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Temporally coordinated interactive vocalizations are important means of communication
between individuals in various animal taxa. In mammals, interactive calling and singing
can be highly synchronized to create either overlapping or antiphonal duets while in
others, competitors antagonistically vocalize, engaging in counter-singing. Among non-
primate mammals these vocalizations are considered rare and poorly understood. We
provide an overview of antiphonal calling, duetting and counter-singing in non-primate
mammals. Many of these coordinated vocalizations play a role in social interactions and
allow mammals to convey information to other members of the social unit in visually
inaccessible environments. South American Bamboo rats Dactylomys spp. are arboreal
bamboo specialists found in dense bamboo thickets in Bolivia, Peru, Ecuador, Brazil and
Colombia. These nocturnal rodents are rarely seen but can be easily heard because
of their loud and distinctive staccato vocalizations. We provide some evidence that
Bamboo rats engage in duetting, and as such they provide another case of a mammalian
species, in which to investigate temporally coordinated interactive singing. We urge
researchers to work toward common definitions of temporally coordinated vocalizations
and to search for more mammals that utilize such vocalizations.

Keywords: antiphonal vocalizations, mammal duets, counter-singing, Dactylomys spp., temporally coordinated
interactive vocalizations

INTRODUCTION

Mammals produce a diverse array of vocalizations ranging from single note contact calls to
highly synchronized, multiple note songs (Fitch, 2006). Whether simple or complex, mammal
vocalizations convey vital information to conspecifics. While calls, such as contact and alarm calls,
are short with few notes and function in a variety of daily activities songs are typically more complex

Frontiers in Ecology and Evolution | www.frontiersin.org 1

July 2022 | Volume 10 | Article 906546


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2022.906546
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fevo.2022.906546
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2022.906546&domain=pdf&date_stamp=2022-07-07
https://www.frontiersin.org/articles/10.3389/fevo.2022.906546/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Vanderhoff and Bernal Hoverud

Coordinated Interactive Vocalizations in Mammals

consisting of several notes, and used in mating and territorial
displays (Boughman and Moss, 2003; Marler, 2004). Interactive
vocal communication has evolved in several mammalian groups,
including primates, rodents, bats, and cetaceans (Logue and
Krupp, 2016; Vernes, 2017; Terleph et al., 2018; de Reus
et al,, 2021; De Gregorio et al., 2022). Antiphonal vocalizations,
counter-singing, and duetting have been thoroughly documented
and studied in birds (for a review of duetting in birds see
Hall, 2009), but less so in mammals, with most of the attention
given to primates (Adret et al, 2018; Clink and Lau, 2020).
Broadening research to include mammals other than primates
will allow us to test hypotheses on the function and evolution of
these vocalizations.

Across all taxa, interactive vocalizations and turn-taking
(Levinson, 2016), have received more attention in recent years,
with researchers trying to assess appropriate frameworks to
study and analyze interactive vocalizations. The disparity in
definitions of these types of vocalizations makes comparative
studies difficult, with some researchers suggesting a focus on
the stepwise process between individuals involved in back-
and-forth communication (who, when and how does turn-
taking occur), whereas others suggest a focus on the temporal
and rhythmic elements of vocalizations (Pika et al., 2018;
Ravignani et al, 2019; de Reus et al, 2021). We suggest and
utilize the term temporally coordinated interactive vocalizations
(TCIVs hereafter) to encompass both the dynamics between
signaling mammals as well as the rhythmic and temporal
component of the vocalizations themselves. We provide an
overview of the literature on non-primate mammal vocalizations
that fall under this umbrella. Across the literature different
terms are utilized and we adhere to the terms utilized by
individual researchers. We classify TCIVs into three categories
(antiphonal vocalizations, duets, and counter-vocalizations).
These categories are based on the literature we examined
but we realize that some overlap may occur and may not
reflect current definitions. Antiphonal vocalizations are the
broadest category and involve call and response occurring at
regular intervals between two or more individuals (Yoshida
and Okanoya, 2005; Filippi et al., 2019). Counter-vocalizations
occur between specific individuals and territorial mammals
may engage in counter-calling (or counter-singing), in which
rival individuals call (or sing) back and forth in a non-
overlapping fashion (Banerjee et al, 2019). These types of
vocalizations may or may not involve turn-taking in which
individuals adjust vocalizations based on the behavior of the
other participant, including overlap avoidance (Demartsev et al.,
2018; Pika et al., 2018; Okobi et al., 2019). Duetting has been
examined extensively in birds and early definitions drawn from
the avian literature frequently described duetting as coordinated
vocalizations in mated pairs (Todt and Naguib, 2000; Hall,
2009). Duets may or may not overlap, and current definitions
of duetting vary (see Pika et al., 2018). As noted by Langmore
(2002), a more accurate definition should focus on acoustic
features of duets and not just the participants. Our definition
of duetting follows the literature that characterizes duets as
coordinated, predictable, repetitive, stereotypical vocalizations
between two or more individuals, often bonded individuals

(Langmore, 2002; Clink et al., 2020; Nieder and Mooney,
2020).

ANTIPHONAL VOCALIZATIONS, DUETS
AND COUNTER-VOCALIZATIONS IN
NON-PRIMATE MAMMALS

Mammals from diverse orders, with varying habitats, activity
periods, and social and mating systems engage in TCIVs
(Table 1). The functions of these calls vary greatly, and categories
were selected post-hoc after examining the literature. Researchers
used behavioral data, including temporal and spatial aspects
of vocalizations and individuals, and playback experiments to
elucidate function. Below is a brief discussion of the different
vocalizations and their functions in non-primate mammals.

Antiphonal Vocalizations

In mammals, antiphonal vocalizations (or the use of the term
antiphonal) is more prevalent in the literature than duetting
and counter-singing, and antiphonal calls serve as contact calls
that can encode information about individual identity and
condition. For example, naked-mole rats Heterocephalus glaber
can identify individuals as well as social rank within their
colony (Yosida and Okanoya, 2009). In group living mammals,
antiphonal vocalizations can also help individuals coordinate
with conspecifics. White-winged vampire bats Diaemus youngi
can discern individuals and thus their spatial relationship in
the colony via antiphonal calling (Carter et al., 2008). African
elephants Loxodonta africana use antiphonal rumbles to monitor
individuals and coordinate group movement, with antiphonal
calling increasing as elephants disperse away from one another
(Leighty et al., 2008; O’Connell-Rodwell et al., 2012). Moreover,
female elephants exchange rumbles more with close social
partners (Soltis et al., 2005). Similarly, pulsed “type A" calls
of beluga whales Delphinapterus leucas enable group cohesion
and closely related individuals use similar variants of these
calls (Vergara et al., 2010). Other examples of antiphonal calls
between related individual include calls between mother and
offspring in belugas, as well as in several bat species (bulldog
bat Noctilio albiventris, sac-winged bat Saccopteryx bilineata,
Pomona leaf-nosed bat Hipposideros pomona) and the Florida
manatee Trichechus manatus latirostris (Brown et al., 1983;
O’Shea and Poché, 2006; Knérnschild and Von Helversen, 2008;
Jin et al., 2015).

While antiphonal calls function largely to facilitate social
interactions among conspecifics, in Artiodactyls antiphonal calls
function as important pursuit deterrent signals to predators.
The antiphonal calls of Indian muntjac Muntiacus muntjak and
Roe deer Capreolus capreolus intensify alarm signals, confusing
predators as multiple individuals call and respond from different
locations (Oli and Jacobson, 1995; Rossi et al., 2002). Klipspringer
Oreotragus oreotragus elicit short vocal exchanges, females
following males swiftly (30 ms intercal interval) in loud and
repetitive alarm calls (Tilson and Norton, 1981). While these calls
have been traditionally seen as alarm calls, they could also aid in
pair and group coordination.
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TABLE 1 | Examples of non-primate mammals engaging in temporally coordinated interactive vocal communication.

Type of interactive vocal communication:

Scientific name

Common name

Duetting Antiphonal
singing/Calling

Habitat Activity period Social system

Mating system Function Source

Rodentia
Scotinomys teguina*

Heterocephalus glaber

Chiroptera
Diaemus youngi

Noctilio albiventris
Saccopteryx bilineata*

Hipposideros pomona
Proboscidea
Loxodonta africana

Hyracoidea
Procavia capensis*

Dendrohyrax sp*
Artiodactyla
Oreotragus oreotragus

Muntiacus muntjak
Capreolus capreolus
Cetacea

Physeter macrocephalus™

Delphinapterus leucas™
Orcinus orca

Globicephala melas
Sirenia

Alston’s singing mouse

Naked mole-rat

White-winged vampire bat
Bulldog bat

Sac-winged bat

Pomona leaf-nosed bat

African elephant

Rock hyrax

Tree hyrax

Klipspringer

Muntjak/Barking deer
Roe deer

Sperm whale

Beluga whale
Killer whale

Long-finned pilot whale

Florida manatee

tr

t/st

tr

tr

tr

tr

t/sv

tr

trk

ir
%

ag/m

ag/m
ag/m

ag/m

ag/fm

Solitary

Eusocial

Colonial

Colonial
Colonial

Colonial

Fission-fusion

Male/multi-female

Solitary

Pairs w/offspring

Solitary
Solitary

Multi-
level/matrilineal
Highly varied
Multi-
level/matrilineal
Fission-fussion

Solitary

Promiscuous

Eusocial

Social polygyny

Social polygyny

Social polygyny

Social polygyny

Promiscuous

Social polygyny

Monogamy

Monogamous

Polygynous
Monogamous

Promiscuous

Promiscuous
Promiscuous

Polygynous

Promiscuous

6,8

3,5

2,3,4

4,8

2,6,7

58

2,4
2,6

unk

3,4

Banerjee et al., 2019
Okobi et al., 2019

Yosida and Okanoya,
2009, 2012

Carter et al., 2008,
2012

Brown et al., 1983

Knérnschild and Von
Helversen, 2008

Behr et al., 2009
Jinetal., 2015

Soltis et al., 2005
Leighty et al., 2008

O’Connell-Rodwell
etal., 2012

Demartsev et al.,
2016a,b, 2017

Rosti et al., 2020

Tilson and Norton,
1981

Oli and Jacobson, 1995
Rossi et al., 2002

Schulz et al., 2008

Vergara et al., 2010
Miller et al., 2004

Courts et al., 2020

O’Shea and Poché,
2006

(Continued)
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2021; Ferreira et al.,
Demartsev et al., 2018

Paula and Monticelli,
2022

Source

2,3,5,6,7,8 Balieiro and Monticelli,
2019

Function

Mating system
Monogamous
Monogamous

Pairs
Matriarchy

n/crp
d

Habitat Activity period Social system
t/sv
t/sv

X

Duetting Antiphonal

Counter-

Type of interactive vocal communication:
singing/Calling

Common name

Meerkat

TABLE 1 | (Continued)

Scientific name

Chrysocyon brachyurus  Maned wolf
Suricata suricatta

Rodentia
Carnivora

Scandentia

Williams et al., 1969

Monogamous

Pairs w/offspring

t/tr

X

Palawan tree shrew

Tupaia palawanensis

Habitat: terrestrial (t) or aquatic (aq)/tropical (tr), subterranean (st), savannah (sv), forest (f), marine (m). Activity period: nocturnal (n), diurnal (d) or crepuscular (crp). Function of vocalizations: (1) alarm signal, (2) contact

call/group communication, (3) individual recognition, (4) mother-offspring communication, (5) social dominance/individual quality, (6) group/pair coordination, (7) strengthen social bonds, (8) territorial. Denotations with

a x!~lindicate counter-calling or singing with turn-taking behavior. Scientific names with an asterisk highlight singing mammals.

Duets

Unlike the call and response of antiphonal vocalizations,
duetting requires two individuals to coordinate vocalizations in
a precisely timed manner (Langmore, 2002; Nieder and Mooney,
2020; de Reus et al,, 2021). Duets begin with one individual
vocalizing, followed by another individual vocalizing, sometimes
simultaneously with the first. Duetting by non-primate mammals
appears to be rarer in the literature. Within social units of sperm
whale. Physeter macrocephalus, individual whales will produce
codas after another whale begins to sing and in some instances the
codas will overlap (Schulz et al., 2008). As with many antiphonal
calls, duets in sperm whales help to maintain social bonds.
Long finned pilot whales (Globicephala melas) also produce vocal
duets, yet their function is unknown (Courts et al., 2020). The
duets of maned wolves Chrysocyon brachyurus also have a social
function. Maned wolves live in dispersed pairs that actively
defend a territory and their individually identifiable roar-barks
produced as loose duets (2 s inter-call intervals on average) may
help them facilitate and strengthen pair bonds necessary for this
defense (Emmons, 2013; Balieiro and Monticelli, 2019; Paula
and Monticelli, 2021). Recent work with maned wolves describe
their interactive roar-barks as counter-calling, not duetting. This
behavior is most frequent during the mating season and when
young are present, suggesting a function in not only pair bonding,
but also in care of the young (Ferreira et al., 2022). The function of
duetting is still poorly understood and debated for many taxa and
as seen in birds it may serve more than one function (Hall, 2009).

Counter-Vocalizations and Turn-Taking
Unlike duetting that involves coordination between members
of the same social group, counter-vocalizations involve back
and forth vocalizations, often between territorial rivals. Many
mammals sing in a territorial fashion and counter-singing has
been documented in sac-winged bats Saccopteryx bilineata,
singing mice Scotinomys teguina and rock hyraxes Procavia
capensis (Behr et al., 2009; Demartsev et al., 2016a,b, Demartsev
et al,, 2017; Banerjee et al., 2019; Okobi et al., 2019). As with
other coordinated vocalizations, they can contain information
about caller identity; however, these vocal duels have only been
documented in males and function in sexual advertisement
and territorial interactions. The singing behavior of rock
hyraxes has been well documented, and 25% of all singing
is male-male counter singing (Demartsev et al., 2016b). Tree
hyraxes Dendrohyrax sp., unlike rock hyraxes, are solitary
and monogamous, and although they sing, their coordinated
communication occurs in antiphonal territorial calls. In a recent
study of tree hyrax vocalizations, 75% of thwack call sequences
involved counter-calling between two or more individuals (Rosti
et al, 2020). It is important to note that these two closely
related, yet socially and ecologically distinct species, both have
coordinated vocalizations, one in song and the other in calls.
Future comparative studies of hyrax species, as well as across and
within mammalian groups in general, could lead to insights on
the evolution of coordinated vocalizations.

Turn-taking behavior does not occur in all instances of
counter-singing, but as documented in singing mice, individuals
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mediate their response to other individuals, regulating their
vocalizations and altering their behavior in response (Banerjee
et al, 2019; Okobi et al., 2019). Similarly, meerkats engage
in turn-taking “sunning vocalizations” when several group
members sun individual meerkat calls avoid overlap with other
vocalizing meerkats (Demartsev et al., 2018).

In addition to clearer definitions of TCIVs, researchers must
identify which mammals engage in this behavior and how it
affects each vocalizing individual. While duetting and other
coordinated vocalizations have been traditionally viewed and
examined as a collective behavior, they occur at both the level
of the individual and the collective pair or group (Hall, 2004;
Logue and Krupp, 2016; Ravignani et al., 2019; Clink et al., 2020;
Clink and Lau, 2020). It is likely that many more mammals
engage in TCIVs than is currently recognized. Next, we present
observational data of bamboo rats Dactylomys spp., a neotropical
bamboo specialist, from Ecuador and Bolivia as an example of an
understudied mammal that engages in TCIVs.

PERSPECTIVES FROM BAMBOO RAT
VOCALIZATIONS

South American bamboo rats Dactylomys spp. are nocturnal,
arboreal bamboo specialists found in dense bamboo thickets
in Bolivia, Peru, Ecuador, Brazil, and Colombia (La Val, 1976;
Emmons, 1981; Dunnum and Salazar-Bravo, 2004; Bezerra et al,,
2007). Dactylomys spp. are rarely seen but can be easily heard
due to their loud and distinctive staccato vocalizations that
start at dusk (La Val, 1976; Emmons, 1981). Vocalizations are
thought to be territorial calls; however, the spatial and social
relationship between individuals within and between bamboo
patches has not been thoroughly investigated. Little is known
about this secretive species due to its nocturnal cryptic behavior
and the dense bamboo thickets in which they inhabit, yet
Dactylomys spp. might provide a good comparative model to
study TCIVs. Emmons (1981) first described duetting behavior in
the Amazonian bamboo rat Dactylomys dactylinus and noted two
distinct call types: loud staccato “L calls” given by males, often
followed by softer grunting “A calls” given by females. She also
noted call and responses between males producing the loud “L
calls.”

Our preliminary investigations of D. dactylinus in Ecuador
and D. boliviensis in Bolivia provide more evidence for TCIVs.
In July 2010 and July 2011, ENV surveyed D. dactylinus
populations and recorded their vocalizations at Wildsumaco
Wildlife Sanctuary in Ecuador, (00° 41.250" S, 77° 36.049
W; ~1400 m elevation). Between 2015 and 2017, as part of
the “Identidad Madidi Project” led by Wildlife Conservation
Society in Bolivia, NBH and her team observed and recorded
D. boliviensis at five sites inside Madidi National Park (14.1892°
S, 68.3339° W; 200-1700 m elevation). At both Wildsumaco and
Madidi, bamboo rats were heard and seen in bamboo patches
(Guadua spp). Ten bamboo patches, ranging in size from 25 to
500 m?, often consisting of several clusters of bamboo within
a matrix of other vegetation, were identified at Wildsumaco.
Some patches were relatively close to one another (~15 m),

but could be as far apart as 100-200 m. At Madidi, bamboo
patches could also have different extensions and were generally
localized in wet soils along running water, but their distribution
and size was not quantified as it was part of a larger survey.
Identification of individuals on most nights was difficult given the
dense vegetation and the rats cryptic behavior, as Emmons (1981)
notes they move silently one foot at a time making vocalizations
the only means to identify if individuals were present. At both
Wildsumaco and Madidi loud staccato calls and soft grunting
calls, referred to as “L” and “A” calls by Emmons (1981), occurred
during the night, between 19:00 and 04:00. Males were visually
identified and observed producing the staccato “L calls” twice at
Madidi and once at Wildsumaco.

Audio recordings at both sites were made with Marantz PMD
661/671 Digital recorders (sampling rate: 44.1 kHz; resolution:
16-bit) and Sennheiser ME 66 directional microphones. At
Madidi several locations were visited and a total of five recordings
(one per site) were made. Most recordings were incomplete as
they often began once individuals had already started vocalizing.
For example, at one location. patches were visited for seven nights
in a row and on some nights no bamboo rats could be heard
responding to vocalizations of the focal individual and in other
instances calling could be heard, but a distance away from it and
only on one night was a complete vocalization recorded. Three
focal bamboo patches at Wildsumaco were observed for three
nights in July 2010 and a total of 19 recordings were made. In
line with Emmons’ work (1981), our observational data suggest
that a single pair resides in each bamboo patch and individuals
within patches vocalized approximately every 10 min. At Madidi,
vocalizations occurred after longer time intervals, approximately
every 45 min. It is unclear what prompts bamboo rats to
vocalize; whether it is in response to vocalizations given by rats
in other patches is uncertain. Playback of a previous recording
was attempted at two sites in Madidi to see if individuals were
present in patches, and while at one location a bamboo rat
responded, no response was elicited at the other site. Listening
to their calls in the forest suggests that the rats are calling
and responding to one another in different patches, as seen in
other counter-singing mammals, but tests must be conducted
to ascertain the true nature of vocalizations to ensure what we
perceive as coordinated behavior is not due to random chance.
The loud vocalizations of bamboo rats may help them identify
and be aware of other rats’ location; given their highly specialized
low nutrient diet of bamboo, proper spacing and low energy
communication networks may be selected for Emmons, 1981.

Overlapping duets were recorded at both site; however, this
was a rare occurrence, and because of limited observations and
few recordings, it is uncertain if this is a seasonal behavior, occurs
year-round or whether it is tied to reproduction. Recordings
of duets made at Wildsumaco and Madidi were visualized with
Raven bioacoustic software (Figure 1). Despite the lack of
individual identification, elements of these three vocalizations
reveal structural features that are found in other mammals
that engage in TCIVs. At both Wildsumaco and Madidi, soft
grunting calls in response to the loud staccato L calls-the
latter featuring a typical increase in inter-note intervals—could
be viewed as interactive duets between members of the same
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Spectrograms were prepared with Raven-Lite software (v. 2.0.3, Cornell Laboratory
Spectral analysis of calls was performed using the Audacity software (v. 2.4.2).
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FIGURE 1 | Examples of vocal exchanges in Neotropical bamboo rats. At Wildsumaco, two instances of duetting in the Amazonian bamboo rat, Dactylomys

at a decreasing rate. A power spectrum analysis of L-calls (both single and double pulses; n = 23) revealed one peak of energy at 801 Hz. After the eighth double
two peaks of energy at 559 and 743 Hz. (B) At Madidi, a similar duetting pattern was recorded from the Bolivian bamboo rat, D. boliviensis. A male gave 21 loud
staccato “L calls,” followed by a soft grunting “A calls” from another individual. A power spectrum analysis of L-calls (n = 21) revealed one peak of energy at

1193 Hz. Note the decrease in call rate of the staccato vocalization. (C) In the second instance at Wildsumaco, both individuals engaged in the loud staccato calls “L

individual continued staccato L calls in triplets, answered by the grunts. A power spectrum analysis of the first 10 pulses revealed one peak of energy at 754 Hz.

35

male, starting with single pulses followed shortly after by doubles pulses emitted

based on Emmons’ previous work. Spectral analysis of A-calls (n = 16) revealed

alls that ceased shortly after, followed by single loud pulses while the other

of Ornithology, Ithaca, NY, United States), using a window size of 2048 points.

patch (Figures 1A,B). These intra-patch male-female duets may
aid in coordination and social bonding. In one instance two
individuals engaged in loud staccato vocalizations (Figure 1C).
Individuals in different bamboo patches may counter vocalize in
a more competitive territorial manner and inter-patch male-male
vocalizing may be a form of counter-singing announcing and

delimiting borders, especially when territorial rivals come in close
proximity to one another. Experimentation is needed to discern
the true nature of TCIVs in bamboo rats.

The potential duetting behavior detected in Dactylomys
spp. might be the result of ecological features unique to
these rodents. Duetting and antiphonal vocalizations evolved
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in several mammals that need to communicate over long
distances in dense forest environments, like those inhabited
by the bamboo rats. The social structure of bamboo rats is
not completely understood; they are thought to live in family
groups with a single male (and female and offspring) occupying
a single bamboo patch (Eisenberg, 1989). Investigations of the
closely related Brazilian bamboo rat Kannabateomys amblyonyx
have found variation in mating systems (either polygynous
or monogamous) depending on resources, including number
of females and bamboo patch availability (Silva et al., 2008).
It is likely that the genus Dactylomys is monogamous and
as seen in monogamous primates, (e.g., tarsiers, titi monkeys
and hylobatids), duetting may help to strengthen pair bonds,
coordinate movement, as well as send territorial information to
other conspecifics in the area.

DISCUSSION AND FUTURE DIRECTIONS

Much of the literature on TCIVs, including antiphonal
vocalizations and duets, contains confounding terminology.
With multiple definitions of antiphonal vocalizations, duets,
antiphonal duet, duet calls, songs and duet singing, forming
a cohesive framework for discerning patterns and testing
hypotheses can be challenging (Filippi et al., 2019; De Gregorio
et al, 2022). Regardless of terminology, these TCIVs are
rarely investigated in non-primate mammals. The disparity
in ecology and sociality of the different mammals herein
discussed, makes it difficult to discern if commonalities exist
in these important interactive vocalizations. However, two main
themes emerge for antiphonal communication and duetting.
First, most of the species discussed live in habitats in which
visual proximity is restricted, whether it is a dense tropical
forest or a vast ocean. The second theme is the highly social
nature of these calls. Highly social mammals may require
TCIVs to maintain and reinforce social relationships amongst
group members, similar to vocal grooming in primates, the
more complex mammalian societies become the more complex
their vocal repertoire and vocalizations may become (Dunbar,
2012). There is some evidence for this in bats, in which
antiphonal vocalizations and counter singing have been identified
(Knornschild, 2014). Knornschild et al. (2020) showed a positive
relationship between the information contained in the contact
and isolation calls of bat species and the size of the specie’s social
group suggesting a link between social and vocal complexity
across bat species.

Vocal communication that encodes specific information about
individuals and functions in maintaining social relationships
may be selected for, regardless of social system, in visually
isolated, yet social species. For example, sperm whales are highly
social, yet visually restricted from group members in the ocean
environment, and duets help to reinforce their social bonds
(Schulz et al., 2008). The question then is why do we see so little
of this type of interactive communication in mammals? Duetting
is common in bonded pairs and the scarcity of monogamy
and shared parental responsibilities may also account for less
mammalian representation (Lukas and Clutton-Brock, 2013).

Many group living mammals may be in close visual proximity
to other group members, making these sorts of communicative
channels unnecessary. Turn-taking vocalizations may however
evolve in social units in which individuals can see and alter their
and other’s behavior with their vocalizations, as is the case with
meerkats (Demartsev et al., 2018). Counter-singing is even rarer
than duetting and its rarity might stem from how rare singing
generally is in mammals, which has only been investigated in a
few taxa. It may be that mammals, relying heavily on scents, are
simply less vocal than other groups like birds that rely heavily
on vision and sound; or more interactive communication is
occurring in mammals, but we have yet to detect it with studies.
The human auditory range is limited, and mammals frequently
produce and perceive sound at frequencies beyond human
auditory abilities (Heffner and Heffner, 2018). Both infrasound
and ultrasound are used by mammals in terrestrial and aquatic
habitats (Martin et al., 2017) and detection of these vocalizations
require specialized bioacoustics monitoring equipment and this
fact may help to explain the paucity of data (Ladich and Winkler,
2017; Romero-Mujalli et al., 2021).

Bamboo rats produce loud, audible vocalizations, and they
might engage in TCIVs. Evidence for duetting exists, but the
frequency, causes and adaptive value of this behavior have
yet to be deciphered. Most of what is known about bamboo
rat vocalizations comes from anecdotal field recordings by
ornithologists and through Emmons (1981) work in Ecuador.
The data we collected in both Wildsumaco and Madidi were
observational in nature and not intended or designed to test
specific hypotheses and in the case of Madidi the records were
part of an integrated inventory of wildlife at the park. One
difficulty in studying bamboo rats is their nocturnal secretive
nature and the dense vegetation in which they reside. At both
study sites bamboo rats were seldom seen and often when
they were spotted, they froze and stopped vocalizing, making
it difficult to follow individuals and gather behavioral data. We
expect bamboo rat calls will vary depending on the different
ecological and social factors, including vegetation structure,
seasonality, population density, reproductive stage, etc. Dialects
between and within populations may also exist and be another
confounding variable when comparing different species and
populations. New passive recording technologies may provide a
solution, with arrays of recorders in bamboo patches researchers
may be able to answer questions about the timing and frequency
of these behaviors (see Szymanski et al., 2021). Duetting may be
more common during the breeding season, which is unknown,
and further analysis of vocalizations could provide information
on the temporal elements of the vocalizations themselves as
well as inter- and intraspecific and population differences.
Duetting may have several functions in bamboo rats and non-
primate mammals in general. Playback experiments may shed
light on the territorial nature of these vocalizations, whether
counter calling exists, and how and if bamboo rats respond
differently to individuals within their patch (social unit), in
nearby patches (neighbors) and those further away (strangers).
Mammals with complex vocal communication should be sought
out and investigated to determine their prevalence, as well as
to test hypotheses on the ecological and evolutionary pressures
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leading to TCIVs. Bamboo rats are just one example of a mammal
whose conspicuous vocalizations have yet to be fully examined.

Mammalian species that live in visually restrictive habitats
and require complex vocalizations to maintain long-term social
relationships are likely to utilize TCIVs. Several mammal groups
may be ideal targets for future research, including close relatives
of mammals known to produce TCIVs. For example, forest
dwelling elephant species, including the African forest elephant
Loxodonta cyclotis and Asian elephants Elephas maximus produce
rumble vocalizations like African elephants, but reside in
slightly different habitats with differing visibilities (Pardo et al.,
2019). Canids, including gray wolves Canis lupus and jackal
species (C. aureus, Lupulella adusta, and L. mesomelas) are
also highly vocal and social (Moehlman, 1987; Jenner et al.,
2011; Zaccaroni et al.,, 2012). Like maned wolves, jackals are
monogamous, but display variation in social complexity within
and across species (Moehlman, 1987). Comparative studies
of closely related species may shed light on the evolution
of TCIVs. Rock and tree hyraxes mentioned earlier live in
very different habitats with different social structures, yet
both utilize TCIVs. Spotted hyenas Crocuta crocuta living in
fission-fusion societies utilize long distance “whoop” calls and
comparisons could be made with the solitary and monogamous
striped hyena Hyaena hyaena (Mills, 1989; Holekamp et al,
2007; Califf et al, 2020). In addition to seeking out new
species and conducting comparative studies, examination of
the physiological mechanisms underpinning call emission and
sound reception should be undertaken. The future of the field of
mammal vocalization is promising and insights from diverse taxa
will strengthen our understanding of antiphonal calls, duets and
counter-singing.
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