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SUMMARY: The present study was designed to determine the morphological and histological variations in the female palm
squirrel’s reproductive organs which inhabit croplands of central Punjab. 16 specimens were collected from 3 differentfdezisalabad
district during different months in order to collect their ovaries samples in order to determine the breeding phenol@peoighiBody
weight and external body measurements were recorded. Two adult females were autopsied each month and their ovariegdiere extract
Tissue were prepared by the tissue paraffin technique and stained by H&E. Seasonal variations in the follicular size aeik shape
observed. Statistical analysis revealed that values of all parameters of ovaries were significantly (P<0.01) higher doiiicgjogekic
phase (January to May) as compared to low folliculogenic phase (November—December). Three reproductive phases wereagegved acc
to follicular development i.e., quiescent period (November- December), recrudescence period (January) and peak repraductive pha
(February—March). In conclusion of this study, different phases of sexual activities are determined which are contratathbyaéations.
These variations are in accordance to different physical factors which influences gross anatomical and histological charigesod
folliculogensis of female five-striped northern palm squirkelfambulus pennantfor adjustments in breeding phenology.
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INTRODUCTION

Squirrels belong to Family scuiridae which is one oéind the lateral ones extend from ears to the tail's base. Two
the largest and widespread mammalian taxa (Hetrat, lateral ones are present on head: an indistinct one ranging
2003) i.e. the flying squirreldP(eromyinag and the non- from the ear to the eye, and a more distinct one extending
flying squirrels Sciurinag. They are well studied with from below the ear, passing below the eye, and onto the
reference to their morphological systematics, behavior anglstrum. It does not have the red mid-ventral stripe on the
ecology (Stepparet al, 2003). Northern palm squirrel tail which is seen in the other related species (Prakash &
(Funambulus pennantiis naturally found throughout south- Kametkar, 1969).
east Iran, Pakistan, Nepal, India and perhaps adjacent
Afghanistan (Nowak, 1999; Wilson & Reeder, 2005; Northern palm squirreFunambulus pennanis
Thoringtonet al, 2005). In Pakistan it commonly occurschirpy, highly mobile and agile and generally arboreal and
throughout Khyber-Pakhtunkhwa except in highHorages extensively by quickly moving on the ground.
mountainous regions and ranges from Kurram Valley througbreenish brown fur with five longitudinal creamy stripes
Kohat, Tank and Bannu and also in extensive sandhill desand wooly thick tail are the major morphological features of
areas in Thal, Tharparkar and Cholistan (Roberts, 1997). Kédne species (Roberts; Yousefi al, 2013). It is a semi-
features for identification include five cream colored stripearboreal and diurnal species which can adapt easily to every
on the back. Five longitudinal pale stripes are present on thabitat and it can be found in subtropical and tropical dry
darker dorsal side. The mid-dorsal stripe extends to the talgciduous forest, scrub lands, grass lands, urban areas, rural
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gardens, and introduced vegetation and plantations (Mokngjuirrels. Squirrels were captured alive by one-way cage traps.
etal, 2005). Itis a very common and well-recognized rode@rains, corns, walnut, almond and peanut were used as bait to
pest of forest nurseries, kitchen garden and pomegranatiact squirrels. From November 2013 to June 2014, these
fruits (Paunikar & Ahmed, 2002). It causes severe lossesdages were placed at different sampling localities and
orchards and vegetable crops (Malhi & Prasad, 1988}casionally checked if any squirrel trapped. The trapped
inflicting severe reduction in seed and seedling productiosquirrels were then transferred to a comfortable natural
though of no economic significance as agricultural crop pestivironment before autopsy. A total of twenty six specimens
in Pakistan (Roberts). There is little information regardingere collected during this study from three different locations.
its role in ecosystem, however, it is suggested that it may
play a role in dispersing the seeds, providing food for birddorphological Assessment:The exact species of each
of prey and pollinating some plants. Moreover, there is reaptured specimens was identified oa thasis of external
information about predation &f pennantibut some raptors morphological features. The body measurements like head
like golden eagle occur in the same region whepennanti and body length, ear length, fore and hind limb length and
lives, so they might be assumed as their predators. Sodifferent skull measurements of each specimen were taken
large sized snakes and other predators can also predate thesere autopsy. The ovaries from individual squirrel were
squirrels. Cryptic coloration is also used as adaptation ¢dtained and observed carefully for their gross and
avoid predation. These squirrels use senses of touch, S|g‘n$10Iog|caI features after autopsy (Fig. 1).
smell and auditory sense to perceive their environment, wh
sight, smell and touch are used to find food. Sound and
sual display is used to communicate with the members|
. ! . . A
the species. Five-striped palm squirrels have sharp bird |
calls. There are no evidences found for the use of pheromo ,
for territorial marking or attracting the mates. They use boj w
communication; visual and acoustic (Mitchell, 1979).

There is a seasonal change in body weight, in summni
they lose some weight and are under stress, peaks in sp
and at the end of monsoon. The environmental factors su %
as temperature, day-length and food availability etc. mzf“
have marked effects on the neuro-endocrine system wh
as a result can change immunity and reproduction. The fi
striped palm squirrels are wide-spread in their habiti & =
preferences. These squirrels are living in elevation belc ¥
4,000 meters. These animals have been found in scrublar‘,
grasslands, plantation and subtropical and tropical, d
deciduous forest. Its distribution in Pakistan seems to
directly related to irrigated cultivation (Roberts). As the five - ; ¢
striped northern palm squirréfinambulus pennantis a  Fig. 1. Oviduct of female five- strlped pal squerl pennanti
seasonal breeder, so the climatic changes can modulatedd@ured, H & E 20X.
breeding season. So this study was planned to determine the
effects of seasonal variations on breeding phenology of thigstometrical Analysis: Different slides of each ovary were
specie. This study also emphasizes areas where knowleggepared from Paraffin block technique. Photomicrographs
is lacking or incomplete, with the hope of fostering additionalf each ovary were captured using Nikon Optiphot 2
research on this exciting and fruitful area of squirrel biologynicroscope at 20X. These photos were used to determine
the diameter(m) of ovarian follicles of each ovary with the
help of automated image analysis system Imégeksion

MATERIAL AND METHOD 1.47n (Research Services Branch, National Institute of Men-
tal Health, Bethesda, Maryland, USA).

Experimental design: The study was conducted in Statistical Analysis: To compare the means of parameters
Faisalabad district to investigate follicular development ajne way analysis of variance (ANOVA) was used and least
female five stripd palm squirreFunambulus pennanfThree  significance difference (LSD) test helped to compare the
locations in Faisalabad district were selected for collection gfoup means at 5 % level of significance.
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RESULTS Table I. Grand meartSEM) and range (mm) of body and
cranial measurements of the female five-striped palm squirrel,
F. pennanti
Seasonal morphological variations: Different Parameters Mean + SD Range
morphological parameters like head to body length, ear HBL 14.14£0.70 13.8-14.8
length, tail length, hind foot length, basal length, T 10.11+0.42 9.8-104
condylobasal length, greatest skull length, nasal length, HF 3.9120.28 3.7-4.1
zygomatic breadth, palatal length, mandible length, 1.410.14 1.3-1.5
interorbital breadth, postorbital constriction, mandible BL 30.76=1.14 29.98-31.60
toothrow, maxillary toothrow, nasal breadth, biorbital breadth CBL 30.845+0.42 30.54-31.13
- . GLS 35.99+0.53 35.58-36.33
and palatal breadth were measured as indicated in Table I. 9.0140.13 2.90-9.09
L . . ZOB 19.22+0.57 18.93-19.75
External body examination during different months: PL 16.3840 62 16.0-16.89
External body examination to access the pregnancy in all ppy, 24.8+090 23.13-24 .41
the femaleFunambulus pennangiquirrels was carried out o 9 44+0.55 9.06-984
to determine the condition of vagina and mammary glands poc 16.25+1.01 15.39-16.83
that is indicated in Table II. MT 6.57+0.74 5.96-7.02
MTR 6.2+0.65 5.66-6.58
Monthly Variations in the Weight of Ovaries: The monthly NB 4.08+0.43 3.77-438
variations in weight of ovaries of female five-striped palm BOB 14.12+0.34 13.91-14.39
squirrel, Funambulus pennantduring different months. PB 5.39£0.55 5.16-594

Mean weight of ovaries of pregnant females were highest HBL= head to body length; E= ear length, T= tail length; HF= hind
(33.4+0.28) most probably by the presence of corpus luteum. foot length; BL= basal length; CBL= condylobasal length; GLS=

greatest skull length; NL= Nasal length; ZOB= zygomatic breadth;
Follicular deveIOpmem was also active durmg pregnancy. p - palatal length; ML= mandible length; IOB= interorbital breadth;
Lowest mean ovarian weights were observed in November poc= postorbital constriction; MT= mandible toothrow; MTR=
(10.8t0.57), and June (1AR.98). There is an increasing maxillary toothrow; NB= nasal breadth; BOB= biorbital breadth;

trend in ovarian weights from November to March PB= palatal breadth.

Jun

Feb Mar

Months
Fig. 2. Trends in weight of ovaries of female five striped palm sqéirpgnnanti captured from
Faisalabad District, during different months (P=0.02) in Nov- Dec while rest of months (P=0.01).
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Table II. External body examination of fem&lenambulus pennantaptured from Faisalabad District during different months.
Condition of Mammary glands Condition of Vagina

Month At start of month At the end of month At start of month At the end of month
November Dry Dry Imperforated Imperforated
December Dry Dry Imperforated Imperforated
January Dry Dry Imperforated Imperforated
February Dry Dry Imperforated Perforated
March Dry Dry Perforated Perforated
April Lactating Lactating Perforated Imperforated
May Lactating Lactating Imperforated Imperforated
June Lactating Dry Imperforated Imperforated
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(10.8+0.57 to 33.40.28) and then from April to June thereHistometric measurements in ovariesTable Il represents

is a decline in ovarian weight (243.8 to 17.20.98) as
indicated in Figure 2.

Table Ill. Size range of different ovarian follicles of
female five-striped palm squirrELnambulus pennanti
captured from Faisalabad district.

pm
Follicle Size Primordial 6-10
Growing 10-90
Graafian 90-120
Oocyte Size Primordial 5-7
Growing 15-30
Graafian 25-40
Corpus Luteum 100-140

Fig. 3. Ovary of female five striped palm sqmrrélpennantl (a)
secondary follicle, (b) primordial follicles. H & E 10X.

the size range of different follicles Bf pennanti from the
monthly histological study of ovaries of each specimen. The
size of primordial follicles was found to be 641 while

of growing follicles it was 10-90Qm (Fig. 3). The tertiary

or Graafian follicles had a size range of 90—-{1&0(Fig. 4).
Their oocyte sizes were also measured which wergiB+7
for primordial, 15-3Qum for growing and 25-4Qm for
tertiary follicles, while the size of corpus luteum was found
to be 100-14Qm.

DISCUSSION

The reproductive system of femafenambulus
pennanticomprises of two ovaries, a bicornuate uterus,
uterine tubes, cervix and vagina. The ovaries are present
on each side of the large intestine. Breeding habits show
that the females breed from January till August. The
females give birth to two to three babies from April to
September and are from September to December they are
sexually quiescent (Seth & Prasad, 1969). From the data
collected in the present study it is indicated that the females
are sexually quiescent in November and December, that
is, they do not mate or breed in this period and the
mammary glands are dry and vagina imperforate. Ovarian
activity was started in January and many of the primary
follicles were observed in the ovaries. Two to three tertiary
follicles were observed in the ovaries in February. Corpus
luteum was observed in the ovaries of females collected in
March and April and the vagina was perforated during this
period but Mammary glands were dry. The females
collected in the month of May had mammary glands in
lactating state, that is, they were not dry, which suggested
that it is the month of lactation. The ovarian samples in
June suggested being in anestrus condition.

Period of Sexual Inactivity/ QuiescenceThe data from

the present study indicated the females to be sexually
quiescent in November and December and the ovarian
weights were very low ranging from 1&8.13 to
16.7#0.57 mg. Pools of primordial follicles were observed
in ovaries.

Period of Recrudescencen the month of January, ovaries
appeared to be in recrudescence and the weight of ovaries
showed a sudden increase from £6.87 mg in December

to 20.4:0.58 mg in January. Follicles were growing at many
different stages in the ovaries and antral follicles were

Fig. 4. Tertlary/Graaflan ovarian folllcle offemale five striped paImObserV"3‘d in the medullary region. The oocytes of these

squirrel, f. pennant (a) oocyte (b) granulosa cells (c) antrum. H &ollicles were attached to the pole to the pole and

E 20X.

surrounded by zona pellucida.
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Estrous Period: Females were sexually active in Februarfemales followed pattern similar to that of mature non-
and the ovarian weight observed 2M4£8 mg. Two tertiary pregnant females ranging from 181813 to 24.30.98 mg.
follicles were observed in the ovary. There was onk the ovaries of lactating female corpus luteum and
preovulatory follicle and many atretic follicles. The oocytelegenerating follicles were observed.

of the preovulatory follicle had a distinct zona pellucida and

cumulus oophorus cells layer and there were two to three From the data collected during the course of present
layers of granulosa cells. Theca interna and theca extestady in November 2013 to June 2014 following observations
were also present. were made:

Pregnancy Period:Most pregnancies occur in March and.November and December might be called as sexually
April. Data obtained from the present study also showegliiescent period iRunambulus pennantemale.
similar results with pregnancies found in March. Pregnancies
were also observed in April. Corpus luteum was also seeniinJanuary is the period of recrudescence and the preparation
pregnant females and the numbers were two to three pernext estrous.
ovary, but in non-pregnant females there were no corpora
lutea seen, as according to the results weights of ovariediof February and March is the estrous period, where
pregnant females were highest, that is, 83.28 mg which February being the peak estrous period.
is presumed to be by the presence of corpus luteum. Follicular
development was also taking place actively during pregnanisy Period from March to April observed pregnancies.
but they do not ovulate but undergo atresia after parturition
which indicates that post-partum estrous does not occunin April and May are the months of lactatiorHrpennanti
Funambulus pennanti

Thus present study correlates well with the
Lactation Period: Most of the lactating females are foundmorphological and histological observations of ovaries in
in March to November, with two peaks, one in April to Mayindian palm squirrel, wild ground squirr€lifellus dauricus
and other in July. In the present study one lactating femdeandt) and European ground squirreBpérmophilus
was caught in April and two in May. The mammary glandsitellus) (Seth & Prasad; Millesét al, 2008; Bacet al,
were found lactating. The ovarian weights of lactating014).
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RESUMEN: El presente estudio fue disefiado para determinar las variaciones morfologicas e histoldgicas en los érganos
reproductores de la ardilla de las palmeras que habita en las tierras de cultivo del centro de Punjab. Dieciséis muagttatefitaro
das en 3 lugares diferentes del distrito de Faisalabad durante diferentes meses con el fin de obtener los ovarios kadeterogiar
reproductiva de esta especie. Se registraron el peso corporal y las medidas corporales externas. Se realizaron autopsibsage dos
adultas cada mes y sus ovarios fueron extraidos. Se prepararon los tejidos por técnica de parafina y tincién H & E yoselabserva
variaciones estacionales en el tamafio y forma folicular. El analisis estadistico revelé que los valores de todos los galésetros
ovarios fueron significativamente mas altos durante la fase foliculogénica (enero a mayo), en comparacion con la fassiiaje (nov
diciembre) (P <0,01). De acuerdo al desarrollo folicular se observaron tres fases reproductivas, el periodo de reposs dimeiambr
bre), el periodo de recrudecimiento (enero) y la fase peak reproductiva (febrero-marzo). En conclusion las diferentas tatias-de
dades sexuales definitivamente estan controladas por variaciones estacionales. Estas variaciones se ajustan a dieerdisiesgactor
gue influyen en los cambios anatémicos e histoldgicos de los ovarios y la foliculogénesis de la ardilla hembra de |&Byrziménzas
pennant) para realizar ajustes en la fenologia de su reproduccion.

PALABRAS CLAVE: Ardillas; Foliculogénesis; Ovarios; Estacion.
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