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I . BACKGROUND 

The o r i g i n a l o b j e c t i v e of t h i s s t u d y was t o d e t e r m i n e w h e t h e r o r n o t a b a s i c a s p e c t 
of mammalian b e h a v i o r , home r a n g e deve lopmen t and m a i n t e n a n c e , i s s u s c e p t a b l e to 
change by a c u t e , s u b l e t h a l e x p o s u r e t o x - r a d i a t i o n . The l i t e r a t u r e ( F u r c h g o t t , 
1963 ; K ime ldor f and H u n t , 1965) s u g g e s t s t h a t i r r a d i a t i o n can a l t e r a c t i v i t y l e v e l s , 
change l e a r n i n g a b i l i t i e s of n e o n a t a l l y e x p o s e d r o d e n t s as a d u l t s , and a l t e r 
l e a r n i n g i n e x p o s e d a d u l t s t h r o u g h m o t i v a t i o n a l c h a n g e s . L e a r n i n g i s c e r t a i n l y 
an i m p o r t a n t f a c t o r i n home r a n g e b e h a v i o r ( B a r n e t t , 1 9 5 8 ) . On t h e o t h e r h a n d , 
changes i n home r a n g e of i n d i v i d u a l s would a p p e a r to have i m p o r t a n t i m p l i c a t i o n s 
a t t h e p o p u l a t i o n l e v e l (Wynne-Edwards , 1 9 6 2 ) . 

P r e v i o u s work u n d e r t h i s c o n t r a c t h a s shown t h a t i r r a d i a t e d a d u l t s ( 4 0 0 r and 800r) 
r e t a i n t h e i r home r a n g e , b u t . i t s a r e a i s r e d u c e d , i t s p o s i t i o n s t a b i l i z e d and t h e 
a v e r a g e d i s t a n c e be tween s u c c e s s i v e c a p t u r e s d e c r e a s e s ( O r r , 1 9 6 6 ) . D i s p l a c e d 
i r r a d i a t e d s u b j e c t s r e t u r n t o t h e i r o r i g i n a l home a r e a . 

The above work depended on t h e use of a t w o - a c r e f i e l d e n c l o s u r e . S u b s e q u e n t work , 
i n v o l v i n g i n t r o d u c t i o n of b o t h l a b o r a t o r y b o r n and w i l d - c a p t u r e d s u b j e c t s , h a s 
shown t h a t t h e use of e n c l o s u r e s i s n o t as s i m p l e as f i r s t t h o u g h t . D e t a i l s a r e 
g i v e n l a t e r i n t h i s r e p o r t . I t became n e c e s s a r y t o s t u d y t h e e n c l o s u r e as a t o o l 
and to c o l l e c t more b a s i c i n f o r m a t i o n on t h e e c o l o g y of t h e s u b j e c t , Peromyscus 
m a n i c u l a t u s b a i r d i , t h e p r a i r i e d e e r mouse . 

I n c o r p o r a t e d i n t o t h e s t u d y of t h e e c o l o g y of t h e s u b j e c t s was a p i l o t s u r v e y of 
t h e t o t a l body l e v e l s of s e v e r a l t r a c e e l e m e n t s . T h i s work was i n t e n d e d t o s e r v e 
as t h e b a s i s f o r a f u r t h e r i n v e s t i g a t i o n of t h e r o l e of t h i s s p e c i e s i n n u t r i e n t 
t u r n o v e r i n t h e e n c l o s u r e . A l s o , n u t r i e n t l e v e l s , wh ich have r a r e l y been s t u d i e d 
a t t h e s p e c i e s p o p u l a t i o n l e v e l i n n a t u r a l e n v i r o n m e n t s , may have a r e l a t i o n t o 
t h e d i s t r i b u t i o n and abundance of t h i s s p e c i e s , wh ich i s found i n h a b i t a t s s u b j e c t e d 
t o m a n i p u l a t i o n of m i n e r a l e l e m e n t s . 

I n a d d i t i o n , t h r o u g h a S u p p l e m e n t a l Fund, work on t h e e a s t e r n chipmunk h a s been 
i n i t i a t e d , as p a r t of an o v e r a l l , c o o p e r a t i v e i n v e s t i g a t i o n of t h e b a s i c e c o l o g y 
of t h e s p e c i e s . I n i t i a l p h a s e s i n c l u d e s a m p l i n g of t h r e e p e r m a n e n t q u a d r a t s , t o 
be used to f o l l o w p o p u l a t i o n dynamics o v e r a l o n g - r a n g e b a s i s . L a t e r s t u d i e s 
w i l l u t i l i z e t h e chipmunk i n b e h a v i o r s t u d i e s , s i n c e i t s d i u r n a l h a b i t s 
a r e c o n d u c t i v e t o v e r y d e t a i l e d b e h a v i o r _ a n a l y s i s t h r o u g h d i r e c t o b s e r v a t i o n . 
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I n i t i a l study of the chipmunks wil l include determination of to ta l body 
mineral levels in specimens from Minnesota, Pennsylvania and Vermont. 

) 
I I I . Reaction of populations introduced to the 2-acre f ie ld enclosure 

Density changes: 

Ten groups of mice have been released into the enclosure during three summer 
seasons. In general, i t has been impossible to maintain -populations once they 
have been introduced, and no carry over of populations has occurred over the 
winters . Populations introduced tend to exhibit s imilar curves, always in 
dicating decline. Populations introduced do not affect those already present . 
Groups introduced in 1965 showed a tendency to undergo a rapid decline in 
individuals during a short period following introduct ion, followed by a slower 
ra te of decline over a more extended period. (Fig. 1). The number of animals 
remaining was suff icient to study effects of x-radiat ion on home-range parameters. 
All animals introduced in 1965 were captured by l ive- t raps from wild populations 
in the spring and summer. A lab-born group and a wild-captured group i n t ro 
duced in 1966 were similar in size and also exhibited a rapid i n i t i a l decline 
(Fig 1, 1966). However, th is was followed by a much more rapid secondary 
loss ra te than in 1965 (1/5 days in '65 as against 1/day in 1966.) Two factors 
indicated that successional changes in the enclosure over the one-year period 
might be responsible for the differences in population response between 1965 
and 1966. F i r s t , a mild outbreak of the f ie ld mouse, Microtus was noted during 
the spring of 1966; th is species prefers a moist, dense grass hab i t a t . Second, 
the number of grass stems/unit area was observed to increase by a factor of 5 
between 1964 and 1966. Thus sucession had seemed to increase vegetation to 
a Microtus hab i t a t , at the same time creating an unfavorable habi ta t for Pecorupus. 
On the basis of t h i s , one thalf of the enclosure was mown very c lose , creating 
a d r i e r , almost coverless s i tua t ion . A group of 31 subjects introduced following 
th is change showed no difference in loss r a t e , and no preference for the mown 
area. This was taken as meaning that overhead cover provided by grasses acts 
as no pa r t i cu la r ba r r i e r in i t s e l f to deter the p r a i r i e deer mouse from grass 
hab i t a t s . 

Live trapping for subjects had indicated that the p r a i r i e deer mouse prefers 
bare ground to that found in grassy areas where stems are qui te numerous, 
and a thick mat of undecayed plant material has accumulated. Thus invest igat ion 
of populations in the fa l l showed that the species occurs in roadside ditches 
with t a l l grasses, but low stem density, in corn f ields and in spya bean f i e lds . 
Where a l fa l fa has been recently planted in previously cul t ivated f i e ld s , 
the populations are higher than in older a l fa l fa f ields where grass has moved in . 

Thus, the enclosure was plowed before introductions in 1967, with s t r i p s of 
grass l e f t to serve as protect ive covering during adjustment of introduced 
subjects . Approximately 85% of the 2-acres was in rough, plowed condition. 
I t was fe l t that this type of surface would provide many burrows for subjects 
to use as n e s t - s i t e s . 
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Figure 1. The loss r a t e s of popula t ions in t roduced to the two-
acre f i e l d e n c l o s u r e , as determined by l i v e t r a p p i n g . 
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Since previous work had failed to indicate whether the subjects were dying in 
the enclosure or escaping, a group of 10 subjects caught during June 1967 from 
corn f ields near the enclosure were tagged with Ta-182 and introduced into 
the enclosure. Each subject was sub cutaneously injected with a piece of Ta-182 
wire 1 cm. in length, having an ac t iv i ty level of approximately 100 microcuries. 

Following release of these subjects , l ive trapping was carried out as usual , 
and the enclosure was surveyed with a portable s c i n t i l l a t i o n detector in order 
to locate any animals not trapped. Figure 1C shows the changes which occurred 
in th is group. While no sudden loss occurred, a steady decline occurred in 
the number of subjects trapped. A careful survey of the en t i re enclosure with 
the detector on the 33rd day following release indicated that no mice were 
present . One subject was trapped alive in the corn f ie ld near the enclosure, 
and another was found dead in a trap within the enclosure three weeks af ter 
the group had been introduced. Thus eight mice had e i ther escaped or removed 
by predators . A complete survey with the detector has been made o f -a l l open 
areas near the enclosure, and no subjects have been located. When the corn
f ields have been cut, the exact s i t e s where these subjects were or ig ina l ly 
trapped wi l l be surveyed, and appropriate trapping carried out to recover the 
radioactive Ta-182 as indicated. The experiment with the Ta-182 wire was in 
conclusive as to the exact cause of disappearance, but since an animal was 
recovered al ive outside of the enclosure there was a strong indicat ion of 
escape by subjects . , 

As a resu l t of t h i s , steps were taken to reduce possible escape routes . 
The area within a meter of the i n t e r i o r edge of the enclosure fence was care
fully examined for escape routes in the form of burrows. Several abandoned 
and inconspicious ground squir re l burrows were found and closed. In addition.: 
three active burrows were formed, concealed by vegetation. Traps were 
placed in these , and ground squi r re ls were captured in them. When i t seemed 
t h a t ' a l l holes were closed, a group of 15 lab born individuals were introduced. 
The i n t e r i o r of the fence was policed every evening before dark for burrows; 
rarely one was found and closed. In sp i te of t h i s , the subjects dissappeared, 
more rapidly at f i r s t , but completely within two weeks (see Fig. 1 C). With 
a l l the precautions against escape by use of burrows, the ra te of loss was 
greater during the f i r s t 4 days that for the previous group, a fact which casts 
doubt on escapes as a complete explanation for the losses . 

As a further check on escapes as a contributing factor to population loas , 
an escape route was in tent ional ly created along one side of the enclosure. A 
burrow with a wide opening was dug under the fence. On the outside of the fence 
at th i s point a small enclosure, 6 feet in diameter, was constructed in the 
same manner as the main fence. TPSBs were placed in th is area to apprehand 
any escaping subjects . With a l l other escape routes closed to the best 
knowledge of the inves t iga tor , 10 animals were released in to the main enclosure. 
Trapping within the enclosure was held to a minimum, to provide the least 
possible interference with escape by subjects . Over a period of 3 weeks, a l l 
subjects disappeared while only 2 were ever caught in the small enclosure 



- 4 -

(Fig. 1, 67)." Thus, loss by escapes seemed to be at best a partial explanation 
of the total pattern. 

The problem of loss of introduced subjects presents two basic questions: (1) 
how do animals disappear and, (2) why do they leave. A group of 20 young 
animals (5-7 wks. old), reared in the laboratory, was released next, to see 
if age might in some way be related to the tendency of the animals escape, 
or fail to adapt to the enclosure. Results of this introduction indicated that 
young animals are not different than adults (Fig. 1,D). It also established, 
in light of other releases (Fig 1 C and D) that when a number greater than 
10 subjects are released, a sharp initial loss occurs, while the smaller 
groups disappear at a relatively constant rate. 

While evidence from work to date indicates that escape has probably been a 
contributing factor it does not seem to completely account for results. 
An obvious factor is predation. Evidence is admittedly indirect, but several 
observations suggest at least some predation. Freshly trapped ground squirrels 
were usually eaten, a pocket gopher which had been eaten except for the head 
was found in the enclosure, and an occasional blurred cat or fox track has 
been seen in fresh pocket gopher mounds. While several direct observation 
periods were conducted at night, no predators were observed in the enclosure or 
near it. 

Even if predation is a contributing factor, as it might well be when a fairly 
large group of animals unfamiliar with the enclosure is first introduced, in 
is highly unlikely that predation could account for the complete disappearance 
of a population. 

Some predation and natural death should be expected in any enclosure of this 
size. However, escapes would seem to best account for-the disappearance of 
the final few. It may be that subjects which survive predation, and live to 
adjust to the enclosure, ultimately find a limit to their home range in the 
form of a fence. This could provide the stimulus to search for a way around 
the barrier, which in turn could lead eventually to the discovery of an 
escape route or possibly increased exposure to predation. If this is true, 
enclosures are much less favorable as a means of working on mammal behavior under 
natural conditions than first thought. 

Until the above basic questions are answered, work on the effects of x-radiation 
on home range behavior in the enclosure is not feasible. 

Further work will be based on the use of smaller enclosures within the present 
one. These would provide an inexpensive way of studying predation and escape, 
and would allow the subjects to develop a familar center of security in the area 
from which a home range in the larger enclosure would be established later. 

Individual behavior: 

Results from grid trapping over the three summers have shown that animals 
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introduced to the enclosure will develop a definite home range, even if they 
disappear later. Figure 2 indicates the type of pattern for nine subjects 
in 1965 (a like number of individuals were found to have the same tendencies, 
but ranges overlapped to the extent that confusion resulted when all were 
included on the same figure). 

The 1966 results suggest that the type of habitat is important in the process 
of home range development. As shown in Figure 2, animals captured 11 times 
covered more ground than in 1965, at a time when succession had led to a 
predominence of grass and a habitat more suitable for the field mouse, 
Micotus. At least one of these "animals progressively moved diagonally across 
the enclosure, failing to orient to a specific place. 

After the habitat was changed by plowing, a greater tendancy to develop 
home range occurred (Figure 3), although subjects captured from corn fields 
exhibited more compact movement patterns than did juveniles which had been 
reared in the laboratory. 

The movements of individuals are perhaps best summarized by determination of 
the average distance between successive captures. This permits inclusion of 
subjects which were captured but a small number of times in comparison of 
group reactions to the enclosure. The figures for 1965, 66, and 67 were, in 
feet, 57, 100, and 90 respectively. Groups within each of the three years did 
not vary except in 1967, when 4 groups had average values of 41, 78, 101, and 
140. However, the two lower values were based on groups which had very few 
recaptures and these are considered inadequate samples. The other two groups 
differed in total size (10 vs 20 individuals) and in background (young-lab-
reared vs adults captured from wild populations). Thus it is difficult to 
account for differences in movements. On the other hand, it is obvious that 
group size, background and habitat must all be considered potentially important 
as contributors to the behavior of the individual once it has been introduced 
to the enclosure. 

III. Populations and natural habitats 

During the course of the study it has be en'.necessary to capture subjects 
for use in enclosures and to obtain laboratory reared populations. The 
results of trapping shed light on the basic ecology of the species, especially 
in terms of habitats and populations density therein. 

Most trapping was done with Sherman livetraps, in four major habitat types: 
grassy roadside ditches, alfalfa fields, corn fields and soyabean fields. 
Traps were generally set in single lines of 10 traps spaced 30 feet apart in 
a given habitat, although at times lines were arranged in grid form where 
space permitted. Since the prime purpose in most trapping was to obtain'live . 
subjects, simultaneous trapping of all habitats was not common. Good results 
in grass often led to more concentrated trapping on this habitat, etc. 
However specific attempts were made to compare habitats during the past year. 
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Figure 2. Typical movement patterns of individuals introduced 
into the field enclosure, drawn by connecting outside 
points of capture by live traps. Numbers indicate 
the number of times individuals were recaptured. 



Figure 3. Movement patterns of individuals in the field enclosure 
following plowing. Upper figure represents animals 
reared in the laboratory; lower figure shows subjects 
captured as adults from nearby cornfields. 



- 6 -

Grass 
A l f a l f a 
Corn f i e l d s 
Soya Bean F ie lds 

7.5% 
15.4% 
16.2% 

- 5.7% 

Because of the t r app ing p rocedure s , p a r t i c u l a r l y the use of s i n g l e l i n e s , the 
most appropr i a t e method of comparing r e s u l t s was pe rcen t of capture (number 
of an ima l / t r aps s e t ) . While t h i s did not give dens i ty e s t i m a t e s , i t pe rmi t t ed 
comparison of sub jec t abundance in the var ious h a b i t a t s . 
When a l l r e s u l t s were pooled, the percen t capture in the s e l e c t e d h a b i t a t s 
was: 

(0 .3 -12 .8 ) 
(2 .5-35) 
(5-20) 
(0-10) 

It is obvious that this species occurs in a wide range of habitats. Its 
distribution is not easily understood because of the variation of capture 
success within all of the habitats. For example, in-the fall of 1965, an 
alfalfa field near the enclosure produced 35% capture, a figure never attained 
again at the time of year. In corn fields, the percent capture is near zero 
after planting, raises steadily over the summer and fall, decreasing to zero 
if fall plowing occurs. Although cornfields are an example of a habitat with 
very little variation from one location to another, populations seem to very 
considerably. Old alfalfa fields are less productive than those recently 
converted from other crops. Road side ditches, basically grasses, which 
appear quite similar, also vary, widely. 

In 1965, when the first animals were introduced into the enclosure, the 
habitat was much like a primitive alfalfa field. Animals adjusted best to 
the habitat during this year. Invading grass converted it to what was more 
like a roadside ditch the next year. Plowing the 1967 set back succession to 
an early corn field stage. It would appear that the lack of cover, present 
in all major habitats where the prairie deer mouse normally is found in numbers 
was a major deterrent from successful creation of an op'timal habitat. The 
small amount of grass not plowed was too dense, as it had been the previous 
year. 

As succession occurs in the plowed areas of the enclosure, the habitat 
should become more suitable, due in part to the presence of overhead cover. 
On a long range basis, succession will have to be periodically manipulated. 

IV- Effects of x-radiation on the behavior of subjects in the enclosure. 

In the summer of 1965, when enclosure subjects remained there for longer it 
was possible to measure the effects of irradiation' on home range behavior. 
Adults were allowed to develop a home range, were removed, exposed to a single 
dose of 100 or 800 r and returned to determine effects. If was found that 
irradiation decreased average distance between captures, area of home range 
and change in the center of activity (differences) between irratiated subjects" 
and controls were significant at the 1% level). 
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In 1966, loss rates were so great when an attempt to determine effects of 
neonatal exposure to x-radiat ion was made that no measurements of home 
range parameters was possible . The small sample of average distances between 
captures indicated that neonatal exposure had no effect on behavior as 
measured by l ive - t rap techniques. 

Subjects in 1966 were a l l s ix to eight months of age. In 1967 a similar 
group was released anc] lost so quickly that no adequate sample was possible . 
However, a group of 10 subjects , 10 of which were exposed to 200 r at b i r t h , and 
released at approximately 6 weeks of age, remained long enough to obtain 
some data on average distance between capture. Controls had an average 
of 196 feet while the neonatally exposured subjects had an average of 103 
feet . However, var ia t ion within'groups (65 to 277 feet for controls vs 30 
to 197 feet for x-rayed) indicated that a larger sample was necessary to 
es tab l i sh s t a t i s t i c a l l y s ignif icant differences. 

In so far as the effects of exposure to radiat ion is concerned, no influence 
on the disappearance of subjects has been found, whether the exposure i s 
given neonatally or to adults before introduction or after introduction. I t 
would thus appear that i r r ad ia t ion (as suble thal , acute exposure) has subtle 
influence on the exploratory behavior as i t re la tes to home range movements, 
but does not obviously a l t e r (1) the process of establishment of home range 
in adults or young or (2) the behavior necessary to maintenence of home range 
where previously es tabl ished. If i t i s possible to extrapolate from the 
admittedly insuff ic ient data obtained so far , the pr inciple effect of i r r ad ia t ion 
would be at the population leve l . By increasing or reducing home range s i ze , 
or the distance between captures, recruitment into the population might be 
effected, thus changing density. I t should be made clear that th is depends 
largely upon whether the effects of home range noted in 1965 are long range 
and not r e s t r i c t ed to that period during which the effects of radiat ion 
sickness act to decrease general ac t iv i ty . 

I t i s obvious that without correction of the causes of subject losses following 
introduction to the enclosure l i t t l e progress toward a sa t i s fac tory description 
of individual or population effects of radiat ion is poss ible . 

V. Effects of x-radiat ion on behavior of subjects in a l inear image 

A pr incip le par t of establishment of or ienta t ion to a home range i s exploratory 
behavior, presumably radiat ing out from a sa t i s fac tory center of secur i ty . 
Trips made from the nest or burrow seem to be, in th i s species , short at f i r s t , 
(Orr, 1966) gradually increasing to some l imit in each of several d i rec t ions . 
The individual thus learns the topographic features of an area, to the extent 
that physiological needs can be s a t i s f i ed , and escape from predators i s highly 
probable. 

If radia t ion, whether exposure occurs neotal ly or at a l a t e r time in l i f e 
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history, alters learning directly or through motivational changes, home range 
behavior should show effects. 

Under natural conditions, especially when trapping is the technique relied 
upon for measurements, behavior changes can be studied only at a gross level. 
Laboratory studies, with the advantages of controlling movements of subjects, 
seem expedient in determining radiation effects on exploratory behavior. 
Information obtained could be used to predict movements under more natural 
conditions and to suggest better direction in design of field studies. 

A linear maze was constructed to aid in the description of exploratory 
behavior. The image consisted of four equal units. Each unit was a flat bos, 
20 inches square and 4 inches high. Within the box, a series of upright partitions 
were placed so that a subject had to travel the width of the box, turn into 
the next channel, again travel the width of the box and turn once more. 

'After 10 such turns, the animal could reach the end of a box, having traveled 
about 15 feet. No choice existed accept to go on into new channels or 
return toward the beginning point. The boxes were covered with plate glass, 
permitting observation of subjects and opportunity for subjects to orient to 
external cues. 

Subjects were placed in a wooden box two feet long, one foot wide and one foot 
high. The cover was also wood', making the box completely dark. Food and water 
were present in the box at all times. An opening from the box led into a treadle 
(similar to one suggested by Dice, 1961) which operated an event recorder. 
In turn, the subject could enter the first maze box. Treadles also measured 
passage between maze boxes, as well as passage from the last maze into a trap, 
which constituted the end of the experiment (total distance 60 ft, total turns, 40). 

All subjects tested were placed in the box at approximately 4:00 PM. and left 
undisturbed until completion of the maze run. Work was conducted in a room 
where natural light cycles for the time of year were maintained. Subjects 
were all laboratory born. Controls and irradiated (200 r neonatally, 130 
KVP at 300 r/min) were tested. 

In all but a few cases, the pattern of behavior was similar. Subjects left 
the security box within an hour after introduction, spent time getting used 
to the noise and movements of the first treadle and proceeded into the first 
maze. Before completion of the first segment of the maze, a relatively high 
number of return trips were made to the security box. The second maze was 
treated similarly with fewer returns, and so on, with the remaining mazes. But 
it was the rule that trips back to the security box were made after the final 
maze box had been entered. In general, behavior was as predicted in terms of 
the above concept of home range development, but the time necessary to reach 
the end of the test was longer than expected. 

Thirteen control and 13 neonatally exposed laboratory born subjects were 
successfully tested. Figure 4 shows the effects of x-radiation in terms 
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Figure 4. Mean number of t readle crossings at each of the t readle 
locations by x-rayed and control groups. Treadle " 1 " 
was between the introductory box and the f i r s t segment 
of the maze. 
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of the average number of c ro s s ings made at each consecuct ive t r e a d l e . Mean 
va lues were c o n s i s t e n t l y h i g h e r for the xvrayed s u b j e c t s , e s p e c i a l l y a t the f i r s t 
t h r ee p o i n t s . However, the re was cons iderab le v a r i a t i o n w i th in each group, 
so t h a t t rea tment d i f f e rences were not s t a t i s t i c a l l y s i g n i f i c a n t . 

Figure 5 compares i r r a d i a t e d s u b j e c t s wi th c o n t r o l s in terms of the time 
requ i red to reach each of the t r e a d l e s . Means were not g r e a t l y d i f f e r e n t up 
to the second t r e a d l e ( j u s t a f t e r the f i r s t maze) but as a group, x-rayed 
sub jec t s took i n c r e a s i n g pe r iods longer to reach the remaining th ree p o i n t s . 
The t o t a l time was t h e r e f o r e much longer for x-rayed s u b j e c t s . Again, i n d i v i d u a l 
v a r i a t i o n was g r e a t , p r even t ing r e j e c t i o n of the n u l l hypothes i s t h a t no 
d i f f e rences between groups occur red . To ta l time in hours for i n d i v i d u a l s 
to complete the maze i s shown below to provide a f i r s t - h a n d p i c t u r e of the 
v a r i a t i o n : 

Conitrols x-rayed n e o n a t a l l y 

124* 
34 
34 
29 

9 
6 
6 
5 
3 
2 
2 
1 

112 
110 
75 
55 
42 
11 

8 
6 
6 
2 
2 
1 

*hours to complete t e s t , to n e a r e s t hour . 

The genera l behavior p a t t e r n of s u b j e c t s , p a r t i c u l a r l y the tendency to r e t u r n 
to the i n t r o d u c t i o n box throughout the t e s t , was c lose to p r e d i c t i o n in 
terms of the h y p o t h e s i s . In a d d i t i o n , the impos i t ion of a simple change in 
d i r e c t i o n decreased the average d i s t a n c e from the s t a r t i n g po in t t h a t sub jec t s 
reached per un i t time ( t h i s v e r i f i e s former work, Orr , 1957). Therefore the 
genera l na tu re of the exper imenta l design i s assumed t o be adequate for 
measuring exp lo ra to ry behav ior of the s p e c i e s . 

The v a r i a t i o n between i n d i v i d u a l s which was found was unexpected. Subjects 
were a l l l abora to ry r e a r e d , a l l r a i s e d in s i b l i n g groups and fed the same 
d i e t . Differences i n age a t the time of t e s t i n g did not account for d i f f e rences 
in performance, nor did s e x . P re l iminary da ta on wi ld an imals , t rapped from 
l o c a l popula t ions as adu l t s wi th previous home r a n g e s , i n d i c a t e the same 
l e v e l of v a r i a b i l i t y . Since home range movements in the f i e l d enc losure 
and ou t s i de do not r e f l e c t the same degree of v a r i a t i o n , e i t h e r the l abo ra to ry 
t e s t or t r app ing procedures a re poor . Since much more informat ion i s c o l l e c t e d 
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Figure 5 . Mean time for exper imenta l and con t ro l groups to 
reach measuring p o i n t s between success ive segments 
of the l i n e a r maze. 
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by the laboratory t e s t , i t i s possible that trapping is too gross as a 
technique for studying development of home, range and the individual var ia 
tions that are present during the process. 

Although the amount of time required i s grea t , a ser ies of t e s t s in the maze 
i s planned u t i l i z i n g direct observation. The objective i s to see whether behavior 
within the maze segments i s more constant for individuals than that previously 
measured by t readles between. I t wi l l be possible to study the effects of 
sudden sounds on performance, a factor which could have influenced previous 
r e s u l t s . Methods of measuring movements at high number of points (e .g . 
at each turn) within the maze segments by means of thermal or mechanical 
sensors, and t rans i s tor ized logic c i rcu i t s are also being studied. 

VI. Total body levels of selected trace elements in p r a i r i e deer mice. 

As the dynamics of ecosystems assume more and more^ importance in enviommental 
biology, i t i s important to learn more about the d is t r ibut ions of mineral 
elements in natural systems. Before the ra te of turnover of pa r t i cu la r 
elements by a given system can be adequately studied, using radioisotopes 
the amount of the s table isotopes should be known. 

Much of the vast knowledge about mineral metabolism in mammals has been 
obtained using laboratory animals. Most invest igat ions have had objectives 
which did not require knowledge of to ta l body l eve l s . Thus, information on 
the t o t a l body content of wild species i s extremely limited (Schroeder, 1965). 
One other reason for t he i r s i tua t ion i s the l imi ta t ion of t r ad i t iona l 
analyt ical techniques. Atomic absorption spectroscopy has eased this problem 
great ly . 

As a preliminary step toward eventual invest igat ion of mineral turnover in the 
p ra i r i e deer mouse under natural conditions, a study was made of the t o t a l 
body level of several essen t ia l t race elements in individuals from different 
hab i t a t s . Subjects were obtained by snap-trapping during October and 
November. Each was frozen unt i l sampling. 

Individuals were thawed, t he i r body cavi t ies opened by a median ventral 
inc is ion , and dried at 95 C for 36 hours. Each was then wet ashed by a 
perchloric acid technique, and the resul tant clear l iquid di luted to a 
convenient volume. Thirty four individuals so t reated were then tested for 
Cu, Fe, Mn, Pb and Zn by use of an atomic absorption spectrometer (Perkin-
Elmer 303). Although Pb i s not an essen t ia l t race element, i t was included 
because the p r a i r i e deer mouse l ives in agr icul tura l s i tua t ions where i t i s 
subjected to contaminants. 

Analysis of variance showed that individuals captured in different habi ta ts 
differed in amounts of copper and lead (1% level) but not in the other 



Table I. Mean total body level of various trace elements in PPM for laboratory 
reared subjects and those trapped in different habitats. Range is also given 
for each situation. 

Lab Cornfield Soyabean Between Grass 
, 

Cu 

Fe 

Mn 

Sn 

Pb 

6.4 
(1.39-18.4) 

281 
(216-334) 

12 
(6.58-22.1) 

113 
(87.3-137.0) 

77.6 
(28.4-170) 

45.8 
(32.0-91.5) 

609 
(417-912) 

22.2 
(15.3-27.5) 

128 
(101-168) 

40.9 
(12.7-96.3) 

16.6 
(8.85-38.8) 

548 
(339-739) 

23.5 
(12.2-26.9) 

122 
(104-150) 

124 
(86.5-214) 

7.3 
(4.73-11.2) 

584 
(393-902) 

20.5 
(10.8-38.6) 

113 
(93.5-166) 

120 
(69.3-175) 

4.7 
(0.967-12.0) 

604 
(483-688) 

' 20.4 
(18.5-23.2) 

110 
(93.6-133) 

213 
(140-274) 
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elements measured. Further s t a t i s t i c a l analysis showed that laboratory reared 
subjects were s ignif icant ly different from at least one f ie ld group for every 
element measured. 

The l a t t e r finding would imply that care must be exercised in mineral metabolism 
studies where information obtained from laboratory subjects are used to 
extrapolate to f ie ld conditions. The fact that habi ta t differences occur 
in some cases suggests that subjects studied in one ecosystem cannot be 
considered to apply to others. ' 

A s t r ik ing feature of the resu l t s i s the amount of individual var ia t ion 
detected in the laboratory group for every element. The subjects used were 
of approximately the age ( a l l were adults when sac r i f i ced ) , and differences 
in t o t a l body weight did not account for the var ia t ion found. 

Further sampling i s planned to determine seasonal e f fec t s , and a study wi l l 
be made of the relat ionship between the amount of s table zinc and the 
absorption and excretion of Zn-65. 

VII. Chipmunk study 

Population sampling: 

Three one-acre plots were established for long range study. These p lo ts were 
located in a forest of about 30 acres. The plant community consisted of a 
f a i r ly uniform stand of sugar-maple-basswood, as shown a sample of 10 
standard quadrats 10 x 10 meters. The topography of the area was fa i r ly l eve l , 
with very few moist areas. 

The sample p lo ts were se t out on a grid system of 7 rows of 7 s t a t i o n s , both 
10 meters apart . Stations were permanently marked by s takes . 

The three p lo ts were sampled in sequence during July and August. A l i ve - t r ap 
was placed at each s take , ba i ted with sunflower seeds, while seeds were also 
scat tered around the trap to speed up a t t rac t ion of subjects . Traps were set 
each day at 8:00 AM, and checked each hour thru 3:00 PM. Each trapped subject 
was removed from the area, toe-clipped for i den t i f i ca t ion , sexed, weighed 
and held un t i l the l a s t check round before release at the s i teof capture. 
For each trap removed with a subject an empty one was subs t i tu ted ; th i s 
procedure was assumed to expedite sampling by reducing socia l hierarchy effects 
at various s t a t i o n s . 

I t was assumed that a l l subjects in a p lo t had been captured when unmarked 
individuals ceased to be captured. I t required 15 days to complete sampling 
in each of the f i r s t two p l o t s , and 12 days for the th i rd p lo t . Simultaneous -
trapping of plots was impossible because of the lack of a suff ic ient number 
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of traps, and because of the inability of one trapper to operate the large 
number of traps. 

The sample data were as follows 

Area 

I 

I I 

I I I 

No. 
I n d i v i d u a l s 

28 

28 

22 

Ratio of 
M:F 

14:14 

21:7 

8:14 

Me an Wt. 
&range 

95.6 gr 
(61-127) 

107.2 gr 
(83-119) 

107.4 
X93-120) 

Est imated 
Densi ty/Acre 

28 

28 

22 

.Ave. Distance 
Between Captures 

28.8 (ft.) 

33.3 

31.9 

Population density: 

When the actual gradrat area is increased by one-half the distance between 
stations, the area sampled was approximately one acre for each plot. Thus the 
number of individuals captured represent the population density per--.acre. 
The average density of the area on this basis was 26 animals. This figure is 
high incomparison with sampling in results from Vermont, Pennsylvania and West 
Virginia using similar methods (other investigators). The density estimates 
need to be verified by sampling from populations in similar communities before 
a statement regarding density at the western limits of the species distribution 
can be safely made. However, present work has indicated an adequate density 
for ease in studying the basic ecological factors as outlined in the overall 
cooperative program on this species. 

Population structure: 

The sex ratios in the various plots were quite different, and no complete 
explanation for this is possible at present. It may be that in this species 
social behavior tends to cause unequal distribution of the sexes. The overall 
sex ratios of males to females was 43:35, which agrees with these ratios 
obtained for populations in Vermont (Snyder, 1966). 

Age distribution could not be predicted from this sample. Some indication 
from weights obtained during early July of the presence of young of the year 
was noted, but most animals were of adult weights. It will be necessary to 
trap throughout the annual activity period to obtain estimates of most 
structural features, such as breeding period, reproductive rates, recruitment, 
survival, and individual turnover. The condition of subjects was noted, and 
all seem to be healthy in so far as general appearance was concerned. However, 
it is possible that animals in poor condition were not trapped because such 
may avoid competition by utilizing less optimal times of day for aging. 
(Trapping was conducted in the evenings for several days but no subjects were 
ever trapped at that time so it was discontinued). 
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Behavior: 

The only behavior characteristic which was measured was the average distance 
between successive captures. Animals from the three different plots were very 
similar on this basis. Recaptive data for calculation of a home range was 
felt to be insufficient, and the fact that subjects are perhaps influenced 
by the bait, investigator and trapping schedule contributes considerable question 
regarding validity of home range data. For example, three animals from the 
first plot were found later in the III plot, making home range values quite 
wide in value. In my opinion, the average distance between successive captures 
has less reason to vary than home range. Since what is desired is a behavioral 
attribute by which enviommental influences can be detected over time and space, 
the more simple measurement appears desirable. 

Mineral levels in chipmunk populations: 

Subjects have been obtained from the sampling area (not from the plots) for 
study of the total body levels of selected trace elements. These are frozen'" 
awaiting analysis, It has been found that the total dry weight of these 
subjects requires a modification of the procedure used for the smaller species, 
Peromyscus (see section VI, above). The wet ash method becomes too dangerous 
for the amount of mass. Thus several procedures have been studied by means 
of which dried subjects could be reduced to a homogenious mixture, small sample 
of which could be analyzed. While no method has proven completely satisfactory, 
reduction by means of a ball mill and then a Wiley mill is promising. Once 
the details are worked out, subjects from Minnesota, Pennsylvania and Vermont 
can be analyzed with dispatch. 



REFERENCES CITED 

B a r n e t t , S.A. 1958. The na tu re and s i g n i f i c a n c e of exp lo ra to ry 
behav io r . P roc . Royal Phys ica l Soc. Edinburgh 27:41-45 

Dice, Lee R. 1961. Laboratory ins t ruments for measuring the behavior 
of shy o r n o c t u r n a l small mammals. Jou r . Mamm. 42:159-166. 

F u r c h t g o t t , E r n e s t , 1963. Behaviora l e f f e c t s of i o n i z i n g r a d i a t i o n : 
1955-61. Psych. B u l l . 60:157-199. 

Kimeldorf, D.J . and E. Hunt, 1965. I o n i z i n g r a d i a t i o n : neu ra l funct ion 
and behav io r . Academic P r e s s : New York. 

Orr, H.D. 1957. Some f a c t o r s a f f e c t i n g the u t i l i z a t i o n of space in 
two spec ie s of Peromyscus. P roc . Minn. Acad. S c i . 25:204-210. 

Orr, H.D. 1966. Ef fec t s of x - r a d i a t i o n on the behavior of p r a i r i e 
deer-mice in a two-acre f i e l d e n c l o s u r e , AEC Progress Repor t , 
COO-1406-1. 

Snyder, D. 1966. I n d i v i d u a l and popu la t ion responses of v e r t e b r a t e s 
under n a t u r a l enviornments to s i n g l e s u b l e t h a l exposure to 
gamma r a y s . AEC Progress Report , NYO-3626-1. 

Wynne-Edwards, V.C. 1962. Animal d i s p e r s i o n in r e l a t i o n to s o c i a l 
behav io r . Hafner: New York. 


