
Host Resources Govern the Specificity of Swiftlet Lice: Size Matters

Daniel M. Tompkins; Dale H. Clayton

The Journal of Animal Ecology, Vol. 68, No. 3. (May, 1999), pp. 489-500.

Stable URL:

http://links.jstor.org/sici?sici=0021-8790%28199905%2968%3A3%3C489%3AHRGTSO%3E2.0.CO%3B2-1

The Journal of Animal Ecology is currently published by British Ecological Society.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/briteco.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Thu Nov 8 01:49:11 2007

http://links.jstor.org/sici?sici=0021-8790%28199905%2968%3A3%3C489%3AHRGTSO%3E2.0.CO%3B2-1
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/briteco.html


JownalOfAnilRal 
Ecology 1999, 
68,489-500 

c'1999 British 
Ecological Society 

Host resources govern the specificity of swiftlet lice: size 
matters 

D A N I E L  M .  T O M P K I N S ' h n d  D A L E  H .  CLAYTON? 
Deyar.tnzent of Zoology, U~~i~>er . s i t j~  OX1 3PS ,  UKo f  Osj'or.d, Sotrth Parks Road, O ~ f o r d ,  

Summary 

1. An important colnponent of parasite diversity is the specificity for particular 
host taxa shown by inany parasites. Specificity is often assumed to iinply adaptive 
specialization by the parasite to its host, such that parasites are incapable of surviving 
and reproducing on 'foreign' hosts. 
2. Specificity. however. need not be due to adaptation to particular hosts. Some 
parasites may be specific siinply because they are incapable of dispersing among host 
taxa. For example, 'permanent' parasites like chewing lice spend their entire lifecycle 
on the body of the host and require direct contact between hosts for dispersal. 
3. The role of adaptlve constraints in parasite host-specificity has seldonl been tested 
in natural populations. We conducted such a test by comparing the relative fitness of 
host-specific lice experilnentally transferred alnong closely related species of cave 
swiftlets in northern Borneo. 
4. The survival of lice in most of these transfers was significantly reduced in proportion 
to the mean difference in feather barb size between the donor and recipient species of 
hosts. Thus, adaptation to a particular resource on the body of the host does appear 
to govern the specificity of swiftlet lice. 
5. In transfers where lice survived, microhabitat shifting on the body of the host was 
observed, whereby the mean barb diaineter of the feathers on which the lice occurred 
was held 'constant'. 

Key-115orcls:Apodidae. bird, host-specificity, parasite, Phthiraptera. 

limited dispersal will often be a contributing factor to 
Introduction 

host-specificity, the importance of adaptive spe-
Parasites represent more than half of all anirnal diver- cialization to a particular host requires explicit testing. 
sity (Price 1980). The host-specificity of Inany para- The adaptive specialization hypothesis can be tested 
sites is a major contributor to their diversity. Host- by comparing the fitness of host-specific parasites 
specificity is sometimes considered P I . ~ I ~ I N  transferred to 'foreign' host taxa with the fitness of ,facie evi-
dence for adaptive specialization by parasites, i.e. it controls transferred to new individuals of the 'usual' 
is taken as evidence that parasites are incapable of host. If parasite fitness on usual and foreign hosts 
surviving and reproducillg on 'foreign' hosts (Secord does not differ, specificity is not governed by adaptive 

& Kareiva 1996). Parasite specificity, however, may constraints. Such tests have seldom been carried out 

be maintained siinply by limited dispersal ainong host in natural populations of animal parasites. The major 

species; adaptation need not play a role. Although objective of this study was to test the potential role of 
adaptive constraints in the pronounced host-speci- 
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Pnr.nsite s~~eczj?citj~ Transmissioii of lice to new hosts is largely vertical, 
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i.e. from parents to offspring in the nest (Clayton & 
Toinpkins 1995; Lee & Clayton 1995). Thus, chewing 
lice may be host-specific siinply because they are 
incapable of dispersing aillong host taxa. 

We studied chewing lice on four syinpatric species 
of cave swiftlets (Apodiformes: Collocalliini) in north- 
ern Borneo. Swiftlets comprise two genera of aerial, 
insectivorous birds found in the Indo-Australian 
region (Lee et 01. 1996). Members of the genus Aer-
ocir.nr?iusnest in the dark interior of caves, where they 
navigate by echolocation. Members of the genus Col-
localia, which are not capable of ecl~olocatioii, nest in 
lighted areas near cave entrances. Both genera attach 
their nests to cave walls or build them on ledges in 
caves. Collocalia spp. soinetin~es also nest on human 
structures such as buildings and bridges. 

The n~orphological siinilarity of inany species of 
swiftlets has led to a reliance on illolecular and behav- 
ioural characters, including details of nest structure, 
in their classification (Lee etrll. 1996). Two of the four 
species we studied, the white-nest swiftlet [Aer~otlrnn~us 
,firc~~lzcigus(Thunberg)] and the black-nest swiftlet 
[Aerodrunlus rnasir?lus (Hume)], construct nests solely 
or largely of saliva; these nests are harvested on a 
regular basis for the Chinese birds' nest soup industry 
(Tompkins 1997). The other two species, the mossy- 
nest swiftlet [Aerotli.an7zrs sa/arzgrl~z~ts (Streubel)] and 
the glossy swiftlet [Collocalicr esc~rlenta (Linnaeus)], 
produce nests constructed largely of vegetation. 

The four swiftlet species are parasitized by six spec- 
ies of chewing lice belonging to the genus Derznj>~rs 
(suborder Amblycera). Although bird lice can have a 
negative iinpact on host fitness (Booth, Clayton & 
Block 1993), feeding primarily on feathers, dermal 
debris and blood, a recent experinlental study revealed 
no significant effect of Denr?j3~wI~ir~mclirlison the fit- 
ness of the coininon swift (APUS a p u ;  Tompkins, 
Jones & Clayton 1996). Species of Denr~j,zrsfound on 
swiftlets coinprise the subgenus Collodenr~j'~rs,mem-
bers of which vary in host-specificity (Clayton, Price 
& Page 1996). Swiftlets are also host to another genus 
of chewing louse, E~lre~r171,but it was found on only 
0.3% of the 1381 birds examined in this study (see 
below). I11 contrast, Derz~zjwsspp. were present on 
23.3% of these birds. 

We studied Bornean swiftlets and their lice at Gom- 
antong Caves (5"31fN, 118"04'E), a liinestone coillplex 
30 km south of Sandakan, Sabah, Malaysia. Approxi- 
mately 1.5 nill lion swiftlets nest at Golnantollg in 
mono-specific clusters high on the walls and ceilings of 
the caves (Francis 1987). We coinpared the survival of 
three species of lice transferred among the four species 
of swiftlets to the survival of control lice, transferred 
between individuals of the same host species. We also 
conlpared the nlicrohabitat distributioils of lice on 
different hosts and exainined the relationship of louse 
survival to microhabitat use on different host species. 

HOST-SPECIFICITY O F  LICE 

We quantified the host-specificity of Dennyus lice by 
collecting them from at least 200 adults or nestlings 
of each of the four swiftlet species. Adult birds were 
reinoved directly from their nests in Goinantong 
Caves using nets attached to long poles. Nest type 
is the most reliable way to identify swiftlet species, 
particularly in the case of the cryptic species A.  sol- 
angmzus and A .  .fiic@hagtrs (Medway 1966; Lee et nl. 
1996). Nestlings were removed from the nest by hand; 
nests were reached with ladders up to 15 n~ in length 
or using climbing ropes suspended from the ceiling of 
the cave. After exainination for lice (see below), birds 
were banded with a numbered aluminiuin band and 
released or returned to the nest. 

Since C .  esctrlenta nests are highly inaccessible at 
Goinantong Caves (most are over 20m above the 
ground), lice from this species were also collected at  a 
colony of = 1500 birds nesting under a house z35 km 
froin Gomantong (16 kin west of Sandakan: 5"52'N, 
117O59'E). C .  esculenta attach their nests to wooden 
support beains under the house, which is raised on 
stilts 3 In off the ground. The colony, which has nested 
at this site for over 30 years (K. Chong, personal 
communication), breeds during the same months as 
the birds at Gomailtong (February-September). The 
saine species of lice occur on C .  esculenm under the 
house and at Gomantong. 

The four species of swiftlet were searched for lice 
using a visual examination method (see Clayton & 
Walther 1997) with illuinination from a headlamp. 
The plumage of each bird was searched thoroughly, 
paying particular attention to the flight feathers, 
which is where Denr~j'uslice spend most of their time 
(Tompkins 1996). Lice were removed with forceps 
and preserved in 70% EtOH and later mounted on 
inicroscope slides to be identified using keys in Clay- 
ton et 01. (1996). Hands and nets were checked care- 
fully between birds to prevent erroneous host records 
or accidental transfers. 

When searching birds to recover lice at  the end of 
transfer experiinents (see below) the following pattern 
of visual examination was used. First, dorsal and ven- 
tral surfaces of each flight feather were examined while 
deflecting the greater covert feathers with forceps to 
reveal the base of the flight feather. The body of the 
bird was then examined, starting with the head and 
neck, and then inoving down the dorsal and ventral 
surfaces, again deflecting feathers with forceps. Using 
this approach it was possible to collect data on the 
inicrohabitat distribution of each louse before remov- 
ing it with the forceps. Young nestlings, prior to fea- 
ther emergence, were examined for lice by carefully 
searching the entire surface of their skin. 

Since Denrzyus spp. are relatively large (z2mn1 
long), fairly sedentary and normally present in small 



491 	 numbers (Lee & Clayton 1995), all of the adult lice on 
D.M. Ton~yltins& 	 an adult swiftlet could be collected in under 3 min 
D.H. Claj'ton 	 (nestlings required less time). We tested the efficiency 

of the collection method by removing the adult lice 
from 25 adult C. esc~rlel~tri,killing the birds for use as 
museum vouchers, then placing each dead bird in a 
sealed paper bag for a ininiinum of 18 11. Dei~i~j'usand 
other Ainblyceran chewing lice are known to abandon 
the body of a dead host as it cools down 111 order to 
find a new live host (Marshall 1981). No adult 
Dennj'Lls were found 111 the 25 bags or on any of the 
carcasses upon reinoval from the bags. 

FITNESS O F  LICE ON FOREIGN HOSTS 

The major goal of this study was to test whether host- 
specificity in swiftlet lice is governed by adaptive con- 
straints. We did this by coinpariilg the relative fitness 
of three species of Denlzj>uslice transferred ainollg 
three species of swiftlets. The fitness coillponent we 
ineasured was survival of lice on foreign hosts relative 
to survival of control lice transferred to new indi-
vlduals of the usual host. This experiinelltal design 
controlled for natural inortality of lice on the usual 
host, as well as unwanted side-effects of the transfer 
procedure. 

We used nestling birds as donors and recipients in 
the transfer experiments. Nestlings were used because, 
with the exception of parents and nest mates, they 
seldom coine into contact with other birds prior to 
fledging from the nest. This simplified the monitoring 
of parasite survival because it made it unnecessary to 
survey the host population at large. Siilce the popu- 
lation of swiftlets at Goinailtong exceeds 1.5 inillion 
individuals, such a survey would not be feasible. 
Transferring lice between nestlings of different host 
species was made possible by the overlapping breeding 
schedules of the four species of swiftlets at Gom- 
antong (Francis 1987). 

Although swiftlets spend at least 5 weeks in the nest 
after hatching, they do not grow enough feathers to 
support Del~nj'Lrsuntil about 2 weeks prior to fledging 
from the nest. Lice rapidly disperse from parent birds 
to nestlings at this point in juvenile develop~nent (Lee 
& Clayton 1995). This delay in trallsinissioll con-
strains the opportuility for illonitoring louse survival 
because, once fledged, swiftlets seldonl return to the 
vicinity of the nest (unpublished data). We transferred 
adult lice to nestlings at the age when natural trans- 
mission from the parents occurs; 10 days later we 
collected all of the lice froin each nestling before it 
had a chance to fledge. The lice were iininediately 
preserved in 70% EtOH. Later, they were inounted 

fa1999 British 	 on microscope slides and identified by a taxono~nist 

Ecological Society 	 (R. D. Price) who was blind to experiinental treat- 

JoLlirzn/?f Anirlln/ 	 ments. Since lice were not identified until after the 
Ecology, 68, 489-500 	 transfer experiment, we were blind to the identity of 

all lice during the field work. Transferred lice not 
recovered froin nestlings were assumed to have died 
during the 10-day period (see below for details). Ten 
days is an appreciable fraction of the adult lifespan of 
chewing lice, which averages 24 days (Table4.3 of 
Marshall 1981). Ten days also exceeds the amount of 
time Delzi7j>Lrscan survive off the host; most indi- 
viduals die within 36 11 of removal (Fig. 1). 

Three of the four swiftlet species at Gomantong 
have brood sizes of 1-2 nestlings. The fourth species 
( A .i ~ ~ u s i i ~ i u s )has a brood size limited to one nestling. 
In order to equilibrate host density across the transfer 
experiments, we restricted transfers for all host species 
to nests colltaining a single nestling. This was not 
difficult because at least half of the nests of every 
species at Goinalltong normally coiltain one nestling. 
Recipient nestlings were chosen haphazardly from 
available singleton nests. The use of singleton nest- 
lings further eliminated the possibility of louse dis- 
persal between nest mates. 

Two inale and two female lice were transferred to 
ilestliilgs in each experiment. Four was the maxiinum 
nuinber of adult lice observed on nestlings prior to 
the transfer experiments (although natural loads of 
up to nine adult lice per bird were later observed; 
unpublished data). D ~ I ~ I Z ~ L I Sspp. are relatively easy to 
sex, even under field conditions, because feinales are 
15-20% larger than illales (Clayton et 01. 1996). One 
lneillber of each sex was placed on the primary fea- 
thers of each wing of the recipient nestlings. We did 
not inark lice in this study because the standard 
methods of marking ectoparasites (Marshall 1981) 
have negative effects on louse survival (personal obser- 
vation). Since the lice transferred to foreign hosts 
seldom, if ever, occur on those hosts naturally (see 
Table 1) it was an easy matter to identify experimental 
lice recovered from foreign nestlings at the end of 
the experiments. On the other hand, accounti~~g for 
individual uilinarked lice recovered from control nest- 
lings was not possible because they could not be dis- 

Time off host (h)  

Fig. 1. Survival of 25 adult chewing lice (14 inales and 11 
females) reinoved from Coiiocnliii esc~rler~tti nestlings and 
nlaintained in aerated vials at ainbient teinperature and 
humidity. Shaded points = nlale lice: closed points = female 
lice. 
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Table I. Numbers of lice collected from swiftlets in this study. Percentages. which are a ineasure of host-specificity. are the 
proportion of each louse species that was present on each species of host (mean number of each louse species on each host 
divided by the s u n  of the inean nuinbers of that louse across all host species). Species of lice included in transfer experiments, 
described later, are in bold. Values in bold indicate novel host records (compared with current host lists in Clayton et ul. 1996) 

Host species 
Derliij,~rs C. esculeritn A .  strln~~gar~zrs A.fiiciphtrg~is A .  n ~ u s i l i ~ ~ i s  
species (11 = 240) (11 = 398) 

tinguished from lice of the same species occurring 
naturally on those nestlings. To estimate the survival 
rate of transferred lice on controls we used the total 
number of lice recovered froill nestlings, minus the 
'background' abundance of lice on singletoil nestlings 
not involved in the experiments (sample sizes equal to 
the control groups). 

Transfer of C. esculenta lice to A. salanganus 

The first transfers were froill C.esculentu, the sn~allest- 
bodied species of swiftlet in the study (mean wing- 
chord of 98 mm, estimated from five adults), to A.  
salcrngarzus, the next smallest species (mean wing- 
chord of 11 7 mill, again estimated froill five adults). 
We transferred the host-specific lice Denrzyus disti17ctr~~ 
(Ferris) and Dennylrs so~yladikurtai (Clayton, Price & 
Page) (see Table 1) from C. esculentu nestlings at  the 
house colony to 25 A. sulangnnzrs nestlings at Gom- 
antong. We also carried out control transfers of these 
lice to 25 new C. escrtlentn nestlings at the house. Lice 
for experimental and control transfers were gently 
removed froin donor nestlings with forceps and placed 
in plastic Eppendorf tubes for 3 h. They were then 
placed on the wings of recipient nestlings. The 3-h 
period was necessary to allow for travel between 
donor nests a t  the house and experiinental nests at the 
cave. Dennyus lice can withstand 3 h off the body of 
the host with no apparent side-effects (Fig. 1). 

The two species of lice were transferred in pro- 
portion to their natural abundance on C. esczrlenta. 
Males of these species cannot be distinguished nlor- 
phologically and fe~nales cannot be distinguished 
without microscopic examination of slide mounted 
specimens (Clayton et al. 1996). Therefore, although it 
was possible to identify female lice following recovery 
from hosts at the end of the transfer experiment, it 
was not possible to tally the ratio of the two species 
transferred at  the beginning of the experiment. 
Instead, we assumed that the relative abundance of 
the lice in our transfers was equal to the relative abun- 

(11 = 207) (11 = 536) 

dance of the two species in the background collections 
of lice from other nestlings (described above). 

Transinission of D .  distinctus or D. somadiltartai 
away from recipient nestlings during the experiment 
would, of course, lead to erroneous survival estimates. 
Two types of transmission could conceivably occur: 
(1) back-transmission from nestlings to parents; and 
(2) horizontal transnlission from recipient nestlings to 
non-experimental nestlings in adjacent nests. To check 
for back-transmission we collected all lice from both 
parents of 18 of the 25 A,  salunganzrs nestlings at the 
end of the experiment. Although both D .  distinctzrs 
and D .  sol~zadikrrrtai were recovered from recipient 
nestlings (see Fig. 2a), no individuals of either species 
were found on the parent birds. The lack of back- 
transmission is not surprising since most Dennyus lice 
normally disperse from parent hosts to offspring prior 
to the latter fledging (Lee & Clayton 1995). 

To test for horizontal transmission of lice between 
nestlings at adjacent nests, we collected all lice from 
nestlings in 108 A. salunganns nests adjacent to the 25 
nests containing recipient A. salangunzrs nestlings. No 
D .  distil7ctzzs or D .  sornudiknrtai were found 011 any of 
the adjacent nestlings. The lack of horizontal trans- 
mission is not surprising because the inefficient loco- 
motion of Denny~lsoff the body of a host prevents 
transn~issionbetween hosts not in direct physical con- 
tact (Lee & Clayton 1995; Toinpkins etal .  1996). 

Transfer of C. esculenta lice to A. salanganus cross-
fostered into C. esculenta nests 

Ambient temperature in the cave was lower than that 
under the house (mean midday temperature of 25.2 
vs. 31.8"C), and ambient humidity in the cave was 
higher than that under the house (mean midday rela- 
tive humidity of 85.1 vs. 65.4%). These differences 
might have influenced the survival of lice in the first 
transfer experiment. The second experiment tested for 
this possibility by transferring lice to foreign host nest- 
lings moved into the usual host's environment. D.  
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rlistirictus and D .  soniadikai.tai were transferred from 
nestlings of the usual host (C .esculenta) to 15 single- 
ton A. salanganzrs nestlings cross-fostered into C. escu-
lenta nests. Control transfers to 15 singleton C. escLr-
lenta nestlings cross-fostered into new C.  esczrlenta 
nests were also carried out. Cross-fostering was car- 
ried out 5 days prior to the transfer of lice. Nests with 
singleton A. salanganus nestlings were removed from 
the cave and kept in a closed container at amb~ent  
temperature for 2 h. Each nestling was then moved 
into a foster C.  esculenta nest from which the resident 
singleton nestling was sin~ultaneously removed and 
placed in another active nest not involved in the 
experiment. The same procedure was followed for the 
cross-fostering of C. esculentcr control nestlings. Lice 
were transferred to the cross-fostered nestlings exactly 
as described in the first experiment. 

T~.rrnsfei of C. esculenta lice to A. rnaxirnus 

In the third experiment D ,  distinctus and D. sol~i-
adikaitai were transferred to 25 singleton nestlings of 
A. 1i2a.xi11ius,an even larger foreign host living in the 
cave (mean wing-chord of 132mm, estimated from 
five adults). Lice were also transferred to 25 C. escLr-
lentn nestlings to serve as controls. A. n iax in~~rsbuilds 
nests in denser colonies than A. salanganus, with 
adjacent nests often sharing a colninon nest wall. For 
this reason, we again checked for horizontal trans- 
nlission by collecting all of the lice from nestlings in 
57 nests in~n~ediately adjacent to the 25 experimental 
nests. As before, foreign lice were not found on any 
of the adjacent nestlings. 

Reciprocal transfer of A. maxirnus lice to C. esculenta 

The fourth and final experiiuent was a reciprocal of 
the third experiment. To accomplish this we trans- 
ferred the louse Dennjxrs cailjonesi (Clayton, Price & 
Page) from A. ~naxil i i~rs (see Table 1). to C. esc~rler~ta 
Due to logistical difficulties reaching large numbers of 
A. n i ~ x i t ~ i u snests, which are limited to the upper walls 

Fig. 2. Survival of lice transferred fro111 the usual host species 
to a foreign host species, relative to survival of control lice 
transferred to new individuals of the usual host species. 
Deirizj~lrsdistiizctlrsand D. soiizcirliknrmi transferred from Col-
locriliri esculenta to (a) Aeiohaii?irs salniigci~z~rs nestlings (a 
larger foreign host): (b) A.  scilnrzga~izrsnestlings cross-fostered 
into C,  esculeizfci nests; and (c) A. n?nuii?rirs nestlings (an 
even larger foreign host). Open bars = female D. distincf~rs; 
shaded bars = female D. soiizntiiliaitrii; closed bars = male 
D. clistii~c~us/sorizridi/~ciitrii,which cannot be told apart (Clay- 
ton et (11. 1996). (d) Reciprocal transfer of D. cniljoiirsi from 
A. iiicisinzusto C. esczileritn nestlings (a much snlaller foreign 
host). Open bars = fenlale D. cnrljoiiesi;closed bars = male 
D. carljonrsi. Asterisks denote significant differences froin 

controls; * P < 0.05, ** P < 0.01. 




494 and ceilings of Gomantong Caves, we used adult birds 
Parasite spec$citj. as donors of lice for this experiment. D.  carljonesi 
gouerized by lzost was transferred from adult A. nlaxinlus to singleton 
re so~~rces  nestlings in 15 C.  esczrlenta nests. Control transfers to 

15 singleton A. nzaxii7zus nestlings were also carried 
out. 

FEATHER DIMENSIONS 

. . . a plumage that is similar, a feather structure that 
is similar, such a si~llilar substrate nlay facilitate trans- 
fer to a new host (Mayr 1957). 

Feather size can be a determinant of host-specificity 
in avian ectoparasites. For example, Syringophilid 
mites can survive only in feather shafts of a certain 
diameter (Kethley 1971; Kethley & Johnston 1975). 
Swiftlet lice may likewise require feathers of a certain 
size for survival. To compare feather dimensions of 
the different species of swiftlets in this study we col- 
lected feather samples froin the museum voucher 
specimens we prepared. Swiftlet lice spend most of 
their time on flight feathers (Toinpkins 1996); we 
therefore ineasured samples of primary, secondary 
and tail feathers froin five adult specimens of each 
species of swiftlet in the study. Barb diameters of the 
following 12 feathers from one side of each specinlen 
were estimated (numbering from outermost to inner- 
most): primaries number 2, 4, 6 and 8, secondaries 2, 
3, 4 and 5, and tail feathers 1, 2, 3 and 4. For each 
feather, the diameters of five barbs, chosen hap- 
hazardly from a 25-mm2 region situated midway along 
the shaft, and nlidway between the shaft and the distal 
edge of the feather vane, were measured under x 800 
magnification using an ocular micrometer. Measure- 
ments were to the nearest 1.25 / L  and the lnean of 
the five barbs was used as an estimate of mean barb 
diameter for each feather. Measurenlents were then 
averaged across feathers to estiinate the nlean barb 
diameter of each of the three flight feather tracts of 
each bird examined. Finally, the overall mean barb 
diameter of flight feathers was estimated for each bird 
by averaging measurelnents across feather tracts. Fea- 
ther barbs were measured on two separate occasions 
froln one individual of each swiftlet species in order 
to calculate the repeatability of the measurements 
(Lessells & Boag 1987). Repeatability was high for 
each feather tract examined (r  > 0.90; P < 0.01). 

DISTRIBUTION O F  LICE ON HOSTS 

Foreign hosts 

Feather size varies considerably among the feather 
tracts on a single host (see results). Hence, even if 
feather size is an important coinponent of louse 
survival, it may be possible for lice to survive on
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collected at the end of the transfer experiments. Pre- 
viously collected data on the mean barb diameters 
of different feather tracts (see above) allowed us to 
quantify differences in preferred microhabitat on 
usual vs. foreign hosts. 

Usunl hosts 

Variation in microhabitat use could be important in 
the ability of generalist lice to survive on hosts with 
different body sizes. To test this possibility we trans- 
ferred the generalist louse D .  cnrljonesi (see Table 1) 
among its three usual host species, which vary in body 
size (mean wing-chord of 132mm for A. inasinzus, vs. 
118 lnm for A. ,fuciphagus, vs. 116 rnrn for A .  snlan- 
ganus). Lice were obtained from A,  niaxinzzrs adults 
and transferred to 15 singleton A.Jirciphagzrs nestlings 
and 15 singleton A .  salanganzrs nestlings. Control 
transfers to 15 A. n~axinzusnestlings at new nests were 
also carried out. As in the previous transfer experi- 
ments, all lice were removed from nestlings 10 days 
following transfer and the location of each louse in 
the plunlage was noted. Since all transfers were to 
usual hosts, survival rates of all transferred lice (not 
just the lice on controls) were estimated by subtracting 
background abundances froin total numbers of lice 
recovered. 

Results 

HOST-SPECIFICITY O F  LICE 

A total of 562 adult Dennyus were collected from 138 1 
swiftlets (Table 1). Single individuals of D ,  distinctus 
and D .  somadikartni were collected from A .  nzaxinius. 
These novel host records show that Dennyzrs lice are, in 
fact, capable of dispersing to foreign hosts. Additional 
novel host records were established during our survey. 
These included Deiznj)zrs sinzbei~loffi (Clayton, Price & 
Page) and Denizyus thonlpsoizi (Ledger) collected from 
A,  salcrngnnus, and D .  ,vellsi (Clayton, Price & Page) 
collected from A .  ninsinzzrs. These records are not 
surprising since at least one species of louse, D.  
carljoizesi, is already known to occur on all three spec- 
ies of Aerodranius (Table 1). 

FITNESS O F  LICE O N  FOREIGN HOSTS 

Transfer o f  C. esculenta lice to A. salanganus 

The first transfer experiment involved the host-specific 
lice D .  distinctzrs and D .  sonlrrdikartai. These species 
were transferred from C. esculenta nestlings under the 
house to A. snlanganus nestlings in the cave. Overall, 
significantly fewer transferred lice survived on A. sal-
crngnnus than on control birds (Fig.2a; x2 = 14.86, 
d.f. = 1, P < 0,001). Further analysis revealed sig- 
nificant variation in the survival of lice depending on 
their species and sex. Only two of 14 female D.  dis- 



495 t i ~ c t ~ r ssurvived on the foreign host, coillpared with 
D.M. Tornpkins & eight of 14 controls (x' = 5.60, d.f. = 1, P = 0.02). In 
D.H. Clclyton contrast, 15 of 36 female D. soniaclikartcri survived on 

the foreign host, compared with 18 of 36 controls 
(x2 = 0.50, d.f. = 1, P = 0.48). Only five of 50 inale 
lice survived on the foreign host, coinpared with 22 of 
50 controls (x' = 14.66, d.f. = 1, P < 0.001); inale D. 
distinctus and D.son~aclikartaicannot be told apart 
illorphologically (Clayton et c11. 1996). 

Transfer of  C .  esculenta lice to A. salanganus cross-
fostered into C. esculenta nests 

The second experiment, designed to control for 
differences between the house and cave in temperature 
and humidity, involved C. esculenta lice transferred to 
A. salangan~rsnestlings cross-fostered into C. esc~rlentcr 
nests. The results were siinilar to those of the first 
experiment: overall, significantly fewer lice survived 
on A. salanganus than on the usual host (Fig. 2b; 
x2 = 8.04, d.f. = 1, P < 0.005). Oilly one of 12 feinale 
D. disti~lctussurvived on the foreign host, coinpared 
with four of 12 controls (Fisher exact P = 0.16); the 
result was not significant because of the low survival 
of controls (cf. previous experiment). Survival of 
fenlale D. son7acliltnrtai on the foreign host was equi- 
valent to that on controls (nine of 18 in both cases; 
x2 = 0.00, d.f. = 1, P = 1.00). As before, there was a 
significant reduction in the survival of male lice on the 
foreign host, with none of 30 lice surviving on the 
foreign host, compared with 11 of 30 lice on controls 
(y,' = 13.47, d.f. = 1, P < 0,001). 

A direct coinparison of the first and second experi- 
ments revealed no significant overall difference in the 
survival of lice transferred to A. sal~nganlrsin the cave 
vs. A. salanganlrs cross-fostered into C. esc~rleritanests 
(x2 = 0.67, d.f. = 1, P = 0.41). Further coillparisons 
showed no significant difference in the survival of 
feinale D. (listlnctzls (Fisher exact P = 0.56), feinale 
D. somadikartai (y,' = 0.34, d.f. = 1, P = 0.56) or the 
survival of inales of the two species coinbined (Fisher 
exact P = 0.09). Therefore, aiubieilt conditions were 
not a major factor in the survival of C. esc~rlentalice 
transferred to A. salangn~iusnestlings. 

Transfer o f  C .  esculenta llce to A. inaximus 

In the third experiment, D. disti~~ctcrsand D. soni-
adilcartai were transferred from C. esctrlentci nestlings 
under the house to A. n~u~~ i rn t r snestlings in the cave. 
Survival was severely depressed on A. 171(1.vin7crs,with 
only one of 100 lice surviving, coillpared to 48 of 100 
control lice (Fig. 2c; x2 = 59.71, d.f. = 1, P < 0.001). 

Direct comparison of the results of experiment 1 
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nificantly fewer C. esculerztcl lice survived on A. 1710s-

i177us than on A. salnngcintrs ( x ~= 21.67, d.f. = 1, 
Ecologj,, 68, 489-500 P < 0.001). 

Recrprocal transfer of  A. maximus lice to C. esculenta 

In the fourth experiment D. carljonesi was transferred 
froin A. niaxi~nusadults in the cave to C. esczrlenta 
nestlings under the house. Only two of 60 lice survived 
on C .  esczrlenta, coillpared to 15 of 60 control lice 
transferred to A. n iax i~n~rsnestlings in the cave 
(Fig. 2d; x2 = 11.58, d.f. = 1, P < 0,001). Thus, sur- 
vival of A. ninxini~rslice transferred to C. esct~lenta 
was nearly as low as the reciprocal survival of C. 
escule~italice transferred to A. ~ I I ~ S ~ I ~ I L I S(Fig. 2c). 

FEATHER DIMENSIONS 

Although feather barb diameter showed a high degree 
of overlap aillong the four swiftlet species (Fig. 3), 
inean barb diameter increased significantly across fea- 
ther tracts in the following sequence: secondaries < 
primaries < tail feathers (Kruskal-Wallis H = 40.64, 
P < 0,001). Overall mean barb diameter was posi-
tively correlated with wing chord (Spearman r = 0.81, 
P < 0,001). 

DISTRIBUTION O F  LICE ON HOSTS 

Foreign hosts 

The only transfer experiinents in which lice were able 
to survive on a foreign host were transfers of female D. 
soniadiknrtai to A. salcmganus, a larger-bodied swiftlet 
than the usual host C. esculenta (Fig. 2a,b). A coin- 

Collocalra Ae~odra17zu.r Ae~.odranzu.r Aervdra1~7u.r 
esrtrlerlta 
(98mm) 

.~ala~~gar~tr \ -furiphngus 
(116mm) (118mm) 

~nnri~,trt .~ 
(131mm) 

Swiftlet species 

Fig. 3. Feather barb diameters of adult swiftlets (in microns). 
Point size is proportional to the number of individual birds 
(1-3); each value is the mean diameter of four feathers from 
a given feather tract (see text). Open points = secondary 
feathers; shaded points = primary feathers; closed points = 

tail feathers. Values in parentheses are the nlean wing-chords 
of the five individuals of each species from which feather 
dinlensions were measured. 



496 parison of the distribution of this louse on the foreign 
Parasite spec$city and control hosts revealed a significant preference for 
governed bj, host finer-grained secondary feathers on the foreign host; 
resources 11 of the 24 female D. soniadilcrrrtoi (45.8%) recovered 

from foreign hosts were collected from secondary fea- 
thers, compared with only two of the 27 (7.4%) reco- 
vered from control hosts ( x 2= 9.87, d.f. = 1, 
P < 0.005). Analysis of the barb diameters of feathers 
preferred by this louse on the usual host showed that 
they are significantly larger on the foreign host 
(Fig. 4a; Mann-Whitney U = 50, P < 0.001). 
However, analysis of the barb diailleter of feathers 
actually used by this louse on the foreign host revealed 
no significant difference coinpared to the usual host 
(Fig. 4a; U = 275, P = 0.36). In other words, when 
inoved to a larger-bodied host, female D. sor.ric~ilfl~artrri 
essentially hold barb diameter constant by shifting 
their inicrohabitat distribution. 

Uszral lzosts 

As expected, there was no significant difference in the 
survival of D. carljonesi when transferred aillong its 
three usual host species; 12 of 60 lice survived on A. 
.firciphagus and 14 of 60 lice survived on A.  scrlarzganws, 
compared with 15 of 60 control lice transferred to new 
A. 171axf17ius individuals ( x 2= 0.44, d.f. = 2, 

i 

+ Coilocalia Aerodramu.~ Aervdrainu.~ 

ii e.rcule11ta .miatlgar~us .~nlangar~u.s 

f . .  

Fig.4. (a) Mean (k1 SE) feather barb diameter of inicro- 
habitat of female D. sor,~ndiknrtaion different hosts: open 
circle = C .  esczlleifta nlicrol~abitat fro111 which lice were 
transferred, shaded circle = the same microhabitat on A .  
snlai~gnizzis(a foreign host), a i d  filled circle = lnicrohabitat 
on the foreign host where experilnental lice were found. (b) 
Mean (i1SE) feather barb diameter of lnicrohabitat of D. 
cnrgonesi on different usual hosts: open circle = A .  n-rasii,ius 
microhabitat froin which lice were transferred, shaded cir- 

01999 British cles = the same inicrohabitat on the two snlaller host species, 
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Jourrznl of Arlinzal species where experinlental lice were found. Asterisks denote 
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P = 0.80). A comparison of the distribution of this 
louse among the three host species showed no sig-
nificant difference in feather tract use, not-
withstanding a trend for increased use of the tail fea- 
thers on A.ftrciphagus and A.  salcrngmius; 30.8% of the 
D. carljonesi recovered from these hosts were collected 
from tail feathers, compared with only 6.7% reco- 
vered froill A.  M ~ C I X ~ I ~ Z U S  exact P =(Fisher 0.08). 
Analysis of the barb diameters of feathers preferred 
by this louse on A.  n~axiiiitrs showed that they are 
significantly sillaller on the other two hosts (Fig. 4b; 
Kruskall-Wallis H = 13.27, P = 0.001). However, 
analysis of the barb diameters of feathers actually used 
by this louse on the two smaller hosts revealed no 
significant difference compared to A. r~ia..cinius 
(Fig.4b; H = 2.82, P = 0.24). Thus, D. carljonesi 
holds barb diameter more or less constant among 
three usual host species by altering its microhabitat 
distribution. 

Discussion 

Any role of reduced fitness on foreign hosts, in the 
illaintenance of parasite host-specificity, would be pre- 
empted if parasites never had an opportunity to dis- 
perse to those hosts under natural conditions. For this 
reason, we started by examining the host distributions 
of large numbers of lice collected from the four species 
of swiftlets in the study, all of which are sympatric 
with overlapping habitat. These distributional data 
enabled us to measure how often lice occur on the 
'wrong' host, ternled 'straggling' by parasitologists 
(Rozsa 1993). At least two opportunities for straggling 
of swiftlet lice exist. First, passive dispersal could con- 
ceivably occur during mid-air collisions between swift- 
lets as they forage in close proximity, and as thousands 
of individuals return to their nests each night using 
coininon cave entrances (personal observation). A 
second, more likely possibility is that lice may disperse 
actively between different host species nesting in close 
association. As a rule, swiftlets tend to nest in mono- 
specific clusters; however, we sometimes observed 
overlap between the tips of the flight feathers of 
different species nesting in close proximity. In particu- 
lar, Aero&anlus 17iuxinius occasionally nested quite 
close to the nests of the three other species in the 
study. Interestingly, A.  ~.rinsinius was the only species 
that shared lice with all three of these species, includ- 
ing Collocalia esculerlta (Table 1). In contrast, C. escu-
l e n t ~was never observed to nest near A. salanganus 
or A. fuciphagus, and it never shared lice with either 
of these species. These two Aerodrar71usspecies, which 
shared three species of lice (Table I) ,  sometimes nested 
in close proximity to one another. 

Although collecting records can reveal cases of 
straggling aillong host species, it is impossible to know 
from such data alone whether stragglers are capable 
of surviving on foreign hosts. Stragglers may have 
dispersed to a foreign host shortly before being 



497 collected. Measuring the fitness of stragglers requires 
D . M .  Tor.rzplzins & 	 an experiineiltal approach in which the survival of lice 
D.H.  Cluyton 	 transferred to foreign hosts is coinpared with that of 

controls transferred to new individuals of the usual 
host species. The main goal of this study was to carry 
out such transfers to determine whether host-speci- 
ficity is governed by adaptive constraints. 

F I T N E S S  O F  L I C E  T R A N S F E R R E D  A M O N G  

HOSTS 

We transferred three species of lice to foreign hosts. 
The fitness of nlost of these lice was reduced, corn- 
pared with controls transferred to new iildividuals of 
the usual host (Fig. 2). The sole exception, feinale 
Dennytrs sor.rzndilznrtcri transferred to A. scrlcrrigcrrzcrs, 
will be discussed below. Our results thus indicate that 
the host-specificity of illost swiftlet lice is governed by 
adaptive constraints. 

The outcome of these experiinents is striking, con- 
sidering two factors: (1) for logistical reasoils it was 
necessary to liinit fitness coinparisoils to a 10-day test 
of survival, with no data on reproductive success being 
collected; (2) survival of nlost coiltrol lice was also 
low ( Z  50%), reducing the probability of detecting a 
reduction in the relative fitness of experimental lice. 
Natural seilescence may have contributed to the low 
survival of coiltrol lice, since 10 days is a sigilificailt 
fraction of the expected lifespan of Denrzj~crsspp. (see 
methods). Unwanted side-effects of the experinlental 
procedure, which required keeping lice in a vial for 3 11 
during transfers, were probably also factors reduciilg 
survival. The particularly low survival of D .  ccrrljonesi 
co~ltrols ( ~ 2 5 % ;  Fig. 2d) inay have been due to the 
fact that adult birds 	were used as doilors for this 
species, instead of nestlings which were the source of 
the other two species of lice used in transfer experi- 
ments. Lee & Claytoil (1995) showed that the ratio of 
nymphal to adult Dennycrs on nestling swifts fApcrs 
opus) is far higher than that on adults. This nleails 
that lice from younger doilors will themselves be youn- 
ger, on average, than lice from older donors. Younger 
lice have a higher probability of surviviilg a 10-day 
experimental window. Our data are consistent with 
this scenario; control lice from adult donors showed 
double the nlortality of control lice from nestling 
donors. 

Not all lice on foreign hosts had reduced survival; 
the survival of feinale D.  sor7icrclil~ar~tai trailsferred to 
A. scrlangcmus was nearly equivalent to that of controls 
(Fig. 2a,b). This is not to say that D.  sonicrcliknrtcli 
is capable of establishing viable populations on A. 
snlrrzgcrrzus; the survival of inale D .  distinctus:' 
sornndilzartni transferred to A. scrlcrrzgcrri~/swas quite 
low. D .  sonindilcartai could conceivably colonize A .  

01999 British salnngnnus if feinales were capable of parthenogenesis, 
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JoumcllofAlzilncl/ shall 1981). However, another obstacle to colon-
Ecologj), 68. 489-500 ization of A. scrlnngcrri~/sby D .  sonicrdikai~tcri is that 

dispersal opportunities froin C. esculentn to A .  snl- 
crr~gnrizrsappear limited, as discussed earlier. 

Various authors (e.g. Rozsa 1993) have suggested 
that competitive exclusion by resident lice may play a 
role in host-specificity. Coinpetition was unlikely to 
have played a role in the reduced survival of lice trans- 
ferred to foreign hosts in our study because the back- 
ground loads of recipient hosts were very low. The 
mean abundance of lice on foreign hosts was a inere 
0.56 lice per C. esculentcr nestling, 0.13 lice per A. 
saln~zgarzzis nestling, and 0.20 lice per A. ninsir.ric/s 
nestling. In any case, there is no rigorous evidence 
that inter-specific conlpetition actually occurs aillong 
chewing lice (Page, Clayton & Paterson 1996). 

T H E  I M P O R T A N C E  O F  F E A T H E R  BARB SIZE  

The oilly case in which survival of lice was not reduced 
on a foreign host, relative to controls, iilvolved feinale 
D .  sornc~dikcrr~trritransferred from C.  esculerztn to A. 
scrlarzgcrn~rs.Coillparison of feather tract use on these 
two hosts revealed that the lice held barb size constailt 
by shifting their n~icrohabitat distribution on the fore- 
ign host (Fig. 4a). Similarly, transfers of the generalist 
louse D .  cnrljonesi showed that it, too, held feather 
barb size constant by shifting microhabitat dis-
tributioil when transferred among hosts (Fig. 4b). 

Louse survival was sigilificantly related to the mean 
preferred barb size on the donor host, relative to the 
mean available barb size on the recipient host. Rela- 
tive survival dropped appreciably when the dis-
crepancy in barb size exceeded 2 11, regardless of the 
direction of the difference (Fig. 5). Survival was 
reduced when lice were transferred to smaller hosts 
(Fig. 5: G, H), as well as when they were transferred 
to larger hosts (Fig. 5: E, F ,  ILL). The 2-j1 threshold 
may explain the differential survival of inale and 
feinale D.  sor.ricrdiIzc~rtni transferred from C. esc~~leritn 
to A, scrlnrzgcrrius (Fig. 2a,b). The preferred barb size 
of inale D .  sonznclilzaitai and inale D. ceriljoriesi (the 
louse usually found on A. snlanganus) differed by inore 
than 2 LL (25.0 vs. 27.7 pm), whereas that of feillale D .  
sonindiknrtcri and female D .  cnrljonesi differed by less 
than 2 LL (25.7 vs. 27.5 pm). Derznj~zrsspp. grasp feather 
barbs using paired tarsal claws, each of which mea- 
sures =25 jl in length (Clayton et 01. 1996). Thus, 2 jl 
is only 8% of the length of a tarsal claw. 

Why is the survival of lice so closely attuned to such 
sillall changes in the feather barb size? Small changes 
in feather barb size may interfere with the ability of 
lice to hang onto the host, particularly during flight. 
Swiftlets spend inany hours flying each day since they 
are aerial insectivores that feed only on the wing. Of 
course, nestlings do not fly so difficulty hanging onto 
hosts inay not have been a factor in the reduced sur- 
vival of lice transferred ill this study. On the other 
hand, the nestlings in our study spent a good deal of 
time vigorously flapping their wings to exercise them 
before leaving the nest (persoilal observatioi~). This 
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Fig. 5. Relative survival of lice experimentally transferred between host species in relatioil to the difference between the inean 
barb diameter of the preferred microhabitat on the donor host species vs. the ineat1 barb diameter of available microhabitat 
on the recipient host species. Poiilts A-D are transfers of lice between usual hosts; points E-L are transfers of lice to foreign 
hosts (louse, donor host iZrecipient host): A = female D. cniljoiiesi, A .  nlnsiiniis A? A. salangctizus; B = inale D. carljorzesi,A .  
i?znxinzzrs A? A. solnngcinus; C = A? A.  fuc@hngiis; D female D. cc~rljonesi,A. rncrxinzus E A.male D. ccrrljonesi, A. ii~(~.xi.ill-r~is = 

fiicipi-ragus;E = female D,  son-radilccrrtcri, C. c~sculeiltnE A. salniiga~~zis; =F male D. clistiizctus/sonzndi/cni'tc~i,C, esculentct A? A. 
scilnngctiius; G = feinale D ,  ccriljor7esi, A .  innriinzis A? C.  esciileiitct;H = inale D. coiljonesi, A .  rnctxii?zus A? C.  esculentcl; I = 

feinale D. n'istirrctzis, C. esciiler-rtciE A. snlrngar7us; J = female D. sorifadi/coitcti, C. esczileizta iZ A. nzctxirnus; K = male D. 
clistinctiis/soi~~ndikc~r.tai, = feinale D. clistii-rctus, C. esc~ileilto A? A .  inctxinrus. Values for transfers C. esculer-rtcr A? A. i7fcrxiinzis;L 
of lice from C. esc~ilentuto A. salcrirgc~riiisare the mean results of two experiments, one with A. snlanganus nestlings in their 
own nests, the other using nestliilgs cross-fostered into C. esculeiitct nests (see text). Survival was iilversely related to the 
differeilce in barb size, across all transfers (A-L; Spearman I. = -0,87, P < 0.001), and across just those trailsfers iilvolving 
foreign hosts (E-L; r. = -0.74, P = 0.04). 

could have had a negative impact on the survival of habitat available on different species of hosts. Another 
lice transferred to foreign hosts with barb diameters factor that may correlate with louse fitness is the 
that differed from those found on the usual host. phylogenetic history of the hosts. Reed & Hafner 

Alterations in barb size presumably have an impact (1997) measured the fitness of host-specific chewiilg 
on the locomotory agility of Denizyt,s spp., although lice transferred among captive pocket gopher taxa. 
we did not test this possibility in our study. Impaired Their results showed an inverse relationship between 
locomotion may have reduced the ability of lice to louse fitness and the phylogenetic distance between 
avoid preening [the principle defence of most birds the donor and recipient hosts. In contrast, our results 
against chewing lice (Marshall 1981)l. However, we do not show a clear correlation of louse fitness with 
doubt that preening played an important role because host phylogeny. As shown in Fig. 6, the phylogenetic 
nestling swiftlets seldom preened (personal obser- distance between C. esculenta and A. salc~rzganusis 
vation) and were never observed to be preened by equivalent to that between C. esczilentn and A. maxi-
their parents. Furthermore, swiftlets and their rela- iizus, since these comparisons share the same most 
tives (Apodidae) have tiny bills in relation to body recent common ancestor. Despite this similarity, lice 
size, suggestiilg that preening may not be a very itnpor- transferred from C. esculenta to A. snlc~nganus(Fig. 5: 
tant defence against ectoparasites ill this particular E ,  F and I) had higher survival than lice transferred 
family of birds. between C. esculentn and A. nznxinlus (Fig. 5: J-L). 

Variation in nlicroclimate among feather tracts may The difference in survival of lice transferred over these 
be another factor influencing the survival of lice on 
foreign hosts. The surface temperature of birds varies 
considerably at  different sites on the body. For exam- 
ple, surface temperatures in oystercatchers (Hr~enzci-
topus ostrulegus), when ambient temperature was 
1OCC, varied between 26°C at the base of the primaries 
and 42'C under the folded wing (Marshall 198 1). Since 
the secondaries of swiftlets are normally covered by a 
folded wing, the temperature of this feather tract will 

Collocalia 
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Aerodrarnus 
~alarigailus 
(117nm)  

Aerodrarnus 
fuclphagus 
(118mm) 

Aerodralnus 
rnaxiinii~ 
( 1 3 2 ~ m )  

normally be higher than that of the primaries. 
Assuming host-specific lice are adapted to the micro- 
climate of the feather tract in which they occur on the 
usual host; moving to a new feather tract might cause 
a reductioil in survival. Fig. 6. Summary of the experimental transfers of Denrzyus 

lice among swiftlet species, in relation to host phylogeily. 
Black lines show transfers where lice survived, grey lines 

1999 Blitish PHYLOGENETIC CONSIDERATIONS indicate trailsfers where louse survival was near zero. Values 
Ecological Societ) 
Jourrial of Ariinlal Our study suggests that the fitness of host-speclfic lice 

in parentheses are the mean wing-chord of five adults of 
each swiftlet species. Dashed lines show host phylogenetic 

Ecologj, 68,489-500 is governed to some extent by the quality of micro- relationships (from Lee et al. 1996). 



499 pl~ylogenetically equivalent distances was related to 
D . M .  Toinpkins & the unequal differences in feather barb size of the two 
D.H. Clay toil pairs of hosts. 

Conclusions 

The host-specificity of Deizi7yus lice on swiftlets 
appears to be governed by the availability of a par- 
ticular resource on the body of the host; i.e. flight 
feathers with suitable dinlensions. Such dependence 
on host morphology is also apparent for lice on inam- 
mals. Pocket gopher lice use a groove 011 the underside 
of their head to attach theillselves to host hair shafts 
(Reed 1994). Across species, the width of this groove 
is correlated with the width of the hair shaft of the 
host. Hence, like Derzizyus, host-specificity of main- 
malian chewing lice is related to the quality of the 
inicrohabitat provided by the host. 

Adaptation to particular hosts is not surprising in 
the case of permanent parasites. such as chewing lice 
and Syringophilid mites (Kethley 1971), which spend 
their entire life cycle on the host. Adaptation might 
be expected to be less specific in the case of 11011- 
permanent parasites. The distribution of non-per- 
manent ectoparasites on swiftlets a t  Goinailtong sug- 
gest that this may be true. Whilst the four swiftlet 
species we studied are host to six D E M I ~ ~ L I Sspp., they 
are host to only four species of hippoboscid louse-flies 
(R. Peterson, persolla1 communication; Maa 1980). 
Louse-flies are more inobile parasites found in the 
nest; as well as on the body of the host (Tompkins 
etirl.  1996). These four swiftlet species also share a 
single species of ciinicid bug, which is a highly mobile. 
nest-based parasite that makes brief forays onto the 
body of the host to feed (Usinger 1966). 

Our results show that, although swiftlet lice are 
capable of dispersing to foreign hosts (passively or 
actively), survival is severely reduced unless the fea- 
ther n~orphology of the foreign host is quite similar to 
that of the usual host. Thus, host-specificity is 
reinforced by the adaptive constraints imposed by 
host morphology. Lice can inoderate the severity of 
these constraints somewhat by altering their micro- 
habitat distributioil on the host. Survival of host-spec- 
ific lice on foreign hosts does not appear to be cor- 
related with host phylogeny. This iillplies that current 
ecological conditions play a inore iinportailt role than 
phylogenetic history in maintaining the host-speci- 
ficity of chewing lice. 
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