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ABSTRACT. We sampled lice from 2 species of Neo-ment the prevalence, intensity, abundance, and species

tropical thrushesTurdus assimilis, the white-throated richness on each host. Sampling was conducted in

robin, andT. grayi, the clay-colored robin, to docu- 1999 in the Coto Brus Valley of southern Costa Rica
using a modified dust-ruffling technique. The preva-

_— lence of lice was high—Ilice were recovered from 93%

4 Corresponding author (e-mail: lindellc@msu.edu)(n = 14) of T. grayi and 86% = 22) of T. assimilis
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individuals sampled. Observed prevalence and gene&gouth America. White-throated robins are alti-
ic-level louse diversity were similar to those reporteqydinal migrants, although their movement pat-

for T. migratorius, the American robin, in Newfound- terns are poorly known (Stiles and Skutch,
land, Canada, although assimilisandT. grayi tended 1989)

to have higher proportions of lice belonging to the sub- . . -
order Amblycera. Turdus grayi hosted marginally Chewing lice may complete their life cycle on

more louse species (mean 1.6, SD= 0.8) and had 1 host individual_. They feed on fea_thers,. blood,
marginally higher louse abundance (mear83.9, SD and dermal debris of the birds they inhabit (Mar-
= 27.9) thanT. assimilis (mean= 1.1, SD= 0.6 and Shall, 1981). They are classified into the subor-
mean= 16.5, SD= 17.3, respectively), although. ders Amblycera and Ischnocera. Amblycerans
grayi and T. assimilis are closely related and similar are generally more active and move faster than
in size. Distributions of lice on the 2 species were agischnocerans (Ash, 1960) and sometimes leave
gregated, indicating substantial individual variation inheir hosts when the host is disturbed or dying.
the abundance of lice supported. ~Ischnocerans are apparently dependent on direct

KEY worDs chewing lice, phthiraptera, white- o140t for dispersal to another host or on pho-
throated robin, Turdus assimilis, clay-colored robin, resy, which occurs when lice attach to other an-
Turdus grayi, Costa Rica. . . e .

imals such as hippoboscid flies for transportation
to other hosts (Marshall, 1981).

Parasitism may influence fitness (e.g., Clayton we collected lice from adult white-throated
et al., 1999), life-history strategies (e.g., Mgllerand clay-colored robins during February, March,
1997), mate choice (e.g., Lopez, 1999), and poRmd June of 1999, dates that correspond to just
ulation dynamics (e.g., Forchhammer and Aspefore and during the breeding season for both
ferg, 2000); yet, our knowledge of common parpird species. We collected lice near the Las Al-
asites infecting Neotropical bird species is eXuras Biological Station (&7'N; 82°50'W) and
tremely limited (Clayton et al., 1992). In thisthe Las Cruces Forest Reserve °4BN;
article, we present information on the prevag>s5W) in southern Costa Rica. The sites are
lence, intensity, abundance, and species richnegsproximately 25 km apart on the Pacific slope
of avian chewing lice (Insecta: Phthiraptera) of the country. Elevations at Las Alturas range
2 species of resident Neotropical thrush®s- from 1,300 to 1,500 m and at Las Cruces from
dus assimilis, the white-throated robin, an@. 1 100 to 1,300 m. Collection at Las Alturas took
grayi, the clay-colored robin. These are the firspjace in the primary forest of the Las Tablas
quantitative data on the louse fauna of these 2rotected Area and in a coffee plantation about
species. We compare our results with those af km from the forest site. Collection at Las Cru-
Wheeler and Threlfall (1986) fof. migratorius, ces took place in the Las Cruces Forest Reserve
the American robin. We also present data on sexs well as in several forest fragments within 2
and age ratios of the lice to compare with othegm of the Reserve. We used passive mist-netting
data on bird louse suprapopulations. The worp capture individuals of both species.
was conducted in the Coto Brus Valley of south- When individuals were first captured they
ern Costa Rica. were banded with metal and plastic leg bands so

Clay-colored and white-throated robins eat inthat we could recognize recaptures. We took
sects and fruit, spending time foraging on thgeveral morphological measurements, including
ground as well as in vegetation. Clay-coloregveight, and then followed a modified dust-ruf-
robins are common in cleared areas of Cosfing technique to collect lice (Walther and Clay-
Rica. They inhabit urban and agricultural habiton, 1997). We spread a heaping thimblefsl(
tats and occasionally enter forests (Mortong) of Cardinal Flea and Tick Powder throughout
1983; Stiles and Skutch, 1989). White-throatedach bird’s feathers on all parts of the body. This
robins also use open habitats to some extent bitand of flea powder contains 0.1% pyrethrin,
use forest habitats more extensively than dan insecticide that is not harmful to birds or
clay-colored robins. White-throated robins havenammals (Casida, 1973; Clayton and Tompkins,
nearly disappeared from the Central Valley ol995). After spreading the powder, we put each
Costa Rica, probably because of the extensiv@rd in a paper bag closed with a clip. We re-
deforestation in this area (Stiles and Skutchmoved the bird after 10 min and then gently ruf-
1989). Both species have relatively large gedied its feathers for 3 min over a large shallow
graphic ranges that extend from Mexico intgan. We released the bird, collected all the lice
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Table 1. Prevalence and intensity of 4 louse genera (Menacanthus, Myrsidea, Sturnidoecus, and Brueelia)
on Turdus grayi and Turdus assimilis.

Intensity
Infected

Host Louse Hostsn) hosts Prevalence Mean = SD Range
T. grayi Me. eurysternus 14 3 21 26.0* 16.1 21-44
T. grayi My. carrikeri 14 11 79 30.6 = 24.8 1-69
T. grayi S caligineus 14 8 57 26=*19 1-6
T. assimilis Me. eurysternus 22 2 9 8.5+ 9.2 2-15
T. assimilis Myrsidea sp. 22 17 77 18.1+ 15.3 1-48
T. assimilis Surnidoecus sp. 22 4 18 23* 19 1-5
T. assimilis Brueelia sp. 22 2 9 105+ 7.8 5-16

that had fallen into the paper bag or into the parj;=5.0 SD],n = 22; clay-colored robins, 66.2 g
and put the lice in 70% ethyl alcohol. [£5.7 SD],n = 14; T = 1.44,P = 0.16). Mean

All specimens were mounted on microscopéuse abundance for the 2 robin species was not
slides by Michigan State University personnesignificantly different between the 2 main time
and were identified by R.P. Several specimenseriods when lice were collected (February—
were deposited at the National Museum in SaRlarch 1999 and June 1999; Mann-Whitnidy
Jose Costa Rica, and voucher specimens havgsts: white-throated robingl = 51.0,P > 0.1;
been deposited with the Department of Entoclay-colored robinsy = 12.0,P > 0.1). Hence,

mology at the National Museum of Natural His\ye combined the data from the 2 periods for all
tory, Smithsonian Institution (accession numbegngjyses.

TM 2023094). When the data did not meet the \yeg collected 363 lice from 22 white-throated

normality assumption required by parametri¢ypins. Nine of the 363 lice were lost or became
statistical tests, such as tiiest, we used non- nigentifiable during the slide-mounting proce-
parametric tests for analyses, including th§re we collected 475 lice from 14 clay-colored
Mann-WhitneyU-test andG-tests of goodness robins, with a processing loss of 39 lice. Prev-

c(>3f fit. We ;:alculgajted W'"f'a?'s gogelctloréfcl):; arllllfalence of lice on white-throated robins was 86%
-lests of goodness of fit (Sokal an ° (95% CI, 65% to 97%). Louse prevalence on

1995). . clay-colored robins was 93% (95% CI, 66% to
We sampled 7 louse suprapopulations, 3 fro 00%)

clay-colored robins and 4 from white-throate . .
Three species of lice were collected from

robins. Of these 7, 3 had at least 10 females an lored robinsM th rvsiern
10 males, which we considered as the minimu gay-colored robns Vienacantnus eurysternus,

number to test for biased sex ratios. These yrsidea carrikeri, andSwurnidoecus caligineus.

suprapopulations were also the only ones Witﬁour §pecies occurred .on white-throated robins
at least 10 adults and 10 immatures, allowing u& Which 3 could be assigned to genus orie.
to test for biased age ratios. For tfietests of eUrysternus, Myrsidea sp., Surnidoecus sp., and
goodness of fit that we used to test for biaseffuéelia sp. Distributions of louse species on
age or sex ratios, we used a sequential Bonfdost individuals are given in Table 1. Louse
roni procedure to adjust for the increased prog2révalence by suborder on host species is pre-
ability of observing statistical significance forsénted in Table 2.
any single test, when multiple tests of the same The mean louse species richness per bird for
hypothesis are conducted (Rice, 1989). The udle clay-colored robins, including the 1 unin-
of the terms prevalence, mean abundance, met@¢ted individual, was marginally higher (mean
intensity, and suprapopulation is consistent witlF 1.6 = 0.8 SD) than the mean number of spe-
the definitions of Bush et al. (1997). cies for the white-throated robins (meanl.1

We collected lice from 22 white-throated rob-= 0.6 SD; Mann—-WhitneyJ-test,U = 104, P
ins and 14 clay-colored robins. The means 0.07). The mean abundance of lice on the
weights of the individuals of the 2 bird specieslay-colored robins was also marginally higher
were similar (white-throated robins, 63.6 g(mean = 33.9 + 27.9 SD) than that for the
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Table 2. Prevalence of licein the suborders Ambly- None of these 3 Suprapopu|ation5, each com-
cera and |schnocera on 3 species of Turdus, prising at least 10 adults and 10 immatures, had
significantly skewed age ratio&{tests of good-

Host Am?,'%')c era 'Sd(]%cera ness of fit with sequential Bonferroni procedure,
_ all P values> 0.05).
;— gra_y'_r 2?-; 2;; Almost all clay-colored robins (93%) and
. assimilis . . AL . ) . .
T migratorius* 11-17 5683 white-throated robins (86%) were infected with

lice. Of 18 American robins sampled in New-
* Data from Wheeler and Threlfall (1986). Percentages arboundland, Canada (Wheeler and Threlfall,
Qi‘é_e’_‘das |a r_a’f‘get Zezauszrgiﬁ‘a?rzsfstesd ‘;"Cei;esnm?fgsir?;:ﬁBG), the prevalence was 61%, although this is
::;d:;v;lslfé}fsal:y?svgre ir):fgcted by more tharr)1 1 spécies was ngﬁkew a,n und_eresnm?te' The mve,StlgatorS col-
reported. lected lice using fumigant jars, which exclude a
bird’s head during sampling and obtain only
80% to 90% of the lice inhabiting a bird (Fowler
white-throated robins (mean 16.5+ 17.3 SD, and Cohen, 1983). We believe that the dust-ruf-
Mann—WhitneyU-test,U = 101,P = 0.08). fling method removes a higher percentage of lice
Wheeler and Threlfall (1986) reported thebecause it also includes a bird’s head during
mean intensity of louse infection for Americansampling. Hence, the prevalence of lice on the
robins (mean= 24.6 = 26.5 SD, variance= 2 tropical thrush species may be higher than that
702.3) rather than the mean abundance. To ereported for the American robins, although dif-
able comparison, we report these measures heferences in the sampling technique preclude a
For clay-colored robins, the mean intensity oflefinitive conclusion.

infection was 36.5+ 27.2 SD (variance= The intensity of infection and abundance of
739.8), and for white-throated robins, it wadice varied a great deal among individuals of the
19.1 = 17.2 SD (variance= 295.8). 2 tropical thrush species as well as American

Numbers of adult males, adult females, andobins. Louse distributions of all 3 host species
immature lice recovered from each of the 7 suwere aggregated or clustered (variance/mean
prapopulations of lice sampled (7 louse speciek) (Zar, 1996). Aggregated distributions have
over 2 host species) are presented in Table 3. ®&en reported frequently for macroparasites (see
the 3 suprapopulations with at least 10 femalegferences in Loye and Zuk [1991] and Hudson
and 10 males, onlWMy. carrikeri on clay-col- and Dobson [1997]), reflecting the pattern of
ored robins had a significantly female-biased sexany hosts with low parasite intensities and a
ratio (G-test of goodness of fit with sequentialfew hosts with high parasite intensities.
Bonferroni procedurel? < 0.05). The sex ratios  Although differences were not significant at
of the other 2 suprapopulatiorde. eurysternus the P = 0.05 level, there was a trend toward
on clay-colored robins andVyrsidea sp. on clay-colored robins supporting more louse spe-
white-throated robins, were not significantly bi-cies @ = 0.07) and having a higher louse mean
ased G-test of goodness of fit with sequentialabundanceR = 0.08) than white-throated rob-
Bonferroni procedureP > 0.05 in both cases). ins, suggesting interspecific variation for these

Table 3. Numbers of adult females, adult males, and immatures for 7 suprapopulations of the louse genera
Menacanthus, Myrsidea, Sturnidoecus, and Brueelia on Turdus grayi and Turdus assimilis.

Adults+
Host Louse Adult females Adult males Immatures  Femafeales immatures
T. grayi Me. eurysternus 24 12 42 2.0 0.9
T. grayi My. carrikeri 93 65 179 1.4 0.9
T. grayi S caligineus 4 1 16 4.0 0.3
T. assimilis Me. eurysternus 5 1 11 5.0 0.5
T. assimilis Myrsidea sp. 85 70 152 1.2 1.0
T. assimilis Surnidoecus sp. 5 1 3 5.0 2.0
T. assimilis Brueelia sp. 11 8 2 1.4 9.5
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measures. The 2 robin species are essentially Bfish, A. O., K. D. Lafferty, J. M. Lotz, and A. W.

the same size and closely related, suggesting that Stostak. 1997. Parasitology meets ecology on its
. . own terms: Margolis et al. revisited. Journal of

the_grgater species richness on the clay-colqred Parasitology 83:575-583.

robins is not a result of greater area or habitatasida, J. E. 1973. Pyrethrum: The Natural Insecti-

heterogeneity (or both) on that species, factors cide. Academic Press, New York. 329 pp.

that sometimes explain species richness diffeflayton, D. H., R. D. Gregory, and R. D. Price.

ences between habitats (Simberloff and Moore, 92, Comparative ecology of Neotropical bird

. . .. ice (Insecta: Phthiraptera). Journal of Animal

1997). However, ecological and habitat utiliza- Ecology 61:781-795.

tion differences among robin species that altatiayton, D. H., P. L. M. Lee, D. M. Tompkins, and

host physiological stability or contact rates may E. D. Brodie I11. 1999. Reciprocal natural selec-

be related to differences in louse species rich- tion on host-parasite phenotypes. American Nat-

ness. Louse species richness and mean ab@éylggil'séla4:2§nl(;gol'\/l Tompkins. 1995. Com-

dance were po_sitivel_y correlated in a recent “parative effects of mites and lice on the reproduc-
study of Neotropical birds (Clayton and Walther, tive success of rock dove€g¢lumba livia). Par-
2001), suggesting that factors influencing one of asitology 110:195-206.

these statistics probably affect the other, eithérl@yton, D. H., and B. A. Walther. 2001. Influence
of host ecology and morphology on the diversity

directly or indirectly. . . of Neotropical bird lice. Oikos 94:455-467.

The 4 genera of lice collected from white-Forchhammer, M. C., and T. Asferg. 2000. Invading
throated robins were also collected from Amer- parasites cause a structural shift in red fox dynam-
ican robins by Wheeler and Threlfall (1986). ics. Proceedings of the Royal Society of London

Patterns of louse prevalence by suborder dif:- W%237X7%;28§'C0hen 1983. A method for the

fered: greater percentages of Amb!ycerans an(? quantitative collection of ectoparasites from birds.
lower percentages of Ischnocerans infected trop- Ringing Migration 4:185-189.

ical robins when compared with the infection inHudson, P. J., and A. P. Dobson. 1997. Host—parasite
American robins (Table 2). These patterns merit Processes and demographic consequences. Pages
additional study. 128-154in D. H. Clayton and J. Moore, eds.

Host—Parasite Evolution: General Principles and

Menacanthus eurysternus was detected from Avian Models. Oxford University Press, Oxford,
American robins, clay-colored robins, and U.K.
white-throated robins, although not from the mak opez, S. 1999. Parasitized female guppies do not pre-
jority of individuals of any host speciesena- fer showy males. Animal Behaviour 57:1129—
canthus et'.lryStemlfls has b.een reported from QverLoyélf4é., and M. Zuk. 1991. Bird—Parasite Inter-
120 species of birds (Price, 1975). Hence, it has ~ gctions: Ecology, Evolution, and Behaviour. Ox-
an extremely widespread, if patchy, distribution.  ford University Press, Oxford, U.K. 406 pp.

Our data on louse sex ratios concur with preMarshall, A. G. 1981. The Ecology of Ectoparasitic

vious work; when a bias exists, it tends to be ir&ﬂdl'”seXtSbAigg‘?m:f Pre_?_sv '-0”%0?6 UK. ﬁ'g pp.f
A er, . . . arasiiusm an e evolution o
favor of females (Wheeler and Threlfgll, 1986, | st life history. Pages 105-12 D. H. Clayton
Clayton et al., 1992). We found no evidence of  and j. Moore, eds. Host—Parasite Evolution: Gen-
biased age ratios, unlike other studies that de- eral Principles and Avian Models. Oxford Uni-

tected adult-biased ratios (Wheeler and Threl- versity Press, Oxford, U.K.
fall, 1986; Clayton et al., 1992). Morton, E. S. 1983.Turdus grayi. Pages 610—-61in

. . . D. H. Janzen, ed. Costa Rican Natural History.
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ABSTRACT. A die-off of koi carp,Cyprinus carpio, at was given 25 large koi carp (each greater than
a commercial rearing facility located in Spanish Fork3o cm long) by a neighbor who had maintained
Ut(_’;\h,_U.S.A., is reported. Although the cau.se of mofhe fish in California (3 yr) and then in Utah (3
tality in carp remained undetermined, moribund car@r) before donating them to the facility. These
became heavily infested wiffrichodina mutabilis and fish were added to a 0.1-ha pond tha;[ had an

6 species oDactylogyrus (prevalence= 100%).Dac- iinal lati f imately 110 I
tylogyrus formosus comprised the largest proportion ofOMginal popuiation ot approximately small-

the dactylogyrid population on infested hosts (38.79%fC Medium-sized ornamental carp. A dozen koi
followed by D. dulkeiti (28.8%), D. anchoratus carp (each about 7-5 cm in .Iength) purchased
(14.7%),D. baueri (8.6%),D. intermedius (8.0%), and from a Salt Lake City supplier, who had ob-
D. minutus (1.2%). Occurrences d. dulkeiti andD. tained them from California, were also added to
baueri on Cy. carpio represent new host recordsac-  the pond. All of the large koi carp were lost, and
tylogyrus dulkeiti andT. mutabilis on carp in Utah are gpproximately 50% of the medium to small fish
the first records of these species in the Nearctic.  jn the pond died during the 2-mo episode.
. KEY WORDS. Kol _Ca”g' '\C/'tonogeno:(dea' Dac%"ogyr' Fifteen moribund fish from the fish farm were
'aae, Cyp”nus.c.arp'o’ actylogyrus formosus, Dac- sent to the laboratory of RH at the Brigham
tylogyrus dulkeiti, Dactylogyrus anchoratus, Dactylo- Young University for diagnosis. The liver, gill
gyrus baueri, Dactylogyrus intermedius, Dactylogyrus | g d by g ; ’ £ th f', l? !
minutus, Trichodina mutabilis, Utah. spleen and su c_utan_eous_tlssue 0 the fish were
examined for viral infections using standard
. . techniques of transmission electron microscopy;
During the summer of 2000, an episode Of,¢ gilis and internal organs of 5 of the 15 hosts
mass mortality of koi carp, a colorful variety of\\ere aiso examined for other parasites using
the common carpCyprinus carpio, occurred in - gianqard necropsy methods. Helminth parasites
a commercial fish farm located |n,S.pan|sah EorKNere mounted individually on slides using Gray
Utah C;ount;t/], l_(th.ah,fo.ﬁ.A. (406 Nf' 3].1:#401. & Wess’ medium (Humason, 1979). Identifica-
W). Before the die-off, the owner of the facility tion of helminths was based on information pro-
vided by Gusev (1985). Klein's dry silver im-
3Corresponding author. pregnation method (see Lom and Dykova
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