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Recognition memory function
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Assessment of recognition memory was performed in a group of 12 rhesus monkeys, 19-24 years old
(an age estimated to be comparable with early senescence in humans—i.e., 60s to early 70s). Their per-
formance was compared with that of 14 young adult animals (5-14 years old, comparable to humans
from the late teens to early 40s) on two tasks of recognition memory: trial-unique delayed nonmatch-
ing to sample (DNMS) and the delayed recognition span task (DRST). The DNMS is a benchmark vi-
sual recognition memory task that requires the identification of a novel object when paired with a fa-
miliar object that was presented 10 sec earlier. After reaching learning criterion, the memory demands
of the task are increased by lengthening the interval between stimulus presentation and recognition up
to 600 sec and lengthening the list length of samples presented before recognition up to 10 objects. The
DRST is a task used to assess memory capacity by determining memory span for number of stimuli in
different stimulus conditions. In the present study, memory span was determined for spatial, color, and
object stimuli using both a unique series of stimuli and an embedded repeated series. On DNMS, only
4 of 12 early senescent monkeys were impaired, compared with the range of young adult monkeys in
the acquisition of the task, but as a group, they were significantly impaired on the delay and list per-
formance measures. On the DRST, early senescent monkeys, as a group, were impaired on both the spa-
tial condition and the object condition of the task, but not on the color condition. The results reveal a
cognitive profile of early senescent monkeys that, unlike monkeys of more advanced age, is charac-
terized by a relatively moderate impairment in recognition memory and memory span.

Studies are emerging to suggest that memory function
in healthy human subjects may decline as early as 50 years
of age (Albert & Moss, 1999; Gilbert & Levee, 1971).
Relative to the marked memory loss seen with Alzheimer’s
disease, this memory loss in normal aging is mild (Black-
ford & La Rue, 1989; Crook et al., 1986; Smith et al.,
1991) but, in many individuals, sufficient to affect per-
formance of activities of daily living (La Rue, 1982). The
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important question about these deficits is their underly-
ing neurobiological basis, which is hard to study in hu-
mans because of the difficulty in obtaining optimal brain
tissue samples at critical time intervals from behaviorally
characterized subjects. Recently, the rhesus monkey has
proven to be a valuable animal model in which to examine
such issues.

In the rhesus monkey, several studies have shown that
aged animals evidence impairments on a variety of recog-
nition memory tasks, including delayed nonmatching
(Arnstein & Goldman-Rakic, 1990; Bachevalier, 1993;
Moss, Rosene, & Peters, 1988; Presty et al., 1987; Rapp
& Amaral, 1989, 1991), delayed response (Bachevalier,
1993; Bartus, Fleming, & Johnson, 1978; Marriott &
Abelson, 1980; Medin & Davis, 1974; Rapp & Amaral,
1989), and delayed recognition span (Moss, Killiany, Lai,
Rosene, & Herndon, 1997). However, only a few studies
have examined the effects of age on cognitive function with
sufficient sample sizes to stratify findings by age. Life-
span data- for the rhesus monkey (Tigges, Gordon, Mc-
Clure, Hall, & Peters, 1988) show that only 30%—40% of
rhesus monkeys attain an age of 19 years, no more than
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25% survive to 25 years of age, and few live beyond 30
years of age. With these life-span data and given the fact
that the rhesus monkey reaches sexual maturity between
4 and S years of age, a conversion ratio of approximately
1:3 can be used to estimate human years based on rhesus
monkey years. Accordingly, we consider monkeys in the
age range of 19-24 as in the early stages of senescence,
comparable to humans around 60 to the early 70s. Mon-
keys 25-29 years of age might be comparable to humans
in their mid 70s to late (i.e., 29 = 78) 80s or in a stage of
advanced age, and monkeys over 29 years of age would be
considered as the oldest of the old, roughly equivalent to
humans 90 years of age and above. In order to gain a bet-
ter understanding of memory function in early human
aging, we assessed recognition memory in a group of mon-
keys 19—24 years old—that is, monkeys considered to be
in an early stage of aging—and compared their perfor-
mance to a group of young adult monkeys (5-14 years of
age). The monkeys were assessed on two tasks of recog-
nition memory that have been used with human subjects:
the delayed nonmatching-to-sample (DNMS) task and the
delayed recognition span task (DRST).

The DNMS task is a benchmark recognition memory
task that assesses the subject’s ability to differentiate a
novel stimulus from a familiar stimulus following a spe-
cific delay interval. Various forms of this task have been
used to assess memory function in monkeys following
specific lesions of the forebrain, including transection of
the fornix (Gaffan, 1974; Mahut, Moss, & Zola-Morgan,
1982; Saunders, Murray, & Mishkin, 1984), limited or
combined lesions of the hippocampus and amygdala
(Alverez, Zola-Morgan, & Squire, 1995; Mahut et al.,
1982; Mishkin, 1978; Saunders et al., 1984; Zola-Morgan
& Squire, 1985), or lesions limited to the medial dorsal
thalamus (e.g., Aggleton & Mishkin, 1983). Though orig-
inally developed for assessment of memory in animals,
the DNMS task has been shown to be sensitive to selected
temporal lobe damage in humans (Comparet, Darriet, &
Jaffard, 1992). Consequently, it has also been used to
characterize memory impairments in human subjects with
amnestic disorders (Squire, Zola-Morgan, & Chen, 1988),
dementia states such as Alzheimer’s disease and normal
aging (Albert & Moss, 1984). When later used to assess
memory function in aged monkeys, results from several
laboratories revealed an impairment in the acquisition
and performance component of the DNMS task (Arnstein
& Goldman-Rakic, 1990; Bachevalier, 1993; Moss et al.,
1988; Presty et al., 1987; Rapp & Amaral, 1989, 1991).

The DRST is a short-term memory test that was de-
signed to investigate recognition memory capacity in
monkeys following bilateral removal of the hippocampus
(Rehbein, 1985). It requires the subject to identify, trial by
trial, a new stimulus among an increasing array of serially
presented, now-familiar stimuli. The task is administered
with different classes of stimulus material using spatial
and nonspatial (color, pattern, objects) conditions in order
to characterize possible material-specific recognition
memory impairments. An expanded form of this task has

been used in the same manner to assess recognition mem-
ory in a variety of human populations, including those with
Alzheimer’s disease (Albert & Moss, 1984; Moss, 1983;
Salmon, Granholm, McCullough, Butters, & Grant, 1989),
Huntington’s disease or Korsakoff’s disease (Moss, Albert,
Butters, & Payne, 1986), and Parkinson’s disease (Lange
et al., 1992), as well as in normal aging. In normal aged
human subjects, recognition memory span measured with
the DRST is impaired in several stimulus classes, includ-
ing spatial position and visual patterns (Inouye, Albert,
Mohs, Sun, & Berkman, 1993; Moss et al., 1986).

METHOD

Subjects

The subjects were 26 rhesus monkeys (17 males and 9 females;
see Table 1), weighing 4.3-14.2 kg. The young adult group, con-
sisting of 14 animals, ranged in age from 5 to 14 years. The early
senescent group, consisting of 12 animals, ranged in age from 19 to
24 years. All monkeys in the present study had known birth dates
and spent a majority of their adult life coral housed in social groups
at the Yerkes Regional Primate Center (YRPRC), and all were
housed individually only for 1-3 years prior to testing. During the
time in which the monkeys were housed individually, they were
constantly within auditory and visual range of several other mon-
keys. Feeding took place following testing and water was available
continually. Ten of the young adult monkeys (AM35, AM22,
AM32, AM39, AM33, AMS57, AM66, AM76, AM77, and AM78)
and 5 of the early senescent monkeys (AM50, AM63, AM64,
AM67, and AM68) were tested at the YRPRC; the remaining mon-
keys were tested at the primate facility at Boston University Medical
Center (BUMC). Testing at both sites was conducted using identical
apparatus and procedures. Intertester reliability was monitored by
videotaping of the testing sessions at each site. Comparisons of per-
formance between sites show that there was no significant difference
between sites in performance of monkeys on the whole or within
age groups ( ps > .5).

All monkeys received medical examinations, which included
serum chemistry, hematology, urine analysis, and fecal analysis be-
fore entering the study. In addition, explicit criteria were used to
screen the monkeys for history of splenectomy or thymectomy, ex-
posure to radiation, chronic illness including viral or parasitic in-
fections, neurological disease, or chronic drug administration. Al
monkeys were visually inspected on a daily basis by both animal
care personnel and research technicians; on a semiannual basis or
as needed, all monkeys were given routine medical exams.

Behavioral Testing

All monkeys were trained 5 days per week in a Wisconsin General
Testing Apparatus (WGTA; Harlow & Bromer, 1938) in a darkened
testing room with white noise used to mask extraneous sounds. The
experimenter sat behind a one-way screen facing a 25 X 70 cm test
tray with one of two configurations of test wells. For initial training
and the DNMS task, the tray contained a single row of three wells,
5 cm in diameter, spaced 15 cm center to center. For the DRST,
there were 18 such wells but arranged in three rows, each contain-
ing 6 wells. In addition, the test tray sloped downward at an 8° angle
from the back (closest to the experimenter) toward the monkey. Be-
tween trials, the trays were concealed from the monkey by an opaque
door. Throughout testing, raisins, M&Ms, or small pieces of apple
were used as rewards.

Prior to the administration of the DNMS task, the monkeys were
trained to displace a gray plaque over each of the three wells in order
to obtain a food reward for 40 consecutive trials within one testing
session.



Table 1
Subjects
Monkey Sex Age at Testing
Young Adult
AM22 male 6
AM35 male 5
AM76 female 5
AM32 male 7
AMS2 male 6
AMA47 male 8
AMS6 male 8
AMS57 male 8
AM33 male 10
AM34 male 10
AM39 male 10
AM66 ferale 11
AM37 male 12
AM49 male 14
Early Senescent
AM24 female 19
AM38 female 19
AM48 male 20
AMS0 male 20
AM63 female 20
AM64 male 20
AM67 male 20
AM68 male 21
AM31 female 22
AM26 female 23
AM30 female 24
AMI19 female 24

DNMS. Following the administration of the basic task, the mon-
keys were tested on one of two sets of test conditions. For the first
set, the monkeys were tested on delay conditions of 30, 60, 120, and
300 sec followed by list lengths of 1, 3, 5, and 10. For the second
set, as part of a modified test battery, the monkeys were tested only
on delays of 120 and 600 sec. During all delay conditions, the mon-
keys remained in the testing cage within the WGTA.

Basic task. First, a sample object was presented over the central
location on the tray. The monkey was required to displace the ob-
ject to obtain a reward concealed beneath the object. Subsequently,
the door blocking the monkey’s view of the board was lowered, and,
10 sec later, the recognition trial was begun, with the sample object
appearing over one of the lateral wells and a new unfamiliar object
appearing over the other lateral well where the single reward was
concealed. In order to obtain the reward, the monkey had to recog-
nize the now-familiar original sample object and choose the unfa-
miliar novel object. Twenty seconds later, a different sample object
appeared in the central location, followed 10 sec later by another
recognition trial, using new unique objects. The position of the two
objects on recognition trials was assigned in a pseudorandom pre-
determined order (Gellerman, 1933), and a noncorrection procedure
was used. Twenty trials a day were administered 5 days per week, and
testing continued until the monkey reached a learning criterion of
90 correct responses in 100 consecutive trials or to a maximum of
2,000 trials. Objects were drawn from a pool of 400 objects, and, in
each daily session, 40 of the objects were drawn from the pool in a
predetermined fashion in order to ensure that the combination of
objects used was always trial unique.

Five young monkeys (AM35, AM22, AM32, AM39, and AM33)
and 6 early senescent monkeys (AM26, AM30, AM38, AM19,
AM24, and AM48) were administered the DNMS task using Per-
formance Set 1 (see delays below); the remaining young adult mon-
keys and early senescent monkeys were administered Performance
Set 2 (see delays below).
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Delays. Upon reaching criterion on the basic task, the memory
demand on the task was elevated by increasing the delay between
the presentation of the sample object and its re-presentation with a
novel object either using multiple delays of 30 sec to 60 sec to 120 sec
and then to 300 sec in Set | or using only the delays of 120 and
600 sec in Set 2. In Set 1, testing was conducted at the 30- and 60-
sec delays for 20 trials a day for 5 consecutive days and for 10 trials
a day for 10 consecutive days at the 120-, 300-, and 600-sec delays.
A 20-sec intertrial interval was used for all delay conditions. Test-
ing procedures were similar for Set 2 except that only the 120- and
600-sec delays were used.

Lists. For Set | only, a “lists” version of DNMS was conducted.
For this version of the task, the number of objects presented for fa-
miliarization on the sample trial prior to the recognition trial was in-
creased, in stages, from 1 to 3, then to 5, and finally to 10 objects,
presented serially (lists of 3, 5, and 10 items). Then, on the recog-
nition trials, in the same order, each of the sample items was paired
with a novel object. The monkeys were first given 30 trials in one
session on the basic 10-sec delay condition with a single object. On
the next day, lists of 1 were administered. On the following day, three
different objects were presented serially over the baited central food
well at 10-sec intervals. Twenty seconds after the presentation of
the last item, the first of the three sample objects was presented
paired with a novel object, and, at 10-sec intervals, the other sam-
ple objects were successively presented with other novel objects in
the same order in which the list of sample items had been first pre-
sented. Ten different lists of three were presented in one session of
30 trials. Similarly, the same procedure was used by presenting six
lists of five objects on Day 3 and three lists of 10 sample objects on
Day 4. The 4 days constituted one block, and a total of two blocks
were given, so that each monkey received a total of 60 trials with
each of the list lengths. The pool of 400 objects that had been used
for both the acquisition portion and the delay portion of the task
was also used for the list portion of the task. The objects were re-
combined every 180 trials in order to ensure that each presentation
was trial unique (i.e., the pairing of novel and familiar objects had
not been seen before). The delays between the initial presentation
and the recognition presentation of a given item, including the time
taken to respond on each of the sample presentation trials, were ap-
proximately 10 sec for list lengths of 1, 50 sec for list lengths of 3,
75 sec for list lengths of 5, and 140 sec for list lengths of 10 items.

Retraining on the DNMS principle. All monkeys were brought
back to criterion levels of performance on the 10-sec delay condi-
tion of the DNMS task before being administered the DRST.

DRST. The DRST is a short-term memory test that was designed
to investigate recognition memory in monkeys following bilateral re-
moval of the hippocampus (Moss, 1983; Rehbein, 1985). It requires
the subject to identify, trial by trial, the new stimulus within an in-
creasing array of serially presented stimuli. The task was adminis-
tered using different classes of stimulus material in order to help
characterize recognition memory deficits across several stimulus do-
mains (see Figure 1). In the present study, the DRST was adminis-
tered using the spatial, color, and object conditions. For the spatial
condition, 15 identical plain brown disks, 6 cm in diameter, were used
as stimuli. A disk was placed over one of the 18 wells, which was
baited. The screen was raised, and the monkey was allowed to displace
the disk to obtain the reward. The screen was lowered, and a second
disk was placed on the board with the well it covered baited; the first
disk was returned to its original position over the now-unbaited well.
After 10 sec, the screen was raised, and the monkey was required to
displace the new disk in order to obtain the reward. Each successive
correct response was followed by the addition of a new disk until the
monkey made an error (i.e., chose one of the previously chosen
disks). With the occurrence of the first error, the trial was terminated,
and the number of disks on the test tray minus one constituted the
recognition span score for that trial (i.e., number of correct re-
sponses). Ten such trials were presented each day, 7 or 8 of which
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Figure 1. Representation of the testing procedures for the spatial, color, and object conditions of the delayed recognition span task.

were unique sequences of stimuli and 2 or 3 of which were the same
single sequence that was repeatedly represented to the monkey. This
continued for 10 consecutive days (100 trials, 75 unique and 25 re-
peated). For the repeated trials, one spatial sequence was re-presented
to the monkey throughout the spatial condition of the task (i.e., was
repeated two or three times each and every day).

The color condition of this task was administered in the same
fashion as the spatial condition with two exceptions. First, the stim-
uli were 15 identically shaped but different colored disks, 6 cm in
diameter. Second, within each trial, the position of all previously
presented stimuli were changed in a pseudorandom fashion so that
the monkey had to identify the new stimulus on the basis of visual
cues without the use of spatial cues. For the repeated trials, one
color sequence with the same spatial locations was re-presented to
the monkey throughout this condition of the task.

The object condition of this task was administered in the same
fashion as the color condition with the following exception: The
stimuli for all but the repeated trials were drawn from a pool of 400
junk objects. As on the color condition, within each trial, the posi-
tion of the previously correct stimuli were changed in a pseudoran-
dom fashion so that the monkey had to identify the new stimulus on
the basis of visual cues without the use of spatial cues. For the re-
peated trials, a set of 15 objects was used with one sequence of pre-
sentations so that the sequence of objects, as well as the sequence
of positions, was the same on all these trials.

In order to determine whether there was a significant effect of
practice over the three stimulus conditions after testing on all three
DRST conditions was completed, the spatial condition of the DRST
was readministered to a subset of 4 young adult animals (AMS52,
AMS6, AM34, and AM37). This spatial task was administered for
10 trials a day for 2 consecutive days, for a total of 20 trials.

Acquisition scores on the DNMS task were analyzed statistically
in terms of both trials and errors to criterion by parametric one-way
analyses of variance (ANOVAs). Analyses for the acquisition task
were based on the number of trials and errors committed before

learning criterion was reached. Performance scores for both delay
conditions and lists were analyzed by separate two-way, repeated
measures ANOVAs, with age group as a between-subjects factor
and delays or list lengths as a within-subjects factor. In order to
avoid the risk of finding spurious interactions, only the delay con-
ditions (excluding the 10-sec delay condition) were included in the
analyses. These analyses were followed, when appropriate, by a pos-
teriori comparisons of simple main effects (Hayes, 1988; Kirk, 1982).
Analyses of the data obtained from the delay and list conditions
were based on percentages of correct responses for each condition.

The performance scores obtained by the individual monkeys on
the three conditions of the DRST were analyzed in two ways. First,
the overall performance on each condition of the DRST was as-
sessed separately by parametric one-way ANOVAs. Second, the
performance within each of the three DRST conditions was as-
sessed by two-way ANOVAs, with age group as a between-subjects
factor and type of sequence as a within-subjects factor. These were
followed, when appropriate, by a posteriori tests of simple main ef-
fects (Hayes, 1988; Kirk, 1982). All a posteriori comparisons were
assessed according to methods to provide experimentwise control
for Type I errors (Petrinovich & Hardyck, 1969).

RESULTS

DNMS Acquisition

Individual monkey performance, in terms of trials and
errors to criterion, is listed in Table 2 for the acquisition
phase of the DNMS task. The young adult monkeys
learned the task readily in 30-400 trials, with a mean of
53.4 errors. The scores for the early senescent monkeys
ranged from 60 to 1,660 trials, with a mean of 123.2 er-
rors. Between-group comparisons showed a trend that did
not reach the level of statistical significance (ps > .05)



Table 2
Acquisition Scores for DNMS Task
Monkey Trials Errors
Young Adult

AM22 220 60
AM35 140 48
AM76 220 S8
AM32 280 56
AMS2 300 62
AM47 80 21
AMS6 200 52
AMS7 400 96
AM33 240 91
AM34 210 60
AM39 200 44
AM66 30 7
AM37 180 35
AM49 210 57

M 207.8 53.4

Early Senescent

AM24 360 92
AM38 560 173
AM48 480 132
AMS0 1,660 541
AMG63 320 43
AM64 340 77
AM67 60 10
AMe68 240 60
AM31 274 60
AM26 260 83
AM30 267 96
AMI9 280 111

M 425.1 123.2

Note—Order of monkeys corresponds to that shown in Table 1.

between the two groups either in terms of trials [F(1,24) =
3.78, p = .064] or in terms of errors [F(1,24)=3.48,p =
.07] to criterion.

DNMS Delays of 30, 60, 120, and 300 sec

The performance of the monkeys on the multiple-
delay condition of the DNMS task is illustrated in Fig-
ure 2. Analysis of the data revealed an overall significant
effect of age [F(1,9) = 18.4, p =.002] and a trend toward
asignificant age X delay interaction [F(3,27)=2.42,p=
.088]. A posteriori comparisons revealed that the perfor-
mance of the two groups did not differ significantly (ps >
.05) at the 30-sec delay interval. However, as the delays
increased, the performance of the monkeys in the early
senescent group became significantly worse than that of
the young adult monkeys [60 sec, F(1,36) = 6.43, p <
:025; 120 sec, F(1,36) = 11.098, p < .005; and 300 sec,
F(1,36) = 16.87, p < .001]. The diminished group per-
formance of the early senescent monkeys was not char-
acteristic of all the monkeys in the group since a subset of
monkeys (i.e., AM24 and AM48) performed as efficiently
as the young adult monkeys on at least one of the three
longest delay conditions.

The performance of both groups of monkeys was af-
fected by the increased delays [F(3,27) = 3.6, p < .05],
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with a mean percentage correct for the young and early
senescent groups declining from 90.7% and 90.2% at the
10-sec delay to 89.6% and 75.7% at the 300-sec delay,
respectively.

DNMS Delays of 120 and 600 sec

The performance of the monkeys on the long-delay
conditions of the DNMS task is illustrated in Figure 2.
Analysis of the data revealed an overall significant effect
of age [F(1,13) =10.92, p =.0057] but failed to show an
age X delayed interaction [F(1,13) =2.52, p = .14]. A
posteriori comparisons between the performance of the
two groups at each delay were made with separate one-
way ANOVAs, using controlled significance levels (i.e.,
criterion p = .05/number of tests; in our case, criterion
p =.025). These analyses revealed that, as the delays in-
creased, the performance of the monkeys in the early
senescent group became significantly worse [120 sec,
F(1,13) = 6.45, p < .025; 600 sec, F(1,13)=17.7,p <
.001] than that of the young adult monkeys. The perfor-
mance of both groups of monkeys was significantly af-
fected by the increased delays [F(2,26) = 39.34, p <
.0001], with a mean percentage correct for the young and
early senescent groups declining from 90.4% and 90.5%
at the 10-sec delay to 81.4% and 67.0% at the 600-sec
delay, respectively.

DNMS Lists

The performance of the monkeys on the list condition
of the DNMS task is illustrated in Figure 2. Analysis of
the data revealed an overall significant effect of age
[F(1,9)=17.845, p = .0022] and a significant age X list
length interaction [F(3,27) = 5.22, p = .005]. A posteriori
comparisons revealed that the performance of the two
groups did not differ significantly (p > .05) in the list of
1 condition (which is simply the basic DNMS task).
However, as the list length increased, the performance of
the monkeys in the early senescent group became signif-
icantly impaired with respect to the performance of the
young adult monkeys [lists of 3, F(1,36)=7.97, p < .01;
lists of 5, F(1,36) = 18.71, p < .001; lists of 10, F(1,36) =
17.08, p < .001]. The performance of both groups of
monkeys was significantly affected by the increased list
length [F(3,27) = 34.15, p < .0001], with a mean per-
centage correct for the young and early senescent groups
declining from 90.3% and 90.0% on the list of 1 condition
to 78.8% and 66.3% on the list of 10 condition, respec-
tively.

DRST Spatial Condition

The overall individual performance of the monkeys on
the DRST spatial condition is given in Table 3. Group
mean performance on each type of sequence is illustrated
in Figure 3. Analysis of the data revealed an overall sig-
nificant effect of age [F(1,24) = 19.33, p =.0002] and a
significant age X sequence interaction [F(1,24) = 4.62,
p=.004]. A posteriori comparisons revealed that the per-
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Figure 2. Illustration of the mean group performance on the delay and list conditions of the delayed nonmatching-to-sample task.
Large filled circles indicate a significant (ps < .05) decline in the performance of the early senescent group with respect to the per-

formance of the young adult group.

formance of the two groups differed on both the repeated
[F(1,48)=22.92, p <.001] and the nonrepeated [F(1,48) =
4.59, p < .05] sequences.

The performance of both groups was significantly af-
fected by the type of sequence [F(1,24)=44.89, p < .001],
with both groups showing an increased span length. For
the young adults, DRST performance increased from an
average of 2.32 on the nonrepeated sequences to an aver-
age of 3.27 on the repeated sequences. For the early senes-
cent group, performance increased from an average of
1.95 on the nonrepeated sequences to an average of 2.44
on the repeated sequences.

DRST Color Condition

The overall individual performance of the monkeys on
the DRST color condition is given in Table 3. Group mean
performance on each type of sequence is illustrated in
Figure 3. Analysis of the data failed to reveal either an
overall significant effect of age [F(1,21)=3.19, p=.089]
or an age X sequence interaction [F(1,21) =0.68, p= 42].

The performance of both groups was significantly af-
fected by the type of sequence [F(1,21) = 36.61, p <
.0001], with both groups showing an increased span length
from an average of 3.12 on the nonrepeated sequences
for the young adult group to an average of 4.02 for this
group on the repeated sequences and from an average of
2.6 on the nonrepeated sequences for the early senescent
group to an average of 3.3 on the repeated sequences.

DRST Object Condition

The overall individual performance of the monkeys on
the DRST object condition is given in Table 3. Group
mean performance on each type of sequence is illustrated
in Figure 3. Analysis of the data revealed an overall sig-
nificant effect of age [F(1,14) = 19.22, p=.0006] but no
age X sequence interaction [F(1,14)=1.77,p= 2]. A
posteriori comparisons between the performance of the
two groups on each sequence type were made with sep-
arate one-way ANOVAs using controlled significance
levels (i.e., criterion p = .05/number of tests; in our case,
criterion p = .025). These analyses revealed a significant
effect of age on both the repeated [F(1,14) =22.64, p =
.0003] and the nonrepeated [F(1,14) = 12.53, p =.0033]
sequences. Interestingly, the performance of both the
young adult monkeys and the early senescent monkeys,
as groups, were not significantly affected by the type of
sequence [F(1,14)=2.24, p=.16] on the object condition.

DRST Spatial Retest

In the 4 young adults (AM52, AM56, AM34, and
AM37) that were readministered the spatial DRST, the
spans ranged from 2.35 to 3.07 (M = 2.70), compared
with initial spatial spans ranging from 2.85to 3.13 (M =
3.0). A matched sample version of Student’s ¢ test did not
reveal a statistically significant difference between the
initial spatial spans and the readministered spatial span
for these monkeys (p > .10).



Table 3
Overall Performance on the Delayed Recognition Span Task
Condition
Monkey Spatial Color Object
Young Adult

AM22 2.53 4.62
AM35 2.62 4.19
AMT76 2.35 2.32 5.28
AM32 2.39 4.45
AMS2 2.85 3.36 5.32
AM47 223 2.59 3.58
AMS56 314 3.94 4.83
AMS7 2.20 3.90
AM33 2.52 3.61 3.91
AM34 3.13 345 4.87
AM39 2.48 3.16 425
AM66 224 2.16 4.40
AM37 2.89 3.21 4.67
AM49 2.36 2.74

M 2.57 3.37 4.50

Early Senescent

AM24 2.56 3.48
AM38 1.94 2.28
AMA48 2.20 3.55
AMS50 1.86 2.07
AM63 2.00 2,51 4.16
AM64 2.26 2.28 3.79
AM67 2.06 2.31 2.44
AM68 2.01 2.54 3.42
AM31 1.65 243
AM26 1.98 227
AM30 1.94 2.38
AMI19 2.34 4.42

M 2.07 2.80 3.05

Note—Order of monkeys corresponds to that shown ir: Table 1.

Intertask Performance

In order to assess the relationship of performance
within components of the DNMS and DRST, as well as
that across the two tasks, we conducted two separate analy-
ses using the scores for the DNMS basic task, DNMS 2-
min delay condition, DRST spatial condition, and DRST
color condition. First, a correlational analysis (Pearson
product moment) revealed, perhaps not surprisingly, sig-
nificant linear relationships between the acquisition and
the 2-min delay conditions of the DNMS as well as be-
tween the spatial and color conditions of the DRST (spa-
tial and color conditions) (ps < .01, two-tailed). Of in-
terest, but not intuitively clear, a significant but weaker
correlation was found between performance on the 2-min
delay condition and performance on the spatial condition
of the DRST (p < .05, two-tailed). Second, we performed
a principle components analysis with five measures (age,
DNMS basic task errors to criterion, DNMS 2-min delay,
spatial DRST, and color DRST) that yielded five eigen-
values and six corresponding eigenvectors, each repre-
senting a series of loadings or weights for the original
variables. The first three components in our analysis ac-
counted for 87% of the total variance, with the first com-
ponent correlating best with age (» = .544) and spatial
DRST (r = —.521) together accounting for 52.5% of the
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total variance. The second component correlated best with
DNMS errors to criterion (r = .753) and color DRST (r=
.606) and accounted for 22% of the variance. The third
component correlated best with DNMS 2-min delay (r =
—.850) and accounted for 12.5% of the variance.

DISCUSSION

The principle findings of this study were the following:
(1) One third of the early senescent monkeys achieved
learning scores on the DNMS task that were higher that
those in the young adult group. However, as a group, their
performance was not significantly different from that of
young adult monkeys. (2) In contrast, the group of early
senescent monkeys was significantly impaired relative
to the group of young adult monkeys on delays of 60,
120, 300, and 600 sec and with list lengths of 3, 5, and 10
(i.e., on tasks that required memory to span longer inter-
vals and/or to hold more information over longer inter-
vals). (3) The early senescent monkeys achieved a sig-
nificantly lower mean recognition span than did the young
adult monkeys on the spatial and object conditions, but not
the color condition of the DRST. (4) Both the young adult
monkeys and the early senescent monkeys benefited
from the repeated presentation of a sequence for the spa-
tial and color, but not for the object conditions of the
DRST.

The lack of impairment as a group by the early senes-
cent monkeys on the acquisition of DNMS is consistent
with findings from an earlier study (Presty et al., 1987).
These investigators assessed the performance of a group
of monkeys ranging in age from 20 to 24 years (Group III)
and reported no significant impairment on acquisition of
DNMS, with 4 of the 6 monkeys in the group obtaining
trial and error scores that were comparable to those within
the two younger groups of monkeys in the study. In the
present study, 8 of 12 monkeys in the early senescent group
obtained trial and error scores that were within the range
of that obtained by the young adult group, a percentage
that is equivalent to that seen in the study by Presty et al.
(1987).

It should be noted that the performance of 1 monkey,
AMS0, contributed significantly to the variance in the
data, because this monkey performed extremely poorly.
In consideration of the status of this monkey as a possible
“outlier,” we carefully reviewed the medical and social
history along with necropsy and neuropathological re-
sults and were not able to identify any unusual or atypical
findings. Nonetheless, if we exclude the data from this
monkey, a statistically significant difference emerges be-
tween the young adult monkeys and the early senescent
monkeys in terms of both trials and errors to criterion on
the basic task of the DNMS task. Indeed, this feature of
the data may point to the dichotomous nature of the per-
formance in the early senescent group. Eight out of 12 fell
within the range of the young adult monkeys (see Table 2).
The remaining 4 (AM38, AM48, AMS50, and AM19) ob-
tained error scores that were beyond the range of the
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Figure 3. Illustration of the mean group performance on the repeated and nonrepeated sequences of the spatial, color, and object
conditions of the delayed recognition span task. Asterisks indicate a significant ( ps < .05) impairment in the performance of the early
senescent group with respect to the performance of the young adult group.

young adult group. This pattern of findings suggests that
cognitive decline may be quite marked in some monkeys
of early senescent age. It also raises the possibility that
those performing in the normal range may emerge as the
“successfully” aged monkeys later in life, whereas the
impaired monkeys may go on to become “unsuccessfully”
aged monkeys. Indeed, among the 4 most severely im-
paired monkeys, it is notable that 1 (AM38) was only 19
years of age, and 2 of them (AM48 and AMS50) were only
20 years of age at the time of testing. Together with ear-
lier findings from Bartus and colleagues (Bartus, 1979;
Bartus & Dean, 1979; Bartus, Dean, & Fleming, 1979;
Bartus et al., 1978), who demonstrated that rhesus mon-
keys estimated to be in the early senescent range are im-
paired on tasks of reversal learning and delayed response,
these data would support the view that learning and
memory function may evidence decline beginning in the
late teens for monkeys, a period equivalent to the late 40s
for humans.

In contrast to the acquisition of DNMS, the monkeys
in the early senescent group showed a significant impair-
ment on the performance condition of the DNMS with
delays greater than 30 sec and list lengths greater than 1.
At first glance, this is at variance with the study by Presty
etal. (1987), who found a significant overall age effect on
a combined performance measure consisting of three de-

lays (30, 60, and 120 sec) and three list lengths (3, 5, and
10), but a posteriori paired comparison analyses in their
study did not show a significant impairment in the group
of early senescent monkeys. It is plausible that the finding
of a significant impairment by the early senescent mon-
keys in the present study was related to the increased de-
mands of the task by use of two additional long delays
(300 and 600 sec). Indeed, the early senescent monkeys
in the present study evidenced a steep decline in accuracy
of performance from criterion levels and delays of up to
60 sec to delays of 300 or 600 sec. Taken together, the
data from these two studies lead to the conclusion that the
impairment on the performance conditions of the DNMS
by early senescent monkeys is relatively mild and is evi-
dent only under conditions of increased memory demands.

Relative to the young adults, the early senescent mon-
keys were significantly impaired on the spatial component
of the DRST. The mean span achieved by the early senes-
cent monkeys was comparable to that of the monkeys of
advanced age (i.e., 25-29 years of age) (Moss et al., 1997).
Eight of the 12 monkeys obtained spans that were lower
than that of any of the young adult monkeys, a proportion
that was greater than that seen for the color and object
conditions of the DRST.!

The lower mean span achieved by both young adult and
aged monkeys on the spatial condition of the DRST, rel-



ative to that in the color and object conditions, deserves
comment. While it is likely that this difference is attribut-
able to the greater difficulty in storing increasing amounts
of spatial information relative to nonspatial information,
another interpretation of these findings might be related
to the fact that the color and object conditions were pre-
sented following the spatial condition and, hence, reflect
the benefits of practice. We assessed the possible role of
practice in this regard by readministering the spatial con-
dition of the DRST to a subset of 4 young adult monkeys
after they completed the color and object conditions. Their
average span of 3.0 on initial testing was not statistically
different from the span of 2.7 they achieved on the sub-
sequent testing. This suggests that practice is not playing
arole in the higher scores achieved on the nonspatial con-
ditions of the task.

Some additional features of the spatial condition of the
DRST task are worth considering in the context of spa-
tial memory function. For this task, the number of stim-
ulus positions are limited to the 18 test board wells. Over
the course of a daily test session, and by the end of the
task, the number of times a disk appears over any one of
the positions is nearly equivalent across all 18 positions.
Hence, the memory demand of the task shifts more from
that based on familiarity, as is the case in trial-unique
DNMS, to that based on the temporal order of the stimuli
presented within a trial. In this regard, the spatial DRST
shares in common some of the elements of the delayed
response task, in which remembering temporal factors (the
last stimulus baited) is key to successful performance of
the task. Thus, it may not be of great surprise that, like
delayed response (Arnsten & Goldman-Rakic, 1985;
Bachevalier et al., 1991; Bartus et al., 1978; Davis, Ben-
net, & Weisenburger, 1982; Marriott & Abelson, 1980;
Medin & Davis, 1974; Walker et al., 1988), the spatial
condition of the DRST appears to be relatively sensitive to
aging in the monkey. Indeed, this is supported by the
principle components analysis, which revealed that per-
formance on the spatial condition of the DRST was more
strongly related to age than any of the other task perfor-
mance measures.

The monkeys in the early senescent group also evi-
denced impairment relative to the young adults on the ob-
ject condition of the recognition span task. The degrada-
tion in object memory span appears to continue with age,
as suggested by findings in a related study (Moss, Kil-
liany, Rosene, & Herndon, 2000) in which monkeys in
the oldest old range (29+ years) obtained a mean object
span that was markedly lower than that found in the early
senescent group in the present study.

In contrast to their performance on the spatial and ob-
ject conditions of the DRST, the early senescent mon-
keys, as a group, were not significantly impaired on the
color condition. This finding was somewhat surprising
in view of the fact that early senescent monkeys were im-
paired in the other nonspatial span condition using three-
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dimensional random objects rather than colored disks. De-
spite the lack of a significant group difference, the mean
color recognition span achieved by the early senescent
group was 17% lower than that for the young adults. This
suggests that the effect of age on color recognition, while
present, may be relatively mild. Indeed, monkeys of more
advanced age evidence a significant impairment in color
span relative to young adults (Moss et al., 1997).

It is unclear why the degree of difficulty on nonspatial
recognition span by early senescent monkeys would be
related to the nature of the stimuli. One immediate ex-
planation that comes to mind is that older monkeys may
benefit by limiting the number of stimulus dimensions to
be processed and recognized, as is the case with color
stimuli. However, in view of the fact that aged monkeys
have little difficulty learning object discrimination tasks
(Lai, Moss, Killiany, Rosene, & Herndon, 1995; Moss
etal., 1988; Rapp, 1990), it is difficult to support this no-
tion and, indeed, further investigation will be required to
address this particular finding.

One other aspect of the DRST to be considered is the
series of repeated trials embedded within each stimulus
condition. Both the young adult monkeys and the early
senescent monkeys achieved longer spans with repeated
trials on the spatial and color conditions, but not on the
object condition. While these findings suggest that early
senescent monkeys, like young adults, can benefit from
repetition, the effect may be limited. In view of the fact
that all monkeys achieved their highest overall span on the
object condition, it may be the case that their ability to
improve performance with repetition may have reached
asymptotic levels toward a maximum memory capacity.
However, this notion can only be answered empirically
with further study.

In summary, monkeys in the early senescent stage of
aging, as a group, appear to present a dichotomous profile
of preserved and impaired learning and memory func-
tion. Whereas most are as efficient in their acquisition of
anonmatching strategy as young adult monkeys, they are
more likely to evidence impairment when required to re-
tain information over long delays. Similarly, early senes-
cent monkeys appear to have a more limited “span” for
retaining serial information than do young adult mon-
keys, and this seems particularly true for the spatial stim-
ulus domain.

The neurobiological basis for the age-related cognitive
decline observed in aged monkeys, particularly with re-
spect to memory function, has become an increasing focus
of study in recent years. Structures or neural systems that
have been implicated in these deficits, primarily as a re-
sult of lesion studies in nonhuman primates, include the
medial temporal lobe/hippocampal system (Bachevalier
& Mishkin, 1986, 1989; Beason-Held, Rosene, Killiany, &
Moss, 1999; Goldman-Rakic & Brown, 1981; Mishkin,
1978; Murray & Mishkin, 1984, 1986; O’Boyle, Murray,
& Mishkin, 1993; Zola-Morgan & Squire, 1985, 1986;
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Zola-Morgan, Squire, & Amaral, 1989) and prefrontal
cortices (Bachevalier & Mishkin, 1986; Goldman-Rakic,
1987).

Monkeys with damage to structures within the
hippocampal-temporal lobe limbic system have been
shown to be impaired on the delay conditions of the DNMS
task (Bachevalier & Mishkin, 1986, 1989; Beason-Held
et al., 1999; Goldman-Rakic, 1987; Meunier, Hadfield,
Bachevalier, & Murray, 1996; Mishkin, 1978; Murray &
Mishkin, 1984, 1986; Zola-Morgan & Squire, 1985, 1986;
Zola-Morgan, Squire, & Amaral, 1989; Zola-Morgan,
Squire, Clower, & Rempel, 1993) as well as on the recog-
nition span task (Beason-Held et al., in press). Indeed, it
is tempting to consider that the early stages of aging re-
flect compromise of temporal lobe limbic system function
and, specifically, of the hippocampus, a notion that has
been advanced by investigators in the field (Moss et al.,
1988; Rapp & Amaral, 1991). Detracting from this ar-
gument is the fact that, at least in the monkey, the hip-
pocampal formation does not undergo significant neuronal
loss with age (Amaral, 1993; Rosene, 1993), although
West (1993) has reported a loss of neurons in subfield CA4
and the subiculum in the hippocampus of normal aged hu-
mans. We have also examined the dentate gyrus in aged
monkeys and found that there is no significant evidence
of synaptic loss (Tigges, Herndon, & Rosene, 1996). While
changes in other domains such as dendrites, receptors or
axons, and myelin may be present, it seems unlikely that
the present observations could be accounted for by hip-
pocampal dysfunction alone, given the relative preser-
vation of neurons and synapses.

The growing body of evidence of impairment on tasks
of spatial memory and those requiring retention of tem-
poral order in aged monkeys (Rapp & Amaral, 1991) im-
plicates the prefrontal cortex as another major cortical
locus for age-related neurobiological impairment, a view
advanced earlier by Bartus and his colleagues (Bartus,
1979; Bartus & Dean, 1979). Adding support to this no-
tion are findings that aged monkeys are impaired on tasks
of executive system function (Bachevalier, 1993; Lai
et al., 1995; Moore, Killiany, Rosene, & Moss, 1998), a
cognitive domain that includes abilities likely mediated by
prefrontal cortical areas (Bachevalier & Mishkin, 1986;
Goldman-Rakic, 1987; Goldman-Rakic & Brown, 1981).
However, any direct or selective involvement of area 46
with age has not yet been established. Neurons in area 46
of prefrontal cortex (Peters, Leahu, Moss, & McNally,
1994) do not undergo cell loss in monkeys of even ad-
vanced age (25-29 years), although the white matter in
this region has been shown to undergo alteration (Peters
et al., 1994). It is also of interest that aged monkeys, in-
cluding those of early age, evidence marked cell loss in
the nucleus raphe dorsalis and nucleus centralis superior
of the brainstem (Kemper, 1993; Kemper, Moss, Rosene,
& Killiany, 1997). Both nuclei are serotonergic and have
sizable projections to prefrontal cortical regions. Reduc-
tion in endogenous concentrations of dopamine have
been reported in the prefrontal cortex (Goldman-Rakic &

Brown, 1981), and loss of serotonin binding has also been
reported in the frontal cortex and hippocampus with age
(Marcusson, Morgan, Winblad, & Finch, 1984). Perhaps
the most direct evidence of involvement of area 46 comes
from a recent study from our group showing a reduction
of synapses and thinning of Layer I in aged monkeys (Pe-
ters et al., 1997).

Of final note, neuritic plaques have been identified in
aged monkeys (Struble, Price, Cork, & Price, 1985), with
a predilection for the prefrontal and temporal areas when
they do appear. Although related to age, their presence
and distribution do not appear to be related to cognitive
function (Sloane, Rosene, Moss, Kemper, & Abraham,
1997).

In conclusion, the results of the present investigation
add to the growing body of evidence that rhesus monkeys
undergo a decline in memory function at a relatively
early age, a finding that is in parallel with observations
made in normal human aging (Albert & Moss, 1999).
However, the neurobiological basis for this change has
yet to be worked out, though initial findings from anatom-
ical studies raise the possibility that the bases for this de-
cline may be related to a deterioration in the efficiency
and quality of information processing due to alterations
and/or loss in myelin linking cortical association and
limbic regions (Peters et al., 1994; Rosene et al., 2000),
rather than to the long-standing concept of frank cortical
neuronal cell loss (Peters, Morrison, Rosene, & Hyman,
1998).
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NOTE

1. Chance levels of performance on the recognition span task change
as the numbers of stimuli are presented during a chain of trials. For ex-
ample, when two items are presented, the probability of choosing the
correct by chance is .5; when three items are presented, the probability
decreases to .33. Hence, the probability of making a sequence of cor-
rect responses by chance decreases rapidly with the addition of each
successive stimulus. The probability of achieving a span of 3 by chance
is .5 X .333, or .166; the probability of achieving a span of 4 by chance
is .5 X .33 X .25, or .04. Accordingly, the probabilities of achieving
spans from 2 to 4 by chance range from 1.5 to 1.7.

(Manuscript received April 3, 1998;
revision accepted for publication May 24, 1999.)
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