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This study was conducted to better understand factors contributing to lifelong high fertility and
fecundity in a herd of ponies kept under natural social organization and environmental conditions,
where most fillies begin foaling as 2-year-olds and continue to foal annually as long as they remain in the
herd. Endometrial biopsy samples were procured from 23 mares on Day 6 postpartum for histologic
evaluation. Kenney classification as well as degrees of lymphocytic endometritis and periglandular
fibrosis of mares aged 2—9 years (after one to eight pregnancies, n — 14) were compared with those of
mares aged 10 years and older (after 9—14 pregnancies, n = 9). Periglandular fibrosis ranged from none
to moderate. As expected postpartum, lymphocytic endometritis was reported as moderate for 22 mares.
The one exception was reported as moderate to severe. Differences in the proportion of younger versus
older mares with classifications of I, IlA, and IIB, the proportion of mares with greater than mild lym-
phocytic endometritis, and the proportion of mares with greater than mild periglandular fibrosis were

not significant (Fisher's exact tests, P > .10).

@ 2019 Elsevier Inc. All rights reserved.

1. Introduction

Since 1994, a herd of Shetland-sized ponies established initially
with 13 mares and 13 stallions has been maintained for study of
reproductive physiology and behavior under natural social and
environmental conditions. Management includes supplemental
hay in winter and removal of equal numbers of males and females
annually to maintain 50100 animals. Of 85 fillies born and keptin
the herd through maturity, 79 were first observed in estrus and
confirmed pregnant at 10—16 months of age to deliver foals at
22-27 months of age. The remaining six were first confirmed
pregnant as 2-year-olds and foaled as 3-year-olds. Mares keptin the
herd have typically produced foals annually, consistent with
conception at the first, or less often second, postpartum estrus.
Annual foaling has continued for mares that were kept until natural
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death in their 30s. This sustained high fertility within this semi-
feral herd is in contrast to what is accepted as generally declining
reproductive efficiency with age and parity in domestically
managed mares [1—3]. Work by Bosh et al and Allen et al sum-
marized in a 2015 review on the effect of age on fertility, pregnancy,
and offspring vigor in Thoroughbred broodmares showed that Day
40—42 per cycle pregnancy rates began to decline at as early as 9
years of age [4]. In domestically managed mares, endometrial pa-
thology has been accepted as a key factor in age and parity-related
decline in reproductive efficiency [2,3,5]. The objective of this study
was to characterize the endometrial histology among mares of this
semi-feral pony herd, specifically comparing younger (lower parity)
versus older (higher parity) mares.

2. Materials and Methods

This research protocol was approved by the University of
Pennsylvania Institutional Animal Care and Use Committee, ac-
cording to all applicable humane guidelines. Twenty-three mares
(aged 2—16 years) from this semi-feral herd were included. Age and
associated reproductive histories for individuals are summarized in
Table 1a. The day of examination and biopsy procurement was set
at Day 6 postpartum to target a window of opportunity before
postpartum estrus, breeding, and subsequent conception but
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Table 1
Mare histories, endometrial biopsy findings, and subsequent fertility.

a. Mares and History

b. Endometrial Biopsy Findings

. Subsequent Fertility

2013 Age at First Number of Kenney Periglandular Endometritis- Days Open After Biopsy Subsequent foals/years
Age (v) Parturition (mo) Pregnancies Category Fibrosis Lymphocytic (mofd of Parturition) in the Herd (as of 2018)
Younger mares (n = 14)
2 25 1 | None Mild-moderate 23 (512) 1M1
27 2 na® Mild Mild 30(517) 1
5 23 4 1A Mild Mild 14 (7/20) 5/5
6 22 5 na Mild Moderate 7(7/9) 5/5
6 25 5 nA Mild Moderate 15 (5/12) 22
6 25 5 nA Mild Moderate 14(5/11) 505
7 25 6 na* Mild Moderate 56 (3/17) 22
7 24 6 1na? Mild Moderate 57 (3/19) 5(5
7 35 5 1A Mild Moderate 11 (4/29) 22
7 26 5 I None Mild 10 (5/25) 313
8 24 6 na* Mild Mild 40 (3/27) 33
8 35 6 1B* Mild Moderate 23 (5/5) 5/5
] 24 8 I Mild Mild 42 (3)17) 5/5
9 24 8 na* Mild Mild 7 (4/21) 5/5
Older mares (n = 9)
10 24 9 1A Mild Mild 34 (3/22) 55
10 25 8 1A Mild Mild 20 (4/22) 5/5
11 22 10 1ng* Mild Moderate- 21 (4/21) 45
severe
1 25 10 nA Mild Moderate 17 (5/11) 5/5
12 22 1 na* None Mild 30(4/11) 55
12 23 11 1A Mild Mild 19 (3)15) 4/4
12 32 10 1A Mild Mild 23 (414) 55
15 35 13 1A Mild Mild-moderate 21 (4/23) 5(5
16 25 14 1A* Maoderate Mild-moderate 18 (5/12) 55

? Histology report comment “category primarily influenced by inflammation which, if resolves, would improve.”

delayed enough to minimize effect of inflammation associated with
histologic uterine involution [6]. The harem family of each mare
was first separated from the herd by luring them into a sub-
enclosure within their pasture environment, allowing the mare to
then be further separated with her foal into a smaller pen. The mare
was haltered and held in hand for the procedure. In a few instances,
xylazine HCI (1 mg/kg IV) was administered to facilitate examina-
tion. The tail was wrapped in a clean plastic bag and held off the
perineum with a cord secured around the neck. External genitalia
were visually evaluated for signs of foaling trauma. Palpation per
rectum was performed to evaluate ovarian activity and estimate
gross uterine involution based on diameter of the uterine horns,
uterine tone, and presence of palpable fluid. The perineum was
washed with povidone scrub and rinsed with water. The endo-
metrial biopsy sample was procured using standard technique with
a 48 cm alligator biopsy forceps [7]. A minimum 2 cm sample of
endometrium was placed in Bouin’s fixative and submitted for slide
preparation to the Pennsylvania Animal Diagnostic Laboratory
System Large Animal Pathology Service at New Bolton Center.
Slides were prepared with hematoxylin and eosin and trichrome
staining [8]. Histologic evaluation following the Kenney protocol
|7.9] was performed by a single board—certified theriogenologist
(P.LS.). This evaluator was blind to age and reproductive histories
but aware of Day 6 postpartum status.

2.1. Statistics

For comparison, mares were grouped as either younger
(2—9 years, one to eight pregnancies, n — 14) or older (1016 years,
9—14 pregnancies, n = 9). The proportions of younger and older
mares whose endometrial sample was classified as Categories I, 1A,
and IIB were compared using Fisher's exact test. Proportions with
greater than mild lymphocytic endometritis and proportions with
greater than mild periglandular fibrosis were similarly compared.

3. Results

No signs of foaling trauma were evident in any mare. Gross
uterine involution and ovarian activity were in all cases consistent
with Day 6 postpartum. The degree of inflammation and peri-
glandular fibrosis, along with category assigned are listed in
Table 1b. Periglandular fibrosis ranged from none to moderate. As
expected postpartum, 22 of the 23 mares had mild to moderate
lymphocytic endometritis. The one exception had moderate-severe
lymphocytic endometritis, Differences in the proportion of younger
versus older mares with classifications of 1, IIA, and 1B, the pro-
portion of mares with greater than mild lymphocytic endometritis,
and the proportion of mares with greater than mild periglandular
fibrosis were not significant (Fisher's exact tests, P > .10). For 10 of
the 23 samples, the evaluator’'s assessment was that endometrial
biopsy category would improve should postparturient inflamma-
tion resolves with involution. At the time of writing 22 of the 23
sampled mares continued to foal annually for the 1-5 years
following the year of biopsy procurement that they remained in the
herd (Table 1c). The one mare with a Category IIB biopsy as a result
of moderate to severe lymphocytic endometritis foaled annually for
each of the following 4 years but not the fifth.

4. Discussion

Two differentiating factors emerge when comparing this semi-
feral population to previously referenced broodmare populations.
First, the domestically managed mares are unlikely to have become
pregnant as yearlings, as breeding is most often delayed until 3
years old or later. Secondly, domestically managed broodmares
may not continue to foal annually either electively or as a conse-
quence of fertility challenges [10]. Endometrial aging has been
demonstrated in maiden mares; however, it has been hypothesized
that factors associated with pregnancy and parturition hasten the
onset of degenerative changes [2]. Within this semi-feral herd, any
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“aging” effect associated with pregnancy and parturition appears to
be minimally consequential as the histologic character of these
mares’ endometria was consistent with high lifetime reproductive
efficiency. Degree of periglandular fibrosis ranged from none to
moderate and was not greater in older mares (aged 1016 years,
following 9—14 pregnancies). The degree of lymphacytic endome-
tritis was consistent with Day 6 postpartum and typical of the
inflammation normally associated with involution of the micro-
caruncle [6]. Although we did not evaluate vascular integrity in this
study, previous work has shown a high correlation between
vascular degeneration and parity, as well as a positive correlation
between endometrial grade and vascular degeneration, which was
not observed in age-matched nulliparous mares [11]. One would
expect to see some degree of reduced fertility secondary to vascular
degeneration and compromised myometrial function within a high
parity population. However, we have not observed parity-
associated decline in fertility within this semi-feral population. A
follow-up study would be required to explore this further.

Several aspects of semi-feral natural social organization and
environmental conditions could be expected to result in fewer
endometrial changes due to age and parity compared with do-
mestic management conditions. Parturition, including expulsion of
fetal membranes, typically occurs well under the generally
accepted “normal” time frames for mares foaling under domestic
conditions. Complications, including fetal membrane retention,
have been extremely rare in this semi-feral herd. In 23 years, there
have been a total of 379 foalings. Approximately, 35 were either
observed or the foal was found minutes after passage (estimated
based on mare and foal recumbency, amnion draping foal with or
without cord attachment, or foal wet with fetal fluids). For those,
fetal membranes were observed to pass within the first half an
hour. In cases where foals were found more than an estimated hour
after parturition, for all but one, the fetal membranes had already
passed. For the one exception, fetal membranes passed between an
estimated 5 and 8 hours after parturition. Observed foalings in this
herd have been extremely rapid compared with those observed in
domestically managed mares, with typically <10 minutes from the
first sign of labor to full expulsion of the foal. Rapid uncomplicated
parturition likely limits uterine contamination, inflammation, and
endometrial damage. In addition, during estrus and breeding,
uterine clearance is likely aided by cervical dilation during frequent
copulation and oxytocin release as a result of frequent precopula-
tory interaction with the stallion [12]. Furthermore, suckling of the
neonate, yearling, and even occasional suckling by an older
offspring still in the natal band will stimulate uterine contractions
by the frequent and repeated release of oxytocin. In addition, mares
living under natural social and foraging conditions are generally
much more active following parturition compared with domesti-
cally managed mares. Foraging, tending to their neonate, along
with fastidious herding and tending by their harem stallion keeps
mares in this semi-feral herd moving almost continuously
(McDonnell unpublished observations). Similarly, under semi-feral
social conditions, exercise is much greater during estrus and
following ovulation. During estrus, the typically vigilant harem

stallion herds his harem away from potential sneak breeders. For as
long as 48 hours after ovulation, mares remain attractive but
nonreceptive to the stallion. This results in continued vigilant
herding along with precopulatory interaction without copulation
many times per hour. Frequent oxytocin release stimulated by these
interactions with the stallion [12] and associated exercise would be
expected to promote uterine clearance.

Other aspects of natural social organization and environmental
conditions may contribute to high fertility and fecundity. Data
suggest that natural continuous foraging may enhance reproduc-
tive efficiency, presumably by avoiding stress [13]. Furthermore,
social stability of established harem families protected by a stallion
inherent to natural social organization may be less stressful for
mares than typical domestic conditions of arbitrary and changing
social groupings and/or isolation, particularly during breeding and
for foaling.
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