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The roles of different forebrain structures in memory for- 
mation in the chick were investigated using restricted radio- 
frequency lesions. Young chicks will spontaneously peck at 
a small bright bead. If  the bead has been coated with a 
distasteful substance, the chicks learn not to peck a similar 
bead on subsequent presentation. Thus, in a single trial chicks 
learn not to peck at an aversive stimulus. Bilateral lesions 
of the intermediate part of the medial hyperstriatum ventrale 
(IMHV) prevented the acquisition of this l-trial passive- 
avoidance learning task. However, neither bilateral lesions 
of the lateral cerebral area (LCA) nor sham operation af- 
fected learning. IMHV has previously been shown to be crit- 
ically involved in the learning process of imprinting in the 
chick. The present experiment demonstrates that the role of 
IMHV in learning is not restricted to imprinting. The function 
of IMHV in imprinting has been suggested to be concerned 
with the recognition of objects. In the present study sham- 
operated and LCA-lesioned chicks recognized the visual 
characteristics of the training bead and did not avoid a bead 
of a- different color in the test. We propose that IMHV-le- 
sioned chicks fail to learn the task because they are unable 
to recognize the visual characteristics of the training bead 
and consequently cannot make the association between the 
bead and the unpleasant taste. 

The domestic chick is widely used for studies of the neuro- 
biological basis of learning and memory. In particular, filial 
imprinting and 1 -trial passive-avoidance learning (PAL) have 
been investigated extensively. Imprinting is the process by which 
chicks learn to recognize and form a preference for the first 
visually conspicuous object to which they are exposed (Bateson, 
1966). In 1 -trial PAL, chicks learn not to peck at a bead coated 
with a distasteful substance (Cherkin, 1969). 

Considerable effort has been directed at finding a region of 
the chick brain that is crucial for information storage. Autora- 
diography studies have demonstrated an increased incorpora- 
tion of I%-uracil (Horn et al., 1979) and I%-2-deoxyglucose 
(Kohsaka et al., 1979) into a restricted part of the chick telen- 
cephalon following imprinting. This part of the chick forebrain 
has been defined by Horn and coworkers as the intermediate 
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part of the medial hyperstriatum ventrale (IMHV: Horn, 198 1, 
1985). Electrophysiological changes (Payne and Horn, 1982, 
1984) and changes in the structure of synapses have subse- 
quently been found in IMHV following imprinting (Bradley et 
al., 1981; Horn et al., 1985). Furthermore, the critical impor- 
tance of this region in imprinting has been investigated by le- 
sions to IMHV. Bilateral lesions of this region prevented both 
the acquisition (McCabe et al., 198 1) and retention (McCabe et 
al., 1982) of an imprinted preference. However, lesions of other 
forebrain regions, the dorsal part of the lateral cerebral area 
(LCA) and parts of the visual Wulst, did not affect imprinting 
(McCabe et al., 1982; Horn et al., 1983; Johnson and Horn, 
1987). 

Kossut and Rose (1984) have shown that the incorporation 
of 14C-2-deoxyglucose is increased in part of the medial hyper- 
striatum ventrale (MHV), as well as in the paleostriatum aug- 
mentatum and lobus parolfactorius, following l-trial PAL. In 
addition, an enhanced incorporation of 14C-fucose, a radiola- 
beled glycoprotein precursor, has been reported in the forebrain 
roof (which includes the MHV) after l-trial PAL (Sukumar et 
al., 1980). This enhanced incorporation was subsequently found 
to be associated with synaptic membranes (Burgoyne and Rose, 
1980). Morphological studies (Stewart et al., 1984) have also 
revealed synaptic changes in part of the MHV following 1 -trial 
PAL. Furthermore, administration of protein synthesis inhib- 
itors into the MHV induces amnesia of a 1 -trial PAL task (Pat- 
terson et al., 1986; Rose, 1987) and Mason and Rose (1987) 
have demonstrated electrophysiological correlates of PAL with- 
in this brain region. Thus, 3 forebrain regions have been im- 
plicated in l-trial PAL, with most evidence pointing to the 
involvement of part of the MHV. 

If a restricted part of the MHV is indeed necessary for 1 -trial 
PAL, damage to this area should prevent the acquisition of the 
task. In addition, if the region of the MHV implicated in 1 -trial 
PAL corresponds to the more restricted forebrain region crucial 
to imprinting, then bilateral lesions to IMHV should impair the 
former. The current study was designed to address these issues. 

Materials and Methods 
Twelve batches of fertile “Ross 1” eggs (Ross Poultry G.B., Ltd., Wood- 
hall Spa. Lines.) 5-7 d old were set in a paddle incubator at 37.0-38.O”C. 
After 18 d incubation, the eggs were transferred to a hatching incubator 
set at 38.5-40.5”c. The chicks hatched and were allowed to dry out in 
the dark. They were then transferred to individual compartments in a 
holding incubator (33.0-35.0”(Z) that was housed in a quiet room and 
illuminated by diffuse overhead light. 

Surgical procedure. Chicks, 12-18 hr old, were anesthetized by i.p. 
injection of 0.12 ml Equithesin (Davies and Horn, 1983). They were 
then assigned to 1 of 3 groups according to the treatment they were to 
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receive: sham-operation, IMHV-lesions, or lesions to the LCA. Chicks 
that were to receive lesions were mounted in a stereotaxic instrument. 
The ear bars were set 8.50 mm above and posterior to a horizontal bar 
placed at the angle between the upper and lower beak. The scalp, cra- 
nium, and dura mater were incised, and a stainless steel electrode was 
introduced into the brain. The shaft of the electrode was insulated with 
varnish (Epoxylite). The lesions were made by passing a radio-frequency 
current through 3 sites in each hemisphere. For IMHV, the stereotaxic 
coordinates were 4.00, 2.75, and 1.50 mm anterior to the parieto-oc- 
cipital (PO) suture, respectively. All sites were 0.80 mm lateral to the 
midline and 2.50 mm ventral to the surface of the brain. For LCA, 3 
penetrations were made in the lateral side of each hemisphere at the 
same anterior/posterior coordinates used for IMHV. However, the elec- 
trode tip was inserted 5.50 mm lateral to the midline and 1.25 mm 
below the surface of the brain (McCabe et al., 1982). After the electrode 
was withdrawn the skull flap was closed and the scalp sutured. The scalp 
of sham-operated chicks was incised and sutured in a similar manner 
to that of the lesioned chicks. After operation each chick was ascribed 
a code number, and all subsequent procedures were performed “blind,” 
the observer not knowing the experimental history of the chicks. 

Training and testing procedure. Fifteen to 20 hr after surgery, the 
chicks were trained in a l-trial PAL task similar to that described by 
Cherkin (1969). Each chick was placed in a cylindrical arena 30 cm high 
and 14.5 cm in diameter. A red bead (6 mm in diameter) mounted on 
the end of a thin stick was dipped in the bitter-tasting substance methyl 
anthranilate (MeA). The bead was introduced to the chick through a 
hole in the arena wall 15.5 cm above its base. Chicks will spontaneously 
peck at the bead and indicate that they have tasted the MeA by showing 
one or more components of the disgust response, i.e., head shaking, 
beak wiping, and eye closure. Control chicks were presented with a red 
bead dipped in distilled water. The latency to the first peck was recorded, 
and those chicks that failed to peck the bead in 60 set were excluded 
from further investigation. 

Three hours after training, a retention test was performed. Each chick 
was presented with a red bead, followed 5 min later by a similar sized 
blue bead, both coated with distilled water. The latency to peck each 
bead was recorded. If  a chick failed to peck either bead within 60 set 
of its presentation, the test was terminated. Unpublished experiments 
in our laboratory have revealed that the color of the training bead (red 
or blue) has no effect on the chick’s subsequent performance and that 
there is no effect of varying the order of presentation of the red and 
blue bead at test. Therefore, for simplicity, the chicks were trained on 
a single color of bead (red), and this was presented first in the test. Both 
training and testing were performed under a fume hood to minimize 
possible olfactory effects of MeA. The chicks’ behavior was viewed in 
a mirror suspended above the arena. 

Histology. After testing, all experimental chicks were decapitated and 
their brains were fixed by immersion in 10% formol saline for at least 
60 hr. Frozen 40 pm serial sections were cut and stained with cresyl 
violet. The lesions were reconstructed from the histological material by 
projecting the images of sections through a photographic enlarger onto 
drawings from an unpublished atlas. The volume of each lesion was 
estimated from the drawings using a digitizing tablet connected to a 
microcomputer. The histological sections were examined blind, and 
those brains that did not contain bilateral lesions in the correct location 
were discarded. 

Statistical analysis. The gender of each chick was determined by the 
feather-sexing technique (see Hann, 1966). The numerical code was 
broken, and the results were compared using the x2 test with Yates’ 
(1934) correction. 

Results 
Significantly more sham-operated chicks trained on a MeA- 
coated bead avoided an identical water-coated bead at test than 
did sham-operated chicks trained on a water-coated bead (Fig. 
1; x2 = 18.95, p < 0.001). Similarly, significantly more LCA- 
lesioned chicks trained on MeA avoided the test bead than did 
LCA-lesioned chicks trained on water (Fig. 1; x2 = 6.77, p < 
0.01). There was no significant difference in avoidance of the 
red bead at test between sham-operated and LCA-lesioned chicks 
trained on either MeA or water (Fig. 1). Thus, both sham- 
operated and LCA-lesioned chicks trained on MeA, learned the 
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Figure 1. Comparison of the effects of bilateral IMHV lesions, LCA 
lesions, and sham operation on l-trial PAL. The chicks were trained 
15-20 hr after surgery and were given a retention test 3 hr later. All 
IMHV-lesioned chicks trained on the water-coated bead pecked the red 
bead in the test (0% avoidance). N is given beneath each bar; **p < 
0.01, ***p < 0.001. 

l-trial PAL task. There was no difference between these treat- 
ments. 

In contrast, there was no significant difference in avoidance 
of the red bead at test between IMHV-lesioned chicks trained 
on MeA or on water (Fig. 1). Neither was there any difference 
in avoidance of the red bead at test between IMHV-lesioned, 
LCA-lesioned, or sham-operated chicks trained on water. How- 
ever, IMHV-lesioned, MeA-trained chicks avoided the red bead 
at test significantly less than did similarly trained LCA-lesioned 
and sham-operatedchicks (x2 = 6.42,~ < 0.02 for LCA-lesioned 
and sham-operated groups combined). Thus, IMHV-lesioned 
chicks did not learn the l-trial PAL task. 

Failure to peck the bead during training (and therefore sub- 
sequent exclusion from further investigation) was not affected 
by the chicks’ treatment or training substance. In those chicks 
that pecked the bead during training, the latency to peck either 
the MeA- or water-coated bead did not differ between sham- 
operated and lesioned chicks. Thus, during training all groups 
of chicks showed similar pecking activity. There was no signif- 
icant difference in the pecking of male and female chicks in any 
of the groups studied. 

Bead color discrimination 
Sham-operated, MeA-trained chicks avoided the red bead sig- 
nificantly more than the blue bead at test (Table 1; x2 = 4.61, 
p < 0.05). Similarly, there was a significantly greater avoidance 
of the red bead then the blue bead at test by LCA-lesioned chicks 
trained on MeA (Table 1; x2 = 6.77, p < 0.01). Therefore, those 
sham-operated and LCA-lesioned chicks trained on MeA that 
learned the l-trial PAL task, could discriminate between the 
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IMHV Lesions 10mm LCA Lesions 10mm 
Figure 2. Histological reconstruction of forebrain lesions on diagrams of coronal brain sections. The diagrams represent sections approximately 
1 mm apart. Black areas indicate tissue destroyed in 90% of brains, and stippled areas denote tissue destroyed in more than 25% of brains. Section 
1 is anterior and section 8 posterior. The left hemisphere is shown on the left side. Abbreviations: HA, hyperstriatum accessorium; HZ, hyperstriatum 
intercalatus; HD, hyperstriatum dorsale; N, neostriatum; HV, hyperstriatum ventrale; E, ectostriatum; V, ventricle; PA, paleostriatum augmentatum; 
PP, paleostriatum primitivum; A, archistriatum; OT, optic tectum. 

bead on which they were trained and a similar-sized bead of a 
different color. However, there was no significant difference be- 
tween the avoidance of the red and blue bead at test by IMHV- 
lesioned chicks trained on MeA. These chicks showed low 
avoidance of both beads (Table 1). There was no significant 
difference in avoidance of the blue bead at test, between the 3 
experimental groups trained on a MeA-coated bead. Sham-op- 
erated, LCA-lesioned, and IMHV-lesioned chicks trained on 
water all showed a similar low avoidance of both the red and 
blue beads at test (Table 1). 

Table 1. Comparison of the effects of bilateral IMHV lesions, LCA 
lesions, and sham operation on bead color discrimination at test 

Training % Avoidance at test 

substance Lesion site N Red bead Blue bead 

MeA IMHV 11 27.3 9.1 
MeA LCA 11 727% 9.1 
Me A Sham 22 11.3* 40.9 
Water IMHV 10 0 0 
Water LCA 11 9.1 27.3 
Water Sham 23 8.1 8.1 

The percentage of chicks avoiding the red and blue water-coated beads at test is 
given. All chicks were trained on a red bead. For each group, the percentage of 
chicks avoiding the red bead and the percentage of chicks avoiding the blue ‘?ead 
in the test is compared; *p -C 0.05, **p < 0.01. 

Anatomical location of lesions 
Reconstructions of the IMHV and LCA lesions are shown in 
Figure 2. The volume of tissue destroyed, expressed as a per- 
centage of total forebrain volume (k SEM), was 3.06 -t 0.38% 
(N = 2 1) for IMHV and 2.19 + 0.13% (n = 22) for LCA. IMHV- 
lesioned, MeA-trained chicks that did not learn the 1 -trial PAL 
task received lesions of similar size and location to those in 
chicks that did learn the task. For both lesion groups, the extent 
of the damage was the same in each hemisphere, and there was 
no significant difference (Mann-Whitney U test) in the amount 
of tissue destroyed. 

Discussion 
Bilateral lesions placed in IMHV before training impaired 1 -trial 
PAL. In contrast, sham-operated and bilateral LCA-lesioned 
chicks were able to learn the task. It is unlikely that the learning 
impairment resulting from IMHV lesions can be attributed to 
general effects of anesthesia or nonspecific brain damage since 
(1) sham-operated and LCA-lesioned chicks were not impaired 
in the task, (2) there was no difference in the latency to peck 
during training between IMHV-lesioned chicks and the other 
groups. Furthermore, all lesioned groups of chicks showed low 
avoidance of the blue bead at test. 

Lesion studies have previously been employed in the inves- 
tigation of l-trial PAL in chicks, but to our knowledge the 
current study is the first to use such restricted forebrain lesions. 
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In an early attempt to discern which forebrain regions are in- 
volved in 1 -trial PAL, Benowitz (1972) selected relatively gross 
morphological regions for suction lesions. Both “limited” and 
“extensive” hyperstriatal lesions were found to impair acqui- 
sition of the task, while “extensive” lesions alone impaired re- 
tention. The “hyperstriatum accessorium, -dorsalis, -interca- 
latus and overlying paleocortical tissue” were removed by both 
operations, and the “extensive” lesions “more frequently in- 
cluded hyperstriatum ventrale, parts of adjacent neostriatum 
and medial portions of the hippocampal complex.” Thus, from 
the study of Benowitz (1972), it was impossible to associate any 
particular forebrain structure with the learning process. The 
results of the present study indicate that a specific part of the 
hyperstriatum ventrale, the IMHV, is critically involved in the 
acquisition of a 1 -trial PAL task. Patterson et al. (1986) recently 
demonstrated that bilateral injection of a variety of agents 
(L-glutamate, ouabain, cyclohexamide, anisomycin, emetine) into 
the MHV prevents chicks from learning a l-trial PAL task. Our 
findings are in agreement with these results but specify more 
precisely the region critically involved. 

Bilateral IMHV lesions have previously been shown to se- 
verely impair the ability of chicks to acquire (McCabe et al., 
198 1) and retain (McCabe et al., 1982) an imprinted preference. 
Thus, IMHV appears to play a critical role in both filial im- 
printing and in the acquisition of a 1 -trial PAL task in the young 
chick. Furthermore, the part of the MHV implicated in l-trial 
PAL by Rose and coworkers (see Rose, 1985) and Patterson et 
al. (1986) appears to be, or at least to include, IMHV. 

Bilateral LCA lesions did not affect the acquisition of a 1 -trial 
PAL task in the present study. These lesions damaged the lateral 
edges of the hyperstriatum ventrale and the dorsolateral part of 
the neostriatum and its overlying cortical mantle. Lesions sim- 
ilar in location and extent to these have also been shown not 
to affect the retention of an imprinted preference (McCabe et 
al., 1982; Horn et al., 1983). Removal of the lateral neostriatum 
has also been shown to have no effect on imprinting in ducklings 
(Takamatsu and Tsukada, 1985). These findings are perhaps not 
surprising since biochemical experiments have not implicated 
this area in either imprinting (Horn et al., 1979) or 1 -trial PAL 
(Kossut and Rose, 1984). 

However, more extensive suction lesions of the chick lateral 
forebrain have been reported to affect both the acquisition and 
retention of an imprinted preference (Salzen et al., 1975, 1978) 
and the acquisition and retention of a l-trial PAL task (Beno- 
witz, 1972). In both of these studies the lesions included at least 
part of the archistriatum. The avian archistriatum is believed 
to have a role in motivation and emotion (Zeier and Karten, 
1971) and has reciprocal connections with IMHV (Bradley et 
al., 1985). Thus, it is possible that damage to this structure may 
cause “motivational” deficits that could affect the chicks’ ability 
to learn. In fact, Benowitz (1980) cites his own unpublished 
observations that destruction ofthe chicks’ medial archistriatum 
causes PAL deficits similar to those resulting from lateral fore- 
brain lesions. 

Patterson et al. (1986) found that direct injection of amnestic 
drugs into the lateral neostriatum (LNS) prevented chicks from 
learning a l-trial PAL task. From the description given, the 
injection site would seem to be below LCA, but its precise 
relationship to the archistriatum is not clear. 

Experiments employing unilateral injections of amnestic agents 
(Patterson et al., 1986) have led to the suggestion that it is the 
left MHVDMHV and right LNS that are the critical structures 

involved in the learning of a l-trial PAL task. Hemispheric 
asymmetries in the neural correlates of imprinting (Bradley et 
al., 198 1; Horn et al., 1985) and l-trial PAL (Stewart et al., 
1984) are well established, and Horn et al. (1983) have suggested 
that there is a temporal processing of information during im- 
printing between different brain regions. It is therefore possible 
that there is a time-ordered movement of information during 
1 -trial PAL between left IMHV and right LNS or, as Patterson 
et al. (1986) suggest, that processing of the emotional aspects of 
l-trial PAL occurs in the right LNS and associative processing 
occurs in the left IMHV. These possibilities remain to be tested: 

In the l-trial PAL task employed in the current experiments, 
chicks may associate pecking a bead with an unpleasant taste 
and subsequently avoid the bead. Bilateral lesions to IMHV 
prevented the acquisition of this 1 -trial PAL task. This finding 
appears to conflict with the results of previous studies in which 
bilateral IMHV lesions did not impair the acquisition of other 
associative learning tasks but nevertheless did prevent imprint- 
ing (McCabe et al., 1982; Johnson and Horn, 1986). However, 
there are 2 characteristics of this l-trial PAL task that may 
account for the effects of the IMHV lesions. First, the task re- 
quires the chick to inhibit its response to a stimulus, and second, 
the task may involve recognition of the characteristics of an 
object. The learning process of imprinting may involve both 
response inhibition and object recognition, but the learning tasks 
in which IMHV lesions are not amnestic do not. 

When a chick is presented with a small conspicuous bead, it 
will normally try to peck at it. This tendency is inhibited as a 
result of exposure to a bead coated in a noxious substance such 
as MeA. Imprinting may be characterized in a similar way. 
When a naive chick is exposed to an appropriately sized visually 
conspicuous object, it will approach the object. The longer the 
time that the chick is exposed to this initial object, the less it 
will subsequently approach different objects. Thus, imprinting 
may involve the selective inhibition of a tendency to approach. 
Following this interpretation, IMHV may be involved in the 
inhibition of an inborn tendency in both l-trial taste aversion 
PAL and imprinting. In neither heat-reinforced pattern discrim- 
ination (McCabe et al., 1982), nor the acquisition of an operant 
pedal-pressing task (Johnson and Horn, 1986), is response in- 
hibition required, and bilateral IMHV lesions do not affect the 
acquisition of these tasks. However, reversals of these tasks may 
be sensitive to IMHV lesions. 

In the present study a significant number of sham-operated 
and LCA-lesioned chicks trained on a red MeA-coated bead 
avoided the red bead but pecked at a blue bead in the test. If 
the chicks had simply associated the act of pecking with the 
aversive taste and not retained any information about the char- 
acteristics of the training bead, they would have avoided both 
the red and blue beads in the test. Thus, the chicks appear to 
store information about the characteristics of the training bead. 
This conclusion is supported by a recent study in which the 
strength of initial learning and duration of the memory of a 
1 -trial PAL task in chicks were found to be dependent upon the 
visual characteristics of the training bead (Roper and Redston, 
1987). 

Johnson and Horn (1986) have proposed that there are at least 
2 types of dissociable memory system in chicks, one con- 
cerned with the recognition of objects and the other with the 
acquisition of simple associations. Furthermore, they have ar- 
gued that the integrity of IMHV is essential for the former 
system but not for the latter. If this is the case, then bilateral 
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lesions to IMHV should impair the chicks’ ability to recognize 
a particular bead. In the present experiments, the inability to 
recognize the red training bead may prevent the association 
between the bead and the unpleasant taste from being recalled 
in the test, resulting in the amnesia observed in IMHV-lesioned 
chicks. 
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