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Almost nothing is known about the natural vocal behavior of lesser galagos living in zoos. This is perhaps because they are
usually kept in nocturnal exhibits separated from the visitors by a transparent and acoustically insulating glass barrier. The aim
of the present study was therefore to fill this gap in knowledge of the vocal behavior of lesser galagos from zoos. This
knowledge might be beneficial because the vocalizations of these small primates can be used for species determination. We
performed a 10-day-long acoustic monitoring of vocal activity in each of seven various groups of Galago senegalensis and G.
moholi living at four zoos. We quantitatively evaluated the occurrence of four loud vocalization types present in both species,
including the most species-specific advertisement call. We found that qualitative as well as quantitative differences exist in the
vocal behavior of the studied groups. We confirmed that the observed vocalization types can be collected from lesser galagos
living at zoos, and the success can be increased by selecting larger and more diverse groups. We found two distinct patterns of
diel vocal activity in the most vocally active groups. G. senegalensis groups were most vocally active at the beginning and at
the end of their activity period, whereas one G. moholi group showed an opposite pattern. The latter is surprising, as it is
generally accepted that lesser galagos emit advertisement calls especially at dawn and dusk, i.e., at the beginning and at the
end of their diel activity. Zoo Biol. XX:XX-XX, 2016. © 2016 Wiley Periodicals, Inc.
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Due to their nocturnal activity and small body size,
lesser galagos (Galago spp.) at zoos are usually housed in
nocturnal exhibits separated from the public area by a
transparent and acoustically insulating glass barrier [Brandl,
2014]. Therefore, their vocal displays seem to remain much
more hidden from zoo staff and visitors in comparison to the
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larger and diurnal primates that are kept in acoustically
uninsulated exhibits. Therefore, little is known about the
natural vocal behavior of lesser galagos in zoos. Filling this
gap in our knowledge might be beneficial for further
breeding management of these small primates at zoos. First,
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several studies have noted the importance of using natural
vocal behavior in evaluations of welfare of captive animals
[Ruiz-Miranda et al., 1998; Boinski et al., 1999]. Second, and
probably more importantly, the vocal behavior of the whole
Galagidae family has shown to be highly applicable to
taxonomy and species determination [Zimmermann et al.,
1988; Zimmermann, 1990; Anderson et al., 2009; Bearder
et al., 2013].

Lesser galagos include four extant species that are
widespread in sub-Saharan Africa [Butynski et al., 2013].
They show a lack of overt morphological diversity, which,
together with the still unresolved taxonomy of the genus
and the whole Galagidae family [Kingdon, 1997; Butynski
et al., 2013; Pozzi et al., 2014], complicates their correct
determination and thus their breeding management at zoos.
Previously, some of their vocalizations, especially the
advertisement call, have been demonstrated to significantly
contribute to species determination [Zimmermann et al.,
1988; Zimmermann, 1990]. However, vocal behavior has
never been taken into account when determining the species
of lesser galagos at European zoos. Instead, the location of
capture of the founding animals has been the prevailing cue
used by zoo managers for species determination of their
lesser galagos. In the European Association of Zoos and
Aquaria (EAZA) member zoos, groups established from
founders captured in Guinea, Ghana, and Togo were
presumed to be the Senegal lesser galago, Galago senegal-
ensis; these galagos have been kept separately from those
established from founders captured in Botswana and also
from those of unknown origin that are presumed to be the
South African lesser galago, G. moholi.

Recently, genetic screening was launched to verify the
accuracy of the presumed species determination of the lesser
galagos living at European zoos [Brandl, 2014], and the
hesitation to use vocal behavior still remains. This is
understandable because the experience with natural vocal
behavior of these animals is highly limited at zoos for the
reasons that are noted above. Furthermore, lesser galagos
living at zoos could indeed show decreased vocal activity
because they are often kept as a single family group or even
just as a pair without acoustic or any other contact with other
groups. Bearder et al. [2013] stated that the need for the
advertisement call can be reduced in a wild group of few
individuals occurring in an isolated patch of forest. Farmer
et al. [2011] reported lower or zero howl rates in groups of
captive howler monkeys (Alouatta caraya) that contained
fewer members and had no auditory access to other groups.
Captive animals may also change their behavior, including
decreasing vocal activity, as a consequence of environmental
disturbances [Castellote and Fossa, 2006]. Noise emerging
from the viewing public also has a significant effect on the
behavior of zoo animals [Owen et al., 2014; Quadros et al.,
2014; Larsen et al. 2015]. Therefore, the first aim of our study
was to investigate the natural vocal behavior of lesser
galagos living at zoos, specifically to examine whether they
spontaneously produce vocalizations that potentially can be
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used for species determination. For this purpose, we
performed 10-day-long acoustic monitoring of vocal
activity in each of seven various groups of G. senegalensis
and G. moholi living at four zoos. Although the vocal
repertoire of the lesser galagos includes more types of
homologous species-specific vocalizations [Zimmermann,
1985; Zimmermann et al., 1988], we have selected and
quantitatively evaluated the occurrence of four loud
species-specific vocalization types (Table 1). These vocali-
zation types encompassed all behavioral categories in
which vocalizations could be produced by the lesser
galagos, the contact, attention/alarm, and agonistic category
[Zimmermann, 1985; Zimmermann et al., 1988].

The collection of species-specific vocalizations can be
significantly streamlined at zoos if the time of the highest
vocal activity of the animals is known. In the lesser galagos,
production of the most diagnostic advertisement call, which
is probably used for long-distance spacing between
conspecifics, is reported to be particularly high at dawn
and dusk [Bearder et al., 2003]. However, only limited data
that specifically address this issue have been published to
date for wild, as well as captive, populations. Therefore,
we also focused on the diel vocal activity patterns of the
observed groups in the present study.

METHODS
Study Groups

Acoustic monitoring was performed in four groups of
lesser galagos previously determined to be G. senegalensis,
which were housed at four European zoos, including the
Prague Zoo, Czech Republic [www.zoopraha.cz/en]; the
Ostrava Zoo, Czech Republic [www.zoo-ostrava.cz/en/];
the Zoo and Botanical Garden Plzen, Czech Republic [www.
zooplzen.cz/en/]; and the Dierenpark Amersfoort, Netherlands
[www.dierenparkamersfoort.nl/], and in three groups of
lesser galagos previously determined to be G. moholi, which
were housed at the Prague Zoo, Czech Republic. In the case of
G. senegalensis, groups differed in size and composition,
comprising different individuals, whereas in the case of
G. moholi, the groups differed in size and composition but
overlapped in individual membership. Table 2 summarizes
all study groups and information on their size and
composition as well as on their home zoos.

Housing Conditions

The housing of the study groups differed. Some groups
were housed in exhibits, whereas others were housed off-
exhibit. Some groups were under a reversed 12-hr day/night
cycle (only G. senegalensis group from the Prague Zoo was
under a reversed 14/10-hr day/night cycle), whereas others
were under a normal 12-hr day/light cycle. These housing
conditions were to some extent related to some groups being
exposed to minimal interference by visitors and zoo staff,
whereas other groups were exposed to higher interference by


www.zoopraha.cz/en
www.zoo-ostrava.cz/en/
www.zooplzen.cz/en/
www.zooplzen.cz/en/
www.dierenparkamersfoort.nl/

TABLE 1. Four loud vocalization types homologous for Galago senegalensis and G. moholi and observed in the present study

Vocalization type

References

Description

G. moholi Behavioral context

G. senegalensis

Zimmermann [1985,1990]; Zimmermann

The most diagnostic vocalization type, also referred to as

Contact

Bark

Woo 1

et al. [1988]; Anderson et al., [2000]

an advertisement or loud call. Consists of several single

(G. senegalensis), double or triple (G. moholi) notes of
tonal structure. Emitted by both males and females.

Significantly contributes to discrimination between G.

senegalensis and G. moholi, which had been considered

conspecifics until the end of the 1980s
Less species-specific vocalization type that still allows

Zimmermann [1985,1990]; Zimmermann

Attention/alarm

Yap

Fwa

et al. [1988]; Anderson et al., [2000]

reliable species discrimination. Predominantly noisy

acoustic structure. Emitted by both males and females
Less species-specific vocalization type that still allows

Zimmermann [1985,1990]; Zimmermann

Attention/alarm

Moan

Tjong

et al. [1988]; Anderson et al., [2000]

reliable species discrimination. Noisy or tonal acoustic

structure. Emitted by both males and females
One of the least species-specific vocalization types in the

Zimmermann [1985,1990]; Zimmermann

Agonistic

Chatter

Wik

et al. [1988]

lesser galagos’ vocal repertoire. Harmonic structure

often superimposed by noise. Emitted by both males

and females
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visitors and zoo staff. Some groups also shared their exhibits
or off-exhibit rooms with other species of animals. As for
feeding, all groups were fed before or at the beginning of
their activity period. Table 2 provides detailed information
on the housing conditions for each study group.

Acoustic Monitoring

Acoustic monitoring at the zoos was carried out during
the years 2013 and 2014. The vocal activity of each study
group was monitored for 10 consecutive days, once during
the 2-year study period. For this purpose, we used the
automated audio recorder Song meter SM2+ (Wildlife
Acoustics, Concord, Massachusetts), which is designed for
scheduled recording of wildlife vocalizations. The recorder
is fully autonomous and therefore enabled collection of the
vocalizations with minimal disturbances to the animals. The
recorder was either placed at a suitable place outside the off-
exhibit cages or was protected by wire mesh and allowed to
hang from a branch inside the galagos’ enclosures in the
exhibits. To habituate the animals to its presence, we usually
placed the recorder in the off-exhibit rooms or in the exhibits
minimally 1 day in advance of the 10-day-long acoustic
monitoring. In each group, the recorder was programmed to
record vocalizations daily for 12 consecutive hours in
concordance with the night period of its day/night cycle, i.e.,
concordant with the active period of the group. Table 2
provides detailed information on the acoustic monitoring in
each group, specifically on the months and days in which the
acoustic monitoring was performed, and the diel time
schedule programmed.

Evaluation of Vocal Activity

The recordings were analyzed using Avisoft SASLab
Pro software (Avisoft Bioacoustics, Berlin, Germany). We
performed one-zero sampling [Martin and Bateson, 2007] for
each of the four predefined loud vocalization types that were
homologous in the studied species (“wool/bark,” “fwa/yap,”
“tjong/moan,” and “wik/chatter”). These loud vocalization
types were identified on the basis of our preliminary
observations [Schneiderova et al., 2014], comparison with
previously published descriptions and spectrograms [Zim-
mermann, 1985; Zimmermann et al., 1988], and comparison
with freely available recordings [Bearder et al., 2013]. These
four loud vocalization types included all the three previously
defined main behavioral categories: the contact (“wool/
bark™), attention/alarm (“fwa/yap” and “tjong/moan”), and
agonistic (“wik/chatter””) categories [Zimmermann, 1985;
Zimmermann et al., 1988].

To perform one-zero sampling, we divided the
recordings into 30-min intervals; that is, each day consisted
of 24 intervals. Loud vocalization types were emitted
infrequently by the lesser galagos, but when these vocal-
izations occurred, they could be emitted repeatedly in long
series lasting for several minutes where single vocalizations
were not distinctly separated from each other. Thus, we

Zoo Biology



4 Schneiderova et al.

*dnois siy) ur paurioyiad sem SULIO)IUOW JNSNOSE JY) UayMm duwin 3y} Je 9 dnoi3 oy Jo 1ed © s1om S[RNPIAIPUL 9SAY,,
"$98e2 JIqIYx-}jo ajeredos Ul pasnoy J0 JIGIYXS UOWWOD € Sulieys saroads 10410,
"98BD JIQIYX3-JJO dY) Ul PIje)s A1k JJels 00Z 3Y) JO SINOY SUDIOM ‘SIQIYXd JO ISBO Y} Ul pajes are uolfiaed ay) jo sinoy SutuadQ,
"Q[IuaAN[ pauIuLIdIpUN ‘Q[BWJ ‘Q[eWl S pareIs,
*(9510 QUO JO SJUAPISAI SAILIS UI[ YOBD ‘SIUI] [BIGAIS UI PAJeIs uonisodwod dnoig) Ioyjo Yoo yjim paurejurew joejuod d)snode
1SB9] 18 YIM “Inq ‘sa8e0 1IqIYXa-JJo 9reredas ur sarjrwe] [[ews 1o sired ‘sa[3uls se 1o ‘(ul] 9[3uls & ur pajels uonsodwod dnois) JIqIYXa ue ur S[eNpIAIpUI d10wW Jo dnoi3 e se Ioyie pasnoy,,

¥10T ‘61 1dy wd p—¢

we /—wd / ¥10T ‘1€ UdTeIN we 6=, we /—wd / 0T nquxe-Jo ongeid Ijoyout "H [L]

0

wd p—¢ 07

woolI SuroqyuStou ) ur we g—/, i
we /—wd / 107 ‘S7—G1 Areniqe  posnoy sa1oads pIiq snoLea we /—wd / 01 NQIYX9-JJO an3eid 10yow "o [9]

€10T ‘01—§ Toquiadag

we /—wd / €10C ‘§7—S¢ 8nsny SNUDILLD SNANIIYIY wd g-we g we /—wd / JI°T JIqIYXg anSeig 1joyout "0 [c]

(AN

snavwd{d snqadnodN 0‘C
wd g7-we o1 €10T ‘97—LT Ioquiaod 110fj21 sdounyorg wd y-we g wd g7-we O] 20 NQIYXe-JJO  MOOJSIOWY  SISU2|DSauas "o [#]

snov1dA3av snjjasnoy

wd g—we 6 €10T ‘62—0T Tequdag SNUDILL[D SNANAYIY wd /—we g wd g-we g 11 NqQIyxg uaz[d S1IsUa[p3aUas 5 €]
wd g-we 6 €10C ‘1¢-tC Lo wd /-ure g wd g-we G [ nqryxyg BARNSQ sisuappSouss n ]
wd g—wre g €10T ‘v1-S AeIN sisuadpo sajapag wd g—wre g wd /—wre g Y nqyxyg an3eid SISU2IPIAUIS ') [1]
J[npayos wiL], sAep SuLIO}IUOIN vmuﬁoo% heliile) JAanoe orfgnd/iyels 91040 1YSIN szoEmanoU LUOnBI0 T 007, saroadg ‘ON

Sunojiuow d1SNOdY

SuonIpuod JUISNOH

dnoi3 Apmig

pawiojrdd Suriojiuown

J1ISNOJdE JY) pue ‘suonIpuod gursnoy ‘uonisodwiod pue IZIs ‘UONBIO] ‘00Z w0y ‘AINUIPI IRY) Surpnpul ‘soge[esd J3ss9f 3y) Jo sdnois Apnjs uo uoneurioyur pafredq ‘7 A'19V.L

Zoo Biology



considered 30 min as an appropriate length of the sample
interval to assess reliably the occurrence of each loud
vocalization type emitted by each group. With 10days of
recordings, we obtained 240 intervals for each study group.
In each interval, we scored “1” (positive score) if the
vocalization type was observed and “0” (negative score) if it
was not. The occurrence of each vocalization type was then
expressed as the proportion of all sample intervals in which it
was positively scored [Martin and Bateson, 2007]. Using this
method, we obtained comparable data for all studied groups:
specifically, which vocalization types were uttered, how
often, and when during the activity period.

All recordings were manually analyzed by the same
observer. That is, spectrograms of all the recordings were
visually checked for observed vocalizations, and suspicious
sounds were considered to definitely confirm or deny that
they represented the observed vocalizations. We observed
the loudest vocalization types in the lesser galagos’ vocal
repertoire; thus, they could be noticed easily and reliably in
a large amount of recordings. Despite its disadvantages
regarding possible bias in measurements, one-zero sampling
provides high inter- and intra-observer reliability [Martin
and Bateson, 2007].

Data Analysis

For each group, we calculated the average proportion
of intervals with at least one positively scored vocalization
type. Then, we calculated the total number of positive scores
for each group and the proportion of each vocalization type
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within this total number. In addition, we also calculated the
total number of positive scores for each vocalization type and
the relative contribution of each study group to this total
number. The data violated the assumption of independence
of samples (in the case of the G. moholi groups) and would
have required pooling of the highly variable samples
(G. moholi and G. senegalensis) for the application of
inferential statistics. Following Kuhar [2006], we were able
to avoid such a procedure, preferring to provide descriptive
and graphical presentation of the results.

We only report one formal statistical test, which was
performed separately for each group in Stata 13 (StataCorp
LP, College Station, TX). We tested for differences in the
diel vocal activity in each group. For this, we divided the
12 hr of observed vocal activity on each recording day into
six 2-hr periods, where each period comprised four 30-min
intervals. These six periods were compared statistically by
Pearson’s X~ test for independence. To obtain the frequency
table for this statistical test, we cross-tabulated the periods
with the 1-0 scores from the individual intervals from all
ten days of the recording.

RESULTS

Representative spectrograms of all types of the
vocalizations recorded for our study groups are presented
in Figure 1. The average proportion of intervals with at least
one positively scored vocalization type ranged from 0.8% in
the G. moholi group containing two males [group 7] to 61.7%
in the larger G. moholi group housed off-exhibit [6] (Fig. 2).

2] A 20| B G. senegalensis G. moholi
bEliLe
15 15 EEEE LR
0 G. senegalensis G. moholi 1
TS 5
= oo Ny s v o i
%’_ 1 2 3 4 5
® 0l € 20{ P
L G. senegalensis G. moholi
15 15
10 10
5 5
1 3 _
Time (s)
Fig. 1. Representative spectrograms of homologous vocalization types recorded from studied groups of Galago senegalensis and G.

moholi. (A) “wool/bark” contact vocalization, (B) “fwa/yap” attention/alarm vocalization, (C) “tjong/moan” attention/alarm vocalization,
and (D) “wik” agonistic vocalization. The agonistic vocalization “chatter” was not recorded from any of the studied groups of G. moholi;
thus, is not shown in this figure. Spectrogram parameters: FFT length 512, Hamming window, frame size 100%, overlap 0%.
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0.8%
[5] G. moholil} 2.1%
[2] G. senegalensis 5.0%

8.3%

[7]1 G. moholi

[3] G. senegalensis

[4] G. senegalensis NI 22.9%
\

[1]1 G. senegalensis 24.2%

[6] G. moholi 61.7%

0 10 20 30 40 50 60 70 80 90 100
Proportion of intervals (%)

Fig. 2. Average proportion of intervals in percentages with at
least one positively scored vocalization type. The most vocally
active groups were the larger and more diverse groups, whereas
groups containing only two individuals showed lower vocal
activity.

The four observed vocalization types were not
recorded from all the studied groups. Groups containing
only two members [3, 5, and 7] emitted a maximum of two
vocalization types, whereas the rest of the groups emitted at
least three vocalization types (Fig. 3). The “tjong/moan”
attention/alarm vocalization and the “wik/chatter”” agonistic
vocalization were not observed in any of the groups
containing only two members [3, 5, and 7]. The “wool/
bark” advertisement call was not observed in two G. moholi
groups containing only two members [5 and 7]. In the
remaining groups, the relative occurrence of this vocalization
type, which is the most diagnostic, ranged from 20% to 98%

I wik/chatter
[] tjong/moan
Y fwalyap

Il woo1/bark

Proportion of positive scores (%)

[1] G. senegalensis
[2] G. senegalensis
[3] G. senegalensis
[4] G. senegalensis

Fig. 3. Proportion of positive scores of each of four observed
vocalization types from the total number of positive scores in each
studied group. Groups containing only two members emitted a
maximum of two vocalizations types, whereas the rest of the groups
emitted at least three vocalization types. The “fwa/yap” attention/
alarm vocalization was the most commonly emitted vocalization
type in that it was observed in all the studied groups. The “wik/
chatter” agonistic vocalization was the rarest vocalization type and
was observed in only two groups.
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of the total positive scores (Fig. 3). The most commonly
emitted vocalization type in the sense that it was observed in
all the studied groups was the “fwa/yap” attention/alarm
vocalization. Its relative occurrence ranged from 1% to 100%
of the total positive scores (Fig. 3).

The relative contributions of the studied groups to each
of the four observed vocalization types are shown in
Figure 4. The pronouncedly highest contribution to the total
number of positive scores for the “wool/bark” advertisement
call, which is the most diagnostic, was observed in the
larger G. moholi group housed off-exhibit [6]. The highest
contribution to the total number of positive scores for the
“fwalyap” attention/alarm vocalization type was observed
in two G. senegalensis groups from Amersfoort [4] and
Prague [1]. The pronouncedly highest contribution to
positive scores for the “tjong/moan” attention/alarm vocali-
zation was observed in the G. senegalensis group from
Prague [1]. The “wik/chatter” agonistic vocalization was
almost evenly positively scored only for the G. senegalensis
groups from Amersfoort [4] and from Prague [1].

We found significantly unequal diel distribution of the
overall vocal activity only in the three most vocally active
groups [1, 4, and 6] (Table 3; Fig. 5). The G. senegalensis
groups from Prague [1] and Amersfoort [4] showed the
highest vocal activity at the beginning and at the end of
their diel activity, whereas the larger G. moholi group housed

B [7] G. moholi
[ [6] G. moholi
[ [5] G. moholi
[] [4] G. senegalensis
[ [3] G. senegalensis
[2] G. senegalensis
M [1] G. senegalensis

Contribution to vocalization types (%)

woo/bark

fwalyap tjiong/moan  wik/scream

Fig. 4. Contribution of each studied group to the total number of
positive scores for each of the four observed vocalization types. The
highest contribution to the “wool/bark” advertisement call, which
was the most diagnostic, was observed in the larger groups housed
off-exhibit where singles, pairs, or small family groups were housed
in separate cages but maintained at least acoustic contact with each
other. The highest contribution to the “fwa/yap” attention/alarm
vocalization was observed in two larger groups that could be
potentially disturbed by the presence of visitors, zoo staff, and other
animals sharing their exhibits. Additionally, there was more than
one male housed in a common area in these groups. The highest
contribution to the “tjong/moan” attention/alarm vocalization was
observed in a larger group, where five adult males were housed in a
common area. The “wik/chatter” agonistic vocalization was almost
evenly produced by two groups where disputes, especially between
adult males, could be expected on the basis of the group
composition.



TABLE 3. Results of Pearson’s x2 test testing differences in diel distribution of overall vocal activity, and of each vocalization type observed separately

“Wik/chatter”

“Fwalyap” “Tjong/moan”

“Wool/bark”

All vocalization types

(df.=5)
22.85

X

@f.=5
9.80
4.03

X

df=5)
6.98
2.05
7.09
5.02
3.47

10.08

10.08

X

df.=5)
3.75
6.15

16.27

13.40

X

@f=5)

X

Group

<0.001

0.08
0.55

0.22
0.84
0.21
041
0.63
0.07
0.07

0.59
0.29

<0.05

<0.05

11.64
4.21

10.91

[1] G. senegalensis
[2] G. senegalensis

0.52
0.05

<0.05

[3] G. senegalensis

<0.05

<0.05 11.73

12.31

<0.05

12.57

3.47
36.52
10.08

[4] G. senegalensis
[5]1 G. moholi
[6] G. moholi
[71 G. moholi

0.63
<0.001
0.07

0.07

10.08

<0.001

33.51

Missing values indicate that the test could not be performed because the vocalization types were not emitted by the groups.
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off-exhibit [6] showed an opposite pattern (Fig. 5). These
patterns of vocal activity to some extent corresponded to
patterns observed for the “wool/bark™ advertisement call
separately (Fig. 6). However, significant differences in the
diel production of this vocalization type were found only in
the case of the G. senegalensis group from Amersfoort [4]
(XZ: 13.40; d.f.=5; P<0.05) and the larger G. moholi
group housed off-exhibit [6] ()(2 =33.51; df.=5;
P <0.001). A significantly unequal diel distribution of the
advertisement call was additionally found in the G.
senegalensis group from Plzen [3] (x*=16.27; df.=5;
P <0.01). We did not find any differences in the diel
production of the “fwa/yap” attention/alarm vocalization, but
we found significant differences in the diel production of the
“tjong/moan” attention/alarm vocalization in the G. senegal-
ensis group from Amersfoort [4] (x2 =12.31; d.f.=5;
P <0.05). We also found significant differences in the diel
production of the “wik/chatter” agonistic vocalization in
both G. senegalensis groups that produced it: the group from
Prague [1] ()(2 =22.85;d.f.=5; P<0.001), as well as from
Amersfoort [4] ()(2 =11.73; d.f. =5; P <0.05).

DISCUSSION

We used a methodological approach that was primarily
designed for wildlife recording and monitoring to investigate
the natural vocal behavior of lesser galagos living under zoo
conditions. We focused on the production of four loud
vocalization types encompassing three main behavioral
categories: contact, attention/alarm, and agonistic [Zimmer-
mann, 1985; Zimmermann et al., 1988]. Although these
vocalization types often remain unnoticed by zoo staff and
visitors, we can conclude, based on our results, that lesser
galagos utter them spontaneously and regularly. We also
found that these vocalization types probably could be heard
more frequently from larger and more diverse groups. Such
groups were more vocally active in that they emitted more
vocalization types and provided positive scores more often
for these vocalization types. This result is not surprising
because individuals from such groups are assumed to face
more frequent and varied interactions with other group
members and thus have an increased need to communicate.

The most frequent vocalization type in that it was
emitted by all the studied groups was the “fwa/yap”
attention/alarm vocalization. This corresponds to observa-
tions on other primate species, especially the brown capuchin
(Cebus apella), in which the alarm vocalization type also
represents one of the most common vocalizations encoun-
tered under captive conditions [Boinski et al., 1999].
Zimmermann et al. [1988] stated that this vocalization
type in lesser galagos is associated with environmental and
social disturbances, such as loud noises, unfamiliar objects or
conspecifics, hostile interactions and potential predators. In
accordance with this, we observed the highest occurrence of
this vocalization type in the G. senegalensis group from
Amersfoort, in which two adult males had recently been
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[1] G. senegalensis [2] G. senegalensis

[5]1 G. moholi [6] G. moholi

Proportion of positive scores

[3] G. senegalensis [4] G. senegalensis

jra _ = ~

[7]1 G. moholi

-8~ Proportion
95% ClI

Period

Fig. 5.

Diel patterns of overall vocal activity (including all observed vocalization types) observed in all studied groups. Significant

differences in diel vocal activity were found in the three most vocally active groups 1, 4, and 6. Galago senegalensis groups were the most
vocally active at the beginning and at the end of their activity period, whereas one large G. moholi group showed an opposite pattern.

settled into one cage. The second highest contributor to this
vocalization type was the G. senegalensis group from
Prague, which included several individuals, notably, adult
males that shared one exhibit. Both groups were also under
the reversed day/night cycle and thus were exposed to
disturbances from visitors and zoo staff. Moreover, the
G. senegalensis group from Prague shared its exhibit with a
pair of springhares, whose activity could also potentially lead
to mild disturbances of galagos. The lowest production of
this vocalization type was observed in the G. moholi groups

[1] G. senegalensis [2] G. senegalensis

[5] G. moholi [6] G. moholi

Proportion of positive scores

that were housed off-exhibit without the reversed day/night
cycle, were not exposed to disturbances from zoo staff and
visitors, and did not share their space with other species of
animals that could potentially disturb them.

The present study confirmed that the contact adver-
tisement call that allows the most reliable species determi-
nation can be heard and successfully recorded from certain
groups of lesser galagos living at zoos. Group companions
have been reported previously to synchronize their activities
via this vocalization type, and unfamiliar groups also usually

[3] G. senegalensis [4] G. senegalensis

2:.\'\./’_'\-._._..“/\'—\\._.\‘.__-\/_."

[7]1 G. moholi

-8~ Proportion
95% ClI

Period

Fig. 6.

Diel patterns of production of the “wool/bark™ advertisement call, which was the most diagnostic, was observed in all studied

groups. Significant differences in diel production of this vocalization type were found in groups 3 and 4. Similarly to the overall vocal
activity, the groups showed two distinct patterns of diel distribution of this vocalization.
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answer each other’s advertisement calls [Zimmermann,
1985; Zimmermann et al., 1988]. In accordance with this, we
observed the highest contribution to this vocalization type
from groups consisting of single individuals, couples, or
small families housed in separate cages in a common off-
exhibit room where they probably maintain contact via their
advertisement calls. Additionally, unsurprisingly, we did not
record this vocalization type from the two G. moholi groups
comprising two members only and that had no acoustic and
visual contact with other groups.

The “tjong/moan” attention/alarm vocalization was
produced by the observed groups, although it was less
common than the other two vocalization types. The group
size and composition seemed to affect the occurrence of the
“tjong/moan.” The highest occurrence was observed in the
G. senegalensis group from Prague, where five adult males
shared one exhibit together with other group members.
This is in accordance with previously published findings that
this vocalization type is emitted during agonistic interac-
tions, e.g., after fights between companions [Zimmermann,
1985; Schneiderova et al., 2014]. The rarest vocalization type
was the “wik/chatter” agonistic vocalization. We failed to
record it from most of the observed groups. We only recorded
it from two G. senegalensis groups from Prague and
Amersfoort, where disputes, especially between adult males,
could be expected on the basis of the group composition.

We found a significantly unequal diel distribution of
the overall vocal activity in the most vocally active groups.
The patterns of diel distribution of the overall vocal activity
to some extent corresponded to the patterns observed for the
advertisement calls separately. Diel distribution of this call is
of special interest in galagos because it has been suggested
that distinct patterns of its diel distribution probably reflect
the social behavior manifested by various species that can be
otherwise hard to study in the field [Bearder et al., 2003].
Remarkably, we found different patterns of diel distribution
of the advertisement call in the two studied species. Galago
senegalensis groups were most vocally active at the
beginning and at the end of their activity period. This is
consistent with observations from the wild of lesser galagos
producing advertisement calls especially at dawn and dusk
[Bearder et al., 2003]. However, the large G. moholi group
housed off-exhibit showed an opposite pattern; that is, this
group was least vocally active at the beginning and at the end
of their activity period. Based on our data, we can hardly
conclude why this group showed such an unexpected pattern
of vocal activity. Further studies based on empirical data and
more captive groups or wild populations are needed to verify
whether there are such behavioral differences between the
two species or whether some factors were undetected by
the present study that significantly affect vocal activity in the
captive groups. Regarding our aim to find out the time when
it is most effective to record species-specific vocalization
types, the most promising time was the beginning or end of
the activity period for the G. senegalensis groups. This was
not entirely true in the case of the larger G. moholi group;
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however, it does not mean that recording at this time would
fail. The high vocal activity of this group seemed to
guarantee successful recording at any time of its activity
period. Small G. moholi groups showed such low vocal
activity that no conclusions can be made regarding the best
time to record vocal activity for these groups.

The present study confirmed that loud species-specific
vocalization types can be heard and recorded from lesser
galagos living at zoos. Therefore, these vocalizations
potentially could be further analyzed and used for species
determination of these small primates in captivity. A
comprehensive and reliable sound archive, which includes
vocal profiles of the whole Galagidae family, exists and can
be used for comparison of vocalization types recorded in
captivity [Bearder et al., 2013]. This archive makes species
determination based on bioacoustics highly efficient.
Previously, the advertisement call has proven to be the
most diagnostic for use in identifying the species [Zimmer-
mann, 1985; Zimmermann et al., 1988]. However because
the present study showed that production of this vocalization
type could be limited in small captive groups, the “fwa/yap”
attention/alarm vocalization could be used as an alternative
at zoos. This vocalization type was recorded from each
observed group in the present study, and it allows reliable
discrimination between G. senegalensis and G. moholi
[Zimmermann et al., 1988; Anderson et al., 2000]. Analysis
that should verify species determination of lesser galagos at
European zoos through the integration of bioacoustics and
molecular/genetic data is currently ongoing [our unpublished
data].

Qualitative evaluation of animal vocal behavior allows
assessment of well-being in some animals [Ruiz-Miranda
et al., 1998]. Quantitative evaluation of alarm vocalization
types can be helpful when detecting higher stress levels in
animals and can also be used as a measure of their welfare
[Boinski et al., 1999]. The present study clearly demonstrates
that both qualitative and quantitative differences exist in the
vocal behavior of various groups of lesser galagos living at
zoos. These groups differed in size and composition, and
they were kept under different conditions. This might also
be of interest and subject to further investigations into the
successful keeping and breeding of these small primates at
zoos. For example, the increased occurrence of some “fwa/
yap” and “tjong/moan” attention/alarm vocalizations or the
increased occurrence of “wik/chatter’” agonistic vocalizations
could indicate prolonged disputes between some animals.
Early detection of such conflicts could allow keepers to reduce
stress in some individuals or prevent injuries in others.

CONCLUSIONS

9 .

1. Loud vocalization types (“wool/bark,” “fwalyap,” “tjong/
moan,” and “wik/chatter’”) were spontaneously produced by
lesser galagos living at zoos, and these vocalization types
were more successfully recorded from larger and more
diverse groups.
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2. The most frequent vocalization type that was emitted by
all the studied groups was the “fwa/yap” attention/alarm
vocalization. Thus, the use of this vocalization is promising
for the potential species determination of lesser galagos at
zoos because it is also one of the species-specific vocalization
types in their vocal repertoire. The rarest vocalization type
was the agonistic “wik/chatter.”

3. The most diagnostic vocalization type, the “wool/bark”
advertisement call, was most successfully recorded from
larger groups, especially those in which single individuals,
pairs or small family groups were housed separately in cages
but had visual and acoustic contact with each other.

4. Distinct patterns of diel vocal activity were found in the study
groups. Whereas the G. senegalensis groups were most
vocally active at the beginning or end of their activity period,
the G. moholi group showed an opposite pattern.

5. Both qualitative as well as quantitative differences exist in
the vocal behavior of various lesser Galago groups in zoos.
These differences could also be considered in the future for
the evaluation of the well-being of these animals in captivity.
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