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Ptenochirus jagori (Megachiroptera, Pteropodidae) is a tropical cynopterine fruit bat restricted to the
Philippine islands. Samples of bats were obtained over 4 years, and reproductive tracts were preserved
and examined using standard histological techniques. Reproductive status also was recorded for bats
captured, marked, and released. A facultative post-implantational delay in embryonic development
was detected in young P. jagori females reproducing for the first time. The delay occurred at the
stage of gastrulation and could last up to 5 months. Adult females showed little evidence of a delay
in development. With this-delay, young females gave birth only once in their first year and synchro-
nized parturitions with those of adults. Adult females had a gestation period of 4 months and gave
birth twice a year, once in late March and early April and once in August. Morphology of early
development was similar to that of other cynopterine fruit bats. The evolution and significance of a
post-implantational delay in development are discussed.
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Fitness of an individual often depends
critically on its reproductive strategy, which
may vary dramatically with age. An inex-
perienced young animal may achieve higher
lifetime reproductive success by following
a conservative reproductive strategy until it
gains experience and then switching to a
riskier strategy involving greater reproduc-
tive investment and potential for greater
production of offspring later in life.

The order Chiroptera includes a remark-
ably broad range of variation in reproduc-
tive strategies, morphology, and physiol-
ogy, including much of the variation seen
across all other orders of mammals and a
number of unique specializations (Moss-
man, 1987; Racey, 1982). Bats time repro-
duction using periods of reproductive qui-
escence, sperm storage by both males and
females, delayed ovulation and fertilization,
delayed implantation, and delayed devel-
opment (Racey, 1982). Bats make use of a
variety of environmental signals and endog-
enous rhythms to time reproductive events
(Beasley, 1985-1986; Heideman and Bron-
son, 1994; Martin et al., 1995). These strat-
egies allow bats to achieve a high degree of
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synchrony of births, even in the tropics.
Correlational evidence from many studies
suggests that natural selection often has fa-
vored reproductive timing that synchronizes
late pregnancy, lactation, or weaning with
peaks in food resources (Dinerstein, 1986;
Racey, 1982).

A rare and poorly understood method of
regulating reproductive timing is known
only in bats—post-implantational delayed
development (Bradshaw, 1962; Fleming et
al., 1972), in which implanted embryos halt
or nearly halt development for periods up
to 8 months (Heideman, 1989a). The delay
occurs at a specific stage of development,
generally just before or at gastrulation. The
period of delay is similar for all females in
some species (Bleier, 1975; Fleming et al.,
1972) but can be highly variable in others
(Heideman, 1988, 19894). Delays do not
require lowered body temperature (Bumns et
al., 1972), unlike periods of retarded em-
bryonic growth that occur in many species
of bats at times when body temperature is
reduced (Heideman, in press; Racey, 1982).
Delayed development has been described
only in a few species of bats in several fam-
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ilies (Bradshaw, 1962; Fleming, 1971; Hei-
deman et al., 1993; Rasweiler and Badwaik,
1997), including examples in three genera
of cynopterine megachiropterans (Heide-
man, 1988, 19894; Heideman et al., 1993).
In addition, evidence from changes in uter-
ine mass during pregnancy suggests that de-
layed development may occur in Cynopte-
rus sphinx (Krishna and Dominic, 1983).
The ability of embryos to halt embryonic
development implies existence of a devel-
opmental switch whose physiological and
molecular mechanisms are unknown.

We report a difference in reproductive
strategies between young female Ptenochi-
rus jagori (Megachiroptera, Pteropodidae)
in their first reproductive attempt and older
parous females. Most young females appar-
ently incorporate a facultative developmen-
tal delay into their first pregnancy, but there
is no (or little) such delay in older females.
Use of delayed development may allow
greater flexibility of reproductive timing in
young females.

Our objectives were to 1) describe a post-
implantational delay in development in the
embryos of young adult female P. jagori,
2) describe timing of early development in
this context, 3) compare patterns and timing
of reproduction in young and full adult P.
Jjagori, and 4) discuss the evolution and sig-
nificance of a post-implantational delay in
development.

MATERIALS AND METHODS

Data were collected between 1979 and 1984
in the Lake Balinsasayao watershed on Negros
Island in the Philippine Archipelago (9°11'N,
121°23'E). Specimens were deposited in the col-
lection of the University of Michigan Museum
of Zoology. Additional data were collected from
individuals released as part of a population study
(Heideman and Heaney, 1989). The study area
was mainly primary forest. Mean annual tem-
perature was 22°C, with a mean low of 19°C and
mean high of 25°C (Heideman and Erickson,
1987). Total annual rainfall at the site is ca.
3,100 mm; moderate seasonal differences in
rainfall resulted in a mild dry season from
March to May (Heideman and Heaney, 1989).
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Flower and fruit production tended to be mildly
seasonal, with a peak in flowering in the dry
season and early wet season and a small, but
statistically non-significant, peak in fruiting at
the beginning of the wet season (Heideman,
19895). A more detailed description of the study
area and collection methods was presented by
Heideman and Heaney (1989).

Ptenochirus jagori is a tropical frugivore with
an average weight of 87 g (Heideman and Hea-
ney, 1989) and a diet including figs (Ficus) and
wild bananas (Musa); other fruits, leaves, and
flowers are likely food resources (Heideman and
Heaney, 1992; Utzurrum, 1984, 1995; Utzurrum
and Heideman, 1991). This tropical cynopterine
fruit bat is restricted to the Philippine Islands
(Heaney et al., 1987) where it is locally abun-
dant (Heideman and Heaney, 1989; Ingle, 1992).
On Negros Island, there are two annual birth
peaks, one in early March and one in early Au-
gust (Heideman, 1995); on Luzon, the two birth
periods occur in late April/early May and Sep-
tember (Ingle, 1992; Mudar and Allen, 1986).
Gestation in adults is ca. 4 months, followed by
2-3 months of lactation (Heideman, 1995).

Specimens described here were collected in
June 1981 and monthly from June 1982 to June
1983; others captured in 1984 were examined
for reproductive condition and released. Ninety-
six of 225 females captured between 1981 and
1983 were selected for reproductive necropsies.
For these females, teat size, development of
mammary tissue, lactational status, greatest
length of conceptus (embryo with surrounding
fetal and maternal tissue, including the uterus),
ovarian size, and ovarian color variation were
recorded. Reproductive tracts were removed,
fixed in Bouin’s solution, dehydrated in a graded
ethanol series, embedded in Paraplast, serially
sectioned at 5-10 pm, and stained with hema-
toxylin and eosin or a modified Crossman-Mal-
lory trichrome stain for light microscopy.

The other females were marked and released
after external examination to determine repro-
ductive status, including palpation for embryos.
Bats were assigned to age classes on the basis
of wing-joint development and teat size. Full
adults, recognized by fused phalangeal epiphy-
ses and “knobby” joints, had medium or large
teats (Barbour and Davis, 1969; Heideman,
1988). Young adults were defined as females
that had not yet completed growth of the epiph-
yses or still had small teats; pregnant females
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with these characteristics were assumed to be
reproducing for the first time. Only females =68
g were included in analyses and illustrated in
figures because although many females that
weighed 68 g were pregnant, none weighing
<68 g were pregnant. Subadults were defined as
females that weighed <68 g, had unfused pha-
langeal epiphyses and joints that appeared swol-
len in comparison to adults, had tiny teats, and
were not pregnant.

Accuracy rates for palpation were determined
using data from necropsied bats. Palpation for
embryos was conducted before reproductive
necropsy, and results were used to assess the er-
ror rate for detection of embryos and for the
estimation of size of embryos. Ninety-six per-
cent of females were categorized correctly as
palpably pregnant or not palpably pregnant
(where palpably pregnant refers to presence of
embryos >2 mm). Non-pregnant females and fe-
males with a conceptus =5 mm in greatest
length were most likely to be assessed incor-
rectly. In this group, 94% were categorized cor-
rectly, but 98% of females carrying a conceptus
>5 mm were identified correctly as pregnant.
Unimplanted embryos were undectable by pal-
pation, and some early implanting embryos also
were undetectable by palpation. Estimates of
conceptus size by palpation were generally with-
in 1-3 mm of actual embryo sizes; 84% of es-
timates from palpation were within 20% of the
actual size. It is worth noting that skill and ac-
curacy of assessment of pregnancy by palpation
of small embryos were facilitated by the im-
mediate feedback provided by necropsy and
measurement of embryos immediately after pal-
pation of some females of P. jagori and other
species. All P values are from binomial tests
(Sokal and Rohlf, 1981). Differences were con-
sidered significant if P < 0.05.

RESULTS

Reproductive morphology.—The single
pair of pectoral mammae have teats that
were large (ca. 5 mm in length and 5 mm
in width) and conspicuous on females that
had nursed previously; teats were small (ca.
1 mm in length and width) and flat against
the body on most young adult and all sub-
adult females. Teats of young females were
small until the first pregnancy, during
which the teats grew, and by mid-pregnan-

cy, teats of some young females were sim-
ilar in size to those of adults. Teats become
larger still during the first period of suck-
ling and apparently remained large there-
after.

Ovaries were 1-2 mm in diameter. Pres-
ence of corpora lutea was sometimes de-
tectable macroscopically, and in some
cases, a 2-mm ovary swollen with a corpus
Iuteum could be detected by palpation as a
second swelling just cranial to the concep-
tus. The ovarian bursa enclosed the ovary
completely except for a small slit-shaped
opening at the point where the infundibu-
lum contacts or nearly contacts the uterus
(Figs. 1a, 1b, and 1c). The oviduct curved
cranially from the infundibulum over the
ovary and then projected caudally to meet
and open into the cranial tip of the uterus.

Ptenochirus jagori has a long duplex
uterus. Quiescent uteri were 4-9 mm in
length and 1 mm in diameter. The uteri join
superficially at the cervix. In formalin-pre-
served specimens, the vulva was partially
covered by a thick fold of skin, but this was
not observed in live females.

In cross-section, the quiescent uterus had
a small lumen and moderate development
of uterine glands. P. jagori exhibited a
slight uterine progestational reaction. For
both young and full adults with tubal zy-
gotes or pre-implantation embryos, the cra-
nial one-fourth of the ipsilateral uterine
horn was larger in diameter by 29% (n =
5) than the corresponding contralateral
horn. In contrast, size differences between
the two uterine horns of nonpregnant bats
were small (range 0—7%). In the area of the
progestational reaction, uterine glands were
longer and uterine tissue had hypertrophied
to the point that the uterine lumen was com-
pressed closed. For young adults and adults
with implanting embryos, the increase in
diameter of the progestational horn ranged
from 1-33% (n = 5) due to the increased
development of uterine glands relative to
the contralateral horn. In females with tubal
zygotes and in some females with implant-
ing embryos, epithelial cells of the proges-
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FIG. 2.—Reproductive status and developmental stages of embryos from adult and young adult P.
Jjagori from June 1981 and from June 1982 to June 1983. Circles represent females whose repro-
ductive tracts were autopsied; squares represent those marked and released. The large squares rep-
resent 15 and 13 individuals in the adult and young adult graphs, respectively. An open symbol
indicates lactation; lactation in females with near-term embryos is not shown in the figure. Arrow-
heads indicate females resorbing an embryo. All marked and released embryos with uterine swellings
of 2.5-5 mm are categorized as having gastrulation stage embryos, although it is possible that several

did not.

tational region were elongated relative to
those of the contralateral uterine horn.

A post-parturient uterine horn was char-
acterized by large diameter (up to 5 mm in
preserved specimens) and an irregularly
shaped lumen filled with cellular debris and
red blood cells, with the surrounding epi-
thelial layer damaged or missing. One fe-
male with a tubal blastocyst of ca. 250 cells
had a post-parturient uterine horn on the
contralateral side. Because this female
probably conceived after parturition and de-
velopment to this stage is likely to require
more than 1 week (e.g., Rasweiler, 1979),
this suggests that recovery of the post-par-
turient horn may require at least 1-2 weeks.

Ovulation and fertilization.—Primary,
secondary, early antral, and atretic follicles
were found in both ovaries in all months.
Follicies with larger antra were present in
April and in September/October for adult

females. Two adults were observed to have
large tertiary follicles, one on 5 November
1982 and one on 7 April 1983 (Fig. ic).
For adult females, ovulation took place
in late March and April and then again in
October and early November (Fig. 2). For
most young adult females, ovulation oc-
curred in November and early December,
ca. 1 month later, on average, than ovula-
tion in adults (Fig. 2). Three young females
had implanting blastocysts in February and
March, suggesting that some individuals
ovulate even later. Two of these females
each had a single corpus albicans in the
contralateral ovary, indicating a probable
earlier ovulation that apparently did not re-
sult in successful pregnancy. One young fe-
male collected in late August had a tri-
ovular secondary follicle, suggesting that
polyovulation may occur rarely in this spe-
cies. No other such follicles were observed.
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Twins have been observed in an adult fe-
male P. jagori on Maripipi Island (P. D.
Heideman, in litt.).

Spermatozoa were found in uteri of fe-
males captured in all months except March,
July, and September, suggesting that mating
occurred at almost any time of year. How-
ever, only 3 of 21 females had sperm in
their uteri during the period from late June
through October, when no females were
captured with early embryos. Presence of
spermatozoa in uteri of females that lacked
mature pre-ovulatory follicles suggested
that mating was not tied closely to ovula-
tion in P. jagori. Spermatozoa were found
in uteri of six of 10 females that had not
ovulated and also lacked large preovulatory
follicles. Most females with embryos at ear-
ly stages of development also had sperma-
tozoa in their uteri. Uteri of three of four
females with unimplanted tubal or uterine
embryos contained spermatozoa, as did
uteri of five of eight females with early im-
planting embryos, seven of nine females
with implanted embryos at various stages
of gastrulation, and three of six females
with somite-stage embryos. The vagina of
one female that was pregnant with a gastru-
lating embryo contained a firm white mass
that appeared to be a sperm plug, and her
uterus contained large numbers of sperma-
tozoa. None of six females with embryos in
the last third of pregnancy had spermatozoa
in their uteri. Only 1 of 11 females that
were lactating or had recently given birth
had spermatozoa in her uterus, but most of
these females (n = 9) were captured in July
and September when no females were con-
ceiving.

Pregnant females had only a single cor-
pus luteum (Fig. 1b), and ovulation was as-
sumed to have occurred from the ovary
containing the corpus luteum. Number of
ovulations from the right and left ovaries
did not differ significantly (27 right, 31 left;
P > 0.05). In six of six cases, tertiary fol-
licles or tubal embryos occurred contralat-
eral to a corpus albicans or post-parturient
uterine horn. Therefore, it appeared that P.
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Jjagori exhibited alternating ovulation (6
contralateral to last pregnancy, O ipsilateral;
P < 0.05). Number of ovulations and im-
plantations on each side was not statistically
different for young adults (14 right, 9 left;
P > 0.50) or for adults (13 right, 20 left; P
> 0.50), and therefore, P. jagori does not
exhibit ovarian dominance.

All embryos occurred ipsilateral to the
corpus luteum. In females with young em-
bryos (<7 mm), corpora lutea took up 50—
80% of the ovary as a mass of cells with
large amounts of cytoplasm and, in some
females with unimplanted embryos, with
blood-filled spaces (Fig. 1b). In pregnancies
that were near term, corpora lutea showed
signs of regression.

Implantation.—Implantation occurred in
mid-April and mid-November in adults
(Fig. 2). In young adults, the presence of
embryos in gastrulation in early December
indicated that implantation probably had
occurred in November, but young adults
with implanting embryos also were ob-
served in December, February and March
(Fig. 2).

The zona pellucida surrounded three of
three tubal embryos (three morulae at
stages of ca. 64, ca. 130, and ca. 250 cells)
but was not observed surrounding any
preimplantation blastocysts in the uterus.
All preimplantation and implanting blasto-
cysts were centered within the progestation-
al region of the uterus, where hypertrophy
of the uterus and the proliferation of uterine
glands were most extreme (Figs. 1d and
3a).

Initial adhesion of the blastocyst was su-
perficial; the embryo was centered in the
progestational region of the uterus and at-
tached around its entire circumference
(Figs. 1d and 3a). The preimplantation or
earliest implanting blastocyst consisted of
an undifferentiated mass of cells surround-
ed by a layer of columnar trophoblast (Fig.
3a). In places where the developing tropho-
blast and endometrium were in contact, the
uterine epithelium was either degraded or
missing (Fig. 3a). By gastrulation, an em-
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bryo and its trophoblast were embedded
completely within the uterine wall, and by
late gastrulation, a decidua capsularis had
developed, indicating that implantation was
secondarily interstitial (Figs. 3b and 3c).
One embryo was preserved during late
stages of this process (Figs. 3b and 3c); the
trophoblast of this embryo was embedded
completely in uterine tissue, except for a
tiny gap (Fig. 3b, arrow) only a few cells
in width that exposed trophoblast to the
uterine lumen. Throughout the early period
of implantation, the uterine epithelium was
eroded by the proliferating trophoblast,
which also sent cords of cells into uterine
glands. Uterine tissue also hypertrophied
during this period, and the resulting growth
and, eventually, fusion of tissues over the
caudal portion of the trophoblast formed the
decidua capsularis. The implanting blasto-
cyst conformed to the shape of the uterine
lumen at early stages, but at late stages of
implantation, - the yolk-sac cavity had ex-
panded to form a large fluid-filled sphere
containing the embryo.

By completion of implantation, the tro-
phoblast had differentiated into discrete cy-
totrophoblast and syncytiotrophoblast lay-
ers, which penetrated the uterus to a region
containing maternal multinucleate giant
cells (Figs. 3d and 4a). The trophoblast had
surrounded maternal blood spaces by this
stage of development. This stage of implan-
tation was observed as early in develop-
ment as early gastrulation, before meso-
derm induction, and was the case for all
embryos at the stage of neurulation.

At early stages of development, em-
bryoblasts tended not to be oriented toward
the mesometrium but instead were oriented
toward the utero-tubal junction at the cra-
nial end of the uterus. All embryoblasts
were at least slightly oriented toward the
cranial tip of the uterus, and 21 of 27 cases
examined were oriented to within ca. 45° of
craniad.

Early development.—Early in implanta-
tion, the embryoblast was a roughly spher-
ical mass of cells within the blastocoel.
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During implantation, the embryoblast de-
veloped an outer layer of hypoblast (Fig.
3c). A layer of yolk-sac endoderm extended
outward from the hypoblast along Reich-
ert’s membrane, eventually forming the
yolk-sac membrane lining the yolk-sac cav-
ity. The inner core of cells beneath the hy-
poblast layer of the embryoblast differen-
tiated into an outer layer of columnar
epiblast surrounding a central sphere of
cells. At this stage, the embryoblast was a
sphere consisting of an outer layer of pre-
sumptive endoderm surrounding a layer of
presumptive ectoderm, in turn surrounding
an inner spherical core of cells. Just before
gastrulation, the inner spherical core of
cells began to develop a central proamniotic
(primary schizamniotic) cavity. At about
the same time, a secondary proamniotic
(secondary schizamniotic) cavity opened
between the presumptive ectoderm and the
inner core of cells in the region where the
embryoblast was in contact with Reichert’s
membrane (Fig. 4a). The primary cavity in
the center of the inner core of cells expand-
ed as the cells at the cavity boundary de-
generated. The secondary cavity expanded
as the presumptive ectoderm at its bound-
aries elongated, enclosing an increasingly
larger volume (Fig. 4b). Finally, just before
or early in gastrulation, the two schizam-
niotic cavities fused to form a single proam-
niotic cavity (Fig. 4c), and the inner sphere
of cells in later embryos was entirely miss-
ing, while the cavity contained debris.

In embryos during or just after fusion of
the two proamniotic cavities, presumptive
mesoderm appeared between the presump-
tive hypoblast and epiblast (Figs. 4c and
4d). In embryos at later stages, this layer of
mesoderm was continuous with an extraem-
bryonic mesodermal layer between the
yolk-sac endoderm and Reichert’s mem-
brane, and, along the boundary of the
proamniotic cavity, with a layer between
ectoderm and Reichert’s membrane.

Annual reproductive timing in adults.—
Adult P. jagori gave birth to a single off-
spring twice a year, once in late March or
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early April and once in August (Fig. 2).
Following parturition in August, adult fe-
males were anestrous for 3 months. They
entered estrus around the end of October
and early November. In contrast, after par-
turition in March 1983, most adults were
already pregnant by the end of April. We
estimated that gestation length in adult fe-
males was ca. 4 months, because pregnant
adults were first observed in early Novem-
ber 1982, whereas near term and lactating
females were first observed in early March
1983.

Small amounts of milky fluid could be
expressed from teats of females that were
pregnant with near-term embryos in March
or in August. One adult post-parturient fe-
male was lactating in March, all were lac-
tating in April, and about one-half were lac-
tating in May. Most females were lactating
in late August—early September and Octo-
ber, and one-half of the adult females cap-
tured in November also were lactating (Fig.
2).

Annual reproductive timing in young fe-
males.—Most young females captured dur-
ing the period from December to May were
marked and released. However, reproduc-
tive tracts of 18 young females were se-
lected in those months for examination and
sectioning, with a particular focus on fe-
males that were not palpably pregnant or
were of uncertain status (nine of those se-
lected). Every female with a 2.5-5 mm
uterine swelling had an embryo in gastru-
lation, those few with slightly larger uterine
swellings held embryos with somites, those
with uterine swellings =2 mm had implant-
ing embryos or had embryos in gastrula-
tion, and those lacking uterine swellings
were either not pregnant or held a tubal
morula.

Eight young females held embryos in
gastrulation at the stage of amniogenesis,
just before induction of the mesoderm and
embryonic disc formation (Figs. 4a and 4b).
Yolk-sac endoderm, ectoderm, and a
proamniotic cavity were present in all. In
two of those eight embryos, mesoderm was
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just beginning to form (Fig. 4d). Six fe-
males, in all of which the progestational re-
gion of the uterus was =2 mm in diameter,
had tubal or implanting embryos. Interest-
ingly, each of the three females with preim-
plantation or implanting embryos in Feb-
ruary and March had a corpus albicans in
the contralateral ovary, evidence of a pre-
vious ovulation. The two young females
with uterine swellings of 6 and 7 mm had
embryos at the stage of neural tube for-
mation and had somites. Only two of the
18 young females were not pregnant; both
lacked mature pre-ovulatory follicles but
had spermatozoa in their uteri.

There was evidence that most young fe-
males undergo a period of delayed post-im-
plantation development. Young adult fe-
males became pregnant as early as late No-
vember and December, but almost no young
females carried post-gastrulation embryos
during the period between then and May. In
49 of 58 cases (84%), pregnant young fe-
males had uterine swellings of =5 mm in
the 6 months from December through May,
implying that females either repeatedly lost
embryos and were reimpregnated or that
their embryos were in some form of devel-
opmental delay. We found only one young
female with a degenerating embryo during
this period in March, suggesting that few
females were losing embryos. Additional
evidence for a delay in post-implantation
development came from marked and recap-
tured females. Eight young marked preg-
nant females captured early in this period
were recaptured again 40-86 days later;
seven had uterine swellings 3-5 mm in di-
ameter, typical of gastrulation-stage embry-
os, at both captures (Table 1); the eighth
female (#T032) apparently was pregnant,
gave birth, and became pregnant again. In
contrast, this was not true for any of the six
full adult females marked and recaptured
over the same period (Table 1). Our data
suggested that the period of delay for young
females ended in May. Five of six pregnant
young females examined histologically in

June (four in 1981 and two in 1983) and
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TABLE 1.—Young adult and adult females captured twice or three times from November 1982 to
May 1983. T032, B10, B9, and B26 all presumably gave birth and became pregnant again, and
T439, B24, and T451 were recaptured twice. Note there is no significant increase in embryo size of
most young adults, but there is considerable change in embryo size of adult females.

Identification

Embryo size

number Capture date Embryo size (mm) Recapture date (mm)
Young adults T440 6 Dec 1982 3 10 Feb 1983 35
T439 6 Dec 1982 2 6 Feb 1983 4.5
2 May 1983 4
T458 8 Dec 1982 Not pregnant 4 Mar 1983 22
T474 9 Dec 1982 Not pregnant 4 Mar 1983 8
T302 10 Dec 1982 3 19 Jan 1983 5
T503 24 Dec 1982 Not pregnant 5 May 1983 25
TO032 8 Feb 1983 20 2 May 1983 6
T586 4 Mar 1983 Not pregnant 27 Apr 1983 4
T591 4 Mar 1983 4 27 Apr 1983 3
T128 6 Mar 1983 4 28 Apr 1983 3
T381 7 Mar 1983 4 3 May 1983 4
B24 7 Mar 1983 5 28 Apr 1983 4
8 May 1983 4
Adults T414 8 Nov 1982 Not pregnant 7 Feb 1983 20
T447 6 Dec 1982 3 12 Jan 1983 6
T451 7 Dec 1982 4 4 Feb 1983 15
7 Feb 1983 20
B10 6 Mar 1983 40 2 May 1983 4
B9 6 Mar 1983 40 5 May 1983 7
B26 5 Mar 1983 30 8 May 1983 4

‘one young female captured in early July
carried embryos well past gastrulation.
Our data suggested that embryos of a few
young adults may not undergo any delay,
because we found three young adult fe-
males with embryos at stages beyond gas-
trulation in January, February, and March
that were at similar developmental stages to
those of adults at the same period (Fig. 2).
These three young females could have giv-
en birth during or soon after the period of
adult births in late March and April.
Unfortunately, after mid-pregnancy (uter-
ine swellings of 15-20 mm), young adults
were difficult or impossible to distinguish
from adult females because phalangeal
epiphyses were no longer detectable and
teats of pregnant females had developed
dramatically, presumably in response to the
hormonal stimulation accompanying preg-
nancy. As a result, some young adult fe-
males, those in the second half of pregnan-
cy, may have been misrepresented as adults

(Fig. 2). However, no births were identified
outside of the two adult peaks, so we be-
lieve that most young adults gave birth rel-
atively synchronously with the second birth
period of adults in August.

Evidence of similar differences in repro-
ductive strategies for adult and young adult
P. jagori was noted in February and April-
July of 1984. In 14 of 15 cases (93%),
young adult females caught from February
through June had embryos 3-5 mm in size.
In contrast, embryos of adults showed evi-
dence of normal development through two
birth peaks in 1984, the first in late April
and the second in early September (data not
shown).

Resorption of embryos.—We observed
two instances of degenerating embryos. A
lactating adult on 5 November 1982 with
no measurable uterine swelling was found
to have undifferentiated trophoblast tissue,
remnants of Reichart’s membrane, embry-
onic tissue with pycnotic nuclei, and red
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blood cells within the progestational uterus.
Quantity of tissue and specific types of tis-
sue present in this embryo corresponded to
those of an implanting embryo. A non-lac-
tating young adult on 6 March 1983 had a
6-mm uterine swelling with substantial
numbers of red blood cells, connective tis-
sue, and cells with pycnotic or missing nu-
clei filling the uterine lumen. In each of
these females, uterine glands and epitheli-
um were normal in appearance elsewhere in
the uterus.

DiscussION

Reproductive morphology and stages of
early development in P. jagori were gen-
erally similar to those of other cynopterine
fruit bats (Heideman, 1989q; Heideman et
al., 1993; Hood, 1989; Keibel, 1922;
Moghe, 1956). Ovaries of most P. jagori
were subdivided into regions containing
predominantly primary follicles, secondary
and antral follicles, or atretic follicles inter-
mixed with collapsed zonae pellucidae (Fig.
la). Ovulation alternated between the two
ovaries, as in other megachiropterans
(Wimsatt, 1979). A fully developed corpus
luteum can double or triple the volume of
the ovary. Unlike the situation in Haplo-
nycteris fischeri (Heideman, 1989a), the
corpus luteum persisted throughout preg-
nancy, and a corpus albicans was some-
times still apparent early in the next preg-
nancy, although there were signs that the
corpus luteum had begun to regress by late
pregnancy. The slight uterine progestational
reaction (Marshall, 1949; Pow and Martin,
1994) observed in P. jagori was similar to
that described by Gopalakrishna and Karim
(1971) in Rousettus leschenaulti and by
Heideman (1989a) for H. fischeri.

As is typical of megachiropterans, there
was evidence that mating was not restricted
to the short period at ovulation (O’Brien,
1993). Spermatozoa were found in uteri of
females lacking mature pre-ovulatory fol-
licles and females with somite-stage embry-
os weeks after ovulation. Adult females be-
came pregnant soon after parturition in late
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March or early April. However, mating did
not necessarily occur immediately post-par-
tum, because only one of three lactating fe-
males with grossly swollen post-parturient
uteri in April had spermatozoa in her uter-
us; the single inseminated female was the
only one that also was pregnant (with a tub-
al zygote). In addition, one female with a
vaginal sperm plug, presumably from a re-
cent mating, was pregnant with an embryo
in gastrulation. This suggested that females
became sexually receptive before ovulation
and remained receptive throughout early
pregnancy, at least up to the somite stage
of development.

As in other pteropodids, implantation in
P. jagori occured near the cranial tip of the
uterus (Heideman, 1989a; Rasweiler, 1979).
Early embryos were oriented toward the
utero-tubal junction at the cranial tip of the
uterus, as has been reported in Otopteropus
cartilagonodus (Heideman et al., 1993) and
several other species of bats, including the
pteropodid R. leschenaulti (Rasweiler,
1979). Initial attachment was superficial,
but implantation was secondarily intersti-
tial, as is typical of many chiropterans (Ra-
sweiler, 1979). During the early period of
implantation, the uterine epithelium was
eroded by the proliferating trophoblast, and
cords of trophoblast extended into the uter-
ine glands. Uterine tissue also hypertro-
phied during this period, and the resulting
growth and eventual fusion of tissues over
the caudal portion of the trophoblast formed
the decidua capsularis.

Implantation and early development in P.
Jjagori was similar to that of H. fischeri
(Heideman, 1989a) and O. cartilagonodus
(Heideman et al., 1993). Completion of im-
plantation was marked by discrete layers of
cytotrophoblast and syncytiotrophoblast
that terminated at a layer of multinucleate
giant cells (Wimsatt, 1951) and was similar
to the pattern described for H. fischeri (Hei-
deman, 1989a4). We found subtle differ-
ences between early development in the
three Philippine species and descriptions of
early development in an Indian cynopterine,
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Cynopterus sphinx (Gopalakrishna and Kar-
im, 1979; Moghe, 1956). Moghe (1956; and
see Gopalakrishna and Karim, 1979) had
few specimens undergoing amniogenesis,
and from them, suggested that a single
proamniotic cavity was divided into pri-
mary and secondary amniotic cavities by
development and fusion of folds of embry-
onic ectoderm. They suggested that this lay-
er of ectoderm breaks down shortly there-
after, reforming a single cavity. Our speci-
mens of P. jagori, as well as those of other
Philippine cynopterines, showed that 1)
both cavities are interior to the layer of ec-
toderm of the embryoblast, 2) the two cav-
ities developed independently in these spe-
cies, and 3) the two cavities fused following
breakdown of the intervening tissue layer.
As a result, formation of the amniotic cav-
ity in three Philippine species does not in-
volve development and fusion of dorsal
folds of ectoderm. Our examination of the
earlier descriptions (Keibel, 1922; Moghe,
1956) suggests that amniogenesis in Cynop-
terus may actually follow the same pattern
_as that of the Philippine cynopterines. After
fusion of the proamniotic cavities in the
Ptenochirus embryo, a layer of extraem-
bryonic mesoderm was observed between
the yolk-sac endoderm and Reichert’s mem-
brane. This extraembryonic mesoderm was
of uncertain origin; it could have formed in
place (Gopalakrishna and Karim, 1979), or
may have been produced as extensions of
mesoderm migrating from the embryoblast
itself.

In young females, far more embryos in
gastrulation were found than expected. Em-
bryos of adults required ca. 1 month (4
weeks from mid-November to mid-Decem-
ber) or less (2-3 weeks in late April) to
progress through gastrulation, and embryos
of gastrulation stage were found only in
short periods centered in November and
late April-early May (Fig. 2). In contrast,
71% (41 of 58) of pregnant young females
captured from early December to early May
had uterine swellings of 2.5-5 mm, indi-
cating that they were in gastrulation. All but

one of the pregnant young females recap-
tured over this span had embryos within
this size range at both captures. Only one
young female captured at this time held
remnants of a degenerating embryo, sug-
gesting that this pattern was not due to re-
peated reabsorption of embryos followed
by a second pregnancy. Instead, these data
indicate that most young females in this
population undergo a delay in post-implan-
tation development that occurs at about the
time of gastrulation. In some young adult
females, the delay may not occur or is of
short duration, because a few young fe-
males had mid-term embryos in January
and February at similar stages to those of
multiparous adults. Normal development of
delaying embryos of young adult females
resumed in May and June when 7 of 10
young females weighing >68 g had post-
gastrulation embryos.

It is possible that parous adult females
underwent a short period of delayed devel-
opment in December. The period around
gastrulation appears to have been slightly
longer in November-December than in
April-May (Fig. 2). Our data do not allow
us to resolve this question. However, it is
clear that such a delay, if it occurred, lasted
no more than a few weeks in parous adults.

Because of a delay of up to 5 months,
young females underwent a gestation peri-
od that may be up to 9 months in length.
Presence of a few females with pre-gastru-
lation embryos from December to March
indicated that young females became preg-
nant over a span of at least 4 months. This
also suggested that the delay was not of a
fixed length. As a result, some young fe-
males gave birth as early as March (no de-
lay), a few between March—July (variable
length of delay), and most in July or August
(longest delay in development).

Characteristics of embryos in delay are
similar in P. jagori, H. fischeri, and O. car-
tilagonodus (Heideman, 1989a; Heideman
et al., 1993). In all three species, the delay
appears to occur during gastrulation, just
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before and during the time when mesoderm
differentiates and spreads.

Although post-implantation embryonic
development can be slowed by reductions
in body temperature in many species of bats
(Heideman, in press; Racey, 1982), a post-
implantational delay at a particular stage of
embryonic development has been demon-
strated only in a few species of bats (Brad-
shaw, 1962; Fleming, 1971; Heideman,
1989a; Heideman et al., 1993; Rasweiler
and Badwaik, 1997) but may occur in sev-
eral others (Bermard and Meester, 1982;
Krishna and Dominic, 1982, 1983; Mc-
William, 1987; Wimsatt, 1975). In those
species for which histological material is
available, there is evidence that embryonic
development is nearly or entirely halted for
periods of months in or just after gastrula-
tion, shortly after implantation.

The mechanism for these delays is en-
tirely unknown. Although it has been spec-
ulated that limits to the nutrient supply to
the embryo may inhibit development (A. C.
Enders, in litt.), we have found no clear dif-
ferences in vascularization of uteri holding
gastrulating embryos among pteropodids
that do and do not undergo delay (P. D. Hei-
deman, in. litt.). We hypothesize that de-
velopmental delay may be caused by inhi-
bition of one or more genes crucial for gas-
trulation or post-gastrulation development.
Genes involved would need to inhibit not
Jjust growth and development of the embryo
itself but also of the extra-embryonic mem-
branes. It seems plausible that such genes
could act simply by inhibiting development
of mesoderm, which is required for further
development of both the embryo and the
placenta. We propose that inhibition is reg-
ulated by maternal factors and could consist
either of the lack of some necessary stim-
ulatory molecular signal or production of
an inhibitory signal by the mother. In other
species, it has been suggested that delays
might be regulated by maternal thyroxine
(Burns et al., 1972), progesterone (Burns
and Easley, 1977), or prolactin (Richardson,
1979).
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Ptenochirus jagori is the first species in
which delayed development has been re-
ported to play a role in reproductive timing
in one age class, young adults, but not in
another age class, adults. It is unclear why
embryos of many, but not all, young fe-
males undergo delay. It is clear that a long
delay period is not obligatory in this spe-
cies, because adults and, apparently, some
young females do not have developmental
delays. It is possible that young females use
a facultative delay in embryonic develop-
ment to adjust their reproductive effort in
their first year. Late pregnancy and lactation
are the most energetically demanding stages
of development for females (Racey, 1982).
A facultative developmental delay may al-
low young females to conceive and have
the option of giving birth early or postpon-
ing late pregnancy and lactation until con-
ditions are optimal. Thus, young females in
excellent physical condition (and not under
stress—Rasweiler and Badwaik, 1997) in a
good year might give birth in March—April
and produce a second offspring in July—Au-
gust. Those that were not in peak condition
could give birth only once in their first year,
using the delay to postpone parturition until
July—August.

Presence of the delay implies that there
exist mammalian genes and maternal sig-
nals that can halt (or nearly halt) the process
of development at the time of gastrulation,
a period when a series of complex cell
movements, communication, and specifica-
tion and differentiation must occur to per-
mit normal development. Further study of
the delay and its control may help identify
processes that regulate gastrulation and also
may suggest methods for manipulation of
embryos in gastrulation. Widespread occur-
rence of delayed post-implantational devel-
opment in bats suggests that factors that
permit delay in bats are conserved and may
be shared by other groups of mammals.

Ptenochirus jagori is the fourth species
and fourth genus of cynopterine bat for
which there is evidence of delayed embry-
onic development (Heideman, 1989a; Hei-
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deman et al., 1993; Krishna and Dominic,
1983). Cynopterine fruit bats appear to be
particularly likely to incorporate develop-
mental delays into their reproductive strat-
egies. In these species, delays are important
components of the mechanisms that cause
seasonal reproduction. Delays range from 8
months to perhaps as little as a few weeks.
Delays may or may not be obligate, and
their durations appear to be variable, at least
in some species. This suggests that many
characteristics of delay may be readily
modified by natural selection. In discus-
sions of the potential adaptive significance
of reproductive delays in bats, it has been
suggested that use of delays may function
to increase the ability of females to respond
flexibly to conditions in a particular year
(Heideman, 1988), may synchronize repro-
duction in a population (Heideman, 1988;
Racey, 1982), and may function as integral
components of a strategy of seasonal timing
(Bermmard, 1989; Heideman, 1988). All of
these are potentially applicable to P. jagori.

Conservative reproductive strategies
-among young female bats have been re-
ported in at least three families. Young My-
otis lucifugus and Coleura afra females re-
producing for the first time have been re-
ported to resorb embryos under adverse
conditions (McWilliam, 1987; Schowalter
et al., 1979). Resorption of embryos by P.
Jagori and those other species may allow
females to recover quickly from a failed re-
productive attempt. Krishna and Dominic
(1983) report that some C. sphinx young
females undergo a longer gestation period,
presumably through some form of delay, to
synchronize births with older females.
There may be advantages for some or most
young females of P. jagori, C. afra, and C.
sphinx to produce only one young in their
first year, while older, more experienced fe-
males normally reproduce twice annually
(Krishna and Dominic, 1983; McWilliam,
1987).
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