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Abstract Locating food and refuge is essential for an an-
imal’s survival. However, little is known how mammals
navigate under natural conditions and cope with given en-
vironmental constraints. In a series of six experiments,
I investigated landmark-based navigation in free-ranging
Columbian ground squirrels (Spermophilus columbianus).
Squirrels were trained individually to find a baited plat-
form within an array of nine identical platforms and arti-
ficial landmarks set up on their territories. After animals
learned the location of the food platform in the array, the
position of the latter with respect to local artificial, local
natural, and global landmarks was manipulated, and the
animal’s ability to find the food platform was tested. When
only positions of local artificial landmarks were changed,
squirrels located food with high accuracy. When the loca-
tion of the array relative to global landmarks was altered,
food-finding accuracy decreased but remained significant.
In the absence of known global landmarks, the presence
of a familiar route and natural local landmarks resulted in
significant but not highly accurate performance. Squirrels
likely relied on multiple types of cues when orienting to-
wards a food platform. Local landmarks were used only as a
secondary mechanism of navigation, and were not attended
to when a familiar route and known global landmarks were
present. This study provided insights into landmark use by
a wild mammal in a natural situation, and it demonstrated
that an array of platforms can be employed to investigate
landmark-based navigation under such conditions.
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Introduction

Animal navigation in wild environments is a crucial part of
ecology. Many aspects of life such as finding refuges, food,
or mates depend on the animal’s ability to accurately move
from one place to another. Moreover, each type of habi-
tat has its own advantages and constraints, making certain
mechanisms of navigation more favorable than others. As
a result, knowing how animals orient can help to explain
their behavioral interactions with their environments.

When navigating, animals usually employ multiple
mechanisms which can be used simultaneously or in par-
allel to reach a goal (Bingman 1998; Menzel et al. 2000;
Shettleworth 1998; Wallraff 2001). Landmark-based nav-
igation, where some features of the environment serve as
reference points, is one of the strategies used by many
species. Based on their proximity to the destination, land-
marks can be classified into two broad categories: local
landmarks (positional), which are close to the goal; and
global landmarks (directional), which serve as more distant
cues and can be used over large spatial distances (Jacobs
and Schenk 2003; Leonard and McNaughton 1990). Local
cues (e.g., shrubs or logs) allow precise encoding of a lo-
cation (Cheng and Spetch 1998), but they may not be as
reliable as global ones (e.g., forest outlines or mountains),
which tend to incorporate more invariant and unique fea-
tures of the environment. To orient using global landmarks
alone, however, may be more challenging, because the bear-
ing and the distance to a goal do not change much as an
animal travels through the environment (Cheng and Spetch
1998). According to the Parallel Map Theory, recently in-
troduced by Jacobs and Schenk (2003), animals may rely
on both local and global landmarks to generate two differ-
ent maps—sketch and bearing, respectively—which can
then be combined into an integrated map that allows ani-
mals to navigate successfully in space and perform novel
shortcuts.

Multiple studies suggest that animals can remember a
goal with respect to different types of landmarks. However,
the relative importance of the available landmarks varies
and often depends on the experimental conditions. When
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both local and global landmarks can reliably identify the lo-
cation of a goal, many animals preferentially attend to more
global features. For example, black-capped chickadees en-
code all possible cues about a rewarding feeder—its abso-
lute position in space, local appearance, and location within
the array of the other feeders. Chickadees use this infor-
mation in a hierarchical manner, where the feeder’s global
position has prevalence over other cues (Brodbeck 1994).
Extensive laboratory studies on rats also have demonstrated
reliance on the extra-maze features of the testing room over
intra-maze landmarks (Leonard and McNaughton 1990;
Suzuki et al. 1980). Similarly, field studies on fox squirrels
indicate that animals disregard cues provided by the maze
itself and orient based on the information provided by the
extra-maze cues (Jacobs and Shiflett 1999).

Most studies of landmark-based mechanisms of naviga-
tion have been conducted on captive animals where sub-
jects are limited to the set of landmarks provided by the
experimenter. Conducting experiments in the laboratory
environment allows for the precise manipulation of cues
and controls, but it is possible that spatial cues are used
differently under artificial conditions compared to natu-
ral settings. In addition, in the majority of the laboratory
studies “global” cues are only few meters away from the
subject due to the limits of the testing room, so the scale of
landmarks that can be used for precise encoding of a goal
still remains unknown for many species. Therefore, more
field experiments are necessary to complement the labora-
tory findings. While performing experiments under natural
conditions is challenging, several studies have shown that
laboratory techniques such as the use of maze can be suc-
cessfully used on the field (e.g., Henderson et al. 2001;
Jacobs and Shiflett 1999).

The goal of this study was to examine landmark-
based orientation in free-ranging Columbian ground squir-
rels (Spermophilus columbianus) during foraging. These
ground squirrels need to remember good foraging loca-
tions relative to their home and escape burrows. The distri-
bution of grasses and forbs that squirrels eat is not uni-
form within their territories. For example, urination by
ungulates creates nutrient rich patches (Day and Detling
1990), and some preferred plants such as dandelions that
grow only in certain microhabitats. Thus, it is to an ani-
mal’s advantage to remember the location of rich patches
and to be able to return to such patches quickly after be-
ing interrupted by a predator attack or aggression from
conspecifics.

Under natural conditions, Columbian ground squirrels—
a highly visual species—are faced with an enormous num-
ber of visual cues that could potentially be used for orien-
tation. Based on previous research on other rodent species,
it seems likely that the squirrels attend preferentially to
global, rather than local landmarks. In contrast to the cues
provided to captive animals, however, the global and lo-
cal landmarks available to Columbian ground squirrels are
widely separated in space, and many local landmarks are
often entirely unavailable. This is because the squirrels in-
habit relatively flat meadow terrains where tall summer
grass may prevent them (less than 30 cm tall when sitting

up right) from seeing any local features which are more
than a few meters away. The edges of the meadow (forest
and gorge outlines), on the other hand, can be seen from any
location on the meadow and potentially represent reliable
global landmarks. These global landmarks, however, are
typically at a great distance from the squirrels’ territories.
As aresult, precise encoding of a goal based only on global
landmarks may be challenging.

To investigate the methods of navigation used by ground
squirrels when foraging, I trained animals individually
to find food that was located on a platform in an array
composed of other, unbaited, platforms and a variety of
landmarks. Some of the experimentally placed landmarks
(flags) were always available to the animals, while others
(ball, log) were present on each squirrel’s territory only
when experiments were being conducted. After each squir-
rel had learned the location of the food platform in the
array, I manipulated the position of this platform with re-
spect to experimentally introduced landmarks (flags, ball,
log), naturally occurring local landmarks (vegetation pat-
tern, burrows, rocks, bushes) and global landmarks (forest
edge, the outline of the mountains), and examined the ani-
mal’s ability to find the food platform.

In addition to using local and/or global landmarks for
locating the food platform, animals could also potentially
rely on a familiar route, either by attending to olfactory cues
that had been deposited on the trail or by remembering the
motor routine of getting to the food (a process also known
as response learning) (Shettleworth 1998; Tolman 1948).
To test the importance of a familiar route, I also examined
squirrels’ performances when a route was either available
or absent.

General methods
Study site

Research was conducted on a 2 ha subalpine meadow
surrounded by pine and spruce forest and a gorge along
the Sheep River drainage (50°39'N, 114°38'W; elevation
1500 m; Alberta, Canada). During the time that exper-
iments were conducted (June—July 2002) the grass on
the meadow was relatively short (10-15 cm high) due
to the cattle grazing, and animals could see above the
grass when sitting upright. The population contained 54
adult females and 16 adult males. All individuals were
tagged on both ears with individually numbered tags
(Monel #1, National Band and Tag Company) for perma-
nent identification. In addition, unique black marks were
applied on the fur of each individual with hair dye (Lady
Clairol hydrience black opal) for easy identification from a
distance.

Animals

Twenty free-ranging adult female squirrels whose terri-
tories were spatially separated were chosen as subjects.



Fourteen completed the training and testing. The other
six either were not interested in climbing platforms or
disappeared from the meadow before training was com-
pleted. Experiments were conducted during the gestation
and lactation period when females are territorial (Festa-
Bianchet and Boag 1982; Murie and Harris 1988) and are
highly motivated to work for a food reward. Individual ter-
ritories were determined based on behavioral observations,
and the positions of females and their social interactions
throughout the day were recorded. Experiments with each
female were done at a location that was successfully de-
fended by her and within her territory. Territoriality pre-
vented interference by other animals during training and
tests in most cases. Animals were habituated to humans.
When squirrels were approached, they hid in their bur-
rows but quickly resumed their activities after the observer
moved away a few meters.

Apparatus

A linear array of nine identical, equally spaced (0.28 m)
platforms was assembled on each subject’s territory
(Fig. 1). As aresult, each animal had a unique set of global
and natural local landmarks surrounding the array. Each
platform in the array consisted of a metal frame in a pyra-
mid form (base: 0.21 m x 0.51 m, height: 0.46 m) and a
plastic cup mounted on the top to hold food. A rope was
woven through one side of the frame of each platform to
create a ladder for squirrels to climb. The entire platform
was painted green. Only the 4th platform (#4) was baited
with highly preferred food, horse feed, consisting primarily
of oats. To control olfactory cues, all platforms contained
oat shells that provided odor without a food reward. More-
over, prior to the experiments, the plastic cups were soaked
overnight with horse feed in hot water. Squirrels could not
see the food from the ground and had to climb the platforms
in order to obtain it. Two local artificial landmarks, a log
(0.1 m in diameter, 0.5 m long) and a ball (radius 0.06 m)
on a stick (0.5 m high), were placed within the array after

Fig. 1 Training setup. The
array presented to the squirrels
during training, where the log,
the ball are Local
Artificial/Temporary
Landmarks; the flags are Local
Artificial/Permanent
Landmarks; the vegetation
pattern is one of the Natural
Local Landmarks; the forest
outline is one of the Global
Landmarks available to the
animals
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platforms #3 and #6, respectively. The small log did not
hinder squirrels’ approach to the platforms. Animals read-
ily jumped over or ran on top of it if they chose to approach
the platform #4 from the log side. Since the log, the ball,
and the platforms were placed in each subject’s territory
only during experiments, they were considered to be tem-
porary. The edges of the array were marked with orange
flags (0.5 m high) that remained on the squirrel’s territory
even when the platforms were removed; these were con-
sidered to be local artificial/permanent landmarks. Below,
the term “array” refers to the arrangement of the nine plat-
forms, the log, the ball, and the flags.

The log, the ball, and the flags were considered to be
“artificial” landmarks because they were introduced by the
experimenter. However, it should be noted that “natural”
landmarks such as logs also occurred in some subjects’ ter-
ritories. In addition, flags of different colors (non-orange)
were used to mark intersection points (10 m intervals) of
the grid that was laid out on the meadow, and they were con-
stantly present on the field over a period of 10 years. Territo-
ries of all participating females contained a few flags. Nat-
ural landmarks were classified into two broad categories,
local and global. Local landmarks were defined as features
of the environment that were close to the array (within 10 m
radius), such as rocks, small bushes or local topographical
relief. Landmarks of a larger scale, like the outline of the
mountains or the forest edge, were considered to be global
landmarks.

Training

Each squirrel was presented with a single platform that con-
tained food. Peanut butter was spread on the rope ladder to
encourage the squirrel to climb up. After the animal learned
how to obtain the reward, the whole array was introduced.
During each training session, the array was placed in the
same location marked by the flags to preserve the geometric
relationships with the natural local and global landmarks
(Fig. 1). A training session consisted of six trials. On each
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trial, the squirrel was allowed to investigate the platforms.
After the food was discovered the squirrel was allowed to
eat a few grains; then it was chased away to a burrow. Mean-
while, the platforms occupying each position were switched
around, so squirrels could not associate some features of
a particular platform (e.g., olfactory or visual) with a spe-
cific position within the array. An experimenter simulated
the placement of food on every platform in the array and
then moved away. The actual bait was placed only on the
platform occupying the fourth position in the array; the rest
of the platforms contained only oat shells. The subject was
then allowed to make another choice. A training session
was stopped after the animal had gone to the food platform
six times out of six trials or when it lost interest in the
platforms and started foraging elsewhere on the meadow.
An animal was considered to be fully trained if she went
directly to platform #4 (the baited platform) on the first trial
and continued to choose this platform in the next five tri-
als. The number of training sessions each squirrel received
varied among individuals based on their performance. On
average, squirrels received 11 = SE 0.55 sessions within 21
=+ SE 0.95 days. By the end of training each squirrel had a
preferred burrow to which she returned between the trials.
The distance between this preferred burrow and platform
#4 varied among territories (3.79 4+ SE 0.55 m).

After the squirrels learned to locate food consistently on
platform #4, the relative position of the food platform with
respect to artificial/temporary local (platform arrangement,
log and ball), artificial/permanent local (flags), natural local
(bushes, rocks, local topographical relief), natural global
(forest edge, mountains) landmarks was manipulated in the
tests described below. Tests were conducted throughout
the day. Squirrels were tested individually, and the order
of tests for each animal was picked at random by rolling a
die.

Squirrels received retraining between each test, and were
allowed to proceed to the next test only after they success-
fully chose platform #4 six times out of the first six trials.
Most retraining consisted of only one session, and only
19% of 70 retrainings involved two sessions.

Data analysis

For each trial, I recorded the platform that the subject
climbed first. The probability of a squirrel picking the “cor-
rect” platform in the array of nine platforms by chance was
considered to be 1/9. I tested squirrels’ choice of a partic-
ular platform (a correct one with respect to the landmarks
of interest) in each experiment against this null expectation
using Binomial test. The performances among different
experiments were analyzed using McNemar tests. Mann—
Whitney tests were used to check whether the distance to
the array from the preferred burrow had an affect on the
performance.

Experiments 1-4 investigated the use of artificial land-
marks in navigation by ground squirrels, while exper-
iments 5 and 6 examined the importance of natural
landmarks.

Experiment 1: local artificial/temporary landmarks shift

This experiment was designed to test whether squirrels
used artificially placed local landmarks, such as the log
and the ball, to locate food. These landmarks were consid-
ered to be temporary because they were present on the field
only during the experiments, but were absent otherwise.
The log and the ball were prominent objects in the array,
close to the goal, and reliably indicated the food position
during training. In the test, both the log and the ball were
shifted one platform down. After this manipulation, infor-
mation provided by local artificial/temporary landmarks
was in conflict with cues provided by the rest of the ar-
ray, the familiar route, and all natural landmarks (local and
global). If squirrels relied preferentially on these local arti-
ficial/temporary landmarks, they should have searched for
food on the adjacent platform downward from where food
was located during training.

Method

To modify the array, the log and the ball were shifted one
platform down (0.49 m). In their original location, the log
was placed after platform #3 and the ball after platform
#6. In the new arrangement after the shift, the log was
located after platform #4, and the ball after platform #7.
Food was present on platforms #4 and #5. The platform
that the subject climbed first was recorded.

Results and discussion

In this test no squirrel went to platform #5, which would be
the “correct” platform if the subjects had attended only to
the relative locations of the log and the ball. Thirteen out of
fourteen squirrels (92%) went to platform #4, the “correct”
platform during training trials (one-tailed Binomial test,
n=14, p<0.001).

Animals may have ignored the shift in the local arti-
ficial/temporary landmarks because they did not encode
food locations using landmarks of such scale and prox-
imity. Alternatively, because the log and the ball were on
the field only during experiments, the squirrels may not
have regarded them as reliable. Studies of gerbils (Collett
et al. 1986) and rats (Biegler and Morris 1996) have shown
that animals prefer to use landmarks that do not change
their position. On the other hand, the log and the ball were
present only when the array of platforms was present and
could, therefore, have been more informative about food
location than more permanent landmarks. To test whether
ground squirrels encoded food location with respect to the
other local but more permanent landmarks, Experiment 2
was conducted.

Experiment 2: local/artificial permanent landmark shift

When navigating in their environment squirrels might
preferentially use local cues that are always available for



orientation. To investigate this question, the position of lo-
cal artificial/permanent landmarks (flags) was shifted with
respect to the food platform. The information provided by
the location of the flags was in conflict with other array
cues, familiar route, and all natural landmarks. If squirrels
attended to the flags, they should have searched for the
food in the new, shifted, location. The flags were always
present on the field and potentially represented more stable
and reliable reference points than did the log and the ball.

Method

The platforms, the log, and the ball were set up in their
original positions, but the flags were shifted two platforms
down (0.98 m). During training, the flags had been located
at the beginning and the end of the array. In the new arrange-
ment, the left flag was located between platforms #2 and
#3, while the right flag was located some distance (equal
to two platforms’ length and a space between them) away
from platform #9. Food was present on platforms #4 and
#6. After completion of the test, the flags were returned to
their original positions.

Results and discussion

Animals completely ignored the shift in local artifi-
cial/permanent landmarks.

Thirteen out of fourteen squirrels (92%) went to plat-
form #4, the original food position (one-tailed Binomial
test, n=14, p<0.001). No animals went to platform #6,
the correct choice if squirrels attended only to the flags. In
spite of the fact that flags were always visible to the squir-
rels, both during and between the experiments, subjects
appeared not to use them as reference points. In experi-
ment 1 the log and the ball had been shifted only 0.49 m,
whereas in the second experiment the flags had been moved
a distance of 0.98 m, but this increase in the conflict infor-
mation provided by artificial landmarks and other cues did
not have an effect on subjects’ performance. Evidently,
the squirrels ignored both temporary and permanent ar-
tificial local landmarks when locating the correct food
platform.

Experiment 3: two platforms left-hand shift

In addition to the artificial landmarks, the platforms them-
selves might have served as cues for food location. It seems
possible, for example, that the squirrels might have counted
the platforms. Alternatively, they might have remembered
that the correct platform was slightly to the left of the cen-
ter of the array. To investigate these possibilities, the entire
array was shifted with respect to natural local and global
landmarks two platforms to the left, towards the beginning
of the array. This put the information associated with the
array in conflict with all natural landmarks, but all intra-
array cues were in the agreement. If squirrels remembered
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the relative location of the correct platform within the array,
they should have continued to go to the fourth platform.

Method

The array was shifted the distance of two platforms (0.98 m)
to the left so that platform #6 was in the place where plat-
form #4 had been during training with respect to natural
landmarks. The spatial arrangement between all artificial
landmarks, including platforms, remained the same. How-
ever, the location of the array with respect to natural land-
marks was different. Food was present on platforms #4 and
#6.

Results and discussion

Thirteen out of fourteen squirrels (92%) climbed platform
#6, rather than platform #4 (one-tailed Binomial test, n=14,
p<0.001). No animals went to platform #4, which would
have been the correct choice if they remembered or counted
the platform’s relative location within the array. This sug-
gests that squirrels attended preferentially to some combi-
nation of natural local and/or global landmarks or a familiar
route when locating the correct food platform.

Experiment 4: two platforms right-hand shift

Experiment 4 was analogous to Experiment 3, but in this
case the array was shifted the distance of two platforms
to the right, towards the end of the array. If squirrels re-
membered the relative position of the baited platform with
respect to the other platforms in the array, they should have
continued to choose the fourth platform. However, if the
animals had memorized the absolute position of the baited
platform on the field during the training, they should have
visited platform #2.

Method

The array was shifted the distance of two platforms to the
right (0.98 m), such that platform #2 was in the place of
platform #4 during the original training. As in experiment
3, the spatial arrangement among all artificial landmarks
within the array remained the same, but each platform had
different natural landmarks compared to training. Food was
present on platforms #2 and #4.

Results and discussion

Twelve out of fourteen squirrels (86%) went to platform
#2 (one-tailed, Binomial test, n=14, p<0.001). No ani-
mal went to platform #4. Again, as in experiment 3, the
majority of squirrels went to the platform where food
had been during training with respect to natural local
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and global landmarks. After the right-hand shift, the food
platform that had been in the middle now appeared to
be in the beginning of the array. However, this obvi-
ous change in the position of the food platform in the
array did not seem to affect the direction of animals’
search.

Experiments with bees (Chittka and Geiger 1995) and
rats (Suzuki and Kobayashi 2000) have demonstrated that
animals may be able to determine the location of food
based on the number of landmarks they pass on the way
to the feeder. By contrast, squirrels did not appear to count
platforms when locating the baited one. Thus, although the
squirrels might have been capable of using a ‘counting’
strategy if trained to do so, they did not independently
resort to such a strategy.

Taken together, experiments 1-4 suggest that squirrels
appear to ignore all types of local artificial landmarks. They
appear either to memorize the food location with respect to
natural local and/or global landmarks, or to remember the
route to the food platform, perhaps by using olfactory cues
or motor routines. Experiments 5 and 6 were designed to
investigate the importance of natural local landmarks (local
topographical relief, bushes, rocks), global landmarks (for-
est edge, mountains) and a familiar route during navigation
to the food platform.

Experiment 5: 90° Turn

To examine the importance of global landmarks for orien-
tation, I altered each squirrel’s view of global landmarks
relative the location of the array by rotating the array 90°

Fig.2 Experiment 5: 90° Turn.
The array was rotated 90°
around platform #4 such that
platform #4 remained in the
same position as during
training. Food was present on
platform #4. Array’s location
during training is shown with
dotted lines. Since the tests were
conducted on the individual
territories, the position of the
preferred burrow with respect to
the array was unique for each
squirrel. The diagram represents
the most typical arrangement

clockwise around the food platform (Fig. 2). When a squir-
rel emerged from her escape burrow, therefore, she now
had to turn 90° at the burrow entrance in order to view the
array. As a result, while the global landmarks of the array
as a whole were altered, the food platform itself retained
the familiar global landmarks. The natural local landmarks
around the food platform and the familiar route from the
burrow to the food platform were also unaltered. Finally,
the relation among the platforms and artificial landmarks
was also retained. If squirrels depended on intra-array cues,
natural local landmarks, or a familiar route, their ability to
find the food platform should not have been affected by
the rotation. On the other hand, the degree to which natu-
ral global landmarks provided a valid reference depended
on whether the food platform was encoded as a part of
the array or as a separate unit. If squirrels relied on global
landmarks and viewed the food platform as a part of the
array, the animals’ performance was expected to drop on
this test.

Method

By the end of the training period each animal had a pre-
ferred escape burrow, where she hid while platforms were
manipulated. The array was rotated 90° around the food
platform in such a way that platform #4 stayed in its origi-
nal position (Fig. 2). As aresult, all natural local landmarks
around platform #4 remained the same as during training,
and the animal could have approached the baited platform
using the same route as before. In order to see the whole
array, however, the squirrel had to turn when she emerged
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from the burrow and view different global landmarks than
before. Food was present on platform #4.

The preferred escape burrow for one animal was in line
with the array, thus the rotation did not force the animal to
view new global landmarks. However, the array appeared
very different with regard to the familiar global landmarks.

Results and discussion

Six out of fourteen squirrels (43%) located platform #4,
a performance that was significantly better than random
(one-tailed Binomial test, n=14, p<0.01) (Fig. 3). This
suggests that several animals were able to derive some in-
formation from the local cues around the food platform,
used familiar route or viewed platform as a unit and used
familiar global cues. However, fewer squirrels went to
the correct platform than had been observed in the Lo-
cal Artificial/Temporary Landmark Shift experiment (two-
tailed McNemar test, n=14, p=0.039). The modified view
of global landmarks behind the whole array appeared to
confuse about half of the animals. The distance between
the preferred burrow and the food platform had no affect
on the performance (Mann—Whitney test, n=14, U=14.5,
p>0.216).

To resolve further the importance of global landmarks, a
familiar route, and the type of local landmarks (natural or
artificial) used by animals Experiment 6 was performed.

Experiment 6: parallel shift

In the 90° Turn experiment, animals were faced with altered
global landmarks for the whole array, but the familiar route
and natural local landmarks remained unchanged. The non-
random choice of platform #4 on that test could have been
due to squirrels using the familiar route, natural local land-
marks, artificial local landmarks, or global landmarks for
the 4th platform. To investigate these possibilities, squirrels
were made to locate the food platform in the absence of a
familiar route, natural local landmarks, and global land-
marks. In this experiment, the array was shifted to the other
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side of each squirrel’s burrow. The position of the food
platform in the array was preserved with respect to all arti-
ficial local landmarks. If a familiar route and natural local
landmarks were important for navigation to the food plat-
form, the squirrels’ performance was expected to decrease
on this Parallel Shift test compared to the 90° Turn test. In
contrast, if global landmarks for the whole array played a
prominent role in navigation, performance on the Parallel
Shift and the 90° Turn tests should have been similar. If,
however, squirrels encoded only the food platform with re-
spect to global landmarks, the performance on the Parallel
Shift test should decrease compared to the 90° Turn test.

Method

In this test, the array was shifted a distance of 4.13 m (the
length of the array) from the original position to the other
side of the escape burrow. Such distance insured that array
was on the other side of the burrow, but still remained
within the animal’s territory. The distance between the new
array position and escape burrow varied from territory to
territory. The shift was parallel to the long axis of the array
(Fig. 4). In order to see the array squirrels had to turn 180°
and view different global landmarks. For one animal, the
escape burrow was in line with the array during the training,
so she had to turn only 50° to view the shifted array.

One squirrel had to be eliminated from the analysis be-
cause her performance on the test was interrupted by the
appearance of a predator.

Results and discussion

Five out of thirteen squirrels (38%) went to platform #4
(one-tailed Binomial test, n=13, p<0.01) (Fig. 3). The
distance between the preferred burrow and the food plat-
form had no affect on the performance (Mann—Whitney
test, n=13, U=11.5, p>0.209). This non-random choice of
platform #4 suggests that some squirrels were able to use
information from the local artificial landmarks when all
other cues were unavailable. However, the squirrels’ abil-
ity to locate the food platform on this test was significantly
lower than during the Local Artificial/Temporary Land-
mark Shift experiment (two-tailed McNemar test, n=13,
p=0.039). These results imply that having only familiar ar-
tificial local landmarks is not sufficient for many animals.
In addition, the number of animals to choose platform #4
on the 90° Turn and the Parallel Shift tests was similar
(two-tailed McNemar test, n=13, p=1.0). It was hard to
tell whether certain individual squirrels performed consis-
tently better than others due to a small sample of individual
squirrels. Three animals made a correct choice and six an
incorrect choice in both experiments, while four squirrels
performed differently in two experiments. The comparison
between the 90° Turn and the Parallel shift experiments
suggests that the presence of a familiar route and natural
local landmarks appeared to be insufficient for many ani-
mals to locate the baited platform. Moreover, the presence



78

Fig. 4 Experiment 6: Parallel
Shift. The array was shifted a
distance of 4.13 m parallel to its
long axis to the other side of the
preferred burrow. Food was
present on platform #4. The
array’s location during training
is shown with dotted lines.
Since the tests were conducted
on the individual territories, the
position of the preferred burrow
with respect to the array was
unique for each squirrel. The
diagram represents the most
typical arrangement

of familiar global landmarks just around the food platform
in the 90° Turn test did not improve their performance.

The fact that squirrels went to the array in both tests
suggests that the array on its own served as an impor-
tant landmark. Ten animals went directly to the array, but
three squirrels first ran towards the training location of the
array. The behavior of these three animals is similar to
what was observed by Devenport and Devenport (1994). In
their experiments chipmunks and golden-mantled ground
squirrels did not use the appearance of the feeder to lo-
cate its position. When the feeder was moved the animals
first visited the original location rather than the clearly
visible feeder. In the present experiments the array was
set up on the field only during training and testing, while
the feeder was constantly present at the site in Devenport
and Devenport’s study. Perhaps, this explains that the ma-
jority of Columbian ground squirrels first looked for the
array.

Interestingly, in the 90° Turn and the Parallel Shift exper-
iments some squirrels that did not make the correct choice
(90° Turn: four out of eight; Parallel Shift: three out of
eight squirrels) tended to go to the platforms adjacent to the
4th platform (Fig. 3), implying that they paid some atten-
tion to the spatial arrangement of the platforms within the
array.

Comparisons among experiments suggest that the alter-
ation of global landmarks significantly affected perfor-
mance. Thus, when familiar global landmarks and route
were present animals did not seem to use the information
provided by the spatial arrangement of the array (exper-
iments 1-4). In the absence of known global landmarks,
however, animals attended more to the relative position of
the food platform within the array (experiments 5 and 6). It
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appears that the use of spatial intra-array cues depends on
how strongly other cues are manipulated.

General discussion

The goal of this study was to investigate landmark-based
navigation by a mammal under natural conditions and pro-
vide information for comparisons with laboratory findings.
The study demonstrated that an array of artificial feeders
can be used to test the importance of different landmarks
for orientation by wild rodents. A series of six experiments
revealed that squirrels disregarded information provided by
artificial local landmarks when a familiar route, natural lo-
cal, and global landmarks were available to them. However,
when known global landmarks were not present, animals
seemed to be able to refer to the spatial arrangement of
the array. For many individual squirrels, having a familiar
route and natural local landmarks in the absence of known
global landmarks was not sufficient for precise navigation.
Thus, although squirrels might have relied at least in part
on known trails when locating food, additional information
from the environment was necessary for highly accurate
navigation.

Several studies previously reported that some animals
tended to remember a goal with respect to landmarks near
it, while others ignored this type of information. For exam-
ple, European jays paid more attention to near landmarks
compared to more distant objects when looking for peanuts
(Bennett 1993). The direction of search in pigeons was also
more affected by manipulation of landmarks closer to the
goal (Cheng 1989). On the other hand, Clark’s nutcrackers
ignored objects or ground markings near their cache sites



(Balda et al. 1986). Mice also disregarded information pro-
vided by landmarks placed inside the testing arena when
looking for the nest entrance (Alyan and Jander 1994).
Therefore, the finding in experiments 1 and 2 that squirrels
ignored very ‘obvious’ local landmarks such as flags, the
ball, and the log is not surprising and seems to be similar
to behavior observed for some other animals.

Experiments 3 and 4 revealed that squirrels did not use
the spatial arrangement of the platforms when a familiar
route and global landmarks were present. These findings
are consistent with the results obtained in the laboratory
studies on cats and dogs. There, the animals did not mem-
orize the position of the correct screen relative to the other
screens when searching for an object hidden behind one
of screens in an array (Fiset and Dore 1996; Fiset et al.
2000). Similar results were obtained in maze experiments
with free ranging fox squirrels, which appear to ignore
local cues such as the color of the maze ladders or their
relative position with respect to each other, and base their
search for the reward on extra-maze landmarks (Jacobs and
Shiflett 1999). Interestingly, hummingbirds in analogous
field experiments demonstrated the use of both extra-array
and intra-array information (Healy and Hurly 1998). When
the array of widely spaced flowers (>0.40 m) was shifted
one spacing unit, the birds tended to return to the actual
spatial location of the rewarded flower based on the extra-
array cues. However, when the flowers in the array were
more densely spaced (<0.40 m), hummingbirds returned
to the correct flower position relative to the other flowers
in the array. The results of the current experiments with
squirrels seem to resemble the “wide spacing” situation in
hummingbirds.

The results obtained in experiments 14 suggested that
ground squirrels ignored local landmarks and attended pref-
erentially to global cues or a familiar route to the goal.
Since animals often approached food from their preferred
burrows, the route was expected to play an important role
in navigation. It seems unlikely, however, that memory of
a familiar route alone provided squirrels with sufficient
information to locate the food platform. In the 90° Turn
experiment, less than half of the animals picked the cor-
rect platform, in spite of the fact that a familiar route was
still present. Interestingly, platform #3 received more visits
than any other “incorrect” platforms. If animals had relied
only on a familiar route, they should have gone to plat-
forms #4 or #5, because the ladder of platform #5 during
the 90° Turn experiment was the closest to the position
of platform #4’s ladder during training. The fact that four
animals chose platform #3 instead suggests that squirrels
may also have relied on local landmarks within the array,
such as the log. In contrast, in the Parallel Shift experiment
more “incorrect” squirrels visited platform #5, indicating
that animals referred to the information provided by both,
the log and the ball, and/or platforms’ arrangement. The
selective attention only to the log in the 90° Turn experi-
ment is puzzling. Perhaps, in the 90° Turn experiment the
log was given more weight because it remained very close
to the training position while the ball and platforms (except
platform #4) were in the new location due to the nature of
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rotation. On the other hand, in the Parallel shift experiment
the whole array was in the completely novel location.

The results of the 90° Turn and the Parallel Shift
experiments demonstrated that animals attended to the
multiple types of cues. In the presence of familiar global
landmarks (experiments 1-4) it appeared as if squirrels
completely ignored local features of the array. However,
when the appearance of global landmarks was manipulated
(experiments 5-6), and it became obvious that subjects
also encoded some information about local features of the
array. The squirrels’ ability to find the correct platform
was significantly lower on the last two tests, indicating that
orienting with the help of proximal cues was a secondary
mechanism. The extent to which the squirrels relied
primarily on global landmarks as opposed to a familiar
route remains unclear. However, the fact that performance
on the 90° Turn (where the route was present) and the
Parallel Shift (where the route was absent) experiments
were similar suggest that squirrels used global landmarks
as a primary mechanism. Relatively poor performance in
experiments 5 and 6 could be also attributed to the fact that
animals found the new arrangement of local landmarks
disruptive. However, squirrels did not appear to behave any
differently before or when approaching the array during
these experiments compared to the first four experiments.

It is possible that in some cases ground squirrels rely on
olfactory cues to locate their food. However, odor cues are
unlikely to be consistently reliable in this habitat, which
is subject to high, frequently fluctuating wind. In addition,
even under favorable conditions squirrels must use other
mechanisms for locating a food patch when approaching it
from far away. In the present experiments, squirrels did not
depend on food odor to locate the correct platform, since all
the platforms contained oat shells. In experiments 1-4 food
was present on two platforms. However, none of the animals
went to the baited platform that was in the “incorrect”
position with respect to global landmarks. If squirrels had
used olfactory cues, at least some of them should have
visited the second baited platform. In addition, the fact that
in the 90° Turn and Parallel Shift experiments more than
half of the animals missed the correct platform suggests
again that olfactory cues are not the primary mechanism of
orientation in this case.

How animals utilize available landmarks can vary from
one sex to another (Williams and Meck 1993). Whether
male Columbian ground squirrels navigate in the same
way as females is not known, since only females were
used in this study. The observed behavior of female ground
squirrels was similar to what was reported for female rats
that they also paid attention to both local and distant cues in
their environment (Williams and Meck 1993). Moreover,
the present experiments took place during gestation and
lactation periods. As was shown previously with rats
and meadow voles, a hormonal state of an animal can
have an effect on navigational abilities and mechanisms
used (Gaulin 1993; Williams and Meck 1993). How the
hormonal state of gestation and lactation affects navigation
is not known. During this time females are nutritionally
stressed and spend most of their time foraging when above
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ground (Neuhaus and Pelletier 2001); as a result, they may
be especially motivated to remember good foraging loca-
tions. Since local landmarks are not as reliable as global
ones, it is not surprising that animals attend preferentially
to global features. Further research is needed to investigate
whether Columbian ground squirrel females and males
utilize the same mechanisms of navigation, and how the
hormonal state of the animals affects their navigational
ability.

Overall, these experiments suggest that female
Columbian ground squirrels rely on multiple types of cues
when orienting towards a food source. Local landmarks are
used only as a secondary mechanism of navigation, and are
not attended to when a familiar route and known global
landmarks are present. Further tests need to be done to in-
vestigate the relative importance of global landmarks and
routes for navigation.
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