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Abstract: Botfly infestation was analyzed in 1319 small mammals from varied habi-
tats and elevations in upland Virginia, 1972-1974. Adult Cuterebra foniinella were
reared from bots infesting the woodmouse (Peromnyscus leucopus). Of 651 woodmice,
199 (30.6%) were infested at least once. The season of bot infestation extended from
May through November of all years, with peak prevalence (mean 42.2%) in August.
Infestation in woodmice was general over a 2000 km2 study area during peak months.
Significantly greater prevalence (P<0.001) was seen in forested and brushy habitat
(39.9%) compared with old fields (2.6%). Higher prevalence (P<0.01) was found
in males than in females, and in postjuveniles compared to adults. Greatest overall
prevalence (39.1%) was in postjuvenile males. Most warble sites (98%) were ingui-
nal, and observations suggested that many infested adults were non-reproductive.
Mean burden (1.27) was independent of host age, sex, habitat, and month of capture.
Multi-infestations occurred in 23% of the affected mice; maximum burden was six

bots. Botflies were absent or negligible in sympatric deermice (P. maniculatus) and
twelve other species of rodents and shrews.

INTRODUCTION

Many species of rodents and lago-
morphs are seasonally infested by larval
botflies of the genus Cuterebra (Diptera:
Cuterebridae). In contrast with most
host-parasite interactions this infestation
attracts special attention due to the large
size of the larvae in relation to their
relatively small hosts. Furthermore, lar-
vae of many cuterebrid species typically
migrate to encapsulation sites in the host’s

inguinal region.7-’ This has caused some
speculation about possible interference
with host reproduction, and posed ques-
tions about the relationship between bot
prevalence and host population dyna-
mics.24

We now know much about the biology
of adult and larval botf lies of several
species,’-’’#{176}-” about physiological reac-
tions of hosts to parasitism,2’-10’� and
about pathology of bot infestation.4”9
However, there are many voids in our

knowledge. Geographic ranges of the var-
ious botfly species are poorly known.
Mammalogists commonly encounter bots
during summer trapping, but few have
reared adult flies for identification; thus,
good host-parasite records are not avail-
able from many areas.4 Little quantified
evidence is available to identify which
portions of host populations are most sus-
ceptible. Bot prevalence is known to vary
according to habitat.’-”#{176} but there have
been no reported statistical analyses of
variations of prevalence in woodmice.
Lastly, most previous studies were based
on relatively small, localized samples.
Any general conclusions about bot-host
ecology drawn from such studies must
necessarily be viewed with suspicion.

Unidentified warbles have been repor-
ted from Virginia in several studies,’5-”
and adult C. buccata were recently rear-
ed from bots infesting cottontails in Vir-
ginia.’3 However, there have been no re-
ports of bot prevalence, infective season,
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rearing of adult flies, or varying preva-
lence by habitat for rodent bots from Vir-
ginia or the adjacent Central Appala-
chians. Summarized herein is a study of
botfly parasitism in the woodmouse (Pc-

nomnvscus leucopus noveboracensis), with
statistical analysis of data drawn from
large samples stratified by host age, sex,
habitat, and parasite burden. Also re-
ported are additional notes concerning
the biology of the parasite, its effects on
the host population, and occurrence on
incidental host species.

METHODS

Small mammals were captured and
examined as a part of research on fox
predation in upland Virginia (1972-1974),
during which 1319 rodents and shrews
were captured on permanent grids and
temporary assessment traphines. Random
1 ha grids (Sherman traps, 16 m spacing)
were maintained on each of four 10 ha
woodlots in northern Rockingham Coun-
ty, Virginia. Two woodlots were mature
oak-hickory stands; the other two were
composed of brushy second growth hard-
woods with dense undergrowth. Trap-
mark-release procedures were conducted
on the grids using 6-day trapping periods
at 50-day intervals from July, 1972,
through November, 1973. Excluding the
winter catch, 415 individuals (285 P.

leucopus) were examined for sex, age,
reproductive condition and botfly larvae.
Animals were marked with ear tags and
by toe-clipping, and were released imme-

diately. Age was determined by pelage.
Small gray individuals and nearly adult
mice in obvious postjuvenile molt were
pooled as postjuveniles. Few of the for-
mer were caught, and thus this class was
composed largely of mice 35 to 70 days
old.’4

Supplementary trapping was initiated to
obtain bots for rearing, to sample other
habitats, and to increase the overall sam-
ple size. During the summers of 1972,
1973, and 1974, removal traphines were
established on nearby fields, fencerows,
and woodlots, and also at higher eleva-
tions on Massanutten and Shenandoah
Mountains. The sampled area was ap-
proximately 2000 km2 and covered parts
of Rockingham, Shenandoah, and Augus-

ta Counties, Virginia. Traphines consisted
of 30 traps at 15 m spacing, and were
tended for three nights at a locality.
Each sample was from homogeneous

habitat. Sixty-five samples were taken
from five kinds of habitats (Table 1),
and 617 small mammals (366 P. leuco-

pus) were removed. Total sample size
from the two sources during bot seasons
was 1032 mammals, including 651 P.

leucopus (Table 2).

The large sample size of P. leucopus

(651) facilitated statistical analysis of
several facets of botfly infestation. Pre-
valence and burden by age and sex were

compared using the RxC test of indepen-
dence with the G-test.’� Each paired class
was compared using the G-test with 2x2

contingency tables.’9

During July and August, 1973, 14 third
instar larvae were obtained from trap-
killed woodmice. In August, 1974, eight
larvae were obtained after they dropped
from cage live woodmice. All bots were
placed in containers of moist sand to
pupate. Puparia were then removed to
small jars containing moist filter paper,
where they remained until emergence.

RESULTS

Only one adult was reared from the
1973 batch, probably because all larvae
were extracted prematurely from dead
mice. Six adults emerged from the 1974
batch. All adults were identified as Cu-

terebra fontinella Clark. At room tem-
perature (16-23 C.) and humidity (un-
determined), pupation times for four flies
averaged 52 days (range 46-7 1). Three
others entered diapause and emerged after
198, 227, and 314 days.

Warbles were common in woodmice
from late June through late October in
all three years (Tables 2, 3). The earliest
observation was on 29 May 1973, but no
other bots were seen prior to 20 June in
any year. Infestation probably continues
into November or later, although none
were collected in the smaller (<50) win-

ter samples. Over the three seasons 199
(30.6%) of 651 P. leucopus were infes-
ted at least once (Table 2). In all years
August was the month of peak prevalence
(mean 42.2%).
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TABLE 3. Monthly observed parasite burdens, with data pooled from 1972-1974 bot seasons.

No. hots
pe: host May June

Month

July Aug. Sept. Oct. Nov. Total

0 43 64 29 203 40 53 20 452

1 1 6 13 114 10 9 0 153

2 0 1 3 31 4 3 0 42

3 0 0 0 1 1 0 0 2

4+ 0 0 0 2 0 0 0 2

Total larvae 1 8 19 189 21 15 0 253

Mean
burden 1.00 1.14 1.19 1.29 1.40 1 .25 0.00 1.27

Across forested and brushy habitat bot
infestation was general in woodmice (Ta-
ble 1). Bots occurred in 32 of 34 August
samples from wooded. areas, and they
were found at all elevations sampled
from 330 m to 1300 m. Infestation was
negligible in non-wooded areas, with bots
in only two of 21 August samples. In
pooled samples overall prevalence was
39.3% on wooded areas, compared to
2.6% in open habitat (0 = 98.76,
P<0.001). Within the pooled “wooded”
class, prevalence was 44.8% in brushy
second growth areas and 32.9% in ma-
ture hardwood forests (G=7.4l, P<0.01).
Demographic analysis of rodent popula-
tions on the woodlot grids (in manu-
script) indicated that host densities in
brushy areas and in mature forests were
not significantly different. Density was
not determined on the removal lines, but
trap-night success and qualitative obser-
vations indicated that woodmice were
only slightly less abundant in old fields

and fencerows than in woodlots. There-
fore bot prevalence does not appear to
be a simple function of host density. The
larger number of mice taken from wood-
ed areas (77%) simply reflects the in-
tensity of sampling.

Parasite prevalence was not indepen-
dent of sex and age (RxC: Gsat=15.21,
P<0.OOl) (Table 4). Bots occurred in
126 of 345 males, but only 73 of 306
females (0=12.39, P<0.001). Among
postjuveniles 124 of 368 harbored bots,
whereas only 75 of 283 adults were in-

fested (G= 16.07, P<0.OOl). Significant
differences in prevalence were not found
between postjuvenile and adult males
(P>0. 10) or between females (P>0.10).
Adult males had a higher prevalence
than adult females (0=5.08), P<0.05),
and the same was true for younger males
and females (G=6.35, P<0.02). The
greatest overall prevalence occurred in
postjuvenile males (39.1%).

TABLE 4. Bot prevalence in woodmice by sex and age, with data pooled from 1972-1974 bot

seasons.

Adult Postjuvenile

Male FemaleMale Female

Uninfested 91 117 128 116

Infested 44 31 82 42

Total 135 148 210 158

Prevalence (%) 32.6 20.6 39.1 26.6
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Most warbles (98%) occurred at in-
guinal sites. Thus, most infested males
had displaced testes. In five of six caged
males, testes descended normally within

18 days after bots emerged. Heavy scar
tissue prevented descent in the sixth. The

effects of infestation on female reproduc-
tive organs are more difficult to evaluate.
Data (in manuscript) show an upsurge of
breeding activity among woodmice in
August of 1972 and 1973, indicated by
capture of many pregnant mice and by the
presence of numerous small grey indivi-
duals in early fall. Thus the onset of fall
breeding in woodmice in Virginia occurs
at the time of peak botfly infestation. On
the woodlot grids, 57 mature females
were captured during August trapping
periods. Of 20 infested mature females,
only two were lactating or obviously
pregnant. Among healthy females, 28 of
37 were obviously in reproductive con-

dition. Apparently, fitness in individual
hosts and reproductive value in host
populations are altered by temporary
sterility, mechanical blockage, or other
physical or behavioral changes in infested

mice.

Obvious parasite burden did not vary
appreciably from 1.2 bots per infested
mouse during the bot season (Tables I.
3). Since mice were not skinned in search

of early instar larvae, the true mean bur-
den was probably somewhat higher. Bur-
den was independent of sex and age
(P>0.05), and was not significantly high-
er in brushy habitat than in mature for-
ests (P>0.05). Nearly 23% of the in-
fested woodmice were multi-infested. Of
199 infested mice, 77% had one bot,
21% harbored two, 1% carried three,

and I % had four or more. One mouse
with six visible warbles died in the lab-
oratory during larval emergence. Al-
though this was the only mouse known to
have succumbed directly to bots, all
multi-infested animals were debilitated.
Infested mice were more subject to trap-
induced shock (nearly 15% were found
dead in Sherman traps) and they remain-
ed disoriented longer following release at
the trap site.

Thirteen other species of mammals
(381 individuals) were examined for bots

and emergence scars. Unidentified bots
were recorded from one of 34 P. mani-

culatus nubiterrae, three of 25 Tamnias

stniatus, and three of 52 Microtus penn-

s’,’lvanicus. Adult flies were not reared

from larvae infesting deermice and voles.
However, these two species, where in-
fested, were sympatric with infested
woodmouse populations. Bots were ingui-

nal in the deermice, but were on the neck
or sides in voles. The chipmunk bots were
another species, tentatively identified as
C. emnasculator Fitch. Botfly larvae were

absent in 24 P. maniculatus bairdii, eight
M. pinetorumn, three Cletlinionomys gap-

pen, two Zapus hudsomzius, one Reithro-

dontomvs humulis, 17 Mus mnusculus, four

juvenile Sciurus carolinensis, two Tamnia-

sciurus Izudsonicus, 122 Blanina brevi-

cauda, and 87 Sorex spp.

DISCUSSION

Botfly larvae in rodents seem to have
infective seasons which vary according to

climate. The duration of the season in
this study (June to November) was simi-
lar to bot seasons for rodents reported
from southern Michigan’9 and British
Columbia,’2 slightly shorter than those
in Missouri8 and Tennessee,’ and con-

siderably longer than those in Ontario”
and the northern United States.9-’6-’7
These reports involve several species of
flies and rodents, but a pattern of cli-
matic influence is apparent.

The principal host for C. fontinella in
upland Virginia seems to be P. leucopus.

This is apparently true in other regions
as well.8-”-24 The woodmouse occurs in
nearly every conceivable habitat in Vir-
ginia. At elevations above 850 m it is
sympatric with P. mnaniculaius nubiternae.

Along cultivated highway property and in
old fields it occurs with P. mamziculatus

bairdii. Warbles were always negligible
or absent in the two deermouse subspe-
cies, even where they were more abun-
dant than heavily infested woodmice.
Similar findings were reported for sym-
patric, congeneric Penomyscus populations
in Michigan.’4 The usual species infesting
the deermouse in the western United
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States is C. grisea.” This species is taxo-
nomically close to C. fontinella, and in-
termediates between the two have been
found where both are present.” This evi-

dence prompts speculation about recent
speciation in the Cuterebridae and pro-
gressive adaptation in related host taxa
of mechanisms to prevent or abort in-
fection. Both hosts and parasites are
easily obtained, and would be excellent
subjects for research on host-parasite co-

evolution or niche divergence in the
genus Peromnyscus.

The overall prevalence of infestation
(30.6%), parasite burden (1.27), and site
selection (98% inguinal) are in general
agreement with most other reports.”
‘9-” However, other reports of prevalence
by sex and age have been highly variable
and often contradictory. Some have re-
ported highest prevalence in males,”9
highest in females,7 highest in adults,”-’7
or no correlation by sex or age.8-’3 In this
study postjuvenile males were the class

most often infested in all three years.
However, in this study the postjuvenile
class included animals in the postjuvenile
molt. Most other researchers assigned age
classes by weight, and therefore most
such molting mice were labeled as adults.
Significantly, this age group (35 to 70
days old’4) seems to bear the brunt of
infestation. Many such mice are in the
process of establishing territories. Their
searching behavior probably causes ad-
ditional contact with infective larvae, and
this could easily account for the higher
prevalence of parasitism. Another pos-
sible explanation for higher prevalence
in postjuveniles is natural or acquired im-
munity in a percentage of mice. If im-
munity is acquired, it is not general, be-
cause many mice in this study were in-
fested repeatedly in subsequent recap-
tures. However, data are insufficient to
preclude the possibility of incomplete
immunity.

Although the observed dearth of bots
in field populations of rodents isin agree-

ment with other reports,’-’-’-’7 the general
nature of infestation over a large region
is not so well supported. Others often
have reported localized islands of heavy

infestation surrounded by seemingly fa-
vorable habitat with dense host popula-
tions but few or no bots.”9 Bots were
found in 95% of the samples from wood-
ed areas in the present study. One ex-
planation is that potential aggregation
sites may have been more localized in
some of these reports. Reported aggre-
gation behavior in other Cuterebra indi-
cates that flies gather for mating at sunny
locations near topographic summits (hill-
side, tall tree), after which gravid females
seek out the hosts’ habitat to deposit eggs
on debris and vegetation.6”' Assuming
that C. fontinella behaves similarly, in-
festation should be limited more by a
lack of potential aggregation sites than by
open habitat, as long as a sufficient host
population is present. Support for this
has been seen in the C. buccata-cotton-

tail relationship (H. Jacobson, personal
communication), where prevalence by ha-
bitat is the reverse of that seen in the ro-
dent bots of the present study. Old field
cottontails were much more heavily in-
fested than those in woods or brush. With
this in mind, I predict a high and general
prevalence of C. fontinella in woodmice
from second growth woodlands on hilly
or boulder-strewn terrain. Such areas
have a combination of topographic sum-
mits, many sunny exposures, and avail-
able host habitat. In such environments,
typical throughout the Central Appala-
chians, botfly parasitism in woodmice
seems to be a general phenomenon.

Available evidence indicates that bot-

caused mortality is trivial,”7 but that
secondary mortality may be considerable,
whether due to bacterial infection’ or
possible increased vulnerability to preda-
tion.’-’7-’9 Of greater long-term conse-
quence is the possibility of sterility, whe-
ther temporary or permanent, due to in-
guinal encapsulation sites or other causes.
In this study most infested mice seemed
to be disassociated from the reproductive
pool during a major part of the fall
breeding season. The long-term effects of
temporary sterility in part of a population
are unknown and merit further study.
Apparently, botflies exert an effect on
both natality and mortality rates in P.

leucopus. Obviously, the effect of lower-
ing natality while raising mortality should
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be to damp population fluctuations, al- many regions. To measure these effects
though there is no firm evidence that this and answer evolutionary questions we
is happening. It is intriguing to suggest need additional quantified data on pre-
that this host-parasite relationship could valence of bots on all normal hosts, sup-
be partly responsible for the inordinate plemented by biodemographic analyses of
stability of Peromnyscus populations in infested host populations.
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