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ABSTRACT. The large fruit-eating phyllostomid bat, Artibeus lituratus (Olfers, 1818), forearm 69-75 mm, body mass 66-
82 g, has a diversified geographic distribution in the Neotropical region. Therefore it is subjected to different climatic
conditions that affect its reproduction, leading to different reproductive strategies such as continuous reproduction,
seasonal monoestry or seasonal bimodal polyestry. In this study we used morphometric and histological methods to
analyze the annual reproductive activity of A. lituratus males in a population living in the Atlantic Forest, Southeastern
Brazil. Testis mass, epididymis mass, gonadosomatic index, seminiferous tubule diameter, and Leydig cell nucleus diam-
eter showed no significant differences (p > 0.05) in the two seasons (wet: October to March; dry: April to September).
Additionally, the cauda epididymis was packed with sperm throughout the period of study. Our data indicate that in
this population spermatogenic activity was continuous throughout the year. Slight variations in accumulated frequency
of pre-meiotic, meiotic and post-meiotic stages of the seminiferous epithelium cycle were observed when compared to
other bat species, probably due to species-specific characteristics.
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The large fruit-eating phyllostomid bat, Artibeus lituratus
(Olfers, 1818), is widely distributed in the Neotropical region;
it occurs from Central Mexico, the Lesser Antilles, Trinidad
and Tobago, south to North-central Argentina. It occupies a
variety of habitats from the sea level to at least 2,620 m
(MarQuEes-Acuiar 2007). This bat features a large body (mass 66-
82 g), with forearm length exceeding 70 mm (Vizorro & TADDEL
1973), white facial stripes, and brown body color, although
grayish individuals occur in some regions (Res et al. 2007).

Differences in the reproductive traits of A. lituratus, re-
ported by various authors, have been attributed to its wide
area of occurrence. A bimodal pattern of reproduction with a
minor birth peak during the dry season and a main birth peak
in the rainy season have been observed in Panama and Costa
Rica (FLemING et al. 1972), and Brazil (Reis 1989). Based on analy-
sis of seasonal testis activity in Southeastern Brazil, OLivEira et
al. (2009) reported that the reproductive period of this bat co-
incides with the rainy season, and is followed by testicular re-
gression before a new cycle of testicular recrudescence.
However, in other studies, males have been considered fertile
year-round, since they exhibit continuous spermatogenesis
(TamsitT & Varpivieso 1963, Duarte & Taramont 2010).

The well-defined rainy season of Southeastern Brazil is
characterized by abundant rainfall associated with high tem-

peratures and humidity (SA Junior et al. 2012). Rains are essen-
tial for seed germination and for the fruits that large fruit-eat-
ing bats depend on. The dry season is characterized by shortage
in rainfall, flowers and food. Despite apparently unfavorable
environmental conditions, females of some species reproduce
during the dry season and the birth of their offspring coin-
cides with fruiting in the next rainy season (Racey 1982).

In mammals, germ cells are arranged in typical cell asso-
ciations known as stages (Franca et al. 2005, Hess & Franca
2007). These stages follow one another in time, characterizing
the seminiferous epithelium cycle. Based on the tubular mor-
phology method, eight stages have been described for the se-
miniferous epithelium cycle of mammals (BernpTson 1977
Franca & RusseLL 1998), including Neotropical bats (BEGUELINI
et al. 2009, Ouiveira et al. 2009, Moras et al. 2013).

In this paper, we evaluated data obtained on testis and
epididymis mass, gonadosomatic index, diameter of seminif-
erous tubules, and Leydig cell nucleus diameter in order to
determine whether there are variations in the annual repro-
ductive activity of large fruit-eating bat males. The data were
grouped into rainy and dry seasons, since these are two major
seasonal variables that affect bat reproduction in the Neotropics
(Racey & EntwistLe 2000). We registered the occurrence of sperm
in the cauda epididymis during the period of study. Finally, we
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characterized the stages of the seminiferous epithelium cycle
and their relative frequency of occurrence, which were then
analyzed and compared with respect to the rainy-dry seasons.

MATERIAL AND METHODS

The study was conducted in the Special Protection Area
of Fechos (SPA Fechos), an area with 1,076 ha, 1,400 m above
sea level in the state of Minas Gerais, Southeastern Brazil (20°04’S,
43°57'W). SPA Fechos consists of semideciduous forest fragments,
typical of the Atlantic Forest. As in the remaining of Southeast-
ern Brazil, SPA Fechos is subject to a well defined rainy season
(from October to March) and a dry season (from April to Sep-
tember) (SA Junior et al. 2012). Rainfall in the area during the
period of study was 1,457.8 mm. November and January had
the highest rainfall values, 321.7 mm and 276.8 mm, respec-
tively. During the same period, the monthly average tempera-
tures ranged from 10.8 to 29.2°C. December to March was the
hottest period, with mean temperature 21.3°C, and July to Sep-
tember was the coolest period, with mean temperature 16.9°C.

The bats were captured monthly on two consecutive
nights from December 2001 to January 2003, using mist nets
left in the forest from 18:00 to 24:00 h, following the proce-
dures described in Duarte & Taramont (2010). Thirty-three adult
males were captured and killed with an overdose of ether fol-
lowed by cervical dislocation. They were categorized as adults
when they displayed ossified epiphyseal plates in the metacar-
pal and phalangeal bones (AnTHONY 1988). At the time of cap-
ture, the body mass and position of the testis in relation to the
scrotum were registered.

Scrotal testes and respective epididymides were removed
and weighed. The gonadosomatic index (GSI = mass of testis x
200/body mass) was calculated for each bat. Since the left and
right testis and the epididymis did not present significant mass
differences (p > 0.05), the left testis and epididymis were cut
into fragments and fixed in Bouin solution for 8-12 hours. The
fragments were subjected to routine histological techniques for
embedding in plastic resin and 5 nm-thick histological sections
stained in toluidine blue were obtained. Two-hundred near cir-
cular cross-sections of seminiferous tubules from 24 bats were
digitally photographed in an optical microscope and had their
diameter measured using Image J (Rassanp 2012). They were also
used to categorize the stages of the seminiferous epithelium cycle,
using the method of tubular morphology (CrermonT 1972,
BernDTSON 1977, Franca & Gobpinao 2003), based on the follow-
ing characteristics: shape of spermatid nuclei, occurrence of
meiotic divisions, and position of spermatids in the seminifer-
ous epithelium. We also measured the diameter of 10 Leydig
cell nuclei close to the seminiferous tubules in stage 1 of the
seminiferous epithelium cycle from each of 15 bats.

Bat capture and handling were conducted according to
guidelines of the Brazilian National Council for the Control of
Animal Experimentation (CONCEA), which are aligned with

ZOOLOGIA 32 (3): 195-200, June 2015

standard international norms. This study was carried out un-
der license (# 206/2001) granted by the Brazilian Institute of
Natural Environment and Renewable Resources (IBAMA). The
bats are deposited in the collection of the Pontifical Catholic
University of Minas Gerais, Belo Horizonte, MG, Brazil.

Data are presented as mean + SD (standard deviation). They
were initially tested for normality. Variations in testis param-
eters obtained in the rainy and dry seasons were evaluated by
the Student’s t test (p < 0.05). Since GSI did not present normal
distribution, the non-parametric Mann-Whitney test was used.
The relative frequencies of the stages of the seminiferous epithe-
lium cycle were subjected to chi-square test (x?) for comparison
between the rainy and the dry seasons (SokaL & RoHLr 1995).

RESULTS

Corporal and testis parameters

We registered no statistically significant variation in the
parameters analyzed between the rainy and the dry seasons
(Table 1). All captured bats had functional spermatogenic tes-
tis and cauda epididymis packed with spermatozoa (Fig. 1).

in activity (diameter, 194 + 8 um). Note elongated spermatids
(ES) and abundant spermatozoa in the lumen (*). Insert shows
transverse section of cauda epididymis packed with spermatozoa.
H-E stain. Scale bars: 69 um.

Stages of the seminiferous epithelium cycle

We characterized eight stages of the seminiferous epi-
thelium cycle (SEC) of the large fruit-eating bat (Figs. 2-9) ac-
cording to the tubular morphology method. Most cross-sections
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Table 1. Mean values (+ 1 Standard Deviation) of corporal mass (CM, g), testis mass (TM, g), epididymis mass (EM, g), gonadosomatic
index (GSI), diameter of the seminiferous tubules (DST, um) and diameter of the Leydig cell nucleus (DLC, um) of the large fruit-eating
bat in rainy and dry seasons (respective sample sizes in parenthesis) of December 2001 to January 2003.

Season CM (13,15) ™ (13, 15) EM (11, 12) GSI (13, 15) DST (12,12) DLC (8, 8)
Rainy 67.3+4.6 0.13 £ 0.05 0.02 +0.01 0.37+0.15 197 £10 6.37 £0.51
Dry 66.8 + 6.0 0.12 £ 0.07 0.03 £ 0.02 0.36 +£ 0.20 190+ 5 6.37 £0.51
Student’s t-test 0.27 0.24 -0.36 83.5* 0.72 0.00
Significance level ns ns ns ns ns ns

ns = p > 0.05; * = Mann-Whitney test.

of seminiferous tubules contained cell associations of only one
stage. On rare occasions when two stages were present only
the one occupying the largest cross-section area was registered.
Composition and spatial arrangement of cells in each stage of
the SEC are presented below.

Stage 1 was characterized by the presence of one genera-
tion of round spermatids in the upper part of the seminiferous
epithelium bordering the lumen (R, Fig. 2). Two generations
of primary spermatocytes were registered. The most advanced
one was pachytene spermatocytes placed deeper in the semin-
iferous epithelium and close to round spermatids (P, Fig. 2),
whereas preleptotene spermatocytes (P1, Fig. 2) were located
next to the basement membrane. Type-A spermatogonia (A,
Fig. 2) rested on the basement membrane. Sertoli cell nuclei
(S, Fig. 2) were situated close to basement membrane in this
stage as well as in the remaining stages of the SEC. Leydig cells
(Ly, Fig. 2) occupied the intertubular space.

Stage 2. Spermatids (E, Fig. 3) in process of nuclear elon-
gation characterized this stage. It also exhibited type-A sper-
matogonia (not shown in Fig. 3) resting on basement
membrane, as well leptotene spermatocytes (L, Fig. 3) and one
or two layers of pachytene spermatocytes (P, Fig. 3). Sertoli cell
nuclei (S, Fig. 3) and Leydig cells (Ly, Fig. 3) showed character-
istics similar to those of the previous stage.

Stage 3. Elongated spermatid nuclei were arranged in
bundles (ES, Fig. 4) and occupied the intermediate portion of
the seminiferous epithelium. Two generations of primary sper-
matocytes were still seen in this stage: one generation at zygo-
tene (Z, Fig. 4), and the other at pachytene or diplotene (D,
Fig. 4). Type-A spermatogonia and Sertoli cell nuclei (not shown
in Fig. 4) resting on basement membrane completed the cell
composition of this stage.

Stage 4. The presence of meiotic divisions (M, Fig. 5)
characterized this stage: primary spermatocytes divided into
secondary spermatocytes (D/II) which then divided to give rise
to round spermatids. Zygotene (Z, Fig. 5) and diplotene sper-
matocytes (not shown in Fig. 5), and bundles of elongated sper-
matid nuclei (ES, Fig. 5) in the upper region of the seminiferous
epithelium were also registered (Fig. 5). Sertoli cell nuclei (S,
Fig. 5) and type A-spermatogonia (not shown in Fig. 5) had
similar position and morphology to those of previous stages.

Stage 5 was characterized by the presence of newly-

formed round spermatids (R, Fig. 6), and by an older genera-
tion of elongated spermatids with nuclei arranged in bundles
(ES, Fig. 6). Spermatocytes at the transition zygotene/pachytene
(Z/P, Fig. 6) were also observed. Sertoli cell nuclei (S, Fig. 6)
and type-A spermatogonia (not indicated in this Fig. 6) had
similar morphology and occupied same positions as in previ-
ous stages.

Stage 6. Most bundles of elongated spermatid nuclei were
now next to the lumen of the seminiferous epithelium, whereas
the remaining ones were located deeper in the seminiferous
epithelium. Type-B spermatogonia (not indicated in this Fig.
7) were first seen in this stage along with type-A spermatogo-
nia (A, Fig. 7). Spermatocytes at pachytene (P, Fig. 7) and lay-
ers of round spermatids (R, Fig. 7) were also present.

Stage 7. Loosen bundles of elongated spermatid nuclei
(ES, Fig. 8) next to the lumen of the seminiferous tubule char-
acterized this stage. Various layers of round spermatids (R, Fig.
8) were registered interspersed among pachytene spermatocytes
(P, Fig. 8). Type-A and type-B spermatogonia (not shown in
this Fig. 8), and Sertoli cell nuclei (S, Fig. 8) appeared close to
basement membrane.

Stage 8. This stage was characterized by elongated sper-
matid nuclei (ES, Fig. 9) bordering the seminiferous epithe-
lium. Several residual bodies (RB, Fig. 9) near elongated
spermatid nuclei also characterized this stage. Type-A and type-
B spermatogonia (not shown in this Fig. 9) rested on basement
membrane. One layer of preleptotene spermatocytes (P, Fig.
9) which originated from type B spermatogonia, pachytene
spermatocytes (P, Fig. 9), and round spermatids (R, Fig. 9) were
also present.

Frequency of stages of the seminiferous epithelium
cycle

The relative frequencies of stages of the SEC are shown
in Fig. 10; no significant differences were found between stage
frequencies in the rainy and the dry seasons (x> = 4.307, p >
0.05, n = 8 and 8, respectively). Stages 1 and 7 were the most
frequent, and stages 2 and 5 the least frequent. The accumu-
lated relative frequency of pre-meiotic stages (stages 1 to 3)
was 40 = 7.7% and that of post-meiotic stages (stages 5-8) was
49 + 5.6%. The meiotic stage, corresponding to stage 4, was 12
+4.2%.
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Figures 2-9. Stages 1-4 of the seminiferous epithelium cycle of the large fruit-eating bat based on the tubular morphology method. (2)

Stage 1 contains Sertoli cell (S), type-A spermatogonium (A), preleptotene primary spermatocyte (Pl), pachytene primary spermatocyte
(P), round spermatid (R), besides Leydig cells (Ly) in the intertubular space. (3) Stage 2 presents Sertoli cell (S), leptotene primary
spermatocyte (L), pachytene primary spermatocyte (P) and elongating spermatid (E), besides Leydig cell (Ly). (4) Stage 3 contains
Sertoli cell (S), zygotene primary spermatocyte (Z), diplotene primary spermatocyte (D) and elongated spermatid (ES). (5) Stage 4
contains Sertoli cell (S), zygotene primary spermatocyte (Z), diplotene primary spermatocyte (D), meiotic figure (M) and elongated
spermatid (ES). (6) Stage 5 contains Sertoli cell (S), zygotene/pachytene primary spermatocyte (Z/P), round spermatid (R) and elon-
gated spermatid (ES). (7) Stage 6 presents type-A spermatogonium (A), pachytene primary spermatocyte (P), round spermatid (R) and
elongated spermatid (ES). (8) Stage 7 presents Sertoli cell (S), pachytene spermatocyte (P), round spermatid (R) and elongated sperma-
tid (ES). (9) Stage 8 contains preleptotene primary spermatocyte (Pl), pachytene spermatocyte (P), round spermatid (R), elongated

spermatid (ES) and residual bodies (RB). H-E stain. Scale bars: 61 ym.

DISCUSSION

None of the morphometric parameters of the large fruit-
eating bat, i.e. testis and epididymis masses, seminiferous tu-
bule diameter, and diameter of Leydig cell nucleus changed
significantly between the rainy and the dry seasons. This con-
firms that continuous spermatogenic activity is taking place,
as first described by Duarte & Taramont (2010) for this species
in the Atlantic Forest, Southeastern Brazil. The cauda epididy-
mis packed with spermatozoa throughout the study period was
also evidence of male continuous reproductive capacity. Testis
regression and recrudescence during the annual reproductive
cycle (Ouverra et al. 2009) were not registered in our study. A
recent study on the reproductive cycle of the congeneric
Artibeus planirostris (Spix, 1823) in Brazil also indicates con-
tinuous spermatogenic activity based on constant production
of spermatozoa and their retention/storage in the cauda epid-
idymis (BecueLint et al. 2013). Similar results have been shown
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for other phyllostomid fruit-eating bats, i.e. Artibeus jamaicensis
Leach, 1821, Artibeus intermedius Allen, 1897, and Dermanura
phaeotis (Miller, 1902), from Mexico, in which males present
reproductive activity throughout the year while females tend
to be polyestric (MonTIEL et al. 2011).

The organization of large fruit-eating bat colonies into a
harem system (Morrison 1980), also reported for A. planirostris
(BeGUELINI et al. 2013), results in polygynous behavior (WiLsoN
1979). Mammals exhibiting this reproductive behavior have
usually low testis mass (Kexagy & TromsuLak 1986) which would
explain the low GSI value recorded in the present study. Con-
trarily, other microchiropterans organized in large social groups
face increased risk of sperm competition, which results in
greater investment in spermatogenesis (Hosken 1997), and con-
sequently larger GSI. BegueLint et al. (2013) showed that GSI
values also accompany the two pronounced annual peaks of
spermatogenesis in A. planirostris. According to latter authors,
despite the annual continuous spermatogenic production, GSI
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Stage 1 2 3
Frequency (%) 16+4.2  11+0.0 13+3.5

12442 9+1.4 10£0.7

4 5 6 7 8

1714  13+£21

Figure 10. Cell composition and frequency (%) of the stages (1-8) of the cycle (I-IV) of the seminiferous epithelium of the large fruit-eating
bat; column width, representing each stage, is proportional to its frequency. (A) Type-A spermatogonium, (B) type-B spermatogonium,
(Pl) primary spermatocytes in preleptotene, (L) primary spermatocytes in leptotene, (Z) primary spermatocytes in zygotene, (P) primary
spermatocytes in pachytene, (D) primary spermatocytes in diplotene, (Il) secondary spermatocytes, (R) round spermatids, (E) elongating

spermatids, (ES) elongated spermatids.

peaks possibly express a spermatic production needed to syn-
chronize with the bimodal reproductive cycle of females. Thus,
monoestry categorization, as suggested for this bat population
(Duarte & Taramont 2010), or bimodal polyestry, as observed
for other phyllostomids, should be only ascribed after evaluat-
ing the female’s reproductive cycle.

Three basic types of mammalian spermatogonium rec-
ognized under routine microscopy, namely type-A, intermedi-
ate, and type-B, are also registered in bats (BecueLini et al. 2009,
Ouveira et al. 2009). However, most likely due to technical rea-
sons, we did not identify intermediate types of spermatogo-
nium in the large fruit-eating bats of the present study.

As in non-primate mammals (LeaL & Franca 2006), cross-
sections of seminiferous tubules of large fruit-eating bats show
cell associations belonging to a single stage of the SEC. The
eight stages of the SEC previously described for this species
(BegueLint et al. 2009) have been confirmed in the present study.
In general, the cellular composition of these stages is similar
to that of other mammals, including other Neotropical
phyllostomids (BeGueLint et al. 2009, Oviveira et al. 2009, Morais
et al. 2013). One exception is the vespertilionid Myotis nigricans,
in which different cell associations occur in cross-sections of
the seminiferous tubule (BecutLint et al. 2009). The species-con-
stant relative frequencies of stages of the SEC (Hess & Franca
2007) were confirmed by our study and, similarly to the re-

sults of a study on Sturnira lilium (E. Geoffroy, 1810) (Morals et
al. 2013), no differences were detected between the rainy and
the dry seasons. The smaller accumulated frequency of pre-
meiotic stages with respect to post-meiotic stages, obtained in
the present study, was similar to the results of BEGueLint (2009).

In conclusion, the spermatogenic activity of large fruit-
eating bats from the Atlantic Forest in Southeastern Brazil was
continuous throughout rainy and dry seasons. Cell associa-
tions and the relative frequency of the eight stages of the se-
miniferous epithelium cycle, categorized by the tubular
morphology method, presented no significant differences be-
tween the rainy and the dry seasons.
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