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Agricultural Practices Affect Botfly (Cuterebridae) Prevalence in Gray-
taif ed Vofes (Microtus canicaudus)

Abstract
wc c\a i l led $e etTects of . rn ofganophosphofous insect ic ide (aznphos n. thyl )  and nowing ol  a l ia l ia on l . l r \a l  bol l ly
(Culcrcbridac) prelalence in grat-tailed voles (Ml.ror6 ..rri../r/./!r) in enclosed popula(ions. T$chc of l.l cnclosurci wcrc
rnoscd. and tlrree concenlrxtims of an inseclicide (Guthi(nl 2S') $ere rpplied three $ccki alier n|l\!ing. \\'c crplurcd 1.529
\olcs hct$ 'een l l . lu l i  xnd 2l  August  1993.. rnd 88 had r t  least  oDe bot l ly  p.r rasi te {o\crr l l  prc\dcncc = 1.5q.) .  Wc ib| t r rd thc
preralence of  bodl ies in mr le \o les (3.25?) tobe s igni l icant l )  gr .a lcr  l lan in l t r ra lc!  ( l . l l29i t  X = 6.06.  P < 0.015).  Th. '
in ref.Lciim of nn)$ ing rnd irsectic ide applicatiur $ rs r signil\cnnl l ac tol in dctcr i.ing botfly prelalence (Xr = 5.EE. P < 0.055)i
pr.\ alence of botfll inlecti(m $rLs lo$er in no\\ ed than ir unno$cd cnclosurcs cxccpl ar thc highcst jn\ccticidc conccnrraljon.
$ hich rcduced the numbef of inltcrions in bo$ mo$ed lllld unmo$ ed cnclosurcs. \\t suggcsl lllc rcduclion in bolll! prc!alcncc
r.sulrcd liorn thc dirccl eifect of both rno$ing and insecticide application on rdult botllies md bot1lf eg8s. $hercas dillcrenccs
ir prc\rlcncc bcl$ccn gcndcrs $as related io the lole\ rctivit! p.rrterns.

Introduction

Botfly parasites of the tamily Cutcrcbridae are
conrron amol'rg new world rodents, and nay af:
fect acti\, iq' patterns (Smith 197Ea) and survival
o f  the  hos t (Mi l le randGetz  1969.  Boonst rae ta l .
l9li0). Botlly ltrrvae exert var.ving physiological
stresses associated with sLrbcutaneous t 'ecding
(Smi th  1977)  tha t  nay  cause a  decrease iD
non maintenance activit), (Smith 19711a) or sur-
r i r r l  ' 8 , ' , r n : t l l e t  r l  l q R 0 l  o r  i n c r e a . ( . u \ c e p l i -
bil i t"v to predation (Snith 1978b), but the infec-
tions usually do not cause derth ol thc hos1. Thus.
parasitc and host have evolved physiological ad
aptations pennittillg survival of both (Timm rnd
Cook 1979) .

\ , ,  , tuJ ic .  h r rc  r r lm incd  hou l i lo lon t ic
activit ies nray alter botfly-host relrt ionships. Ag-
icultural practices nray altcrbotfly habitat, causing
a rcduction in botfly populations or bottly egg
viabil ity and thereby rcducing their prevalence
in host populations. Bott ' ly inltction occurs wheD
the host comes in contact u'itb eggs, but except
for- host-specific sitc oviposition in pocket gopher
(Thtrntrnts tulpoitlar) bunows (Capelle l!.)70.) and
dusky-tboted rvoodrat (Neol.rr?.1f ir.r. ?"r ) houses
iC. r I .  lq6- r .n r , ' : . t  e , .  ider rce . r r . - i c \ l \  o \  ipn . i l i o
in Lhe illmediate area ofhost activity (Bxird 197;1).

Our objective was k) examine the ctltct of an
organophosphoms insecticide rnd nrowing on the
prevalence ofbottly in gray-tailed volcs (Mlcrolu.s
.dnicarrlas). We hypothesized that nrorving and
insecticide application would have no el1ect on
botfly prcvalcncc.

Materials and Methods

This study was conductcd in thc Willamcttc Val-
ley. at the Oregon State University Hyslop Crop
Sciences Field Laboratory (-10 kn north of
Corva l l i s ,  Oregon 14 .1 '38 'N;  123 '  l2 'Wl ) .  The
site containcd 24 0.2-htr cnclosurcs. bordcrcd b1,
gllvanized sheet metal -l nr above and -0.6 m
below thc ground surface. A11 cnclosurcs wcrc
planted rvith altalfa (Merlicago.ir:liia.) in the spring
of  1991.  A  1-m-wide  s t r ip  a long the  ins ide  pe-
rimetel of each lence was regularly mowed to
minimizc volc aclivity near the perimeler and
reduce activit l '  near abnornrally high concentra-
tions of insecticide dripping dorvn the t 'ence (Edge
et al. 1996). Each enclosure hacl seven breeding
pairs of gray-tailecl voles introduced in April | 9!.)2,
i rnJ  on  - l -6  Anr i l  l  q (J .1 .  en .  l , ' \ed  p , ,puht i , ' ns  uere
mixed to increase geletic variability and densi
rics wcrc cqualized.
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Each enclosure contained 100 lraps: 75
Shernran l ir,e traps (7.5 x 9.5 x 25.5 cn: model
LFAIG; H. B. Sherrnan Traps, lnc.. Tallahassee.
Florida) rnd 25 pitfall traps (45 cm deep, 15 cm
in diameter). Traps were aranged in a l0 x 10
grid. each 5 m apart with pitfalls located ar all
o , - l t l  . t l t i , ' n .  l i . c . .  l -  I .  . t  3 .  q  q ) .  \ \  hcn  nu l  in  u \e .
pittall traps wcrc covered i:urd Sherman traps were
iocked open. Four or fir.e days betbre the start of
each |Iap pcriod, all Sherman traps wcre prebaited
with oats. When trapping. all traps were opened
ln the evening; Sherman traps \\"ere btitcd with
oats $,hiie pitfall traps ll,crc not baited. Traps were
checkcd the fbllo*ing morning, and closed or
covered during the day.

We trtrppeclfirur consecufive nights every two
weeks (trap period) l'ronr 18 May through 27 Au-
gus t  1993.  A l l  t rapped an imals  wcre  sexed.
wcighed, and ear tagged, and the nunber and
location ol'botfly larvae plesenl tvcrc recorded.
Animals *ith multiplc simultaneous botflv infcc-
tions $ere each coLlnted as one infected individual
dudn_s cach trap period. Animals with bottly in-
l ( ( l ion .  in  lh ( : . r rn .  l . \ ' r l i  n  dur inF con.sL .u l i \ r .
trap pcriods and no larral exit wound were col
sidercd i lfected animals only during the earlicr
of the two trap periods.

Four cnclosures were randomlt assigned to
each of six insccticide-mowing trealntcnt com-
binations: 0.0 kg/ha mowcd, 0.1313 kg/ha mowed.
3.61 kg,fta-mowed. 0.0 kg/ha unmowed. 0.E13 kg/
ha-unmowed, and 3.6 1 kg,4ra-unmou'ed. Enclosures
were n]owcd on 22 .Tune 1993 to a hcight of ap-
proximatelv l5 cm; cuttings were not r-emoved. The
insecticide Guthion 2S'i (azinphos-nrethyl: O.O
dinethyl S I (4-oxo- 1,2,3-benzotriazine-3(:lH)-yl)
methyllester: Mobay Corporation. Agricultural
Chemical Division. Kalsas Citl ' , Missouri. USA)
u'as applied on 1,1 Juiy J993 by a l icensed appli-
cator using a tbur-u,heel all tenain vchicle puil-
ing a trailer tank with 7.6-nr spray booms (Schauber
et al. 1995). Enclosures were sprtrycd in order of
ircreasing applicrtion rate: controls rccci!ed an
eclual volume of \\, atcr.

Onll '  animals fapped during the pedod of
botl ly int'ection. tr-orn l7 July to 27 August 1993
(ti)ur trap pedods). \\'erc used in this analvsis. Wc
combined rcplicate enclosures for stalistical analy-
sis because therc werc insufl icient botfl5, larlal-
infected voles in all errclosures throughout tlte
study. Wc used logistic regression and the Statis-

tical ADalysis S)stem (SAS Institute. Inc. 1987)
to identilythe erplanatory variables (gender. mow-
ing. insecticide. rncl interactions.) accounting 1br
thc prevalence of Lrotl ly int'ections.

Results

Of the 3.529 voles rvc captured between l7 July
and 27 August 1993, 88 had rt least ore bolfly
parasite (overall prevalence = 2.57c). Mean in
lcn \ r l )  , ' l  h , ' l l l )  in lee t ion .  u . r .  |  - I  p i l la . i l ( .  pu l
host. and ranged lhrm one to four; 76% of the
infectcd animals had one larval parasite, rvhile
l6cl,hacl trvo.27,: had three. and 6% had fbur
The subcutaneous locations ofthe lan'al parasites
wcre predcrninantly inguinal (79%); other loca-
tions included the chest and stonach (12%). hind
quarters (87o) and facc (l %).

Botfly prevalence was al'fcctecl by both agri
cultural practiccs and gender of the host. Prevr-
lcnce in male voles (3.25Vc, n = I .663) occurrccl
at almost twice the rate as in fcmale vdes ( 1.E2./.:
n  =  1 ,866)  (Xr  =  6 .06 .  L  d . f . ,  P  <  0 .015) .  The
interaction of mowing ancl insecticide applica-
tlon was also a signiflcant factor alfccting botfly
prevalence (Xr = 5.88,2 d.f.. P < 0.055). ln con-
trol and 0.88 kg/ha concentration enclosures, the
number of inlected rolcs in mowed enclosurcs
(n = 1.ti lJ0) was considerably lorver than in
unmowed enck)sures (n = l,6.+9.). ln thc unmowed
3.61 kg/ha concentralion enclosures. there was I
shalp dccrease in the number of int'ected animals,
rcsulting in almost no ditlerence in the prel alcnce
of botfly between the mowed and unmowed en
closures (Figure l).

Discussion

Variations in thc prevalelce.location. and inten
sit)' of bottly larvae may re1'lect difTerences in
the lif-e listory of the host or botfly, or they may
result liom seasonal differcnces in inlection or
tron differential survival of the hosl. Many studies
of bottl ies in snall manrmals have found higher
prcvalence of the parasitc than we fbund in this
study. Ge, (1970) fbund l6% of adult meadow
voles (M. pena.r_r'1r'a/?i.as) in uDmowed habitat
infected. Studics of deer lr)ice (P.r.orr\'.eclls lpp.)
havc tbund l2-.10% ol adult males ard 16,387r
of adult femalcs infected (Miller and Getz 1969.
Seaman and Nash I976.). We lbund thc majority
ofbotfly larvae il gray-tailed I oles in the inguinrl
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Figure L Pre\ t r lence ol  bol l l )  lar \ ie in grat- t r i led \1) les b)
nlo$ ing.rnd in\ .ct ic idc appl ical ion rr te.  Numbef s
in f r rentheses afe numbcr of  rn imi ls  infected.

region. rvherels larlal inltctions ofneadow voles
in Wisconsin were in the same body rcgions. but
were nrore evenl1' distributed: 37% inguinal. 267c
sides.22% chest. l07a back, and 57c hcad (Getz
1970). Inf'ections in deer lr ice have been tound
solcly on their sides and backs (I-lewellyn 1978).
predoninartl.v on their rump (Seaman and Nash
1976), and predonrinanLly inguinal (Miller and
Getz 1969). Differences in the l ite historics tl1
botfl ies ol.host physiology may account for such
variaLion (Catts l982), but the health and activ-
i t )  , r l  th (  h r ' \ l  r r r r r r  u l . , '  rn f lucnce r  l t i r t ion  in
$arble localion.

Althou-qh most indir, idual small manrmals
u .uJ l l \  bcar  o r l \  on(  l J r \ r l  in l 'e r ' l i , , r  r l  . r  l i n ls .
n.rultiple simultaneous botfly inlections have been
tirund in meadow voles (Getz 1970). dccr mice
(Seiiman and Nash 1976). and gray tailed voles
(this study). Horvever. the number ol indil iduals
with multiple inftctions is rclativell ' low. prob
ably because oldccrcascd activity (Smith 1978a1
or survivit l (Boonstra et al. 1980) of individuals
rvith rnore than one varble.

Physical and chemical habitat nanipulation
may reduce the activity and survival of both the
host and the botfly. ln our study. the diflerence in
bott ' ly prcvalence between nowed and unmowed
cnc losures .  and dre  dec l ine  in  p reva lcncc  in
urmowed high-dose cnclosures, suggest that

mowing and insecticide application each has a
negative etlect on the incidencc ol'botfly infec-
tion. In a unitbrmly non woody marsh in Wis
consin. Getz (1970) reported higher prevalence
of botfly in the unmowed than in the nrowcd habi-
tat, and suggested that the prcscncc of tr lilterlayer
it l the unmowed habitat wrs thc main physical
dit lerence between the two habitats. All cnclo-
sures in this experinlent were mowccl in 1992;
thus differenccs in thc litterlayerpresumably rvould
not account for higher prevalence in unmou'ed
enclosures than in mo\\'ed enclosures. The dit-
ferences in prevalence betwccn mowcd and
unmo',ved enclosures wlts possibly thc rcsult of a
change in the micro-climate sulrounding oviposiled
eggs. Mowing nrry have subjectcd botfly eggs Lo
increased direct sunlighL resulting irom reduced
cover. Botlly eggs in environments with tempera-
tures >35'C and in environments with low hu-
midity were both tbund to havc rcduccd survival
(Cafts 1967). Whereas the individual effecLs of
mowing and insecticide applications cannol be
isolated, the reduction in botfly prcvalence could
be the result of increascd mortality of adult bot
1'l ies and oviposited eggs, and reduction of fa-
vorable botfly habitat lbr oviposition.

lnsecticide effects on bottly prevrlence rnay
be a function of vegetation density. In unmowed
cnclosures. alfalfa structure and height aflected
the vertical distribution of insecticide. resulting
in 70 87%,decreases in concentrations rt the soil
surface and on the lower vcgctativc slluctures
(Bennett et al. 199.11 rvhere bottlies oviposit. In
rrowed enclosures, the insecticide reaching the
lowcr layers of vegetation signiticantly reduced
arthropod communities (J. Miller, Depiulment of
Entomology, Olegon State Unilersity, unpublished
data) and was probably sufficient to kill botfly
eggs. In 3.61 kg/ha conce ntrrtion enclosures. the
concentration ol insccticide near lower plant struc
tures was probably sufficient to kill botfly eggs
and adults regardless of vegetation cover

The relationship betwecn thc volcs- gender
and the prevalence of botfly larvac may be re-
l i l l eJ  r , ' . i /e  r r t 'h i ,mr '  | i rn : ]c  ln t l  l i t i r  i t r  f r l te rn .
of the host. Male gray-tailed voles have sigrif i
cantlv larger home ranges than temales (Wolff et
al. 199,1). Because bottl ies gencrally lay cggs at
nultiple sites in scattercd pattcrns (Catls 1967,
Bdd 197:l), the probabil ity ol inftction should
increase with increased rangc ol ac1il i ly.

6
l  Mowed
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