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ABSTRACT: Seasonality and impact of parasitism by the larvae of Rogenhofera bonaerensis
(Diptera: Cuterebridae) in pampean grassland mouse (Akodon azarae, Rodentia, Cricetidae) pop-
ulations were studied in grasslands and cropfield borders near Diego Gaynor (Buenos Aires Prov-
ince, Argentina), from November 1985 to December 1986. Trapped mice infections ranged from
one larva (77%) to four (4%) per host; larvae occured on tails (75.7%), backs (17.1%), thighs (5.7%),
and abdomen (1.4%). Prevalence of larvae occurred in late spring (November and December)
(35%), and in fall (March to June) (20%), with a peak of 25% during April and May. In spring
these larvae affected 46% of resident and 19% of transient individuals; however, no differences
were found between residents and transients in spring or fall. There was no significant relationship
between mouse population density and prevalence of parasitism (r = —0.56). The annual per-
centage of infected rodents changed with age (body size classes): adults (37%) > subadults (25%)
> juveniles (16%); with no differences between the sexes. Similar results were recorded in the
spring, but there were no differences in the fall. Significant differences were not detected between
stable (22% infected) and disturbed habitats (14% infected). During winter uninfected mice
survived better than those infected during the previous fall. In contrast, the summer survival
among spring infected mice and noninfected mice was similar. Parasitism showed no effects on
reproductive activity and on home range size. Larvae showed strong host specificity for A. azarae
(99%). Only one case was recorded in the long-tailed mouse (Oligoryzomys flavescens), and none
in the white paunch mouse (Calomys laucha), both species sympatric with A. azarae. This suggests
that the pampean grassland mouse is essential for perpetuation of this bot fly as a result of a
coevolutionary process within the grassland rodent assemblage. According to the A. azarae pop-
ulation dynamics the bot fly strategy could be adjusted to an opportunist pattern.

Key words: Host-parasite relationship, bot fly, prevalence, survival, impact of parasitism,
Cuterebridae, Akodon azarae, Rogenhofera bonaerensis, reproduction, home range, ecology.

INTRODUCTION 1939). Life history and host-parasite re-

Bot fly larvae of the family Cuterebri- lationship data are not available.
dae cause cutaneous myiasis in rodents, Rogenhofera spp. have been reported
lagomorphs and primates in the New only in Peru, Brazil and Argentina. In Ar-
World; it occurs secondarily in domestic gentina this genus has been reported from
animals and humans. Many studies have Oligoryzomys flavescens, Sciurus aes-
examined the impact of these flies on ro- tuans and Reithrodon physodes (Berg,
dent populations in the Nearctic region 1876; Lynch Arribalzaga, 1881; Del Ponte,
(Sealander, 1961; Wecker, 1962; Payne et  1959). The presence of R. bonaerensis in
al., 1965; Dunaway et al., 1967; Bennett, Akodon azarae is advantageous for the bot
1972; Hunter et al., 1972; Baird, 1974; fly because A. azarae is a common and
Smith, 1978; Boonstra et al., 1980; Catts, ecologically diverse rodent species in Ar-
1982), but little is known from the Neo- gentina (Crespo, 1966; Pearson, 1967; Dal-
tropical region. Studies on the Neotropical by, 1975; Kravetz, 1978; De Villafarie,
cuterebrid Rogenhofera bonaerensis have 1981; Busch, 1987; Zuleta, 1989).
been only on its morphology (Del Ponte, The purpose of this paper was to (1)
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analyze the seasonality of parasitism, (2)
examine the impact on rodent fitness, and
(3) determine the host specificity of the
cuterebrid fly larvae, R. bonaerensis, in
the pampean grassland mouse (A. azarae)
in Argentina.

MATERIALS AND METHODS

Akodon azarae populations were live-trapped
on a 1 ha grassland and a 200-m corn field
border near Diego Gaynor (34°17'S, 59°15'W;
Buenos Aires Province, Argentina), November
1985 to December 1986. This grassland showed
a seasonal succession in dominance by gramine-
ous (Stipa spp., Paspalum sp., Briza sp.) and
composite species (Senecio grisebachii and Bac-
charis sp.).

The sampling technique involved mark-and-
recapture with Sherman live traps for 6 days
every month. Trap arrangement varied accord-
ing to the habitat: in the grassland a 7.5 m grid
was established, and in the corn field border an
assessment line with similar distances between
stations was used. Each station was represented
by a single trap. Traps were baited with peanut
butter and examined twice a day (9 A.M.; 9 P.M.).
The overall trapping effort was 20,821 trap ex-
aminations.

All animals were toe-clipped, and at each cap-
ture the following data were recorded: trap lo-
cation, species, sex, reproductive condition (ac-
tive or non-active), total length, tail length and
evidence of cuterebrid parasitism. Animals were
classified as residents or transients based upon
the spacing behavior (Brown and Orians, 1970)
by capture probability (Zuleta, 1984). Accord-
ing to the linear regression between body size
and age (Zuleta, 1989), the following age classes
were estimated: juveniles (<4 mo), subadults (4
to 5 mo), adults (>5 mo).

Survivorship curves were constructed (Ix =
Nt/No, where Ix was the proportion of animals
living to age x; No was the initial number of
animals; and Nt was the number living to age
x), and the likelihood ratio (LR) test (Gross and
Clark, 1975) was applied to compare them (Pyke
and Thompson, 1986). Life expectancy (e) was
calculated as the mean age at death of the mem-
bers of a group (Caughley, 1977). Independence
G-analysis (Sokal and Rohlf, 1979) was per-
formed to test the relationship between preva-
lence of bot fly larvae and associated variables
such as sex, age, spacing behavior and repro-
duction activity. Minimum number alive (Krebs,
1966) was used to estimate density. The bound-
ary strip inclusive method (Blair, 1940; Stickel,
1954) was performed to estimate home range
for each mouse with four or more captures.
Kruskal-Wallis one-way tests (Hollander &
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Wolfe, 1973) were applied to compare home
range areas.

Taxonomic identification of the bot flies was
based upon the description of adults by Del
Ponte (1939). These were obtained from larvae
which were reared to pupae and emerged as
adults under laboratory conditions.

RESULTS
Wound localization

From a sample size of 47 mice the third
instar development sites of R. bonaerensis
occurred in the dorsal to the base of the
tail (76%), on the back, near the tail (17%),
in the thigh (6%), and in the abdomen
(1%). Percentages of hosts infected with
one, two, three and four bot fly larvae were
77, 15, 4 and 4%, respectively.

Seasonality and density

Prevalence of R. bonaerensis showed two
seasonal phases (Fig. 1) in the annual mouse
cycle (Fig. 2): (1) in late spring (November
to December) there was 26% in 1985 (n =
81) and 48% (n = 48) in 1986, and (2) in
fall (March to June) there was 20% in 1986
(n = 448), with a maximum in April to
May (25%, n = 279). During March and
June the prevalence was near 10%. In-
fected animals were not recorded during
January, February, July, August and Sep-
tember. Statistical differences obtained be-
tween seasons were (1) fall versus spring
1986 (G = 19.28; P < 0.001; n = 506), and
(2) 1985 spring versus 1986 spring (G =
6.43; P < 0.02; n = 139). The prevalence
of bot fly larvae showed no dependence
on density according to the linear regres-
sion model (r = —0.56, b = 0.19 (ANOVA
F-test) F = 2.71, P < 0.15).

Impact of parasitism

Significant differences in prevalence
were noted across the age classes of juve-
niles < subadults < adults for the entire
study period and the spring period alone
(Table 1). There was not a significant dif-
ference in prevalence across age classes in
fall.

There was no relationship between spac-
ing behavior and parasitism (G = 0.89, n
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FIGURE 1. Monthly prevalence of Rogenhofera

bonaerensis in Akodon azarae from Argentina (1985-
1986).

= 199). The prevalence for resident and
transient animals was 30% (n = 83) and
24% (n = 116), respectively. The percent-
age of infected mice changed during the
spring, 46% for residents (n = 24) and 19%
for transients (n = 31), but the difference
is not statistically significant. There was an
increase in prevalence of bot fly larvae
with habitat stability from 14% (n = 94)
for the corn field border to 22% (n = 454)
for the grassland; this increase was not sig-
nificant. Independence analysis with the
G-test between parasitism and sex was pos-
itive. Results were similar in multiple com-
parisons between habitat, sex and spacing
behavior.

Parasitism showed no effect on host re-
production activity. Moreover, active ro-
dents showed more infections (36%) than
the inactive ones (23%); these differences
were not significant. The results were sim-
ilar in each season (Table 2). The Kruskal-
Wallis test demonstrated no statistical dif-
ferences between home ranges of infected
and uninfected rodents, neither during the
fall (H = 0.437, n = 66) nor during the
spring seasons (H = 1.704, n = 24).

There was no single pattern between
host survival and bot fly parasitism. During
summer 1986 (Fig. 3) survival was similar
for both infected and uninfected animals
(Ix = 0.06 and 0.09; n = 16 and 44, re-
spectively; x> = 2.8). During the critical
winter period (May to September), unin-
fected mice survived better (Ix = 0.19, n
= 107) than infected ones (Ix = 0.08, n =
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TABLE 1. Prevalence of Rogenhofera bonaerensis
larvae in different host age classes of the pampean
grassland mouse.

Host age classes

Juve-
Season nile Subadult Adult G
Fall (1986) 19 25 27 0.886
(36) (137) (103) (276)
Spring 18 51 14.405*
(1985-1986) (56) (79) (135)
Overall 16 25 37 14.062*
(71)  (158) (182) (411)

* Independence test value; sample size in parentheses.
* Expressed as %.
* P < 0.001.

65, x* = 4.25, P < 0.05) (Fig. 4). Winter
life expectancy for each group was 2.5 mo
for the uninfected mice and 1.9 mo for
the parasitized ones.

Prevalence and specificity

Total rodent captures (n = 607) includ-
ed three species of family Cricetidae, A.
azarae (415), O. flavescens (95), and Ca-
lomys laucha (7). Only 23% (n = 141) were
parasitized with bot fly larvae; 99% (n =
140) in A. azarae and 1% in O. flavescens
(n=1).

DISCUSSION

Subcutaneous localization of bot fly lar-
vae near the tail was high (82%) suggesting
no important effect on vital organs and
indicating a well adapted host-parasite re-
lationship. Localization of bots on hosts na-
tive to the Nearctic is not as uniform (Catts,
1982), but does not greatly differ from our
A. azarae records.

The seasonal occurrence of R. bona-
erensis is characterized by its occurrence
during two seasons (late spring and fall).
This is similar to most other studies (Weck-
er, 1962; Catts, 1965, 1982; Baird, 1974,
1979; Hensley, 1976) on cuterebrid life
cycles.

Despite the lack of association between
total population density of the host and
prevalence of cuterebrids, two patterns
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TABLE 2. Prevalence of Rogenhofera bonaerensis
larvae across two classes of host reproductive activity.

Reproductive status

Non-
Season Active active G
Fall (1986) 31° 21 1.319
(35) (281) (216)
Spring 37 39 0.001
(1985-1986) (86) (44) (130)
Overall 36 23 3.606
(121) (325) (446)

* Independence test value, no statistical differences between
groups; sample size in parentheses.
® Prevalence expressed as %.

have been detected. There are (1) a spring
pattern where the association is character-
ized by a short 2 mo term and by the
November synchrony of infection in most
animals and (2) the fall pattern where par-
asite distribution seems to be a normal dis-
tribution, without synchrony, and lasts 4
mo (March to June). The spring pattern
suggests an eruptive increase in adults
which develops in association with chang-
ing environmental factors (e.g., day
length). Alternatively, a generation over-
lap could explain the fall pattern as a result
of different rates of development on (1)
summer pupation, (2) consecutive fall co-
horts, or (3) a combination of both.

Spring prevalence of bot fly larvae was
almost two fold (1.8:1) when compared
with the fall prevalence. During the spring,
rodent activity is close to the nest (high
reproductive effort, low movement and low
density), while in fall an opposite pattern
has been recorded (Crespo, 1966; Dalby,
1975). Egg-laying sites close to the host
nest site have been found in Cuterebra
buccata (Beamer, 1950), C. latifrons (Catts,
1967), and C. polita (Graham and Capelle,
1970). If subsequent studies show a similar
oviposition mechanism for R. bonaerensis,
this would explain the contrasting seasonal
prevalences.

The absence of intrapopulation prefer-
ence is indicated by the independence be-
tween parasitism and sex and/or spacing
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Argentina.

Monthly density of Akodon azarae in

behavior. Nevertheless, the high percent-
age of adults and residents infected during
the spring could be explained because (1)
their survival is higher than the other age
classes (Zuleta, 1988), and (2) the propor-
tion of overwintering adults is higher than
the recruit classes (Pearson, 1967; Zuleta
et al., 1988). During the fall there were no
differences in bot fly prevalence between
spacing behavior nor rodent age; spacing
behavior is similar between age classes,
population structure is represented by all
age classes and fall survival is similar be-
tween them (Dalby, 1975; Zuleta, 1988).
This suggests a bot fly strategy more op-
portunistic than specialist during both sea-
sons.

Most published studies concerning pref-
erences do not result in plausible expla-
nations: Wecker (1962) did not detect
preferences by age or sex in Peromyscus
leucopus, and Hunter et al. (1972) did not
find differences between transients and
residents of P. maniculatus. In contrast
Bennett (1972) reported a greater preva-
lence of bot fly larvae in adult females and
immatures of Tamias striatus, Boonstra et
al. (1980) showed a decrease in prevalence
according to age in Microtus townsendii,
and Catts (1982) believed that the pioneer
behavior of male and subadult mice in-
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FIGURE 3. Summer survival for bot fly infected
(solid line) and uninfected (broken line) Akodon aza-
rae. There were no significant differences between
curves at P < 0.05.

creased their probability for infection with
bot flies.

Rogenhofera bonaerensis parasitism
could become an additional mortality fac-
tor in the pampean grassland mouse pop-
ulation during the winter. The uninfected
segment of the host population survives 2.8
times longer than the infected one: the
mean expectation for further life is 2.5 mo
for the uninfected and 1.9 mo for the in-
fected animals. Detrimental effects on sur-
vival have been reported in M. townsendii
(Boonstra et al., 1980), M. pennsylvanicus
(Iverson and Turner, 1968) and Peromys-
cus spp. (Wecker, 1962; Hunter et al.,
1972). At present, consequences of para-
sitism are controversial. Boonstra et al.
(1980) reported reduced reproduction, de-
pressed survival and a reduction of growth
rates of infected rodents. Both Dunaway
et al. (1967) and Smith (1978) suggested
that infected animals could move about
only with great difficulty and were more
susceptible to predation. In M. townsendii
infection with cuterebrids favors a second-
ary infection with the grey flesh fly (Wohl-
fartia vigil) promoting the death of the
host (Boonstra, 1977).

In our study there were no significant
differences in survival by sex, age or spac-
ing behavior between infected and unin-
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FIGURE 4. Winter survival for bot fly infected

(solid line) and uninfected (broken line) Akodon aza-
rae. Survival curves are significantly different at P
< 0.05.

fected mice. Secondary infections have not
been recorded and there was no impact
on host reproduction. Dalby and Heath
(1976) suggested that A. azarae has a de-
ficient thermoregulation and this becomes
critical during the winter period where
(because under this situation) weight loss
and a deterioration of physiological con-
dition are common in rodents (Slade et al.,
1984; Wolff, 1984). Sealander (1961) found
hemoglobin concentration imbalance in
infected P. leucopus. Reduction in the al-
bumin-to-globulin ratio of parasitized P.
maniculatus have been reported by Payne
et al. (1965). Bennett (1973) detected in
the eastern chipmunk (T. striatus) that
parasitized animals were anemic and had
a white blood cell count twice that of the
uninfected animals. This evidence sup-
ports the hypothesis that fall parasitism
appears to be an extra energetic cost be-
coming critical for winter survival of the
pampean grassland mouse.

In both pampean grasslands and agro-
ecosystems, numeric increases of Calomys
musculinus, C. laucha and/or O. flaves-
cens have been reported as a result of the
removal of A. azarae (De Villafane et al.,
1973; Busch, 1987). In addition, habitat
stability reductions (De Villafanie et al.,
1977; Kravetz, 1978) promote declines in
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A. azarae populations. Busch (1987) also
found an asymmetric competition by the
pampean grassland mouse. This affects the
survival, reproduction and habitat use of
its sympatric species more than in the op-
posite sense. This is additional evidence
that the pampean grassland mouse is the
key species within the cricetid assemblage.
Calomys spp. represents the r-selected
species (low survival, high reproductive ef-
fort, small size, simple sociability), A. aza-
rae is a K-selected one (high survival, low
reproductive effort, complex sociability),
and O. flavescens has an intermediate life-
history strategy (De Villafarie et al., 1977;
Zuleta, 1989). Also, R. bonaerensis dem-
onstrated strong host specificity for the
pampean grassland mouse. These results
suggest the coevolutionary adaptative hy-
pothesis (May and Anderson, 1983) as a
plausible explanation; the pampean grass-
land mouse is a better alternative for par-
asite perpetuation than other members of
the cricetid assemblage.
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