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The Importance of Master factors for 
the Activity of Noctuids. 

Studies on the activity of insects I. 
By 

Ellinor Bro Larsen. 

The present paper records parts of a series of investigations 
on the activity of the N octuids made by the author in the period 
1937-42. In 1938 and 1939 I worked in collaboration with Dr. 
E. Tetens Nielsen in the laboratory Pilehuset, whence impor­
tant sections of the investigation are derived. The rest of the 
investigation was made in the laboratory of Tipperne, supple­
mented by investigations carried out in the laboratory of Skal­
lingen. In the succeeding pages some of the results of these com­
prehensive investigations will be presented in order to illustrate 
the activity of the N octuids considered from the point of view of 
the influence of master factors. 

It is well known, i. a. from animal geography (Hesse 19241)), 
that the factors most frequently lying about the minimum de­
mands of a species determine the distribution of the animal. 
As regards plants, Lie b igl) has previously demonstrated that the 
nutritive substance most sparsely present determines the thriving· 
of the plant, and my object in the following pages is to show 
that the activity of insects, also, is subject to the influence of 
master factors, which should be taken to mean that the activity 
is governed by the factor which for the time being lies at about 
the minimum demand of the species. 

Since only a combination of a limited number of factors is 
dealt with below, viz. those assumed by the author to be of the 
greatest importance, the dependence is only given in broad fea­
tures, and deviations in individual observations will frequently 
be noted. Some few species do not follow the main rules which 

') Hesse, R. Tiergeographie auf iikologischer Orundlage, 1924, p. 17. 
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-apply to the dominating species of the particular stock; in a few 
cases only the conditions of some species are pointed out in order 
to illustrate a wider interdependence. 

In recent years a series of laboratory experiments notably in 
practical entomology has been made in order to determine the 
optimum conditions and the border values for the resistance of 
a number of species to physical factors, i. a. so as to be able to 
predict ;-;omething about the extent and occurrence of impending 
insect pests. However, it is often difficult to find complete agree­
ment between the results of the laboratory experiments and the 
observations in nature, where we are concerned with an inter­
action of the physical factors. A fact rendering the conditions 
even more complicated is that the deviations from the exper­
imental data for the same species appear now in one now in 
another field. 

I think that the cause of such disagreements - at any rate 
as regards the Noctuids - often is that now one now another 
factor approaches the minimum demand and accordingly comes 
to dominate the other factors. 

Technique and Test Animals. 
The activity of the N octuids was chosen as the subject be­

cause it takes place by night and it was thus possible to avoid 
the direct effect of the sun's rays and the insolation associated 
with it- factors which are of great inportance but are difficult 
to measure. The Noctuids were chosen as test animals, because 
their systematics and biology were known to me beforehand, and 
during· flight they are exposed to the physical factors under such 
conditions that it is possible to measure these factors. 

The dfltailed planning of the investig·ation and the technique 
employed have been explained in another paperl); here it need 
only be pointed out: 

1) that the activity has been investigated in relation to the 
factor h u n g er; accordingly nothing can be stated about other 
sorts of activity. 

2) Boxes of uniform size were arranged in suitable places of 
the terrain and were covered with a sugar bate every evening 
to attract the animals. 

3) The activity of the species may then be measured by count­
ing, at certain intervals in the course of twenty-four hours, the 

1) Quantitative Studies on the Activity of Noctuids. Studies on the Activity of 
Insects I!. Ellinor Bro Larsen and E. Tetens Nielsen (in press). 
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number of individuals present on the boxes; at the same time 
various physical factors assumed to be of importance for the ac­
tivity are measured, for instance the light intensity, humidity of 
the air, temperature, force of ·wind, and precipitation. 

The chief biological source of discrepancies is that the size 
of the population is unknown and constantly changes owing to 
emergence of fresh animals. A consequence of this is seen in 
Fig. 5, where the intensity of the activity follows the temperature 
for a number of nights, but increases excessively from August 2nd, 
though the temperature remains nearly constant; this took place, 
because an almost explosive emerg'ence of the dominating species 
Arnphipyra tragopoginis set in. Another source of error is that 
the population includes species of widely different physical de­
mands, and this makes itself especially felt in the transitional 
periods, spring and autumn, when the spring' stock is replaced 
by the summer stock, and the summer stock by the autumn stock 
(cf. Fig. 8). 

4) Finally it should be mentioned that in the majority of the 
twenty-four hour curves the maximum number of animals is stated 
to be 100 and the numbers of the other counts have been com­
puted in proportion to this; thus it is possible to compare the dis­
tribution on nights with few animals and on such with many 
animals. 

Light as a Master Factor. 

It is hunger that induces the Noctuids to approach 
the boxes with food, but twenty-four hour counts show 
that the approach of the animals to the boxes is not 
equally distributed over all the hours of the day and 
night; thus it will be seen from Fig. 1, a that in the first 
half of July the Noctuids only fiy from about 9 p. m. 
to 3 a. m. The cause of this may be that a regular in­
herited rhythm is induced in the animals, or that at 
certain times of the twenty-four hours the light is a 
master factor and governs their activity. In order to 
test whether the first of these alternatives holds good, 
specimens of Agrotis pronuba, the most frequent species 
in the series Fig. 1, a, were placed in an activograph 
in a light-tight thermostat. It turned out that if day 
and night are exchanged, so that it is lig'ht from 10 p. m. 
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to 10 a. m. and dark from 10 a. m. to 10 p. m., a slight 
activity may be noted at 9 p. m. during the first days, 
that is to say, at the time the activity normally takes 
place; but it ceases when the light is lit at 10 p. m.; 
the most intense activity, however, occurs immediately 
after the light has been put out at 10 a. m., and after 
a couple of days the whole activity occurs after 10 a. m. 
Thus there is a small tendency to a rhythm, but the 
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Fig. 1. The twenty-four hour activity at three different seas­
ons, a - July 1939, b -June 1940, and c ---- September 1939. 
Ordinate: number of individuals in percent of the maximum 
number; abscissa: hour. - a and c: Pilehuset, b: Tipperne. 

influence of light will soon make itself felt and elimin­
ate the rhythm. 

That the influence of the light determines the activ­
ity will also appear from observations made in nature. 
Thus a comparison of a, b, and c in Fig. 1 will show 
that the activity does not always occur from 9 p. m. to 
3 a. m., but in the light month of June it sets in later and 
ceases earlier than in the darker September. (Roughly 
the activity sets in when the colours disappear to the 
human eye, and ceases when colours can again be dis­
tinguished in the landscape). 

According to the above we may conclude that the im­
pulse of the activity is, indeed, the sensation of hunger, 

23* 
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but when the intensity of the light increases, it ~will 

"sink" below the minimum demand of the species and 
impede the activity - in July before 9 p. m. and after 
3 a. m. in every twenty-four hour period. If the intens­
ity of the light ranges around the minimum demand, 
light be c o m e s a m aster factor and determines 
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Fig. 2. Comparison between twenty-four hour activity and in­
tensity of light. - mean curve for nights with a two-peaked 
activity curve in the period 4/7 _l6h 19i39. -X- mean light curve 
for the same period. Abscissa: hour; ordinate, large figures: num­
ber of individuals in percent of the maximum number; small 
figures: log. sec. illumination. - Pilehuset. 

when the activity sets in. Besides from the general 
normal twenty-four hour curve, this is seen i. a. from 
the fact that in a dark overcast evening the activity sets 
in about half an hour earlier than in a clear evening, 
and N octuids kept in a laboratory will begin to fly ear­
lier in the evening than those in the open, because the 
threshold value of the light intensity will be passed 
earlier indoors than out-of-doors. 

From the curves Fig. 1, a and Fig. 1, b 1) it will be 

1) Fig. 1 c is derived from nights with a late moon and there­
fore show different conditions. 
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seen that the activity is not equally intense throughout 
the period of activity; the liveliest activity occurs shortly 
after the beginning of the period, and another increase 
sets in shortly before the period ceases, the activity 
curve being accordingly two-peaked. Fig. 2 shows the 
light curve for July 1939, together with a mean curve 
of the two-peaked activity curves for the same period. 
They have the abscissa in common; as ordinate for the 
light curve has been used the time a photographic plate 
of a certain sensitiveness to light must be exposed at 
that particular light intensity. 'rhe ordinate is accord­
ingly greatest at midnight, declining logarithmically to­
wards both sides. It will be seen that the two peaks of 
the activity curve occur at about the same intensity 
of lightl), in this case at about five seconds' exposure. 
That means that the light not only behaves as a master 
factor in every twenty-four hour period, but that a pre­
ferential light intensity, which favours the activity of 
the dominant species, is also present. 

Temperature as a Master Factor. 

If hunger and light were the only factors affecting 
the activity, it might be expected that the activity 
curve would be two-peaked every night 2); however, 
Fig. 3 shows that on July 4th, 9th, 11th, and 16th there 
was no morning maximum, and on July 13th the curve 
after midnight was almost straight. Thus other factors 
must exert their influence, inhibiting the accelerating 
influence of the light. As the temperature was subject to 
fairly large fluctuations during the period, it was reason­
able to correlate it with the phenomenon in question. 

1) It is true that the maximum number of animals was found 
at 1.45 a. m., but this is due to too few readings; the maximum 
occurs very near 2 a. m. 

2) Nights with mooulight of course "excepted. 



358 

Table I. 
Date 0 1 2 Hour 

4h 1939 12.3 13.1 13.7 
5h 16.9 16.9 16.8 
7h 15.5 15.4 15.7 
Bh 17.2 17.5 17.5 
9h 

" 
10.5 11.7 11.6 

lOh 13.4 13.6 13.4 
llh 11.7 11.6 11.9 
lH/7 12.7 11.9 12.8 
14h , 15.2 15.5 15.0 
15!7 

" 
17.0 16.9 16.9 

16/7 12.8 12.4 11.8 
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Fig. 3. Activity of the individual nights in the period 4h-16h 
1939. - nigths with a morning- maximum - the activity about 
midnig·ht specially emphasised, ---- nights without any morning 
maximum. Abscissa: hour, ordinate: number of individuals in per­
cent of the maximum number. The figures on the curves indicate 
the dates in July. - Pilehuset. 

Table I shows the temperature during the whole 
period of observation in the time before and during 
the late maximum; the italicised figures indicate the 
temperatures of the nights in which the late maximum 
did not occur; it will be seen that when the tempera­
ture falls to 12-13 OQ.l), temperature becomes a 
master factor and inhibits the accelerating influence 

1) Registered at a height of 1.5 m. 
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<Jf the light. The limit of 12 °C. of course only applies 
to this particular population in July; later in the year, 
when species with other temperature demands fly, the 
limit of the activity will be lower. 

The late maximum is most frequently the smallest 
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Fig. 4. Comparison between temperature and morning maxi­
mum. - maximum number of individuals after midnight in 
percent of the stock at midnight. -- The temperature at the 
time. Abscissa: dates in July 1939; ordinate: the percentages. -
Pilehuset. 

- aud for several reasons; thus some of the individuals 
have satisfied their hunger during the first part of the 
evening and accordingly do not fly any more that night, 
and secondly a couple of the dominant species show a 
marked preference for flying early in the evening; in 
the period July 1939 this applied i. a. to Agr-otis pronuba) 
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which constituted about 50 per cent of the ·whole popu­
lation. The variations in the morning stock, how­
ever, may be traced to the influence of the temperature. 
If the greatest number of individuals counted after mid-
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Fig. 5. Comparison between temperature and number of in­

dividuals. - number of individuals per twenty-four hours. -­
temperature at 10.15 p. m. Abscissa: dates in July-August 1938, 
ordinate, left: number of individuals; ordinate, right: temperature. 
- Pilehuset. 

night is plotted against the temperature read at the same 
time, there will be a distinct correlation between the tem­
perature and the number of individuals, as seen in Fig. 4. 

The last-mentioned observations are derived from 
the observation series made at Pilehuset, where the 
temperature is most frequently found to be the master 
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factor and the activity consequently seen to follow it. 
This is because the terrain is damp and sheltered from 
the wind by birch wood. The humidity of the air and 
the force of the wind will therefore in most cases range 
around the optimal values, whereas the locality, owing 
to its low position, is a cold area with great temperature 
fluctuations and astonishingly low temperatures in nights 
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Fig·. G. Comparison between temperature and number of in­
dividuals July 1939. - number of individuals per twenty-four 
hours. -- temperature at 10.15 p. m. Ordinate, left: number of 
individuals; ordinate, right: temperature. Abscissa: dates.- Pile­
huset. 

in which there is radiation. Figs. 5 and 6 show the tem­
perature and the total number of individuals counted per 
evening during two different periods. The agreement be­
tween temperature and intensity of activity is obvious 1). 

The same is shown in Fig. 7, but here the transitional 
periods mentioned in the introduction make themselves 
felt. For the case is not so simple that the activity 

1) As regards Fig. 5, cf. text p. 35±. 
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may be said to increase with increasing temperatures; 
the individual species of which the population is com­
posed must necessarily be taken into consideration. 
Each species has an optimal temperature at which its 
activity is liveliest, and a minimum temperature below 
which its activity stops. If the temperature rises from 
the minimal to the optimal, the activity will increase; 
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Fig-. 7. Comparison between temperature and number of in­
dividuals in August-September 1939. - number of individuals, 
----- temperature at coldest place of observation at 8.45 p. m. 
Ordinate, loft: number of individuals, ordinate, right: temperature. 
Abscissa: dates. - Pilehuset. 

if it rises above the optimal temperature, the activity 
will decrease again. 'l'he cause of the increasing activity 
at rising temperatures, as shown in Figs. 5, 6, and in 
part in Pig. 7, must therefore be that the temperature 
has not yet risen above the optimum temperature of 
the dominant species. The activity curve shown in 
Fig. 7 follows the temperature fairly well except on Sep­
tember 6th, when an exceptionally warm night caused 
a small drop of the curve. Table II shows the intens­
ity of the activity of the individual species. 
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Table H. 
5/9 6/9 7 fg 

Agrotis pronuba 0 3 1 
Amphipyra tragopoginis 1 6 0 
Orthosia circeltaris 18 9 24 
Orthosia lota 2 0 4 
Xanthia httea 8 3 11 
Xanthia fulvago 8 6 10 
Agrotis c-nigrurn 16 10 3 
Agrotis xanthographa 8 4 0 
Catocala nupta 20 13 13 

It will be seen from the table that the warm night 
caused an increase in the activity of the few pro­
nounced summer species left, for instance Agrotis pro­
nuba and Arnphipyra tragopoginis, but the temperature 
was above the optimum of the late autumnal species 
Orthosia circellaris, Orthosia lota, Xanthia lutea, and Xan­
thia fulvago, and inhibited their activity. The dominant 
species of the period, Agrotis c-nigrurn, Agrotis xantho­
grapha, and Catocala nupta, which were rapidly declin­
ing to the benefit of the late autumn species, have been 
inserted for comparison. 

The Force of the Wind as a Master Factor. 

Under other physical conditions, however, the cor­
relation with the temperature ceases; this is seen i. a. 
from Fig. 8 from Tipperne, June 1940, when the ac­
tivity was almost antagonistic to the temperature. An 
analysis of the individual species will show that this 
is not due to the optimum temperature having been 
passed; accordingly other factors must exert their influ­
ence. However, there is no accordance with the humid­
ity of the air, but the activity follows the force 
of the wind. 

The last-named observation led to a closer invest­
igation of the influence of the force of the wind and of 
the evaporation on the activity of the insects in the 
locality Tipperne. It is a bare and entirely unshelt-
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ered meadow locality; the humidity of the air is great, 
and owing to its situation near the sea the temperature 
fluctuations are mostly moderate, whereas the force of 
the wind is often subject to great fluctuations. 

In order to find out whether the N octuids on the 
whole react to the movements of the wind, two boxes 
with food were placed on the same post, one on the 
windward side, the other on the lee side. A series from 
Tipperne, 1942, is given in Table III; Box A was turned 
towards the south, Box B towards the north. The N oc­
tuids flew against the wind, attracted by the smell, then 
they circled for some time around the post before settl­
ing down. Table III shows the results of some counts 
in August. 

Date 
8/s 
9/s 

toj8 
11/s 
12fs 
tBj8 

Box A 
0 
1 
0 
0 
0 

22 

Table m. 
Box B 

7 
20 
16 

0 
2 
4 

Direction of the wind 
South 1-2 
Southeast 2 
Southeast 3 
Southeast 3, rain 
Southwest 5 
Northwest 3 

It will appear from the table that the N octuids react 
distinctly to the movements of the wind and show a 
predilection for the leeward box. 

On a closer investigation of the influence of the wind 
on the evaporation it was found, among other things, 
that the evaporation from a controlled body, placed at 
the same height as the food boxes, increases proportion­
ally with the force of the wind with about the same 
saturation deficit 1) (Fig. 9). Whether this also applies 
to the Noctuids, is not known; however, when these, as 
actually appears from Table III, react to the action of 
the wind, there is a specially good chance of finding pro-

1) The term saturation deficit, M, is used instead of relative 
air humidity, RH, because the temperature is included in the 
former. M = E (100- RH) : 100. E = the pressure of the saturated 
vapours at the temperature in question. 
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portionality, just as regards the intensity of the activity, 
with the force of the wind measured, if such a propor­
tionality is actually present. The reason for this is as 
follows: 1) During flight the Noctuids move at a height 
above the ground at which the wind is strongly active 
and where the force of the wind may be readily regist­
ered; 2) the N octuids move against the wind to find 
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Fig. 8. Comparison between number of individuals - in June 
1940, and temperature -, force of wind --, and saturation de­
ficit----. Abscissa: date. Ordinates: a, force of wind, b, number of 
individuals, c, temperature, and d, saturation deficit.- Tipperne. 

the waves of fragrance which are to show them the way 
to the sugar bate, and thus we may be fairly certain 
that they are actually exposed to the force of wind re­
gistered; 3) during the flig·ht the metabolic processes 
increase so considerably that the spiracles must be kept 
open, and consequently the chief way of reducing eva­
poration is excluded and one of the most frequent com­
plications in investigations on the evaporation of insects 
avoided. 
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Throughout the month of July 1942 the present au­
thor made observations in Tipperne on the dependence 
of the activity on the force of the wind. The result is 
shown in Fig. 10. The force of the wind is given ac­
cording to Beaufort's scale. The temperature was 
very stable except during the first few nights, while the 
force of the wind fluctuated considerably. The activity 
does not seem to have any relation to the temperature 
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Fig. 9. Relation between force of wind and evaporation, + 

saturation deficit between 0 and 2, 0 saturation deficit above 2. 
Abscissa: loss of water in m g. Ordinate: force of wind after Beau­
fort's scale.- Tipperne. 

or to the saturation deficit, but there is a distinct corre­
lation between the activity and the force of the wind. 
The same applies to the period in August (Fig'. 11): here, 
however, the activity was particularly low during the 
first days of the period because several factors were 
at the same time near the minimum demand (cf. below). 

From the three examples mentioned, from June 1940, 
July 1942, and August 1942 (Figs. 8, 10, and 11), it will 
be seen that in unsheltered places the force of the wind 
often approaches the minimum demand and accordingly 
dominates over the other factors as the master factor. 
Since, owing to the radiation, low forces of the wind 
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and calms frequently occur in association with low tem­
peratures, and the reverse, we may often find that while 
the activity in sheltered localities follows the tempera­
ture, it is the antagonist of the temperature in unshelt­
ered places. 

The inhibiting influence of the wind is in part me­
chanical: the increased resistance during the flight and 
the discomfort caused by the collar being blown up and 

Fig. 10. Comparison between number of individuals - in 
July 1942, temperature -, force of wind -·-, and saturation 
deficit ----. Vertical ruling· from the curve showing the saturation 
deficit indicates rain. Abscissa: date. Ordinate: a, number of indi­
viduals, b, saturation deficit, c, temperature, and d, force of wind. 
- Tipperne. 

the wings fluttering distinctly affect the animals and 
induce them to seek shelter. Moreover, the increased 
eva,poration due to the movement of the wind plays a 
considerable part; thus the force of the wind cooperates 
with the temperature and the humidity of the air, be­
cause the evaporation depends on the saturation deficit. 
In this way further complications may arise, both low 
and high temperatures in connection with gTeat forces 
of wind having an inhibiting effect, the former owing 

d 

0 

!9 0 

18 I 

17 " 

6 3 

14 s 

3 6 

12 7 



368 

to cooling, the latter owing to an increased evaporation. 
In addition it is, no doubt, of importance that at great 
forces of wind the waves of smell from the food will 
be dissipated and thinned, so for that reason alone a 
smaller number of Noctuids will approach the sugar 
bate. 
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Fig-. 11. Comparison bet"·een number of individuals - in 
August 1942, temperature-, force of wind-·-, and saturation 
deficit ----. Abscissa: date. Ordinates: a, number of indiYiduals, 
b, temperature, c, force of ;vind, and d, saturation deficit. - Tip­
perne. 

Humidity of the Air and Precipitation as Master Factors. 

In this country the relative humidity of the air is 
rarely so low in the night that it becomes a marked 
master factor. However, a single example is at hand 
from Tipperne from June 1939, w-hen the activity ceased 
almost entirely owing to an abnormally low humidity 
of the air. On the other hand, a combination of a rela­
tively low humidity of the air and a high temperature 
may at times result in so high a saturation deficit that 
the activity is distinctly reduced. Examples of this are 
supplied by July 4th and 5th, 1942, when comparatively 
few animals flew in spite of favourable conditions (Fig.lO). 
These two days showed the absolutely highest saturation 
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deficits during the period, viz. :3.2 and 3.0 respectively. 
As stated above, the same applies to August 4th and 5th, 
when the activity was less than expected by the author, 
even though the conditions could not be characterised 
as favourable (Fig. 11). 

Great humidity of the air is always favourable, and 
a fine drizzling rain does not, as a rule, give rise to a, 

decrease at first~ the contrary is the case (cf. :Fig. 6). 
A regular downpour, however, will always have an in­
hibiting effect, and the consequence of a shower of rain 
may persist for many hours. .P re c i pit at ion may 
often be seen to act as a master fa-ctor and to 
govern the activity in spite of favourable temperature, 
light, and wind conditions. On July 11th, 16th, 18th, 
22nd, and 24th, 1942, it rained, and the activity ceased 
entirely even though the other climatic conditions were 
fairly good (Fig. 10). On August 6th, 8th, 11th, and 12th 
it likewise rained, and the activity nearly ceased; how­
ever, on these days the other conditions were not good 
either, so it is difficult to conclude anything about the 
influence of the precipitation (Fig. 11). Thus in Skal­
lingen, Tipperne, and other unsheltered localities preci­
pitation often means a catastrophy, because the activity 
e;eases completely; but in sheltered terrain rain fre­
quently only means a change of phase and a reduction 
of the activity. Fig. 12 shows examples of the influence 
of the precipitation in sheltered terrain. On August Hlth 
and 26th it rained in the early evening, but the tem­
perature was especially favourable; the average activity 
curve for the whole month (August 2nd--September 2nd) 
has been inserted in the figure for comparison; it will 
be seen that the avtivity is not only reduced, but it 
has also been shifted sideways, so that the influence of 
the light, too, is dominated by that of the precipitation. 

It is not easy to say why the precipitation plays such 
a great role even after it has ceased; a concurrent cause, 

24 
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is no doubt cooling due to the increased evaporation, 
from the surroundings as well as from the damp N oc­
tuids themselves when they are to fly; for it is charact­
eristic that the animals often fly briskly during the be­
ginning of a shower, but then stop their activity even 
if the shower ceases. Moreover a too lively activity is 
always unfortunate in wet surroundings, because the 
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Fig·. 12. Influence of precipitation on intensity of activity. 
- average curve for the period August 1938, -and---- activ­
ity curves for two rainy nights. Abscissa: hour; ordinate: number 
of individuals counted. - Pilehuset. 

wings are li-able to adhere to the surroundings, when 
the scales will be rubbed off. Finally the cause of the 
slight activity may perhaps be that the odoriferous sub­
stances are absorbed by the rain drops, the N octuids 
being accordingly attracted by a less intense smell; 
they will therefore often be seen to keep quiet in rainy 
weather. 

Hunger as a Master Factor. 

As stated above, the primary cause of the activity· 
measured is hunger, while the first inhibition of its 
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manifestation is the light, whieh is the master factor at 
a certain intensity of light. Hunger makes itself felt 
every twenty-four hours, and every twenty-four hours 
inelude periods of unfavourable intensity of light as well 
as periods of favourable light intensities. It may happen, 
however, that a number of the other important factors: 
temperature, air humidity, force of wind, and preci­
pitation, for several consecutive nights are near the 
minimum. Concurrent circumstances may cause now 
ono now the other factor to lie below the minimum limit 
so that during some period there will be no activity 
at all in the night. One of two things may happen: 
either the animals will die as a direct consequence of 
the hard weather, being weakened and more easily 
falling prey to enemies, or they will die from starva­
tion when they have had no food for several nights. 
In the experiments with Agrotis pronuba (p. 354) it was 
observed that the activity lasts the longer the more 
hungry the animal is, and after some days it will look 
for food throughout the whole dark period, after which 
it will soon die. 

Both on Skallingen and Tipperne the author ob­
served a different result of unfavourable conditions 
during the normal time of flight, since as regards a 
number of species hunger will become the master 
faetor and dominate the inhibiting influence of the 
light, with the result that the N octuids will fly about 
seeking food by daytime instead of during the night. 
In Tipperne such periods often occur in the autumn, 
and the following observations are derived from that 
locality. A diurnal aetivity can, of course, only take 
place if the weather is better in the daytime and the 
speeies are such to which the light is no very groat 
obstacle. These conditions were present for instance in 
August 1941 and 1942. A period of extremely bad wea­
ther was succeeded by a period in which the rain came 
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principally in the night and the temperature 1vas fairly 
high in the day. The following species were observed 
to fiy by day during the period: 

Table IV. 
Species 1941 Number Species 1942 Number 

Agrotis xanBwgrapha 166 Ag1~otis vestigialis 1 
A,qrotis rubi 14 Agrotis mbi 3 
Agrotis umbrosa 1 Agrotis tritici 1 
Ag'rotis cursoria 2 
Charaeas graminis 166 Charaeas graminis 111 
Hadena literosa 1 Hadena literosa 1 
Hadena bicoloria 4 Hadena bicoloria 47 
Hadena bic. vwr. striata 2 Hadena bic. var. striata 2 
Haclena ochToleuca 1 
Leucania impura 1 
Hydroecia nictitans 396 Hydroecia nictitans 4 
IIydroecia micacea 24 
Heliotropa leucostigma 2 
Pl~lsia _jota 1 Plusia gamma [) 

Fig. 13 shm,vs the twenty-four hour curve for the 
three commonest species in 1941 as well as the curve 
for the same species in 1939, for comparison. The in­
vestigations on the diurnal activity will not be dealt 
with in more detail here, it need only be stated that 
the Noctuids which show a maximum in the middle of 
the day are those which are most resistant to heat in 
the laboratory experiments and, moreover, such as oc­
casionally fiy in the day under normal conditions also. 
Agrotis xanthographa reaches its maximum late in the 
afternoon and in experiments is less resistant to heat 
than the other species; as a nocturnal fiier it is in ac­
tion early in the morning or early in the evening, at 
times when the intensity of the light is fairly high. It 
is curious, however, that Hydroecia nictitans, which has 
its maximum as a nocturnal fiier at midnight, fiies in 
the brightest sunshine. This is probably connected with 
the high heat demand of that species. It is not only the 
light intensity which is unfavourable in the day, but 
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the saturation deficit also is, as a rule, too high, thus in 
the four days on which diurnal flight was liveliest the 
saturation deficit was 4.87, 3.92, 4.03, and 3.88 respec­
tively or twice that of the night (cf. Figs. 10 and 1 
As a consequence the Noctuids are rarely seen to fly; 
they crawl cautiously up the flowers from the ground 
and settle down to feed as near the ground as possible. 
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Fig. 13. Twenty-four hour activity of three Noctuids, in 1939 
(light curves) and in 1941 (heavy curves). - Hydroecia nictitans, 
-- Charaeas grarninis, .... Agrotis xanthographa. Abscissa: hour; 
ordinate: number of individuals in percent of the maximum 
number. - Tipperne. 

Remarks. 

Thus the investigation shows that the in­
tensity of activity is governed by the factor 
that comes nearest to the mini mu m demands, 
and since the light passes below the mi­
nimum demand every twenty-four hours, it is 
the factor that sets its mark on the activity as 
a whole, while the other significant factors, 
humidity, temperature, and force of wind, are 
in the main decisive for the degree of intens­
ity. If during a period of some length one or 
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some of these factors lie below the minimum 
in the night, the hunger of the animals will 
be so intense that the whole picture of their 
activity will change phase and the obstacle 
presented by the light will be overcome. 

Dansk Oversigt. 
Fra en Unders0gelse over N octuidernes Aktivitet er her frem­

draget en Rookke Resultater til Belysning af Problemet om Mini­
mumsfaktorers Betydning. Aktivitetsgraden er udtrykt ved d.;t 
Antal Noctuider, der s0ger F0de paa udsatte Foderkasser, og der 
er foretaget Optoollinger med bestemte Mellemrum D0guet rundt 
i fiere Perioder og paa fiere Lokaliteter. Samtidig er der foretaget 
Maalinger af fysiske Faktorer, som Lysstyrke, Vindstyrke, Tempe­
ratur, Luftfugtighed og Nedb0r. Det er vist, at der meget ofte 
er en udprooget Korrelation mellem Aktivitetsgraden og de fysiske 
Faktorer, der paa det paagooldende Tidspunkt Jigger noormest ved 
Minimumskravene og varierer stoorkest. 

Det, der faar Noctuiderne til at s0ge Foderkasserne, er Sulten, 
men Optoollinger viser, at de kun s0ger Foderkasserne paa be­
stemte Tider af D0gnet (Fig. 1 a, b, c), og det vises, at dette ikke 
skyldes, at Dyrene er underkastet en indre D0gnrytme, men at 
Lyset er Minimumsfaktor og hoommer Aktiviteten ved h0j Lys­
styrke og begunstiger den ved lavere Styrke, medens endnu min­
dre Lys igen er hoommende (Fig. 2). 

I en Periode svinger Lysets Styrke regelmoossigt D0gnet rundt; 
naar Aktiviteten ikke svinger ligesaa regelmoossig·t, skyldes det, 
at andre Faktorer optrooder som Minimumsfaktorer, og det vises, 
at i vindbeskyttet Terrain med stor Udstraaling f0lger Aktivitets­
kurven Temperaturkurven (Fig. 4, 5, 6, 7), medens Aktiviteten 
paa ubeskyttet Terrain tydelig er afhoongig af Vindstyrken (Fig. 8, 
10, 11). Luftfugtigheden optrooder kun sjooldent som Minimums­
faktor (smlgn. Fig. 10), og medens 100 Ofo relativ Luftfugtighed 
og St0vregn er gunstig for Aktiviteten, er stoork N edb0r hoom­
mende ogsaa over andre Faktorers gunstige Indfiydelse, saaledes 
at der bliver Korrelation mellem Nedb0r og Aktivitet (Fig. 10, 11, 
12). Naar en Rookke Faktorer gennem loongere Tid har ligget om­
kring Minimumskravene, saaledes at den normale Aktivitet ved 
den g·unstige lave Lysstyrke er hoommet, kan Sulten optroode som 
Minimumsfaktor og overveje Lysets Hoomning saaledes at Noctu­
iderne s0ger Nooring om Dagen (Fig. 13). 




