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ABSTRACT
Often field identification of sympatric organisms becomes difficult when species are
morphologically and behaviorally similar. Additionally, regional traits unique to
subspecies further confound typical field marking identification techniques (e.g., tail
length: body length ratios, tail bi-coloration). The importance of this verification might
bring to question historic range maps and biodiversity trends in earlier published
research which relied heavily on field markings. This field and lab-based study was
performed to help verify field identification of white footed mice (Peromyscus leucopus)
(Fig. 1a) and deer mouse (Peromyscus maniculatus)(Fig. 1b) using a salivary amylase
gel electrophoresis assay. Saliva samples were extracted from captured Peromyscus
spp. from four different locations in NY, PA, and MA. Mice captured in NY were
identified in the field as both species. Interestingly, mice in New York surveys captured
within mixed forest sites were found to be of both species, whereas those captured on
the sandstone pavement barren site were all P. leucopus. Researchers in PA identified
all mice in the field as P. leucopus; however, salivary amylase results suggest that
these species are in fact sympatric. Contrastingly, at the MA site all mice were
identified in the field as P. leucopus, and gel verification supported this finding. This
research suggests the need for molecular verification in all biodiversity surveys where
species identity is uncertain. Additionally, this technique has provided an interesting
future research avenue which suggests that conditions on the Altona flat rock barren
are more favorable for P. leucopus.

Peromyscus leucopus

Peromyscus maniculatus

Fig. 1b. Deer mouse

Fig. 1a. White footed mouse
Photo credits: www.cedarcreek.umn.edu

PEROMYSCUS spp. RANGE MAP

INTRODUCTION
Throughout many regions of the eastern United States there are sympatric mice (i.e.,
similar species with overlapping ranges and similar niches)(Figs. 2a,b). Two of those
species, inhabiting the northeastern United States, are the white footed mouse
(Peromyscus leucopus) and the deer mouse (P. maniculatus) (Figs. 1a,b). As with
many sympatric species, similarities in physical appearance result in difficulties in field
identification. In the case of Peromyscus spp., many researchers identify species in the
field using tail bi-coloration (e.g., distinct bi-coloration= deer mouse vs. blended colors=
white-footed mouse), length of tail pencil, tail length to body length ratio, as well as the
body mass to total length X 10 ratio (Sternburg and Feldhamer, 1997). However, there
are limitations to field identification because individuals may alter their stature when
being measured. In addition, many mice have wet pelage which can mask the
distinction in tail bi-coloration, resulting in improper identification. Historical range maps
were originally constructed using metrics from field and museum specimens, which
may have misrepresented the distribution of these sympatric species. As a result, many
researchers are turning to molecular verification methods, such as salivary amylase gel
electrophoresis (Oliver et al., 2006; Aquadro and Patton, 1980).
Researchers have suggested that Peromyscus spp. coexist as a result of their
physiological differences. Specifically, deer mice possess physiological adaptations to
tolerate cold temperatures and maximize their use of torpor during food shortages
(Wolff,1996). These same studies have found support for a more northerly distribution
of deer mice into higher latitudes and altitudes, as compared to white-footed mice. As a
result of this observation, we predicted that a higher abundance of deer mice would
occur in the northern reaches (NY) of our regional (NY, PA, MA) survey. The use of
salivary amylase gel electrophoresis to support or refute field identification, has given
us a more reliable measure of species which will aid scientists and provide
opportunities for updates in field guides and research reports. Additionally, this survey
has uncovered unique distributional trends of Peromyscus spp. on the sandstone
pavement barren of NY that was unknown prior to this study using salivary amylase gel
verification.

SITE DESCRIPTION
New York:
1) Little Chazy watershed riparian area in the vicinity of
Miner Institute, West Chazy, Chazy, and Altona
(Goldberg and Soranno, unpublished data, 2009)

Fig. 2a. Distribution map of P. leucopus
(Whittaker and Hamilton, 1998)

Massachusetts:
Lunenburg Township
Habitat:
Pinus spp., Quercus spp., Acer spp., Toxicodendron radicans, Impatiens spp.
(saliva provided by Dr. Paul Moosman)

Fig. 5a. Field identification of Peromyscus
spp. in the Little Chazy River Basin riparian
zones (n = 34)

Fig. 5b. Salivary amylase identification of
Peromyscus spp. in the Little Chazy
River Basin riparian zones (n = 34)

Fig. 6a. Field identification of Peromyscus
spp. in Miner Experimental Forest (n = 29)

Fig. 6b. Salivary amylase identification of
Peromyscus spp. in Miner Experimental
Forest (n = 29)

P. leucopus

METHODS
Field Methods
All Peromyscus spp. saliva samples were obtained from mice captured in previous
studies. In all New York surveys, small mammals were trapped using Sherman traps
(Fig. 3a) along line transects at approximately 15m intervals. Traps were baited with
cracked black oil sunflower seeds and oats, as well as cotton ball bedding, and were
set at 5PM and checked at 7AM the following morning.
Saliva samples were drawn from Peromyscus spp. using glass capillary tubes, serving
as straws, and were frozen at -4oC until time of processing (Fig. 3b,c). Saliva samples
were used in salivary amylase gel electrophoresis to verify field identification.

Fig. 7a. Field identification of Peromyscus
spp. in Stone Valley, PA (n = 21)

Fig. 7b. Salivary amylase identification of
Peromyscus spp. in Stone Valley, PA (n = 21)

P. leucopus

P. leucopus

Fig. 8a. Field identification of Peromyscus
spp. in Lunenburg, MA (n = 11)

Fig. 8a. Salivary amylase identification of
Peromyscus spp. in Lunenburg, MA (n = 11)

DISCUSSION
Fig. 3a. Sherman trap

Fig. 3b. Hydration

Fig. 3c. Brett extracting saliva

Molecular Verification Methods
All Peromyscus spp. saliva samples were thawed (ranging from 6mo-4yrs sample
age) and were stamped onto a cellulose acetate gel (Titan III, Helena Labs, TX) (Fig.
4a). Samples were run for 20min at 250v in an electrophoresis gel box (Fig. 4b). Trisglycine buffer was wicked onto the gel using filter paper. Upon eluting, the gel was
removed and a 1:1 agar-starch mixture was poured atop the gel to harden for 20min
(Fig. 4c). During the course of this wait, starch is being broken down by salivary
amylase enzymes in the saliva sample. The agar-starch solution was then washed
and the acetate gel was counterstained in iodine to reveal banding patterns (Fig. 4df). Low bands correspond to P. leucopus and high bands to P. maniculatus (Aquadro
and Patton, 1980).

• First hand experience demonstrates that typical morphological identification of mice
in the field can be spurious.
• Researchers in MA properly identified 100% of individuals captured in the field, as
compared to 74%, 55%, and 57% confirmed in NY at the Little Chazy River basin, the
Miner Experimental Forest, and in PA, respectively.
" Suggests that salivary amylase gel electrophoresis is needed for proper species
identification among Peromyscus spp.
• The expected pattern of more abundant P. maniculatus as we progress north from
PA to NY was not entirely supported.
" Perhaps sites processed are of similar climate and elevation and more alpine
samples, as well as those in more extreme northern and southern latitudes would
be more appropriate for comparison.
• After performing electrophoresis, an interesting finding was noted in the Miner
Experimental Forest (sandstone pavement barren site)! all P. leucopus
" Physiological adaptations to warmer microclimatic conditions ,common on a flatrock

pine barren, might explain the lack of P. maniculatus (Wolff, 1996).
Fig. 4a. Chuck stamping Fig. 4b. Saliva samples
saliva on cellulose acetate running for 20min
gel

FUTURE DIRECTIONS

Fig. 4c. Agar-starch mixture
atop recently run saliva samples In the future, undergraduates will be processing mice samples from other states to assess
regional Peromyscus spp. distribution.
• Altona vs. Gadway sandstone pavement barrens, NY! undergraduate researchers
• Central (Waterville) and coastal Maine (Topsham)! Dr. Garneau samples
• New Hampshire! Dr. Moosman samples
• Vermont (Coolidge State Forest, N. Shrewsbury)! Dr. Garneau samples
• Central NY (Hamilton County)! Dr. Garneau samples
• Virginia! Dr. Moosman samples

Pennsylvania:
Stone Valley Recreational Area (Penn State Forest), Petersburg township
(saliva provided by Penn State graduate student in Ecology Kurt Vandergrift)
Habitat:
Acer spp., Pinus strobus, Tsuga candensis

SALIVARY AMYLASE VERIFICATION

Fig. 2b. Distribution map of P. maniculatus
(Whittaker and Hamilton, 1998)

Habitat:
Quercus spp., Acer spp., Pinus spp.
Trapping effort: 1488 traps nights, n = 40 traps
September-October 2009
2) Miner Experimental Forest, Altona (saliva provided by Erin Bradshaw and
Jeffrey Blackburn-SUNY Plattsburgh undergraduate researchers 2008)
a) Mixed forest/ transitional oak stands
b) Sandstone Pavement Barren (National Heritage Site G2S1) stands
Habitat:
Pinus banksania, Pinus strobus, Quercus spp., vaccinium spp.

RESULTS (CONT.)
FIELD IDENTIFICATION

Fig. 4d. Brett comparing
control samples to
unknowns

Fig. 4e. Gel of P. leucopus Fig. 4f. Gel that ran with both
Peromyscus spp.

RESULTS
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