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Visual and spatial discrimination behavior 
following hippocampal lesions in pigeons 

NICOLA J. BROADBENT and MICHAEL COLOMBO 
University oj Otago, Dunedin, New Zealand 

We investigated whether the avian hippocampus (Hp) was a functional homologue of the mammalian 
Hp. Nine pigeons with bilateral Hp and area parahippocampalis (APH) lesions and 10 sham-operated 
pigeons were tested on the postoperative retention of preoperatively acquired visual discriminations 
and the postoperative acquisition and retention of visual discriminations, as well as on the reversal of 
visual discriminations. In addition, the pigeons were trained on the acquisition and reversal of a posi
tion discrimination, both in an operant chamber and in aT-maze. Hp-APH pigeons showed no evidence 
of retrograde amnesia for visual information, nor were they impaired in the postoperative acquisition, 
reversal, or retention of visual discriminations. Although Hp-APH pigeons were not impaired in the ac
quisition and reversal of a position discrimination in the operant chamber, they were impaired in the 
acquisition and reversal of a position discrimination in a T-maze. We believe our findings support the 
notion that the avian Hp is a functional homologue of the mammalian Hp. 

Situated within the medial pallium of the telencephalon, 
the avian hippocampal system consists of a medially lo
cated hippocampus (Hp) and a dorsomedially located area 
parahippocampalis (APH). Although some structural dif
ferences exist (Bingman, Bagnoli, loale, & Casini, 1989; 
Erichsen, Bingman, & Krebs, 1991), evidence from ana
tomical studies indicates that the avian Hp-APH (here
after, referred to as the Hp) is a phylogenetic homologue 
of the mammalian Hp (Bingman, 1993; Montagnese, 
Krebs, & Meyer, 1996). Indeed, on the basis of the occur
rence of certain immunohistochemical markers, Erich
sen et al. have suggested that the avian Hp and APH are 
equivalent to the mammalian Ammon's horn and dentate 
gyrus, respectively. 

There is also considerable evidence that the avian Hp 
is a functional homologue of the mammalian Hp. This is 
most apparent when one examines the effects of Hp le
sions on spatial behavior. For example, damage to the Hp 
in rats impairs performance on both the radial arm maze 
and the Morris water maze (Morris, Garrud, Rawlins, & 
O'Keefe, 1982; Olton, Becker, & Handelmann, 1979). 
Likewise, birds with Hp damage are impaired in the per
formance of the dry-land versions of the radial arm maze 
(Colombo, Cawley, & Broadbent, 1997) and the Morris 
water maze (Fremouw, Jackson-Smith, & Kesner, 1997). 

The case for homology with respect to visual behavior 
is made difficult by the fact that the role of the mammalian 
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Hp in this domain has wavered considerably over the years. 
Early studies in monkeys, for example, emphasized the 
importance of the Hp in visual memory (Mishkin, 1978; 
Zola-Morgan & Squire, 1986). More recently, the em
phasis has shifted away from the Hp to the tissue adjacent 
to it-namely, the perirhinal cortex (Zola-Morgan, Squire, 
Amaral, & Suzuki, 1989). In fact, recent studies in mon
keys have shown that damage restricted to the Hp pro
duces virtually no impairments on two classic tests of 
visual memory-namely, the delayed nonmatching-to
sample and the concurrent discrimination tasks (Alvarez, 
Zola-Morgan, & Squire, 1995; Murray & Mishkin, 1998). 
Ifwe anchor our views to these recent studies, there is a 
strong case for functional homology, since damage to the 
Hp in birds also does not impair performance on either 
the delayed matching-to-sample task (Colombo, Swain, 
Harper, & Alsop, 1997; Good & Macphail, 1994; Hamp
ton & Shettleworth, 1996) or the concurrent discrimina
tion task (Colombo, Cawley, & Broadbent, 1997). 

Overall, the evidence to date indicates that the avian 
Hp is a functional homologue of the mammalian Hp and 
that, for both species, the Hp is important for the process
ing and retention of spatial, rather than purely visual, in
formation. In the present series of experiments, we con
tinue to explore the role of the avian Hp in the processing 
and retention of visual and spatial information. 

EXPERIMENT 1 

Damage to the medial temporal lobe in humans can re
sult in retrograde amnesia-that is, a loss of memory for 
premorbid events (Corkin, 1984). In fact, retrograde am
nesia is often temporally graded so that memory for 
events in the recent past is more disrupted than memory 
for events in the remote past (Corkin, 1984). Retrograde 
amnesia-at times, temporally graded-has been observed 
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also in a number of mammalian species, such as mon
keys (Thornton, Rothblat, & Murray, 1997; Zola-Morgan 
& Squire, 1990) and rats (Cho, Kesner, & Brodale, 1995; 
Ramos, 1998). Unfortunately, the extent to which retro
grade amnesia in mammals is a function of the Hp or the 
tissue adjacent to it is difficult to determine, because in 
all the studies mentioned, the lesions included both. 

In Experiment 1, we examined whether damage to the 
avian Hp would lead to retrograde amnesia for visual in
formation. We modeled our experiment after that of 
Zola-Morgan and Squire (1990), who trained monkeys 
with a different set of 20 visual discriminations 16, 12, 
8, 4, and 2 weeks prior to surgery. Following ablation of 
the Hp and the adjacent tissue, memory for the 100 dis
criminations was tested. Control monkeys exhibited nor
mal forgetting, with the discriminations learned 2 weeks 
prior to surgery remembered better than those learned 
16 weeks prior to surgery. The lesioned monkeys, how
ever, showed the opposite trend, with discriminations 
learned 2 weeks prior to surgery remembered more poorly 
than those learned 16 weeks prior to surgery. 

Method 
Subjects 

Nineteen naive adult homing pigeons (Columba livia) were 
housed in individual wire mesh cages and kept on a 12:12-h light: 
dark cycle. Nine pigeons had bilateral Hp and APH lesions, whereas 
the remaining 10 pigeons received sham operations. The pigeons 
were fed a daily amount of wheat, peas, and corn sufficient to main
tain them at 80%-85% of their free-feeding body weights. Access 
to water and grit was unlimited. 

Apparatus 
The pigeons were tested in standard sound-attenuated operant 

chambers. Situated on the front panel of each chamber were three 
circular translucent plastic response keys, each 2.5 cm in diameter. 
The keys were 10 cm apart, center to center. All three keys were 
mounted 22 cm above the operant chamber floor. Behind the keys 
were stimulus projectors (lEE Model 1071) that were used to de
liver the visual stimuli. Food reward was delivered via an illumi
nated magazine situated below the center key. A ventilation fan in 
the rear of each chamber masked all extraneous noise. The intensity 
of the background noise registered 83 dB. The presentation of the 
stimuli, reward and punishment contingencies, and data recording 
were controlled by 486-computers attached to each chamber. 

The stimuli consisted of colored photographs of objects and have 
been described in detail elsewhere (Colombo, Cawley, & Broadbent, 
1997). Briefly, the stimulus pairs, with the S+ stimulus of each pair 
presented first, were as follows. Set I consisted of a dress and a glass 
bottle, an oven mitt and a Dr. Suess book, a sunglasses case and a 
bottle of lotion, an abstract line painting and a film canister, a wa
tering can and a basket ball, and an airplane and a teapot. Set 2 con
sisted of a toy train and a Simon electronic game, a monkey doll and 
a Paddington bear, a flashlight and a tweetybird, a scotch tape reel 
and a stapler, a plastic boot and a shampoo bottle, and a toothbrush 
and a tea strainer. Set 3 consisted of a pencil sharpener and a com
puter disk box, a wrench and a pizza cutter, an Aztec mask and a ce
ramic duck in an egg, a spray bottle and a stick of glue, a toy tele
phone and a scotch tape dispenser, and sunglasses and a bottle cap. 

Behavioral Procedure 
Preoperative training. Following autoshaping of the keypeck 

response, the pigeons were trained with the Set I stimuli. The pro
cedure was as follows. After a 4-sec intertrial interval (lTl), the cen-

ter key was lit with a white dot (I mm in diameter). Three pecks to 
the center key turned off the stimulus and illuminated the side keys 
with the S+ and S- stimuli. If the pigeon pecked the S+ stimulus, 
both side keys were turned off, and wheat reward was delivered for 
2 sec, followed by the IT!. A peck to the S - stimulus resulted in ter
mination of the stimuli, followed by a 4-sec time-out period, fol
lowed by the IT!. 

A daily session consisted of 96 trials, with each of the six stim
ulus pairs presented 16 times within a session in a pseudorandom 
order. The positions of the S+ and S- stimuli on the left and right 
response keys were perfectly balanced. The pigeons were trained 
successively on each of the three sets of stimuli, with 35 training
free days between each set. Training on each set continued until the 
pigeons satisfied a criterion of 13/16 correct responses (81.25%) 
on each of the six discriminations. On the day following acquisition 
of the Set 3 stimuli, the pigeons received either a sham or an Hp
APH lesion. 

Postoperative testing. After 10 days of recovery from surgery, 
the pigeons were tested for retention of the 18 preoperatively 
learned discriminations in a single test session. The procedure was 
the same as that used during preoperative training, with the excep
tion that each of the 18 pairs of stimuli was presented only once 
within the session. 

Surgery and histology. The pigeons were anesthetized with Ke
tamine hydrochloride (100 mg/ml), and the head was immobilized 
using a Revzin stereotaxic adapter. A topical anesthetic (Xylocaine, 
10%) was applied to the scalp, and using the coordinates given by 
Karten and Hodos (1967), the skull above the left and right Hp and 
APH was exposed and removed. The dura was retracted, and the Hp 
and APH tissue was aspirated. The sham pigeons received identical 
treatment to the lesioned pigeons, with the exception that the skull 
was not removed and no tissue was aspirated. (Not including a con
trollesion group was motivated by our previous findings that pigeons 
with Hp-APH damage are not impaired on visual tasks. Perfor
mance on visual tasks, therefore, acts a control for the general effects 
of the surgery.) The incision was sutured, and the pigeons were placed 
in a padded recovery cage and monitored until alert and mobile. 

On completion of the experiments, the pigeons were deeply anes
thetized with halothane anesthesia and perfused intracardially with 
physiological saline, followed by formalin-saline (10%). The brain 
was removed from the skull and fixed in sucrose-formalin (30%), 
embedded in paraffin, and sectioned at 10 11m, with every 10th slice 
stained with cresyl violet. 

Results and Discussion 

Histology 
Reconstructions of the brains ofthe 9 hippocampal pi

geons are shown in Figure 1. All the pigeons received ex
tensive damage to the medial Hp and the laterally situated 
APH. Three pigeons (H2, H4, and H8) showed slight bi
lateral sparing of the anteroventral-most portion of the 
Hp, whereas 1 pigeon (H7) evidenced a small amount of 
unilateral sparing to the right anteroventral border of the 
Hp. In all instances. the lesions extended into the posterior 
margin ofthe hyperstriatum accessorium (HA). There was 
also minor bilateral encroachment into the medial margins 
of the area corti co idea dorsolateralis and, in some birds, 
minor damage to the medial neostriatum and hyperstriatum 
ventrale. 

Behavioral Findings 
The postoperative retention of the control and Hp

lesioned birds for the three sets of visual discriminations 
learned preoperatively is shown in Figure 2. A repeated 
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H1 H2 H3 H4 H5 

H6 H7 H8 H9 

Figure I. Reconstructions of the nine hippocampal lesions. The black areas indicate the extent of the lesion. A, archistria
tum; AV, archistriatum pars ventralis; Cb, cerebellum; CDL, area corticoidea dorsolateralis; DA, tractus archistriatalis 
dorsalis; E, ectostriatum; HA, hyperstriatum accessorium; HD, hyperstriatum dorsale; HV, hyperstriatum ventrale; N, neo
striatum; NC, neostriatum caudale; V, ventricle. The top and bottom sections in each series represent AIO and A4, respectively. 
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Figure 2. Postoperative retention performance of preopera
tively learned visual discriminations for the control and the 
hippocampal-Iesioned pigeons. Prior to surgery, the pigeons were 
trained first on Set 1 (remote), then on Set 2, and finally on Set 3 
(recent). The dotted line represents chance levels of performance. 

measures analysis of variance (ANOVA), with group 
(two: control vs. lesion) and time (three: Sets 1-3) as 
variables, revealed a significant effect of time [F(2,34) = 
10.75,p < .001], but no effect of group [F(I,17) = 1.57, 
p = .22] and no group X time interaction [F(2,34) = 
1.21,p =. 31). 

Because both the control and the Hp-lesioned pigeons 
performed at chance levels on the first and second sets 
of stimuli, it was not possible to address the issue oftem
porally graded retrograde amnesia. However, given that 
performance on the third and most recently learned set of 
stimuli was significantly above chance levels for both the 
control pigeons [t(9) = 5.67,p < .001) and the Hp-lesioned 
pigeons [t(8) = 2.68,p < .05], our data stilI speak to the_ 
issue of retrograde amnesia. Nevertheless, a two-sample 
t test revealed no difference between the control and the 
Hp-lesioned pigeons in retention of the most recently 
learned visual discriminations [t( 17) = 1.48, p = .16). 

Experiment 1 showed that damage to the avian Hp had 
no effect on retrograde amnesia for visual information, 
a finding in keeping with the idea that the avian Hp is not 
important for the processing and retention of purely vi
sual information. The outcome of Experiment I might 
have been predicted by Nadel and Moscovitch (1997), 
who argued that if the acquisition of a task is not reliant 
on the Hp, retrograde amnesia is unlikely to emerge fol
lowing Hp lesions. In fact, damage to the Hp generally 
does not impair visual discriminative behavior in pigeons 
(Colombo, Cawley, & Broadbent, 1997) or monkeys 
(Squire, 1992). It is likely, therefore, that the retrograde 
amnesia noted by Zola-Morgan and Squire (1990) was 

the result of damage not to the Hp, but to the perirhinal 
cortex, which, when damaged, does cause visual dis
crimination impairments (Buckley & Gaffan, 1997, 
1998). 

EXPERIMENT 2 

In Experiment 2, we examined the effects of Hp-APH 
lesions on the retention of discriminations learned post
operatively. With respect to monkeys on this issue, the 
available evidence is, not surprisingly, mixed. Early stud
ies in which the lesions typically extended beyond the 
Hp tended to find impairments in the retention of visual 
discriminations learned postoperatively (Zola-Morgan & 
Squire, 1984, 1985). More recently, however, monkeys 
with damage restricted to the Hp showed no impairments 
in the retention of visual discriminations learned post
operatively (Alvarez et aI., 1995), suggesting that the ear
lier findings may have been due to damage to the peri
rhinal cortex. In the present experiment, the control and 
Hp-APH-lesioned pigeons were trained on six visual 
discriminations and then tested for retention of these dis
criminations after a 3-week delay. 

Method 
Subjects and Apparatus 

The same pigeons and apparatus as those used previously served 
in Experiment 2. The visual stimuli consisted of six pairs of mono
chrome and colored pictures and geometric shapes. The stimulus 
pairs, with the S+ member of each pair listed first, were as follows: 
a 4-lobed star and a monkey face, a 16-lobed star and a left-facing 
triangle, a right-facing triangle and a vertical line, a horizontal line 
and a square, a circle and a red disk, and a small white disk and a green 
disk. All the geometric stimuli were white on black and composed 
of lines 1.5 mm in width. The green and red disks were 25 mm in 
diameter, and the small white disk was 6 mm in diameter. The mon
key stimulus was a colored photo of a fasicularis monkey face. 

Behavioral Procedure 
The behavioral procedure was the same as that described in Ex

periment I. Upon satisfying a criterion of 13/16 correct responses 
(81.25%) on each of the six discriminations, a 3-week delay period 
was introduced, during which time no testing took place. At the end 
of the delay period, the pigeons were tested for the retention of the 
six discriminations. The testing session consisted of six trials, with 
each of the six discriminations presented once. 

Results and Discussion 
The number of errors committed by the Hp-Iesioned 

and control pigeons during the acquisition of the six vi
sual discriminations is shown in Figure 3A. The control 
pigeons committed an average of 168 errors (range, 64-
493 errors), whereas the Hp-Iesioned group committed an 
average of 190 errors (range, 95-535 errors). A two-tailed 
t test revealed no significant difference between the Hp
lesioned and the control groups in terms of the number 
of errors committed during the acquisition of the six dis
criminations [t(16) = 0.35,p = .73]. 

The retention performance following a 3-week delay 
period is shown in Figure 3b. On average, the Hp-Iesioned 



I A. ACQUISITION I 
600 • Control (C pigeons) 

~ Lesion (H pigeons) 

en 
II: 

500 

400 

o 300 
II: 
II: 
UJ 

200 

100 

o 
1 234 5 6 7 8 9 

HIPPOCAMPAL LESIONS IN PIGEONS 467 

1 2 3 4 5 6 7 8 9 Cs Hs 

SUBJECTS 

.... o 
UJ 
II: 
II: o o .... 
z 
UJ 
o 
II: 
UJ 
D. 

100 

80 

60 

40 

20 

o 

lB. RECALL I 

2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 CsHs 

SUBJECTS 

Figure 3. (A) Number of errors committed by the 9 control and 
9 hippocampal-Iesioned pigeons during acquisition of the six visual discrimi
nations. The group averages are shown on the right. (B) Retention performance 
ofthe 9 control and 9 hippocampal-Iesioned pigeons after a 3-week delay. The 
group averages are shown on the right. 

pigeons performed 88.9% correct (range, 66.7%-100%), 
whereas control pigeons performed 79.6% correct (range, 
50%- 100%) on the retention test. A two-tailed t test 
showed no significant difference between the two groups 
in terms of performance on the retention test [t(16) = 
1.13,p = .28]. 

The finding that Hp-APH lesions do not impair the 
acquisition of multiple discriminations replicates our pre
vious finding of this effect (Colombo, Cawley, & Broad-

bent, 1997). More to the point of Experiment 2, Hp-APH 
lesions did not impair the retention of visual discrimina
tions learned postoperatively. One might argue that the 
reason we failed to find any effects ofHp lesions was be
cause our retention task may have been too simple. This 
is unlikely, because the performance of our control sub
jects (79.6%) was substantially lower than that of the 
control subjects (89.0%) in a previous study that found 
retention deficits after Hp lesions (Squire, Zola-Morgan, 
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& Chen, 1988). An alternative explanation is that the re
tention deficits noted in earlier monkey studies were the 
result of damage to the perirhinal cortex, rather than to 
the Hp. This seems to be more likely, especially given 
that damage restricted to the Hp causes no retention def
icits at all (Alvarez et aI., 1995). 

EXPERIMENT 3 

One of the most consistently reported deficits following 
Hp lesions in mammals is the reversal of a visual discrimi
nation (Gray & McNaughton, 1983; Squire, 1992). In con
trast, pigeons with Hp lesions are not impaired in the rever
sal ofa visual discrimination (Good, 1987; Reilly & Good, 
1987). Given that the behavioral effects following brain le
sions tend to correlate with the difficulty of a task (Gross, 
1973), one possibility is that the tasks used by Good and by 
Reilly and Good, which had only one discrimination pair, 
were not sufficiently difficult to be sensitive to Hp lesions. 
A number of studies have shown that learning multiple dis
criminations is considerably more difficult than learning a 
single discrimination (Mahut, Zola-Morgan, & Moss, 
1982; Moss, Mahut, & Zola-Morgan, 1981). By this same 
logic, the reversal of multiple discriminations should also 
be more difficult than the reversal of a single discrimina
tion. With these factors in mind, the purpose of Experi
ment 3 was to examine the effects of Hp-APH lesions on 
the reversal of six visual discriminations. 

Method 
Subjects and Apparatus 

The same pigeons and operant chambers as those used previously 
served in Experiment 3. The stimuli were the same Set I, Set 2, and 
Set 3 stimuli used in Experiment I. 
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Behavioral Procedure 
The discrimination procedure was the same as that described in 

Experiment I, except that a session consisted of 48 trials. The birds 
were trained with the Set I stimuli until they achieved a criterion of 
7/8 correct responses on each of the six discriminations over 2 con
secutive days. Once this criterion was met, the reward contingencies 
were reversed, so that the S+ stimulus became the S-- stimulus and 
the S- stimulus became the S+ stimulus. The birds were trained on 
the reversal until they again satisfied the same criterion. They were 
then trained in a similar fashion with the Set 2 and then the Set 3 
stimuli. Testing on either the acquisition or the reversal was contin
ued for a maximum of 60 sessions. 

Results and Discussion 
Owing to time restrictions, I Hp-Iesioned pigeon (H3) 

was removed from the study after completing the acqui
sition and reversal of Sets I and 2. The average number 
of errors committed by control and Hp-Iesioned pigeons 
during acquisition and reversal ofthe three stimulus sets 
is shown in Figure 4. A repeated measures ANOVA, con
ducted with group (two: control vs. lesion), stimulus set 
(three: Sets 1-3), and phase (two: acquisition vs. reversal) 
as factors, revealed a significant effect of phase [F( I, IS) = 
71.58, p < .001], indicating that the animals committed 
more errors in learning the reversal, as compared with 
the acquisition of a discrimination. In addition, there was 
also a significant effect of stimulus set [F(2,30) = 4.61, 
p < .05] and a significant stimulus set X phase inter
action [F(2,30) = 3.91,p < .05], both of which are likely 
due to the fact that the control and Hp-lesioned animals 
committed more errors on the reversal of the Set I stim
uli, as compared with the Set 2 or Set 3 stimuli. 

More to the point ofthe present experiment, there was 
no overall difference in the performance of the control and 
the Hp-lesioned pigeons [F(I,15) = 0.94,p = .35]. In ad-

SET 2 SET 3 

ACQ REV ACQ REV 

PHASE 
Figure 4. The average number of errors committed by the control and the 

hippocampal-Iesioned pigeons in the acquisition and reversal of each of the three 
sets of six visual discriminations. 



dition, there was no group X stimulus set interaction 
[F(2,30) = 0.41, p = .67], group X phase interaction 
[F(l,15) = 0.27, p = .61], or group X stimulus set X 
phase interaction [F(2,30) = 0.19, p = .82], revealing 
that the Hp-Iesioned pigeons did not differ from the con
trols in terms of the errors committed during the acqui
sition or the reversal phase for each of the three sets of 
visual discriminations. Furthermore, there were no differ
ences between the groups in terms of the acquisition and 
reversal of either the easiest or the most difficult of the 
discrimination pairs. 

Despite no difference in performance between the Hp
lesioned and the control pigeons on either the acquisi
tion or the reversal of any of the three visual stimulus 
sets, it appears from Figure 4 that the Hp-Iesioned pigeons 
made more errors than did the control pigeons across all 
phases and sets. It is important to note that the perfor
mance of the Hp-Iesioned group was elevated by 2 Hp
lesioned pigeons (H2 and H3) that had high error rates 
on both the acquisition and the reversal of the task. We 
are unable to account for the elevated error rates in these 
2 pigeons on the basis of histology, given that the extent 
of their lesions appeared to be no different from those 
from the other Hp-Iesioned pigeons. Furthermore, in Ex
periments I and 2, the performance of H2 and H3 did not 
stand out from that of the other Hp-Iesioned pigeons. 

Good (1987) did report that although Hp-Iesioned pi
geons were not impaired in learning the reversal of a vi
sual discrimination, they seemed to solve the task by 
using a different strategy than did the controls. Specifi
cally, the Hp-Iesioned pigeons showed a significant in
crease in perseverative responding during the reversal. 
To investigate whether the same might be true in our 
study, we examined the number of perseverative errors 
by looking at both the number of errors to the first cor
rect response irrespective of stimulus pair and the num
ber of errors to the first correct response for each stimu
lus pair. The analysis was restricted to the reversal of 
Set I, given that the greatest number of errors were noted 
in this condition and that repeated reversals appear to 
ameliorate the tendency of Hp-Iesioned pigeons to per
severate (Good, 1987). Separate t tests (two-tailed) re
vealed no difference between the control and the Hp
lesioned pigeons in terms of the number of errors to the 
first correct response for any ofthe comparisons [ts(l6) = 
0.25-2.I,ps = .51-.77]. 

Although our findings on perseverative responding 
stand in contrast to those of Good (1987), they are con
sistent with those of Reilly and Good (1987), who also 
noted no difference in the perseverative errors commit
ted by the Hp-Iesioned and the control pigeons. Curi
ously, in both our study and that of Reilly and Good, the 
pigeons were tested in an operant chamber, whereas in 
Good's study they were tested in a T-maze. There are a 
number of documented cases in which the apparatus is a 
critical component of the outcome of an experiment 
(Brasted, Dobrossy, Robbins, & Dunnett, 1998; Cassa
day & Rawlins, 1997; Deacon & Rawlins, 1996). It is 
possible that perseverative errors may emerge in open 
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field situations, but not when testing is conducted within 
an operant chamber. Because this issue surfaces again in 
the next two experiments, we will defer a discussion of 
this point until then. 

EXPERIMENT 4 

It is well known that lesions to the pigeon Hp result in 
a robust and persistent deficit in the ability to process 
and retain spatial information (Bingman, 1993; Colombo, 
Cawley, & Broadbent, 1997; Fremouw et aI., 1997). The 
purpose of Experiment 4 was to examine the perfor
mance of our birds on the reversal of a left-right position 
discrimination, a task known to be sensitive to Hp lesions 
in mammals (Mahut, 1971; Samuels, 1972; Thompson & 
Langer, 1963). Good (1987) conducted a similar study in 
a T-maze and showed that although Hp-Iesioned pigeons 
were not impaired in the acquisition of a position dis
crimination, they were impaired in the reversal of a posi
tion discrimination. In Experiment 4, we tested control and 
Hp-lesioned pigeons on a left-right position discrimina
tion in an operant chamber. 

Method 
Subjects and Apparatus 

The same pigeons and operant chambers as those used previously 
served in the present experiment. The visual stimulus consisted of 
a white disk 25 mm in diameter. 

Behavioral Procedure 
Following the procedure of Good (1987), the pigeons were pre

sented with a single nonrewarded preference trial. After a 4-sec ITI, 
the left and right response keys were lit. A peck to one of the keys 
terminated both stimuli, and the key of choice became the S - stim
ulus for the acquisition phase of the position discrimination. 

Immediately following the preference test, the pigeons received 
the first acquisition session. A session consisted of 40 trials, and 
each trial was conducted as follows. After the 4-sec IT!, the left and 
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Figure 5. The average number of errors committed by the con

trol and the hippocampal-Iesioned pigeons during the acquisition 
and reversal ofthe operant position discrimination task. 
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right response keys were lit. A peck to the S+ key resulted in ter
mination of the stimuli and a 2-sec access to a wheat reward, followed 
by the 4-sec IT!. A peck to the S - key resulted in termination of the 
stimuli, followed by a 4-sec time-out and then the 4-sec IT!. Once 
the pigeons had acquired this discrimination to a criterion of 36/40 
correct responses over 2 consecutive days, the reward contingen
cies were reversed, and the animals retrained to criterion. 

Results and Discussion 
The number of errors committed by the control and 

the Hp-Iesioned animals on the acquisition and reversal 
of the position discrimination is shown in Figure 5. A re
peated measures ANOVA was conducted with group 
(two: control vs. lesion) and phase (two: acquisition vs. 
reversal) as variables. There was a significant effect of 
phase [F(1,16) = 23.08, p < .001], which is due to the 
fact that both the control and the Hp-lesioned pigeons 
committed more errors on the reversal (controls, 33.78; 
Hp-lesioned, 41.89) than on the acquisition (controls, 
11.22; Hp-Iesioned, 20.33) of the position discrimina
tion. More important, there was no main effect of group 
[F(1, 16) = 2.34, p = .15], nor was there a group X phase 
interaction [F(1,16) = 0.01, p = .92], indicating that 
there was no difference between the groups in terms of 
the number of errors committed on either the acquisition 
or the reversal of the position discrimination. 

As in the previous experiment, we looked to see 
whether the pattern of responding differed between the 
Hp-Iesioned and the control groups by calculating the 
number of errors committed prior to the first correct re
sponse for both the acquisition and the reversal phases of 
the task. Separate t tests (two-tailed) revealed no differ
ences for either acquisition or reversal [ts(16) = 0.34-
1.66,ps = .12-.74]. Thus, as in the previous experiment, 
there was no evidence that Hp-Iesioned and control ani
mals were different in terms of their pattern of responding. 

Our findings that Hp-lesioned pigeons were not im
paired in the reversal of a position discrimination stands 
in contrast to the majority of mammalian research (Gray 
& McNaughton, 1983) and Good's (1987) study with pi
geons. The reasons for the difference between our study 
and that of Good are unclear. It is unlikely that the dis
crepancy is due to differences in the lesion size or tech
nique, since both studies used aspiration lesions that en
compassed the medial Hp and the lateral APH. It is also 
unlikely that procedural differences could account for 
the different outcomes, given that we replicated Good's 
procedure as closely as possible. The main difference be
tween our study and Good's study was that we tested our 
subjects in an operant chamber, whereas Good tested his 
subjects in an open field T-maze. The next experiment 
was designed to address this issue. 

EXPERIMENT 5 

The finding that Hp-lesioned pigeons were not im
paired on the left-right position discrimination stands in 
contrast to the commonly held view that the avian Hp is 
important for the processing and retention of spatial in-

formation. As we mentioned earlier, it might be that the 
effects ofHp lesions are attenuated, or perhaps abolished, 
when testing is conducted within the confines of an op
erant chamber. In Experiment 5, we examined whether 
the same Hp-Iesioned pigeons that were not impaired in 
a position discrimination in an operant chamber would 
be impaired in a position discrimination in an open field 
T-maze. 

Method 
Subjects and Apparatus 

The same pigeons as those used in the previous experiments 
served as subjects. The T-maze consisted of a silver aluminum 
frame with white plastic mesh walls and roof. Both the floor of the 
maze and the guillotine doors were made of laminated gray ply
wood. The overall length, width, and height of the maze was 2,065 
X 1,610 X 415 mm. The dimensions of the start box were 395 X 
280 mm, whereas the goal boxes were 405 X 290 mm. An alley 800 
X 290 mm separated the goal boxes. Perpendicular to the center of 
this alley was a runway (1,380 X 280 mm) leading to the start box. 
Three guillotine doors were used to partition the start and goal 
boxes from the rest of the T-maze. These doors were manually op
erated by the experimenter via strings and pulleys fixed to the ceil
ing above the maze. Situated at the end of each goal box was a 70-
mm-deep yellow cup. The pigeon was unable to see the contents of 
the cup until it had completely entered the goal box area. 

The T-maze was housed in a room that contained a number of 
distinctive visual features, such as a curtained window, a fireplace, 
a black chalkboard, a brown notice board, posters, and cupboards. 
One end of the room was sectioned off with opaque plastic shower 
curtains, behind which stood the experimenter. Situated in the cen
ter of the curtain was a small aperture, which enabled the experi
menter to observe the T-maze in its entirety. 

Behavioral Procedure 
Shaping. Shaping was conducted in four phases. The purpose of 

the shaping phases was to gradually accustom the pigeons to the 
T-maze. In Phase I, eight kernels of corn were placed at regular in
tervals along the alley, arms, and goal boxes of the T-maze, with five 
additional kernels placed inside each cup. The pigeon was allowed 
to explore the maze for 20 min. The criterion for Phase I was eating 
at least six ofthe eight corn kernels placed on the floor of the maze. 
During Phase I, the experimenter was not present in the room. 

In Phase 2, three corn kernels were placed on the floor of the 
maze, one was placed halfway up the alley, and one was placed in 
the middle of each of the left and right goal boxes. Again, five corn 
kernels were placed in each cup. The pigeon was allowed to explore 
the maze for \0 min. The criterion for Phase 2 was eating at least 
one piece of corn from either the left or the right cup. As in Phase I, 
the experimenter was not present in the room. 

In Phase 3, the pigeons were given sessions consisting of 10 forced
choice trials. Five kernels of corn were placed in one of the cups ac
cording to a random but balanced series. On each trial, one kernel 
of corn was placed at the intersection of the T-maze and in the cen
ter of the corresponding goal box area that contained the cup with 
the reward. The pigeon was placed in the start box, and the doors to 
the alley and the baited goal box were then raised. The pigeon was 
allowed 3 min to enter the goal box and eat from the baited cup. The 
criterion for Phase 3 was that the pigeons had to eat from the baited 
cup on 9/ I 0 trials. In Phase 4, corn was placed only in the cups, and 
the criterion was the same as that in Phase 3. In Phases 3 and 4, the 
experimenter was present in the room behind the curtains. 

The day after satisfying the Phase 4 criterion, the pigeons were 
given a preference test consisting of a single, nonreinforced trial in 
which the pigeon was placed in the start box and the doors to the 
alley and both goal boxes were raised. The pigeon was given 3 min 



in which to enter either the left or the right goal box, and entry into 
a goal box area terminated the trial. The chosen goal box became 
the S- arm for the acquisition phase of the left-right position dis
crimination. 

Acquisition and reversal. Acquisition of the left-right position 
discrimination began immediately after the preference test. Each 
daily session consisted of 10 trials. The procedure was as follows. 
The pigeon was placed in the start box, and the doors to the alley 
and both goal boxes were raised at the same time. If the pigeon en
tered the S+ goal box, the door was lowered, and the pigeon was al
lowed to consume the com and was then returned to the start box. 
The cup was then rebaited, and the next trial began. If the pigeon en
tered the S - goal box, the door was lowered, and the pigeon was re
turned to the start box for the start of the next trial. If the pigeon did 
not enter either goal box within the 3 min, all the doors were low
ered, and the pigeon was returned to the start box for the start of the 
next trial. The length of the IT! was the time it took the experi
menter to set up a new trial (approximately 30 sec). The criterion for 
acquisition of the position discrimination was 9/10 correct choices 
over 2 consecutive days. 

Reversal training began the day after the acquisition criterion was 
met. The procedure for reversal training was the same as that used 
in acquisition, with the exception that the positions of the S+ and 
S - goal boxes were now reversed. The pigeons were trained on the 
reversal until they satisfied a criterion of9/10 correct choices over 
2 consecutive days. 

Results and Discussion 
Shaping 

The number of sessions required by the control and 
the Hp-Iesioned pigeons to satisfy the criterion on each 
of the shaping phases is shown in Figure 6. One control 
pigeon (C 15) died prior to the start of the study, and 
I control pigeon (C 12) and I Hp-Iesioned pigeon (H8) 
would not perform in the T-maze and were therefore not 
included in the experiment. There was no difference in 
the number of sessions required by the control and the 
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Hp-Iesioned pigeons to reach criterion for Phases I, 2, 
and 4 [ts(l3) = 1.83,1.31, and 1.98,ps = .09, .21, and 
.07, respectively]. Interestingly, the Hp-Iesioned pigeons 
required significantly fewer sessions to reach criterion 
on Phase 3 [t(13) = 2.79,p < .05]. 

The fact that the Hp-Iesioned pigeons required fewer 
sessions to complete Phase 3 than did the control birds 
was an unexpected finding. We believe this may have been 
due to the presence of the experimenter in the room, which 
occurred for the first time in Phase 3. Despite the fact 
that the experimenter viewed the pigeons through a small 
opening in the curtain, it was clear that both the control 
and the Hp-Iesioned pigeons noticed the presence of the 
experimenter. However, whereas the Hp-Iesioned pi
geons noticed the experimenter and then often continued 
on with the task, the control pigeons tended to view the 
experimenter and then freeze. Although we cannot pin
point the reason for this difference in behavior, it may be 
related to similar findings in rats, who, after Hp lesions, 
are reported to show hyperactivity (Good & Honey, 1997; 
Jarrard, 1968), decreased attention to novel irrelevant 
stimuli (Kaplan, 1968; Wickelgren & Isaacson, 1963), or 
decreased levels of neophobia (Miller, Nonneman, Kelly, 
Neiswander, & Isaac, 1986). 

Acquisition 
The same problems encountered during shaping were 

evident during acquisition and reversal of the position 
discrimination. We observed that a large number of the 
control birds tended to freeze in one position-in many 
cases, failing even to exit the start box. Collapsed over 
acquisition and reversal phases, the control pigeons com
mitted significantly more of these no-response trials, as 
compared with the hippocampal pigeons [t(\ 3) = 3.97, 

3 4 

SHAPING PHASE 
Figure 6. The number of sessions required by the control and the hippocampal

lesioned pigeons to reach criterion on each of the four shaping phases in the 
T-maze task. The experimenter was not present in the room in Phases I and 2 but 
was present in the room in Phases 3 and 4. 
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Figure 7. The number of errors committed by the control and 

the hippocampal-Iesioned pigeons to reach criterion on both the 
acquisition and the reversal of the position discrimination in the 
T-maze. 

p < .01]. For this reason, no-response trials were excluded 
from the analysis. The errors committed by the control 
and the Hp-lesioned pigeons on the acquisition and re
versal of the position discrimination are shown in Fig
ure 7. A repeated measures ANOYA was conducted, with 
group (two: control vs. lesion) and phase (two: acquisi
tion vs. reversal) as variables. There was a significant ef
fect of phase [F(1,13) = 84.49,p < .001], which reflects 
the fact that both the control and the Hp-lesioned pi
geons committed more errors on the reversal, as com
pared with the acquisition of the discrimination. In con
trast to Experiment 4, there was a significant effect of 
group [F(I,13) = 5.68, p < .05]. The group X phase 
interaction was not significant [F(1,13) = 2.58,p = .13]. 

The findings of the present experiment show that the 
Hp-lesioned pigeons were impaired in performing the 
position discrimination within a T-maze. It is important 
to keep in mind that these were the same birds that were 
not impaired in the operant analogue of the position dis
crimination. In order to discount the possibility that the 
operant and the T-maze versions of the task varied in com
plexity and, therefore, sensitivity to Hp lesion, we com
pared the average number of trials taken by the control 
pigeons to acquire both the operant and the T-maze ver
sions of the position discrimination. In fact, the control 
pigeons took significantly more trials to learn the posi
tion discrimination in the operant chamber than in the 
T-maze [t(6) = 11.53,p < .01], ruling out this possibility. 

Although we did note that the performance of the Hp
lesioned pigeons was generally impaired on the T-maze 
position discrimination, our findings did differ from 
those of Good (1987), who found that the impairments 
were restricted to the reversal, rather than to the acquisi
tion of the task. Although it is true that, in most cases, 

the impairment following Hp lesions occurs on the rever
sal of a position discrimination (Gray & McNaughton, 
1983), it is not unheard of for Hp-lesioned animals to 
also be impaired in the initial acquisition of a position 
discrimination (Jones & Mishkin, 1972; Means, Wood
ruff, & Isaacson, 1972; Samuels, 1972). The reason that 
some studies show impairments in the acquisition, 
whereas others show impairments in both the acquisition 
and the reversal, is unclear. 

GENERAL DISCUSSION 

Although a great deal is known about the role of the 
avian Hp from naturalistic studies (Bingman, 1993), in
vestigations into the functional role of the pigeon Hp, 
using conventional memory tasks, have been somewhat 
less abundant (Macphail, 1993). As a result, direct com
parisons between the effects of Hp lesions in birds and 
mammals, the latter often tested using conventional mem
ory tasks, have also been limited. The present study re
flects an attempt to address this issue with particular em
phasis on the role of the avian Hp-APH in nonspatial 
memory tasks. To summarize the present findings, there 
was no evidence that pigeons with Hp lesions were im
paired in the retention of visual information learned prior 
to surgery (Experiment I), nor did damage to the Hp im
pair the initial acquisition or subsequent retention of 
postoperatively acquired visual information (Experi
ment 2). Furthermore, pigeons with lesions to the Hp were 
also able to learn the reversal of multiple visual discrim
inations (Experiment 3). Finally, Hp-lesioned pigeons 
were not impaired in the acquisition and reversal of a po
sition discrimination in an operant chamber (Experi
ment 4) but were impaired in the acquisition and rever
sal of a procedurally identical position discrimination 
when tested in a T-maze (Experiment 5). 

The goal of the present series of experiments was to 
investigate whether the avian Hp is a functional homo
logue of the mammalian Hp. We showed in the first three 
experiments that damage to the avian Hp has no effect on 
the acquisition, reversal, or retention of visual discrimi
nations. The question is: To what extent is this in line 
with the effects ofHp lesions in mammals? Unfortunately, 
the mammalian literature is far from clear on the issue of 
whether Hp lesions impair the processing and retention 
of visual information. We touched on this point in the in
troduction with respect to the visual delayed nonmatching
to-sample and concurrent discrimination tasks, where 
earlier studies with Hp and adjacent tissue damage 
showed impairments on these tasks. Two recent lines of 
evidence, however, cast doubt on whether damage to the 
Hp was responsible for these impairments. First, delayed 
nonmatching-to-sample and concurrent discrimination 
impairments can be produced in monkeys with damage 
to just the adjacent tissue, such as the rhinal cortex and the 
parahippocampal gyrus (Meunier, Bachevalier, Mishkin, 
& Murray, 1993; Zola-Morgan, Squire, et aI., 1989). Sec
ond, and perhaps more important, lesions restricted to 



the Hp result in no impairments on the concurrent dis
crimination task and very minor impairments on the de
layed nonmatching-to-sample task (Alvarez et aI., 1995; 
Murray & Mishkin, 1998). Furthermore, there is doubt as 
to whether the minor delayed nonmatching-to-sample 
impairments actually reflect impairments in visual mem
ory (Nadel, 1992, 1994). 

The same now appears to be true for object retention 
in monkeys. Whereas extensive Hp damage was once 
thought to result in impaired retention of object discrim
inations (Zola-Morgan & Squire, 1984, 1985), it is now 
apparent that when the lesion is restricted to the Hp and 
does not encroach into extra-Hp tissue, no such impair
ment exists (Alvarez et aI., 1995). Thus, our finding that 
pigeons with Hp lesions were not impaired in the reten
tion of visual discriminations over a 21-day period is 
consistent with the most recent account of Hp function 
in monkeys. Is also likely that damage to extra-Hp tissue 
may underlie reports of impaired retention of preopera
tively acquired object discriminations in monkeys (Nadel 
& Moscovitch, 1997). Indeed, when the rhinal cortex is 
selectively damaged, monkeys exhibit a temporally ex
tensive retrograde amnesia for object discriminations 
similar to that of monkeys with more extensive Hp dam
age (Thornton et aI., 1997). 

Although extra-Hp damage can account for reports of 
impairments in the retention of visual information ac
quired either preoperatively or postoperatively, the case 
for the reversal of visual discriminations is not as clear. 
Murray, Baxter, and Gaffan (1998) have recently re
ported that monkeys with restricted Hp damage exhibit 
minor impairments in learning the reversal of object dis
criminations. In contrast, other nonhuman primate re
search has reported no impairments on this task follow
ing extensive Hp lesions (Mahut, 1971). Although we 
cannot speak to the nature of the differences between 
these studies, it is important to bear in mind that the im
pairments reported by Murray et aI. following restricted 
Hp lesions were less severe than the visual discrimina
tion reversal deficits that followed rhinal lesions. Our 
finding that pigeons with Hp lesions are not impaired in 
the reversal of visual discriminations is not inconsistent 
with at least some studies conducted with monkeys. 

Overall, the evidence indicates that the Hp in mam
mals and birds does not seem important for the process
ing and retention of purely visual information. In this re
spect, one could argue that the avian Hp is a functional 
homologue of the mammalian Hp. The case for func
tional homology, however, is also based on the robust 
and persistent deficits on spatial tasks following Hp le
sions in both species (Bingman, 1993; Colombo, Swain, 
et aI., 1997; Fremouw et aI., 1997; O'Keefe & Nadel, 
1978; Sherry & Vaccarino, 1989). Consequently, we 
were particularly surprised to find that Hp lesions in pi
geons did not disrupt performance of a position discrim
ination in an operant chamber but did disrupt a position 
discrimination conducted in a T-maze. Given that the 
exact same pigeons and protocol were utilized in both 
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studies, one conclusion is that the effects of Hp lesions 
can be influenced by the type of experimental apparatus 
employed. There are a number of studies in mammals 
that also favor this interpretation. For example, rats 
tested on object discriminations have been reported to 
exhibit impairments when tested in an open field appa
ratus, but not when tested in an enclosed Y-maze or in 
large, but not in small, testing boxes (Cassaday & Rawl
ins, 1997; Deacon & Rawlins, 1996). Thus, it is appar
ent that the functional homology between the avian Hp 
and the mammalian Hp extends beyond the level of vi
sual and spatial findings, to include similar sensitivities 
to task parameters, such as the testing environment. 

There are several theories of Hp function that could 
account for the present discrepancy between the operant 
and the T-maze findings. Recently, a great deal of inter
est has focused on the role of the mammalian Hp in pro
cessing contextual information, a theoretical viewpoint 
that fits well with the role of the Hp in the processing 
and retention of spatial information (Gisquet-Verrier, 
Dutrieux, Richer, & Doyere, 1999). In one contextual ac
count, Hirsh (1974) has stated that environments that 
allow an animal to move without restraint enable the so
lution of the task through the formation of concatena
tions. Concatenations refer to sequences of behavior, and 
these sequences could potentially insulate animals from 
the effects of an Hp lesion. Owing to disruption of the 
behavioral sequence that occurs when an animal is moved 
at the end of each trial from the goal to the start box in a 
T-maze, it is unlikely that the pigeons were able to form 
concatenations in this testing environment. In the oper
ant chamber, however, no such disruption occurred, and 
the resulting concatenations may have enabled the Hp
lesioned pigeons to solve the operant position discrimi
nation. Indeed, Hirsh's proposal has already been high
lighted by Reilly and Good (1987) as one possible 
explanation for the discrepant results observed with sim
ilar, but not identical, operant and open field spatial dis
criminations. 

Another significant difference between the operant 
and the T-maze environments concerns the density and 
type of contextual cues available to the animals to help 
solve the task. Ramos (1998) has recently shown that the 
type of cue available to an animal can greatly influence 
the expression of Hp lesions. For instance, rats trained 
with extramaze cues were shown to exhibit retrograde 
amnesia for spatial information, whereas those rats pre
operatively trained with intramaze cues were not im
paired (Ramos, 1998). Although speculative, one likely 
explanation of the present discrepant findings could be 
that the contextual cues in the operant and the T-maze 
apparatuses differentially impact on the Hp-Iesioned pi
geons' ability to solve the task. 

Whatever the mechanisms underlying the effect of the 
apparatus on Hp lesions, the present discrepancy be
tween operant and T-maze findings joins a growing body 
of research indicating that task parameters can signifi
cantly influence lesion effects. Furthermore, the fact that 
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changes in the experimental context can differentially 
impact on Hp performance in both mammals and birds 
highlights yet another instance in which the avian Hp is 
functionally homologous to the mammalian Hp. 
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