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Abstract: Very little information is available to zoo managers on the nutritional preferences of the
lesser anteater, a highly specialized predator. By studying lesser anteater feeding behavior, we expect
to contribute to improved management decisions and individual welfare experiences. We studied
the response of zoo-housed lesser anteaters (n = 7) to feeders with live ants (Acromyrmex lundi) and
termites (Cortaritermes fulviceps), and we also evaluated the nutritional values of these prey. We
individually evaluated each lesser anteater (3 sessions), recording activities by camera. We ground
insect samples into a coarse meal and evaluated in vitro biochemical parameters (humidity, lipids
proteins, ash, and carbohydrates). Lesser anteaters spent more time with termites than with ants and
consumed more termites. Ant meal presented a higher protein and lipid content than termite meal
(35.28 ± 0.18% vs. 18.19 ± 0.34% and 16.95 ± 0.13% vs. 6.54 ± 0.31%, respectively), and carbohydrate
digestibility was higher in termites. These findings indicate an association between the level of
insect consumption and nutritional and digestibility values. This is the first exploration of lesser
anteater responses to the presence of social insects in feeders and may serve to guide the study of
food preferences in captivity.

Keywords: xenarthra; mymercophagidae; diet; live feed; insectivorous; animal welfare

1. Introduction

The lesser anteater is a highly specialized predator subsisting almost exclusively on a
diet of ants and termites [1]. In the wild, the lesser anteater behaves as an individualistic
predator and is nocturnal to crepuscular-diurnal [2,3], actively searching for prey mainly by
using its developed sense of smell [1,4]. Several studies have reported that lesser anteaters
consume a large variety of ants and termites [5,6]. However, nutritional assessments of
lesser anteaters’ natural prey are still lacking. We are aware of only one study in which
Oyarzun et al. [7] conducted a nutritional assessment of colonies of arboreal termites
consumed by this species in the wild.

The lesser anteater occurs in the north and center of South America, reaching as far
south as Córdoba, Argentina [1,8]. The lesser anteater is listed as “threatened” in Córdoba,
“near threatened” in Argentina, and “of least concern” by the International Union for
Conservation of Nature (IUCN) [9–11]. Often injured or vulnerable lesser anteaters are
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rescued and spend time in zoos until the zoo authorities decide whether to relocate them
or place them in a conservation program; this is true for all rescued lesser anteaters in
Córdoba and other cities in Argentina (personal observation; Daniel Villarreal; personal
communication Mariella Superina). It is rarely possible to provide zoo-housed animals
with what they would typically eat in the wild [12], and the restricted feeding and foraging
opportunities are a potential source of stress [13]. Although there are several formulas
for feeding lesser anteaters in zoo environments, usually based on dog or cat food as the
principal ingredient [14], the specific dietary requirements of the species and information on
the consumption and energy intake of the different dietary items are lacking, including for
live feed [15–17]. Thus, we consider that an assessment of the response of lesser anteaters
to natural food, such as insects, may provide opportunities to improve the feeding regime
in captivity. Furthermore, an assessment of the nutritional value of the provided insects
will not only be useful for improving the ex situ conservation management of this species
but can also be used to underscore food-based enrichment proposals for these animals in
zoos or rescue centers [18,19].

In this study, we focused on one ant species (Acromyrmex lundi) and one termite
species (Cortaritermes fulviceps). Acromyrmex lundi and C. fulviceps build similar-looking nest
structures as a primary defense strategy in the wild [20,21]. This similar defense strategy
and the similar size of these social insects, taken in conjunction with the morphological
and behavioral predator adaptations of lesser anteaters (e.g., thick skin and short forefoot,
respectively), would appear to indicate that A. lundi and C. fulviceps are similarly vulner-
able to this predator. In contrast, the release of volatile compounds (pheromones) as a
communication strategy differs widely between the two insect species and can act at an
interspecific level, for example, attracting potential predators [22,23]. Taking into account
the olfactory capacity of lesser anteaters, these differences may affect the detectability
of insects. Further possible factors affecting the choice of food are its nutritional value
and digestibility. Digestibility can vary among insects, depending on the characteristics
of the integument (composed largely of proteins and carbohydrates that are difficult to
degrade [22,24]); in vitro protein and carbohydrate digestibility may be an indicator of
in vivo digestibility. Furthermore, the proportion of ash (total minerals), proteins, lipids,
and energy varies among insects [25]. Thus, the study of feeding behavior responses to
these social insects may be useful for understanding predator-prey interaction. Information
on the nutritional value of food stimuli can contribute to a more complete understanding
of feeding behaviors and support better decision making in the management of wild and
zoo-housed lesser anteaters.

We hypothesized that the characteristics of A. lundi and C. fulviceps affect the feeding
behavior of lesser anteaters in captivity. According to the optimal foraging theory [26],
foods with the highest profitability (energy intake/handling times) are preferred. Therefore,
we expect that, if handling times are similar, lesser anteaters will prefer the insect that
provides the highest nutritional values (energy). Our objectives were to: A-evaluate the
activity pattern and amounts of ants (A. lundi) and termites (C. fulviceps) consumed by lesser
anteaters under laboratory conditions, and the timing of consumption of ants (A. lundi) and
termites (C. fulviceps) (Study 1); B-measure humidity, proteins, ash, lipids, and the protein
and carbohydrate digestibility in vitro of the insects offered as food stimuli to infer their
nutritional value (Study 2).

We also consider that this study contributes to the welfare of zoo-housed lesser
anteaters. Studies of animal behavior serve as a diagnostic tool in relation to animal
welfare. Practitioners frequently wonder what animal behavior tells them about how their
environment (light, temperature, food, etc.) affects their welfare [27]. We have studied
several lesser anteaters housed at Córdoba Zoo (Argentina) in terms of their behavioral
response to food-based environmental enrichment [18], natural and abnormal behavioral
repertoires, and associated levels of adrenocortical activity [28], and began to explore space
use and behavioral response to zoo visitors [29]. We found that lesser anteaters in captivity
exhibited higher body weight values than animals in the wild [1,14], potential health risk,
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and thus a negative state of individual welfare owing to erroneous nutritional manage-
ment. Thus, exploring the feeding behavior of zoo-housed lesser anteaters’ response to
natural diet items may be a first approach to detecting possible food choices leading to an
improvement in their nutrition, a main factor in the “Five Domain Model” to assess animal
welfare [30].

2. Materials and Methods
2.1. Subjects, Enclosures, and Management

We studied adult lesser anteaters (N = 7, 4 ♀ and 3 ♂) housed in individual contiguous
enclosures of similar dimensions at Córdoba Zoo (31◦12.32′ S, 64◦16.84′ W, Argentina).

Enclosures were designed following housing recommendations for the species [31].
Following Eguizábal et al. [28], lesser anteaters were housed individually in contiguous
similar-sized enclosures (approximately 38 m2), and each individual had at least one
individual of the opposite sex as a neighbor (Figure 1). Following Superina et al. [31],
enclosures contained a wooden shelter, plastic feeders, and a watering trough, several
climbing structures (i.e., logs and wire roof), plants, soil and wood substrate, and wire
gates between contiguous enclosures. Each lesser anteater was housed under natural
temperature, humidity, and photoperiod.

Figure 1. Top view of lesser anteater enclosures and laboratory: 1 represents the enclosures where the
individuals were kept; 2 represents the laboratory in which an area was conditioned (evaluation room)
to carry out the behavioral evaluations, and 3 represents the public view. Wire gates (smaller black
rectangles) connecting enclosures and glass gates (larger black rectangles) to enter the enclosures are
shown. There was an enclosure that housed 2 lesser anteaters, a mother and her sub-adult offspring.

Briefly, as in previous studies [18,28], the diet consisted of a semi-liquid shake con-
taining lactose-reduced whole powdered milk (La Serenísima®, Buenos Aires, Argentina,
15% of total dry weight), baby cereal (Nestum®, Nestlé, Villa Nueva, Córdoba, Argentina,
14%), balanced puppy feed (Eukanuba® Small Breed, Buenos Aires, Argentina, 71%), drink-
ing water (until reaching a semi-liquid consistency, 400–600 mL) and vitamin K (3 mg).
The offered quantity varied (700–900 mL) depending on the energetic need of each lesser
anteater, which was calculated following Dierenfeld and Graffam [32]. Following the same
methodologies and calculation applied in the present study, the nutritional analyses of
the zoo-balanced diet provided values of (%): humidity = 76.9, lipids = 5.1, proteins = 6.1,
ash = 1.4, and carbohydrates = 10.5; samples of zoo-balanced diet provided 1.12 kcal/g.
This assessment is periodically performed as a quality control within the institutions in-
volved in our research activities. Values are from the post-doctoral fellowship work of
J.R.M. (under supervision of Dr. J.M.B. and Dr. A. López during 2017–2019; unpublished
data). Food was offered to each individual in three 200 mL plastic cups placed on climbing
structures (i.e., logs and wire roof) and in a larger feeder at ground level. We also offered
food-based environmental enrichment on a weekly basis: fruits, honey, ants (Camponotus
rufipes, Pheidole sp. and in greater quantity A. lundi), and occasionally termites (C. fulviceps).
Since all lesser anteaters in the study were already familiar with the food types adminis-
tered, we assumed there would be no expressions of neophobia. Following Córdoba Zoo
routine management, the body weight of the lesser anteaters was recorded on a monthly
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basis in a laboratory adjacent to the enclosures; the animals were, therefore, familiar with
being moved from the enclosures to the laboratory, where the evaluation room for behav-
ioral research was located. Daily cleaning routines of enclosures were performed between
9:00 and 12:00 by zookeepers. Food and water were supplied in plastic feeders (the same
cups indicated above) located in hanging logs once a day, at approximately 12:00.

2.2. Procedures to Include Lesser Anteaters in Study 1

Two additional assessments were performed prior to commencing the main study
(Study 1). Firstly, in order to reduce the influence of the evaluation room stimuli on
the lesser anteaters, we exposed them individually to the novel environment (30 min
sessions, n = 3, during November 2017; see Supplementary Materials: novel environmental
evaluation). Based on this assessment, the evaluation room did not negatively affect
the exploratory behavior of the lesser anteaters. Secondly, we assessed lesser anteater’s
response to odors in order to test whether or not individuals were able to detect odor
stimuli (see Supplementary Materials: odor discrimination evaluation). Our findings
clearly indicated that all the evaluated lesser anteaters reacted to odor stimuli and showed
olfactory discrimination, as a consequence of which they were all included in Study 1. We
furthermore monitored respiratory frequency, taking this as a simple indicator of reaction
to the environment. Lesser anteaters showed an increment in respiratory frequency only
during the novel environment evaluation (the first time they were exposed to the evaluation
room); this reaction was not evident later (see Supplementary Materials: monitoring of
respiratory frequency during the evaluations).

2.3. Study 1: Objective 1
2.3.1. Evaluation Room

We prepared an area of the laboratory to perform the behavioral evaluations on lesser
anteaters. The area (3 × 2 m and 2.5 m high) had four homogeneous walls, a cement floor,
and a single entrance through a door. We used air conditioning to maintain the temperature at
24.0 ± 1.1 ◦C, similar to that measured inside the enclosures (24.5 ± 1.4 ◦C). We illuminated
the room with artificial light (single lamp placed centrally on the ceiling) (Figure 2a).

Figure 2. Evaluation room used to study lesser anteaters’ behavior in response to termites and
ants: (a) a video image of the room taken with the camera used to video record activities during the
behavioral evaluation, the feeders, and an anteater in contact with one feeder. The position of each
food type was randomized during each session. The camera was located on the ceiling; (b) prior to
the first behavioral evaluation, we delimited zones in the room with adhesive tape to record activities
on the videos. Tapes were removed before performing the evaluations; (c) a diagram of the evaluation
room based on lines on the floor. Each video was filtered by this diagram on the monitor, and we
analyzed the activities of lesser anteater. “x” means the space where the lesser anteater was released
with its four legs contacting the ground in the evaluation room, and “circles” means feeders.

2.3.2. Behavioral Evaluations: Anteater Response to Food Stimuli

We exposed the lesser anteaters individually and randomly to the evaluation room
between 17:00 and 20:00 when they are usually active [28]. Before the entrance of each
animal, we cleaned the room using water with sodium hypochlorite (40–60 g/L) at 0.001%.
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Moving each lesser anteater from its enclosure to the evaluation room took < 1 min, and
the same person performed this task, holding the animal by the tail as keepers usually do
to check body weight.

We evaluated the activities of the lesser anteaters in the presence of 3 feeders in the
evaluation room. A feeder with live ants, another with live termites (each food stimuli;
1.07 ± 0.01 g/feeder), and an empty feeder (as a control of those feeders with insects). Since
A. lundi ants do not present differences between soldier and worker castes, we used only
mature workers. In the case of C. fulviceps termites, the caste proportions were: soldier/0.13,
workers/0.25, and immature/0.62. All insects were collected together with the substrate
from their nests and kept in plastic containers until they were presented to the lesser
anteaters; all insects used during evaluations were alive. We separated the insects from
the substrate of their nests 6 h prior to each evaluation and placed them in sterile cups
(200 mL) until the evaluation. A. lundi individuals were collected from nests located in
Córdoba city (31◦25′42.5′′ S, 64◦10′25.4′′ W) and C. fulviceps in Pocho Department, located
approximately 265 km from Córdoba city (31◦20′55.1′′ S 65◦07′44.5′′ W). Before presenting
ants and termites, we washed all feeders (metal dishes 10 cm in diameter and 5 cm deep)
with water and dried them with paper prior to the arrival of each lesser anteater. In order
to prevent insects from escaping, we impregnated the edges of all the feeders with silicone
(100%). We individually exposed the lesser anteaters to 3 feeders, one with ants, another
with termites, and one empty (control). The daily order of evaluation of the lesser anteaters
was random, as was the location of the insects in the feeders. We evaluated lesser anteaters
3 times during a 10 min session (December 2017), exposing each individual to one session
per day. At the end of each session, we recovered the remaining insects from the feeders in
order to quantify the consumption. When each lesser anteater was released back into its
enclosure, normal activity resumed, presumably indicating no post-evaluation discomfort.

2.3.3. Methodology and Variables for Behavioral Evaluations

We used the focal sampling method for all lesser anteaters and the continuous record-
ing rule for both evaluations. Figure 2b,c illustrate the designated zones of the evaluation
room for video recording activities that mostly characterized the expression of feeding
behavior. We divided the room into 36 squares of 50 × 50 cm (more details are available in
Supplementary Data). We analyzed the followings activities through videos recorded on a
DVR (HIKVISION Turbo HD DVR-DS 7200 Series, Binjiang, China):

- Ambulatory latency (s): time elapsed between placing the lesser anteater in the
evaluation room with its four legs contacting the ground (see, for example, the cross
in Figure 2a) and the complete head leaving the first square;

- Visits to the feeders (counting): number of times the lesser anteater visited each feeder,
considering a visit to be when the animal entered the square and contacted the feeder.
On each session, we also registered which feeder lesser anteaters visited first;

- Visit duration at feeders (s): time spent by each lesser anteater inside the square where
the feeders were located, considering a visit to be each time the lesser anteater entered
the square and contacted the feeder. We calculated the total visit duration per feeder.
Considering the maximal number of visits in each feeder, we also calculated the visit
duration per visit in order to characterize visits change over the 10 min of this trial;

- Consumption of insects (g): quantity of insects consumed by each lesser anteater in
each session. We calculated this variable based on the difference between the weight
of the insect meal before and after the evaluation.

2.4. Study 2: Objective 2
2.4.1. Preparation of Insects and Nutritional Assessment

During November 2017, we collected ants and termites for the nutritional assessments
from the same locations and in the same way indicated for the feeding behavior study (see
Section 2.3.2). Samples of live insects were frozen (5 g; without nest organic material) for
1 h in a freezer, dried at 100–105 ◦C in a forced circulation oven for 24 h, and finally ground
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to obtain a course meal. We did not dry samples used for humidity content assessment.
The number of samples/insects evaluated for all variables = 2, except for ash (n = 1). We
analyzed the samples according to the methods recommended by the AOAC [33]. Variables
(%): (1) humidity content by the indirect method of oven drying at 100 ◦C (AOAC 934.01);
(2) free total fat content (lipids) by the gravimetric method after extraction with Soxhlet
using n-hexane as solvent (AOAC 920.39); (3) crude protein content (proteins) by the
Kjeldahl method (AOAC 984.13), using a general conversion factor of 6.25; (4) ash content
by muffling at 550 ◦C (AOAC 923.03); and (5) carbohydrate content calculated by the
difference between 100% and values of 1–4 (humidity + lipids + proteins + ash).

We performed all measurements of centesimal composition in triplicate and expressed
them in g/100 g of sample on a wet basis. From the centesimal composition values, we
were able to calculate the caloric content (kcal/g) of the insects, taking the individual
contributions of each variable [34].

2.4.2. In Vitro Protein and Carbohydrate Digestibility

Due to the decision of the zoo administration, we were not allowed to replace the
routine diet with social insects during this study. We were only able to measure the
digestibility parameter by in vitro tests [35–37]. Since the digestive characteristics of lesser
anteaters’ tract are poorly known, we used a technique that mimics the general digestive
process of monogastric mammals. We measured the protein digestibility according to the
technique of Dierick et al. [38], with modifications. We incubated 400 mg of each insect
sample together with 20 mL of 0.075 M HCl, 20 mg of pepsin (P7000, Sigma-Aldrich®,
Burlington, MA, USA), with the pH adjusted to 2, in a thermostatic bath at 37.5 ◦C for
30 min after which we added 25 mL of 0.2 M phosphate buffer (pH 7.5) and 20 mg of
pancreatin (P7545, Sigma-Aldrich®, Burlington, MA, USA). We then adjusted the pH to
7.5 and incubated the sample for a further 60 min under the conditions described above.
At the end of the second incubation period, we took 5 mL of the digested extract and
added 5 mL of trichloroacetic acid (TCA) at 36% w/v to precipitate the undigested proteins
and enzymes. After centrifugation at 1100× g, we measured the total nitrogen content in
the supernatant by the Kjeldahl method 984.13 [33] and the content of total sugars by the
anthrone method [39]. Results are expressed as digestibility (%) on a dry basis.

2.5. Statistical Analyses

We analyzed ambulatory latency by one-way analysis of variance with the lesser
anteaters as the source of variation. Since the variable was not normally distributed
according to the Shapiro–Wilks test, we transformed the data (log10) and then applied
a posteriori Fisher LSD test. For the analysis of visit duration over time, the fixed factor
was the number of visits (8 levels), and the lesser anteater was the random factor; the
analysis was partitioned by feeder (control, ants, or termites). This analysis was performed
to address the following questions: how did the lesser anteaters behave during the 10 min:
did they first eat all the termites and only then go on to the ants? Or did they constantly
walk around and sample all feeders regularly (this could perhaps reflect a typical foraging
strategy of anteaters)? How did the duration of the visits change over time during the
10 min? For feeder visits, visit duration, and insect consumption, we used a statistical
analysis of general and mixed linear models as indicated by Mangeaud and Videla [40] for
food preference tests. The feeder was the fixed factor (3 levels), and the lesser anteater was
the random factor. We applied the LSD Fisher test. Due to the low number of samples, we
did not perform statistical analyses for the nutritional assessments.

We performed all the analyses using InfoStat [41]. We expressed results as mean ± SEM,
with a significance level of 5% for all tests. We tested normality of data and homogeneity of
variance by the Shapiro–Wilks and Levene methods, respectively.
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3. Results
3.1. Study 1: Objective 1

We detected no differences in ambulatory latency among the lesser anteaters (F6,13 = 1.56,
p = 0.2346). Ambulatory latency was 5.45 ± 0.73 s. In the three sessions, the lesser anteaters
visited the feeders with ants 3.05 ± 0.32 times, the feeder with termites 4.10 ± 0.49 times,
and the feeder without insects (control) 3.65 ± 0.49 times (F2,51 = 2.27, p = 0.1138). The
lesser anteaters first visited the feeder with termites more times (13 out of 21) than the
feeder with ants (6 out of 21); the feeder without insects was visited 2 times out of 21. We
detected differences in the duration of each visit to the feeders (F2,51 = 11.12, p = 0.0001). The
average total visit duration at each feeder was termites > ants = control (88.40 ± 15.83 s,
52.55 ± 5.88 s 29.30 ± 2.95 s, respectively). In Figure 3, we show the temporal pattern of vis-
its for each feeder. Within each feeder, the statistical differences were: control F7,64 = 19.12,
p < 0.0001, ants F7,55 = 41.38, p < 0.0001, and termites F7,72 = 133.03, p < 0.0001.

Figure 3. Average duration of each visit of a lesser anteater to the (a) control feeder, (b) feeder with
ants, and (c) feeder with termites during the behavioral evaluation (10 min sessions per anteater;
3 evaluations for each animal). Different letters within each panel indicate statistical differences
between the duration of the visits of the lesser anteaters to each feeder (p < 0.05).
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The statistical analysis indicated a highly significant difference in insect consumption
(g) by the lesser anteaters (F1,32 = 32.84, p < 0.0001). The a posteriori test showed the
following pattern: termites 0.89 ± 0.04 g > ants 0.53 ± 0.07 g (similar results for the
percentage of insects consumed; F1,32 = 45.79, p < 0.0001; Figure 4).

Figure 4. Percentage of insects consumed by the lesser anteaters in each of the three sessions of the
behavioral evaluation. Each session lasted 10 min. Ants are represented in white and termites in
black. Different letters indicate statistical differences between the insects consumed by the lesser
anteaters within each session (p < 0.05).

3.2. Study 2: Objective 2

The nutritional analyses of the insect samples showed higher values of humidity,
lipids, and proteins in ants than in termites (Table 1). On the contrary, ash and carbohydrate
values were higher in termites, as was the in vitro protein and carbohydrate digestibility
(Table 1). On the basis of the biochemical analysis, we also calculated the energy value of the
insects: samples of ants showed 2.73 kcal/g, and samples of termites showed 2.17 kcal/g.

Table 1. Nutritional assessment and in vitro digestibility of ant (Acromyrmex lundi) and termite samples
(Cortaritermes fulviceps) offered to lesser anteaters (Tamandua tetradactyla) during the behavioral evaluations.

Variable (%)
Insects

Ants Termites

Humidity 47.37 ± 0.52 42.19 ± 0.73
Lipids 10.88 ± 0.24 4.08 ± 0.43

Proteins 29.06 ± 0.74 12.96 ± 0.67
Ash 7.61 ± 0.07 12.45 ± 0.77

Carbohydrates 14.71 32.20
In vitro protein digestibility 41.66 ± 0.43 97.84 ± 1.63

In vitro carbohydrate
digestibility 50.65 ± 0.87 75.34 ± 0.91

The values are presented on a wet basis. Number of samples/insects evaluated for all variables = 2, except for
ashes (n = 1).

4. Discussion

The present study reports the feeding behavior of lesser anteaters in response to the
presence of their natural prey, ants (Acromyrmex lundi), and termites (Cortaritermes fulviceps).
Overall, our findings clearly show that lesser anteaters reacted positively to live prey, with
a difference in consumption in a space (laboratory) where the feeding behavior could
be easily expressed/monitored. Surprisingly, the lesser anteaters interacted more with
termites and consumed more of this insect than ants. We speculate that this response may
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be primarily related to nutritional input; however, more studies with a greater number of
samples will be necessary to substantiate this hypothesis. Nevertheless, we consider that
the procedure applied to test feeding preferences provides a useful protocol for further
exploring feeding behavior in this species.

The relationship among the time spent with each food stimulus, the level of con-
sumption of the different insects, the nutritional value of the insect proteins and lipids,
and protein and carbohydrate in vitro digestibility could indicate that the lesser anteaters
exhibited a well-adjusted feeding behavior during the evaluations. They spent more time
at the termite feeders and consumed higher amounts of termites, which have low nutri-
tional value but high protein and carbohydrate digestibility, and spent less time at the
ant feeders and consumed lower amounts of ants, which have greater nutritional value
but lower protein and carbohydrate digestibility. We acknowledge that termites were
offered at lower frequencies than ants, which could have a novel effect on lesser anteaters’
behavior. However, both ants and termites were offered at much lower frequencies than
other environmental enrichment items.

Further analyses of feeding behavior responses to social insects should take into
account that a predator’s choice of prey depends on multiple factors other than energy
input. For instance, the defensive capacity of the prey could subject predators to unpleasant
experiences, thus affecting the latter’s food choice decisions [42]. Since we did not detect
evidence of unpleasant experience in lesser anteaters (e.g., self-scratching) when they
fed on termites or ants, our results cannot be explained by prey defensiveness. Another
weighty factor in the choice of prey is the organoleptic properties of the prey (e.g., olfactory
cues) [43,44]. The higher number of first visits of lesser anteaters to feeders with termites
could indicate that this prey presents more attractive cues than ants, probably associated
with their pheromone emissions. This indicates that prey’s organoleptic properties might be
an important factor for smell-guided mammals such as lesser anteaters [1]. Furthermore, the
organoleptic proprieties of insects are associated with their palatability, which could explain
the values relating to the duration of visits to feeders and the consumption of insects.

In terms of the amount of time lesser anteaters spent interacting with the different
social insects studied in the evaluation room, they chose to be mainly with the termites.
However, we observed a similar feeding pattern for both insects: the first visit was the
longest and the following ones shorter, with a second peak in duration on the fourth-
fifth visit. This feeding pattern is similar to that observed in wild individuals, which
tend to eat insects in interrupted bouts [45]. This non-continuous feeding behavior is
probably associated with a surprise-attack strategy, a behavior already mentioned for other
myrmecophagous species (Myrmecophaga tridactyla [46]).

The biochemical tests demonstrated that the two insect prey differ in nutritional vari-
ables and in digestibility (tested in vitro). Oyarzun et al. [7] evaluated the nutritional charac-
teristics of Nasutitermes sp. (Subfamily: Nasutitertitinae) as food for wild T. tetradactyla. The
protein values that we found for the same termite subfamily are similar to those reported by
Oyarzun et al. [7], but those of humidity, lipids, and ash differ, even though we employed
the same techniques as these authors. We consider that the differences in humidity and
lipid values can be attributed to the different species. In the case of ash, the difference in
our study may lie in the presence of inorganic compounds in the nest: the termites we used
have terrestrial habits (constructing partially underground nests composed of inorganic
substrate), while those analyzed by Oyarzun et al. [7] were wood-eating termites. Normally,
the ash percentage is expected to be around 5% for insects [47], 6–10% for wood-eating
termites, and 6–60% for soil-eating termites (e.g., C. fulviceps).

Nutritional values were lower in termite samples than in ant samples, so the prefer-
ence of lesser anteaters for termites may be due to their higher in vitro digestibility. The
differences in digestibility between ants and termites could be related to their different
exoskeletons. Fiber analysis could help resolve this issue, but the availability of nutrients
contained in ant and termite exoskeletons (carbohydrates and proteins; [48]) depends
on the presence of chitinases in the digestive tract of lesser anteaters, which has still not
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been determined [7,49]. Thus, if lesser anteaters do not have chitinases in their digestive
tracts, the nutritional values of A. lundi samples could be overestimated. In this sense, our
study highlights the importance of studying the digestive capacities of highly specialized
predators such as the lesser anteater. Though studies on in vivo digestibility (e.g., fecal
content) are required, the results of our in vitro assessment should prove useful as baseline
data for the better management of captive lesser anteaters. For instance, termite supply
could improve lesser anteaters’ welfare not only by enriching their environment through
sensory stimulation (with attractive pheromones [44]) but also by improving their physical
health (better digestive dynamics). This may be important for this species, considering
that captive myrmecophagous mammals often present digestive problems, sometimes with
deadly consequences [50,51].

Finally, we only found a few earlier reports on the feeding behavior of lesser anteaters
in the wild. Lubin and Montgomery [5] pointed out that some wild Tamandua spp. individ-
uals specialize in the consumption of termites and others in the consumption of ants. It
is clearly difficult to determine selectivity in T. tetradactyla, especially in the wild, largely
because of the remarkable heterogeneity of their insect prey, its availability, defense strate-
gies, etc. [2,22,52]. Addressing Tamandua tetradactyla-Acromyrmex lundi and Cortaritermes
fulviceps interaction under a controlled situation could lead to an experimental model to
study the feeding behavior of a highly specialized anteater species.

5. Conclusions

Under the laboratory conditions of this study, our hypothesis was not disproven,
indicating that the characteristics of A. lundi and C. fulviceps affected the feeding behavior
of lesser anteaters. We demonstrated that:

• Lesser anteaters spent more time at feeders with termites (C. fulviceps) than at feeders
with ants (A. lundi) and consumed more termites than ants, showing a similar pattern
of interaction during consumption;

• The ants and termites analyzed presented different values of humidity, protein, ash,
lipids, and in vitro protein and carbohydrate digestibility. The calculation of caloric
content of termites indicated lower energy values than ants but higher digestibility of
proteins and carbohydrates.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jzbg3010002/s1, Table S1: Timeline of lesser anteater behavioral evaluations; Figure S1:
diagram of evaluation room for each zone in novel environmental evaluation; Figure S2: Cumulative
proportions of the location register of the lesser anteaters during the novel environment evaluation;
Figure S3: Evaluation room zones during odor discrimination evaluation; Figure S4: Location
register (counting) of the lesser anteaters in the olfactory zone during the odor discrimination
evaluation; Figure S5: Respiratory frequency (registers/minute) in the lesser anteaters during novel
environmental and food stimuli evaluations.
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