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Long-term Retention of Many Visual Patterns by Pigeons

LORENZO VON FERSEN & JUuAN D. DEL1US

Abstract

Using a simultancous discrimination procedure it was shown that pigeons were capable of
learning to discriminate 100 different black and white visual patterns from a further 625 similar
stimuli, where responses to the former were rewarded and responses to the latter were not rewarded.
Tests in which novel stimuli replaced either the rewarded or nonrewarded stimuli showed that the
pigeons had not only learned about the 100 positive stimuli but also about the 625 negative stimuli.
The fact that novel stimuli enhanced discrimination performance when they replaced the many
negative stimuli indicated that the pigeons had categorized the stimuli into two classes, familiar and
less familiar. Long-term retention was examined after a 6-month interval. To begin with it seemed
poor but a recognition test performed after the subjects had been retrained with a subset of the stimuli
after an interval of 7 months confirmed that pigeons are capable of retaining in memory several 100
visual items over an extended period. It is proposed that the initial retrieval weakness was due to a
forgetting of the contingencies between stimulus categories and response outcomes. Further tests
involving variously modified stimuli indicated that while stimulus size variations had a negative effect
on performance, orientation changes did not interfere with recognition, supporting the view that small
visua] stimuli are memorized by pigeons largely free of orientation labels. The experiment generally
confirms that pigeons have the capacity of storing information about a large number of visual stimuli
over long periods of time.

Corresponding author: Prof. Dr. J. D. DELIUS, Allgemeine Psychologie, Universitit Konstanz,
Postfach 5560, D-7750 Konstanz.

Introduction

It is generally agreed that an extensive and lasting memory is an essential
prerequisite for any kind of advanced processing of information by organisms and
machines. That the behaviour of humans is largely controlled by large and stable
stores of acquired knowledge is undisputed. It is equally likely that animals
would profit in fitness if they had command over similar information. However

formal evidence that they possess extensive and persistent storage capacities is still
scarce.
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Most animal memory studies have thus far been mainly focused on short-
term retention of information using the delayed matching-to-sample procedure.
During the retention interval the subjects have to remember a sample stimulus (or
stimuli) so that they can later choose correctly among comparison stimuli.
Pigeons can retain such information for up to 1 min (HoNIG 1978; KRAEMER &
ROBERTS 19845 ROBERTS & GRANT 19765 WRIGHT et al. 1985). This compares with 2
to 3-min delays that are bridged, for example, by dolphins and monkeys
(HerMAN 1980; D’Amato 1973; D’AMaTto & WorsHAM 1974). Pigeons can also
retain more complex information over somewhat longer periods (5 min) as has
been shown in the context of several spatial memory tests (OLSON & Maki 1983;
ROBERTS & VAN VELDHUIZEN 1985; SPETCH & EDWARDS 1986). They thus appear to
be inferior to rats on such tasks, which can bridge up to 30 min (Or1oN 1978).

It is traditional in human work to distinguish short-term (or working)
memory and long-term (or reference) memory (ATKINSON & SHIFFRIN 1968;
RorrsLAT 1987). The distinction is particularly apparent in the so-called “serial
position curves” that plot the retention of a list of items. Depending on experi-
mental conditions the first and/or last items of such lists are better remembered
than those presented in the middle. The recency effect (referring to the better
retention of the last items) is said to be due to a short-term trace whereas the
primary effect is said to be due to transfer to long-term storage. WRIGHT et al.
(1985) demonstrated that both effects are similarly shown by humans, monkeys
and pigeons, although with somewhat different time constants. This implies that
the distinction between working and reference memory is valid for animals as well
as humans.

Comparatively few studies have been conducted on long-term memory
proper of animals. Several instances of simple task retention in vertebrates have
been summarized by RenscH (1973). Titmice and nutcrackers can remember the
location of many food-hoards over intervals of hours to days (SHETTLEWORTH
1983; SHERRY 1984; VAN DER WaLL 1982). Starlings which had experience with
artificial Batesian mimicry models still avoided them 4 months later (SCHULER
1974). Pigeons remember instrumentally conditioned skills over months to years
(DoNAHOE & MARRS 1982; SKINNER 1950; ScHwARTZ & REiLLY 1985) much as
monkeys do (TREICHLER 1984; BURDYN et al. 1984).

The theme of the present contribution is the long-term memorization of
larger amounts of pictorial information. Several studies have demonstrated the
remarkable capacity of humans for storing such information. A classic one is
SHEPARD’s (1967) in which subjects were shown 612 stimuli for a few s each. In
subsequent tests they had to discriminate between the familiar and novel stimuli.
Even after 120 days recognition performance was above chance (see also NICKER-
SON 1968; STANDING 1973 for similar findings with many more stimuli). Rinco &
Doty (1985) found that rhesus monkeys correctly recognized about a third of a
set of visual stimuli they had seen briefly 6 months before. Provided that the
pictorial items were chosen so as to make a verbal coding unlikely, monkeys and
humans showed similar memory performance (RINGO et al. 1986).

Pigeons also have a remarkable capacity for retaining considerable amounts
of visual information over a long period. VAUGHAN & GREENE (1984), using both
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simple squiggles and complex scenes as stimuli, carried out several relevant
experiments. The most salient result was that pigeons, trained to discriminate 160
pairs of slides, classified these at an above chance level even after 2 years. An
experiment done by I. MoHk and S. SCHURGER in our laboratory produced
concurring results (DELIUS 1985). 8 pigeons were gradually trained to distinguish
up to 100 repeatedly presented geometric-decorative patterns from 640 patterns
that were shown at most twice using a successive discrimination paradigm. After a
pause of 3 months the birds recognized the familiar stimuli almost as well as after
intervals of 2 days.

The present experiment was designed to explore the influence of some
procedural modifications and to test particular aspects of the pigeons’ memory
using similar pictorial items as in the experiment mentioned last. Certain unex-
pected results led to the formulation of novel hypotheses about the representation
of visual stimuli in pigeon long-term memory.

Methods

Subjects

Four adult pigeons (Columba livia) of local homing stock were employed. They had extensive
previous experience with visual discrimination tasks. While participating in the present experiment the
subjects were housed in single cages in a well ventilated room with a temperature of 18 °C and with a
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Fig. 2:  Examples of patterns employed, classified according to the three relevant classes

An additional 20 sessions were conducted to prepare the animals for tests. Some trials within
these sessions were not reinforced, that is neither reward nor time-out was given. These trials led
directly to the intertrial interval with no correction procedure in force. The number of these extinction
trials was gradually increased until a session contained 14 of them. The extinction trials were inserted
at random within the sessions, excepting the first five and the last five trials.

Tests

Test series comprised 10 sessions of 40 trials each. Each such session contained 10 extinction
trials involving the presentation of test stimuli pairs. Between these series the birds were retrained for
10 or 15 normal sessions. For the first test series the pairs presented during the test trials had the
stimulus of the class “many” replaced by one of 100 novel stimuli. The next test series involved an
analogous replacement of “few” stimuli by novel stimuli. 50 of the patterns had in fact been used as
non-reinforced stimuli in the previous test (they were quasi-novel). The other 50 were completely
novel. The third test series, intended as a control, involved replacing both the “few” and “many”
stimulus classes of test trials by completely novel stimuli. Only 5 test trials per session were inserted
during this last test series and thus required 100 new shapes.

The next 3 test series involved rotating “few” stimuli by 180° in three different ways. Stimuli
were either rotated around their vertical axis, around their horizontal axis or around an axis normal to
the picture plane. 10 sessions with each kind of test trials were run. The stimuli to be rotated were
randomly selected except that no stimulus was rotated twice within a series. All 100 “few” shapes
stimuli were thus successively presented in all three test conditions. The stimuli belonging to the class
“many” were not expressly rotated during tests, because they were anyway presented in two different
orientations (see above) throughout the experiment, including the training, retraining and test phases.

Two test series were run in which the size of the “few” and “many” stimuli was altered. In one
series the size of both shapes displayed on the keys during the test trials was about 5 mm in diameter
(original size 10 mm diameter). Exactly the same procedure was then used with shapes increased in
size to 20 mm.

Retention

Having completed these 8 test series and after a final retraining phase the animals were housed in
a large outside aviary. After 6 months they were brought back into the laboratory and again deprived
of food to 80 % of their normal weight. After a pause of 187 days, retraining began using only 60 of
the “few” stimuli and 585 of the “many” stimuli. The response requirements were gradually increased
to the modified fixed ratio of 16 within the first 5 sessions. All the trials were reinforced or punished as_
in the prevnous tr ammg sessions. When the birds had achieved a mean of 80 % correct responses over
10 consecutive sessions they had one session where they were presented with the remaining 40 pairs of
stimuli (40 “few” and 40 “many” shapes), which they had not seen for 222 days.
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Retraining for 15 sessions followed. The carlier tests in which the stimuli of the class “many”
were replaced by novel stimuli and those where the stimuli “few” were replaced by novel stimuli were
repeated following the same procedure as described before. Instead of totally novel stimuli, quasi-
novel stimuli that had been used once in previous extinction test trials some 8 months before were
employed.

Results

Performance during training of each individual was evaluated by calculating
the percentage of correct responses per session (excluding correction trials). Two
separate percentages were calculated for sessions including test trials, one for the
test trials and one for the remaining training trials. One of the four pigeons
exhibited a very low response rate and was excluded from the experiment after 50
training sessions. The remaining three pigeons needed 47, 66 and 72 sessions to
discriminate the first 50 “few” stimuli from the 625 “many” stimuli to a criterion
of 80 % correct choices. The same subjects only needed a mean of 22.1 (range
17.0—31.0) sessions to reach criterion after the addition of the last two sets of 10
“few” stimuli.

Fig. 3 summarizes the results for the critical stages of training. For the
acquisition of the first 30 “few” stimuli the average percent correct responses for
the first 15 sessions and the last 5 sessions until criterion are illustrated. For the
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Fig. 3: Mean performance of 3 pigeons during the acquisition phase. The performance during the
initial sessions (with 30 “few” stimuli), before and after the introduction of additional “few” stimuli
and during the terminal sessions is depicted




147

100~
90+
- 807 _ —_—
: B
*
70 _l
> p—
> T § > = > rCO 2
60 § 3 £ =} o 5 e <
E c ~ € € € N » @
¥ ~ 3 ~ ~ 3 = g 3
3 z 3 w ry z a 3 c
& L 2 z £ 2 [t 2
50- _|._r—’:
a b c d e f h

Fig. 4:  Average overall performance (with SD) during the terminal block of acquisition sessions and

during the various blocks of test sessions involving upside-down and right-left reflections, enlarge-

ment and reduction. Horizontal bars indicate the performance on the training component of the
corresponding test sessions

remaining stages the average performance for the first 5 sessions following
introduction of 10 additional “few” stimuli and the last 5 sessions until criterion
are shown. The pigeons needed 162, 181 and 224 sessions respectively to learn to
discriminate to criterion the 100 “few” stimuli from the 625 “many” stimuli. The
two fastest pigeons continued to receive training until they too had completed 224
sessions. At this stage the subjects only exceptionally went through more than a
single correction trial after errors.

The test results are presented in Fig. 4 in the form of an overall average
performance score. In Figs. 5 to 7 a more detailed session by session account is
presented. It is obvious that when “many” stimuli were replaced by novel stimuli
the discrimination performance improved (85.7 % compared with 77.5 % trials
correct for the corresponding training trials; (F [1,38] = 9.27, p < .01; Figs. 4 a,
5).

For the test in which the “few” stimuli were replaced by novel stimuli three
separate performance indices can be calculated. They involve the training trials
(overall average over the 10 sessions: 79.4 % correct), the test trials with quasi-
novel shapes that had been seen once by the pigeons as non-reinforced stimuli in
the previous test series (78.2 % trials correct) and the test trials in which the
shapes were totally new (75.4 % correct). Percentages correct in the last two
kinds of test trials were not significantly different. Accordingly they are pooled in
Figs. 4 b and 5. In fact, there are no significant differences amongst any of the
three conditions (F [2,58] = 1.08, p > .05). This result indicates that the pigeons
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had not only memorized the 100 “few” shapes, and learned to peck them, but that
they also had stored most of the 625 “many” shapes (presented in two different
orientations), and had learned to withhold pecks to them.

The simultaneous replacement of both stimuli (“few” and “many”) yielded a
significant performance difference between test and training trials (F [1,38] =
38.98, p < .001; Figs. 4 h and 5). The average percentage of correct responses
during the test trials was 51.3 %, which was not significantly different from 50 %
chance performance (binomial test, z = 0.69, p > .05) whereas on training trials
performance was 77.5 % correct. This test shows that when neither of the shapes
of a pair gave a cue to the pigeons they chose at random. Thus it can be assumed

that generally their choice behaviour was not guided by any unintended artefac-
tual cues.
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During the test in which familiar “few” stimuli were rotated there was no
significant difference between performance corresponding to the three kinds of
rotation and the ordinary training trials (Fig. 6; means 77.9 % [Fig. 4 ¢], 74.1 %
[Fig. 4 d] and 74.7 % [Fig. 4 ¢] compared with ordinary trials 78.4 % F [3,78] =
2.10, p > .05). Nevertheless there was a slight tendency for stimuli with upside-
down reflections and rotations to be slightly worse than those involving right-left
reflections.

When the tests involved changes in size of both “few” and “many” shapes,
both enlargement and reduction had a negative effect on the discrimination (Figs.
4 f—g and 7). With size reduction, the difference between test trials and ordinary
trials was significant: the birds performed at chance level, showing 50.1 % correct
choices during test trials compared with 78.1 % during training trials: (F [1,38] =
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93.83, p < .001). With increased size the performance difference was less marked
but sull significant: 69 % on test trials as compared with 81.3 % on training
trials: (F [1,38] = 32.41, p < .001).

After the 6-month interval, the pigeons’ learning with 60 “few” stimuli and
585 “many” stimuli was rapid (Fig. 8) as compared with the original acquisition
(Fig. 3). The three pigeons reached the criterion (10 consecutive sessions with an
average of 80 % correct responses or better) after 14, 26 and 33 sessions. On
session 34 the animals were confronted with 40 stimulus pairs made up from
shapes that had not been used during retraining and which the pigeons had not
seen for 222 days. The average performance was 87.5 % correct (the individual
pigeons yielded 82.5 %, 87.5 % and 92.5 % correct choices). A binomial test
showed that the proportion of correct choices was significantly different from
chance (z = 8.22, p < .001).

In the choice test where the stimuli “many” were replaced by quasi-novel
stimuli there was, as before with novel stimull, a significant difference in favour of
the test trials as compared with the training trials (84.6 % vs. 80.3 %; F [1,38] =
8.95, p < .01; Fig. 9). In the test in which “few” stimuli were replaced by quasi-
novel stimuli there was a significant difference in performance in favour of the
training trials (80.1 % vs. 71.3 %; F [1,38] = 24.32, p < .001; Fig. 9). A similar
trend was noticeable in the earlier, equivalent test (compare with Figs. 4 a, b and
5).

Discussion

The results show firstly that pigeons can retain in memory 725 visual
patterns for at least several days provided they have had fairly extensive previous
exposure to them. The subjects were rather slow in the initial acquisition even
though the stimuli of the “few” class were only gradually introduced. An
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unpublished attempt to train pigeons on all 725 stimuli at the same time was
clearly beyond these birds’ abilities. Even after 80 sessions, performance was no
better than 65 % correct choices.

A remarkable result arose when stimuli of the class “many” were replaced by
novel stimuli, the discrimination performance was significantly better than that
on trials with familiar “many” shapes in two separate tests. Novel stimuli seemed
to function as super-stimuli (in loose analogy to the “super-releasers” of etholog-
ists: MANNING 1979; compare also HoGaN et al. 1975) when replacing “many”
stimuli. This result suggests that the pigeons had categorized the training stimuli
into two classes: familiar (which they had seen more than 100 times) and less
familiar (which they had seen only about 40 times). Completely novel, unfamiliar
stimuli presumably represented extreme exemplars of the latter class facilitating
the discrimination as they were more distinct from the familiar “many” stimuli.
In other words discrimination performance profited from a generalization peak-
shift effect (HoniG & Urculort 1981; the same effect is more recently referred to
as dimensional contrast, HINSON 1988) along the familiarity/novelty dimension. It
may be incidentally that because I. MOHR and S. SCHURGER’s experiment
(reported by DELIUS 1985) happened to take advantage of such spontaneous
familiar/unfamiliar discrimination it yielded better acquisition and retention than
the present one.

Humans are well-known to spontaneously order stimuli on a familiar — less
familiar — unfamiliar dimension. Moreover several qualitatively different fre-
quency of experience labels seem to attach to memories of individual items. These
labels enable them to make quite precise quantitative estimates of the times they
were exposed to such items (ZECHMEISTER & NYBERG 1982). The latter in particu-
lar also applies to visual stimuli (HinTzMAN & ROGERS 1973). The extensive animal
exploration/curiosity literature suggests that species such as laboratory rats and
rhesus monkeys likewise spontaneously register in long-term memory how often
they were exposed to particular stimuli even though little is known as to how the
count is kept (FOWLER 1965). Pigeons have not been subjects of such investigation
and thus information about this kind of experience tracking is not available for
them. However, since recognition of novelty is a highly adaptive competence it
would be surprising if they did not also classify stimuli into the unfamiliar/familiar
categories.

The pigeons of the present experiment also discriminated when novel stimuli
replaced stimuli of the “few” class, indicating that they also had stored item by
item the class “many” stimuli as not yielding reinforcement. This information
obviously overrode the more general classification according to novelty/familiar-
ity. If the pigeons had applied the latter classification on a relational basis they
should have preferred to respond to the partly familiar “many” stimuli in
preference to the completely novel. The results of both tests also suggest that
stimuli of the class “few” were better memorized than those of the class “many”.
This might have been so because they were associated with reinforcement, they
were seen more often and also because there were only 100 such stimuli as
compared with 625 class “many” stimuli. In short, two different labels seem to
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have attached to the stimulus representations in memory: degree of familiarity
and association with reward/nonreward.

In ScHURGER and MOHR’s study by the way, it was the unfamiliar, novel
stimuli that yielded reinforcement. The familiar stimuli did not produce rein-
forcement. Nonetheless it was shown that the pigeons memorized durably these
latter stimuli. In the present experiment it was the “many”, less-familiar stimuli
that were not reinforced. Pigeons clearly also learn much about unreinforced
stimuli, a fact that has been sometimes doubted (see MACKINTOSH 1974). We
considered whether the pigeons might have also classified the training patterns
according to the dimension fixed/variable orientation. During the training the
“few” patterns always had a single orientation whereas the “many” patterns were
presented in two orientations. The good results of the tests involving equivalent
rotations of the “few” stimuli however are evidence against such possibility.

The tests with stimuli in non-normal orientations generally yielded good
discrimination transfers. However only the “few” stimuli were presented in novel
orientations, while the “many” stimuli retained the same orientations as during
the training. Furthermore, the birds were accustomed to orientation variations as
the “many” stimuli were routinely shown in different orientations. Still, the
results do not conflict with the suggestion by Horrarp & Derius (1982) that
pigeons memorize small visual patterns largely free of orientation attributes. They
are also in line with the findings of DeLus & HotrLarD (1987), EMMERTON (1986)
and LoMBaRDI (1989). Discrimination was slightly better when tests involved
right-left pattern reflections than when the stimuli appeared upside-down. This
could be partly due to the fact that a proportion of the patterns used during these
tests were vertically symmetrical and thus did not change in appearance when
reflected. However, VAUGHAN & GREENE (1984) reported similar findings. They
suggested that the effect might have been due to their pigeons having attended
predominantly to the upper part of their relatively large pictures of large natural
objects or scenes. These latter tend to have typical vertical orientations deter-
mined by gravity, but not right-left preferred orientations. We doubt that this
argument applied to our much smaller stimuli that are more likely to have been
seen as food-related items by the pigeons. By and large such items do not have
consistent orientations in nature. Instead it may be that these birds generally find
left-right mirror versions of patterns more similar than upside-down versions (but
see LOHMANN et al, 1988).

The tests involving stimulus size variations led to a more drastic deteriora-
tion of discriminative behaviour, particularly when the stimuli were smaller than
normal. This may at least in part be due to the fact that the patterns were
necessarily degraded by size reduction (loss of detail). But no such degradation
attached to the increased size test patterns, and they also led to a loss of
discrimination, though not quite as much as with size reduction. Pisacri1a et al.
(1984), Lomsarpi & DrLius (1989) and CerkLLA (1989) have reported that dis-
crimination transfer by pigeons is markedly affected by size changes. LomMBARDI &
DEeLius (1989) have speculated about possible reasons but none of their sugges-
tions accounts for all the relevant findings.
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After a 6-month pause, the birds’ discriminatory performance was close to
chance. This superficially suggests that they had forgotten about the shapes. The
fact that they very rapidly relearned to discriminate the 645 shapes selected for
retraining (compare Figs. 3 and 8) however strongly indicates an at least partial
retention. Furthermore, following the retraining they allocated 80 of the original
training shapes, not used during retraining, to the two relevant categories with
high accuracy. These test stimuli were presented for the first time after 222 days,
and this further proves that the birds had not forgotten the shapes. Rather, the
initial discrimination failure after the retention interval must have been due to a
forgetting of some procedural component. It seems unlikely that the birds had
forgotten the simultaneous discrimination paradigm as such, in view of other
evidence that pigeons have an excellent memory for tasks of that nature (Vau-
GHAN & GREENE 1984; DONAHOE & MAaRRS 1982). Rather it seems likely that they
had forgotten that the “few” and the “many” stimulus categories signalled
respectively reward and non-reward. Once the contingencies between categories
and consequences had been relearned with a subset of sumuli, this refreshed
knowledge could be fully transferred to the remainder of the stimuli. This implies
that at this stage the reward/nonreward labels were not directly attached to the
representation of the individual sumuli but rather to the familiar/less-familiar
labels associated with them.

If this tandem labeling 1nterpretation is correct, our results also represent an
instance where a categorization of stimuli existed independently of an association
with particular behavioural outcomes. Lea (1984) has proposed that this should
be a defining criterion for true conceptualization. A test that could have decided
the issue would have been to retrain half of the birds after the rentention interval
on a reversed discrimination task where “many” stimuli would have signalled
reward and “few” stimuli would have signalled time-out. Had the reversed group
relearned the discrimination as rapidly as the non-reversed normal group, and,
furthermore, dealt with the retention test as successfully, that would have
supported the above hypothesis. The results were so unexpected, though, that no
such test was carried out. In any case the small number of subjects would have
made results difficult to interpret. A recent, more thorough study on a different
conceptualization by pigeons that was done in our laboratory incorporated this
kind of testing procedure (AMELING et al., in prep.).

Neither in VAUGHAN & GREENE’s (1984) nor in MOHR & SCHURGER’s (DELIUS
1985) visual memory experiments with pigeons were there such pronounced
initial difficulties with retrieval after long intervals. There are a number of
procedural differences between both of these experiments and the present one so
that there is not necessarily a contradiction. Both studies involved fewer stimuli
and did not involve, as far as can be ascertained, a categorization of stimuli of the
kind that is a prerequisite for an effect as sketched above.

However that may be, the evidence for extensive memory capacities in an
avian species now available from laboratory studies generally concords with
results obtained in more naturalistic settings (SHETTLEWORTH 1983). Persistent and
capacious memory in small-brained species presumably reflects a relatively major
fitness advantage accruing from extensive and thorough knowledge about the
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environment. In a species that operates in as wide-ranging an ecological niche as
the domestic pigeon does, the demand for such knowledge must indeed be
pressing.
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