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Calibration of retinal image size with distance
in the Mongolian gerbil: Rapid adjustment

of calibrations in different contexts

COLIN G. ELLARD, DARLENE G. CHAPMAN, and KAREN A. CAMERON
Mount Allison University, Sackville, New Brunswick, Canada

Mongolian gerbils were trained to jump from one platform to another across a gap whose size
varied randomly from trial to trial. In test sessions, probe landing platforms differing in width
from those used in training were used, and the distance that the animals jumped was measured.
The first experiment demonstrated that the gerbils learned to calibrate the retinal image size
of the landing platform with its distance and that they could learn more than one calibration
at a time. The second experiment provided evidence that such calibrations are rapidly adjusted
to environmental contingencies. These findings suggest that retinal image size might be a use-
ful distance cue for gerbils in a variety of ecological contexts.

A growing body of evidence suggests that Mongolian
gerbils are capable of estimating the absolute distance of
visual objects with remarkable accuracy (Ellard, Goodale,
MacLaren-Scorfield, & Lawrence, 1986; Ellard, Goodale,
& Tinmey, 1984; Goodale, Ellard, & Booth, 1990). In
this work an experimental task was used in which gerbils
were required to jump from one platform to another. The
distance between the two platforms ranged from about one
to three body lengths and was varied randomly from trial
to trial (see Ellard et al., 1984, for details). Not only do
normal gerbils rarely fail to complete a jump in such a
task, but they also display good economy of effort, sel-
dom overjumping the edge of the landing platform by
more than 2 or 3 cm. Most past work has been devoted
to discovering the sources of visual information that al-
low gerbils to perform so well, and to study the ways in
which gerbils might take advantage of multiple sources
of distance information in a relatively unconstrained task.

Past work has shown that retinal image size (RIS) is
an important source of distance information for gerbils
(Goodale et al., 1990). In these experiments, gerbils were
trained to jump to a landing platform of a particular and
unvarying width. After training, the gerbils were presented
with sets ofprobe trials embedded within a series of nor-
mal training trials. On the probe trials, landing platforms
of different widths were substituted for the normal land-
ing platform. The gerbils made errors that could be pre-
dicted on the basis of the assumption that they were using
RIS information to calibrate the distance to the landing
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platform. That is, wider probe trials resulted in under-
jumps and narrower probe trials resulted in overjumps.

In order for retinal image size to be useful, it is neces-
sary to have access to information about the real physica]
size of the goal object. In some cases, the sizes of goal
objects may be relatively invariant. Such goal object5
could include conspecifics, predators, or prey (Collett &
Land, 1975; Via, 1977). In such cases, the calibratior
between image size and physical distance might be rela-
tively stable over the lifetime of the animal. In other cases,
the physical size of a goal object might be learned as th~
need arose through a series of exposures. Such cases
would include the negotiation of environmental objects
in a familiar home territory (Cartwright & Collett, 1979).
Although both types of cases are worthy of investigation.
the experiments carried out so far fall into the lattei
category.

If retinal image size is to be a generally useful sourcc
of distance information, it seems reasonable to expect ger-
bils to be able to learn more than one calibration at a time.
and to use each calibration in the appropriate context. Th~
purpose of the present set of experiments was to deter-
mine whether gerbils could learn such multiple calibra-
tions and use them effectively.

EXPERIMENT 1

In this experiment, we set out to train gerbils to jumf
in two different contexts, using a different-sized landinf
platform in each one. In the test sessions, a probe land
ing platform was used that was approximately halfwa3
in width between the landing platform used on one ap
paratus and that used on the other. In this experiment
therefore, the gerbils were required to learn two calibra
tions between retinal image size and physical distance an
to use each of these calibrations in the appropriate con
text. In this case, the context consisted of a particula~
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width of landing platform, as well as ambient visual in-
formation present in the room. Since the same landing
platform was used for some of the probe trials in both
contexts, we predicted that the gerbils would produce both
overjumps and underjumps on these trials, depending only
on thecontext in which the probe platform was presented.

Method
Subjects. Seven adult Mongolian gerbils (Men ones unguicula-

tus) were used. Thegerbils were housed individually in Plexiglas
cages and were provided with ad-hib access to water. Measured
amounts of Purina lab chow were fed to thegerbils onceevery 24 h
to keep them at approximately 90% of free-feeding weight. The
gerbils were maintained on a 12:12-h light:dark schedule and were
always tested during the light phase.

Apparatus. The jumping stand consisted of a takeoff platform
(19 cm wide x 19 cm high x30 cm long) and a set of five landing
platforms ranging in width from 13.5 to 28 cm but with constant
height (19 cm) and length (23 cm). The takeoff and landing plat-
forms were placed on one oftwo tables in the testing room. Each
table was illuminated from above, and a background was placed
behind the landing platform at a constant distance of 80 cm from
the leading edge of the takeoff platform. The background for one
table consisted of randomly distributed filledblack circles ofvary-
ing size, and the background for the other table consisted of ran-
domly distributed lines varying in length and orientation. The back-
grounds were used to provide additional contextual information.

Training. The animals were divided into two groups (n = 3 and
n = 4). One group was trained with the narrowest platform in one
context and the widest platform in the other context. For the other
group, the converse arrangement was used. Trainingconsisted of
placing the animal on the takeoff stand and placing a single sun-
flower seed on the landing platform, 3 cm from the leading edge.
Initially, the takeoff stand and the landing platform were placed
in contactwith one another. Overthe course of training, themean
distance between the takeoff and landing platforms was gradually
increased, until all the gerbils could successfully and consistently
jump a distance of 34 cm. During training, the context (and hence
the size of the landing platform) was varied randomly from trial
to trial.

Testing. Testing was conducted over 7 days. Each test session
consisted of a set of 30 trials. Fifteen of the trials were conducted
on each of the two jumping stands. Distances were variedrandomly
and ranged from 10 to 34 cm in 3-cm increments. On 18 of the
trials, the same landing platform was used on each jumping stand
as had been used for training. The remaining 12 trials were probe
trials in which the usual landing platform was replaced by another
platform of a different width. Three probe landing platforms were
used (P1, width = 15.5 cm; P2, width = 20 cm; P3, width =

26 cm). Each animal received two probe trials at each of the dis-
tances 16, 22, and 28 cm on each of the two jumping stands. Each
set of two such probe trials consisted of one trial with P2 and the
other with either P1 or P3. P1 wasused if thenarrow trainingplat-
form had been used on the jumping stand on which the trial took
place. P3 was used if the wide training platform hadbeen used on
the jumping stand on which the trial was to take place.

OnTest Days 1 and4, thecontext in which a test trial took place
was varied from trial to trial (mixed condition). On Test Days 2
and 3, the animals received 15 consecutive trials in one context and
then 15 consecutive trials in the other context (separatecondition).
The order in which the two contexts were presented was counter-
balanced among animals. Retraining sessions of 18 trials each were
intercalatedbetween testing days. On all such retraining days, the
distance and the context were varied randomly from trial to trial.
Thepurpose of these retraining days was to minimize the cumula-
tive effect of repeated exposure to probe platforms during testing.

Analysis. Thegerbils were videotaped using a CCD videocamera
equipped with a high-speed shutter. Images from single frames of
videotape were transferred to a microcomputer, using a frame-
grabbing interface. The images were scaled and the touchdown lo-
cationof theforepaws was measured. In thecases in which animals
jumped short of the landing platform, touchdown location was taken
to be the point at which the forepaws crossed the horizontal plane
joining the takeoff and landing platforms.

Results
Figure 1 shows the effect of presentation of probes in

each of the testing conditions (mixed and separate). As
can be seen from the figure, the effect of presenting a
smaller probe platform was to produce an overjump rela-
tive to control performance and the effect of presenting
a larger probe was to produce a relative underjump
[mixed, F(3,18) = 8.68,p < .001; separate, F(3,18) =

55.2, p < .0011. Furthermore, the size of the probe ef-
fect was related to the difference in size between the train-
ing platform and the probe platform. Smaller differences
between these two platforms resulted in smaller devia-
tions from control performance on probe trials. A com-
parison between testing conditions suggests that the probe
effects in the separate condition were considerably larger
than those in the mixed condition [F(3,226) = 4.87,
p < .01], especially at longer distances.

Discussion
The results of Experiment 1 suggest that gerbils use reti-

nal image size to calibrate the amplitude ofjumps tovisual
objects. In the present experiment, as in previous work
(Goodale et al., 1990), manipulations of the physical size
of the landing platform produced systematic errors in jump
accuracy that were related to the retinal image size of the
object. Not onlydid the directions of these errors accord
with our predictions (overjumps for smaller landing plat-
forms and underjumps for larger landing platforms), but
the magnitude of the differences was related to the size
of the difference between probe and control landing plat-
forms. As in previous studies, the absolute magnitude of
the errors produced on probe trials was somewhat smaller
than would be predicted if the gerbils were using retinal
image size cues alone. This suggests that they are using
more than one of the available sources of depth informa-
tion in the task, and that they are weighting estimates that
have been obtained from these multiple sources of infor-
mation (Ellard et al., 1984; Goodale et al., 1990).

The data contain strong evidence that gerbils are able
to learn more than one calibration between retinal image
size and physical distance at a time, and to use each
calibration in the appropriate context. The best evidence
for this comes from the comparison of performance on
probe trials for which large overjumps and large under-
jumps were predicted. It should be borne in mind that,
for both of these sets of probe trials, the identical probe
platform was used. This platform, being intermediate in
size between the two training platforms, would be inter-
preted as being either closer to the animal or farther away
from it, depending only on the control platform that the
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Figure 1. The effect of four different types of probe platform on
landing position. Data are summed over animals. Each data point
represents an average ofdifference scores. The difference scores were
calculated by subtracting the landing position on a probe trial from
the landing position on a control trial conducted on the same day,
in the same condition, and at the same distance. Filled circles: trials
where probe platforms were smaller than control platforms. Open
circles: trials where probe platforms were larger than control plat-
forms. Small circles: trials where probe platforms differed slightly
from control platforms. Large circles: trials where the differences
between control and probe platforms were larger. Error bars
represent standarderror and, for clarity, are shown only for trials
with predicted large over- or underjumps. (A) Mixed condition.
(B) Separate condition.

animal expected. The only guide to the formulation of this
expectation would be the context in which the task was
to be performed.

In general, the effect of probe trials was greater when
the test sessions consisted of two sets of consecutive trials
in each context than when the two contexts were presented
randomly from trial to trial. A straightforward interpre-
tation of this difference is that in the separate condition,
the distance estimate obtained from retinal image size was
weighted more heavily than it was in the mixed condi-
tion, perhaps because the reliability of an RIS estimate
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would correlate with the animals’ ability to identify the
context. Normally, a gerbil that was required to remem-
ber the sizes ofobjects on the basis of their locations would
move from one place to another under its own control.
This movement, and the sensory stimuli to which it would
expose the animal, would likely be a rich source of in-
formation regarding its location. Although our procedures
eliminated much of this information, there were more op-
portunities for the gerbils to recognize their location in
the separate condition than in the mixed condition. When
an animal is tested repeatedly in one context, its confi-
dence that it is in that context and not another one will
be likely to increase over the course of the testing ses-

30 sion. Our mixed condition deprivedthe gerbils of the lux-
ury of consistent exposure to a single context, and prob-
ably made it more difficult for them to determine where
they were.

EXPERIMENT 2

In Experiment 1, we demonstrated that gerbils relied
more heavily on retinal image size cues in the separate
condition than in the mixed condition. One possible rea-
sonfor this, as described above, is that repeatedexposure
to a single context increased the animals’ confidence in
a particular calibration. Anotherpossibility is that, rather
than retrieving calibrations on the basis of context, the
gerbils were rapidly reformulating these calibrations us-
ing feedback from the immediately preceding jumps. In

—, order to test this directly, we conducted a secondexperi-
30 ment in which animals were trained using only one size

of training platform. In the testphase, they were presented
with a probe landing platform that was either larger or
smaller than the training platform, for a block of nine
trials. If gerbils are capable of rapidly forming RIS
calibrations (as opposed to rapidly retrieving them), then
we would expect to seeevidence ofthis recalibration during
the course of the nine successive probe trials in a session.

Method
Subjects. Five male 3-month-old gerbils were used. Housing and

maintenance scheduleswere the same as those used in theprevious
experiments.

Procedure. The animals were trainedto jump across a gap, us-
ing the operant methods described above. Initially, all animals were
trained to jump to aplatform20 cm wide until they could success-
fully and consistently clear a 34-cm gap. Following this training
regimen, the animals were required to complete a session of 19
jumps for 6 consecutive days. Each test session consisted of 5 trials
with the training platform, followed by 9 consecutive trials with
a probe platform and then 5 trials with the training platform. The
distances used for each trial were randomized, but for each ses-
sion, thedistances used for the last training trial (Al), thefirst probe
trial (Bi), the last probe trial (B2), and the first training trial after
probes (A2) were identical. Eachanimal was tested in one session
in whicheach of thedistances 16, 22, and 28 cm occurred in these
trial positions. Hence, each animal received a total of three test ses-
sions. The order of distance presentations at critical trial locations
was randomized among animals. Threeretraining sessions were in-
serted between the test sessions in order to minimize day-to-day
carryover effects. These retraining sessions consisted of 19 trials

20 25

Distance (cm)

20 25

Distance (cm)
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with randomized gap distances but with the same landing platform
for each trial.

The animals received the test regimen described above twice. For
one series of sessions, a probe platform smaller than the training
platform was used (13.5 cm wide), and for the other series of ses-
sions, a larger probe platformwas used (28 cm wide). Three animals
were testedwith the largerprobe platformfirst, and 2 animals were
tested with the smaller probe platform first.

Results
Figure 2 shows the mean landing positions of animals

on Trials Al, Bl, B2, A2, summed over all distances
tested.

Strong probe effects were seen both when a smaller
landing platform was substituted [F(3,15) = 8.23, p <

.002] and when a larger platform was used [F(3,15) =

6.50, p < .005]. The smaller probe platform caused a
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Figure 2. Mean landing position for four different trials in Ex-
periment 2. Al is the last trial with the standard landing platform
before switching to the probe platform. B! is the first trial on the
probe platform. B2 is the last trial on the probe platform. A2 is the
first trial after switching back to the standard platform. Data are
summed over 3 test days, three distances, and all animals. Error
bars represent standard errors of mean. (A) Standard platform is
replaced with a smaller probe platform. (B) Standard platform is
replaced with a larger probe.

significant overjump on Trial B1 relative toTrial Al per-
formance (Newman-Keuls, p < .05). There were no other
significant differences between trial positions, although
the difference between B 1 and B2 (both on the probe plat-
form) fell just short of significance (p < . 1). When the
larger probe platform was used, significant underjumps
occurred on Bl relative to Al (p < .05), and these
underjumps had been corrected by B2 (p < .05). Substi-
tution of the training platform on A2 caused significant
overjumps relative to both B2 (probe platform) and Al
(training platform) (p < .05 for both comparisons). The
effect of trial day was not significant for either larger or
smaller probe platforms [F(2,32) = 2.06 and 1.97, respec-
tively]. There was no evidence for an interaction between
trial day and probe type [F(6,32) = 0.49 and 0.33 for
smaller and larger probes, respectively].

Discussion
It is not at all surprising that strong retinal image size

effects were observed in the transition from Al to B 1 in
this experiment. These effects were present in both con-
ditions (larger or smaller probe trials) and were very simi-
lar to effects that have been observed under similar con-
ditions both in the present set of experiments and in earlier
work. Much more interesting is the difference between
mean landing position on B1 and B2. All intervening test
trials were conducted on the same-sized landing platform,
and the gerbils proved to be able to compensate for the
change inplatform size over the course of nine trials, such
that their landing position on B2 was about the same as
it had been before any probe manipulations. This rather
rapid recalibration is reminiscent of that seen in previous
work (Goodale et a!., 1990). Even more compelling evi-
dence that recalibration has taken place is seen in the
differences between landing positions on B2 and A2. The
appearance of an image size effect running in the oppo-
site direction to that seen at the Al/B 1 transition suggests
that the recalibration that the gerbils carried out involves
more than merely changing the force of the jump on the
basis of feedback from previous trials, and must also take
into account the visual angle subtended by the landing
platform.

In summary, the results of Experiment 2 provide evi-
dence that rapid calibration is possible. By presenting ger-
bils with an entirely new landing platform for only nine
trials, we were able to produce probe effects that were
indistinguishable from those usually seen after many
weeksof training animals to use one particular calibration.

GENERAL DISCUSSION

The experiments reported here provide further evidence
that retinal image size is a useful cueto absolute distance
in the Mongolian gerbil. The results suggest that gerbils
are capable of using RIS information in two ways that
have not been investigated directly until now. In Experi-
ment 1, we showed that gerbils could learn two separate
calibrations between the visual angles of objects and the
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force required to jump to those objects. We also showed
that gerbils were able to retrieve the correct calibration
in the appropriate context. The best evidence for this was
the presence of significant probe effects in the mixed con-
dition in Experiment 1, in which gerbils were randomly
moved from one context to anotheron a trial-by-trial ba-
sis. Finally, in Experiment 2, we showed that gerbils were
able to recalibrate RIS information very rapidly.

Together, these findings suggest that retinal image size
may be a more useful source of distance information for
gerbils than might otherwise havebeen assumed. The first
finding suggests that gerbils in their natural habitat can
use retinal image size to judge the distance to a number
of objects. This type of skill might be particularly useful
for an animal that requires frequent and accurate updates
of its location with respect to salient environmental fea-
tures, such as the location of refuges. The second find-
ing suggests that even in cases in which a gerbil has had
no previous exposure to a particular object, it is capable
of forming a calibration between RIS and distance very
rapidly. Since a great deal of gerbil behavior (and animal
behavior in general) involves repetitive movements from
one place to another (foraging and hoarding, for exam-
ple), there would probably be ample opportunity to form
such calibrations as the need for them arose.

In light of themultiplicity of sources of depth informa-
tion in any three-dimensional visual array, it is somewhat
surprising that so little attention has been paid to mecha-
nisms that might serve to combine these sources in an op-
timal way. Perhaps the most ambitious attempt in this
regard was the work of Freeman (1966, 1970). To our
knowledge, Freeman was the first to make the distinc-
tion between the two types of factors that might contrib-
ute to the relative weighting of visual information in a
depth task. Most of his work was devoted to the investi-
gation of the optical and geometrical limitations of depth
cues (psychophysical factors), but he also suggested that
other types of factors such as perceptual learning and ex-
pectancy (psychogenic factors) might operate in a depth
task as well. More recently, Collett and Harkness (1982)
have given a briefquantitative treatment of one possible
mechanism of cue combination based on information the-
ory, but they were primarily concerned with optical and
geometric factors. Although cue conflict studies are
presently rather popular (Braunstein, Andersen, Rouse,
& Tittle, 1986; Nawrot & Blake, 1989), they are most
often used in human psychophysical studies to test for de-

pendencies among depth cues (in studies of aftereffects,
for instance) rather than to study the ways in which be-
having animals might normally integrate several indepen-
dent pieces of information. In our work, gerbils are forced
to make a single computation of absolute distance on each
trial. In this way, we can obtain quantitative estimates of
perceived distance that are scaled relatively directly. Fur-
thermore, by presenting misleading distance information
for one particular cue, and by manipulating the reliabil-
ity of that information, it has been possible to examine
the operation of both types of factors involved in com-
bining distance estimates.
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