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ABSTRACT 
Ortega, Sara J., Evaluation of different methods of insemination on conception rate to 
fixed-time insemination of European Fallow deer (Dama dama).  Master of Science 
(Agriculture), May, 2021, Sam Houston State University, Huntsville, Texas. 

The objective of this research was to evaluate methods of insemination on 

conception rate to fixed-time insemination (FTAI) following estrous synchronization of 

fallow does. Mature European fallow does (n = 120) from an established herd (3-S Texas 

Outdoors, Bedias, Tx) were utilized to evaluate conception rate to fixed-time 

insemination using two different insemination methods. The does were synchronized 

with controlled internal drug release (CIDR) devices which were inserted for 14 d as a 

source of supplemental progesterone and received an intramuscular (i.m.) injection of 

equine chorionic gonadotropin (eCG; 0.25 mg) at the time of the CIDR device removal to 

stimulate follicle development and ovulation. The does were then inseminated through 

previously established cervical or laparoscopic insemination techniques. A subsample of 

does were implanted with embryos collected from donor females 6 d after laparoscopic 

intrauterine insemination. All does within the study group were evaluated by 

ultrasonography 65 days after artificial insemination (AI) and conception was confirmed 

by the presence of a fetus, fetal heartbeat, and fluid within the uterus. Pregnancy rate to 

laparoscopic insemination (30.2%) and cervical insemination (16.7%) were both lower 

compared to results from previous studies in New Zealand.  The dates and times of 

conception for each method of AI and embryo transfer (ET) indicated there were no 

differences in conception rate between laparoscopic intrauterine insemination when 

compared to cervical AI (P < 0.07). Logistic regression also indicated there was no effect 

of method (P < 0.63) on pregnancy rate to FTAI. These data indicate no difference in 
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conception rate when utilizing different AI methods within fallow deer when 

synchronization protocols are consistent. Pregnancy rate for embryo transfer was 37.8% 

which was lower than results from previous studies in New Zealand. The unsatisfactory 

conception rates to AI and ET indicate that more research is needed to determine the 

optimal protocol for estrous synchronization and AI in fallow does within the United 

States.  

KEY WORDS:  Fallow deer (Dama dama); Artificial insemination; Laparoscopic 
insemination; Reproduction; CIDR; Estrous synchronization. 
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nuclear transfer (cloning), cryopreservation of various genetic material, and much more. 
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CHAPTER I 

INTRODUCTION 

Background 

Fallow deer are seasonal breeders with mating coinciding with decreasing 

photoperiod in autumn and fawning occurring in the summer (Chapman and Chapman, 

1975; Asher, 1985; 1986). As urbanized communities continue to expand, fallow deer 

habitats continue to decline leading to small and fragmented populations, lower genetic 

variability, and a decline in fertility overtime. Utilization of assisted reproductive 

techniques are important tools to cope with the dramatic loss of biodiversity (Uccheddu et 

al., 2020). Over the past three decades, interest in the application of controlled breeding 

and artificial insemination (AI) technology has grown rapidly (Jabbour et al., 1993), which 

has improved the avoidance of inbreeding depression within various cervid species (Asher, 

2011). 

Currently, fallow deer are successfully impregnated through natural mating, AI, 

and embryo transfer (ET). Utilization of estrous synchronization for AI methods requires 

the synchronization of both luteal and follicular functions within a female’s estrous cycle 

(Patterson et al., 2013) and remains an effective means of disseminating genes from bucks 

of high genetic merit more widely and rapidly than through natural mating (Asher, 1986; 

Mulley et al., 1988; Asher et al., 1990a; 1992). Application of estrous synchronization 

techniques also enables animal husbandry producers to select which traits align with their 

individual goals to improve the overall breed quality, fecundity rates, and economic return. 

Whereas producers that choose to not utilize estrous synchronization techniques make it 
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financially impractical to use AI or other assisted reproductive techniques because of the 

labor required for detecting estrus (Patterson et al., 2013). 

Additionally, implementing effective estrous synchronization programs offer the 

following advantages (Patterson et al., 2013): (1) does come into estrus at a predicted time 

that facilitates AI, ET, or other assisted reproductive techniques; (2) the time required to 

detect estrus is reduced, thus decreasing labor expenses associated with detecting estrus; 

(3) does will conceive earlier during the breeding period reducing the labor and vet 

expenditures associated with multiple conception attempts, shortening the fawning 

seasons, and giving birth to more uniform fawns; (4) does that conceive will fawn earlier 

in the fawning season and wean heavier fawns throughout their lifetime than those from a 

non-synchronized doe (Dziuk and Bellows, 1983; Patterson et al., 2013); (5) fawns will be 

older and heavier at weaning which could assist in the prediction of the animal’s expected 

structural correctness and size at maturity; (6) AI and other reproductive techniques 

become more practical to achieve herd objectives and can increase reproductive rates.  

The preferred method of AI in conjunction with estrous synchronization protocols 

for fallow deer is laparoscopic intrauterine insemination, as it allows for the precise 

placement of small quantities of semen close to the site of eventual fertilization (Asher et 

al., 1990b; 1992; Willard et al., 1998). Though these techniques have been used on various 

cervid subspecies, timing of insemination and hormone administration to control ovulation 

in one subspecies commonly results in significantly different conception rates in another 

subspecies (Asher et al., 1999; Whitley and Jackson, 2003).  

The utilization of AI methods also facilitates the maintenance of genetic variation 

within herds because safe and cost-effective techniques like cryopreservation can be used 
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to import viable spermatozoa from different countries without risking introduction of 

diseases associated with the importation of live animals (Mylrea et al., 1991). The overall 

costs associated with breeding fallow deer is notably higher in comparison to native breeds, 

because they are classified as exotic and limited research has been directed towards them. 

Therefore, it is important that AI methods are analyzed so producers can be more educated 

when selecting the methods that are more cost-efficient for their operation.  

Research Objectives 

The objective of this research was to evaluate methods of insemination on 

conception rate to fixed-time insemination. The long-term implications of this study 

include:  

• Establishment of an effective AI protocol for captive fallow deer.

• Increasing the fallow deer population within the United States.

• Improving the genetic merit of the fallow deer population.
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CHAPTER II 

LITERATURE REVIEW 

Cervid Species Differentiation 

There are over 40 species and 200 subspecies of deer with notably different 

behavior, physiology, ecology, morphology, and geographic distribution (Asher, 2011). 

All deer are part of the Cervidae family and are ruminant animals (Cadman, 1971). In many 

respects, cervids are reproductively similar to domestic ruminant species. Therefore, when 

developing procedures for reproductive artificial synchronization in cervids, previously 

established sheep, goat, and cattle artificial synchronization procedures are often referred 

to as a foundation for research. Leading to the development of several successful 

technologies, including artificial insemination (AI) and embryo transfer (ET) (Asher, 

2011). 

However, when evaluating reproductive performance within cervids there is not 

one species that can be regarded a “typical” deer model. Characteristics that very among 

cervids include, how many offspring they can conceive yearly, what season they become 

reproductively receptive, what temperatures initiate the fawning season, and the 

development process of the embryo and placenta (Asher, 2011). It is understood that these 

reproductive differences within the various cervid species are essential to obtain optimal 

survival and growth for their offspring within their native geographic location.  However, 

it is also what makes conducting the same experiments across different species key to 

understanding cervids in general.  
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Physical Characteristics 

Fallow deer are classified with all other species of deer, antelopes, goats, sheep, 

and similar large herbivorous mammals with structural dynamics for fast movement 

(Taylor Page, 1962). No other deer have similar antlers to an adult fallow buck (Cadman, 

1971). Fallow bucks are distinguished from other deer because their antlers are broadly 

palmated with spellers and have brow and trey tines present, which are connected to the 

skull by the coronet (Fig. 1). Male fallow deer have a tuft of hair hanging from their sheath, 

which is useful in distinguishing young males and females from a distance (Langbein and 

Chapman, 2003; Miller and Sykes, 2016; Mungall and Sheffield, 1994), yet fallow males 

do not have a mane like other cervid species (Cadman, 1966). A fallow buck reaches 

physical maturity at 6 yr and will typically live from 11 to 15 yr, although records indicate 

a captive fallow buck in Texas once lived to be 25 yr (Mungall and Sheffield, 1994).  

Figure 1 

Diagram of a male fallow deer antler. 

Note: Illustration obtained from Dawn, Dusk and Deer (1966), and created by C. F. Tunnicliffe. 
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Bucks in good condition can weigh approximately 168 to 242 pounds but will lose 

roughly 20 to 50 pounds during the breeding season. Meanwhile, does weigh 

approximately 65 to 121 pounds and maintain their weight during the breeding season 

(Taylor Page, 1962; Mungall and Sheffield, 1994; Langbein and Chapman, 2003; Hughes 

et al., 2017). Additionally, male fallow deer are approximately 3 feet tall at the shoulder, 

but the does are approximately 3 to 4 inches shorter (Taylor Page, 1962; Cadman, 1966; 

Mungall and Sheffield, 1994; Langbein and Chapman, 2003). With considerable length 

variations, the distance from the nose to the last vertebra measured along the mid-dorsal 

line for a buck is approximately 5 feet 3 inches and approximately 7 inches shorter for a 

doe (Langbein and Chapman, 2003). Both male and female fallow deer develop a 

predominate Adam’s apple (Mungall and Sheffield, 1994) and have no upper front teeth. 

Instead, they have a dental pad that closes against the lower teeth (Cadman, 1971; Chapman 

and Chapman, 1975). The tail of both sexes is approximately 9 inches, which is unusually 

long when compared to native species (Cadman, 1966; 1971; Chapman and Chapman, 

1975; Langbein and Chapman, 2003). Often, a mature fallow’s tail will be carried upwards 

during the first moments of alarm while fawns curl their tails upwards when suckling 

(Cadman, 1971; Chapman and Chapman, 1975). Unlike roe and sika, fallow do not have 

the ability to flare the fur on their rump when alarmed (Chapman and Chapman, 1975).  

Fallow deer often have long and ragged coats (Miller and Sykes, 2016) and can 

sometimes display curls on the forehead and tiny tufts of hairs within the ears (Langbein 

and Chapman, 2003). Fallow are frequently seen in black, white, and menil, commonly 
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referred to as spotted, colors (Cadman, 1966; 1971; Chapman and Chapman, 1975; 

Langbein and Chapman, 2003; Miller and Sykes, 2016; Hughes et al., 2017).  

Menil is the most common color of fallow deer and appears as a rusty shade of 

brown with large white spots along the ribs, a white line along the rump on the haunches, 

and solid white along the rump and belly. The white along the rump is emphasized by a 

bordering line of black and extends to outline the tail (Taylor Page, 1962; Miller and Sykes, 

2016) (Fig 2). In Old English, “fealou” means “pale brown or reddish yellow.” It is believed 

this is how fallow deer received their name (Miller and Sykes, 2016). In addition, during 

the winter months, the spots on a menil-colored fallow fade and appear gray (Taylor Page, 

1962; Langbein and Chapman, 2003; Miller and Sykes, 2016).  

Figure 2 

Menil (common) colored fallow buck. 

Note: Illustration obtained from Dawn, Dusk and Deer (1966), and created by C. F. Tunnicliffe. 
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A black fallow is not truly black. During the summer months, a black fallow almost 

appears dark chocolate with grayish-brown spots that are hardly visible. Then, during the 

winter months, a black fallow loses its shiny coat and appears more of a dusky brown 

(Langbein and Chapman, 2003; Miller and Sykes, 2016).  

Lastly, white fallow have dark eyes and are born a cream color which whitens as 

they mature, sometimes maintaining their creamy tan color for half a decade or longer 

(Chapman and Chapman, 1975; Mungall and Sheffield, 1994). The hooves and nose of a 

white fallow are less pigmented than normal appearing orangish in color, whereas all other 

color variations are black (Langbein and Chapman, 2003).  

Albinos have been recorded but they are rare. Only the fallow which are true albinos 

have pink eyes and are a pure white at birth (Chapman and Chapman, 1975; Mungall and 

Sheffield, 1994). While most deer do not typically develop color variations, fallow are the 

most variable of any species (Hughes et al., 2017). Although all color variations interbreed 

with one another, black is expressed as the homozygous dominate, menil is heterozygous, 

and white is homozygous recessive (Langbein and Chapman, 2003).  

Distribution and History 

Fallow deer are one of the most widely distributed species of deer in the world 

(Chapman and Chapman, 1975; Mungall and Sheffield, 1994; Langbein and Chapman, 

2003; Hughes et al., 2017), as they are currently found on all inhabited continents (Mungall 

and Sheffield, 1994). This includes nearly all the counties in England, most counties in 

Wales, several counties in Scotland, and most counties in Ireland (Chapman and Chapman, 

1975; Langbein and Chapman, 2003). Allegedly George Washington brought the first 
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fallow deer to the United States from Europe to lavish his Mount Vernon estate (Mungall 

and Sheffield, 1994).  

Fallow deer are believed to have been originally introduced to new countries by the 

Phoenicians and, subsequently, on a wider scale by the Greeks and Romans (Cadman 1966; 

Chapman and Chapman, 1975; Mungall and Sheffield, 1994). In Greek and Roman 

mythology, fallow deer are portrayed as the protectors of the forest, resulting in Greek and 

Roman writers and artists depicting fallow bucks on ancient coins, pottery, statutes, and 

often illustrating them next to the goddesses of hunting, Artemis and Diana, as their 

companion. Fallow deer’s distinct antlers have also been identified on rock carvings, 

mosaics, treasures, statues, and monuments from the Bronze Age, Asia Minor, and ancient 

turkic periods. Fallow deer were also present in Britain in the Pleistocene interglacial 

periods, though it is likely they were reintroduced after some time (Chapman and 

Chapman, 1975).  

Supposedly, fallow deer originate from the Mediterranean region of southern 

Europe, Turkey, and Asia Minor; however, the precise location is indeterminable 

(Chapman and Chapman, 1975; Hughes et al., 2017; Mungall and Sheffield, 1994). Deer 

colonization occurs through intentional introduction by man or by natural spread due to 

continual changes in rural environments (Chapman and Chapman, 1975). One of the first 

recorded legends regarding fallow deer documented that they were initially transported 

around the Mediterranean region because of their ability to eradicate snakes and the healing 

properties of the bone marrow in their antlers, though neither have been proven to be more 

than myths. (Miller and Sykes, 2016).  
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It is believed that the value placed upon fallow deer centuries ago is how they have 

not only survived for thousands of years, but also led to the expansion of their geographic 

base across continents. As they are predominately grazing animals often feeding on shrubs 

and trees, fallow deer have been seen in an assortment of varying habitats with the most 

frequent places being woods, meadows, copses, pastures, overabundant vegetation, 

mountainous areas, and arable fields (Chapman and Chapman, 1975). However, they have 

also been observed in waste lands that are not afforested and still managed to thrive 

(Cadman, 1971).  

Factors such as the sex of the animal, the degree of disturbance, and weather all 

effect the locality in which a fallow will choose to reside (Chapman and Chapman, 1975). 

Fallow deer continually prove to be adaptable to a wide range of pastoral and climatic 

environments even if the genetic base of the founding stock is limited (Cadman, 1966; 

Mulley et al., 1987; Asher et al., 1990b; Morrow et al., 1994; Mungall and Sheffield, 1994).  

In the 11th century, Canute, the Danish king of England, drew up the code of forest 

laws which preserved fallow deer and made the punishment for killing one the amputation 

of a right hand, removal of an eye, or 2 pounds of flesh. Additionally, domesticated dogs 

caught within fallow-populated forests were crippled by having their two center toes 

removed from their front feet (Lascelles, 1886). The first specific mention of hunting 

fallow on horseback with Royal Buckhounds occurred in the 14th century, but was a sport 

limited to royalty (Chapman and Chapman, 1975). 

It was not until the early nineteenth century that fallow deer became hunting game 

for venison for the general public, but it was only allowable in March and April (Lascelles, 

1886). For the centuries following, fallow deer were a continual source of food, sport, and 



11 
 

 

pleasure for man (Chapman and Chapman, 1975; Langbein and Chapman, 2003). The same 

is still true today, though fewer people regularly eat venison. The form of the sport has 

varied over the centuries, from stalking with a bow and arrow while coursing with dogs to 

hunting on horseback with horns and hounds to stalking with a rifle today (Chapman and 

Chapman, 1975).  

Present Status of the Question 

Within the past three decades, domestication of fallow deer for venison and trophy 

antler production has become increasingly popular in the United States and Canada (Frosch 

et al., 2008). Currently, the world record antlers measure 37 !" inches long and are from 

Turkey. The biggest fallow antlers within the United States are from Texas, measuring 29 

to 35 inches long with palms 5 #$ to 10 %& inches wide. A good set of fallow antlers within 

Texas is approximately 23 inches or longer, with a palm width of at least 3 #! inches wide 

(Mungall and Sheffield, 1994). Although bucks are the only sex to grow antlers the 

character trait is transmitted by both sexes (Chapman and Chapman, 1975).  

There are approximately 8,000 cervid farms within the United States that generate 

an estimated breeding economic activity of $523 million and an estimated hunting 

economic activity of $73 million in direct impacts. The combination of secondary impacts 

for items such as such as fuel, feed, vehicles, labor, ammo, rifles, and sporting goods totals 

approximately $3 billion (Frosch et al., 2008). Despite the interest shown in deer, there is 

sparse reproductive research available regarding fallow deer. Since the middle of the 

nineteenth century, limited research efforts have been conducted on various aspects of 

fossil or living fallow deer; however, numerous anecdotal articles have been published 

(Chapman and Chapman, 1975). 
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Reproductive characteristics can vary significantly within different species. While 

some mammals can reproduce during the whole year, others are only reproductively 

receptive during a defined season. Environmental conditions (Monniaux et al., 1997), 

presence of pheromones from either males or other females (Asher, 1986), and 

photoperiodism can affect the initiation and duration of mammalian cycles. Ruminants, 

carnivores, and rodents are all seasonal breeders, and the length of their cycle is correlated 

with their mature size. Small rodents will have short cycles lasting approximately 4 to 5 d, 

whereas larger farm animals like sheep have cycles approximately 17 d long. The number 

of ovulations a mammal has during one cycle differs between species and breeds within 

the same species (Monniaux et al., 1997).  

Fallow deer are seasonally polyestrous (Asher, 1985; 1986), which is a term used 

for mammals that are reproductively receptive during one specific season each year. 

Observations at various latitudes have provided evidence of the importance of light in 

initiating the breeding season of fallow deer (Chapman and Chapman, 1975; Asher, 2011). 

In the northern hemisphere, the onset of rutting activity in bucks and the first estrus within 

does occurs in autumn (Asher et al., 1990b; Mungall and Sheffield, 1994; Asher, 2011) 

and fawning occurs in summer (Chapman and Chapman, 1969a; 1975; Mungall and 

Sheffield, 1994; Asher, 2011). Even though the forage produced is considerably different 

between the northern and southern hemisphere, according to Asher et al., (2011) 

transferring seasonal breeders across the equator results in an exact 6 mo estrous cycle 

change.  

The “rut” is a term used within various deer species to indicate the peak period in 

the breeding season when males exhibit intense overt sexual behavior, during which period 
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most conceptions occur. Previously conducted studies identified the occurrence of the first 

oestrus within does to stimulate groaning activity within fallow bucks and limit the activity 

to only the duration of the mating period. Unlike red deer that “roar” at least two weeks 

before the onset of mating activity (Asher, 1986). It is believed the first fallow buck begins 

his mating call in the northern hemisphere around September 27th and the peak of the rut 

is thought to occur from October 18th to October 25th, yet multiple observations have 

recorded fallow buck’s groaning well into the first week of November (Cadman, 1971; 

Mungall and Sheffield, 1994).  

However, the breeding season of fallow does is considerably longer than indicated 

by the length of the rut (Asher, 1986). Observations have recorded fallow breeding from 

timeframes as long as September to February within Texas (Mungall and Sheffield, 1994). 

Most published research regarding conception efforts within fallow deer occur throughout 

October (Asher et al., 1999); however, research results continuing into mid-November 

have higher than the average conception rates when compared to October (Asher et al., 

1992).  

The average estrous cycle of a mature fallow doe is between 21 to 23 d (Asher, 

1986, 2011; Asher et al., 1990b; 1999; Polegato et al., 2018) with approximately 5 to 8 

cycles expressed, including the silent ovulations, within a breeding season (Asher, 2011). 

According to research conducted by Asher (1986), first time cycling fallow does have 

fewer cycles than older does. The approximate mean number of true cycles for does 16 mo, 

28 mo, and 40+ mo is 3.56, 4.24, and 5.43 cycles a year, respectively. In addition to fewer 

cycles, as the season progresses the number of days within each fallow doe cycle 

significantly decrease until the extending daylight of spring ceases the cycling all together.   
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 The gestation period for fallow does is between 228 to 257 d (Chapman and 

Chapman, 1975; Asher, 1986; Mungall and Sheffield, 1994; Bériot et al., 2014; Polegato 

et al., 2018) with the overall mean (+sd) length around 234.2+-2.7 d (Asher, 1986), and an 

approximate prenatal mortality rate can occur as high as 10% (Chapman and Chapman, 

1975). Fallow births can begin around mid-May, but most fallow fawns are born in June, 

and reports have recorded the occasional fawn being born as late as October or November, 

which suggests fallow does are still capable of conceiving until March (Chapman and 

Chapman, 1975; Mungall and Sheffield, 1994). The average estrous cycle durations among 

other species is 17 d in sambar and axis deer, 18 to 20 d in Eld’s and red deer, and 24 to 27 

d in moose and black-tailed deer. However, the cycle mean duration tends to increase as 

the breeding season progresses in most deer species (Asher, 2011).   

Fallow deer differ from native deer species in their mating behavior as well. As 

most male cervids will round up and hold a group of does until they are receptive, this does 

not occur within fallow deer herds. It is the does which come to the buck and then lead 

them into a mating chase often 100 to 150 yards from their rutting grounds (Cadman, 1971; 

Mungall and Sheffield, 1994). Most observations of a doe being serviced have occurred 

between 9 AM and 3 PM, although it is rare to witness, because the majority of mating 

attempts are believed to take place at night (Cadman, 1971). 

Although both male and female fallow deer reach puberty at around 16 mo 

(Chapman and Chapman, 1969a; 1975; Mungall and Sheffield, 1994), it is unknown at 

what age males start to breed because the presence of dominant bucks prevents yearlings 

from breeding and limit their efforts for subsequent years (Mungall and Sheffield, 1994). 

However, female fallow does can conceive at this age (Cadman, 1971; Chapman and 
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Chapman, 1975; Asher, 1986), yet it is common for does to conceive their first pregnancy 

closer to 2 yr (Cadman, 1971; Mungall and Sheffield, 1994). A female fallow can breed 

continually for at least 12 yr (Mungall and Sheffield, 1994). The ovaries of a fallow fawn 

are approximately the size of a gain of rice. As they approach puberty, the ovaries grow to 

roughly the size of a large pea (Chapman and Chapman, 1975). Follicular growth occurs 

in a cyclic pattern within mammals and as one follicle gradually becomes more dominant 

all others will regress (Monniaux et al., 1997). Therefore, fallow does usually shed only a 

single ovum following the rupture of a follicle, and previous studies indicate the occurrence 

of twins has less than a 1% possibility (Chapman and Chapman, 1975; Mungall and 

Sheffield, 1994).  

Anoestrus is a period of time during which a female is incapable of reproducing 

and is characterized by low peripheral plasma concentrations of progesterone indicative of 

complete ovulatory arrest, which may persist for 4 to 6 mo typically from spring to early 

autumn (Asher, 2011). The female fallow deer’s transition into the breeding season from 

anoestrus is characterized by one or more silent ovulations and 8 to 10 d corpora lutea, 

followed by the first true cycle (Asher, 1986; Youngquist and Threlfall, 2006). True estrus 

is defined as the period when a receptive female voluntarily stands to be mounted. This 

behavioral strategy ensures mating occurs at the optimal time for sperm to reach the site of 

fertilization (Morrow et al., 2009). The occurrence of silent ovulations can also characterize 

the end of the breeding season in some fallow does (Asher, 1986).  

Seasonally polyestrous ruminants, like sheep and goats, also have anoestrus phases 

to which are commonly referred to when a reproductive study under consideration has not 

yet been conducted with deer. The ovine and goat industries regularly use progesterone 
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and its synthetics to synchronize estrous cycles by oral administration or implantation of 

intravaginal sponges (Whitley and Jackson, 2003; Koyuncu and Ozis Alticekic, 2010). 

Though cattle are also ruminant mammals, they are not typically referred within deer 

research because studies within the last few decades indicate the use of common 

superovulatory drug used in beef cattle, like prostaglandin, decline the overall fertility and 

conception rates within goats as the dosage increases. The beef cattle industry commonly 

uses controlled internal drug release (CIDR) devices in combination with superovulatory 

drugs, yet the goat industry only uses CIDR devices outside the United States (Whitley and 

Jackson, 2003).  

Synchronization of the estrous cycle in the deer industry is commonly induced by 

utilizing progesterone releasing CIDR devices (Youngquist and Threlfall, 2006), which 

decreases the time and stress involved in handling animals for multiple insemination 

attempts (Mulley et al., 1988). The CIDR devices are typically inserted intravaginally for 

10 to 14 d and then removed manually (Asher, 1986; Jabbour et al., 1993; Youngquist and 

Threlfall, 2006; Thomas et al., 2016). Achieving a highly responsive estrous 

synchronization response after CIDR removal is dependent on uniformity in the 

development of the dominant follicle during the period of CIDR treatment (Thomas et al., 

2016). Upon removal of the CIDR device, the blood progesterone concentration levels 

decrease resulting in a surge in luteinizing hormone (LH), which induces ovulation 

(Youngquist and Threlfall, 2006), and insemination typically occurs between 60 to 72 h 

after the CIDR device removal in fallow deer (Mylrea et al., 1991; Asher et al., 1992).  

Generally, when a program wants to ensure the buck they have chosen is 

responsible for impregnating the desired does through potentially multiple AI attempts, an 
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intact buck is kept in the adjoining enclosure or a vasectomized buck is included into the 

group of recently AI does 10 to 14 d after insemination (Asher et al., 1990b; 1992; 

Youngquist and Threlfall, 2006). If the initial AI does not result in a pregnancy, the buck 

will prompt the females to return to estrous until she conceives or until her estrous ceases 

from the extending daylight of spring. However, most operations will use a “cover buck”, 

also known as a “clean-up buck”, to breed females that did not conceive to AI. Research 

indicates the mortality rate for fawns is highest in the winter and early spring months, most 

likely due to environmental conditions (Chapman and Chapman, 1975). Therefore, a 

common practice is to remove any intact males from the breeding group after three cycles 

if there is still not a confirmed pregnancy to avoid fawns being born late in the fawning 

season (Youngquist and Threlfall, 2006).  

There have been many research articles published over the last few decades that 

describe in detail methods of AI and ET to enhance the breeding conception rates of various 

cervid species. To date, the standard protocol for laparoscopic intrauterine insemination of 

fallow deer yields 60 to 70% conception rates (Mulley et al., 1988; Asher et al., 1990b; 

1992; Jabbour et al., 1993; Youngquist and Threlfall, 2006); however, as previously 

mentioned, results in earlier research for mid-November presented an 80% average 

conception rate (Asher et al., 1992). Records consistently report the pregnancy rate for 

natural conception in fallow deer at approximately 83 to 85% from the first oestrus mating 

(Asher, 1986; Asher et al.,1999), and the conception rate increases to approximately 96% 

by the second or third oestrus mating (Asher, 1986), which is repeatedly a higher 

conception rate than the assisted reproductive techniques utilized currently.  
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Within the fallow deer industry, high conception rates have been reported of 81% 

and 78% for intrauterine insemination with 7.5 × 106 fresh and 25 × 106 frozen-thawed 

spermatozoa, respectively. However, one reproductive fallow deer study reported that the 

concentration of spermatozoa deposited in the cervix had no effect on conception rate 

(Jabbour et al., 1993). These techniques have neither proven to be consistent in producing 

offspring nor have not been integrated effectively into current fallow deer breeding 

programs. The results are sporadic, and ET, in particular, has consistently low conception 

rates in comparison to other cervid species (Asher et al., 1999) due to erratic superovulatory 

responses to exogenous gonadotropin regimens and poor embryo recovery rates (Morrow 

et al., 1994).  

Few protocols are presently generating the same degree of synchronization required 

to achieve optimal pregnancy rates to fixed-time AI within fallow deer. Various strategies 

have been published to evaluate follicular synchronization, and studies evaluating the 

utilization of pregnant mare’s serum gonadotropin (PMSG) (also known as equine 

chorionic gonadotropin, eCG) or gonadotropin-releasing hormone (GnRH) in combination 

with CIDR devices continually have inconsistent results. There have also been several 

studies conducted on manipulating the estrous cycles using CIDR and PMSG to induce 

various seasonal breeding species to conceive during anoestrus.  

There are multiple factors to consider when choosing which method to use to detect 

pregnancies early within the breeding season. The diagnostic technique must be accurate, 

safe, rapid, relatively simple to use, and easy to transport (Lane and Lewis, 1981). 

Accurately detecting pregnancy early will allow producers to breed the female again during 
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the next estrous cycle or enable producers to cull females from the herd that did not 

conceive to their ideal management practices.  

Approximately 12 d after conception, the blastocysts elongate and begin the 

implantation process within the uterus. The earliest form of detection can be through 

laparoscopy around 16 d. However, it is most likely uneconomical for the average producer 

to detect pregnancy through laparoscopy because of the necessary time to evaluate each 

female and the cost associated with hiring trained professionals and transport the 

equipment required for the procedure (Cole and Foxcroft, 1982). Analyzing blood and 

plasma progesterone is the second earliest form of detecting pregnancies within swine and 

ewes. As with laparoscopy the diagnosis per female requires a considerable amount of time, 

trained technicians, and a laboratory in close proximity to conduct the analysis (Lane and 

Lewis, 1981; Cole and Foxcroft, 1982). Rectal palpations are rapid and accurate in ewes 

after 65 d of conception but are associated with damage to the rectal wall, which can cause 

peritonitis and, in extreme cases, result in death (Lane and Lewis, 1981).  

Conception is regularly confirmed by ultrasonography within various species the 

animal breeding industry (Lane and Lewis, 1981; Cole and Foxcroft, 1982; Mulley et al., 

1987) through doppler (detection of a fetus pulse) or a-mode (detection of embryonic fluid 

within the uterus) analysis (Cole and Foxcroft, 1982). In the 1950s ultrasonography was 

developed to composite images of organs and connective tissue within humans. This 

imaging process uses a piezoelectric crystal as a medium to send and receive acoustic pulse 

echoes derived from sonar waves. The waves bounce from connective tissue, allowing 

images to be captured of the organs that are outlined. Ultrasonography is an invaluable tool 

when assessing the presence, development, and age of a fetus because the acoustic radiation 
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admitted when compositing images appears to have no significant biological effects on the 

fetus. Additionally, up to 60 images per second can be obtained making ultrasonography 

ideal for accurately assessing a fetus. Because of the low cost and absence of radiation 

effects, ultrasonography has become the most widespread method used when evaluating a 

fetus (Jaffee, 1982).  

The most common errors associated with estimating conception rates by confirmed 

ultrasonography pregnancies are due to operator inexperience and abortions after 

examination, but these combined errors occur in less than 3% of the females evaluated. 

Also, weather and temperature do not affect the accuracy of ultrasonography to detect a 

viable fetus (Lane and Lewis, 1981). As the fetus continues to develop, the accuracy of 

pregnancy detection increases within all diagnostic methods and approaches 100% 

accuracy after the first trimester, excluding the occurrence of diseases that may result in 

abortions (Cole and Foxcroft, 1982).  

As a whole, fallow deer are healthy animals, and it is uncommon to hear of large 

numbers of fallow dying from any sickness. There are several diseases that have been 

recorded in captive fallow deer including rabies (Chapman and Chapman, 1975; Zhu et al., 

2015), spinal ataxia (Chapman and Chapman, 1975; Geisel et al., 1997), T-cell 

lymphocytic leukemia (Madson and Opressnig, 2009; Kleinschmidt et al., 2012; 

Suedmeyer et al., 2015), cerebrocortical necrosis (Markson and Giles, 1973; Chapman and 

Chapman, 1975), and Johne’s disease (Jackson et al., 2020) but almost always involve a 

single animal. 

Bone abnormalities ranging from minor deviations to chronic arthritic conditions 

are more common within fallow deer (Chapman and Chapman, 1975; Baker et al., 1979). 
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Defects of bone growth are not the same in every case on the cellular level and are 

commonly identified in cattle, sheep, and goats (Baker et al., 1979; Chapman et al., 1984). 

Typically, bone growths frequently occur on the edge or surface of joints, but they also can 

be found on the vertebrae, ribs, hips, knees, shoulders, elbows (Chapman and Chapman, 

1975), wrists, metacarpals, metatarsals (Chapman and Chapman, 1975; Chapman et al., 

1984), and mandible (Chapman and Chapman, 1969b). Joints that are severely engrossed 

with bone abnormalities can render an animal incapable of movement (Chapman and 

Chapman, 1975).  

The primary cause of bone abnormalities appears to be a defect in calcification of 

the cartilage due to inadequate nutrition, resulting in abnormal bone lengths or closure 

inability of the epiphyseal plates. Depending on the type of bone, the epiphyseal closure 

may be delayed by approximately 1 yr, which can be an indication of when inadequate 

nutrition occurred. Further causes within fallow include trauma or compression to the 

growth plates (Chapman et al., 1984). Abnormalities most of the time reduces the agility 

of an animal and shortens their overall lifespan (Chapman and Chapman, 1975; Baker et 

al., 1979; Chapman et al., 1984). Though slight abnormalities can occur in younger fallow, 

it is most extensive in aged bucks and does (Chapman and Chapman, 1975), and the same 

frequency appears in males as in females (Chapman and Chapman, 1969b).  

It is uncommon for captive fallow to develop tumors, either malignant or benign 

(Chapman and Chapman, 1975; Kidd and Reuter, 1989; Sakai et al., 2001; Hughes et al., 

2017). However, recorded abscesses in captive fallow have arisen in several locations, 

including the brain (Kidd and Reuter, 1989; Hughes et al., 2017), eyelid (Sakai et al., 2001; 

Hughes et al., 2017), perineal, lymph nodes, neck tissue, spinal cord (Hughes et al., 2017), 
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nasal cavity, and mandible (Chapman and Chapman, 1975). Historically, tumors can have 

varying appearances. The most common tumors reported in fallow deer are types of 

fibromas, which are more commonly seen as a result of the deer papillomavirus. 

Documentation of this infection has been made within white-tailed deer, mule deer, 

European elk, reindeer, red deer, roe deer, sika, black-tailed deer, and caribou (Hughes et 

al., 2017).  

Fallow deer can also be the host for ectoparasites like lice, ticks, and mites, though 

none will affect a female’s ability to reproduce. Likewise, both does and bucks can be hosts 

to a wide range of endoparasites with the main four groups being roundworms, tapeworms, 

lungworms (Chapman and Chapman, 1975), or liver fluke (Chapman and Chapman, 1975; 

Jenkins et al., 2020). Recent research indicates fallow deer tend to have a lower lymphocyte 

count than other wildlife species, but this does not affect their innate immune response 

system to kill bacteria (Dugovich et al., 2019).  

Although such occurrences are important, surveys conducted within various zoos 

indicate that fallow are overall healthy animals and not likely to transmit diseases to one 

another or domestic stock. There has even been a case where a female fallow had a leg 

amputated in a car accident and still managed to give birth that season (Chapman and 

Chapman, 1975).  

In addition to diseases and some parasites, most mammals will not reproduce 

without having their nutritional requirements meet. In research conducted on the effects of 

starvation in rats, the number of developing follicles decreased indicating metabolic 

hormones, such as insulin and insulin-like growth factors, have an impact on reproduction 

(Monniaux et al., 1997).  
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To improve AI effectiveness, with or without the use of CIDR devices, detailed 

information should be gathered on the general biology and habits of the females to allow 

manipulation of their ovulation cycles and proper deposition of spermatozoa (Cadman, 

1971; Asher, 1986; Asher et al., 1990a). Synchronization of estrus is largely dependent on 

synchronizing ovarian follicular development (Thomas et al., 2016). In addition to focus 

on the female reproductive cycle, fresh spermatozoa should be collected from bucks within 

the optimal time frame to heighten pregnancy rates to AI. 
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CHAPTER III 

MATERIALS AND METHODS 

Ethical Statement 

The use of animals in reproductive related scientific research continues to utilize 

advancements in technologies to enable the growth of various species within our country 

and in the global community. Through reproductive research involving various native and 

exotic animals, scientists continue to develop sound methods of artificial insemination 

(AI), embryo transfer (ET), in vitro fertilization (IVF), estrous synchronization, hormone 

treatments, and cryopreservation of sperm, oocytes, and embryos, all while prioritizing 

high standards of animal safety and well-being throughout the trials.   

 The scientific community is committed to ensuring all research involving animals 

conforms to ethical, legal, and safety regulations created by federal guidelines. To fulfill 

this commitment, ongoing training and education is recommended within the animal 

community for personnel handling, managing, or operating on animals during research 

experiments.  

 Throughout the duration of the research conducted in this investigation, all 

procedures were performed by a licensed veterinarian and technicians with no physical 

assistance from the authors. Because the research conducted was focused on analyzing 

data gathered on comparing the conception rates of cervical AI to laparoscopic AI and 

evaluating the success of ET, it was not necessary for the authors to assist in a physical 

capacity. In addition, no animals were harmed or perished due to the research conducted 

within this trial.  
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Data Collection 

Mature European fallow does (n = 120) from an established herd on a working deer 

ranch (3-S Texas Outdoors, Bedias, TX) were utilized to evaluate conception rate to fixed-

time insemination. Each doe was marked with an ear tag containing a unique identification 

number, which assisted in maintaining records during this study. Alfalfa hay was provided 

ad libitum in hay racks to supplement Bermudagrass pasture intake throughout the study 

period. Also, approximately 2.5 pounds of Sportsman’s Choice Record Rack Breeder 

Pellets (Cargill, Inc., Minneapolis, MN) was fed per head per day, with an occasional 

feeding of whole peanuts to accustom the deer to the presence of humans.  

Estrous synchronization to facilitate AI and ET was accomplished using CIDR 

devices and eCG. Controlled internal drug release (CIDR) devices were inserted for 14 d 

as a source of supplemental progesterone and does received an intramuscular (i.m.) 

injection of equine chorionic gonadotropin (eCG; 0.25 mg/per animal) at CIDR device 

removal to stimulate follicle development and ovulation. Insemination took place 69 to 70 

h after withdrawal of the CIDR device. Fresh semen was collected from one buck on-site 

at approximately 2 to 4 h before insemination by electroejaculation and was immediately 

evaluated for motility and spermatozoa concentration before being loaded into straws for 

insemination. Semen from two other bucks was imported from New Zealand by means of 

cryopreservation techniques. All does were inseminated with at least 40 × 106 spermatozoa.  

Method 1: Approximately 52% (n = 63) of the does were impregnated by 

laparoscopic insemination through the following steps (Asher et al., 1990b). Does were 

sedated with an i.m. injection of 1.2 ml medetomidine/ketamine hydrochloride mixture (5 

mg and 150 mg per ml, respectively). Once recumbent, the does were placed on their backs 
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in a specially designed laparoscopy trolley. Their posterior abdomen was shaved and 

sterilized with a povidone-iodine scrub (7.5%), iodine tincture spray (2.5%) and isopropyl 

alcohol (90%), and one end of the trolley was then raised so that the doe was tilted head 

down at a 40 to 60-degree angle (Youngquist and Threlfall, 2006). The abdomen was 

inflated with CO2 gas, and two trocars, one on either side of the midline, were inserted. 

The laparoscope and the insemination pipette were inserted through the trocars and semen 

was injected into the uterine horns. The incisions were closed with cyanoacrylate glue and 

covered with aerosol aluminum bandage (Ideal AluShield) as a protective barrier against 

external irritant agents. The sedative was reversed with an intravenous (i.v.) injection of 

atipamezole (2.5 ml). The animals were monitored during the time immediately following 

recovery and then periodically over 12 hr.  

Method 2: Approximately 10% (n = 12) of the does within the study group were 

impregnated by cervical AI through depositing spermatozoa in the os cervix through the 

following steps (Willard et al., 1998). The does were enclosed in a drop-floor deer cradle 

without anesthesia or sedation. Each doe was restrained manually by the head and along 

the topline to minimize any movement of the doe while in the deer cradle. An entry door 

to the back of the cradle allowed the inseminator to access the hind end of the doe. The AI 

gun and speculum included a light source when inserted into the vagina of the doe to 

facilitate visualization of the cervix. A (0.25 ml) bovine AI gun and standard insemination 

pipette containing a straw of semen was then inserted through the speculum into the os 

cervix. Once the site of semen deposition was reached and the semen was deposited, the 

speculum and AI gun were slowly withdrawn.  
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Method 3: Approximately 38% (n = 45) of the does were chosen to undergo embryo 

transfer. The donor does (n = 12) were selected because they displayed exceptional 

physical characteristics and were randomly divided into two groups to be administered 

either a single injection of eCG or eight injections of follicle stimulating hormone (FSH). 

The group of does that received eCG were injected 60 h before CIDR removal. Whereas 

the group of does that received FSH were initially injected at 60 h before CIDR removal 

and again every 12 h until a total of eight injections were administered. The amount of FSH 

administered declined after every 2 injections given. The dosage of FSH administered was 

1.20 ml for injections 1 and 2, 1.00 ml for 3 and 4, 0.75 ml for 5 and 6, and 0.50 ml for 7 

and 8. 

The embryos were recovered from the eCG and FSH groups by laparotomy 6 d 

after laparoscopic insemination through the following steps (Morrow et al., 1994). The 

does were sedated by i.m. injections of (1.2 ml) medetomidine/ketamine hydrochloride 

mixture (5 mg and 150 mg per ml, respectively). Once recumbent, the does were placed on 

their backs in a specially designed laparoscopy trolley and given clenbuterol to reduce 

swelling within the reproductive tract. Next, their posterior abdomen was shaved and 

sterilized with a povidone-iodine scrub (7.5%), iodine tincture spray (2.5%) and isopropyl 

alcohol (90%) and one end of the trolley was raised so that the doe was tilted head down 

at a 40 to 60-degree angle (Youngquist and Threlfall, 2006). Mid-ventral laparotomy 

allowed the reproductive tract to be evaluated, and the number of ruptured and unruptured 

follicles for each ovary was record. Approximately 20 to 25 ml of warm medium flushed 

through the uterine horn via a 12-gauge catheter to assist in the collection of the embryos 

and were subsequently examined under a microscope. The morphology of recovered 
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embryos was then evaluated according to developmental stage and structural integrity 

before they were transferred. The abdominal incisions of the donors were closed using 

cyanoacrylate glue and covered with an aerosol aluminum bandage (Ideal Alushield). 

Donors were also treated with a long-acting antibiotic before being returned to the pasture. 

Embryos were collected 6 d after insemination and identified as a morula or 

blastocyst. To be classified as a morula the mass within the embryos was at least 16 cells 

and occupied most of the perivitelline space. Whereas a blastocyst cell mass is darker and 

more compact with distinct differentiation of the outer trophoblast layer and inner cell 

mass. After the embryos were confirmed to either be a morula or blastocyst, the quality of 

each embryo was carefully examined to determine its viability if transferred to a recipient. 

Only embryos of excellent or good quality with a symmetrical mass and uniform size, 

density, and color were eligible for transfer. Research evaluating the pregnancy rates 

according to the embryo development stage in cattle and did not identify any significant 

difference between embryos transferred at the morula or blastocyst stage. However, a 

decrease in pregnancy rate has been previously noted for embryos at a more developed 

stage (Bó and Mapletoft, 2013). Therefore, the acceptability of an embryo to be transferred 

was determined by an experienced veterinarian at Advanced Deer Genetics (USA), LLC.  

Once the embryos were collected, analyzed, and prepared for transfer, the recipients 

underwent the same initial steps as the does inseminated by laparoscopy. The fresh 

embryos were transferred into the recipients by laparotomy. After the midline incisions 

was performed, the embryos were placed into the uterus. The incisions were closed with 

cyanoacrylate glue and covered with aerosol aluminum bandage (Ideal AluShield) as a 

protective barrier against external irritant agents. The recipients were given a long-acting 
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antibiotic before being given an i.v. injection of atipamezole (2.5 ml) to reverse the sedative 

effects. The animals were monitored during the time immediately following recovery and 

then periodically over 12 hrs. 

Conception rate to AI was determined 45 d after insemination by restraining the 

does in a drop-floor deer cradle without anesthesia or sedation and using a lubed 7.5-MHz 

transrectal ultrasonography probe near the interior anal sphincter to evaluate either side of 

the midline for indications of a fetus (Lenz et al., 1993). Pregnancies at this time were 

confirmed by the presence of a fetus, fetal heartbeat, and fluid within the uterus.  

The does were thoroughly examined for injuries, diseases, and internal or external 

parasites before commencing with one of the three assisted reproductive techniques 

previously mentioned, and the same technicians performed each AI attempt. 

Data Analysis 

Pregnancy rates to AI, ET, and natural service were analyzed by 𝑋! analysis used 

the frequency procedure (SAS Institute, Inc., Cary, NC). Logistic regression was 

preformed to determine the odds of pregnancy after FTAI using the following variables:  

insemination method, sire, and fresh or frozen semen.  Logistic regression was used to 

determine the odds of production of transferable embryos using the following variables:  

superovulation method and ovarian status at the time of insemination.  The differences for 

the “clean-up” bucks and weather on various days were analyzed to ensure there were no 

significant impacts on the research group.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

Pregnancy rates to FTAI, ET, and natural service are presented in Table 1.  There 

was no difference (P = 0.29) in conception to fixed-time artificial insemination (FTAI) 

between the two insemination methods used in the study.  Pregnancy rate to FTAI 

utilizing cervical insemination was 16.7 % and pregnancy rate to FTAI using the 

laparoscopic method was 30.2%.  Additionally, the logistic regression model indicated 

that there was no main effect of sire (P = 0.09) on pregnancy rate to FTAI. However, the 

does inseminated with fresh semen (42.5%) had a greater (P < 0.03) pregnancy rate than 

the does inseminated with frozen semen (12.2%) within this study. Also, the subsequent 

pregnancy rates to cover/clean-up bucks were not affected by either of the two previous 

AI methods (P > 0.07), cervical (62.0%) or laparoscopic (54.6%) insemination. 

 

Table 1 

Pregnancy rates to fixed-time artificial insemination, embryo transfer, and natural mating 

of fallow does. 

 Number 
Inseminated 

Number Pregnant 
to Each Method 

Number Pregnant to 
Clean-up Bucks 

Laparoscopic intrauterine  63 (52.5%) 19 (30.2%) 26 (59.1%) 

Cervical  12 (10%) 2 (16.7%) 6 (60%) 

Embryo Transfer 45 (37.5%) 17 (37.8%) 24 (85.7%)  

Note:  Percentages are based on the total (n = 120), and each column after is from the 
remaining open does.  
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The low conception rate to FTAI in this study is not in agreement with previous 

studies. Results of previous studies indicate that fallow deer consistently have conception 

rates between 60% and 80% (Asher, 1986; Asher et al., 1990a; 1990b; 1992). Due to the 

fact that a large proportion of does returned to estrous following the first AI attempts, it is 

most likely that the conception attempts failed rather than the occurrence of embryonic 

loss. Though it is not possible to determine from the data if the does failed to conceive at 

the first conception attempt or aborted later in the gestation period, it is more likely that 

absence of a conception is not due to an abortion which tends to prolong the estrous cycle 

in some cases (Asher et al., 1986).  

According to Asher (1986), previous treatment of does with exogenous hormones, 

such as pregnant mare serum gonadotrophin (PMSG), during anestrous is instrumental in 

causing early cessation of cyclic activity. The study that presented these findings used 

PMSG to initiate estrous synchronization during the transition phase from anestrous for 

does that have previously experienced an estrous cycle at least one year earlier. Does 

synchronized with 500 IU of PMSG yielded an approximate 30% conception rate. 

Whereas, the does administered 1000 IU of PMSG resulted in formation of multiple 

corpora lutea (CL), which produce such a high volume of progesterone that once the CL 

regress, the doe did not cycle again for that breeding season. Although PMSG has been 

used to induce multiple ovulations or synchronize cycles early within the breeding season, 

the results indicated that high levels of this treatment are counterproductive. Because of 

the limited reproductive research regarding this species, there has not been further 

investigative studies to determine the appropriate dosage to reduce the incidence of 
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multiple ovulations and/or luteinizing follicles to prevent early estrous cessation when 

administered during the transitional anestrous period.   

When comparing the conception rates from this study to previously published 

research, the most similar conception rates were from research regarding estrous 

synchronization techniques with PMSG during the anestrous phase. Upon further analysis, 

it was noted that the majority of reproductive fallow deer research has previously been 

conducted in New Zealand (Asher, 1985; 1986; 2011; Asher et al., 1990a; 1990b; 1992; 

1999; Jabbour et al., 1993; 1994) located at 40 degrees south latitude, or in the New Forest 

District in England (Lascelles, 1886; Taylor Page, 1962; Cadman, 1966; 1971; Chapman 

and Chapman, 1969a; 1069b; 1975; Chapman et al., 1984; ) located at 50 degrees north 

latitude. The study was conducted in Bedias, Texas located at 30 degrees north latitude 

(Fig 3). Though previous published works indicate crossing the equator results in an exact 

6 mo cycle change, further analysis into the amount of daylight at different geographic 

locations during the peak of the breeding periods showed approximately 10.5 to 11 h of 

daylight for the peak of conception within the rut in both New Zealand and the New Forest 

District, England. Because of earth’s natural rotational patterns, the further a location is 

from the equator, the greater the variance in the hours of daylight presented at various times 

within the year. Since fallow deer are seasonally polyestrous mammals, future reproductive 

research might benefit from analyzing blood progesterone levels from does at various life 

stages to confirm if the peak breeding season in Texas, at 30 degrees north latitude, is at 

the same time as the peak breeding season for the New Forest, England at 50 degrees north 

latitude. Conducting further research evaluating blood progesterone levels will indicate if 
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the maximum conception rates within fallow deer in Texas also occur at approximately 

10.5 to 11 h of daylight, which would occur between October 28th and November 11th. 

Figure 3 

Biweekly hours of daylight for a) The New Forest District, England, b) Bedias, Texas, c) 

the equator, and d) New Zealand. 
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Note: Calculations obtained from Astronomical algorithms, 2009, written by J. Meeus. 

It is unclear if the discrepancy in conception rates is due to where the animal is 

located on varying latitudes, the weather conditions at the time of the rut, or the hormonal 

differences within deer of different geographic locations. Some of the variation may even 

result from different definitions of when the rut occurs. This may be when the bucks start 

rutting behaviors like groaning and fighting over rutting grounds, when the peak of 

conception occurs, or when the silent ovulations occur during the does’ transition from 

anestrous to becoming reproductively receptive.  
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The results of the logistic regression analysis on ET indicated there was no effect (P < 0.14) 

of the superovulation protocol (eCG or FSH) on the production of transferable embryos. 

Also, the ovarian status at the time of insemination of the donor female (presence of 

follicles, corpora hemorrhagica, or corpora lutea) did not affect the production of 

transferable embryos (P < 0.43). Previously conducted ET research in New Zealand 

(Morrow et al., 1994) discussed conception rate inconsistencies for fallow deer, therefore 

the conception rates within this study appeared normal. However, further research should 

focus on constructing sound protocols that produce consistent ET results for this species.   
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CHAPTER V 

CONCLUSION 

This research conducted on estrous synchronization and AI provided more insight 

on comparing the methods of insemination in fallow deer when utilizing fixed-time 

insemination methods. Research regarding estrous synchronization procedures often lead 

to the improvement of time management for producers who use AI by shortening both the 

breeding and fawning periods. This allows ranch managers to spend more time over a 

condensed period observing births and, in some cases, reduce the number of fawn losses 

because of improved management procedures during the fawning periods.  

 As previously mentioned, AI remains effective for disseminating genes from bucks 

of high genetic merit more widely and more rapidly than through natural mating, which 

can also assist in avoiding inbreeding depression. Producers can select breeding stock 

based upon their specific program objectives and cull stock that appear to digress from 

those objectives.  

In summary, this study has shown that fallow deer have the same likelihood of 

conception through either cervical or laparoscopic insemination. Newly emerging 

biological developments (Parker, 2020) have indicated sperm competition goes beyond the 

competition of individual sperm cells to fertilize a specific ovum. Within the last year, 
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seminal fluid proteins have been identified to variously modify the female reproductive 

tract towards subsequent matings which reduces the probability of secondary mating 

attempts. Though this concept could explain the conception rate difference in clean-up 

buck mating from AI when compared to ET, this concept has not been studied in fallow 

deer.  

In addition, there are conflicts between the present results and other data on 

conception rates to FTAI in European fallow deer (Dama dama). Laparoscopic intrauterine 

or cervical insemination of adult (at least 16 mo) fallow does during the rut in New Zealand 

(Mid-April to start of May) produced conception rates of 60-80% (Asher, 1986; Asher et 

al., 1990a; 1990b; 1992; Jabbour et al., 1993), and results in Europe (Mid-October to start 

of November) produced conception rates of 70-75% (Chapman and Chapman, 1975). 

Observations at various latitudes provide further evidence of the importance of light in 

determining the breeding season of fallow deer which are seasonal breeders that are 

reproductively receptive in the fall and give birth in the early summer. However, research 

has not been conducted on analyzing latitude in comparison with blood progesterone or 

other increasing hormonal elements that correspond with an increase in receptivity to 

determine if the change in hours of daylight presented at different geographic locations 

effects the optimal time of conception. And, if so, how different the changes would be for 
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various latitudes from the 6 mo time change estimation currently used when crossing the 

equator.  

Though fallow deer are similar to sheep and goats, which are also seasonal breeders 

that are reproductively receptive in the fall and give birth in the early summer, they lack 

precedented research to establish body conditioning scores (BCS). Typically, fallow deer 

breeders list their breeding stock as one of three categories:  1) thin, 2) ideal, or 3) fat. But, 

as previously stated in other domestic livestock species, judging animals without a 

predetermined scale will lead to inconsistencies. Therefore, research should be conducted 

across multiple farms to establish a fallow deer BCS for future breeding efforts. 

Because of the limited data within this study on fallow deer, future work will need 

to be undertaken to determine if the results from this study are consistent with other fallow 

deer reproductive results in Texas. In addition, fallow deer breeders may benefit from 

research creating a financial analysis for the current expenses to compare the AI methods.  

This can benefit fallow deer breeding farms within the United States by enabling ranch 

owners to make a more educated decision when determining which method to use on their 

farm.  This would potentially decrease their expenses associated with AI attempts to 

achieve a viable pregnancy.   
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By conducting more research to determine the optimal time of conception to breed 

fallow deer within the United States, further understanding of the fallow doe’s reproductive 

cycle can contribute to the success of other reproductive-related fallow deer projects, thus 

encouraging the utilization of selection methods to increase the quantity and genetic merit 

within controlled populations in the United States. It is our hope that this work will 

encourage further research to evaluate the protocols commonly used on fallow deer and 

studies including a broader range of reproductive knowledge within this species in the 

United States.
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