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ABSTRACT The current study describes the chewing lice community associated with seabird
populations resident at the Sdo Pedro and Sao Paulo Archipelago in the Atlantic Ocean in Pernambuco
State, Brazil. Adults of three species of seabirds were captured using hand-nets for the collection of
biometric data and specimens of ectoparasites. In total, 320 birds were examined (120 Sula leucogaster
(Boddaert), Brown Booby; 120 Anous stolidus (L.), - Brown Noddy; and 80 Anous minutus Boie, Black
Noddy) of which 95% were infested with 8,625 chewing lice, representing eight species of the genera
Actornithophilus, Austromenopon, Eidmanniella, Pectinopygus, Quadraceps, and Saemundssonia. On S.
leucogaster, Pectinopygus garbei (Pessda & Guimaries) was more prevalent and had a mean and median
intensity of infestation significantly greater than those recorded for Eidmanniella albescens (Piaget).
On the two Noddies, the species of Actornithophilus and Quadraceps were significantly more prevalent
and abundant than Austromenopon atrofulvum (Piaget) and Saemundssonia remota Timmermann Most
of the louse species had a highly aggregated distribution, with k exponent of the negative binomial
distribution ranging from 0.04 to 3.06. A weak but significant correlation was found between the
abundance of chewing lice and morphometric variables (body weight, wing, beak, tail, and tarsus
lengths). It is possible that high rates of infestation have a negative effect on the morphological
characteristics of the hosts, including the health of the plumage. All the lice species collected— except
for P. garbei (ex S. leucogaster)—were reported for the first time from Brazilian populations of these

seabird species.
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Chewing lice (Phthiraptera: Amblycera and Ischnoc-
era) are ectoparasites associated with an enormous
diversity of bird species worldwide (Johnson and
Clayton 2003, Arzua and Valim 2010). These lice may
be found typically on either the skin (Amblycera) or
feathers (Ischnocera) of their avian hosts, but may
also exploit other microhabitats, and complete their
whole life cycle on the same host (Johnson and Clay-
ton 2003). These insects feed on fragments of skin and
feathers, and the blood that seeps from the wounds
they provoke on the skin of their hosts (Wilson 1933,
Johnson and Clayton 2003). Heavy infestation may
lead to irritation of the skin, causing intense itching,
skin ulcers, plumage defects, modifications of the
voice, and even the abandoning of nests (Duffy 1994,
Loye and Carrol 1998, Johnson and Clayton 2003).
In Brazil, a growing number of studies have focused
on the chewing lice associated with birds, although the
vast majority of them have focused on terrestrial hosts
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(Oniki 1990, 1999; Marini et al. 1996; Roda and Farias
1999; Lyra-Neves et al. 2000, 2005; Enout et al. 2009,
2012). Inventories of the chewing louse parasites of
seabirds have been published for a number of oceanic
islands around the world (Palma and Horning 2002,
Palma and Jensen 2005), including the Atlantic (Hinel
and Palma 2007), although few studies are available for
Brazilian seabird populations (Guimaries 1945, Valim
et al. 2006).

The dynamics of chewing lice populations have
been studied in a number of seabirds, focusing either
on individual host species (Fowler et al. 1984, Fowler
and Price 1987, Fowler and Hodson 1988, Fowler and
Shaw 1990) or species groups (Eveleigh and Threlfall
1976, Fowler and Miller 1984, Choe and Kim 1988),
primarily procellariiforms.

The Sio Pedro and Sdo Paulo Archipelago
(SPeSPA) is a group of six islets located in the Atlantic
Ocean off northeastern Brazil, 100 km north of the
equator (00° 55" N, 29° 20° W). This archipelago has
resident populations of three seabird species, although
it is visited sporadically by many bird species (Both
and Freitas 2004). The three resident species are the
Brown Noddy, Anous stolidus (L.), the Black Noddy,
Anous minutus Boie, and the Brown Booby, Sula leu-
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cogaster (Boddaert). These colonial species are found
in large numbers on the archipelago, where they com-
pete for the available nesting sites. Although the local
avian fauna has been well-documented, virtually no
data are available on their ectoparasites (Both and
Freitas 2004).

Given the paucity of data on the ectoparasite fauna
associated with Brazilian populations of seabirds, the
current study provides data on the chewing lice spe-
cies found in association with the resident seabird
populations of the SPeSPA. Chewing lice community
structure and population dynamics are discussed for
the three host species.

Materials and Methods

The SPeSPA is made up of a small group of rocky
islets with a total surface area of 17,000 m> and a
distance of 420 m between its outermost points. The
climate is tropical oceanic, with negligible variation in
temperature over the course of the year (26.0-
28.7°C). Data were collected every 6 mo between 2010
and 2012.

Only juvenile and adult seabirds not associated with
nests were targeted for the current study. The birds
were captured using hand-nets, and morphological
data were collected using a spring balance and a set of
calipers (Ecotone, Gdynia, Poland).

The study protocol was approved by the Brazilian
Institute of Environment and Renewable Natural Re-
sources, protocol 54628938 (07 January 2010). For the
anesthesia and collection of parasites, the birds were
placed individually in plastic bags (except for their
heads) containing cotton wool soaked in ethyl acetate,
using an approach adapted from Clayton and Walther
(1997) and Arzua and Valim (2010). After 20 minutes,
the feathers of the bird were ruffled manually to dis-
lodge the ectoparasites, which were transferred to
vials containing 70% ethanol for subsequent process-
ing and identification. The breast feathers of each bird
were marked with dye between the legs to ensure that
they were not resampled during the same expedition.

In the laboratory, the lice were mounted on micro-
scope slides following the protocol recommended by
Palma (1978). The specimens were examined using a
biological microscope, generic keys (Clay 1969, Price
et al. 2003), and the literature available for the iden-
tification of species (Guimarides 1945; Timmermann
1952; Clay 1959, 1962; Ryan and Price 1969). The
voucher specimens were deposited in the ectoparasite
collection of the Zoology Museum of the University of
Sao Paulo, and the remainder were deposited in the
Adalberto Varela Freire entomological collection (un-
der construction) at the Federal University of Rio
Grande do Norte, Natal, Brazil.

The prevalence, mean, and median intensity of in-
festation (and their respective confidence intervals)
were calculated for each species of chewing louse. The
prevalence values were compared using chi-square,
and differences between mean and median infestation
intensities were compared using a bootstrap test and
mood’s median test, respectively (Reiczigel and Résza
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2005). The k exponent of negative binomial distribu-
tion was used to evaluate the frequency distribution of
each chewing louse species in the community. Neg-
ative k values indicate a uniform distribution, whereas
low positive values (k < 2) reflect a highly aggregated
distribution, and values from 2 to 8 indicate moderate
aggregation, and those >8 point to a random distri-
bution of parasites in the community (Southwood
1978). Similar observed and expected frequencies—
tested using chi-square—imply that the model is well-
adjusted to the original data (Bush et al. 1997, R6zsa
et al. 2000). All these analyses were run in the Quan-
titative Parasitology 3.0 software (Reiczigel and Résza
2005). The sex ratio (males: females) and adult: im-
mature ratio were also calculated (Marshall 1981).

The relationship between the morphological char-
acteristics of the hosts (body weight, in grams; flat
wing, beak, tail, and tarsus lengths, in millimeters) and
the absolute abundance of the parasites was evaluated
using Spearman or Pearson correlation coefficients,
depending on the normality of the data. Initially, the
relationship was tested for each species separately,
and then for the community as a whole. Lastly, the
coefficients were calculated for the two Noddy spe-
cies together, with the objective of compensating for
the possible underestimation of the infestation rates in
S. leucogaster.

Results

In total, 320 birds were examined: 120 S. leucogaster,
120 A. stolidus, and 80 A. minutus, of which 95% were
infested with 8,625 chewing lice representing eight
different species of the genera Actornithophilus, Aus-
tromenopon, and Eidmanniella (Amblycera, Menopo-
nidae), and Pectinopygus, Quadraceps, and Sae-
mundssonia (Ischnocera, Philopteridae). The Brown
Boobies were infested by two species of lice—Eidma-
nniella albescens (Piaget) and Pectinopygus garbei
(Pessda and Guimarides)—represented by 1,805 indi-
viduals (Table 1).

A larger number of louse species were found on the
two Noddies, which were very similar in terms of
species richness and prevalence (Table 1). Overall,
112 of the 120 A. stolidus examined were infested by
four louse species, Actornithophilus incisus Piaget,
Quadraceps separatus (Kellogg & Kuwana), Austrom-
enopon atrofulvum (Piaget), and Saemundssonia re-
mota Timmermann. The latter two species also were
found on A. minutus, in addition to Actornithophilus
ceruleus (Timmermann) and Quadraceps hopkinsi
(Timmermann) (Table 1).

In most cases, the sex ratio was close to one to one,
except for the Au. atrofuloum specimens collected
from A. minutus (2.75 males per female) and the Sa.
remota collected from A. stolidus (0.32 males per fe-
male). The ratio between adults and immature of lice
varied considerably from 1.07 adults per immature in
the Au. atrofulvum specimens collected from A. minu-
tus t018.5 adults per immature in the Sa. remota spec-
imens collected from A. stolidus (Table 1).
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Table 1.
Brazil, examined between July 2010 and July 2012
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Chewing lice associated with resident populations of S. leucogaster, A. minutus, and A. stolidus on the SPeSPA, Pernambuco,

Birds and their Abundance Ratio
chewing lice Adults Immature Total Male:female Adult:immature
S. leucogaster
E. albescens 345 182 527 0.92 1.90
P. garbei 795 483 1,278 1.17 1.65
A. minutus
Ac. ceruleus 879 320 1,199 0.96 2.75
Au. atrofulvum 15 14 29 2.75 1.07
0. hopkinsi 659 152 811 0.87 434
Sa. remota 6 2 8 1.00 3.00
A. stolidus
Ac. incisus 2210 724 2,934 1.14 3.05
Au. atrofulvum 134 48 182 0.72 2.79
Q. separatus 1,348 270 1,618 1.01 4.99
Sa. remota 37 2 39 0.32 18.50
Total 6,428 2,197 8,625 - -

On S. leucogaster, the highest prevalence (x> =
2.963; df = 1; P = 0.085) and intensity of infestation
were recorded for P. garbei, although only mean
(bootstrap test [t] = —4.895; P < 0.001) and median
intensity (mood’s median test [P] = 0.001) were sig-
nificantly different in comparison with E. albescens
(Table 2). On the Noddies, the highest prevalence
(x* = 508.868; df = 7; P < 0.001) and intensity values
(mood’s median test [P] < 0.001; bootstrap test [P]
<0.001) were recorded for species of the genera Ac-
tornithophilus and Quadraceps. The k parameter of the
negative binomial distribution (Table 2) pointed a
highly aggregated distribution for most chewing louse
species among hosts (0 < k < 2), except for the two
Actornithophilus species and Q. separatus, for which
the k values between two and eigth indicate a mod-
erate degree of aggregation (Table 2; Fig. 1). The
adjustment of the negative binomial distribution was
statistically acceptable for all the species (Table 2).

In the correlation analysis, when each species was
analyzed separately, morphological characteristics of
the hosts (except tail length) presented some negative
correlation with the abundance of chewing lice, and
when all species were analyzed together was observed
negative correlation with the five morphological mea-

surements (Table 3). When the S. leucogaster data
were excluded from this analysis, however, a positive
correlation between absolute abundance of chewing
lice and all the morphological variables was found,
except for tail length.

Discussion

The chewing lice species recovered from S. leuco-
gaster had already been recorded for host populations
from Florida, Panama, British West Indies, Java, Aus-
tralia, and New Zealand (Ryan and Price 1969, Pilgrim
and Palma 1982, Forrester et al. 1995, Murray et al.
2001). In Brazil, only P. garbei has been recorded
parasitizing the Brown Booby in the southern states of
S30 Paulo and Parand (Guimaries 1945); with excep-
tion of P. garbei, all other chewing lice species were
recorded on their respective hosts for the first time in
Brazil.

Both louse species presented high infestation rates,
but those of P. garbei were considerably higher than
those recorded for E. albescens, although this may be
at least partly related to the collection procedure,
which may have favored the dislodging of the lice
normally found on the feathers in comparison with

Table 2. Parasitological characteristics of the chewing louse community associated with the populations of three seabird species

resident on the SPeSPA, Pernambuco, Brazil, examined between July 2010 and July 2012

Birds and their chewing lice Prev CI MnT Bootstrap CI MdI CI k X (P)
S. leucogaster (n = 120)
Eidmaniella albescens 86.7 79-92 5.03 4.25-6.12 4 3-5 121 0.23
Pectinopygus garbei 93.3 87-97 11.2 9.36-14.1 6 5-8 0.96 0.26
A. minutus (n = 80)
Ac. ceruleus 100 95-100 15.0 12.9-17.4 13 10-15 2.62 0.61
Au. atrofulvum 15 8-25 2.42 1.42-4.17 1 1-4 0.11 0.80
Q. hopkinsi 95 88-99 10.7 8.79-13.2 9 6-10 1.35 0.89
Sa. remota 5 1-12 2.00 1.00-3.00 1 - 0.04 -
A. stolidus (n = 120)
Ac. incisus 100 97-100 24.4 22.2-27.2 23 20-26 3.07 0.78
Au. atrofulvum 59.2 50-68 2.56 2.15-3.25 2 1-2 0.86 0.96
Q. separatus 99.2 95-100 13.6 11.9-15.3 12 11-15 2.09 0.58
Sa. remota 20.8 14-29 1.56 1.24-2.00 1 1-2 0.38 0.98

n, sample size (hosts); Prev, prevalence; Mnl, mean intensity of infestation; MdI, median intensity of infestation; k, exponent of binomial
distribution; x> (P), adjustment of the data to a binomial distribution. CIs belong to the 95% probability.
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Fig. 1. Frequency of occurrence of chewing lice associated
with the resident populations of three seabird species on the
SPeSPA, Pernambuco, Brazil, examined between July 2010 and
July 2012. (A) S. leucogaster (n = 120), (B) A. minutus (n = 80),
and (C) A. stolidus (n = 120). The x-axis represents the abun-
dance of chewing lice per bird, and the y-axis represents the
frequency of infested seabirds with this number of lice.

Table 3.
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those, such as E. albescens, which are more typically
found on the skin (Clayton and Walther 1997, Johnson
and Clayton 2003).

Most S. leucogaster individuals were infested by
both species (P. garbei and E. albescens), which rep-
resent the two different suborders (Amblycera and
Ischnocera) of chewing lice. The prevalence of these
two species did not vary significantly, although the
mean and median intensity of infestation were signif-
icantly higher for P. garbei. However, the prevalence
of 86.7% recorded for E. albescens was exceptionally
high in comparison with available data on the infes-
tation of seabirds by amblyceran lice, i.e., rates of
0.8-13.6% (Choe and Kim 1987, 1988; Fowler and
Shaw 1990), except for the Common Guillemot, Uria
aalge (Pontoppidan) (Charadriiformes, Alcidae), for
which prevalence values of 72.4-91.6% have been re-
corded (Ballard and Ring 1979; Choe and Kim 1987,
1988). The mean intensity values recorded for E. al-
bescens in the current study were also relatively high
(Ballard and Ring 1979, Fowler and Miller 1984,
Fowler and Shaw 1990), except for the studies of Choe
and Kim (1987), who recorded a mean intensity of 5.5
for Austromenopon uriae Timmermann on U. aalge.

The prevalence of P. garbei recorded in the current
study (93.3%) was nevertheless comparable with the
values recorded for other ischnocerans, which gener-
ally have a prevalence of >75% (Ballard and Ring
1979; Choe and Kim 1987, 1988; Fowler and Miller
1984; Fowler et al. 1984; Fowler and Shaw 1990).

The marked similarities of the chewing lice fauna
recorded on the two Noddy species is probably related
to the morphological similarities of these sternids.
In the SPeSPA, pairs of these two species generally
build their nests on distinct islets, except in Sdo Paulo,
where they may compete for nesting sites, which pos-
sibly leads to the exchange of ectoparasites in SPeSPA
(Both and Freitas 2004).

The Actornithophilus and Quadraceps species asso-
ciated with the two Noddy species have been re-
corded previously for Anous (Hopkins and Clay 1952;

Spearman (p) and Pearson (r) correlation coefficients for the relationship between the total abundance of chewing lice and

morphological variables (weight, flat length of the left wing, beak, tail, and tarsus lengths) of S. leucogaster (n = 120), A. stolidus (n =
120), and A. minutus (n = 80) on the SPeSPA, Pernambuco, Brazil, examined between July 2010 and July 2012

Correlation Coefficients Spearman Weight Wing Beak Tail Tarsus
(p) and Pearson (r) & length length length length
S. leucogaster
p —0.34 —0.12 —0.26 —0.01 —0.41
P 0.00 0.24 0.01 0.96 0.00
A. minutus
p —0.17 —0.25 —0.16 —0.16 —0.24
P 0.14 0.03 0.17 0.18 0.04
A. stolidus
p —0.32 0.19 —0.14 0.08 —0.10
P 0.00 0.07 0.18 0.45 0.32
Community
r —0.49 —0.39 —0.37 —0.15 —0.44
P 0.00 0.00 0.00 0.01 0.00
Anous spp.
r 0.21 0.37 0.29 —0.00 0.21
P 0.00 0.00 0.00 0.96 0.00

P, probability level (significant in bold type).
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Clay 1953, 1962; Price et al. 2003; Palma and Peck
2013). Au. atrofulvum has been recorded in A. minutus
and Anous stolidus galapagensis Sharpe by Pilgrim and
Palma (1982) and Palma and Peck (2013), who also
recorded Sa. remota.

In both Anous species, the chewing lice communi-
ties consisted of two amblyceran (Actornithophilus
and Austromenopon) and two ischnoceran (Quadra-
ceps and Saemundssonia) species. As both amblycerans
probably share the same skin-dwelling niche, a clear
predominance of Actornithophilus over Austrom-
enopon was recorded in the current study, and a similar
relationship was observed between Quadraceps and
Saemundssonia, although these latter two live on dis-
tinct body feathers on the host body.

The data available on prevalence in Austromenopon
vary enormously, with values ranging from 1.25 to
91.6% (Eveleigh and Threlfall 1976; Ballard and Ring
1979; Choe and Kim 1987, 1988; Fowler and Shaw 1990;
Fowler and Miller 1984). With the exception of the
study of Fowler and Shaw (1990), however, the Aus-
tromenopon species was the only amblyceran in the
community, coexisting with at least two ischnocerans.

A predominance of adults is a typical pattern in
chewing louse populations, especially when the sam-
pling procedure does not target nestling hosts, as in the
current study. Lee and Clayton (1995) recorded a
predominance of immature lice in the transmission
between adults and nestlings, while in the juvenile
birds, the louse populations generally undergo rapid
expansion and results in the infestation of the adult
birds with larger numbers of adults (Clayton et al.
1992). In general, then, there is a tendency for the
proportion of adult lice to be higher in juveniles and
adult birds in comparison with nestlings, although the
reproductive seasonality of the lice also may be a
factor. Previous studies have recorded adult: imma-
ture ratios of 0.90 for amblycerans and 0.56-0.75 for
ischnocerans (Choe and Kim 1987, 1988), less than
half the values recorded in the current study, i.e.,
1.07-3.05 for amblycerans and 1.65-4.99 for ischnoc-
erans (except Saemundssonia remota).

While exceptions have been recorded in some gen-
era of chewing lice, a sex ratio of approximately one to
one is typical in most ectoparasite populations. In the
current study, a balanced sex ratio was recorded for
the species with the largest samples (E. albescens, P.
garbei, Actornithophilus spp., and Quadraceps spp.).
Some studies (e.g., Marshall 1981) have found a pre-
dominance of females owing to the shorter life cycle
and greater mobility of the males, which increases the
probability of becoming detached from the host, al-
though the results of the current study are only par-
tially consistent with this. In S. leucogaster, more fe-
male amblycerans were collected than males, whereas
male ischnocerans predominated. In contrast, a com-
pletely different situation was observed in the two
Anous species. In A. stolidus, the sex ratio of the two
dominant chewing louse species (Ac. incisus and Q.
separatus) was biased toward males, whereas females
prevailed in the nondominant species (Au. atrofulvum
and Sa. remota).
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Like other macroparasites, chewing lice form ag-
gregated populations, with most hosts being infested
with only small number of lice, whereas a minority of
hosts present extremely high infestation rates (Rézsa
et al. 1996, Clayton et al. 1999). The intensity of this
distribution pattern may, nevertheless, be reduced in
colonial hosts, where horizontal transmission is more
common (Rézsa et al. 1996). In the current study, a
highly aggregated distribution was found in most spe-
cies, with a tendency for a negative binomial distri-
bution, found in other studies of chewing lice associ-
ated with birds (Fowler and Miller 1984, Fowler and
Price 1987, Fowler and Shaw 1990). The reasons for
this pattern may be related to anumber of factors, such
as the seasonal variation in infestation rates, the non-
random distribution of hosts in the environment, the
possible development of resistance to infestation in
infected hosts, in addition to the many nonrandom
differences in the behavior and physiology of the dif-
ferent host species, including age-related variation
(Fowler and Price 1987).

At a population level, negative relationships be-
tween morphological variables and the abundance of
chewing lice may be accounted for by the debilitation
of the individuals with a high parasite load (Johnson
and Clayton 2003). Among other things, these indi-
viduals may present lower body weight and less
healthy plumage in comparison with those with a
lower parasite load. Observed variation in the parasite
load may be related to a range of factors, including the
body size of the host and its antiparasite preening
behavior (Rézsa 1997, Clayton and Walther 2001,
Hughes and Page 2007). In general, larger hosts pro-
vide a larger resource base and are longer-lived, re-
sulting in a longer time period for infestation, while
the antiparasite preening of birds with smaller beaks
and tarsi may be more efficient (R6zsa 1997, Hughes
and Page 2007). In the current study, the larger host—
the Brown Booby—not only presented alower species
richness of louse parasites, but also a reduced abun-
dance of chewing lice. When this species was excluded
from the community-level analysis, a significant pos-
itive relationship was found between all the morpho-
metric variables (except for beak length) and the
abundance of lice (Table 3). One possibility here is
that the relatively large size of S. leucogaster, which
complicated the handling of the specimens, may have
reduced the effectiveness of the parasite sampling
procedure.

A single bird may host as many as 20 species of
chewing lice (Johnson and Clayton 2003). Once again,
factors such as body size, morphological features re-
lated to preening, and host behavior, such as the for-
mation of colonies, have been implicated in the vari-
ation found in species richness among hosts. However,
there is no conclusive evidence on the influence of any
of these factors on parasite species richness (see Clay-
ton and Walther 2001, Hughes and Page 2007). In the
current study, parasite community structure was sim-
ilar in the two Noddy (Anous) species. The large
number of individuals examined and the sampling
procedures proved adequate for the analysis of ecto-
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parasite community structure and the discussion of
the factors that determine the assemblage rules in
seabirds.
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