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ABSTRACT

This research investigated the possible correlation between distance from the
ASARCO lead smelter in East Helena, Montana, and small mammal population size.
Due to smelter emissions, nearby soils have toxic levels of arsenic and heavy metals.
Because these heavy metal and arsenic concentrations in the soil are inversely related to
distance from the smelter, it follows that plants and animals would be better able to
survive at a greater distance from the source of detrimental emissions released by the
smelter. Fifty-four Sherman live traps were set in a rectangular grid, and mice were
captured and released in order to estimate the population sizes in three areas of varying
distance from the ASARCO smelter. Peromyscus maniculatus (deer mouse) was the
most numerous species captured, but both Microtus montanus (mountain vole) and Sorex
vagrans (vagrant shrew) were also collected. Total population and juvenile population
estimates were considerably higher in the area farthest from the ASARCO smelter. Other
data such as reproductive condition, weight and home range also suggested an improved

environment with an increased distance from the smelter.
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INTRODUCTION AND LITERATURE REVIEW

The heavy metal concentrations in the soils of East Helena and surrounding area
are known to be high (CH2M Hill, 1987a; CH2M Hill, 1987b; CH2M Hill, 1987c¢).
These levels are due to over 100 years of operation of a nearby lead smelter, presently
owned by ASARCO (Brown, 1995). Since 1888, humans, plants, livestock, fish, and
wildlife have all been exposed to metals because the smelter emits hazardous levels of 18
to 20 different elements (CH2M Hill, 1987c). These elements include arsenic and heavy
metals such as lead, cadmium, copper, zinc, mercury, selenium, silver, thallium,
aluminum, barium, iron, manganese and vanadium. The high lead, arsenic, cadmium,
copper and zinc levels are considered the most hazardous to plants, wildlife and livestock,
while the first three are of primary concern regarding humans.

Of the three, lead has been the most extensively studied. Most of the studies
measure blood lead levels regardless of type of exposure, although the most common
intake is oral ingestion. The effects of high blood lead levels are widespread and include
cardiovascular, hematological, renal, reproductive and carcinogenic effects, but of main
concern are neurological and developmental effects. In humans, young and unborn
children are in particular danger because of increased sensitivity. Lead exposure by
mothers can cause premature birth, smaller birth size and decreased mental ability in the
newborn. Reduced growth and mental development can occur into adulthood. Aduits
may have decreased reaction time and loss of memory. In addition, high lead exposure
can result in brain and kidney damage as well as abortion and damage to the reproductive
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organs (Clement International Corporation, 1991). It has also been shown that the
reproductive abilities of other animal species is negatively affected by high lead levels.
For example, pregnant goats fed lead in organic form aborted about one week after
starting the diet (CH2M Hill, 1987a).

Arsenic can form a variety of both organic and inorganic compounds, with the
inorganic forms being the most toxic. Oral ingestion of soluble forms have a greater
effect on humans than on animals and include gastrointestinal, hematological,
cardiological, neurological, dermatological and hepatic and renal effects. Reproductive
effects have not been extensively studied, but seem to be minimal. While arsenic has
oeen shown not to induce cancer in animals, carcinogenetic effects have been extensive in
humans (Life Systems, 1989a).

High concentrations of cadmium injected into laboratory animals cause damage to
the liver, testes, fetus, and epithelial cells of the gastrointestinal and respiratory tract.
However, humans and other animals are normally exposed by oral or inhalation
exposures. Under these conditions. lung and renal damage due to cadmium are of
primary concern (Life Systems, 1989b).

Because of human health concerns due to the high lead, arsenic and cadmium
levels of East Helena soils, the Environmental Protection Agency (EPA) has ordered
contaminated soils to be removed from the city limits (Hydrometrics, 1991).
Hydrometrics, Inc., consulting scientists and engineers to ASARCO, work full time in
order to determine the most environmentally safe and cost efficient way to dispose of
contaminated East Helena soils. Beginning in the summer of 1992, Hydrometrics
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presented the Focused Feasibility Study Work Plan to the EPA that contained several
possible ways to dispose of East Helena residential soil. Also part of the primary
objective was to “investigate the relationship between chemical and physical soil
parameters and plant tissue concentrations” (Hydrometrics, 1994). The research that
followed included evidence that residential soils, although a health hazard to humans, did
not contain metal amounts that were hazardous to plants. Consequently, in the spring of
1993, Hydrometrics presented an addendum to the work plan that included a proposal to
use residential soils as a soil cap in an area known as the "East Field." As a result of the
Focused Feasibility Study Work Plan and its addendum, soil cap test plots were
established in the East Field.

Soils in the East Field, because they are just east and downwind of the smelter,
contain much higher heavy metal levels than soils in residential East Helena, which is
north of the smelter. For example, lead levels in the uncapped soils of the East Field are
as high as 4000 parts per million (ppm), and the entire field has a mean concentration
above 1000 ppm (Hydrometrics, 1994). These levels are at the upper end of tolerated
amounts for vegetation (Hydrometrics, 1994). A research team from Montana State
University determined that tissue lead levels phytotoxic to plants vary between four and
300 ppm because plants vary considerably in how much lead they accumulate (CH2M
Hill, 1987a). But even plants that accumulate small amounts of lead in their tissues
cannot tolerate soil lead levels much more than 1000 ppm under natural conditions

(CH2M Hill, 1987a).
This work by Hydrometrics is being done in hopes of improving the East Field
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from its weed-infested, and in some areas, barren land and allow the native grassland to
develop again. While this work concentrates on the vegetation in the area, the effects of
the smelter on humans and other animals have also been extensively investigated in other
studies. But within these investigations, little small mammal research has been done in
the East Helena area.

Small mammal research in the East Field area particularly interested me because
of previous work I had done in the area. Two years earlier, I performed a botany
experiment using soils from the East Field. Kidney beans were grown in three different
soils: East Field soil 0.25 miles from the smelter, East Field soil 0.5 miles from the
smelter and soil from the botany lab consisting mainly of sand and vermiculite. A fewer
number of beans sprouted in the East Field soils, and those that did sprout, had their
growth significantly diminished. Twenty-nine of the 30 beans planted in the laboratory
soil sprouted, while only 36 of the 60 beans planted in the East Field soils sprouted. In
the following three weeks growing time, the average height of kidney bean plants grown
in the laboratory soil was 36 cm while none of the plants grown in either of the two East
Field soils grew above 6 cm.

Because of this experience and knowing that there was a lack of small mammal
research done in the East Helena area, I took particular interest in doing a research
experiment dealing with rodents in areas surrounding the smelter. Considering my
limitations in analytical equipment, and that I was working alone, I chose to perform a
population study of the small mammals. I approached the question of whether there was
a relationship between distance from the smelter and rodent population size. Because
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heavy metal and arsenic levels are higher closer to the smelter (Gordon, 1969;
Hydrometrics, 1994), this also meant investigating a relationship between heavy metal
concentrations in soils and small mammal population characteristics.

Some studies suggest that the survivorship of rodents is much more dependent on
plant cover and diversity than the amounts of heavy metals found within the animal itself.
One of these studies was done during a summer over twenty-five years ago, when C.C.
Gordon (1969) performed a project in the vicinity of East Helena. In this project, Gordon
trapped approximately 135 rodents from 28 sites in and near East Helena. Liver and
kidney tissues of captured mice from each site were sent to the WARF Institute, Inc. of
Madison, Wisconsin, for lead and cadmium analysis using the atomic absorption
spectrophotometry method. After this analysis, Gordon pointed out that “there is no
definite correlation between concentration of lead in animals and distance from the
AS&R smelter stack” (Gordon, 1969).

However, in their 1987 study, a research team from Montana State University
found evidence for an inverse relationship between blood lead levels in cattle and
distance from the smelter. This conclusion came after blood lead levels were taken from
cattle herds at distances of 0.32, 1.06, 3.27, and 5.33 miles from the smelter. They found
that at the three closest areas to the smelter, blood lead was greater than or equal to 35
ug/dl, while blood lead in the herd 5.33 miles from the smelter had blood lead less than
35 ug/ml (CH2M Hill, 1987¢).

So there is evidence on both sides of the issue that proximity from the smelter was
related to lead levels in animals, although the most recent study suggests that there is a
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strong correlation. But there are other factors, such as dietary habits, that contribute to
how much an animal will accumulate heavy metals. Some studies have suggested that
the more a rodent lives and feeds below ground, the more likely it is to accumulate heavy
metals (Hydrometrics, 1994). Moles are susceptible to heavy metal ingestion because
part of their diet consists of roots and stems, and it has been found that lead and other
heavy metals can be found concentrated in the roots of plants (Hydrometrics, 1994).
White-footed mice (Peromyscus leucopus), close relatives of the deer mice, feed more on
seeds and fruits and are therefore less susceptible to lead ingestion (National Academy of
Sciences, 1979). Gordon (1969) also suggests that dietary differences are related to lead
and cadmium accumulation differences between species. Dietary differences then, seem
to play a role in heavy metal accumulation in animals.

This is not the only factor that plays a role in heavy metal accumulation however.
Hydrometrics emphasizes that “effects of metal metabolism and toxicity vary greatly
between animal species and are significantly altered by numerous physical, chemical, and
biological modifiers” (Hydrometrics, 1994). One of these modifiers was studied by
scientists at Miami University in Oxford, Ohio, namely the biological factor of the plant
community. They performed a study in which they found that the population dynamics
of the meadow vole (Microtus pennsylvanicus) was much more dependent on the plant
community in the area, especially the diversity of edible plant species than on heavy
metal concentrations. In their experiment, they treated some old-field plant communities
with dried sewage sludge (Milotganite; 6-2-0; N-P-K), some with fertilizer and left others
as a control. Due to years of sewage treatments, heavy metal accumulation occurred in
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earthworms of the sewage treated areas, but no accumulation occurred in the plants or
meadow voles, and the population density of voles was not affected. However, they
found that sludge treated plots did not provide as good of plant cover and contained a
lower plant species diversity than the control areas (Hall, Woods and Barrett, 1991).

So while there seems to be some discrepancy over how much rodent populations
are affected by soil lead levels, there is more uniformity in opinions on other issues
dealing with heavy metal levels. For example, it is a well-studied fact that there is
generally an inverse relationship between distance from the ASARCO smelter and the
heavy metal levels in the soils. Is there also a correlation between the distance from the
smelter and the population size of the surrounding small mammal populations? The
study done by the team from Montana State University has supported the fact that
livestock are affected more as distances from the smelter decrease. But other studies,
such as Gordon's and the one conducted by Miami University, suggested that no such
relationship exists. However, a soil and grass survey in Gordon's project showed that, in
grasses, lead and cadmium " . . . concentrations decrease with increasing distance from
the stack" (Gordon, 1969). Also, the Miami University study indicated that there is an
effect on plant growth and diversity by increased levels of heavy metals. It has also been
shown that there is a considerable amount of variance between different plant species as
to what heavy metal levels bring about phytotoxic effects, but generally as the metal
levels increase in the soil, fewer plant species can survive. As the plant species diversity
declines, it is possible that the amount of edible biomass available to animals eating those
plants could also decline. This possibility, in accordance with other factors such as
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reduced plant cover and reduced animal development and reproductive capabilities,
means that a smaller number of animals would be able to survive in a given area.
Considering these possibilities, this research was designed to test the following
hypothesis: that as the distance from the smelter decreases, small rodent population size

will also decrease.



MATERIALS AND METHODS

Live trapping was done in three areas (Fig 1). An important objective in selecting
the trapping areas was consistent vegetation type and density. The first area was in the
uncapped region of the East Field, approximately 100 meters from Highway 518 to
Montana City and 200 meters south of U.S. 12 to Townsend. The second trapping was
done farther south on the Montana City highway, approximately 100 meters on the east
side of the highway from the Kleffner Ranch. The third area was located on Helena city
land just east of the Waste Water Treatment Plant off Custer Avenue, between the
Humane Society and the Pet Cemetery. The third grid was about 150 meters north of
Custer Avenue and 500 meters west of the Pet Cemetery. The first and third areas were
most similar in vegetation, while the second area was somewhat more densely covered
with vegetation (Fig 2-4). No measurements of vegetation density were taken, but each
area was carefully examined before trapping began to ensure that vegetation was as
consistent as possible. The first and second area were both down wind from the smelter,
while the third area was about four miles upwind. Because the second area was farther
downwind, soil metal levels were lower than the first area, while metals levels in the third
area are significantly reduced (Table 1).

Trapping was done for two weeks in each area. During the first week, animals
were captured, marked and released. The second week served as the second trapping
period in which unmarked mice were kept in a separate category in order to use in a
formula (discussed later) so the population size could be estimated. A trapping week

9



==,
A HIKCA

-
ANA STATE CAmTRL
==

N FITEE

Fig 1. Map of the trapping sites.

Fig 2. Vegetation of area 1: East of the Manlove Cabin.

10

3
) e . = .
N T A N . ~ o= —aadin - m - Sl —r
! « Mt Ascension ™y i Y .
] A J N lT - ?5']
: ~ | o= I,
} [ f’*l;';ﬂi‘ 7 ’: H b,
] A - o A
-~ = i b %
== ¥ . - A ”
s = ! Ll e iy
.: trapping site
SCALE
1 be SR 1 - 3 4 _§ MILES




consisted of five evenings of baiting and setting the traps, followed by checking the traps

the following moming. During the intermittent weekend the traps were baited but not set

Table 1. Average site and background soil lead and arsenic levels.

Site Lead level (ppm) Arsenic level (ppm)

Area 1* >4000 >164
Area 2* >660 >119
Area 3* >55 >16
Background** >40 >10

* Source: CH2M Hill, 1987¢
** Background is the average level in uncontaminated soil in the Helena Valley (Brown, 1995)

and after two days passed, the second week of trapping began.

Fifty-four Sherman live traps (23 by 7.5 by 8.5 cm) borrowed from Dennis Flath
of the Montana Department of Fish, Wildlife and Parks in Bozeman, Montana, were
arranged in a 250 by 400 foot rectangular grid at 50 foot intervals. Each row of one side
of the grid was assigned letters (A-F) and each row of the other side of the grid was
assigned a number (1-9) which allowed the trap in which mice were captured to be
recorded. Traps were set and baited every evening anywhere between 1700 and 2300 h.
The bait was a mixture of peanut butter, oatmeal and sunflower seeds in a 25:6:1 ratio by
weight or a 6:6:1 ratio by volume, respectively. Traps were checked every morning
beginning between 0600 and 0830 h.

Captured mice were dropped into a pillow case (Fig. 5). Leather gloves were worn

and mice were grabbed by the skin on their back, while inside the pillow case (Fig 6).
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Fig 3. Vegetation of area 2: East of Kleffner Ranch.

Fig 4. Vegetation for area 3: West of Pet Cemetery.
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Fig 5. Transferring a captured rodent from trap to pillowcasee.

Fig 6. Finding and holding rodent inside pillow case.
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The pillow case was then turned inside out leaving the mouse quite available for
observation.

Reproductive data were taken first. Males were determined to have testicles in the
scrotal or abdominal position. Often times the testicles could be gently pushed down into
the scrotal sac so care had to be taken in making this observation. Females were
determined to have a perforate (open) or imperforate (membrane covered) vaginal orifice
indicating sexual activity or no sexual activity respectively. Mammary nipples were also
observed on the females and determined to be readily visible or not. Visible nipples,
indicated by hair worn from around the nipples, provided evidence of lactation.

Mice were then individually numbered with a two-digit system. This was

accomplished by snipping their ears with a pair of embroidery scissors (Fig 7). Itis a

Fig 7. Marking a Peromyscus maniculatus using a pair of embroidery scissors.
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generally accepted procedure to mark the animals by toe clippings, but as much digging
as they do I thought that ear clippings affected the mice less. Each ear was divided into
four parts. The left ear served as the first digit and the right ear served as the second digit
in the system. Wedges were cut out for the numbers one through four and a single snip
was made for the numbers five through eight. If Microtus montanus or Sorex vagrans

were captured, their toes were clipped because they lack sizable external ears. The back

=
n
=
n

40 - 80 8

Fig 8. A diagram of the Peromyscus maniculatus ear numbering system. Anterior is toward the top of
the page and posterior is toward the bottom.

toes served as the first digit in the system (ten to 100 from the rodent's right to left) the
front toes served as the second digit in the system (one to eight from the rodent's right to
left). This system enabled me to know if I captured an individual rodent more than once.
Also, because I recorded the number of the trap in which the mouse was captured, I could
gather some home range data on the animals. This proved useful to determine home
range data by following the traps in which the rodents were captured (see Appendix A).

The mice were then weighed to the nearest gram. A clipboard placed on an area
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of ground free of heavy vegetation and protruding rocks served as a flat surface for a
small scale to rest. Animals were placed into a small cardboard container with a lid (Fig
9). The container was then weighed on the scale (Fig 10). Mice were then released and
the container was reweighed empty.

Traps were then cleaned of mouse droppings and sprayed with Lysol brand
disinfectant in order to take precaution against hantavirus. Traps were then left in place,
open until they were later reset that evening.

Occasionally, a rodent was sacrificed by breaking its neck to obtain external and
skull measurements so the species of the animal could be determined. These sacrifices
were made only in the second week at the trapping site. The procedure I followed from
the Manual for Analysis of Rodent Populations (Davis, 1956), originally included
sacrificing every mouse caught in the second week to gain additional data from autopsies
of the animals. But this was beyond my capabilities to perform by myself. So rather than
sacrifice all the mice, I recorded mice that were caught more than once in the second
week as though they had been sacrificed, and I kept them separate in my data tables. So
even though I caught several mice more than once in the second week, they were only
used in the population estimation formula once, as if they had been caught and
immediately sacrificed. This did allow me to sacrifice an animal in order to determine
the species, without affecting the data.

Population estimations were done using the formula: N=Mn/m, which was
obtained from the Manual for Analysis of Rodent Populations (Davis, 1956), along with
the procedure. "N" was the total population, that is the population estimate that I was
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Fig 10. Weighing the P. maniculatus using a clipboard and small scale.
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interested in finding. "M" was the number of individuals marked in the first trapping.

"n" was the number of new individuals caught in the second trapping, that is, the number
of mice captured in the second week that had not been captured in the first week and
consequently lacked any ear or toe markings. Finally, "m" was the number of ear-marked
individuals from the first trapping recaptured in the second. Again, although all mice
captured in the second week were recorded as captured, they were kept separate as though

they had been sacrificed.
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RESULTS

The majority of the animals caught in all three areas were, by far, Peromyscus
maniculatus. The Peromyscus maniculatus population estimates varied greatly through

the three areas (Tables 2-4).

Table 2. Peromyscus maniculatus population data for area 1: East of Manlove Cabin.

Date Caught First time captures Released Recapture Unmarked
in the second week
7/6 6 - 6 - 6
7/7 8 - 8 3 5
7/8 8 - 8 5 3
7/9 11 - 11 6 5
First
week 33 - 33 14 19=M
totals
7/12 8 8 8 7 1
7/13 11* 4 9 3 1
7/14 11 4 11 1 3
7/15 9 3 9 1 2
7/16 13 3 13 1 2
Second
week 52 22=n 50 13=m 9
totals

* two mice were sacrificed in order to obtain skulls to determine the species

Using the formula N=Mn/m, and substituting in the above numbers
(N=19(22)/13), the Peromyscus maniculatus population estimate was found to be 32 mice

in the area closest to the ASARCO lead smelter.
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Table 3. Peromyscus maniculatus population data for area 2: East of Kleffner Ranch.

Date Caught First time captures Released Recapture Unmarked
in the second week
7/18 2 - 2 - 2
7/19 3 - 3 2 |
7/20 6 - 6 3 3
7/21 8 - 8 4 4
7/22 5 - 5 5 0
First
week 24 - 24 14 10=M
totals
7/25 6 6 6 5 1
7/26 8 5 8 3 2
7127 8 2 8 0 2
7/28 12 S 12 1 4
7/29 10 2 10 0 2
Second
week 44 20=n 44 9=m 11
totals

Using the formula, N=Mn/m, and substituting the above data (N= 10(20)/9), the
Peromyscus maniculatus population estimate was found to be 22 mice (N= 22) for the
area an intermediate distance from the ASARCO lead smelter. This estimate of 22 mice
was smaller than the first area which had an estimate of 32 mice. This intermediate area
was the area that was somewhat denser in vegetation as compared to the other two areas.
The third area, the one the farthest from the smelter, had the largest population estimate

(Table 4).
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Table 4. Peromyscus maniculatus population data for area 3: West of Pet Cemetery.

Date Caught First time captures Released Recapture Unmarked
in the second week
8/9 20 - 20 - 20
8/10 33 - 33 16 17
8/11 36* - 35 19 17
8/12 36 - 36 27 9
8/13 38** - 37 31 7
First
week 161 - 161 93 70
totals (68=M)"
8/16 30%** 30 28 23 7
8/17 39 25 39 18 7
8/18 38 14 38 6 8
8/19 40™ 9 39 3 6
8/20 37 10 31 2 8
Second
week 184 88=n 181 52=m 36
totals

*  mouse caught in trap door; actually two mice in the same trap one in door and one inside

** mouse was sacrificed because very unresponsive, immobile and near death

*#* two mice died in traps; one caught in the door, the reason for the other mouse is not known

A M=70 rather than 72 because two mice were not released and therefore not available for recapture
A mouse found dead in trap, reason unknown

Using the formula, N=Mn/m, and substituting the above data (N=68(88)/52), the
Peromyscus maniculatus population estimate was 115 mice in the area farthest from the
ASARCO lead smelter.

Besides Peromyscus maniculatus, Microtus montanus was also captured in all
three trapping areas. But because only a few individual Microtus montanus were

captured in each area, estimating these populations proved to be difficult (Tables 5-7).
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Table 5. Microtus montanus population data for area 1. East of Manlove Cabin.

Date Caught First time captures Released Recapture Unmarked
in the second week
7/6 0 - 0 - 0
7/7 0 - 0 0 0
7/8 0 - 0 0 0
7/9 | - 1 0 1
First
week I - 1 0 1=
totals
7/12 1 1 | 0 1
7/13 0 0 0 0 0
7/14 1* 0 0 1 0
7/15 3* 3 2 0 3
7/16 0 0 0 0 0
Second
week 5 4=n 3 I=m 4
totals

* yole sacrificed in order to obtain skull in order to determine the species

Using the formula, N=Mn/m, and substituting in the above data (N=1(4)/1), the
Microtus montanus population estimate was 4 voles (N=4) for the closest area to the
ASARCO lead smelter. This estimate must be near minimum because three of the five

voles captured were released.
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Table 6. Microtus montanus population data for area 2: East of Kleffner Ranch.

Date Caught First time captures Released  Recapture Unmarked
in the second week

7/18 0 - 0 - 0
7/19 0 - 0 0 0
7/20 0 - 0 0 0
7721 0 - 0 0 0
7/22 0 - 0 0 0
First
week 0 - 0 0 0=
totals
7/25 1 1 1 0 I
7/26 0 0 0 0 0
7727 1 1 1 0 l
7/28 0 0 0 0 0
7/29 0 0 0 0 0
Second
week 2 2=n 2 0=m 2
totals

Using the formula, N=Mn/m, and substituting the above data (N= 0(2)/0), the
Microtus montanus population estimate was undefined (N= undefined) for the area an
intermediate distance from the ASARCO lead smelter. For the small numbers of
Microtus montanus in this area. the formula is not appropriate. But because two voles
were released, the population size is known to be at least two, more than likely, some

number larger than two.
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Table 7. Microtus montanus population data for area 3: West of Pet Cemetery.

Date Caught First time captures Released Recapture Unmarked
in the second week
8/9 0 - 0 - 0
8/10 0 - 0 0 0
8/11 1 - 1 0 1
8/12 0 - 0 0 0
8/13 0 - 0 0 0
First
week 1 - 1 0 =M
totals
8/16 0 0 0 0 0
8/17 0 0 0 0 0
8/18 1 1 1 0 1
8/19 2 2 2 1 1
8/20 1 1 1 0 1
Second
week 4 4=n 4 1= 3
totals

Using the formula, N=Mn/m, and substituting the abo-ve data (N=1(4)/1), the
Microtus montanus population estimate was 4 mice (N=4) in the area farthest from the
ASARCO lead smelter. Again, this estimate must be an absolute minimum because four
voles were released into the area after being captured.

The trapping area just east of the Kleffner Ranch was unique from the standpoint
that it was the only one in which any Sorex vagrans were captured. But the same
problem occurred with the Microtus montanus populations; the number of captured

shrews was so small that estimating the population size was difficult (Table 8).
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Table 8. Sorex vagrans population data for area 2: East of Kleffner Ranch.

Date Caught First time captures Released Recapture Unmarked
in the second week
7/18 0 - 0 - 0
7/19 0 - 0 0 0
7/20 0 - 0 0 0
7/21 1* - 0 0 1
7122 0 - 0 0 0
First
week 1 - 0 0 0=M**
totals
7/25 2 2 2 0 2
7/26 0 0 0 0 0
7/27 0 0 0 0 0
7/28 [*** 0 0 1 0
7/29 0 0 0 0 0
Second
week 3 2=n 2 1=m 2
totals

* found dead along side a trap
** M=0 because no marked shrews were released
*#** found dead in a trap

Using the formula, N=Mn/m, and substituting the above data (N=0(2)/1), the
Sorex vagrans population estimate was zero (N=0) for the area an intermediate distance
from the ASARCO lead smelter. But again the formula does not help in this situation.
The minimum population must be at least two shrews because two of the four shrews
captured were released.

Weight data of Peromyscus maniculatus were also gathered and varied
proportionately among the areas (Tables 9,11 and 13). By using these weight data in
combination with the reproductive condition data (Tables 10,12 and 14), guidelines were

set up in order to estimate the Peromyscus maniculatus juvenile populations in each area.

25



Table 9: Weight data for Peromyscus maniculatus in area 1: East of the Manlove Cabin.

Weight (g)  Number of Mice Proportion of Total  Percent of Total

10-15 3 3/29 10%

16-20 6 6/29 21%

21-25 13 13/29 45%

26-30 6 6/29 21%

31+ ] 1/29 3%
Total= 29

Table 10: Reproductive data for area I: East of the Maniove Cabin.

Peromyscus maniculatus

Males- Sexually Active  Juveniles
Scrotal........coveeecervenieeneeeerieeene 13 76%
Abdominal.......cccccevviieiniinneriennens 4 2

Total= 17
Females-
Perforate and Lactating................... 4 27%
Perforate and Not Lactating............ 5 33%
Imperforate and Lactating............... 2
Imperforate and Not Lactating-...__4 1
Total= 15
Total= 69%
Too young to determine SeX-.........cccoeveunee 1 1
Total= 4
(12%)

Peromyscus maniculatus were considered juvenile if they had the following
characteristics: male juveniles had a mass of 20g or less and had abdominal testes and
similarly, female juveniles had a mass of 20g or less, had a membrane covered
(imperforate) vaginal orifice and had no indications of mammary gland development (not

lactating). The juvenile and sexually active adult populations for Peromyscus
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maniculatus varied considerably within each area (Fig 11-13).

Table 11: Weight data for Peromyscus maniculatus in area 2: East of Kleffner Ranch.

Weight (g)  Number of Mice Proportion of Total  Percent of Total
10-15 8 8/21 38%
16-20 2 2/21 10%
21-25 9 9/21 42%
26-30 2 2/21 10%
31+ 0 0/21 0%
Total= 21

Table 12: Reproductive data for area 2: East of Kleffner Ranch.

Peromyscus maniculatus

Males- Sexually Active  Juveniles
Scrotal.....cocvverienieniiinieneeeeeen 6 46%
Abdominal.......ccccceveriereinrcnnineenne / 5

Total= 13
Females-
Perforate and Lactating.................... 2 20%
Perforate and Not Lactating............. 3 30%
Imperforate and Lactating................ 2
Imperforate and Not Lactating-...._3 __ 2
Total= 10
Total= 48%
Too young to determine SeX-.........c..ceceerueene 0 0
Total=7
(30%)

However, only the Peromyscus maniculatus juvenile populations were determined

because all of the Microtus montanus and Sorex vagrans population estimates were

questionable to begin with. That is, it would be difficult to estimate a juvenile population
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from total population estimations of five or fewer. Though these data were not as useful
as the Peromyscus maniculatus data, weight and sexual condition data were still taken.
In area 1, a total of five voles were captured: a 33g perforate and non-lactating female, a

37g perforate and lactating female, a 34g scrotal male, a 15g abdominal male, and a 15g

Table 13: Weight data for Peromyscus maniculatus in area 3: West of Pet Cemetery.

Weight (g)  Number of Mice Proportion of Total  Percent of Total
10-15 29 29/104 28%
16-20 28 28/104 27%
21-25 28 28/104 27%
26-30 15 15/104 14%
31+ 4 4/104 4%
Total= 104

Table 14: Reproductive data for area 3: West of Pet Cemetery

Peromyscus maniculatus

Males- Sexually Active  Juveniles
Scrotal.....coceeeeervemrenneceneeices 18 45%
Abdominal.........ccceovviienriiinnnnn. 22 19

Total= 40
Females-
Perforate and Lactating.................. 16 25%
Perforate and Not Lactating............. 6 9%
Imperforate and Lactating.............. 13
Imperforate and Not Lactating-..__29 28
Total= 64
Total=39%
Too young to determine seX-.........cceeeeeeuvene 1 D
Total= 48
(46%)

vole too young to determine the sex. In area 2, a total of two voles were captured: a 26g
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scrotal male and a 28g perforate and lactating female. In area 3, a total of four voles were
captured: three imperforate and not lactating females having masses of 34g, a 32g, and
28g, and one 27g abdominal male. Of the three Sorex vagrans captured in area 2, there

were two 9g scrotal males and one 10g perforate and lactating female.

Legend
| [ Juveniles
B Sexually Inactive Adults
B sexually Active Adults

I

Fig 11. Relative reproductive condition of Peromyscus maniculatus in area 1: East of the Manlove
Cabin.
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Legend
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Fig 12. Relative reproductive condition of Peromyscus maniculatus in area 2: East of Kleffner Ranch.
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Fig 13. Relative reproductive condition of Peromyscus maniculatus in area 3: West of the Pet Cemetery.
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Generally, as trapping in an area proceeded, more animals were captured on
sequential days (Fig 14-16). Also, the farther into the trapping period, the more marked
mice were captured and a fewer number of unmarked mice were captured (Fig 14-16).
These graphs also indicate very obviously the difference in the total number of mice

captured in each area.

T8 m " ™m M2 ™3 T4 TS e

Fig 14. Rodent capture data for area 1: East of the Manlove Cabin.
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Fig 15. Rodent capture data for area 2: East of Kleffner Ranch.
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Fig 16. Rodent capture data for area 3: West of Pet Cemetery.
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DISCUSSION AND CONCLUSIONS

Overall, I believe that my trapping methods were very successful and provided a
good analysis of the populations. The graphs in the Results section (Fig 14-16) show
that, in each area, the number of new mice that I caught each day steadily decreased while
the number of mice that were recaptured increased steadily as the trappings proceeded.
The graphs also show that the rodents were attracted to the traps by a relatively steady
increase in the number of rodents caught on successive days. Also, the number of
accidentally sprung traps was well below the number in which Davis in the Manual for
Analysis of Rodent Populations (1956) stated as giving questionable results. Davis stated
that if more than half of the traps set on a given trap night were accidentaily sprung, the
resulting data would be questionable. Besides 29 of the 54 traps being sprung one night
following a major wind storm, rarely were more than three traps sprung. Mice were not
trap-shy, and the number of accidentally sprung traps was well below the number of
concern, so trapping methods provided a good analysis of the populations.

However, results from the third area suggested that trapping procedures were not
perfect. There were seventeen cases where two mice were caught in the same trap. This
may have occurred when then tension on the trigger was too tight for a single mouse to
spring, but when a second mouse entered the trap, there was enough weight to spring the
trap and catch two mice at once. It is possible that some traps were set too tight in the
first two areas as well, but there were not enough mice in the area to make it evident.

Traps were carefully set the same every time and as sensitively as it was possible to set
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them. So if traps were not set sensitively enough in the third area, it would have been
constant throughout the entire experiment.

The results show a very large difference between the rodent population farthest
from the smelter and the two areas at closer distances to the smelter. However, the
intermediate area had a smaller population than the area in the East Fields. It was
difficult to select an intermediate area, mostly due to large differences in the density of
the vegetation The area east of the Kleffner Ranch was the best available. Initially, there
was concern that the increased vegetation density might allow rodents to be better
protected from predators, and the population numbers would be very large. But the
population size from area 2 did not validate this concern. Rather, it is a possibility that
the best defense might be a more open environment in which mice could make a quick
trip back to their nest.

Besides vegetation differences, there could have been many other possible factors
that attributed to this difference. For example, there were considerably more insects in
this area. Various kinds of beetles and ants were consistently found in the traps, possibly
feeding on the bait. Sorex vagrans is an insectivore whose diet commonly consists of
both larval and adult forms of insects such as ants and beetles as well as earthworms and
caterpillars (Martin et al, 1951), so it would be logical that Sorex vagrans would also be
found in this area. The shrews were found in the denser grass, areas that were rarely
found in the other two trapping plots. Where the grass was less dense and drier in area 2,
I found the deer mice. This is consistent with the other areas as far as the habitats where

Peromyscus maniculatus can be found.
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Not considering heavy metals levels, the two trapping areas that were most alike
in their environment were the area east of Manlove Cabin and the area west of the Pet
Cemetery, and therefore, they are the most useful when the results among the areas are
compared. The population of rodents west of the Pet Cemetery was much larger than the
other two. This area is used occasionally by a local rancher to graze cattle, but no cattle
had been on the plot for nearly a year. What looked like Columbian ground squirrel
(Spermophilus columbianus) burrows were relatively abundant, but I neither saw nor
heard any evidence of them, probably due to their remaining in their burrows to estivate.
Columbian ground squirrels are known to be common in that area and to be well into
their estivation period by mid-August (Sullivan, 1995). Besides these burrows and the
difference in amounts of heavy metals in the soils, the only obvious difference between
this environment and the area closest to the smelter was that the date of the trappings was
over a month apart.

However, the Peromyscus maniculatus breeding season runs from February to
November and varies somewhat with latitude (Burt and Grossenheider, 1964). Trapping
in the first area was done in the first two weeks of July, while trapping dates in the third
area were the middle two weeks in August. Because trapping was done later on in the
breeding season, the third area should have a larger population due to the maturing of the
young born earlier that summer. Therefore, by the time trapping was done in the third
area, these new adults could have been producing offspring, increasing the relative
juvenile population (Fig. 11-13). However if is this is the case, the maturity of these new
adults should also be reflected as an increase in the adult (sexually active and/or sexually
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inactive) populations. The results show a marked decrease in the sexually active adult
population as distance from the smelter increases while the sexually inactive populations
are very close to one another (Fig. 11-13). So a dramatic increase in the juvenile
population occurs along with a dramatic decrease in the sexually active adult population.
This strongly suggests that the litter sizes could be larger in this area or that the
environment allows for a larger percentage of the litter to survive. So if the strength of a
nation's health care is best measured by the infantile death rate, can these data also
indicate the relative strength of the Peromyscus maniculatus populations in the three
trapping areas? It is agreed that it is a big step to measure deer mouse populations on the
same basis as human health care systems and that there are many variables that could be
affecting these data. But there are dramatic population differences among the three
trapping sites. These differences suggest that the farther an area is from the smelter, the
more able it is to host a productive Peromyscus maniculatus population.

This finding follows other evidence that heavy metals, especially lead, are
harmful to the reproductive success of many animal species including humans.
Reproduction is affected in ways such as increased cases of failures to conceive and
increased abortion rates in livestock. There is also evidence that fetal development can be
affected by lead crossing the placenta during pregnancy (CH2M Hill, 1987a). Therefore,
the differences in the juvenille populations and the number of sexually active adults may
be the best indicators of the relative viability of the three small rodent populations.

In conclusion, I investigated the possibility of the relationship that as the
distance from the smelter decreases, small rodent population size will also decrease.
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Results showed some obvious population differences among the three environments.
Variables were considered and kept to a minimum. The most difficult factor to control
was the vegetative environment. However, of more than ten areas considered, the three
areas chosen were the most similar. They all were relatively undisturbed areas that had
similar plant cover and density, especially the area east of the Manlove Cabin and the
area west of the Pet Cemetery. As expected, heavy metal and arsenic concentrations in
the areas varied directly with the distance from the smelter. Besides these variables, dates
in which trapping was done varied also, but because all trapping was done in the middle
of the breeding season, this variable is of little concern.

The most obvious difference among the three areas was strictly the population
size. The area farthest from the smelter had 3.5 to five times the population size as
compared to the closest and intermediate areas respectively. Areas 1 and 2, when
considered separately, did not correspond with the hypothesis. However, because they
are less than one mile apart and both downwind from the smelter, it may be more useful
to compare them as a whole against the third area. When this is done, the data suggest
that indeed, small rodent populations are larger farther from the smelter. Furthermore,
the high juvenile ratio suggests that these populations are more vigorous.

Home range data (Appendix A), although not in the original scope of this project,
also show that the area farthest from the smelter was able to serve more mice than the
other two areas. Mice had smaller home ranges in the third area than in the other two.
Whether this is a cause or an effect of the population size is unclear. In a less populated
area, mice may be allowed to have a larger home range because there is less interspecific
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conflict. The possibility also exists, however, that this larger home range is required for
the mice to attain enough resources to live. This would suggest that the third area is an
environment that can provide individual mice adequate resources in a smaller area and
therefore be able to support a larger population in a given area.

If the third area is indeed an environment that can support a larger population of
small mammals, it is probably due to a number of conditions. This set of conditions
could include reduced levels of heavy metals and arsenic, greater reproductive success
and a greater amount of plant biomass, as well as many others. The purpose of this study
was not to find what factors may be included in this set of conditions, for it would take
years of dedicated research. This study was designed to show a relationship between
proximity to the ASARCO smelter in East Helena, Montana, and the small mammal
population size. Population size estimations provided evidence that areas close to the
smelter support reduced population sizes, but in finding this evidence many more
questions were raised. This research is not able to provide answers to these questions, but
it does show that East Helena and the surrounding area warrant the attention that they are

receiving from both the Environmental Protection Agency and Hydrometrics.
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APPENDIX A
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u = unmarked rodent, that is one caught in the second week of trapping
m = Microtus montanus
? = rodent escaped before data could be taken

Fig 17. Home range data for Peromyscus maniculatus males in area 1: East of the Manlove Cabin.
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m = Microtus montanus
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Fig 18. Home range data for Peromyscus maniculatus females in area 1: East of the Manlove Cabin.
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Fig 19. Home range data for Microtus montanus in area 1: East of the Manlove Cabin.
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Fig 20. Home range data for Peromyscus maniculatus males in area 2: East of Kleffner Ranch.
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m = Microtus montanus

s = Sorex vagrans

? = rodent escaped before data could be taken

Fig 21. Home range data for Peromyscus maniculatus females in area 2: East of Kleffner Ranch.
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Fig 22. Home range data for Microtus montanus in area 2: East of Kleffner Ranch.
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Fig 23. Home range data for Sorex vagrans in area 2: East of Kleffner Ranch.
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8 37, 46, 76, 83, 55(2), 80(3), “N86(2),71,
uil(3),? usl u 25Q),
/() u 38, (2)
9 [ 45(5).64(2) 2T633). 46,u 11 55Qu 11(3), u 2&5 25(2), { 36,55(2),\
84(3) u60 u 28N | 72.803),7

u = unmarked rodent, that is one caught in the second week of trapping
m = Microtus montanus
? = rodent escaped before data could be taken

N

Fig 24. Home range data for Peromyscus maniculatus scrotal males in area 3: West of the Pet Cemetery.
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A B C

1 50(3), 60 57(3), 75(3)
67,180 uds
2 50(2).60.67(2), 34.,67.82(2). 10(2),17
77.82,u 24 u24, u 6l 33(2),35
u50,u78
3 31(7), 58, 58(2) 23,24,34(3), 16(5),17,53 11(4),68(3)
u2l, u34, 38,46,47
u7s 1 :)
4 66(6) 1003), 24(3) 13,15(4),52,  10,12,1534
73(2), u 10(2)  53,u 10
5 200.430). G 13(2), 22(5] / 18,20,70, 12, 13(2) 12(5), 13(2)
44, 47(2), 74¢4),u 58  \14,15(4) 30,35(2),
u 14(2), ? ulo
6 30(2).44,48(3), 13,14,20 35,52(4),
70,71,78
7 - 56, um 10,
um 65,
um 100
8 37, 46, 76, 83, 26(2).27(2), 21(3), u 44 u 20, 55(2), 80(3), E
u31(3),? 62,7484 usl
9 45(5),64(2) 27(2),63(3), 46,u 11 S2uu1(3), u20,u25(2), 36,55(2).

60 u 28(2) 72.80(3),

84(3)

u = unmarked rodent, that is one caught in the second week of trapping\gs._r/
m = Microtus montanus
? = rodent escaped before data could be taken

Fig 25. Home range data for Peromyscus maniculatus abdonimal males in area 3: West of the Pet
Cemetery.
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A B C D E F

1 /5(-)(3)\6& 57(3), 75(3) 4 Buls@2) v 1733, 4,3—2(45),1\

67, u 80 | u4s { waoues wstuss | S1G)u3s )

N

2 50(2),60,67(2), 34.67,82(N, 41,42,u 24, 16,32,81 16Q2),17(6),  10(2),17
77.82,u 24 u 24, u 6l 38,40,53(2)  33(2),35,
\ 68(2)
3 23,24,34(3), 16,34(4), 16(5),17,53 11(4),68(3)
u2l, 38,46,47 37,53
u7s
4 66(6) 10(3). 24(3) 23(3),24, 56
60, 83(2) u?l
5 20(2). 43(3), 4.25(3),43(F
44,47(2), 61,65,u 24/
6 35,52(4),
70,71,78
7 28(4),30,44, 56, um 10,
45,76, u 3 um 635,
O um 100
8 37. 46, 76, 83, 26(2).27(2), 21(3), u 44 36(2),71,
u3l(3),? 2,74,84 u25Q),
4 8 u38,m1Q2)
9 45(5).64(2) 27(2).63(3), w20, u252),) 36,55(2),

84(3) u 28(2) 72,80(3),?

u = unmarked rodent, that is one caught in the second week of trapping
m = Microtus montanus
? = rodent escaped before data could be taken

Fig 26. Home range data for Peromyscus maniculatus perforate females in area 3: West of the Pet
Cemetery.
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33.u15(2)
u40,u 68

2 34,67,8202), 41,42,u 24,
u24, u6l
3 23.24,34(3),
38,46,47
L]

10(3), 24(3)
60, 83(2)

5 13(2), 22(5), 18.20,70,
23 74(4), u 58
6 u48
7 21,26(2), 28,41(4)
28(2)
8 26(2).27(2),
62,74.84
9 45(5),64(2) 27(2),63(3), 46, u 11

84(3)

u = unmarked rodent, that is one caught in the second week of trapping
m = Microtus montanus
? = rodent escaped before data could be taken

Fig 27. Home range data for Peromyscus maniculatus imperforate females in area 3: West of the Pet
Cemetery.
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A B C D E F

1 50(3), 60 57(3), 75(3) 33,u15(2) 17,33, 10,32(4),
67, u80 uds u40,u 68 u54,u55 51(3),u 35

2 50(2),60,67(2), 34,67,82(2), 41,42,u24, 16,32,81 16(2),17(6), 10(2),17
77.82,u 24 u24,u6l 38,40,53(2) 33(2).35,
us0u78 68(2)

3 31(7), 58, 58(2) 23,24,34(3), 16,34(4), 16(5),17,53 11(4),68(3)
u2l, u34, 38,46,47 37,53
u7s

4 66(6) 10(3), 24(3) 23(3),24, 56 12,13,15,38(3) 13,15(4),52, 10,12,15,34

60, 83(2) u7l ul8udl(2) 73(2),ul02) 53,ulo

5 20(2), 43(3), 24,25(3),43(3), 13(2), 22(5), 18,20,70, 12, 13(2) 12(5), 132)
44, 47(2), 61,65,u 24 23 74(4), u 58 14,15(4) 30,35(2),
u 14(2),? ulo

6 30(2),44,48(3), 26,30,41,44(2), u4s8 14(8),20,40 13,14,20 35,52(4),
65,u74 u30,udd,? 70,71,78

7 28(4),30,44, 21,26(2), 28,41(4) 54,64
45,76,u30 28(2)
8 37, 46, 76, 83, 26(2),27(2), 21(3),u 44 u20u70 55(2), 80(3), 36(2),71,
u3i(3),? 62,74,84 usl u 25(2),
ul8mi(2
9 45(5),64(2) 27(2),63(3), 46,u 1l 55(2)u 11(3), u©20,u25(2), 36,55(2).
84(3) u 60 u28(2) 72,80(3),?

u = unmarked rodent, that is one caught in the second week of trapping
m = Microtus montanus
? = rodent escaped before data could be taken

Fig 28. Home range data for Microtus montanus males in area 3: West of the Pet Cemetery.
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