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ECOMORPHOLOGY OF PARASITE ATTACHMENT: EXPERIMENTS WITH FEATHER LICE
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ABSTRACT: The host specificity of some parasites can be reinforced by morphological specialization for attachment to mobile
hosts. For example, ectoparasites with adaptations for attaching to hosts of a particular size might not be able to remain attached
to larger or smaller hosts. This hypothesis is suggested by the positive correlation documented between the body sizes of many
parasites and their hosts. We adopted an ecomorphological approach to test the attachment hypothesis. We tested the ability of
host-specific feather lice (Phthiraptera: Ischnocera) to attach to 6 novel species of pigeons and doves that vary in size by nearly
2 orders of magnitude. Surprisingly, Rock Pigeon lice (Columbicola columbae) remained attached equally well to all 6 novel
host species. We tested the relative importance of 3 factors that could facilitate louse attachment: whole-body insertion, tarsal
claw use, and mandible use. Insertion, per se, was not necessary for attachment. However, insertion on coarse feathers of large
hosts allowed lice to access feather barbules with their mandibles. Mandible use was a key component of attachment regardless
of feather size. Attachment constraints do not appear to reinforce host specificity in this system.

Ecomorphological studies examine an organism’s morphol-
ogy with the intent of predicting the organism’s ecology or vice
versa (Karr and James, 1975; Losos, 1990). Morphology has
been shown to successfully predict ecology in several systems.
For example, Anolis spp. lizards with similar leg lengths and
body masses choose similar-sized perches (Pounds, 1988; Lo-
sos, 1990), leg morphology is correlated with the foraging pos-
ture and feeding ecology of tits (Parus spp.; Moreno and Car-
rascal, 1993), and among herbivorous insects, tarsal morphol-
ogy is often specialized for use on particular types of plant
surfaces (Kennedy, 1986; Betz, 2002). Ectoparasitic insects are
ideal organisms with which to test ecomorphological hypothe-
ses because the host represents a considerable proportion of the
parasite’s environment, making ecological manipulation rela-
tively easy. Furthermore, in the case of ectoparasites that have
coevolved with their hosts, coevolution provides a window into
the historical ecological context in which the parasite evolved
(Page, 2003; Clayton et al., 2004).

Adopting an ectoparasitic lifestyle provides a reliable source
of food and habitat but requires the evolution of adaptations for
remaining attached to the host’s integument (Waage, 1979; Mar-
shall, 1981). Some ectoparasites go to extreme measures to re-
main attached to the host. Ascodipteron flies and Tungid fleas
burrow underneath the host’s skin, enclosing virtually all of
their body within host tissue (Askew, 1971; Lehane, 1991).
However, most ectoparasites use less invasive means of attach-
ment, such as hooks, clamps, suckers, adhesive secretions, or
friction (Gorb, 2001).

Another factor that can influence the ability of a parasite to
remain attached to its host is relative body size (Kirk, 1991).
Parasite size correlates with host size in a wide variety of taxa,
including parasitic worms, crustaceans, fleas, flies, lice, and
ticks, as well as herbivorous aphids, thrips, beetles, flies, moths,
and flower mites (Harvey and Keymer, 1991; Kirk, 1991;
Thompson, 1994; Poulin, 1998; Sasal et al., 1999; Tompkins
and Clayton, 1999; Morand et al., 2000). Several studies have
shown direct correlations in size between particular features of
parasite and host morphology. For example, the hook size of
monogenean ectoparasites of fish is correlated with gill size
(Sasal et al., 1999). The spacing of flea-comb spines that snag
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host hair correlates with host hair diameter (Humphries, 1967;
Lehane, 1991). Likewise, the size of the rostral head groove
that helps gopher lice attach to host hair is correlated with hair
diameter (Reed et al., 2000). The tarsal claws of human crab
lice (Pthirus pubis) are similar in size to coarse pubic hair, but
not to the finer hairs of the head (Askew, 1971). These correl-
ative studies suggest that relative size is an important compo-
nent of attachment. Indeed, if parasites are unable to attach to
the ‘‘wrong’’-sized host, then attachment could be an important
determinant of host specificity (Clay, 1949). Unfortunately, the
influence of size on host use has seldom been tested experi-
mentally. This was the goal of our study.

We studied the ecomorphology of feather lice (Phthiraptera:
Ischnocera) found on pigeons and doves (Columbiformes). Spe-
cies of Columbicola are host specific, with most species found
on only 1 genus or even species of host (Price et al., 2003). In
this system, host and parasite phylogenies are significantly con-
gruent, indicating that these lice have a long coevolutionary
history with their hosts (Clayton et al., 2004). Species of Co-
lumbicola spend their entire life cycle (egg, 3 nymphal instars,
and adult) on the body of the host, where they feed on the fluffy
portions of abdominal contour feathers (Nelson and Murray,
1971). These lice are so specialized for life on feathers that
they do not even venture onto the host’s skin (Clayton, 1991),
and individuals dislodged from the host die within a few days.
Adult Columbicola spend most of their time on feathers of the
host’s wings, where attachment can be difficult, especially when
the bird is flying. It is for this reason that species of Columbi-
cola are frequently referred to as ‘‘wing lice.’’

Birds hosting Columbicola wing lice vary in size by nearly
2 orders of magnitude, from 30-g Common Ground-doves (Col-
umbina passerina) to 2,400-g Victoria Crowned-pigeons
(Goura victoria; Dunning, 1993; del Hoyo et al., 1997). As in
many other parasite systems (listed above), wing louse size is
correlated with host size (Johnson et al., 2005). We used the
wide range of host body size to test the attachment ability of a
medium-sized wing louse (Columbicola columbae) that occurs
on a medium-sized host, the Rock Pigeon (Columba livia).

Wing lice frequently insert their bodies between adjacent
feather barbs on the wings and tail (Fig. 1a). Stenram (1956)
suggested that lice insert to avoid direct exposure to swiftly
moving air on a flying bird, thus aiding attachment. In addition,
wing lice use their hooklike tarsal claws to cling to and move
along the feather barbs (Fig. 1b) and their clamplike mandibles
to clench feather barbules (Stenram, 1956; Fig. 1c). We mea-
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FIGURE 1. Three traits of wing lice (Columbicola columbae) that might facilitate attachment to the host: (a) insertion behavior, in which lice
wedge themselves between adjacent barbs of a flight feather; (b) tarsal claws; and (c) mandibles (arrow indicates tip of the left mandible overlapping
tip of right mandible). SEMs in panels a and b by J. Ichida and E. H. Burtt; SEM in panel c from Smith (2000).

FIGURE 2. Relationship of the mean interbarb space of the fifth pri-
mary to the body mass of pigeons and doves (drawn to scale): C.G-d.
5 Common Ground-dove (Columbina passerina); M.D. 5 Mourning
Dove (Zenaida macroura); W-t.D. 5 White-tipped Dove (Leptotila ver-
reauxi); B-t.P. 5 Band-tailed Pigeon (Patagioenas fasciata); R.P. 5
Rock Pigeon (Columba livia); W.P. 5 Wood Pigeon (Columba palum-
bus); V.C-p. 5 Victoria Crowned-pigeon (Goura victoria). The native
host of Columbicola columbae is indicated in gray.

sured the frequency with which C. columbae used each of these
3 means of attachment across 7 species of pigeons and doves.
We also examined the relative contribution of tarsal claws and
mandibles to attachment by experimentally blocking the man-
dibles.

MATERIALS AND METHODS
Feather size compared with host body size

Wing louse size is highly correlated with overall host size (Johnson
et al., 2005), but lice are probably matching a particular host feature.
Feathers are the relevant substrate for feather lice, and wing feathers
are the most relevant substrate for wing lice. We, therefore, measured
the size of wing feather microstructure and compared it to overall body
size across 7 species of hosts (Fig. 2). We measured the width of the
interbarb space (Fig. 1a) at 5 haphazardly chosen locations in the center
of the middle (fifth) primary. Each primary was placed on a microscope
stage, and computerized video images were obtained with a Nikon DIC
microscope (Nikon Instruments, Melville, New York). Interbarb space
measurements were highly repeatable (r 5 0.88; P , 0.0001, n 5 18;
Lessells and Boag, 1987). The mean of 5 measurements was used as
an index of wing feather interbarb space for each species. Body masses
of birds were taken from Dunning (1993) and del Hoyo et al. (1997).

Attachment on novel hosts

We tested the ability of C. columbae to remain attached to 6 novel
host species, relative to the native host, the Rock Pigeon. We tested
louse attachment in experimental arenas created by grafting novel host
feathers onto Rock Pigeon feathers. We used a scalpel to remove a 1-
cm2 section of feather vane from the fifth primary on each wing of a
Rock Pigeon. We then grafted a 1-cm2 section from the same region of
the fifth primary of another species to 1 wing, chosen at random (Fig.
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FIGURE 3. Percentage of wing lice (Columbicola columbae) remain-
ing attached to feather grafts from 6 novel host species (black) com-
pared with the native host (gray). Host abbreviations as in Figure 2.
Attachment did not differ significantly among host species on (a) feather
grafts on Rock Pigeons allowed to fly a distance of 50–100 m (Fisher’s
exact test, P $ 0.61 in all cases) or (b) feather grafts on feathers taped
to a high-speed fan for 20 min (Fisher’s exact test, P $ 0.48 in all
cases). Some data are repeated from Clayton et al. (2003) for direct
comparison.

FIGURE 4. Three categories of wing louse (Columbicola columbae)
insertion and the score assigned to each: (a) not inserted (50); (b)
partially inserted as in Figure 1a (50.5); (c) fully inserted, with entire
body wedged between adjacent feather barbs (51.0).

3a). To the opposite wing, we grafted a 1-cm2 section from another
(control) Rock Pigeon. All experimental sections and control grafts were
outlined with Scribblest 3-dimensional (3D) paint (Duncan Crafts, Fres-
no, California), which is harmless to the lice when dry (Clayton et al.,
2003). The paint formed a slick ridge that prevented lice from crawling
off the experimental section onto adjacent parts of the feather.

Lice were taken from a culture stock bred on wild-caught Rock Pi-
geons. In each trial, 2 lice were placed on the experimental graft and 2
lice were placed on the control graft. The pigeon, attached to a long
tether, was released into the air with its wings open and was retrieved
before it could close its wings at the end of a 50–100-m-long flight.
Six Rock Pigeons were used, each with an experimental graft from a
different novel host species (10 trials per species 3 6 species 5 60
trials).

We also tested the ability of lice to remain attached to novel host
feathers with the use of a fan. For the fan trials, the experimental and
control feathers were removed from the Rock Pigeons in the previous
experiment and taped to the blades of a fan set on high speed (Fig. 3b).
At the fan’s highest setting (1,260 rpm), the lice moved at 85 km/hr,
approximating the velocity of racing pigeons in level flight (80–100
km/hr; Johnston and Janiga, 1995). We conducted 8 trials per host spe-
cies, with each trial lasting 20 min.

Insertion on novel hosts

We compared the extent to which wing lice insert on feathers of the
6 novel species relative to the native host. Lice were placed, 1 at a time,
in the center of the fifth primary pulled from captive individuals of each
of 6 novel host species, as well as on Rock Pigeon controls. Insertion
behavior was stimulated by gently blowing on the lice, simulating air-
flow over feathers during flight. Insertion was quantified by visually
examining the lice with a hand-held, 35 magnifying glass. The number
of lice used on each host species was Common Ground-dove (C.G-d.)
5 46, Mourning Dove (M.D.) 5 46, White-tipped Dove (W-t.D.) 5 46,

Band-tailed Pigeon (B-t.P.) 5 41, Rock Pigeon (R.P.) 5 126, Wood
Pigeon (W.P.) 5 26, and Victoria Crowned-pigeon (V.C-p.) 5 26. In-
sertion of each louse was scored as shown in Figure 4.

Use of tarsal claws and mandibles on novel hosts

We quantified how often wing lice used their tarsal claws and man-
dibles to attach to the feathers of 6 novel host species relative to the
native host. Individual lice were placed on fifth primaries pulled from
6 novel host species and on feathers from Rock Pigeon controls. The
number of lice used on each host species was C.G-d. 5 30, M.D. 5
30, W-t.D. 5 30, B-t.P. 5 26, R.P. 5 30, W.P. 5 10, and V.C-p. 5 10.
Attachment behavior was stimulated by gently blowing on the lice. The
use of tarsal claws and mandibles was determined by gently pulling on
lice with forceps under a dissecting scope (340).

Relative contribution of tarsal claws and mandibles
to attachment

We also experimentally tested the relative contribution of tarsal claws
compared with mandibles for attachment on flying Rock Pigeons, the
native host of C. columbae. We blocked mandibular access to the bar-
bules, while preserving the ability of lice to use their tarsal claws to
cling to feather barbs. To accomplish this, we blocked the barbules of
a 1-cm2 section in the center of a fifth primary. The barbules were
blocked by filling the interbarb space halfway with fingernail polish,
which is harmless to the lice when dry (data not shown). The feather
was allowed to dry for 1 wk. A 1-cm2 section in the center of the fifth
primary on the opposite wing was designated as a control. The 1-cm2

feather sections on both wings were cemented around the periphery with
Scribblest 3D paint, which formed a slick ridge that prevented lice from
crawling off the experimental feather section onto adjacent parts of the
feather.

Two lice were placed on the experimental section and 2 lice were
placed on the control section for each of 12 experimental trials. In each
trial, the Rock Pigeon, attached to a long tether, was released into the
air with its wings open and was retrieved before it could close its wings
at the end of a 50–100-m-long flight.

We also tested the relative contribution of tarsal claws compared with
mandibles for attachment on feathers taped to the blades of a rotating
fan for 30 min. Again, 2 lice were placed on the experimental section
and 2 lice were placed on the control section for each of 10 trials.

RESULTS

Feather size compared with host body size

Feather size was highly correlated with overall host body size
(R 5 0.95; F 5 43.24; 1, 6 df; P 5 0.0012; Fig. 2).

Attachment on novel hosts

Most of the lice (85%) remained attached to feather grafts
on Rock Pigeons allowed to fly 50–100 m, regardless of feather
size. There was no significant difference in the ability of lice
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FIGURE 5. Relative (a) insertion, (b) tarsal claw use, and (c) man-
dible use by wing lice (Columbicola columbae) on detached feathers of
6 novel host species (black) compared with the native host (gray); host
abbreviations as in Figure 2; * P , 0.01, † P , 0.05.

to remain attached to native compared with novel host feather
grafts (Fig. 3a). Similarly, there was no significant difference
in the number of lice remaining attached to native compared
with novel host feather grafts on feathers taped to the fan (Fig.
3b). Over 60% of lice remained attached to feather grafts during
the 20-min fan trials, regardless of feather type.

Insertion on novel hosts

Insertion of C. columbae differed dramatically across host
species (Fig. 5a; Kruskal–Wallis, H 5 132.04, 6 df, P ,
0.0001). Relative to Rock Pigeon controls, lice inserted much
less on feathers of the smallest dove species (Dunnett’s post
hoc P , 0.01 for both C.G-d. and M.D.) and significantly more
on feathers of the largest pigeon species (Dunnett’s post hoc P
, 0.05 for W.P. and P , 0.01 for V.C-p.). On feathers of Com-
mon Ground-doves, the smallest species, none of the lice fully
inserted, and only 1 louse (2%) was partially inserted. On feath-
ers from Rock Pigeons, the native host, 111 lice (88%) inserted
at least partially, and 26 lice (21%) were fully inserted. On
feathers from Victoria Crowned-pigeons, the largest species, all
of the lice were inserted at least partially and 20 (77%) were
fully inserted.

Use of tarsal claws and mandibles on novel hosts

The frequency with which tarsal claws were used was similar
across host species (Fig. 5b; Kruskal–Wallis, H 5 1.33, 6 df,
P 5 0.97). Similarly, the frequency with which mandibles were
used was similar across host species (Fig. 5c; Kruskal–Wallis,
H 5 4.78, 6 df, P 5 0.57). Nearly every louse used tarsal claws.
Of 165 tested, only 3 individuals did not use tarsal claws and
these lice were on feathers from the 2 largest host species. Use
of tarsal claws did not preclude the use of mandibles. Indeed,
in 50–77% of the trials across host treatments, the lice used
tarsal claws and mandibles simultaneously.

To reach the barbules with their mandibles, C. columbae on
large novel host feathers nearly always inserted themselves be-
tween the feather barbs. On feathers from White-tipped Doves,
95% of lice that attached with mandibles were also inserted.
On feathers from Band-tailed Pigeons, Rock Pigeons, Wood
Pigeons, and Victoria Crowned-pigeons, each louse that used
its mandibles was also inserted. In contrast, lice on feathers
from small hosts were able to reach barbules with their man-
dibles while remaining on the surface of the wing feathers. On
feathers from Common Ground-doves, 15 lice (50%) attached
with their mandibles, yet none of these lice was inserted. Sim-
ilarly, 21 lice (70%) on Mourning Dove feathers attached with
mandibles, yet only 24% of these lice were inserted.

Relative contribution of tarsal claws and mandibles
to attachment

Blocking mandibular access to barbules had a strong affect
on the attachment ability of C. columbae on Rock Pigeons al-
lowed to fly 50–100 m (Fig. 6a). On control feathers, 95% of
lice remained attached during the flights. In contrast, when
mandibular access to the feather barbules was blocked, the
number of lice that remained attached during the flights dropped
nearly 3-fold. Still, 33% of these lice remained attached with
only their tarsal claws to cling to feather barbs.

Attachment was also tested by placing lice on experimental
and control feathers that were taped to the blades of a rotating
fan. Again, the ability of lice to remain attached to the feathers
differed significantly between treatments (Fig. 6b). When lice
could use both tarsal claws and mandibles, 60% of the lice
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FIGURE 6. Percentage of wing lice (Columbicola columbae) remain-
ing attached to native host feathers with normal barbules (control) ver-
sus barbules blocked by filling interbarb spaces with fingernail polish
(experimental). The number of lice remaining attached to experimental
feathers was significantly less both on (a) a Rock Pigeon allowed to fly
a distance of 50–100 m (Fisher’s exact test, * P , 0.0001) and (b)
feathers taped to a fan run at variable speeds for 30 min (Fisher’s exact
test, † P , 0.002).

remained attached. When mandibular access to the feather bar-
bules was blocked, the number of lice that remained attached
dropped 6-fold. Only 10% of lice remained attached with just
tarsal claws to cling to feather barbs.

DISCUSSION

Host specificity might be reinforced by adaptations of para-
sites to remain attached to mobile hosts such as birds. This
hypothesis is suggested by the positive correlation documented
between the body sizes of different species of host-specific Co-
lumbicola and their hosts (Clayton et al., 2003; Johnson et al.,
2005). The body size correlation might be selectively favored
by the need for reliable attachment, assuming that feather size
is correlated with overall host body size. This assumption is
true for the species in this study (Fig. 2) and also holds in a
larger data set analyzed with phylogenetically independent con-
trasts (Johnson et al., 2005).

We tested the role of relative size in attachment by comparing
the ability of host-specific feather lice to remain attached to
feathers of very different sizes. Our results indicate that attach-
ment constraints are not, in fact, the basis of host specificity in
Columbicola spp. feather lice. Lice were able to remain at-
tached to flying Rock Pigeons with feather grafts from hosts of

very different sizes. For example, C. columbae remained at-
tached to feather sections from the Common Ground-dove,
which is an order of magnitude smaller than the Rock Pigeon,
its native host (Fig. 3). Wing lice also remained attached to
feather sections from larger novel hosts, including those of the
Victoria Crowned-pigeon, which is 7-fold larger than the native
host. Attachment was further tested by placing lice on feather
grafts attached to a high-speed fan that simulated harsher con-
ditions such as the longer, faster flights of a racing pigeon
(Johnston and Janiga, 1995). Over 60% of all lice remained
attached to feather grafts during the 20-min trials, regardless of
feather type (Fig. 3b). As in the previous experiment, the ability
of lice to remain attached to feathers was independent of host
size.

How can lice remain attached to feathers that differ so dra-
matically in size? We quantified 3 potential means of attach-
ment (Fig. 1): (1) lice wedge themselves between the barbs of
host feathers (whole-body insertion), (2) lice use tarsal claws
(hooks) to cling to feather barbs, and (3) lice used their man-
dibles (clamps) to clench the barbules. In contrast to attachment
ability (Fig. 3), the ability of lice to insert was significantly
correlated with host size (Fig. 5a). Lice inserted least on the
smallest hosts and most on the largest hosts. Columbicola spp.
slip sideways into the interbarb space; consequently, this ‘‘lock
and key’’ mechanism requires an interbarb space big enough to
accommodate the width of the louse. The width of the interbarb
space on Common Ground-doves was only 198 mm (Fig. 2),
and preliminary measurements indicate that Common Ground-
doves have very shallow interbarb spaces, 137 mm deep, which
is much less than the width of C. columbae (270–330 mm;
Clayton and Price, 1999). Although it is possible for lice to
partially insert into this small space (1 of 46 lice placed on
C.G-d. feathers was partially inserted), lice cannot fully insert
under these circumstances. The interbarb spaces of Mourning
Doves and White-tipped Doves (244–252 mm) are slightly
smaller than the width of C. columbae; however, preliminary
measurements indicate that the depth of these interbarb spaces
is sufficiently large to accommodate the lice (333–340 mm). At
least 1 louse was fully inserted on feathers from each of these
host species. The remaining host species (B-t.P., R.P., W.P., and
V. C-p.) in the study all had interbarb spaces wide enough (271–
431 mm; Fig. 2) and deep enough (463–540 mm; preliminary
data) to accommodate C. columbae. Lice fully inserted on these
feathers more readily (35% of lice fully inserted when placed
on feathers of the 4 largest hosts). The inability of lice to insert
on small novel hosts is strikingly different from their ability to
remain attached on these hosts. For example, virtually no lice
(1.1%) inserted on feathers of the Common Ground-dove (Fig.
5a), yet nearly all of these lice (95.5%) remained attached to a
flying bird (Fig. 3a). Insertion, per se, does not appear to be an
important attachment mechanism. However, insertion behavior
could have other adaptive functions that influence host speci-
ficity and the relationship between host and parasite size. For
example, insertion might help these lice escape from preening,
a bird’s principle means of ectoparasite defense (Clayton,
1991). Lice unable to insert because they are on the ‘‘wrong’’-
sized host could be more susceptible to host defense (Clayton
et al., 2003).

We quantified the frequency with which lice use their tarsal
claws to cling to feathers by observing louse attachment under
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a dissecting scope. There was no significant difference in the
use of tarsal claws across host treatments (Fig. 5b). Almost
every louse used tarsal claws to aid in attachment. Of the 166
lice observed across all host treatments, only 3 lice did not use
their tarsal claws. These 3 lice were inserted in the feathers of
the 2 largest host species. The depth of the interbarb space on
these 2 hosts (.500 mm) was large enough that some lice could
have had difficulty positioning their tarsal claws for attachment.

We quantified the frequency with which lice used their man-
dibles to grasp feather barbules by observing louse attachment
under a dissecting scope. There was no significant difference in
the use of mandibles across host treatments (Fig. 5c). Most lice
(68%) used their mandibles to attach to host feathers. Lice typ-
ically grasped multiple barbules at once with their mandibles.
Lice might be able to attach to different-sized feathers by vary-
ing the number of barbules they clench in their mandibles. On
the 2 smallest host species, the interbarb space is shallow
enough that lice can reach feather barbules with their mandibles
without inserting their bodies between feather barbs. On Com-
mon Ground-doves, 50% of lice attached with their mandibles,
yet none of these lice were fully inserted. On Mourning Doves,
70% of the lice attached with their mandibles, even though only
24% inserted. On larger hosts, lice inserted their bodies between
feather barbs to gain mandibular access to feather barbules at
the base of deep interbarb spaces. Nearly all lice ($95%) that
attached with mandibles on the 5 largest hosts were also in-
serted.

Wing lice that were attached to feathers only with their tarsal
claws were easily removed with forceps. In contrast, lice at-
tached with their mandibles were much more tenacious. Occa-
sionally, lice grabbed on so tightly with their mandibles that a
quick tug with the forceps caused the body to separate from the
head (data not shown). We explored the relative importance of
tarsal claws and mandibles experimentally. In the experimental
treatment, we allowed lice to attach to feather barbs with their
tarsal claws, but blocked the use of mandibles by restricting
access to the feather barbules. In the control treatment, lice
were able to use both their tarsal claws and mandibles. Lice
that could also attach with their mandibles were better able to
remain attached to a flying bird (Fig. 6a). In fact, nearly 3 times
as many lice remained attached when they could use their man-
dibles. Similarly, lice that could attach with their mandibles
were better able to remain attached to feathers on the blades of
a rotating fan (Fig. 6b). Under these more strenuous conditions,
the ability to use mandibles improved attachment 6-fold.

Species of Columbicola are host specific and have a long
coevolutionary history with their hosts (Clayton et al., 2004).
Correlated host and parasite body size in this system suggests
that Columbicola spp. are specializing on size-specific host re-
sources such as feathers. One explanation consistent with these
patterns is that a louse is morphologically specialized for at-
tachment to a particular size of feather. We found, however, that
Columbicola spp. are adept at attaching to feathers from hosts
smaller and larger than their native host. Insertion ability was
correlated with host size. However, lice remained attached even
if they did not insert. Lice effectively used their tarsal claws
and, most importantly, their mandibles to attach to different
feather surfaces. Attachment ability is not a determinant of host
specificity in this system.

ACKNOWLEDGMENTS

We thank J. Andrews, J. Atkin, S. Barton, R. Clayton, D. Drown, N.
Hillgarth, R. Jarvis, E. Kowalczyk, and J. Weckstein for various forms
of assistance. We thank two anonymous reviewers for comments on the
manuscript. Feathers were obtained with help and permission from the
following institutions: Arizona Division of Wildlife Resources; Oregon
Division of Wildlife Resources; Texas Parks and Wildlife; Tracy Aviary,
University of Arizona Campus Agricultural Center; Utah Division of
Wildlife Resources; and Woodland Park Zoological Gardens (Seattle,
Washington). All procedures followed guidelines of the Institutional
Animal Care and Use Committee of the University of Utah. The work
was supported by grants from the National Science Foundation to
D.H.C. (DEB-9703003 and DEB-0107947) and the University of Utah
Bioscience High School Summer Research Program.

LITERATURE CITED

ASKEW, R. R. 1971. Parasitic insects. American Elsevier Publishing Co.,
New York, New York, 316 p.

BETZ, O. 2002. Performance and adaptive value of tarsal morphology
in rove beetles of the genus Stenus (Coleoptera, Staphylinidae).
Journal of Experimental Biology 205: 1097–1113.

CLAY, T. 1949. Some problems in the evolution of a group of ectopar-
asites. Evolution 3: 279–299.

CLAYTON, D. H. 1991. Coevolution of avian grooming and ectoparasite
avoidance. In Bird–parasite interactions: Ecology, evolution, and
behaviour, J. E. Loye and M. Zuk (eds.). Oxford University Press,
Oxford, U.K., p. 258–289.

———, AND R. D. PRICE. 1999. Taxonomy of new world Columbicola
(Phthiraptera: Philopteridae) from the Columbiformes (Aves), with
descriptions of five new species. Annals of the Entomological So-
ciety of America 92: 675–685.

———, S. E. BUSH, B. M. GOATES, AND K. P. JOHNSON. 2003. Host
defense reinforces host–parasite cospeciation. Proceedings of the
National Academy of Sciences USA 100: 15694–15699.

———, ———, AND K. P. JOHNSON. 2004. The ecology of congruence:
Past meets present. Systematic Biology 53: 165–173.

DEL HOYO, J., A. ELLIOT, AND J. SARGATAL 1997. Handbook of the birds
of the world, vol. 4. Sandgrouse to cuckoos. Lynx Edicions, Bar-
celona, Spain, 674 p.

DUNNING, J. B. 1993. CRC handbook of avian body masses. CRC Press,
Boca Raton, Florida, 371 p.

GORB, S. 2001. Attachment devices of insect cuticle. Kluwer Academic
Publishers, London, U.K., 305 p.

HARVEY, P. H., AND A. E. KEYMER. 1991. Comparing life histories using
phylogenies. Philosophical Transactions of the Royal Society B
332: 31–39.

HUMPHRIES, D. A. 1967. Function of combs in ectoparasites. Nature
215: 319.

JOHNSON, K. P., S. E. BUSH, AND D. H. CLAYTON. 2005. Correlated evo-
lution of host and parasite body size: Tests of Harrison’s rule using
birds and lice. Evolution 59: 1744–1753.

JOHNSTON, R. F., AND M. JANIGA. 1995. Feral pigeons. Oxford University
Press, Oxford, U.K., 320 p.

KARR, J. R., AND F. C. JAMES. 1975. Eco-morphological configurations
and convergent evolution of species and communities. In Ecology
and evolution of communities, M. L. Cody and J. M. Diamond
(eds.). Belknap Press, Cambridge, Massachusetts, p. 258–291.

KENNEDY, C. E. J. 1986. Attachment may be a basis for specialization
in oak aphids. Ecological Entomology 11: 291–300.

KIRK, W. D. J. 1991. The size relationship between insects and their
hosts. Ecological Entomology 16: 351–359.

LEHANE, M. J. 1991. Biology of blood-sucking insects. Harper Collins,
London, U.K. 288 p.

LESSELLS, C. M., AND P. T. BOAG. 1987. Unrepeatable repeatabilities: A
common mistake. The Auk 104: 116–121.

LOSOS, J. B. 1990. Ecomorphology, performance capability, and scaling
of West Indian Anolis lizards: An evolutionary analysis. Ecological
Monographs 60: 369–388.

MARSHALL, A. G. 1981. The ecology of ectoparasitic insects. Academic
Press, London, U.K., 459 p.

MORAND, S., M. S. HAFNER, R. D. M. PAGE, AND D. L. REED. 2000.



BUSH ET AL.—ECOMORPHOLOGY OF FEATHER LICE 31

Comparative body size relationships in pocket gophers and their
chewing lice. Biological Journal of the Linnean Society 70: 239–
249.

MORENO, E., AND L. M. CARRASCAL. 1993. Leg morphology and feeding
postures in four Parus species: An experimental ecomorphological
approach. Ecology 74: 2037–2044.

NELSON, B. C., AND M. D. MURRAY. 1971. The distribution of Mal-
lophaga on the domestic pigeon (Columba livia). International
Journal for Parasitology 1: 21–29.

PAGE, R. D. M. 2003. Tangled trees: Phylogeny, cospeciation, and co-
evolution. University of Chicago Press, Chicago, Illinois, 350 p.

POULIN, R. 1998. Evolutionary ecology of parasites. Chapman & Hall,
London, U.K., 212 p.

POUNDS, J. A. 1988. Ecomorphology, locomotion, and microhabitat
structure: Patterns in a tropical mainland Anolis community. Eco-
logical Monographs 58: 299–320.

PRICE, R. D., R. A. HELLENTHAL, R. L. PALMA, K. P. JOHNSON, AND D.
H. CLAYTON. 2003. The chewing lice: World checklist and biolog-
ical overview. Illinois Natural History Survey, Champaign, Illinois,
501 p.

REED, D. L., M. S. HAFNER, AND S. K. ALLEN. 2000. Mammalian hair
diameter as a possible mechanism for host specialization in chew-
ing lice. Journal of Mammalogy 81: 999–1007.
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