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Stage I — the numerical composition and disposition of animals on the investigated
area was determined. Stage II — capturing of all animals found on the experimental
area which were then taken away. Stage III — observation of the process of filling
up of the produced gap, that is incoming and settling of new mice.

In experiments 1—7 traps were placed during two consecutive days and nights in
a week: on the first day on rows with an unpaired numeration, on the following
one — on those with paired numbers. Mice were taken cut from the traps twice in
24 hours — on 22 o’clock and 8—10 o’clock.

After three weeks of capturing on the entire investigated area, catching out of
animals was carried out on six consecutive nights on the experimental area (Fig. 2).
In this period traps were placed three times on each stand of the area.

At the time of capture on the control area a normal registration of mice was
carried out during two days. The period between the two captures was of about
6 weeks, and then the animals were only marked and released (Fig. 2). The date of
separate experiments and the number of rows and points on the experimental and
control areas are presented in Table 1. For the fourth experiment the experimental
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Fig. 2. Scheme of experiment.

area was changed into a control one and inversely (Fig. 1). After a year of experi-
menting, the area was increased by uniting the two areas into a single one, while
a new control area, being a prolongation of the previous one, was arranged. Ex-~
periments 5—7 were conducted on the augmented area.

In experiment 8 the experimental area was surrounded by the control one (Fig. 1).
Capturing took place daily, simultaneously on both areas, while in separate points
the trap remained for 24 hours and was replaced, for the next 24 hours, by a platelet
containing the bait. After 20 days of assessing the numerical composition and dis-
position of the rodents, capturing was carried out during 13 days on the experi-
mental area. During the following 20 days after catching, a normal listing of mice,
according to the system used before catching was carried out.

In experiment 9 the experimental area was prepared. Capture of rodents was
conducted daily in all points (mice were not attracted) for 37 days and then for 14
consecutive days catching out of the animals was carried out. Directly after the
capture, registration of caught rodents was conducted during 3 days and then a 4th
registration at intervals of one week, during which the traps remained for only two
days of the week in all the points.

A comparison of the number of mice settled before the catching out and caught
during .ormation of the gap (Table 2) demonstrated that the method employed is
sufficient for capturing most of the mice living there. In separate experiments during
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2. Incoming mice, caught for the first time, immigrants and animals born on the
area:

a, settling, incoming specimens captured more than once (as in the permanent
settling).

b. migrating, incoming specimens, caught only once and never more.

In the period of trapping and afterwards, analysis of the origin of mice incoming
to the area on which capture had been carried out allows to state eventual transfer
of settled mice from the control area to the experimental one or inversely.

Behaviour of the population on the basis of the behaviour of single individuals.
was analysed in separate experiments.

The size of the material on which the present work is based, is presented in
Table 4.

Table 3.
Number of settled mice caught on separate days of catching out (experiment 9).

. “‘umber of settled mice Days of catching out
Spscies a week before catching out 1 2 3 4 5 6
C. glareolus » (0] 1 i 1 1 4
A. agrarius 140 69 32 10 -] T 7
A. flavicollis Ja 13 12 2 2 2 3
Total 179 82 45 13 i1 9 10
L % of caught 45.7 70 78 B4 89 95
Table 4.
Number of capturing, captures and individuals caught.
I Experiment 1=7 8 U
Area size B.& ha 7.3 ha 4.7 ha
: 54 daily
Observation number: 58 weexly 53 daily 4 weekly
Number Individues | Captures Individues | Captures Individues | Captures
Apodemus agrarius 643 1177 62 251 339 J143
Clethrionomys glareolus 546 1240 108 122 113 376
Apodemus flavicollis 128 276 54 116 104 710
Total 117 263) 724 489 556 4229

ITI. COURSE OF EXPERIMENTS

Three species of rodents appeared on the experimental terrain: Apode-
mus agrarius (Pallas 1771), A. flavicollis (Melchior 1834) and Cle-
thrionomys glareolus (Shreber 1780). When analysing material, both
from catching out as from "regeneration” processes of the gap in popula-
tions, all three species were treated in common — with the exception of
calculation of the mean time of the presence of mice on the investigated
area.

The quantitative level of population processes taking place on experi-
mental areas, as well as their course, depend in a certain measure on the
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The process of diminution of the number of animals belonging to the
permanent settlement can be observed on the control area (Fig. 3) ).

At the same time decrease of the number of mice on the experimental
area is considerably accelerated and magnified through catching out.
After capture an increase in the number of mice takes place, a renovation
of the population.

This increase attains however a rather low level in comparison with the
period before the capture — 30.7—6 (Fig. 3a) 2).

5. : 10 15 20 4

Fig. 4 (a and b). Changes in number of invaiding (constant line) and settling mice
(dotted line) in experiments 1—7.
experimental area,——— control area.

Incoming before the capture is firstly more or less equal on both areas
(11—15) (Fig. 4a). In the second week before the capture incoming
diminishes on the experimental area and increases on the control cne, In
the next week, however, an equalisation of both curves depicting incom-
ing takes places on both areas. After capture the incoming on the experi-

') Numerical data of capture reduced to a comon dimmension of both areas.
%) The numbers presented here will characterise the mean figures for three weeks
before or three weeks after the capture — or for the experimental and control areas,
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mental area increases, considerably surpassing in the first week incom-
ing in the control area and falling later below its level (9—7.3) (Fig. 4a).

Settlement. Fluctuations in the number of mice belonging to the
settling group are rather big on both areas before capture.

After the capture, settling on the experimental area surpasses the
settling on the control one (3.3—1.3), which then descends to a rather
low level. In the third and fourth week an equalisation of the curves for
settlement takes place on both areas.

Experiment 2. This experiment was carried out in the winter of
1956/57, in a period of snow conditions exceptionally favourable for small
rodents. Pericds of more intensive frosts were relatively short. All this
created favourable conditions for the survival of mice. The number of
mice on the control area increases slightly during the whole period of the
experiment. Capture causes a strong reduction in the number of mice on
the experimental area. Regeneration of the population rapidly attains
nearly the same level as that before the capture (6—6) (Fig. 3a).

Incoming. On the control area, during a period of three weeks before
and two weeks after the capture, an increased inccming can be observed,
with the exception of the period of catching out in which the number of
incoming animals greatly decreases. On the experimental area incoming
surpasses initially the level of before the capture (3 . 3—6), but already in
the third week the incoming curves for both areas attain nearly the same
level (Fig. 4a).

Settlement on the experimental area surpasses, in the first week after
capture, the settlement on the control area. Later, fluctuations in the
amount of mice settling on both areas correspond to the fluctuations of
the curves for incoming (Fig. 3a).

Experiment 3. The number of mice regularly settled does not
differ essentially from the number in the preceding pericd. The number
of mice belonging to this group on the control area surpasses slightly the
level of the experimental one (6—7). After the period of capture a decrease
in the amount of permanently settled mice on the control area is observed,
followed by a return to the previous level (Fig. 3a). The general number
of mice in this period is, on the whole, very low.

Incoming. After capture and release it is maintained on both areas on
approximately the same level.

Settlement. Directly after capture it is greater on the experimental
area, being equal to zero on the control one. In the third week after cap-
ture settling on the control area exceded that on the experimental one,
which had been reduced to zero at that time (Fig. 4a).

Experiment 4. The experiment was carried out when the experi-
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mental area had been converted into a control one and inversely. The
permanently settled part of population on the control area surpasses
before and after the capture the numerical level of the experimental area
(4—5.3). After a period of regeneration the number of mice permanently
resident on the experimental area surpasses the level before catching out
(4—+6) (Fig. 3a). The fundamental course of the regeneration of the popu-
lation does not differ from the preceding ones.

The incoming on the experimental area after catching out transgresses
at first the level of the control area (8.3—5) later the difference between
the curves diminishes. :

Settling. Immediately before capture cn the control area it surpasses
the settling on the experimental area (0.7—5). After capture the levels of
both curves do not differ essentially from each other (2.3—3) (Fig. 4a).

As already mentioned when describing the method, captures 5, 6 and 7
were carried out on the enlarged area.

Establishing of two identical areas in the terrain is not possible,
especially because of the mosaic-like structure of the evironment (B o-
rowski & Dehnel, 1952). However the course of both areas along
a natural environmental zone might indicate their similarity. They were
therefore treated in common in the description of the terrain. It appeared,
though, that the new control area was distinctly characterised by a higher
level in the number of mice.

The presence of a larger quantity of mice on the control area was the
cause that the level of fluctuations of the number of incoming and settling
animals was higher than on the experimental area (Fig. 3b, 4b).

Experiment 5. Beginning of the increase in the number of mice
in the terrain. After catching out, a rapid "regeneration” of the popu-
lation, and a small decrease of mice, takes place on the experimental area.

Incoming after catching out increases rapidly on both areas; this is
caused by an increase of the general number of animals. Settling attains
a rather high level on both areas.

Experiment 6. The period of catching out takes place in a moment
of considerable incoming on both areas. On the control area an especially
rapid increase in the number of mice belonging to the resident population
can be observed. On the experimental area a rapid ""regeneration” of this
population takes place, and the number of mice surpasses the level before
catching out (18—24).

Incoming is rather great on both areas of capture (72 mice on the con-
trol area, 108 on the experimental one). After trapping incoming is still
high on both areas, in spite of the fact that a very great number of mice
have been caught (191) (23.5—25.3).
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Settling after capture increases at first on the experimental area in
comparison with the period preceding it (7—12). At a later period settling
diminishes. Settling decreases on the control area after catching out. It
then runs along more or less on the same level as that of the experi-
mental area (Fig. 3b).

The phenomenon of such a great incoming as in the case of the above
experiment was exceptional and greatly deformed the general picture of
its course.

Experiment 7. The period of the decrease of the number of mice
in the terrain. On the control area the number of permanent settled mice
diminishes already before catching out.

The catching out itself, however, reduces rapidly the number of mice
in the experimental area.

The regenerative” process of the population has a relatively slow
course and the small number of mice does not attain the level before
catching out (24—05).

Inceming. The general level of the incoming also decreases, although
a certain increase and some fluctuations in the number of mice on both
areas can be noticed (Fig. 3b).

Settling on the control area after catching out is slightly higher from
that on the experimental one (2.3—#6). The course of both curves is similar
(Fig. 3b).

Experiment 8. This experiment was carried out in 1960, in
conditions of a considerable lowering of the number of rodents. After an
intensive catching out which reduced by 95% the permanent settlement
of the experimental area, the liquidation of the gap thus formed in the
population progresses slowly, owing to a small incoming of new mice.
During the trapping and 20 days after, 24 individuals came into the
experimental area, of which 17 were caught during capture and of the
remaining 7.5 settled on the area. 39 individuals came onto the control
area of which 19 settled.

Experiment 9. The experiment was carried out in 1959 at a period
when Apodemus agrarius appeared in mass numbers. The general number
of this species attains a very high level, tenfold higher than that of 1958.
Catching out was conducted at the period of a natural and rapid reduction
of this mass appearance and greatly hastened the course of this pheno-
menon on the area in question. After catching out regeneration was very
slight and mostly Clethrionomys glareolus came onto the area.

A similar invasion of this species was also observed on other
experimental areas and it might be that it was related to the general
reduction of A. agrarius (Andrzejewski & Wroclawek, 1961).
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IV. ANALYSIS OF RESULTS

In all experiments catching out was effective and caused a considerable
reduction of the resident population (Table 2). The numercusness of the
population recovers the level existing before catching out in the 2—4
week.

After catching out on the control area a more or less considerable

Table 5.

Number of settled mice on control area, passing after trapping onto the experi-
mental area.

Experiment No. 1 2 3 N 5 6 T 8 | Total

Number of mice settled:

On control area a week before capture 25 | 11.5 % 1.5 | 3 |27 | 28 | 38 167
caught 2 4 1 (4] 3 2 0 (] 9

On the experimental area sotiied o 0 i 0 o o o o 4

Table 6.
Number of mice: resident, incoming and settling (experiments 1—7).

ExXperimental area Control area

Exp. Avg. 3 weeks Week after capture Avg. ) weeks Week after capture

no. vefore capture 1 2z 3 4 before capture 1 2 3 &

1 30.7 2 3 B 7 26 18 195 8 e

| = 2 6 1 5 7 2 ) 8 11.5 10 10

Gl b 2 4 5 4 7 5 ik 1.5 8

5 4 L 1 5 6 6 5.3 b 5 10 10
Sy 13,7 4 10 12 19 255 19.5 | 18 21 19.5
§ 6 18 3 20 | 26 27 22,5 48 48 37 45.5

a7 24 1 4 6 5 35 19.5 | 21 19,5 | 18
X 2 7.3] 10 10,4 L R B L T S

1 1 9 8 5 1 5.5 5 T15 1 1S 3
g2 3.3 5 10 2 4 10.5 20 15 3 1.9

El > 4 5 5 0 1 5 5 5 65| @

w4 3 E 5 12 1 B¢ L 8 8 13
215 17 9 14 12 15 22 10.5 | 21 15 1.5
S| 14 | 20 |15 21 23 19.5 | 25.5 | 31.5 | 25.5

S E 15 13 - 1 13 17 15 g 7.5 | 18

X 12 9.4 | 6.9 9,4 10,9 [ 1358 1% 13

! i 3 3 5 2 1 7.6 0 £ 3 0

g2 1 b 5 0 3 4 0 6.5 1.5 0

.3 3 2 3 2 0 0 2.6 0 0 Gysi 1 0

3 4 0.7 4 1 2 1 5 1.5 5 3 3

" | 3 & 7 4 8 7 11.5 3 7.5 6 18

=

g 16 7 17 1 8 10 10.5 10.5 PUBL R 15

a |7 T3 4 3 o 2 4.5 7.5 6 3 6

X 6 4.3 2.9 et 2 4ob 5 6
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decrease of the number of settled mice takes place, which later becomes
equal to the previous numerical level. Analysis of the displacement of
mice between the control and experimental areas demonstrated that the
number of animals passing from the control area to the experimental one
is insignificant (Table 5). It might be possible that the influence of
catching out in the experimental area upon the control area consists in
a heightening of migration, which in turn causes a temporary decrease in
~ the number of mice on the control area.

In experiments 1—7 accurate numbers of mice from the permanent
settling of the incoming ones and of those that had settled were listed
three weeks before and four weeks after catching out, with the aim of
obtaining general rules for the regenerative processes (Table 6.).

Then settlement and incoming processes were compared and the
number of mice of resident population on both aress before and after
trapping and the comparison of the control and experimental areas was
carried out in the following manner:

1. Mean number of mice (for ex. of incoming ones) during three weeks
befcre trapping on the experimental area with numerical results for each
of the four weeks after capture on the experimental area.

2. Mean number of mice 3 weeks before trapping on the control area,

- with numerical results for each of the four weeks after catching out — on
the control area.

3. Mean number for 4 weeks before trapping on the control area, with
numerical results for each of the 3 weeks before catching out on the
experimental area.

4. Mean number for 4 weeks after trapping — on the control area, with
numerical results for each of the 4 weeks after capture — on the ex-
perimental area.

If trapping has an actual influence on processes of decreasing, settling,
incoming and on the number of resident mice, differences in their course
before and after trapping on the experimental area ought to be much
greater than the corresponding differences in the same period on the
control area. When comparing the control and experimental area before
catching out the differences should be insignificant, while difference
between the area where capture tcok place and the control one ought to
be considerable and significant.

Mean numbers obtained for both areas were compared by means of
Student’st test. Comparing the two dependent courses of observation,
differences between the mean number of rodents before capture and the
mean results for separate weeks after trapping, or between the mean
numbers for the control and the experimental area are calculated. Tables
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Table 7.

269

Probability of insignificance of difference between mean figures three weeks before
trapping (marked "O”) and numerical results for each of the weeks after trapping.

T
Week I /1 | 0/2 0/3 0/4
Exrerimental area
Constant settlement 0. 000 0. 066 0.287 0.462
Settling 0.230 0.425 0.058 0.319
Incoming 0.205 0.425 0.230 0.425
Centrcl area
Constant settlement D.258 0.287 0.319 0.287
Settling 0.182 0,353 €. 500 0.425
Incoming 0.5C0 0.319 0.075 0.319
Table 8.
Probability of insignificance of difference between the experimental and control
area.
Week before catching out Week after catching out
J 2 1 1 2 3 4
Copstant settlement 0.205 0.50 0.2.87 0. 002 ©C. 008 0, 021 0.019
Settling C.287 0.42% 0.258 0.142 0.161 0.040 0.258
Incoming 0. 005 0.031 0.205 0.267 0. 051 0.097 0: 161
Table 9.
Mean time of presence of mice on investigated area.
A. agrarius te = 11, t = 2.66
C. glareolus te = 3.4, e = 0.01; t = 2.548.
> Experimental area Control area
. Experiment
a No No. Mean time ¥o. Mean time
@ individuules of presence individuales of presence
1 2 25 2 5
2 5 2.6 4 3
3 3 s o i 2
b "
E J J &L = =
& 3 12 3.4 5 1.4
: 8 22 b1 2 2
5 7 1 - = i =
] -
x = 3.1 X =2
1 8 sl - -
] 2 3 T 1 3
= 3 5 3.2 1 2
8 4 6 855 5 1.8
'E‘; 5 6 3.3 5 1.6
2 6 19 3.3 ] 3
£ 7 6 3.8 3 2
X = 3.4 x = 2.5
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7 and 8 demonstrate the probability that differences in mean values before
and after catching, or between the experimental and control area, are
statistically insignificant. The values of probability, lower than 0.05,
determining the essence of the difference, are stressed.

Ccomparison of the number of mice pertaining to separate groups
(resident population, incoming animals, settling ones) according to the
previously presented scheme, gives the following picture:

1. The number of mice settled in the first week after trapping is
effectively lower in relation to the resident population before the trapping.
The increase of the amount of settling or incoming mice, even if it takes
place, is not statistically significant (Table 7).

2. For four weeks after trapping the number of mice settled on the ex-
perimental area is effectively lower on the control area.

3. Settling and incoming do not show essential differences (Table 8).
A really lower incoming in the 3rd week before trapping can only have
an accidental origin (Table 8).

In experiments 1—7, indexes were calculated for the time of sojourn
of mice which migrated onto a area during two or three weeks after
trapping had been carried out and remained there until the next capture.
This was done with the aim of characterising the length of stay of animals
after catching out on the experimental and control area.

The interval between trapping being of 6 to 8 weeks, groups of mice that
could stay on the area in theory for 1—5 weeks, were selected for all
trappings. The actual time of sojourn of all mice of the groups was then
summed up and mean values were calculated as indexes for determining
the length of their stay on the area (Table 9).

As the mean length of the time of sojourn (that is the time from the
first capture to the last) of individual species differs (Andrzejewski
& Wierzbowska, 1960), these indexes were calculated separately for
Apodemus agrarius and for Clethrionomys glareolus. No index was
established for the species Apodemus flavicollis, which appeared in small
numbers. The indexes thus obtained for the experimental and control
area were compared according to Student's ¢t test. [t was stated that
the lapse of time spent by both species on the experimental area was lon-
ger than on the control one and that the difference is significant on the
0.01 level (Table 9).

V. DISCUSSION OF RESULTS

In experiments 1—7, when observing the course of the curve for the
number of mice of the permanent population, a more rapid rate of rege-
neration can be seen in periods when the number of animals is greater
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(Exper. 2, 5, 6). At the time when the number of animals decreases the
rate of regeneration is slower (Exper. 1, 7, 8, 9). It can be noticed that
independently of the number of mice, the time of regeneration of the po-
pulation is short (about 4 weeks). After four weeks the number of mice
settled on the area attains a determined level. It can be egual to, (Exper.
2 4), lower (Exper. 1, 3,7, 8, 9) or higher (Exper. 5, 6) than the level
before trapping and numerical differences in separate experiments are
only expressed on the level of curves. The new numerical level results
from the general numerosity of the population surrounding the area on
which capture had been carried cut. In years with a small condensation
of rodents and in the period of the spring minimum the level of regene-
ration is low; it is high in the autumn peaks. This result seems to
corroborate the standpoint of Naumov (1955) that the rate of
liquidation of the gap can depend on the numerical relation on the
investigated terrain. The period of four weeks, admitted in calculations
of "regeneration”, is sufficient — after this period the influence of
trapping on the course of the curve for the resident population is no
longer apparent.

Calhoun & Webhb (1953) observed a considerable incoming during
the time when capturing was being carried out on two areas on which the
resident part of the population had been captured previously. They ex-
plain by means of two hypotheses this movement in the direction of the
"vacuum” thus formed:

I. When the surface of individual areas is limited by areas with different
animals and the separate individuals usually avoid mutual contacts, then
the removal of animals from one side of the area ought to cause a displa-
cement of activity of the individuals, from the border with a considerable
concentration of neighbours towards the emptied area.

II. If the animals strive to maintain a certain level in the number of
their mutual meetings, an alteration of this level caused by capture of
a certain number of animals shall provoke a more intensive movement
on the border of the evacuated terrain, aiming at a return to the previous
level of meetings.

Calhoun & Webb affirm that a too small area for capture shall
not provoke a destroying of settled animals, as the determined level of
meetings can be restored by means of an increase of mobility without
change of the habitual living place. Thus, in the first case, the animals
occupying the terrain on which capture had been conducted, would belong,
first of all, to the permanently settled group. In the case of a small area it
can be expected that the migrating group shall settle on it.

We have demonstrated that animals settled on the control area, that is
on the terrain directly contiguous to the experimental area or surrounding
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it, immigrate onto it in extremely small numbers (Table 5). The majority
of incoming animals is therefore composed of migrating animals.

Borowski& Dehnel(1952) achieve similar results, using cylinders
for capture on defined areas.

This would prove that a certain conservatism exists in a part of the
settled population in relation to its area. Regeneration of the gap would
therefore take place at the cost of mice belonging to the migrating part
of the population. This signifies that in our case the phenomena suggested
by Calhoun & Webb do not take place. -

These results are in accordance with those obtained by Ha y ne (1949)
for Microtus arvalis. He did not ascertain, after trapping, that the centres
of activity of individuals from neighbouring fields are displaced towards
the area where capture had been carried out.

Liquidation of the gap in the population can theoretically take place by
means of a greater settling of incoming animals or by a diminished
decrease of their numbers in comparison with the surrounding terrains.
A statistical analysis of the process of incoming and settling demonstrated
that, as result from the experiments, a basic means for regeneration of the
population was the longer period of time during which settling individuals
remained on the experimental area, as compared with the control one.

A similar result was obtained by investigating the mechanism of
considerable numerical increase of A. agrarius in 1959. It was stated that
the mass appearance of this species took place, among others, by means
of a greatly prolongated time of sojourn of individuals on the investigated
area (Andrzejewski & Wroctawek, 1961). We could not,
however, demonstrate in our experiments an increased incoming of
individuals onto an area deprived of resident animals. This might
confirm, once more, the fact that the level and rate of regeneration
depend on conditions existing in the entire population.

VI. CONCLUSIONS

1. The process of filling of the gap takes place at the cost of mice migrating
among the surrounding population and not at the cost of mice settled on the
periphery of the terrain in which trapping had been carried out, as could be
inferred from the suggestion of Calhoun & Webb (1953).

2. Regeneration takes place through increase of the time of settling of immigrants
on the area where capture had been carried out. In the conditions in which these
experiments have been conducted, it did not prove possible to demonstrate the
increase of the number of incoming mice settling on the area where capture had
been carried out, as compared with the control area on which capturing had not
taken place.

3. The rate of "regeneration” of the gap in the population depends on the general
state of the numerical level of the surrounding population.
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STRESZCZENIE

Celem pracy jest proba ustalenia sposobu likwidacji przez gryzonie luki wytwo-
rzonej w ich zasiedleniu, Luke wytwarzano eksperymentalnie odlawiajgc zwierzeta
z okreslonej powierzchni w lesie.

Badania prowadzono na terenie Kampinoskiego Parku Narodowego w lasach przy
Stacji Terenowej Zaktadu Ekologii P.A.N. w Dziekanowie LeSnym.

Na badanych terenach wystepuja licznie trzy gatunki gryzoni: Clethrionomys gla-
reolus (Schreber 1780), Apodemus agrarius (Pallas 1771) i Apodemus flavi-
collis (Melchior 1834).

Metoda badan polega na potowach gryzoni (Tabela 4) w putapki Zywolowne, zna-
kowaniu indywidualnym i wypuszczaniu. Luke wytwarzano przez codzienny odlow
w ciggu kilku do kilkunastu dni. Wyniki polowéw zestawiono wedlug metody ,ka-
lendarza zlowien”. Zastosowana metoda polowdw i zestawienia danych pozwala na:

1. Wysoce doktladne (jak na badania terenowe) poznanie skiadu i liczebno$ci po-
pulacji

2. poznanie historii Zycia na badanej powierzchni kazdego osobnika osiedlonego

3. odlowienie w okolo 95% myszy osiedlonych na powierzchni badan (Tabele 2, 3).






