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Analysis of the frequency spectrum of the alarm call
from the steppe marmot (

 

Marmota bobak

 

 Müller, 1776)
demonstrated aberrations in all populations throughout
the major part of the species area. In the peripheral part,
deviations from the normal type were much more fre-
quent than in the center of the area. In biological litera-
ture, aberration means a noticeable deviation from the
wild phenotype of the species. In population phenetics,
aberrations are usually assumed to result from muta-
tions, though this has been confirmed directly only in a
few natural populations.

In this study, magnetic recordings of the vocal
response of the steppe marmot to the presence of a
human in the colony were collected under field condi-
tions. By means of an acoustic signal, marmots alert
their neighbors to the potential or real danger, including
arrival of humans [1].

The signal was analyzed using the SpectraLab
v.4.32.11 for Windows software. In total, the spectro-
grams obtained from 640 individuals from eight local
populations were studied (table). The working names
of the populations, their locations (the administrative
region and district), and the year of collection are
shown below.

(1) Kharkov: Velikoburlukskii raion, Kharkov
oblast, Ukraine, 1994, 1997, 1998, 2007. (2) Lugansk:
Melovskii raion, Lugansk oblast, Ukraine, 1969, 1987,
1988. (3) Ul’yanovsk: Novospasskii and Sengileevscii
raions, Ul’yanovsk oblast, Russia, 1991. (4) Grache-
vka: Grachevskii raion, Orenburg oblast, Russia, 1997.
(5) Kuvandyk: Kuvandykskii raion, Orenburg oblast,
Russia, 1997. (6) Svetlyi: Svetlinskii raion, Orenburg
oblast, Russia, 1997. (7) Astana: Shortandinskii raion,
Akmolinsk oblast, Kazakhstan, 1981. (8) Karaganda:
Karkaralinskii raion,. Karaganda oblast, Kazachstan,
1979.

The local populations Kharkov, Lugansk, and Svet-
lyi are chronopopulations; i.e., the material was col-
lected in the same place but at different times (table).
Two marmot colonies (Nesterivka and Kopanki) were
included into the local population Kharkov (table).
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The number of observations (

 

n

 

) and the frequency of aberra-
tions (

 

p

 

, %) of the steppe marmot acoustic signal in local
populations and in chronopopulations

Populations

 

n p

 

1. Kharkov*: 286 47***
(a) Nestrerivka, August 2–6, 1994** 36 61
(b) Nestrerivka, August 15–24, 1994 43 58
(c) Nestrerivka, 1997 46 61
(d) Nestrerivka, 1998 49 31
(e) Nestrerivka, 2007 51 41
(f) Kopanki, 1997 29 38
(g) Kopanki, 1998 21 29
(h) Kopanki, 2007 11 64

2. Lugansk: 145 37***
(a) Lugansk, 1969** 44 39
(b) Lugansk, 1987 34 47
(c) Lugansk, 1988 67 31

3. Ul’yanovsk 27 19
4. Grachevka 67 16
5. Kuvandyk 35 9
6. Svetlyi: 41 10***

(a) Svetlyi, 1968** 7 14
(b) Svetlyi, 1997 34 9

7. Astana 19 37
8. Karaganda 20 35

 

     * 1–8, Local populations. 
  ** (a–h), Chronopopulations. 
*** The weighted average percentage of the aberration frequency

in local populations relative to the aberration frequency in
chronopopulations.
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These colonies were close to each other (about 13 km
apart), but in recent years, anthropogenic obstacles
(arable lands, settlements, and roads) separated them.
We combined these colonies into the same local popu-
lation Kharkov for the sake of simplicity; however, it is
reasonable to regard then as independent local popula-
tions in the future.

In some cases, we recorded signals from undoubt-
edly related individuals. These were either sibs or a
mother and its offspring.

Using a GPS satellite navigator, we determined the
spatial coordinates of marmot burrows with normal and
aberrant signals.

The steppe marmot signal is normally a sequence of
solitary sounds; each including both low- and high-fre-
quency components separated with a pause of several
tens of milliseconds [1]. The high-frequency compo-
nent is represented by a harmonic spectrum. Asymmet-
ric frequency modulation is characteristic of this com-
ponent (Fig. 1): an increase in the frequency spans a
smaller portion of the spectrum than frequency attenu-
ation. Together with some other traits, this one distin-
guishes the steppe marmot signal from that of related
marmot species from the bobak group [2].

An aberration was found in the high-frequency
component. The frequency modulation of this com-
ponent is normally smooth. The frequency increases
and decreases gradually. Because of this, the high-
frequency component looks like a parabolic curve,
which is typical of rodent warning signals [1].
The frequency modulation in the aberrant signal is
different: the frequency grows and decreases rapidly
(Fig. 1). We were the first to discover this phenome-
non.

Signal variations were the following:

(1) Different variants of the presence/absence of
aberrant signals were found in groups of close relatives.
Some sibs could utter a normal signal, whereas others,
an aberrant signal (Figs. 1a, 1b). The progeny of a
female uttering an aberrant signal could produce both
normal (Fig. 1c) and aberrant signals (Fig. 1d). The
material collected was insufficient to determine
whether the offspring of a female uttering a normal sig-
nal could produce an aberrant signal;

(2) In chronopopulations, the frequency of aberra-
tions could range noticeably; nevertheless, the corre-
sponding local populations differed clearly. For exam-
ple, in chronopopulations of the local population

 

kH
z

 

6

5

4

3

2

1

0

6

5

4

3

2

1

0

6

5

4

3

2

1

0

6

5

4

3

2

1

0

 

1 2

1
2

1 2 3

1 2

 

Aber

AberAber

Aber Aber

 

Fig. 1.

 

 Spectrograms of the major high-frequency component of the alarm call of the steppe marmot. (a, b) Sibs, local populations
(a) Kharkov and (b) Lugansk: 

 

1

 

, normal signal; 

 

2

 

, aberrant signal. (c) Local population Karaganda: 

 

1

 

, female, an aberrant signal;

 

2

 

 and 

 

3

 

, offspring, a normal signal. (d) Local population Karaganda: 

 

1

 

, female, an aberrant signal; 

 

2

 

, offspring, an aberrant signal.
Aber, the region of signal aberration.
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Kharkov, the frequency of aberrations was relatively
high in all years of the study. Conversely, in the local
population Svetlyi, the frequency of aberrations
remained low for as long as 30 years (table).

No chronoclines were found for this trait. Proba-
bly, longer observations are required to detect them.
However, in the chronopopulations separated by a
short time interval (two weeks), no noticeable distinc-
tions in the frequency of aberrations were found. This
phenomenon was observed in the colony Nesterivka in
1994, where two chronopopulations were determined:
Nesterivka, August 2–6, 1994 (the frequency of aber-
rations was 61%) and Nesterivka, August 15–24, 1994
(the frequency of aberrations was 58%). The material
from each chronopopulation was collected by differ-
ent collectors. Similar frequencies of the aberrant
signals produced by two chronopopulations sepa-
rated by the short time interval indirectly confirm
that the demographic and genetic structures of the

given population remained unchanged during a short
time interval;

(3) Animals uttering the aberrant signal were
grouped, though these groups were indistinct (Fig. 2).
Probably, marmots with aberrant signals were not
found to form distinct aggregations because close rela-
tives producing normal and aberrant signals could
occupy the same burrows (Fig. 1).

(4) The frequency of aberrations is significantly
higher in the peripheral populations of the steppe mar-
mot (Fig. 3), which confirms previous data obtained on
the morphological material of different animal groups
[3]. The current area inhabited by the given marmot
species is a long but narrow region stretched from
Kharkov oblast (Ukraine) in the west to Pavlodar oblast
(Kazakhstan) in the east [4]. The local populations
Kharkov, Lugansk, Astana, and Karaganda inhabit the
most peripheral regions of the species area. An
increased frequency of aberrant signals is characteristic
of these populations. This “peripheral” effect has been
enhanced by a prolonged isolation of these four popu-
lations, especially the Kharkov population, from the
major part of the species area. In the west, anthropo-
genic factors (human settlements, large arable lands,
and roads) were the main factors responsible for the
isolation. In the east, the Turgaiskaya Valley exerts an
additional isolating effect. At present, this valley is
more an ecological than a geographical obstacle [5]: its
bottom, which was previously the bottom of a flow-
through lake with a slow current, several hundred kilo-
meters in length [6], is now formed by sodic and saline
soils, where marmots cannot live. 

Variations of the acoustic signal, like those in mor-
phological traits, confirm the widely accepted notion
that deviations from the normal phenotype occur
mostly in the peripheral rather than in the central part of
a species area. The genetic mechanisms of this phe-
nomenon are related to the fact that the gene flow
responsible for metapopulation integrity is interrupted
in isolated populations that are not necessarily formally
peripheral [3].

Of interest is a wide occurrence of the acoustic sig-
nal aberrations. It was characteristic of all local popula-
tions studied, though at different frequencies; it is as
usual in nature as, e.g., the melanistic coat color of
some mammalian species. The communicative pro-
cesses based on acoustic warning seem to be indepen-
dent of the aberrations. Anyway, aberrations fail to dis-
tort the key parameters of the normal signal; the range
of frequencies, duration, and asymmetry characteristic
of the high-frequency component of the normal signal
are retained in the aberrant one.

Like that of other species of the ground Marmoti-
nae, the acoustic warning signal of the steppe marmot
is a suitable model for studying the natural population
phenetics, including processes induced by interruption
of the gene flow. This is of special interest because frag-
mentation of the natural habitats has been a common
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Fig. 2.

 

 Spatial distribution of the burrows populated by mar-
mots uttering (

 

1

 

) aberrant and (

 

2

 

) normal signals (chronop-
opulation Nesterovka, 2007); (

 

3

 

) boundaries of relatively
isolated parts of the colony.
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phenomenon during the past decades. Mayr [3] rightly
noted that the effect of peripheral populations is char-
acteristic of any local population isolated from the
genetically integrated metapopulation, and not only at
the periphery of the species areas.
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Fig. 3.

 

 Distribution of aberrant acoustic signals in a natural habitat of the steppe marmot. (

 

1–8

 

) Local populations. Figures in circles
indicate the percentage of acoustic signal aberrations in local populations.
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