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Abstract. One of the urgent problems in cognitive studies and in neurobiology as a whole is to delineate the impact of genetic
factors in the variability of animal cognitive abilities. The concept of animal cognition is frequently used in a broad sense
to include all phenomena with behavioral manifestations of neural plasticity. The variable phenomena related to animal
cognition could be subdivided into two main categories, although only the first of them will be analyzed in this paper. The first
category is represented by “basal” cognitive abilities, which embrace spatial cognitive behavior and elementary reasoning
(simple logic task solutions). The second one mainly concerns more complex cognitive abilities including tool manufacturing
in new situations, generalization up to the level of pre-verbal concept formation, symbolization, etc. The genetic influence
on cognitive processes in animals may be investigated only in the domain of basal cognitive abilities. Studies are conducted
mainly in rodents using different experimental models. However, performance has been typically compared in individual
animals which are presumably different in genotype (e.g., selected animals and mutants). In this paper, a short review of such
studies is followed by the description of original data on rodents’ elementary logic task solutions obtained in our experiments.
The experiments used unique genetic models and an extrapolation task that addresses a relatively simple basal cognitive trait.
Our experiment on selection for high extrapolation ability scores was performed for the first time, and inter-strain differences
which emerged in these animals are described.
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1. Introduction
General Issue
In the early days of animal behavior studies, the cognitive
abilities of various animal species were regarded as equal
to their learning capacities, although Charles Darwin
pointed out that animal reasoning is a distinct category
of adaptive behavioral acts. During the 20th century, experimental evidence accumulated which confirmed this point
with the main impact derived from experiments on ape logic
problem solving capacities (Kohler, 1921; Ladygina-Kots,
2002; Firsov, 2010; Firsov & Chizhenkov, 2003). Edward
Tolman’s (1932, 1948) and Leonid Krushinsky’s (1990,
The Russian Journal of Cognitive Science

2009) experimental impacts and their general conclusions
made it apparent that various types of cognitive behavior
are also represented in the behavior of non-primate vertebrates (Bagotskaya, Smirnova, & Zorina, 2012; Olton, 1977;
Olton & Samuelson, 1976; Olton et al., 1992; Meck, Church,
& Olton, 1984 / 2013; Koehler, 1956; Wasserman & Zentall,
2006; Zorina & Smirnova, 2013; Zorina & Obozova, 2012).
The body of experimental results obtained in the field
of animal reasoning has made it possible to claim that
the existence of these abilities is a real phenomenon,
distinct from behavioral acts based on habit acquisition
(i. e., on learning per se)1 (Zorina & Poletaeva, 2001 / 2011).
Darwin’s views on the evolutionary role of animal behavior and
on animal reasoning offered ideological support for Leonid Krushinsky,
1
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Figure 1. The experimental
device (the screen experiment
initially developed by Krushin
sky; see Krushinsky, 2009
for review) which was used
for testing extrapolation abil
ity in mammals (cats, dogs,
foxes, wolves et al.) and birds
(corvid birds, chicken,
pigeons, ducks, geese et al.).
The opaque screen has a verti
cal slit in the middle. Behind
the screen two food bowls
could move along the hori
zontal rail (not shown). The
food could move to the left
or to the right and disappear
from the animal’s view rather
quickly with the help of flex
ible flaps. The animal trajec
tory for a correct task solution
is shown by hatched line

According to contemporary views acquired both
in cognitive science and in neurobiology, animal cognitive
abilities include phenomena which differ according to the
level of complexity (Zorina & Smirnova, 2013; Poletaeva &
Zorina (eds), 2013; Wasserman & Zentall, 2006; Reznikova,
2007). Animal cognitive abilities embrace at least two major
categories of phenomena. The first one consists of basal,
universal forms, which are actually inherent to all vertebrates.
They include spatial behavior and memory, elementary logic
tasks solutions including extrapolation ability, which will
be described below (Krushinsky, 1990, 2009) and generalization capacity of a low level (Wasserman & Zentall, 2006).
The second category includes capacities inherent to several
groups of higher vertebrates (primates, dolphins, passerinae
birds and parrots). In addition to possessing basal cognitive
functions, these animals are able to demonstrate much
more complicated forms of cognition, including mental
functions ranging from complicated logic task solutions
up to tool manufacturing in new situations (Firsov, 2010;
Firsov & Chizhenkov, 2003; Shumaker, Walkup, & Beck,
2011), as well as generalization up to the level of pre-verbal
concept-formation, symbolization and some types of logic
inference (Zorina & Smirnova, 2013).
It is not possible to compare animal cognition both for
basal cognitive abilities and mental operations of a higher
order in the framework of this paper. The present review
who initiated his novel experiments in the USSR (starting with extrapolation task experiments) at a time when it was almost impossible to deviate from Pavlovian conditioning theory (especially after the infamous
Pavlovian meeting of two academies in 1950). At the end of the 1960s,
Krushinsky defined elementary animal reasoning as the ability of an animal to apprehend the empirical laws which act in the external world
and which determine different types of connections between objects and
events, and the animal’s ability to program its adaptive behavior according to these laws. The terms “animal cognition” and “animal cognitive
abilities” appeared later and embrace a wider range of phenomena including instrumental and classical conditioning, perception, attention and
habituation.
The Russian Journal of Cognitive Science

will deal mainly with the analysis of spatial learning and
memory, as well as elementary logic task (extrapolation)
solutions. A comparison of cognitive behavior of different
degrees of complexity within the same species could also
be instructive. It is also evident that genetic studies of animal
cognition are currently possible only in the range of basal
cognitive abilities. The respective models are represented
mainly by rodent strains and stocks (predominantly rats
and mice). It should be mentioned that data on differences
in rodent strains selected for high and low learning abilities
(i.e., RLA vs. RHA, Trayon maze bright vs. Trayon maze
dull rats) are not covered by this review, although many
authors consider them to be the main genetic models for
cognitive behavior study.

Animal Reasoning:Extrapolation Ability.
Comparison of Extrapolation Ability
in Wild and Domestic Mammals
Leonid Krushinsky (1911 – 1984) belonged to the Russian
school of experimental biology, led by prominent scientist
Nikolay Koltzov. Krushinsky’s interest in animal behavior
combined successfully with his experimental skills and vast
experience studying dog behavior and biology. At the same
time, he was an ardent naturalist who made a lot of interesting discoveries while watching wildlife in Russia’s Taiga forest. One of his observations led him to the discovery of a new
animal reasoning paradigm — the extrapolation task.
As the story goes, Krushinsky’s dog discovered
a quail which ran away quickly in a straight trajectory and
disappeared inside a line of bushes which was surrounded
by open space. Instead of trying to penetrate the thick bush,
the dog slowly went around it and waited for the prey where
it would be expected to appear presuming its trajectory was
still straight. This episode (and several ones of the same
sort) was the starting point for Krushinsky to suggest that
an animal could not only learn, but could also possess
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the capacity to understand the relationships which connect
events and objects in the environmental world and to use
this understanding for adaptive behavior. The behavioral
reactions which occur in situations when no previous
training could help — that is, when identical previous
experiences (i.e., learning) do not exist — served for
Krushinsky as the essential empirical ground for the new
cognitive test which was introduced in his laboratory
practice in the mid-1950s. That was the test for extrapolation (see Fig. 1).
Krushinsky’s test for extrapolation consisted of the
following components. A hungry animal sees the food
bait via a vertical slit in a rather large opaque screen (large
enough for the animal to begin eating through the slit), and
the animal starts to eat. After a few seconds, the bait moves
aside and disappears from the animal’s view. The correct
solution of the problem is for the animal to move
in the direction in which the food disappears, extrapolating
the food’s future position (in which it becomes available
again). The solution requires that the animal: i) masters
the law (rule) of object permanence: the object, which
was seen but has disappeared, still exists and ii) is able
to understand laws of motion: that if an object moves
straight, it will be found in a more or less predictable place.
Vertebrate animals of many taxonomic groups have
been studied using this test, which made it possible for
researchers to build the variant of scala naturae, ranking
animal species according to their success in the extrapolation task. This range coincides mainly with the degree
of species’ brain complexity (Krushinsky, 1990, 2009;
Zorina & Poletaeva, 2001 / 2011).
Two more elementary logic tasks were introduced into
laboratory practice by Krushinsky (1990, 2009). They were:
1) A test which evaluates the capacity of an animal
to understand that the bait (which possesses a certain
volume) could be hidden only in a voluminous (3-D)
geometrical object, such as a cube or pyramid, and could
not be hidden in the flat object of the respective geometrical
form, such as a cardboard square or triangle, respectively.
At the start of the experiment, an animal perceives both
figures which stand upright in front of it. The figures start
to rotate slowly, thus demonstrating their flatness and/or
voluminousity.
2) The so-called Revecz-Krushinsky test, in which
animals have to determine the rule of hidden object
displacement. The subject is presented with a row of small
upturned cylinders. At each task presentation, the bait
is hidden under one of them. An animal starts the food
search and upturns several of these cylinders until it finally
finds the bait. At each successive presentation, the bait
is placed under a nearby cylinder. Thus, the place of the
hidden bait changes systemically from trial to trial along
the row of caches (Pleskacheva & Zorina, 2012).
Both tests are much more difficult for many animals
than the test for extrapolation. Several species which master
the extrapolation test were not able to solve the more
complex tests, including dogs. Thus, dimensionality and
Revezs-Krushinsky tests address the second category
of cognitive abilities (not basal, but complicated) and their
results will be analyzed elsewhere.
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2. Genetic Approach to Animal
Cognition: Progress and Difficulties
The main difficulty in genetic research of animal behavior is the high complexity of the respective traits. Although
the laboratory mouse is rather well investigated in both
physiology and genetics (e.g., Goldowitz et al. (eds),
1992; Crabbe et al., 1999; Wahlsten, 2011), the search for
the genetic base of many behavioral traits is still problematic. Several hundred monogenic and chromosomal
mutations in mice have been described, which have been
shown to influence brain morphology and behavior (e.g.,
Boake et al., 2002; Williams & Mulligan, 2011; Wahlsten,
2011). Purposive connections — beyond simple correlations — were established between gene mutation and
changes in behavior (Schwegler et al., 1990, 1991). However, researchers face difficulties of the highest degree when
the analysis of cognitive abilities is performed (Lipp et al.,
1989, 1996; Schwegler et al., 1990, 1991; Upchurch &
Wehner, 1989; Wehner et al., 1997; Steinberger et al., 2003).
Rodents, which are most appropriate for genetic and
physiological traits studies, proved to be “critical” with respect to extrapolation ability scores. This ability is weakly developed in laboratory rats and mice. In the 1960s
and early 1970s, two unique experiments were performed
in Krushinsky’s laboratory. Two “parallel” pairs of mammalian forms (wild and domesticated) were tested for extrapolation ability: wild vs. domesticated foxes (the latter
were silver foxes from fur farms) and wild vs. laboratory
rats. Wild and domesticated foxes solved the extrapolation
task in a significantly non-random way, with wild foxes significantly superior to domesticated ones in this test1. Further details of extrapolation ability studies using rats and
mice of different genotypes will be given below.

3. Basal Cognitive Abilities
in Animals. Spatial (Mental)
Mapping in Animals and Genetic
Approaches in Search of Mechanisms
Animal capacity for spatial learning and memory, extensively investigated for more than 30 years, belongs to the category of basal cognitive abilities. This type of cognitive
ability requires the formation of mental representations
of spatial environmental characteristics. The investigation
of “spatial map” in laboratory rats was started by Edward
Tolman (1886-1959) and is studied in the paradigm of orientation skills acquisition using radial and Morris water
mazes. The concept of a given environment’s spatial organization, once developed, could be used by an animal
in the future, in that an animal is able to utilize a spatial
memory engramm2. The spatial memory is not a uniform
Domesticated foxes used in these experiments were animals obtained
in the course of a well-known unique domestication experiment, which
started at the Novosibirsk Institute of Cytology and Genetics (USSR
Academy of Sciences) in the early 1960s (see Trut, 1999).
2
The prominent Russian zoologist Valentin Pazhetnov, a brilliant specialist in brown bear behavior, made a detailed description of how
the wild bear thoroughly mastered the space of his individual area using
shortcuts and navigating through previously unused parts of the woodland territory (Pazhetnov, 1990).
1
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Figure 2. The scheme of the “dimensionality” test.
1. The subject (here, a bird) sees the bait through the slit and starts
to eat.
2. The food source is hidden from view. Under the screen, the food
is covered by a nontransparent cube and the flat square carton
is mounted close to this cube (the area of the square is equal to that
of the cube side).

phenomenon; it may be operant memory (i.e., the memory
traces used during this rather short time interval) or working memory (the traces which are needed to solve the problem with the given constellation of objects and events).
It had been obvious from the beginning of such studies that
this conceptual framework is not compatible with a “stimulus-response” (SR) paradigm. The experiments using
these techniques made it necessary to revive Tolman’s ideas,
which were formulated very much ahead of his time.

The History of the “Mental Map” Idea
Tolman was influenced by the ideas of the Gestalt psycho
logists, although he belonged to the Behaviorism scientific
school by his prime interests and chosen methodology.
Tolman used behavioral methods to study and understand mental processes, an idea which strongly opposed
the main behavioristic paradigm. Tolman experimented
with rats who learned to navigate complicated mazes,
which served as the basis for his “cognitive map” hypothesis. This hypothesis was supported by numerous successors in spatial learning and spatial orientation experiments several decades after Tolman’s initial experiments
(Olton, 1992). In his studies of learning in rats, Tolman
sought to demonstrate that animals could learn facts about
the world which they could subsequently use in a flexible
The Russian Journal of Cognitive Science

3. The bird sees the dilemma (where could the food be hidden?).
As these two objects (the rectangular carton and the cube) move
slowly in opposite directions, the bird (wishing to proceed with
eating the tasty meal worms) has to decide in which direction to go.
4. It obtains the reward if it moves to the side of the cube
movement, pushes the cube and gets the reward

manner, rather than simply learning automatic responses
that were triggered by environmental stimuli. In his
famous paper “Cognitive Maps in Rats and Men” (1948),
he claimed that he belongs not to the school of scientists
who stress the prime importance of the stimulus-response
principle, but to the school of so-called field theorists. He
wrote: “…we believe that in the course of learning something like a field map of the environment (italic ours) gets
established in the rat’s brain. We agree with the other
school that the rat, in running a maze, is exposed to stimuli and is finally led as a result of these stimuli to the
responses, which actually occur. We feel, however, that
the intervening brain processes are more complicated,
more patterned and often, pragmatically speaking, more
autonomous than do the stimulus-response psychologists.
Although we admit that the rat is bombarded by stimuli,
we hold that his nervous system is surprisingly selective
as to which of these stimuli it will let in at any given time.”
This is the idea of the “mental map” formation.
Around the same time period, Ivan Beritov (also known
as Ivan Beritashvili) made a series of experiments with dogs
on their orientation in space highlighting the involvement
of recent memory traces. The interpretation of these results
was also based on the concept of respective “internal
representations” in these animals (Beritov, 1967).
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Radial and Water Maze Era
The first experimental data from the “new wave” of interest in the spatial map problem developed from hippocampus studies, which indicated that hippocampal lesions
resulted in changes which looked more or less confusing when authors tried to explain them in the framework
of the SR paradigm (e.g., Olton, 1972). The first test which
aimed to evaluate animals’ spatial learning and specifically the importance of working and reference memories
was the radial maze test (Olton, 1977). In the first experiments and in hundreds of others which followed, the navigation of an animal was proven to “work” in the space created in a lab room by eight or more maze alleys (arms)
extending from a central area. An animal (usually a rat or
mouse, although some other species as well) uses beacon
cues from outside of the maze to find the respective arm
in which the food is located. The “spatial” but not SR mode
of animal orientation, both in the “classic” radial maze paradigm and in its different versions, demonstrated the real
existence of specific spatial knowledge and memory (Olton,
1992; Olton et al., 1992; Teather, Packard, Smith, EllisBehnke, & Bazan, 2005; Wahlsten, Cooper & Crabbe, 2005;
Lerch et al., 2011). One of the early works in this field was
that of Olga Buresova, who demonstrated that rats which
are overtrained in the 12-arm radial maze show considerable transfer of the habit to a maze consisting of 12 parallel alleys entered from a common choice area. When isolated maze channels equipped with one-way doors on both
ends are randomly scattered over an enclosed area of 2 m2,
the rats were able to visit them sequentially, even when they
encountered this particular configuration for the first time
(Buresova, 1980). The role of the hippocampus in this type
of behavior was confirmed in subsequent studies (Morris,
1984; Buzsaki et al., 1990; Goh & Manahan-Vaughan, 2013).
The water maze test was introduced by Richard Morris
several years after Olton’s radial maze test (Morris, 1981),
and both tests quickly became popular. The experiment
is usually performed in the following way. The experimenter place an animal into a circular tank filled with water.
The animal is motivated to avoid the unpleasant water milieu.
In search of a plausible exit, it swims around the whole area
and occasionally finds the safe platform, hidden under
the water surface (water in the tank is made opaque in order
to prevent searching the platform visually). The special
visual cues on the walls around the water tank serve as visual
beacons, which provide the animal orientation in this space.
During further task presentations, the animal is released
each time from a different point of the tank’s periphery.
The spatial learning of an animal is assessed by shortening
the platform search time. It is also possible to use the “cued”
(i.e., operant) version of the same test in which the platform
is made visible and can be marked by a special cue. It was
also demonstrated that the success of finding the hidden
platform in the “spatial” version of the test depended
on hippocampal (and other structures) function. Thus,
this test permitted a comparison of animal performance
in the “cued” (operant) and “spatial” (cognitive) test
versions in order to reveal the specificity of the physiological
mechanisms involved in their performance (Wenk et al.,
1987; Sara, Devauges, Biegon, & Blizard, 1994; Pleskacheva
et al., 2002; Grootendorst, Enthoven, Dalm, de Kloet, &
Oitzl, 2004; Lerch et al., 2011; Dragoi & Tonegawa, 2014;
The Russian Journal of Cognitive Science

Miyoshi et al., 2012; Sultana et al., 2013; Arp et al., 2014).
The plausible gene expression differences were analyzed
as well (Paratore et al., 2006; Steinberger et al., 2003, among
others). Using the technique of early gene expression
in the mouse brain, it was demonstrated that distinct and
simultaneously working plasticity mechanisms are active
during different phases of the Morris water maze training
(Laeremans et al., 2014). The differential involvement
of rostral and caudal hippocampal areas in spatial
“knowledge” formation was demonstrated as well (Kuptsov,
Pleskacheva, Voronkov, Lipp, & Anokhin, 2006, 2011).
Hippocampal place cells, discovered 40 years ago, have
been extensively studied, and it was demonstrated that they
provide an exquisitely detailed representation of an animal’s
current location and heading. The key properties of the
major categories of spatial cells — place cells, head direction
cells, grid cells and boundary cells — were specified (Hartley,
Lever, Burgess, & O’Keefe, 2014).

Mossy Fibers Projection Size
and Spatial Competence
A series of extensive studies began in the late 1980s
which demonstrated that rodents’ performance success
in the radial maze and Morris water maze tests correlated
with the size (area or volume) of infra- and intrapyramidal mossy fiber (iiP-MF) projections in hippocampal CA3
pyramidal neurons, while no genetic variation was found
for the suprapyramidal layer MF projection field (Schwegler, Crusio, & Brust, 1990, 1991; Crusio, Schwegler, &
Brust, 1993). This type of correlation reflected the real participation of a definite hippocampal circuit in spatial behavior and was shown for several mouse and rat strains differing in spatial navigation capacities. Moreover, the early
postnatal thyroxin treatment of DBA/2 mice (chosen
because of scant iip-MF projections and poor radial maze
learning) induced the increase in the volume of iiP-MF
and the decrease of errors in the radial maze test. Parallels
were also found in Morris water maze scores, the size of iipMF and ecological specialization of two wild vole species,
namely Clethrionomys glareolus and Microtus oeconomus
(Pleskacheva et al., 2000). The differences in spatial memory and iip-MF scores corresponded to the ecological lifestyle of these two species and were in line with previous
observations on the role of the iip-MF.
The performance in spatial tests by mice and
rats of different genotypes had been analyzed since
early descriptions of these tests in numerous works
(e. g., Ammassari-Teule & Carpioli, 1985; Nguyen,
Abel, Kandel, & Bourtchouladze, 2000; Yoshida,
Goto, & Watanabe, 2001; Sunyer et al., 2008; Patil,
Schlick, Höger, & Lubec, 2010; Gökçek-Saraç, Karakurt,
Adalı, & Jakubowska-Doğru, 2012; Matsuo et al., 2010;
de Bruin et al., 2006). It is not possible to make even
a short analysis of the respective publications as the field
is extremely broad. The roles of several signalling cascades
in different brain areas (hippocampus, prefrontal and
enthorhinal cortical and striatal areas) were demonstrated
(Becker, Walker, & Olton, 1980; Pang, Williams, Egeth,
& Olton, 1993; Lerch et al., 2011; Teather et al., 2011;
Miyoshi et al., 2012). Genome wide association studies
(GWAS) and quantitative trait loci (QTL) techniques
were successfully used to demonstrate that different sets
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of brain genes were expressed during Morris water maze
performance in comparison to the situation of passive
avoidance learning (Steinberger et al., 2003; Wahlsten et al.,
2005; Paratore et al., 2006). The chromosomal regions
which non-randomly participate both in spatial learning
success and in the accuracy of performance were also
mapped (Ruiz-Opazo & Tonkiss, 2006; Herrera et al., 2013).
The numerous knockouts (KOs) of genes participating
in brain function are accompanied by the impairment
of spatial tests performance (e.g., Sarnyai et al., 2000;
Wang et al., 2004; Duclot, Jacquet, Gongora, & Marice,
2010; Wincott et al., 2014, etc.) or by improvement in these
behaviors (e.g., Hussaini, Kempadoo, Thuault, Siegelbaum,
& Kandel, 2011; Yadav et al., 2013; Terunuma et al., 2014).
The latter cases are of special interest as these data could
point to the most important links in the chain of neuronal
events which underlie the cognitive behavioral act from
the domain of spatial orientation and behavior.
No special efforts have been made to analyze
the performance of animals in spatial tasks using genetic
approaches other than mutation analysis — namely,
no selection experiments with further analysis of behavior
in hybrids were done. The hybrid F2 mice from a cross
between C57BL/6J and 129sv mice was also used in order
to make the frame of reference as numerous KO’s were
created using this genetic background, and it was shown
that these mice outperformed mice of both parental strains
in the Morris water maze test (de Bruin et al., 2006). Usually,
the hybrids of different rat or mouse strains were used
in the radial maze and Morris test studies for the purpose
of examining different drug treatments (e. g., Hasenohrl
et al., 1999), as F1 hybrids’ performance is usually much
more uniform than that of inbred-strain animals. The use
of F1 in these studies makes the interpretation of drug effects
more reliable. The selection experiment, especially using
rats as subjects, is a time-consuming and costly enterprise.
This point could easily be regarded as a reason against
such types of study, although the small (and probably not
consistent) range of individual differences demonstrated
by rats and mice in these tests could be another reason.
The second may not be true as mouse strains (e.g., DBA/2
and C57 BL) showed consistent and reliable Morris test
differences (Võikar, Polus, Vasar, & Rauvala, 2003).1
Overall, spatial cognitive abilities, at least in rodents,
have been studied extensively. The main results of physiological and genetic investigations of this function reveal
that these processes, as well as instrumental and classical
conditioning, represent those behavioral phenomena
in which neural-behavioral plasticity was manifested.
At the same time, spatial orientation paradigms imply
the functioning of mechanisms which are different from
those involved in other forms of learning.

During the past 20 years, the radial maze and Morris water maze tests
were extensively used in pharmacy and pharmacology research. This indicates that the techniques are actually of rather high practical importance. Thus the methodology first introduced for fundamental animal behavior research proved to be important for practical needs as well.
1
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4. Basal Cognition in Animals.
Elementary Logic Task Solutions.
Is it Possible to Find out How
Genotype Influences This Behavior?
The short history of extrapolation ability studies, initiated
in Krushinsky’s laboratory, were presented in the Introduction in order to describe the main features of the experimental approach used in our study. Even after the first
experiments on extrapolation ability in dogs, cats, crows
and other species, it became clear that individual differences exist in this task performance. Of course, the idea
emerged that developmental biases and genotype may
be factors underlying this variability.

Start of Krushinsky’s Studies of Animal
Extrapolation Ability Using Genetic Approaches
The role of genotype in extrapolation test performance was
first studied in comparative experiments using wild and
domesticated animals. Two pairs of forms (wild and domesticated foxes and rats), presumably different in genotype,
were compared for their extrapolation ability at the first
task presentation, when no previous experience of this
task solution (i.e., learning) could influence the results
(for a review, see Poletaeva, Popova, & Romanova, 1993).
The scores of multiple presentations of the extrapolation
test were also analyzed.
The data on experiments with rats of different
genotypes are presented in Figure 3. As in the case with
foxes, extrapolation performance of the wild brown rats was
significantly higher than that of laboratory rats, although
unlike domesticated foxes the laboratory rats performed
poorly in this task (their scores were not different from
random choice level). The F1 hybrids between wild brown
rats and rats of a laboratory strain (audiogenic seizure prone
strain — KM) were obtained. These animals performed
excellently in the extrapolation task, although the tiresome
procedure of handling them was applied to each pup during
the first two to four weeks of life, in order to tame them
as a prerequisite for testing them in the extrapolation box.
If not handled, the hybrid rats (as well as wild Norway
rats) developed the extreme forms of anxiety and “fearful”
aggression. Hybrid rats of the initial F1 population did
not display an increased fear reaction, and those animals
of further generations which were chosen for breeding
to obtain animals of each next generation were not fearful
either. The summarized extrapolation scores of F2 – F4 rats
were not higher than those of F1 (i.e., hybrids between wild
and laboratory rats), and these animals in their majority
were extremely fearful in the situation of the extrapolation
testing box. Thus, animals from F2 – F4 generations were
fearful despite intense handling during adolescence, similar
to that of F1. This increased fear was an obstacle to obtaining
data when the extrapolation test was used, as these animals
did not approach the food, although they were very
hungry. After the failure of the first selection experiment,
similar selection attempts were made two more times with
the same results. The further breeding of rats was stopped
in all cases, as it was not possible to test extrapolation ability
in animals displaying intense fear in the experimental box.
The plausible explanation of increased fear in the progeny
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Figure 3. The proportion (in %) of correct
extrapolation task solutions by male rats
of different genotypes. Data presented
in the diagram was first published in 1975
(see Poletaeva et al., 1993). Grey columns
represent the scores for the first task
presentation; black columns represent
the scores for 12 – 18 task presentations.
The y-axis shows the percentage of correct
choices for each group of rats
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1: rats of audiogenic seizure prone strain
Krushinsky-Molodkina, KM strain
2: AUG/Sto rats
3: WAG (Wistar derived inbred rats)
4: tame brown rats
5: wild brown rats
6: F1 hybrids KM x wild rats
7: F1 hybrids KM х AUG
8: the scores for correct task percentage,
summarizing data for all laboratory rats

of rats which were selected for breeding because of their
fearfulness could be the close “causal” connection between
the genetic basis of this cognitive trait (high extrapolation
scores) and those brain mechanisms which provide fear
responses.

Extrapolation Test Details
in Experiments with Mice
In further experiments in the area of behavior genetics of extrapolation ability, laboratory mice were used.
The experimental device for testing extrapolation ability
was different from the “classic” screen test used for larger
animals (see Fig.1). The reason for this change was to make
it possible not to remove an animal from the box after each
test presentation, thus avoiding the unnecessary stressful
stimulation. The device was the opaque open box which
contained two reward chambers and the central feeding
site (see Fig. 4). At these locations, the mouse could reach
a small food cup containing milk through holes 10 mm
in diameter. Two identical cups were mounted on the bar
in front of the wall outside of the box and could be slid
manually to the lateral feeding sites. One of these cups
could be moved to the right, and the other to the left of the
central feeding site. Mice were food and water deprived for
15 to 16 hours. On the test day, each individual mouse was
placed into the box. The animal started to drink milk from
one of the cups via the central opening (feeding site). After
three to five seconds of drinking, the cup was moved slowly
to the right or to the left. The mouse could follow this displacement for one to two centimetres of the trajectory and
then the food cup disappeared from its view. The second
cup (also containing milk) was moved in the opposite
direction, remaining invisible to the animal. This was performed to balance the odor cues from both sides of the box.
The cup from which the animal started to drink moved
The Russian Journal of Cognitive Science

(n = 191 rats)
9: the data summarizing the similar data for
all rats with different proportions of “wild” rat
genotype (n = 176 animals)
*, *** significantly different from 50 %
chance level (φ – Fisher test for alternate
proportions), with р < 0.05 and р < 0.001,
respectively

to and stopped in front of the respective side opening.
The choice of the feeding location (either indicated by perceived movement of the food cup or chosen by chance) was
registered as the correct task solution while the cases when
an animal approached to opposite side opening was qualified as an incorrect solution. If no approach was performed
for 120 seconds, it qualified as a “zero” solution. The experimental session included six trials. The data were presented
as the two separate scores, with proportions of correct task
solutions from the total number of them both for the first
task presentation and for the six presentations in sum.

5. Cognitive Abilities in Mouse
Models. Extrapolation Ability
in Mice with Chromosomal
Mutations. Elevated Reasoning
Ability in Extrapolation Test
Using Mice with Chromosomal
Rearrangements (Anomalies)
As mentioned above, mice of inbred strains (СВА, DBA/2,
С57Br, A/He, BALB/c, 101/HY) solved the extrapolation
test in most cases by chance, the proportion of correct
choices rarely rising significantly above the chance level,
although some exception were discovered as well. Experiments with numerous mice of different inbred strains show
that in C57BL/6J and BALB/c mice, this score could be significantly above the chance level in several definite samples
of animals, although no such prevalence of correct choices
were noted in the CBA/Lac/Sto strain (these mice were also
biased to alternate the direction of movement from the cen-
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Figure 4. Experimental box for extrapolation ability testing in experiments with mice.
1: poach wall (other sides of the box are also non-transparent).
2: central opening, via this small “hole” a mouse starts to drink
milk from the small food cup, located behind the wall. Two food
cups move along a horizontal plane while attached to respective
handles (5).
3 and 4: cups containing milk. The cup in front of the central
opening (3) is the one from which the mouse starts to drink
milk, while the other is the control cup (in this picture it is placed
rightwards, which is not visible to the animal as the central opening
is small).
6: the side opening, which serves to provide milk to the animal in
case the correct choice is performed; it is located in the small side
part of the experimental box.

tral opening to side holes in a strict left-right-left-right etc
order). The incentive for analyzing extrapolation ability
in mice was the search for the genetic group(s) of laboratory mice which reveal extrapolation ability in reliable and
significantly non-random levels. Following this idea, we
tested mice from the collection in the Embryology Department of Leningrad Institute for Experimental Medicine
(IEM). Andrey Dyban, the head of this department, and
Vladislav Baranov provided a large number of mice which
had various chromosomal rearrangements.

The Russian Journal of Cognitive Science

7: the hatched line shows the mouse the way towards the “correct”
side opening.
So, an animal has to move in the respective direction (which is
chosen either by chance, or on the basis of information grasped
from the cup movement direction). Thus an animal has to turn
“around the corner” were the food is provided. If it moves to
the opposite direction and approaches another side opening,
the milk is not provided, as the control cup stays at the distance
which the mouse muzzle cannot reach. The direction of food cup
movement alternated in quasi random order when no more that
two consecutive cup displacements in the same direction were
permitted by protocol.

Extrapolation Ability in Mice
with Partial Trisomies for Autosoms
The specified breeding scheme of mice-carriers of reciprocal1 (not robertsonian) translocation Т43 (16, 17) Н and
mice with robertsonian translocation (fusion) Rb (16, 17)
6Bnr was performed. In the progeny of such crossing,
a small number of progeny carried two normal chromosomes N 17 and the excessive portion of chromosome 17,
which was translocated to chromosome 16. Thus, these
Reciprocal chromosomal translocation is a chromosomal rearrangement which implies that two non-homologous chromosomes interchange
their two fragments. During this process, at least two chromatides breaks
take place.
1
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Figure 5. Extrapolation
task solutions in mice with
different genotypes (reciprocal
translocations and trisomies
of two types, which involve
different parts of the karyotype).
Data presented in the diagram
was first published in Krushinskii
et al., 1982.

Genetic Approach to Cognitive Abilities in Animals

Y-axis: the proportion of
correct choices (in %). Grey
columns: percentages for
the first task solution; black
columns: percentages for task
presentations 1 through 6.

Т (14, 15) Са: mice with
reciprocal translocation involving
chromosomes 14 and 15

Т (16, 17) 43 Н: mice with
reciprocal translocation involving
chromosomes 16 and 17

(a. mice, heterozygous
for translocation, b. mice,
homozygous for this
translocation, c. micetrisomics, carrying small marker
chromosome T6).

(a. mice, heterozygous
for translocation, b. mice,
homozygous for this
translocation, c. mice with partial
trisomics, for the fragment
of chromosome 17).
*, **, *** significantly different
from 50% chance level, with
р < 0.05, p < 0.01 and p < 0.001,
respectively (Fisher φ test)

mice were partial triosomics for the fragment of chromosome 17. The extrapolation test was given to the group
of mice with Т43 (16,17), in which seven animals were
shown to have the partial trisomy for chromosome 17.
The respective data are presented in Fig. 5. Mice which
carried the Т43Н in a homozygous state revealed a high
percentage of correct choices in the extrapolation task,
and the presence of additional fragment of chromosome
17 in partial trisomic individuals was not accompanied
by a decrease in task solution success.
It is noteworthy that these animals demonstrated
very high scores for the first task presentation. In separate
experiments, it was demonstrated that the locomotion
level in these trisomic mice (number of squares crossed
in the “open field” test) was not different from that of mice
with normal chromosome numbers and identical genetic
backgrounds.
At the same time, the pattern of extrapolation success
scores was different for the similar groups of mice carrying
another reciprocal translocation, Т6 (14, 15) Са. Karyotype
investigations of animals with this translocation also
permitted the discovery of several animals which carried
the small additional “marker” chromosome, T6, composed
from small portions of chromosomes 14 and 15. It was
another case of partial trisomy, in this case for portions
of chromosomes 14 and 15. In these groups of mice,
the levels of successful solutions of the extrapolation task
were not different from the 50% chance level (see Fig. 4).
It was also demonstrated that in mice with this type
of trisomy, their learning capacity was impaired. The latter
fact was not surprising as it was widely known that
The Russian Journal of Cognitive Science

autosomal trisomy in humans is highly deleterious, causing
severe mental retardation (Down Syndrome involves
trisomy 21). Later it was demonstrated that mice-trisomics
for the chromosomal portion, carrying genes analogous
to human chromosome 21, performed the cognitive Morris
test at low levels (Sago et al., 1998). Meanwhile, it was
rather unexpected that in the case of partial trisomy for
chromosome 17 fragment, no impairment of extrapolation
ability occurred. The correct solution of the extrapolation
task involves the trait of high complexity with probable
adaptive value, and it may be inferred that partial trisomy
for parts of different autosomes resulted in different
consequences for extrapolation task success.

Robertsonian Translocation (Fusion
of Chromosomes 8 and 17)
Mouse karyotypes consist of 19 autosome pairs and a pair
of sex chromosomes (XX or XY) (Committee on Standardized Genetic Nomenclature for Mice, 1963) . All murine
chromosomes are of the acrocentric type, which is the prerequisite for special types of chromosomal fusions which
do not affect the cell and organism viability. This type
of chromosomal rearrangement is known as robertsonian
translocations1. A minimal loss of genetic material occurs
as the result of such fusion, and mice-carriers of them are
viable and fertile (Baranov, 1980).
A robertsonian translocation (centric or, rarely, tandem fusion)
involves two chromosomes of acrocentric type. During a robertsonian
translocation, the participating chromosomes break at their centromeres
and the long arms fuse to form a single metacentric or sub-metacentric
chromosome. These type of translocations are found rather frequently
1
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Figure 6. Extrapolation task solution in
mouse groups, which were different either
by genetic background or by karyotype.
Y axis: the proportion (%) of correct task
solutions.
Grey columns: data for the solution of the
extrapolation task at its first presentation.
Black columns: the extrapolation task
success for presentations 1 through 6.
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CBAN: СВА inbred mice (with normal
karyotype).
CBARb: mice of the new strain with CBA
genetic background which carry Rb(8,17)
1Iem.
BLN: С57BL/6J inbred mice.
BLRb: mice of the new strain with C57B/6
with Rb(8,17) 1Iem.

A series of experiments on extrapolation ability were
performed using mice with the fusion of chromosomes
8 and 17, which demonstrated their behavioral peculiarities.
Obviously, the extrapolation ability comparison in mice
with different genotypes (and karyotypes) was of prime
interest in our studies, as the successful solution of this
test could serve as an indicator of reasoning ability in these
animals. This test was the “central” one in these experiments
and values of correct solution success were then compared
with data on learning and several other behavioral indices.
A detailed description of these experiments are presented
in Poletaeva and Romanova (2013). The extrapolation test
was initially presented to mice with the following robertsonial translocations (RT): Rb (8, 17) 1Iem, Rb (5, 19) 1Wh,
Rb (6, 15) 1Ald, Rb (9, 14) 6Bnr, and Rb (16, 17) 7Bnr. With
the exception of Rb (8, 17) 1Iem mice, all carriers of other
RTs solve the task at a level not significantly different from
the 50% chance level. Many different groups of mice with
Rb (8, 17) 1Iem demonstrated task solutions levels which
exceeded the random one with different degree of significance (Poletaeva & Romanova, 2013).
This initial finding — the non-random extrapolation
task solution by mice with the fusion of two definite chromosomes (8 and 17) — induced the next series of experiments.
One of the causes of the elevated extrapolation ability in mice
with Rb (8, 17) 1Iem could be the plausible differences
in the genetic backgrounds of the mouse population in which
this RT was found. They were C57BL related mice, although
not inbred, but “mixed” with the genotypes of other, unidentified strains. The necessity to analyze the plausible influence
of this factor induced us to breed new strains, in which
mice-carriers Rb (8, 17) 1Iem possessed two different genetic
backgrounds (C57BL/6 and CBA). Thus, the objective was
in wild rodent populations. In Mus musculus and Elobius sp., the local
isolated wild populations were found with individuals homozygous
for several robertsonian translocations (Bakloushinskaya et al., 2010;
Gropp et al., 1982).
The Russian Journal of Cognitive Science

Sic: mice-descendants of the Sicilian wild
mice in which the RT Rb(8,17)6Sic was found
with the same chromosomes involved in the
fusion.
Wh: mice with the Rb(5,19)1Wh — the RT
with other chromosomes involved in the
fusion.
*, **,*** significantly different from 50 %
chance level, with р < 0.05, p < 0.01 and
p < 0.001, respectively (Fisher φ test).

to analyze the extrapolation performance of four strains
which differed pair-wise either by genetic background or
by karyotype (normal karyotype strains СВА and С57BL/6J,
later СВАN and BLN) and new inbred strains СВАRb and
BLRb, which carried the Rb (8, 17) 1Iem. The latter pair was
bred by brother–sister matings after a series of back-crosses
of RT carriers to respective inbred mice.
The results of the extrapolation tests in mice of these
four strains (see Fig. 6) demonstrated the following:
1) mice-carriers of Rb (8, 17) 1Iem with both genetic
backgrounds demonstrated the presence of extrapolation
ability, and the proportion of their correct solutions was
non-randomly above the chance level; 2) the performance
of CBARb mice was not as successful as that of BLRb.
These data mean that the impact of genetic background
was not crucial in the determination of extrapolation
ability, and that the presence of fused chromosomes 8 and
17 induced the increased ability to solve the elementary
reasoning task.
Another factor which could be the cause of increased
extrapolation ability in Rb (8, 17) 1Iem carriers
was the plausible fixation of beneficial alleles fixed
in the “double” (fused) chromosomes; in case of RT,
the crossover percentages was shown to be low (Gropp et al.,
1982). Fixation of those alleles from chromosomes 8 and
17, which were beneficial for cognitive behavior and
were present in the RT population, could occur. These
“beneficial” alleles could be the cause of the elevated extrapolation ability in mice with Rb (8, 17) 1Iem. The same
fusion of these chromosomes may be found in other mouse
populations. If these mice are also superior to other groups
in their extrapolation ability, that would mean that it is
the fusion of these chromosomes per se which determined
the increased ability for extrapolation. The small sample
of mice with the fusion of chromosomes 8 and 17 which
occurred independently in the population of wild mice
in Sicily was studied. The percentage of correct choices
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Figure 7. Mean latencies of CBAN,
BLN and BLRb mice reactions
as they approached the side opening
of the extrapolation box in two
behavioral paradigms. Adopted
from Krushinskii, Dyban, Baranov,
Poletaeva, and Romanova, 1982.
A: extrapolation task solution (latencies
of both correct and incorrect solutions
are scored in sum).
B: instrumental reaction (approach
to food cup with the fixed position
and reinforcement).
Extrapolation task was presented
during three experimental sessions (six
presentations in each). The instrumental
learning task was introduced in
the same box as that used for the
extrapolation test. Y-axis: time in
seconds; x-axis: task presentations
during one day session. The unbroken
lines show latencies during the first
experimental session, while the hatched
lines show latencies during the last
session.

Figure 8. Extrapolation task solution scores for LB (gray columns) and SB (black columns) mice in the second (A) and third (B) selection
experiments. Y-axis: the proportion (%) of correct task solutions (Fisher φ test). * Significantly different from 50% chance level.

in these mice (both at the first task presentation and in sum
for presentations 1 through 6) was highly significantly
above the chance level (see Fig. 6). Summarizing these data,
it is possible to claim that the fusion of these chromosomes
(8 and 17) was the factor which induced some changes
in the CNS function and that these changes were beneficial
for the elementary reasoning task solution success.
The behavior of Rb (8,17) 1Iem carriers was compared
to that of mice with normal karyotypes in the paradigm
of instrumental learning. In this test, the approach
to one of the side openings of the extrapolation box was
reinforced, with subsequent analysis of trials to criterion
and subsequent reversals rates.
Fig. 7 shows the latencies of skill acquisition in mice
of three groups during the first and last days of training
(B). The shortening of these reaction times, as the indicator
of learning, was much more prominent in mice with the RT
in comparison to CBA and C57BL mice. At the left side
The Russian Journal of Cognitive Science

of Fig. 7, the latencies for extrapolation task solutions
in the same animal samples are presented for comparison
(A). It may be seen that the movements of mice with RT was
quicker than in the other two groups, although no shortening
of this reaction occurred from the first to the last experimental days. These data signify that mice with RT solve
the extrapolation task relying mainly of the information
learned during the task presentation, while the other mice
(BLN and CBAN) succeed mainly by improving the motor
component of the task.

Morris Water Maze Test
in Mice with Rb(8,17) I Iem
The small sample of female mice (n = 9 for each group)
of the four strains mentioned above (CBAN, CBARb, BLN
and BLRb) was tested using the Morris maze test of the
Institute of Anatomy (University Zurich-Irchel, Zurich,
Switzerland; see Leitinger et al., 1994). The extrapolation
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Figure 9. Mouse in the “puzzle box” test,
placed into the brightly lit part of the chamber.

3. the underpass is hidden by the carton-plastic plug, which
the mouse can remove with its teeth but is unable to shift it into
the underpass opening;

1. the underpass to the dark compartment is free;

4. the whole wall containing the underpass is covered by a thick
layer of wood shavings

2. the underpass is covered by wood shavings;

ability of these animals was in the range shown in Fig. 5,
while the results of the spatial cognitive task were different. With the exception of the BLRb group, all mice tested
acquired the habit of “discovering” the hidden platform
successfully, their scores being in the range of the other
strains tested previously. A three-factor ANOVA demonstrated the independent influence of the factors genotype (F(1,28) = 5.067, р = .0085) and RT (F(1,28) = 4.36,
р = .012). The translocation effect was higher in the BL pair
of strains than in CBA mouse groups. The reaction times
of finding the platform in mice of the BLRb group were longer than in the other groups, although all of the animals
learned this task. Only the RT factor (and not genotype) significantly influenced the time spent on the former platform
quadrant by mice of these groups (LSD Fisher post hoc test,
р = .031) . The possible explanation of these data was that
the Morris test procedure induces more intense fear (and
stress-related behavioral shifts) in mice with RT than in animals of the other groups. This in turn hampered their capacity for spatial orientation in the test. This explanation finds
some support from the same experiment, as the significant
influence of the RT factor was found for floating time and
thigmotaxis scores. These two Morris test indices are usually regarded as the signs of anxiety and stress susceptibility,
and thus the still-unexplained plausible connection between
this mouse cognitive trait and anxiety performance emerged
in this case as well (Leitinger et al., 1994).
The Russian Journal of Cognitive Science

6. Mice, selected for large and small
relative brain weights. Differences
in behavior and in extrapolation
ability in particular.
Brain weight is an important morphological index, which
has been traditionally used for comparison of CNS develop
ment in different animal systematic groups, although relative brain weight (brain weight divided by body weight)
is considered to be a more informative index (Kruska, 1975
and 2005; Rensch, 1956; Rehkämper et al., 1991). Various
factors influence brain weight values within the same species, including genotype, ecology, environmental prenatal toxicity, and developmental biases (Henderson, 1973;
Markina, Salimov, & Poletaeva, 2001). Three experiments
in which two lines were selected for large and small relative
brain weight (LB and SB lines) were performed in our laboratory.1 In all three experiments, LB mice displayed more
The selection of mice for large and small relative brain weight was
performed according to the following procedure. At the age of 1.5 months,
half of the animals from a given litter (mice born to the same parents)
were sacrificed and their brain and body weights were determined.
If the scores for a given litter fell above (for LB) or below (for SB)
the respective regression line (brain-body weight) which was created for
the previous generation, mice from the other half of the given litter were
used for further breeding (Poletaeva et al., 1993; Perepelkina et al., 2013).
1
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Figure 10. The latency of the “puzzle box” test solution in LB
and SB mice in F 29 generation (after the artificial selection
for relative brain weight extremes was discontinued).
Y-axis: time in seconds;
x-axis: test stages.
Circles: LB strain mice;
squares: SB strain mice.
* significantly different from LB mice (Mann-Whitney test)

It is also clear that genetic polymorphisms for
brain weight differences in the population are due not
to rare mutations but to different frequencies of the
respective alleles. However, it is commonly accepted that
the increase of brain size is a progressive evolutionary
trend (Kruska et al., 2005) and the proofs were shown
on the species level (Popova & Poletaeva, 1983;
Poletaeva et al., 1993) 1. The QTL study of brain weight
suggested several loci to exert non-random effect on this
trait, being located on chromosomes 15, 16 and 19 (Peirce,
Chesler, Williams, & Lu, 2003).
At the level of F22 of the third brain weight selection
experiment, the selection procedure was stopped and
animals were bred further at random inside each of the lines
during seven generations. The parents for the next
generation (four males and six females) were chosen
by chance and placed in larger cages (34 × 29 × 17 cm).
In F23-25 generations, the brain weight in LB and
SB mice was not determined. In F25-28, the brain weight
was measured, although the choice of breeding pairs
for the next generation was still determined at random.
In F25-28, the LB — SB brain weights differences were still
highly significant (p<10-5 — 10-6).
LB and SB mice from F28 (the seventh generation
without selection for brain weight) were compared for
solution of another cognitive task — the “puzzle box” test.

“Puzzle Box” Test, Experiments
with LB and SB Mice

Figure 11. The proportions of correct extrapolation task
solutions by EX mice (selected for high extrapolation scores)
and CoEX (control) mice at first task presentation.
Grey columns: EX mice from three generations;
black columns: CoEX mice.
m: males; f: females.
* significantly different from 50% chance level, φ Fisher test, p < .05

efficient learning and more successful extrapolation task
performance, although not in all generations (see Fig. 8). At
the same time, SB mice were more fearful and less stress resistant, as well more inclined to display stereotypic reactions.
The replication of selection data is the requirement for selection experiments which have to demonstrate that the differences found were not the result of chance allelic association.
Below, several experimental facts from the third selection
experiment will be demonstrated. It should be mentioned
that in all cases, the selection for LB and SB resulted in significant inter-line differences rather quickly — after four
to six selection generations with the accompanying differences in behavior (Poletaeva et al., 1993; Perepelkina, Golibrodo, Lilp, & Poletaeva, 2014).
Investigating differences in brain weight in mice
of different strains usually revealed the influence of such
factors as sex, body weight, age, as well as methodological details of brain tissue histological processing
(see website of R. W. Williams http://www.nervenet.org/
iscope/mbl_10.html).
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The puzzle box test (for details see Ben-Abdallah et al., 2011;
Perepelkina et al., 2014), is a modified version of the “LightDark” test, in which an animal is placed into the brightly lit
part of a box and must find the way to escape into the darkness; the route to the dark compartment (goal box) was via
an underpass (4 x 2 x 15 cm)2 (see Fig. 9).
A cognitive component of this task solution exists
as an animal should comprehend that even if the entrance
to the goal box was not seen, it still existed (object
permanence rule). Thus, in order to succeed in this test, an
animal has to understand this rule.
The mean time scores (latencies to enter the goal
box) for a group of animals were used to measure the task
solution success. The results of the puzzle box test, presented
to 15 LB and 14 SB mice of F28, are shown in Fig. 10.
The morphological comparison of brain cortical structure performed
during the first selection experiment showed that scores for total cortical area were larger in LB by 18%, with differences documented for neocortex (22%) and archicortex (17%), but not for paleocortex. Differences in the spatial distribution of cortical cells in LB and SB brains were
demonstrated as well. In the cortical structures of LB mice, the areas with
compactly packed cells alternated with patches of less densely packed cellular elements, while in SB cortical fields the cell packing was homogenous (Popova et al., 1983).
2
The entrance into the dark part of the box could remain without obstacles or be blocked by either wood shavings (“burrowing puzzle”)
or by a T‑shaped card-board-plastic plug (“plug puzzle”). There were eight
stages of the test, presented during two experimental days. The test started with simple stages 1 and 2 (the animal can freely enter the dark part
of the box), while the next stages (3 through 5) already had a “cognitive”
component — the underpass was filled with wood shavings to the level of the box floor. Stages 6 and 7 followed, in which the underpass was
blocked by the light plug, which the mouse could easily lift and put aside
in order to penetrate the dark part of the box. At the final stage, the wood
shaving heap (5 – 7 cm high) was placed along the whole wall with
the underpass (for details see Ben-Abdallah et al., 2011).
1
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Figure 12. The hyponeophagia test results for F9 EX and CoEX mice. A: mean time spent by mice consuming new food in novel environment
(y-axis: time in seconds; total test duration = 10 min); B: number of approaches to the new food. Grey columns: mice from selected line EX (F9);
black columns: control (CoEX) mice. m: males, f: females.

The latency of task solution (the time from a mouse being
placed into the box until the moment when it penetrates
the dark compartment) was the measure of task success.
If a mouse did not enter the dark part of the box, a latency
of 180 seconds was ascribed (for trials at stages 1 to 5
and 10). A latency of 240 seconds was the “deadline” for
the most difficult stages, 6 and 7, when the light plug
prevented the entrance of an animal into the goal box.
The performance of LB mice at all stages of this test was
more successful than that of SB animals. Mice tested
in this experiment belonged to F28, when the selection
was discontinued for seven generations. Previously, it was
demonstrated that SB mice (in all three replications
of brain weight selection experiments) were consistently
more fearful than LB animals (see Perepelkina et al., 2014).
Thus, they presumably would be more eager to escape into
the safe dark compartment, while the less fearful LB mice
were more successful in the puzzle-box test performance. As
the solution of this test had a clear-cut cognitive component
(i.e., an animal must understand the “object permanence”
rule), the results obtained permit us to conclude that
the cognitive abilities of LB mice are higher than those
of SB animals.

7. Selection Experiment in Mouse
Reasoning. Why not Total Success?
The selection of mice for high extrapolation ability was
started on the basis of a genetically heterogeneous population. They were F2-F4 hybrids of crosses between strains
selected for large and small relative brain weight, in turn
derived from six inbred strains (Poletaeva et al., 1993).
The criteria for selecting animals as parents for the next
generation were: 1) correct task solution at the first
extrapolation task presentation, five-to-six correct solutions out of six total task presentations, lack of hesitation
in approaching food (no refusals, see above), no “zero”
solutions (whereby no choice was made during 120 seconds). The lack of refusals and of “zero” solutions were
indications of a low level of anxiety in a given animal
in the situation of the extrapolation test. Thus, the selecThe Russian Journal of Cognitive Science

tion program adopted in this experiment included two
behavioral traits to be selected for: animals should demonstrate a high extrapolation ability and low anxiety during the testing procedure. Control mice (CoEX) originated
from the same heterogeneous population and were bred
at random.
During the first generations (F4 – F9), mice
of the selected line (EX) showed percentages of correct
solutions which were significantly above the 50% chance
level, while control mice scores were not different from
the random level (Perepelkina et al., 2011). The pattern
of inter-strain differences changed starting from F10,
in which sex differences emerged and stayed in F11 and
F12 (see Fig. 11). Moreover, in F11 the scores of EX mice
were not significantly different from the 50% chance level.
The CoEX mice proportions of correct choices were significantly above the chance level in F11 males and in F12
females.
Therefore, the selection of mouse strain for high scores
of extrapolation task solutions could not be considered
successful. This indicates that extrapolation ability should
be regarded as the cumulative “positive” cooperative action
of many factors. It is possible to suggest that the trait “high
extrapolation success”, as one of an animal’s cognition
manifestations, is determined by multiple genetic factors
with non-additive interactions, as this trait could play a role
in survival and participate in species fitness determination.
The cognitive ability in the form of extrapolation
ability was not revealed in mice as the result of special
selection for this trait, although the differences in the other
test with definite “cognitive” components could be revealed
between EX and CoEX mice.
This suggestion was confirmed by the results of the
puzzle box test, introduced to EX and CoEX mice of the last
selection generations. Fig. 11 demonstrates the proportions
of animals from both genetic groups which were able to solve
the most difficult stages of this test — that is, the ones
which required the removal of the plug as the obstacle for
entering into the “safe” dark compartment of the box. These
proportions were larger for EX mice with a rather high level
of significance.
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Figure 13. Elevated plus maze scores in EX and CoEX mice in F4 and F9 generations (intergroup differences evaluated by 1-factor ANOVA).
Grey columns: EX; black columns: CoEX. 1: time, spent in open arms; 2: open arm visits; 3: head dips from open arms; 4: number of grooming
episodes (in closed arms). *, **, *** significantly different from respective CoEX scores. Data presented in this diagram was first published in Perepelkina, Golibrodo, Lilp, and Poletaeva, 2014.

The results of the puzzle box test could be interpreted
as confirming the selection success for cognitive ability
in mice, in spite of the fact that the response to selection
for the trait of interest — extrapolation scores — was very
weak.
The data from the hyponeophagia test could be one
additional confirmation for this conclusion.
The hyponeophagia test aims to measure the reaction
to novelty, when a food-motivated animal is placed into
a novel environment with a new kind of food to consume
(Dulawa & Hen, 2005). In this test, a mouse which has
been food-deprived for 18 hours is placed for 10 minutes
in a dimly lit circular plastic chamber (40 cm in diameter),
and given a small portion of cheese (1.5 x 1.5 x 1.5 mm
cubes). The time spent consuming food, the number
of approaches to the food and the weight of the cheese
eaten are estimated for each animal. Tested in several
selection generations (F8-F11), the hyponeophagia test
gave highly consistent results: EX mice spent more time
eating, approached the food more frequently and in most
cases ate more of the new food, compared to CoEX animals
(see Fig.12).
In rodents, the reaction to novelty is influenced
by two factors: anxiety level and an inherent tendency
to explore a new environment (Clinton, Stead, Miller,
Watson, & Akil, 2011). The lower scores of this test in EX
mice in comparison to CoEX mice could reflect differences
in both the anxiety behavior and the attitude to novelty1.
The latter factor deserves special analysis.
As it was mentioned above, the selection did not
result in a large increase in the success of extrapolation
task solutions during the initial selection generations, but
a definite decrease in anxiety levels occurred. The anxiety
level was estimated independently in the elevated plus-maze
test (EPM).
Several scores of this test — time spent in the open
maze arms, the number of visits into them, head dipping
from open arms, and the numbers of grooming episodes —
were significantly different between EX and CoEX mice
The reaction to novelty was recently shown in four populations
of great tits (Parus major), and it was demonstrated that it correlated with
the scores for spatial orientation and depends on haplotype of D4DR,
known to be associated with novelty reaction in humans (Korsten et al.,
2010; Mueller et al., 2013).
1
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groups (for generation F4, see Fig. 13). According to the
generally accepted view, these differences indicate that
the selected EX line expresses a decreased level of anxiety.
So, at that stage of the selection experiment it was possible
to conclude that while there was little selection success
in cognitive trait values, the second trait which was selected
for (low fear in extrapolation test) reduced markedly.
Despite similar selection criteria used throughout
all selection generations, the data for the EPM test in F9
(and later generations, data for which are not presented)
revealed a complicated pattern of differences between EX
and CoEX mice in anxiety indices. Fig.13, in which EPM
scores for F4 and F9 are presented, shows this change
rather clearly. At the same time, data for later generations
(F9-F11) indicated the prevalence of EX mice performance
in the “puzzle-box” solution and hyponeophagia tests.
The whole body of data on the coordinated expression
(and/or mutual inhibitory influences) of cognitive abilities,
reactions to novelty and anxiety, as well as the probable
causes of sex differences in these indices, could not
be discussed here. A plethora of experimental data obtained
in comparative psychology and neurogenetics research
demonstrate that anxiety is not the uniform state of animal
CNS. It is claimed that this state can be evoked by different
mechanisms and stimuli, according to the definite
behavioral context (Johansen, 2013). This notion, not yet
specified clearly in the literature, could find some confirmation in our data from anxiety levels during the selection
of the EX strain.
Specifically, we postulate that the anxiety state, which
in the EPM test is measured as the fear of the new open
space (the animal avoids the open arms of the maze),
and fear which the mouse experiences in the puzzle-box
and which drives it to escape into the dark compartment,
are not the identical states by their physiological (and
maybe “instinctive”) origin. The latter state, which drives
the animal to seek the dark part of the box, is closer
to cautious behavior, while fear in the EPM looks more
like real fear (which could induce “freezing” or “fleeing”
reactions). We dare to suggest that if these two states are
identical to one another, the pattern of differences between
EX and CoEX mice would be of another sort. The same
consideration is true when the EPM and hyponeophagia
tests are compared — the EX mice have higher scores than
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CoEX mice in the reaction to novelty, in spite of a plausible
anxiety state which is inevitable in the novel environment.
It is also noteworthy that the pattern of differences
in the EPM test for EX vs. CoEX mice does not coincide
with their differences in reactions to novelty. In other
words, the EX superiority in the test for novelty could not
be predicted by data from the EPM test.
In our selection experiment, mice with high cognitive
trait scores were bred and the scores of next generations were
compared to unselected animals which possessed related
genetic backgrounds. The changes in the extrapolation
task success were minimal and unstable, while the selected
line (EX) was proved to be different from control animals
in other trait, which is considered indicative of a certain
level of cognitive ability in animals. In the puzzle-box
and hyponeophagia tests, mice of the selected line were
significantly different from the control group, revealing
the elevated novelty reaction and the better adaptive usage
of the “object permanence” rule.

8. Conclusions
The phenomenological diversity of cognitive abilities in animals is evident due to numerous investigations
in many species. The abundance of these studies necessitated the elaboration of a unified paradigm which will help
to classify related experimental data obtained using different approaches. This will help to reliably evaluate animal
cognitive abilities in species with different levels of organization. The subdivision of animal cognition phenomena into two main categories — the category of basal cognitive abilities and the category of complicated cognitive
functions — could facilitate further comparative analyses
of these phenomena, as their differences and common features could appear and be elucidated.
Following this subdivision, we analyzed the capacity
of laboratory mice to solve the elementary reasoning task
(as one of the basal cognitive abilities) in several laboratory
genetic models. These models were: i) two pairs of wild
vs. domesticated forms of brown rats and foxes; ii) mice
with chromosomal rearrangements; iii) mice selected for
large and small relative brain weight; and iv) mice selected
for the high scores of reasoning task solution (extrapolation
task).
It is intuitively clear why domesticated forms were
less capable of solving the extrapolation task. The artificial
selection in both species (Rattus norvegicus and Vulpes vulpes
fulvus) was performed relatively recently. White rats were
introduced into laboratory practice at the beginning of the
20th century, and silver foxes as the objects of fur farming
were already known several years earlier. The artificial
selection in these species aimed to create docile and tame
animals which were not afraid of contact with humans.
Both domesticated forms were maintained in cages, so there
was no other selective force in action which could reject
individuals with low adaptive intellectual capacities. Thus,
domesticated rats (and foxes) who lived in cages and always
had abundant food, for which they needed not to struggle,
were shown to be less able to solve the elementary logic
task. This basal cognitive behavior was significantly less
developed in domesticated forms.
The Russian Journal of Cognitive Science

Mice of inbred strains, which were tested in our
experiments, solved the extrapolation task in a proportion
which evidenced their “random” performance. Indeed,
one may suggest that animals which were able to solve
this task reliably were present among the mice of inbred
strains as well, although they were not numerous.
The overall performance success (proportion of correct
choices) in these groups was about 50 %, indicating
that a majority of inbred mice were not able to solve
this elementary reasoning task. Animals which were
capable of solving the extrapolation problem were more
numerous among the genetically heterogeneous mouse
population (created as the result of several inbred strains
crossings). This fact served as the rationale to perform
two selection experiments: the first for high and low
relative brain weights, and the second for high scores
of extrapolation task solution. The results of both
selection programs demonstrated changes in mouse
behavior in the successive generations, although in both
experiments no stable increase in extrapolation ability
occurred. The levels of success in the extrapolation task
were not constant across selection generations, and
notable sex differences emerged (at least in the selection
for high extrapolation ability).
In an attempt to describe the general pattern
of these results, one may conclude the following: i) the
ability to solve the elementary logic task is by no means
mono- or oligogenic; ii) it is also not a typical additive
polygenic trait whereby the cumulative gene action selected for leads to a gradual increase in scores of the given
quantitative trait — obviously, this trait is not determined
by the additive action of “polygene” alleles; and iii) this
means that the cognitive ability for elementary reasoning belongs to the category of traits, which are determined
by a group of genes with non-additive effects. In these cases,
artificial selection is always a slow process. The quantitative genetics rules state that weak selection gain is frequently the case for traits with non-additive gene action.
The selection process for large and small relative
brain weight demonstrated that the large-brained mice
displayed less propensities for fear and depressive
behavior in laboratory tests, and that their extrapolation task scores were higher than those for smallbrained mice. The tendency for better behavior adaptation
in the complicated test environment were also inherent
for mice of the EX line (selected, although with low
success) for high extrapolation scores. EX mice solved
the “puzzle-box” cognitive task reliably better than
controls and they demonstrated a positive attitude towards
novel food in a novel environment (hyponeophagia test).
These differences between the selected line and controls
undoubtedly have a genetic component. It is an indication
that genotype differences do participate in individual
variability of the trait under consideration — the solution
success of an elementary reasoning task, which illustrates
a basal cognitive ability.
This conclusion is supported by our data which
demonstrated a reliably higher extrapolation ability
in mice with the fusion (robertsonian translocation)
of chromosomes 8 and 17. The prevalence of correct choices
in the extrapolation task experiments in mice-carriers
of this mutation demonstrated that subtle (but efficient for
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behavior adaptation) genotype changes could be induced
by the reorganization of chromosomes. Such reorganization,
presumably the change in spatial pattern of chromosomes
in the interphase nucleus which could influence the pattern
of gene expression, resulted in the case of Rb (8, 17) 1 Iem
in behavioral changes. Such changes have not (yet!) been
achieved during more than ten generations of artificial
selection for the same trait.
The usage of animal models to investigate cognitive
abilities is aimed (in a majority of cases) at visualizing
the deleterious effects of definite treatments or states. This
is the well-established way to create the models used to study
Alzheimer’s Disease and other pathological states. This line
of experimental research has practical importance and
generates a lot of new data for analysis. Attempts to increase
cognitive abilities in animals are more rare in modern
experimental practice, and they have been successful
mainly when using knockout and knock-in modern
technologies. The data described herein are from a rare
category of studies in which the research was performed
for animal genetic groups which show the increased
cognitive capacities. The increase in cognitive abilities
of laboratory mice could not be easily achieved by a direct
selection process. This probably means that the additive
variability of the respective genetic endowment of this
complicated trait is either low or very low. It could signify
that in spite of many generations of laboratory breeding
(from the beginning of the 20th century), the overall fitness
of laboratory mice is still rather high (as our cognitive
trait under selection could not be improved quickly).
This conclusion could be regarded as contradicting
the prevalence of correct extrapolation task solutions in wild
vs. domesticated rats and foxes. However, it is worth noting
that the selection of rats for high extrapolation scores was
not successful, either. We should also underline that extrapolation ability is still a unique example of basal cognitive
abilities which was investigated in the special selection
experiment. No other cognitive traits (i. e., spatial learning
and memory) were selected for high and/or low scores
of these traits. At the same time, despite the fact that genetic
bases for basal cognitive traits look rather complicated, our
data inspire moderate optimism in this respect.
In sum, the data presented show that by using
laboratory mice (widely accepted as the model organism for
studying genotype-behavior interactions) it was possible
to demonstrate the role of genotype in determining
the simplest forms of cognitive abilities.
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Исследование
простой формы когнитивных
способностей животных:
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Аннотация. Одна из актуальных проблем современной когнитивной науки и нейробиологии в целом – определение
вклада генетических факторов в изменчивость когнитивных способностей животных. Термин «когнитивные способности» зачастую применяется в слишком широком смысле и включает любые поведенческие проявления нервной пластичности. Различные феномены, относящиеся к когнитивным процессам у животных, можно подразделить
на две основные категории, из которых в настоящей статье будет рассмотрена только первая. Эта первая категория
включает «базовые» когнитивные способности, которые включают пространственное поведение и некоторые проявления мышления (решение простейших логических задач), а также обобщение на допонятийном уровне. Вторая
категория объединяет более сложные формы когнитивных способностей, включая изготовление и использование
орудий в новой ситуации, а также способность к обобщению, вплоть до образования довербальных понятий и символизации. Очевидно, что исследование вклада генетических факторов в контроль когнитивных процессов возможны только в отношении первой категории феноменов. Эти работы проводились главным образом на грызунах
с использованием различных генетических моделей (селектированные линии, мутанты и др.). Короткий обзор
литературных данных предшествует описанию собственных экспериментальных данных о решении грызунами элементарных логических задач. В них оценивалась способность к решению задачи на экстраполяцию при использовании нескольких уникальных генетических моделей. Представлены проводимые нами впервые в мире эксперименты
по отбору мышей с высокими показателями способности к экстраполяции (селекция на простой когнитивный признак), описаны также различия в других признаках поведения, появившиеся в ходе селекции.
Контактная информация: Инга Игоревна Полетаева, ingapoletaeva@mail.ru, 119234, Россия, Москва, Воробьевы горы,
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