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Abstract

Grooming is the first line of defense against ectoparasites by birds. Avian grooming consists
of preening with the bill and scratching with the feet. Captive birds are effective at con-
trolling ectoparasites by grooming. However, the effectiveness of grooming for controlling
parasites of wild birds is relatively unknown. We investigated the relationship between
the grooming behavior of Galápagos Mockingbirds (Mimus parvulus) and the abundance
of their parasitic lice and feather mites, which are considered commensals. We captured,
measured, and color-banded 26 mockingbirds on Santa Cruz Island, Galápagos. We esti-
mated the abundance of lice and mites on each bird. After the birds were color-banded and
released, we collected at least 30 min of behavioral data from each of 15 mockingbirds in
the field. These data revealed a significant negative correlation between time devoted to
grooming and the abundance of lice on birds. In contrast, there was no correlation between
grooming time and the abundance of feather mites. The length of the upper mandibular
overhang of the bill, which is used in grooming, was not correlated with the abundance
of lice or mites. Our results suggest that grooming has a greater effect on parasitic lice
than feather mites. Ultimately, experiments will be needed to demonstrate the mechanisms
underlying these correlative differences.
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1. Introduction
Grooming is an essential behavior of birds, mammals, and arthropods. It cares for the

body surface by keeping the integument clean, properly arranged, and parasite-free [1–3].
Avian grooming consists of preening with the bill and scratching with the feet [4]. Scratching
is used to flush ectoparasites from the head and neck to lower regions of the body, where they
can be preened with the bill [5]. Preening is effective at killing and removing ectoparasites such
as chewing lice (Insecta: Phthiraptera) [6], which have negative effects on host fitness. When
present in large numbers, lice are known to reduce both mating success and survival [7–9].

Individual birds vary in the amount of time they spend grooming. Some of this vari-
ation is due to parasites. For example, Brown [10] reported a significant increase in the
grooming rates of chickens (Gallus domesticus) experimentally infested with lice. Addition-
ally, Villa et al. [11] reported a significant increase in the grooming rates of experimentally
infested Rock Pigeons (Columba livia). Both of these studies were done with captive birds,
which are less time constrained than wild birds. Captive birds typically groom twice as
much as wild counterparts of the same species [12]. Indeed, some captive birds groom
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so much that they are capable of clearing themselves of lice [13,14]. In the wild, birds
have other demands on their time (e.g., foraging, defending territories, raising offspring)
limiting time available for grooming which may, in turn, influence louse abundance. The
relationship between grooming behavior and the abundance of lice on wild birds is poorly
understood. To our knowledge, no study of wild birds has shown that high grooming
individuals have fewer ectoparasites than individuals which devote less time to grooming.

Bush et al. [15] compared the grooming rates and abundance of lice on wild American
Kestrels (Falco sparverius) but found no correlation between grooming time and louse load.
Their estimates of grooming time may have been imprecise because they averaged only three
observation sessions per bird, with a median observation duration of 14.1 min [15]. A study
of grooming behavior in a natural population with more observation periods might provide
more precise estimates of grooming time. We performed such a study using Galápagos
mockingbirds (Mimus parvulus), which are relatively easy to observe at close range [16].

The effectiveness of grooming is influenced by bill morphology. When preening,
the tip of the lower mandible crushes lice against the inside of the upper mandibular
overhang. Clayton et al. [6] demonstrated the importance of the 1–2 mm long bill overhang
by removing it from captive Rock Pigeons. When the overhang was removed, pigeons
experienced dramatic increases in louse load. Birds with long overhangs experienced more
breakage, which impairs preening and perhaps feeding [6,9]. Thus, intermediate length
overhangs are better at controlling lice. This pattern is consistent with parasite-mediated
stabilizing selection on overhang length.

The bill morphology of some wild birds further suggests that intermediate bill overhangs
are better tools for preening. Woodhouse’s scrub-jays (Aphelocoma woodhouseii, formerly A.
californica) with intermediate overhangs have fewer lice than scrub-jays with relatively long or
short overhangs [17]. Similarly, Darwin’s ground finches (Geospiza spp.) with intermediate
overhangs have fewer mites (Acari: Astigmata) than finches with long or short overhangs [18].

We compared bill overhang length and grooming time to the abundance of lice and
mites on Galápagos Mockingbirds. Our study was conducted January–February 2022 at “La
Barranca”, a plateau above the Charles Darwin Research Station in Puerto Ayora, Santa Cruz
Island, Galápagos. This arid coastal zone site is characterized by sloping lava rock terrain and
thick vegetation like Galápagos acacia trees (Vachellia rorudiana) and painful giant prickly pear
cacti (Opuntia echios). At this location, Galápagos Mockingbirds are common and relatively
tame. Galápagos Mockingbirds are infested with both parasitic lice and feather mites [19],
providing an opportunity to test whether bill morphology and grooming time are correlated
with the abundance of one or both of these groups of arthropods.

2. Methods
We used mist nets to capture 26 mockingbirds between 28 January and 12 February

2022. Each captured bird was fitted with a numbered metal band and a unique combination
of three Darvic color bands. The color bands allowed us to keep track of individuals while
collecting behavioral data. Upon capture, we measured body mass and length of the upper
bill overhang with calipers, as in Clayton et al. [17] and Villa et al. [18].

We quantified the abundance of lice and feather mites on each bird using non-invasive
visual methods [20]. Two species of lice are known to infest Galápagos mockingbirds:
Myrsidea nesomimi (parvorder Amblycera) and Guimaraesiella (formerly Brueelia) galapagensis
(parvorder Ischnocera) [19]. Although we were unable to export voucher specimens, SEB
examined lice on these birds with a Bausch and Lomb 10x Coddington hand lens. This
level of magnification is sufficient to easily identify amblyceran versus ischnoceran lice and,
to a trained taxonomist, it is sufficient to identify lice to species group (SEB co-authored the
taxonomic revision of the genus Guimaraesiella, including the species G. galapagensis [21]).
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The different parvorders of lice lay eggs that differ greatly in appearance and are
attached to different microhabitats on the host’s body [22]. Although oviposition sites of
lice on Galápagos Mockingbirds have not been documented, data for lice on other South
American passerines show that lice in the Amblyceran genus Myrsidea attach large eggs
to facial feathers of the host [23], whereas Ischnoceran lice in the Brueelia-complex attach
small eggs to abdominal feathers [24]. We encountered large eggs found around the eyes of
mockingbirds (Figure 1A), which we assumed to be Myrsidea.

Figure 1. (A) Galápagos Mockingbird with louse eggs attached to feathers beneath the eye (arrow points
to one of the many eggs). (B) Arthropods associated with Galápagos Mockingbirds, Myrsidea nesomimi,
an Amblyceran louse (top), Guimaraesiella galapagensis (formerly Brueelia galapagensis), an Ischnoceran
louse (middle), and Analges sp., a feather mite (bottom), SEM courtesy of Jan Štefka. (C) Feather mites
on primary feathers of a Darwin’s Finch. Feather mites position themselves between barbs of flight
feathers and are most easily counted by holding the wing against sunlight to create backlighting.

Feather mites are much smaller than lice (Figure 1B), and it is not possible to identify them to
genus in the field with a hand lens. Given the distribution of mites along the vanes of the primary
feathers, however, we can identify with certainty that these were feather mites. Štefka et al. [19]
thoroughly surveyed mites of Galápagos Mockingbirds and documented that this species is
commonly infested with an undescribed species of feather mite in the genus Analges. It is likely
that the mites we observed were the same Analges sp. recorded by Štefka et al. [19] (Figure 1B).

To estimate louse abundance, we used a 4X OptiVISOR (Donegan Optical Co., Lenexa,
KS, USA)to count the number of eggs glued to the feathers of the head, including the crown,
nape, throat and face (both sides) (Figure 1A). Because louse eggs are attached to the feath-
ers, both before and after hatching, they provide a cumulative record of louse reproduction
until feathers are molted and new ones grow in. If grooming kills or removes lice at any
developmental stage (egg, nymph or adult) it will reduce the number of reproductive adults
and, consequently, the number of louse eggs attached to the feathers. Thus, the number
of louse eggs is an accurate indicator of the size of a louse population on one bird relative
to another bird examined with the same methods. We used this noninvasive approach
because it is a method that can be performed in the field without removing parasites from
birds. Parasite removal could have unwanted effects on grooming behavior.

To estimate feather mite abundance, we scored the approximate number of mites
on each of the ten primary feathers of the left wing (Figure 1C). As described by Brown
et al. [20], every primary feather was scored according to the following scale: 0 = no mites;
1 = 1–10 mites; 2 = 11–20 mites; 3 = 21–30 mites; 4 = 31–40 mites; 5 = >40 mites. The scores
for all ten feathers were added together to provide an overall index of mite abundance.

Once the abundances of lice and mites were estimated, each bird was released at the
capture site. We subsequently collected data on the grooming behavior of mockingbirds
using focal animal sampling [25]. Birds were observed and identified with binoculars and
their behavior quantified using the Animal Behaviour Pro v.1.5 App for iPhone [26,27], as
in previous studies [15,28].

All grooming data were collected during the month of February (Figure 2). Observa-
tions were opportunistic, lasting from a few seconds to 15 min, at which point we stopped
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collecting data to avoid collecting too much data in a single session. Grooming data were
collected in the morning hours (06:00–12:00) to avoid intense afternoon heat.

Figure 2. Distribution of behavioral observations for 15 Galápagos Mockingbirds. Data for each
color-banded bird (Y axis) were collected over an average of six observation periods varying in
duration (point size) and date (x axis).

Each bout of grooming ended when a bird stopped preening or scratching for more
than three seconds, or switched to a different behavior [4]. The proportion of time each
mockingbird spent grooming was calculated as the sum of time spent preening and scratch-
ing, divided by total observation time. Our goal was to collect a minimum of 30 min of
data per bird, as in other recent studies [15,28].

Statistical Analyses

To explore the relationship between louse abundance, bill morphology and grooming
behavior we used zero-inflated negative binomial models (ZINB) with a log link. This distri-
bution was selected because louse abundance was overdispersed (NB dispersion parameter
P = 0.03) and the data contained more zeros than expected under a standard negative binomial
distribution (ZI parameter P = 0.02). To explore the relationship between mite abundance,
bill morphology and grooming behavior we used a generalized regression with a negative
binomial distribution with a log link because mite index was overdispersed (NB dispersion
parameter P = 0.04), and the data did not contain more zeros than expected under a standard
negative binomial distribution (ZI parameter P = 0.12). To examine the relationship between
bill overhang length and the proportion of time mockingbirds spent grooming we used a
generalized linear model (GLM) with a beta distribution and a logit link. The beta distribution
is well suited for proportional response variables constrained between 0 and 1, making it
appropriate for modeling the proportion of time spent grooming. Statistical analyses were
conducted with the statistical software JMP v.19.1.0 using maximum likelihood estimation.

3. Results
Louse eggs were observed on the facial feathers of 20 of 26 mockingbirds (76.9%), with

egg number ranging from 15 to 118, and a mean of 54.2 eggs (Figure 3A, Table S1 in the
Supplementary Materials). In addition to feather lice, we observed feather mites on 21 of
26 mockingbirds (80.8%). The mite index on infested birds varied from 1 to 22, with a mean
index of 6.7 (Figure 3B, Table S1).

We collected at least 30 min of behavioral data from 15 of the 26 mockingbirds (Table S2
in the Supplementary Materials). These 15 birds were not randomly selected; they were
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birds that we observed opportunistically in the field. It is possible that these birds differed
in some way from the birds we did not observe [29]; however, the 15 mockingbirds we
observed did not differ significantly from 11 unobserved mockingbirds in bill overhang
length (Welch’s t-test, t = 1.08, df = 22.25, P = 0.29), louse abundance (ZINB generalized
regression, Wald χ2 = 0.24, df = 1, P = 0.62, Figure 3A), nor mite abundance (NB generalized
regression, Wald χ2 = 0.15, df = 1, P = 0.70, Figure 3B).

Figure 3. (A) Distribution of louse eggs on the facial feathers of 26 mockingbirds; (B) Distribution
of mite indices among the same 26 mockingbirds. Birds with at least 30 min of grooming data are
represented by dark blue in (A) and dark green in (B).

The birds for which we have behavioral data were observed, on average, for six obser-
vation sessions per bird (Figure 2). The median duration for each observation session was
4.9 min. Mockingbirds spent a mean of 12.7% of their time grooming (range = 1.5–31.0%).
Most of the grooming time was preening (mean = 89.3%), with the remainder being scratch-
ing (mean = 10.7%).

Louse abundance was negatively correlated with time spent grooming (Figure 4A,
generalized regression, ZINB distribution, n = 15, Wald χ2 = 6.57, P = 0.01). In contrast,
there was no significant relationship between time spent grooming and mite abundance
among the 15 mockingbirds (Figure 4B; generalized regression, NB distribution, n = 15,
Wald χ2 = 0.16, P = 0.69).

Mockingbirds had a mean bill overhang length of 0.67mm (σ = 0.29, n = 26). Over-
hang length was not significantly correlated with louse abundance (Figure 5A; generalized
regression, ZINB distribution, n = 26, Wald χ2 = 0.69, P = 0.41), nor was there a significant
relationship between overhang length and mite abundance (Figure 5B; generalized regression,
NB distribution, n = 26, Wald χ2 = 0.03, P = 0.86). Overhang length was not significantly
associated with grooming time (GLM, beta distribution; n = 15, Wald χ2 = 0.63, P = 0.43).
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Figure 4. (A) Mockingbirds that groomed more had significantly fewer lice (generalized regression,
ZINB distribution P = 0.01, see text). (B) Grooming time and mite abundance were not significantly
correlated (generalized regression, NB distribution P = 0.69, see text).

Figure 5. Bill overhang length of Galápagos Mockingbirds in relation to louse and mite abundance
for 26 Galápagos Mockingbirds. (A). There was no significant correlation between bill overhang and
the number of louse eggs (generalized regression, ZINB distribution P = 0.41, see text). (B). There
was no significant correlation between bill overhang and the mite index (generalized regression, NB
distribution P = 0.86, see text).
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4. Discussion
We examined Galápagos Mockingbirds for chewing lice and feather mites on Santa

Cruz Island in the Galápagos. Of the 26 birds in our study, most were infested with lice
(76.9%) and mites (80.8%). Our data for lice are similar to those of Vlček and Štefka [30],
who reported that most of the Galápagos Mockingbirds they surveyed were infested with
lice. We tested whether host grooming behavior and bill morphology were correlated with
the abundance of lice or mites. We also tested whether bill morphology was correlated
with grooming behavior.

4.1. Grooming Behavior and Lice

Grooming time was negatively correlated with louse abundance (Figure 4A), such
that higher grooming mockingbirds had fewer lice. To our knowledge, this is the first
demonstration of a negative correlation between grooming time and louse abundance in
a natural population of birds. One explanation for this correlation is that grooming is
effective at controlling lice on wild birds. However, the precise mechanism is unknown.
One possibility is that regular grooming kills immature and adult lice, which, in turn,
results in fewer eggs on the feathers. Another possibility is that the scratching component
of grooming removes eggs directly from the facial feathers. Yet another possibility is that
scratching flushes hatched lice onto the body and thus into the range of preening [5].

Because our data are correlational, however, it is important to consider alternative
explanations for the observed relationship. For example, like many Amblyceran lice,
Myrsidea feed on blood in addition to feathers [31]. Birds with heavy Myrsidea infestations
may thus experience anemia, which could reduce grooming activity, yielding a negative
correlation between louse abundance and grooming. In this case the causal arrow would
be reversed, with lice causing a reduction in grooming, rather than grooming causing
a reduction in lice. It is also possible that unmeasured variable(s) are contributing to a
spurious correlation between grooming and lice. Experimental manipulations are needed
to establish the causal factor(s) responsible for the correlation we have documented.

The negative correlation between mockingbird grooming time and louse abundance
differs from Bush et al.’s [15] study of American Kestrels, which showed no correlation
between grooming time and louse abundance. The contrasting results of these studies
may be due to differences in the precision of the grooming data. While the birds in both
studies were observed for at least 30 min, our observations of mockingbirds were more
evenly distributed over time. We observed mockingbirds for an average of six sessions per
individual (Figure 2), while Bush et al. [15] observed kestrels for an average of only three
sessions per individual [15].

Differing foraging habits also may have affected the precision of the grooming data.
Kestrels feed intermittently, while mockingbirds feed more continuously. After feeding on a
large prey item, kestrels tend to groom for longer periods of time (pers. obs.). For this reason,
data collected soon after a kestrel consumed a large prey item (unbeknownst to the observer)
may have overestimated the mean grooming time for that bird. In contrast, the continuous
foraging of mockingbirds is likely to yield more precise estimates of grooming time.

4.2. Grooming Behavior and Mites

In contrast to feather lice, we found that mockingbird grooming was not correlated
with mite abundance (Figure 4B). This result may be a consequence of the relatively small
sample size, and the coarseness of our measurement of mite abundance. However, it is also
possible that there is a biological basis for this pattern; grooming may be relatively ineffec-
tive against feather mites, which are smaller than lice (Figure 1B), and escape grooming by
inserting between the barbs of flight feathers (Figure 1C). Our results are similar to those of
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Dowling et al. [32], who found no significant relationship between grooming and feather
mites in Seychelles Warblers (Acrocephalus sechellensis).

Mites are increasingly viewed as commensals rather than parasites [33–35], in which
case they would not be expected to exert selection on host grooming to remove them.
Recent work suggests that feather mites may even be mutualists that benefit birds [36], in
which case they might exert selection on hosts not to remove them. Matthews et al. [37]
showed that feather mites selectively consume keratin degrading microbes known to
damage feathers, consistent with the mutualism hypothesis.

Two studies have measured the fitness of birds after experimentally reducing feather
mite abundance. Pap et al. [38] found no effect on the survival or reproductive success
of Barn Swallows (Hirundo rustica) after removing feather mites from experimental birds
with an insecticide. More recently, Matthews et al. [39] found no effect on the survival of
Cerulean Warblers (Setophaga cerulea) or Prothonotary Warblers (Protonotaria citrea) after
removing feather mites by hand, which has the advantage of avoiding effects on other
members of the pterosphere, such as lice. The results of these two experimental studies are
consistent with the hypothesis that feather mites are commensals.

4.3. Bill Overhang and Mites

If feather mites are not parasites, then what explains Villa et al.’s [18] finding that
Darwin’s ground finches with intermediate bill overhangs had fewer mites than finches
with long or short overhangs, consistent with mite-imposed stabilizing selection? One
possibility is that the community of mites on Darwin’s ground finches includes one or more
species that do, in fact, reduce host fitness. Unlike the current study, which quantified mites
only on the primary feathers of one wing, Villa et al. [18,40] removed mites by dusting the
entire bodies of the finches they studied. This approach yielded seven different genera of
mites, all of which were included in their mite tallies [40]. Yet another factor relevant to
the differing results of the mockingbird and finch studies is that Villa et al. [18] lumped
three species of Darwin’s ground finches (Geospiza fuliginosa, G. fortis and G. magnirostris)
in their analyses. Although the three species do hybridize [41], lumping them increased
variation in bill overhang length, which had a coefficient of variation (σ/x) = 74% (n = 88,
unpublished data).

Bill overhang length in our study did not correlate significantly with feather mite
abundance on Galápagos Mockingbirds (Figure 5B). But the coefficient of variation (CV) for
mockingbird overhang length was only 44%. This lower CV for mockingbirds, compared
to finches, may have reduced the chance of detecting a correlation between mockingbird
overhang length and mites. Our study is broadly similar to that of Bodawatta et al. [42],
who found no significant correlation between the bill overhangs and the abundance of
feather mites among species of New Guinea birds.

4.4. Bill Overhang and Lice

Similarly, bill overhang length did not correlate significantly with the abundance of
lice on Galápagos Mockingbirds (Figure 5A). This result differs from Woodhouse’s Scrub-
jays, in which birds with intermediate overhangs had fewer lice than those with long or
short overhangs [17]. Woodhouse’s Scrub-jays have variable bill overhangs (CV = 66%,
n = 57, unpublished data). Scrub-jay populations in oak woodlands have relatively long,
curved overhangs used to open acorns, whereas scrub-jay populations in pinyon–juniper
woodlands have relatively straight overhangs that are used to extract pine nuts from pinyon
pinecones [43]. Relatively low variation in the bills of Galápagos Mockingbirds may explain
why there was no significant correlation between bill overhangs and lice, in contrast to the
case for Woodhouse’s Scrub-jays and their lice.
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4.5. Bill Overhang and Grooming Behavior

Bill overhang length was not significantly associated with the grooming time of
Galápagos Mockingbirds, which is not surprising, given their low variation in overhang
length. To our knowledge, no data exist on the grooming times of Darwin’s finches, or
Woodhouse’s scrub-jays. In the future, collecting grooming data for Darwin’s finches may
be practical because, like Galápagos Mockingbirds, they are relatively tame [16]. Florida
scrub-jays (Aphelocoma coerulescens) are also relatively tame and would be the best choice in
the future for collecting grooming data on scrub-jays [44]. Regardless of species, additional
data are needed on the relationship between grooming time, bill morphology, and the
abundance of different arthropod associates of birds.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d18090551/s1, Table S1: Data associated with analyses regarding
louse egg abundance, mite index, and host morphology. Table S2: Data associated with analyses
regarding host behavior.
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