frequently found on pigeons (Dautel et al. 1999), but also on Little
Owls and Jackdaws (Murillo et al. 2013; personal observations).
In our study area, these bird species usually breed in crevices and
cavities on cliffs, therefore the social environment of rollers
breeding on sandcliffs could be responsible for the higher
prevalence of ticks.

The higher prevalence of hematophagous mites (a contact-
transmitted parasite) in nest boxes on trees could also be explained
by social factors such as the preferential occupation of such nest
boxes by starlings, a common host of hematophagous mites
(Bloszyketal. 2016). Infected starlings occupying nest boxes prior
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to rollers’ arrival could help the colonization of the box by mites
that could subsequently attack rollers breeding in the same nest
box. No breeding attempt of starlings in nest boxes on cliffs or
farmhouses has been registered in our study area for 14 years.

Thehigh prevalence of carnid flies (92%, n = 104) can be explained
by their remarkable dispersal ability (Veiga et al. 2020). Their
higher abundance in nests on cliffs and farmhouses than in nests
on trees was also reported by these authors. Veiga et al. (2020)
also found that Carnus abundance was positively related to the
density of other potential neighboring host species, which was
higher in cliffs and farmhouses than on trees.

Our analyses revealed that breeding phenology contributed to
explaining the variation in prevalence and/or abundance of some
parasites. The most consistent result refers to Carnus, for which
we found a negative relationship between abundance and
phenology all three years. This was also the case for blackflies but
only in 2016 and 2017. In contrast, biting midges increased their
occurrence and abundance along the season but only during the
humid year (2017). Calero-Torralbo et al. (2013) also found a
negative effect of phenology on the abundance of Carnus and
suggested that its early emergence enhanced the probability of
host finding at the beginning of the breeding season. The higher
prevalence and abundance of biting midges along the season
during the humid year can be related to the higher availability of
breeding sites (see Martinez-de la Puente et al. 20094). In contrast,
the seasonal decrease in the number of blackflies could be related
to the disappearance of temporary streams that are required for
breeding. Yet, this effect was observed in the driest and most
humid year and not in the average one. Aspects such as the effect
of some parasite species on others via microclimate modification
(Heeb et al. 2000) or interannual differences in the distribution of
rainfall throughout the year (Veiga and Valera 2020) can also
account for the patterns found.

IMPLICATIONS FOR CONSERVATION

Our results show the effect of the local environment on the
ectoparasite infracommunity of a bird species of conservation
concern. In spite of large differences in key variables like
precipitation, nest box location consistently accounted for most
of the variance in prevalence and abundance of various
ectoparasite species and this occurred apparently via (i) the
habitat requirements and preferences of ectoparasites, and (ii) the
social environment of the host: the preferential occupation (prior
to the arrival of the focal species) of some nest locations by other
cavity bird species and the identity and density of neighboring
breeding birds could favor or exclude some ectoparasite species.

How can this knowledge contribute to the conservation of the
roller and other endangered species? Some bird species are
thought to imprint on nest type, such that future nest preferences
are influenced by natal experiences (White et al. 2002, Stamps and
Swaisgood 2007). For instance, the delay in the recovery of the
tree-nesting peregrines in Germany has been attributed to the
practice of restoring only cliff and building-imprinted
populations (Kirmse 2001, Wegner et al. 2005). We ignore whether
rollers can become imprinted on nest boxes in a certain location.
If so, they would be regularly exposed to the ectoparasites
associated with that location. But even if imprinting does not
occur, knowing of such associations is important. We do know if
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nest box provisioning may lead to desertion of natural cavities by
rollers (Valeraetal. 2019). Because carnid flies are more abundant
in nest boxes than in natural cavities (Calero-Torralbo et al. 2013)
and also more abundant in nest boxes on cliffs, nest box schemes
could result in a greater exposure of rollers to this parasite, which
can affect nestling body condition, immunocompetence, and
survival (Hoi et al. 2018 and references therein). In contrast,
preferential placement (and usage) of nest boxes on trees would
increase the exposure of birds to vector-borne diseases, e.g., avian
malaria transmitted by blackflies and biting midges). Information
offered here could provide guidance to avoid the locations that
favor the most abundant or detrimental local parasites and
pathogens.

Responses to this article can be read online at:
http://www.ace-eco.org/issues/responses.php/1657
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Nest-box location determines the exposure of the host to ectoparasites

Appendix Al
Additional tables

Table Al.1. Results of CCA analyses on the occurrence of ectoparasites of the European roller at the
infracommunity level during the three study years.

2016 2017 2018
Inertia Proportion Rank Inertia Proportion Rank Inertia Proportion Rank
Total 1.42 1.00 1.80 1.00 1.39 1.00
Constrained 0.40 0.28 2 0.43 0.24 3 0.36 0.26 2
Unconstrained  1.03 0.72 6 1.37 0.76 6 1.03 0.74 6

Permutation tests for CCAs under reduced models.
2016 2017 2018
daf x> F Pr>F) df ¥ F Pr(>F) df > F Pr(>F)
CCAl 1 030 782 0001 1 030 7.02 0001 1 0.30 9.77 0.001
CCA2 1 010 262 0.020 1 010 227 0126 1 0.05 1.64 0.151

CCA3 - - - - 1 003 076 0.624 - - - -
Residual 27 1.03 32 1.37 33 1.03




Table Al.2. Results of RDA analyses on the abundance of ectoparasites of the European roller at the
infracommunity level during the three study years.

2016 2017 2018
Inertia Proportion Rank Inertia Proportion Rank Inertia Proportion Rank

Total 0.22 1.00 0.20 1.00 0.20 1.00
Constrained 0.08 0.36 3 0.05 0.23 3 0.06 0.29 3
Unconstrained 0.14 0.64 4 0.16 0.77 4 0.15 0.71 4

Permutation tests for RDAs under reduced models.
2016 2017 2018
df Variance F  Pr(>F) df Variance F

Pr(>F) df Variance F  Pr(>F)
0.006 1 0.05 10.26 0.001
0036 1 0.01 2.70  0.090

0327 1 <001 0.08 0.989
0.15 32 015

RDA1 1 0.06 10.08 0.001 1 0.03 5.26
RDA2 1 0.02 3.77 0027 1 0.02 3.20

RDA3 1 <0.01 0.16 0952 1 0.01 1.15
Residual 25 0.14 32
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