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Available online 23 May 2009 drugs, and other exploring neurodevelopment, trauma, epilepsy and neuropsychiatric disorders, are often

called on to employ these tools. There is a diversity of experimental methods assessing animal learning

and memory skills. Overall, mazes are the devices mostly used today to test memory in rodents; there are
S several types of them, but their real usefulness, advantages and applications remain to be fully established

Spatial reference memory . . . . .

Morris maze and depend on the particular variant selected by the experimenter. The aims of the present article are

Radial maze first, to briefly review the accumulated knowledge in regard to spatial memory tasks; second, to bring

Barnes maze the reader information on the different types of rodent mazes available to test spatial memory; and third,

to elucidate the usefulness and limitations of each of these devices.
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1. Memory

Memory is not a static, isolated or single brain function; memory
can be best described as a complex network of different interre-
lated functions working together to manage information. For this
reason, it would be more appropriate to define it in terms of a mem-
ory system. Thus, a memory system could be defined as a brain
function whose purpose is to classify, encode, store and recover
a wide diversity of information relevant for the subject. Inter-
estingly, the taxonomy of these memory systems has evolved in
parallel to our knowledge of the anatomical and physiological basis
of memory [105]. Some of these classification systems are based
only on clinical observations, while others combine experimental
and neuropsychological evidence. In general terms, memory can be
classified in two major groups: Declarative, referent to information
that is conventionally transmitted or expressed; and procedural
or non-declarative, representing the information about motor or
perceptual skills that may not be orally transmitted [113,123,125]
(Table 1). Another frequent distinction is made between short- and
long-term memory. Spatial memory cannot be strictly assigned to
one of these classification subsystems; it is, indeed, part of several of
these categories (as we will discuss later), since it involves aspects
of non-declarative memory (procedural), declarative (semantic and
episodic memories), as well as of both short- and long-term mem-
ory [89].

1.1. Spatial memory

Spatial cognition is related to the answer for the general ques-
tion “where?” and “where” can mean several different things for
living organisms: “Where am [?”, “Where does it hurt?”, “Where are
my limbs located?”, “Where is my home?”, “Where are my keys?”,
etc. Spatial cognition is obtained through exploratory behaviour,
an instinctive and widely preserved behaviour in all animal species,
including man. This type of behaviour can be considered an expres-
sion of natural curiosity or may represent the need to acquire
information when subjects face a new environment, and new stim-
uli [14,120]. Thus, spatial memory can be defined as that brain
function responsible for recognizing, codifying, storing and recover-
ing spatial information about the arrangement of objects or specific
routes [66]. Although spatial memory is present in most animal
species [13], spatial memory representations may be quite different
in humans and other animals. Since humans are able to use sym-
bolic spatial representations — maps, diagrams, and oral or written
information - direct experience is not a necessary requirement for
spatial learning [85,127].

The concept of space has at least two dimensions, the personal-
corporal space—which includes the location of corporal stimuli, the
knowledge of the position of limbs, etc., and the external space.
The information obtained from these sources is organized and used
by two kinds of processes: egocentric and allocentric strategies
[23,105].

1.1.1. Egocentric strategy

Itis based on the information provided by bodily cues, and there-
fore it is independent of spatial cues. When using this strategy, the
subject functions as its own central point of reference, and so, all
other object positions are defined in direct relation to its position in
space; i.e., when the traditional clockwise scheme is used to define
spatial positions, or when the conventional directions (left, right,
forward or backward) are employed [68,95].

1.1.2. Allocentric strategy

It depends on spatial cues. When using this strategy the subject
memorizes the target location in relation to the spatial position
of the environmental reference landmarks [13], meaning that it is

based on a spatial representation. The location of a particular target
is established through a system of coordinates that are independent
of the observer; this system often uses distant or closer points of ref-
erence; i.e., latitude and longitude used by humans to locate places
in a map [68,95].

In humans, there is evidence supporting a difference between
the memory process required for short routes or whole pathways
(requiring sequential spatial processing) and the memory process
required for spatial localization of objects. The latter can also be
divided into an exact/metric object processing system, that endows
every object with an exact system of coordinates; and the memory
for relationships between objects and their characteristics (mem-
ory for visual recognition) [66]. Moreover, there is experimental
evidence indicating a difference between a short-term processing
of active memory (spatial working memory) and a long-term stor-
age of spatial locations, also known as spatial reference memory
[90]. The spatial working memory is a system that allows tempo-
ral storage of a limited amount of spatial information, and keeps it
available for immediate access. Alternatively, this information may
be used for other cognitive processes. Further evidence supports the
dissociation between simple visual working memory (visual recall
of objects, figures, etc., but not information about their spatial rela-
tionships) and spatial association memory. Interestingly, neuronal
networks at cortical-occipital, parietal-dorsal, and frontal areas,
have been involved in spatial working memory [3].

On the other hand, the spatial reference memory system was
first proposed by Olton in 1979 [95] to designate the type of mem-
ory process involved in obtaining spatial information over various
trials. In contrast to spatial working memory, spatial reference
memory exhibits more capacity, duration and resistance to interfer-
ence [99]. Typically, spatial memory is conceptualized as a subtype
of episodic memory [95] because it stores information within a
spatial-temporal frame. In this regard, some authors have sug-
gested the need to distinguish between two main types of spatial
memory: (1) the one consisting of a detailed perceptual-spatial
representation of the experienced environments (clearly corre-
sponding to episodic or autobiographic memory); (2) the one
consisting of schematic topographic representations (correspond-
ing to semantic memory) [89]. Thus, a detailed spatial memory map
would contain vivid and integral information for routes or exits; it
would include a wide variety of visual components: objects, colours,
places, features and further relationships among them. Altogether,
these components would allow the subject to recall and vividly
re-experience the spatial scenario. In turn, the schematic repre-
sentation memory would contain only the information needed to
guide the animal through a given environment, with particular
emphasis on those visual elements necessary for successful nav-
igation [85,89]. However, it is important to note that, when using
the nomenclature to denote either semantic or episodic memory to
subdivide spatial memory, it becomes particularly difficult to apply
these terms to non-human subjects because the definition of these
terms implies qualities inherent to human subjects, for instance
that information can be expressed orally, and conscious recollec-
tion of experience, among others. Therefore, it is not easy to know if
rodents, for instance, are capable of using a “semantic” memory sys-
tem, and it becomes more difficult if we define this specific memory
only in terms of “general knowledge”, or “general information” lack-
ing a defined temporal-spatial frame. Similarly, episodic memory
has been difficult to define and experimentally characterize in ani-
mals. Indeed, for some research groups, amnemonic representation
of a particular event, what has been called “time traveling” is only
inherent to humans [124]. Recently, however, some researchers
have been using behavioural paradigms that require the animals
to recall and associate simultaneously visual, temporal and spa-
tial information of a given event. The results of these experiments
have been proposed as indirect evidence of a memory system



C.-M. Paul et al. / Behavioural Brain Research 203 (2009) 151-164 153

WORKING MEMORY (Transitory and limited capacity store of current information)

SEMANTIC
{General Knowledge of environment

or facts without temporal-spatial frame)
MEDIAL TEMPORAL

EPISODIC LOBE - DIENCEPHALON

{Conscious recolection of personal
past events)

PROCEDURAL
(Skills and Habits}

STRIATUM

PRIMING
{Increase of perceptual
learning skills)

NEOCORTEX

Emotional responses - AMYGDALA
SIMPLE CLASSICAL

CONDITIONING
{Association between two
stimulus)

Skeletal responses - CEREBELLUM

NON- ASSOCIATIVE
LEARNING

{Habituation, deshabituation,
sensitization)

REFLEX PATHWAYS

Table 1
Classification of memory systems (based on Squire [113], Tulving [123] and Tulving & Schacter [125]).
DECLARATIVE MEMORY
(Information easy to verbalize
and transmit)
LONG-TERM MEMORY
SYSTEMS
NON-DECLARAT
MEMORY
(non-verbal information/
unconscious)
SHORT-TERM MEMORY
SYSTEMS
(Information rapidly available
on recent cognitive events)

comparable to human episodic memory. Nonetheless, at this point,
all these paradigms have explored only the components of short-
term and working memories [35,36], emphasizing the need for
more detailed studies.

In 1948, Edward Tolman proposed for the first time that the
process of solving mazes by animals under experimentation could
not be explained merely by the systematic utilization of associa-
tions between external stimuli and behavioural responses [121].
This was suggested on the basis that, after a certain period of train-
ing, animals were capable to infer shortcuts, or even to establish
true redundant strategies to solve the mazes. Therefore, Tolman
concluded that these rodents were able to create real global repre-
sentations of the external environment in order to locate the goal
within the maze, a strategy that he named cognitive maps [121].
This hypothesis initially received limited support, due to the fact
that there was not enough evidence to confirm it. The original
description by O’Keefe and Dostrovsky [94], of “place cells” in the
hippocampus provided immediate support to this hypothesis, thus
reopening the concept of cognitive maps. These hippocampal “place
cells” can be detected by means of extracellular in vivo recordings
of the main neurons from CA1 and CA3 regions in a freely moving
animal. In this regard, there is evidence correlating spatial loca-
tion errors with alterations in the “in-place” discharge pattern of
these neurons. In addition, further studies have demonstrated the
relationship between these discharge patterns with the spatial con-
formation of environmental objects, or with the dimensions of the
exploration field [40].

In general terms, the mesial area of the temporal lobe is needed
for acquisition of spatial memory, either detailed or schematic.
However, there is no agreement on the structures required for
retention and recovery of these varieties of spatial information [90].
Neuropsychological evidence has demonstrated that temporal lobe
lesions can produce what is typically known as topographic disori-
entation; this alteration is described as a limitation of a subject’s

ability to move in a given spatial frame due to an alteration in the
capacity to perceive, in a precise manner, the spatial relationships
and the distances between different points of reference [54,105].
Experimental evidence points to the hippocampus as the funda-
mental structure in charge of this task [93]; some clinical studies
suggest that in humans the most relevant structure for this pur-
pose is the right parahippocampal gyrus [92]. Moreover, most of the
studies so far have demonstrated that lesions of the temporal lobe
are responsible for alterations in allocentric orientation, while the
egocentric orientation is preserved. On the other hand, disorienta-
tion and topographic amnesia have been documented after medial
and posterior parietal lesions. In these patients the impairment in
egocentric orientation seems to predominate [138].

It has been recently proposed that egocentric and allocentric
strategies are indeed working in parallel, and that the prevalence
of one over the other will depend on specific factors inherent to
the spatial task at hand; i.e., the number of movements between
presentation and retrieval, the number and size of objects to be
remembered, the size and spatial structure of the environment, and
the duration of the previous experience in the same environment
[23].

2. Experimental evaluation of spatial memory in rodents
2.1. Mazes

Mazes are the experimental devices more often employed for
global evaluation of spatial memory in rodents, although not the
only ones used for this purpose. In general terms, in these devices
the animals are food- or water-deprived since food and water are
used as behavioural reinforcers. These devices have been employed
since the beginning of the past century [133,137]. The first mazes
used for evaluation of animal behaviour were, indeed, reduced
adaptations of mazes built in the 17th century, such as the one at
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KINDS OF MAZES

CIRCULAR MAZE

Y MAZE

ARENA MAZE

RADIAL MAZE

T MAZE

Fig. 1. Different types of mazes for the evaluation of spatial memory (based on Hodges [53]).

Hampton Court’s, in the London area. Other mazes have been devel-
oped since then, either open with multiple route options (Barnes,
Morris, Oasis, Circular, etc.), open with restricted options — such as
radial mazes - [97], “T” or “Y” shapes, or with restricted but serial
and complex options (serial “T” maze by Stone, Biel serial T water
maze, Cincinnati maze, etc.) [134] (see Fig. 1).

The fundamental assumption for the use of these mazes is based
on the behavioural principle that animals should learn and remem-
ber the location that provides them with safety, food, water or some
other reward by means of visual-spatial signals. However, since
whatis being evaluated is a complex animal behaviour, it is impossi-
ble to exclude other processes, either cognitive (such as associative
learning or conditioning, non-spatial short and long-term mem-
ory, temporal memory, conditional discrimination, anxiety, etc.)
or non-cognitive (balance, propioception, stress, reflex activities,
etc.) [11,30]. Therefore, several research groups have made adapta-
tions to the mazes and evaluation protocols in order to accurately
assess particular behavioural aspects using the same device (for
instance spatial reference memory, and spatial working memory)
[16,22,37,38]. Even those devices designed to evaluate only spatial
memory have particular behavioural requirements, from sponta-
neous exploratory behaviour to complex action sequences. When
training the animals to solve the maze, one may use positive
reinforcers such as food, water, sweetened water, refuge or the
opportunity to explore new objects; or negative reinforcers such as
water immersion, intense light, wind, a loud noise, among others.

Although similar procedures are used in most mazes, it is a mis-
take to assume that all of them are exploring the same cognitive
process. For instance, how much does visual-spatial information,
other kinds of spatial information (like sounds or odors), or non-
spatial information, is responsible for guiding behaviour? The
answer varies depending on the device. There are a considerable
number of variables that are not always under control or appropri-
ately standardized to attain comparable results in different studies
(see Table 2).

Despite the considerable diversity of mazes developed to eval-
uate spatial memory, those more commonly used are the Morris
water maze, the radial maze designed by Olton and Samuelson, and
the Barnes’ circular maze [37,53]. In this review, we will focus our
attention on the variants to these mazes, as well as their applica-
tions, advantages and limitations.

2.2. Spontaneous alternation behavioural tests

Traditionally, one of the simplest procedures to study spa-
tial learning and memory has been the spontaneous alternation
behaviour. This kind of behaviour is considered, in general
terms, as a parameter of exploratory behaviour in novel environ-
ments. According to some reports, alternation behaviour has been
described in rats since postnatal day 30, and is inversely correlated
with age [72]. The test is performed in devices either in “T” or “Y”
shapes, where the animals are allowed to freely explore each arm
of the device; then, the number and order of visits to the arms is
recorded (see Fig. 2). The principle of alternation is based on the
fact that the animal under observation will prefer to visit the less
recently visited arm, thus implicating that it will need to recall
which was the last arm visited [120]. These tests can be performed
in two manners: (1) free test; and (2) forced test. In the latter, one
of the arms of the device is blocked in order to favour alterna-
tion behaviour [11,31,72]; alternatively a positive reinforcer may
be placed inside of the arms so as to reward alternation behaviour.
Moreover, by increasing the interval between tests it is possible to
conduct studies designed to evaluate spatial working memory in
which a decrease in alternation behaviour can be observed [34].

The original “T” or “Y” mazes required constant handling of the
animals, inducing stressful responses in the animals (i.e., mice often
display panic responses such as temporal paralysis) often affect-
ing the results of the test. For this reason, an alternative device

Table 2
Variables influencing animal performance in dif-
ferent mazes.

Type of maze

Selected protocol

Species and animal strain
Animal gender

Nutritional status of the animals
Potential infections

Stress

Time and schedule of the study
Environmental cues

Animal age

Drugs used

Stimuli driving behaviour: appetitive vs. aversive
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Goal Arm Central division

Food pellet .
Guillotine doors

s,

Start area

Fig. 2. Schematic representation of the “T” maze (based on Deacon and Rawlins
[31]).

called “continuous alternation task” — in which removable doors are
added to the entrance of each arm in order to block the access to the
unselected arm - has been built. Through this simple modification
excessive manipulation is avoided and stress is decreased [47,112].
More recently, aquatic versions of “T” mazes have been adapted
(some of them containing a mechanism of continuous alternation)
in order to induce more consistent behavioural responses in rodents
[32,76].

On the other hand, elevated “T” mazes (50 cm above the ground)
are often used as anxiety models to evaluate stress responses in rats
and mice [122]. “T” mazes, and their variants “Y” mazes, present
the advantage of being simple devices useful for the assessment
of spatial working memory, and also providing highly reproducible
results. As a bonus, they do not require automated video-recording
systems. In contrast, their major disadvantage is restricting the
selection options for the animal, thereby significantly increasing
the possibilities of success and/or the use of alternative strategies
for solving the maze, such as olfactory cues.

There are other more complex models of “T” mazes, these were
developed by Stone in 1929 in order to evaluate age-related mem-
ory alterations in rodents. In these mazes, the animal continuously
faces the option of choosing between two possible routes to reach
an exit rewarded with food (see Fig. 3). Paradoxically, in his orig-
inal work, Stone did not find any change in the rate of maximum
learning in relation to age when using the device [115]. Later on,
opposite findings were reported where significant alterations in
performance inrelation to age were found [48,132]. Presently, serial
mazes are often employed in studies exploring aging processes, as
well as in pharmacological, toxicological and neurodevelopmental
models; however, their use is still moderate, and this is probably
why their potential advantages are not well known [59,60].

It should be noted that this paradigm has been used to evalu-
ate the behavioural effects of lesions of the hippocampus, thalamus,
neocortical areas, and basal ganglia, and it has also demonstrated to
be accurate for the valoration of the behavioural changes occurring
after pharmacological manipulation with anticholinegic, dopamin-
ergic and serotonergic drugs [11,72].

2.3. Radial maze

The radial maze is the prototype of a “multiple-solution prob-
lem” task. The radial maze was developed by Olton and Samuelson
in 1976 [97], and was originally designed to evaluate spatial work-
ing memory in rats. The original device was conceived as eight
linear routes or arms confluent in the center as the rays of a wheel
(see Fig. 4). At the beginning of the paradigm known as win-shift, a
pellet of food is placed at the end of each arm; thereafter, the animal

! 1

GOAL

START

Fig. 3. General schematic representation of the complex maze, or serial in “T” maze
(based on Ingram [60]).

subjected to food-deprivation is placed on the centre of the maze
and allowed to choose freely those arms containing food until the
eight pellets have been collected. The optimum strategy implies a
minimum number of visits to empty arms, or visiting a given arm
only once. The device does not require serial responses, algorithms
or special cues for the rat to choose the right arms with pellets [97].
Under these conditions, rats have been found to perform the maze
test efficiently, but immediately some limitations of the device
were noticed, such as the fact that, given the reduced number of
options or routes to choose, the performance was unconveniently
optimal from the first trials. For this reason, nine arms were added
to the device (total 17), a strategy that immediately produced an
increase in the number of errors. A second modification consisted
of simplifying the methods for spatial orientation inside the maze
through the use of visual codes or cues to decrease the amount

FOOD REWARD

START POSITION

—+— ARMS

Fig. 4. Standard 8-arm radial maze.
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of information needed to be retained in working memory [95,99].
Different versions of this maze have been adapted by using external
visual cues or “spatial cues”, where the location of the reward is
matched to a particular external cue. These cues consist of different
kind of objects (such as chairs, tables, drawings, etc.) or persons.
Other versions - also known as non-spatial radial mazes - replace
the use of external visual cues by internal cues (different aromatic
signals for each arm, or tactile/visual cues). There are also aquatic
versions of this maze; different strains of mice have been tested
and have shown optimum learning and memory performances.
This type of maze avoids the need for gating devices, besides
decreasing significantly the use of olfactory cues [58].

Two types of memory are believed to participate in solving a
radial maze: aretrospective memory that informs the animal about
the arms that have already been visited, and a prospective memory
that anticipates the action for the election of new options [120]. In
their original description, Olton and Samuelson suggested that, for
solving the maze, the animals build a mental “list” of places already
visited in order to choose only the places that have not been visited
yet [97]; however, shortly thereafter, experiments performed by
Susuki and coworkers [117], in which the position of external visual
cues was modified during the tests, showed that the performance of
the animals was significantly affected, thus suggesting that the ani-
mal uses the information provided by the surrounding environment
to recognize the arms previously visited. This was later confirmed
by Mazmanian and Roberts through experiments in which the
global vision of the environment was progressively reduced [81];
they observed an improvement in performance related to the
increase in visibility. These findings contradicted the concept of
the “mental list” proposed by Olton. In spite of this evidence, and
based on a series of experiments, Brown [18] proposed that when
approaching an arm’s entrance (“microchoices”), and before choos-
ing the correct arm (“macrochoices”), the animal can be considered
to be making a decision independent of the global environment.
This particular issue, whether the animal stores a global view of
the environment or if it follows individual cues to solve this type of
maze, is still a matter of debate today [120].

This maze has some important limitations that have resulted in
modifications. These are:

(1) The animal in the maze can use an exploratory strategy with-
out the need for spatial references. In other words, the animal
may first visit the adjacent arms to those visited previously, and
may continue doing so, either in a clockwise or anti-clockwise
direction, thus increasing the probability of success. The use
of this strategy can be reduced by adding mobile doors to the
arms, thereby confining the animal inside an arm for a short
time before it can choose the next option, thus preventing serial
access to the arms [38,98]. Despite this modification, one must
consider that the maze possesses pre-established and static
routes (arms) through which the search for food will take place,
therefore the animal does not need to remember a specific route
in order to reach the target in the shortest time possible, as it
occurs with the water maze. On the other hand, it has been pro-
posed that the radial position of the arms in regular angles can
favour the election of a given arm, thereby facilitating the use
of motor strategies instead of cognitive strategies. For this rea-
son, some research groups have used radial mazes with arms
in irregular positions, forming different angles with the core
of the device, which have decreased the precision in rodents’
performance [49].

(2) Animals may use other strategies for finding food in addition to
spatial orientation, and this may considerably affect the results.
For instance, olfactory cues can be used to detect those arms
already visited, thereby modifying the behaviour of the animals
[136]. In order to solve this problem, some research groups have

used the “aromatic saturation” strategy, allowing the animals to
freely explore the maze before the test without any food pellets
with the aim to saturate the maze with aromatic cues [107].
Other strategies involve cleaning the device or/and rotating the
arms while preserving the location of the food reward [39].

(3) The influence of the learning processes is evident along the
trials, since the number of successful attempts increases with
time. Spatial working memory might then turn itself into spa-
tial long-term memory. If the observer ignores this possibility,
the results can be easily misinterpreted [98].

(4) In order to be trained on this spatial task, animals may be food
or water deprived. Animals can be maintained at a certain body
weight, to prevent them from reaching satiety. Alternatively,
they can be deprived for a certain number of hours; it has been
shown that the speed of learning might be related with the time
of food-deprivation. In this case, if food-deprivation is not suf-
ficient, then animals do not respond well, forcing the learning
process to be delayed [53]. In this regard, some authors have
reported that feeding animals prior to some specific challenging
tasks - such as “delayed matching-to-position task” - increases
the number of errors during the test. Briefly, the task consists
of a first phase in which the subject is free to select among dif-
ferent arms until the baited arm is found. Shortly thereafter,
the animal is placed in a neutral location for a variable interval
of time (delay), to further be challenged to choose the position
previously selected (match) [70].

Food or water-deprivation has to be planned according to the
recommended limits for the species or strain chosen. In addi-
tion, at the end of the test, animals need some recovery time
during which deprivation should be slowly reverted, depend-
ing on the duration of the study [56]. Similarly, some drugs
(cholinergic blockers, amphetamines, etc.) may induce anorec-
tic episodes, also affecting regular behaviour in the maze [12],
and this should be taken into consideration when designing a
protocol.

Aquatic of the radial maze have been developed, in which
the stimulus driving behaviour is no longer linked to appeti-
tive (food or water intake), but to aversive (water immersion)
stimuli. In these devices, the animal must locate an escape plat-
form hidden in some quadrant of the maze. The first versions
required a complex automated-mechanical system [22], but
recently the devices have been improved and simplified [57].
Moreover, some alternative radial mazes have been developed
in which the aversive stimulus is represented by open space
and high luminosity; their escape places are located at the end
of some arms, eliminating in this manner the need for food-
deprivation [102].

(5) Some studies indicate that radial devices are not sensitive
enough to spot differences between animal strains or genders
[110,130,131]; however, it is necessary to consider that one
report suggested that, depending on the type of memory being
studied and the protocol used, this device might be useful to
detect differences, specially for rats [71].

(6) Studies comparing the radial and Morris mazes have shown
that the number of trials required to achieve acceptable per-
formance levels in some tasks - such as “spatial delayed
match-to-position task” in the radial maze - are often twice as
much as those required for the Morris maze, thus the acquisition
process is slower [100]. These differences have been explained
in part by the kind of stimuli used in each maze: appetitive
in the radial maze vs. aversive in the aquatic maze. Important
performance differences can be also observed during the test
phase, and have been attributed to the fact that in contrast to
the aquatic maze, animals in the radial maze may use a spon-
taneous alternation strategy. Moreover, in the radial maze, the
performed task has often been shown to be more sensitive to
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the deleterious effects of scopolamine suggesting a differential
neurochemical substrate [100].

In general terms, the advantages that the various versions of the
radial maze offer are:

¢ The training protocol and data interpretation of the basic version

is simple.

Radial mazes can be adapted to meet different experimental

needs [2,18,22,38,39,49,53,58,71,80,96,97].

e The scientific literature validating and supporting its use
in mice and rats is considerable, since it has been widely
employed to test the effects of an important number of drugs,
including anticholinegic agents, cannabinoids, dopaminergic
agents, dopaminergic blockers, barbiturics, glutamatergic ago-
nists, endogenous modulators (kynurenic acid), among others
[2,12,18,22,24,38,57,58,64,71,94,97,102,107,110,114,130,131,136].

* These mazes can be used for the evaluation of spatial working
memory and for spatial reference memory too [39,53].

e They have the advantage of generating only a moderate level of
stress in the animals during testing [53].

2.4. Morris water maze

One of the methods most often used for the evaluation of spatial
learning and memory, together with the radial maze, is the Morris
water maze. This device was invented by Richard G.M. Morris in
1981 as an alternative for the radial maze. It was developed to eval-
uate the role of specific visual cues as proximal and distal references
for spatial memory in rats [88].

3. Design and general procedure

This device consists of a round pool filled with opaque water.
Opacity can be obtained with different substances: powder milk,
white paint, titanium dioxide, among others. Inside the pool there
isan escape platform slightly hidden (2-3 cm) below the water level
(see Fig. 5). The protocol for the study of simple reference spatial
memory includes dividing the pool into four equal quadrants (some
include two extra concentric-radial divisions). Since water immer-
sion represents an aversive stimulus training starts with a period of
habituation during which the animals are immersed in the water
and allowed to swim for a few minutes without a platform. It must
be noted that not all researchers agree on the need for a habitua-
tion period [2]. Later on, a platform is placed in a fixed position in
one of the sectors (quadrants) and the animals go through a period
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Fig. 5. Schematic representation of the Morris water maze.

of acquisition. During this period they are given a variable number
of daily trials to find the platform. At the beginning of each trial
animals are placed on different starting positions. The time it takes
the animal to find the escape platform (latency) is recorded. The
rat is allowed to stay on the platform for about 30-60s to favour
place learning. Trials can be video recorded, which is highly recom-
mended, to document the trajectories that animals followed. After
training, memory is evaluated in one additional trial [87], during
this test trial, the platform may be removed, and visual cues can
also be removed, to try and tease out which information is being
used by the animal to find the platform.

Inits original work, Morris demonstrated that rats do not require
near visual cues to locate the hidden platform. The animals were
able to find the platform merely on the basis of visual cues external
to the device [88]. Shortly thereafter, the same author described
adaptations for improving the maze, such as tracking devices and
automated-electronic recording, besides changes in the protocol
to evaluate short-term memory using “matching to sample” tests,
and new techniques to evaluate non-spatial strategies through dou-
ble escape platforms [84]. In this regard, Brandeis and coworkers
[16], proposed that the animals can use three different strategies to
locate the escape platform: (1) A praxic strategy, when the animal
learns the sequence of movements needed to reach the platform;
(2) A taxic strategy, when the animal uses cues or visual proximal
guides to reach the platform; and (3) A spatial strategy, when the
animal reaches the target using information about the spatial loca-
tion of the platform according to the spatial configuration of distal
visual cues.

Typically, the Morris water maze is considered a device that
explores and stimulates the use of spatial strategies based on envi-
ronmental visual cues (allocentric). However, it can also be adapted
in order to explore strategies based on cues provided by the subject
itself (egocentric). For this purpose, animals can be tested in dark-
ness, the platform can be hidden, or the maze can be surrounded
by a curtain so as to prevent the use of distal spatial cues [86]. It has
been proposed that overtraining can induce the expression of ego-
centric strategies, but so far the results obtained are not conclusive
[65].

On the other hand, some recent reports have suggested that
rodents predominantly use a directional - more than spatial - strat-
egy to solve a conventional Morris water maze, thereby limiting its
consideration as the optimum paradigm for spatial navigation [50].

4. Methodological variables

There are multiple methodological variables that need to be
considered when using the water maze, and it is now becoming
clear how these variables affect the performance of the animals
[39]. One variable is the dimensions of the pool, for rats the opti-
mal diameter is between 1.30 and 2 m (according to the original
description by Morris). For mice, diameters can oscillate between 75
and 150 cm. Changes in diameter have been found to affect perfor-
mance in some studies [129], but not in others [128], this difference
may be due to the particular mouse strain employed [128]. Another
variable which has been widely discussed in the literature is the
presence [88] or absence [2] of previous habituation to the maze.
Some groups suggest that the stimulus triggering escape behaviour
is water immersion, so they are against habituation. In contrast,
those in favour mention that habituation decreases the stress levels
in the animals, and stimulates exploratory behaviour [37].

Additional sources of variation are the number of starting posi-
tions and their position in the maze, their number may vary from
four (strictly related with the four quadrants of the pool) to eight
or more. With regard to measures of performance, latency to find
the platform is the simplest and more often used measure; it is also
possible to obtain other measures by using automated recording
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devices, such as distance traveled, swimming velocity, time spent
in each quadrant, the graphic representation of the trajectories,
and others. In this regard, a recent study explored several criteria
searching for the most sensitive measure of water maze test per-
formance. The study included measures like the percent time in a
virtual quadrant or zone, the mean proximity to a former location
of the platform, and the number of platform crossings. The authors
found that mean proximity to a former location of the platform is
the most sensitive measure to assess water maze performance [78].

Other important variables include the number of trials per day,
the number of days of training, the duration of each trial, as well
as the time spent on the platform, these variables often vary from
one study to the next. It has been recommended to use an average
of 4-6 trials per day for 5-10 days, or until latencies to find the
platform become homogeneous; every trial should last 60-180s,
considering 15-60s on the platform. In this regard, in a series of
studies using the Morris water maze, it was demonstrated that
spatial retention lasted only 4 h when animals were trained for 10
trials in a single day. Retention capacity was significantly improved
when training sessions were spaced by 5min and 2h intervals
[15]. Interestingly, the same study showed that, when intervals
were increased to 6 and 24 h, there was no further improvement
in the retention capacity. Other important variables are the quality
and quantity of the visual cues used. It is still unclear how many
cues or which shape should be employed. Some reports suggest
that simplifying visual cues (few in number and simple forms)
improves spatial learning [73]. However, to our knowledge, there
are no studies that have systematically studied the effect of quality
and quantity of visual cues on spatial learning in the Morris water
maze.

According to several studies, the precision exhibited by animals
in finding the platform is directly related to spatial navigation abil-
ities, suggesting that animals build cognitive maps with the help
of distal visual cues [6]. In contrast, on the basis of some studies
performed by Sutherland et al. [118], it has been proposed that
the spatial navigation routes within the Morris water maze do not
imply real “spatial mapping”, but may rely on simpler strategies,
such as an active re-orientation process based on “familiar” scenes
more than specific visual cues [118]. This hypothesis is supported
by studies using low levels of illumination during each phase of the
task, that have shown that visual information is not needed at the
beginning or at the end of the task (platform stay), but only during
the search for the platform [1].

5. Factors influencing animal performance in the Morris
water maze

It has been demonstrated that body weight, physical condition
and age influence swimming velocity [37]. Several other studies
have shown that male animals perform better when compared with
females, a fact attributable not only to physical strength but to
differences in spatial navigation abilities [16,111]. One study has
shown that these differences disappear when animals are older
than 6 months of age, suggesting that the differences reported for
younger animals reflect differential maturation between genders
[20]. Others have suggested that this difference between genders
can disappear depending on the phase of the hormonal cycle dur-
ing which females are tested. Indeed, they have proposed that low
levels of estrogen significantly improve spatial performance, and
when levels are high, spatial performance decreases [27]. Studies
in males have shown circadian fluctuations on spatial performance
that seem to be related to significant variations in blood testos-
terone levels [62,67]. In support of these observations, female
subjects after testosterone administration have shown improve-
ments in spatial skills [52]. Thus, gonadal hormones appear to affect
spatial performance in the Morris water maze.

The Morris water maze has also allowed the identification of
performance differences among species, strains or even transgenic
animals, allowing a more detailed study of the factors influencing
the learning processes, but making it harder to compare the results
of different studies [75,76,140].

Some behavioural features are present more frequently in some
species than in others; i.e. thigmotaxis (the tendency to swim in
circles following the pool wall) is more frequent in mice than rats,
and represents a source of errors in performance. In general the
performance in this test is better for rats than mice, possibly due to
the superior swimming skills of rats. Indeed, it has been found that,
when comparing rats and mice in non-aquatic paradigms, there
were no differences in spatial skills [139]. Performance differences
can be also attributed to the differences in susceptibility to stress:
mice have better performances in tests not involving aversive or
stressing stimuli [44]. Although it is hard to make specific recom-
mendations on the basis of these findings, some authors suggest the
use of Long-Evans rats, and of the pigmented C57BL/6 mice because
they show the best performances in the Morris water maze [74,126].

The age of the animals also plays an important role in this test. It
is widely accepted that learning capacity declines with age, which
is evidenced in the performance in this maze. With age, swimming
skills, exploratory behaviour and locomotion decrease. These motor
deficits have to be separated from the cognitive deficits that may be
present in order to conclude that structural or functional changes
occurring in the aged brain may contribute to the decrement of
visual-spatial skills [46].

With regard to the role of stress in this water maze, this test
involves an aversive stimulus that can affect the performance of the
animals regardless of their cognitive skills. In the strain of hyper-
active rats sensitive to stress (Wistar-Kyoto), learning in the Morris
water maze is affected or even blocked [55]. Experimental evidence
suggests that the autonomic and endocrine mechanisms underly-
ing stressful conditions are responsible for the deleterious effects
on learning-memory processes [110]. Thus, the researcher should
consider using an additional learning task, or measuring corticos-
terone levels, to determine if the deficits observed in the Morris
water maze, are indeed the result of alterations in learning and
memory.

6. Disadvantages

(1) Possibly, one of the greatest disadvantages of this device is the
use of an aversive behavioural stimulus (aquatic immersion),
accounting for the negative effects of stress. It is, however, possi-
ble to decrease stress levels by previously exposing the animals
to the testing environment (habituation). If, in addition, less
sensitive animal strains are employed, the accuracy of the test
will be assured. Nevertheless, stress should never be ignored,
even if it is assumed that habituation will reduce it to man-
ageable levels. Furthermore, since stress is one of the triggering
factors for behaviour in this device, it should be considered that
the use of GABA agonists (currently known to exert anxiolytic or
depressive effects in the CNS) could considerably affect learning
and memory of the animals [84]. Of further consideration is the
issue that, when cognitive alterations are generated in the ani-
mals under observation, this fact will probably produce longer
swimming periods accompanied by disorientation, which in
turn will indubitably trigger considerable more stress, thus
affecting the performance. In comparative terms, both radial
and circular Barnes mazes generate low levels of stress during
the progress of the test [83]; however, to our knowledge, there
are no comparative studies in regard to this issue. Nonetheless,
the three paradigms have shown to be sensitive to the deleteri-
ous effects of augmented corticosterone levels associated with
stress [55,109].
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(2) Immersion itself may produce some complications for the ani-
mals under experimentation if the water of the device is not
maintained in optimum conditions (temperature, translucency,
etc.). Respiratory, ophthalmic and other infections often appear
if the maze is not properly maintained [37].

(3) In addition, animals can use one of the three distinct strate-
gies mentioned above (or their combinations) to escape in the
Morris water maze. Consequently, an alteration in performance
during the test can indicate a defect in some of the mentioned
strategies. In this case, the use of an alternative method to estab-
lish which of these strategies is altered should be considered
[37].

(4) Some studies have demonstrated that animals most often use
a directional strategy, running up from the start position (ego-
centric). Real spatial navigation (allocentric) can be verified only
when during the test phase the spatial stimuli are removed [50].

(5) Although the device is simple to build and adapt, it requires
video-recording systems and software for the complete analysis
of behavioural parameters, and sometimes this equipment is
not easy to acquire for all research groups.

7. Advantages

(1) Learning is faster in this device than in other mazes (radial
maze, circular maze) possibly due to the aversive stimulation.
In addition, each trial takes only 60-120s, and accurate curves
of acquisition can be obtained in 5 days of training [53].

(2) It permits the accurate and reproducible study of reference
memory, spatial working memory and learning [37,39].

(3) It does not require previous preparation (water or food-
deprivation), thus limiting the number of days needed to
proceed with experimentation.

(4) Eliminates the possibility that animals use “aromatic cues” to
orient themselves in the escape search, as it occurs in the “dry”
devices (circular and radial maze).

(5) It is supported by a considerable number of reports in
the literature validating its use in different animal models
of neurocognitive disorders, such as cerebrovascular disease
[103,106,142], encephalic trauma [141], alterations of brain
development [28], metabolic alterations [135], Alzheimer’s dis-
ease [45,82], and others [77]. In addition, it has been used
with transgenic mice, although caution should be used when
interpreting the results in these animals since the genetic
manipulation may affect both cognitive and non-cognitive com-
ponents [139].

7.1. Barnes circular maze

The circular maze was created by Carol Barnes to evaluate spatial
learning in a “dry” or non-aquatic device in rats [8]. In this device,
the animals are placed on an elevated, open, circular platform. The
animal is exposed to intense light, or to a loud noise. In response to
this intense stimulation the animal searches for shelter and enters
one or more of the 18 holes around the platform (see Fig. 6).

The size and characteristics of the device are as follows: a 92 cm
diameter platform—of a variety of colours depending on the animal
strain studied (white, grey or black); the platform contains 18-20
holes, each 5 cm in diameter, equally distributed around the plat-
form and separated by 7.5 cm; the device stands 105 cm above the
floor. In one or more holes there are escape boxes communicated
with the platform through transparent plastic tunnels arranged in
such a way that they cannot be seen from the platform. Similar to
the Morris water maze the simultaneous use of a video-monitoring
system is recommended to obtain automated behavioural record-
ings.

TARGET

HOLES IN THE
FLOOR

(5¢cm diameter)

92cm DIAMETER

OPPOSITE

Fig. 6. Schematic representation of the Barnes circular maze (based on Sunyer et al.
[116]).

8. General protocol

It is suggested that each trial last 3 min per animal, with an
inter-trial interval of 15 min, with four trials per day during the
acquisition phase. The first phase, or habituation, consists of plac-
ing the animal on the center of the platform and then, turning on the
source of noise or other aversive stimulus. Then the animal is gently
taken to the escape hole; once in the escape chamber, all stressful
stimuli are turned off, and the animal is kept inside for two addi-
tional minutes. Before acquisition, it is suggested that the platform
be cleaned to eliminate aromatic traces. Also, the platform should
be periodically rotated, keeping the location of the escape routes
constant. During acquisition, animals are placed on the center of
the platform and the stressors are activated for 3 min, the latency
to find the escape hole, as well as the number of errors (visits to
wrong holes) are recorded. If the animal does not reach the escape
hole within 3 min, the experimenter places it at the entrance of the
escape hole for 1 min, and then it takes it back to its home-cage.
This protocol continues until the number of daily-programmed tri-
als has been completed. The day of testing may start 24 h after the
last day of acquisition, or 12 days later, depending on the type of
memory being explored [116].

Although the device was originally designed to be used with rats,
soon it experienced modifications in order to be used with mice as
well. Indeed, the device has been considered appropriate for this
species because of its ability to find and escape through small holes
[9,102].In order to be used with mice, the device needed some mod-
ifications such as reductions in the size of the platform (69 cm), the
number of holes (16) and their diameter (4.45 cm), as well as the
addition of a 15 cm tall circular wall by the platform perimeter. The
performance of the animals can be improved by adding visual cues,
either internal (at perimetral wall) or external (somewhere around
the device; i.e., curtains or walls) [103] (see Fig. 7). Various types of
aversive stimuli to induce escape behaviour have been used. Among
them, sounds (78-108 dB), intense light, food, and air jets are often
used [56,90]. Additional modifications for its use with mice have
included the relocation of the escape holes (12) at the level of the
perimetral wall. In a study specifically dedicated to testing the accu-
racy of this modification, four different mice strains were analyzed.
The authors found that C57BL mice exhibited the best performance
of all; in light of these results, this modification has been adopted
for studies with this strain [69].
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Fig. 7. Schematic representation of the circular (Barnes) maze device adapted for
mice (Based on Koopmans et al., [69]).

Some authors still discuss the real usefulness of this device to
evaluate spatial strategies in animals. In a comparative study carried
out by Brown and Terrinoni [19], the circular maze was tested with
three variants: the original version of Barnes, a version by Pompl
and coworkers [103], and a new one with divisions between each
escape hole [19]. The authors found that mice had a tendency for
using serial instead of spatial strategies, for solving the maze, which
increased with the addition of the perimetric wall, thus favouring
thigmotaxis in the animals.

9. Disadvantages

(1) The most important disadvantage of this device discussed in
literature is that learning can be very slow or even absent in
some cases, and this has been explained by the lack of stress-
ful stimuli, thereby producing more exploratory behaviour than
escape responses as the animals are not sufficiently motivated
to escape [116]. In this regard, it has been reported that some
animals can reach the entrance of the escape hole, but do not
enter, in these cases it is suggested that the latency to reach
the entrance should be recorded as a goal response (primary
latency) [51].

(2) The device can also stimulate non-spatial strategies—serial
strategies or even thigmotaxis affecting performance. If the
maze is not cleaned appropriately, the animals can use “aro-
matic cues” to solve the maze.

10. Advantages

(1) The most important advantage of this device is that it does
not induce stress, since the aversive stimuli employed here are
much less aggressive than those used in other devices [116].

(2) Similar to the previously described mazes, this one allows the
evaluation of learning, working memory and spatial reference
memory [116].

(3) The majority of the studies employing the Barnes maze indicate
that it is useful for the study of learning and memory in rats
and mice. Particularly, it is suitable for mice since these animals
exhibit a lower performance in the Morris water maze [4,77].

(4) There is enough evidence supporting the value of the circu-
lar maze in different experimental models of CNS disorders,
such as brain trauma [43], aging [ 79], Alzheimer’s disease [103],
toxic lesions [104], neuropsychiatric alterations [101] and stress
[30,91]. In addition, it has been shown to be useful in the

evaluation of some drugs with quite different pharmacologi-
cal actions, such as acetyl-L-carnitine [10] and cocaine [61], or
even for experiments testing specific diet regimes, such as those
enriched with n-3 fatty acids [42].

10.1. Other devices

Besides the devices already described (which typically are
focused on spatial navigation through specific environments), other
devices have been designed as alternatives to evaluate spatial learn-
ing that do not necessarily require this navigation behaviour (i.e.,
operant conditioning chambers). Also, some other devices, not con-
ventionally considered as specific for the evaluation of spatial skills,
have been adapted for this purpose (passive and active avoidance).
Regarding the first type, there are some automated operant condi-
tioning chambers, in which the animal needs to choose a response
or decide between different levers by activating some detection
mechanism with its nose, such as orifices in the wall of the operant
chamber [33], or a screen sensitive to touch [119]. This behaviour is
reinforced by rewards consisting of food or water.

In the device designed by Delcasso et al., the selection of points
present in the walls of the chamber is required [33]. These points
form transversal, horizontal or crossed lines, and water is obtained
as a reward from a dispenser located at the base of the device. In
this device, rapid acquisition of the task has been reported, even
with a single trial. Accordingly, retention is optimal within 5 min to
24 h intervals. Interestingly, the same study [33] showed that the
administration of scopolamine altered (as it did in other devices)
the performance of this spatial task, although it did not affect visual
recognition tasks that took place in the same chamber. On the
basis of these results the authors suggested that scopolamine is
unable to modify attention, alertness or general visual processing,
but it can, indeed, affect spatial memory processes. This cham-
ber thereby can be comparatively as useful as others to evaluate
spatial memory. These findings support the hypothesis that the
muscarinic/cholinergic system is relevant for maintaining spatial
working memory, which is in agreement with similar propositions
by other authors [80]. Thus, in this device, spatial skills are required
for associative learning, however the type of information the ani-
mal needs to resort to in order to solve the task is different from
that found in the spatial navigation devices (mazes). In the latter,
the subject receives continuous visual cues while at different points
in the maze. In contrast, in the operant chamber, the selection of
the spatial target is followed by reinforcement with water that is
obtained from a distinct spatial location, making the association
between response and reward, more difficult.

The device designed by Talpos et al. is based on the same
principle of operant conditioning, it incorporates a touch-sensitive
screen, which is divided into 12 target windows (options), and rein-
forcement consists of food pellets. In preliminary tests animals have
been shown to learn quickly, and the test has been shown to have
a high sensitivity for hippocampal lesions [119].

Other behavioural paradigms requiring the use of spatial infor-
mation are passive and active avoidance tasks (PA and AA,
respectively). The PA test consists on a box divided into two equal
compartments separated by a guillotine-style door; one of the com-
partments is illuminated and the other remains in darkness. The
illuminated side contains a metallic grid through which electric cur-
rent can be applied. First, the subject is placed in the illuminated
compartment with the door closed, and few minutes later, the gate
is opened, allowing the animal to enter the dark compartment; just
after it enters, the door is closed again and an electric discharge cur-
rent is applied. During the retention phase (after different intervals,
depending on the study), the subject is placed in the illuminated
side, the door is opened and the time that the animal takes to enter
the dark compartment is recorded [63].
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For the AA task, the device is similar to the one described above,
but the main difference is that the communication between com-
partments remains open all the time, so the animal is free to avoid
or escape the noxious stimulus. In addition, both compartments
are illuminated and intermittent lights and/or sounds are emit-
ted just before the electric current is applied. For this task, the
latency between the sound/light or the electric stimulus and the
animal’s entrance to the next compartment is recorded (avoidance
or escape) [29].

Both tasks are widely employed for the evaluation of learning
deficits produced by lesions, drugs or behavioural manipulations.
Both are based on the associative learning between a noxious stim-
ulus (the electrical discharge) and a specific behaviour (the entrance
to the next compartment) [7]. In the case of PA, latency will depend
on how well the animal remembers not to enter the dark compart-
ment. In contrast in the case of AA, the animal is warned through a
conditioning stimulus to avoid or escape the noxious stimulation. In
other words, in PA the animal should avoid a behavioural response
in order to remain safe, while in AA the subject must generate a
behavioural response (avoidance or escape) in order to be safe.

Both avoidance tasks require limited spatial skills, since the com-
partment that needs to be avoided is visible to the animal all the
time from any angle, and does not require distal visual cues to be
located [26]. Regardless of whether some groups might consider
avoidance tasks as unsuitable for the evaluation of spatial mem-
ory, some adaptations may turn these tests into good approaches
for this purpose [25]. In this regard, some devices have been devel-
oped in which food-deprived animals are placed on a circular area
containing food pellets on the ground; then, subjects are trained
to navigate and collect food, but always avoiding the “punishment
area” where they can receive an electric shock of low intensity.
This “punishment area” can be identified by means of internal and
external visual cues [21]. These passive and active avoidance adap-
tations have been used to evaluate spatial navigation skills, as well
as long-term spatial memory. The studies performed thus far have
found that animals show rapid acquisition of the task, and that these
tasks can be useful to evidence gender differences in performance.
This device has also been highly recommended as an alternative for
behavioural evaluation of mice, a species with better performance
in “dry” devices [25].

Finally, the visual recognition tasks have also been used for the
evaluation of working memory. This paradigm was first described
by Ennaceur and Delacour and has faced multiple changes since
then [41]. It has been shown to be useful for assessment of learn-
ing and memory in different animal species. The device is based
on the natural exploratory behaviour inherent to rodents and
other animals when they are placed in front of novel stimuli.
Indeed, this is one of its advantages, as it does not require food or
water-deprivation (nor aversive stimuli) to generate a behavioural
response. In addition, it is a two-phase task one is acquisition and
the other is the test itself, and these two phases are separated
by variable intervals, thus allowing the analysis of different com-
ponents of the learning process: acquisition, consolidation, and
retention. However, one of the main problems that this device
presents is the difficulty to define what “exploratory behaviour”
exactly means. New computer software has been designed in order
to facilitate and standardize the criteria for recognition of small
new objects [108]. It is believed that spatial skills are necessary for
this task since the animal recognizes as “new” the object exhibiting
different topographic characteristics, however, the spatial relations
between the object and the context becomes irrelevant as there
is no need for distant visual cues in order to locate the object. In
several experiments, this task has been shown to be sensitive to
hippocampal lesions that also hinder spatial memory [17]. In this
regard, other reports have suggested that perirhinal and insular
cortex are necessary for the consolidation of the characteristics of

“familiar” objects, whereas the hippocampus is needed for the asso-
ciation of the object with its spatial context [5]. More work on this
area is needed to determine what this test is really evaluating.

11. Concluding remarks

Spatial memory evolved in different species possibly because
it provides information on spatial locations, objects configuration
and specific routes relevant for the preservation and survival of the
species. By means of this memory system, animals can locate food
sources while preventing risky situations on the basis of previous
experiences. Spatial memory recruits different neuronal mecha-
nisms (conscious and unconscious, short- and long-term memory,
etc.) to achieve its goal. In this review we have dealt with the eval-
uation of spatial memory in laboratory animals (particularly in
rodents) as has been done for more than 100 years. The method
more often used is the behavioural analysis through the use of
mazes. Among the most accepted and better-known mazes are the
Morris water maze, the radial maze and the Barnes circular maze. In
parallel, there are also a considerable number of variants for each of
them, exhibiting various adaptations depending on the particular
experimental protocol used. The variety of devices and experimen-
tal protocols make it difficult to compare the results obtained across
studies, taking into account this caveat, a summary of the advan-
tages and disadvantages of each task will be attempted. Based on
the information reviewed herein, it can be said that the radial maze
appears to be an adequate device for the study of spatial working
memory (or spontaneous alternation) in rodents, since it possesses
the advantage of being simple in design, easy to use, the acquisition
process is rapid and reproducible, and it does not induce high levels
of stress in animals. Moreover, factors that may affect the results
can be easily controlled, for instance eliminating aromatic cues,
using doors at the entrance of the arms, increasing the number of
arms, and even changing an appetitive stimulus for an aversive one,
such as water immersion. In addition there are some commercial
automatic devices available that facilitate training and testing.

In regard to the study of spatial reference memory, the most
recommended device is the Morris water maze, useful for studying
spatial strategies based on distal visual cues (allocentric). It can
be modified to explore non-spatial strategies (egocentric). In this
device, learning is fast and consistent, there is not a pre-established
route for animals, and so the possibilities of navigation are infinite.
Givenits characteristics, its use for experiments with mice is limited
(particularly for those strains showing high reactivity to stress).

The Barnes circular maze and passive or active avoidance tasks
are better for experiments using mice given the tendency of these
animals to escape through small holes, and their better perfor-
mance in devices that do not require swimming.

It is important to consider the limitations of each device when
designing an experiment. For instance, the radial maze limits the
search options while favouring serial strategies, and so learning can
be delayed; the water maze uses a strong aversive stimulus — water
immersion - that can modify the animal performance; in contrast,
the circular maze results less stimulating for some animals, some-
times producing a delayed learning or even the failure to acquire the
escape behaviour. Therefore, it is expected that new devices for the
behavioural evaluation of spatial memory will be developed over
the next several years.

Final recommendations when choosing a maze are: (1) con-
sider the specific experimental paradigm to be explored (learning
or memory, or both, short or long-term memories, mouse or rats
subjects, etc.), and (2) the knowledge and experience that your
group has on a specific device. Once the decision has been made,
the limitations and advantages of the selected device should be con-
sidered in order to obtain as much information as possible, while
controlling for non-specific effects.
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