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ABSTRACT

Natural populations of Mus muscuius, Microtus pinetorum and M. 
pennsylvanicus were live-trapped on a three-acre field over a three 
month interval. All animals trapped were removed from one-half of the 
field during lU consecutive days. During this same time interval 
animals on the opposite side were live-trapped but released immediately.
On the evening of the l^th day, the removed animals were returned to 
the field at their site of capture. The six days following the release 
of animals were designated as the return period. Animals on both sides 
of the field were live-trapped, but no removals occured. Four such 
replications, each consisting of a removal and return phase, were con­
ducted. The two sides of the field were used alternately as experimen­
tal and control plots.

As a result of these manipulations, the following findings were 
noted:
1. The manipulations of removal and return produced cues, the response
to which could be measured by the movements of animals.
2* Mus and M. -pinetorum responded to these cues through movement in a '
nonrandom, species-specific manner, while M. pennsylvanicus did not.
Mus responded to the removal manipulation by significant movement into 
the vacated area. Mus and M. pinetorum both responded to the return 
manipulation by significant movement into the control area. •
3. These differences in the degree of responsiveness for the 3 species 
appear to correlate with known ecological characteristics of the animals. 
Mus, a surface dwelling species appear to have developed sensory abilities 
enabling them to detect and respond to cues such as those associated with 
these manipulations. The lower degree of activity and responsiveness of 

pinetorum and M. pennsylvanicus may reflect their more sedentary nature 
and adaptations to a subsurface existence.
k. The total population numbers of Mus on each plot were maintained in
equilibrium during both the removal and return periods. This suggests 
the operation of mechanisms which regulated the movements of animals into 
and out of the plots.



EXPERIMENTAL STUDY OF MOVEMENT IN NATURAL 

POPULATIONS OF THREE SPECIES OF RODENTS



INTRODUCTION

This study originated from an interest in communication 

among animals. Communication, as defined by Nelson (1967), is com­

prised of interactions involving the exchange of signals between 

members of a population. Populations have definite organization 

and structure (Odum 1959), and the thesis that "the population is 

a real entity" is one that has been suggested by ecologists (Terman 

1961, Petrusewicz 1966, Odum 1969). Most ecologists agree that 

natural communities represent important and meaningful assemblages 

of organisms. The organization of a community, according to Hairston 

(1959), results from the outcome of varying degrees of interspecific 

competition for available resources and is expressed both in the 

relative abundance and spatial distribution of the constituent 

species populations. Such organization as that found in populations 

and communities suggests the necessity for varying degrees of intra- 

and possibly interspecific means of communication.

Studies involving the movement of small mammals into a 

vacated area have been numerous (Blair 1940, Spencer 1941, Stickel 

1946, Calhoun and Webb 1953, Andrejewski and Wroclawek 1962, Webb 

1965, Krebs 1966, Smyth 1968, and Van Vleck 1968). In all cases 

marked invasion was found to accompany or follow the trapping out of 

an area. Extensive inward movement was not found, however, by Stickel

2
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(1946) when animals were live-trapped but not removed.

Whether a vacated area "attracts" dispersers is not known 

(Myers and Krebs 1971); however, the ability to detect a vacated area 

could be advantageous to a species, especially if dispersal (emigra­

tion) was a means of population regulation (Lidicker 1962). Van 

Vleck (1968) , in studies with Microtus pennsylvanicus and other 

species, suggested that invasion into decimated areas is the result 

of random movement. However, the thesis that Microtus and other 

species may have a mutually dispersive effect upon one another in 

relation to the habitat occupied is suggested both by laboratory 

observations (Grant 1970) and field studies (Batzli 1968, Miller 1969, 

Koplin and Hoffman 1968). Further, Calhoun and Webb (1953) have pro­

posed that trapping out a large area produces a "biological vacuum" 

and that immigration by animals living peripheral to the area may be 

due either to

1) a shift away from a high concentration of neighbors or

2) an attempt to maintain a previously established ratio 

of perception of neighbors.

If the extent and location of the area occupied by a popula­

tion is determined by the biology of a species and its relationship 

with other species, then it is possible that some form of communica­

tion or exchange of sensory information is involved.

The purpose of this study was to examine movements associated 

with the manipulations of removal and return to ascertain if animals 

are responding to cues in a random or specific manner, and if species
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differ in their responses. Three rodent species populations inhabit­

ing a natural field community were investigated over a three month 

period. The responses of these populations to periods of continuous 

removal of individuals followed by periods of return were analyzed.

The species followed in this study, Microtus pinetorum, M. 

pennsylvanicus, and Mus musculus, are known to use the same runways 

(Benton 1955, Gentry 1966). It is also obvious from their sites of 

capture, that the distribution and activity patterns of these animals 

overlap to varying degrees. Therefore, it can be assumed that inter­

specific contacts very likely occurred among these three species 

populat ions.

The objectives of this study were:

1) to ascertain if there are cues associated with the 

removal and return of animals to the field which can be measured by 

the movement responses of the animals;

2) to determine if the species vary in their degree of 

responsiveness to these cues; and

3) to correlate differences in response to the known eco­

logical characteristics of the individual species.

Calhoun (1963) presented an elaborate theoretical system of 

the intra- and interspecific use of space in which he proposed the 

existence of effective means of communication both within and between 

species.

The present study is concerned, not with the nature or mech­

anisms of communications that may exist, but with the demonstration
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of its presence through the responses of the animals to the manipula­

tions of removal and return. Differential response to these manipula­

tions may reflect differential ability to detect or to respond to cues 

being communicated in the environment and may possibly be correlated 

with specific ecological characteristics of the three species inves­

tigated .



MATERIALS

Study Area

The study area was a three acre field located on the southeast 

side of the Laboratory of Endocrinology and Population Ecology of The 

College of William and Mary in Virginia, Williamsburg. It was sub­

divided, for the purpose of this experiment, into two irregularly 

shaped adjacent areas which were designated as Sides A and B (Figure 

1) •

Vegetation

Figure 2 illustrates the vegetative composition and distribu­

tion of the two sides of the field at the time of this study. For 

ease of comparison the vegetation was grouped in Figure 2 under the 

following headings:

1) Medium and tall grasses: Sorghum halapense (L.) Pers.

(Johnson grass) ; Dactyl is glomerata L. (Orchard 

grass).

2) Short grass and low forbs: Cynodon dactyIon (L.)

Pers. (Bermuda grass); Vicia sp. (Vetch).

3) Tall forbs: Aster sp. (Aster); Solidago sp.

(Goldenrod); Phytolacca americana L. (Pokeweed);

Cirsium sp. (Thistle).

A) Honeysuckle: Lonicera japonica Thunb.

6



Figure 1. The experimental field divided Into plots 
and B by line LI,2-M2,3,^,5,6,7,8,9^9,10.
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Figure 2. Vegetational distribution within the study 
field.

Key
Medium and tall grasses. . . • . 

(Johnson grass; Orchard grass)
Short grass and low forbs. • • • . • • » •  

(Bermuda grass; Vetch)
Tall forbs . . .  ..........................

(Aster; Goldenrod; Pokeweed; Thistle)
Honeysuckle,
Vines

(Grapevine; Poison ivy)
Trees. . . .  ...............................

(Hackberry; Tree of Heaven; Black Cherry; 
Honey Locust; Eastern Red Cedar)

S h rubs.....................................
(Elderberry; Blackberry)
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5) Vines: Vitis sp. (Grapevine); Rhus radicans L.

(Poi son ivy) .

6) Trees: Celtis occidentalis L. (Hackberry); Ailanthus 

altissima (Mill.) Swingle (Tree of Heaven); Prunus 

serotina Ehrh. (Black Cherry); Gleditsia triacanthos L 

(Honey Locust); Juniperus virginiana L. (Eastern Red 

Cedar).

7) Shrubs: Sambucus canadensis L. (Elderberry) ; Rhubus 

sp. (Blackberry).

The vegetational composition of the interior of these two 

areas x̂ as basically the same although two distinctions should be made

1) Interior A differed from B by its more numerous d u m p ­

ings of trees and more widely scattered patches of honeysuckle.

2) Side B had larger expanses of grasses and forbs than A

in addition to many distinctive groupings of the same.

The vegetation surrounding the study area was distinct from 

the interior, thereby isolating the study field.

Grid and Traps

A grid of trap stations spaced at 10 meter intervals covered 

the study field. The trap stations making up the outermost line of 

traps surrounding the entire area however, were spaced only 5 meters 

apart. Rows were numbered 1 to 11, columns labeled C to V, and the 

line dividing side A from side B (Ll, 2-M2, 3, 4, 5, 6 , 7, 8-L9, 10) 

was designated as part of the control side for each replication (see 

Figure 1). Plots A and B were used alternately as control and
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experimental sides.

Approximately equal numbers of trap stations were set up 

within each area (A = 48; B = 49). However, the control plot for each 

replication had an additional 12 trap stations due to the interior 

dividing line. Trap stations corresponded with each point of inter­

section on the grid, and two traps were placed within a 6 -foot dia­

meter of each station marker.

A total of 438 single-entrance live traps were placed in the 

field. These traps, measuring 25-1/2 cm x 7 cm x 7-1/2 cm, were 

built in the workshop of the Biology Department of the College of 

William and Mary. The floor and treadle were made of wood and the 

sides were aluminum. A gravity fall door and lock were at one end, 

and a screen covered the other end. The wooden floor, in addition to 
the cotton placed within each trap, aided in reducing heat conduction 

from the animals in cold weather. A square of roofing material 

covered each trap thereby helping to reduce heat loss and to maintain 

a more constant environment. Traps were baited with 3 to 4 dry pellets 

D 6c G Laboratory Mouse Diet.

Animals

Although all species captured were recorded, only three species 

were in sufficient number to be used in this study: Mus muscuius

(Linnaeus) (House mouse); Microtus pinetorum (Batchelder) (Pine vole); 

and Microtus pennsvlvanicus (Ord) (Meadow vole). Other species cap­

tured in descending order of occurrence were: Peromyscus leucopus

(Thomas) (White-footed mouse); Blarina brevicauda (Baird) (Large
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short-tailed shrew); Cryptotis parva (Miller) (Little short-tailed 

shrew); Zapus hudsonius (Coues) (Jumping mouse); and Oryzomys 

palustris (Baird) (Rice rat).

Laboratory Facilities

Animals removed from the field during the experimental pro­

cedures were maintained in the laboratory in individual cages. Fresh 

fruit (mainly apples) and vegetables (mainly lettuce), in addition 

to D 6c G laboratory food and water were supplied daily.



PROCEDURES

This study involved four experimental replications between 

August 3rd and November 14th, 1970. Each replication consisted of a 

'’Removal’' period and a "Return" period. Prior to the first removal 

period, a preliminary trapping period of 10 days was conducted in 

order to establish initial residency. These 10 days were subdivided 

into 2 5 -day periods with a 2-day interval between.

Removal Period

The removal period consisted of 14 continuous nights of 

trapping with daily removal to the laboratory of all animals captured 

on the experimental side of the field. Animals captured on the con­

trol plot were released immediately at the site of capture. Only 

those animals captured on the 2nd through the 14th trap-night-were 

used for analysis of immigration during the removal interval. Thus, 

only those animals whose movements could have been influenced by the 

removal procedures were included. All animals which had been removed 

and maintained in the laboratory were released at the site of their 

removal on the evening of the 14th day. No trapping occurred this 

night of release so as not to interfere with their redistribution. 

Trapping resumed the following night (the second night after release).

There were a total of 5 removal periods. This permitted col­

lection of data on animals released during the fourth and final

lU
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return period.

Return Period

The return period included the 6 nights of trapping following 

the release of animals on the experimental plot. During this time 

data were obtained from both plots. No removals took place the first 

5 days; however, the sixth day initiated the next 14-day removal 

period.
During both the removal and return periods, data taken on all 

animals captured from both experimental and control sides included: 

toe clip number, location, species, sex, age, and reproductive condi­

tion. Traps were inspected daily between 7 AM and 10 AM.

Terminology 

Animal Designations

Animals were classified for analysis of invasion and movement 

after release according to the following designations:

Resident--this term refers to animals who were members of the 

trappable population on a plot prior to and continu­

ing through a particular period of manipulation. The 

initial resident population was established either 

during the preliminary trapping interval or during a 

non-associated trapping period in the spring of 1970. 

New--this term refers to animals captured on a plot where

they had not been captured during the preceding period. 

Since the "new" animals differed with respect to the



time of capture and characteristics of movement, the 

following subdivisions of this category were used.

N1 = New to the field, having never before been 

captured.

N2 = New to a particular side as a result of crossing 

over to it from the opposite side within the same 

removal or return period.

(a) counted once for each side,

(b) initially may have been noted as Nl, N2, N3,

N4, R,

(c) after crossing were classified as N2.

N3 = Identical to N2 except that initial capture was 

on the first trap-night of the removal period 

(i.e., actually the last night of the return 

period). This first capture was considered a 

return period capture since any influence which 

removal may have exerted had not yet begun. If 

the animal then moved to the opposite side (during 

this same removal period), it was classified as 

a N3 animal.

(a) counted once for each side,

(b) initially may have been noted as Nl, N2, Nr, R,

(c) after crossing were classified as N3.

N4 = Similar to N2 except that during the return period 

these animals crossed over to the side opposite of



that where they were either released on the even­

ing of the 14th day, or, if they had been on the 

control side, where they were captured the last 

(14th) day of that removal period.

(a) counted once for each side,

(b) initially may have been noted as Nl, N2, N3, R,

(c) after crossing were classified as N4.

Crossover or Transfer = an animal which moved from one plot

to the other (N2, N3, N4).

Experimental Data Analysis

Examination of the data focused on two major types of movement. 

Each of these were examined with respect to intraspecific and inter­

specific differences related to the experimental manipulations. The 

major types of movement and specific comparisons related to each are 

as follows:

I. Invasion into the study field during the period of the removal of 

animals and the period following the return of animals.

The numbers, types (Nl, N2, N3, N4 , R), and proportions of 

animals of each species were examined separately for the two time 

intervals of population removal and return. Two main questions were 

investigated.

A. Was there a differential immigration of new animals into 

the two plots?

B. What was the composition of the invading animals; i.e., 

were they newcomers to the field (Nl), or crossovers from
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the opposite plot (N2, N3, or N4)?

II. Emigration from or between the study plots subsequent to the 

return of previously removed animals.

Only the movements of animals captured during the preceding 

removal period were analyzed during the period after release. 

Designations such as "new" or "resident" were assigned during the 

preceding removal period.

A. Intraspecific comparisons within the experimental 

and control plots were made between new and resident 

animals, and between male and female animals.

B. Comparisons between the experimental and control plots 

were made for new, resident, and total animals, and for 

male and female animals within each species.

C. Interspecific comparisons within the experimental and 

control plots were made for new,resident, total, and 

crossover animals.

The following two movement patterns were investigated for 

each of the preceding three categories:

1) Movement away from the plot where previously captured:

a) Proportions of animals moving were compared to 

those remaining ( 2 x 2  contingency or exact prob­

ability test).

b) Observed movement was compared to that expected on 

the basis of a 50:50 probability.

2) Disappearance from the study area (Plots A + B):
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a) Proportions of animals disappearing were compared 

to those reappearing on the study area ( 2 x 2  

contingency or exact probability test).

b) Observed disappearance was compared to that expec­

ted on the basis of a 50:50 probability.

Several technical problems arose in the emigration analysis 

(II) when attempting to compare movement after release of animals 

captured during the preceding removal period on the control versus 

experimental plot.

The actual numbers and types of animals present at the time 

of release was not obvious on the control side while on the experi­

mental plot known animals were released. It could not be determined 

whether animals which were captured on the control plot early during 

the preceding 14-day removal period and which were never seen again, 

disappeared prior to or following the release of mice onto the experi­

mental plot. Therefore, it was arbitrarily decided to divide the 

removal period in half, and to allow only those animals which were 

captured and released during the last half of this 14-day interval 

(days 8 to 14) to be used for estimations of subsequent disappearance 

from the control side.

General Statistical Procedures

Homogeneity tests.--Due to the small number of animals present 

in the field, the data were tested to see if they could be pooled in 

order to increase the size of the sample for testing. These tests 

revealed no differences between the individual replications for the
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respective plots; therefore, the data for all replications were

pooled for the experimental plots and for the control plots.

2 x 2  Contingency tests.--The data were analyzed where 
2appropriate by a X analysis ( 2 x 2  contingency table Yates correc­

tion included).

Exact Probability tests.--Comparisons where numbers were small 

(less than 5) were made by calculations of exact probability.



RESULTS

Population Composition

The total numbers of males and females making up the trappable 

population for each species is presented in Table 1. The animals were 

divided into three age categories based on weight at initial capture. 

The weight divisions were arbitrarily determined from a synthesis of 

the age/weight determinations for the same species in the literature 

(DeLong 1967; Gentry 1968; Miller 1969; Krebs, Keller and Tamarin 

3 969) and an analysis of weight versus reproductive condition of 

the animals captured. Such techniques for age determination are, 

of course, subject to error; therefore, conservative estimates were 

made and are presented in Table 1.

Weight ranges for the three species studied were as follows:

Mus muscuius males - 4.8-19.8 g, females = 4.8-17.4 g (27.0 pregnant); 

Microtus pinetorum males - 11.3-39.4 g, females = 10.9-30.6 g (45.9 

pregnant); M. pennsylvanicus males = 21.0-68.9 g, females = 16.1-51.9 g 

(68.6 pregnant).

Table 2 presents the number of different replications in which 

different animals were captured. It should be noted that less than 

257, of the animals of each species were captured in more than two 

replications: Mus 167>ĉ *j 227,? ; M. pinetorum 0.07 C^, 157? ; M. 

pennsy lvanicus 57, d  , 177,^.

21
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TABLE 1. Population composition.

Species Age/Weight Males Females Totals

Mus musculus
Juvenile ( 4. 8.0g) 12 9 21
Subadult (8.0-12.Qg) 39 22 61
Adult ( >  12.0g) 24 25 49
Undetermined _4 9

79 61 140
Microtus pinetorum

Juvenile ( 16.5s) 6 3 9
Subadult (16.5-19.Og) 4 2 6
Adult ( 19.0s) 27 46 73
Undetermined __3 __2 -5

40 53 93
M . pennsy Ivanlens

Juvenile ( 22.Gg) 1 1  2
Subadult (22.0-33* Og) 0 5 5
Adult ( 3  33.0s) 18 35 53
Undetermined _JL _J) ^

20 41 61
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TABLE 2. Numbers of different males and females captured in separate 
replications.

Species Sex 5

NUMBER

k

OF REPLICATIONS 

3 2 1 Total

Mus muscuius

Males 1 3 9 23 k3 79
Females 2 5 T 10 37 61

Microtus pinetorum

Males 0 0 0 9 31 Uo

Females 0 2 6 11 3b 53

M. pennsylvanicus

Males 0 1 0 2 17 20

Females 0 2 5 18 1 6 hi
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Experimental Results

I. Invasion during the periods of removal and return.

Removal Period--Intraspecific 

Comparisons 

Mus musculus

Table 3 presents the number of new and resident Mus trapped 

for each removal period on the experimental and control plots.

Although the total number of different animals trapped was nearly 

equal between sides (94:91), two main differences appear:

1) There are almost twice as many new animals on the 

experimental as on the control plot.

2) The control plot reveals almost twice the number of 

residents as the experimental side.

The results from a 2 x 2 contingency test show that a signi­

ficantly greater proportion of new to resident animals were trapped 

on the experimental than on the control plot (p < 0.05).

Table 4 presents the numbers of Nl, N2, and N3 animals 

trapped on each side. Of the new Mus 100%. trapped on the control 

side were Nl mice (never before trapped), whereas those new Mus which 

invaded the vacated experimental area were composed of 76% Nl and 

24% transfers (N2 + N3) from the control side. Although this percen­

tage of transfers is small, it does show that Mus did move from one 

plot to the other .
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TABLE 3. Numbers of New and Resident animals trapped for
eac^ Hemoval replication on the Experimental and Control
sides faays 2-14).

Species/
Replication

EXPERIMENTAL 
Plot New R* Total

CONTROL 
Plot New R Total

Mus musculus
1 A 4 4 8 B 1 2 32 B 27 4 31 A 10 7 17
3 A 10 9 19 B 8 15 234 B 10 5 15 A 12 20 32
5 A 12 8 21 B _4 12 16
Total G h 30 94 35 56 91
% ON 00 • 32. 38. 62.

Mlcrotus pinstorum
1 A 4 4 8 B 4 4 8
2 B 6 1 7 A 3 4 73 A 4 2 6 B 7 3 104 B 4 4 8 A 4 4 8
5 A 1 5 12 B 10 4 14
Total 25 16 41 28 19 47
of/o 61. 39. 60. 40.

M « pennsylvan1ous
1 A 1 0 1 B 0 1 12 B 3 2 5 A 1 2 33 A 2 3 5 B 4 4 84 B 3 1 4 A 4 3 75 A 6 10 16 B 1 14 21
Total 15 16 31 16 2 4 40
% •CO 52. 40. 60.

R— Abbreviation for Resident animals (see text).
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TABLE 4. Proportions of New(l), New(2), and New(3) 
animals making up the ”total New" on each side during 
the Removal period (days 2-14).

Species/
Replication Nl

EXPERIMENTAL 
+ N2 + N3 = Nt* Nl

CONTROL 
+ N2 + N3 = Nt

Mus muscuius
1 4 0 0 4 1 0 0 1
2 26 1 0 27 10 0 0 10
3 3 7 0 10 3 0 0 34 9 1 0 10 12 0 0 12
5 _7 _2 2 13 4 0 0 Jt
Total 49 -f 12 + 3 - 64 35 0 0 35
% 76. 19* 5. 100.

Hierotus pinetorum
1 4 0 0 4 4 0 0 4
2 6 0 0 6 3 0 0 33 4 0 0 4 7 0 0 74 4 0 0 4 4 0 0 4
5 -1 0 0 JL 10 0 0 10
To tal 25 + 0 + 0 = 25 28 + 0 0 = 28
% 100. 100.

M • p enn sylvani cus
1 1 0 0 1 0 0 0 02 3 0 0 3 1 0 0 13 2 0 0 2 4 0 0 44 3 0 0 3 4 0 0 45 _6 0 0 _j6 JL 0 0 JL
Total 15 0 + 0 *= 15 16 4* 0 0 = 16
<£fO 100. 100.

^""See text for descriptions of nI7"Tj2 "V ̂
9 & j % Nt*
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Microtus pinetorum

Table 3 reveals that practically the same number of new and 

resident M. pinetorum were trapped on the experimental and control 

plots. No difference was found between the experimental and control 

sides in the proportions of new to resident animals trapped.

New M. pinetorum (Table 4) on both the experimental and con­

trol sides were composed of Nl animals only.

Microtus pennsylvanicus

M. pennsylvanicus, similarly to Mus and M. pinetorum, demon­

strated an almost identical number of total animals trapped on the 

experimental and control plots (Table 3). However, like M. pinetorum 

no significant difference in the proportions of new to resident ani­

mals between the two sides was revealed by a contingency test.

Table 4 illustrates that new M. pennsylvanicus on both the 

experimental and control sides were, like M. pinetorum, solely Nl 

animals.

Removal Period--Interspecific 
Comparisons

Only those comparisons that showed significant differences 

or trends are presented below.

Mus mus cuius and M. pinetorum

Although more than twice the total number of Mus as M. 

pinetorum were captured on the experimental side, there was no signifi­

cant difference between the two species in the proportions of new to 

resident animals.
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A significantly greater proportion of M. pinetorum on the 

control side were new than was true for Mus (p < 0.05).

Mus musculus and M. pennsylvanicus

A greater proportion of Mus captured on the experimental 

plot were new animals than was true of M. pennsylvanicus, although 

this difference was significant only at the 0.1 level of probability 

(X2 - 3.08).

Crossing over to the Experimental 
Plot

Fifteen out of 64 new Mus on the experimental plot had crossed 

over from the control side during the 14 days of removal. During this 

same time there were neither M. pennsylvanicus nor M. pinetorum 

transfers.

Return Period--Intraspecific 

Comparisons

Movement into the two plots during the interval following the 

return of animals to the experimental plot was analyzed in the same 

manner as during the removal period.

Mus musculus

During the 6 days following release a larger percentage of new 

Mus were trapped on the control than on the experimental plot (Table 

5). Due to the response on the experimental plot during replication 4, 

the data for these experimental replications were not homogeneous, and 

therefore coiild not be pooled. The first three experimental
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TABLE 5- Numbers of New and Resident: animals trapped for
each replication on the Experimental and Control sides
during the Return period ( 6 days ).

EXPERIMENTAL CONTROLSpecies/
Replication Plot New R* Total Plot New R Total

Mus musculus
1 A 3 8 11 B 8 6 14
2 B 5 6 11 A 9 4 13
3 A 5 15 20 B 7 8 154 B U _6 21 A 12 10 n
Total 28 35 63 37 28 65
% 44. 56. 57. 43.

Microtus -pin etc rum
1 A 3 7 10 B 6 4 10
2 B 1 6 7 A 2 4 6
3 A 4 3 7 B 4 4 84 B 1 4 -5 A 2 3 12
Total 9 20 29 19 15 34
% 31. 69. 56. 44.

M • p en n sr 1 van i cu s
1 A 0 1 1 B 2 1 32 B 1 2 3 A 0 1 1
3 A 2 2 4 B 1 5 6
4 B 2 2 14 A 8 6 14
Total 10 12 22 11 13 24
/S> 45. 55. 46. 5**.

* R = Abbreviation for Resident animals (see text).
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replications however, were homogeneous and when tested against the 

control replications, revealed that significantly greater proportions 

of new Mus moved into the control plot than the experimental 

(P < 0.05). It was not apparent why replication 4 on the experimen­

tal plot had such markedly different results.

Analysis of the invading animals during the return period 

(Table 6) revealed that on the experimental side, 61% of the new 

mice had never before been captured (Nl), while 39% were transfers 

from the opposite plot (N2). The new mice on the control side were 

composed of 467. Nl and 54% crossovers (N2 = 13%; N4 “ 417,). Since 

an equal number of Nl mice entered both sides, the difference in new 

animals between the experimental and control plots was due entirely 

to transfer animals (N2 + N4) crossing over from one side to the 

other.

The number of crossovers shows a net movement of transfers 

toward the control side; however, the proportion of movement in

either direction was not significantly different.

M. pinetorum

During the 6 days of the return period, a greater proportion

of new to resident M. pinetorum was found on the control side than

the experimental plot (Table 5). This difference was significant
2at the 0.1 level only (X = 2.97); however, it does suggest a trend 

toward movement into the control plot.

An analysis of the invading M. pinetorum ( Table 6) shows 

that while 1007. on the experimental side were Nl , those on the con­

trol plot consisted of 897, Nl and 11% transfers (N4) . Although this



TABLE 6. Proportions of N e w ( l ) ,  New(2), and New(4) 
animals making up the Mtotal New” on each side during 
the Return period (6 days).

Species/
Replication Nl

EXPERIMENTAL 
+ N2 + N4*= Nt Nl

CONTROL 
+ N2 + N4 = Nt

Mus musculus
1 3 0 0 3 6 1 1 82 3 2 0 5 3 2 4 9
3 2 3 0 5 2 1 4 74 J2. _6 0 i1 1 _6 1 2

Total + 11 + 0 = 28 17 + 5 ■+■ 15 = 37
% 61. 39. 13. 41.

Microtus pinetorum
1 3 0 0 3 5 0 1 62 1 0 0 1 2 0 0 2
3 4 0 0 4 0 0 4h 1 0 0 1 A 0 1 JL
Total 9 + 0 + 0 = 9 17 + 0 2 = 19
% 100. 89. 11.

M , p enn sj 1van i c us
1 0 0 0 0 2 0 0 22 1 0 0 1 0 0 0 03 2 0 0 2 1 0 0 14 JL 0 0 JL _8 0 0 _8
Total 10 0 0 10 11 0 0 11
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percentage of transfers to the control plot is small, it was the 

only movement detected between plots.

M . pennsylvanicus

Table 5 demonstrates that the numbers and percentages of new 

and resident M. pennsylvanicus on both plots were nearly identical. 

Further, 1007. of the new M. pennsy lvanicus on both the experimental 

and control sides were Nl animals (Table 6).

Return Period--Interspecific 

Comparisons

Interspecific comparisons of the proportions of new to resi­

dent animals captured during the return period revealed no significant 

difference between any combination of species on either the experi­

mental or control plots.

II. Emigration during the period following the return of animals 

to the field .

Table 7 presents data for "movement following release" for 

the three species. These movement data were analyzed according to 

the following terminology:

For comparisons of "Moving versus Remaining":

Movement-- this category includes those animals that 

moved away from the side on which they were 

captured during the removal period. It includes 

moves (1) to the opposite side, (2) to both 

sides, and (3) disappearance (either temporary 

or permanent).
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TABLE 7. Movement during the Return period of animals 
captured during the preceding Removal period._____________

Species/ Plot Recaptured Disappeared21 Disappeared*3
No, Released Same Opposite at release during Return

Mus musculus
Experimental

Nl 39 11 5 23 (5)N2 10 2 4 4 _
N3 1 — 1 _ —
R

c
26
75

10
23 J L17 aControl

Nl 17 4 4 9 (1)N2 1 1 —
N3 — — - _ —
R 20 8 2 10

f§}IB T 3 zMicrotus pinetorum
Experimental

Nl 14 4
N2 — -
N3 —
R 14 9IS 13Control
Nl 16 7N2 —
N3 — —
R 10 6

25 13M. pennsylvanicus
Exp erimental

Nl 10 5N2 —
N3 - -
R T? ToControl
Nl 9 7N2 —
N3 - -
R 10 4

19 IT

8

8

4
T 2

2
■5

(3)
15)TSJ
(2)

Bf

(1)

Try
(l)

TEL
W — W j. 1/lit. iiv-iiiu H CX C: UCStJU. l/U

estimate disappearance at release for the Control side, 
b Refers to animals never-agaln-captured. (See text) 
c Since no animals are released onto the Control plot, 
these numbers are estimates of those available at release.

(See text)
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Remain--this category includes all animals that were 

recorded, during the 6 days following release, on 

the same side as that on which they were captured 

during the preceding 14 days.

For comparisons of "Disappearing versus Reappearing":

Reappear-- this category includes animals that not only 

reappeared during the 6 days following release 

(whether on the same, opposite, or both sides), 

but that also were seen again in a later replica­

tion (therefore, reappearance suggests settle­

ment on the field).

Disappear-- this category includes those animals that 

disappeared at release (may or may not have been 

retrapped later) as well as those that disappeared 

during the 6 day return period (to be never again 

seen).

A. Intraspecific comparisons within the experimental and 

control plots

The following data were analyzed with respect to whether the 

movements of those animals designated during the removal period as 

"new" differed from those designated as "residents."

Moving Versus Remaining 

Mus musculus

No significant differences in the proportions of new and resi­

dent Mus moving or remaining were noted on either the experimental or
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control plots (Table 8) .

When the assumption that all animals present at release have 

a 50:50 chance of either moving or remaining was tested, the move­

ment of experimental new Mus was found to be significantly greater 

than that expected (p < 0.005). The new animals on the control plot

likewise moved more frequently than expected, but at the 0.1 level
2of significance (X = 2.72). Experimental and control residents did 

not exhibit movement different from that which would be expected 

by chance (Table 8) .

M . pinetorum

A significantly greater proportion of new than resident M. 

pinetorum moved away from the experimental side (p = 0.0598). There 

was no significant difference in the proportions of new and resident 

animals moving from the control side (Table 8).

A 50:50 probability test indicates that neither the movement 

of new or resident M. pinetorum differed significantly from chance 

on either the experimental or control plots (Table 8).

M . pennsylvanicus

No significant differences were noted between the proportions 

of new and resident M. pennsylvanicus which moved from either side. 

Further, the proportions of these animals moving or remaining did not 

vary significantly from a 50:50 ratio on either plot (Table 8).

Disappearing Versus Reappearing

The proportions of new and resident animals reappearing as 

compared to those disappearing were tested for the three species. No
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TABLE 8. Differential movement within each plot during
the return period between New and Resident animals
captured 'during the preceding removal period.

Species Plot Move Remain Total

M_us musculus
Exp er i m en t a1

N ew 37 13 50
Resident 16 10 26

Control
New 13 5 18
Resid ent 12 8 20

M i c t o  t v s d j. n e tor I'm
Exp e r i m en t al

N ew 10 4 14
Resident 5 9 14

Control
New 9 7 16Resid ent 4 6 10

M • p enn s vl a an * c u s
Exp eriment al

N ew 5 5 10
Resident 5 7

Control
Now 2 7 Q
Resident 6 4 10
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significant difference was found on either the experimental or con­

trol plots for any of the species (Table 9).

The proportions of animals disappearing or reappearing on 

each plot were compared with that expected on the basis of a 50:50 

probability of each. The proportions of new Mus and M. pinetorum

which disappeared from the experimental plot were higher than
2expected, but at a probability level of 0.1 (X = 3.4 for Mus and 

3.5 for M. pinetorum). These differences did not occur for resi­

dents on either plot or for new animals on the control plot (Table

9).

Males and Females

No significant differences in movement were detected between 

the various age/sex classes within each species; therefore all ages 

were combined and the sexes were compared (Table 10).

Mus musculus

No significant differences between males and females were 

found in comparing proportions moving to those remaining on either the 

experimental or control sides.

Movement significantly greater than that expected by chance 

was found for both experimental and control males and for experimental 

females (p < 0.05).

M. pine torum

On the control plot, significantly greater proportions of males 

than females moved (p = 0.03).

The 50:50 probability test revealed that the movement of males
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TABLE 9* Differential rates of Disappearance within each
plot during the Return period between New and Resident
animals captured during the preceding removal period.

Species Plot Reappear Disappear* Total

Mus musculus
Experimental

New 18 32 50
Resident 15 11 26

Control
New 8 10 18
Resident 8 12 20

Microtus pinetorum
Experimental

New 3 11 lb
Resident b 10 1^

Control
New 6 10 16
Resident 5 5 10

M . p enn sy1van1cus
Experimental

New 5 5 10
Resident 5 2 7

Control
New 6 3 9Resident b 6 10

* Disappear includes disappearance at release and during 
the return period.
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TABLE 10* Differential Movement within each plot during
the Return period between Males and Females captured
during the preceding Removal period.

Species Plot Move Remain Total

Mus musculus
Experimental

Males 28 13 41
Females 25 10 35

Control41,
Males 17 6 23Females 8 7 15

Microtus pinetorum
Experimental

Males 7 5 12
Females 8 8 16

Control
Males 6 1 7Females 7 12 19

M. pennsylvanicus
Experimental

Males 2 2 4
Females 5 8 13

Control
Males 4 1 5Females 4 10 14

* Only days were used from the Removal period to
estimate disappearance at release for the Control side.

(see text)



away from the control side was significantly more frequent than 

expected by chance (p < 0.025). The females did not exhibit such 

differences.

M. pennsylvanicus

Greater proportions of M. pennsylvanicus males than females 

moved from the control side, but at a level of significance of only 

p = 0.07.

Movement of males or females on both experimental and control 

plots did not vary significantly from chance.

B. Comparisons between the experimental and control plots 

within each species 

These comparisons are the same as those made in the previous 

section (A) except that plots are now compared.

Because results were similar for all three species, they are 

treated together below.

Moving Versus Remaining

The difference between the experimental and control plots of 

animals moving compared to those remaining was not significant. This 

was found to be the case whether testing the total numbers of animals 

the invading animals, or residents for any of the three species.

When sexes were compared, there likewise were no significant 

differences in movement for any of the three species.

Disappearing Versus Remaining

No significant difference between plots was found in the
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proportions of new, resident, or total animals reappearing or dis­

appearing for any of the species.

C. Interspecific comparisons within the experimental and 

control plot

The following comparisons were made to detect differential 

movement between species on the experimental or control plot daring 

the 6 days after return.

Only those comparisons that showed significant differences 

or trends are presented below.

Moving Versus Remaining
Mus and M. pennsylvanicus

A significantly greater proportion of new Mus than M. 

pennsylvanicus were found to have moved from the control plot 

(p = 0.01).

The proportions of total animals moving were greater for Mus 

than for M. pennsylvanicus on both the experimental and control plots 

at probabilities of p < 0.01 and p = 0.07, respectively.

Mus and M. pinetorum

A greater proportion of Mus than M. pine torum residents 

moved from the experimental plot (p = 0.108).

M* pine torum and M. pennsylvanicus
A greater proportion of new M. pine torum than M. pennsylvanicus 

moved from the control plot (p = 0.109).
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Disappearing Versus Reappearing

M. pinetorum and M. pennsylvanicus

There was a significantly greater proportion of total M. 

pinetorum than total M. pennsylvanicus disappearing from the experi­

mental plot (p = 0.02). When resident animals were compared, M. 

pinetorum revealed greater disappearance from the experimental plot 

than did M. pennsylvanicus, but at the 0.1 level only (p = 0.08).
Mus and M. pine torum

A greater proportion of M. pine torum than Mus residents dis­

appeared from the experimental plot, but at the 0.1 level of signi­

ficance only (p - 0.075).

Crossing over to the Opposite Side 

Mus and M. pine torum

When the proportions of animals crossing over from one plot 

to the other were compared, the only significance shown was that of 

Mus versus M. pinetorum on the control side. A significantly greater 

proportion of Mus than M. pine torum crossed over to the control side.

Correlation Analysis--Density to Dispersal

A Spearman rank correlation coefficient test was run to test 

the relationship between density and dispersal for each species. The 

number of animals released on the experimental plot was used as an 

estimate for density. Dispersal was regarded as the sum of those 

animals disappearing and moving away from the side of release.

The correlations calculated were not significant for any of



U3
the three species.



DISCUSSION

The three species of rodents studied exhibited varying degrees 

of responsiveness to the experimental manipulations of removal and 

return. These responses will be discussed in relation to the following 

four main areas of significance:

1) Differences in immigration and emigration responses.

2) Species differences and their relation to known eco­

logical characteristics.

3) Indications of homeostatic mechanisms as reflected by

movement.
4) Relationship of density to dispersal.

Differences in immigration and 

emigration responses

A significantly greater proportion of new Mus were trapped 

on the experimental than the control plot during the removal manipu­

lation. Approximately three-fourths (76%) of those animals moving 

into the experimental area had not previously been trapped (Nl) , and 

approximately one-fourth (247>) of the new animals were Mus who had 

crossed over from the control plot (N2 + N3). This movement suggests 

that the Mus surrounding the study field, as well as those on the 

control side, could in some way differentiate between the experimental 

(vacated) and control plots. M. pinetorum and M. pennsylvanicus

44
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exhibited no such differentiation between the experimental and con­

trol plots as was found with Mus. The proportions of new to resident 

animals were the same on both sides, and no animals of either species 

crossed from one plot to the other. Thus, there was an apparent lack 

of detection or responsiveness to the removal manipulation by these 

two species.

For both Mus and M. pinetorum, a significantly greater propor­

tion of new to resident animals were trapped on the control than on 

the experimental plot during the period following return of the 

removed animals to the experimental plot. The type of animals char­

acteristic of these invasions, however, differed between the two 

species. Of the new M. pinetorum which entered the control plot 897. 

were N1 animals (never before captured) ; while 117. were transfers 

from the experimental side (Table 6). This small percentage of 

M. pinetorum transfers would seem to discount the theory that the 

significantly greater proportion of new animals on the control area 

was due to movement of animals away from an "overcrowded” experimental 

plot. Mus immigration into the control plot was made up of 46% N1 

animals and 54% crossovers (N2 -f N4) (Table 6) . This large percentage 

of transfers does not necessarily imply, however, that Mus were 

"overcrowded" on the experimental plot since 40% of the new animals 

captured on the experimental side had crossed from the control plot 

during the same period of time.

It appears that the responses of the two species are related 

to different mechanisms. Although M. pinetorum did not respond
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to the trapping out of the experimental area by significant immigra­

tion, this species did exhibit differential movement into the two 

plots after the return of previously removed animals. It is not 

apparent why M. pine torum responded to the return and not to the 

removal manipulation. This inconsistency may suggest that the M. 

pinetorum surrounding the study area are more sensitive to a dis­

ruptive situation such as the return of animals to the experimental 

plot than to a more passive situation such as that produced by the 

removal of animals. Perhaps then, the greater movement of new M. 

pine torum into the control area was due to the detection of cues 

associated with the release of animals and avoidance of the experi­

mental plot.

Mus was responsive to both manipulations of removal and 

return. This species appeared not only to detect the vacuity caused 

by the removal of animals, but also to respond to the return of pre­

viously removed animals. Invasion of Mus into the two plots during 

both removal and return periods, as well as the extensive movement 

from one plot to the other, suggests that Mus are highly sensitive 

to changes in numbers and respond through movement.

As previously mentioned in the Results (Table 3), there was 

a significant accumulation of resident Mus on the control area 

during the period of population removal. Although not understood, 

it is possible this phenomenon may have been an after effect of the 

invasion which occurred during each preceding replication when this 

same control plot was acting as an experimental area. This
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accumulation of residents may also have been an important factor in 

the number of Mus crossing over from the control to the experimental 

side during the removal period.

No differential immigration into the two plots was found 

during the removal or return periods for M. pennsylvanicus. Such a 

result again seems indicative of insensitivity of this species to 

the manipulations performed.

Emigration from the field or between plots following the 

release of animals captured during the previous removal period pro­

vided further information on movement responses. Several comparisons 

support the suggestion of other workers that prior residency or fami­

liarity with an area may give an individual an advantage over a new­

comer (Braddock 1949, Eisenberg 1962, Healey 1967). Generally speak­

ing, those Mus and M. pinetorum which were new when removed from the 

field did exhibit a greater tendency to move (or disappear) than did 

residents when both were returned. These differences, however, were 

not significant in most cases, and much variability existed (Tables 

8 & 9). The fact that a M. pennsylvanicus was new or resident at the 

time of removal appeared to make no difference in its subsequent 

movements after release.

The question that stands out from these results is why the 

differences in movement between new and resident animals were not more 

distinct. Some of the factors which may have been involved are as 

follows:

First, there is the possibility that there were sufficient



48
environmental requisites to accommodate, to a certain degree, both 

previous residents and newcomers on both the experimental and 

control sides. Van Vleck (1968) suggests that the absence of con­

frontation allows an alien to remain in an area and to establish 

a home range. Metzgar (1971) found a low incidence of negative 

interactions between residents and aliens when population densities 

were low. If densities in the present study, relative to available 

requisites, were low even after return, then perhaps any negative 

interactions between new and resident animals might have been too 

infrequent to produce significantly different movement patterns.

Secondly, the actual manipulations of removal and return 

may have been in themselves disruptions to both new and resident 

animals so that no differences in their behavior could have been 

easily detected through observation of their movements. Davis and 

Christian (1956) reported that alien rats released into natural 

populations temporarily altered spatial and survival parameters of 

the population.

Age relationships. Differential movement related to age have 

been shown in several studies (DeLong 1967, Smyth 1968, Myers and 

Krebs 1971, Getz 1961, Howard 1949, Stickel 1946, and Krebs 1966). 

However, the data obtained in this study revealed no differences 

in novement for any of the age classes of these three species.

Sex Differences. Much has been reported in the literature 

concerning the phenomenon of males moving greater distances than 

females, particularly during the breeding season (Goertz 1971; Myers
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and Krebs 1971; Getz 1961; DeLong 1967; Van Vleck 1968, 1969;

Newsome 1969; and Golley 1961). Significantly greater proportions 

of both M. pinetorum and M. pennsylvanicus males than females moved 

from the control plot. No differences in movement between males and 

females of these two species were found on the experimental plot 

however. The proportions of male and female Mus moving on both the 

experimental and control plots did not differ (Table 10).

Significantly greater numbers of Mus males moved from both experi­

mental and control plots than expected on the basis of a 50:50 

probability. Mus females also showed a significantly greater propor­

tion moving from the experimental side than would be expected by chance 

along.

Krebs (1966) reported data that may suggest an explanation for 

the increase in female Mus activity as well as for the apparent absence 
of differential movement found between the various age classes. He 

found that the movement of subadult and adult females and adult male 

M. californicus was affected by changes in density. Not only was 

there increased movement in sparse populations but subadult males and 

females of "cropped" populations also appeared to have increased 

their movements slightly. Perhaps then, manipulations of numbers of 
animals on the experimental plot in the present study resulted in an 

increase in activity which subsequently obscured any potential differ­

ences in movement between the age classes and, in certain cases, 

between the sexes. The fact that differences between both male and 

female M. pine torum and M. pennsylvanicus were apparent on the control
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but not on the experimental plot, suggests that while differences in 

movement may have been obscured on the experimental side, movement 

of Microtine males and females on the control plot was not similarly 

disrupted. The Mus results however, in which no differences were 

found in the proportions of male and females moving on either plot, 

suggests that Mus are a more sensitive species and can detect the 

manipulations occurring whether they are nearby on the experimental 

plot or at a distance on the adjacent control area.

Species Differences Related to 
Species Characteristics

The data obtained indicate species differences in movement 

responses to the manipulations. Mus appear to be the most responsive 

and M. pennsylvanicus, the least. Interspecific comparisons of 

movement after release of animals supports this contention:
Greater proportions of Mus moved than did M. pine torum 

and M. pennsylvanicus.

Greater proportions of M. pine torum moved (or dis­

appeared) than did M. pennsylvanicus.

The only comparison that deviates from the above trends is the greater 

proportion of M. pine torum than Mus residents which disappeared from 
the experimental side. An explanation for this higher frequency of 

disappearance of M. pine torum than Mus, however, probably lies in the 

characteristic of M. pinetorum animals to be ephemeral-type creatures 

(Benton 1955).

An understanding of the life patterns of the different species
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is helpful in interpreting the results obtained in this study.

Mus, the smallest of the three species is a surface-dwelling, 

highly motile animal with extensive day to day movements (Burt and 

Grossenheider 1952). Caldwell (1964) and Gentry (1966) reported 

that Mus, being highly migratory, rarely establish permanent home 

ranges for any length of time. DeLong (1967) however, stated that 

there is relative stability of home range location once an animal 

enters the trappable population until the time it does leave the 

area. Mus possess excellent faculties for sampling the environment: 

large ears and eyes, and long legs. It seems natural that they 

should be quite capable of detecting and responding to changes in 

population numbers and distribution throughout the field. Although 

M.us have been found to be somewhat territorial (Anderson and Hill 

1965) , Crowcroft 1955), it has been observed that their migratory 

behavior is an important mechanism in reducing interspecific competi­

tion between them and more sedentary species by preventing a popula­

tion buildup (Caldwell 1964, Caldwell and Gentry 1965, and Pearson 

1963). DeLong (1967) proposed that Mus exist in groups of related 

individuals within which there is probably a high degree of social 

contact. Therefore, they could be considered a "contact-prone" 

species. In the present study, Mus reveal through their high degree of 

activity and responsiveness an awareness of their environment that 

appears to be characteristic of this species. More open than the 

Microtines, Mus appear to have developed an ability to detect and 

respond through movement to cues being communicated in the environment.
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M. pennsylvanicus, the largest of the three species, in com­

parison possess small eyes and ears and short legs. These animals 

normally use surface runways but also may use the subsurface burrow 

system of pine voles when present. Krebs (1966) and Van Vleck 

(1968) reported that the dispersal of individual Microtus from one 

area to another was not very common under natural condition and 

that the majority of individuals seemed to live and die in quite 

restricted areas. Krebs (1966) and Godfrey (1954) both noted that 

major shifts in home range, if they occurred, usually resulted in the 

animals disappearance from the grid. Since M. pennsylvanicus tend 

to avoid contact with its own species and other species as well 

(Getz 1962, Novak and Getz 1969), Krebs (1970) suggested that it is 

an "avoidance-prone" species and that it resembles Eisenberg's (1967) 

"solitary species" group. The meadow vole's lack of response through 

movement to the present manipulations may involve many factors. Two 

obvious and important ones are the sedentary nature of the species and 

the low numbers found in this particular population. Low motility of 

established animals as indicated by point residencies (Bowker 1972), 

small territories (Getz 1961), and relatively stationary home ranges 

(Krebs 1966), suggest a limited need for an acute sensitivity to 

changes in their environment. Little response through movement might 

be predicted for a low density population of a species with relatively 

limited sensitivity to such changes.

M* pine torum appears to fall somewhere between Mus and M. 

pennsylvanicus in its responsiveness to these manipulations. The



pine vole is well-adapted for a subterranean habitat possessing a 

sleek and cylindrical body with small and hidden eyes and ears. 

Although much of its time is spent in subsurface burrow systems,

M. pinetorum do run about freely on the surface and are often taken 

outside of their usual runways (Novak and Getz 1969). M. pine torum 

are relatively sedentary animals with limited day to day movements; 

however, Benton (1955) reported that the populations are very local 

and highly variable. Miller and Getz (1969) support this idea with 

data indicating that the population turnover of pine voles is high. 

Apparently M. pinetorum do not remain in the same area year after 

year, but move slowly about. It is most likely this emphemeral 

nature that explains the high rate of disappearance found in the 

present investigation. Responses of M. pinetorum during the return 

period of this study illustrated their motility and sensitivity to 

some of the manipulations. Although a subsurface species, the highly 

variable nature of the M. pinetorum populations suggest that they do 

frequently move, and therefore the ability to detect environmental 

cues and an awareness of changes in the environment would be advan­

tageous to them. However, relatively little is known about this 

particular species.

Ind ications of Homeostatic 
Mechanisms

There appear to be several indications for the Mus population 

of mechanisms regulating numbers on the two plots. The first indica­

tion refers to the invasion of Mus into the experimental plot during
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the period of removal. During this time an overall number of animals 

nearly equal to that found on the control plot was recorded on the 

area being vacated (Table 3). This suggests that there was some 

factor acting to curb the influx of animals into the experimental 

plot as the numerical levels found on the control plot were 

approached. Possibly a feedback-type mechanism involving the experi­

mental, control, and surrounding area may be in operation.

Andrzejewski and Wroclawek (1962) , Van Vleck (1968) , and Krebs (1966) 

also observed that the invasion of rodents into decimated areas 

tapered off as densities on the two plots equalized.

During the period following release, Mus populations on each 
plot likewise attained a numerical level which was similar between 

plots (Table 5). Since an equal number of N1 animals entered both 

sides, the net movement of Mus crossing over from the experimental 

to the control plot appears to have been a significant factor in the 

achievement of this numerical balance (Table 6). Perhaps a mechanism 

similar to that which limited the influx during the removal period was 

again in operation. Petrusewicz (1966) suggested that there are 

mechanisms of a feedback nature in a population characteristic of 

its ecological organization and its numerical dynamics. Calhoun and 

Webb (1953) and Orr (1955) presented data that spatial relationships 

are maintained in populations of small mammals as a dynamic equili­

brium. The apparent balancing of numbers of Mus on the two plots in 

this study supports this view and implies a feedback mechanism of 

communication.
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Relationship of Density to 
Dispersal

Much contradictory evidence is found in the literature con­

cerning the relationship of density to dispersal. Van Vleck (1968) 

and Getz (1961) found increased density to be positively correlated 

with increased dispersal. Krebs (1966), Calhoun and Webb (1953), 

and Gentry (1968), however, indicated that greatest density is not 

necessarily correlated with greatest dispersal.
The correlations calculated in the present study to test 

the relationship between the numbers of animals released and the 

disappearance or movement away from the side of release were not 

significant for any of the individual species. Myers and Krebs 

(1971), working with M. pennsylvanicus, suggest that if behavior 

interactions leading to dispersal are important, then a close cor­

relation between density and dispersal is not expected, and it is 

likely that the amount of movement will be a function of the 

quality as well as the quantity of the individuals making up the 

population. Perhaps the continued disruption of the populations 

in the present study by trapping, removal, and return interfered 

with the development or expression of density correlated dispersal 

behavior.

To summarize this discussion, the information obtained in 
this study indicates the following:

1) The removal and return of animals from local popula­
tions of Mus muscuius, Micro tus pinetorum, and M. pennsylvanicus 
produced cues , the response to which were measurable by movements
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of animals.

2) Mus and M. pinetorum responded through movement to 

these cues in a non-random species-specific manner, while M. 

pennsylvanicus did not.

3) These differences in degree of responsiveness appear 

to correlate with the particular life patterns of each species.

4) A tendency toward the maintenance of a numerical 

equilibrium between plots was found for Mus.
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