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Pocket Mouse Population Response to Winter Precipitation
and Drought

Abslract
A .eladonship between aurumn-winrer.precipitation and population of Peragflath/tt Pttl6 ]s dem-
onstrared. Caprures are Lompared to phytomass and monthly precipitation for a drought year and

lntroduction

In the mooographic study of a population of Great Basin Pocket mice (Perognatbus

pdfl,ltt ) in the arid shrub-steppe of south-centtal l7ashington, O'Fartell et al. (.1975)

identified food as appearing to be 
"an ess€otial resource" critical to cueiog the behaviolal

and physiological response of the population. Schreiber (1973) thought that cheatgrass
(Brcmtus tectorum) is probably the most sigoificant single dietary item used by pocka

mice and demonstrated ao appatent relationship between incteased cheatgrass production

and reproductive success in pocket mice. Beadey (1969) coocluded that the occuffeoce

ot absence of reploduction in desert heteromyids in southern Nevada is correlated with

the abuodance of winter annuals. Furthermore, she notes that if the amount of autumn

rainfall was measurd, it was usually possible to predict whether there would be sig-

nificant reproducdon in the heteromyid population in the following spring. In both of

these instances, the production of both annual and perennial grasses is dependent on

autumn and winter precipitation to recharge soil water aod promote Plant Srowth
Therefore, there is ao inferred relationship involving precipitation, food production ald

availability, and population tespoose in P, panut NTe attempted to demoostmte the re-

lationship between precipitation and populatioo response by live trappiog a pocket mouse

populatioo. By comparing our results with the previous studies performed at the same lo-

cation, temporal trends in the spring population capnues were related to the Plevious
autumn-wintet ptecipitation levels.

The study q/as initiated in April, 1977 in the q/ake of one of the driest winters on

record in eastern \fiashington. The study was concluded in June, 1978 followiog a win-

ter with average precipitation. Therefore, a relationship between precipitation and the

pocket mouse population would be all the more apparent.

lPresent address: New York Universitv, Tuxedo, N€\! York 10987
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Study Site Description
The study locarion is rhe U.S. Department of Energy,s Arid Lrnds Ecology (ALE) re-
sewe located on rhe Hanford Site in south_central Nfashington. The napping grid is
located on a gentle northeast facing slope at the base of Rattlsnake Mountain. The plot
altitude is approximately J60 m above mean sea level. The soil type on rhe study plor is
Ritzville silt-loam up to 2.0 rn deep ovedying basalt. Meusor"m#s of precioitation and
temperaftre have beeo recorded since 1969 at the plot as part of the ALl _i.ro_..-ro_
logical network (Thorp and Hinds, 1977). The vegetative cover otr the plot consists of
big. sagebrush, bluebunch wheatgrass and other spties characterist ic ot the Arterlirid
tri.d,entata/ Agoplron tpicatum association io near pristine condition ( Daubenmirg
1960). There is very little cheargrass in the study area (Rickatd et a1.,1975).

The study site is one of four 9.0 ha plots that were established to stucly the ecological
effects of cattle grazing on small mammals. This former stucly was a part ot the IBp
Grasslands Biome Ecosystems Analysis program. Technical Reports Nos. 174 and 243
in this program describe the study site in funher detail ( Otarrelt et .r1.,, 1972 ^nd
1974). The plot used in our study was moderately grazed, but with the cessation of
grazing and field uapping in 1975, it was oor used for study purposes until rhe initiation
of our project in 1977.

Methods and Materials
The srudy plot contained a 12 x 12 rectangular trap grid with Sherman Lve traps piaced at
15 rn intervals. Each trap slid into a '.mailbox" 

sleeve, and together these were placed
under a galvanized metal tent. The purpose of the sleeve aod tent was to shade the trap
and thus keep a trapped animal cooler in hot weather. Dacron batting hvas placed in
each rrap to act as oesting material and to insulate the animal in cooler temperatures. A
small handful of "bircl" 

seed was also cleposjted in each trap to help prevenr torpor. \X/e
extended rhe grid perimeter to iociude one-half the disrance beto,een traps, i.e., 7.5 m;
the effeccive uapping area rvas calculated to be 1.2,i ha.

Trapping sessions occurred on r"'eekends at three, to four-week inte^,ars througho.t
the period of the study. Traps were opened and baited with a peanut butter_oacmeal-mix_
ture on Friday evening. Traps were inspecred on Saturday and Sunday in the eady morn-
ing. Hence each trap session consisted of two trap nights with 144 tiaps open per olghr,
giving a total of 288 trap nights per sessron.

Captured animals were individually identified by roe ampumtioo. Each animal was
inspected to determine species, sex, age class t either juvenile or adult), pelage, repro_
ducdve condition, and weight. After iospection and data tecording, the animal was re_
leased near the poiot of capture.

Primary productivity expressed as grams per square merer per year was obtained by
cltp harvest of sixteen 0.5 m2 circular plots randomly placed in a 9 ha plot adjacenr to the
plot containing the trap grid. Species were identified in each circular plot, clipped and
weighed after oven-drying at 50oC. Two harvests were made in 197g; once in April to
obtain a rnmsure of rhe phyromass of Sandberg bluegrass and early maturing annuals,
and once in early June to estimate the phytomass of late flowering perennial grasses and
forbs. Io 1977, only one plant harvest was made when it became apfarent that the s€vere
drought conditions would not permir rhe usual sequence of plaor deuelopmenr ard ma_
aufat10ll.
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Results

Monthly precipitatioo levels of 12 monrh periods during 1969-70, 1970-71, 1975-76,
and 1976-77 are listed in Table 1. The data indicate that the majority of Precipitation
falls in the autumn and wioter months, October to April. This seasoo has been termed
the "bioyear precipitation" (Thorp and Hir,Js, 1977 ) due to the heavy reliance of the
vegetation on soil water stored during this period of the plaot growing season. Thorp
and Hinds (1977) lored rhar the average bioyear precipitatioo on our plot was about

20 cm. Summation of the bioyear precipitatioo levels for the years listed in Table 1

shows that 1969-70 (23.2 cm) was an above average season;1971'72 (18.9 cm) and

1975-76 (19.2 cm) were average seasons; ard 1976-77 (4.6 cm) was far belc'sr average.
The spting (April{May } June) ttapping results of 0'Fare11 ar aL (1912 ar'd

1974) fot the yeats 7971 ard 1972 are compared with our results io Table 2. The num-

ber of traps set each night, the total numbef of nights in which uaPs werc activarcd,

and the total trap effort (number of trap nights) for this three month Period are also

comparecl in Table 2. The data of O'Farrell et al. kt l97I ald 1972 stere no! achievd

in the same manner as ouf data of 1977 o.nd 1978- The difference occurs in the total traP

effort rhat took place in the respective two year periods, particularly as affected by the

number of ffaps se! per night. In 1971, the initial spring PoPulatiol resPonse qras esti-

mared rhrough a tot al ttap effort ol 4320 trap rights. In 1972, this figure fell to 2256 ttap

nights while our effort consisted of 1152 trap nights in both 1977 and 1978. To make

the data comparable, we normalized the "traps set per night' (Column A, Table 2) to

144. The spring population response for each year was then multiplied by this normali-

zation factor to give the normalized population levels listed in Column F of Table 2. We

believe this is a legitimate calculation since the avelage home raoges of female and

male (P. paruut) have been approximated to be 6 and 16 m respectively (O'Farrell,

1975 ) . Thus, rr 1977 aod 1978 with o y 144 ttaps opened per night, all trappable P

ptl)ltr rnay not have been accounted for since the traps were 15 m apart ln other words,

ooce a trap had been filled, that traP was no looger available to pocket mice with over-

'I,A,RLE 1- X{onthly DreciDit!,tion (cni) melsured a1 ihe studv sile

Oc i .  Nuv  Dpc. Jan, Feb. I'Iar, April llla,v June Julv Aug. sepi

1 9 6 ! - ? 0  0 . 8
1{ l  ?0 ?1 1.5
1 9 7 5 - ? 6  t . 1
M \ i - 1 i -  0 . 4

1 . 2  r  1 . 8
5 , 2  1 . 6
3.0 2. !
0 . 4  0 . 5

1,8 0_.1
2 . 5  0 . 9
0 . 6  0 . 3

0.0 0.0
0.E 2.1
1 . 3  0 . 1
4 . 0  3 . 9

0 . 0

0 , 9
n . 2

3 . 5  1 , 3  1 . 6
0.5 5.r i  0-4
t . 2  1 , !  1 - S
1 . 9  l  i  0 . 0

0 . 0
2.1
3 . 3
0.1

TIBLII 2. Sumhary oi ADril, xlay, June irapDing results ior pockei micc ai the sludv site'

A B
Traps se1 lt'otrl niehis
per nighr oDened

C D I J
'Ioial irap St.ing Norma,lizalion
ellori caDlures lactor

F

( D x E )

1 9 7 1 r
\972'
I  U ? ?
1l l is

.13 20
22;6
1152
1 1 i 2

2 E 8 *  I r
1 U 8 *  1 2
14,1  S
I 4 , 1  \

161
9 9

0 . 5 0
0 . 7 ?
1.0 t )
1 . 0  0

? 6
6 9

*2 Shefman livc haps fl:rcei1 ar etch ol 14+ irrp siies-
**2 Slrerman live iraDs rrlaced ai each ol 4'1 pedpheral il.1r) siies i 1 n:rD Dla.ed at remiinins sites'

1O' I 'a r re l l  c t  n l . ,  1 ! l72 .
:O 'Fa. reu  e t  a l . ,  19?.1 .
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lapping or neighboring home raoges to that of the ttapped animal. By placing two traps
at each trap location and trapping for an extended period of time, AEa:uell et al. showed
in 1971 that more pocket mice may iodeed be captured.

The normalized spring captures are compared to the bioyear precipitation levels of
the preceding season in Table 3. These data are ploned in Figure 1, with the P, paraas
spring captures plotted as a function of the October-April precipitation totals. A re-
gression of the plot yields the following linear equation:

y : 2 . 1 4 x  |  3 2 . 7 8

A calculatioo of Pearson's correlation coefficient betweeo these two variables gave f :
.98, indicating a strong relationship between the autumn-winter precipitation and the
P. paturs capntes of the oexr spriog.

TABLE 3. Sunrnary of Dreoipitalion durine ihe plant srowins season October ihroush April ;n re-
lation to the trap caich dt pooket mice (Pcrognatlrus p yus).

P. I arYus

4 5
? 6
6 9
4 3

23.2
I 8 . 9
19_2

4 . 6

( l 9 6 0 - ? 0 )
(  1 9 ? 0  -  7 1 )
(  1 9 ? 5  -  ? 6 )
( 1 ! ? 6  -  ? ? )

( 1 9 7 1 )
(1972)
(  1 9 ? ?  )
( 1 9 7 8 )

O'Farrell et d.,
This shrdy
This stualy

1972
19'14

Discussion

The trappability ol the P. paruu closely follows the adaptive suategies described by
O'Faltell et al. (1975); i.e., pocket mice emerge from winter torpor and are readily
trapped during the spring when fresh food supplies are probably the greatest. The onset
o{ reproductive activity is coupled with food gathering. These combined physiological
drives facilitate trapping of pocker mice in the spring, usually berween April and June
(O'Farrell et al.,1975). Our trapping results in 1977 and 1978 confirm this obseri/ation.
Since the spring population size is a {uoction of the reproductive activity/success of the
ptevious summer, and since breediog may be curtailed or encouraged in response to food
availablllty and quality which is in turn a function of bioyear precipitation, the spring
captures ale a good indicator of the prwious fall-winter precipitation level. Conversely,
by knowing the fall.lwinter precipitation total, one may predict the size of the P, pataws
population in the spring of the following year, if indeed a relationship between fall-
winter precipitation lwel and spring pocket mouse population size does exist

O'Fauel[ and co-vrorkers (1975) attempted to quantify a relationship similar to the
above by using the Jolly-Seber stochastic model ro esrimare the P, parous summer popu-
lation size and then regressing rhese data against October-April precipitation levels. They,
too, observed a linear relationship for the four-year period 7967 -70 with a correlation
coefficient of r : .99. They noted that oo correlation is fou-od when the population dara
are regressed against total annual precipitation. This finding indirecrly confirms the no-
tiofl that fall-winter precipitation is the better indicator of primary productivity and
hence food availability for rodent species in arid ecosystems.

Plotting the normalized spring caprures against the previous fall-winrer precipira-
tion levels also yields a good correlation (r : .98). Except for the artifice of normaliza-

Pocket Mouse Response to Wioter Precipitation aod Drought



tion, the correlation was performed with teal capture data and not with modelled num-
bers as in O'Farrell et al, (1975). The purpose of both correlations was rhe same: to
relate the bioyear precipitation level to some indicator of P. paruu population size. The
good correlation in both iflstances further supports the hypothesis that P. paruas papv
lation tesponse is cued by an environmental factor, as discussed specifically by O'Farell
et al. (1975) aod more generally by Beatley (1969). The factor indicated by this wi-
dence is food. Thus, the strong correlation between an abiotic factor such as precipitation
and the response oI P. panus is probably mediated by the availability of quality food
items such as fresh seeds-

The results of live phytomass hawests are shown in Table 4. The impact o[ the 1977
drought upoo plant productivity is clearly indicated. Only a fraction of the normal
phltomass was produced in 1977. However, primary productivity was testored during
the 1978 growing season. The 70 g/m2 of herbaceous phytomass produced in 1978 is
much Jike rhe range of 6l-75 g mz produced in rhe years 1)71-74 tP.ickard et al..
7976). The 1978 phytomass consisted of a flush of annual plart growth, especially Fer-
taca octoJlora, which is a proiific seed producer similar ro othef annual gt?.sses. Brcnuj
tecror' m, anothet annual grass, actually dominates the hetbaceous vegetatioo in disturbed
ground at other places in the ALE Resewe, but \vas sparingly represented in our study
plor.

Krirzmar' (1974) has shown that populations ol P. paruas qn the ALE Reserve a.::e
primarily granivorous in the summer aod early fall, although insects are coasumed ptior
to the production of seeds. Thus, the above reasoning could be verified by monitoring

TABLE 4. Live herbaceous phytomass measureal in the yea.s 197? anrl 19?8 anil expreseil as

c/m'/!r.

Peremial arasses
Agropyron spiclrtr r
Por srndhergii
Slipa lhnrb€rirln

Astra8dus purshii
(lrcDis rtrabarl'a
lupltus l.rxjilorus
Cr.locho uE maerocal'prs
nomrtium m{crocart[m

DIiscron lililoliui
Phlox longiiolfti
Anl€nnrrio, dimoutE

I'osttrca octoilorr
Bromus tec toum

Ilesdrrainia pinnaia

Ilolosteum nmlrellriun
Sislm[ritrm n]llsslnunr
Planirgo talagonica
IraBopogon dubtus

Total iive Dhytomass

25.'1
9 . 4
0 . ? 3
0.06

2.10
0 . ? 0
T
T
T

2 2 , 0
0 . 8 4

4 . 7
0 . 2 6

2.1
0_18
T

0 . 7 7
T
T

6 9 . 6 10.0

3.1
0.47

f.iJ
0.0?

1 . 9
1.3

T:Trace Amount
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the levels o{ seed production to study correlations not only with populatioo response in
P. panus b:ot with levels of autumn-winter precipitation C-onfirmation of such a rc-
latiooship would provide a predictive tool to estimate the size of pocket mouse popula-
tions by measuring the fall and winter precipitation. Nwertheless, the chemical mechan-
isms that trigger the reproductive response in the pocket mouse population remain
obscure.
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