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Summary. The five-striped Indian palm squirrel, Funambulus pennanti,
is a seasonal breeder from January to August. Mature females are
sexually quiescent from September to December; recrudescence of the
gonad starts in late December. The palm squirrel is a reflex ovulator.
A mature female may produce two litters of approximately three young
each in one breeding season. The period of suckling is 6 weeks. Mature
females experience a short period of post-lactational anoestrus during
the breeding season prior to the onset of second oestrus. The role of
exteroceptive factors in regulating the reproductive cycle of the palm
squirrel is discussed.

INTRODUCTION

The female reproductive cycles of a few squirrels have been described: Sciurus
carolinensis (Deanesly & Parkes, 1933; Shorten, 1951), Citellus tridecemlineatus
(Foster, 1934), C. beecheyi (Tomich, 1962) and C. beldingi and C. lateralis
(McKeever, 1963, 1966). The only report on a female Indian palm squirrel is
by Prasad (1951) on Funambulus palmarum of South India.

The striped palm squirrels of the genus Funambulus occur in India and Ceylon.
Funambulus pennanti, included in the subgenus Prasadsciurus, is the common
five-striped palm squirrel of northern India (Moore & Tate, 1965). It is
arboreal in nature and lives in holes of tree trunks close to human habitation.
These squirrels do not hibernate or aestivate and are active throughout the
year despite high summer temperatures (maximum 44 to 46° C) and low winter
temperatures (minimum 0 to 3° C).

MATERIALS AND METHODS

Three hundred squirrels used in this study were trapped alive in Delhi over a
period of 2 years from May 1963 to April 1965. They were obtained from the
wild population and their body weights were recorded to the nearest gram at
autopsy, which was carried out within 24 hr of trapping. Vaginal smears were
examined for spermatozoa. The ovaries, uterus, adrenals and thyroids were
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quickly removed, weighed and fixed in Bouin’s fluid for histological study. The
secretory activity of the mammary glands was also noted.

Sections of the ovary, uterus and vagina were cut at 7 4 and stained with
haematoxylin and eosin.

The number of embryo sites was recorded in pregnant squirrels and the size
of the implantation site was measured to determine the approximate stage of
pregnancy.

The data obtained were analysed statistically.

OBSERVATIONS AND DISCUSSION

The characterization of a squirrel of unknown reproductive history based on
gross as well as histological reproductive criteria is indicated schematically in
the flow-sheet.

Female squirre} of unknown reproductive history

Immature Prepuberal Sexually mature
Parous Non-parous
Qestrous Pregnant Lactating Anoestrus Quies- QOestrous Pregnant
(post-lactation) cent

By gross examination, it is possible to distinguish the following groups of
squirrels:

1. Immature females—mammary glands undeveloped, vagina imperforate,
body weight ranging between 60 and 90 g.

2. Mature females—two pairs of well-developed mammary glands; vulva
swollen and vagina open.

3. Pregnant females—embryos can be detected by palpating the abdomen;
mammary glands are well-developed and vulva large.

4. Lactating females—milk can be expressed from well-developed mammary
glands.

5. Mature females in quiescence—mammary glands are regressed with small
blackened nipples, and small vulva; placental scars in the uterus.

On microscopic examination of sections of the reproductive tract, particularly
of the ovary, further distinctions can be made (a) between parous and non-
parous mature squirrels, and (b) between sexually active females in oestrus and
sexually inactive squirrels in anoestrus during the breeding period.

Vaginal smears, taken regularly for 30-day periods during the breeding
season from squirrels maintained in the laboratory, failed to show the cyclical
change seen in smears of the laboratory rat. Similarly, no pattern was noted in
smears obtained from field squirrels at autopsy. A majority of non-pregnant,
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Breeding cycle of the Indian palm squirrel - 218

mature squirrels (parous and non-parous) collected in January and February
showed the type of vaginal smear seen characteristically at late pro-oestrus in
rats. The smear was thick, clumped and opaque consisting of nucleated
epithelial cells and cornified cells; spermatozoa were also observed in a few
of these smears. The vulva was large and swollen while the vaginal lumen was
lined by five to six layers of cornified eosinophilic cells. Squirrels of this type will
be referred to as the oestrous type in further discussions. In pregnant and lactat-
ing females, however, the smear pattern was indeterminate though leucocytes
were seen in a few pregnant females. The vaginal lumen of parous squirrels in
anoestrus or during quiescence was almost closed and it was not possible to
obtain vaginal smears.

Analysis of our data indicates that the five-striped palm squirrel breeds
seasonally from January to August. Young are born between March and the
end of September. Mature parous females become sexually quiescent from
September to December. Recrudescence of the gonads begins in late December
to reach the active state in January.

No correlation was found between body weights and sexual activity during
different phases of the breeding cycle. The average body weights of mature
females (including non-pregnant, pregnant and lactating female squirrels)
range from 110 to 130 g. Immature squirrels weigh about 60 to 70 g in April
when they first appear in the field, and increase to 100 g as they approach
sexual maturity between January and March of the following year.

Immature females

Immature females occur throughout the year. Maximum numbers of im-
mature animals are found from September to January (38 to 60%;) but only
109 and 7% of the animals trapped in March and April, respectively, are im-
mature (Text-fig. 1).

Since pregnancies occur from February until September, young are born at
different times during this period ; hence immature animals in various phases of
growth and development are available throughout the year. Ovarian weights
range between 4 and 10 mg from April to August and level out between 6 and 7
mg from September till December (Tables 1 and 2). The slight, statistically
insignificant decrease in ovarian weights in June and September could be due
to the admixture in the collection of many immature squirrels born during the
two peaks of pregnancies in March and July. With the approach of maturity
from January to March, ovarian activity is enhanced, resulting in an increase in
weights to prepuberal levels (9 to 13 mg).

In young immature females, 2 to 3 months old, the ovaries contain mainly
naked oocytes and primordial oocytes surrounded by one layer of flattened
epithelial cells. Interstitial tissue is not developed in such ovaries. The uterus is
small and thin and uterine glands are undeveloped.

Prepuberal squirrels, 6 to 8 months old, show early stages of follicular de-
velopment in a graded series from the cortex towards the medulla of the ovary
(PL. 1, Fig. 1). The oocytes of more than 509 of the primordial follicles are
atretic, while atresia in vesicular follicles is mainly of the granulosa cells which
become pycnotic. Interstitial cells with round nuclei but scanty cytoplasm are
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sparsely distributed among the developing follicles. Inmitiation of glandular
activity in the uterus coincides with the differentiation of medium-sized follicles.

Ovarian follicular activity indicative of prepuberal changes occurs in Decem-
ber to January and leads to the onset of oestrus in January. Since the first
litters are born in March, the appearance of puberal animals in oestrus for the
first time in January of the following year indicates a period of immaturity of
about 8 to 10 months. All immature females born at any time during the pre-
vious breeding season become sexually mature by the end of March of the

TaBLE 1
AVERAGE MONTHLY WEIGHTS OF THE OVARIES OF PALM SQUIRRELS
Mature, non-pregnant,
Immature non-lactating Pregnant Lactating
Abs. wt  mg{l00g| Abs.wt mg/l00g| Abs.wt mg/100g] Abs.wt mg/l00g
mg+S.E.  body wt | mg+S.E. bodyvwt | mg+S.E. bodywt | mg+S.E. body wt
January 9-3+0-7 112 20-8+1-7 18-3 — — — —
February | 10-8+1-8 12-5 20-9+1-4 184 250431 19-3 — —
March 132+ 1-6 13-0 234439 230 28-4+2-8 237 24-0+2-3 19-6
April 4-3+0-7 67 19-8+42-0 17-6 235+ 1-4 19-0 20-8+2-5 17-3
May 7-5+0-7 9-6 276453 24-7 30-1+2-8 237 2544+2-4 210
June 6-34+0-4 12-1 26-1+2-8 242 17-5 16-0 20-0+1-0 174
July 84+1-0 10-8 20-5+3-5 18-3 26-5+2-3  23-0 256+6C¢ 207
August 10-5+ 34 11-8 19-14+2-7 18-1 364463 30-8 242437 211
September| 6-4+0-6 7-4 11-5+1-9 11-1 340 255 18-0+2-6 14-5
October 6-740-9 7-5 12:5+1-6 11-0 — — 12-5+3-5 10-1
November| 7-5+0-7 82 13-8+1-2 114 — — 9-3+1-0 7-4
December 6-6+0'5 8-0 15-5+1-5 14-3 —_ — —_ —
TABLE 2
ORGAN WEIGHTS OF PALM SQUIRRELS ARRANGED ACCORDING TO REPRODUCTIVE
CONDITION
) Ovary wt Adrenal wt Thyroid wt Ulterine wt No. of
Condition of squirrels mg+ S.E. mg+ S.E. mg+ S.E. mg+ S.E. animals*
Immature and pre-
puberal females 79+03 29-24+-0-7 9-8+0-3 2524 41 84 (39)
Mature females in breed-
ing season 21-740-9 41-2+1-8 11-1+0-4 291-0+ 301 58 (27)
Pregnant females 27-740-3 42:3+ 14 11-:2+0-4 — 49
Lactating females 21-0+1-2 57-3+0-6 12-64+0-5 232-8+45'5 45 (21)
Parous females in period
of quiescence 13:8+0-7 43-7+0-6 11-6+0-5 586+ 4-1 35 (25)

* Figures in parentheses indicate the number of animals for calculation of uterine weights.

following year. Squirrels born very late in the breeding season (August to
September), which become sexually mature by March of the following year,
appear to have a shorter period of immaturity lasting 7 months.

The period of immaturity in the palm squirrel is much shorter than that in
other squirrels. In Sciurus carolinensis, S. niger and S. vulgaris, puberty is reached
at about 11 to 12 months (Deanesly & Parkes, 1933; Rowlands, 1938; Asdell,
1964).

Downloaded from Bioscientifica.com at 08/25/2022 06:05:32PM
via free access



Breeding cycle of the Indian palm squirrel 215

Mature females

Sexually mature, non-pregnant, non-lactating females are found throughout
the year but are more numerous from October to February (45 to 54%;); their
number decreases during the period March to September (11 to 28%,) when a
large number of mature females are either pregnant or lactating (Text-fig. 1).

Mature and parous squirrelsshow relatively constant ovarian weights through-
out the breeding season (January to August), ranging from 19 to 27 mg. The
variations in ovarian weights during the breeding season are not statistically
significant (£>0-05). The ovarian weights decrease sharply at the beginning of
quiescence in September and range from 11 to 15 mg till the end of December.
Recrudescence of the ovary begins in January in preparation for the ensuing
breeding season.
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Texr-F16. 1. The occurrence of immature, mature, pregnant and lactating squirrels
during different months.

Several puberal, non-parous females examined in January had swollen
vulvae and an oestrous type of vaginal smear. Follicular development was
active; each ovary contained three or four fully formed Graafian follicles and
several medium-sized follicles (Pl. 1, Fig. 2). Approximately 75%; of all follicles,
including the large Graafian follicles, showed degenerative changes in the
granulosa cells. Ovulation points were seen in the ovaries of females with
spermatozoa in the vaginal smear, and freshly formed corpora lutea were also
present. Atretic changes were evident in the granulosa cells of most of the
remaining vesicular follicles. The ovaries of oestrous squirrels showed a con-
spicuous, well-vascularized, secretory interstitium. Each interstitial cell was
large and polyhedral with distinct boundaries. The nuclei were condensed and
stained densely with haematoxylin, while the cytoplasm appeared pale and
vacuolar by contrast (Pl. 2, Fig. 7). Oestrus was characterized by a fluid-
filled uterus with well-developed uterine glands. The uterine stromal cells were
large and oedematous. The oestrous type of vaginal smear persisted for 15 to 20
days in squirrels maintained in the laboratory. Ovulation did not occur and
these females passed into a state of di-oestrus if mating was not permitted. These
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observations and the experimental evidence of induction of ovulation by
gonadotrophins (Seth & Prasad, 1967) indicate that the palm squirrel may be a
reflex ovulator like the thirteen-lined ground squirrel, C. tridecemlineatus (Foster,
1934). Other species of Citellus are seasonally polyoestrous (McKeever, 1966).
An interesting feature of the palm squirrel ovary is the absence of secretory or
degenerating corpora lutea in the sexually active animals which are non-
pregnant and non-lactating.

Pregnant females

Pregnant females are found from February until September (Text-fig. 1).
There are apparently two peaks in the percentage of pregnant animals caught,
the first occurring in March (51%) and the second in July (38%;). Only rare
cases of pregnancy occur in June (6%) and in September (5%;). Mature females
apparently breed twice during one breeding season.

The average number of embryos in 62%; of pregnant squirrels is three and the
range is from one to five. One to three corpora lutea occur in each ovary corres-
ponding to the number of implantation sites in the respective uterine horns.

No direct evidence was obtained from the data regarding the length of
gestation in palm squirrels. The earliest visible pregnancies occur in the 1st
week of February. Late stages of pregnancy are found in the Ist week of March
and lactating females with a recent litter also occur during this period. These
observations indicate that the length of gestation may be about 30 days.
Further evidence for this is provided by the following observations: (a) the two
peaks of pregnancies in March and July are followed, approximately a month
later, by peaks of lactating females (Text-fig. 1) and (b) female squirrels in
early stages of pregnancy, caught from the wild state and maintained in the
laboratory, littered after 20 to 25 days. This is similar to the observed length
of gestation in other sciurids, namely 27 days in C. tridecemlineatus (Foster, 1934)
and 40 days in Sciurus sp. (Asdell, 1964).

Ovarian weights of pregnant females are higher than those of mature females
(Tables 1 and 2) due, presumably, to the presence of corpora lutea. Functional
corpora lutea persist throughout the period of gestation. Follicular development

EXPLANATION OF PLATE 1

Figures 1 to 6 are transverse sections of ovaries of palm squirrels during different phases
of reproductive activity, H and E, x 72.

Fic. 1. Ovary at autopsy on 7 to 8 months old pre-puberal squirrel in December. Early
stages of follicular development are seen. Several follicles are atretic; interstitial tissue is
present among the follicles.

Fic. 2. Ovary at autopsy on a non-parous mature squirrel in oestrus in January. Follicular
development is active; several Graafian follicles and atretic follicles are seen. Interstitial
tissue 1s well vascularized and appears secretory.

Fic. 3. Ovary of a squirrel in mid-pregnancy. One functional corpus luteum is seen in the
section. Follicular development is active.

Fic. 4. Ovary of a lactating squirrel 2 days after parturition. All Graafian follicles are
atretic and the corpora lutea are degenerating.

Fic. 5. Ovary of a squirrel in post-lactational anoestrus. Medium-sized follicles and
extensive interstitial tissue are seen. There is no trace of the corpus luteum of pregnancy.

Fi6. 6. Ovary during the period of quiescence (November). The ovary is characterized by
the presence of medium-sized follicles and hyalinized blood vessels in the stroma; large
Graafian follicles are absent. Interstitial tissue is regressed.
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Breeding cycle of the Indian palm squirrel 217

is also active during pregnancy (Pl. 1, Fig. 3) and a sudden spurt occurs
during the later stages of pregnancy. A few days before parturition, ten to
twelve fully developed Graafian follicles are present in the ovary along with
the corpora lutea. Due to extensive follicular development, the interstitial tissue
is comparatively reduced but the cells are luteal-like in appearance. The num-
ber of Graafian follicles seen during late pregnancy is many times more than
that seen at oestrus. The Graafian follicles, however, do not ovulate but undergo
atresia at the time of parturition, indicating that there is no post partum oestrus
in the palm squirrel, F. pennanti.

Another interesting feature of the ovary during pregnancy is the luteinization
of the small antral atretic follicles by hypertrophy of the thecal cells after the
degeneration of the granulosa cells. They do not form accessory corpora lutea
but become part of the interstitium of the ovary. The interstitial cells of pregnant
squirrels are large with vesicular nuclei and granular cytoplasm and resemble
the cells of the functional corpus luteum (Pl. 2, Figs. 8 and 11).

Lactating females

Lactating females are found from March to November. Corresponding to the
occurrence of two peaks in the numbers of pregnant animals, there are two
peaks in the numbers of lactating females, one in April to May (44 and 31%;)
after the first peak of pregnancy in March, and the other in August (25%)
after the second peak of pregnancy in July (Text-fig. 1).

The period of lactation lasts about 6 weeks. This is indicated by the occurrence
in the field during April of young squirrels apparently born in the earliest part
of the breeding season and was confirmed by several observations on squirrels
which littered in the laboratory and weaned their young after a similar period.
Additional support comes from the fact that in a wild population of squirrels
pregnancies occur until late September, while lactating females, which ap-
parently nurse the young of these late pregnancies, are caught till early Novem-
ber (Text-fig. 1).

The weights of the ovaries of lactating squirrels follow a pattern similar to
that of mature, non-pregnant squirrels (Tables 1 and 2). Corpora lutea of
pregnancy degenerate soon after parturition. In the ovary of a lactating female
at autopsy performed 2 days after parturition in the laboratory, the corpora
lutea and all the follicles showed degenerative changes (Pl. 1, Fig. 4; PL 2,
Fig. 12). Peripheral cells of the regressing corpora lutea show pigment accumu-
lation. With the advance of lactation, these cells become a part of the inter-
stitium and characterize the ovaries of all parous females. The interstitial cells

EXPLANATION OF PLATE 2

Fic. 7. Interstitial tissue of an oestrous squirrel. Each cell is large and polyhedral; nuclei
are condensed and cytoplasm is pale and vacuolar. x 450.

Fic. 8. Interstitial tissue of a pregnant squirrel. The cells have vesicular nuclei and
granular cytoplasm, and resemble the luteal cells of a functional corpus luteum. x 450.

Fi1e. 9. Interstitial tissue of a lactating squirrel. The cells are collapsed and appear non-
secretory. x 450.

Fic. 10. Interstitial tissue of a quiescent squirrel. The interstitial cells are atrophic while
pigment-containing cells are conspicuous. x 450,

Fic. 11. Corpus luteum of pregnancy. x 450.
Fic. 12. Regressing corpus luteum during early lactation 2 days after parturition. x 450.
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appear collapsed and non-secretory, with only a few secretory bundles inter-
spersed in the medulla (Pl. 2, Fig. 9). The ovary is quiescent during the period
of lactation.

Within 2 days after parturition, the uterus shows regressive changes. The
glands appear non-secretory and are lined by low cuboidal cells. The uterus in
late lactation is similar to that of an anoestrous squirrel.

The end of lactation is followed immediately by a short period of post-
lactational anoestrus which may last for about 3 to 4 weeks. The ovaries of
such squirrels contain medium-sized follicles and extensive, regressed interstitial
tissue with no trace of degenerating corpora lutea (Pl 1, Fig. 5). Follicular
atresia of the small follicles involving pycnosis of the granulosa cells and de-
generation of the oocytes is common during post-lactational anoestrus. This
period is also characterized by an indeterminate type of vaginal smear, re-
gressed mammary glands and low uterine weights. The uterine stroma is
shrunken and non-oedematous.

During the breeding season, a short period of oestrus follows the termination
of the post-lactational anoestrus. This marks the second oestrus of the breeding
season and may lead to a second pregnancy.

Quiescent females (September to December)

Mature, parous females become sexually quiescent from the beginning of
‘September. There is a significant decrease in ovarian weights (Tables 1 and 2).
Follicular development is arrested at the stage of medium-sized follicles (Pl 1,
Fig. 6). The interstitial cells appear flattened and non-secretory. Quiescent
animals are characterized by the presence of pigment-laden cells in the inter-
stitium (PL. 2, Fig. 10). The uterus is markedly reduced in weight (Table 2) with
involuted glands and dense stroma. The appearance of the uterus is similar to
that of an immature squirrel except for the large diameter due to the presence of
prominent muscle layers and hyalinized blood vessels.

The changes in the thyroid and adrenal weights do not show any correlation
‘with the reproductive cycle (Table 2).

Schematic summary of the reproductive cycle in the palm squirrels

Text-figure 2 represents schematically the growth, immaturity and repro-
-ductive cycle of F. pennanti. For the sake of convenience, the cycle of growth and
maturity of squirrels born in the first peak of the breeding season (March) is
traced from birth through suckling and growth to maturity, breeding and
lactation. A similar cycle is traced for squirrels born during the second peak of
pregnancy in the breeding season (July).

The squirrels born in March and weaned about 6 weeks after birth appear in
the field for the first time in May. They do not breed in the year of their birth
.and become sexually mature by January of the following year (2nd year) after a
period of immaturity of about 10 months. This is followed by oestrus and
pregnancy. The squirrel which becomes pregnant early (February) during the
breeding season produces its first litter in March. Suckling of the litter con-
tinues till mid-April when the female passes into a short period of anoestrus.
"This is followed by a second oestrus and pregnancy in July to August and lacta-
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tion which may last till September. The post-lactational anoestrus at the end of
the second lactation leads to a period of quiescence which lasts till December.
Recrudescence of the gonads begins in late December in preparation for the
next breeding season in January of the following year (3rd year). Female
squirrels born during the second peak of pregnancy in July to August become
sexually mature in late January to February (2nd year). Hence, the period of
immaturity in these squirrels is short and lasts about 7 to 8 months. Following
the onset of sexual maturity, they produce two litters during their first breeding
season (2nd year) and are quiescent till December. They become reproductively
active again in January of the following year (3rd year). Since young are born
from March to September, the pattern of growth of squirrels born at any time
during this period follows the scheme described above. Sciurus carolinensis
(Deanesly & Parkes, 1933), S. vulgaris (Delost, 1965) and different species of
Citellus (McKeever, 1966) are seasonally polyoestrous. C. tridecemlineatus is a
monoestrous species which breeds only once in the breeding season (Foster,
1934).

Funambulus palmarum is sexually active throughout the year; three litters are
born annually (Prasad, 1951). While the males and females of the three-striped
palm squirrel do not undergo sexual quiescence, the five-striped palm squirrels
experience a cyclic periodicity in reproductive activity. This striking difference
in the reproductive patterns in two closely related species of Funambulus may be
due to their geographical distribution. F. palmarum, occurring in Bangalore
(77° 38’E and 12° 58'N), is not subjected to extremes of temperature or
effective changes in the length of daylight throughout the year, while F.
pennanti, occurring in a more northerly latitude (76° 50’'E and 28° 12'N), is
subjected to significant variations of climatic conditions. The duration of the
breeding season of some sciurids is also known to differ in diverse habitats at
varying distances from the equator. The American red squirrel, Tamiasciurus
hudsonicus, has one litter annually in May to June in the western regions, while
in the east it has a second litter in August or September (Asdell, 1964). The
breeding season of the European red squirrel, Sciurus vulgaris, is similarly
variable. In Russia, the red squirrel breeds twice annually in January to March
and in May to June, but, in the south, the breeding season extends from January
till August to September and four ovulations occur annually (Asdell, 1964). In
England, females of S. vulgaris are active from December to July (Rowlands,
1938). This species may, therefore, be polyoestrous under favourable conditions.

Exteroceptive factors affecting reproduction

The external factors influencing the breeding season may be physical, such as
light, temperature, rainfall and food supply, or psychological. These factors
include stimuli arising from the presence of a mate, or other social influences
from the group of which the animal is a member (Zuckerman, 1952; Fraps,
1962).

The climatic changes and their relation to the reproductive cycle of the five-
striped palm squirrel are shown in Text-fig. 3. Recrudescence of the ovary be-
gins in December to January which synchronizes with the 12 min-increase in
day length. Though the females are sexually active in the breeding season when
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Breeding cycle of the Indian palm squirrel 221

they are exposed to a minimum of 104 hr of daylight (January) or a maximum
of 14 hr of daylight (June and July), they begin to regress in August when the
day length is of 13} hr duration. This is apparently due to ovarian refractoriness
to photoperiods which were initially stimulatory. The short days in December
may terminate this refractoriness. A similar condition occurs in birds (Wolfson,
1958). In F. pennanti, decreasing temperature and long periods of darkness in
December may cause the termination of the refractoriness of the gonads to
light and lead to recrudescence. Though recrudescence and regression of the
ovaries can be explained on the basis of variation in the photoperiod, the
occurrence of anoestrus for short periods during the breeding season bears no
relation to this exteroceptive factor.
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sexual activity of the palm squirrels.

The period of sexual activity of Citellus beecheyi and C. lateralis which coincides
with seasonal activity are controlled by seasonally restricted food (Bartholomew
& Hudson, 1960; McKeever, 1966). F. pennanti, however, is active throughout
the year and changes its diet seasonally depending on the availability of insects
from February to October and of seeds from October to February (Prasad,
Dhaliwal, Seth, Reddi, Sivashankar & Uberoi, 1966). Paucity of food is
apparently not a factor involved in controlling the reproductive cycle of the
palm squirrel.
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