
Donald R. Johnson, Department oi B o og ca Sciences
Unversly of daho. l \ ,4oscow. ldaho B3843

Effect ol Alternative Tillage Systems on
Rodent Density in the Palouse Region

Abstract
Soc ia l  behav io r  and seasona l  b reed ing  regu la re  the  numbers  o l  deer  mice  lPeron. \scus  nann:uh tu i )  be lo$  tha t  .aus ing  s ign i f i -

cant damage to grain crops under both conventional and consenation tiliagc s)stems in lhe Palouse region. I{ontane vole (,Mirrora.r

nontanus)  popu la l ions  are  regu la ted  th rough soc ia l  beba! io r .  va f ia l ion  in  the  length  o f  the  breed ing  season and c i ranges  in

vegeta t i le  cover .  Loca l  popu la l ions  o f  th is  spec ies  denonst r l te  bo th  mul t i )car  and annua l  pa t te rn , "  o f  dens i t , "  change-  A t  b igbe.

densities voles cause damage to grain crops irrespective of the tillage slstcm in eftect, particularlv *here oops adjoir uncultirated

lntroduction

Alternative forms of tillage are being adopted in
the Palouse region to reduce erosion, soi l
moisture loss and energy costs. In one method,
terrned "noti l l ,"  the seed is dri l led direct ly into
residue of the preceding crop, thus el iminating
the need to prepare a seed bed by conventional
plowing. Herbicides are used to control weeds
and fert i l izers are appl ied as necessary to im'
prove yields. Among its unfavorable effects, con-
servation t i l lage delays maturation of the crop
due to insulat ive effects of residues and
establ ishes a microenvironment favorable to in'
sect pests and plant diseases (Papendick and
Mil ler 1977; Phi l l ips er aL l9B0). Although
roden ts  " l h r i r e  '  

i n  coF r  unde r  nnnse rva l i on

tillage (Johnson et ol. 1985), their response to con-
servation t i l lage of rvinter wheat has not been in-
vestigated. Here I report population levels of deer
mice and voles at si tes under alternative methods
o f  t i l l age  and  compare  ro l e  number .  i n  s i n l e r
whea t  c rop land  w i t h  t ha t  i n  ad jo i n i ng
shrub-grassland.

Methods

Abundance of deer mice r!as monitored using
Museum Special traps baited with rolled oats and
peanut butter and set out at 3 m intervals in
transects of 50-200 traps. Trap l ines were marn-
tained l-2 days at 7 locations in Whitman
County, Washington, and Latah County, Idaho,
in l9B0 and l98l. During l9B3-85, I monitored
vole density at Waha, Nez Perce County, Idaho,
using a 4 x 9 grid of pitfall traps (Boostra and
Krebs  lgTB)  w i th  12 .3  m ( ,10  f r ) .pac ing  in  an  un '
cultivated shrub-grass site. In 1985 vole abun-

dance was concurrenth monitored in adjoining
cropland under conservation ti l lage and chemical
fallow (2 transect l ines of 9 pitfall traps with 12.3
m spacing in each). Pitfall traps were prebaited
with rolled oats for one day and activated for l-3
days between April and October at 2'veek (1983)
or monthly intervals (1984 and l9B5). Snowfall
prevented sampling in October, 1985. Cotton bat-
ting was provided to reduce mortality. Voles were
weighed, toe-clipped and released at the site of
capture.

The abundance of deer mice is reported as
N/100 trap-days. I have not analyzed these data
statistically because the trapping sites were ar.
bitrari ly chosen (treatments were not randomly
assigned). The abundance of montane voles is
reported as minimum number alive (MNA) where
MNA is the sum of animals captured at t ime t
and those assumed to be present based on their
capture both previous and subsequent to t. To
equalize trapping effort on the grid and transect
l ines, I compared the number oI voles captured
on the outer l ines of the grid Dith the number
captured on paired transect l ines at other sites.
Thus each sample represents captures on transect
l ines of 9 pitfall traps each with the l ines spaced
at least 36 m apart.

Results
Deer mice occurred in low to moderate numbers
(l-34i100 trap days) in rvinter wheat under con-
ventional and conservation t i l lage at the sites
sampled during the spring and surnmer months,
1980 and 1981 (Table l). Since site and treatment
(t i l lage rnethod) are confounded, I  cannot at-
tr ibute the dif ferences observed to treatment
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TABLE t .  Captrrc tates (Ni l00 1r ! t , { iars)  of  d. . r  mice ar  .on\ .nr ional  and.on*,rvat iod r i l lagc l i tes,  t9u0 and tggt .
\ot  l rapped.

t r fonthl I i l aho  S i tes t r  r . h , n B r u r  S i t . s
Conrent ionr l

Afr i l  1980
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I{ay.June

Jui . -Julr

July AugLrsl
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Sept October

NIav l9Bl

Ifay-June

1 l
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,1.5

1,1.1

.J.1

2 . , '

i .5

,l

5

0

2

6.5

.1.3

3

4.5

1 0

I

.1

l 0

l 0

8

5

6

6.5

't

0

12 .5

27.5

alone. However, the ralucs reported rcpresent in-
diccs of densitv at these locations. Small  numbcrs
of house mice (Mus musculus), ragrant shrews
(Sorer lag'rons) and rvestcrn jumping mice (Zapas
princeps) nere captured at si tes under both
t i l lage systems.

The montane vole populat ion in uncult ivated
shrub-grassland at Waha demonstrateo an annual
spring peak in numbers during 1983-85 (Fig. l) .
Temporary decreases in populat ion size due to
application of a zinc phosphide rodenticiclc in
l9B3 wil l  be presented elscwhere- The dif fcrences
in peak numbers betwccn vears were nearly iden-
t ical to a density index of voles captureri  in dri f t
fences at Covote Crade, Nez Perce Countv (Fig.
2), an indication of local synchrony in dcnsity
change. ln l9B5 the pcak number of voles in
shrub-grass rvas twice that in chemical fal low
wherc cropping was postponed and weeds were
control lecl with herbicides. No volcs *ere cap-
tured in a wheat f ield under conservation t i l lage
du r i ng  t he  sumrne r  mon ths  (F ig .3 ) .

DISCUSSION
Although deer mou-qe populat ions occasional l_r
reach high densit ies, (e.g. Hoffmann 1955), their
numbers are regulatcd below an economrc
thrcshold through terr i tor ial i t ,y and nintcr
breeding rarelv occurs (N{etzgar 1980). The large
numbers of deer mice (431100 trap davs) captured
in rvheat stubble near Pul lman, Washington, in
Novembcr, l9B3 (D. Johnson, unpubl.) and in

Fisu.e 1.  y in imurn numhc. of  monrane rotcs al i re (MNA)

on a 0.ij5 ha grid ofpitlall traps ar Wala, Ncz Perce
County.  Idaho i983 85.  ZP appl icar ion of fc l let -
ized z inc lhosphide rod.nl ic ide.

t 985
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barJey stubbJe in an earl ier study (Janlr lewicz
l97 l ) .  p roLaL l l  r cp r r . - cn l  d  f l ' i pun r '  l u  un  i n -
crcascd avai iabi l i t_v of waste grain. fhese high-
density populat ions steadi ly decl ine during the
{inter months when breeding is suspended.

Birney et ol (1976) have confirmed that voles
incrcase in densitv and establ ish a mult ivear cy-
cle at si tes rvith suff icient grass cover on the
Great Plains. Since both rnontane and long-tai led
voles (Micrnlus longicautlus) dcmonsiratc a 3-4
year cycle of densit l '  change in uncult ivated
Palouse grassland (Randall  and Johnson 1979),
one would expcct periodic damage to adjoining
crops. This however did not occur at the Waha
site where the populat ion f luctuated in an annual
rather than mult iycar pattern (Fig. l) .

Figure  2 .  Dens i t l  ind ices  o fmontane ro le  popu la t ion- . .  Nez
I ' c rce  Countv .  I1 l tho :  \nahr  ( . )Lased on  m;n imum
nu ' .ber  a l i v .  in  N ' la i  ( th is , . tudr )  a .d  CoJ. tc  C.ade
(+)bas" "d  on  number  o l  vo les  captdred i30  n  d r i f t
fencer 100 trap dars (R. L. trallace and L. Y. Diller,

pers .  cornm.) .

The factors inducing clcl ic change in vole
density are much disputed despite extensive ef-
forts to identi fy them (Meserve and Klatt l9B5).
In the West, the most selere irruptions of mon-
tane voles occur in large, interior basins al lotted
to forage crops, especial ly alfalfa (Murray 1965).
Voles caused signif icant damage to seedling
winter wheat under both convenlional and con-
servation t i l lage at Waha in November, 1981, par.
t icularly rvhere cropland adjoined uncult ivated
ground (R. Llord, pers. comm.).

Montane voles are capablc of rcproduction
during the winter months i f  phytoestrogenic com'
pounds are avai lablc in grccn forage (Negus et
al.  1977). The social biology of montane voles is
complex rvith fcmalcs dcmonstrating intra-sexual

1985
Fisure 3.  Uininudr nunb.r  o l  . iontane volc!  a l i$ ( IVNA)

in shrub gras (solid line), cben,icai fallor (dashed
l i l re)  (nd nor i lhge { inter  whcat (dot-dash I ine)at
Waha, Nez Perce Counry,  Idaho, 1985. l l fNA i r
sb.ul,-g.ass i,. adjuned to reflect trapping eflort
,  q ' r r r  , l  n  ' u  r h , r  1 r  r \ "  " r h , r  I  -  |  i . n - .

terr i tor ial i ty. Their terr i tor ies overJap those of
adult males. Only terr i tor ial males are sexuallv
mature in high density populat ions. Females
form extended matcrnal famil ies at high densit ies
and thc sexual maturation of young associated
with these famil ies is delayed (Jannett l9B4).
Thus the regulat ion of montane vole populat ions
is complex, making predict ion of densitJ change
d i f f i cu l t .

The impact of voles on grain crops has re-
ceived l imited attention. Cit idg carl ier work,
Ryszkowski et al (19?3) reported that European
voles can cause serious damagc lo sccdl ing wheat
rvhich sometimes results int he loss of thc cntire
crop. Based on estimatcs of food requirements
and density, Grodzinski et al.  (197i) concludcd
that voies had l i t t le impact on winter wheat dur'
ing "normal" 

vears and onl l  2'3% of the crop
was destro,ved during periods of high densitv. Un-
lortunatcly, these estimates of htal impact (food
plus wastage) did not include the fal l  and winter
rnonths rvhen voles are mostlv l ikc to cause
damagc to grarn crops.
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