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INTRODUCTION

Bats, order Chiroptera, possess a uniquely long-
lived lifespan with some species reaching up to 30
years of age (Wilkinson and South, 2002; Mona d -
jem et al., 2020). A hypothesis for longevity in bats
is the reduction in metabolic rate during torpor and
hibernation has an inverse relationship to lifespan as
toxic accumulation of metabolic by-products is de-
creased in bats (Brunet-Rossinni and Wilkinson,
2009). However, non-hibernating bats also display
longevity (Wilkinson and South, 2002). This rela-
tively long lifespan makes bats unique subjects for
postnatal growth development studies, which fol-
lows a similar pattern of events as other organisms
(Brunet-Rossinni and Austad, 2004; Oli and Coul -
son, 2016). These events include juvenile develop-
ment, sexual maturity, first reproduction, senescence
and death (Brunet-Rossinni and Wilkinson, 2009;
Eghbali et al., 2018). Information derived from
postnatal growth development research can be used
to understand characteristics associated with age

such as growth rates, longevity, timing of sexual ma-
turity and reproduction (Eghbali et al., 2018).

Few studies have been conducted on the postna-
tal growth patterns of bats with approximately 5% of
the over 1,400 species being reported (Brunet-Ros -
sinni and Austad, 2004). These bats belong to the
families Hipposideridae — Hipposideros terasensis
(Cheng and Lee, 2002) and Hipposideros cineraceus
(Jin et al., 2010); Phyllostomidae — Phyllostomus
hastatus (Stern and Kunz, 1998) and Artibeus wat-
soni (Chaverri and Kunz, 2006); Pteropodidae —
Rousettus leschenaulti (Elangovan et al., 2002),
Cynopterus sphinx (Elangovan et al., 2003), Pte -
ropus poliocephalus (Divljan et al., 2006; Welber -
gen, 2010), Pteropus sp. (Giannini et al., 2006), and
Eidolon helvum (Hayman et al., 2012b); Molossidae
— Tadarida brasiliensis (Allen et al., 2010);
Thyropteridae — Thyroptera tricolor (Chaverri and
Vonhof, 2011); Vespertilionidae — Myotis lucifugus
(Baptista et al., 2000), Eptesicus fuscus (Hood et al.,
2002), Pipistrellus pipistrellus (Hielscher et al.,
2015), Scotophilus kuhlii (Chen et al., 2016), Myotis
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emarginatus (Eghbali and Sharifi, 2018), and
Chalinolobus gouldii (Eastick et al., 2022). All these
studies assessed morphological and quantifiable
characteristics which can be tracked ordinally
throughout the lifespan of a bat using methods that
examined dental degradation, body mass growth,
sexual maturity, fusion of the epiphysis, cranial bone
fusion, tooth development and skeletal growth (Bap -
tista et al., 2000; Cheng and Lee, 2002; Divljan et
al., 2006; Giannini et al., 2006; Brunet-Rossinni and
Wilkinson, 2009; Hielscher et al., 2015). Except for
Divljan et al. (2006) and Hayman et al. (2012b),
these studies used rapid, non-destructive methods
that do not harm live animals or damage preserved
specimens which enabled examination of either in-
fant bats of known age (Stern and Kunz, 1998; Bap -
tista et al., 2000; Cheng and Lee, 2002; Elangovan
et al., 2002, 2003; Chaverri and Kunz, 2006; Allen
et al., 2010; Chaverri and Vonhof, 2011; Eghbali and
Sharifi, 2018; Eastick et al., 2022) or preserved
specimens of unknown age (Giannini et al., 2006;
Hielscher et al., 2015).

Of interest are cranial bone fusion, tooth devel-
opment and skeletal growth. Cranial bone fusion de-
velopment was used by Giannini et al. (2006) to de-
scribe and arrange Pteropus sp. individuals into
different stages of development ranging from pup to
adults. In addition to cranial bone fusion, Giannini et
al. (2006) relied on qualitative factors including de-
gree of tooth eruption, tooth wear, and tooth loss to
place individuals into respective developmental
stages. In a quantitative assessment of the insectivo-
rous species Noctilio leporinus, Monrroy et al.
(2019) relied on variations in degree of suture fusion
to separate growth development into juvenile, sub-
adult and adult stages. 

Skeletal growth development has been used in
some postnatal growth studies to determine age
(Baptista et al., 2000; Cheng and Lee, 2002;
Elangovan et al., 2002; Brunet-Rossinni and
Wilkinson, 2009). Using linear morphometrics,
these have primarily focused on age determination
in juvenile bats of less than a year old and have 
commonly used a regression equation to determine
age in younger juveniles, using forearm length, 
and older juveniles, using epiphyseal gap (Baptista
et al., 2000; Cheng and Lee, 2002; Elangovan et 
al., 2002). Age determining regression equations 
are species specific and limited to younger bats
(Brunet-Rossinni and Wilkinson, 2009). For older
sub-adults and adults, age determination using linear
morphometrics has been given less attention, albeit
linear morphometrics has been used as a tool to 

describe species (Shahbaz et al., 2014) or show 
variations between sexes and species (Storz et 
al., 2001; Taylor and Monadjem, 2008; Jarrín-V. et
al., 2010).

The widespread Rousettus aegyptiacus (E. Geof -
froy St.-Hilaire, 1810), commonly called the
Egyptian rousette, is of focus to the present study.
Though previous assessments were undertaken for
this species (Noll, 1979), information on growth de-
velopment characteristics for this species remains
inadequate despite implications in disease and con-
servation research (Hyatt et al., 2004; Keeling and
Rohani, 2008; Brunet-Rossinni and Wilkinson,
2009; Hayman et al., 2012a). Several potentially
zoonotic viruses have been identified in R. aegyp-
tiacus including Henipa related paramyxoviruses,
Sosuga virus, Marburg virus and the rabies related
lyssavirus Lagos bat virus (Hyatt et al., 2004;
Lloyd-Smith et al., 2005; Swanepoel et al., 2007;
Keeling and Rohani, 2008; Hayman et al., 2012a;
Pawęska et al., 2018; Markotter et al., 2020). Age
and sex influence viral prevalence and has been well
documented in human and veterinary medicine that
investigated their influence on virus infection out-
come and shedding, and carrier status development
(Hyatt et al., 2004; Keeling and Rohani, 2008; Am -
man et al., 2012; Hayman et al., 2012a; Hay man,
2015). Conservation strategies rely on studies on
age and sex determination as factors that contribute
towards self-sufficiency, disease susceptibility, so-
cialization, and exposure to predation (Hecht, 2021).

This study assessed age and sex variation in 
R. aegyptiacus from Central Africa, by using and
comparing non-destructive methods, which evalu-
ated morphological development associated with
aging. We aimed to (1) categorise specimens into
various stages of postnatal growth development
based on cranial bone fusion elements and molar
tooth eruption, and (2) assess the alignment of 
these stages to linear cranial measurements. We hy-
pothesized that growth development stages derived
from cranial bone fusion and molar tooth erup-
tion assessment can be predicted by cranial linear
morphometrics.

MATERIALS AND METHODS

Preserved dry skulls of R. aegyptiacus from the Ditsong
National Museum of Natural History (DNMNH), South Africa
were used in lieu of sampling new specimens. These specimens
were originally collected from Goroumbwa Mine (3.108895,
29.578227), Durba, Democratic Republic of Congo (DRC) 
in May and October 1999 as part of a study which investigated
an outbreak of Marburg haemorrhagic fever and associated
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reservoir hosts including R. aegyptiacus (see Swanepoel et al.,
2007). Ethical approval (NAS304/2021) from the University of
Pretoria Animal Ethics Committee was obtained.

Skulls (n = 153, see Supplementary Table S1) were meas-
ured using Mitutoyo callipers (Kawasaki, Kanagawa, Japan)
with a 0.01 mm accuracy. Most of the measurements were from
the skull, with one long bone measurement, taken by Swanepoel
et al. (2007), included. Measurements of skull length and width
were used by Shahbaz et al. (2014) on Rousettus leschenaulti
including greatest skull length, breadth of braincase and
mandibular tooth row length. However, Shahbaz et al. (2014)
lacked in-depth statistical analysis that compared morphological
variations between specimens. Storz et al. (2001) provided 
a multivariate analysis to describe variation between sexes of
the Pteropodid Cynopterus sphinx using limb measurements.
References for statistically in-depth studies on skull-based in-
traspecific and interspecific variations in the size and sexual di-
morphism of bats was found for the much smaller sized
Vespetilionid Murina spp. (Schmieder et al., 2015; Son et al.,
2015). Similar to Shahbaz et al. (2014), Schmieder et al. (2015)
and Son et al. (2015) included length and breadth measure-
ments, but also included height. Following Shahbaz et al.
(2014), Schmieder et al. (2015) and Son et al. (2015), cranial
and dentary measurements that captured two-dimensional size
were measured (Fig. 1): total skull length (TSL), rostral length
(RL), rostral width (RW), braincase width (BW), mastoid
breadth (MB) and dental length (DENL). Forearm length (FAL),
a long bone measurement commonly used in age determina-
tion studies of bats (Brunet-Rossinni and Wilkinson, 2009), 
and easily measured in the field, was measured by the collector

(see Swanepoel et al., 2007) and was also included. Except for
specimens with a damaged mandible, mastoid, occipital condyle
or rostrum, all specimens from Durba, regardless of size, were
measured.

The cranial bone fusion of each specimen (n = 153) was also
examined under a Carl Zeiss STEMI 2000 W-PI 10x/23 light
microscope with a KL 200 stereomicroscope light source (Carl-
Zeiss-Straße 22, 73447 Oberkochen, Germany). We focused on
the fusion/partial fusion/non-fusion of the most conspicuous su-
tures of the different regions of the skull to group specimens in
an ordinal manner from youngest (lesser number of fused su-
tures) to oldest (greatest number of fused sutures), following
cranial suture terminology reported by Giannini et al. (2006)
and Monrroy et al. (2019). Sutures of the basicranial region
(syn chondrosis sphenoccipitali-sspo), occipital region (sutura
parietointerparietalis-spip, sutura occipitointerparietalis-soipa,
and sutura occipitoparietalis-sopa), and vault region (sutura
coro nalis-sc, sutura sagittalis-ss) were used (Fig. 2). The pres-
ence/absence and shape of the crista sagittalis (cs) were also in-
cluded in grouping R. aegyptiacus into different development
stage groups (Fig. 2). Younger Ptreropodids, as reported by
Gian nini et al. (2006), were observed to have deciduous incisors,
canines and premolar and a permanent first molar. These were
later replaced by permanent teeth and the eruption of the second
molar. Tooth eruption of the second molar (M2) along the medial
and labial cusps was therefore considered where no eruption,
partial eruption, or full eruption can be observed (Fig. 2).

A principal component analysis (PCA) (STATS package,
version 4.0.3, 2020) was conducted to assess and visualize 
cranial and dentary size variation in multivariate space. The 
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FIG. 1. Dorsal (A) and ventral (B) skull, and lateral mandible (C) views illustrating the measurements: total skull length (TSL), rostral 
width (RW), rostral length (RL), braincase width (BW), mastoid breadth (MB) and dental length (DENL). Scale = 0.5 mm and 

1 mm gradations
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correlation and quartiles of the measurements with the highest
and lowest PCA loadings along first and second PC’s were vi-
sualized using XY scatter plots (Rcmdr package, version 2.7.1,
2020) and violin plots (ggplot2 package, version 3.3.5, 2021),
respectively. The mean, standard deviation (SD), minimum 
and maximum were determined for all seven measurements 
(n = 153; ♀♀ n = 62 and ♂♂ n = 91). All the variables (meas -
urements) had a non-normal distribution (P < 0.01, Shapiro- 
Wilk normality test), therefore non-parametric statistical tests
were employed. Outliers were identified by multiplying the in-
terquartile range (IQR) by 1.5 and 3 for slight and strong out-
liers respectively (Schwertman et al., 2004). A Wilcoxon rank
sum test was used to evaluate sexual dimorphism, whilst varia-
tion between development stage groups was tested using 
a Kruskal-Wallis H (KW-H) test. Any significant variation
found using the KW-H was further tested using a post-hoc Dunn
test to identify variations at individual level. We used linear dis-
criminant function analysis (DFA) to test the accuracy of assign-
ing specimens of a given measurement into cranial suture/tooth
eruption based development stage groups. Since a DFA requires
datasets with equal variances, we used Levene’s test for homo-
geneity of variance (centred on the mean) to test for equal vari-
ances and excluded variables with unequal variances. All statis-
tics were conducted on RStudio (Version 1.4.1103, 2021) using
the statistical coding language R (version 4.0.3, 2020; R Core
Team, 2021).

RESULTS

Quantitative assessment of the development of
second molar, six cranial sutures and the sagittal
crest in female and male R. aegyptiacus specimens
(n =153) yielded five growth development stages
(Table 1). Less developed stages were interpreted as
having a lesser number of fused sutures whilst more
developed stages displayed a greater number of
fused sutures. In the assessment, three degrees of su-
tures fusion were observed and recorded as unfused,
partially fused (anteriorly or posteriorly) or fused.
Suture fusion was similar for the younger stages 1, 2
and 3 where sc and sspo were unfused, whilst ss was
either unfused or partially fused and all three de-
grees of fusion were observed for spip. The soipa
and sopa were either fused or unfused for these
stages (Table 1). The degree of suture fusion varied
in stages 1 to 3 in terms of ss (unfused, posteriorly
fused, fused), spip (unfused, anteriorly fused,
fused), soipa (unfused, fused) and sopa (unfused,
fused). The penultimate stage 4 skull surface had
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FIG. 2. Dorsal, posterior and ventral views of R. aegyptiacus skulls at different stages of cranial and molar eruption development.
The ascending development suture fusion and second molar eruption is shown for specimens in (A, B, C) younger less developed
stages, (D, E, F) a penultimate stage, and an (G, H and I) older advanced stage. Abbreviations: synchondrosis sphenoccipitali (sspo),
sutura parietointerparietalis (spip), sutura occipitointerparietalis (soipa), sutura occipitoparietalis (sopa), sutura coronalis (sc), sutura 

sagittalis (ss), crista sagittalis (cs), and second molar (M2). Scale = 0.5 mm and 1 mm gradations
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fused sspo and sopa, unfused sc, and either unfused,
posteriorly fused or fused ss (Table 1).

The crista sagittalis (cs) was present in some
stages 3 and 4 specimens at an early development
stage where the labial lines were conspicuous. In
stage 5, the sspo, sc, ss, spip, soipa and sopa were all
fully fused (Table 1). The development of the sagit-
tal ridge (cs) was absent in stages 1 and 2. Early de-
velopment of the cs was observed in stage 3 where
two lateral ridges adjacent to the frontal of the skull
had formed. In stage 4, the cs was absent, in early
development or present whilst the cs was fully de-
veloped in stage 5. An ascending growth pattern
characterized less advanced dental and suture devel-
opment in stages 1 and 2, succeeded by fully erupted
M2 molars in stage 3 and subsequent advanced de-
velopment in stages 4 and 5, was presented.

A PCA plot showed this ascending growth pat-
tern in multivariate space after aligning morpholog-
ical measurements (BW, DENL, FAL, MB, RL, RW
and TSL) to growth development stages (Fig. 3).
Two outlier females (TM48233, TM48229) with
negative scores across the x-axis were found to sig-
nificantly differ (P < 0.05) from other stage 5 males
(Fig. 3). Further inspection revealed that TM48233
and TM48229 had relatively smaller rostral widths
that are two SDs lower than the mean of other stage
5 specimens. In addition, both specimens had rela-
tively minute infraorbital foramen. Further variation
between sexes was observed for the larger speci-
mens where TSL greater than 44 mm was only
measured in the males. Although both analysed and
observed variations were not regarded as sexual di-
morphism, it prompted separate analyses of females
and males.

The first principal component (PC1), which was
interpreted as linear size, explained 89% of variation
for both sexes. Factor loadings along PC1 were pos-
itive for all the variables with TSL and MB having
the most influence on variation by scoring the high-
est and lowest loadings, respectively (Table 2).
Female and male specimens assigned to stages 4 and
5 primarily overlapped on the positive side of PC1,
which associated them to overall greater linear size
for the tested variables TSL, BW, DENL, FAL, MB,
RL, RW. In contrast, female and male specimens in
stages 1, 2 and 3 overlapped on the negative side of
PC1 associating them to smaller linear size for all
the tested variables. Furthermore, specimens as-
signed to stages 1, 2 and 3 significantly differed 
(P < 0.05) to specimens in stages 4 and 5. Mean -
while, PC2 accounted for 4% of variation which was 
primarily influenced by MB and FAL that had the
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highest and lowest factor loadings, respectively. No
significant variation (P > 0.05) was found between
the scores on the second principal component (PC2).
The forearm length (FAL), one cranial width (RW),
and all cranial length (DENL, RL, TSL) measure-
ments had positive factor loadings along PC2 (Table
2). The other cranial width measurements (BW and
MB) had negative loadings.

Further analysis of the alignment of linear meas-
urement to growth development stages focused on
TSL, MB and FAL given the influence of these 
variables on linear size variation. The median, lower
and upper quartiles of smaller males in stages 1, 2
and 3 overlapped for TSL, MB and FAL (Fig. 4). For
females, a similar overlap for these measurements
was seen except for TSL in stage 3 specimens where
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FIG. 3. Principal component (PC) plot for PC1 and PC2 scores of linear measurements taken from R. aegyptiacus specimens 
(n = 153) collected in the Democratic Republic of the Congo (DRC). Specimens are separated by growth stages 1 (green), 2 (blue),
3 (yellow), 4 (orange), 5 (black). The females are represented by opaque triangles whilst males are empty square. PC1 explained 89%
of linear size variation for both sexes along the positive (II and III) and negative (I and IV) quadrants. PC2 explained 4% of variation 

along the positive (I and II) and negative (III and IV) quadrants

TABLE 2. PC loadings for morphological measurements of 
R. aegyptiacus (n = 153). Standard deviation (SD) and
proportion of variance for PC1, PC2 and PC3 which account for
96% of variation are shown. Abbreviations: TSL — total skull
length, RL — rostral length, RW — rostral width, BW —
braincase width, MB — mastoid breadth, DENL — dental
length, FAL — forearm length

Variable PC1 PC2 PC3

TSL 0.393* 0.176 0.209
RL 0.387 0.270 -0.140
RW 0.371 0.105 -0.736*
BW 0.370 -0.425 -0.383
MB 0.355* -0.745* 0.354*
DENL 0.388 0.252 0.351
FAL 0.382 0.292* 0.119
SD 2.490 0.560 0.430

Variance (%) 0.890 0.040 0.030

* — Variables with the lowest and highest factor loadings 

all three quartiles were higher than stages 1 and 2
with no overlap (Fig. 4). Differences in TSL, MB
and FAL were not significant (P > 0.05) between
stages 1, 2 and 3 (for combined data), within the
same sex, and between sexes. Except for the two
aforementioned stage 5 females (TM48233 and
TM48229), differences in measurements were not
significant P > 0.1) between stages 4 and 5, within
the same sex, and between sexes. The medians,
lower and upper quartiles of stage 4 and 5 females
overlapped for TSL, MB and FAL whilst, for males,
quartiles were higher and non-overlapping for the
three measurements (Fig. 4). Strict significant 
(P < 0.05) values separated the smaller specimens
(stages 1, 2 and 3) from the larger (stages 4 and 5)
specimens for TSL, MB and FAL. This is further de-
picted by a higher density of specimens in stages 
4 and 5 compared to stages 1, 2 and 3 (Fig. 4).

For TSL, specimens (female and male) of stages
1–3 which measured less than 36.0 mm were signif-
icantly (P < 0.05) smaller than their respective stage
4–5 counterparts that measured above 42.0 mm.
Furthermore, the MB of specimens in stages 1–3 
(< 14.8 mm for females and < 14.9 mm for males)
were significantly (P < 0.05) smaller than stages 
4–5 specimens that measured above 16.0 mm. For
FAL, stage 4–5 specimens (female and male) that
measured greater than 97.0 mm were signifi-
cantly larger (P < 0.05) than stage 1–3 specimens
less than 85.0 mm although two stage 4 specimens
(TM48083 and TM48223) also measured below
85.0 mm. These two stage 4 specimens, together
with TM48002, were further found to have posteri-
orly fused sagittal sutures (Table 1). Both female
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and male specimens that measured between the
above values (i.e. 14.8 mm < MB < 16.0 mm; 
36.0 mm < TSL < 42 mm; and 85.0 mm < FAL < 97
mm) did not differ significantly (P > 0.1) in relation
to the different stage groups. This is further depicted
in Fig. 4 where the specimens in the lower and upper
quartiles, and maximums of the smaller stages 1–3
overlap with the minimums and lower quartile of the
larger stages 4–5.

A linear growth pattern was observed when plot-
ting TSL versus MB and FAL versus MB (Fig. 5)
where strong, positive correlation was found between
TSL vs MB (rs = 0.83, P < 0.01), and FAL vs MB 
(rs = 0.76, P < 0.01). Both plots reiterated the PCA
plot (Fig. 3) where growth ascended from smaller
(stages 1, 2 and 3) to larger (stages 4 and 5) speci-
mens (Fig. 5). As growth increased, the least squares
line of the males got slightly higher than the females
in both plots (Fig. 5A and 5B). As depicted in the

PCA plot (Fig. 3), the measurements TSL, MB and
FAL expressed a linear progression of growth, with 
a fair amount of scatter, and separation of specimens
in stages 1, 2 and 3 from specimens in stages 4 and 5
to form two broad clusters in both (Fig. 5C and 5D).

Unlike the above-mentioned stricter and signifi-
cant separations of TSL, MB and FAL, less stricter
values were observed which formed two separate
and broad clusters where TSL and FAL were below
39 mm and 89 mm, respectively, for specimens in
stages 1, 2 and 3. Exceptions to this pattern were 
observed as six stage 1, 2 and 3 specimens had TSL
≥ 39 mm and FAL ≥ 89 mm (TM47993, TM48000,
TM48008, TM48052, TM48165 and TM48219). In
addition, three stage 4 specimens (TM48002,
TM48083 and TM48223) and one stage 5 indi-
vidual (TM48229) formed part of the smaller sized
group. Meanwhile, specimens in stages 4 and 5, had
TSL ≥ 39 mm and FAL ≥ 89 mm except for the four
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FIG. 4. Violin plots depicting the boxplots (minimum, 1st quartile, median, 3rd quartile and maximum) and density of female 
(n = 62) and male (n = 91) specimens for total skull length (TSL), mastoid breadth (MB) and forearm length (FAL)
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smaller stage 4 and 5 specimens mentioned above
(Fig. 5). Of the exceptions, three specimens had 
a combination of TSL ≥ 39 mm and FAL < 90 mm
(TM47993, TM48223 and TM48229). Two stage 4
specimens have the combination lower TSL < 39
mm and FAL < 90 mm (TM48002 and TM48083),
whilst three stage 3 specimens have the combination 
TSL ≥ 39 mm and FAL ≥ 90 mm (TM48000,
TM48008 and TM48052). 

The mean and SD limits of the aforementioned
specimens which do not cluster with their respective
group stages are explained. The TSL for the stage 3
males, TM47993 (TSL = 40.88 mm) and TM48052
(TSL = 40.46 mm) is > 1SD above the SD limit
(Table 3) whilst the MB of TM48052 is > 2SDs
above the SD limit. These two specimens caused the
high maximums that overlap with the stage 4 and 5
minimums (Fig. 4). In addition, the TSL, MB and
FAL of the two stage 3 females, TM48000 and
TM48008, caused the maximums to overlap with

the larger sized groups. In contrast, three stage 
4 specimens, one female (TM48083) and two males
(TM48002 and TM48223), are clustered together
with the smaller stage 3 specimens on PC1. The 
female TM48083, despite having all the cranial
bone fusion characters of the stage 4 group, has 
a relatively smaller DENL (29.23 mm), FAL (82.9
mm) and TSL (37.49 mm) which are all more than
two SDs below the mean for the stage 4 group (Fig.
4 and Table 3). Similarly, two females (TM48233,
TM48229) of the larger sized stage 5 scored lower
on PC1 and placed closer to stages 1–3 (Fig. 3). The
MB, TSL and FAL of these two specimens were less
than one1 SD below the lower SD limit for stage 
5 females (Table 3). This has caused the stage 5 min-
imums of the MB, TSL and FAL to overlap with the
smaller sized groups.

A linear DFA was performed to test the pre-
dictability of assigning specimens to growth devel-
opment stages that are based on observed suture and
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FIG. 5. Scatter plots depicting female (opaque triangle) and male (empty square) measurements for (A) total skull length versus
mastoid breadth, and (B) forearm length versus mastoid breadth. The scatter plots for growth development stages 1–5 are depicted
for (C) total skull length versus mastoid breadth, and (D) forearm length versus mastoid breadth. Linear size trends across different 

sexes and stage groups are shown by least squares regression lines (LSRL) for each tile

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 18 May 2024
Terms of Use: https://bioone.org/terms-of-use



                                                   Age related morphological characteristics of Rousettus aegyptiacus 177

TABLE 3. The mean, standard deviation (SD), maximum (max.) and minimum (min.) of growth stages 1–5 for the measured variables
(mm). Sample sizes for all (n = 153), female (n = 62), and male (n = 91) is shown. Abbreviations: MB — mastoid breadth, TSL —
total skull length, FAL — forearm length, RW — rostral width, RL — rostral length, DENL — dental length, BW — braincase width 

Variables
1 2 3 4 5

All ♀ ♂ All ♀ ♂ All ♀ ♂ All ♀ ♂ All ♀ ♂

MB 0 14.84 14.68 14.94 14.98 14.79 15.29 15.15 15.14 15.16 15.80 15.81 15.78 16.21 15.82 16.41
SD 0.45 0.30 0.51 0.40 0.27 0.39 0.43 0.51 0.39 0.39 0.32 0.50 0.61 0.55 0.55
max. 15.86 15.03 15.86 15.89 15.12 15.89 16.12 16.12 15.91 16.30 16.04 16.30 17.35 16.78 17.35
min. 14.06 14.09 14.06 14.39 14.39 14.80 14.13 14.13 14.37 15.04 15.29 15.04 14.81 14.81 14.96

TSL 0 35.81 35.20 36.21 36.54 36.42 36.71 37.68 37.87 37.57 41.13 41.01 41.26 42.90 42.15 43.29
SD 1.55 1.93 1.16 1.04 1.02 1.14 1.43 1.58 1.35 1.45 1.74 1.19 1.10 0.70 1.08
max. 37.85 37.83 37.85 38.09 37.99 38.09 41.04 41.04 40.88 42.38 41.97 42.38 45.20 43.25 45.20
min. 31.03 31.03 33.83 35.09 35.09 35.34 35.21 35.43 35.21 37.49 37.49 39.90 40.75 40.75 41.45

FAL 0 80.16 79.52 80.57 82.35 82.38 82.30 84.74 85.09 84.53 92.63 93.57 91.50 97.76 97.03 98.14
SD 3.07 4.59 1.60 3.65 4.10 3.11 2.78 3.20 2.54 6.14 5.97 6.84 3.89 5.03 3.14
max. 84.90 84.90 82.60 89.20 89.20 87.40 91.75 91.75 90.70 99.20 99.20 98.10 104.50 102.70 104.50
min. 70.25 70.25 77.40 74.50 74.50 78.50 78.80 81.90 78.80 81.80 82.90 81.80 79.55 79.55 91.95

RW 0 8.89 8.87 8.91 9.04 9.05 9.02 9.24 9.25 9.24 9.97 9.86 10.10 10.55 10.31 10.67
SD 0.46 0.51 0.44 0.27 0.31 0.21 0.49 0.57 0.44 0.74 0.88 0.59 0.50 0.59 0.40
max. 9.57 9.57 9.52 9.51 9.51 9.29 10.41 10.13 10.41 11.17 11.17 10.85 11.58 11.34 11.58
min. 7.87 7.87 8.11 8.59 8.59 8.72 8.23 8.23 8.41 8.78 8.78 9.47 8.85 8.85 9.75

RL 0 12.10 11.90 12.23 12.31 12.27 12.37 12.90 12.94 12.88 14.23 14.17 14.30 14.91 14.65 15.04
SD 0.67 0.81 0.58 0.50 0.44 0.62 0.60 0.61 0.61 0.78 1.00 0.48 0.64 0.55 0.65
max. 13.37 13.37 13.12 13.04 12.90 13.04 14.32 14.14 14.32 15.33 15.33 14.82 16.49 15.83 16.49
min. 10.43 10.43 11.05 11.21 11.21 11.44 11.63 12.02 11.63 12.33 12.33 13.64 13.58 13.58 13.62

DENL 0 27.90 27.48 28.16 28.63 28.71 28.50 29.43 29.61 29.32 32.02 32.58 31.35 34.07 33.46 34.39
SD 1.17 1.62 0.73 1.20 1.32 1.07 1.31 1.34 1.31 2.13 1.73 2.56 1.10 0.79 1.12
max. 29.74 29.74 29.02 31.37 31.37 29.95 32.42 32.42 32.33 34.43 34.30 34.43 36.74 35.09 36.74
min. 24.02 24.02 26.86 26.59 26.59 26.88 26.92 27.73 26.92 28.45 29.23 28.45 31.97 31.97 32.53

BW 0 16.09 15.96 16.18 16.08 15.98 16.23 16.37 16.39 16.36 17.17 17.11 17.24 17.58 17.33 17.72
SD 0.48 0.46 0.49 0.39 0.32 0.46 0.44 0.43 0.46 0.57 0.50 0.70 0.50 0.55 0.42
max. 16.87 16.68 16.87 16.64 16.52 16.64 17.27 17.27 17.02 18.12 17.71 18.12 18.56 17.99 18.56
min. 15.07 15.13 15.07 15.39 15.39 15.51 15.06 15.53 15.06 16.22 16.47 16.22 15.95 15.95 16.98

dental groupings relative to assigned groupings in
linear morphometric size. Equal variances were
found for PC1 and PC2 (Levene’s test, centered on
the mean). The overall prediction accuracy was 69%
for the combined data set (n = 153) and improved
from younger to older specimens in the combined
(stage 1 = 65%, stage 3 = 75% and stage 5=97%),
females (stage 1 = 67%, stage 3 = 67% and stage 5
= 90%) and males (stage 1 = 50%, stage 3 = 76%
and stage 5 = 100%). (Table 4). Meanwhile, poor
predictions were obtained for combined sexes of
stages 2 and 4 which both had zero correct predic-
tions (Table 4). Predictions for females (n = 62) of
stages 1, 3, and 5 were correct for 6/9, 10/15 and
19/21 specimens, respectively (Table 4). Again, pre-
dictions were poor for the stages 2 and 4. For males
(n = 91), predictions were highest for stage 3 (19/25)
and stage 5 (40/40). Stage 1 had an accuracy of 50%
(7/14), with six specimens assigned to stage 3.
Stages 2 and 4 specimens had zero correct predic-
tions (Table 4).

DISCUSSION

Of the five R. aegyptiacus (n = 153) cranial bone
fusion and dental based growth development stages
assessed, evidence from the present study showed
that three (stages 1, 3 and 5) can be predicted in lin-
ear morphometrics with over 65% accuracy.
Prediction for stages 2 and 4 was unreliable (0%)
owing to the high overlap with preceding and suc-
cessive stages. Grouping specimens into growth
stages using cranial bone fusion is based on the logic
that the progression of cranial suture closure and
eventual fusion is associated with skull growth and
age (Opperman, 2000; Monrroy et al., 2019). When
all five stages were aligned to linear measurements,
a significant size difference was found between
specimens assigned to stages 1, 2 and 3 of TSL < 36
mm, MB < 14.8 mm and FAL < 85 mm, which had
fewer fused cranial sutures, compared to the larger
sized specimens in stages 4 and 5 of TSL > 42 mm,
MB > 16 mm and FAL > 97 mm, which had more
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fused cranial sutures. The inference can therefore be
made that the smaller specimens in stages 1, 2 and 3
can be qualitatively regarded as younger compared
to the larger, and older specimens in stages 4 and 5.

Comparing our quantitative assessment of suture
fusion with assessments in Pteropus sp. (Giannini et
al., 2006) and N. leporinus (Monrroy et al., 2019)
showed differences and consistencies. The stages 1,
2 and 3, albeit differing by level of tooth eruption,
was either completely or partially unfused for the
basicranial (sspo), occipital (spip, sopa and soipa)
and vault (sc and ss) regions of the skull. However,
Giannini et al. (2006) found completely unfused ba-
sicranial (sspo) and occipital (sopa) sutures in their
stages 1–3 of Pteropus sp. whilst Monrroy et al.
(2019) only observed early fusion of the sspo and
sopa sutures from a fifth stage of development, re-
ported as a late juvenile stage E, in their assessment
of N. leporinus. 

Specimens categorized as stage 4 in the present
study had fused sutures of the basicranial (sspo) and
occipital (sopa) regions, whilst early development of
the sagittal ridge (cs) was observed at stages 3 and
4. Similarly, Giannini et al. (2006) observed fused
sutures of the basicranial (sspo) and occipital (sopa)
regions at their stage 4 for Pteropus sp. whilst, in 
N. leporinus, Monrroy et al. (2019) recorded partial
degrees of suture fusion of only 40% and 20%, 
respectively, for sspo and sopa in their stage F, re-
garded as a subadult stage. Consistent with the stage

4 specimens of the present study, the coronalis was
unfused in Giannini’s et al. (2006) stage 4, whilst
Monrroy et al. (2019) recorded partial degrees of fu-
sion of 15% and 40% at stages E (late juvenile) and
F (subadult), respectively. At stage 5, we observed
fused sutures of the basicranial, occipital and vault
regions. Giannini et al. (2006) observed fused sagit-
talis and occipital sutures (spip and soipa) earlier at
stage 2. Monrroy et al. (2019) found the sutures ss,
spip and soipa fused at their stage F and G (adult
stage) although some degree of fusion was observed
stage E (spip = 25%, soipa = 50%) and stage F (ss =
15%). From a qualitative perspective, the develop-
ment from young to old specimens in R. aegyptiacus
based on characteristics associated with age (cranial
bone fusion and tooth eruption) can be expressed in
growth stages, as indicated by Giannini et al. (2006)
and Monrroy et al. (2019).

Previous age prediction studies that were based
on linear morphometric size focused on young juve-
niles of less than a year old (Stern and Kunz, 1998;
Baptista et al., 2000; Cheng and Lee, 2002;
Elangovan et al., 2002, 2003; Chaverri and Kunz,
2006; Allen et al., 2010; Jin et al., 2010; Chaverri
and Vonhof, 2011; Chen et al., 2016; Eghbali and
Sharifi, 2018). These studies further recorded the
date at birth and calculated growth rates using rapid
early development of forearm length and epiphyseal
gap as variables. The results of these authors all
agree that these variables became less reliable with
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TABLE 4. Prediction matrix of stages 1–5 for the combined female and male data sets of R. aegyptiacus calculated using linear
discriminant function analysis. The accuracy percentage of each test and stage is shown in parenthesis. PC1 and PC2 scores both
showed equal variances and were included for the analysis. Observed and calculated outliers are included in the analysis

Predicted stages
Actual stages

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
n

Stage 1 15* (65%) 0 8 0 0 23
Stage 2 6 0 12 0 0 18
Stage 3 5 0 31** (75%) 2 2 40
Stage 4 0 0 3 0 8 11
Stage 5 0 0 2 0 59*** (97%) 61

♀♀ n = 62 (61%)
Stage 1 6* (67%) 1 2 0 0 9
Stage 2 3 3 5 0 0 11
Stage 3 0 3 10* (67%) 0 2 15
Stage 4 0 0 1 0 5 6
Stage 5 0 0 2 0 19*** (90%) 21

♂♂ n = 91 (73%)
Stage 1 7 1 6 0 0 14
Stage 2 2 0 5 0 0 7
Stage 3 4 0 19** (76%) 2 0 25
Stage 4 0 0 2 0 3 5
Stage 5 0 0 0 0 40*** (100%) 40

*** > 95% accuracy; ** 75% accuracy; * > 65% accuracy

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 18 May 2024
Terms of Use: https://bioone.org/terms-of-use



advancing age as epiphyseal gap fused completely
by three months, whilst forearm length grew at 
a substantially slower rate in older bats. Unlike the
aforementioned studies which referred to chrono-
logical age, we focused on bats of unknown birth
date and age which limited our findings to the more
relative biological estimate of age (Brunet-Rossinni
and Wilkinson, 2009).

In terms of interpreting the five established
growth development stages in linear morphometrics
for both sexes, notwithstanding prediction accuracy,
it is difficult to predict a specific stage to a fixed 
set of linear measurements due to the spread and
overlap amongst the different stages, especially
stages 2 and 4. A reliable and significant separation,
with no overlap, of the smallest specimens in stages
1, 2 and 3 from the largest specimens in stages 4 and
5 was made using TSL. Albeit significant, separa-
tions using MB and FAL were less reliable due to
some overlap. This could be attributed to intraspe-
cific anatomical and morphological variations in the
growth pattern of the species which can arise from
microenvironmental and dietary differences at time
of birth and development (Brunet-Rossinni and
Wilkinson, 2009).

Despite specimens from the present study being
caught at different times of the year (see Swanepoel
et al., 2007), no significant differences were found
between the growth pattern and separation from
each period. Nonetheless, we obtained significant
values in cranial and forearm linear size which sep-
arated R. aegyptiacus into younger, consisting of
stages 1, 2 and 3, and older, consisting of stages 4
and 5, specimens. This separation was only identi-
fied in TSL whilst overlap between groups was ob-
served for MB and FAL.

Morphometrics studies on older bats have pre-
dominantly focused on distinguishing species and
sex by identifying intraspecific (sexual dimorphism)
and interspecific size thresholds (Storz et al., 2001;
Taylor and Monadjem, 2008; Jarrín-V. et al., 2010;
Welbergen, 2010; Shahbaz et al., 2014). The present
study did not find significant sexual dimorphism
across most R. aegyptiacus specimens except for
two stage 5 females. Males were, however, observed
to be relatively larger than females with increasing
sizes of the measurements TSL, MB and FAL.
Owing to relatively smaller RW and orbital fora-
mens the two stage 5 females were suspected to be
different species, although field and post sequence
(16SrRNA) identification by the original collec-
tors (Swanepoel et al., 2007) identified them as 
R. aegyptiacus.

In summary, the present study shows evidence of
age prediction through linear morphometrics for 
R. aegyptiacus which can be expressed into two dis-
tinct groups of young and old cohorts. Accurate
morphometric predictions of age have been made in
longitudinal studies (temporal, mark-recapture),
through equations that rely on the rapidly increasing
morphological growth rate observed in younger bats
of known birth date (Baptista et al., 2000; Cheng
and Lee, 2002; Elangovan et al., 2002). For a cross
sectional study that assessed specimens of unknown
age (single time period, single capture), we relied on
the examination of morphological characteristics
(i.e., cranial suture, dental development and linear
morphometric) which yield qualitative age-related
categories (Baptista et al., 2000; Cheng and Lee,
2002; Elangovan et al., 2002; Brunet-Rossinni and
Wilkinson, 2009). Quantitative age prediction meth-
ods that can be employed in specimens sampled
from cross sectional studies include dental section-
ing which relies on the annual growth of cementum
layers on teeth that can be counted (Cool et al.,
1994; Divljan et al., 2006). Examining the growth of
cementum is, however, destructive as it requires the
extraction of the targeted tooth unlike the rapid, non-
invasive methods we employed. Nonetheless, infer-
ences to chronological age can be made from mor-
phological characteristics through comparison to
cementum growth. This study therefore provides
spe cies specific baseline data for R. aegyptiacus
cross sectional studies, which seek to predict age.

SUPPLEMENTARY INFORMATION

Contents: Supplementary Table S1. Rousettus aegyptiacus
specimens used in this study from the Ditsong National Muse -
um of Natural History. Specimens are sorted by sex. The age-
related characteristics, tooth wear class and eruptions of second
molar, are also noted for each specimen. Supplementary Infor -
mation is available exclusively on BioOne.

ACKNOWLEDGEMENTS

This project was made possible through support from the
South African Research Chair on Infectious Disease of Animals,
of the Department of Science and Innovation, held by Professor
Wanda Markotter (grant number 98339) administered by
National Research Foundation. Specimens were provided by the
Ditsong National Museum of Natural History small mammals
collection. Further support was obtained from Defence Threat
Reduction Agency and the National United Nations Children’
Fund (UNICEF).

AUTHOR CONTRIBUTION STATEMENT

TTN: research concept and design, collection and/or assem-
bly of data, data analysis and interpretation, writing the article,

                                                   Age related morphological characteristics of Rousettus aegyptiacus 179

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 18 May 2024
Terms of Use: https://bioone.org/terms-of-use



critical revision and final approval of the article; TK and WM:
Research concept and design, collection and/or assembly of
data, data analysis and interpretation, critical revision and final
approval of the article.

LITERATURE CITED

ALLEN, L. C., C. S. RICHARDSON, G. F. MCCRACKEN, and 
T. H. KUNZ. 2010. Birth size and postnatal growth in 
cave- and bridge-roosting Brazilian free-tailed bats. Journal
of Zoology (London), 280: 8–16. doi: 10.1111/j.1469-
7998.2009.00636.x.

BAPTISTA, T. L., C. S. RICHARDSON, and T. K. KUNZ. 2000.
Postnatal growth and age estimation in free-ranging bats: 
a comparison of longitudinal and cross-sectional sampling
methods. Journal of Mammalogy, 81: 709–718. doi:
10.1644/1545-1542(2000)081<0709:PGAAEI>2.3.CO;2.

BRUNET-ROSSINNI, A. K., and S. N. AUSTAD. 2004. Ageing stud-
ies on bats: a review. Biogerontology, 5: 211–222. doi:
10.1023/B:BGEN.0000038022.65024.d8.

BRUNET-ROSSINNI, A. K., and G. S. WILKINSON. 2009. methods
for age estimation and the study of senescence in bats. Pp.
315–325, in Ecological and behavioral methods for the
study of bats, 2nd edition (T. H. KUNZ and S. PARSONS, eds.).
Johns Hopkins University Press, Baltimore, xvii + 901 pp.

CHAVERRI, G., and T. H. KUNZ. 2006. Reproductive biology and
postnatal development in the tentmaking bat Artibeus wat-
soni (Chiroptera: Phyllostomidae). Journal of Zoology
(Lon  don), 270: 650–656. doi: 10.1111/j.1469-7998.2006.
00171.x.

CHAVERRI, G., and M. J. VONHOF. 2011. Reproduction and
growth in a Neotropical insectivorous bat. Acta Chiroptero -
logica, 13: 147–155. doi: 10.3161/150811011X578697.

CHEN, S. F., S. S. HUANG, D. J. LU, and T. J. SHEN. 2016.
Postnatal growth and age estimation in Scotophilus kuhlii.
Zoo Biology, 35: 35–41. doi: 10.1002/zoo.21251.

CHENG, H. C., and L. L. LEE. 2002. Postnatal growth, age esti-
mation, and sexual maturity in the Formosan leaf-nosed bat
(Hipposideros terasensis). Journal of Mammalogy, 83:
785–793. doi: 10.1644/1545-1542(2002)083<0785:PGAEAS
>2.0.CO;2.

COOL, S. M., M. B. BENNET, and K. ROMANIUK. 1994. Age 
estimation of pteropodid bats (Megachiroptera) from hard
tissue parameters. Wildlife Research, 21: 353–364. doi:
10.1071/WR9940353.

DIVLJAN, A., K. PARRY-JONES, and G. M. WARDLE. 2006. Age
determination in the grey-headed flying fox. Journal of
Wildlife Management, 70: 607–611. doi: 10.2193/0022-
541X(2006)70[607:ADITGF]2.0.CO;2.

EASTICK, D. L., S. R. GRIFFITHS, J. D. L. YEN, and K. A. ROBERT.
2022. Size at birth, postnatal growth, and reproductive tim-
ing in an Australian microbat. Integrative Organismal Biol -
ogy, 4: 1–13. doi: 10.1093/iob/obac030.

EGHBALI, H., and M. SHARIFI. 2018. Postnatal growth, age esti-
mation, and wing development in Geoffroy’s bat Myotis
emarginatus (Chiroptera: Vespertilionidae). Mammal
Study, 43: 153–165. doi: 10.3106/ms2017-0077.

EGHBALI, H., S. SHAHABI, N. NAJAFI, R. MEHDIZADEH, S. YOU -
SEFI, and M. SHARIFI. 2018. Postnatal growth, wing devel-
opment and age estimations in the Mediterranean horseshoe
bat Rhinolophus euryale (Chiroptera: Rhinolophidae) in
Kerend cave, western Iran. Mammalia, 82: 276–287. doi:
10.1515/mammalia-2017-0006.

ELANGOVAN, V., H. RAGHURAM, E. YUVANA SATYA PRIYA, and 
G. MARIMUTHU. 2002. Postnatal growth, age estimation and
development of foraging behaviour in the fulvous fruit bat
Rousettus leschenaulti. Journal of Bioscience, 27: 695–702.
doi: 10.1007/BF02708378.

ELANGOVAN, V., E. YUVANA SATYA PRIYA, H. RAGHURAM, and 
G. MARIMUTHU. 2003. Postnatal development in the Indian
short-nosed fruit bat Cynopterus sphinx: growth rate and
age estimation. Acta Chiropterologica, 5: 107–116. doi:
10.3161/001.005.0110.

GIANNINI, N. P., J. R. WIBLE, and N. B. SIMMONS. 2006. On the
cranial osteology of Chiroptera. I. Pteropus (Megachiro -
ptera: Pteropodidae). Bulletin of the American Museum of
Natural History, 295: 1–134. doi: 10.1206/0003-0090
(2006)295[0001:OTCOOC]2.0.CO;2.

HAYMAN, D. T. S. 2015. Biannual birth pulses allow filoviruses
to persist in bat populations. Proceedings of the Royal So -
ciety, 282B: 20142591. doi: 10.1098/rspb.2014.2591.

HAYMAN, D. T. S., R. A. BOWEN, P. M. CRYAN, G. F. MC -
CRACKEN, T. J. O’SHEA, A. J. PEEL, A. GILBERT, C. T. WEBB,
and J. L. N. WOOD. 2012a. Ecology of zoonotic infectious
diseases in bats: current knowledge and future directions.
Zoonoses Public Health, 60: 2–21. doi: 10.1111/zph.12000.

HAYMAN, D. T. S., R. MCCREA, O. RESTIF, R. SUU-IRE, A. R.
FOOKS, J. L. N. WOOD, A. A. CUNNINGHAM, and J. M.
ROWCLIFFE. 2012b. Demography of straw-coloured fruit
bats in Ghana. Journal of Mammalogy, 93: 1393–1404. doi:
10.1644/11-MAMM-A-270.1.

HECHT, L. 2021. The importance of considering age when quan-
tifying wild animals’ welfare. Biological Reviews, 96:
2602–2616. doi.org/10.1111/brv.12769.

HIELSCHER, R. C., J. A. SCHULTZ, and T. MARTIN. 2015. Wear
pattern of the molar dentition of an extant and an Oligocene
bat assemblage with implications on functionality. Palaeo -
biodiversity and Palaeoenvironments, 95: 597–611. doi:
10.1007/s12549-015-0186-z.

HOOD, W. R., J. BLOSS, and T. H. KUNZ. 2002. Intrinsic and ex-
trinsic sources of variation in size at birth and rates of post-
natal growth in the big brown bat Eptesicus fuscus
(Chiroptera: Vespertilionidae). Journal of Zoology (Lon -
don), 258: 355–363. doi: 10.1017/S0952836902001504.

HYATT, A. D., P. DASZAK, A. A. CUNNINGHAM, H. FIELD, and A.
R. GOULD. 2004. Henipaviruses: gaps in the knowledge of
emergence. EcoHealth, 1: 25–38. doi: 10.1007/s10393-004-
0017-6.

JARRÍN-V., P., C. FLORES, and J. SALCEDO. 2010. Morphological
variation in the short-tailed fruit bat (Carollia) in Ecuador,
with comments on the practical and philosophical aspects
of boundaries among species. Integrative Zoology, 5: 226–
240. doi: 10.1111/j.1749-4877.2010.00208.x.

JIN, L., A. LIN, K. SUN, Y. LIU, and J. FENG. 2010. Postnatal
growth and age estimation in the ashy leaf-nosed bat, Hip -
po sideros cineraceus. Acta Chiropterologica, 12: 155–160.
doi: 10.3161/150811010X504653.

KEELING, M. J., and P. ROHANI. 2008. Modelling infectious dis-
eases in humans and animals. Princeton University Press,
Princeton, N.J., 384 pp. doi: 10.2307/j.ctvcm4gk0.

LLOYD-SMITH, J. O., P. C. CROSS, C. J. BRIGGS, M. DAUGHERTY,
W. M. GETZ, J. LATTO, M. S. SANCHEZ, A. B. SMITH, and 
A. SWEI. 2005. Should we expect population thresholds for
wildlife disease? Trends in Ecology and Evolution, 20:
511–519. doi: 10.1016/j.tree.2005.07.004.

MARKOTTER, W., J. COERTSE, L. DE VRIES, M. GELDENHUYS, and

180                                                                T. T. Nkoana, T. Kearney, and W. Markotter

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 18 May 2024
Terms of Use: https://bioone.org/terms-of-use



M. MORTLOCK. 2020. Bat-borne viruses in Africa: a critical
review. Journal of Zoology (London), 311: 77–98. doi:
10.1111/jzo.12769.

MONADJEM, A., P. J. TAYLOR, F. P. D. COTTERILL, and M. C.
SCHOEMAN. 2020. Bats of southern and central Africa: 
a biogeographic and taxonomic synthesis. Wits University
Press, Johannesburg, 730 pp.

MONRROY, G. A., N. REYES-AMAYA, and A. JEREZ. 2019. Post -
natal cranial ontogeny of the greater bulldog bat Noctilio
leporinus (Chiroptera: Noctilionidae). Acta Zoologica, 101:
412–430. doi: 10.1111/azo.12309.

NOLL, U. G. 1979. Postnatal growth and development of 
thermogenesis in Rousettus aegyptiacus. Comparative
Biochemistry and Physiology, 63A: 89–93. doi: 10.1016/
0300-9629(79)90632-7.

OLI, M. K., and T. COULSON. 2016. Life history, what is? Pp.
394–399, in Encyclopedia of evolutionary biology. Volume
2 (R. M. KLIMAN, ed.). Academic Press, Oxford, 2132 pp.
doi: 10.1016/B978-0-12-800049-6.00083-4.

OPPERMAN, L. A. 2000. Cranial sutures as intramembranous
bone growth sites. Developmental Dynamics, 219: 472–
485. doi: 10.1002/1097-0177(2000)9999:9999<::AID-
DVDY1073>3.0.CO;2-F.

PAWĘSKA, J. T., P. JANSEN VAN VUREN, A. KEMP, N. STORM, A. A.
GROBBELAAR, M. R. WILEY, G. PALACIOS, and W. MAR -
KOTTER. 2018. Marburg virus infection in Egyptian rousette
bats, South Africa, 2013–2014. Emerging Infectious
Diseases, 24: 1134–1137. doi: 10.3201/eid2406.172165.

R CORE TEAM. 2021. R: a language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna, Austria. Available at https://www.R-project.org.

SCHMIEDER, D. A., H. A. BENÍTEZ, I. M. BORISSOV, and 
C. FRU CIANO. 2015. Bat species comparisons based on ex-
ternal morphology: a test of traditional versus geometric
morphometric approaches. PLoS ONE, 10: e0127043. doi:
10.1371/journal.pone.0127043.

SCHWERTMAN, N. C., M. A. OWENS, and R. ADNAN. 2004. A sim-
ple more general boxplot method for identifying outliers.

Computational Statistics & Data Analysis, 47: 165–174.
doi:10.1016/j.csda.2003.10.012.

SHAHBAZ, M., A. JAVID, T. JAVED, M. MAHMOOD-UL-HASSAN,
and S. M. HUSSAIN. 2014. Morphometrics of fulvous fruit
bat (Rousettus leschenaulti) from Lahore, Pakistan. Journal
of Animal & Plant Sciences, 24: 955–960.

SON, N. T., M. MOTOKAWA, T. OSHIDA, V. D. THONG, G. CSORBA,
and H. ENDO. 2015. Multivariate analysis of the skull size
and shape in tube-nosed bats of the genus Murina (Chiro -
ptera: Vespertilionidae) from Vietnam. Mammal Study, 40:
79–94. doi: 10.3106/041.040.0203.

STERN, A. A., and T. H. KUNZ. 1998. Intraspecific variation in
postnatal growth in the greater spear-nosed bat. Journal of
Mammalogy, 79: 755–763. doi: 10.2307/1383086.

STORZ, J. F., J. BALASINGH, H. R. BHAT, P. T. NATHAN, D. P. S.
DOSS, A. A. PRAKASH, and T. H. KUNZ. 2001. Clinal var-
iation in body size and sexual dimorphism in an Indian 
fruit bat, Cynopterus sphinx (Chiroptera: Pteropodidae).
Biological Journal of the Linnean Society, 72: 17–31. doi:
10.1111/j.1095-8312.2001.tb01298.x.

SWANEPOEL, R., S. B. SMIT, P. E. ROLLIN, P. FORMENTY, P. A.
LEMAN, A. KEMP, F. J. BURT, A. A. GROBBELAAR, J. CROFT,
D. G. BAUSCH, et al. 2007. Studies of reservoir hosts for
Marburg virus. Emerging Infectious Diseases, 13: 1847–
1851. doi: 10.3201/eid1312.071115.

TAYLOR, P. J., and A. MONADJEM. 2008. Maxillary shape as a di-
agnostic tool for identifying fruit bats, Epomophorus cryp-
turus and E. wahlbergi from museum specimens and in the
field. South African Journal of Wildlife Research, 38: 22–
27. doi: 10.3957/0379-4369-38.1.22. doi: 10.3957/0379-
4369-38.1.22.

WELBERGEN, J. A. 2010. Growth, bimaturation, and sexual size
dimorphism in wild gray-headed flying foxes (Pteropus po-
liocephalus). Journal of Mammalogy, 91: 38–47. doi:
10.1644/09-MAMM-A-157R.1.

WILKINSON, G. S. and J. M. SOUTH. 2002. Life history, ecology
and longevity in bats. Aging Cell, 1: 124–131. doi:
10.1046/j.1474-9728.2002.00020.x.

                                                   Age related morphological characteristics of Rousettus aegyptiacus 181

Received 14 March 2023, accepted 25 May 2023

Associate Editor: Wiesław Bogdanowicz

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 18 May 2024
Terms of Use: https://bioone.org/terms-of-use



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2551.181 4249.134]
>> setpagedevice


