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Abstract	

My thesis project examined mare pregnancy and parturition. I studied the mare’s 

endocrine and estrous cycle, gestation and foaling process while examining natural equine 

behavior. It is important to understand mare reproductive physiology and the mare’s natural 

behaviors through pregnancy and parturition in order to maintain a high reproductive efficiency 

rate. This small pilot study examined a real life scenario of mares foaling at the University of 

Arizona Equine Center. This study was designed in order to quantify contributing factors 

(specifically the foaling environment) to retained placentas in mares. This project was initiated 

through conversations with the foaling manager. Since retained placentas can be life threatening 

to a mare if they are not treated, identifying contributing factors is valuable. During the 2017-

2018 foaling season at the UA Equine Center, the six pregnant mares were monitored throughout 

their gestation to foaling in hope of discovering possible causes of retained placentas. 

Unfortunately, none of the mares retained their placentas. Therefore, I was unable to answer my 

original research question regarding contributing factors to retained placentas. However, I have 

learned a tremendous amount about assisted reproductive technologies and the importance of 

good management in a breeding operation.  
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Introduction	&	Background	
 The equine species has played different roles in the human world over the last several 

centuries. Originally used as a food source, the horse was domesticated approximately six 

thousand years ago, and the horse was idealized for its speed and power. Through its anatomy, 

physiology and sociability, the horse contributed to the unity of tribes into empires, the spread of 

language and culture as well as making travel easier (Austin). Prior to World War II, horses were 

used mainly for transportation, communication and trade. After World War II, horses began to be 

used more for sport, leisure and recreation. Since horses were so important to the advancement 

of society, people began to pay attention to their breeding. 

The first people to control equine breeding were the Bedouin people in the Middle East. 

The Bedouin began manipulating the breeding of their horses in order to concentrate the most 

ideal traits of their Arabian horses to create a recognizable breed. They sought after a beautiful 

horse that had a high energy level and could endure the heat of the desert. They began creating 

pedigrees of their horses and documenting the breeding that took place in their herd in 1330 AD 

(“Horse-Breeding”). Today horses are used more often for leisure and recreation rather than 

transportation; yet, equine breeding is still a large enterprise. Horse people are still in the same 

pursuit of creating an “ideal” foal in order to be competitive in a specific discipline. Horse 

owners and breeding managers are constantly trying to capitalize on ideal traits for specific 

activities. According to Dr. Paul S. Morely, “the ultimate goal of horse breeders is to produce 

viable foals that are physically capable of performing the intended activity.” 

Naturally, the equine species has one of the lowest reproductive efficiencies of the 

domestic animal species, with the national foaling rates at about 50-60% (Keeler). Because of 
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this, alternative methods have been created within the last several decades to increase 

reproductive efficiency in the equine species, and to increase the number of horses being bred 

around the world. The most common assisted reproductive technology is artificial insemination: 

the process of collecting semen from a stallion, improving it by adding antibiotics or extenders, 

and depositing the semen into the mare. Depending on the stallion, the semen can also be cooled 

or frozen so it can be transported to other locations. Not only is this method safer for the horses 

and the handlers, it also reduces disease transmission, and allows for more mares to be bred per 

stallion ejaculate (Keeler). While artificial insemination has many advantages, it does require 

more hands-on management, expense, equipment, and expertise (Keeler). Yet, assisted 

reproductive technologies have made equine reproduction and breeding a vast agricultural 

enterprise. With a good management system, assisted reproductive technologies can increase 

equine reproductive efficiency and increase the number of breeders, as well as give breeders 

more access to different gene pools in order to create an “ideal foal.” 

In order to best manage an equine breeding program, it is important to have an 

understanding of equine reproductive physiology. However, it is also important to understand the 

mare’s natural behavior and instincts during breeding and the gestation. Being aware of a mare’s 

natural instincts becomes especially important during a mare’s foaling. It is important for 

someone to be present while a mare foals so that they will be able to intervene quickly if there is 

a problem. The foaling process is very fragile and can go wrong very quickly. For example, the 

foal could get stuck in the mare’s tract, the foal could be in the wrong position and not be able to 

pass through the birth canal, etc. If there is no intervention by a foaling assistant or veterinarian, 

it is likely the foal (and/or the mare) could die. This is why is it absolutely critical someone is 

present at the foaling. 
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Also, there is a critical learning period in foals that occurs in the first hours of their life 

(Miller). The foaling assistant plays an important role in imprinting and desensitizing the foal 

when it is first born in hopes of making the foal more comfortable with people. This way, they 

will be more receptive to people and seek leadership in people in the future, and will be easier to 

handle and train. The mare’s natural instincts and behaviors should be kept in mind to allow the 

mare to complete the foaling process smoothly, and to allow maternal bonding to occur as 

naturally as possible. This will limit the amount of stress put on the mare and foal during this 

time, and keep the handlers safe. 

 

The	Mare	
Mares are seasonal breeders, specifically long day breeders. This means that they only 

breed during a specific time of the year, which is when the days are longer. Physiologically, this 

is because their endocrine cycle is most active when melatonin production is low and causes 

them to undergo their estrous cycle. Realistically, this maximizes their offspring’s chance of 

survival. Mares carry their foals for a period of at least eleven months, so if they breed in the 

spring/summer months, they will foal in the spring/summer as well. They are naturally 

programmed to foal in the spring months, which will allow the foal to grow and mature during 

the warmer, mild-weather months of the year instead of the winter. Foals are most vulnerable at 

this time in their life, so it is important they have access to plenty of food, water, and shelter, and 

do not have to endure the winter months as a newborn foal.  
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Endocrine	Cycle	in	the	Mare	

Assisted reproductive procedures have been developed so that breeding managers are 

able to manipulate the mare’s endocrine cycle and breed them earlier. There is a universal 

birthdate in place for all horses to simplify horse’s ages for competition. This date is January 1st. 

So breeding a mare earlier in the year is desirable because then foals will be as true to one year 

old as possible on January 1st after they are born. Breeding managers are able to have breed 

mares earlier in the year by tricking their system. The most common way to accomplish this is by 

using artificial lighting, which will increase the photoperiod in the mare and jumpstart her 

estrous cycle before it would have naturally. The mare will come into heat sooner, and breeding 

managers can breed her earlier. As a result, foals will be born earlier in the year. 

The estrous cycle in the mare consists of many hormones that act on other hormones or 

tissues. Table 1 outlines the hormones and their actions. 

Table 1: Mare Reproductive Hormones 

Hormone Secreted by Acts on Effect 
Melatonin Pineal gland Hypothalamus Negative feedback on GnRH production 
Gonadotropin-releasing hormone 
(GnRH) 

Hypothalamus Anterior pituitary 
gland 

Positive feedback on FSH and LH 

Follicle stimulating hormone 
(FSH) 

Anterior pituitary 
gland 

Follicle Follicular recruitment and growth 

Luteinizing hormone (LH) Anterior pituitary 
gland 

Follicle Maturation and ovulation 

Estrogen Developing follicle Anterior pituitary 
gland 

Causes behavioral estrus, positive 
feedback on LH, negative feedback on 
FSH 

Inhibin Developing follicle Anterior pituitary 
gland 

Negative feedback on FSH 

Progesterone Corpus Luteum Anterior pituitary 
gland 

Negative feedback on LH, maintains 
pregnancy 

Prostaglandin F2 alpha 
(PGF2alpha) 

Endometrium of the 
uterus 

Corpus Luteum 
(CL) 

Luteolysis 

Equine chorionic gonadotropin 
(eCG) 

Endometrial cups Ovary/follicles Formation of secondary and accessory 
CL’s 
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Naturally, the estrous cycle in 

the mare is kick-started in the 

springtime, as the days get longer. 

Once they consistently receive 

sixteen hours of daylight, they will 

undergo regular periods of estrus and 

diestrus. Figure 1 demonstrates how 

this process works biologically, and 

Figure 2 illustrates the hormone 

levels each day of the estrous cycle. Starting 

with the impact of longer days, the pineal gland will decrease its production of melatonin due to 

the lower number of nighttime hours. This decrease in melatonin lifts the suppression of 

gonadotropin-releasing hormone (GnRH) production in the hypothalamus. Once the mare’s 

melatonin levels are consistently low enough, more and more GnRH will be produced in the 

hypothalamus in the brain. The 

increase of GnRH production will 

stimulate the release of follicle 

stimulating hormone (FSH) and 

luteinizing hormone (LH) from the 

anterior pituitary gland.  The 

increase of gonadotropin release 

will also cause an increase of 

 

Figure 1: The Endocrine Cycle 
http://www.ansci.wisc.edu/jjp1/equine/hormone_man/mare_en

do.html 
 

 

Figure 2: Hormone Levels during Estrous 
factsheets.okstate.edu/documents/ansi-3974-reproductive-management-of-the-

mare/./.latest_citation_text 
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estrogen secretion from the ovary and developing follicle. The increase in estrogen will cause the 

mare to show behavioral signs of estrus signaling that she is physiologically ready to be bred. In 

the wild, these behavioral signs signaled the stallion that the mare would allow him to breed her. 

Follicle stimulating hormone will recruit and stimulate follicles to grow in the ovaries, 

and the luteinizing hormone will continue to be produced in higher quantities in order to 

stimulate ovulation. The developing follicles produce inhibin, which will have negative feedback 

on FSH. Eventually only one developing follicle will be present, as it has become the dominant 

follicle. The dominant follicle will be more receptive to the stimulation of LH. Once the LH 

threshold is met, an LH surge will occur and trigger the dominant follicle to ovulate. Ovulation is 

the process by which the follicle bursts, and the tiny oocyte inside is released into the oviduct. 

The leftover tissue from the follicle will regress and become a corpus luteum. The corpus luteum 

produces progesterone. An increase in progesterone suppresses LH production, so that no more 

follicles will mature. It also prevents the display of estrus. This is important so that nothing gets 

introduced to the uterus that could bring in potential pathogens (in the wild stallions would leave 

her alone). Also, it allows the oocyte to be fertilized (or not) without any disruption. 

If the oocyte is fertilized, it becomes and embryo and signals to the mare that it is there. 

The embryonic signal in the mare is movement of the embryo in the uterus. If no signal is given 

after thirteen days, the endometrium of the uterus will start to produce prostaglandin F2 alpha 

(PGF2alpha). This is a hormone-like substance that will destroy the corpus luteum through a 

process called luteolysis, and allow the estrous cycle to restart. However, if there is an embryonic 

signal, no PGF2alpha will be produced and the corpus luteum will continue to produce 

progesterone to support the pregnancy. This progesterone production has negative feedback on 



    9 

LH production, and basically pausing the estrous cycle. The corpus luteum will be responsible 

for progesterone production until the placenta takes over about five months into the pregnancy. 

 

Breeding	with	Artificial	Insemination	

Breeding managers can monitor a mare’s estrous cycle in order to determine the best time 

to breed her. They can do this by teasing her with a stallion and observing her behavior. If she is 

in heat, she will show these signs: interest in the stallion, squatting, urinating, tail raising and 

vulvar winking. If she is not in heat, she will show no interest in the stallion. To confirm these 

observations, breeding managers can perform rectal palpation, which allows them to evaluate 

uterine tone, both ovaries for existence of follicles and their maturity, and the consistency of the 

cervix (tightly closed to flaccid). If an ultrasound is available, it is an excellent tool to evaluate 

these parameters in a more visual way. Follicles can be measured for size using the ultrasound, 

and fluid in the uterus can be seen as well. These parameters will allow breeding managers to 

decide when to breed the mare and estimate her ovulation time (Taylor-MacAllister). 

Follicles will ovulate once they are about 35-40 millimeters in size, and there will be 

edema present in the uterus. Once the mare has a follicle of this size, it is an appropriate time to 

artificially inseminate the mare because she will ovulate soon. There is also a small amount of 

time (about 12 hours) post ovulation that an unfertilized oocyte will wait in the middle isthmus 

of the oviduct for a sperm to fertilize it. However, it takes sperm around four hours to travel to 

the fertilization point so mares should be bred with this timeframe in mind. Typically 24-48 

hours before the estimated time of ovulation is the best time to inseminate the mare, or within the 

twelve-hour window post ovulation. 
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Fertilization occurs in the ampulla of the oviduct in the mare and it takes six days for the 

embryo to move down into the uterus once it is fertilized. The embryo will move around in the 

uterus for roughly sixteen days before fixating in one of the uterine horns. In fact, the movement 

of the embryo in the uterus is the physiological embryonic signal in the mare. At fourteen days 

post ovulation, a veterinarian can perform a pregnancy check on the mare via ultrasound. If her 

uterus is firm in tone, this means she is under the influence of the hormone progesterone, and is 

pregnant. If an ultrasound machine is unavailable, a mare can be teased to see if she will show 

signs of behavioral estrus. In a normal cycle, she would come back into heat at this point. But if 

she does not show any behavioral signs of heat, she is pregnant. 

Potential	Pregnancy	Blocks	

• Management Error: Artificial insemination is completely managed by humans. Humans 

are not perfect, so there is always a chance for human error to occur in breeding. This 

could include missing ovulations, giving an incorrect insemination dose, handling frozen 

or cooled semen incorrectly, etc. It is desirable to keep management error at a low rate, 

though.  

• Endometritis: The endometrium is the inner most layer of the uterus, and is responsible 

for secretory activity in response to hormone release (Bogan). Endometritis is an 

infection that causes inflammation in the endometrium due to an infection. When bacteria 

enter the uterus during mating or artificial insemination, the uterus promotes a small 

natural inflammatory response to summon leukocytes to clean out the bacteria in the 

uterus (Leste-Lasserre). However, endometritis stops this natural response, allowing the 

harmful bacteria to live and reproduce in the uterus causing an infection in the 
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endometrium of the uterus. This will make it very difficult to get a mare in foal because 

the sperm and/or embryos will not be able to survive. 

• Ovulation Failure: Postpartum mares tend to ovulate two weeks post parturition, and 

cycle normally thereafter. However, some mares may not resume normal estrous cycles 

(McCue). Some will ovulate and then enter anestrus; others may not develop follicular 

growth postpartum. These mares’ estrous cycles may not be initiated in time for the 

mares to be bred back in the same season they foal. 

• Infection: Infections in the uterus usually occur as venereal, chronic or post-breeding 

infections (Causey). Many of these types of infections are due to the fact that breeding is 

not sterile. Whether it is live cover or artificial insemination, there is always a risk of a 

pathogen entering the mare’s uterus and causing an infection. 

 

Gestation	

The gestation process lasts for an average of 340 days in mares, however it can range 

from 320 days to 370 days (“Horse Gestation Timeline”). In fact, some mares can carry their foal 

for over a year. It is said that mares should be watched closely after 315 days, because the mare 

could conceive any day following. If the foal is born anytime before 315 days, the foal is 

considered premature, and if the foal is born less than 300 days into gestation, it will most likely 

not survive. 

Broodmare	Management	

 Managing a broodmare includes nutrition, deworming, and vaccination. Dr. James 

Brendemuehl from the University of Illinois Veterinarian Teaching Hospital says that managing 

a broodmare’s nutrition is the key to a healthy and successful pregnancy. For the first eight 
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months of the mare’s pregnancy, their energy requirements are the same as maintenance 

requirements (about 8% crude protein). But, in the third trimester (months eight-eleven) the 

mare’s nutritional requirement will increase (to 10-12% crude protein) because 65% of the fetal 

growth happens in these final months (Brendemuehl). However, because the fetus is growing and 

taking up more and more space inside the abdomen of the mare, she will need to be fed grain in 

addition to quality hay. Dr. Brendemuehl also mentions it is important to maintain the proper 

phosphorous to calcium ratios for bone health. The mare should also have access to clean water, 

like all other horses. Deworming the mare is also important to reduce the chance of her being 

infected with a parasite while pregnant or before foaling (Brendemuehl). This will reduce the 

risk of her passing down parasites to the foal in the days after foaling as well. 

 The practice of vaccinating broodmares provides both the mare and foal with protection 

against disease. If the mare is vaccinated during gestation, she will be more protected from 

disease herself, and she will pass her antibodies to the foal through her colostrum (mare’s first 

milk). Dr. Brendemuehl recommends these five vaccines for broodmares: equine herpesvirus 

type 1 (EHV-1), encephalomyelitis, west nile, tetanus and rabies. A mare that is on a regular 

vaccination schedule will only require boosters of these vaccines except EHV-1. Boosters can be 

administered three-four weeks before the predicted foaling date in order to increase the antibody 

concentration in the mare’s colostrum. Equine herpesvirus type 1, however should be given at 

five, seven and nine month dates post ovulation because EHV-1 is so dangerous to the health of a 

pregnant broodmare and developing foal (Richardson). 

Early	Pregnancy	

Six days days post ovulation, the embryo will travel down to the uterus. At fourteen days 

post ovulation, an embryonic signal will be given to the mare. It is thought that the embryonic 
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signal in mares is the movement of the embryo inside the uterus (Richardson). At this point, if 

there is no pregnancy, the endometrium will release PGF2alpha, which causes the corpus luteum 

to undergo luteolysis. However, when there is an embryonic signal, the corpus luteum persists 

and continues to release progesterone (Richardson). During this time, the embryo is undergoing 

mitotic cleavage divisions. This means the embryo is not getting any larger, the cells are just 

splitting. At this point the embryo is considered a blastocyst and has two distinct cell 

populations: the inner cell mass and the trophoblast cells. The inner cell mass becomes the fetus 

body and the trophoblast gives rise to the chorion (Bogan). 

By day sixteen, post ovulation, the embryo will be large enough that is becomes fixated 

inside one of the two uterine horns. Fixation simply means the embryo is lodged in one of the 

uterine horns, and this is not considered a maternal-fetal attachment. The embryo will be 

receiving nutrients from its yolk sac and will not be attached to the uterus. Maternal-fetal 

attachment refers to placentation and occurs so that the fetus can receive nutrients from the mare. 

Within the first 100 days of gestation, physical changes in the mare will be hard to 

observe, but the mare’s behavior may be noticeably different because she will not come into 

heat. The mare’s estrous cycle is essentially paused, because of the pregnancy. The uterine horn 

that is housing the embryo will become more toned due to the influence of progesterone from the 

corpus luteum and estrogen from the embryo. A thick mucous-like plug will also begin to form 

in the cervix to prevent infection and isolate the uterus during pregnancy (Bogan). The fetus will 

continue to grow through the second trimester, and most of the fetal growth will occur in the last 

trimester. 
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Fetal	Development	

The fetus will grow tremendously in the last five months of gestation. In those first 100-

200 days, the foal will achieve a weight of about ten pounds, and will develop whiskers and 

eyelids that have the ability to blink (“Horse Gestation Timeline”). In fact, it was noted that the 

equine fetus is about the size of an average domesticated cat through the first six months of 

pregnancy (Sellnow). After 200 days, the foal will gain approximately a pound a day and will 

develop lungs. Most foals weigh an average of one hundred and twenty five pounds (depending 

on the breed) at the time of foaling (Sellnow). 

Possible	Problems	during	Pregnancy	

• Mare Reproductive Loss Syndrome (MRLS): MRLS was initially observed in mares in 

Kentucky in the years 2001 and 2002. This syndrome includes early embryonic loss and 

late term loss, with the majority of abortions occurring within the first 60-70 days of 

gestation. The cause of MRLS is unclear, but veterinarians concluded that an infestation 

of eastern tent caterpillars might have been associated to MRLS (Riddle and Leblanc). 

• Placentitis: Placentitis is described as inflammation of the placenta and is caused by 

bacteria that enter the vagina and penetrate the cervical barrier, leaving the placenta 

exposed to infection (Mottershead and St. Martin). The bacteria cause separation of the 

placenta from the uterus, which will significantly reduce the transfer of oxygen and 

nutrition from the mare to the foal. Placentitis usually results in death of the foal, or a foal 

born prematurely that will most likely not make it.  

• Uterine Torsion: Uterine torsion usually occurs in the later part of a mare’s pregnancy 

due to fetal movement in preparation for parturition (Tibary and Pearson). The mare will 

appear to have abdominal pain or discomfort, show signs of restlessness and possible 
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have a poor appetite or urinate frequently. The severity of this problem can impact the 

chance of survival for the foal. Uterine torsion can cause early separation of the placenta 

or placental edema, both harming the fetus and mare. In some cases, surgery is the only 

answer. In other cases, the fetus can be manipulated within the mare to lower the chances 

of uterine rupture or hemorrhage (Tibary and Pearson). 

• Fescue Toxicosis:  Tall fescue grass is grown in horse pastures because it is a hardy 

grass; it can withstand a drought, can survive heavy horse traffic and tolerates grazing 

well (Lawrence). However, it is prone to the growth of the endophyte fungus. Endophyte 

fungus leads to the production of an alkaloid toxin that is dangerous to broodmares and 

foals. Possible complications include abortion, prolonged gestation, thickened or retained 

placentas, early separation of the placenta from the fetus, and a decrease of colostrum and 

milk production (Lawrence). 

 

Parturition	in	the	Mare	

 While there is no way to identify exactly when mare will foal, there are some signs the 

mare is close to parturition. The signs that the mare is close to foaling include hypertrophy of the 

udders, waxing of the teats, relaxation of the vulva, and a dropping of the foal in the mare’s 

abdomen as the foal is preparing itself to enter the birth canal (Richardson). Waxing of the teats, 

or evidence of milk dripping on her legs are usually signs that the mare is within days of foaling. 

The mare will develop “wax” on her teats because her mammary glands are so full they are 

beginning to leak colostrum, which dries and forms a wax. 

 Parturition is induced as the foal becomes more and more uncomfortable in the dam’s 

womb because it is growing so rapidly in size and doesn’t have any more space in the mare to 



    16 

grow. The foal begins to produce a hormone called adrenal corticotrophin in response to this 

stress, which will stimulate the adrenal gland in the mare to produce cortisol (Bogan). Cortisol 

will stimulate the synthesis of enzymes that convert progesterone to estrogen, thus decreasing the 

progesterone levels in the mare. Progesterone discourages myometrial contractions. But as the 

progesterone levels decrease, the myometrium (muscular layer of the reproductive tract) will 

start contracting. The uterus and placenta will also begin releasing PGF2alpha, which will cause 

the corpus luteum to breakdown. Since the corpus luteum produces progesterone, the breakdown 

of it will further the decrease of progesterone production. The mare will become increasingly 

uncomfortable as she begins to experience these contractions. At this point, parturition has 

begun. 

	Stage	One:	Water	Break	

The signs the mare is beginning the foaling process are similar to colic symptoms, 

including restlessness, lying down and getting back up, etc. She may be pacing in her stall, biting 

at her sides, and looking generally uncomfortable. The mare is experiencing mild contractions 

that will anywhere from four to eight hours (Jones). Eventually, the mare will lie down and her 

water will break due to the pressure on her cervix. The placenta will rupture at the cervical star, 

and the fetus will be passed into the birth canal. There will be a release of amniotic fluid into the 

birth canal once the placenta ruptures which will lubricate the birth canal. Once the fetus has 

reached the vulva, the amniotic sac will be visible, and stage one has concluded. 

Potential	Problems	in	Stage	One	 

• Premature separation of the placenta: It is important that the white amniotic sac is 

visible in the vulva. If a red or purple bag is showing instead, it is considered a red bag 

foal. This will happen if the placenta did not rupture inside the mare, and is being 
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delivered along with the foal. The placenta is hard to rupture naturally if it did not rupture 

inside the mare’s uterus and the foal could suffocate. It can also increase the risk of a 

retained placenta. If this happens, it is best to carefully cut the placenta open to help the 

foal’s expulsion (King). 

	Stage	Two:	Expulsion	of	the	Foal	

The second stage of foaling will last about twenty to thirty minutes, and involves the full 

delivery of the foal (Jones). The easiest passage for the foal out of the mare’s birth canal is front 

hooves first, along with the head, (diving position) then shoulders and rest of the body. One of 

the hooves will actually be a little in front of the other, which condenses the shoulders even more 

and facilitates the foal’s passage through the birth canal. The foal’s head will be between the 

ankles. Once the shoulders are expelled, the rest of the foal will pass easily.  

Once the foal’s chest is outside the mare, the amniotic sac should rupture. In the wild, 

mares will usually reach around and chew on the amniotic sac until it breaks open, but if the 

mare doesn’t do that, foaling assistants can intervene and tear it open. This will allow the foal to 

take their first breath of fresh air. If the sac is not broken, the foal could suffocate. Up until the 

foal’s chest is outside the mare, oxygen has been transferred to the foal from the mare through 

the placenta and umbilical cord. However, once the foal enters the birth canal, the placenta-blood 

exchange will shut down and the foal can become hypoxic. This means they are not receiving 

enough oxygen. The fetus will be releasing more and more cortisol, which will cause more and 

more contractions in the birth canal to facilitate the foal’s expulsion. The umbilicus (umbilical 

cord) should rupture naturally, in order to allow for natural shutdown of placental-blood transfer. 

This will ensure minimal blood loss in the foal and is thought to be associated with a lower 

chance of a retained placenta (“A Sequential Pictorial Essay of a Foaling”). 
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Potential	Problems	in	Stage	Two	

• Dystocia: Dystocia simply means a difficult birthing, and can be dangerous for the mare 

and/or foal. It is important for the foal to be passed this way to maintain the integrity of 

the mare’s reproductive tract. Problems arise if the foal gets turned around in the uterus, 

or if one or both or their legs are not out first. If one leg or the head get stuck behind the 

birth canal, the mare will have a hard time trying to pass her foal. If this happens, it will 

be considered a dystocia. To combat this problem, it is best to walk the mare around in 

hopes of repositioning the foal in the birth canal and discourages the mare from 

continuing to push (King). 

• Attached Umbilical Cord: The umbilical cord should rupture normally after the foal is 

born. The purpose of the umbilical cord is to transfer blood, nutrients, and oxygen from 

the mare to the foal. Once the placenta separates from the uterus, the umbilical cord is not 

needed. If it does not rupture naturally, foaling attendants may clamp it, which will keep 

the foal from losing too much blood. 

		Stage	Three:	Expulsion	of	the	Placenta	and	Fetal	Membranes 

Once the foal’s delivery is complete, stage three begins. This stage can be as quick as 

thirty minutes, or as long as two hours. After the mare passes her foal, she will continue to 

experience contractions to allow for a full expulsion of her placenta and the remainder of the 

foaling membranes. If the placenta is not expelled within three to four hours, it is considered 

retained, and a veterinarian should be contacted for assistance.  

Potential	Problems	in	Stage	Three	

• Retained Placenta: Major complications can occur if a placenta is retained (not expelled 

within three-four hours). As soon as the foaling process begins, the placenta and fetal 
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membranes begin to die because it separates from the uterus. Leftover debris from the 

placenta and fetal membranes become the perfect place for bacteria to live and infection 

to occur. A veterinarian may administer oxytocin in order to increase uterine 

contractions, which will help the mare expel her placenta. 

 

Natural	Behaviors	of	Mare	and	Foal	

 Mares exhibit specific behaviors during foaling that are instinctive to them due to the fact 

that they are prey animals. First, mares typically foal at nighttime (usually in the early morning 

hours) because there is a lesser chance a predator will be lurking. Also, the mare should be 

focused on her foal because it’s most vulnerable when it is first born. It is normal for the mare to 

rest for some period of time after foaling, but she should still be focused on her foal. If she seems 

disinterested in her foal while she rests, this may be a sign that something is wrong (Williams).  

It is the mare’s job to protect her foal from danger in the wild, so it is important that she bonds 

with her foal. Foals imprint on their mother in order to increase their chance of survival; the foal 

will learn to stay close to its mother in order to stay safe. The mare is also the one to teach the 

foal how to behave in a herd.  

Horses are a precocial species, which means that when horses are born they are 

neurologically mature (Miller). Since the horse is a prey animal, they must be able to recognize 

and react to danger so their senses are fully developed upon birth. They also learn important 

parts of life very early such as standing, walking, lying down, as well as nursing and breathing of 

course in these first hours of life (Williams). In nature, the foal will imprint on their mother and 

they learn to stay close to her and the herd in order to stay safe. If a foaling attendant is present at 

a foaling, it is important for them to be involved in the imprinting process so the foal will 
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associate humans as their leaders, the same way they do with their mom. Since the information 

horses learn in their first moments of life can be retained for the rest of their life, it is important 

for the foaling attendants to make this a positive experience for the foal. This will hopefully 

shape the foals attitudes and behaviors towards humans as they grow up. 

 

Post-Parturition	Management:	Mare	

Post-foaling, the mare will want to rest. There are a few tasks the foaling assistants 

should complete after foaling. First, they should also make sure the mare has plenty of water. 

Once the mare begins lactating, she will be drinking 

much more water than normal. She could also be 

given some hay to keep her occupied while the foal is 

learning to nurse. Foaling assistants will be 

imprinting the foal just after it is born but the mare 

should be bonding with the foal during this process as 

well. It is important to monitor the bond between the 

mare and the foal to make sure the foal is safe and 

that the mare is letting the foal nurse and rest. The 

mare should also be dewormed after parturition to 

ensure she is not passing on any parasites to her foal. 

The mare’s placenta should also be examined 

after it is expelled. Figure 3 shows how to lie out the 

placenta to ensure it is fully expelled. A fully expelled placenta is fully intact, and is a lilac color 

on the outside and a red/velvety color on the inside.   The placenta usually weighs approximately 

 

Figure 3: The Expelled 
Placenta 

https://horsesidevetguide.com/drv/Skill/102/a
ssess-placenta-amp-umbilical-cord/ 
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11% of the foal’s birth weight (Thal). The amniotic sac may still be attached to the placenta, and 

the umbilical cord should be visible. A precaution that can be taken to ensure the placenta was 

completely expelled would be to lay it out or fill it with water. This will ensure there aren’t any 

missing parts by exposing any holes in the membrane. It is also a good idea to confirm there are 

no abnormalities of the fetal side of the placenta (the pale purple side). Abnormalities can be an 

indication of problems with the foal that need attention. For example, if there is meconium (the 

foal’s waste that is usually passed after birth) staining on the fetal side, this can be an indication 

of stress in the fetus and should be monitored as the foal may be at a greater risk of disease or 

infection (Thal). Once the placenta is examined, it can be disposed of. 

 

Post-Parturition	Management:	Foal	

There are certain protocols and procedures that should be followed for a foaling, but it is 

up to the foaling assistants to decide how involved they should be. Foaling assistants will usually 

complete an imprinting process so the foal will learn to trust humans and seek them for 

leadership as they grow and once they are adult horses. Foaling managers can have differing 

imprint training methods, depending on the breed of the foal or the theories of the farm they are 

born on. However, it is common that the goal of imprinting is to desensitize the foal to humans.  

Dr. Robert Miller, author of “Imprint Training of the Newborn Foal,” states that the ultimate goal 

of imprinting is to allow the foal to bond with humans so they associate us with companionship, 

trust and security (Miller). 

Within the first hours of the foal’s life, they should stand and nurse. The foal must ingest 

important immunoglobins in the mare’s first milk (colostrum). Colostrum contains important 

antibodies from the mare’s blood that will give the foal basic defenses against diseases through 
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passive transfer (“A Sequential Pictorial Essay of a Foaling”). If possible, it might be a good idea 

to try to clean the mare’s udder before the foal nurses to reduce that amount of bacteria the foal 

ingests. The foal must get the colostrum from the dam within 12-24 hours after birth, before their 

digestive system fully develops. Within this window of time, the foal is able to absorb the 

maximum amount of antibodies from the milk. The foal should be tested 18-24 hours after birth 

to determine if they received enough colostrum to measure the foals IgG level (gamma globulin). 

The foal should have an IgG level of 800-1000 mg/dl, meaning they received a sufficient number 

of antibodies from the mother (Cable). If the foal did not receive enough colostrum, a 

veterinarian should be consulted. Stored colostrum can be administered to the foal if their 

antibody level was too low. 

The foal’s vitals should be monitored in the 

days after foaling as well. Foaling attendants should 

also be monitoring the foal to make sure the foal is 

nursing and getting plenty of rest. The foal should 

nurse three to five times an hour. 

 

The	Placenta	

The	Process	of	Placentation	

The placenta is not fully formed until five months into the mare’s gestation. Until then the 

corpus luteum is responsible for progesterone production. As a reminder, progesterone is the 

hormone that supports a pregnancy. Placentation will begin at twenty-five days post ovulation, 

when the trophoblast cells start forming the chorionic girdle. At thirty-eight days post ovulation, 

Foal Vitals 
 
Temperature: 99-102 degrees Fahrenheit 
 
Heart Rate: 80-100 beats per minute 
 
Respiratory Rate: 20-40 breaths per minute 



    23 

the chorionic girdle becomes more in contact with the endometrium of the uterus. These 

protrusions will develop into endometrial cups (Richardson). Endometrial cups are outgrowths 

that protrude from the endometrium in the gravid horn, which is the uterine horn carrying the 

pregnancy. Endometrial cups are unique to the equine species and are responsible for secreting 

equine chorionic gonadotropin (eCG). eCG is very similar to lutenizing hormone (LH) because it 

causes ovulation of more follicles which results in the creation of secondary and accessory 

corpus lutei. This will increase progesterone production because there is more than one corpus 

luteum present. The endometrial cups are necessary in order to maintain the pregnancy until the 

placenta is ready to take responsibility for progesterone production. The endometrial cups will 

reach their maximum size by about day 70, and will eventually slough off at day 130 of 

gestation.  

By day 150 of gestation, the secondary and accessory corpus lutei will begin to 

degenerate and the placenta will be fully responsible for producing enough progesterone to 

maintain the pregnancy. Some difficult mares may require supplemental synthetic progesterone 

in order to maintain their pregnancy during the ovarian-placental shift (Richardson). 

 

Equine	Placenta	Physiology	

 The placenta is a fascinating organ. It is responsible for the exchange of nutrients, 

thermo-regulation, waste elimination and gas exchange between the fetus and dam (Richardson).  

The placenta is also thought to fight internal infection and protects the fetus from being attacked 

by the mare’s immune system. It is an endocrine organ, which means it will produce and secrete 

hormones to help maintain pregnancy and eventually facilitate the induction of parturition 

(Bogan). The functional units of the placenta are called chorionic villi. These are finger-like 
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protrusions that are responsible for the metabolic exchange between dam and fetus (Bogan). The 

mare has what is called a diffuse placenta, meaning the chorionic villi are evenly distributed 

across the chorion. Thus, there is even exchange of materials from mother to fetus across the 

entire membrane of the placenta.  

The mare’s placenta is 

also classified as 

epitheliochorial. This is because 

there are three membranes 

within the placenta of the mare 

that separate maternal blood 

from fetal blood: the chorion, 

the allantois and the amnion, 

pictured in Figure 4. The placenta 

is the fusion between the chorion 

and the allantois, and is also called the chorioallantois (Richardson). The chorion is the 

outermost membrane of the placenta and is developed from the yolk sac of the fetus. The 

allantois is closely associated with the chorion, and develops from the gut of the fetus. The 

amnion is most closely associated with the fetus and fills with amniotic fluid that protects the 

fetus. Some say the equine placenta is not be as efficient as the placentas in species where the 

fetus is essentially bathing in maternal blood (like in primates and rodents). However, R. Bowen 

states that the “newborn foal is a strong testimonial to the efficiency of the epitheliochorial 

placenta.” 

 

 
Figure 4: The Equine Placenta 

http://www.tankonyvtar.hu/en/tartalom/tamop425/0010_1A_Book_angol_05_te
rmeleselettan/ch12s08.html 
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What	happens	if	the	placenta	is	retained	after	parturition?		

 While the placenta is vital to the survival of a foal, it can also be lethal to the mare if it is 

retained during parturition. It is imperative that the entire placenta to be expelled during the third 

stage of the foaling process. A placenta is considered retained if it is not expelled within three-

four hours post-foaling. A retained placenta is a common problem a mare may experience during 

foaling, and can be life-threatening for the mare.  

After the placenta is expelled it is important to evaluate the placenta to make sure it was 

fully expelled and there are no pieces left in the mare’s uterus or birth canal (“A Sequential 

Pictorial Essay of a Foaling”). The placenta should resemble a Y-shape and should be 

completely intact. Mares may retain a small or large portion of the placenta, but commonly a 

portion of the thinner horn tip will be retained which will cause just as much illness as it would if 

the whole placenta was retained (McCue). It is dangerous for the placenta to be retained because 

the membranes begin to die off during parturition and can become a breeding ground for bacteria 

to develop, which can be dangerous to the mare’s reproductive tract and general health. Some 

other complications related to retained placentas are laminitis, metritis, toxemia, and even death. 

Causes of retained placentas are not clearly defined, however it is thought that dystocia can 

increase the chance of a retained placenta, as well as disturbance of the mare’s uterine 

contractions during stage three of parturition. Also, mares that undergo cesarean sections are 

more likely to have a retained placenta (Blanchard and Macpherson). 

 In an interview with Mr. Scott Kintz, the foaling manager at Woodford Thoroughbreds in 

Florida, he mentioned that a possible indicator of if a mare will retain her placenta is if she has a 

difficult foaling (dystocia). He also theorized that if a mare began foaling prematurely, that could 

also increase her chance of having a retained placenta. On average, Mr. Kintz foals around one 
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hundred mares at this farm in Florida. He stated that only about 5% of the mares would retain 

their placenta, and it seemed to be in association with a difficult foaling.  

Mrs. Samantha Biffar, the foaling manager at the University of Arizona Equine Center, 

stated in an interview that mares are more likely to retain their placenta if they are interrupted 

during the foaling process. Many of the mares are very sensitive to sights and sounds made in the 

barn because of their natural instincts to protect their foal. They will only foal when they feel 

most comfortable and safe. In Sam’s three years of foaling at the University of Arizona, she has 

foaled an average of thirteen mares per season. In her first year, eight mares retained their 

placentas. In her second year as the foaling manager one mare retained her placenta, and in 

Sam’s third year three mares retained their placentas. Often when someone besides her entered 

the stall to tend to the mare or foal, Sam thought the mare would become concerned more about 

the person being in the stall and would ignore her stage three contractions. This would thus result 

in a retained placenta. Sam also mentioned that if she bonded more with the mares leading up to 

their foaling, (by grooming, hand walking, and daily TLC) they would trust her more during their 

foaling process. She said this seemed to decrease the mares’ chances of having a retained 

placenta. 

 The conversations I had with Sam about this topic captured my interest and ultimately 

initiated this project. I wondered if there was a connection between a mare’s natural instinct to 

protect her foal and the retention of her placenta. 
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UNIVERSITY	OF	ARIZONA	EQUINE	CENTER	FOALING	STUDY	

Experimental	Design	

 The broodmares involved in this study are all a part of the Al-Marah Arabian herd. Miss 

Bazy Tankersley began her breeding operation in 1941 in Tucson, Arizona. Miss Tankersley’s 

bred horses with the idea of creating an ideal Arabian horse; one that was had a good 

temperament, and was athletic and beautiful. When she passed away in 2014, her facility and 

horses were donated to the College of Agriculture and Life Sciences at the University of 

Arizona. Today, some of the Al-Marah Arabians are bred at the UA Equine Center and the foals 

are raised and participate in the following courses with Equine Science students: Training and 

Management of the Weanling and Developing the Training Foundation for Yearlings. The mares 

are checked periodically by the breeding manager via rectal palpation and ultrasound. The mares 

are bred with artificial insemination with fresh, cooled or frozen semen. Bremervale Andronicus, 

one of the Al-Marah stallions, is also kept at the UA Equine Center and is used for breeding 

many of the mares. 

A pilot study was planned (2017) and conducted in the spring of 2018 in order to observe 

if Sam’s theory about the causes of retained placentas in the mares at the University of Arizona 

Equine Center could be quantified. While there are usually an average of thirteen-seventeen 

mares foaling at the UA Equine Center every year, unfortunately only six broodmares were 

successfully bred and pronounced in foal for the 2018 foaling season. This study followed each 

of the mares through their gestation timeline. The six mares were housed in pastures with several 

other open mares at the UA Equine Center and provided a hay and grain ration to maintain 

adequate body condition score. Water was also available 24 hours per day. Once each mare 
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reached 330 days post ovulation, she was brought up to the foaling barn. From here she was 

observed each day to note her physical changes, as she got closer to foaling. Then, each of the 

mares was observed during their foaling and their behaviors were noted. Three of the six mares 

were assigned a group of students from the course, Equine Reproductive Physiology and 

Management. The students assigned to these mares would be allowed to help Sam imprint the 

foal and take care of the mare as part of an 

assignment for class. 

 In preparation for foaling, the mare’s tail 

was wrapped and she was checked each hour 

through the night. Grass hay was spread in her stall 

and Sam hung extra water buckets for the mare. 

Once the mare entered stage two of parturition, the 

students were allowed to contact Sam and she 

would go out to assist the mare in the foaling. Once the mare was through stage two, the students 

were allowed to join Sam in the barn.  

As the semester persisted, there were some obstacles that were not anticipated when this 

study was created. There was an equine influenza outbreak at the UA Equine Center that put the 

entire farm under quarantine starting on March 16th. Because of this, only one mare ended up 

having a group of students present at foaling. I was unable to check the mares from March 16th to 

April 20th. So, I was only present for the last two mares’ foaling. Yet, each of the mares was 

observed during foaling for possible causes of retained placentas. 

 

 
 

List of Materials for Foaling: 
 
Grass hay (for bedding) 
Water buckets 
Towels 
Halter/Lead rope 
3 containers of umbilical dip solution 
 (15 mL chlorhexadine + 45 mL
  distilled water) 
Trash bags 
De-wormer 
Thermometer 
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Results	

The following history data was collected on each mare and recorded, and then separated into the 

charts shown below. The observations were made originally to pinpoint differences in mares who 

did or did not retain their placenta, and to note any differences in the foaling environments. 

Mare One: 

Name Ample Saudawi 
Age 7 
Sire Andronicus 

Ovulation Date March 12, 2017 
330 Date February 5, 2018 

Foaling History 2015: Arrived at UA 
2016: in foal (filly, no retained placenta) 
2017: open mare 

Vaccination Record 
(Pneumabort K) 

5 month: 8/12/17 
7 month: 10/12/17 
9 month: 12/12/17 
Booster (EHV1): 1/5/18 

Foaling Date/Time February 15, 2018 at 3pm 
Sex of Foal, Name Filly, Nala 

Length of Gestation 340 days 
Weather/Conditions Chilly and rainy 

Group of Students No 
Retained Placenta No, expelled after 30 minutes 

Umbilical Cord Broke naturally 
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Mare Two: 

Name Star Voice 
Age 7 
Sire Andronicus 

Ovulation Date March 16, 2017 
330 Date February 9, 2018 

Foaling History 2015: Arrived at UA 
2016: open mare 
2017: in foal (colt, no retained placenta) 

Vaccination Record 
(Pneumabort K) 

5 month: 8/16/17 
7 month: 10/16/17 
9 month: 12/16/17 
Booster (EHV1): 1/9/18 

Foaling Date/Time February 15, 2018 at 9pm 
Sex of Foal, Name Colt, Nicker 

Length of Gestation 336 days 
Weather/Conditions Chilly and rainy 

Group of Students Yes 
Retained Placenta No, expelled after 45 minutes 

Umbilical Cord Broke naturally 
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Mare Three: 

Name Swirling Star 
Age 17 
Sire Andronicus 

Ovulation Date April 6, 2017 
330 Date March 2, 2018 

Foaling History *had at least 4 foals before coming to UA 
2015: in foal (filly, retained placenta) 
2016: open mare 
2017: open mare 

Vaccination Record 
(Pneumabort K) 

5 month: 9/6/17 
7 month: 11/6/17 
9 month: 1/6/17 
Booster (EHV1): 2/2/18 

Foaling Date/Time March 12, 2018 at 1am 
Sex of Foal, Name Filly, Luna 

Length of Gestation 340 days 
Weather/Conditions Cool 

Group of Students No 
Retained Placenta No, expelled after 40 minutes 

Umbilical Cord Broke naturally 
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Mare Four: 

Name Sophia 
Age 7 
Sire Andronicus 

Ovulation Date March 13, 2017 
330 Date February 12, 2018 

Foaling History N/A (maiden mare) 
Vaccination Record 

(Pneumabort K) 
5 month: 8/19/17 
7 month: 10/19/17 
9 month: 12/19/17 
Booster (EHV1): 1/12/18 

Foaling Date/Time March 20, 2018 at 7:30am 
Sex of Foal, Name Colt, Nelson 

Length of Gestation 367 days 
Weather/Conditions Sunny and cool 

Group of Students No 
Retained Placenta No, expelled after 90 minutes 

Umbilical Cord Clamped 
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Mare Five: 

Name Triple Crown 
Age 7 
Sire Good Old Boy 

Ovulation Date April 18, 2017 
330 Date March 14, 2018 

Foaling History 2015: Arrived at UA 
2016: in foal (colt, no retained placenta) 
2017: open mare 

Vaccination Record 
(Pneumabort K) 

5 month: 9/18/17 
7 month: 11/18/17 
9 month: 1/18/17 
Booster (EHV1): 2/14/18 

Foaling Date/Time April 2, 2018 at 4:30am 
Sex of Foal, Name Filly, Spurs 

Length of Gestation 349 days 
Weather/Conditions Cool, mild weather 

Group of Students No 
Retained Placenta No, expelled after 70 minutes 

Umbilical Cord Broke naturally 
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Mare Six: 

Name Brawny Power 
Age 16 
Sire Andronicus 

Ovulation Date May 11, 2017 
330 Date April 6, 2018 

Foaling History *had 4-5 foals before coming to UA 
2016: Arrived at UA 
2017: open mare 

Vaccination Record 
(Pneumabort K) 

5 month: 10/11/17 
7 month: 12/11/17 
9 month: 2/11/17 
Booster (EHV1): 3/6/18 

Foaling Date/Time April 24, 2018 at 12:10am 
Sex of Foal, Name **Foal died shortly after birth 

Length of Gestation 348 days 
Weather/Conditions Mild evening 

Group of Students No 
Retained Placenta No, expelled after 30 minutes 

Umbilical Cord Broke naturally 
 

 

 

**Average Gestation in six mares: 346.67 days 

**Average time it took for placenta to pass: 50 minutes 
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Discussion	

 The purpose of this study was to evaluate and observe possible causes of retained 

placentas in mares with or without student participation. On an average year, 13-14 mares would 

be foaling at the UA Equine Center, but this year there were only six pregnant mares. Many of 

the factors I was examining were not present because of the small number of foaling mares, an 

influenza outbreak resulting in quarantine (only one mare had students present during 

parturition), and none of the mares retained their placenta. As a result, no conclusions could be 

made regarding Sam’s theory about possible causes of retained placentas. 

 Different mares have different levels of receptiveness and comfort towards human 

interaction. As a result, each foaling experience was different. While mares usually foal in the 

evening hours when it is dark and quiet, two of the mares (Ample and Sophia) foaled during the 

daytime. These two mares were a little more alert and aware of what was happening around 

them. Also, some of the mares acted differently towards their foals than others. For example, 

Ample, Star Voice and Triple Crown were apprehensive around their foals (kicking, snorting, 

exhibiting a fight or flight type response). Swirl and Sophia were calm and were not bothered by 

human presence in the stall. Sophia had a more difficult foaling than the other mares, most likely 

because she was a maiden mare (meaning this was her first foal). All the foals were able to stand 

and nurse with Sam’s assistance and we did not have any major issues with the mares once the 

foals latched on to the mare’s teats for the first time. We closely observed the mares and foals for 

a while from afar to ensure they were bonding and the mares were allowing their foals to nurse 

and rest without us. 

During each mare’s foaling, I learned more about the foaling assistant’s role can change 

during foaling. It is important for a foaling assistant to be present with each mare so they are able 
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to intervene if there is a problem with the foaling (dystocia, red bag foal, etc.). Once the foal is 

expelled and breathing normally, and the mare has had a chance to bond with the foal, the 

foaling assistant begins imprinting. It is interesting to note each of the foal’s tendencies around 

humans weeks after they are born, based on the imprinting they received. I was able to assist 

Sam in imprinting Ample’s foal (Nala), Sophia’s foal (Nelson) and Triple Crown’s foal (Spurs). 

Nicker was the only foal imprinted by the students from the Equine Reproduction and 

Management class. I was not able to assist in imprinting Swirl’s foal (Luna) and Brawny’s foal 

died shortly after birth. Nala, Nelson and Spurs were the most willing to come up to the gate 

when I entered the barn (or pasture) with them. Interestingly, the foal that the student group was 

involved with the imprinting process (Nicker) didn’t seem to trust humans as much as the others 

did. Luna is a lot more apprehensive of people, and does not come up to anyone or let anyone get 

close to her. However, her mother has a similar tendency. It begs the question, does the mare’s 

tendencies override the imprinting process. It is interesting to see how influential the imprinting 

process is after only a few weeks into the foal’s life. 

 

Conclusion:	Post-Project	Evaluation	

While the results of this study did not lead to any conclusions about retained placentas, I 

was able to learn a lot about breeding, caring for the mare through gestation and parturition, and 

assisting for the foal through their first steps of life.  

In hindsight, the experimental design of this study could have been better. For example, 

there should be more mares included in the study, and there should have been more information 

available about each mare’s foaling history. Also, in experiments and studies that involve 

animals there is always a chance that factors that are out of the experimenter’s control will 
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influence the study and possible be detrimental. In this study those interfering factors included 

the unplanned quarantine, and the small percentage of the herd that was pregnant. 

In conclusion, this project introduced me to several aspects of equine research, such as 

experimental design and the strength of the data (or lack thereof) for statistical analysis. Even 

though this project did not turn out how I had originally designed it, it has prepared me for my 

future as a graduate student at Colorado State University to continue my education in 

reproductive science and research. 
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