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Abstract This study presents a first direct comparison of

vocal type, call rate and time spent vocalizing among

Unselected, Tame and Aggressive strains of silver fox

(Vulpes vulpes) in three modes of human approach (Pro-

voking, Approach–Retreat, and Static). Also, it provides a

first comparison of male and female vocal output in the

Provoking test. Vocal types were found strain-specific

irrespective of the fox sex or the test. Males had higher call

rates and spent shorter times vocalizing than females.

These results support the evidence of genetic-based emo-

tional states, triggering vocal behavior in silver fox strains,

and suggest sex dimorphism in vocal activity toward

humans.

Keywords Call � Domestication � Human approach test �
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Introduction

Tame silver foxes (Vulpes vulpes) have been experimen-

tally domesticated in the course of over 50 years of

selection for behavior, and show friendly responses to

humans, approaching any unfamiliar experimenter (Belyaev

1979; Trut 1980, 1999, 2001; Trut et al. 2009; Ratliff 2011).

Aggressive foxes selected for aggressive behavior can attack

humans (Trut 1980, 2001; Kukekova et al. 2008a, b), while

Unselected foxes not deliberately selected for behavior

demonstrate aggressively fearful behavior to humans

(Pedersen and Jeppesen 1990; Pedersen 1991, 1993, 1994;

Trut 1999; Nimon and Broom 2001; Kukekova et al. 2008a,

b; Gogoleva et al. 2010c). Vocal responses differ according

to fox attitude towards humans (Gogoleva et al. 2008, 2009,

2010b, c, 2011) that are determined by genetic differences

between these three strains (Trut 1980, 2001; Kukekova et al.

2012).

Call types that silver foxes produce in captivity include

whine, moo, cackle, growl, bark, pant, snort and cough

(Gogoleva et al. 2008, 2010a, c; Fig. 1). Towards con-

specifics, all strains produce all eight call types, whereas

towards humans, silver foxes show strain-related prefer-

ences: Tame foxes selectively produce cackle and pant

whereas the Aggressive and Unselected ones selectively

produce cough and snort (Gogoleva et al. 2008, 2009,

2010c). Besides vocal type, different attitudes to people are

reflected in the time spent vocalizing, which is higher in

Aggressive compared to Tame individuals (Gogoleva et al.

2009, 2010b). Another variable of vocal activity, the call

rate, did not differ between the Tame and Aggressive

strains (Gogoleva et al. 2010b, 2011).

The Tame and Aggressive callers provide a unique

opportunity to study respective vocal correlates of positive

and negative emotions using human approach tests

(Gogoleva et al. 2010b). However, because the strains have

different thresholds for vocalizing, the human approach

mode should be adjusted to provide equal human impact on

each fox (Gogoleva et al. 2008, 2010b, c). An alternative
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demand is to provide the same degree of human exposure

to all individuals. These alternative demands were

addressed previously with different experimental para-

digms, the Provoking, Approach–Retreat and Static tests.

While the Provoking test matches human impact on all

individuals, up to the threshold for vocalizing (Table 1; Go-

goleva et al. 2008), the Approach–Retreat (Gogoleva et al.

2009, 2010b, c) and the Static (Gogoleva et al. 2011) modes

are designed to provide an equal exposure of an experimenter

to all subject foxes. Both conditions are incompatible with the

same design. Also, only females have been tested in these

tests (Gogoleva et al. 2008, 2009, 2010a, b, c, 2011). In the

present study, we provide a first direct comparison of the three

experimental designs of the human approach test (Provoking,

Approach–Retreat and Static) by analyzing the vocal type,

call rate and time spent vocalizing in female Tame, Aggres-

sive and Unselected silver foxes. Also, we provide first data

on vocalization of male foxes and the first direct comparison

of Unselected, Tame, and Aggressive males and females with

the Provoking test, to estimate sex dimorphism in their vocal

responses towards people.

Materials and methods

Subjects were adult (1–3 years) 60 male and 178 female

silver foxes, kept and tested in their individual outdoor

wire-mesh home cages at the experimental farm of the

Institute of Cytology and Genetics, Novosibirsk, Russia.

Experiments (one single trial for one individual) have been

conducted in summers 2005–2007, i.e. in the season when

pups were already separated from their mothers (Table 1).

Female cages (with two compartments, one 70 9 85 9

90 cm and another with a wooden shelter 70 9 85 9

85 cm) were arranged in batteries of 50 per row, with two

rows opposite each other and a 1.7-m-wide passageway

between them. Male cages (91.5 9 91.5 9 151 cm) were

arranged in batteries of 10–20, separately from females.

The rearing history was the same for both sexes. Foxes

were tested after the feeding by the same unfamiliar

experimenter (S.S.G.), when they were active but not

aroused by the anticipation of food. Females were tested

with the Provoking, Approach–Retreat and Static tests, in

frames of previous studies (Gogoleva et al. 2008, 2009,

2010a, b, c, 2011), while the dataset for the males was new.

Males were only tested with the Provoking test, as their

number was limited (Table 1).

For audio recordings (distance to microphone 0.25–1 m),

we used a Marantz PMD-222 (D&M Professional, Kanagawa,

Japan) cassette recorder with an AKG-C1000S (AKG-

Acoustics, Vienna, Austria) cardioid electret condenser

microphone, and Type II chrome audiocassettes EMTEC-CS

II (EMTEC Consumer Media, Ludwigshafen, Germany).

During recordings, calls could be definitely assigned to focal

individuals. If a non-focal fox called simultaneously with the

focal one, the calls of the focal caller were labeled by voice, to

distinguish them later from audio recordings. The voice

labeling did not affect the vocal output, as the human presence

Fig. 1 Spectrograms

illustrating vocal types of silver

foxes: a whine, b moo, c growl,

d cackle, e bark, f pant, g cough,

h snort. Spectrograms were

created with 11,025 kHz

sampling rate, Hamming

window, FFT-length 512 points,

frame 50 %, and overlap

87.5 %
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represented a much stronger stimulus compared to the soft,

emotionally neutral human voice.

Successive call digitizing (22.05 kHz, 16 bit, high-pass

filtration 0.1 kHz), with each test minute taken as a sepa-

rate file, spectrogram creation (Hamming window, FFT

1,024 points, frame 50 %, overlap 87.5 %) and measuring

were made with Avisoft-SASLab Pro (Avisoft Bioacous-

tics, Berlin, Germany). One researcher (S.S.G.) classified

calls (52,389 in total) by their spectrograms to whine, moo,

cackle, growl, bark, pant, snort and cough call types,

according to the vocal traits described in Gogoleva et al.

(2008), blindly to the fox strain. The duration of each call

was measured with the standard marker cursor in the main

window of Avisoft and the measurements were exported to

Excel (Microsoft, Redmond, WA, USA). For each indi-

vidual, we examined the presence of calls of each type, the

call rate (calls/min, calculated as the number of calls per

minute of the test trial) and the percent of time spent

vocalizing (calculated as the percent of total duration of

calls during a trial of the total duration of the trial).

Statistical analyses were carried out with STATISTICA,

v.6.0 (StatSoft, Tulsa, OK, USA). All statistic tests were two-

tailed and differences were considered significant at

P \ 0.05. As only 1 of 24 distributions of values of acoustic

variables differed from normality (Kolmogorov–Smirnov

test), we used GLMM (mixed model design, with fox strain

and experimental design as a fixed factor and fox sex as a

random factor, as sex was not presented in all designs) with

the Tukey post hoc test. This allowed the estimating of the

effect of all the three factors (experimental design, sex and

strain) simultaneously. Then, we used one-way ANOVA with

Tukey post hoc test, to compare the values of acoustic vari-

ables between fox strains in each combination of experi-

mental design and sex. Also, we used two-way factorial

ANOVA with Tukey post hoc test, to compare fox ages

between experimental designs and fox strains.

Results

In any test, only whine, moo and growl occurred in all

strains, pant and cackle only in the Tame strain, and cough

and snort only in the Aggressive and Unselected strains

(Fig. 2). Strain-related combinations of call types were

consistent across tests or (in the Provoking test) between

sexes (Fig. 2). Bark was registered only in the Aggressive

strain (3 males and 4 females).

For the call rate, GLMM revealed effects of strain

(F2,232 = 25.29, P \ 0.001), test (F2,232 = 3.84, P \ 0.05)

and sex (F1,232 = 5.67, P \ 0.05). Among strains, the call

rate was significantly higher in the Tame than in the Aggres-

sive (Tukey post hoc, P \ 0.05) or in the Unselected strain

(P \ 0.001); and significantly higher in the Aggressive, than

in the Unselected strain (P \ 0.001). Among tests, the call

rate was significantly higher in the Provoking than in the Static

test (P \ 0.001), marginally higher in the Provoking than in

Table 1 Dates, subjects, human impacts and experimental designs for each test of silver foxes (Vulpes vulpes); ages are given in years

(mean ± SD)

Test (dates) Subjects (ages) Human impact Experimental design

Provoking

(06.07–18.08,

2005)

Females (age

1.5 ± 0.5 years)

Strongest: vary among individuals

according to their thresholds of

vocalizing

4–6 min trial. The experimenter approaches a focal fox’s cage

at 0.5–1 m. If an animal is silent or stops vocalizing, the

researcher provokes it to call by stretching a hand, opening a

cage door, and caressing the animal
25 Unselected

25 Tame

25 Aggressive

Males (age

1.8 ± 0.9 years)

20 Unselected

20 Tame

20 Aggressive

Approach–Retreat

(04.07–19.08,

2006)

Females (age

1.7 ± 0.7 years)

Average: equal for all individuals 10-min trial, split into 5 2-min steps. Step 1: the experimenter

is stationary at 0.5 m before the fox cage; Step 2: makes body

and hand movements left to right; Step 3: makes one step

forward, touches the cage door; Step 4 = Step 2, makes one

step back, Step 5 = Step 1

22 Unselected

21 Tame

16 Aggressive

Static

(06.06–30.06,

2007)

Females (age

1.1 ± 0.4 years)

Weakest: equal for all individuals 5-min trial. The experimenter approaches a focal fox cage at

0.5 m and performs smooth hand movements left to right, not

interacting with the fox14 Unselected

15 Tame

15 Aggressive
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the Approach–Retreat test (P = 0.06), and did not differ

significantly between the Approach–Retreat and the Static

tests (P = 0.19). Between sexes, GLMM revealed the higher

call rate in males than in females (P \ 0.001) (Fig. 3).

Comparison of call rates among the strains was

performed separately for each test. For the Provoking test

that was applied to both sexes, comparison of call rates

among the strains was conducted separately for each sex.

One-way ANOVA showed strain differences for males in

the Provoking test (F2,57 = 15.71, P \ 0.001), for females

in the Provoking test (F2,72 = 5.86, P \ 0.01) and for

females in the Approach–Retreat test (F2,56 = 5.36,

P \ 0.01). No significant differences for females in

the Static test (F2,41 = 1.62, P = 0.21) were observed.

Irrespective of test and in both sexes in the Provoking test,

average values of the call rate were the highest in the

Tame, intermediate in the Aggressive, and the lowest in the

Unselected strain (Fig. 3).

The percent of time spent vocalizing was also influenced

by the strain (F2,232 = 26.08, P \ 0.001), test (F2,232 =

14.36, P \ 0.001) and sex (F1,232 = 18.61, P \ 0.001).

Among strains, the percent of time spent vocalizing was

significantly higher in the Aggressive, than in the Tame

strain (Tukey post hoc, P \ 0.001) or the Unselected strain

(P \ 0.001), and significantly higher in the Tame than in

the Unselected strain (P \ 0.01). Among tests, the percent

of time spent vocalizing was significantly higher for the

Provoking test than for the Approach–Retreat test

(P \ 0.01) or the Static test (P \ 0.05), and did not differ

between the Approach–Retreat and Static tests (P = 0.99).

Between sexes, the percent of time spent vocalizing in the

Provoking test was higher in females than in males

(P \ 0.05) (Fig. 4).

Fig. 2 Percent of Unselected,

Aggressive and Tame

individuals, producing calls of

each type in the three

experimental designs:

a Provoking test, males;

b Provoking test, females;

c Approach–Retreat test,

females; d Static test, females.

n is the number of individuals of

each strain

Fig. 3 Call rate (calls/min) in male and female Unselected,

Aggressive and Tame fox strains in three experimental designs.

Tukey post hoc between strains: ***P \ 0.001, **P \ 0.01. Central
points show means, whiskers 0.95 confidence intervals
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Comparison of percentage of time that foxes spent

vocalizing among the strains was conducted separately for

each test and, for the Provoking test, also separately for males

and females. One-way ANOVA revealed the strain-related

differences for males in the Provoking test (F2,57 = 6.44,

P \ 0.01), for females in the Provoking test (F2,72 = 12.18,

P \ 0.001), for females in the Approach–Retreat test

(F2,56 = 4.22, P \ 0.05), and for females in the Static test

(F2,41 = 3.85, P \ 0.05). Thus, irrespective of the test and in

both sexes in the Provoking test, average values of the percent

of time spent vocalizing were highest in Aggressive, inter-

mediate in Tame and lowest in Unselected foxes (Fig. 4).

We did not find age differences between fox strains

exposed to different experimental designs (combined effect

test and strain: F6,226 = 1.58, P = 0.15; Tukey post hoc,

P [ 0.10), excluding the significantly exceeding age of the

Unselected over either Tame or Aggressive foxes in the

Approach–Retreat test (Tukey post hoc, P \ 0.01 and

P \ 0.001, respectively).

Discussion

We found strong effects of selection for behavior on fox call

type and vocal activity at any human approach mode, Pro-

voking, Approach–Retreat and Static. Irrespective of test or

sex, the Unselected and Aggressive foxes shared the same set

of call types (excluding the rarely occurring bark), whilst

Tame foxes used a distinctive set of call types. These results

confirm previous findings (Gogoleva et al. 2009) that only

selection for tameness, but not for aggressiveness, affects

vocal type towards humans in silver fox.

Comparison of male and female vocal output revealed

higher call rates but lower percent of time spent vocalizing in

males than in females, pointing to more frequent use of

shorter calls by males. Irrespective of experimental design

and sex, the call rate was highest in Tame, intermediate in

Aggressive and lowest in Unselected foxes. Percent of time

spent vocalizing was highest in Aggressive, intermediate in

Tame and lowest in Unselected foxes. These results suggest

that strain has a strong effect on emotion-related vocal output

in the silver fox. At the same time, sex dimorphism, estimated

directly in the Provoking test, had less effect on fox vocali-

zation towards humans compared to fox strain. These results

are consistent with a weak sex dimorphism observed for

blood cortisol level in the Tame and Aggressive strains under

basal and stress conditions (Oskina 1996). We conclude that

vocal indicators of discomfort, established in farm silver

vixens in human proximity (Gogoleva et al. 2010c; Briefer

2012), should also be equally applicable for male sex.

Strain differences in vocal responses towards humans

may reflect underlying differences in physiological

responses to human-provoked stress (Moe and Bakken

1997; Bakken et al. 1999; Manteuffel et al. 2004; Oskina

et al. 2008). The strongest human impact was observed

during the Provoking trials, intermediate during the

Approach–Retreat trials and was weakest during the Static

trials. Accordingly, a lower human impact on foxes was

reflected in a lower call rate and lower percent of time

spent vocalizing. This suggests that shifts in values of these

parameters follow from the degree of emotional arousal of

the foxes, in agreement with previous experimental studies

(Gogoleva et al. 2010b, c).

Barks were presented only in Aggressive foxes; there-

fore bark toward humans is not related to selection for

tameness. Unlike domestic dogs that use bark, whine and

growl during interaction with humans (Yin and McCowan

2004; Chulkina et al. 2006; Pongrácz et al. 2006; Lord

et al. 2009; Volodina et al. 2006; Taylor et al. 2008), Tame

silver foxes use cackle and pant toward humans. Swift fox

Vulpes velox and polar fox Alopex lagopus, species taxo-

nomically close to the silver fox, use cackle to interact with

pair mates and offspring (Ovsjanikov et al. 1988; Darden

and Dabelsteen 2006). We infer that, in canids, vocal type

towards people is species-specific, although it is affected

by artificial selection for behavior. Thus, although

domestication tends to give rise to several specific cross-

taxa phenotypes, including patched color, curled tails,

floppy ears, low cortisol and appeasing behavior (Price

1984; Trut 1999; Jensen 2006; Oskina et al. 2008), bark

cannot be included in the list of cross-species traits that

define domesticated phenotype in canids.

Acknowledgments We thank the staff of experimental fur farm of

the Institute of Cytology and Genetics, for help and support. We are

Fig. 4 Time spent vocalizing (in percent of the total duration of the

individual test trial) in male and female Unselected, Aggressive and

Tame strains in three experimental designs. Tukey post hoc between

strains: ***P \ 0.001, **P \ 0.01, *P \ 0.05. Central points show

means, whiskers 0.95 confidence intervals

J Ethol (2013) 31:95–100 99

123



sincerely appreciative to Dr. Anna Kukekova for her help with editing

and English corrections and to the two anonymous reviewers for their

detailed and constructive comments. During our work, we adhered to

the ‘‘Guidelines for the treatment of animals in behavioral research

and teaching’’ (2006 Anim Behav 71: 245–253) and to the laws of the

Russian Federation, the country where the research was conducted.

The compliance of husbandry conditions and use of animals for

research PHS policy on humane care and use of laboratory animals

has been approved by Public Health Service (PHS) assurance for the

institute of cytology and genetics (license number A5761-01).

Research protocol # 2008-03 was approved by the Committee of

bio-ethics of Lomonosov Moscow State University. This study was

supported by the Russian Foundation for Basic Research grant

12-04-00260 (for S.G., I.V. and E.V.), by National Institutes of Health

grant R03 TW008098-01 and R01 MH077811, and the programs of

basic research of the RAS Presidium ‘‘Biodiversity and gene pool

dynamics’’ and ‘‘molecular and cell biology’’ (for A.K. and L.T.).

References

Bakken M, Moe RO, Smith AJ, Selle G-ME (1999) Effects of

environmental stressors on deep body temperature and activity

levels in silver fox vixens (Vulpes vulpes). Appl Anim Behav Sci

64:141–151

Belyaev DK (1979) Destabilizing selection as a factor in domesti-

cation. J Hered 70:301–308

Briefer EF (2012) Vocal expression of emotions in mammals:

mechanisms of production and evidence. J Zool 288:1–20

Chulkina MM, Volodin IA, Volodina EV (2006) Individual, inter-

sexual and interbreed variability of barks in dog Canis familiaris
(Carnivora, Canidae). Zool Zh 85:544–555 (In Russian)

Darden SK, Dabelsteen T (2006) Ontogeny of swift fox (Vulpes
velox) vocalizations: production, usage and response. Behaviour

143:659–681

Gogoleva SS, Volodin IA, Volodina EV, Trut LN (2008) To bark or

not to bark: vocalization in red foxes selected for tameness or

aggressiveness toward humans. Bioacoustics 18:99–132

Gogoleva SS, Volodin IA, Volodina EV, Kharlamova AV, Trut LN

(2009) Kind granddaughters of angry grandmothers: the effect of

domestication on vocalization in cross-bred silver foxes. Behav

Process 81:369–375

Gogoleva SS, Volodin IA, Volodina EV, Kharlamova AV, Trut LN

(2010a) Vocalization toward conspecifics in silver foxes (Vulpes
vulpes) selected for tame or aggressive behavior toward humans.

Behav Process 84:547–554

Gogoleva SS, Volodin IA, Volodina EV, Kharlamova AV, Trut LN

(2010b) Sign and strength of emotional arousal: vocal correlates

of positive and negative attitudes to humans in silver foxes

(Vulpes vulpes). Behaviour 147:1713–1736

Gogoleva SS, Volodina EV, Volodin IA. Kharlamova AV, Trut LN

(2010c) The gradual vocal responses to human-provoked

discomfort in farmed silver foxes. Acta Ethol 13:75–85

Gogoleva SS, Volodin IA, Volodina EV, Kharlamova AV, Trut LN

(2011) Explosive vocal activity for attracting human attention is

related to domestication in silver fox. Behav Process 86:216–221

Jensen P (2006) Domestication—from behaviour to genes and back

again. Appl Anim Behav Sci 97:3–15

Kukekova AV, Oskina IN, Kharlamova AV, Chase K, Temnykh SV,

Johnson JL, Pivovarova IV, Shepeleva DV, Vladimirova A,

Semenova TI, Gulievich RG, Schikhevich SG, Graphodatsky

AS, Aguirre GD, Erb HN, Lark KG, Acland GM, Trut LN

(2008a) Fox farm experiment: hunting for behavioral genes.

VOGiS Herald 12:50–62

Kukekova AV, Trut LN, Chase K, Shepeleva DV, Vladimirova AV,

Kharlamova AV, Oskina IN, Stepika A, Klebanov S, Erb HN,

Acland GM (2008b) Measurement of segregating behaviors in

experimental silver fox pedigrees. Behav Genet 38:185–194

Kukekova AV, Temnykh SV, Johnson JL, Trut LN, Acland GM (2012)

Genetics of behavior in the silver fox. Mamm Genome

23(1–2):164–177

Lord K, Feinstein M, Coppinger R (2009) Barking and mobbing.

Behav Process 81:358–368

Manteuffel G, Puppe B, Schön PC (2004) Vocalization of farm animals

as a measure of welfare. Appl Anim Behav Sci 88:163–182

Moe RO, Bakken M (1997) Effects of handling and physical restraint

on rectal temperature, cortisol, glucose and leucocyte counts in

the silver fox (Vulpes vulpes). Acta Vet Scand 38:29–39

Nimon AJ, Broom DM (2001) The welfare of farmed foxes Vulpes
vulpes and Alopex lagopus in relation to housing and manage-

ment: a review. Anim Welf 10:223–248

Oskina IN (1996) Analysis of the functional state of the pituitary–

adrenal axis during postnatal development of domesticated silver

foxes (Vulpes vulpes). Scientifur 20:159–167

Oskina IN, Herbeck YE, Shikhevich SG, Plyusnina IZ, Gulevich RG

(2008) Alterations in the hypothalamus–pituitary–adrenal and

immune systems during selection of animals for tame behavior.

VOGiS Herald 12:39–49 (in Russian)

Ovsjanikov NG, Rytovskaya MV, Menushina IE, Neprintseva ES

(1988) Social behaviour of Arctic foxes (Alopex lagopus): the

vocal repertoire. Zool Zh 67:1371–1380 (in Russian)

Pedersen V (1991) Early experience with the farm environment and

later effects on behaviour in silver (Vulpes vulpes) and blue

(Alopex lagopus) foxes. Behav Process 25:163–169

Pedersen V (1993) Effects of different post-weaning handling

procedures on the later behaviour of silver foxes. Appl Anim

Behav Sci 37:239–250

Pedersen V (1994) Long-term effects of different handling procedures

on behavioural, physiological, and production-related parameters

in silver foxes. Appl Anim Behav Sci 40:285–296

Pedersen V, Jeppesen LL (1990) Effect of early handling on later

behaviour and stress responses in the silver fox (Vulpes vulpes).

Appl Anim Behav Sci 26:383–393
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