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Abstract  
The capacity for non-linguistic, numerical discrimina-
tion has been well characterized in non-human animals, 
with recent studies providing careful controls for non-
numerical confounds such as continuous extent, density, 
and quantity. More poorly understood are the condi-
tions under which animals use numerical versus non-
numerical quantification, and the nature of the relation 
between these two systems. Here we test whether cot-
ton-top tamarins and common marmosets can discrimi-
nate between two quantities on the basis of the amount 
of food rather than on number. In three experiments, we 
show that when choosing between arrays containing 
different numbers and sizes of food objects, both spe-
cies based their decisions on the amount of food with 
only minor influences of numerical information. Fur-
ther, we find that subjects successfully discriminated be-
tween two quantities differing by a 2:3 or greater ratio, 
which is consistent with the ratio limits found for nu-
merical discrimination with this species. These studies 
demonstrate that non-human primates possess mecha-
nisms that enable quantification of total amount, in ad-
dition to the numerical representations demonstrated in 
previous studies, with both types of quantification sub-
ject to similar processing limits. 

Keywords: analog magnitude, callitrichids, foraging, 
non-linguistic quantification, numerical discrimination 

Introduction

Over the past decades, a wealth of research has fo-
cused on the origins and nature of non-linguistic quan-
tificational capacities in human and non-human spe-
cies (reviewed in Boysen and Capaldi 1993; Boysen and 
Hallberg 2000; Brannon 2005b; Davis and Perusse 1988; 
Dehaene 1997; Feigenson et al. 2004; Hauser and Spelke 
2004). Many of these studies have focused on relative 
numerosity—discriminations of which of two sets is 
larger (Anderson et al. 2005; Beran 2001; Call 2000; Men-
zel 1960; Rumbaugh et al. 1987; Thomas and Chase 1980; 
Uller et al. 2003)—and the cues used to discriminate 
stimuli, such as numerical distance, numerical ratio, 
item size, item orientation, etc. For instance, in a series 
of studies on the effect of stimulus properties on choice, 
Menzel (1960, 1961, 1969) demonstrated that chimpan-
zees are very sensitive to differences in the size of food 
items (detecting 5% differences in length), but this sen-
sitivity is modulated by the orientation of the food. 
These and other studies, however, typically have not di-
rectly assessed whether the test subjects use an amount-
based cue for quantity, such as surface area and vol-
ume, or whether they use discrete number independent 
of amount. More importantly for the present work, even 
in cases which demonstrated amount-based discrimina-
tion, the processing limits of such discrimination have 
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not been detailed and systematically compared with 
number-based discrimination. Where number-based 
discrimination has been explored, results generally par-
allel studies with human infants, revealing that a wide 
variety of non-human animals discriminate between vi-
sual-spatial arrays and auditory-temporal sequences on 
the basis of discrete number, both in studies that involve 
laboratory training (Boysen and Berntson 1989; Bran-
non and Terrace 1998; Matsuzawa 1985; Washburn and 
Rumbaugh 1991) and in studies testing spontaneous, 
untrained responses (Hauser et al. 1996, 2003; Lewis et 
al. 2005; Santos et al. 2005). In these cases, specific infor-
mation has been provided about processing limits. 

Numerical capacities in non-human animals seem 
to rely on two distinct mechanisms, revealing distinc-
tive processing limits. First, animals can discriminate 
between approximate numerosities via a system of an-
alog magnitudes, in which performance is limited by 
the ratio between the quantities independent of absolute 
value. Cantlon and Brannon (2006), for example, dem-
onstrated that in operantly trained rhesus monkeys, ra-
tio determined numerical discrimination between quan-
tities ranging from 1 to 30 items. Human infants and 
adults also represent large approximate numbers and 
show similar signature ratio limits (Barth et al. 2003; 
Cantlon and Brannon 2006; Xu and Spelke 2000), sug-
gesting a common system of numerical representation. 
Second, non-human animals can enumerate up to four 
objects precisely using a system of parallel individu-
ation. Thus far, evidence for this system comes from 
studies of human adults, infants, and free-ranging rhe-
sus monkeys (Macaca mulatta). For example, in a two-
box choice study in which some number of objects were 
placed into one box, followed by the placement of some 
number of objects into a second box, rhesus monkeys 
successfully selected the larger number in comparisons 
of 1 versus 2, 2 versus 3, and 3 versus 4, but not in com-
parisons of 3 versus 8 or 4 versus 8 (Hauser et al. 2000). 
This pattern of results suggests that rhesus monkeys can 
store between three to four objects in working memory 
at one time (note that chimpanzees do successfully dis-
criminate 3 vs. 8 and 4 vs. 8 when presented sequen-
tially, Beran 2004; Beran and Beran 2004). Further, once 
those representations are established, individuals can 
perform different operations over those representations. 
Human infants, for instance, appear to base their deci-
sion on total amount rather than number; that is, when 
presented with one large cracker versus two medium-
sized crackers that are equal in total amount to the large 
cracker, infants choose at chance. Similarly, when pre-
sented with one large cracker and two small crackers 
that are one-half of the total amount of the large cracker, 
infants prefer the one large cracker. Rhesus monkeys, on 
the other hand, appear to base their decision on num-
ber—when presented with one large apple slice and 
three apple slices equal in volume, rhesus prefer the 

container that received three slices. Although it remains 
untested whether rhesus can attend to total amount over 
number under these condition as do human infants, a 
recent study shows that rhesus attend to both number 
and total amount when presented with small numbers 
of non-solid collections (carrot pieces) that are poured 
from one container into another (Wood et al. 2007). The 
fact that human infants and adults demonstrate a simi-
lar limit in a variety of tasks (Feigenson et al. 2002; Luck 
and Vogel 1997; Pylyshyn and Storm 1988), again sug-
gests continuity of this mechanism across ontogeny and 
phylogeny. 

Some researchers have argued that using number 
may be a “last-resort” strategy of quantification (Breuke-
laar and Dalrymple-Alford 1998; Davis and Memmott 
1982) when other cues such as amount cannot be used 
(but see Brannon 2005a). These mechanisms of quanti-
fication have presumably evolved to enhance survival 
and successful reproduction of individuals in their nat-
ural environment, such as in foraging, inter-group con-
flict, parental investment, and predator avoidance con-
texts (Hamilton 1971; Kitchen 2004; Lyon 2003; McComb 
et al. 1994; Wilson et al. 2001). Thus, the quantificational 
mechanism employed by animals should reflect the type 
of quantity information that is most relevant for the 
given context and the degree to which discrimination 
impacts fitness. 

In foraging situations, for instance, animals often at-
tempt to maximize the amount of food acquired per unit 
time spent foraging (Stephens and Krebs 1986). Though 
number frequently predicts total amount, it need not, 
particularly in circumstances in which the size of food 
items can differ greatly. Animals may often use non-nu-
merical quantitative variables such as surface area and 
volume as the basis for discrimination (Davis and Pe-
russe 1988), especially when the goal is to maximize 
amount (and not necessarily number), as in many for-
aging situations. In contrast, precisely discriminating 
number may be quite relevant for bird species vulner-
able to brood parasitism in which tracking the addition 
of parasitic eggs is crucial (Lyon 2003). Importantly, the 
ability to numerically quantify egg number in these spe-
cies does not imply the use of number in all contexts. 
That is, the presence of a numerical system does not pre-
clude animals from using other cues such as amount to 
quantify objects in their environment. 

The present study investigated whether cotton-top 
tamarins (Saguinus oedipus) and common marmosets 
(Callithrix jacchus) discriminate between two quantities 
on the basis of the amount of food rather than on num-
ber, and if so whether their pattern of performance re-
veals the set-size signature of parallel individuation 
(Feigenson et al. 2002; Hauser et al. 2000) or the ratio 
limit of the analog-magnitude system (Gallistel 1990). 
Furthermore, we examined the stability of these rep-
resentations against other factors such as number and 
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density. Specifically, we used a forced-choice task in 
which subjects selected and then consumed one of two 
arrays containing different numbers. Though many pre-
vious experiments using this technique to study rela-
tive numerosity assume that animals quantify based on 
amount, few have explicitly controlled for factors such 
as number and density. In Experiment 1, we presented 
food pieces of equal size to assess whether performance 
depended on the ratio between the comparison quanti-
ties or the three- to four-item limit of parallel individu-
ation. In Experiments 2 and 3, we manipulated the nu-
merical contrasts, density, and individual food size to 
determine the characteristics of the arrays on which the 
monkeys based their decisions. 

Cotton-top tamarins were an obvious choice for these 
experiments as prior work provides evidence of numer-
ical quantification, in which non-numerical parameters 
were systematically controlled (Hauser et al. 2002, 2003; 
Uller et al. 2001). In addition, comparative studies of 
both tamarins and marmosets suggest that they are sen-
sitive to the relation between time and food quantity as 
evidenced by their patterns of both temporal and spa-
tial discounting (Stevens et al. 2005a, b). For example, in 
one study the distance traveled for the larger food quan-
tity was consistent for contrasts of 1 versus 3 and 2 ver-
sus 6 (Stevens et al. 2005b). Given these findings, we had 
strong a priori reasons to expect sensitivity to displays 
varying along the dimension of quantity. 

Experiment 1:  
Analog magnitude versus parallel individuation

In Experiment 1, we tested how subjects spontane-
ously responded to arrays of food rewards differing in 
the magnitude of reward amount and the numerical dis-
tance between those reward amounts (e.g., two vs. four 
pellets has a distance of two). We reasoned that when 
subjects can discriminate between the two arrays of 
food items, they should choose the larger array to max-
imize food intake; previously, we have demonstrated 
that tamarins do maximize their foraging rate in a self-

control task (Stevens et al. 2005a). With this design, we 
tested between analog-magnitude and parallel-individ-
uation systems of quantification by assessing discrim-
ination abilities at various numerical ratios and mag-
nitudes. The analog-magnitude system predicts that 
performance should vary as a function of the ratio be-
tween the comparison quantities as opposed to magni-
tudes, whereas parallel individuation predicts accurate 
performance for small magnitudes (one to three) and 
chance performance when one of the quantities exceeds 
the three- to four-item capacity limit. 

Methods

Subjects and apparatus

Six cotton-top tamarins and six common marmo-
sets (three males and three females of each species) of 
mixed experimental history participated in this ex-
periment. We placed subjects in a triangular arena 
(25 × 25 × 25 × 37 cm) facing the experimental apparatus 
(Figure 1a). The apparatus consisted of two food trays, 
each set on sliding tracks. When slid forward, subjects 
could reach through one of two small holes in the Plexi-
glas front of the arena to grasp a crossbar and draw the 
food tray forward. Each tray included a food bin con-
sisting of black Tygon tubing cut in half lengthwise. We 
placed Research Associates 45 mg purified primate diet 
banana-flavored pellets in holes (5 mm apart) drilled in 
the bottom of the tubing (Figure 1b). 

Experimental procedures

To begin a trial, we blocked visual access to the food 
trays with an opaque barrier. We then placed the food 
into both bins simultaneously and arranged the pellets 
in a line. After loading the pellets, the experimenter re-
moved the partition, looked down into his/her lap to 
avoid unintentionally cueing the subject, waited 5 s, 
and simultaneously pushed both food trays forward to 
within the subject’s reach. Subjects had 5 s to touch one 
of the crossbars and 30 s to consume the food. If either 

Figure 1. (a) Experimental ap-
paratus in which subjects drew 
one of two food bins forward 
to consume the pellets. In Ex-
periment 1, we arranged food 
pellets in a linear array (b), 
whereas in Experiments 2 and 
3, we placed food on a grid of 
either low density (c) or high 
density (d). 
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of these conditions was not met, we slid the trays back, 
removed the food, replaced the barrier, and marked the 
trials as ‘no choice’: out of 1,728 free choice trials com-
pleted in the test conditions, we scored only 14 as no 
choice. If the subject did touch one of the food trays, we 
immediately slid the opposing tray out of reach. After 
the subject acquired the last food pellet, we slid the tray 
back, removed the unconsumed food from the opposing 
food bin, and replaced the barrier. We then waited 5 s 
before loading the bins for the next trial. We recorded 
which side the subject pulled and the number of pellets 
received for each trial. 

We tested subjects with 12 numerical pairs, using 
three different numerical distances and four magnitudes 
of the small reward, yielding numerical ratios (large/
small reward magnitude) ranging from 1.25 to 4.0 (Ta-
ble 1). Each subject experienced 12 daily sessions of the 
12 randomly ordered test trials plus four (0,1) trials (one 
as the first trial and three randomly dispersed within 
the session) to verify motivation and attention to the 
sets; thus, each session consisted of a total of 16 trials. 

Training

We trained subjects by allowing them to choose one 
of the two food trays and consume its contents. All sub-
jects experienced training sessions consisting of 16 tri-
als of a pseudorandom mixture of the following numer-
ical pairs: (0,1), (0,2), (0,3), (0,4), (1,5), (1,6), and (1,7). The 
logic behind this design was to present extremely easy 
ratios at the start in order to train the animals on the ba-
sic setup. To complete training, we required subjects to 
select the smaller reward no more than twice in 12 trials 
for two consecutive sessions. If in the experimental ses-
sions a subject selected the 0 reward twice, we aborted 
the session and ran a training session in the subsequent 
session (two tamarins experienced this type of retrain-
ing). If in the experimental sessions the subject selected 
the small reward five or more times and four or more 
of these were on the same side, we classified their per-
formance as mediated by a side bias and moved to a  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

corrective measure in the next session (two tamarins ex-
perienced a side bias). Specifically, we ran a training ses-
sion focusing on the opposite side as their bias. To move 
from these training sessions back to an experimental ses-
sion, the subjects could make no more than two mistakes 
(choose small reward) in a single training session. 

Statistical analysis

We analyzed the data with a series of repeated-mea-
sures analyses of variance (ANOVA). For our depen-
dent variable, we used the arcsine, square-root trans-
formed proportion of choices for the larger reward in 
each session for each subject. In the first analysis we 
used numerical ratio as a within-subjects factor and spe-
cies as a between-subjects factor. We pooled data from 
numerical pairs with the same ratios (pooling did not al-
ter the results). Other analyses examined effects of trials 
and sessions in a similar manner. Assumptions of sphe-
ricity were not violated in any of the analyses. We re-
port Bonferroni-corrected individual contrasts for pair-
wise comparisons. 

Results and discussion

Numerical ratio significantly influenced choice be-
havior (F(8, 80) = 10.14, P < 0.01), resulting in a strong 
preference for the larger amount at high ratios (Fig-
ure 2). The two species did not differ in the proportion 
of trials in which they chose the larger amount (mar-
moset mean = 0.72, SE = 0.17; tamarin mean = 0.67, 
SE = 0.17; F(1, 10) = 0.94, P = 0.35). Neither trial number 
(F(14,140) = 0.91, P = 0.55) nor session (F(11, 110) = 1.60, 
P = 0.11) influenced choice, suggesting little effect of 
learning on preferences. Due to the absence of a species 
effect in the ANOVA, we collapsed the data across spe-
cies. Because performance varied as a function of ratio 
(a signature of the analog-magnitude system), we con-
ducted a series of nine one-sample t-tests to determine 
whether the mean response at each ratio differed from 
chance levels of choice (0.5). Using a Bonferroni cor-
rection, statistically significant P-values could not ex-
ceed α = 0.05/9 = 0.0056. Based on this criterion, sub-
jects preferred larger rewards at ratios of 1.5 and greater 
(Figure 2). Therefore, as demonstrated in other primates 
species (Anderson et al. 2004; Beran 2001; Boysen and 
Berntson 1989, 1995; Brannon and Terrace 2002; Call 
2000; Rumbaugh et al. 1987; Shumaker et al. 2001), tam-
arins and marmosets show a preference for the larger of 
two sets of food items and show an effect of the ratio be-
tween sets on preference. 

We found no evidence that the three- to four-item 
capacity limit of parallel individuation influenced the 
monkeys’ performance under these testing conditions. 
In cases in which multiple numerical pairs shared the 
same ratio but spanned this numerical limit ([2,3] and 

Table 1. Numerical pairs and ratios as a function of numerical 
distance and magnitude of smallest reward 

  Small magnitude
 1 2 3 4

Numerical distance
1 (1,2) 2.0 (2,3) 1.5 (3,4) 1.33 (4,5) 1.25
2 (1,3) 3.0 (2,4) 2.0 (3,5) 1.67 (4,6) 1.5
3 (1,4) 4.0 (2,5) 2.5 (3,6) 2.0 (4,7) 1.75

Numbers in parentheses are numerical pairs, and numbers to 
the right are numerical ratios
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[4,6] or [1,2] and [2,4] and [3,6]), individual contrasts 
(Bonferroni-corrected α = 0.05/4 = 0.0125) showed no 
differences within ratios, suggesting that the monkeys 
did not use parallel individuation to quantify at small 
magnitudes. 

Experiment 2:  
Number versus amount

Results from Experiment 1 indicate that both tama-
rins and marmosets rely on analog-magnitude repre-
sentations when choosing between two visible arrays of 
food. It is not clear from these data, however, whether 
the subjects attended to the number of food rewards or 
the continuous amount of food available (surface area, 
volume, etc.). Experiment 2 provides a test of this ques-
tion by parametrically varying the relationship between 
food amount and number, as well as the density of food 
rewards. If subjects use only number, they should al-
ways choose the reward with the larger numerical mag-
nitude. If, however, they attend only to amount, subjects 
should always choose the reward with the greatest total 
surface area or volume. 

Methods

Because the tamarins and marmosets did not differ 
in their preferences in Experiment 1, and due to other 
lab-related constraints at the time of test, we focused on 
cotton-top tamarins (five subjects) in Experiments 2 and 
3. We used a similar apparatus to Experiment 1; how-
ever, instead of placing a linear array of food pellets 
in a trough, we randomly placed the food pellets on a 
4 × 4 Plexiglas grid (Figure 1c, d). Each subject had 5 s to 
choose an option by drawing one of two trays forward. 
If subjects did not consume all of the food after 15 s or 
if they dropped food pellets, the experimenter hand-fed 
unconsumed pellets to the subjects. 

We tested subjects using a factorial combination of 
three experimental conditions: numerical pair, number/
amount correlation, and density (Figure 3). We tested 
two numerical pairs defined by the same ratio differ-
ence but spanning the numerical limit of parallel indi-
viduation: (1,2) and (4,8). 

To determine whether the monkeys discriminated 
number or amount, we varied the correlation between 
these two parameters by using differently sized food 
pellets (Figure 3); therefore, the number of items was as-
sociated with either a greater, equal, or smaller amount 
of food. In the greater amount condition, the option with 
the larger number also had the greater total amount. We 
used medium-sized pellets (the same size as in Experi-
ment 1–45 mg) for both food trays. In the equal amount 
condition, the options differed in number but provided 
the same total amount of food. The larger number op-
tion had small pellets (20 mg) and the smaller num-
ber option had medium pellets (45 mg), so amount was 
equated across choices. For the smaller amount condi-
tion, the array with the larger number of food items con-
tained the smaller total food amount, because the array 
with the larger number consisted of small food pellets 
(20 mg) while the array with the smaller number con-
sisted of large food pellets (90 mg). 

We manipulated density of the food pellets by vary-
ing the distance between possible food positions in the 
grid. In the asymmetric condition, we placed the pel-
lets in equally spaced holes (12 mm between the holes) 
for both the larger and smaller options. In the symmet-
ric condition, we used the 12 mm distance between 
holes for the larger number of pellets (Figure 1c) and 
a 6 mm distance between holes for the smaller num-
ber of pellets (Figure 1d). Therefore, in the asymmet-
ric case, the array with the larger number had a higher 
density than the smaller number, whereas in the sym-
metric case, the density was approximately equal for 
both amounts. 

Figure 2. Choice as a function of ratio of large to small reward 
magnitude. 

Figure 3. Food pellet presentation for Experiment 2. The larger 
number of items was associated with either a greater, equal, 
or smaller amount of food (see text), and the larger number 
was either more dense than the smaller number (asymmetric) 
or equally dense (symmetric). Pellet size is not to scale. 
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We tested subjects with one trial of each of the 12 pos-
sible conditions in one session. We randomly ordered 
the trial conditions and sides in each of 12 sessions, but 
all subjects experienced the same ordering per session. 

Results and discussion

In a repeated-measures ANOVA using numerical 
pair, number/amount correlation, and density as fac-
tors, only the correlation factor significantly influenced 
choice (F(2, 8) = 3.46, P < 0.01). All three correlation con-
ditions differed from each other (Bonferroni-corrected 
individual contrasts, α = 0.05/3 = 0.017), resulting in 
subjects choosing the larger number significantly more 
often in the greater amount treatment than in the equal 
amount treatment and choosing the larger number more 
in the equal amount treatment than in the smaller amount 
treatment (Figure 4). Recall that in the smaller amount 
condition, the smaller number of pellets had a greater 
amount of food. Thus, the tamarins’ preference for the 
smaller number suggests that they attended to amount 
over number. In the equal amount condition, the tam-
arins showed a bias towards the smaller number even 
when both arrays contained equal amounts of food. This 
deviation from the prediction of indifference could re-
sult from either increased handling required to consume 
many smaller pellets or a preference for the more mo-
nopolizable larger pellets. 

All two-way interactions showed significant effects 
(number × density: F(1, 4) = 9.24, P = 0.04; number × cor-
relation: F(2, 8) = 6.43, P = 0.02; correlation × density:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F(2, 8) = 6.70, P = 0.02). The number × density interac-
tion is likely spurious because density cannot be defined 
with a single item. Though density did not influence 
choice in the 1 versus 2 condition, there was a trend for 
a preference for the more dense option in the 4 versus 8 
condition. The number × correlation interaction results 
from a slightly increased preference for the larger num-
ber in the 4 versus 8 pair compared to the 1 versus 2 pair 
in the smaller amount condition (Bonferroni-corrected in-
dividual contrast, α = 0.05/12 = 0.004). Thus, numer-
ical information has somewhat more of an influence 
on discrimination at greater magnitudes when num-
ber is pitted against total amount. Finally, in the corre-
lation × density interaction, subjects tended to prefer 
the more dense option in the equal amount condition. Be-
cause of these possible effects on discrimination, we fur-
ther explored the role of density in Experiment 3. 

Experiment 3:  
Density and amount

In this experiment, we investigated the role of den-
sity information in quantification of total amount by 
holding the number of food items constant in all pairs, 
while varying the density and size of food pellets. 

Methods

As in Experiment 2, tamarin subjects chose between 
two grids of food pellets. We tested subjects in three 
conditions, all with four versus four food pellets (Fig-
ure 5). Five subjects experienced six sessions of nine 
trials (three replicates of the three conditions). In the 
same/asymmetric condition, the amount of food re-
mained constant across choices but the density var-
ied. In this condition, both sets of four pellets were the 
same size (medium, 45 mg pellets) and the density was 
asymmetric between the two choices (one option on the 
12 mm grid and the other on the 6 mm grid). In the dif-
ferent/asymmetric condition, we used differently sized 
food pellets (medium, 45 mg and large, 90 mg) and dif-
ferent densities, such that the large pellets were more 
dense than the medium pellets. We did not conduct a 
condition in which the larger pellets were arranged 
more sparsely, because given the previously demon-
strated effect of pellet size, size likely would swamp the 
effects of density. In the different/symmetric condition, 
the subjects chose between differently sized pellets of 
the same density. 

Results and discussion

Subjects showed a clear preference for the more dense 
option even when holding number and amount con-
stant (same/asymmetric condition—one-sample t-test:  

Figure 4. Preference for larger number as a function of 
whether number was associated with either a greater, equal, 
or smaller amount of food in Experiment 2. Error bars repre-
sent the standard error of the mean. Pellet size is not to scale. 
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t4 = 4.43, μ = 0.5, P = 0.01), suggesting that density in-
fluences quantification of total amount (Figure 5). Sub-
jects showed an even stronger preference for the larger 
amount when number was held constant, regardless 
of density (repeated-measures ANOVA: F 2,8 = 38.55, 
P < 0.01). Therefore, the tamarins attended to the amount 
of food material when choosing among options with 
equivalent numbers of food items, and the effect of 
amount trumped any effect of density on preferences. 

General discussion

The present studies investigated the mechanisms 
supporting non-human animals’ capacity to quantify 
over sets of food items on the basis of total amount. In 
Experiment 1, cotton-top tamarins and common mar-
mosets chose the array containing the greater total 
amount of food or number of food items, with perfor-
mance varying as a function of the ratio between the 
comparison quantities. Experiment 2 showed that tam-
arins based their decision on the total amount of food 
rather than on the number of food items when number 
and total amount systematically varied across the two 
arrays. Experiment 3 extended these findings by show-
ing that tamarins continued to choose the array with the 
greater amount of food even when number was equated 
between the conditions. Experiments 2–3 further re-
vealed that quantitative factors such as the density or 
size of the items in the array can influence representa-
tions of total amount. 

These studies provide three contributions to our un-
derstanding of the origins and nature of non-linguis-
tic representations of quantity. First, these studies pro-
vide the first systematic investigation showing that 
non-human animals quantify over sets on the basis of 
total amount of food rather than number. Again, many 
other studies have assumed that animals quantify us-
ing amount and even demonstrated that non-numeri-
cal features such as item size and orientation influence 
quantity discrimination (Anderson et al. 2005; Beran 
2001; Call 2000; Menzel 1960; Rumbaugh et al. 1987; 
Thomas and Chase 1980; Uller et al. 2003). These stud-
ies, however, have not excluded the possibility that an-
imals could combine amount and number information 
to judge quantity. Our results suggest that tamarins, and 
presumably other animals, can construct representations 
of total amount with little to no influence from numeri-
cal information. Though this may appear unsurprising, 
it is not clear that this is the case for humans. Infants are 
more likely to notice changes in number amidst vary-
ing total amount as opposed to changes in total amount 
amidst varying number (Brannon et al. 2004); similarly, 
adults cannot ignore number information when making 
judgments about total amount (Barth 2003), with arrays 
containing greater numbers falsely judged to contain a 
greater total amount. Thus for tamarins, but not humans, 
representations of total amount and number appear to 
be nearly independent. Along these lines, and as pointed 
out in Experiment 2, tamarins preferred the less numer-
ous array when amount was equated, suggesting a shift 
toward other factors in a foraging context. For example, 
perhaps individuals pick larger packets of food because 
these are easier to handle or easier to monopolize under 
certain contexts. It will thus be essential to work out ex-
perimental procedures on animals that avoid using food, 
and symmetrically, run experiments with humans that 
explicitly target food. 

Second, tamarins use numerical and non-numeri-
cal information differently, depending upon context. 
Hauser et al. (2003) demonstrated that tamarins spon-
taneously discriminated between auditory sequences 
on the basis of number, and Uller et al. (2001) showed 
that tamarins use numerical cues to discriminate math-
ematical operations such as addition (e.g., 1 + 1 = 2 vs. 
1 + 1 = 3) over food items. Therefore, tamarins have the 
ability to assess discrete number, in contexts with and 
without food. Our current findings, however, suggest 
that instead tamarins use relative amount in some cir-
cumstances. These differences likely result from meth-
odological differences. In the current study, the subjects 
faced a simultaneous choice task with both stimuli con-
stantly in view, and thus they could compare the arrays 
directly and on the basis of perceptual cues. In contrast, 
in the previous studies the stimuli (either auditory or 
visual) were presented sequentially, requiring the sub-
jects to store representations of the target items in mem-

Figure 5. Preference for larger amount or more dense food 
items as a function of density and food size differential in 
Experiment 3. Error bars represent the standard error of the 
mean. Pellet size is not to scale. 
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ory. Undoubtedly, animals can use both number and 
amount to quantify items in their environment (Bran-
non 2005a; Davis and Perusse 1988). Our work sug-
gests that we need to explore the conditions by which 
each of these mechanisms is engaged. It remains unclear 
how aspects of the environment such as the task (forced 
choice, expectancy violation), the modality (visual, audi-
tory), demands (in full view versus stored in memory), 
and the domain (food, communication, predator avoid-
ance, mating opportunities) influence the implementa-
tion of these mechanisms. 

Finally, our studies provide insight into the nature 
of the processes operating over numerical and non-nu-
merical quantification. Tamarins attend to number in 
some contexts and to total amount in other contexts. 
Thus, at some level, distinct processes pick out unique 
properties of a group depending on the task. How-
ever, once numerical or non-numerical information has 
been computed, these values may be stored in a com-
mon mental mechanism. Our results from Experiment 
1 show that tamarins successfully chose the array with 
the greater amount of food, provided that the two sets 
differed by a 2:3 ratio. Likewise, in Hauser et al. (2003) 
tamarins spontaneously discriminated number for com-
parisons that differed by a 2:3 ratio (4 vs. 6, 8 vs. 12) 
but not by a 4:5 ratio (4 vs. 5, 8 vs. 10). Therefore, tam-
arins show a similar ratio limit when comparing sets 
on the basis of numerical and non-numerical factors, 
suggesting that the same mental mechanism may un-
derlie the ability to retain information about number 
and total amount. Thus, similar to previous claims sug-
gesting that common processes support the capacity 
to measure temporal duration and to represent num-
ber (Gallistel 1990; Meck and Church 1983; vanMarle 
and Wynn 2006), we suggest that common processes 
support the capacities to represent number and total 
amount. Future studies could further explore this pos-
sibility by testing whether other similarities also exist 
between non-human primates’ representation of num-
ber and amount. 
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