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The role of dynamic depth cues in distance estimation was investigated in the Mongolian gerbil. Animals were trained to jump 
randomly varied distances on a jumping stand under both binocular and monocular conditions. Videotape analysis revealed that 
prior to jumping, the gerbils executed a series of vertical head movements, the amplitude and velocity of which were related to 
the gap distance and to each animal's accuracy. This suggested that the gerbils were employing motion parallax cues to judge 
distance. An inverse relation between the magnitude of forward movement and the frequency of vertical head movements 
suggested that loom cues were also being used to judge distance. This hypothesis received support from a second experiment 
in which forward movements were constrained by a short take-off platform. In this condition, frequency of vertical head 
movements increased, suggesting that a compensation had occurred for the loss of information from loom. 

INTRODUCTION 

Dynamic cues to depth such as loom and 
motion parallax can provide a moving animal 
with precise information about the depth and 
distance of different surfaces in the world through 
which it is moving. While the utility of dynamic 
depth cues is well documented in m a n  13'15, the use 
of such cues in lower animals has seldom been 
demonstrated although it is often assumed. 

In a variety of experiments in which animals 
have been required to make depth judgements, a 
number of species have been shown to execute a 
series of oscillations of the head prior to the 
performance of the t a s k  1'2"1°,16-18. While the sug- 
gestion has been made that the purpose of these 
head movements is to judge distance by gener- 
ating motion parallax cues, this claim has been 
substantiated only in the locust 2'~8. 

In a pilot study in which Mongolian gerbils had 
been trained to jump between two raised plat- 
forms, we noticed that they often executed a series 
of vertical translation movements of the head 
before jumping. The purpose of the present study 
was to determine whether these movements were 
being used to generate motion parallax cues. If so, 
one might predict that the dynamics of these 
movements should be systematically related to 
the task parameters (the size of the required jump, 
for instance) and to the animals's jumping per- 
formance. Measurements of the amplitude, veloc- 
ity and frequency of these movements were ex- 
tracted from videotapes made of the gerbils as 
they prepared to jump over the gap between the 
two platforms. These parameters could then be 
systematically related to the distance of the re- 
quired jump and the accuracy of the gerbil's per- 
formance. 
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METHODS 

Subjects 
Ten Mongolian gerbils (Meriones unguiculatus) 

approximately 90 days of age at the beginning of 
training were used. They were housed individually 
in a colony room on a 12 : 12 h light-dark sched- 
ule. During training, animals were maintained at 
80-859/0 of their free feeding weight. Once they 
had begun to perform well, they were maintained 
at 95-100~ of their free feeding weight. Water 
was always freely available in the home cage. 

Apparatus 
The jumping apparatus consisted of two raised 

platforms 21 cm high and coated with coarse 
sandpaper to aid traction (Fig. 1). The 'take-off" 
platform included a rectangular pre-jump area 
(20 x 18 cm) which was continuous with a short 
tapering take-off strip (8 cm long, 7.5 cm base 
width, 4 cm apical width). A rectangular landing 
platform (30 x 27 cm) could be located at dif- 
ferent distances from the take-off platform. A 
large background measuring 87 x 60 cm and con- 
sisting of 1 cm grey and white squares organized 

in a random pattern was placed 71 cm behind the 
leading edge of the take-off platform. From this 
distance the squares subtended a visual angle of 
0.81 °, well within the acuity limits of the gerbil 1. 

Both platforms were uniformly illuminated 
from above by the reflected light from a photo- 
flood lamp. 

Procedure 
Before any jumps were videotaped, each animal 

received at least 250 training trials on the jumping 
apparatus. Each animal was trained first to step 
across a small gap separating the take-off plat- 
form from the landing platform in order to obtain 
a shelled sunflower seed placed in the middle of 
the landing platform. Over successive trials, the 
gap distance was varied randomly but the mean 
size of the gap was gradually increased. Each 
animal received 25 of these training trials in a 
single session every 2 days until it had successfully 
jumped a distance of 35 cm. 

Following this training period, the 10 animals 
were each given 4 sessions of 26 test trials at 
distances ranging from 10 to 35 cm in 1 cm incre- 
ments. Both the order of the distances required to 
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Fig. 1. A schematic diagram of the apparatus used to test visually guided jumping in the gerbil. The inset illustrates vertical (V) 
and horizontal (H) displacements of the head. 



be jumped and the order of the animals tested at 
a given distance were randomized. A trial con- 
sisted of placing an animal on the back of the 
take-off platform facing away from the landing 
platform for a period of 1 rain or until the animal 
concluded the trial by jumping from the take-off 
strip. Whether the animal succeeded in reaching 
the landing platform or not, every jump was 
scored as a trial and was treated in the same way 
in all subsequent analyses. These 4 sessions of 
test trials constituted Condition B 1, the first set of 
binocular test sessions. 

After each animal had completed Condition 
B 1, it was tested in 3 further sets of test sessions, 
two monocular (Conditions M 1 and M2) and one 
binocular (Condition B2). Testing under each of 
these conditions again consisted of 4 sessions of 
26 test trials. 

Before monocular testing began, each animal 
had the lids of one eye sutured closed under deep 
sodium pentobarbital anesthesia (50 mg/kg). The 
eye was sutured closed without resecting the eye 
lids to permit easy reopening at the end of monoc- 
ular testing. A generous application of antibiotic 
cream applied to the sutured eye at the start of 
each test session ensured that the eye was effec- 
tively occluded. After the two sets of monocular 
testing were completed (one session per day for 
8 days), the closed eye was reopened under anes- 
thesia and, following 7 days of recovery, the ani- 
mals were tested in the final binocular test 
sessions (Condition B2). 

The performance of each animal on these 4 sets 
of test sessions (Conditions B 1, M1, M2 and B2) 
was recorded by means of two videocameras. The 
field of view of one camera, an Ikegami ITC-47, 
included the take-off strip and the front 3 cm of 
the pre-jump area. This camera therefore pro- 
vided a magnified image of the animal's head prior 
to the jump. The field of view of the other camera, 
a Sony RSC-1050 fitted with a high-speed rotary 
shutter, included the take-off strip and at least one 
third of the landing platform. This camera was 
used to record the trajectory of the jump. The 
images from both cameras were synchronized and 
fed through a Tokina TW-104 splitter to a TEL 
video counter-timer which added a time display to 
the screen image with a resolution of 10 ms. The 
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combined image was then stored on a video- 
cassette recorder. 

In a final experiment, 6 of the gerbils were tested 
binocularly in a further condition in which the size 
of the take-off platform was reduced by requiring 
the animals to jump from a small 5 x 5 cm plat- 
form attached to a retort stand. Each animal was 
videotaped as it jumped randomly ordered dis- 
tances that ranged from 10 to 34 cm in 3 cm 
increments. Each animal received 4 trials at each 
distance tested. 

Analysis 
To quantify the movements of a gerbil both 

before and during a jump, each 'frame' of the 
videotape record was projected from a television 
monitor onto an X - Y  digitizing tablet via an 
opaque projection system 1 a. The digitizing tablet 
was linked to an Apple II Plus microcomputer. 
By plotting the position of various body parts of 
the gerbil in Cartesian coordinates on successive 
frames of videotape (frame speed = 30 frames/s), 
the following measurements were extracted from 
the videotape records of each trial: 

(1) Head movements. A head movement was 
defined as the occurrence of at least two con- 
secutive frames of upward or downward move- 
ment of the head in the period before the animal 
initiated a jump. The reference point for these 
movements was always the animal's eye (Fig. 1). 
Individual movements of the head were separated 
by pauses (where a pause was defined as at least 
two consecutive frames of immobility). For each 
head movement, the time of onset, duration, mag- 
nitude and velocity of the vertical displacement of 
the head was recorded. 

(2) Leg movements. For each forward move- 
ment of the rear legs, the time of onset, duration, 
and magnitude of the horizontal displacement of 
the head was recorded. A leg movement was 
defined as beginning when one or both rear paws 
were lifted from the take-off platform and ending 
when both rear paws resumed contact with the 
platform. The reference point for the horizontal 
displacement was the animal's snout. 

(3) Trajectory. The trajectory of the jump was 
also recorded. The beginning of the jump was 
defined as the last frame in which at least one 
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forepaw was in contact with the take-offplatform. 
The end of the jump was defined as the first frame 
in which at least one forepaw was in contact with 
the landing platform or, in the case of missed 
jumps, the first frame in which a forepaw reached 
the same height as the top of  the landing platform. 
The trajectory of the jump was reconstructed 
from the position of  the animal's snout on suc- 
cessive frames of videotape. The touchdown posi- 
tion of the forepaws on the landing platform was 
recorded for all correct jumps. 

This analysis was performed on all trials for the 
first two sessions of Conditions B1, M1, M2 and 
B2 and on all trials of the last experiment with the 
small take-off platform. 

RESULTS 

All the gerbils learned to jump over the gap 
separating the two platforms with little difficulty. 
As Fig. 2 illustrates, the magnitude of their jump 
was strongly correlated with the size of  the gap. 
Moreover, their jumps on test trials were quite 
accurate despite the fact that the size of the gap 
on any one trial was randomly determined. 

The frequency of vertical head movements 
preceding the jump also varied as a function of the 
gap distance. The movements were divided into 
two categories: those with a vertical displacement 
smaller than 1.5 cm, and those with a vertical 
displacement equal to or larger than 1.5 cm. This 
value was chosen because it corresponds to the 
average interocular distance in the gerbil. 
Theoretically then, head movements that were 
smaller than this value would have provided less 
information about depth than that supplied by 
binocular disparity. The relationship between the 
frequency of these two classes of  movement and 
the size of the gap is illustrated in Fig. 3. As this 
figure illustrates, the number of head bobs in both 
classes increased as a function of  gap size in all 
4 test conditions. It can be seen, however, that the 
relationship between the number of head bobs 
and the distance required to be jumped was far 
less pronounced in Condition M1 than in the 
other 3 conditions (see below). This appeared to 
be due largely to an increase in the number of head 
bobs (particularly those equal to or larger than 

1.5 cm) at shorter gap distances in Condition MI. 
Thus, in contrast to Condition B i, where a total 
of only 28 large-amplitude head bobs were made 
by the 10 animals at gap distances of less than 
23 cm, in Condition M1, this number had risen 
more than 4-fold to 131. By Condition M2, the 
number of large-amplitude movements preceding 
jumps of less than 23 cm had fallen to 75 and by 
Condition B2 to only 23. This pattern of  results 
is borne out by the correlations between gap 
distance and the proportion of head bobs that 
were equal to or larger than 1.5 cm. While these 
correlations were highest in conditions B1, M2 
and B2 (r = 0.65, t24 = 4.19, r - 0.50, t24 = 2.83 
and r = 0.73, t24 -- 5.23, respectively, P < 0.01), 
the correlation was lowest for condition M1 
(r = 0.40, t24 = 2.14, P < 0.05). Since the ampli- 
tude and the peak velocity of  the head movements 
were strongly correlated (r = 0.86, t375v = 103.3, 
P <  0.0001), the proportion of high velocity 
movements of the head also increased as a 
function of the distance to be jumped. 

At the end of a head movement, particularly a 
large one, a very small 'rebound' movement was 
often observed, perhaps indicating the action of 
antagonistic muscle groups during the deceler- 
ation phase of the movement. These rebound 
movements and the significant correlation ob- 
tained between peak velocity and amplitude of  
head movement suggested that the head move- 
ments were ballistic. To test this nouon, the rela- 
tionship between the initial acceleration phase 
and the peak velocity of  the head movements was 
examined. Ballistic movements tend to have simi- 
lar durations regardless of their amplitude and 
consequently exhibit a strong relationship 
between acceleration and peak velocity. The cor- 
relation between peak velocity and acceleration 
for the head bobs was r = 0.78 ( /3757  = 76.4, 
P < 0.001). 

In all conditions, there was considerable varia- 
bility in the number of head bobs produced by 
individual animals. Nevertheless. as Fig. 4 shows. 
the number of animals producing head bobs was 
strongly correlated with the distance they were 
required to jump. The measure used in this anal- 
ysis was the proportion of trials on which at least 
one head bob occurred. Again the performance of 
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animals during Condition M 1 was different from 
their performance in the other 3 conditions. Dur- 
ing this first monocular condition, the proportion 
of animals producing head bobs was markedly 
raised, particularly at short distances. Indeed, 
when the ratios between these proportions in 
Conditions M1 and B1 were calculated for each 
gap distance (Fig. 5), there was a strong relation- 
ship between the size of this ratio and the distance 
required to be jumped (r = -0.76,  t24 = 5.73, 

P < 0.001) suggesting that the production of head 
bobs during Condition M 1 was selectively raised 
at short distances. Although the proportion of 
animals producing head bobs was also slightly 
higher during Condition M2 as compared to both 
binocular testing conditions, the same selective 
increase in the production of head bobs at short 
distances was not observed. 

Although in most of the test sessions the num- 
ber of head bobs increased as a function of the 
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Filled circles represent head movements larger than or equal to  1.5 cm. Each experimental condition is plotted separately. 

distance the gerbils were required to jump, the 
question remained as to the relationship between 
head bobs and the accuracy of  the jump. Since the 
large landing platform did not place a significant 
demand for accuracy upon the animals, it was 
difficult to establish what an optimal jump should 
look like. In order to quantify the accuracy of  an 
animal's performance, it was assumed that only 

those animals judging distance accurately would 
be consistent from trial to trial. Olson 12 has 
shown that cats exhibit such trial,to-trial con- 
sistency in a jumping task. Thus, variance in 
landing position could be used as a measure of  the 
accuracy of  an animal's judgement of  depth. It 
was then possible to relate this measure of  accu- 
racy to a measure of  head bob incidence. Head 
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d a t a  po in t  r e p r e s e n t s  a p r o p o r t i o n  c a l c u l a t e d  ove r  20 t r ia ls  (10 a n i m a l s  x 2 t r i a l s / an imal ) .  E a c h  cond i t i on  is p lo t t ed  sepa ra t e ly .  

bob incidence (HBI) was defined as the propor- 
tion of trials on which at least one head bob was 
observed. This statistic is preferable to a simple 
count of the mean or total number of head bobs 
since it is free from the assumption that a longer 
series of head bobs yields more information than 
a shorter series. Table I shows the correlation 
coefficients between landing position variance 
and head bob incidence calculated over the 10 
animals for each session of the 4 different con- 
ditions. Two correlation coefficients were calcu- 
lated: one in which HBI incorporated all observed 

head bobs, and another in which HBI took 
account of only those head bobs whose amplitude 
was equal to or exceeded 1.5 cm. This second 
calculation eliminated any inflation of HBI scores 
by small and potentially uninformative head 
movements. While the correlations between land- 
ing position variance and the total number of head 
bobs were low and the overall coefficient was 
insignificant (r = -0.15, d f =  56, z = 1.12, 
P >  0.1), the correlations with the larger head 
bobs were stronger and the overall correlation 
coefficient was significant at the 0.05 level 
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d i t i o n  B 1. T h i s  r a t i o  is p l o t t e d  as  a f u n c t i o n  o f  g a p  d i s t a n c e .  

(r = - 0.33, df = 56, z = 2.47, P < 0,05). In other 
words, the greater an animal's propensity to pro- 
duce large head bobs, the more consistent was its 
landing position across trials. 

Head bob incidence was also related to an 
animal's readiness to initiate a jump. During the 

T A B L E  1 

Correlations o f  landing position variance with head bob incidence 
and large amplitude head bob incidence 

Condition Session All head Head bobs 
bobs > = 1.5 cm 

B1 1 - 0 . 1 6  - 0 . 1 8  
B1 2 - 0 . 0 1  - 0 . 4 3  

B2 1 - 0.41 - 0.71 

B2 2 - 0 . 1 0  0,01 

M 1 1 - 0.22 - 0,49 

M 1 2 - 0.26 - 0.33 

M 2  1 - 0.36 0.29 

M 2  2 - 0.46 - 0.33 

O v e r a l l  m e a n  - 0.15 - 0.33* 

* P < 0.05. 

first few trials of Condition M1, for example, 
several animals showed an extreme disinclination 
to jump at any distance at all. This disinclination, 
quantified as the number of  attempts - where the 
animal positioned itself on the extreme edge of the 
take-offplatform- divided by the number of trials, 
was strongly related to HBI in the previous bin- 
ocular sessions (Condition B I ) Those animals 
that had bobbed their heads the most when both 
eyes were open had the least difficulty in jumping 
in the monocular condition (r = -0.69, 4 = 2.7 
? < 0.025). 

Since animals were able to jump accurately on 
many occasions without making any head bobs at 
all, it was clear that other cues to depth were 
available. Loom cues produced by forward pro- 
gression on the take-off platform could have been 
one such source of information. The size of such 
forward movements can be calibrated with the 
change in image size to provide information about 
distance. To investigate the relationship between 
potential loom cues and the parallax information 
derived from head bobbing, the mean forward 
movement of each animal during the final re- 
corded leg movement was calculated. Since small 
reflex leg movements sometimes accompany 
flexion of the neck 14, only trials that did not 
contain head bobs were used in calculating this 
value. In this way, the confounding influence of 
non-locomotory movements on the calculation of 
a typical step size for each animal was minimized. 
Since gerbils typically locomote in saltatory 
fashion, with rapid forward movements alter- 
nating with pauses, the most efficient loom cues 
are probably those that are generated during a 
single movement rather than those that are gener- 
ated across several movements. Furthermore, 
since the last forward movement before a jump 
generates the largest change in image size (since 
this movement brings the animal closest to the 
target), there is some basis for believing that the 
amount of horizontal displacement during the last 
step before a jump provides a reasonable index of 
the amount of loom information that is available 
to an animal. Table II shows the correlation 
coefficients between mean step size and head bob 
incidence calculated over the 10 animals for each 
session of the 4 test conditions. In most sessions. 



TABLE II 

Correlations between head bob incidence and mean step size 

Condition Session r 

B1 1 -0 .71  

B 1 2 - 0.60 

B2 l - 0.49 

B2 2 -0 .58  

M 1 1 - 0.79 

M1 2 -0 .39  

M2 1 0.14 

M2 2 - 0.64 

Overall mean - 0.59* 

* P < 0.01. 

mean step size and head bob incidence were 
inversely related: the larger an animal's step size, 
the less often it executed head bobs. 

In the final experiment that was carried out 
with 6 of the 10 gerbils, the size of the take-off 
platform was reduced so that loom cues could not 
be as easily generated. A proportions analysis of 
head bob amplitude and velocity as a function of 
gap size again revealed a significant trend toward 
larger (Z 2 = 48.5, P < 0.05) and faster (Z 2 = 41.5, 
P < 0.05) head movements with increasing gap 
distance. 

Nevertheless, as Fig. 6 illustrates, a larger num- 
ber of animals produced head bobs at shorter 
distances in this situations than they did in the last 
binocular sessions (Condition B2) of the first 
experiment. This conclusion is supported by the 
fact that the ratios of the proportion of animals 
making head bobs in both situations for each gap 
size were significantly correlated with the size of 
the required jump (r = - 0.61, t 7 = 2 . 0 4 ,  

P < 0.05). The mean correlation between landing 
position variance and head bob incidence was 
substantially higher (r = - 0.57, df  -- 12, 
z = 1.97, P < 0.05) than the overall correlation 
obtained in first study ( r = - 0 . 1 5 ,  df - -56 ,  
z = 1.12, P >  0.1). 

D I S C U S S I O N  

The results of the present study demonstrate 
that the Mongolian gerbil is able to make very 
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accurate judgements of how far it must jump to 
clear a gap in the substrate. The results also 
suggest that the bobbing movements of the head 
that often precede the jump are used to generate 
motion parallax cues for estimating the distance 
of the required jump. 

As the size of the gap which the gerbils were 
required to jump was increased, the incidence of 
large amplitude head bobs increased dramatically. 
The peak velocity of the head bobs also showed 
a corresponding increase with increasing gap dis- 
tance. These findings are similar to those reported 
for the locust 2'~8 and suggest that in order to use 
translation movements of the head to judge dis- 
tance, it is necessary to maintain some minimal 
amount or velocity of retinal image translation. 
The size or velocity of head bob that would 
maintain or exceed such a threshold image trans- 
lation would therefore have to increase with in- 
creasing distance to the target object. 

It was not possible in these experiments to 
determine which of the two parameters of image 
translation, amplitude or velocity, is the more 
important to preserve while the head is being 
moved. As with humans 9, it may be that both play 
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a role in providing parallax information. Alterna- 
tively, velocity and amplitude may be inseparably 
linked in such a way that large slow or small fast 
movements of the head are not possible. The 
ballistic nature of the head movements, as evi- 
denced by the high correlations between ampli- 
tude and peak velocity and between acceleration 
and peak velocity, lends support to this latter 
proposal. A similar pattern, in which amplitude is 
determined by the amount of agonistic muscular 
activity rather than by the time over which such 
activity persists, has been found in variety of rapid 
movements involving the synergistic action of 
more than one muscle group 4"5'7'8. It has been 
suggested that time invariance simplifies the task 
of coordinating a number of muscle groups which 
may contribute differentially to a complex move- 
ment s . 

If the head bobs we observed were truly bal- 
listic, they could not have been modified after they 
were initiated. This might explain why there was 
such a great deal of heterogeneity in the ampli- 
tudes and velocities of head movements at any 
one gap distance. Indeed, if only large head bobs 
were produced at long distances, and only small 
ones at short distances, then this would demand 
that the amplitude of the head movement be 
calibrated for a particular gap distance before it 
was initiated. In other words, the animal would 
have had to judge the distance of the landing 
platform before it bobbed its head. 

While the relationship between the production 
of head movements and the accuracy of the jump 
was quite small, this does not necessarily imply 
that parallax cues were not important. Head 
movements may occur for a number of reasons 
other than for the generation of parallax cues. 
Small movements of the head often accompany 
limb movements as a reflexive means of stabilizing 
an animal, s centre of gravity during locomotion!4. 
Some head movements might also be expected to 
occur as the animal simply scans the target area. 
Unfortunately, in the present study there was no 
a priori way of distinguishing one kind of head 
movement from another, However, the fact that 
the relationship between the incidence of large 
head movements and accuracy was stronger than 
that between the incidence of all head movements 

and accuracy indicates that many of the smaller 
head movements may not have been involved in 
the generation of motion parallax information. 

No attempt was made in these experiments to 
limit the number of cues to depth that were avail- 
able. Retinal disparity, loom, and even static cues 
from image size could have been used to judge 
distance. While this makes it difficult to provide 
quantitative statements about the accuracy of 
motion parallax, it has made it possible to con- 
sider the problem of cue interaction in the deter- 
mination of depth judgements, an issue that has 
seldom been broached in the past (but see refs. 
3, 6). The strong correlation between gap distance 
and head bob incidence shows that the use of 
motion parallax in this situation was highly dis- 
tance-dependent. If motion parallax was used 
more often at longer distances, the implication is 
that at least one other cue was used at shorter 
distances but that the efficacy of these other cues 
diminished rapidly as the distance of the landing 
platform increased. Furthermore, the increase in 
vertical head movements at short distances during 
the frrst monocular condition suggests that these 
other cues might have been dependent upon the 
use of both eyes. 

Any change in performance that follows the 
closing of an eye is usually attributed to a loss of 
retinal disparity cues. It is possible that such cues 
were used in the present experiment. It is inter- 
esting in this regard that the head movements 
observed in these experiments were all vertical 
movements. In humans, psychophysical data in- 
dicate a close relationship between the systems 
involved in stereopsis and in motion parallax ~. 
Since, in the present case, one system uses dif- 
ferences in vertical retinal position and the other 
uses horizontal disparities, it would be surprising 
if the same close relationship were to be found. 

The data suggest that at least some of the 
changes observed in the monocular conditions 
were the result of loss of information from loom, 
the change in image size brought about by an 
animal's own forward movement. In humans. 
channels that are selective for approaching ob- 
jects can be stimulated monocularly 13. The pres- 
ence of  interocular transfer of  loom aftereffects. 
however, indicates binocular interaction of loom 



detector channels, probably at the cortical level. 
While loom cues are potentially useful in a monoc- 
ular situation then, it is possible that the closure 
of one eye might have some effect, perhaps only 
a transient one, on the efficacy of loom, particu- 
larly in an animal that initially learned to perform 
a depth judgement with both eyes open. This the 
pattern of performance was observed in the pre- 
sent experiment. 

The purported use of  loom cues is supported by 
a number of  other observations. The negative 
correlation between the mean size of  the final step 
and an animal's head bob incidence suggests that 
those animals that had the least opportunity to 
use loom to judge depth were the most likely to 
make head movements to generate parallax cues. 
These animals were also the ones that were the 
least disturbed by having one eye closed in Con- 
dition M1, presumably because they were the 
least dependent on information provided by loom. 
Additional support for the hypothesis that loom 
was the second cue used by the animals in this 
task comes from the results of the experiment that 
used a short take-off platform. In this situation, 
the incidence of head bobs was raised at short 
distances in a manner similar to that observed in 
the first monocular condition. This result would 
be expected if the animals' opportunity to generate 
loom cues was reduced. 

In summary, the findings reported here con- 
stitute the strongest evidence to date for the use 
of  motion parallax cues in a mammal other than 
man. In its natural environment, an organism 
seldom encounters the optimal conditions for the 
use of any one depth cue. Instead, the animal 
must combine a series of  estimates from a number 
of sources and weight those estimates according 
to the sensitivity of  these sources in the prevailing 
conditions. The discovery of  a system where at 
least two depth cues are used with regularity 
provides the opportunity to further investigate the 
psychophysics and neural structures that underly 
such cue interactions. 
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