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I. I n troduction 

I nvestigations into the food biology of the fox, Vulpes vulpes L., in Fin
land has as yet been very scanty. The investigations which have been done 
(LAMPIO 1946 a, b, 1949), give a very uncertain and restricted picture of food 
selection. The investigations have mostly been restricted to analyses of the 
stomach contents. ince most foxes are shot in winter, the food composition 
during spring and summer is not satisfactorily represented in the reports. 
There are no biotope reports and no reports of the fauna in the areas where 
the foxes were shot. ense physiological viewpoints are likewise lacking. This 
is very important for an understanding into the whole problem of food selection. 

In the oviet Union (LAMPIO 1946b) and the nited tates (HAMrLro. 
1935, HEIT 1944, CRUELER 1951) very careful investigations have been done 
on the food biology of the fox . ense hysiological and ethological viewpoints 
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are, however, also lacking in these investigations. From this point of view 
KROTT (1959) and NoTINI (1948) have studied the food biology of the glutton. 
Gulo gulo L. , and the badger, M eles metes L. The credibility of these works is 
however questionable. As for other investigators who have made very close 
studies of the food selection of predatory mammals, reference may be made to 
RABER. He made very careful studies of the behaviour and the sense physio
logical dependence in prey capture of the marten, !11 artes j oina Erxleben, and 
the polecat, Putorius putorius L. (RAnER 1944). 

Hunters are generally of the same opinion about the distance receptors 
of the fox in that it mostly hunts using its olfactory sense, has good hearing 
but bad sight. This is also the opinion of ~I . ·sTERHJELM (1937). According 
to SnvoNEN (1953) , smell is very important for tracking nests of game birds. 
As to colour discrimination, it is supposed that foxes do not possess this ca
pability (TEMBROCK 1957) . Investigations on the eye anatomy of Canidae 
give indications in this direction (v . BUDDEXBROCK 1952). 

In order to investigate how much the distance receptors are essential to 
the foraging of the fox, I made experiments during the summer and the autumn 
in 1961 with captured fox cubs. During the summer I carried out the experi
ments with three cubs in the village of Faboda near Jakobstad. In September 
they escaped, perhaps as a result of human interference. However I was able 
to buy one cub from the same litter, and the re earch programme was con
tinued at Tvarminne Zoological tation. The object of the work at Tvarminne 
was to study problems that had arisen during field observations and the inves
tigations at Faboda. At Tviirminne the test animal was kept in an enclosure, 
which is shown in Figure 5. To create as natural an environment a possible, 
I planted some junipers and spruces in the enclosure. 

II. The daily rhythm of the fox 

Knowledge of the daily rhythm of the fox is very important for the right 
interpretation of some aspects of sense physiology and for the correct appli
cation of the results of the observations to the natural circum tances. 

I made my studies of the daily rhythm in the form of an 24-hour obser
vation period repeated every fifth day. On eptember 4 and ovember 3, 
unavoidable circumstances forced two breaks in the ob ervations. The obser
vations were made between August 1 and ovember 1 , and those in the field 
completed the studies made in the enclo ure. Foxes have been ob erved in the 
field since 1958. 

Figures 1 and 2 give an idea of the daily activity of the fox . In the same 
activity period I have included excursions in the enclosure of more than two 
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Fie. 2. Ob ervations in the field . E\·ery point denote one observation. 

minutes' duration. I have not recorded periods of movements shorter than 
two minutes. If the periods were eparated by an inactivity longer than 15 
minutes, they have been classified as separate actiYity period . 
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Activity is in rather good keeping with changes in the times of sunset and 

sunrise. It is at its greatest during the hours before and after sunset and sun

rise. In the enclosure the moving periods were longer in the evenings than in 

the mornings. The diagram of the observations in the field suggests the con

trary. The explanation is probably, that the studies in the field were more 

often done in the mornings than in the evenings. TEMBROCK (1958) never

theless remarks that some of the foxes with which he experimented were more 

active in the mornings than in the evenings during the summer and the 

autumn. My own observations on the foxes in the enclosure revealed greater 

activity during the hours after sunset than before sunrise. A very interesting 

feature is the separate afternoon activity, which appeared especially in the 
autumn. In August, the test animals began to moYe in the enclosure about 

4-5 p.m. I n November, they were already moving in the enclosure at about 

2 p.m. The afternoon activity continued for two or three hours. After this the 

degree of activity decreased for some hours, then it rose again. The rest was 

not a full one, however. It was often broken by shorter migrations in the 

enclosure. Especially during the summer, short periods of movement inter

rupted the daytime and afternoon rest. They do not appear in the diagram , 

however. During autumn the daytime rest was more complete. This result is 

in accordance with the views of TEMBROCK (195 ). According to his resul 

the daytime activity of the fox in summertime i very important. 
In the opinion of AsCHOFF (1962), the activity of typical nocturnal animal 

is greater in the beginning and end of the active period than in the middle. 

Fig. 1 shows a more distinct activity peak in the enning and the morning 

than that which AscHOFF regards as typical of nocturnal animals. Especially 

during the autumn months the activity was certainly less at midnight than 

in the evenings and morning . This midnight re t was not a complete one. 

As during the less active period between the afternoon and evening activity 

peaks, the inactivity was often broken by short excursion in the enclosure. 

In the beginning of August the chief period of activity was not didded into 

two, however. At this time repeated heaYT rain bowers during which the test 

animals moved about very little often influenced the re ults. 
In TEMBROCK's opinion (195 ) there are three peak in the daily activity 

in summer. In autumn only one pronounced morning and one evening peak 

are discernible. In winter on the other hand, the activity reaches its maximum 

in the hours after sunset thereafter diminishing towards morning. This cor

responds with my own view. In autumn the fox can best be described as a 

twilight animal according to the definition given by A CHOFF (1 2). In sum

mer the fox is to a greater extent light acti,·e. According to TEMBROCK (1 5 ), 

about 50 percent of the activity occurs ";thin the period when the sun 

above the horizon. In winter the fox is a more typical nocturnal animal. 
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Other investigators have also discussed the daily rhythm of the fox . QviT
TE);BAUM (1931) classifies the fox among the twilight animals . KEMPE (1950) 
opposes this view, however. KOE::\'E).T (1951 ) again says that the activity rhythm 
partly depends on environment . 

."::mall rodents make up the bulk of the food of the fox (HAMILTO); 1935, 
H EIT 1944, LAMPIO 1946 b., CHUELER 1951, TEMBROCK 1957). The daily 
rhythm of the fox and the small rodents has certain interesting similaritie . 
. -\ccording to CATLETT and HELLHAMMER (1962), the activity of Reithrodon
ty mu megalotis Baird is lowest between a .m. and 5 p.m. (Fig. 4). During 
thi time the species is very hard to find in its runways. Catching on a large 
cale is not possible until the rodents have emerged above ground. 

TDIBROCK (195 ) is of the opinion that the variations in the daily rhythm 
of the fox is primarily determined endogenously. According to my own inves
tigations the time of transition from light to darkness is a very important 
>>Zeitgeben. Figs. 2 and especially 1 give a good idea of this. 

_-\s regards the yearly activity, TElffiROCK says (195 ) that activity is 
lo'l\·e t before whelping. After this the fox becomes more mobile, but after 
mid ummer it becomes less active again . During the autumn mobility in
creases and is ma.:rimal in winter until rutting-time or the period of heat . 
~Iy own investigations are stretched over too short a time for a possible direct 
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comparison with the results of the German investigator. The collocation of 
the results has furthermore been done on a different basis. But if a collocation 
of the number of active hours in a day is done we obtain a result that cor
responds with TEMBROCK's opinion. 

August: 8.1 hfday 
September: 9.2 h fday 

October: 11 .0 h1day 
~0\-ember : 12 .:. h ,day 

IlL The significan ce of dist ance receptors in foraging 

The daily rhythm of the fox, the morphology of the head and the exploited 
foodniche make it appear probable that foraging is in the main acoustic and 
olfactoric. This is also the opinion of TEMBROCK (1957). 

The significance of different distance receptors while foraging takes place 
was studied by training experiments and obseryations on the behaviour of the 
test animals, when they were faced with varying dummies. The same experi
ment was usually repeated in the afternoon, at twilight and after nightfall. In 
this way the influence of the light factor upon the results could be obsernd. 

1. For aging by visual means 

Preliminary studies on the senses of the fox showed that at least during 
the light period of the day, the fox responded to moving objects. Butterflies 
were caught with great skill. Grasshoppers, which are not caught under normal 
circumstances, were of interest to the test animal if they were placed on a 
substrate, of contrasting colour to that of the insects. l\loving beetles re ulted 
in a responce by the fox. If the beetles reacted by hamming dead they were 
of no interest to the fox , the latter discontinuing the pursuit. The badger 
shows the same Jack of response to beetles shamming dead (NOTr::-.-r 194 ). 

The degree of preference of vision in Yarying conditions of illumination 
was studied by observing the hunting behaviour of the fox when it was exposed 
to an optical stimulus with and without a synchronous ound stimulus. The 
position of the sound source did not coincide with the vi ible, moving object. 
For this a piece of meat measuring 10 x 3 cm was used. It was uspended on 
a thread about 5 cm above the ground. ear the sound ource there was a 
piece of meat of the same size and form as that of the uspended one. The 
olfactory influence on the results can therefore be eliminated. To make the 
situation as natural as possible and to make possible analyses of every moment 
of the catching behaviour, smell-free dummies were not u ed. Separate ex
periments showed that the fox reacted with a taking action to both stimuli . 
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FIG. 4. The daily activity (registrations per 5-minute intervals) of Reithrodontomys mega
lotis. according to CATLETT and SHELLH.Un!ER. 

If the piece of meat was conveyed above the ground synchronously with 
a rustling sound from another direction, the fox attacked either the acoustic 
or the optical stimulation source. Once attack upon one source had began, 
it could never be interrupted by continued signaling from the other source. 
Below are the results obtained in this experimental series. 

X umber 
of experiments + 0 

Afternoon 20 11 8 1 

Twilight 25 16 2 

Darkness 18 2 15 

In the table + signifies a positive reaction to the optical signal, - to the acoustic 

and 0 no reaction . •Twilightt includes those experiments made 15 minutes before and 
afte r stmset. 

The degree of preference for the use of vision in catching decreased as the 
light conditions deteriorated. According to the e..~perimental results, vision 
plays a more important role than smell in catching during daylight. In twilight , 
on the other hand, the fox preyed upon the sound source to a considerably 
higher degree than upon the moving decoy. In darkness the test animal reacted 
almost only to sounds. 

The moving decoy was more easily seen than were small rodents in their 
natural environment. If the fact that foxe often prey upon these animals and 
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that mice are easiest to find acoustically is taken into consideration, it may 
be argued that during the light part of the day, the visual organ plays a lesser 
role in foraging than the table suggests. What the e..""periments revealed is the 
potential degree of preference to sight for catching in varying light conditions. 
It is reasonable to suppose, however, that the fox often notices birds optically. 

During darkness I made some experiments with white strips of paper 
attached to the moving pieces of meat. These e:J.cperiments were unfortunately 
not recorded. The white strips increased the contrast between the meat and 
the environment. The degree of preference of vision seemed to be as great 
as that of hearing in these experiments. This was especially the case on clear 
moonlit nights. If the strips were placed some 10 cm in front of or behind the 
pieces of meat, the fox more often preyed upon the strips than upon the pieces 
of meat. The behaviour of the test animal indicated, howe er, that acoustic 
stimulation gave the initial impulse to attack. The significance of vision be
came apparent just prior to location. If the test animal, when in darkness , 
had to choose between a motionless source of smell and a mobile, dark colo
ured dummy of no smell, the smelling source was chosen in most cases. 

A comparison of the degree of preference of vision over olfactory stimuli in 
varying light conditions showed that the number of reactions to optical signals 
was much greater in daytime. With decreasing illumination the importance 
of smell increases. In twilight, however, the fox still reacted to optical signals 
more often than to olfactory signals. 

In this case too, the results are Yalid only for the potential degree of pre
ference. Apart from the fact that the mobile object was more plainly exposed 
than the prey of the fox usually is in its natural environment, auxiliary signals 
had, as a rule, to be given during the night experiments in order for the fox to 
react. The interest of the test animal had first to be aroused with a sound 
signal. Before this method was adopted the fox was wandering about in the 
enclosure when an experiment was conducted. In the ection dealing with the 
sense of smell an account is given of the experimental method. The collocation 
gives only an impression of the importance of sight during far-off location 
experiments, carried out when conditions were good. This i valid e pecially 
for location by night. 

Kumber 
of experiments + 0 

Afternoon 20 19 0 
Twilight 20 13 5 
Darkness I S 6 

Here + signifies a positive react ion to the optical and - to the olfactory ignal. 11 
signifies no reaction . 



ACTA ZOOLOGICA FEXNICA 106 11 

.-\ccording to LINDEMAKN (1955) , vision in the lynx is of greater importance 
than olfaction. This animal has the same daily rhythm as the fox. The lynx 
howeYer directs its foraging towards better exposed types of food than the 
fox. TEMBROCK (1957) points out that vision in the fnx is less important than 
hearing and smell. According to my own investigations the maximal efficiency 
of olfaction is poorer than that of vision in good light conditions. In the natural 
em-ironment, however, sight is very seldom more important than smell in the 
foraging. The fox mostly forages in low illumination. The bulk of the food, 
the small rodents, is furthermore very difficult to locate optically. 

2. Colour discrimination of the fox 

The capacity of carnivorous mammals for discriminating colours has not 
been more e>..rtensively studied. According to B CHHOLZ (1952), the domestic 
cat is certainly able to distinguish colours. She is contradicted by MEYER 

( 1954), however. The colour discrimination of the dog has been surveyed by 
GRZBfEK (1952), who could not find any proof of such a capacity in this animal. 

The capacity of the fox for colour discrimination was studied by training 
experiments. Rectangular pieces of cardboard, 15 X 10 cm, painted bright red 
and blue were used. The colours appeared about equally bright to the light
adapted human eye. A colour signal denoted food to the animal. After about 
20 series of signals the fox learnt to associate the colour signals with feeding . 
. -\fter this, only a red signal indicated food , while a positive reaction to a blue 
signal resulted in the test animal being trapped in the feeding cage for some 
minutes without food. After a training period which occupied two evenings, 
the real experiments went on. 40 red and 40 blue signals were given in random 
order. The results were: 

Red 

Blue 

Right \\"rong 

22 
23 

18 

1 / 

Only the number of wrong reactions to blue and correct to red colour are 
actually of importance in this case. A right reaction to blue and a wrong one 
to the red signal only showed that the fox did not react to the signals. Whether 
this was due to right or wrong association or to some other circumstance does 
not appear. o proof of ability to discriminate colours was obtained, however. 
The percentage of wrong reactions to blue colour was too great. The training 
period, however, may have been too short. 

In e.'q)osition experiments with eggs of different colours it could not be 
ho"IV-n that colour had any significance. The apparent brightness, on the other 



12 H. Osterholm: Distance receptors in feeding behaviour of the fox 

hand, had an effect upon the choice of eggs. In the section on the significance 
of the egg colour to the choice of the dummy eggs of different colours, an 
account is given of these results. From the results it cannot be concluded 
however, that the fox does not possess any capacity for colour discrimination. 
They only indicate that if the fox can discriminate colours, this capacity does 
not have any significance on the association of an object with an egg. 

The view that the fox does not possess a capacity for colour discrimination 
is contrary to the opinion of TEMBROCK (1957) . He does not state, however, 
which experimental method and which colour combinations he used. It is 
possible that combinations other than red and blue would have disclosed a 
capacity for colour discrimination in my own investigations. Micrott~s silvaticus 
and Clethrionomys, for instance, can discriminate bebYeen yellow and red , 
while green and blue are equivalent (SALZE 1936). According to an investigation 
by BucHHOLZ (1952), the domestic cat can discriminate at least behYeen violet 
and red and between blue and green. 

Observations in the field do not support the opinion of a capacity fo r colour 
discrimination in the fox. On the other hand, the animal readily discriminates 
between differences in brightness. Hunters with experience know that foxes 
are shy of people clothed in gaudy colours. Discrete shades of colours although 
contrasting with the environment, do not ho"·ever attract any attention 
( ~-lU:-<STERHJELM '1937). 

3. Significance of the sense of mell 

Carnivorous animals are usually considered to have a ery good capacity 
for recognizing animal scents (BINET & PASSY 1 96, HE:-.--xrxG 1920, KRoTT 
1959, ::VIEYER-HOLZAPFEL 1957). According to EFFRIX (191;)), the dog i 
inferior to man where vegetable scents are concerned. This is contrary to the 
view of HENNING, however. As for the lynx the en e of smell is stated to be 
of inferior importance in the localisation of the prey (LrxDEMAXX 19;);)) . In 
• OTI:-<I's opinion (1948), the same is true of the badaer. In the ea e of the fox 
the general view is that the sense of smell play a very important part in 
foraging (SIIVONEN 1953, TEMBROCK 1957). 

The method in the investigation of the food-biological ignificance of the 
sense of smell of the fox was the same as in the tudies on the visual sen e. 
:\Ioreover, the capacity of the fox to locate piece of meat which had been 
buried was observed. 

The results of a comparison between the significance of the enses of smell 
and sight in varying light conditions have been described earlier. Yet in twilight 
the potential degree of preference of vision is greater, while in darkness the 
sense of smell is of greater importance. The behaviour of the te t animal during 
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these experiments further showed that the acuity of the sense of smell seems 

to be less than is usually believed. As was mentioned earlier it was found that 

to obtain reliable results in darkness the fox must usually be aroused, for 

instance with sound signals. As such >>waking-up signals>> indifferent knocking 

sounds were used. Without these calling signals the test animal wandered 

unsystematically in the enclosure. Accidentally it came into contact with the 

lying pieces of meat or with the mobile object. There was no question of any 

real distant localisation, however. To make the results equivalent and com

parable this calling method was used in all light conditions. 
For locating the pieces of meat with the sense of smell alone without 

introductory •>waking-up signals>> the fox had to move at a distance of less 

than 1.5 m from the source of the smell. Even so, the pieces of meat often 

remained unobserved. The uncertainty of the fox when it had to catch by 

purely its olfactory sen e was shown in an experiment in which 40 pieces of 

meat were placed in the enclosure in two experimental series. In both the 

series the test animal was allowed to range freely in the enclosure for 5 minutes. 

During the experiment a count \Yas made of the number of times that the fox 

found a piece of meat. After each experiment the untouched pieces were 

counted as a check. Altogether the fox was observed to prey upon a >>mouse» 

2- times. In the check-up afterwards 14 pieces of meat were untouched. One 

piece could not be found. 
If, on the other hand , the test animal was obliged to use its sense of smell 

to a maximal degree, olfactory location succeded at a distance of between 

1 and 2 m from the source of the smell. Loud >>snufflings>> indicated that the 

whole capacity of the olfactory sense was being made use of. Without preceding 

sound or optical stimulation the maximal acuity of the sense of smell was 

ne,·er made use of. Observations in the field have shown that the sense of 

mell is best considered as a point blank locatory organ. The fox is acoustically 

or optically attracted to the proximity of the moving prey. 
If the attention of the fox had been roused acoustically, the olfactory 

tracking was, to begin with undirected. If the >>prey» was above the surface of 

the ground the direction became more exact at a distance of between 2 and 3 m. 

Location was not exact until a distance of some tenths of a metre from the 

>>prey>>. If the pieces of meat were buried at a depth of 10 cm, the test animal 

did not perceive the scent further than 50 cm from the spot. Near location 

was done with greater precision in this case, however, than when the >>prey» 

lay on the ground. This seem to indicate that the scent of a subterranean 

prey is more area-specific. pontaneously, i.e. when the attention of the test 

animal had not been aroused beforehand, the fox could not locate pieces of 

meat until it was moving right over them. In such cases, too , a reaction often 

failed to appear. This was shown in an experiment in which 30 pieces of meat 
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had been buried along the trellis of the enclosure. The fox usually mO\·ed 
around the periphery of the enclosure. When the test animal had moved at 
least twice over every piece of meat it was established that only 15 pieces had 
been dug up. In the checkup 3 could not be found. The soil was heavy clay. 

Hidden hen's eggs could never be located by purely olfactory stimuli. 
Accidentally the fox came in contact with those eggs which it found. This also 
applied to eggs rubbed with down. If the fox had to choose between real and 
porcelain eggs the scent of the egg content appeared to be of no value. A higher 
preference was shown for cracked eggs and eggs rubbed with down, on the 
other hand. However the choice could not be made over a distance of more 
than 50 cm. RXBER (1944) says that the marten does not perceive any olfactory 
difference between a real and a porcelain egg until it is at a distance 
of a few cm. 

The studies on the fox's sense of smell indicate that this sense is of secondary 
importance in distance location, while very important at point blank location. 
This explains why undamaged nests of game birds can be found close to paths 
which foxes often use. In summer 1962, for instance, I found the nest of a 
black grouse with 8 eggs in it barely one metre from a path which was nry 
often frequented by foxes. At a distance of 100 m from the nest was a den. 
All the eggs hatched. NoTINI (1948) reports that the badger has no means of 
deliberately seeking bird's nests . Those eggs which have been damaged, the 
badger has found by chance. According to RXBER (1944), the olfactory sense 
of the marten is of value only in near location. 

According to the results of the investigations the function of the sense of 
smell in foraging could be said to be near location. The exact position of the 
prey can be established olfactorically. Some sound which can be associated 
with a small rodent, a bird or some other prey causes the fox to approach the 
sound source. If the sound signals cease the fox seeks the source with the aid 
of the scent, over the last few metres In the polecat (RABER 1944) the same 
dualism is found in the use of the distance receptors for catching. Howe,·er 
the polecat begins olfactory location at an earlier stage than does the fox. 

BINET & PASSY (1896) and SEFFRIN (1915), held that the threshold nlue 
of the dog for perceiving vegetable and pure scents is high. My own investi
gations with eggs dipped in turpentine intimated that the same was the case 
with the fox. The investigations were made with t wo fox cubs four months 
old. The scent of the turpentine was very clear. The cubs did not react until 
their noses were close to the eggs. The scent had an ill effect upon the test 
animals. If the eggs had not been rubbed with down they were in most cases 
untouched. If, on the other hand, the eggs had been rubbed with hens' down 
after having been dipped in turpentine, the cubs reacted to them normallv. 
Rubbing of the eggs with manure had no effect upon the reaction to the »prey». 



ACTA ZOOLOGICA FE)JNICA 106 

Hen's eggs 
Porcelain eggs 

Number of positive reactions 

Turpentine Turpentine + down 

5 

3 

15 

15 

15 

In both cases the cubs were offered 15 real and 15 porcelain eggs. The 

preference for the hen's eggs rubbed with turpentine was somewhat higher 

than for the porcelain eggs. The investigation material was too scanty, how

ever, to permit the conclusion that the content of the eggs was of significance 

in this case. As has been mentioned earlier, other investigations indicated that 

this would not be the case. 
According to SrrvoNEN (1953) , nests of birds which breed on the ground 

can be protected from foxes if shreds of cloth moistened in turpentine are 

hung up around the nests. It is commonly believed by hunters, that when fox

hunting with a >>long line>>, the line works more effectively if it has been mois

tened with turpentine or paraffin oil (e.g. Lm.""DEN' 1923) . This belief is contrary 

to my own experiences. The initial stimulation for the location of nests cannot 

generally be an olfactory one. The experiments with the eggs showed that 

once the fox had perceived a relevant animal scent it was not deterred by the 

scent of turpentine. 

4 . Acoustic orientation 

Even during the numerous experiments to find out the importance of sight 

and smell in foraging , it became apparent that hearing is the chief sense in 

distance location. During the night foraging is almost exclusively acoustic. 

In good light conditions, on the other hand, the preference for visual recog

nition is rather high. If the daily rhythm of the fox and the fact that the main 

food is very hard to locate optically is taken into account, the fox's dependence 

on the auditory sense in its natural environment is still more evident. The inves

tigations of the significance of the auditory sense in foraging gave the following 

results: 

S mell 

Hearing 

Number 

of exp eriments + 
40 

40 
23 
39 

In the table + indicates location. In those experiments in which location 

occured purely olfactorically the fox was allowed to range freely in the enclosure 

during one minute in all of the 40 tests. In every test one piece of meat was 

hidden in the enclosure. The number of times was noted when location was 

uccessful. No &arousing signals• were given. From the table it is evident that 
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the fox succeeded in locating only half of the pieces of meat. The behaviour 
of the test animal showed that it did not perceive the scent until it was at a 
distance of 2 m from the source. 

The acoustic signals were sent when the fox was at a distance of 10 m 
from the sound source. The dimensions of the enclosure did not allow longer 
distances. The signals were rustling and scratching sounds, to which the test 
animal immediately reacted by rushing upon the source. In only one case did 
the rush stop before capture. If the sound was of short duration the quick rush 
ceased even after a few metres. Further seeking in the direction from which the 
sound had come was done olfactorically. During this seeking the fox )>snuffled)> 
loudly. If, on the other hand, the sound emission continued without inter
ruption, the attack and catching occurred simultaneously. The different be
haviour in the two cases indicated that the location of the prey is acoustic 
when the sound signals are made without interruption. The sense of smell is 
of help only in those cases when the sound signals have ceased before capture 
of the prey. The results of the experiments with dummies gave still clearer 
indications in this direction. 

Scented and scent-free dummies were placed 25 cm from each other. The 
scent-free decoy was sound emiting. It appeared that if the sound source 
ceased to give the rustling or scratching sounds when the attack had begun, 
the fox orientated olfactorically to the scent source. If, on the other hand, 
the acoustic signals continued, the sound source was attacked many times. 
Because the attacks did not lead to reward, the test animal ceased to be in
terested in the rustling. Although the scent scource was at a short distance 
from the sound source the former was located only 6 times out of 15 experi
ments. Every time the sound source had been attacked first. 

In the location of subterranean prey the fox seems to use hearing and 
smell simultaneously. As it digs, loud ))Snuffiings)> can be heard. This indicates 
that is uses the acuity of its olfactory sense maximal1y. Digging is often inter
rupted with short leaps into the air. The ears are directed fonvards the whole 
time in the same way as when the fox locates a prey solely acoustically. The 
leaps can be thought to frighten the prey into increased activity. This would 
make its location easier. In NoTIKI's opinion, the heavy steps of the badger 
frighten subterranean animals to increase their activity which would make 
acoustic tracking easier. In the studies on the food biology of the badger it 
was shown that the preying upon voles and caterpillars below the surface 
of the ground occurs almost exclusively with the aid of the sense of hearing. 
In experiments where a badger had a defective sense of smell, the results 
were no worse than those with normal animals. The initial tapping of wood
peckers on trees is supposed to have a location function to some degree 
(PYNNONEN 1939). 
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5. Sound location by the fox 

Because it appeared that the fox is highly dependent upon its sense of 
hearing while seeking food, great attention was directed to the capacity of the 
fox to determine the direction of a prey by purely acoustic means. The acoustic 
power to orientate has hitherto received only scant attention in the studies of 
the mammals. Observations in the field indicated that the lynx and the bear 
have a well-developed capacity for locating sound (LINDEMANN 1955, MEYER
HOLZAPFEL 1957). According to TEMBROCK (1957), the fox seem.s to have a 
good capacity for acoustic location. His view is based in field observations. 
The location of sound by the domestic cat and the dog has been investigated 
with greater precision. According to ScHwARZKOPFF (1960), they could 
perceive the direction of a sound with an angular margin of error of 50' to 2°. 

nfortunately, he did not state at what frequency these results were obtained. 
Within the realms of ornithology the problem has been met with far greater 
interest. Above all, ScHwARZKOPFF has made detailed studies on the hearing 
of birds. 

The capacity for locating a sound source is based on the ability to distin
guish the time difference between sound reception of the two receptors or the 
difference in loudness in the ears (ScHw ARZKOPFF 1955). In those birds which 
have too short a distance between the ears for recording the time difference, 
the difference in loudness is of conclusive importance. In the owls the com
petence to record differences in loudness is especially well-developed. The 
pockets of the ears of the owls seem to be of great importance in acoustic 
location (ScHwARZKOPFF 1955). TE?.rnROCK (1957) mentions the ear pockets 
as being very important to the fox in location of sound. Song birds have not 
got such a well-developed capacity for recording differences in loudness. 
A difference in loudness of 14 percent constitutes the ultimate margin for dis
criminating. This allows an accuracy of location with an angular margin of 
error of 20 - 25° (GRAWT 1941 , SCHWARZKOPFF 195 ). In daytime birds' sight 
is of much greater importance than hearing (ScHwARZKOPFF 1958). This fact 
is generally reflected in the capacity of sound location. The capability of 
acoustic location is generally worse than that of nocturnal birds while the 
,·isual acuity is greater (v. BUDDE).'EROCK 1952, Do~R 1951). 

At least in the larger mammals the location of sound is dependent upon 
the perception of temporal differences between the ears. To man the threshold 
value for the recording of such differences is 3 x 10·5 seconds. His capacity 
for locating a sound source is much better developed than that of the song 
birds. The margin of error is not greater than 5°, however (ScHwARZKOPFF 
1960). He does not mention, however, which frequency he used. 

2 
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The location of sound in the fox was investigated, using the same method 
as GRANIT in his investigations of the capacity in song birds. The test animal 
was trained to associate sound signals with feeding. At a certain distance from 
the sound source it had to choose the feeding cage from which the sound came. 
In my own investigations the distance was constantly 2.5 m. The distance 
between the sound source and the wall between the two halves of the cage 
was, on the other hand, varied. In this way angles of varying size between the 
sound source, the point of choice and the partition wall were formed. If the 
choice was correct the fox was rewarded with a piece of meat. A wrong choice, 
on ~he other hand, resulted in no feeding and )>imprisionmenb> in the cage for 
som~ minutes. The loudspeaker, which was used for sending of the sound 
signals, was moved from one half of the cage to the other. The frequency ~Yas 
varied. The length of the sound signals was 2 sec with equally long interYals. 
I tried to keep the volume constant, but this was based upon purely subjective 
estimation. A Taylor sound generator was used. This could produce tones up 
to 100 000 Hz. The loudspeaker, however, was not capable of emitting a hig
her frequency than 20 000 Hz. 

Fig. 5 shows the enclosure. A feeding cage was in one of the corners. The 
cage was divided in t wo halves by a lattice. A lattice was used instead of e.g. 
a wall of wood in order t o avoid echo, which could guide the test animal. The 
wall towards the instrument table was of cardboard, allowing the experi-

FIG. 5. The enclosure from above. The dimensions are 10 x 10 metres. The h eight of the 
walls is 2.5 metres. The dimensions of the smaller cage, the feeding cage, a re 2.5 x 2.0 
metres. The wall towards the instrument table is of card board. On the instrument table 

ther e are a Taylor sound generator , model 191A, and a Philips sound amplifier . 
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FIG. 6. The feeding cage from above . In the wall towards 
the instrument table there a re a number of funn els . 

FIG. i . The feeding 
cage from the side. 

19 

mentator to work hidden from the fox. There were holes in the cardboard. 
In the holes a number of funnels were placed. Between the dividing wall and a 
line from the holes to the point of choice at the opening of the cage, angles of 
10°, 5°, 2.5° and 1° were formed. The enclosure did not permit experiments 
with smaller angles. The funnels were used to >>focus>> the place of sound emission. 

After a training period, which required five evenings, the experiments 
were started. E very experimental series consisted of ten sound emissions at 
a certain frequency and with a certain angle of choice in each half of the cage. 
Frequencies of 300, 700, 1,500, 3,000 7,000, 11 ,000 and 15,000 Hz were used. 
Because the loudspeaker did not function perfectly at 20,000 Hz, I found it 
best to abandon the experiments with this frequency. 20 experimental sounds 
were performed in series for every angle. Because 4 angles were used, one 
series of experiments cosisted of 80 separate experiments. During the whole 
investigation, althogether 2,080 experiments were performed. The number of 
experiments with the different frequencies was varied. In the table the number 
of experimental series at every frequency is mentioned in brackets. 

In the tables l . denotes the left and r. the right half of the cage. % means 
the percentage of right choices for the angle in question. 

T ABLE 1. 300Hz ( 3) T ABLE 2. 700Hz (5) 

l . r. % l . r . % 

10° 27 29 93 10° 49 4S 97 
so 22 27 S2 so 46 42 ss 
2.5° 2S 23 ss 2.5° 40 42 S2 
10 20 16 60 10 32 36 68 

97 95 80 167 16S S4 
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TABLE 3. 1,500 H z {3) TABLE 4. 3,000 H z {5) 

l. 1'. % l . 1' . % 

10° 24 24 80 10° 39 45 84 
50 23 25 80 so 42 40 82 
2.5° 22 23 75 2.5° 40 38 78 
10 19 19 63 10 35 29 64 

88 91 75 156 152 77 

TABLE 5. 7,000 Hz {4) TABLE 6. 11 ,000 H z {2) 

l. 1'. % l. 1' . % 

10° 34 30 80 10° 15 17 80 
so 26 31 71 so 14 14 70 
2.5° 27 26 67 2.5° 10 14 60 
10 23 24 58 10 10 9 48 

110 111 69 49 54 64 

TABLE 7. 15,000 H z {4) 

l. 1' . % 

10° 29 27 70 
50 23 24. 59 
2.5° 21 20 51 
10 20 20 50 

93 91 58 

In tbe left half of the cage the fox did altogether 760 and in the right 762 
correct choices. The even distribution of the choices between the halves of the 
cage indicates that the technical performance has been correct. The fact that 
the percentage of right choices continuously decreases with decreasing angle 
is another sign of the correctness of the method of investigation. The behaviour 
of the test animal especially at the smaller angles and at higher frequencies 
indicated that only the hearing determined the location of the sound. In the 
more difficult cases the fox stopped at the opening of the cage before it chose 
between the halves of the cage. The fox hesitated until it had turned its head 
laterally a number of times. In this way the difference of time of stimulation 
between the ears is thus increased. TEMBROCK (1957) mentions the same 
behaviour in sound location, and according to SCHwARZKOPFF (1955), the 
owls display this behaviour in catching prey acoustically. The effect of the 
ear pockets is dependent upon these turnings of the head. Perception of sound 
direction can be approximated after which the head can be turned so that no 
difference in volume can be distinguished by either ear. Especially in cases 
where the difference in volume between the ears is of importance, as seems to 
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be the case with owls, the ear pockets are very significant in location. This is 
apparent in a comparison of the exactness of location of sound in birds with 
and without ear pockets (GRANI'f 1941, SCHWARZKOPFF 1955, 1958). LINDE
MANN (1955) points out that in the lynx, too, the ear pockets seem to be of 
great importance to the capacity of acoustic location. 

At all experimental frequencies the location of the source of sound was very 
successful within an angle of error of 10°. In experiments with 300 and 700Hz 
the precision was nearly exact; only 7 and 3 % respectively of the choices 
were wrong. On certain occasions the fox did not seem to be concentrating. 
This could last for periods of a maximum of 15 min. The cause of this dis
traction could not be made wholly clear. On one occasion, however, a hare, 
which moved outside the wall of the enclosure distracted the fox. Only in 
such periods of bad concentration wrong choices were made at the lowest 
frequencies and the greatest angles. If distinct lack of concentration was 
apparent the experiments were always interrupted for 15 min. The wrong 
choices and the behaviour in connection with these, indicated however that 
the pauses ought to have been still longer. Periods of stress could have been 
passed unobserved, too. At 300Hz the fox made 4 and at 700Hz 3 erroneous 
choices at an angle of 10°. The number of wrong choices at higher frequencies 
and smaller angles was so large that the short periods of possible lack of con
centration and stress could not be blamed as sole causes deteriorating the 
results. When the maximum angle was tried, the fox made 12 incorrect 
choices at 1,500 and 16 at 3,000 Hz. The large number of erroneous choices in
dicated that a margin of error of 10° was already noticeable at these fre
quencies. At 15,000 Hz, failure was indeed very great. 24 choices or 30 % 
were wrong. 

Besides the stress, the state of hunger and the wind could be expected to 
induce errors in the experiments. The state of hunger during the experiments 
was at least in some degree eliminated by discarding the first experiments 
every evening. The fox had thus time to satisfy its worst hunger before the 
locatings were recorded. No experiments were conducted during weather 
conditions with a wind which could be supposed to disturb performance. 

Locating down to a 2.5° angle was still possible at 3,000 Hz. The percentage 
of right choices showed a clear sinking tendency from 5 % at 300 Hz to 75 % 
at 1,500 Hz. When the frequency was 3,000 Hz the percentage of right choices 
rose somewhat, however, to 78 %· At a higher frequency the location of the 
sound became unreliable to an ever increasing extent. At 7,000 Hz only 67 % 
of the choices were right. At 11,000 Hz the percentage was only 60. In the 
experiments at 15,000 Hz the test animal could no longer locate the sound 
within so small an angle as 2.5°. At this frequency the errors were numerous 
even at an angle of 5°. 
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From 700 Hz to 3,000 Hz the fox could locate the sound fairly well within 
an angle of 1°. At 300Hz the precision was seemingly smaller than at 700Hz. 
This was the case for all angles with the exeption of 2.5°. For this angle the 
percentage of right choices was somewhat higher at 300 Hz. The capacity for 
locating thus reached its greatest precision at 700Hz. The exactness decreased 
with increasing frequency. At 7,000 Hz the angle of error was certainly greater 
than 1°. For location at 11,000 Hz an angle of at least 5° was required. If con
ditions were favourable, half of this angle can be supposed to represent the 
margin. At 15,000 Hz accuracy was fairly bad at an angle of 5°. For sure 
location an angle greater than 10° was required. The percentage of right 
choices was then as great as it was with an experimental angle of 1 o at 700 Hz. 

The inaccurate location at high frequencies is perhaps the explanation of 
the fact that the fox did not react to the stridulation of the grasshoppers. The 
fox can apparently not locate them exactly enough for catching. If the grass
hoppers were placed on light grotmd they were, however, caught. The stridula
tions of the grasshoppers at Tvarminne have a frequency which ought to be 
audible to the fox, judging from my investigations. During night flying beetles 
were occasionally caught. The behaviour of the fox during the catching indi
cated that the performance was released acoustically. The flying beetles 
generate sounds of much lower pitch than the stridulations of grasshoppers. 
An analysis of the results of my investigations, especially the capacity for 
locating angles at higher frequencies, shows that the rustling of the mice and 
voles apparently plays the most important role for the fox hunting these 
animals. Their vocal screeching has too high a pitch to be of value to the fox 
as an exact guide. These rustling sounds, on the other hand, guide foxes to 
a place where mice or voles are somewhere in the neighbourhood. The exact 
location, however, is thereafter dependent on the low pitched rustling sounds. 
Observations in the field support this conclusion. 

Fig. 8 gives a clearer general picture of the exactness of location at varying 
angles and sound frequencies than the tables. ndoubtedly the performance 
was most succesfull at 700 Hz. The somewhat surprising decrease of correct 
choises at 1,500 Hz corresponds with certain characteristics of the feeding 
behaviour of the fox, which perhaps can explain the phenomenon. For vole 
hunting, their favourite food , the fox is dependent upon their rustling and 
scratching sounds of low frequency. The fox exhibits good ability in exact 
location of such sounds. Birds, which are another important food group, emit 
songs and calling notes of frequencies about 3,000 Hz (GRJL...,-IT 1941, SCHWARZ

KOPFF 1955). It is very important for the fox to locate the e sounds exactly. 
GRANIT mentions that the sound location of the song birds is best developed 
for receiving a pitch of about 3,000 Hz. ounds of this frequency are of course 
biologically very important to birds. 
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Frc. 8. The percentage of correct choices at different sound frequencies and angles . 

. -\n equal distribution of right and wrong choices indicates a complete 
inability to evaluate between which of the halves of the cage t he sound comes. 
The sinking curve from 7,000 Hz (58 %) to 11,000 Hz (48 % ) in experiments 
vYith an angle of 1° could indicate that the fox , even at 7,000 Hz, could es
timate the direction of a source of sound with a margin of error of 1 o . The 
percentage of right choices, however, deviated too little from random chance 
to be reliable. The same is valid for the results of the experiments with an 
angle of 1 o at 300 Hz. 

The technical limitations did not allo"· an innstigation of the upper limit 
of hearing. The weak capacity for locating a sound at a frequency of 15,000 Hz 
together with the fact that the fox did not react to the stridulations of the 
grasshoppers, indicate however, that if sounds much higher than 15,000 H z 
are audible they are without significance to the exact locating of the prey . 

. -\ny investigations of the sensitivity to sound intensity could not be done. 

I V . R eactions on eggs 

The investigations of the distance receptors of the fox indicated that the 
scent is of rather small importance in its feeding behaviour. The fox is ap
parently incapable of discovering eggs purely olfactorically at any distance. 
The location of eggs at a short distance can perhaps derive from the smell. 
In preference tests, eggs rubbed with hens' down were preferred . 

. -\fter it had become apparent that the scent of the eggs has no significance, 
experiments were carried out with decoy eggs of varying size, form , colour 
and weight to find out which characteristics of an egg bring about a feeding 
reaction . Furthermore experiments were done with hens' eggs and porcelain 
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eggs, which had been rubbed with varying scenty substances. Porcelain eggs 
were done with four month old fox cubs. Two months later comparative 
studies of the behaviour of the cubs were carried out at Tvarminne. 

1. The significance of egg size 

In order to study the significance of the size of the egg, four sizes were 
used: 1 cm, 3 cm, 7 cm and 15 cm. All were uniformly grey coloured . Two 
eggs of different size were simultaneously exhibited to the cubs. With eyery 
size combination ten experiments were made. Because six combinations were 
possible, the number of tests was SL'{ty. Fig. 9 shows the number of times 
each egg was chosen during the whole test series. 

In only one case was a dummy egg of 1 cm size chosen. This happened at 
the combination 1 cm: 15 cm. When egg dummies of the smallest size were 
individually offered, the animals displayed very little interest. If the fox cubs 
had to choose between eggs of the sizes 3 cm and 15 cm, the smaller size \Yas 
preferred in all cases. When, on the other hand, an egg of the 7 cm size was 
offered against one of the 3 cm size the smaller one was preferred only t~·•ice. 
When offered singly, dummies of the 7 cm size always resulted in a reaction. 
The same was the case with the 3 cm eggs. Egg dummies of the largest size, 
on the other hand, aroused very little interest. The reaction was howe,·er 
somewhat more marked than for the smallest decoys: the greatest were grasped 
three times. In 6 cases no grasp handling occurred. 

After six months, at the time when I was left with only one cub, the results 
of the investigations revealed no significant changes in its beahviour. 

The size of the object is consequently an important factor for the grasp 
reaction towards a dummy egg. An egg-shaped object has to be larger than 
3 cm but smaller than 15 cm to release a reaction. »Supernormal stimulus>> 
does not accordingly influence the choice. 

2. The significance of the form of the egg 

In order to study the significance of the form of the egg, a porcelain egg 
of normal shape together with dummies of cylindrical, spherical and octahedral 
shapes were used. No experiments were done with cubic dummies. The number 
of experiments corresponded to the experiments on the significance of the size. 

Of the egg forms different from the normal type, only the spherical form 
was taken for an egg. The cylindrical and octahedral forms remained untouched. 
At simultaneous offering of eggs of both normal and spherical shape, the latter 
was taken only twice in ten attempts. 

According to these results, an object has to be of rounded nature in order 
to be taken as an egg. An oblong dummy egg is decidedly preferred. 
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FIG. 9. The number of choices of differently sized egg dummies in test series described in 
text. Solid line for cubs four months old, broken line for cubs six months old. 

3. The significance of the weight of the egg 

These experiments included one empty egg, one filled with water and one 
egg filled with moist sand. In these experiments the continued handling of the 
object was chiefly studied. LoRENZ (1937) assigns catching and actual feeding 
to different elements of behaviour. In accordance with this, RABER (1944) 
found that the locating and the taking of eggs are optically controlled by the 
marten while continued handling depends on tactile and olfactory stimuli. 
The weight of the egg also has a significance. According to the same source, 
the same is valid for the polecat. My own experiments with the fox revealed 
no effect of the weight upon the continued handling of an egg. Eggs of all 
weight classes were taken and broken into pieces in a wholly normal manner. 

4 . The significance of t he scent of the egg 

The results of these experiments have partly been reported earlier in con
nection with t he significance of the olfactory sense. The scent of the contents 
of the egg proper had no effect on choice. Eggs rubbed with manure were 
dealt with quite normally. The smell of turpentine, on the other hand, was in 
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most cases deterrent. If the eggs had been handled with hens' down before the 
smearing with turpentine, however, they were taken. The fox cubs always 
dealt with greater eagerness on eggs which had been rubbed with down, than 
with eggs which only had the scent of its own contents. As to the location of 
eggs at a distance, scent had no effect. 

In accordance with these investigations, the scent of the contents of the 
egg proper has no importance. However, most of the eggs which the fox finds 
in its natural environment, has the scent of the incubating bird, and this will 
dominate. Normally the scent of the bird thus stimulates the last chain in the 
feeding behaviour. Reaction is possible without scent , but the scent increases 
the attraction of an object. The eager grasping of eggs with the scent of hens' 
down indicat es this. 

5. The significance of the colour of the egg 

Porcelain eggs of the following colours were used: one white, one yellow 
brown, one dark blue, one pink and one dark red. In later tests a light blue 
dummy egg was also used . The method was the same as in the preceding cases. 
Fig. 10 shows the preference to dummy eggs of different colours. 

The white egg was preferred to the yellow brown in 6 cases out of 10. In 
all cases it was preferred to the dark blue and dark red dummies. Twice the 
fox preferred the pink and 3 times the light blue egg to the white one. The 
yellow brown egg was preferred to the dark blue in 7 cases. Between yellO\Y 
brown and pink the choices were distributed at random or 5 against 5. A dark 
red egg was never preferred to the yellow brown. A yellow brown and a light 
blue egg were never compared, unfortunately. If the test animal had t o choose 
a blue coloured and a red coloured egg, of the darker hues the former was 
preferred in 6 cases. Pink was preferred to dark blue times. When the lighter 
hues of these colours were used the light blue was preferred in 6 cases. In 
experiments with a pink and a dark red egg together with a light and a dark 
blue the light er hues were preferred in all cases. Any comparison between the 
light blue and the dark red dummies was not performed. 

l\'Iy experiments were carried out before I found by other methods that 
the fox seems to be colour blind. In t ests with the different types of single 
colour all dummies were taken. The preference tests proved, that the colour 
as such did not influence the choice. The brightness, on the other hand, was 
important. Light eggs were always preferred to dark ones. The preference was 
greatest for white and least for dark red. The yellow brown and pink eggs 
ranked about equal. These results indicate that only the brightness is of im
portance. But the hue seems to be subordinated to size and shape in respect 
to stimulus value. If an object has the right qualities of size and shape it will 
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FIG . I 11 . The number of choices of differently coloured egg dummies in test series descri
btd in text. Because some combinations with light blue eggs remained unexploited, this 
colour has been omitted from the diagram. The results were obtained with cubs four 

months old. 

be t aken independent of the colour. The high preference for the light t ypes 
indicates, however, that the true egg >>schemiD> ought to be light coloured. 

~Iy results are in concordance with the results of CoTT (1953) and Rii.BER 

(19!i !i ) in their studies of the behaviour of the ermine and the marten and 
polecat, respectively, using egg dummies. According to CoTT, the prefernce 
for big, light eggs of birds breeding on the ground is greatest in the ermine . 
. -\s to the marten, Rii.BER mentions the significance of a certain size, rounded 
form and light in colour. He found that the scent, too, may have a certain 
importance. 

V. Catching reaction brought about by bird dummies 

In order to find out which of the properties of a prey release a catching 
reaction, experiments with dummies of different forms and with different 
scents were begun . This work had, unfortunately, to be interrupted at an early 
pha e. I had time to carry out only a superficial investigation on the beha-
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viour of the fox towards bird dummies. The results, however, give certain 
clues to the solving of this problem. 

The framework of the dummy bird was made of wood (Picture I in Fig. 11 ). 
Its form could be changed by covering it with cardboard and the compactness 
by the attaching of hens' down. 

The naked frame in Figure 11 resulted in no catching behaviour in the fox. 
If the dummy was pulled through the enclosure it certainly aroused interest 
in the fox, but no assault. The compact silhouette (Picture II in the figure), 
on the other hand, stimulated attack. The last phase in the chain of reaction . 
the actual grasping of the prey, was however not performed in this case. The 
result was the same when the dummy was pulled through the enclosure. Wily 
the reactions broke off at this point remained unsolved. If the bens' down 
was detached from the hind part of the dummy, the fox began to bite it. This 
behaviour indicated that hens' down on a certain part of an object, which has 
some stimulating property common with that of a bird, is not sufficient for 
releasing the whole prey pattern. 

As earlier tests had proved, scent alone was ineffective as an activator of 
grasping. When the dummies were rubbed with the flesh of a hen they aroused 
the interest of the fox if it approached within a distance of 2 m. Real capture 
action never occured, however. The interest was limited to snuffling and licking 
of the dummies. 

The question as to what stamps an object a being a bird remained ac
cordingly unsolved. The silhouette of the prey has apparently a significance as 
an optic distance releaser. As already has been demonstrated, the catching 
action of the fox is generally released acoustically. Only during the light part 
of the day can the silhouette of the prey have an effect. How the last steps 
in the prey reaction are released remained unsolved in both cases. To the 
tawny owl the movements of the extremities and the trunk of the prey are 
important stimuli (RAnER 1949). To the marten, capture is first determined 
by optic stimuli (RAnER 1944). The killing bite is released by tactile stimuli , 
while the consuming of the prey is due to olfactory release. According to the 
same author, the polecat is optically activated by prey, while the continued 
manipulation of the prey is subordinated to olfactory control. 

Summary 

1. At least in autumn the fox can be characterized as a twilight animal. 
The activity is maximal in the evening. The activity maximum in the morning 
is less prominent. During the time between these peaks only movements of 
short duration occur. In summer the fox, at least in northern countries, is 
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FIG. 11 . The bird dummies used. 

also very active during the light time of the day. Towards winter it becomes 
a nocturnal animal to an ever increasing extent. Besides these two peaks of 
activity, a separate, less conspicuous peak seems to occur in the afternoon. 
It may be mentioned that the most important prey of the fox , the voles and 
mice, have a daily rhythm somewhat corresponding to that of the fox . 

2. Of the distance receptors of the fox , hearing has distinctly the greatest 
significance for locating the prey. Smell is of less importance in this respect. 
Usually the interest of the fox is aroused acoustically or optically. Olfactory 
location is generally a later step of the foraging chain. Only if the fox occasionally 
comes within a distance of two metres from the prey, may the locating be 
performed wholly olfactorically. Experiments showed that acoustical prey 
stimuli had a higher preference degree than olfactorily aroused under all con
ditions. The test fox always attacked, for instance, the source of a sound first 
if the animal was simultaneously exposed to sound and scent stimulus. The 
sources of stimuli were 20 centimetres from each other in these experiments. 

An optical stimulus has a greater potential significance as a releaser of the 
catching action. If the daily rhythm of the fox with the activity mainly con
centrated during weak light conditions, is connected with the fact that the 
most important prey, the small rodents, are rarely to be seen, the real signi-
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ficance of the · sight seems to be rather limited. My investigations seem to 
demonstrate that t he fox is colour blind. The lightness of an object, on the 
other hand, is important at least in activating grasping of the eggs. 

3. For release of the catching action against a visible object, resembling 
a prey, a certain degree of compactness is required. The factors which compose 
the opt ical releaser of prey reaction, remained unfortunately, uninvestigated. 

4. In accordance t o the importance of acoustic stimuli, the locating of 
sounds worked with great accuracy in the fox . The accuracy is dependent on 
the frequency of the sound. The fox can locate sounds bebyeen 700 and 3,000 
Hz with an angle of error of ea 1°. Experiments could not be carried out with 
a smaller angle. The accuracy was apparently greatest at the pitch of 700 Hz. 
The accuracy decreases with increasing frequency, until at 15,000 Hz the 
angle of error is 10°. The capacity at different frequencies corresponds to certain 
characteristics in the food biology of the fox. 

5. The capture action and its course is differently released and controlled 
depending on the conditions . Rustling and scratching sounds are the most 
important releases. Especially during the light time of the day, optical releasing 
can play a role. If capture action has been released the course is not inter
rupted by other factors, which could act as releasers of new capture action. 
If the acoustic stimulus continues without interruption, the whole catching 
action is controlled acoustically. If the sound ceases before the prey's capture , 
the fast rush of the fox ceases. The exact location and the capture is in this 
case directed olfactorily or optically. In good light the whole catching action 
can be controlled optically. Locating of a prey only with the aid of smell 
requires the fox occasionally to approach within a distance of about 2 m from 
the prey. 
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