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costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.
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THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 1992,4519 (1) 33-47 

Delayed-matching- to-sample 
by Marsh Tits and Great Tits 

Susan D. Healy and John R. Krebs 
University of Oxford, U. K .  

The ability of two species of tits to remember the location andor features of 
an object was tested in a delayed-matching-to-sample procedure. Three 
values of retention interval between presentation of the sample stimulus and 
the choice-30 sec, 5 min, and 15 min-were used. Both species performed 
at above-chance level at all retention intervals, and there was no significant 
decline in accuracy with increasing interval. A pool of 100 stimulus objects 
was used, but the results of control trials indicated that the birds responded 
primarily to location rather than stimulus features of the object itself. 
Although the food-storing marsh tit tended to perform at a higher level than 
the non-storing great tit, the only significant difference between the species 
was in the first 50 trials of the first treatment, when the birds were acquiring 
the task. The results are discussed in relation to the hypothesized special 
memory capacity of food-storing birds. 

The “synthetic” approach to animal learning and memory (Kamil, 1988) is 
the combination of psychological method and theory with behavioural and 
ecological knowledge of the animals being studied. This approach has been 
used, in particular, during the last few years to study the spatial memory of 
food storing species belonging to the Corvidae and the Paridae (Kamil & 
Balda, 1990; Krebs, 1990; Shettleworth, 1990). Within these two families 
some species store food, either on a long-term basis (food retrieval occurs 
several months after storage, as in nutcrackers Nucifiugu spp.) or on a 
short-term basis (food retrieval occurs after several hours or a few days as in 
some tits Purm spp.). The fact that very large numbers of items are stored 
in and retrieved from different individual locations suggests the hypothesis 
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Zoology, University of Oxford, Oxford OX1 3PS, U.K. 
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34 HEALY AND KREBS 

that food-storing birds have a specialization of memory associated with 
their ecological niche. 

The clearest evidence in support of this hypothesis comes from neuro- 
anatomical rather than behavioural work. Krebs, Sherry, Healy, Perry, 
and Vaccarino (1989) and Sherry, Vaccarino, Buckenham, and Herz 
(1989) found that food-storing passerines (song-birds) have a larger dorso- 
medial cortex (hippocampus) relative to the rest of the telencephalon than 
do non-storers. Lesion experiments by Sherry and Vaccarino (1989) on 
food-storing black-capped chickadees ( Parus utricupillus), and Bingman 
(1990) on homing pigeons (Columbia liviu), have shown that the avian 
hippocampus may play a role in spatial memory, although it may also be 
involved in other kinds of memory (Good, 1989). 

The results from the behavioural studies are less convincing. Studies of 
North American corvid species have looked for differences in spatial 
memory between species that rely to differing extents on stored food for 
survival in the wild. The studies on the tit species have looked for memory 
differences between closely related species, some of which store and some 
of which do not. Neither of these two lines of research has yet produced 
conclusive results (summarized in Krebs, 1990). One of the more suggest- 
ive results is that of Olson (1989), who compared the performance of an 
intensive storer, the Clark’s nutcracker Nucifragu columbiuna, a less- 
intensive storer, the scrub jay Alphelocomu coerulescem, and the pigeon in 
a spatial delayed-non-matching-to-sample task (DNMTS). Nutcrackers 
appeared to remember over longer intervals than do the other two species, 
although there was no significant difference between scrub jays and 
pigeons. 

In this paper we use a version of delayed-matching-to-sample (DMTS) 
to compare the performance of two species of tit: the food-storing marsh tit 
Parus palustris and the non-storing great tit Parus major. DMTS and 
DNMTS have been used to study a variety of problems related to memory 
including short-term visual memory (e.g. rats: Roitblat & Harley, 1988; 
pigeons: Roberts & Grant, 1976; monkeys: D’Amato, 1973; Forestell & 
Herman, 1988; Herman, Hovancik, Gory, & Bradshaw, 1989), object 
recognition (Aggleton, 1985; Gaffan, 1974; Mishkin & Delacour, 1975), 
concept learning (e.g. Wright, Cook, Rivera, Sands, & Delius, 1988) and 
spatial memory (pigeons: Brodbeck, Burack, & Shettleworth, 1992; 
Roitblat & Harley, 1988; Wilkie, 1989; Wilkie & Summers, 1982). 

In our experiments, the animal was presented with a rewarded sample 
and then, after a retention interval, tested for its ability to choose the 
correct (matching) object using location, appearance, or both. These two 
kinds of cue were deliberately confounded because in natural food storing 
we assume the bird has to remember sites that may be characterized both 
by appearance and by position. We used a pool of 100 different objects, 
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DELAYED-MATCHING-TO-SAMPLE BY TITS 35 

so that each stimulus was presented on only a few occasions. The birds 
experienced a maximum of 20 objects per day, so any one object was seen 
only on every fifth day. In addition to designing the experiment in this way 
to capture some aspects of natural food storing, the use of a large pool of 
stimuli has been shown in other studies of memory to enhance perform- 
ance, presumably because it reduces interference between successive trials 
(Aggleton, 1985; Brodbeck et al., 1992; Macphail & Reilly, 1989; Overman 
& Doty, 1980; Wright et al., 1988). 

Accuracy of animals solving DMTS problems has been shown to 
increase with increasing delays between trials (intertrial interval: ITI) 
(monkeys: Jarrard & Moise, 1971; pigeons: Maki, Moe, & Bierley, 1977), 
such that in some cases increased IT1 has counterbalanced performance 
decline due to increased retention intervals (Roberts & Kraemer, 1982). In 
an attempt to minimize the effect of trials interfering with each other, in 
our experiments the IT1 was always at least twice as long as the retention 
interval. 

Method 

Eight marsh tits and eight great tits were caught in deciduous 
woodland at Stanton St John, Oxfordshire, 1-6 months before the start of 
the experiment. Both species were housed individually indoors in wire- 
mesh cages (77 cm X 44 cm X 44 cm high). The birds were fed daily a 
commercial insectivorous bird food mixture, supplemented by boiled egg, 
carrots, peanuts, sunflower seeds, fly pupae (for the marsh tits), and 
mealworms (for the great tits) and were maintained on a 10:14 hour 
1ight:dark cycle. None of the birds had been involved in experiments 
previously. The experiments were begun in November 1988 and completed 
in March 1990. 

The apparatus is shown in Figure 1. It consisted 
of a Perspex box attached to one side of each bird’s cage such that the bird 
could move freely in and out of the box (the side of the Perspex box facing 
the cage had no wall). The side facing the experimenter was a sliding 
Perspex door through which the experimental tray could be presented. The 
two ends and the bottom of the box were black opaque Perspex, with the 
top and the sliding door made from clear Perspex. The observer presented 
the tray and recorded data from behind a curtain. 

The protocol consisted of presenting a T-shaped tray (see Figure 1) into 
the Perspex box, with the vertical arm of the T pointing towards the bird’s 
cage. The well in this arm was not used in this experiment. The two wells 
on the crossed arm were 8 cm apart and separated by a partition (0.3 cm 
thick x 5.5 cm wide x 5.1 cm high), so that the bird, when at one well, 
could not see the contents of the adjacent well. 

Subjects. 

Experimental Design. 
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36 HEALY AND KREBS 
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FIG. 1. A scale drawing of the experimental apparatus with the T-shaped tray in place. 

Wells were covered with pale blue plastic discs (1.6-cm diameter) glued 
to each of which was a coloured bead or button (the experimental objects). 
These beads and buttons varied in size, shape, and colour: the height of 
the object glued to the disc ranged from 0.1 to 1 cm, the width of the 
objects ranged from 0.4 to 1.5 cm. The shapes of the objects included 
spheres, tubes, cubes, and animals, and the colours ranged from red 
through yellow, blue, and green to purple, as well as black, silver, white, 
and gold. There were 100 different objects in all, and they were presented 
in pairs such that the paired objects were as dissimilar in appearance as 
possible. The combination of objects into pairs was changed after each 
trial but not randomized because we wanted to make the pairs as unlike 
as possible. 

Training Procedure. For both training and experiments the birds were 
deprived of food overnight from 1700 hrs to 0900 hrs the following day, 
when tests started. 

Initial training involved placing the birds’ food bowls in the Perspex 
boxes so that the birds became used to moving in and out of the box and 
also to acquiring food in the box. The tray was first presented to the bird in 
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DELAYED-MATCHING-TO-SAMPLE BY TITS 37 

the bottom of its cage and the wells covered with plain pale blue discs. 
Both wells contained food, and the bird learned to move the disc aside to 
remove the food hidden underneath. When the bird had learned to do this 
(2-3 days), the food bowls were removed from the Perspex box and 
replaced by a tray, again with the plain blue discs covering food in both 
wells. The bird would then come into the box, move aside one of the discs, 
and return to a perch in its cage to eat the piece of peanut. When the bird 
was entering the box to look for food under the discs within two minutes of 
presentation of the tray (2-3 days), it then had 2-3 days of “training 
trials”. 

Training and subsequent experimental trials were divided into two 
phases. The first phase of the trial was the presentation of the tray into the 
bird’s Perspex box. One of the wells, chosen at random, contained a small 
piece of peanut of about 30 mg, covered by one of the objects (discs with 
beads), which acted as the sample, whereas the other well remained empty 
and uncovered. The well covered by the object was chosen such that each 
of the two wells was used for 50% of each day’s trials, but the order of 
presentation was randomized. The bird was required to move the object in 
order to remove the food. This was done easily by both species. The bird 
would then fly back into its cage to eat the food. Whilst it was eating the 
food, the tray was withdrawn, and when the bird had finished eating, the 
tray was presented again [this was the minimal retention interval (RI)]. In 
phase 2 the well that had contained food and been covered in Phase 1 again 
contained the food covered by the same object from Phase 1 and the other, 
empty well was also covered. To locate the food successfully, the bird had 
to return both to the same position at which it had found food in Phase 1 
and to the same object. The bird thus could use both characteristic features 
of the rewarded object and its spatial location to find the food in Phase 2. 
Cues emanating from the food itself have been shown in previous experi- 
ments not to be used by tit species to locate food (Shettleworth & Krebs, 
1982). In addition, as the birds did not remain in front of the wells after 
finding the food in Phase 1, they could not have used postural changes to 
solve the problem. For the first day of training only, if the bird chose the 
wrong object it was allowed to retrieve the food from under the correct 
object. Thereafter, however, the birds were allowed to displace one object 
only. 

Many previous experiments have found that animals spontaneously 
perform non-matching-to-sample (NMTS) tasks. The first four birds (two 
of each species) to finish initial training were tested for their preference to 
perform either a delayed matching-to-sample task or a DNMTS task. This 
involved the front well being used to present the sample and the two back 
wells to present the choices. Food was hidden under both choice objects in 
Phase 2 and the bird observed as to which of the objects it chose. The birds 
were each given 10 such trials, and all four birds chose the matching object 
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38 HEALY AND KREES 

in more trials than the non-matching object-great tit one: 7/10; great tit 
two: 6/10; marsh tit one: 7/10; marsh tit two: 7/10; binomial probability 
test: p (two-tailed) = 0.038. 

Pilot studies, also using these four birds, then tested the birds’ perform- 
ance on a version of the task described above in which the reward in Phase 
2 could be obtained only by choosing the correct object and not by 
position. The front well was used to present the sample and the two back 
wells to present the choices, with the correct (matching) object randomly 
assigned to one of these wells. After 50 trials per bird, none of the birds 
was performing better than at random, and all of them had developed 
preferences for one or other of the wells. These 50 trials were followed by 
10 trials of a purely spatial DMTS task in which the sample was presented 
over one of the side wells and the choice consisted of two identical objects, 
the one in the same position as the sample being rewarded. The perform- 
ance of the birds over these 10 trials was better than random-one-sample 
t-test, t(3) = 8.66, p = 0.003. 

The results from these two pilot studies suggested both that the birds 
spontaneously performed matching-to-sample, and, when spatial informa- 
tion was available in addition to object-specific cues, the birds did not 
show preferences for one or other of the wells. Thus the subsequent 
experimental procedure used a DMTS task with both spatial and object 
cues available for making the correct choice. 

Training and experimental trials were performed between 8 am and 
12 noon, with a maximum of 10 trials run per day. Training ended when 
the birds were able to perform 5 trials in half an hour (2-3 days for both 
species). Trials were always at least five minutes apart. 

Test Procedure. The experimental procedure consisted of two-phase 
trials (as in training). The phases of each trial were separated by a 
predetermined RI, and trials were separated by an IT1 dependent on the 
RI. The number of trials per day was also dependent on the RI. 

Experiment 1 consisted of 15 days of 10 trials per day (150 trials in total), 
with a RI of 30 sec and an IT1 of 5 min. 
Experiment 2 consisted of two treatments: a RI of 5 min with an IT1 of 
15 min and a RI of 15 min with an IT1 of 30 min. Each bird experienced 
15 days of each treatment. 

Four individuals of each species had the 5-min RI followed by the one of 
15 min, and three individuals of each species experienced the treatments in 
the reverse order (only seven individuals of each species completed Experi- 
ment 2). For the 5-min RI, 10 trials per day were run, but with the 15-min 
RI it was possible to run only 6 trials per day, so that the birds had a total of 
90 trials at this RI. 
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DELAYED-MATCHING-TO-SAMPLE BY TITS 39 

Resu I ts 

As trials within a day are less likely to be independent than averages 
between days, the data were analysed as the proportion of each day’s trials 
that were successful; thus there were 15 data points per bird for each RI. 
The data were arcsine square root transformed. All p-values are two-tailed 
unless specified otherwise. 

Experiment 1 

1. Effect of Acquisition. To determine whether there was any 
improvement in the birds’ performances over the 15 days, regression lines 
were calculated through each bird’s data. The slopes for two of the eight 
great tits were significantly different from zero-Great tit 1: F(1, 14) = 
17.09, R = 0.75, p = 0.001; Great tit 2: F(1, 14) = 8.18, R = 0.62, 
p = 0.013. The performances of both of these birds improved with increas- 
ing sessions. None of the slopes of individual marsh tits differed signific- 
antly from zero (0/8 birds). The average slope of each species was also 
compared against a slope of zero. The great tits differed significantly from 
zero, F(1,14) = 9.64, R = 0.65, p = 0.008, and the marsh tits were close to 
significance [F(1, 14) = 3.42, R = 0.46, p = 0.087. T-tests were used to 
compare the slopes and intercepts of the two species. The slopes were not 
significantly different [t(14) = 1.02, p = 0.331, but marsh tits had a 
significantly higher intercept than great tits, t(14) = 2.21, p = 0.045 
(Figure 2), suggesting that they performed at a higher level in the first few 
days of Experiment 1. This was confirmed by comparing the species in the 
early and late part of the experiment: Marsh tits performed significantly 

40- 
0 5 10 15 

Session number 

FIG. 2. Experiment 1: acquisition. The improvement in performance with experience. Data 
are daily means for n = 8 individuals per species. Marsh tits are significantly better than great 
tits for the first five trials but not the last five. 
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40 HEALV AND KREBS 

better than great tits on the first five sessions, t(1, 14) = 2.37, p = 0.032, 
but there was no difference between the species on the last five sessions 
[t(14) < 1 , p  = 0.751. 

2. Performance Relative to Random. One-sample t-tests were used to 
compare each bird's performance to a random expectation of 50% correct 
per day. The p-values reported are one-tailed, as the hypothesis is that the 
birds should perform better, and not worse, than random. Four birds, one 
marsh tit [Marsh tit 6: t( 14) c 1 ,  p = 0.2481 and three great tits [Great tit 3: 
t(14) < 1 ,  p = 0.237; Great tit 6: t(14) = 1.72, p = 0.054; Great tit 7: 
t(14) < 1, p = 0.3921 did not perform better than at random, but the other 
individuals were above chance (Figure 3). Mean values for each bird were 
used in one-sample t-tests to determine whether the species performed 
better than at random: both species performed better than at random- 
great tits: t(7) = 2.34, p = 0.026; marsh tits: t(7) = 3.86, p = 0.003. 

3. Differences Between the Species. A repeated measures analysis of 
variance (ANOVA) was used to test for differences between the species 
over the whole 15 days. There were no differences between the species 
141, 14) = 1.12, p = 0.3071, a significant effect of session number, F(14, 
196) = 3.03, p = 0.0003, and no significant species X session number 
interaction, [F(14, 196) = 1.47, p = 0.1251. 

Experiment 2 

1.  Effect of Acquisition. To test whether the birds' performance im- 
proved over the course of this experiment, regression lines for each bird 
were calculated across the sessions from each retention interval. None of 
the birds improved or declined significantly with increasing session number 

0 ' .  r I I I I I , .  I I I I I I I . '  
gl g2 g3 84 g5 g6 87 g8 mlmZm3m4m5m6m7m8 

FIG. 3. Experiment 1. The mean performance (percentage correct) k SE of each individual 
over 15 days. * indicates that individual was above chance. 
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DELAYED-MATCHING-TO-SAMPLE BY TITS 41 

for either retention interval [ RI = 5 min: F values ranged from 0.005 to 
2.19, R values ranged from 0.02 to 0.38, p values ranged from 0.163 to 
0.944 (great tits); F values ranged from 0.03 to 1.67, R values ranged from 
0.05 to 0 . 3 4 , ~  values ranged from 0.219 to 0.866 (marsh tits); RI = 15 min: 
F values ranged from 0 to 1.97, R values ranged from 0 to 0.36, p values 
ranged from 0.184 to 1.00 (great tits); Fvalues ranged from 0.006 to 2.13, 
R values ranged from 0.07 to 0.37, p values ranged from 0.182 to 0.809 
(marsh tits)]. The average slope of both species did not differ from zero at 
either retention interval. Neither the slope nor the intercept of the two 
species differed at either retention interval [Slopes: RI = 5 min: (12) = 
1.64, p = 0.128; RI = 15 min: t(12) < 1, p = 0.824; intercepts: RI = 
5 min: 412) = 1.78, p = 0.103; RI = 15 min: f(12) < 1, p = 0.6621. 

2. Performance Relative to Random. One-sample f-tests were used to 
test each bird's performance relative to random. One marsh tit and two great 
tits did not perform better than at random over the 5-min sessions [Marsh 

- . I . . . . . . . . . . . , .  

g l  g2 g3 84 g5 g6 g8 ml m2 m3 m4 m5 m7 LII~ 

FIG. 4. Experiment 2. The mean performance (percentage correct) 2 SE of the seven 
individuals of each species at (a) 5-min RI (top panel) and (b) 15-min RI (bottom panel), 
averaged over 15 days for each treatment. * indicates that individual was above chance. 
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42 HEALY AND KREBS 

tit 4: t(l4) < 1, p = 0.510; Great tit 5: t(14) < 1, p = 0.519; Great tit 8: 
t(14) < 1, p = 0.6951 (Figure 4a) and over the 15-min session one marsh 
tit and three great tits did not perform better than at random [Marsh tit 5: 
t(14) < 1,p  = 0.569;Greattitl:t(14) = 1 . 5 4 2 , ~  = 0.145;Greattit3:t(14) 
= 1.087, p = 0.296; Great tit 5: t(14) < 1, p = 0.5241 (Figure 4b). As two 
of the three birds that performed at random in the 5-min sessions and three 
of the four birds that performed at random in the 15-min sessions had these 
retention intervals second, it seemed possible that there was some 
influence of order on performance. However, a nested ANOVA with 
repeated measures showed that there was no significant effect of order on 
performance accuracy [F(1, 12) < 1, p = 0.351, no effect of retention 
interval [F(l, 12) < 1, p = 0.561, and no Order X Retention Interval 
interaction [F(l, 12) = 2.95, p = 0.002. 

At both RI both of the species on average performed better than at 
random: RI = 5 min: great tits: t(6) = 4.33, p = 0.005; marsh tits: t(6) = 
3.18, p = 0.019; RI = 15 min: great tits: t(6) = 6.19, p = 0.001; marsh tits: 
46) = 5 . 1 5 , ~  = 0.002. 

A repeated measures ANOVA 
was used to test for differences in performance between the species and for 
differences between performances on the different retention intervals. 
There was no significant difference between the species [F(1, 12) = 3.01, 
p = 0.108, between the retention intervals [F(1, 12) C 1, p = 0.7281, nor 
a significant Species x Retention Interval interaction [F(l, 12) = 2.18, 
p = 0.1651. 

A similar analysis was used to compare all three retention intervals from 
both experiments, and again there were no significant effects of species 
[F(1, 12) = 2.62, p = 0.1321, retention interval [F(2, 24) < , p = 0.4371, 
nor of an interaction [F(2, 24) < 1, p = 0.4771 (Figure 5). 

3. Differences Between the Species. 

- e wv 
I 8 70 

T 

3oscumds sndnuoa 15minupcs 
Re&ntioaiaMt 

FIG. 5. Summary of results of Experiments 1 and 2 showing mean species performance 
(percentage correct) k SE at three retention intervals. 
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DELAYED-MATCHING-TO-SAMPLE BY TITS 43 

Discussion 
The main results of the experiment are as follows: (1) both species were 
able to respond at above-chance level after retention intervals of 30 sec, 
5 min, and 15 min; (2) performance did not decline significantly with 
increasing retention interval; (3) there was some improvement of perform- 
ance over the first 150 trials (Experiment l ) ,  but not thereafter; (4) 
although marsh tits tended to perform slightly better than great tits at all 
three retention intervals, the only significant difference was in the first 5 
sessions (50 trials) of Experiment 1. 

I .  Comparison with Previous Studies. In comparison with the results 
of most other studies, the species we studied appear to remember over 
much longer retention intervals. Aggleton (1985) reported that rats recall 
trial-unique objects (independent of location) for up to 120 sec, and Olson 
(1989) showed that Clark’s nutcrackers remember locations for up to 
80 sec. In our study, both species were above chance after 15 min. It is 
possible that this reflects a genuine difference in memory between species, 
but it seems more likely that the difference is related to experimental 
procedure. Indeed, even pigeons can recall locational events after 
unusually long delays if given the right delayed alternation procedure 
(Olson & Maki, 1983). The fact that we used a large pool of stimuli, allowed 
the animals to use both spatial and stimulus-specific cues, and had a 
relatively long IT1 all contributed to good performance even with a long 
RI. Although the birds could have used either spatial or non-spatial 
(stimulus-specific) cues, the results of our preliminary trials (see Method 
section) strongly suggest that they use spatial cues. However, further 
experiments would be necessary to determine whether or not spatial cues 
are used preferentially when in conflict with object cues. 

Two previous studies have used methods somewhat related to ours in 
comparative studies of avian memory. Wilson, Mackintosh, & Boakes 
(1985) compared the performance of pigeons with two corvids, jackdaws 
Corvus monedula and jays Garrulus glandarius, in matching or non- 
matching to sample tasks (with no delay between sample and choice). The 
aim of their work was to compare the abilities of the species to transfer the 
matching or non-matching response learned with one set of stimuli to a 
novel set. Both jackdaws and jays were better able to transfer than were 
pigeons, suggesting that the corvids, unlike the pigeons, had learnt the rule 
rather than the individual stimuli. However, jackdaws learned the initial 
task at a slower rate and reached a lower level of performance than the 
pigeons. Furthermore, differences in performance might be attributable to 
difference in the kind of reward use for the species (dog food for corvids 
and grain for pigeons). As Macphail (1982) has emphasized, comparative 
studies in which differences are attributed to memory must consider 
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whether other factors, such as motivation or motor skills, might influence 
the results (Krebs, Healy, & Shettleworth, 1990). Wilson and colleagues 
did not compare the two corvids, one of which, the jackdaw, is a non- 
storer, whereas the other, the jay, is a food storer: this comparison would 
have been interesting in the context of differences in hippocampal volume 
within the corvids (Healy, 1990). 

Olson (1989) used a spatial DNMTS design to compare memory in two 
food-storing species, Clark’s nutcrackers (Nucifraga columbiana) and 
scrub jays (Aphelocorna coerulescens) and a non-storing species, pigeons 
(Columbia livia). In one experiment, she used a titration procedure. A 
peck to the correct (non-matching) key resulted in a 0.1 sec increment in 
delay from sample to choice for the next trial, and an incorrect response 
led to a 0.3 sec decrease in delay. The nutcrackers reached a significantly 
longer delay (50-80 sec) than did either scrub jays (7-44 sec) or pigeons 
(0.5-25 sec); the latter two did not differ significantly. As the nutcracker is 
a more intensive storer than is the jay, this could be taken as supporting the 
view that food-storing is associated with good memory; on the other hand, 
the storing jay was not significantly better than was the pigeon. Thus the 
results are inconclusive. A potential difficulty with the design of this titration 
experiment is that by performing well, the animal drives its rate of reinforce- 
ment down. If the animals were capable of detecting the change in delay, 
they might learn to make errors to keep the delay short. 

Two studies have used an open-field design related to DMTS. Brodbeck 
et al. (1992) showed that black-capped chickadees are able to return cor- 
rectly to the site where food had been eaten 30 minutes earlier when given 
a choice of three possible sites. Healy and Krebs (in press) similarly showed 
that blue tits Purus cueruleus (a non-storing species) and marsh tits return 
to the “correct” site, out of a possible seven sites, above chance after after 
30 min, with some individuals still performing above chance after a retention 
interval of 24 hr. In the Brodbeck et al. study performance was above 
chance only when the objects were trial-unique, and in the study of Healy 
and Krebs identical objects were used in all trials. 

2. Differences between the Species. Our results do not show con- 
vincing differences between the storing and non-storing species. Two hints 
that marsh tits were better than great tits are (1) that marsh tits were 
significantly better than great tits in the first five sessions of Experiment 1 
and (2) that 6 out of 8 individual great tits performed at chance level during 
at least one of the treatments (two individuals were at chance for two 
treatments), but only 3 out of 8 marsh tits were at chance level in one 
treatment each. The appropriate conclusion may be that there are only 
very slight differences in memory between great tits and marsh tits, in 
which case their differences in hippocampal volume would have to be 
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interpreted as not being associated with memory, or that the task pre- 
sented to the birds in this experiment did not reveal the differences. 
Possible lines for future work would be to increase the difficulty of the task, 
either by extending the retention interval, or by presenting intervening 
objects between the sample and the choice, as in running recognition 
experiments (Steele & Rawlins, 1989). 
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L‘appariement retarde chez les Nonnettes et les 
Mesanges charbonnieres 

La capacitC de deux espkces de mCsanges se souvenir de I’emplacement et/ou des 
caractCristiques d’un objet a CtC testCe avec une procedure d’appariement retardt. 
Ides intervalles de rktention entre la prksentation du stimulus-Cchantillon et le choix 
pouvaient Ctre de 30 sec, 5 min, et 15 min. Chez les deux espkces, les performances 
sont au-dessous du niveau du hasard pour tous les intervalles de ritention et il n’y a 
pas de diminution significative des performances corrClatives de I’augmentation des 
intervalles. Un ensemble de 100 objets-stimulus a CtC utilis6 mais les rCsultats des 
essais-contrble montrent que les oiseaux repondent essentiellement leur 
emplacement plutbt qu’a leurs caracteristiques propres. Bien que la nonnette, qui 
est un oiseau qui stocke sa nourriture, tende a avoir de meilleures performances 
que la mCsange charbonniere (qui ne stocke pas sa nourriture), la seule diffkrence 
significative entre les espkces se situe pendant les 50 premiers essais du premier 
traitement, quand les oiseaux apprennent la tache. Les rCsultats sont discutis en 
relation avec les capacitCs mnCsiques particulikres des oiseaux stockeurs de 
nourriture. 

Igualacion demorada de la muestra en carbonero 
palustre (Paruspalustris) y carbonero mayor (Parus 
major) 
La capacidad de dos especies de carboneros para recordar la ubicacion y/o 
caracteristicas de un objeto fue estudiada en un procedimiento de igualacion 
demorada de la muestra. Se usaron tres valores de intervalo de retencion entre la 
presentacion del estimulo y la eleccion: 30 segundos, 5 minutos y 15 minutos. 
Ambas especies se desempenaron por encima del nivel de azar en todos 10s 
intervalos de retencion y no hubo una declinacion significativa en exactitud con el 
aumento en el intervalo. Un grupo de 100 objetos-estimulo fue usado pero 10s 
resultados de 10s controles indicaron que las aves respondieron primariamente a la 
ubicacion mas que a las caracteristicas del objeto en si. A pesar de que el carbonero 
palustre (que almacena alimento en la naturaleza) tendid a desempeiiarse a un 
mayor nivel que el carbonero mayor (que no almacena alimento), la h i c a  
diferencia significativa entre las especies fue en 10s primer- 50 ensayos del primer 
tratamiento, cuando las aves estaban adquiriendo la rutina, Los resultados se 
discuten en relaci6n con la hipbtesis de que las aves que almacenan alimento 
poseen una capacidad especial de memoria. 
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