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Life-stage and sex influence Philornis ectoparasitism
in a Neotropical woodpecker Melanerpes striatus
with essential male parental care
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The nestlings of many Neotropical bird species suffer from Philornis (Diptera: Muscidae)
ectoparasitism. Although nestlings are typically considered the intended targets, recent
work indicates that Philornis infest adult birds more frequently than previously appreciated,
yet few studies have concurrently surveyed nestlings and adults for Philornis in the same
population. Over six field seasons (2012-17), I documented the presence of current or
recent subcutaneous Philornis infestations on adult and nestling Hispaniolan Woodpeckers
Melanerpes striatus from the same population in the central Dominican Republic. I tested
the following three non-mutually exclusive hypotheses regarding the occurrence of Philor-
nis on adult birds: (1) nestlings are more vulnerable to Philornis parasitism than adults, (2)
nesting is associated with Philornis parasitism in adults, and (3) Philornis parasitism is associ-
ated with incubation and brooding investment. Although nestling and adult woodpeckers
exhibited similar prevalence of parasitism, parasitized nestlings hosted on average 3.5 times
more Philornis wounds (larvae plus empty wounds) than parasitized adults. Nesting per se
was not significantly associated with parasitism among adults, as breeding and non-
breeding adults showed similar prevalence and intensity. However, nests with Philornis-
infested young were significantly more likely to have one or both parents also infested, in
contrast to nests with infestation-free young. Furthermore, adult males, which perform
overnight incubation and brooding, were significantly more likely to be parasitized than
adult females. This last result supports the hypothesis that incubation and brooding invest-
ment increase the risk of Philornis parasitism for adults, but this conclusion is complicated
by the lack of an association between parasitism and nesting status. Together, these results
raise questions about the degree of host life-stage specialization and whether adult parasit-
ism is incidental or part of an alternative parasitic strategy for Philornis.

Keywords: adult birds, botflies, Caribbean, Dominican Republic, myiasis, parasite-host
interactions, Picidae.

Nestlings of many bird species suffer from myiasis,
‘the infestation of healthy or necrotic tissue ... by
dipteran larvae’ (Little 2009 p. 546), and, in the
Neotropics, Philornis botflies (Diptera: Muscidae)
are the primary cause of healthy tissue myiasis
(Teixeira 1999, Dudaniec & Kleindorfer 2006).
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The larvae of at least 23 Philornis species are sub-
cutaneous blood-feeding parasites (Common
et al. 2019). Botfly effects on nestlings can be
severe (reviewed in Dudaniec & Kleindorfer 2006),
leading to a reduction in survival (Delanoy &
Cruz 1991, Rabuffetti & Reboreda 2007, Hayes
et al. 2019). Native and introduced Philornis have
been implicated in the decline of several island
endemic birds, most notably in the Galdpagos
where introduced Philornis downsi have impacted
many endemic species (Fessl et al. 2006,
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Kleindorfer & Dudaniec 2016, Leuba et al. 2020).
Yet the extent of the ecological impact of Philornis
infestation remains poorly understood, especially
in the native ranges of these botflies. Addressing
these knowledge gaps will be important not only
for advancing ornithology, but also for understand-
ing the need to account for and control the extent
of Philornis infestation in conservation and man-
agement efforts.

One aspect of Philornis parasitism that requires
deeper exploration is the degree of host life stage
specialization. The prevailing wisdom has been
that Philornis target altricial and semi-altricial nes-
tlings while the occasional observations of larvae
on adult birds represent opportunistic or misdir-
ected infestation (Teixeira 1999). Some
researchers have even posited that Philornis cannot
successfully pupate once host birds have fledged
(Arendt 1985a). Understanding the degree to
which Philornis parasitizes nestlings and adults has
important ramifications for bird populations
because nestling parasitism directly impacts repro-
ductive success, whereas adult parasitism could
impact survival and reproductive success. In a
recent review of published records and analysis of
new data from adult capture records from three
Caribbean islands, Quiroga et al. (2020) reported
adult parasitism for 15 bird species representing
12 families and four orders. Although these results
indicate that adult parasitism by Philornis might
be more than opportunisticc, much remains
unknown, and more precise estimates of adult
infestation prevalence are needed to clarify this
relationship.

My objective here is to expand on the findings
of Quiroga et al. (2020) by using a species well-
suited for investigating Philornis parasitism: the
Hispaniolan Woodpecker Melanerpes striatus. This
woodpecker is one of the most abundant birds on
Hispaniola, common from sea level to 2400 m
above sea level in a wide range of habitats (Latta
et al. 2006), providing ample sampling opportuni-
ties. Additionally, the first Philornis species (Philor-
nis pici, reported as Aricia pici) was described from
a subcutaneous larva collected from an adult His-
paniolan Woodpecker (Macquart 1853). Despite
the Hispaniolan Woodpecker’s high abundance,
Quiroga et al. (2020) reported only two new
records of Philornis infestation on adults: one each
from the Cordillera Central (prevalence 20%,
n = 5 individuals; H.M. Garrod pers. comm.) and
Punta Cana (prevalence 7%, n = 14 individuals; L.

Soares and S.C. Latta pers. comm.). Furthermore,
the parasite negatively impacts the reproductive
success of at least one other Hispaniolan endemic,
the critically endangered Ridgway’s Hawk Buteo
ridgwayi (Hayes et al. 2019). Yet the woodpecker’s
continued abundance in spite of the presence of
Philornis and anthropogenic pressures (Mitchell &
Bruggers 1985) suggests that it could be an excel-
lent model system to advance our understanding
of Philornis biology. To that end, I test three
hypotheses (Table 1) regarding Philornis infestation
prevalence and intensity on adult birds.

First, I test two predictions of the hypothesis
(H1) that nestlings are more vulnerable than
adults to Philornis parasitism (Teixeira 1999). This
hypothesis predicts that (P1.1) Philornis prevalence
(the proportion of birds infested) should be higher
for nestlings than for adults. Assuming nestlings
are easier targets for infestation, this hypothesis

Table 1. Summary of hypotheses and predictions regarding
Philornis infestation status.

Hypothesis Prediction

H1: Nestlings are more P1.1: Philornis prevalence is
vulnerable than adults to higher for nestlings than for
Philornis parasitism. adults.

P1.2: Infested nestlings host
more Philornis larvae than
adults.

H2: Nesting is associated P2.1: Philornis prevalence is
with Philornis parasitism of higher in nesting birds than
adults. birds not nesting.

P2.2: Nesting birds host more
Philornis larvae than birds
not nesting.

P2.3: Parents with Philornis-
infested nestlings are more
likely to also be infested than
parents with non-infested
nestlings.

P3.1a: Philornis prevalence is
equal for nesting males and
females, which share
daytime incubation and
brooding.

P3.2a: Infested males and
females host similar
numbers of Philornis larvae.

P3.1b: Philornis prevalence is
higher for males, the sex
that conducts nocturnal
incubation and brooding.

P3.2b: Infested males host
more Philornis larvae.

H3a: Philornis parasitism is
associated with diurnal
incubation and brooding
investment.

H3b: Philornis parasitism is
associated with total
incubation and brooding
investment.
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also predicts (P1.2) that nestlings should have
higher intensity (number of larvae per infested
individual) Philornis infestations compared with
adult birds. Due to their mobility, adult wood-
peckers should provide not only fewer opportuni-
ties for larval deposition by adult flies across
adults, but also fewer opportunities for repeat
deposition on individual adults.

Second, I test three predictions of the hypoth-
esis (H2) that nesting behaviour itself is associ-
ated with Philornis parasitism of adults. If
Philornis is more prevalent and intense on nes-
tlings than on adults (Arendt 1985a), parasitism
of adults might be an opportunistic direct result
of nesting activity. This hypothesis therefore pre-
dicts that Philornis (P2.1) prevalence and (P2.2)
intensity should be higher for nesting birds than
for birds not nesting. This hypothesis also predicts
concurrent infestation of parent and nestling birds
from the same nest. In other words, (P2.3) par-
ents of infested nestlings should themselves be
more likely to be infested than parents of non-
infested nestlings.

Lastly, I test four predictions of the hypothesis
(H3a,b) that adult Philornis parasitism is associated
with incubation and brooding investment (Teix-
eira 1999). While nesting itself might increase
exposure to Philornis, intersexual differences in
breeding behaviour might result in females and
males experiencing different levels of parasitism.
Hispaniolan Woodpeckers are socially and geneti-
cally monogamous (LaPergola & Riehl 2022), and
both females and males develop brood patches
and share approximately equivalent diurnal incu-
bation and brooding (Joshua B. LaPergola unpubl.
data). If incubation and brooding behaviour
increase exposure (H3a), then Philornis (P3.1a)
prevalence and (P3.2a) intensity should be similar
in female and male Hispaniolan Woodpeckers.
Like  most woodpecker species (Winkler
et al. 1995), male Hispaniolan Woodpeckers per-
form all overnight incubation of eggs and brooding
of nestlings (Joshua B. LaPergola pers. obs.), a
form of essential parental care. This male-biased
nocturnal incubation and brooding behaviour
might be important because adults of at least some
Philornis species will visit nests at night (O’Connor
et al. 2010) and in the late afternoon and at dusk
(Pike er al. 2021). If overnight incubation and
brooding increase exposure (H3b), Philornis
(P3.1b) prevalence and (P3.2b) intensity should be
higher for nesting males than for nesting females.
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Testing these hypotheses and predictions
(Table 1), which require data from both nestlings
and adults from the same population, has only
been reported for the Caribbean endemic Pearly-
eyed Thrasher Margarops fuscatus (Arendt 1985a).
Both Pearly-eyed Thrashers and Hispaniolan
Woodpeckers nest in cavities, a life-history trait
that could impact parasitism exposure (Nils-
son 1986), so one might predict similar patterns of
Philornis prevalence and intensity in both species.
In support of H1, nestling Pearly-eyed Thrashers
exhibited a far higher prevalence (96%) and inten-
sity (mean 37 larvae per nestling) of Philornis
deceptivus compared with adult prevalence (31%)
and intensity (mean 3.1 larvae per adult) on
Puerto Rico (Arendt 1985a). To the best of my
knowledge, H2 has not been directly tested in
Pearly-eyed Thrashers and has only indirect sup-
port from immunological data in the Galdpagos
endemic Medium Ground Finch Geospiza fortis,
which showed higher Philornis-specific antibody
levels during nesting than pre-nesting (Huber
et al. 2010). Pearly-eyed Thrasher data support
H3a because Philornis prevalence among nesting
females, which perform all incubation and brood-
ing, was c. 3.5 times higher than for nesting males
(Arendt 1985a). Indirect evidence supporting H3a
was also found in the Medium Ground Finch:
nesting females, which brood nestlings, had higher
Philornis-specific antibody levels than nesting males
(Huber et al. 2010). However, no studies have
investigated Philornis in a species where males per-
form essential incubation and brooding.

METHODS

Field methods

I studied Hispaniolan Woodpeckers in the commu-
nity of Piedra Blanca (19.1193°N, 70.5819°W;
550-700 m above sea level), 3 km east of Jaraba-
coa, La Vega, Dominican Republic, between April
2012 and July 2017. The site (c. 84 ha) comprised
several private properties on a landscape of pine
(Pinus occidentalis and Pinus caribaea) and broad-
leaf wet forest fragments immersed in a matrix of
cattle pastures with isolated or clustered royal
palms Roystonea hispaniolana, small fragments of
secondary vegetation, and ‘living tree’ (predomi-
nantly Gliricidia sepium) fences. This region expe-
riences a mild, dry winter (January—March),
followed by a short, wet spring season (April-
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May), a long, dry summer season (June-Septem-
ber), and a short, wet autumn season (October—
December) coinciding with the latter half of the
Atlantic  hurricane  season  (Climate-data.
org 2021). Although the Hispaniolan Woodpecker
is thought to breed year-round in parts of its range
(Latta et al. 2006), the study population exhibits a
defined breeding season that lasts for 6 months,
spanning March through August with peak clutch
initiation in May (Joshua B. LaPergola unpubl.
data). This population has nestlings for nearly
160 days of the year, with hatching observed as
early as 13 March and as late as 9 August
(Fig. S1). For the remainder of the Methods, I use
‘we’ in lieu of T to describe most activities
because they involved a team of tireless volunteer
field assistants.

We evaluated Philornis infestation status on nes-
tling and adult woodpeckers at trees monitored for
nesting activity, which we selected based on the
presence of cavities and nesting activity (cavity
excavation, adults entering/exiting cavities, etc.).
To determine nesting activity, we inspected cavi-
ties using a penlight and small inspection mirror
(2.5-5 cm diameter) while climbing or with a
wireless camera attached to a 15.2-m telescopic
pole that broadcast images to a portable digital
television (Huebner & Hurteau 2007, Wald-
stein 2012). Once we detected a nesting attempt
(i.e. one or more eggs), we typically checked the
clutch every 3-5 days and, when possible, daily if
we did not know the clutch completion date.
Incubation typically lasted 11 days (range 9-
14 days). The nestling sampling protocol differed
slightly in timing across years, but in general, sam-
pling involved collecting morphometric measure-
ments and inspecting the entire body surface for
the presence/absence of Philornis, including count-
ing the number of active and empty wounds
(Fig. 1). We considered a wound active if it con-
tained at least one subcutaneous Philornis larva,
and in cases where two or more larvae inhabited
the same wound (see Fig. la for example of two
sets of posterior spiracles of larvae visible in a sin-
gle wound), we recorded the total number of
detectable larvae. Empty Philornis wounds resem-
bled active wounds in appearance, except that
empty wounds tended to look less swollen
(Fig. 1b), lacked detectable larvae and retained an
opening where a larva had resided. For all years
when we did not know the nest’s hatch date (e.g.
nest was found with nestlings), we sampled and

banded nestlings as soon as they were large enough
to carry four bands — two colour bands on one leg
and one colour band and one metal band on the
other leg. For nests with known hatch dates from
2013 to 2015, we sampled and fully banded nes-
tlings when they were c. 14 days old and
resampled at c. 21 days old. For nests with known
hatch dates in 2016 and 2017, we sampled and
metal banded nestlings at c. 7 days old, resampled
at c. 14 days old, and resampled and added three
colour bands at c. 21 days old.

For adult sampling, we captured birds using
two approaches: (1) ambushing adults in nest cavi-
ties and (2) an elevated, dual-tower mist-net sys-
tem (J.B. LaPergola & P. Kenyon, unpubl. data).
Ambushing involved setting up ambush traps as in
Stanback and Koenig (1994) to allow pre-dawn
capture of roosting birds; see Garrod and LaPer-
gola (2018) for more details on implementation.
To reduce nest abandonment, we used the ambush
method at least 7 days before egg-laying or at least
22 days post-hatch. The mist-net tower system
involved erecting two 15.2-m tower poles sup-
ported with guy lines (ropes), and using pulleys
and ropes, raising two stacked 12-m mist-nets in
front of nesting trees. This method reduced distur-
bance at nests, enabled capture of woodpeckers
using trees too unstable to climb, increased sam-
pling efficacy before nesting, and increased sam-
pling of non-nesting birds. As with nestlings, each
adult received a unique four-band combination
and was inspected for the absence or presence of
Philornis. When present, we counted the number
of active and empty Philornis wounds. We also
recorded sex of adults based on crown colour,
which is black for females and red for males.

We determined the nesting and breeder status
of captured birds by monitoring nesting attempts
and identifying attendant birds through focal nest
watches. Nest watches involved 2- or 3-h sessions
in which an observer sat 15-20 m from a nest tree
in a burlap blind, trained a 15x or 20x spotting
scope on a focal cavity entrance for a nest, and
recorded the identities (i.e. band combinations)
and behaviours of woodpeckers that visited the
nest. For testing the hypothesis that Philornis para-
sitism in adults is associated with nesting, I coded
adults as belonging to one of two categories: nest-
ing or not nesting. I counted an adult as nesting if
it met two criteria: (1) we observed the bird incu-
bating at or provisioning at least one nest within
the year of capture, and (2) we captured the bird

© 2023 The Author. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob aJe sooiLe VO ‘88N JO S9N 10j ARIGIT 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB)/LIOD™AB | 1M Aed 1[UlUO//:SANY) SUORIPUOD PuUe SWis 1 81 88S *[7202/90/62] Uo Areiqiauluo A8|im ‘(-ouleAnde) eqnopesy A TzzET [Al/TTTT 0T/I0P/wW00 A8 i Aleiq1pul|uoy/sdny Wwolj pepeoumod ‘v ‘€202 ‘X6T6V.YT



Philornis on Hispaniolan Woodpeckers 1239

Figure 1. Example of active and empty wounds associated with Philornis parasitism in Hispaniolan Woodpeckers. (a) Active wounds
containing three Philornis larvae (indicated by white arrows) on a nestling woodpecker’s leg, where the posterior spiracles of larvae
are visible. Two larvae inhabit one wound while one larva inhabits an adjacent wound. (b) Empty Philornis wound on an adult male
woodpecker’s face. All photos by the author. [Colour figure can be viewed at wileyonlinelibrary.com]

after the earliest possible clutch initiation date for
its earliest possible nesting attempt within the year
of capture. I counted banded birds as not nesting
if they met one of the following criteria: (1) we
captured the bird early in the field season before
most nests were initiated (between January and
before early April), or (2) the bird was not associ-
ated with a nesting attempt before the date of cap-
ture in the same calendar year.

Although we did not attempt to identify larvae
to species, Philornis pici is the only Philornis species
currently known to infest birds on Hispaniola, and
as mentioned earlier, was first described from the
Hispaniolan Woodpecker (Macquart 1853). Else-
where in the Dominican Republic, researchers
have confirmed that this species parasitizes Ridg-
way’s Hawk (Hayes er al. 2019, Quiroga
et al. 2020). However, Philornis porteri has also
been identified parasitizing Ridgway’s Hawk (M.A.
Quiroga pers. comm.). The distribution of
P. porteri on Hispaniola is currently unknown, but
it is possible that the Philornis detected in the pre-
sent study could be P. pici, P. porteri or both.

Statistical analyses

Table 1 provides a summary of the hypotheses
and their predictions. For testing the hypothesis

that nestlings are more vulnerable to Philornis par-
asitism than adults (H1), I tested the two predic-
tions with separate generalized linear mixed-effects
models (GLMMs). For the prediction that the
probability of being parasitized is higher for nes-
tlings than for adult birds (P1.1), I used a GLMM
with a binomial fit to test for an association
between infestation status and age coded as a cate-
gorical fixed effect (adult vs. nestling). Infestation
status was treated as a binary response (0 no evi-
dence of Philornis, 1 presence of at least one Phi-
lornis larva, empty wounds or both) in this model.
For the prediction that nestlings host greater num-
bers of Philornis wounds than adults (P1.2), I used
a GLMM with a negative binomial distribution to
test for an association between the total number of
Philornis wounds (summing the numbers of empty
and active wounds, or total number of larvae) and
age. Because many birds were never observed with
infestations, including all sampled individuals
would lead to zero-inflation for the total number
of Philornis wounds; consequently, I used a manual
hurdle model approach, including only infested
birds in this model.

To test the predictions of the hypotheses that
(H2) nesting and (H3a, H3b) incubation and
brooding investment are associated with Philornis
parasitism in adults, T used four GLMMs to test
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for associations of adult infestation status with
nesting status, sex, and the interaction of nesting
status and sex. I coded both nesting status (nesting
vs. not nesting) and sex (female vs. male) as cate-
gorical fixed effects for all four models. To test
predictions regarding prevalence (P2.1, P3.1a and
P3.2a), I used GLMMs with a binomial fit: infesta-
tion status was treated as a binary response as with
the analysis comparing nestlings and adults. For
the first GLMM, I included all adults of known
nesting status, retaining birds known not to have
bred within the year of capture. For the second
GLMM, I retained only birds known to have bred
within the year of capture to exclude any effects
of unanticipated differences between breeders and
non-breeders. This more restrictive analysis con-
trasted known breeders captured before their first
nesting attempt within the breeding season (‘not
nesting’) with breeders actively nesting at the time
of capture (‘nesting’). For testing the predictions
regarding intensity as they relate to nesting status
and sex (P2.2, P3.2a and P3.2b), I used a GLMM
with a Poisson distribution to test for an associa-
tion of the total number of Philornis wounds (sum-
ming the numbers of active and empty wounds, or
total number of larvae) with nesting status, sex
and the interaction effect of nesting status and sex.
As with the nestling-adult comparison, many
observations involved no infestation and would
lead to zero-inflation for the total number of Phi-
lornis wounds; consequently, I used a manual hur-
dle model approach, including only infested adults
in this model. Additionally, I only ran this model
with the dataset that included all adults of known
nesting status, including birds known not to have
bred within the year of capture.

To test the prediction (P2.3) that parents with
Philornis-infested nestlings are themselves more
likely to also be infested than parents with non-
infested nestlings, I analysed the subset of sampled
parent birds whose nestlings were also sampled. I
used two Fisher’s exact tests because sample sizes
were insufficient to accommodate a GLMM
approach, and I restricted analyses to the level of
the nest to avoid pseudoreplication. First, I com-
pared the proportion of nests with at least one
infested adult based on the presence of any Philor-
nis wounds for nests in which one or more nes-
tlings had any Philornis wounds (i.e. infested) with
nests in which nestlings remained free of Philornis
(i.e. non-infested). Using this same set of nests, I
made a second comparison of the proportion of

nests with at least one adult bearing only active
Philornis wounds.

For all models, I also included capture date as a
continuous fixed effect based on the following.
The capture date range was fairly large (range
168 days, 28 February—4 August), which included
the end of the winter dry season, the short wet
spring season and the long dry summer season.
Furthermore, previous studies have documented a
positive association between the probability of
adults and nests having Philornis and the timing of
breeding (Arendt 1985a, Rabuffetti & Rebor-
eda 2007). For all analyses, I scaled capture date
in day of year format via Z-transformation by sub-
tracting the mean capture date and dividing by the
standard deviation.

For all models except for those testing predic-
tions regarding intensity only in adults (P2.2,
P3.2a and P3.2b), I included the following as ran-
dom effects: the tree where a bird was captured
or, for known breeders, where it bred in the year
of capture (Tree ID); year of capture and individ-
ual ID. I included Tree ID as a random effect
because the Hispaniolan Woodpecker is one of
only three known woodpecker species to exhibit
facultative colonial nesting. Within the same popu-
lation, Hispaniolan Woodpecker pairs can nest sin-
gly or in clusters, with two or more pairs nesting
concurrently in separate cavities on the same tree
(Short 1974, Winkler et al. 1995, LaPergola 2018).
Additionally, T wanted to account for the non-
independence of nestlings from the same brood
and hence the same parents, but using a nest ID
random effect would have precluded using adults
without nests. Using Tree ID as a random effect is
therefore a more conservative approach to account
for non-independence, especially for nestlings. I
included year as a random effect in all analyses
because I was not confident that interannual varia-
tion was sampled adequately to interpret the fixed
effects of year (Bennington & Thayne 1994).
Lastly, I included individual ID because some indi-
viduals were captured multiple times. For testing
predictions regarding intensity only in adults (P2.2,
P3.2a and P3.2b), I included only year as a ran-
dom effect because including Tree ID and individ-
ual ID led to failed model convergence.

I conducted all statistical analyses in RStudio v.
1.1.463 using R v. 3.6.3 (R Core Team 2020). For
fitting GLMMs, I used the glmer (binomial and
Poisson fits) and glmer.nb (negative binomial) func-
tions in the lme4 package (Bates et al. 2015). 1
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used the fisher.test function for Fisher’s exact tests.
For models where interaction terms were not sig-
nificant, I report only the results of the additive
models. All means are reported + the standard
error of the mean, and all confidence intervals

(CIs) for count data are 95% and were calculated
via the Wald Method.

RESULTS

Summary of Philornis parasitism
prevalence

Over 6 years, | obtained 218 adult records repre-
senting 184 unique individuals (83 females and
101 males), which included 26 individuals (eight
females and 18 males) recaptured once and four
individuals (one female and three males) recap-
tured twice. Of all adult records, 40 (18%; 95%
CI 14-24%) included individuals with evidence of
Philornis parasitism. Of all individuals (n = 184),
36 (20%; 95% CI 14-26%) had evidence of Philor-
nis parasitism, which included 24 (67%; 95% CI
50-80%; n = 36 individuals) with empty Philornis
wounds, nine (25%; 95% CI 14-41%) with active
wounds, and three (8%; 95% CI 2-23%) with both
empty and active wounds. Of all the adults with
more than one capture (rn = 26), 11 individuals
exhibited changed infestation status (Table S1).
These records included four individuals recaptured
within the same year, of which two had active
wounds on the second capture but no wounds on
the first, one had old wounds on the first capture
but not the second, and one individual had old
wounds on the first capture but no visible wounds
on the second capture 82 days later.

Across 6 years, I collected 554 nestling records
representing 381 individuals from 127 nesting
attempts. These figures amounted to a mean of
4.4 + 2.4 records per nesting attempt (range 1-10
records per nesting attempt) and a mean of
3.0 £ 1.0 nestlings per nesting attempt (range 1-5
nestlings per nesting attempt). Of all nestling
records, 123 (22%; 95% CI 19-26%) showed evi-
dence of Philornis parasitism, and of all nestlings
observed, 107 (28%; 95% CI 24-33%) exhibited
evidence of Philornis parasitism on at least one
sampling event. Of the nestling individuals with
evidence of Philornis, most (73%; 95% CI 64—
80%) involved active wounds (45 observations
with only active wounds and 33 observations with
both active and old wounds), whereas fewer
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observations involved only old wounds (19%; 95%
CI 12-27%; for 8% of nestling observations, the
wound status was not recorded). Infested nestlings

came from 43 (34%; 95% CI 26-43%) of all moni-
tored nesting attempts.

H1: Comparison of adults and nestlings

Using the full set of adult and nestling capture
records, age and scaled day of year captured
alone were not significant predictors of the pres-
ence/absence of Philornis parasitism (Table 2a).
However, there was a significant interaction for
the effect of age and scaled day of year captured,
such that the probability of exhibiting Philornis
parasitism increased with the scaled day of year
for nestlings but not for adults (Fig. 2a). In con-
trast to presence/absence, age alone was signifi-
cantly associated with the total number of
Philornis wounds (empty plus active wounds)
(Table 2b). Infested nestlings had an average of
7.1 £ 0.5 Philornis wounds (range 1-39 Philornis
wounds; n = 123 nestling records) while infested
adults had an average of only 2.0 + 0.2 wounds
(range 1-5 Philornis wounds; n =40 adult
records; Fig. 2b).

H2 and H3: nesting status and sex

When restricting the analyses to adults of known
nesting status, there was no significant association
between Philornis infestation and whether an adult
was currently nesting (Table 3). This result was
true for both the analysis including all adults of
known nesting status, i.e. retaining birds known
not to have bred within the capture year
(Table 3a), and for the analysis restricted to only
birds that nested within the capture year
(Table 3b). Additionally, the scaled day of year
was not significantly associated with infestation sta-
tus. There was no significant interaction between
sex and nesting status, but adult sex was signifi-
cantly associated with infestation in both analyses.
For all adults of known nesting status, 9% of
females (95% CI 4-17%; n = 82 observations) and
27% of males (95% CI 20-36%; n = 111 observa-
tions) showed signs of current or past infestation
(Fig. 3). These proportions remained similar for
the subset that included only birds that nested
within the capture year (8% of females: 95% CI
4-18%, n = 60 observations; 26% of males: 95%
CI 17-37%, n = 74 observations).
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Table 2. Results of two generalized linear mixed-effects models testing for an association of Philornis parasitism with age in Hispa-
niolan Woodpeckers. Model (a) included the binary response of Philornis parasitism (yes/no) and fixed effects of age (adult vs. nes-
tling), scaled date of capture (DOY scaled) and their interaction, and was fit with a binomial distribution. Model (b) tested for an
association of total number of Philornis wounds on infested birds only with age, DOY scaled and their interaction, and was fit with a
negative binomial distribution. Random effects for both models were individual identity (a: n = 559 individuals; b: n = 143 individuals),
year of capture (n = 6 years in both a and b), and tree ID where captured or bred (a: n = 41 trees; b: n = 25 trees). Values in bold

type emphasize significant predictors.

Model and factors Estimate + standard error z value P value
(a) Philornis parasitism (yes/no)
Intercept —3.092 + 0.971 —-3.184 0.00145
Age (nestling) —0.689 + 0.365 —1.888 0.059
DOY scaled 0.170 + 0.205 0.829 0.407
Age (nestling) x DOY scaled 2.383 + 0.438 5.443 5.25e-08
(b) Total Philornis wounds
Intercept 0.598 + 0.192 3.113 0.00185
Age (nestling) 0.935 + 0.191 4.895 9.82e-07
DOY scaled —0.004 + 0.085 —0.047 0.962

Infested female and male adults had similar
numbers of Philornis wounds. Infested females had
a mean of 2.0 + 0.7 wounds (range 1-5, n=7
observations), and infested males had a mean of
2.0 + 0.2 (range 1-5; n = 29 observations). None
of the fixed effects were significant in the model
(Table 4).

The 12 adults with active infestations were
mostly (58%) known breeders (Table S2). Two of
the three females with active infestations also had
infested nestlings at the time of capture. Of the
nine males with active infestations, four had
infested nestlings at the time of capture and one
male had fledged two young (one infested and one
not) 1 month before capture. The remaining indi-
viduals of uncertain breeding status (one female
and four males) were all caught within the known
breeding season at the site (Fig. S1); the earliest
capture was on 8 March and the latest capture 20
July.

Analyses of only adults for which infestation
status of nestlings was known (n = 41 nests repre-
senting 40 unique parents or parent pairs) pro-
vided evidence of concurrent infestation of adults
and young. Of nests with infested young, 53%
(95% CI 30-74%, n = 17) also had at least one
parent infested whereas only 17% (95% CI 6-36%,
n = 24) of nests with non-infested young had at
least one parent infested (Fisher’s exact test:
P =0.017). When considering only active Philornis
wounds on adults, 29% (95% CI 13-53%, n = 17)
of nests with infested young also had at least one
infested parent while 0% (95% CI 0-16%, n = 24)

of nests with non-infested young had infested par-
ents (Fisher’s exact test: P = 0.008).

DISCUSSION

Most previous work on Philornis myiasis has
understandably focused on the impacts of these
parasites on nestling birds (Arendt 1985b, Duda-
niec & Kleindorfer 2006, Hayes et al. 2019)
because this life stage has long been considered
the primary target of parasitism (Teixeira 1999).
The present study is one of very few that has con-
currently documented Philornis prevalence and
intensity on nestlings and adults from the same
population (see also Arendt 1985a). Intriguingly,
adult Hispaniolan Woodpeckers were just as likely
to exhibit evidence of Philornis infestation as nes-
tlings, although nestlings experienced greater
intensity of infestation. Among adults, while nest-
ing status itself was not a significant predictor of
being infested, nests with infested nestlings were
significantly more likely to also have one or both
parents infested than nests with non-infested nes-
tlings, and males, which invest more in overall
incubation and brooding, were significantly more
likely to have Philornis infestations than females.

Nestlings vs. adults

The present study’s results falsify the first predic-
tion of the hypothesis that nestlings are more vul-
nerable to Philornis parasitism but support the
second prediction that nestlings experience more
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Figure 2. Probability and intensity of Philornis parasitism on adult and nestling Hispaniolan Woodpeckers. (a) Probability of Philornis
parasitism plotted as raw data (adults represented by blue circles, n= 218 observations; nestlings represented by grey triangles,
n = 554 observations) and model predictions from a generalized linear mixed model testing for an association with age, day of year
captured and their interaction. The blue solid line and black dashed line represent model predictions for adults and nestlings, respec-
tively. Raw data were artificially vertically separated to improve visibility of points. (b) Raincloud plot comparing adults (n = 40 obser-
vations) and nestlings (n = 123 observations) for the total number of Philornis wounds observed on infested individuals (i.e. only
non-zero values for the total number of Philornis wounds). Sample sizes indicate the number of observations. [Colour figure can be

viewed at wileyonlinelibrary.com]

intense infestations. Although adult and nestling
Hispaniolan Woodpeckers did not differ in the
probability of being parasitized (Table 2a), the
probability of being parasitized for nestlings did
increase with passage of the breeding season, yet
remained more or less static for adults across the
breeding season (Fig. 2a). Furthermore, when
infested, nestlings bore greater numbers of Philor-
nis wounds than did adult birds (Table 2b;
Fig. 2b). This difference in intensity is probably a
result of the increased accessibility of nestlings to
Philornis flies in contrast to the lower accessibility
of adults. Of the two results and corresponding
predictions, the contrast in Philornis intensity sup-
ports the hypothesis that nestlings are indeed more
vulnerable to parasitism. However, the similarity
in prevalence suggests a complementary hypothesis
that adult Philornis are equally likely to find nes-
tling and adult Hispaniolan Woodpeckers but that
nestlings are less resistant to infestation. Unfortu-
nately, we currently lack the necessary Philornis
natural history data to evaluate this possibility. If
Philornis females oviposit directly in woodpecker
nests, this behaviour would help to explain the
higher intensity of Philornis on nestling wood-
peckers as adults would have even lower overall

exposure to infestation. Philornis downsi oviposits
in the nest material (Lahuatte et al. 2016), and at
least one subcutaneous species, Philornis torquans,
will oviposit on inanimate surfaces in captivity
(Patitucci et al. 2017, Saravia-Pietropaolo
et al. 2018). It is therefore plausible, though yet to
be confirmed, that P. pici and P. porteri, the two
species most probably parasitizing Hispaniolan
Woodpeckers, oviposit directly in the nest.
Regardless of the manner of egg/larval deposi-
tion, there are at least three non-mutually exclu-
sive mechanistic hypotheses for lower parasite
intensity on adults. First, the adults’ well-
developed plumage might reduce accessibility by
presenting a physical barrier to burrowing larvae
(Oniki 1983). This might be especially relevant for
Hispaniolan Woodpeckers, because they hatch
naked and remain so until 7-8 days post-hatch
when their pin feathers typically begin erupting,
and although pin break begins around 14 days
post-hatch, these feathers fail to cover most of the
body other than the feather tracts until about
21 days post-hatch (Joshua B. LaPergola unpubl.
data). As a result, the young have little to no phys-
ical barrier against Philornis other than a brooding
adult for roughly their first 3 weeks. Hispaniolan
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Table 3. Results of two generalized linear mixed-effects
models testing for an association of the binary response of
Philornis parasitism (yes/no) of adult Hispaniolan Wood-
peckers with sex (female or male), nesting status (actively
nesting or not nesting at time of capture) and the scaled day
of the year captured (DOY scaled). Random effects were indi-
vidual identity (a: n= 163 individuals; b: n = 113 individuals),
tree ID where an individual was captured or bred (a: n =30
trees; b: n=27 trees), and year of capture (n= 6 years in
both a and b). Model (a) included the full set of individuals with
known nesting status within a year, including individuals that
never bred (non-breeders) within the capture year (n= 193
observations). Model (b) included only individuals that were
known to have bred within the capture year (n = 134 observa-
tions). Values in bold type emphasize significant predictors.

Estimate + z P

Model and factors standard error value value

(a) Philornis parasitism (yes/no) on breeders and non-breeders
Intercept —-3.116 + 0.874  —3.565 0.0004

Sex (male) 1.674 + 0.483 3.468 0.0005
Nesting status (not 0.312 + 0.651 0.480 0.632
nesting)

DOY scaled 0.091 + 0.307 0.297 0.767

(b) Philornis parasitism (yes/no) on breeders only
Intercept —3.391 £ 0.961 —3.529 0.0004

Sex (male) 1.697 + 0.592 2.869 0.0041
Nesting status (not 1.221 + 0.898 1.360 0.174
nesting)
DOY Scaled 0.475 £+ 0.384 1.238 0.216
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Figure 3. Proportion of female and male adult Hispaniolan
Woodpeckers with at least one Philornis parasite. Male wood-
peckers were significantly more likely to be infested (Table 3).
Error bars represent 95% confidence intervals. Sample sizes
indicate the number of observations. [Colour figure can be
viewed at wileyonlinelibrary.com]

Table 4. Results of a generalized linear mixed-effect model
with a Poisson distribution testing for an association between
the total number of Philornis wounds on adult Hispaniolan
Woodpeckers and sex (female or male), nesting status
(actively nesting or not nesting at time of capture), the interac-
tion of sex and nesting status, and scaled day of year cap-
tured (DOY scaled), including year as a random effect
(n = 4 years). This analysis used birds of known nesting sta-
tus (n = 36 observations), including birds that bred and those
that did not within the year of capture.

Estimate + standard =z P
Factors error value value
Intercept 0.601 + 0.357 1.684 0.0921
Sex (male) 0.045 + 0.230 0.150 0.8804
Nesting status (not 0.100 £+ 0.454 0.220 0.8256
nesting)
DOY scaled —0.126 + 0.232 —0.543 0.5874

Woodpecker nestlings also remain in the nest for
29-38 days post-hatch (Joshua B. LaPergola
unpubl. data), providing additional exposure time,
albeit with an increasing amount of feather cover-
age. A non-mutually exclusive alternative hypothe-
sis is that the greater mobility of adults reduces
their accessibility to Philornis (Teixeira 1999).
When not actively attending a nest, adults are lit-
erally moving targets for flies, covering areas of
1.7-4.2 km® while foraging (Mitchell & Brug-
gers 1985), whereas nestlings remain relatively sta-
tionary, confined to the same nest cavity until
fledging. A third hypothesis is that the immune
memory of adult birds might make them better
able to resist infestation. This immune defence
hypothesis is plausible given that mother, but not
nestling, Medium Ground Finches had elevated
levels of P. downsi-binding antibody when exposed
to the parasite (Koop et al. 2013). Whether any of
these mechanisms can explain differences in Philor-
nis infestation intensity for Hispaniolan Wood-
peckers remains to be examined.

The patterns of Philornis prevalence and inten-
sity reported here for Hispaniolan Woodpeckers
contrast somewhat with those from the only other
study (see Arendt 1985a) comparing nestlings and
adults in the same population. Whereas Philornis
prevalence among nestling Pearly-eyed Thrashers
was much higher than for adults (96% vs. 31%,
respectively; Arendt 1985a), prevalence was only
non-significantly higher for nestling woodpeckers
than for adults (28% vs. 20%). This contrast might
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be explained by two inter-related factors that dif-
fer between the Pearly-eyed Thrasher study and
the present study: habitat and climate. The
thrasher study took place in a tropical rainforest,
with  annual rainfall averaging 4460 mm
(Arendt 1985a), whereas the present study
occurred in more open, drier habitat, with annual
rainfall of 1723 mm (Climate-data. org 2021).
Rainfall is a significant predictor of Philornis infes-
tation, showing a positive correlation with inten-
sity (Antoniazzi et al. 2011, Manzoli et al. 2013),
and moisture and humidity predict the geographi-
cal distribution of at least one Philornis species
(Cuervo et al. 2021). The greater canopy cover
and humidity of the rainforest might have pro-
moted larger populations of adult Philornis than
those in the drier habitat of the Dominican
Republic, and these hypothetical larger fly popula-
tions might have more fully exploited the vulnera-
ble nestling thrashers whereas adults could
effectively avoid or prevent parasitism. Alterna-
tively, the drier habitat on the Dominican Repub-
lic might have reduced access for adult Philornis
because they would have needed to cross open
(i.e. no canopy cover) habitat to reach woodpecker
nests. In other words, the Hispaniolan Wood-
pecker’s habitat structure provides a barrier for
adult Philornis so they are prevented from fully
exploiting the vulnerable nestling woodpeckers.
The pattern of intensity differences was similar,
though: both nestling thrashers and woodpeckers
had greater intensity of Philornis than adult birds,
and this aligns with the second prediction of the
hypothesis that nestlings in both species are more
vulnerable to Philornis parasitism.

One limitation of the present study was that
the precise timing of active infestation for adults
was often unknown, especially relative to the tim-
ing of nesting. This issue arose because most evi-
dence of Philornis on adult Hispaniolan
Woodpeckers was in the form of empty wounds
rather than active wounds containing larvae (33%
of adult records involved wounds containing at
least one larva). In contrast, most nestling observa-
tions involved active wounds. This difference is
due in part to the sampling effort relative to the
age of target birds. Nestling Hispaniolan Wood-
peckers were sampled at known ages and within
25 days of hatching so the period of exposure was
limited, increasing the probability of detecting sub-
cutaneous Philornis larvae, which can remain
attached  for 5-8 days  (Arendt  1985a,
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Young 1993). The exposure period for adult birds
bearing empty wounds, however, was presumably
all the days they lived before the date of capture,
decreasing the probability that we would detect
their wounds when they contained larvae. This
limitation is important for two reasons regarding
timing. First, although it might be most parsimoni-
ous to assume all adult Hispaniolan Woodpeckers
with empty Philornis wounds were infested as
adults, we do not know the maximum number of
days for which empty wounds persist after larval
detachment from woodpeckers. This uncertainty
means that some adults bearing empty wounds
might have been infested as nestlings, although
this seems unlikely. Quiroga et al. (2020, p.2) pos-
ited that all adults in their sample were probably
parasitized as adults because ‘scars [i.e. empty
wounds] usually heal ca. one week after larvae
detach from the host ...". There are few published
accounts of the time it takes for an empty wound
from a subcutaneous Philornis infestation to heal
completely and to leave no visible trace, but scars
left by subcutaneous Philornis after removal from
nestling hosts of three species (Baywings Age-
laioides badius, Screaming Cowbirds Molothrus
rufoaxillaris and Shiny Cowbirds Molothrus bonar-
iensis) lasted at least 2 days (Ursino et al. 2019).
Second, uncertainty of adult exposure potentially
reduces the accuracy of nestling-adult seasonality
comparisons.

The difference between adult and nestling His-
paniolan Woodpeckers with respect to the season-
ality of prevalence begs further consideration. The
lack of an effect of day of capture on prevalence in
adults might be related to the above-mentioned
limitation: i.e. sampling date relative to the day(s)
of active infestation. Because the majority of nes-
tling observations involved active wounds whereas
most adult records only involved empty wounds,
the day of capture for adults was a less reliable
indicator of the timing of infestation for them. In
other words, it could be that adults showed the
same type of seasonality in infestation as nestlings,
with the probability of being infested increasing as
the season progressed, but the sampling effort pre-
cluded detecting such a pattern. If the difference
in seasonality between adults and nestlings was a
real pattern, then Hispaniolan Woodpeckers would
differ from Pearly-eyed Thrashers, in which adults
showed increasing prevalence of Philornis as the
season progressed, but prevalence among nestlings
was high throughout the nesting season
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(Arendt 1985a). To more fully understand the sea-
sonality of Philornis infestation will require data on
the seasonality of emergence and population
dynamics of adult flies (e.g. Causton et al. 2019).
Unfortunately, there are no published data on the
seasonality of Philornis emergence for Hispaniola.

Nesting status, sex and brooding/
incubation investment

The nesting status of Hispaniolan Woodpecker
adults was not significantly associated with preva-
lence nor with the intensity of Philornis parasitism
(Tables 3 and 4), refuting the first two predictions
(see P2.1 and P2.2, Table 1) of the hypothesis that
such parasitism is associated with nesting. Yet the
third prediction (P2.3) of this hypothesis was sup-
ported: parents with Philornis-infested nestlings
were more likely to also be infested than parents
with non-infested nestlings. Strikingly, only parents
of infested nestlings had active wounds whereas
none of the parents of non-infested nestlings were
observed with active wounds. To the best of my
knowledge, these results represent the first direct
test of this hypothesis. The lack of an effect of
nesting status in the present study could be an
artefact of the sampling period, which mostly
comprised the nesting season. However, the inclu-
sion of adults known to not be actively nesting at
the time of capture should lessen the impact of
such an artefact. Another possible limitation was
the uncertainty around the time when an adult
was first infested because it makes it harder to dis-
cern the amount of overlap between infestation
and nesting. It will be crucial to more precisely
define the window of infestation for sampled
adults to accurately compare prevalence and inten-
sity among nesting and non-nesting birds in future
studies. One could achieve increased accuracy here
by sampling more birds in the non-breeding season
and capturing more adults when they have chicks
of known age. Regarding the latter suggestion, my
current sampling, albeit somewhat modest in size
(n = 41 nests, Table S3), supports the possibility
that at least some adults were exposed to infesta-
tion when their nestlings were infested. However,
it is worth considering whether the observed pat-
tern is not an artefact, i.e. nesting and non-nesting
Hispaniolan Woodpeckers are equally likely to be
parasitized. If Philornis typically finds hosts by
searching for nest-related cues (e.g. olfactory),
adult Hispaniolan Woodpeckers might be

parasitized outside the context of actively breeding
if they spend time in nest cavities for other activi-
ties. For example, Hispaniolan Woodpeckers roost
in previously used nest cavities (Joshua B. LaPer-
gola pers. obs.). If the cues that adult Philornis use
to find nestlings remain detectable, opportunistic
parasitism of adult woodpeckers could occur. Such
a scenario might apply in the non-breeding season
or even within the breeding season before active
nesting. One could test this idea experimentally by
setting unbaited traps for adult Philornis in old or
recently used cavities. Another possible reason that
nesting status might be less relevant for Hispanio-
lan Woodpeckers concerns their habit of colonial
nesting. For example, adults lacking active nests
might still be subjected to parasitism when one or
more other colony members are nesting and so
attracting adult Philornis. This hypothesis and the
impacts of colonial nesting on Philornis parasitism
more broadly warrant further study because
group-living can either increase (Brown &
Brown 1986) or decrease (Mooring & Hart 1992)
the risk of parasitism. Local heterospecific nesting
density was associated with increased intensity of
the invasive P. downsi (Kleindorfer & Duda-
niec 2009), indicating that this hypothesis is well
worth investigating in the native ranges of Philornis
(see Antoniazzi et al. 2011).

The combined results of adult Hispaniolan
Woodpeckers being parasitized regardless of nest-
ing status and nestlings and adults exhibiting simi-
lar prevalence suggest that parasitism of adult
woodpeckers might be part of a mixed strategy by
Philornis in which they target adult birds. As sug-
gested by Quiroga et al. (2020), such a strategy
might allow flies to reproduce when nestlings are
unavailable or in short supply. In the present
study, the Hispaniolan Woodpecker population
had a defined breeding season, beginning in early
March, peaking in May and tapering off in August
(LaPergola 2018; see also Fig. S1) so nestling
woodpeckers are unavailable for approximately
half the year and only abundant for roughly
3 months. Some other local species that might
host Philornis (e.g. Smooth-billed Ani Crotophaga
ani, Common Ground Dove Columbina passerina,
Zenaida Dove Zenaida aurita, White-winged Dove
Zenaida asiatica and Bananaquit Coereba flaveola)
have been suggested to breed year-round (Latta
et al. 2006), but the extent to which they do so in
addition to whether they are parasitized at the
study site remains unknown. Additionally, capture
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records of Hispaniolan Woodpeckers from the site
are unavailable from most of the non-breeding sea-
son, especially September through December.
Fully testing this hypothesis that Philornis target
adult birds when nestlings are unavailable or scarce
requires year-round monitoring for infestation of
both adults and nestlings and data on the availabil-
ity and abundance of host nestlings.

Despite the non-significant effect of nesting
status, there was some support for the hypothesis
that Philornis parasitism is associated with incuba-
tion and brooding investment in Hispaniolan
Woodpeckers. Although the sexes did not differ
in intensity of infestation, males were 3.4 times
more likely than females to host Philornis. This
result mirrors the pattern observed in Pearly-eyed
Thrashers, where females, which are the sole
incubators/brooders, were 3.5 times more likely
than males to host Philornis (Arendt 1985a). As
female Hispaniolan Woodpeckers perform only
diurnal incubation/brooding whereas males per-
form diurnal and nocturnal incubation/brooding,
males might experience increased Philornis expo-
sure at night. Unfortunately, almost nothing is
known about the temporal activity patterns of
Philornis on Hispaniola nor for most other Philor-
nis with subcutaneous larvae. In the Galdpagos,
adult P. downsi enter host nests to oviposit when
the parent birds are absent during the day when
nestlings are young and at night when nestlings
are older (O’Connor et al. 2010), and peak nest
visitation rates of adult flies occur in the late
afternoon and at dusk in the nestling phase (Pike
et al. 2021). However, P. downsi larvae are free-
living, haematophagous, and eggs are oviposited
in the nest. An important assumption of the
hypothesis that nocturnal incubation increases
exposure therefore needs testing. Additionally,
the lack of an interaction effect of nesting status
and sex suggests that alternative hypotheses war-
rant testing.

Three major sets of alternative explanations for
higher prevalence of Philornis among adult male
Hispaniolan Woodpeckers are sexual dimorphisms
in behaviour, morphology and immunology (Zuk
& McKean 1996). One behavioural difference
could be that males experience greater exposure
by spending more time in a particular site or habi-
tat (e.g. Tinsley 1989). For example, male Hispa-
niolan Woodpeckers might spend more time than
females in cavities overall, even when not tending
a nest with eggs or young. This could be the case
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if males played a larger role in defending cavities
from competitors and were therefore more likely
to encounter Philornis searching for nestlings.
Another behavioural difference might be that
males simply invest less in anti-parasitic behaviours
like preening and grooming such that they are less
likely than females to remove Philornis. At present,
it is unknown whether male and female Hispanio-
lan Woodpeckers differ in preening behaviour. In
at least some bird species, males tend to spend
more time grooming rather than less (Cotgreave &
Clayton 1994, Oswald et al. 2019). With respect
to morphology, male Hispaniolan Woodpeckers
have bills that are on average 25% longer than
those of females (Joshua B. LaPergola unpubl.
data; see also Selander 1966), and it could be that
their longer bills reduce their effectiveness at
removing Philornis eggs or larvae. Male Hispanio-
lan Woodpeckers are also larger in other dimen-
sions of size, including weight, and it could be that
their larger size increases the probability that they
miss a parasite during preening. Lastly, with regard
to immunology, male Hispaniolan Woodpeckers
might be more tolerant and/or less resistant to Phi-
lornis infestation. Widespread evidence exists for
sex differences in immunocompetence (e.g. Kelly
et al. 2018), but to the best of my knowledge, this
possibility remains unstudied with respect to Phi-
lornis. These alternative behavioural, morphologi-
cal and immunological explanations clearly
warrant future study.

Future considerations and implications
for Philornis biology

Inter-population comparisons of Philornis parasit-
ism in Hispaniolan Woodpeckers could be a fruit-
ful course of future research as this woodpecker
occupies a range of habitats and elevations. The
Philornis prevalence on adult woodpeckers docu-
mented in the present study was the same as that
reported for the species at nearby Rancho Baiguate
(H.M. Garrod pers. comm.; Quiroga et al. 2020)
but higher than that reported from coastal, low-
elevation Punta Cana (7%; L. Soares and S.C.
Latta pers. comm.; Quiroga et al. 2020). Whether
these differences correspond to Philornis popula-
tion sizes differing according to habitat or climatic
conditions could be explored with the Hispaniolan
Woodpecker.

Though the difference in nestling and adult Phi-
lornis infestation intensity is suggestive of a
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preference for nestlings by botflies, more work is
needed to robustly test this hypothesis. In studies
of choice and decision-making, confirming the
presence of a positive association provides support
for a preference hypothesis, but a more discrimi-
nating test involves an experimental choice assay
(Dougherty 2020). Similar approaches reveal host
preferences in insects (e.g. Linn et al. 2003). In
this case, presenting adult Philornis with a choice
test between depositing eggs on a nestling or adult
bird would be most revealing. Additionally, it is
often assumed that parasitizing nestlings yields a
higher fitness payoff, but this hypothesis, as far as
I know, remains untested.

Given the observed prevalence and intensity of
Philornis on both nestlings and adults, the Hispa-
niolan Woodpecker would make an excellent
model system to study the biology of this parasite.
For example, it would be revealing to conduct Phi-
lornis exclusion experiments to better understand
how non-nesting use of cavities impacts parasitism
outside the breeding season or even for non-
breeders during the nesting season. The wood-
pecker’s abundance would also facilitate testing
alternative  Philornis management programmes
before using them with species of conservation
concern.
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peckers with active Philornis infestations.
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lan Woodpecker adult-nestling Philornis concur-
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Figure S1. Hispaniolan Woodpecker hatch date
histogram with earliest and latest adult capture
dates.
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