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Experience in the Eradication of Enzootic Plague in the
North-West Part of the Caspian Region of the USSR*

B. K. FENYUK 1

The writer recounts the history ofplague control in the north-west part of the Caspian
lowlands from 1924 to 1956. Plague has long been enzootic in this area, the main rodent
involved being the little sisel. Until 1932, sisels were exterminated only in small areas
where epizootics occurred, but from 1933 to 1941 an extensive extermination campaign
was waged, covering up to 7 million hectares annually. The excellent results achieved by
these wholesale measures suffered a setback during the Second World War, but effective
rodent control was re-established in 1947 and it is thought that complete eradication of
enzootic plague from the area can now be expected.

The area of the Caspian lowlands in which plague
is enzootic may be divided into three, relatively
autonomous, natural plague foci, separated from
each other by the great Volga and Ural rivers.
The three foci are (1) the North-West Caspian focus
(otherwise known as the Volga right-bank focus)
situated to the west of the Volga and the Caspian
Sea, (2) the Volga-Ural focus, occupying the southern
part of the watershed between the Volga and the
Ural and (3) the Trans-Ural focus, stretching east
from the Ural river to the agricultural regions of the
Aktyubinsk Province of the Kazakh SSR. (Fig. 1).2
To the south the Trans-Ural focus is contiguous
with the Central Asian deserts, where plague is also
enzootic.
The destruction of rodents as sources of the

plague bacillus has been carried out in all three of
these natural plague foci, but only in the North-
West Caspian focus has it been given the character

* Modified version of a paper submitted to the WHO
Expert Committee on Plague, September 1958.

' Head of the Department of Zoology, State Scientific
Institute of Microbiology and Epidemiology of the South-
East of the USSR, Saratov.

2 Focus IV, shown to the west of the river Don in Fig. 1,
is a small area generally known as the Pristensk focus. It
may be considered a relic of the former wide spread of
enzootic plague in the South Russian steppes, whence the
disease has disappeared owing to extensive agricultural
development. Pristensk itself is a small settlement where
sporadic human plague cases were reported in 1912 and in the
vicinity of which an epizootic was detected among sisels in
1929. Since that time no plague has been seen on the right
bank of the river Don.
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of a measure directed towards the complete eradica-
tion of enzootic plague. The purpose of this com-
munication is to describe the experience gained in
this work and the results achieved.
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RODENT DESTRUCTION IN PLAGUE PREVENTION

First, however, it is necessary to assess in a general
way the value of rodent destruction as a plague-
preventive measure in natural foci of wild-rodent
plague and to touch on certain questions of metho-
dology in the same general terms.
Rodent destruction is without any doubt a

powerful means of plague prophylaxis. At the same
time the whole of Soviet and world experience in
rodent control in wild-rodent plague foci indicates
that it is not a universally applicable method of
identical efficacy in every instance. The anti-
epidemic and anti-epizootic effect possible and
attainable in practice depends on the method of
rodent destruction used, the scale of operations,
the choice of targets, etc.
From the epidemiological point of view the present

writer distinguishes two main forms of rodent
destruction in natural plague foci, determined by
three theoretically justified anti-epidemic aims.
They are:

1. Rodent destruction as a method of completely
eradicating natural plague foci.

2. Rodent destruction as a method of temporary
prophylaxis against plague. This is further divisible
into: (a) current (urgent) prophylaxis, i.e., the
elimination of rodents in places where an epizootic
has already appeared, in order to prevent or lessen
the possibility of human infection; and (b) early
(long-term) prophylaxis, aimed at preventing in a
particular locality for some time the possibility of
an intensive epizootic developing or penetrating
from the outside.
The extent to which each of these aims can be

achieved depends on the actual conditions in the
natural plague focus concerned, and on the available
material and organizational possibilities. At the
same time each of these forms of rodent destruction
requires for the attainment of the desired end its
own methods and tactics, failure to keep to which
may make the work useless.
Thus in carrying out current (urgent) prophylaxis

during an epizootic in foci of sylvatic plague it is
extremely important to combine destruction of the
rodents with disinsectization of their burrows. If
this is not done, the fleas which remain alive,
including those infected with plague, will migrate
from the burrows to the surface in search of new
hosts and increase the danger of infection for
people who visit such foci. Since rodent destruction
undertaken as an emergency measure to prevent

plague is usually carried out in comparatively
small sectors, those sectors are rapidly resettled
with rodents from neighbouring areas. The influx
of a new rodent population into places where
plague-infected fleas have remained in the burrows
may lead to a new increase in the severity of the
epizootic.
On the other hand, where enzootic plague is

being eradicated on the so-called "complete-
clearing " principle 1 it is necessary only to exter-
minate the rodents and not to take anti-flea
measures. In this method of work rodent exter-
mination is carried out over large areas and to a
certain extent independently of epizootics. The
rodent population is kept at a low level for a number
of years running. In this way, the fleas, deprived of
their hosts, gradually die out and this makes it
possible to dispense with special efforts to destroy
them.
The present writer has discussed the question

of the various forms of anti-plague rodent control
in a number of publications (Fenyuk, 1948a, 1948b,
1954, 1957; Fedorov, Rogozin & Fenyuk, 1955), so
that it is unnecessary to dwell on them here; only
the principles of the methods and the tactics used
for the complete elimination of enzootic plague
need be considered.
The idea of eliminating enzootic plague through

rodent extermination is based on the concept that
in sparse colonies of these animals an intensive
plague epizootic cannot develop even if there are
individual cases of plague-infected rodents or fleas.
This concept arose from an analysis of observations
of the development and spread of plague epizootics
in relation to the density of rodent population
(Wu Lien-teh, 1926; Kalabukhov, 1932). The
theoretical basis for carrying out rodent control
according to the principle of complete clearing is
knowledge of some of the mechanisms that apply in
natural foci of sylvatic plague. The following
features are to be observed in natural foci in the
plains, among them the North-West Caspian focus:

(1) The rodents which carry plague can in the
author's opinion be more or less clearly divided
into basic and secondary carriers. Plague in nature
can become entrenched only through the basic
carriers, because of special features of their ecology
(Fenyuk, 1939, 1944, 1948a, 1948b).

1 This term signifies the eradication of harmful animals
within a short period over large areas. This excludes migra-
tion having any effect on the speed with which the numbers
of the animals concerned are re-established.
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(2) If plague is to become entrenched under
natural conditions, colonies of the basic carriers
must exist over wide areas, since in small isolated
areas of the plains a single epizootic, as well as
enzootic plague, will disappear spontaneously in
the course of time.

(3) The fleas which are vectors of the plague
bacillus are unable to pass it on throughout the
stages of their metamorphosis or by transovarian
transmission and cannot therefore preserve the in-
fection under natural conditions for any length of
time.

(4) The number of fleas depends directly on the
number of their rodent hosts and will decrease in
proportion as the rodent population decreases
under natural conditions.

(5) It appears that plague exists in the natural foci
on the plains mainly in an acute form, i.e., in the
shape of intensive epizootics followed in non-
epizootic years by sporadic acute or protracted
infections among the rodents.

(6) The sylvatic plague area in the world is
divided naturally into separate and relatively auto-
nomous foci, one of which is that in the North-West
Caspian region.

If a natural focus of plague is eliminated by a
complete-clearing campaign, the following prin-
ciples must be observed in order to achieve the
desired result with the least expense of labour and
material:

(1) Only the basic plague carriers need be
exterminated, since the secondary carriers cannot
maintain the plague bacillus in their colonies.

(2) The numbers of basic carriers must be
thinned as much as possible down to a level at
which an epizootic cannot arise. On the basis of
empirical data it can be considered that the numbers
of such rodents as sisels and jerboas must be reduced
to the level of one animal to every one or two
hectares and the numbers of bigger species like
marmots to one animal per 10 hectares or more.
(Modern methods, as is well known, do not succeed
in completely exterminating rodents over large
areas.)

(3) This reduction in rodent numbers must be
maintained over a number of years (apparently for
not less than five or six successive years), and to
achieve this extermination campaigns must be
repeated over the same areas.

(4) Annual rodent extermination campaigns must
be carried out over as large a part of the focus as
possible so as not to protract and consequently to
make more expensive the complete coverage of the
focus.

(5) The eradication of rodents must be carried
out over the whole area within the natural bound-
aries of an autonomous natural plague focus.
Where the accuracy of certain boundaries is in
doubt, it is advisable to extend the extermination
work beyond the boundaries where epizootics have
been recorded in the past.

(6) The question whether enzootic plague in its
natural focus has been eradicated or not can be
decided only on the basis of careful and lengthy
epizootiological surveys of the focus, taking into
account the whole complex structure of natural life
in the area and those changes in it which have
occurred during the many years of the extermination
campaign.

These methods and principles have been based
partly on an assessment of initial experience in
rodent extermination as an anti-plague measure in
the United States of America, the USSR and other
countries, and have been improved in the course of
the extensive campaign for eliminating enzootic
plague in the North-West Caspian area.
Thus the elimination of a natural plague focus by

complete clearing of rodents is complicated, labo-
rious and expensive.' The task is made still more
complicated by the fact that modern methods of
rodent control leave vast room for improvement.

It is quite natural, therefore, that under present
conditions it is possible only to undertake the task
of completely eliminating enzootic plague when
dealing with foci which have been thoroughly
studied and which are in localities where educational
and economic progress, in a relative sense, has been
made. At the same time confidence in the per-
manence of the results obtained is possible only in
the case of foci which are well isolated and auto-
nomous. If they are not isolated, epizootics can
again arise in the plague-free territories by re-
infestation with rodents from neighbouring areas.

1 Professor N. P. Naumov of Moscow has recently put
forward the view that a radical improvement in health
conditions in natural foci should be achieved not by expensive
and laborious complete-clearing methods throughout the
territory covered by the plague focus but by the detection
and elimination only of those single foci in which the cau-
sative agent of the infection is maintained.
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EXPERIENCE IN NORTH-WEST CASPIAN AREA

After these introductory remarks the experience
in eliminating enzootic plague in the North-West
Caspian area can now be described.
The main plague carrier in this focus is the little

sisel (Citellus pygmaeus Pall). The numbers of this
rodent in the area were once very high, amounting
to 20-40 animals per hectare throughout a large
territory. The highest density of sisel population
was on pasture land, particularly near human
settlements, where in places it was as high as
70-80 animals per hectare. On plough-lands the
number of the sisels was considerably lower.
However, in a large part of the North-West Caspian
plague focus there was relatively little ploughed land,
since the predominant form ofeconomy was pastoral.
A beginning was made on sisel extermination as

a plague-preventive measure in the North-West
Caspian area at the beginning of the 1920's, but
for a long time no positive results were obtained.

These rodents were exterminated only in places
where epizootics occurred, and then mainly around
human settlements, with the intention of creating
around those centres a zone containing greatly
reduced numbers of sisels. The areas treated in
each individual place were usually small, ranging
from 2000-3000 to 10 000-20 000 hectares. Only
about 60 000-150 000 hectares were covered by
sisel extermination work every year. In the period
from 1924 to 1932 inclusive, a total of about
700000 hectares were covered by the campaign
in the North-West Caspian region.

These small sisel-free sectors were quickly re-

settled by rodents migrating from neighbouring
areas and epizootics were again discovered in them,
either in the following year or a few years later.
At the same time, in those places where, for one

reason or another, sisel extermination had not been
carried out after an epizootic had been detected,
those epizootics nevertheless disappeared after one

or two years, but sometimes appeared again after
a few years' interval. An impression was thus
created that sisel control of this type has practically
no effect on the conditions in the focus.
As is known, similarly negative results were

obtained in the United States of America also,
where ground squirrels and other rodents had for
many years been the object of extermination
campaigns in places where plague epizootics had
been detected, but without the natural plague foci
being thereby cleared (see, for example, Wui Lien-teh,

1925, 1926; Wu Lien-teh et al., 1936; Creel, 1941;
Meyer, 1947; Link, 1955).
The question of the effectiveness of such small-

scale work, confined to rodent extermination in
places where epizootics occur, has often been
discussed at conferences and congresses of Soviet
plague experts.
At one such conference at the end of 1932 the

conclusion was drawn that the disappointing nature
of results in the Caspian lowlands and in the United
States of America was based not on any incorrectness
in the idea of the possibility of suppressing enzootic
plague by exterminating rodent plague carriers, but
merely on imperfections in the tactics used. In
view of this the Soviet Government adopted a plan
calling for a change from small-scale extermination
work on small areas to large-scale, complete-
clearing campaigns, which were to be carried out
independently of any epizootics raging at the time.
The elimination of enzootic plague in the North-
West Caspian focus, which is in the direct neigh-
bourhood of the central regions of the Soviet Union,
was specifically mentioned as the basic purpose of
this work.

In 1933 the North-West Caspian focus covered
a greater or lesser part of the territory of five
administrative provinces. Each of these provinces
had its own anti-plague centre with its subordi-
nate system of anti-plague departments, and the
sisel extermination campaign could therefore conve-
niently be carried out by the provincial centres.
In Stalingrad Province, in the northern part of the
focus, it was carried out by the Stalingrad anti-
plague centre; in the Rostov Province to the
west by the Rostov centre, which in 1934 became
the Rostov Anti-plague Institute; in the Stavropol
area, in the south-western portion of the focus, by
the Stavropol centre, which in 1951 became the
Caucasian and Transcaucasian Anti-plague Institute;
in the Kalmuck Autonomous Area, in the central
and south-eastern part of the focus, by the Elistinsk
centre; and in the Astrakhan region on the right
bank of the Volga (the easternmost part of the focus)
by the Astrakhan and Elistinsk centres. (Since in
that small part of the Astrakhan region which lies
within the North-West Caspian focus, i.e., on the
right bank of the River Volga, some of the work
was carried out by the Elistinsk centre, I have
combined the material on the Kalmuck and Astra-
khan regions in the discussions which follow.)

In accordance with the Government's decision,
work on sisel extermination took on immense pro-
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portions from 1933 onwards, and in that year,
indeed, a coverage unheard of in the whole history
of rodent control was achieved by the campaign-
more than 2000000 hectares. In 1934 this figure
was almost trebled. The highest peak, a coverage of
more than 7 000 000 hectares annually, was reached
in 1935-37. Even after these years, however, the
work continued on a massive scale until 1941, after
which the campaign was sharply reduced owing to
the exigencies of war.
During the war and in the post-war years right up

to the present time the character of work on sisel
extermination has somewhat changed. Therefore a
description of this work may conveniently be divided
into two periods: 193341 and 1942-56.

Sjsel extermination, 1933-41
In the period from 1933 to 1941 inclusive sisel

extermination work in the North-West Caspian
region was carried out over a total area of 44 175 000
hectares (Table 1). If the fact is taken into account
that the area of the natural plague focus in the
North-West Caspian region is about 13.5 million
hectares, it will be seen that between 1933 and 1941
the whole area was covered an average of about
3.3 times. In fact, howevcr, certain large areas were
treated seven or eight times, others once, twice or
three times. In the central part of the focus, in the

TABLE I

AREA COVERED IN SISEL EXTERMINATION WORK IN
NORTH-WEST CASPIAN FOCUS, 1933-41

Number of thousand hectares covered
in each province

Year

1933

1934

1935

1936

1937

1938

1939

1940

1941

Stavro- Rostov

pol

1 300

1 620

1 954

1 824

1 682

1 313

1 447

716

796

1 860

2 422

1 964

1 334

785

992

770

716

Stalin- CkAstra-Stalin khan and

Kalmuck

551

1 975

2 453

1 213

1 267

572

525

380

415

378

1 040

1 613

2 019

3 364

718

1 110

1 151

930

Total

2 229

6 495

7 448

7 020

7647

3 388

4 074

3 017

2 857
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Kalmuck steppes, there remained an area of
2 400 000 hectares in which no sisel extermination
was done during the period (Fig. 2). It is true that
in the north and central portions of that particular
sector (the so-called Davan depression) plague
epizootics have not been recorded, but in the rest of
the area they have been observed in various places,
even if only on single occasions.
During all this period sisel extermination was

done by gassing, in the first years by means of
chloropicrin and subsequently by means of chloro-
picrin or black cyanide. Later on black cyanide
became the main rodenticide. Other rodenticides
were also used on a comparatively small scale, such
as sulfuric slags, the toxic principle of which is
hydrogen sulfide (H2S).

Chloropicrin and black cyanide are quite highly
effective. If correctly used the former ensures

85%-95% deaths among the sisels, the latter
95%-97%. However, where the numbers of sisels
and of their burrows were initially very large, the
effectiveness was less, mainly on account of the fact
that the extermination teams missed certain burrows,
something which it is difficult to avoid. Such
sectors were treated again in the same year.
Even when the rodenticides were highly effective

and caused 85%-95% deaths, many sisels remained

9

Total 12 652 10 843 8 351 12 329 44175

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2.
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alive in places where their initial population was
high, and in the following year, therefore, a consider-
able proportion of the territory on which gas had
been used for the first time was again treated.
Subsequently the campaign in the treated areas was
repeated as the sisel numbers again grew through
breeding.
Such extensive work on sisel extermination

required not only a considerable expenditure of
labour but also its careful organization. The task
was complicated by the fact that sisel extermination
can only be carried out during a short period of the
year, from the time when the animals end their
hibernation with the melting of the snows in spring
until the adult males begin to aestivate at the begin-
ning of June.
Tens of thousands of temporary workers were

employed at a time on extermination work, and the
problems inherent in their living far away from
centres of population had to be solved; i.e., it was
necessary to provide them with tents, bedding and
working clothes, to organize communal feeding, to
settle the problem of water supply in the waterless
Kalmuck steppes, and so forth. It was necessary
to bring in good time a large quantity of poisons,
equipment and various materials to the place of
work, which was.often far from main roads. It was
also necessary to train as quickly as possible a large
number of specialists with various qualifications to
take charge of the workers. Finally, scientific
control of the work carried out, the improvement of
sisel extermination methods, and the organization
of work to assess the technical effectiveness of the
campaign (i.e., the actual extent of sisel deaths) and
to calculate the anti-epizootic effect achieved, all
had to be arranged.

Table 2 shows for each of the regions mentioned
earlier the extent of the area where plague was
enzootic, the actual area treated in that region, the
total area covered by repeated treatments, and
the number of times that sisel extermination could
be considered to have been carried out. The
table shows that in the Stavropol area of the
focus, the sisels were subjected to extermination
campaigns an average of 6.3 times, in the Rostov
region 4.7 times and in the Stalingrad region
4.3 times. Extermination work was carried out least
of all in the period up to 1941 in the Kalmuck and
Astrakhan regions. Various sectors, particularly
in the eastern portion of the Kalmuck steppes,
were treated only once. It was in this area that until
1941 a district of more than two million hectares
(see Fig. 1) was left completely untouched. However,
in view of the many times the western part of the
Kalmuck steppes was treated, the total average
figure for the number of treatments in the Kalmuck
and Astrakhan regions was 1.7.

Table 2 shows also the basic anti-epizootic effect
-the year in which the last plague culture was
isolated from rodents.

In order to estimate the anti-epizootic effect, it
is necessary to take into account the fact that from
1913 to 1934 in the North-West Caspian region
somewhat less than 700 sites were reported in which
the presence of rodent plague epizootics had been
established (Bocharnikov et al., 1957). At the same

time, until 1933 epizootics were occurring in various
parts of the focus every year.

In the Stalingrad area in 1932-33, epizootics were

recorded in many places. Sisel extermination by
the complete-clearing method was begun there in
1933, and as early as 1934 the last instance of plague

TABLE 2
NUMBER OF TIMES ENZOOTIC PLAGUE AREA IN NORTH-WEST CASPIAN PLAGUE FOCUS WAS COVERED IN SISEL

EXTERMINATION CAMPAIGNS

Actual area treated in thousand Number
Province hectares (round figures) Total area of times Year whenorovince treated in sisel exter- last plagueor thousand mination culture was
region Enzootic Area Area hectares carried out isolated

plague area treated not treated (average)

Stavropol 2000 2000 12 652 6.3 1936
Rostov 2 300 2 300 _ 10 843 4.7 1938

Stalingrad 2 000 2000 - 8 351 4.3 1934

Kalmuck and Astrakhan 7100 4700 2400 123329 (1.7) see text
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infection in a sisel was recorded. In Stavropol the
last plague culture was isolated from rodents in
1936, and in Rostov province in 1938. Intensive
epizootics really ceased in 1936 in Rostov pro-
vince, but in 1938 a single sisel infected with plague
was discovered in the Zimovnikovsk region of
the province. The most careful searches have
not yielded a single further plague culture in the
area.

Matters were more complex in the Kalmuck
Autonomous Area and the part of the Astrakhan
province on the right bank of the Volga. In the
period between 1933 and 1941, the latest epizootic
in that area was discovered in 1936. There was no
sign of plague in the area from 1942 to 1945.
However, in 1946 in the eastern part of the Kalmuck
steppes, in the so-called Black Lands 1 on the shores
of the Caspian Sea, an intensive epizootic among
sisels was discovered.

In the next few post-war years, the epizootic
extended its boundaries somewhat to the north,
north-west and east, and apparently also to the
south, since in 1950 it was discovered in the Kyzlyar
region of Grozny province, and in 1951 in the plains
of Daghestan-beyond the historically recognized
southern boundaries of the natural plague focus in
the North-West Caspian area. In the eastern part
of the Kalmuck steppes, plague-infected rodents
were discovered until 1954 (when one plague culture
was isolated from a jerboa, Scirtopoda telum Licht.)
and in Daghestan until 1956 (three cultures from
sisels and their fleas in 1956).

It is important to answer the question why
enzootic plague was maintained in the Black Lands
whereas in other parts of the North-West Caspian
area it had disappeared. The main reasons are
undoubtedly the fact that, as has been said above,
work on rodent extermination in the Black Lands
had not been finished by 1941, and the sharp reduc-
tion in such work during the war. It is possible, as
Kalabukhov (1949) considers, that an important
role was also played by the existence in the Black
Lands and the part of the Kalmuck steppes along
the shores of the Caspian of quite large " island "
colonies of the midday and tamarisk gerbils
(Meriones meridianus Pall. et M. tamariscinus Pall.)
which have settled in the wind-blown sands in that
area. In the Volga-Ural sands on the left bank of
the Volga, the midday, and possibly also the

1 That part of the Kalmuck steppes which borders on
the Caspian Sea is called the Black Lands because in winter
it is as a rule free from snow.

tamarisk, gerbils are the main plague carriers.
The island nature of their colonies in the Black
Lands provides no basis for suggesting that here
they are basic carriers additional to the sisels, but
they could complicate the epizootic situation. In
addition, during the period 1933-41 gerbils were not
included in the extermination campaign in this part
of the North-West Caspian area.

Sisel extermination, 1942-56

In 1942 began the second period of work on the
eradication of enzootic plague in the North-West
Caspian natural focus. However, during the war
years and up to and including 1946, the scale of
extermination work was greatly reduced. In the
period between 1942 and 1946 in the Stalingrad,
Rostov, Kalmuck, Astrakhan and Stavropol areas
a total of only 3 836 000 hectares were covered by
the campaign (Bocharnikov et al., 1957).
The discovery of a plague epizootic in 1946 in

the Black Lands of the Kalmuck steppes, in 1950
in Grozny province and in 1951 in the plains of
Daghestan led from 1947 onwards to an extension
of rodent extermination work. The main attention
was directed to the sites of the epizootics and
the areas round about them, and also to that sector
of the Kalmuck steppes which had not been dealt
with during the 1933-41 period (see Fig. 1).

In all, in the period from 1947 to 1956 in the
North-West Caspian focus sisels were poisoned
over an area of 10002 000 hectares (including
repeat campaigns) (Bocharnikov et al., 1957). The
bulk of the work was concentrated in the epizootic
regions and neighbouring places. In contrast to
the periods 1933-41 and 1942-46, a considerable
part of the area in 1947-56 (particularly after 1952)
was treated not by gassing but by the use of poison
baits (oats with 10%-20% zinc phosphide).

Side by side with the extension of sisel extermina-
tion in those parts of the focus where plague was
still active, in the rest of the territory, where plague
had not been detected for many years, extermination
work was gradually reduced, and in 1952-55 it was
stopped completely.

Finally, as a result of many years of extermination
work by the complete-clearing method, the area
in the North-West Caspian focus where plague was
enzootic was sharply reduced. As shown in Fig. 2,
enzootic plague remained only in a small sector
in the south-eastern part of the focus as bounded in
1933. A comparatively small extension of the natural
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focus to the south does not substantially alter the
general picture.

This makes it possible to draw the main con-
clusion that the use of repeated extermination
campaigns over a number of years to eliminate the
little sisel, which is the main plague carrier in the
North-West Caspian focus, has led to the eradication
of the natural foci of plague in an overwhelming
part of the area, and to a sharp reduction in epizootic
activity in that small area from which plague cannot
yet be considered to have been completely eradicated.
Work on final eradication in that sector too is
continuing.

EVALUATION AND CONCLUSIONS

What is the basis for considering that enzootic
plague has been eliminated from a considerable part
of the territory of the North-West Caspian region ?

In the first place, during the time which has passed
since the last isolations of plague cultures in parti-
cular parts of the focus, large-scale examinations of
the rodents and their ectoparasites for plague have
been carried out but have given negative results
in every case.

In the second place, in the north, west and south-
west parts of the focus, a sharp increase has been
noted several times in the numbers of small murine
rodents-house-mice (Mus musculus L.) and field
voles (Microtus arvalis Pall.), particularly in 1941.
This increase has not once been accompanied by a
development of epizootic plague among the mice
and voles, whereas in the past it was quite character-
istic that every mass increase in the number of mice
and voles in the North-West Caspian focus was, as a
rule, accompanied by their inclusion in the epizootic
cycle (Fenyuk, 1948a; Fedorov, Rogozin & Fenyuk,
1955). The increased number of small murine rodents
may therefore be considered a sort of " biological
assay" for plague, and it may be postulated that,
since this test gave a negative result, plague really
was absent.

In the third place, although fierce fighting took
place during the war over a considerable part of
the North-West Caspian focus and large numbers
of troops were involved, neither in the Soviet nor
in the German armies was there a single case of
plague, and this despite the fact that the soldiers
under campaign conditions were naturally in the
closest contact with rodents.

It was these facts which enabled Soviet plague
experts to acknowledge, at the extended scientific

conference held in the city of Astrakhan in 1951,
that enzootic plague had actually been eliminated
from a large part of the North-West Caspian
focus.

There is no reason, therefore, to share the views
of Meyer (1947), who wrote that the assertion by
Soviet experts that enzootic plague had been
eradicated in the North-West Caspian steppes (or
as he called them " in the Caucasian steppes ")
called to mind a similar optimistic forecast riskily
made in 1914 in California which, as is known, did
not prove justified. It must be taken into account
that in California, as in the Caspian lowlands until
1933, extermination work was carried out in small
areas and only in places where epizootics had been
detected. This was their weakness from the point
of view of method. The extermination of rodents
only in places where epizootics have been reported
could only lead to the complete elimination of
enzootic plague if it were possible to guarantee
that all places with infected rodents and ectopara-
sites in existence could be detected. However, the
possible scale of epizootiological investigations and
modern methods of detecting and isolating the
plague bacillus give no such guarantee. In this lies
the main advantage of extermination work on the
complete-clearing principle.
No less important and interesting is to what

extent the results obtained in clearing up the natural
plague focus in the North-West Caspian area are
permanent. To answer that question a number of
circumstances must be taken into account.

In the first place, it must not be forgotten that in
the very south-eastern tip of the North-West
Caspian area there is still a small sector in which
the causative organism of plague has quite likely
been maintained, since in 1954 in the northern part
of that sector, and in 1956 in the southern part,
single plague cultures were isolated.' In the second
place, the number of sisels in the part of the focus
where extermination measures have been stopped
has again risen everywhere, and in many places
has reached its previous high level of something
like 20-40 animals per hectare on an average.
It follows from this that conditions still exist in the
North-West Caspian area for the re-establishment
of natural plague foci if epizootics spread from its

I A large-scale investigation of this sector and adjacent
areas, carried out in 1957, 1958 and the first half of 1959,
failed to lead to the discovery of a single plague-infected
rodent or ectoparasite. It would be premature, however, to
consider this sector entirely free from plague.
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south-eastern portion into the territory freed from
plague. In view of this, the task of complete elimina-
tion of enzootic plague as quickly as possible in
that part of the North-West Caspian focus where
it is still perhaps in existence has become extremely
important in order to exclude the possibility of its
further spread.
At the same time, there is confidence that even

if epizootics spread into the wide expanses of the
North-West Caspian focus which have been freed
of plague, the natural focus could not regain its
former size. This confidence is based on the fact
that from the 1930's onwards large-scale changes
have taken place in agriculture in the North-West
Caspian focus which have essentially destroyed the
factors favourable to natural plague foci.

In the 1930's a pastoral economy was predominant
throughout almost the whole area of the focus, and
because of that there were unbroken colonies of
sisels over huge areas. At the present time agri-
culture has been considerably extended in the north,
west and south-west portions of the focus. Large
areas of virgin land have been brought under the
plough, and in many places the fields are surrounded
by forest belts; the Tsimlyansk Sea and the Volga-
Don Canal have been created and considerable
areas of ploughed land are now irrigated from them;
a system of artificial lakes and reservoirs has been
provided, etc. In a number of regions in the
Rostov and Stalingrad provinces and in the Stavro-
pol region the proportion of ploughed land has
reached 40%-60% and in some collective and state
farms 70%-80% (Shishkin et al., 1957). Individual
sisel colonies on unploughed land have been split
up by canals, reservoirs, forest belts and large areas
of ploughed land from which sisels are disappearing.
There is no doubt that in these regions of intensive
agriculture long-lasting enzootic plague is already
impossible, even should epizootics spread there,
and in many areas epizootics will be unable to
spread, even temporarily. Only in the central and
eastern part of the waterless Kalmuck steppes has
the character of sisel settlement remained roughly
the same.

Therefore, even if that part of the focus where
plague has not yet been eradicated were to grow
larger, it could not reach the dimensions of 1933.

These are the main results of repeated complete-
clearing campaigns against sisels in the natural
plague focus in the North-West Caspian area. It
may be noted that this work provides the first
proof of the possibility of eliminating enzootic

plague by regular extermination of the basic carrier
of the plague bacillus.

It may further be said that the eradication of
enzootic plague by the destruction of rodents has
been achieved in the Soviet Union in the steppes
of Transbaikalia, as well as in the North-West
Caspian area.
The natural plague focus in the former area,

as is known, was situated in the very south-east
corner of Transbaikalia, bordering on the Mon-
golian People's Republic and the Barga locality
in the autonomous province of Inner Mongolia in
the Chinese People's Republic. It is known that
plague was recorded in Transbaikalia for the first
time in 1863 and that in 1911 D. K. Zabolotny and
his colleagues proved for the first time that it was
carried by Siberian marmots (Marmota sibirica
Radde). Between 1911 and 1946, 62 plague epizo-
otics among rodents were recorded (Donskoi, 1957).
Since 1946 the most careful investigation has failed
to detect plague in nature.
Marmot extermination was begun in Trans-

baikalia in 1939. The area treated with chloropicrin
and black cyanide between 1939 and 1955 was
about 1 300 000 hectares (Nekipelov, 1957). As in
the North-West Caspian area, some sectors were
treated several times.
There is every reason to believe that the cessation

of plague epizootics in Transbaikalia since 1946 has
been a direct result of many years' campaigning to
exterminate the Siberian marmot-the basic carrier
of plague in that area. At the moment, the
occurrence of plague among rodents in Transbaikalia
is, it would seem, likely only when the frequency
of marmots there has been re-established and if
epizootics spread from the Central Asian (Mongolian)
natural plague focus, of which the Transbaikalian
focus was a small projection. To prevent this, further
control of the number of the marmots is essential,
even if only on a broad strip along the boundaries
of Transbaikalia and the Mongolian People's
Republic.

Experience in work designed to eliminate the
natural focal character of plague by complete
clearing of rodents from the focus has proved that
to attain the proposed end a great deal of effort
and money are required. It is quite natural, there-
fore, that until simpler and better methods of
combating enzootic plague have been discovered,
elimination of natural foci will inevitably be limited
by budgetary considerations. This is of particular
importance in connexion with the extensive natural
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foci of plague in sparsely populated, high-mountain, are improved, the elimination of enzootics will
desert and semi-desert districts of Asia, Africa and become more and more a practicable proposition.
America. There is no doubt that the experience gained in the
At the same time, as present natural plague foci North-West Caspian and Transbaikalian regions

are affected by improvements in civilization and can be of value in choosing methods and tactics for
farming, and as methods of enzootic plague control similar work in other foci.

RI-SUMJ!

Le present article retrace l'histoire de la lutte men6e
contre les rongeurs vecteurs de la peste dans la partie
nord-ouest des plaines de la Caspienne, puis decrit son
organisation et les methodes qui ont e appliquees.
Au nord-ouest de la Caspienne, se trouve l'un des trois

foyers relativement distincts de peste selvatique naturelle
que l'on rencontre dans ces plaines. Ce foyer est separe de
ses voisins de la Volga et de l'Oural par la Volga et la mer
Caspienne qui constituent des obstacles naturels i la
penetration des porteurs et des vecteurs de la peste. La
destruction des rongeurs dans les foyers de peste selva-
tique permet d'atteindre trois objectifs principaux:
a) reduire le risque de transmission A l'homme dans les
endroits oui sevit une grave epizootie (prophylaxie
d'urgence); b) emp&her pendant un certain temps
l'apparition d'une epizootie grave dans une localit6
donnee (prophylaxie veritable); c) supprimer radicale-
ment la peste enzootique.
Pour atteindre ces objectifs de la facon la plus econo-

mique, il faut employer des methodes et une tactique
speciales pour detruire les rongeurs et les puces en tenant
compte des circonstances rencontrees dans chaque foyer
de peste naturelle. En particulier, lorsqu'on vise A l'eradi-
cation de la peste enzootique, on doit concentrer l'attaque
sur les porteurs principaux, et non sur les porteurs et
vecteurs secondaires. Dans la region du nord-ouest de la
Caspienne, le reservoir principal est le petit spermophile
(Citellus pygmaeus Pall.).
Pendant la periode initiale (1924 A 1932), l'extermina-

tion du spermophile dans cette region n'a eu lieu que sur
de faibles superficies et seulement dans les endroits ou l'on
avait decouvert une 6pizootie. Cette tactique n'a pas
apporte de resultats satisfaisants dans la prevention des
epizooties et elle n'a eu aucun effet sur la peste enzootique.
Conformement a une decision du Gouvemement de

l'URSS, A dater de 1933, l'extermination du spermophile
a et effectuee selon le principe de ((la destruction syste-
matique ), c'est-A-dire que les operations ont porte sur de
vastes zones (2 A 7 millions d'ha par an) de maniere a
atteindre en quelques annees 1'ensemble du territoire en
question. En outre, certaines zones ont et traitees plu-
sieurs fois (quelques secteurs jusqu'A 7 ou 8 fois et
differents districts administratifs de 1,7 a 6,3 fois en
moyenne). De 1933 A 1941, les operations d'extermination
du spermophile se sont deroulees sur une superficie
totale de 44 175 000 ha. La deuxieme guerre mondiale est

venue interrompre cette campagne. Au cours des hosti-
lites et en 1946, la campagne d'extermination du spermo-
phile n'a porte que sur 3 836 000 ha.
A la suite de ces travaux, 2, 3 ou 4 ans apres le debut des

operations de ((destruction systematique >, les epizooties
de peste cesserent dans la majeure partie du foyer et aucun
spermophile pesteux n'a et decouvert apres la sixieme
annee de la campagne. Malgre des recherches attentives,
jusqu'a maintenant (1958 compris), aucun cas de peste
n'a pu etre decele dans cette partie du foyer. De ce fait, il
est permis de conclure que la peste enzootique a et
radicalement supprimee dans cette partie du foyer.

Cette conclusion se trouve aussi etayee indirectement
par les faits suivants: a) au cours des combats qui se
deroulerent sous Stalingrad, aucun cas de peste ne fut
signale, ni dans l'armee sovietique, ni dans l'armee alle-
mande, bien que les troupes aient ete en contact tres
etroit avec des rongeurs; b) aucune epizootie de peste n'a
ete decouverte chez les souris domestiques (Mus
musculus) ou chez les campagnols (Microtus arvalis)
pendant les annees de forte reproduction - il y en a eu
plusieurs depuis 1938. Dans le passe, une des caracteris-
tiques du foyer nord-ouest de la Caspienne etait que toute
augmentation massive du nombre de souris et de campa-
gnols allait de pair avec l'introduction de ces derniers dans
le cycle epizootique, de sorte que ces petitis rongeurs
peuvent etre consid6res comme une sorte de materiel
d'essai biologique pour la detection de la peste.
La peste enzootique ne subsistait que dans un petit

secteur situe au sud-est du foyer, ou, en 1946, on a
decouvert une epizootie grave dans les steppes kalmuck
(region dite des Terres noires). Cette epizootie s'est
etendue vers le sud et a penetre, en 1951, dans les plaines
du Daghestan, c'est-a-dire, au-delA des limites historiques
du foyer. Cet episode obligea a reprendre d'importantes
operations d'extermination, qui furent concentrees en
majeure partie dans les regions d'epizootie et leur
peripherie. De 1947 a 1956, les operations ont porte sur
une superficie de 10002 000 ha. L'activite epizootique
fut brusquement reduite, et les demiers cas isoles d'infec-
tion de rongeurs et de puces ont ete d6couverts en 1954
dans les Terres noires et en 1956 dans le Daghestan.
La campagne d'eradication de la peste enzootique
se poursuit dans ce secteur et les experts sovietiques
pensent parvenir A un resultat complet dans un proche
avenir.
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L'article signale en outre qu'un succes analogue a e
obtenu en Transbaikalie. Dans cette region, les epizooties
de peste ont completement cesse depuis 1946 a la suite
de longues annees de campagnes d'extermination du

tarabagan (Marmota sibirica), principal reservoir. La
peste ne r6apparaitrait chez les rongeurs de Transbaikalie
que si elle etait importee de Mongolie.
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