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Abstract: In an earlier paper (Pergams & Nyberg 2001) we found that the proportion of the prairie deer mouse
(Peromyscus maniculatus bairdii), among all local Peromyscus museum specimens collected in the Chicago
region, bad significantly declined over time. This proportion changed from about 50% before 1900 to <10%
in the last 25 years. Based on this proportion a regression model predicted the local extinction of the prairie
deer mouse in 2009. To evaluate that prediction, we estimated current deer mouse abundance by live trapping
small mammals at 15 preserves in Cook and Lake counties, lllinois (USA) at which prairie deer mice had
previously been caught or that still contained their preferred open babitat. In 1900 trap nights, 477 mammals
were caught, including 251 white-footed mice (P. leucopus), but only one prairie deer mouse. The observed
proportion of Peromyscus that were prairie deer mice, 0.4%, was even lower than the 4.5% predicted for 2000.
Here we also introduce a simple, new community proportions model, which for any given geographic region
compares the proportions of species recently caught with the proportions of species in museums. We compared
proportions of seven species collected in Cook and Lake counties and examined by Hoffmeister (1989) with
proportions of these species that we caught. Ten percent of the museum community was prairie deer mice,
but only 0.2% of our catch was. The current local scarcity of the prairie deer mouse is consistent with the
regression-based prediction of its eminent local extinction. More conservation attention should be paid to
changes in relative abundance of once-common species.
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Evaluacion del Pronoéstico de la Extincion Local de un Raton Anteriormente Comun

Resumen: En un articulo previo (Pergams & Nyberg 2001) encontramos que la proporcion de Peromyscus
maniculatus bairdii, entre todos los especimenes de museo de Peromyscus recolectados en la region de Chicago,
bhabia declinado significativamente. Esta proporcion cambio de 50% antes de 1900 a <10% en los dltimos
25 arios. Con base en esta proporcion, un modelo de regresion pronostico la extincion local de P m. bairdii
en 2009. Para evaluar esa prediccion, estimamos la abundancia actual de P. m. bairdii mediante el trampeo
de mamiferos pequerios en 25 reservas en los condados Cook y Lake, lllinois (E.UA.) en las que se habia
capturado a P. m. bairdii previamente o que aun contenian su bdbitat abierto preferido. En 1900 noches-
trampa, capturamos a 477 mamiferos, incluyendo a 251 P. leucopus pero solo a un P. m. bairdii. La proporcion
observada de P. m. bairdii, 0.4%, fue menor a 4.5% pronosticado para 2000. Aqui también introducimos un
modelo, nuevo y sencillo, de proporciones de la comunidad que compara, para cualquier region geogrdfica, las
proporciones de especies recientemente capturadas con la proporciones de especies en los museos. Comparamos
las proporciones de siete especies recolectadas en los condados CooR y Lake y examinadas por Hoffmeister
(1989) con las proporciones de especies que capturamos. Diez por ciento de la comunidad de museos era P.
m. bairdii, pero solo 0.2% de nuestra muestra lo fue. La actual escasez local de P. m. bairdii es consistente con
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la prediccion de su inminente extincion local con base en la regresion. La conservacion debe prestar mayor
atencion a los cambios en la abundancia relativa de una especie anteriormente comuin.

Palabras Clave: Chicago, declinacion de especies comunes, extincion pronosticada, Peromyscus leucopus,

Peromyscus maniculatus bairdii

Introduction

A variety of models have been developed to predict ex-
tinction of a population or species. One type of model
projects the future based on genetic, demographic, and
ecological processes modeled as stochastic events (Lin-
denmayer & Lacy 2002; Lindenmayer et al. 2003). Another
type of model makes projections based on trends ana-
lyzed from empirical records, usually museum specimens
(Solow 1993; McCarthy 1998). We developed a variant of
the empirical records model that reduces the uncertainty
of how much trapping was attempted by comparing two
species of the same genus living within the region of in-
terest (Pergams & Nyberg 2001).

The deer mouse is one of the most widespread mam-
mals of North America. The prairie deer mouse (Per-
omyscus maniculatus bairdii) is found in prairies from
Ohio to Oklahoma to southern Manitoba. Its range over-
laps with that of the northern white-footed mouse (P
leucopus noveboracensis), except in its extreme west-
ern and northern portions (Osgood 1909). The white-
footed mouse is a habitat generalist that usually prefers
deciduous woodlands, but it has colonized agricultural
areas (Wegner & Merriam 1990). Although most other
P maniculatus subspecies occupy woodland habitats, P
maniculatus bairdii often nests in burrows and lives in
prairie and open, cultivated fields (Baker 1983; Hoffmeis-
ter 1989).

Kennicott (1857) reported that the prairie deer mouse
was much more abundant in the Chicago region than
the white-footed mouse and that in his trapping surveys
the deer mouse was strictly an inhabitant of prairies.
Other early studies of the two Peromyscus species in the
Chicago region (Cory 1912; Gregory 1936) confirm the
prairie/woodland habitat segregation and the abundance
patterns reported by Kennicott (1857).

Using museum collection information, Pergams and
Nyberg (2001) regressed the proportion of the prairie
species of two genera against time. They reported that the
proportion of prairie vole (Microtus ochrogaster) (num-
ber of specimens of prairie vole/number of specimens of
all Microtus spp.) had declined 60% in 1850-1900 to <1%
in 1980-2000 and was declining at a rate of —0.3%/year.
The regression predicted extinction of the prairie vole
in 2000, although this prediction was not statistically sig-
nificant. The proportion of prairie deer mouse declined
from 47% of Peromyscus in 1850-1900 to 12% in 1980-
2000. The regression slope was —0.5% year~! and was

statistically significant. The regression model predicted
that P maniculatus bairdii would be locally extinct in
2009 (95% CI = 2000 — 2149) and that the prairie deer
mouse would be only 4.5% of the local Peromyscus in
2000. We undertook a trapping study to determine the
current proportions of prairie species in those genera in
Cook and Lake counties.

The regression model compared the proportions of
sympatric species pairs over time among deposited speci-
mens. By comparing species within a genus we attempted
to overcome problems of uneven trapping effort inherent
in single-species museum records (Solow 1993; McCarthy
1998). An extension of this idea is to compare species
within a community. For any given region, one would
compare the proportions of species recently caught with
the proportions of species in museums (which could be
trapped efficiently). We call this way of assaying change
the community proportions model. It does not require
the existence of two sympatric species in the region
of interest (as does our previous regression model) and
thus is much more widely applicable. The proportion of
any species in the community could be regressed against
time but we did not do this. The community proportions
method is a simple way to find changes in the abundance
of common species.

Methods

Based on the collection information provided by muse-
ums, we identified 10 locations in Cook and Lake coun-
ties from which deer mice had been trapped. Six of these
locations still had natural areas, and we identified eight
spots to trap among the six: Cranberry Slough Nature
Preserve, Grand Army of the Republic Woods (GAR),
The Grove and Woodworth Prairie, Heller Nature Pre-
serve and Highmoor Nature Preserve, Illinois Beach State
Park, and Volo Bog. Those sites were all trapped in 1999.
In 2000 we selected some of the best-quality prairies
(Burnham, Gensburg-Markham, Glenbrook North High
School, Somme, and Wolf Road Prairies) and the largest
open fields (Bartel Grassland and Poplar Creek [a restora-
tion contiguous with a prairie Nature Preserve]) for trap-
ping. Except for Bartel, Burnham, GAR, Poplar Creek, and
Woodworth, sites are Illinois Nature Preserves. All sites
except Bartel (open exotic), GAR (all wooded), and The
Grove (all wooded) still had at least some open areas dom-
inated by native vegetation.
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Table 1. Results of small-mammal trapping in Cook and Lake counties, Illinois.

Date trapped Catch rate
Location County Location coordinates (month/day/year) Trap nights (%)*
Bartel Grassland Cook 41" 33/ N, 87" 46 W 9/28/00 144 22
Burnham Prairie Cook 41" 38'N, 87 33 W 8/31/00 144 18
Cranberry Slough Nature Preserve Cook 41° 42'N, 87 51'W 8/9/99-8/11/99 230 19
G.A.R. Woods Cook 41" 53’ N, 87 50 W 6/15/99-6/17/99 135 15
Gensburg-Markham Cook 41° 37'N, 87 42'W 10/5/00 144 43
Glenbrook North High School Cook 42° 06'N, 87" 50' W 10/12/00 48 71
Heller Nature Preserve Lake 42° 13N, 87 52’ W 9/26/99 48 35
Highmoor Nature Preserve Lake 42° 12'N, 87 51' W 9/26/99 35 46
Illinois Beach State Park Lake 42° 28' N, 87" 48 W 10/4/99 96 19
Poplar Creek Cook 42°03' N, 88 11''W 8/14/00 147 16
Somme Prairie Cook 42° 08' N, 87° 50' W 7/31/00 127 35
The Grove Cook 42" 04N, 8752’ W 9/13/99 91 22
Volo Bog Lake 42°21'N, 88" 11'W 8/1/99-8/4/99 283 17
Wolf Road Prairie Cook 41°53' N, 87 54 W 8/30/00 144 35
Woodworth Prairie Cook 42" 03' N, 87 50' W 9/12/99 84 29

*See Methods for calculation of catch rate.

We used Sherman (Tallahassee, Florida, model SNA [5.1
x 6.4 x 16.5 cm)) live traps baited with peanut butter and
rolled oats. The traps were set on the ground without
looking for runs. Traps were about 10 m apart except at
the smallest site (Glenbrook North High School), where
the traps were 5 m apart. Traps that were torn open (pre-
sumably by predators) were not included in the trap-night
count. Trap nights were approximately proportional to
site area and ranged from 35 to 283 per site. We distin-
guished the two Peromyscus species in the field by mea-
suring tail and hind foot length. Ear snips were taken from
trapped Peromyscus, and field identifications were con-
firmed by sequencing mtDNA. Other species were iden-
tified based on field characteristics and measurements in
Hoffmeister (1989). Animals were released after species,
weight, and sex were recorded.

To estimate the relative abundance that could be
trapped, we made a list of mammal species known from
the region that weigh 10-80 g. For each of those seven
species we used the number of museum specimens col-
lected in Cook and Lake counties (cited by Hoffmeis-
ter [1989], standard local reference) to estimate the pro-
portion of that species in the local community of small
mammals. We calculated the expected catch number of
each species based on the total number of individuals
we caught. Large deviations of the current catch propor-
tions from community proportions based on museums
specimens suggest substantial changes in abundance of a
species in the local community have occurred.

Results
The 15 sites (Table 1) ranged over almost a degree of lat-

itude (41°33'N to 42°28'N) and longitude (87°33'W to
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88°11'W). We caught 477 individuals in 1900 trap nights,
for an overall catch rate of 25%. Catch rate among sites
ranged from 15 to 71%. Nine species were caught. The
number of animals caught of the seven species we ex-
pected to be efficiently caught in our traps is given in
Table 2. (Four masked shrews [Sorex cinereus] and four
eastern chipmunks [Tamias striatus] we caught are not
in Table 2 because they are too small and too big, re-
spectively, to consistently be caught in our traps.) More
than half (53%) of the individuals caught were P leuco-
pus, the only species caught at each of the 15 sites. Only
a single P maniculatus bairdii was caught. The propor-
tion of Peromyscus that were prairie deer mice was 0.4%,
which is even lower than the 4.5% predicted by the re-
gression model. The prairie vole was caught 21 times at
5 different sites. It was much less commonly caught than
the meadow vole (169 times, 11 sites). The proportion
of Microtus that were prairie voles was 11%, which was
greater than regression prediction of zero but less than
the 27% fraction of prairie voles among museum Microtus
(Table 2).

The community proportions model showed two spec-
ies, the white-footed mouse (1.94) and the meadow vole
(1.80), caught much more frequently by us than numbers
in museums predicted (Table 2). Based on proportions in
museums one would expect the short-tailed shrew to be
the most common small mammal. It was the third most
common species in our catch, but we caught only 16% of
the number expected based on the community propor-
tion. Also, we caught only 11% of the expected number
of meadow jumping mice. The species whose proportion
was least compared with expected was the prairie deer
mouse (0.02). The prairie vole proportion caught was
larger, 0.61, suggesting it is not declining as a member
of the small mammal community. Recall that we selected
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Table 2. Comparison of our catch with historical trapping abundance (Hoffmeister 1989) of small terrestrial mammals weighing 10-80 g (expected

size of animals in our traps) from Cook and Lake counties, Illinois.

No. specimens
examined by

No. expected to be
caught based on

No. caught during
our search for

Proportion of number
caught to expected

Species Hoffmeister (1989) n = 469* P. maniculatus bairdii number in community
Short-tailed shrew

Blarina brevicauda 91 135.5 22 0.16
‘White-footed mouse

P leucopus 87 129.5 251 1.94
Meadow vole

Microtus pennsylvanicus 63 93.8 169 1.80
Prairie deer mouse

P maniculatus bairdii 41 61.0 1 0.02
Prairie vole

Microtus ochrogaster 23 34.2 21 0.61
Meadow jumping mouse

Zapus budsonius 6 8.9 1 0.11
House mouse

Mus musculus 4 6.0 4 0.67
Totals 315 469.0 469

*See Methods for calculation of expected number:

trapping areas on the basis of historical presence of prairie
deer mice or their preferred habitat. We did trap in some
woodland habitats, but the habitats we sampled were bi-
ased toward prairie and away from woodland (compared
with a random sample).

Discussion

Pergams and Nyberg (2001) predicted the disappearance
of two prairie species. Here we found the prairie deer
mouse to be even rarer than predicted by the regres-
sion, and possibly it will become locally extinct within the
near future. The prairie vole’s decline, unlike that of the
prairie deer mouse, was not statistically significant. The
estimated regression slope suggested that the prairie vole
would have been completely replaced by the meadow
vole in 2000, but the lack of significance could be inter-
preted as a prediction of constancy of the proportions
of the two Microtus with time. The observed proportion
of prairie voles as a proportion of Microtus was 0.11,
halfway between the regression prediction and the “no
change,” which is compatible with the lack of statistical
significance. Regression-model predictions based on pro-
portion of museum specimens of species within a genus
were quite accurate for Peromyscus and less accurate but
generally consistent with changes in Microtus.

The proportion of prairie deer mice in our collec-
tion was low, 0.002, especially considering that 10% of
the small mammal museum specimens from these two
countijes are of this species. The community propor-
tions model suggested the proportion of prairie voles we
caught was close to that in museum Microtus. For Mi-
crotus the community model suggests less change than

the regression model. The community model would work
best if the museum sample were based on proportional
sampling of all habitats within the area of interest and if all
species in the community were equally likely to be caught
with all trapping methods. Neither of these ideal condi-
tions will be true in any historical sample. The habitat se-
lectivity is difficult to assess. The trap selectivity issue has
been investigated. Sherman live traps are more effective in
catching small mammals than snap traps (Cockrum 1947;
Sealander & James 1958; Hansson & Hoffmeyer 1973)
(but see Wiener & Smith [1972]). Variation among fac-
tors such as locality (e.g., Williams & Braun 1983), season
(e.g., Mengak & Guynn 1987), bait, and trap tension may
be greater than the variation among live and snap traps
when catching similar rodents. In any case, knowing the
proportions of species in museums was informative, but
its general applicability requires more study.

The decline of the prairie deer mouse as a proportion
of Peromyscus may be more widespread than the two-
county area we studied. Long (1968) used snap traps to
study the small mammal community in prairie along rail-
road right-of-ways in central Illinois. He reported that the
white-footed mouse was slightly greater than 70% of the
animals trapped, whereas the prairie deer mouse made
up only 7.6% of his catch.

Why is P maniculatus bairdii becoming locally rare,
while P leucopus is increasing in habitat remnants, even
those that are still prairie? The loss of original prairie
(Iverson et al. 1989; Anderson 1991) is great but does
not explain why P maniculatus bairdii has become very
rare or absent in remaining high-quality prairie and large
open fields or why P leucopus has taken its place. Thus,
the possibilities seem to be a change in the prairie habitat
or a change in one or more of the species involved. The
Chicago region, like many others, has had a long history
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of fire suppression (e.g., Stevens 1995). The beneficial ef-
fects of fire and the detrimental effects of lack of fire for
the deer mouse have been documented over time. In the
years following burning, Peromyscus species abundance
shifted to favor P maniculatus (Cook 1959; Lawrence
1966). There were significantly higher proportions of P
maniculatus bairdii in burned habitat (Ahlgren 1966;
Beck & Vogl 1972), and burning improved prairie deer
mouse habitat and food conditions (Tester 1965). These
findings support the habitat change hypothesis.

Some new facts draw attention to the change-within-
species hypothesis. A mitochondrial COX2 haplotype M
that was uncommon (<25%) in the Chicago region be-
fore 1920 currently has a frequency of 94% (Pergams et al.
2003). More recent work shows complete replacement of
mitochondrial D-loop haplotypes within the last 30 years
(O.R'WP. & R. C. Lacy, unpublished data). The rapidity
of these genetic replacements within the white-footed
mouse suggests a selective advantage of P leucopus with
the modern haplotypes. The new type of P leucopus
could not only provide a competitive advantage within
its own species but could also allow the white-footed
mouse to displace the prairie deer mouse. Although spec-
ulative, the already known genetic changes emphasize
that species, and therefore competitive relationships, are
not static.

Our results has show how expectations of local abun-
dance generated in two ways from museum records
can be compared with current information to document
abundance changes in common species. Conservation ef-
fort focused on species that were always globally rare is
appropriate if one values species outside the context of
their community. Conservation effort focused on commu-
nities should consider changes in abundance of common
species. At the least our work points out the possibility
that many species assumed to be abundant may no longer
be so. The prairie deer mouse was the most abundant
mouse in the Chicago region only 150 years ago; now it
is seldom found even in the most appropriate remaining
habitat. It and other species that have undergone dramatic
local declines deserve greater conservation attention.
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