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The experiments covered 40 populations of confined house mice bred
in wooden cages during 70 weeks. Part of the each population was re-
moved on the same day at 12 week intervals. It was determined that an
increase in the intensity of exploitation in the entire gradient applied
(from 09/ to 679/ of the total number of individuals) leads to correspond-
ing changes in some population parameters: (a) increase in the survival
rate of mice not older than two weeks, and (b) decrease in the average
numbers and biomass of the population, in the numerical peak, in body
weight losses, and in survival rate in the age group 11—14 weeks. Some
of the parameters varied only within certain limited ranges of exploita-
tion intensity i.e. average number of newborn mice per one female, and
number of adult females. On the other hand, the body weights and bio-
mass production of the population displayed an even counteracting cha-
racter cf changes for various ranges of exploitation intensity.

Biomass production and the total number of individuals in the po-
pulation were compensated only when the exploitation rate did not ex-
ceed 32—349/; of the total number of individuals in the population.
A further intensification of exploitation led to a decrease in the value of
these parameters. The main compensating factor was the survival rate
of mice not older than two weeks. Exploitation led to alterations in the
percentage of various age groups in the biomass production of the po-
pulation.
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1. INTRODUCTION

In the last ten years, the problems of the dependence of the population
production on the intensity of its exploitation, the changes sparked off by
exploitation and the action of compensation mechanisms have acquired
considerable practical significance. : ; ;

Under laboratory conditions there has so far been investigated, first of
all, the exploitation of algae population (Ketchum, Lillick & R ed-
field, 1949), and also of invertebrates: Lucylle (Nicholson, 1954),
Daphnia (Slobodkin, 1957, 1962), Tribolium (W a tt, 1958), Brachionus
(Hillbrieht-I1lkowska & Pourriot, 1969).

The aim of the present study has been to investigate the effects of ex-
ploitation on confined mouse populations under laboratory conditions. The
author has attempted to establish the dependence of production on ex-
ploitation, changes in the population being the result of variations in the
intensity of exploitation, and also compensation mechanisms. The author
supposes that such studies may contribute to a better understanding of
the processes caused by the elimination of individuals from the vertebrate
populations living at large.

2. METHODS

The study was carried out on 40 confined laboratory populations of white mice
(Mus musculus Linnaeus, 1758) during the period from July 1965 until November
1966 (70 weeks in all) under laboratory conditions. Each population was placed sepa-
rately in wooden cages (160 > 40 X 10 cm) (Fig. 1). At the beginning, each of the 40
populations consisted of 6 females and 3 males about 3 months old.

The animals were given unlimited water and food (granulated mixture MSL), and
twice a week they were supplied with sprouting wheat seeds and milk. Once every
two weeks all the cages were cleaned, the old litter (sawdust) was removed and re-
placed with a clean supply, and all the mice were weighed.

The cages were checked every day, the number of newborn mice and their total
weight were recorded (all the mice born on the same day were weighed together),
and then these newborn mice were weighed successively twice a week, again to-
gether. Each individual was marked with a separate number painted on the hair in
its 4-th or 5-th week of life, and from that moment until its death it was weighed
separately every two weeks.

After 10 weeks (and in 7 populations after 34 weeks) from the moment when the
experiment was initiated, the exploitation was begun, i.e. the removal of mice from
the population.

There are at least two methods of exploiting a population. The first of these
consists in the removal of such a number of individuals which forms a specified per
cent of the total number of individuals in the population (»), during the study per-
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iod. The other consists in removing such a number of individuals which forms a spe-
cified per cent of the standing crop (N) of the population at the time when each
check is being carried out.

The application of the first method of exploitation would require a current ana-
lysis of the data obtained which would undoubtedly entail much more labour. And
consequently the other method was adopted and the exploitation was put into
practice by removing a certain varying number of mice but which makes up a fixed,

nest boxes

Fig. 1. Distribution of the cages with populations studied and the design of one
of the cages.

Table 1

Pattern of the exploitation of the population (intensity of exploitation expressed
as per cent of mice removed from the numbers of the population on the day of the
removal).

Intensity of exploitation in 0/, (URadt [ SR |, - L T

Number of populations 6 6 5 3 o013

the same for each population, per cent of individuals found, on the given day, in the
population (per cent of the standing crop). All the populations were divided into
6 groups according to the intensity of exploitation (Table 1).
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The removal of individuals from the population (exploitation) was carried out
every 12 weeks, i.e. mice were removed five times during the study period in 33 po-
pulations and three times in seven populations.

All the populations were exploited proportionally to the numbers of age and sex
groups.

As between the moments of exploitation varying numbers of individuals could
have been born in different populations, and as their survival rate could vary, we
might expect differing values of production for populations with similar numbers
of individuals (standing crop) on the day were checked. And thus it is better to
express the exploitation intensity by the per cent of removed individuals when the
basis was the total number of individuals () which lived in the entre 70-week study
period.

The relationship between the exploitation indexes calculated as percentage on the
numbers (N) and those calculated as the percentage on the total number of mice
present in the population (¥) have been analysed (Fig. 2). The increase in the index
calculated on the basis of the numbers on the day when mice were removed, corres-
ponds to the increase in the index based on their total number in the population

Fig. 2. Dependence of per cent of mice removed from the numbers on the day of the
removal (y) on per cent of mice removed from the total number of mice in the po-
pulation (x).

(1) r = 0.9863, n = 26, ¥y’ = 2.3990x — 1.3694

until the moment when the latter reaches the value of 359/,. Any further increase in
the value of the second index has no effect on the first index. Thus the index of
exploitation calculated as a per cent of mice removed from the total number of in-
dividuals in the population has a wide range of variation as compared with the index
presented in the form of a per cent of mice removed from the total numbers on each
exploitation date, and consequently it seems to be better for the purpose of com-
paring with various population parameters.

Most of the data obtained were analyzed with the following statistical methods:
(a) the existence of linear dependence was concluded from the value of correlation
coefficient (r) and the estimate of its significence P = 0.05. (b) after determining the
significance of the correlation coefficient, the dependences studied were calculated
from the equation of linear regression:
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y=ax+b

Taking into account the possibility of being faced with a curvilinear dependence,
the shape of which might be difficult to determine, the empirical data of the para-
meters studied were divided, for the sake of convenience, into classes of different
values. However because, the variation of one parameter as a result of the increase
in the other parameter is rather continuous and it is difficult to establish the limits
of the classes, the values approaching these limits were included in both the neigh-
bouring classes. For each of these classes the correlation coefficient was calculated,
and in the case of its significance, also an equation of linear regression (y)2). The
data presented in Fig. 14 form an exception as the curvilinear dependence was cal-
culated there from the following formula:

y=a*bx
The values of correlation coefficient and simple regression y for the recorded

significant linear dependences are presented in Table 2. In the case of significant

Table 2

Values of the correlation coefficients (r) between the degree of exploitation and the
remaining parameters studied and the respective for these dependences equation
of regression (y).

' ‘ Number of
No. Parameters studied r ‘ y=ax+b attemps
1 N dn the day of the
| checking —0.6510 —0.8270x + 80.1136 40
I 2 B on the day of the
checking —0.7630 —21.5286x + 1645.7260 40
3  Numerical peak —0.6447 —1.1189x + 110.2882 40
| 4 Period until the moment
- when the numerical peak
occurred —0.34 — 31
5 Survival in the 2nd week
of life 0.6525 0.3912x + 62.2736 40
6 Age at which males and
females have the same
body weight —0.5394 —0.0589x + 10.9787 40
7 EN —0.9188 —0.8143x + 90.2847 40

curvilinear dependences, the empirical data of the factors studied and of simple re-
gression are presented graphically — giving also the values of r and y.

In the cases when no significant linear dependence between the factor studied
and the degree of exploitation intensity was recorded, the author calculated the
mean value of the factor and the confidence interval of this value (Fisz, 1958).

2) As a limit of two successive classes the author has taken the point of inter-
section of (1) the respective lines of regression when 7 was significant for the two
classes, or (2) the intersection of the line of regression with the arithmetical mean of
the class in which r was not significant. And thus some values of points where the
curve changed its course may slightly differ from those presented at the Conference
in Oxford where they were estimated on the basis of the intersection of the lines of
regression calculated irrespective of the significance of r.
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3. DEPENDENCE OF SELECTED POPULATION PARAMETERS
ON THE INTENSITY OF EXPLOITATION

3.1. General Characteristicsof the Dynamics of Nl_;mbers (N) and of the Biomass (B)

The number of individuals in mouse populations wvaries considerably
both in free-living populations (Strecker, 1954; Southwick, 1958;
Petrusewicz & Andrzejewski, 1962; Adamczyk & Pe-
trusewicz 1966, and others) and in those which are confined (Br ow n,
1953; Strecker & Emlen, 1953; Southwick, 1955a; Crow-
croft & Rowe, 1957; Petrusewicz 1957, 1960, 1963; Walkowa
& Petrusewicz, 1967). The periods of time between numerical extre-
mes differ considerably.

In order to be able to determine whether exploitation affects the nume-
rical level of the population, the dependence of the average number of
individuals (N) according to the degree of exploitation intensity was
analysed (Table 2, line 1). It has been concluded that the average numbers
decrease when exploitation becomes more intensive. When no exploitation
is applied, the average numbers of the population amount to 80.1 indivi-
duals, and when the exploitation index reaches 67.4% it falls down to
24.4 individuals.

An analysis of the average biomass (B) per one checking and per one
population as dependent on the degree of exploitation intensity was car-
ried out (Table 2, line 2). The calculated linear regression served to esti-
mate the value of biomass at extreme degrees of exploitation intensity. It
turned out that the average level of biomass decreases when exploitation
is intensified. When there is no exploitation it amounted to 1,646 grammes
and it fell down to 195 grammes when exploitation is most intensive.

The peak population size also depends on the degree of exploitation in-
tensity (Table 2, line 3). After removing 67.4% of individuals from the po-
pulation, the peak population size amounts only to 34.9 individuals, while
in the case when no exploitation is applied it reaches 110.3 individuals.

No dependence was recorded betwen the degree of exploitation inten-
sity and the length of time between the initiation of the experiment and
peak population size (Table 2). The peak could be recorded, on the aver-
age, 27.6 £ 2.0 weeks after the day when the population had been esta-
blished.

3.2. Production of the Population (P)

Production (P) was calculated as a sum of all the gains in body weight
of each individual together with body weights of all the newborn mice
minus the sum of all the losses in body weight of separate mice (Petru-
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sewicz, 1966, 1967). It has already been found ouf (Walkowa &
Petrusewicz 1967) that the total gain in the population biomass can
vary significantly although the populations are started with the same
initial numbers of individuals and are kept under indentical conditions.
The total production can also vary (Table 3) even when the same degree
of exploitation intensity is applied. For instance, population No 39 pro-
duced twice as much of biomass as population No 1.

Nonetheless it was determined that the production increases only when
exploitation rises to 31.6%0 (from 721 gm/12 weeks to 1,152 gm/12 weeks).

Table 3

Production of a mouse population (P) in the period of 70 weeks recalculated
§ per one year.

Population |Per cent of | P Population Per cent of P

No. !exp]oitation (in g) No. exploitation (in g)
3 0.0 2360 22 19.8 4056
14 0.0 3559 23 20.9 5630
18 0.0 2652 27 21.1 4670
20 0.0 3968 15 229 2660
28 0.0 3656 6 24.3 4558
39 0.0 4801 37 254 3294
[ 32 2.9 3289 24 27.6 4299
4 3.1 3822 13 27.9 3749
34 3.6 2765 36 28.5 5102
9 5.3 2656 35 32.1 6143
8 5.5 3194 40 36.0 7083
19 6.0 3196 38 37.3 3993
7 10.6 3839 10 37.8 2946
5 11.6 3335 31 41.5 3179
11 11.9 3100 2 42.9 4246
17 12.3 2628 26 48.7 4680
29 127 6156 25 50.7 2781
12 14.5 2637 33 51.5 2714
16 18.7 3974 30 959.9 2163
3 18.9 4667 21 67.4 2049

A further increase in the exploitation rate results in a decrease in the pro-
duction value. When 67.4%0 of individuals are removed production amounts
to only 395 gm/12 weeks (Fig. 3).

The character of the changes in the size or population production de-
pends also on the exploitation rate (Fig. 4). When no exploitation is applied
production increases sharply in the initial period quickly reaching its
highest peak and its lowest level of decline. When the exploitation range
varies from 2.7—15%0 the curve of production is similar, however its peak
is lower and the decline less pronounced. The value of production when
exploitation varies from 15--30% is quite steady. When the exploitation
is intensified still further, production declines after a relatively low peak,
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Fig. 3. Dependence of the biomass production (P) on the degree of exploitation.
P —recalculated as an average value for the period of 12 weeks when exploitation
was applied (from the 10th until the 70th week of the study period).
(1) r = 0.4881, n = 32, ¥y’ = 13.6208x + 720.7243
(2) r = —0.6492, n = 14, y’ = — 21.1450x + 1820.3988

(9]
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Fig. 4. Production of the population in the successive periods while the experiment
was carried out (P for 12 weeks).
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but its course does not reveal such a wide gap between the peak and de-
cline of production as for a small scale of exploitation.

In cach population the production of young individuals (up to 5 weeks)
was distinguished from the production of older mice (separately males and
females). The percentages of males, females, and various age groups of
young mice produced in the populations were calculated (Fig. 5).
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Fig. 5. Percentage of different age classes of individuals produced in the population
according to the degree of exploitaticn.

These percentages of separate age and sex groups do not always depend
cn the intensity of exploitation. The percentage of males produced
does not depend on the degree of exploitation intensity and it
amounts, on average, to 16.8 * 1.0% of the total biomass production of
the population. On the other hand the percentage of females produced de-
creases when the exploitation is intensified from 21% down to 14.6%4. The
percentage of young mice (not older than 5 weeks) is high and amounts
to 60.6—69.7%u.

Acta theriol. 20
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The high percentage of juveniles in the production of biomass is known
for populations of small rodents which were not artificially exploited
(Walkowa & Petrusewicgz 1967; Petrusewicz & Walko-
wa, 1968; Petrusewicz Andrzejewski Bujalska & Gli-
w icz 1968). The introduction of exploitation increases the percentage of
young individuals produced. However the percentage of individuals not
older than two weeks (feeding exclusively on the mother’s milk) in the
entire production does not depend on the exploitation rate and amounts,
on average, to 38 + 1.2%. Exploitation decreases the percentage of new-
born mice in the production from 18.7 down to 8.4%, so it may be stated
that the share of newborn mice in the total production of the population
depends on the intensity of exploitation.

Nevertheless the analysis of the age structure of the biomass being pro-
duced indicates that an increase in the exploitation intensity leads to »re-
juvenation« of the resulting biomass. Similar results were obtained in the
case of other species (e.g. Davis,Christian & Bronson, 1964, for
the marmot; Golodushko & Fomenkov, 1969, for the beaver).
The increase in the biomass production of older mice is achieved through
the reduction of the percentage of females while the percentage of males
remains on the same level.

3.3. Number of Individuals (»)

A simplified but useful approach to the production of the population
can be the consideration of the number of individuals born in the po-
pulation. And so the total number of mice born during the study period
in separate populations was subjected to analysis (Fig. 6). This figure is
very variable, but until the moment when the exploitation rate reaches
34.2%, it does not depend on the gradient of removal. This indicates the
existence of compensating mechanisms which regulate the number of
mice in populations being exploited. When exploitation range was extend-
ed from 0% to 34% over the period of 70 weeks, 731.6 * 63.0 individuals
on average, were born in each population. Any further increase in the
exploitation rate leads to a decline in the number of newborn mice (per
population) down to 210.5.

The number of newborn mice in a population depends on (1) the average
number of newborn per female, and (2) the number of breeding females.
To be able to estimate these two indexes, we must have, data on the age
at which the females have their first litter. Murray (after Grin-
berg, 1952) recorded here wide variations as the age of females ranged
from 55 to 405 days.
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Fig. 6. Dependence of the number of newborn mice per cage (»,) on exploitation.
(1) r = —0.7517, n = 11, y’ = — 15.7283x + 1270.6372
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Fig. 7. Dependence of the number of newborn mice per female 11 and more weeks
old on the exploitation intensity.
(1) r = 0.5616, n = 15, y" = 0.1445x + 7.1941
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Making use of the fact that the mice had been marked, their age was
noted when the females had their first litter. The analysis of 367 females
(these data were collected until the 24.5th week of the experiment) led to
the conclusion that the first litter appeared when the females reached
the age of 10.96 * 0.25 weeks. This result indicates only small deviations
from the average age which most probably can be connected with the fact
that all the populations were in a period of growth.

The number of females which exceeded the age of 11 weeks and the
number of newborn mice per female were calculated in each population.
In those populations which were exploited from 0% to 36.4% all the
females had more or less the same number of young during the whole
period of experiment (12.5 * 0.81 newborn per female — see Fig. 7)
although the litter size was not necessarily similar. When the exploitation
was intensified, the number of young per female increased to 16.9.
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Fig. 8. Dependence of the number of females 11 and more weeks old on the degree
of exploitation.
(1) 7= —0.7422, n = 14, " = — 1.4970x + 109.8287

The number of females which exceeded the age of 11 weeks when the
population was exploited at less than 32.6%0 was stable and amounted to
61.0 * 6.9 in one population (Fig. 8). When the exploitation was intensified
the number of 11 week-old females decreased and was not higher than 8.9.

3.4. Survival of Individuals (S)

In the populations exploited the survival of individuals was calculated
for each period of life according to the following formula:
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¥

o= t .
STy A0 (1)

where ¥, — number of mice at the age of t,

vy — number of mice at the age from which one unit of time is
reduced (t-1),

" — number of mice removed at an agebetween t—1 and t.

The data obtained with help of above formula (percentage of individuals
surriving a particuliar, successive week of their life) were used as a basis

1004
904
601
704

60+

50

30-45%

15-30%

15 10 20 30 20 %0 50 70
Fig. 9. Survival of mice in relation to the exploitation intensity.

to calculate the percentage of individuals surviving for the entire period

of their life within the experimental population, beginning with their
birth (Fig. 9).
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In the unexploited populations the same index could be achieved by
calculating directly the per cent of individuals which survived until the
given age (v;) from the total number of mice born (»,):

g Bl 168 (2)

In all the populations studied the lowest survival rate was recorded in
the 1st and 2nd weeks of life. Similar results for confined populations
were obtained by Southwick (1955), Petrusewicz (1960), Wal-
kowa & Petrusewicz(1967), and others.

The curves of survival correspond to the gradient of exploitation. It
should be pointed out, however, that when the exploitation is least in-
tensive (within the range of 2.7—15%) the survival rate until the 16th

5
(e5)
50

70 4

604

504

404

304

23

S 10 15 20 25 -3 35 40 45 S0 53 60 65
Rate of exploitation

Fig. 10. Dependence of the survival of mice in the period between their birth and
the end of their first week of life on the exploitation intensity.
(1) » =0.8789, n = 21, ¥’ = 1.0650x + 25.9362

week of life is only slightly higher than in non-exploited populations
(Fig. 9).

Taking into account the fact that animals of different age can react dif-
ferently to a stimulus (which was proved by Varley & Gradwell,
1962, in respect to the density of Operophtera brumata L.) the following
items were calculated for separate age groups:

1. per cent of mice surviving a given week from the number of mice
which survived until the previous week (in the case of exploited popula-
tions formula (1) was used),
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2. coefficient of correlation between the survival rate calculated and
the degree of exploitation intensity.

The analysis of the survival rate of mice in their first week of life
indicated that this parameter increases together with the intensification
of exploitation when the latter is in the range of 12.3—37.7% (Fig. 10).
The exploitation outside this range has no effect on the survival rate. For
the exploitation intensity up to 12.3% it amounts, on average, to 39.0 *
2.6%0, while over 37.7% it amounts, on average to 66.1 * 3.7%,

Some dependence of the survival rate on the degree of exploitation
intensity was recorded for the second week of the life of mice (Table 2,
line 5). When no exploitation is applied the survival rate amounts then
to 62.3% (on average), and when exploitation reaches 67.4% the survival
rate increases up to 88.6%.

Table 4

Values of the coefficient of correlation (r) between the degree of exploitation and
the survival of mice in separate age groups. Values which are significant at P = 0.05
are set in boldface.

\
Age IWEEks)|1—2 3—4 56 78 9-10 11—12 13—14 15—16 17—18

i 0.94 0.03 —0.11 —0.08 —0.20 —0.72 —0.76 —0.28 —0.22
Avg. S 84.4 90.7 98.1 97.5 96.1 95.5
con{. interval $+1:5 +1.8 +0.6 =07 g e *i14

The survival rate of animals older than 2 weeks is low and no effect of
the intensity of exploitation on their survival in separate two-week age
periods was recorded. Average values of survival for separate age groups
are presented in Table 4. The only exception is the survival of 11—14
wez=k-old mice for which the effect of exploitation on the survival rate
was recorded, i.e. survival decreases slightly when the exploitation is in-
tersified (Fig. 11). The survival of 13—14 — week-old females (per two-
-week unit) decreases when the exploitation is intensified: when no ex-
ploitation is applied it amounts to 97.3%, and when the exploitation is at
its highest it drops to 90.2%. The survival of 11-—12 — week-old females
and 11—14 — week-old males (also per two-week units) declines (from
97.3%0 to 86.8%) only in the case of exploitation higher than 17.1%. In the
exploitation range between 0% and 17.1% the survival rate does not re-
vezl any dependence on the exploitation intensity.

All the data on survival analysed above are concerned with the entire
stuly period. In various periods of the life of the population the survival
ratz could vary depending on the phase of the population, density, etc.
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The survival rate of mice not older than two weeks was estimated in all
the populations in the initial ten weeks of their growth when no exploita-
tion was applied and when the numbers of all the populations were on the
increase. The survival rate of mice up to two weeks old in these develop-
ing populations amounted to 69.6 £ 5.5%.

The survival of the same age group for the entire study period increas-
ed from 21.1% in the non-exploited populations to 66.4% in the most
intensively exploited populations (Fig. 12). And thus only when the ex-
ploitation is very intensive the survival approximates that which can be
recorded for populations in the phase of the initial numerical increase
(density is then still low).

80- :

- L

1004 B u i ‘ =

o] * ; ST Ly o @

80 ’ &
% & gal B 3 a W B W 85 68 6

Rate of exploitation

Fig. 11, Survival of 11—14 week old males and females in respect of exploitation.
A) females in age 11—12 weks; males in age 11—14 weeks

(1) r = — 0.6076, n = 78, ¥y’ = — 0.2182x + 101.5431
B) females in age 13—14 weeks.
(2) T = —0.4091, n = 40, ¥y’ = — 0.1050x + 97.2517

In the course of exploitation both voung and adult individuals were re-
moved from the population. It has been attempted to estimate the effect
of removing only juvenile individuals or only adult ones on the survival
rate of the rest the population. To achieve this a further experiment was
carried out.

Nine mouse populations, established with this purpose in mind, were
divided into three groups according to the intensity with which the new-
born mice removed (0, 50 and 90%0). In such cases the survival rate of in-
dividuals not older than two weeks has a gradient not corresponding to
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the degree of their exploitation (Table 5). In the non-exploited populations
the survival was somewhat lower but this difference is not statistically
significant when compared with the populations in which 50% of new-
born mice and also with those in which as many as 90% were taken away.

o
(%)
704
604
50
401

304

2530 | AbL W 45 550" 55 160 185
, Rate of explotaion
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Fig. 12. Survival of mice in the period between their birth and the second week of
their life in relation to exploitation.
y’ = 2850.0 - 0.963x, n = 40

Table 5
Survival of mice up to two weeks of age and the exploitation of newborn mice.

1 Number of Per cent of Period

| Exploita- Total mice which survival Wherathe
tion of number of survived until Population . t

| newborn newborn until the end the end number ex{):;‘z:ien

| mice mice of the of the (in weeks)

‘ 2nd week 2nd week

E 09/, 290 201 69 3 15

| 500/4 152 117 i 3 15

| 900/, 45 33 3 3 24

Thus it can be supposed that the survival rate of young individuals
depends on the degree of exploitation of the adult individuals.

3.5. The Individual Growth Curve

The individual growth curve for separated breeding pairs of house mice
is given in many papers (Brody, 1945, Grinberg, 1952; Kovalev-
skij, 1958; Myrcha & Walkowa, 1968) and also for mice living in
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populations (Walkowa & Petrusewicz 1967). Some authors are
of the opinion that the curve of individual growth can not be expressed
with the help of a simple mathematical formula (Maynard & Loosli,
1967), while the others attempt to find the dependence between the phase
of growth and the age of the individual (Shmalhauzen, 1935; Br o-
dy 1945; Thompson, 1961). The growth of mice progresses rapidly
until the 12th week of life and then their weight gains become smaller.

When mice are bred separately, the body weight is higher in case of
males than females of the same age (Kovalevskij, 1958). Similar re-
sults were also obtained with isolated individuals (181 individuals) at the
same time as the experiment in which the populations were exploited. In
populations very young males grow faster than the females of the same
age. However in the later period the body weight of males levels off at
a somewhat lower level than that of the females.

Differences between the body weights of males and females bred sepa-
rately and those of individuals living in populations can be explained by
the fact that in the first case only nonpregnant females were weighed,
while when calculating the curve of the growth of females kept in a po-
pulation they were also weighed when pregnant. That of course raised the
body weight of adult females which was then.higher than that of the males
of the same age.

An increase in the exploitation rate causes the shortening of the period
when males are heavier than the females (Table 2, line 6). When no ex-
ploitation is applied males weight more or less the same as the females
when they are at the age of 11 weeks while when the highest degree of
exploitation intensity is applied the body weights are leveled off at the
age of 7 weeks. This data may serve as a basis for the conclusion that an
increase in exploitation quickens the development of the individual.

It can be added that the average body weight of mice of the same age
varies quite considerably in different populations.

In order to establish whether exploitation affects the body weight of
mice the populations were divided into 5 groups according to the gradient
of exploitation: (1) with no exploitation, (2) exploitation up to 15%, (3) ex-
ploitation between 15 and 30%0, (4) exploitation between 30 and 45%, and
(5) exploitation between 45 and 67%. The average body weights of males
and females from separate age groups of all the populations were calcu-
lated for each of these groups above. The average body weight was cal-
culated jointly for males and females not older than 5 weeks because in
that period the entire litter was weighed together.

No dependence between the body weight and the intensity of exploita-
tion was recorded for individuals of the age up to 5 weeks. But for older
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‘ncividuals different curves of individual growth were arrived at for
groups in which the intensity of exploitation varied (Fig. 13). Low exploi-
tation (up to 15% but higher than 0%) retarded the growth of males and
fenales. The curve of the growth of both females and males is lower and
the rate of its ascent is slower than in the non-exploited populations. In
the case of exploitation more intensive than 15%, any further increase of

=
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Fig. 13. The curve of individual growth for varying degrees of exploitation.

exploitation results in higher body weights of mice as compared with the
mice of the same age living in non-exploited populations. The rate of
growth and the curve of the growth of males and females rise according
to the gradient of exploitation.

3.6. Losses of Body Weight in Mice (L)

Mice not only gain weight but they can also lose weight, even when
they are supplied with unlimited food (Walkowa & Petrusewicz,
1967). Part of the body tissue is used, under certain conditions, to sustain
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the life of the individual, and losses of body weight can indicate the un-
favourable situation in which the population finds itself. This means that
the application of exploitation can also have some effect on losses of body
weight.

A loss in body weight of an individual was defined as a loss in weight
between two successive weighings. The sum of losses in body weight of
all the individuals in the study period was defined as a loss in the weight
of the entire population — L.

L{g)

oot

5 W ® 90 3P| W B/ 40 & 0 15 s
Rate of exploitation
Fig. 14. Losses in the body weight of individuals (L) according to the degree
of exploitation.
(1) ¥y’ = 2850.0 0.963x, n = 40

The analysis has shown that the more intensive the exploitation the
more the population loses weight (Fig. 14). In the non-exploited popula-
tion the sum of losses in body weight in the study period amounted to
2,850 g, while in the case of the most intensive exploitation it amounted
to 220 g. However the amount of biomass produced in the population,
as well as the number of individuals, also varies according to the intensity
of exploitation (Fig. 3 and 6). In the period when the amount of biomass
produced declines, the value of body weight losses can also go down quite
automatically. In order to have data irrespective of the variations in the
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biomass production, index L : P has been analysed (it is the ratio between
all the losses of body weight (L) and the total production of the popula-
tion (P)).

From the outset of the experiment until the moment when exploitation
was started, the value of this index was very similar for all the popula-
tions and amounted, on the average, to 0.09. Over the entire study period
the values of index L : P formed a gradient, the more mice that were re-
moved, the smaller the losses in the body weights of the individuals which

E
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Rate of exploitation
Fig. 15. Losses in the body weight of individuals recalculated per one gramme of the
biomass produced (L : P) in respect of exploitation.
(1) = —0.8834, n = 29, ¥y’ = — 1.5315x + 59.3915
(2) r = —0.8491, n = 14, ¥y’ = — 0.3355x + 27.4279

were left in the population (Fig. 15). For non-exploited populations the
index amounted to 0.59, when exploitation reached 26.7% it amounted to

0.18, and when the intensity of exploitation was at its highest it was only
0.05.

3.7. Self-elimination of Individuals and Biomass (E)

Part of the individuals were eliminated as a result of natural mortality
which depends on various ecological factors. The author analysed the de-
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pendence between the percentage of the biomass eliminated by way of
natural mortality in the total population production and the degree of ex-
ploitation intensity. The sum of the body weights of all the mice which
perished is the biomass eliminated in a natural way. However, mice can
perish at any time between the successive daily check periods. The body
weight of a dead individual decreases as the time goes by. Some indivi-
duals, particularly juveniles, are eaten up. In view of this, the last result
of weighing before death was taken as the body weight of the dead mouse.
It has been determined that an increase in exploitation leads to a de-
crease in the percentage of the biomass eliminated in a natural way in the
production of the population (Fig. 16). The changes brought about by the
Eg
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Rate of exploitation
Fig. 16. Dependence of the percentage of dead individuals biomass (Ep) in the total
production (P) on the degree of exploitation.
(1) r = —0.9387, n = 29, y" = — 1.6052x + 65.6658
(2) = —0.9037, n = 22, ¥y’ = 0.4933 + 39.6530

intensification of exploitation are bigger in the case of exploitation be-
tween 0 and 23.4%0 as then elimination drops from 65.7% down to 28.1%.
Any further intensification of exploitation results in a somewhat slower
rate of decrease in the biomass eliminated. For the most intensive exploi-
tation this percentage amounted to 6.4%. An intensification of exploita-
tion also results in the decline in the percentage of dead individuals in the
total number of mice (Table 2, line 7). In the non-exploited populations
this percentage amounted to 90.3%, while exploitation equal to 67.4%
resulted in a decrease to 35.4%.
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4. DISCUSSION

The numbers of individuals in a population can react in a number of
ways to exploitation. For instance, Sl1obodkin (1957) in his experiment
with Daphnia, and Hillbricht-Ilkowska & Pourriot (1969)
with rotifers failed to record any compensation of numbers when exploi-
tation is applied: numbers decreased when exploitation was intensified.
On the other hand, after experimenting with stick insects, Tarwid
(1962) came to the conclusion that average numbers were not affected by
the removal of individuals. Watt (1958) also did not record any depen-
dence of the average numbers (standing crop) on exploitation in Tribo-
lium, and he pointed out that the standing crop of the biomass or popu-
lation numbers can not be used as an index of the population production.
The same was shown in the case of rodents (Petrusewicz 1966a;
Ryszkowski & Petrusewicz 1967), with attention being drawn
do unequal turnover occurring with different populations of the same size
which may lead to different values of production.

In rodents numbers may or may not be dependent on exploitation. Most
probably this is connected with the intensity and frequency of exploita-
tion. We can imagine a low intensity exploitation applied at long intervals
which leads to no numerical changes. There is a possibility of the occur-
rence of additional compensating mechanisms, beside those which are
found in confined populations (e.g. immigration), leading to a rapid return
to the previous numerical state. As an example we can quote the experi-
ment carried out by Smy th (1968) in which he could not lower substan-
tially the numbers of a population of Clethrionomys glareolus (Schr e-
b er, 1780) under natural conditions because all the time new individuals
immigrated into the study area. Also K r e b s (1966) did not record any dif-
ferences between the numbers of the control population of Microtus cali-
fornicus (P eale, 1848) and the exploited one as a result of intensive im-
migration. :

In the present experiment with mice under laboratory conditions the
intensity of exploitation and its frequency did not result in the compen-
sation of numbers and biomass — they decrease when the exploitation is
intensified.

Even if compensating mechanisms were not sufficient to maintain the
numerical state, it was possible to record the action of the compensation
of production expressed in the total number of individuals present in the
population and in the biomass until the moment when the exploitation
exceeded 32—34%. The action of compensation mechanisms was not suf-
ficient under the conditions of a more intensive exploitation and pro-
duction clearly declined. A similar phenomenon of the compensation of
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production was observed for populations of other species. Watt (1958)
decribed an almost linear positive dependence between exploitation and
the total number of newly produced Tribolium individuals and the value
of the population biomass. The removal up to 99% of Lucille imagos from
a population resulted in an increased production of adults (Nicholson,
1954).

These examples indicate that the destruction of a part of the population
does not necessarily lead to a decline in its production. This provides
ground for a more cautious estimate of the effect of the factor reducing
the population, as for instance predators against a population of rodents
or man attempting to control a population of rodents.

On the other hand the dependence of production on exploitation will
vary in different species. The size of production yielded by a population
depends on the action of compensating mechanisms. Naumov & Ni-
kolskij(1962) divided species into two types: (1) those which are more
stable and which slowly rebuild their numbers, and (2) those which are
more fertile but live shorter lives and are characterized by considerable
numerical oscillations. Small rodents belong to the latter category.

Figure 17 presents a pattern of the action of compensating mechanisms
in exploited mouse populations. Exploitation can affect the population by
altering its density and changing the organization of the population: the
removal of individuals decreases automatically their numbers at least on
the day of the removal and can affect the intensity of contacts and relat-
ions between individuals.

Most attention has so far been devoted to the role of reproduction and
survival of individuals in the numerical regulation of a population of ro-
dents. High reproduction in rodents adapts them to various extreme
conditions under which they live. Some authors are of the opinion that
reproduction is the most important compensating factor. Strecker &
Emlen (1953) recorded that the discontinuance of population growth in
confined populations was due to a cessation of reproduction. On the other
hand no decline in the reproduction rate was observed in unconfined po-
pulations (Strecker, 1954) as there was a possibility of migration.
Crowcroft & Rowe (1957) considered a decline in the reproduction
of females as the main factor reducing the increase of a confined popula-
tion. Southwick (1955) observed that reproductive responses to crow-
ding varied greatly among populations; the major mechanism of popu-
lation limitation was excessive litter mortality, which had been described
before by Brown (1953), and indicated that mortality in young indivi-
duals is an important regulating factor. Petrusewicz (1963) observed
the compensating action of natality and mortality in juvenile mice in 127



Exploitation of laboratory mouse populations 319

confined mouse populations when some alien individuals were introduced
or when some individuals were periodically removed from the population
for a few days.

It can be inferred from the examples quoted above that both compen-
sating mechanisms — reproduction and mortality — do not act to the
same extent in each population situation, and sometimes only one of them
can be recorded.
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rig. 17. Scheme of compensation mechanisms of the exploited mouse population.
The fat arrow in the middle indicates the index of exploitation increasing down-
wards. The columns on the right-hand side — populational parameters which in-
crease when exploitation is intensified, those on the left-hand side — decreasing
parameters. The arrows indicate the direction of the action.

In the described populations of experimentally exploited mice the
action of both these mechanisms was observed but their role was found
to be different. The method chosen for the purposes of the present paper
enables one to express reproduction by a number of indexes: (1) number
of mice born per population (this was accepted as production expressed by
the number of individuals); (2) number of females which reached their
11th week of life, i.e. the age at which they have their first litter; (3) num-
ber of newborn mice per 11-week old female.

All these indexes remain unaltered until the index of exploitation ex-
ceeds 33—36%. An increase in exploitation results in a decline in the
total number of newborn mice and the number of females which start
breeding, but at the same time there can be observed an increase in the
Acta theriol. 21
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number of newborn mice per female. An increase in the number of new-
born mice per female occurs when the production of a population declines
so that the increase in the natality can only cushion a general decline in
the production but is in no way a complete compensation.

The results of the experiment indicate that the basic compensating
mechanism was an alteration in the mortality rate which decreased when
exploitation was intensified. Not every age group reacted in the same way
to the intensity of exploitation which indicates a differentiation of these
groups’ role in the compensating mechanism.

Exploitation in the populations studied affected only the survival rate
in the first two weeks of life (the most critical age for the mice) and also
in the case of mice 1114 weeks old. It seems that the ages affected by
exploitation can vary in relation to other circumstances.

A high mortality rate at the ages up to two weeks in experiments with
exploited populations most probably depends on the quality of nests. In
order to facilitate checkings and observations of the population, the mice
were not supplied with hay or other nesting material. And consequently
females keep their young in holes made in the litter spread over the par-
titions of the cages. Brow n (1953) and Southwick (1955) proved the
dependence of the mortality of house mice on the type of nests they live
in. This affects the safety of their litters. In the present experiment on
the exploitation of mouse populations the cage was too small and the mice
did not develop any particular attachement to certain partitions in which
they would always breed their young (as opposed to populations breeding
within larger and more complicated areas (Petrusewicz, 1966b).
Consequently all the population disturbances affected the newborn mice
as the mice could freely roam in all the nests influencing in a variety of

“ways on the growth and development of the young.

A decrease in the population numbers decreased the number of mice
interfering with the nests and thus there was less possibility for mecha-
nical damage and devouring the litters.

In the experiment discussed the mortality index of mice older than two
weeks did not display any dependence on the degree of exploitation in-
tensity with the exception of the period when mice are 11-—14 weeks old.
At the age 11—14 weeks there occurs a reverse dependence: the more mice
removed, the lower the survival rate of the remaining ones. It is not easy
to explain this phenomenon. Females have their first litter usually in the
eleventh week of their life and most probably we can find here some
connection with the reaction of individuals belonging to this age group
to the stimulus of exploitation. If this is common, then it would be an
unusual process counteracting compensation. In other periods of mouse
life no dependence between survival and exploitation was recorded.
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All tis indicates that only mice not older than two weeks form the
reserveof populations which reacts to disturbances in production, increas-
ing or cecreasing its size in case of »need«. That is why the survival of in-
dividuas not older than two weeks is the main compensation factor.

Wher we consider the problem of the compensation of the biomass
existing in the population, then gaining weight would be compensating
in its cdaracter.

Theoetically two populations characterized by a similar curve of indi-
vidual jrowth can differ by the amount of losses in body weight. In one
populaton the increase may be due to constant addition of weight (which
can besmaller or larger), while in another after periodical increases in
the bodr weight of separate individuals they lose weight or the other way
round. Che present experiment proved that the greater the exploitation
the smdler the weight losses (Figs. 14 and 15). And similarly a decrease
in the censity of the population provides more favourable conditions for
smaller losses of body weight.

The :ourse of the curve of individual growth may vary even in po-
pulatiois bred under identical conditions (Walkowa & Petruse-
wicz, 967). Wide differences between the average body weights of mice
of the sme age were also recorded in the population described when
no expbitation was applied or when there were only small differences in
the intinsity of exploitation.

Varidions in the body weights of individuals of the same age were also
recordel for other rodent species living under natural conditions. There
were atempts to determine certain factors affecting the body weights.
Among others, Wijngaarden (1960) and Bujalska & Gliwicz
(1968) bund out that body weight depends on the season, while Healey
(1967) ssserted that it depends on aggressiveness of the males.

Expldtation is a factor affecting also the growth of individuals older
than 5 veeks, but the reaction to this effect can assume varying charac-
ters. A low degree of exploitation intensity (up to 15%) lowers the curve
of growth, while any intensification of exploitation clearly increases the
body w:ights. The increase in the body weight of individuals which occurs
when exploitation exceeds 15%0, is most probably caused by a decline in
the demsity which is the result of removing the mice.

A sinilar phenomenon was observed in the case of some fish species
(Nikolskij, 1965). It has already been mentioned here that the aggres-
sivenes: of males leads to a decrease in the body weight of adult Pero-
myscus individuals (Healey, 1967). If the same occurs in mice, we
could erpect a dependence of the curve of individuals growth on the
density. as aggressiveness increases when the density is higher (Sout h-
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wick, 1955). Under conditions of low density there can be larger in-
creases in the body weight of individuals.

A similar argument can not be put forward in the case of a low inten-
sity exploitation when a decrease in density leads to a decrease in the
body weight. Here the body weight must be affected by a factor other
than density. The only explanation can be the acceptance of the hypo-
thesis that the population structure is destroyed in this case. Disturbances
in the structure caused by the removal of individuals can at high densities
and small numerical decreases play a more important role in the popula-
tion than changes in the density itself. Hence the tendency to smaller
body weight gains and the lower course of the curve of individual growth.
However, in the case of sharp density drops, the effect of low numbers is
more evident than disturbances caused by exploitation. As a result of this
a high intensity exploitation causes a rapid increase in the body weights
and the course of the curve of individual growth is then quite high.

The character of the dependence between the curve of individual growth
and the degree of exploitation intensity described above indicates that the
exploitation of individuals is a stimulus whose two aspects can be
distinguished: (1) it decreases the population numbers (density), and (2) it
disturbs in a certain way the organization of the population.

The experiments of Petrusewicz (1963) proved the existence of the
latter stimulus. The removal of a few males or females for a short period
of time (so that no permanent changes in the population numbers are
brought about) led in most cases to an increase in numbers as compared
with the control populations. This phenomenon was observed even in cases
when the population numbers were on the decrease. This indicates that
the removal itself without any numerical changes is a strong stimulus for
the population. Summing up, it can be said that the body weights of indi-
viduals become a compensating factor only in the case of exploitation ex-
ceeding 15%.

The pattern according to which the compensating mechanisms operate
described above (Fig. 17) reveals that various compensating factors do not
act simultaneously when the intensity of only one stimulus varies (exploi-
tation).

5. CONCLUSIONS

1. Exploitation (removal of individuals) of mouse populations under
laboratory conditions leads to the occurrence of compensating mechanisms.
The combination of these mechanisms analysed for the purposes of the
present paper is not sufficient to compensate the population numbers
when the intensity of exploitation changes. The average numbers and
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biomass of the population decrease when the exploitation is intensified
(Table 2, lines 1 and 2). The numerical peak is also then decreased (Table
2, line 3).

2. The action of compensating mechanisms results in a compensation
of production expressed by the total number of mice in the population (»)
or the biomass produced (P) in the case when the intensity of exploitation
does not exceed 32—34%. Any further intensification of exploitation
causes a decline in production (Figs. 3 and 6).

3. Natural elimination expressed by the number of dead individuals
and the biomass of dead mice in the population declines when the ex-
ploitation is intensified (Fig. 16, Table 2, line 7), i.e. mortality (or con-
versely survival) occurs as a compensating factor.

4. The survival of individuals not older than two weeks is the most
important compensating factor as it acts within the entire range of the
exploitation gradient and it varies considerably (Fig. 12): from 21% when
no exploitation was applied to 66 in the case of the most intensive ex-
ploitation. The survival rate of juvenile mice most probably depends on
the exploitation of adult mice.

The survival of mice at the age of 1114 weeks displays a reverse
tendency: it decreases when the exploitation is intensified. The size of
these changes, however, is not very significant (Fig. 11).

In other age groups no dependence of survival on exploitation was
recorded (Table 4).

5. The number of breeding females and the number of newborn mice
per female do not depend on exploitation within the range of 0—36%
(Figs. 7 and 8), i.e. within this range there can be a compensation of pro-
duction. When exploitation is intensified the number of newborn mice
per female is increased but not enough to counteract sufficiently the
decline in production as simultaneously the number of breeding females
declines as well.

6. Changes in the body weights of mice occur as a compensating factor
in individuals older than 5 weeks and when the exploitation exceeds 15%b.
A lower degree of exploitation intensity leads to a decrease in the body
weights as compared with individuals of the same age in non-exploited
populations (Fig. 13).

Young males grow more quickly than the females. The average body
weight of an adult female is higher than the body weight of males of
the same age (due to the fact that pregnant females are also taken into
account). The age at which males and females have the same body weight
shortens from 11 to 7 weeks when the exploitation is intensified which
may suggest that mice develop faster in exploited populations (Table 2,
line 6).



324 W. Walkowa

Losses of bedy weight decrease when the exploitation is intensified
(Figs. 14 and 15).

7. Exploitation leads to a change in the structure of the biomass pro-
duced. In the population production, when the exploitation is intensified
(Fig. 5): (a) the percentage of the biomass production of newborn mice
declines, (b) the percentage of the biomass production of individuals not
older than 5 weeks increases, (c) the percentage of the biomass product-
ion of females (not taking into account their litters) declines, (d) the per-
centage of the production of individuals not older than 2 weeks does not
change, (e) the male percentage of the biomass produced does not change
either.

The biomass production changes in the period of the population de-
velopment: the widest differentiation of production in time was observed
when exploitation was in the range 0—15%, while the most stable pro-
duction was in the range 15—30%0 (Fig. 4).
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WPLYW EKSPLOATACJI NA PRODUKTYWNOSC POPULACJI MYSZY
LABORATORYJNYCH

Streszczenie

Doswiadeczenia objely 40 populacji myszy laboratoryjnych, hodowanych przez 70
tygodni. Co 12 tygodni usuwano staly procent osobnikéw z populacji obliczany od
liczebnos$ci w dniu wyjmowania. Za wskaznik eksploatacji przyjeto procent wszyst-
kich usunietych myszy od calkowitej liczby osobnikéw populacji w badanym 70 ty-
godniowym okresie.

Eksploatacja (usuwanie osobnikow) populacji myszy w warunkach laboratoryj-
nych powoduje wystgpienie dzialania mechanizméw kompensacyjnych.

Zbadany uklad tych mechanizméw nie jest wystarczajacy dla skompensowania
liczebno$ci populacji w warunkach roznego nasilenia eksploatacji. Srednia liczeb-
no$¢ populacji oraz $redni stan biomasy zmniejsza sie wraz ze zwiekszeniem stop-
nia eksploatacji (Tabela 2, wiersz 1, 2). Zmniejsza sie rowniez wielko§¢ szezytu li-
czebno$ci (Tabela 2, wiersz 3).

Dzialanie mechanizméw kompensacyjnych powoduje kompensacje produkcji wy-
razong ogolng liczbg myszy obecnych w populacji (») lub wyprodukowana biomasa
(P) w przypadku gdy intensywno$¢ eksploatacji nie przekraczala 32—349/y. Dalsze
nasilenie eksploatacji powodowalo spadek produkcji (Ryc. 3, 6).

Eliminacja naturalna wyrazona liczbg osobnik6w oraz biomasg myszy populacji
spada wraz ze zwiekszeniem nasilenia eksploatacji (Rys. 16, Tabela 2, wiersz 7) —
czyli Smiertelnosé¢ (lub odwrotnie: przezywalno§é) wystepuje jako czynnik kom-
pensacyjny.

Przezywalnos$¢ osobnikow do wieku 2-ch tygodni byla najwazniejszym czynnikiem
kompensacyjnym, poniewaz dzialala w calej rozpietosSci gradientu eksploatacji i za-
kres jej zmian byl bardzo duzy (Rys. 12): od 210/, w warunkach braku eksploatacji
do 669/, przy maksymalnej eksploatacji. Przezywalno§¢ milodych zalezy prawdopo-
dobnie od eksploatacji dorostych.

Przezywalno§¢ w wieku 11—14 tygodni przebiega w odwrotnym kierunku: zmniej-
sza sie ona wraz ze wzrostem eksploatacji. Wielko§¢ tych zmian nie jest jednak
znaczna (Rys. 11).

U innych grup wiekowych nie stwierdzono zalezno$ci przezywalnoSci od eksploa-
tacji (Tabela 4).

Liczba samic zdolnych do rozrodu oraz liczba noworodkéw przypadajaca na jed-
ng samice nie jest zalezna od eksploatacji na poziomie od 0 do okolo 369/, (Ryc. T,
8), czyli w tym zakresie eksploatacji istnieje kompensacja produkcji. Wzrost eks-
ploatacji zwieksza liczbe noworodkéw na jedng samice, lecz nie na tyle aby zapo-
biec spadkowi produkcji, poniewaz jednocze$nie nastepuje zmniejszenie liczby sa-
mic zdolnych do rozrodu.

Zmiany ciezaru ciala myszy wystepujga w charakterze czynnika kompensacyjne-
go u osobnikéw starszych niz 5 tygodni i w warunkach eksploatacji przewyzszaja-
cej 159/, Nizsza eksploatacja powoduje zmniejszenie cigzaru ciala w poréwnaniu
z osobnikami w tym samym wieku z populacji nie eksploatowanych (Ryc. 13).
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Miode samce rosng szybciej niz samice. U osobnikow starszych Sredni ciezar sa-
micy dorostej jest wyzszy (na skutek uwzglednienia samic ciezarnych) niZz ciezar
samca w tym samym wieku. Wiek, w ktorym samce i samice maja jednakowy (cza-
sowo) ciezar ciala, zmniejsza si¢ z 11 do 7 tygodni wraz ze wzrostem eksploatacji,
co moze sugerowac szybszy rozwéj myszy w populacjach eksploatowanych (Tabela 2,
wiersz 6).

Straty ciezaru ciala myszy (chudniecie) zmniejszajg sie w miare wzrostu eks-
ploatacji (Ryc. 14, 15).

Eksploatacja wplywa na zmiane struktury produkowanej biomasy. Wraz ze wzro-
stem nasilenia eksploatacji (Ryc. 5): (a) zmniejsza sie udzial produkcji biomasy no-
worodkéw w ogélnej produkeji populacji, (b) zwieksza sie udzial produkcji biomasy
osobnikow w wieku do 5 tygodni, (¢) zmniejsza sie udzial produkeji biomasy samic
(bez uwzglednienia rozrodu), (d) nie stwierdzono zmian w udziale produkeji osobni-
kéw w wieku do 2-ch tygodni oraz udzialu produkeji biomasy samcow,

Produkcja biomasy nie jest jednakowa w okresie rozwoju populacji: najwyzsze
zroznicowanie produkeji w czasie, zaobserwowano w przedziale eksploatacji od 0 do
159/, a najbardziej wyrownang produkcje — w zakresie rownym 15—300/; (Ryc. 4).



