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S U M M A R Y  

1:ew Lieltl studies Iiave cv;iluatcd wlictller ectoparasites all'cct tllc long-term survival of' tlicir ;id111t l i ~ s t ,  
altllough marly studies li;ivc cx;imincd tlle impact of parasites on tlic liost's oflipring. I n  tlic co1oni;illy 
nesting clill' sw;illow (IIirunc/o fiyrrhonola), we m;inipulatcd cctop;ir;isitc load (of' cimicid hugs, fleas, and 
chewing licc) by f~~mig;iting ;idults anti cornp;iring :inrlrl;il s~~rvivorship non-of fumigated birds antl 
f'u~nig;ited control birds c:ipturcd a t  tlie same time. Mark-recapture cxpcrimcnts ovcr :in 8-year pcriotl 
reve;iled that non-f'umig;itcd hirds llad :in arlrlual survivorsliip ;il~out 12 "/,,less tl1;in that of f'~~mig;itcd 
birds, on average, hut tlle cflkcts tlid not vary witli colony size. K;ised on the dill'ererlcc in survivorship 
between Sumig;itcd and nun-f'Lrnig;ited birds, we estimated tll;it p;irasitized irldivitlu;ils 11:itl an  annrl;il 
survivorsllip of' 0.38, comp;ircd with 0.57 for non-par;isitizcd birds. T h e  parasite-caused reduction in 
s~~rvivorshipW;~S t l ~ c  equivitlcnt of the llost losing up to one year of' lii'etilne reproductive success. 
Kctoparasites did not preferentially irlf'est liosts of lower quality, suggesting that all hirtls in tlie population 
were ;it poterltiitl risk ofsuflkrirlg parasitism and tlic resulting reductions in survivorship. O u r  results show 
that obligate cctoparasites such as fleas arltl licc impose a substantial long-term cost to tlicir hosts 2irltl 
suggest that Suture studies of ectoparasitism sliould consider the parasites' ell'ect on arlrlual survival of' 

1995; cS. Hudson 8r L3ohsorl 1991). However, corre-
1. I N T R O D U C T I O N  

1;ition;il studies :ilorle arc insufficient to cfcmonstr;itc 
1'ar;isitism is now7 gcncr;illy rcgartled :is costly to llosts. either ;in ell'ect or a non-ellet.t of' par;isitcs (T,cc & 
'l'lle costs may di fkr  in magnitude among cfiflkrcnt Clayton 1995), and studying :idult survival is furtlicr 
animals hut c;in be grouped broadly into tl~osc paitl by cornp1ic:itctl by tlic rlccd to follow tlic same irldividu;ils 
tlic Iiost's oflipring directly (rctluccd growtll and over ;in cxtcndcd time to me;isurc any long-term 
survival) and those p;iid by tlle parents (rcducctl ilnpict of ~xir;isites. Sucli longitudinal da ta  are rarely 
survival or  incrc;iscd levels of' resource 2icquisition; obtairletl for most natural populatiorls, and wlicn 
Nloller 1 9 9 4 ~ ) .  Most work to tlate llas fbcuscd on tllc :ivail;ihlc liave scltlom bccn related to p;ir;isitc load. 
ellects of'parasitcs on [lie host's olIspring, cfocumenting We present licrc results of ;i study dcsigned to 
liow piritsitcs reduce tlle number and clu;ility of host measure tlic long-term effect of' ectoparasi tes on a 
olIspring that survive (rcvicwed in Moller el al. 1990; coloni;illy brcetlirlg bird, tlle clill' sw;illow (fIirunc/o 
T,oyc 8r Zuk 1991 ; T,climann 1993; Clayton & /~,yrrlionota). Wc employ cxpcrimcntal approacll 
'l'ompkins 1994), or how parents adjust resource involving manipulation of p;ir;isite 1o;itl 2irltl cornhine 
provisioning of' of lpr ing  in response to parasite 1o:id that wit11 10ng-term mark-recapture da ta  collected 
(( :ust;ilSson et al. 1994; Moller 1994 b )  . ovcr ;in 8-year periotl to measure tllc impact of 

Surprisingly little exist ev;ilu;itc how c c t o ~ ~ r a s i t e sdata to on :inrlual survival of their adult Iiosts. 
~"trasites ;ifkct survival and ii~tui-ereproductive output The  insects that parasitized c1ill'sw;illows in our study 
of adult Iiosts (p;ircnts). This is the case cfcspite tlle were tlic S W ; L ~ ~ O M ~bug (Hcmiptcl-ii: C:imicitlae: 0eciacu.r 
possibly gcncr;il role of parasitism (operating directly vicarius), tlic bird flea (Sipllorlaptcra: C1cratopliyllid;ic: 
on 2idult Iiosts) in sexual selection (see, for example, C'c~rc1lofi1iyllu.r cel.ru.r), antl two species of clicwing lice 
Hamilton & Zuk 1982; klollcr 1990; C11:iyton 1991; (Ischnocera : I'liiloptcridac : Rrueelia loriga; i\mblycera : 
Tof't 1991). T h e  Sew stutlics that llave atldresscd tlic R/lerloponitl:ie : ~\.lac/zc~c~rilaemu,cmalleus). 
effects of' parasites on ;id111t survival h;ive generally 
found little or  no cvidcrlce that parasitism represents ;i 2. METHODS 
survival-relatetl cost in natural populations (Lekimann 
1993;Clayton & Tompkins 1994, 1995 ;T,ee 8r Clayton (a )  Study animals and study site 

'l'hc clill' sw;illow is ;i 20 28 g rnigr;itory passerine 
tli;it brcetls througliout most of'western Nortll i\lncric;i 
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ant1 winters in soutllern Sou t l~  Rrncrici~. 'L'llese ill- 
scc,ti\~orot~sbirds build gourd-sllapctl rnud ncsts and 
pl:tce them untlerneatl~ ovcrhangirlg rock ledges on tlic 
sitlcs of'stecp canyons or undernratll bridges i ~ n d  tile 
eaves oS btliltlings. Some nests ~ 2 ~ x 1rcmxin intact, and 
t l~usscrvc as it 11;~rboragcfbr nest-based ecroparasites, 
Sor 10 or more ycars. Clift'swi~llows oSterl breed in tlerlsc 
c.olonies, with ncsts stac.ked togetlier closely, altllougl~ 
c.olony s i x  within ;L single populxtion varies widely. 1Zt 
our str~dy sitr, mean (+s.c.) colony size is 393.0 
( f24.13) nests, ranging froln birds r11:~t nest solitarily to 
colonies of 3700 nests i r ~  size. Clill' swallows typically 
have a short breeding season i~rld raise only one hrood 
(Brown & Brown 1995). i \ t  our study site, most hirds 
arrive in May ;ind breeding is largely c.ompleted by t l ~ e  
end of .July, a t  wliicll tirne t l ~ c  swallows depart, 
presr~m;thly on nligrarion. 

T l ~ esw;~llowr hug lives prilnarily in t l ~ e  birtls' nests. 
InSes~ations can cxccctl 2500 I,ugs per nest. Bugs 
herlr~cntly disl~erse among nests witliin a colony by 
crawling on the suhstr;ttc hut r;trely triivel on the 
hodics of tlic i~dult  swallows (Rannala 1995; Brown hi 
Brown 1996). Swallow hr~gs rcducc prcfl edging i ~ n d  
p~~lr ledgi r lgsurvivorsl~ip oS ncstlirlgs ;ind have o t l~c r  
rlcgi~tive e l k t s  on t l ~ c  nestlings that sur~rive to fledge 
(Brown & Brown & (ieorge1986, 1996; C:l~i~pmi~n 
199 1).  Fleas live in the hirds' nests and i~lso travel for 
cxtcndcd periods on the adult c.lifl'swallows. not11 fleas 
and swi~llow hugs Seed on the birds' hlootl, and tllc per 
c.apita rlr~rnber oS each in the ncsls generally irlc.rei~scs 
wit11 clifl' swallow colony size (Brown & Brown 1986, 
1996). T l ~ c  cl~ewing lice live entirely on t l ~ c  hodics of 
t l ~ ebirds; the arnhlyccri~n spcc,ics presulni~bly Seeds on 
blootl, tile ischnocerarl on Scat11er.s (Marsllall 1981 ; 
Clayton 1990; Lee hi C:layton 1995). Bugs itnd flc:ts, 
; ~ n d  pcrllaps t l ~ c  amhlyccran lic.e, i ~ r c  translnittcd 
llorizontally arrlong ncsts witl~irl it colony, wllerei~s the 
ixclinoccran lice itrc tr;irlsrr~it tcd prirlcipally vertic.;illy 
Corn parents to ollsprirlg (13cVaney el a l .  1980; Clayton 
& Tompltins 1994). 

0111. study was co~ldut:ted i11 a 150 x 50 km section 
along the North and S o u t l ~  Plattc rivers in sor~tli- 
wcstrrn Nchr:~ska near Ogi~llala (prilnarily I<eitl~ and 
(::~rdcn coun~ies) .  Wit t~ in  tliis area, d i f r  swi~llows 
occupy \loth natur:tl t.lill'-nesting sites along tllc 
soutl~ern sllorr oS Lake M c C o n a ~ ~ g l ~ y  and tllc Yorth 
I'latte River lo the wt:st, ; ~ n d  ; t l s ~  comr11(1111y nest 
urldernc:~tll bridgcs and in l i i g l1~~ ;~y  culverts (Brown hi 
Brown 1996). O u r  research focused on 25 30 colony 
sites per ycar, where hirtls coultl be easily mist-ncttcd 
for c;rpture i~rltl recapture. 

( h )  Fumigation of birds 

Par;tsitc loxtl wi~s  mar~ipulatccl by removing ccto- 
par;tsi tcs Srorn elill' sw;tllows viit Surnigation. Xrtrr 
being mist-rlettctl, birils were placetl in ;L ~7itlv-
moutlled Ja r  wit11 ;L rubher colli~r (Wl~eelcr hi Tl~rclSitll 
1986; Brown & Browr~ 15196). 'I'llc birtl's lleatl 
p o t r u d u l  frorrr a small llolc in 11~: collar, wit11 t l ~ e  rest 
of' the botly susperltled irlsitle t l ~ c  ,j:~r. I<tllcr. irlsitlc the 
, j i~r  xnacsthctizctl and/or killetl the rctoparasitrs 
klitltlcn in tllc hirtl's rc:ttl~crs, causing tllcrn to ritll orrt of 

the fei~thcrs i~ntl  enabling us to c.ount tl~crn insitlc (lie 
jar. Jlat.11 hird rcln;tinctl in t l ~ e  ,jar Sor 20 minutes, and 
Sulnig;ttio~l 11;ld no 11eg;ttivc clii.c.ts on (.lift' swallows 
(Brown & Brown 1996) or o t l~e r  birds (1:owler & 
( :ol~cn 1983). All cc.top;rri~sites krlowrl to 11s (by visual 
cxarnirlation) to he present or1 ;L hird's body cxc,lusivc 
of'its I~ead  were c,ollectcd in t l ~ e  jitr; I "owl t~  hi C:ollcrl 
(1983) Sourltl 11iat this mctllod removed 8090 ' i ; ,  oflic-e 
knowrl to Ile on  hirds that wcrc latcr si~crifi ccd. 11total 
of52 19 birds were S~~migated from 1987 to 1992. Non- 
ii~migatcd hirds were Il;trltlled in similar ways h r~ t  not 
plac,etl in the sampling jar. ,-\t each colony we 
S~~migatedonly a portion oS the colony residents. 
1:umigiited birds were a rarldorrl subset of' tllc birds 
ciipturetl in nets : ~ t  e2~c.h sitc. 'l 'l~c individuals wcr.c 
clioserl Sor fkrnigatiorl at :~pproximately uniSorrr~ 
intervals over tllc time oSa nctt i~lg session (wl~cncvcr ;t 

jar 1,ccalnc empty, the next bird (.aught arrtolni~tici~lly 
went into it).  i1 bird to be Surnigi~ted was cl~oscrl 
witliout co~lsidering any oSits pliysical trails (e.g. size, 
rniiss, age, srx) and without knowing its ~ ~ C T . ~ O I I S  

c i~pture  history. 

( c ) Mark-recapture and estimating survivorship 

'I'hc :~rlrlual survivorsliip of fumigated and non-
ti~migatcd hirds was estimated using long-term mxrk- 
recapture da tit. K i ~ c l ~  hird wi~s  given ;L nurnberctl hand, 
and its presence in t l ~ c  study arca ~nonitorcd ci~c.l~ yc;tr 
t l ~ r o u g l ~periodic mist-netting ;it each clill' swi~llow 
colony sitc (B~.own & B~.own 199li). 'l'ypic.ally het\vec.n 
16000 and 21 000 bird-c.apturcs in the study arca we1.c 
lw(~cessed each year ( i ~bird-capture wi~s  cac.11 time ; ~ r l  

intlividual was (.aught and cfi~ta collec,tcd or1 it).  Cliff' 
s~rallows olicr~ csc.apcd dctcc.tio~l in a given ycar cvc:n 
wl~crl ltrlowrl to be alive (by virtue of their hcirlg 
caught in ;L lxtcr year), antl tl~creSoi-e we I ~ a d  to follow 
e;icti yearly c.ohort for several subseq~rcrll se;tsorls irl 
order to acl~ievc c~onsistcnt s~~rvivorsllil) cstirnatcs 
(Brown & Brown 1996). Mark-rcc:~pturc. c~ontinucd 
tllrougll 1994, giving us two yexrs oS recaplure Sor our 
nlost rcccnt (1992) c,ol~ort and it greater numhcr of 
yci~rs for the ci~rlier col~orts. 

We used the c o m p ~ ~ t e r  prograrn SUR~:E (T,chrcton ~t 
al .  1992; Pradcl & Lel~rcton1993) to estimate survival 
prol,ithilitics for collorts of'li~migixtcd birds ;tnd coI101.t~ 
oS control hirds c.:~ptur.cd a t  tllc same time but not 
Sumig;ttcd. srrr<c:r': c.ompuLcs survival probabilities using 
maximum likelil~ootl rnetllotls :t~ltl uses t l ~ c  pattern oS 
r c c a ~ ~ t u r c ~ l i s t r i b u t c t l  to rc-among ycars citlculate 
C : L ~ ~ U Kprobabilities. In our case recapture proh;t- 
hilitics varictl among yexrs clue to tlif-t'i:rcnccs in capture 
eKort (Brown hi Brown 1996). Recapture probi~hility 
rclxesents ;L 'rluis:~nce' pararnrtcr (Lebrcton el a l .  

15192) w l ~ i c l ~  is usetl i r ~generating the estimate oS 
survivorsllip. In rnost cilses we used it surviv;tl model in 
SI1K(:E in wliich we cstill~i~tcdannr~a l  survivorsl~ip 
scpari~tely fbr the first ycar following li~lriigatiorl (or, 
for non-Sumigatetl birtls, initi;rl capture) a r~t l  ohtair1c:tl 
another esti~nitte fbr all latcr ycars corrlhirlctl (scc 
I<any i~mih \~~a01. 19!)0, I'ratlcl 1993).1.1 & T,ehretorl 
hrlrlual survivorsliip reported Ircrt. thus rcters 
specifically to the lirst yeitr aster fi~migation. I n  a lkw 
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c:ist:s wllcre recapture tlat;i Ibr ;i cohort were too sew to 
allow us to estimate survivorsliip separately for (lie rirsl 
year k)llo\ving Surniga(ion ant1 all I;i(cr years, we used 
;L motlel t1i;it yicltletl a single average ; L I ~ I ~ U ; L ~SLIL-
vivorsliip cstimatetl over ;ill years of tlata. We used 
likeliliood ratio tests jI<;inyamihwa et al .  1990; 
T,chreton et (11. 1992) to compare sur\iv;il motlels for 
e;icli coliort ;it e;icli colony, witli ,h < 0.05 as the 
criterion to accept a more complex motlcl. 

3. RESULTS 

( a )  Distribution of ectoparasites on hosts 

1:lc;is and but11 spccies oS cliewirlg lice skiowed a 
typical cont;igiot~s distribution among tllc llosts 
samplcd (figurc 1 ) .  Tlle myjority oS clill' swallows 1i:itl 
I'cw or no ectoparasitcs, w1iere;is ;L srriall hactiorl of 
hirds c;irricd rclati\rcly large nunihers. 'l'lle ohser\rctl 
cfistrihution of 11ar;isite species among llosts cfitl not 
tlifkr signiricantly Srom tliat cxpcctcd r~nder;i negative 
11inonii;il distril~r~tiorl(B. Rann;ila, ~~rlpublislietl 
results). Sw:illow hugs wcrc found on only 0.34"/,, oS 
hirds ( n  = 52 19) placed in tlie sampling jars (Rrown & 
Brown 1996) and arc not irlclutletl in figr~reI. 

( b )  Effect of ectoparasites on annual survivorship 

Bec:ir~se annual S I I ~ V ~ \ , ; L I  probabilities oS clill' 
swallows varied among cfill'crcnt colony sites due to a 
variety olgroup-size clficts (Brown 8r Brown 1996),~ 7 c  
cornparetl ii~migatcdadults only with non-iilmigatcd 
;id111tsc ; i~ tu redwitllin the same season ;it  tllc S;LIIIC 

colony. Pair-wise comparisons oS arlnr~al survival 
probabilities for li~lnigatetlversus non-ii~mig;itedbirds 
sliowcd tll;it s11rviv;i1was liiglicr Sor Sumig;itcd birds in 
37 of 45 colonies jfigr~rc2 ) ;  tlie preponderance oS 

1 llcaq 
FA amblyceran llce 

lqchnoccran lice 

no. cctoparasitcs per bird 

ligurc 1. 1'rrcrnt;~xc distril-)uiioriof ;~dultc.lill' swallows 
carrying tliffirrrnt nrrrnbcrs of cc,toparasitcs, ;IS rcrnovrti frorri 
I~irtlsin parasitr-sampling jars tluring lirmigaiion. For flras, 
n = 5219 birtis frorri 1987 1992; for arril-)lyc~cr;~tilice, n = 

2315 I-~irdsfroiii 1992; for isclitioccr;ln lie(,, 11 = 1555 11irtls 
k o m  1992. Prcscncr of licr was not rcc~ortlrtiprior to 1992. 

colony sizc 

Figure 2. 1)ifkrrticc I~rtwcrti;~tinualsurvi\:;ll prol~;~l~iliticsof 
lirrnix:-;ltcd; ~ t i t ltion-lirrnix;~trtl;~dultclill'sw;lllows in c.olonirs 
of difl'crctit si~cs.Furnigatctl I-~irtlsh;~tlhigher survi\:;~l; ~ t  

c.olonirs al-)ovrtlir tiottctl lirir ;~ricilowrr survival I)rlo\v tlrr 
dotted litic. 'l'hc m;~x:-nitudc01' the tlilkrcncr it1 sur\i\r;ll 

pr011ak)ilitirstl i t l  riot v;wy signilic.atitly with colony s i ~ c(7, = 

0.04,/) = 0.81, n = 45 c.olony sitrs). In ordrr 01' asc.rndirig 
colotiy s i ~ r ,s;lrnplc sizes (tiurril)cr of birds markcti) li)r 
f~iiiigatrtlariti rion-fuiiiigatcd classrs, rcsprc.ti\:cly, for rarli 
sit? [vcrr 21, 61 ; 66, 14; 18, 60; 61, 80;78, 19; 49, 125; .53, 
:38; l i2,91; l i1,  14 l i ;89,54;  I l i2 ,270;27,  :i(i1;55, 189;41, 
120; 57, 138; 90, 121; 148, 338; 81, 135; 114, 373; 70, 311 ; 
51, 377; 76, 18; 45,83; 87, 2 l l i ;  141, 162; 91, 279; 96, 554; 
24, 369; 167, 369; 90, 706; 55,4li2; 108, 511; 55, 399; 114; 
[(;ti; 86, 1292; 570, 4017; 17 1, 108 1 ; 55, 4455; 55, 328; 295, 
639; 143, 1116; (53, 2767 ; 51, 3072; 81, 301 ; 135, 252. Sitrs 
whrrc citllcr f~rrnig;~tctlor noti-f~rmig;~tct1c1;lsscs Ii;ld t i  < 15 
were rxclutlrtl, dur to prol~lrrrisbvitli cstirriatirig arinual 
sur\riv;ll prol~al)ilitylijr small c.ollorts. 

positive tlifkrcnccs was signiricant (hir1omi;il test, p < 
0.000 1 ) . At the rc1;~ti~~cIyfew sites wllere non-
li~lnigatedbirds 1iad a lligller surviv;il probability, in 
most cases the dill'crcncc was sligllt (figurc 2).  In 
contr;ist, at colony sites wliere Stlmigatetl birds Iiad tlie 
ad\r;intagc, their survivorsliip oSten di fkretl greatly 
from tll;it of' non-Sumig;itetl individr~als (figurc 2).  
Colony size had no ;ipparent ell'cct on tllc m;ignitudc 
of the cfillPrerlce between survival prohabilitics oS 
h~migatedand non-li~lnigatcdhirds (figure 2).  Surviv;il 
probabilities of :itlult m;iles and Semalcs arc virtu;illy 
identical in c 1 i f I ' ~ w ; ~ l l o ~ ~ ~(Rrown & Brown 1996), ;ind 
tl~ercforethis analysis was not divided by sex. 

' l ' l~caverage ;irlnual survival pro11;ibility ( $- s.e.) Sor 
fi~migatctlclifl'swallows per colony ( n  = 45) was 0.57 
( f0.02), verstls 0.50 ( $- 0.02) Sor non-Sumigatctl birds 
exposcc1 to n:itur;il Ic\rels oSectop;ir;isilism. T o  compare 
tliesc survivorsllips, we used the st;itistic, 

wllcrc Sfis the survivorsliip of Sumig:itctl birtls ant1 SIl 
is t1i;it of non-St~lnigatetlbirtls. 'l'liis statistic lias ;in 
:isyrnptotic norln;il tlistrihutiorl witli st;ind;irtI error S.C. 
(fi) = ,/(s.e. (,f,.)'+~.c . (* \ ' , , )~) .If tlie null I~ypotlicsis, 
t1i;it tlierc is no tliiTererlce in survivorsliip hctwccn 
hirds in the two cl:isses, is true, tlie st;itistic I) (equation 
1) lias expectation oSr.ero. '1.0 test this null llypothesis, 
we constr,~ctcd a 95"/,, confidcncc intcrv;il for fi 
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(1jf 1.96x s.c.( l j))  and dctcr~nincd wl~ctlirr it in-
cluded zcro. For tlir ohscr\~cd valurs of S,, and s , ,  we 
obt;iinetl :L confidence interval for b of [0.018, 0.1241. 
Kcc:~usc this docs not include zcro, M ~ Creject the nrdl 
liypotlicsis of no signilic;~nt cfiflrence in sr~r\rivorsl~ip 
I~etweerl the t ~ 7 o  ~I;LSSCS. 1:urnigatcd hirds I I ; L ~signili-
caritly g r r ;~ t r r  o~.rcritll tIiii11 I~OII-1'umig;~tcd~11r~ ivor s11 i~~  
onrs. 

Dcc;~tlsc riori-f'~1mig;~tcd birds also iricludrtl onrs 
witliout p;~r;~sites jc.g. figure I ) ,  estimatctl tlic 
overall sr~rvivorsliip of' the parasitized individuals by 
examining tlic cfiflrence in tlic o\rcr;~ll survivorships of 
Sumigatcd and non-f'urnigatcd hirds. T,ct A S  = ,Sf -,TI,, 
the dill'ercncc in survivorsllip hctwccrl lilmigatetl ;~rltl 
non-f'urnigatcd birds. Kecausc S, = S,b+ S,,(I- / I ) ,  wr 
may represent AS as 

A = (S,-S , )( 1 p ) ,  12) 

where ,St, is tlie survivorsliip of' birtls carrying one or 
morr rctopar;~sitcs (i.r. f l r x  or lice), A", is tllc 
survivorsllip ofbirtls wit11 no retoparasites (;~ssumrtl to 
be equivalent to tliat of' tllc fu~nigatetl birtls), id /7 is 
tlie probability tliat ;L particular hirt-l is f'rcc of 
cctoparasitc~s. I<qu;~tio~i (2) may hc rcwrittcri to obtain 
a n  estimator of' tllc survivorsliip of' 11ar;~sitizctl birds 

(Sl,)> 

'I'lle standard error of'tk~e estimate S,, may he oht;~incd 
t~sing tlic ~nctliod ol'clu;~dr;~turc (c.g. see Taylor 1982). 

[]sing cstim;~tes (see figure 2) of' S~= 0.57 ($-0.02) 
rid ,\;,, = 0.50 ( f0.02), and with /; = 0.63 (fO.O1) 
(srr l ig~rrr  l ) ,  we estimate ,St, = 0.38 ( f 0 . 0 6 ) .  Tlius, 
parasitizrtl intlivitlu;~ls 11:~t-lan  :~nnu:~I survivorsl~ip of 
0.138, aplxoxi111;~tcly 133"/(, lrss tllarl tliat of' non-
~;~r;~siitizctl birds.(f'~~rnig;itctl) 

Tlic incrc;~sed s~~rvivorship hirds tl1;~t of' f'~urnig:~tcd 
we obscrvrd rniglit lla~rc reflected a greater trntlrncy 
f'or parasitr-Srrr hirds to return to the sarnr brrrtling 
colony sitr thr  Sollowing yc;~i-, pcr l~;~ps  lliglily\h#itll t l ~ r  
inScstctl intlivitlt~als more likely to t-lispcrsc clscwlicrc 
tlie next year. \i\Te f'ountl this to he tlic c;~sc l i ~ r  yearling 
clifl'swallows, wliicli wcrc more likely to return to their 
nat:~I colony if'  tlie nest-based ectoparasitc lo:~tl (i.c. 
flcas ant1 sw;~llo\h# 1111gs) tllere tllc previous summer 1i;~tl 
hccn low (Krowri & Kro\h>n 1992). 1Stllc same pattern 
Iield for tlle oltlcr hirds tli;~t wcrc the focus oftliis study, 
\4#r rniglit have been more likcly to crlcourltrr a 
Sumigatcd bird the fi~llo\h#irlg season, wllicl~ cot~ld llavc 
led us to estimate a higher apparrnt survivorsliip. 

T o  deterrnirlc whcthcr this potcr1ti;~l 1)i;~s rxistetl, we 
rxi~rnirlrd ~vhcthcr f'11rriig;~tcd I~irds wrre rnorr liltely 
than non-Iilrr~igi~ccd birds to retrrril to thr  samr c.olony 
sitc the next year. Among l0(i0 f'rrrnig;ttetl I~irds 
rec:aught in ;t I~rccding colony tlic next y r ; ~ r  ;~f'tcr 
liunigation, 399 (37.(i0;,) returned to the s;trnc sitc. 
Among 939 1 non-hlrnig;~tctl I~irds f'rorri the s;Lrnc initial 
colonirs ; ~ n d  yrars, 5012 (53.1',>;,)rr turnrd to thrir 
same I~rerdirlg site thr  next year. Fumigated I~irtls wrre 
signific:;~ntly1t7.1.5 likcly tli;tn noil-Iirrniga(cd I~irtls to l)c 
erlcourlteretl the nrxt yrar  a t  the sanle I~rcetling c:olony 
(x2= 94.4, d.f, = 1 ,  ,h < 0.0001). 'I'hus, p;~r;~sitr-

mcdi;itcd cfisprrsal of tlic sort reported by Kro\h#n Kr 
Kro\h#rlj 1992) is unlikely to Iiavc bi;~sctl our rstirnatrs 
of annr~al  sur\~iv;~l. 

( c ) Ectoparasites and host quality 

W r  also examined whrthrr  rctol~arasitism might 
llavr interacted with otllrr pllrnotypic attrihutcs of' 
llosts to influrncr a n n r ~ ; ~ l  survivorship. For cxamplr, 
lx~rasitcs rniglit Iiavr morr rradily irifcstcd ;~dults of 
lo\h#er overall licaltli arid immunological cornpetcncc 
(Nelson el a/. 1977; N1:~rsllall 1981). 1f' so, (lie 
cont;~gious dist ributiorl of rcto parasites among liosts 
(figure I ) could l ~ v errllcctetl tllr distribution of' 
suscrptiblc indivitluals, :~nd  this correlation hrtwccn 
llost licaltli and 11;~rasitc loatl might corltrihutr to any 
app;~rcnt 'cfkct ' of' ectoparasites 011 survivorsliip. 
Tlowever, i r i  ollr s t ~ ~ d y  we cllosc hirds to he liumig;~tetl 
w i t l i o ~ ~ taf~riori knowledge of' their existing p;~r;rsitc 
lo;~d, :~rltl tllcrcf'orc tllc ohscrvcd incrc;~sc iri sllr-
vivorsllip for f ~ ~ m i g ; ~ t c d  indivitluals (figure 2) can h r  
dirrctly attributed to tlic f'umig:~tio~i arid C ; L I I I ~ O ~h r  
rxplainctl by iril~crcnt, riori-parasitr-relatrt-ltlill'rrrncrs 
in llraltll among par;~si tizctl (i.c. nori-fumig;~tctl) ; L I ~ ( I  
~ ~ o ~ ~ - l ~ a r ; ~ s i t i z ( ~ ( l  birds.(i.c. f'u111ig;~tccI) 

'I'o test li~rtlier tllc apparcrit intlcpcrit-lcricc. of' 
lx~rasitc 1o:~t-l aritl qu;~lity oS llost plicnotypc., wc. 
cstimatetl arlrlr~al survivorsllip of' Surnigatrtl hirtls 
~7l1icl1were carrying, at tlir tirnr of' S~~rnigation, 
tlifl+rrnt numhrrs of' flras. W r  cliosr tllc extent of' 
parasitism hy flcas as a n  index of' llost qu;~lity only 
becarlsc llad tllc I;~rgcst s;~mplc of' hirds for w l ~ o m  
flc;~ loads were ltnown, comparetl to tlie otlier 
ccto1x~r;~sitcs (fig~rrr 1) .  i lvrragr ( $- s.r.) atln11:~1 
survivorsliip of hirt-ls tliat 1lat-l hr rn  carrying 0,1, 2, 3, 
anti 3 4 fle;~s at the time of fumig;~tioll was 0.5132 
($- 0.0 16) (11 = 3996), 0.529 j f0.038) (11 = 735), 0.534 
($-0.0613) ( n  = 246), 0.51 1 jk0 .078)  (11 = 121), ant1 
0.534 j f0.073) ( n  = 121 ), rcspcctivrly. Thus, there 
was no rvidcncc t 1 1 ; ~ t  birds c;~rrying more flc;~s were 
inllrrrrltly 'inf'crior', ;it 1c;~st as ~nc;~surcdby t l~cir  
ability to survive w l ~ c n  rctop;~r;~sitcs were rrmovrd. 

4. DISCUSSION 

Kcc;~nsc I'umigation removeti all of' tlic ecto11ar;~sites 
prcsuit 011 clifl's\h~;~llo\h~,e ; ~ c l ~  we could riot determine 
wliicli one(s) were responsible I'or tlie cfl'ects on 
survivorsllip (figurc 2) .  \l.'c can i n k r  only tliat tlic 
swallow hugs 11roh;~hly llad lrss rfl'rc.t tli;~n tllr other 
cctolx~rasitcs, gkrcn the very f'cw t 1 i ; ~ t  wcrc cncor~ntcrcd 
on ;~dults (Kro\h#rl & Kro\h#rl 1996). 1:lcas probably 
corltril~rrted hravily to the r lkcts  or1 survival, given 
that they a r r  delrterious to c:lill's~v;~lln~vs in otlier ways 
(Brown & Brown 1992, 1996). (:hewing lice also (:an 
I~ave  rlegativr rll'ects or1 tlirir avian Iiosts ( ( : I ; L ~ I O ~ ~  
1990 ; (:l;tytoil K- Torripkills 1994, 1995 ; I.ec K- (:I;~ytoll 
1995), altl~ougli not bcfbrc Ibund to influence prob- 
;~l)ilityof' ;~nnu;tl survivorship li)r :~dults. Prcsurnal)ly 
the isc:hnoc.cran lousr had less ell'rct ~ I I ; L I ~t I ~ r  
arnl)lyc,er:~n sprcirs, bec.ausr the vertic;~lly tr;~rls- 
rnittctl isclinoccr;tns ; L ~ Cgcncritlly less virulent th;~r1 
horizontally transmitted parasitrs such as lle;~s 
; ~ n d  ;~nlblycrr;~n lice ((:I;~ytoi1& 'l'orr~pltirls 1994). 



Possibly, too, thr  lilrnig;ttion killed variorrs rnitcs 
(L~crrn:~nyssitl;~c;scr Howell & (:ll:~l)rn;~n 1976) wl~osr  
rrrnoval rnigllt i~lso 1l;tvc contributed to lligllrr sur-
vivorship ;Lrnong filrnig;~tetl birds. We saw no rnitcs on 
c:liff'sw;~llows ill orrr strrdy area, but rnitcs ; ~ r c  I1;~rd to 
tlrtrct ;tiltl might not G~ll oft'into tllc s;~rnplirlgJ:~r wllril 
ltilletl (1).(:layton, pcrson;~l cornmtlrlicatior1). 

Krg:~rtllcss of thc  rcl;~tivc irnportailcr of r:~c:h kirltl of' 
cc.topar;~sitc, the suitr of rctop:~r:~sitcs;LS it wI1oIe 
c,lc;~rly irnposetl :L ~1111st;~rlti;~l1o11g-terry1 cost f'br adrrlt 
c l i f t ' ~ w ; ~ I I o ~ ~ .' l ' l ~ r  pr~sri1(:e ofcc.to11;tr;~sites redrrcrtl :Lrl 

irldividtl;~l's ;LVCI.;L~C ;~l l l l t l ; t l  s11rvIv;~I prob;~l)ility l)y 
;tbout 33 ";, (horn 0.57 to 0.38), trailslating into ;L 

rcductioil of ;~11011t 9 ~llorltllsill rrle;~rl life S ~ X L I ~li)r birds 
that erlter thr  1)rcctling poptll;~tior1 (c;~lc.ul;~tcd 11sirlg 
rnrthotls of Brownie ut al. (1985)). Given t l l ; ~ t  ;t clill' 
swallow's ;tnnu;~I I~rredirlg season 1;tsts oilly 2--3 
rnorltl~s, this rrtluction in rnc;Lrl lif'e spa11 suggests th;tt 
rctop:~r:~sitrs (:;111 cost ;tdrrlt clill' sw;~llows t l ~ r  
ryrrivalrrlt of a11 cntirc yr;Lr ill lifrtirnc rcprotluctivr 
SIICCCSS. 

Colorly sizc h;td no rft'ect oil the extent to wllicl~ 
ectop;~r;~sitesrctlucctl ;tdult clill' swallow srrrvivorsllip 
(figure 2) .  7'11is is uillikr the 11;~ttcrn fnr 11rst-I);~srd 
cc:top;~r;~"tisrrl,primarily by SW;LIIOW bugs, ill wlli(:ll 
tllc cft'ccts illcrease with co1011y sizr (Brown & Brown 
1986, 1996). However, t l ~ r  ectoparasitcs prirlcipally 
;~II;'ctir1g adult sw;~llows ;Ire flras, wllicl~ s l~ow only :L 

wr;~lt i11c~re;~se ill per citpit;~ adult inf'cst;ttioil with 
c ~ l o n y  sizc (Brow11 & Brow11 1996), ;~rltl tllc chewing 
lice, wllicll ;LISO sllow either ;L wr;~lt irl(:rc;tsc or 110 

correl;~tioil between per c ; ~ p i t ; ~  ;~du l t  illf'est;~tiorl ;~rld 
coloily size ((2. R. Brow11 & B. K;~ll~litlit, rrilprrblis11rd 
rcsrrlts). 'I'hcrcli)rc, wit11 t l~rse  cc:top;~r;tsitrs, ail 
incre;tsetl cost ofpar;tsitisrn ill larger groups wotlld not 
rlrcessarily I)c cxpcctetl. 

Hosts of cctop;tr;tsites commonly dcvrlop :~cquirctl 
imrntlility to tllc p;~r;tsitrs and their cll'rcts (NC~SOII C /  

al. 1977 ; R;tntlolpll 1979 ; Miill;tdserl 1980 ; (:hicr;~et al.  
1985; M;trsllall 1981 ) , resulting ill rrilevell p;~r;tsitisrn 
among int1ivitltl;~ls within ;t I~ost pol~rlat ion.  O t l ~ e r  
pl~crlotypic or genetic t1ill'erenc:cs ;trnoilg l~losts may 
rn;~ltr crrtain ones e;tsirr to 11;~r;~sitize (H;~nliltorl& 
%uk 1982; W;tltrlirl & Bl;tckwell 1988; B;~rn;trtl & 
Bcllrlkc 1990; Brown & Brown 1996). However, tllc 
rcl;~tivcly coilstant suk)scclurrlt survivorsllip of' adults 
tlmt llitd I~ r r i l  (:;~rrying dill'ercllt nurnbers of ccto-
lxtr;~sites prior to f'tlrnigation suggestrd that p;tr;~sitcs 
iilfkst clill' sw;tllows irltlrpcndcrlt of any tlcgrcc of' 
;~cqtlircd irrlrrlurlity or otllcr ~~~rviv;~l - rc l ; t tcd  rne;tsrrres 
ofhost ' qw~l i ty  '. T h e  rcdrrctions in survivorship (figure 
2) thcrcfbre ;Ire likely ci~rrsrtl 11y ec.top;tr;~sites without 
any intcr;~ctiilg :.elect of' Ilost quality. Orrr rrsults arc 
rrrliqtlr irl dcrnonstr;ttirlg t11;~t p;trasitcs lower ;~tltllt 
host srrrvivorsllip irltlepcntlcilt of host pl~ri lotypr.  
l'rrviotls c~orrcI;~tioi1;~1slutlies havc 1101 been aldr to 
rstablish ;t ~ ; L ~ I s ; L Ilii11t I)etwcei1 r);~r;~sitisrn ; ~ n d11101.-
tality I~rcarrsr of' tllc possibility of' ;t coi~fo~lncling 
correlation I~ctwrerl parasite load and host pllerlotype. 

Ectop;~r;~sitcsrrmy rrtlucc survivorship of' ;tdrrlt clill' 
swallows ill srvrral W ; L ~ S .  Oile l~ossiblc i11llrrr11ce t l~cy 
may have is to lower tllc I~irds' I~ody rn;tss ovrr the 
cotlrsr of the ilestirlg sc;~son (ser, for cx;trnplr, Serlar ut 

al. 199.1). Furnig;ttcd ;tdul( cliff' sw;~llows lost lcss mass 
tluriilg thr  seasoil, oil avrragr, thail rlorl-ft~rnig;tted 
ones ((2. R. Brown & B. R;~nn;t l ;~,unpul)lisl~cd results), 
;~rld~ I I I I Sr);~r;~site-frreI~irds wrre irl better physical 
coilditiorl the start of tllc strrssftll G~ll migration. 
Grc;ttcr rn;tss ; ~ t  the crld of' the 1)rccding S C ; L S O ~ ~is 
;tdv;~nt;tgeorrs, I~rcarrse ill clill' swallows I~otly mass is 
directly correl;~trd wi t l~  aililrral srrrvivorsllip (Brow11 & 
Brow11 1996). F~~r thcrrnorc ,  p;~r;~sitcs1~ ;~c rn ;~ top l~ ; tgo~~s  
suc.11 ;LS switllow I~ugs, flcits, ; ~ n d  ;trr~l~lycer;tll licr C ; L I I S ~  

blood loss t11;~t rrmy result in ;til;tcrni;~ ill their Ilosts 
(c.g. Kirkwood 1967; Nelsorl u/  al. 1977 ; M:~rsh:~ll 
1981 ; C:ll;tprn;til & (:eorge 199 1 ; Le1lm:~nn 1993). 
p. '~r<~sltr-iildrrcetl.' corltril)utrs to mass loss and.. i~rl i~rrnia 

c;ttlsrs irlcreased mortality irl sornc animals (Jellison & 
Kollls 1938). Althougl~ we I1;~tl 1 1 0  dircct rr1c;tsur.c of'tl~e 
cwst of p;~r;~"tc-inducctl ;~rl;~erni;t f'or ;tdrrlt clill' 
sw;tllows, (:I~:~prn:~rl (1991) doc.umcntcd its & (:rorge 
rlrgative rll'rc.ts l i ~ r  nestling c:liff' sw;~llows. 

Ailother possible way cctop;tr;~sitcs rctluccd ;~tlult 
srrrvivorsllip w;~s  tllrougl~ f'c;~tl~er loss. C:l~rwirlg lice call 
rrmovc ;t sul)st;tnti;tl ;~rnouilt of'f'r;ttl~rr rrmss fkorn t l~ r i r  
:~vi:~nhosts; the lice usu;~lly f'ccd or1 tllr tlowrly katllers 
closest to the I~ird's sltirl (Nelsoil & Mrrrray 1971 ; 
1)cV;~rley 1976 ; (:l;~ytoil 1990). Fei~ther rernoval lcatls 
to ail irlcrrasrd thermal c:ontluc.tanc.c, requiring tllc 
host to raise its rr~ct;~k)olic r ;~ t e  if'it is to corrIpri1s;Ltr 
(Booth 1.1 al. 1993). 1ncrc;tscs ill rnet;~l~olic f'br small r ; ~ t r  
insectivorous I~irds srrcl~ ;LS call c.ostly,S ~ V ; L I ~ O ~ V S  I)? 
csprci:~lly tlurirlg I ~ a d  weather (Prinzingcr & Sicdlc 
1988; Bryant 1!)!)1), ;tnd rrmy tl~crcfbrr irlllueilcr 
; L ~ I ~ I ~ I ; L ~survivorshil~. 

Ectop;~r;~Gtrs(rspeci;~lly lice) may also all'rct host 
survivorship 11y serving as vcctors for :L variety of 
cnt1o~"tr;tsiitc crstodes ;~rld rlern;~todes ;~rld sornc I~itc- 
tcri ;~ itild viruses (ser M:~rshall 1981 ; (:layton 1990; 
1,cllrn;tilil 1993). Altl~otlgll we 1:~clt dircct da ta  on the 
tlcgrre to wI1icI1 tllese r i ld~p;~r ;~s i tcs  itrearid p;tthoge11~ 
I~arrnlirl to hosts in gcncr;~l, it is ;~ssurncd tll;~t they (i~rltl 
tk~eir ectoparasitic vectors) ; L ~ Cs~lflicicrltly drlettrious 
for their prcscncc or ;~k)scncc to reprrseilt irnr)ort;~rlt 
cue fbr rn;tte cl~oice (Hamilton & %uk 1982; Borgi;~ C(c 

Collis 1990; (:layton 1990, 1991 ; H;~rniltorl 1990). 
Finally, cc.top;tr;tsitcs rn;Ly c;Lrlse their avian hosts to 
incre;tse their tirne spent in self-rn;tintcn;~~~cc I)cll;tvior, 
csprci;~lly prrerliilg ((2otgrc;tvc & (21;~yton 1994). An 
ir1crr;~sr irl preening mc;Lns lcss tirrlc ;~v;til;tble fbr 
foraging ant1 ;~nti-prcd;ttor vigilailce, with potentii~l 
collscrlucllccs k)r survivorsllip. 

Given tllcsr poterltial costs of rctop:~r:~sitisrn to ;~dul t  
hosts irl grneral :~11tl our results fbr clill' s w ; ~ l l ~ w s  ill 
11;~rticrrlar (figure 2) ,  it is clc;~r tll;~t stutlies which 
ignore the long-tcrrn cff'ccts of' ectoparasitrs oil the 
survivorsl~ip of' ;~ t l t~ l t  hosts may I)c neglecting ;t rn;ljor 
cnvirorlrne1lt:~l component of host fitness. 'I'llis is 
rspccially true for srnall birtls stlcll as cliK swallows in 
wliicll lifksp;trl is :L major tlctcrrnin;tnt of' lif'rtimr 
rrprotluctivc succ:css (Cluttorl-Broclt 1988; Newton 
1989). Collectiilg tllc kind of'd;tt;t ilccrssary to rva1u;ttc 
the irnp;~ct of parasites on host survivorsl~ip rrquircs 
1orlgitutlin;~l infi)rrn;ttioil or1 the same host intlividrrals, 
;trld rrgrctt;tl)ly f'cw srrcll strrdirs are \,ring sust;~incd irl 
behavioral ecology ;tt prrserlt. 
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