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African elephants (Loxodonta africana) face many threats to their long – term 

survival in range countries. The species is considered “threatened” under the Endangered 

Species Act (ESA), as “vulnerable” by the International Union for the Conservation of 

Nature (IUCN), and is listed under Appendix I and II by the Convention on International 

Trade in Endangered Species of Wild Fauna and Flora (CITES) (Endangered, 2012; 

CITES, 2012; IUCN, 2011). Regrettably, zoo elephant populations also face challenges 

associated with non-sustainability (Olson and Wiese, 2000; Faust and Marti, 2011).  

Historically, elephants imported from range countries, including wild elephants 

under some circumstances, have served as a source of new individuals for captive 

populations throughout the world (Hildebrandt et al., 2006). However, as most wild 

populations are now threatened or endangered, import restrictions have increased (Olson 

and Wiese, 2000). Additionally, there are ever increasing negative perceptions about the 

harsh methods used to capture and tame young elephants (Olson and Wiese, 2000). For 



 

 

these reasons, importing individuals from range countries to repopulate aging western 

zoo captive populations is no longer considered a long-term conservation-oriented 

strategy (Brown et al., 2004c). A high priority then is to make sure all reproductively 

viable females have an opportunity to breed, either through natural mating or the use of 

artificial insemination (AI). 

Problems associated with breeding elephants in zoos often are logistical; e.g., 

inadequate housing to maintain large breeding groups, lack of fertile and behaviorally 

functional bulls, and the expense of transporting females to breeding facilities 

(Hildebrandt et al., 2006). There also are physiological problems that compromise 

fertility (Brown et al., 2004a). Understanding the basic biology of elephant reproduction 

is crucial to improving reproductive rates, and the success of assisted reproductive 

techniques (ART) like AI (Brown et al., 2000). To identify reproductively viable females 

for breeding, the Elephant Taxon Advisory Group/Species Survival Plan (TAG/SSP) now 

requires routine hormone monitoring (weekly blood samples analyzed for progestagens 

for at least 1 year) before breeding recommendations are made (Brown et al., 2000). 

Through these assessments, many female elephants of reproductive age have been 

identified as being ‘flatliners’, a term used to describe the observation of stable, baseline 

concentrations of serum progestagens indicative of ovarian inactivity (Brown et al., 

2000). This is a particular concern for African elephants where in a 2008 survey, 11% of 

females were identified as having irregular ovarian cycles and 31% did not cycle at all 

(Dow et al., 2011). Thus, 42% of the population is not cycling normally, 77% of which 

are of reproductive age, i.e., between 11 and 35 years (Dow et al., 2011; Proctor et al., 



 

 

2010) What triggers ovarian acyclicity in otherwise healthy African females is not clearly 

understood (Brown et al., 2004a, 2004b), but it is unlikely that any one factor is 

responsible as 52% of institutions house both cycling and non-cycling females (Proctor et 

al., 2010). One discovery made by our laboratory in 2004 (Brown et al., 2004a) was that 

about a third of elephants with abnormal cycles produce excessive amounts of prolactin, a 

condition known as hyperprolactinemia. More recent studies have shown that the 

problem has increased significantly; 71% of acyclic African elephant females now are 

hyperprolactinemic (Dow and Brown, 2012). In over 20 years of monitoring the North 

American captive elephant population, only non-cycling African elephants have been 

diagnosed with hyperprolactinemia (Brown and Lehnhardt, 1997; Brown et al., 2004a; 

Dow and Brown, 2012). Thus, there appears to be a strong relationship between 

acyclicity and this disorder.  

Treatment with cabergoline, a dopamine agonist used effectively in humans to 

treat hyperprolactinemia-induced infertility, is successful in reducing prolactin secretion, 

but not at restoring normal ovarian cycle activity in elephants (Ball and Brown, 2006; 

Morfeld et al., unpub). We have examined other physiological factors known to be 

associated with hyperprolactinemia-induced infertility in women (Serri et al., 2003), such 

as increased cortisol secretion (Brown et al., 2004a), hyperandrogenism (Mouttham et al., 

2011), hyperestrogenism (Prado-Oviedo et al, 2013) and thyroid dysfunction (Brown et 

al., 2004a), but found no such relationships in African elephants. Therefore, the 

objectives of this study are to: 1) understand the role of life history and temperament in 

hyperprolactinemia of African elephants, 2) investigate the long-term consequences of 



 

 

hyperprolactinemia and 3) investigate differences in neurohormone secretion to 

understand possible causes of prolactin dysregulation in this species. 

  



 

1 
 

 
 

 

 

CHAPTER 1: Literature Review 

 

 

 

Evolutionary Trends and Phylogeny of the Proboscidea Order 

 

 In 1811 Carl D. Illiger named the mammalian order that contains living and extinct 

elephants and their closest relatives (Shoshani, 1998). With the discovery of late Eocene 

and early Oligocene fossils, nearly one hundred years later, paleontologists began to 

wonder if all members of the order Proboscidea actually had this unique morphological 

feature (Shoshani, 1998). In the 1960s paleontologists recognized 352 species and 

subspecies of Proboscidea, which were classified into 44 genera and 8 families 

(Shoshani, 1998; Sikes, 1971a). Today scientists recognize 164 species and subspecies, at 

least 40 genera and 8 families of the Proboscidea order, with only three species living 

today (Hakeem et al.,, 2005; Shoshani, 1998).  

 This hugely successful order emerged during the late Paleocene period 

approximately 60 million years ago (MYA) (Hakeem et al.,, 2005; Sukumar, 2003a; 

Sikes, 1971a).  They lived on all continents except Antarctica and Australia and based on 

fossil records it would appear that they once thrived in habitats ranging from lake shores, 

marshes, swamps, savannahs, deserts, and mountain tops (Shoshani, 1997; Sukumar, 

2003a; Sikes, 1971a).  These early Proboscideans did not have a trunk, but more likely 

had a flexible and mobile upper lip (Shoshani, 1998; Sikes, 1971a). Other shared 

characteristics of early Proboscideans include, enlarged second incisors which formed 
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tusks, the loss of the first premolar tooth, and low crowned teeth (brachyodont) 

(Shoshani, 1998). The Proboscidea order underwent three successful radiations, each of 

which introduced new morphological features (Shoshani, 1998; Sukumar, 2003a; Sikes, 

1971a).  

The first radiation is thought to have been centered in the northern shores of 

Africa, where the earliest fossils have been found (Shoshani, 1998; Sukumar, 2003a; 

Sikes, 1971a). These first Proboscideans were most likely browsers given that they were 

brachyodonts with only three or four plates per upper molar (Shoshani, 1998; Sukumar, 

2003a; Sikes, 1971a). Based on fossil records the second radiation of Proboscideans 

coincides approximately with the time when grasses became dominant, and new grazing 

lineages emerged to exploit this new ecological niche (Shoshani, 1998; Sukumar, 2003a; 

Sikes, 1971a). These Proboscideans had seven plates on their upper molars, and were 

now either brachyodonts or hypsodonts (high crowned) (Shoshani, 1998; Sukumar, 

2003a; Sikes, 1971a). This change in dentition allowed them to cope with the highly 

abrasive forage they were now exploiting (Shoshani, 1998; Sukumar, 2003a). The fossil 

record suggests that the migratory routes for this second radiation took Proboscideans 

further into African and towards Eurasia (Shoshani, 1998; Sukumar, 2003a; Sikes, 

1971a). From here the third radiation was able to migrate to Central Asia and parts of 

Europe, which may have also served as their own centers of radiation from which 

different lineages dispersed to most other parts of the globe (Shoshani, 1998; Sukumar, 

2003a). By the third radiation in the Miocene period most Proboscideans were 

hypsodonts with up to 30 plates per upper molar (Shoshani, 1998; Sukumar, 2003a). The 
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increasing complexity in tooth surface reflects the trend towards exclusive grazing as 

means of obtaining nutrition (Shoshani, 1998; Sukumar, 2003a). This last radiation 

appears to have reached its peak during the middle to late Miocene period, and declined 

through the Pliocene and Pleistocene periods approximately 2 – 0.1 MYA (Shoshani, 

1998; Sukumar, 2003a; Sikes, 1971a).  

Along with increasingly complex dentition, Proboscidean evolutionary trends are 

dominated by a dramatic increase in size (Shoshani, 1998). The earliest proboscidean in 

the late Paleocene period, Phosphaterium escuillei, was less than one meter tall 

(Shoshani, 1998; Sikes, 1971a). However, by the middle Pleistocene the steppe 

mammoth stood almost five meters tall, the largest Proboscidean ever recorded 

(Shoshani, 1998; Sukumar, 2003a; Sikes, 1971a). Along with an increase in size other 

changes included a change in the size and shape of the skull, cheek teeth, tusks with soft 

tissue, a fully developed proboscis, and other physiological modifications such as musth 

glands that were present by the Miocene period (Shoshani, 1998).  

The hallmark of Proboscideans, the trunk, helped them to exploit new ecological 

niches and adapt to diverse habitats, which is probably why this order was so successful 

(Shoshani, 1997; Sukumar, 2003a; Sikes, 1971a). The earliest ancestors of modern day 

elephants most likely had a mobile upper lip similar to that of a tapir today (Shoshani, 

1997). During the geological periods that followed the Proboscideans became larger and 

taller, apparently favored by natural selection, they also evolved elongated mandibles and 

jaws for reaching food (Shoshani, 1997). This evolutionary trend continued for millions 

of years. For example, some elephant ancestors such as the Platybelodon had jaws that 
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were so wide and large that their name means “shovel tusker” (Shoshani, 1997). During 

the Pleistocene period either a musculature, skeletal or functional upper limit was reached 

because natural selection shifted towards favoring shorter heads and jaws, and longer 

snouts and upper lips (Shoshani, 1997). By the Holocene period, this evolutionary trend 

culminated in the conjoining of the snout and upper lip to form what we recognize today 

as an elephant’s trunk (Shoshani, 1997; Sukumar, 2003a; Sikes, 1971a). This 

evolutionary theory is supported by the fact that in utero the elongated snout is separated 

from the upper lip (Shoshani, 1997). It isn’t until later in development that the nose and 

lip unite and lengthen in modern day elephants (Shoshani, 1997). Elephantid taxa (with a 

true proboscis) were increasing in number during the early Pleistocene, but by the 

Holocene only three species of the once widely diverse elephantids remained (Shoshani, 

1998; Sukumar, 2003a; Sikes, 1971a). The lineages of today’s three remaining species, 

the African savannah elephant (Loxodonta africana), the African forest elephant 

(Loxodonta cyclotis) and the Asian elephant (Elephas maximus), began to appear in the 

fossil record approximately 4-6 MYA (Hakeem et al.,, 2005; Sukumar, 2003a; Sikes, 

1971a).  

Elephants have not shared a common ancestor with humans for at least 103 

million years (Bates et al.,, 2008; Sukumar, 2003a; Sikes, 1971a). Extant eutherian 

mammals form four phylogenetic groups (Bianchi et al.,, 2011). The Euarchontoglire 

includes rodents and primates; Laurasiatheria includes carnivores, chiropterans, and 

cetartiodactyles; Xenarthra includes armadillos, anteaters, and sloths; and finally 

Afrotheria includes elephants, the hyrax, manatees, dugongs, golden moles, tenrecs, and 
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elephant shrews (Bianchi et al.,, 2011; Byrne and Bates, 2009; Sukumar, 2003a; Sikes, 

1971a). Afrotheria is therefore composed of species with widely diverging habitats, 

ecological niches, behavioral adaptations, perceptual and communicating systems, social 

structures, and physiology (Bates et al.,, 2008; Sukumar, 2003a). For the remainder of the 

paper I will use the term “elephants” when referring to all African savannah elephants. 

African forest elephants have only recently been recognized and therefore are less well 

studied.  

General Characteristics of Elephants 

 

 Elephants are the largest living land mammals and have a lifespan of approximately 

60 years in the wild (Hakeem et al., 2005). Elephant society is one of the most complex 

and elaborate social compositions ever studied, even rivaling those of some primate 

species (Byrne and Bates, 2009). Elephant society is matrilineal and so composed of 

female relatives and their dependent offspring (Wittemyer et al., 2005, Sikes, 1971b). 

This means that male offspring will leave their natal herd once they reach puberty and are 

ready to mate. The leader, or matriarch, is the dominant female in the herd and can 

displace other females from resources (Wittemyer et al., 2005). She is usually the oldest 

female, and often the grandmother of several younger females in the herd (Wittemyer et 

al., 2005; Sikes, 1971b). Matriarchs over 35 years of age (most likely grandmothers) have 

significantly larger herds than females under 35 years of age (Wittemyer et al., 2005). 

Due to the stable linear hierarchy of elephant society, young females that have not yet 

bred are subordinates and more likely to stay with their natal group, as the close bonds 

with family members ensures their survival (Wittemyer et al., 2005; Sikes, 1971b). 
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However, as these females become grandmothers themselves, the costs associated with 

being a subordinate may exceed the benefits derived from close associations with their 

natal herd (Wittemyer et al., 2005). Therefore, these females are more likely to break 

away with their daughters and offspring and start their own herds as matriarchs 

(Wittemyer et al., 2005). These newly formed family units tend to be smaller, and will 

remain in close association with the natal herd.  

Elephant herds are fission-fussion in nature, meaning that individual elephants or 

groups coalesce or disperse depending on available food, season, or estrous status. 

Wittemyer et al., (2005) was the first to identify and describe the six hierarchical tiers of 

social organization of elephants. The first tier is made up of mother-calf units which, 

form very strong bonds and are the most stable across time. The second tier are family 

units that are made up of closely related females, the matriarch, her daughters, and their 

offspring. This unit is also stable across time and animals travel and forage together, as 

well as provide defense against threats in a coordinated manner. The third tier units 

“bond groups” made up of about 2 – 3 family units. Bond groups are often related female 

elephants, such as aunts and cousins. They can range anywhere from 14 – 48 individuals 

at any one time and individuals and their offspring often move between bond groups, 

making the third tiered units fluid in composition across time, and therefore less stable. 

Fourth tier units are known as “clans” and are composed of on average 2 third tier units 

and can range anywhere from 6 – 40 individuals. These units are thought to be elephants 

that group together because of overlap in dry season home ranges, which can be quite 

extensive and make it difficult to distinguish between bond groups. The fifth tier unit the 
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subpopulation, made up of a number of clans on overlapping ranges. Last, the sixth tier 

group is the population of all elephants in one geographical location. The most important 

tiers for elephant society are 1 – 3, as the emergence of each are dictated by the 

compilation of cost-benefit tradeoffs at the individual and herd level, and therefore 

determine the types of associations that elephants form across time.  

Perceptual Systems 

 Given their high degree of social complexity, perceptual systems play an important 

role in elephant society, and studies have shown that elephants are capable of identifying 

and differentiating among several hundred other individual elephants (Byrne and Bates, 

2009). Elephants are dichromats with a higher concentration of rods than cones, making 

them better adapted for night vision, or vision in dull light (Byrne and Bates, 2009). 

Although their vision is reduced in bright light, it is still good enough to perceive subtle 

changes in postural displays that are important for elephants, such as ear flapping, ear 

folding or trunk curling (Byrne and Bates, 2009). Elephants are also very tactile, often 

touching each another with their trunks, ears, tusks, feet, tail, and even their whole body 

(Byrne and Bates, 2009). However, it is the olfactory and auditory senses that are thought 

to be the most important for elephants (Byrne and Bates, 2009).  

The trunk is a very sensitive and important sensory organ for elephants. The 

evolution of the proboscis was accompanied by an expansion of the infraorbital canal in 

order to allow the passage of large nerves that run the length of the trunk (Rasmussen, 

2006; Shoshani, 1997). Unlike most mammals whose external rhinarium is innervated by 

the ophthalmic branch of the facial nerve, an elephant’s trunk is innervated primarily by 
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the maxillary branch of the fifth cranial nerve (Rasmussen, 2006). The nerve emerges 

from the infraorbital foramen where it divides into three branches, the dorsal branch 

supplies the lateral nasal region, the middle branch unites with a branch of the facial 

nerve forming the proboscideal nerve, and the ventral branch ramifies and supplies the 

ventrolateral portion of the trunk (Rasmussen, 2006). The trigeminal nerve also sends 

branches that end in free nerve endings in the nasal mucosa and which function as 

chemoreceptors for odorant molecules (Rasmussen, 2006; Rasmussen and 

Krishnamurthy, 2000). Most breathing is done through the nostrils that run the length of 

the trunk (Shosani, 1997). The nasal cavity has seven turbinates (dogs only have five), 

which are scrolls of bones with sensitive tissues specialized for olfaction and hormone 

detection (Byrne and Bates, 2009; Rasmussen and Krishnamurthy, 2000). An elephant 

can also collect a substance (urine, feces, saliva, temporal gland excretion, etc.) with the 

tip of its trunk and pass it to the vomeronasal organ, located on the roof of its mouth, for 

further analysis (Byrne and Bates, 2009; Rasmussen and Krishnamurthy, 2000). In front 

of the vomeronasal organ is a row of pores, known as palatal pits, which serve to enhance 

chemical detection (Rasmussen and Krishnamurthy, 2000; Shoshani, 1997). The tip of 

the trunk is especially sensitive, not only is it rich in tactile bristles it also has a rich 

supply of nerve endings (Shoshani, 1997). It can be used to pick up objects and bring 

them to the mouth either for digesting or for gathering information (Shoshani, 1997). 

 Elephants are able to detect low frequency sounds known as Rayleigh waves 

(O’Connell-Rodwell et al., 2001; Reuter et al., 1998). Under optimal conditions, these 

infrasonic sound waves can travel up to 10 km (O’Connell-Rodwell et al., 2001; Reuter et 
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al., 1998; Soltis, 2010). Elephants use this type of vocalizations for long distance 

communication, which aids in mate localization, broadcast information regarding estrous 

status, spacing, warning, resource assessing, predator deterrence, and plays a role in 

group cohesion (letting others know where you are) (O’Connell-Rodwell et al., 2001; 

Reuter et al., 1998; Soltis, 2010). Rayleigh waves can propagate along the ground and so 

elephants have specialized anatomical features that allow them to detect these seismic 

waves (O’Connell-Rodwell et al., 2001; Reuter et al., 1998). Elephants use bone 

conduction through massive ossicles in their middle ears (average weight is 650 grams), 

along with elastic coupling of the ossicles to the skull. This is believed to make elephants 

particularly sensitive to low frequency sounds such as the Rayleigh waves (O’Connell-

Rodwell et al., 2001; Reuter et al., 1998). Furthermore, all bones in the African elephant 

skull, except for the mandible, are aerated by sinuses that are thought to act as resonating 

chambers to amplify low frequency sound waves (O’Connell-Rodwell et al., 2001; 

Reuter et al., 1998). Elephants also have cutaneous sensory organs, known as Pacinian 

corpuscles, both in the tip of their trunk (along with Meissner’s corpuscles) and on the 

soles of their feet (Bouley et al., 2007). These specialized mechanoreceptors are located 

in the dermis and distal digital cushion in Asian elephants (Bouley et al., 2007), 

concentrated on the anterior, posterior, medial and lateral walls of each foot, with the 

highest concentration being found in the anterior and posterior portions (Bouley et al., 

2007). The Pacinian corpuscles are most often found as encapsulated clustered structures 

made up of individual corpuscles, with the usual lamellar structure as an identifying 

feature (Bouley et al., 2007).  
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Communication Systems 

Throughout their evolution, the larynx and pharynx have been greatly modified in 

modern day elephants (Shoshani, 1997; Soltis, 2010). Vocalizations originate in the 

larynx. By modifying the size of the nostrils, and the force of which the air passes 

through them, elephants can produce their wide range of vocalizations (Shoshani, 1997; 

Soltis, 2010). The structures of the hyoid apparatus and the lingual and laryngeal 

musculature have all been modified in elephants (Shoshani, 1998; Soltis, 2010). Their 

hyoid apparatus has five rather than nine bones, and parts of them are attached to the 

cranium via muscles, tendons, and ligaments (Shoshani, 1998; Soltis, 2010). The lose 

attachment of the hyoid bones allows the larynx increased flexibility and greater ability 

of the extrinsic muscles to stretch and relax (Shoshani, 1998; Soltis, 2010). The larynx is 

thus allowed much more contractibility and relaxation of the vocal cords, and 

consequently a wide range of sounds are produced. In addition to the low frequency 

sounds discussed above elephants are able to produce a wide range of vocalizations 

ranging from 5Hz – 9,000Hz (Reuter et al., 1998; Soltis, 2010). Low frequency sounds 

are vocalizations such as rumbles, growls, snorts and roars, while higher frequency 

sounds include trumpets, barks, and chirps (Reuter et al., 1998; Soltis, 2010). Elephants 

can also combine these various vocalizations to form complex calls which inform 

listeners about the caller’s identity (“It’s me”), social status (matriarch vs subordinante), 

estrous state (to vocalize receptiveness to males, or inform herd mates), emotional state 

(scared, angry, excited, etc.), in addition to predator detection, warnings or calls for 
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defense against a threat (Byrne and Bates, 2009; Leong et al., 2005; McComb et al., 

2003; Reuter et al., 1998; Soltis, 2010).  

Finally, the ability of elephants to detect and respond to hormones and 

pheromones in a variety of mediums, including the air, is renowned (Rasmussen and 

Krishnamurthy, 2000). Elephants produce numerous chemicals that are expelled in 

breath, urine, feces, ears, temporal glands, and even from inter-digital glands (Rasmussen 

and Krishnamurthy, 2000; Goodwin et al., 2008). Asian elephants produce a pre-

ovulatory pheromone in their urine that serves as a mating signal to conspecific males 

(Goodwin et al., 2008). This pheromone, (Z)-7-dodeceon-1-yl acetate, is also a sex 

pheromone in over 100 species of Lepidoptera (Goodwin et al., 2008). Additionally, male 

Asian elephants excrete frontalin, a Coleopteran aggregation pheromone, from the 

temporal gland when they are in musth (Goodwin et al., 2008). Recently, numerous 

insect pheromones have been identified in the headspace over female African elephant 

urine including, frontalin, exo-brevicomin, endo-brevicomin, (E)-β-farnesene, and (E, E)-

α-farnesene (Goodwin et al., 2008). Although the exact chemical signal has not yet been 

identified, male African elephants can distinguish among female urine from different 

times in the estrous cycle (Goodwin et al., 2008). Generally, pheromone communication 

includes information regarding navigation, relationship recognition, reproductive state, 

metabolic state, and social status (Rasmussen and Krishnamurthy, 2000). These 

excretions and the response to them may be under hormonal control. For example, a 

female in estrous appears to be particularly sensitive to ketones in the excretions of musth 

males, while females that are not in estrous do not show much of a response to them, and 
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pregnant females demonstrate a marked aversion to the same pheromone and will try to 

move away from the scent (Rasmussen and Krishnamurthy, 2000). The topic of chemical 

communication among elephants is too complex to address in its entirety here, but it does 

demonstrate that elephants have complex communicating systems that we are just 

beginning to understand. 

Hormonal Control of Mammalian Reproduction 

The hormonal control of reproduction in various mammalian species has been 

summarized by Senger (1999). The hypothalamus is the neural control center for 

reproductive hormone production. The hypothalamus communicates with the anterior 

pituitary through a specialized circulatory modification called the hypothalamo-

hypophyseal portal system. This portal system enables extremely small quantities of 

neuropeptides, called releasing hormones, to quickly reach the anterior pituitary where 

they stimulate specialized pituitary cells to release other hormones.  In contrast to neural 

regulation, the endocrine system relies on hormones to cause a response. A hormone is 

produced by a gland that acts on target tissues, to bring about a change that may involve 

alterations in metabolism, synthetic activity or secretory activity of the target tissue. For 

these reasons, endocrine control is generally slower, but lasts longer than neural control. 

The target cell does not respond unless the hormone is present; however, extremely small 

quantities of a hormone can cause dramatic physiological responses. Reproductive 

hormones are classified according to where they are produced, their primary mode of 

action and their biochemical classification. For example, the reproductive system in 

males and females is controlled by the hypothalamic peptide gonadotropin hormone 
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releasing hormone (GnRH), which targets the gonadotroph cells of the anterior pituitary 

gland to cause the release of follicle stimulating hormone (FSH) and luteinizing hormone 

(LH).  

Hormones are produced in both the anterior and posterior pituitary. All pituitary 

hormones are released episodically, so day to day, and even hour to hour variability is 

observed in all mammals. The posterior pituitary produces oxytocin and vasopression, 

whereas the anterior pituitary produces LH, FSH, prolactin, growth hormone and thyroid 

stimulating hormone. The primary reproductive hormones of the anterior pituitary 

gonadotroph cells are FSH and LH. In females, FSH stimulates follicular growth in the 

ovary and estrogen production, whereas LH is responsible for ovulation, formation of the 

corpus luteum (CL), and subsequent production of luteal progesterone. Prolactin is a 

protein produced by lactotroph cells of the anterior pituitary. It targets the mammary 

glands, and in many species also the CL. Its primary action is to induce maternal 

behavior and prepare the breast tissue for lactation. After parturition, surges of prolactin 

occur in response to suckling to help maintain galactopoiesis. 

Steroid hormones are synthesized from cholesterol through a series of complex 

pathways, and have a common cyclopentano-perhydrophenanthrene nucleus. These 

include estrogen, progesterone, and testosterone, which are produced by the gonads of 

both sexes. Concentrations of steroid hormones are regulated through negative feedback 

controls at the hypothalamus, and the anterior pituitary levels. Steroid hormones are the 

driving force for all reproductive function, including a number of behaviors. Estradiol is 

produced by granulosa cells of follicles and by the placenta during gestation. Through 
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actions on the brain, estradiol is responsible for sexual behavior and surges of GnRH (and 

subsequent LH) release, elevated secretory activity of the reproductive tract, and 

increased uterine motility. Progesterone is produced by the CL and the placenta. It acts on 

the uterine endometrium, mammary glands, myometerium and the hypothalamus. It is 

responsible for endometrial secretions, inhibits GnRH release and reproductive behavior, 

and promotes the maintenance of pregnancy. Testosterone is produced by ovarian theca 

cells and is converted to estrogen in the granulose cells. In males, testosterone is 

produced by testicular Leydig cells, and is responsible for many secondary sexual traits 

and behaviors. 

Estrous cycles consist of a series of predictable reproductive events that provide 

females with repeated opportunities to mate and become pregnant, and are categorized 

according to how frequently they occur throughout the year. Polyestrous females such as 

cattle, pigs, humans, and elephants, cycle regularly throughout the year regardless of the 

season. Seasonally polyestrous females such as sheep, goats, mares and deer, display 

clusters of estrous cycles that occur only during a certain time of the year. Monoestrous 

females such as dogs, bears and giant pandas, are characterized as having a single estrous 

cycle per year.  

The estrous cycle can be divided into two distinct phases that are named after the 

dominant structure present on the ovary. The follicular phase is the period of follicular 

growth and starts at the regression of the CL and ends at ovulation. This phase begins 

because luteolysis of the CL causes a decline in progesterone and removal of the 

“progesterone block,” thereby allowing FSH and LH concentrations to increase. In most 
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mammals, the follicular phase is relatively short, making up no more than 20% of the 

estrous cycle. During the follicular phase the main ovarian structures are pre-ovulatory 

follicles that produce and secrete estradiol; the dominant reproductive hormone of this 

phase. The luteal phase begins after ovulation and continues until the following CL 

regression. It includes the development and maximum function of the CL, with the main 

reproductive hormone being progesterone. In most mammals, the luteal phase is much 

longer than the follicular phase, occupying about 80% of the estrous cycle. During the 

luteal phase the dominant ovarian structures are the CL, however follicles continue to 

grow and regress during this period, although none ovulate.  

Reproductive Anatomy and Physiology of Elephants 

The female elephant exhibits a number of unique reproductive traits. It has the 

longest reproductive tract of any land mammal: 3 meters from vulva to ovary 

(Hildebrandt et al., 2006). Unique features of the urogenital tract include: the vestibule 

with an average length of 1.3m, and the persistent hymenal membrane in nulliparous 

females with a tiny vaginal opening (4mm x 2mm) and two blind pouches on either side 

(Hildebrandt et al., 2000). The orientation of the reproductive tract also is unusual, with 

the vulva opening occurring ventrally between the hind legs (Hildebrandt et al., 2006). 

Several hormonal characteristics have been found that may be unique to the elephant 

(Brown, 2006). Compared to other mammalian species, female elephants exhibit 

differences in: follicular development and maturation, luteal steriodogenic activity, 

pituitary gonadotropin secretion, fetal development and reproductive pathologies 

(Hildebrandt et al., 2006). The elephant has the longest spontaneous estrous cycle of any 
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mammal studied to date. It is 13-17 weeks in duration with a 4-6 week follicular phase 

and an 8-10 week luteal phase (Figure 1) (Brannian et al., 1988; Hess et al., 1983; Plotka 

et al., 1998; Brown, 2000; Brown et al., 1991, 1999). Endocrine studies determined that 

the major circulating luteal steroid in both Asian and African elephants is not 

progesterone, but 5α-reduced pregnanes (5α-DHP) (Heistermann et al., 1997; Hodges, 

1998: Hodges et al., 1997; Schwarzenberger et al., 1997). The ability of “progesterone” 

assays to monitor luteal activity in elephants is due to varying antibody cross-reactivitys 

with these circulating pregnanes (Brown et al., 2000).  

Progesterone assays vary in their ability to measure these metabolites, but many are 

effective in characterizing temporal patterns (Brown et al., 1991, 2000). Estrous cycle 

length based on serum progestagen concentrations is calculated as the number of days from 

the first increase in serum progestagens until the next rise (Brannian et al., 1988; Brown et 

al., 1991, 2000; Hess et al., 1983; Plotka et al., 1998). 
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Elevated progestagens inhibit follicular development and LH secretion during the 

luteal phase (Hodges, 1998; Brown et al., 1999, 2000; Brown, 2006). Concentrations 

gradually increase to a mid-luteal peak and then drop rapidly to baseline (Figure 1). Daily 

blood sampling revealed that there is a 1 to 2 day drop in progestagens during the first 

few days of the luteal phase (Brown et al., 1991, 2000; Carden et al., 1998). This slight 

drop may represent a shift in steriodogenic activity between remnant luteal structures, or 

ovulatory follicle luteinization, and the newly formed post-ovulatory CL (Brown, 2006). 

Most breeding activity occurs in the first few days of the luteal phase, and rarely occurs 

after the transient progestagen drop (Carden et al., 1998). 

Figure 1. Hormone concentrations during the elephant estrous cycle (Based on 

Brown, 2000).  
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By contrast it has proven difficult to measure circulating free estradiol in the 

elephant, because serum concentrations are low (<10 pg/ml) (Brown et al., 2000; Hodges, 

1998). This may be due to the high blood to Graafian follicle fluid volume ratio, which is 

5 to 20 times greater in elephants than in domestic mammals (Brown et al., 2006). 

Estradiol is also quickly metabolized to estrone and estradiol conjugates in the 

bloodstream, and excreted primarily in the urine (Czekala et al., 1992; Wasser et al., 

1996). An assay to measure urinary estrogen conjugates has been developed and shown 

to be useful in characterizing the two waves of follicular steriodogenic activity during the 

follicular phase (Figure 1) (Asian elephant, Czekala et al., 2003). An increase in urinary 

estrogen conjugates was also observed during the luteal phase, which suggests that the 

CL may be a source of estrogens in the elephant, as it is in primates (Figure 1) (Brown, 

2006; Czekala et al., 2003).  

A number of reproductive hormones, such as prolactin, LH, and FSH, have been 

isolated from elephant pituitary glands (Li et al., 1987a; Li et al., 1987b; McFarlane, et 

al., 1990). They appear to be functionally similar to those of humans and domestic 

mammals (Li et al., 1987a; Li et al., 1987b; McFarlane, et al., 1990), and heterologous 

assays have been developed (Bechert et al., 1999; Brown et al., 1991; Brown et al., 2010; 

McFarlane et al., 1990; McNeilly et al., 1983). These assays use a combination of human, 

ovine, bovine, equine and partially purified elephant components in order to obtain 

appropriate sensitivity for the hormone being analyzed (Bechert et al., 1999; Brown et al., 

1991; McFarlane et al., 1990; McNeilly et al., 1983). 
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Prolactin is a protein produced by lactotroph cells of the anterior pituitary (Leong 

et al., 1983) that targets the mammary glands, and in many species also the corpus luteum 

(Neill and Smith, 1974). Its primary action is to induce maternal behavior and prepare the 

breast tissue for lactation (Leong et al., 1983; Neill and Smith, 1974; Neill et al., 1971). 

But it is also involved in normal follicular function, with higher concentrations being 

observed during the follicular phase (Bjurulf et al., 1994; Frasor and Gibari, 2003; 

Gagvels et al., 1992; Grosdemouge et al., 2003; Smith et al., 1976). As in other species, 

prolactin is secreted in a cyclic fashion in the elephant (Figure 2) (Brown et al., 1997; 

Prado-Oviedo et al.,, 2013). Serum concentrations increase during the follicular phase; 

however, this is observed in African elephants only, not in Asian elephants (Bechert et 

al., 1999; Brown et al., 1997; Brown et al., 1999; Brown et al., 2004a; Brown et al., 2010; 

Carden et al., 1998). In the Asian elephant prolactin concentrations fluctuate randomly 

throughout the perioestrus period with no clear pattern (Carden et al., 1998). As a result, 

overall prolactin concentrations are higher in African than Asian elephant females  

 (Brown et al., 1997; Carden et al., 1998). A clear cyclic pattern during the follicular phase 

in African elephants suggests prolactin may be involved in follicular development (Brown 

et al., 2004a). In other species, prolactin has been shown to regulate ovarian function, so it 

is possible that the follicular phase increase is due to a positive feedback of estrogen on 

prolactin production (Brown et al., 2004a). 
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Figure 2. Normal cycling patterns of prolactin and progestagens of a female African 

elephant 

 

 

Daily serum sampling revealed another unique feature of elephant endocrinology. 

Ovulation in most mammals is induced by a single pre-ovulatory LH surge at the end of 

the follicular phase (Senger, 1999). The elephant however exhibits a double LH surge 

that can be easily detected in serum (Figure 1) (Brown et al., 1999; Kapustin et al., 1996; 

Brown et al., 2010). The first surge occurs 10-20 days after the drop of progestagen to 

baseline values, with the second occurring 19-22 days later (Brown et al., 1999). To 

distinguish between the two, the first surge has been termed the anovulatory LH surge 

(anLH) and the second the ovulatory LH surge (ovLH) (Brown et al., 1999; Kapustin et 

al., 1996). It is not clear what regulates the timing of these two surges, as they are 
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qualitatively and quantitatively similar, but only the second induces ovulation (Brown et 

al., 1999). A distinct pattern of follicular development on the ovary is associated with 

each LH surge (Hermes et al., 2000). Multiple (2-4) small follicles develop during the 

first wave, though none of them mature (Hermes et al., 2000). During the second surge 

only one large antral follicle becomes dominant and ovulates (Hermes, et al., 2000). The 

multiple luteal structures formed during the follicular phase of the cycle appear to 

provide luteal support during the estrus cycle regardless of whether conception occurs 

(Hermes et al., 2000). Progestagens normally rise 1-3 days before the ovLH surge, 

followed by ovulation about 24 hours later (Brown et al., 1999; Hermes et al., 2000). 

Comparative analyses indicate that on average the anLH and ovLH surge concentrations 

are higher in Asian (5-30 ng/ml) than African (1.5-8 ng/ml) elephant (Brown et al., 

2004a). Two waves of estrogen secretion during the follicular phase stimulate each LH 

surge; therefore estrogen concentrations are highest before each surge (Brown et al., 

1999). Urinary estrogen concentrations do not differ significantly between the first and 

second LH peaks (Czekala, 2003).  

The function of FSH is to stimulate follicular development, which includes 

activation of granulose cell aromatase and estrogen production (Senger, 1999). In the 

elephant, high FSH concentrations at the end of the luteal phase recruits follicles and 

initiates the two successive waves of follicular development (Brown, 2006). Elevated 

peripheral estrogens then suppress FSH so that circulating concentrations fall below that 

needed to stimulate maturation of less developed follicles (Brown, 2006). Therefore, the 

decline in FSH at the end of the follicular phase permits selection of the dominant 
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follicle, and the increased estrogen concentration elicits an ovulatory LH surge (Brown et 

al., 1999; Brown, 2006). In both Asian and African elephants, the secretory pattern of 

FSH is different from other monovular species, where FSH only increases after the 

progestagen block is removed (Brown, 2006). In both species, the FSH secretory pattern 

lags behind progestagen changes by about a week (Brown, 2006). FSH is highest at the 

end of the luteal phase, decreases during the follicular phase, and reaches baseline 

concentrations just before the ovLH surge (Brown, et al., 1991; Brown et al., 1999; 

Brown et al., 2004c). In elephants, none of the follicles that develop during the anLH 

achieve maturation and therefore remain FSH dependent (Brown, 2006). It is believed 

that FSH concentrations early in the follicular phase are too high to facilitate dominant 

follicle selection (Brown, 2006). It is only after FSH concentrations decrease to baseline 

that the second wave of follicular development results in selection of a dominant follicle 

and ovulation (Brown, 2006). The dominant follicle then secretes more estradiol and 

elicits an ovulatory LH surge (Brown et al 1999; Brown et al., 2000).   

The secretion of inhibin, a heterodimeric glycoprotein produced mainly by the 

granulosa cells of ovarian follicles, has been shown to differ between the anLH and the 

ovLH surge in both African and Asian elephants (Kaewmanee et al., 2011; Yamamoto et 

al., 2012). Inhibin is produced mainly by granulosa cells of ovarian follicles that develop 

from the small antral to preovulatory stages, and its main function is to suppress FSH 

secretion (Medan et al., 2007). Serum levels of inhibin gradually increase from two 

weeks prior to ovulation and continue to rise until six weeks after ovulation (Kaewmanee 

et al., 2011; Yamamoto et al., 2012). Inhibin levels begin to decline before levels of 
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progestagen peak, and don’t return to baseline until about three weeks before the drop in 

progestagen concentrations at the end of the luteal phase (Kaewmanee et al., 2011; 

Yamamoto et al., 2012). This suggests that the large preovulatory antral follicles are the 

source of inhibin secretion during the late follicular phase, and that the CLs are the major 

source of inhibin during the luteal phase (Kaewmanee et al., 2011; Yamamoto et al., 

2012). 

The purpose of the two follicular waves of development and precisely timed LH 

surges is unclear. The follicles in the first wave are not functionally competent to ovulate 

which may be due to an inadequate number of gonadotroptrin receptors (Brown et al., 

1999). However, they are hypothesized to serve an obligatory purpose by forming 

accessory CL and producing the pre-ovulatory rise in progesterone that is necessary for 

ovulation (Brown et al., 2000). It is also possible that the two surges serve an 

evolutionary purpose because bulls need to travel long distances in search of estrous 

females in the wild (Brown, 2006). Estrus is a rare event in wild elephants, and so it 

would be beneficial for females to announce impending fertility (Brown et al., 2000). 

Most reports indicate that natural breeding in captivity is confined primarily to the late 

follicular, early luteal phase (Brown et al., 1999). There are anecdotal accounts of 

females displaying “false estrus” however, which includes eliciting bull interest, about 3 

weeks before “true estrus” (Brown et al., 1999; Hildebrandt et al., 2006). From a 

management standpoint, the double LH surge is useful for timing breeding to coincide 

with ovulation (Brown et al., 2000; Hildebrandt et al., 2006).  Due to the fact that natural 

mating or AI can be scheduled 3 weeks after the anLH surge, the probability of 
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conception is greatly increased (Brown et al., 2004c; Brown et al., 2000; Hildebrandt et 

al., 2006). Introductions between potential breeding pairs can also be made when the 

female is the most receptive, which reduces the potential for sexual incompatibility 

(Brown et al., 2000). As a result over forty elephants have been conceived through AI 

since 1998, and it has proven to be an invaluable tool for improving the genetic 

management of elephants in North America (Brown et al., 2004c; Hildebrandt et al., 

2012). Recently, the first successful AI with frozen-thawed semen, collected from a wild 

African elephant in South Africa, was performed on a captive African elephant female in 

Austria (Hildebrandt et al., 2012). The pregnancy was confirmed through ultrasound 

examinations at 75, 110 and 141 days after the AI procedure (Hildebrandt et al., 2012). 

This now opens the possibility of genetically enriching the captive population with 

material from the wild (Hildebrandt et al., 2012).  

Elephant Gestation and Parturition 

Pregnancy in the elephant lasts for about 20-22 months and can be diagnosed by 

elevated progestagens beyond the normal luteal phase (Brown et al., 1995; Hess et al., 

1983; McNeilly et al., 1983). Gestational and non-pregnant progestagen concentrations 

overlap enough to require serial sampling for accurate pregnancy diagnosis (Brown et al., 

1995; Brown et al., 2000). Human pregnancy test kits cannot be used because elephants 

do not produce a pregnancy protein that cross-reacts with hCG (Brown, 2006).  The 

increase in progestagen concentrations during pregnancy is thought to be due to ovulatory 

CL and accessory CL that formed prior to ovulation in response to the first anLH surge 

(Lueders et al., 2012). The ovulatory CL that forms in elephants is twice the size of what 
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is observed in women or in cattle, and along with 1 – 11 accessory CLs, it is maintained 

throughout the entire gestational period (Lueders et al., 2012).  Progestagen 

concentrations plateau during the second half of gestation due to the degeneration of 

large luteal cells during late gestation periods, with those that remain demonstrating 

reduced progesterone secretion (Lueders et al., 2012). A transitory decrease in 

progestagen secretion occurs at around 2 and 12 months of gestation, which may be due 

to shifts in luteal and placental steriodogenic activity (Brown et al., 1995; Brown et al., 

2000; Lueder et al., 2012).  

There are also species differences in the gestational progestagen secretory pattern 

(Hodges, 1998; Meyer et al., 2004). In African elephants, progestagen concentrations are 

higher during the first half of gestation and then decline dramatically at mid-gestation and 

remain lower than those in Asian elephants until parturition (Hodges, 1998; Meyer et al., 

2004). Additionally, progestagen concentrations are higher in Asian elephants carrying 

male calves (Meyer et al., 2004).This difference in maternal progestagens related to fetal 

gender, may be due to testicular steroid production (Meyer et al., 2004). In other species, 

progesterone produced by fetal Leydig cells is converted to testosterone to complete male 

duct system development (Meyer et al., 2004). Interestingly, this fetal gender difference 

in maternal progestagens is not observed in African elephants (Meyer et al., 2004). 

There are no data to support a placental gonadotropin-like factor in the elephant 

(McNeilly et al., 1983; Meyer et al., 2004). However, prolactin immunoreactivity 

increases significantly (a 20-100 fold increase) after about 6 months of gestation in both 

species (Brown et al., 1995; Brown et al., 1997; Hodges, 1998; McNeilly et al., 1983). 
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This allows for pregnancy diagnosis based on single sample analysis (Brown et al., 2000; 

Hildebrandt et al., 2006). Much of this increase in prolactin may be due to a placental 

lactogen-like product that could be important for sustaining CL activity, stimulating fetal 

growth, and preparing the mammary glands for lactation (Linzer, 1999; Meyer et al., 

2004; Yamamoto et al., 2011). From about 8 to 15 months of gestation serum prolactin 

concentrations in Asian elephants are greater than those in African elephants (Brown et 

al., 1997; Hodges, 1998). Free estrogen concentrations remain unchanged throughout 

most of gestation, whereas circulating conjugated estrogens increase significantly during 

the last half of gestation in both Asian and African elephants (Hodges, 1998). Relaxin 

concentrations, a protein hormone that is known to mediate the hemodynamic changes 

that occur during pregnancy, increases during the first 3 – 5 months of gestation in both 

Asian and African elephants (Steinetz et al., 2005). Relaxin concentrations then peak 

after approximately 10 months of gestation and decline through the 20th month (Steinetz 

et al., 2005). Due to its prolonged elevation in these species, similar to that observed in 

horses, dogs and cats, relaxin is a reliable means of pregnancy diagnosis in both species 

as its rise precedes that of prolactin (Steinetz et al., 2005). Despite the presence of 

multiple CLs and high levels of progestagens during pregnancy, mean inhibin levels 

remain low throughout gestation, and are lower than those observed during the luteal 

phase in the estrous cycle (Yamamoto et al., 2012). This suggests that only luteinized 

follicles and accessory CLs can secrete inhibin actively (Yamamoto et al., 2012). During 

early pregnancy inhibin may be suppressing FSH until around the time of embryo 

implantation; thereafter the physiology of luteal function may shift to one that suppress 
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follicular development as indicated by the low levels of circulating inhibin (Yamamoto et 

al., 2012). 

There is a broad range of individual variation in gestation length, making 

individual predictions of parturition necessary (Hildebrandt et al., 2006). Progestagens 

generally decrease to baseline levels 2 to 5 days before parturition, providing elephant 

staff with sufficient time to prepare for the birth (Brown et al., 2000; Hildebrandt et al., 

2006). Additionally, complications such as dystocia, and stillbirths can be minimized 

with progestagen monitoring throughout the 2-year pregnancy (Brown et al., 2000). In 

the elephant, lactational anestrus generally lasts between 8 to 12 months (Brown et al., 

1995). However, this postpartum period can be greatly reduced by death of the calf or 

early weaning (Brown et al., 1995). Elephants have the longest interbirth interval of any 

living mammal, with 3 to 7 years between two fertile cycles (Hildebrandt, et al., 2006; 

Hodges, 1998). 

Reproductive Problems in Captive Elephants 

Under natural conditions in the wild, elephants are seasonally polyestrous and 

reproduce well. Thus, it is troubling that in captivity African elephant populations are not 

self-sustaining (Hildebrandt et al., 2006; Olson, 2011). Over the past decade (2000 – 

2010) the population has experienced 4.7 deaths/year to only 3.5 births/year (Faust and 

Marti, 2011). Based on demographic modeling, six to nine offspring are needed annually 

just to maintain the current population size (Faust and Marti, 2011). If conditions do not 

improve, the North American African elephant population faces an annual decline of 

2.3% over the next 30 years, and as older females age and pass out of the population, a 
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bottleneck will occur and seriously curtail any effort to mitigate the decline (Faust and 

Marti, 2011; Lei et al., 2008). Importations of wild–born females have bolstered the 

captive population up to now, but it is not a long-term strategy. Because of reproductive 

problems and advancing age, only 26% of African females in U.S. zoos are currently 

considered suitable breeders (Faust and Marti, 2011). Thus, efforts to improve the 

population’s long-term sustainability have centered on significantly increasing 

reproductive output, and breeding all reproductively viable elephants (Faust and Marti, 

2011).  

The decline of the captive population is a result of several factors including: 

clinical infertility of females, dystocia, problems of reproductive aging, poor calf rearing 

and high mortality (Olson et al., 2000). Transporting animals to a breeding facility is 

expensive and stressful (Brown et al., 2000). There are also a limited number of available 

breeding bulls and specialized facilities to house and maintain musth bulls (Carden et al., 

1998). When potential breeding pairs are brought together, elephants of both sexes often 

exhibit a lack of sexual interest (Brown et al., 2000). Additionally, many adult bulls are 

not producing good quality semen, reducing the number of bulls available for breeding 

programs (Hildebrandt et al., 2000b; Schmidt, 1993) 

In general, nulliparous females in captivity are considered post-reproductive after 

35 years of age (Hildebrandt et al., 2006) because of an increased risk of dystocia and 

stillbirths, in females starting at about 24 years of age (Hermes et al., 2004). This is 

different from reports in the wild where females can reproduce into their 50s 

(Hildebrandt et al., 2006). Maternal aggression and inexperience in calf care often leads 
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to increased infant mortality, and are probably related to a lack of socialization and 

exposure to other elephants with calves (Hermes et al., 2004). Additionally, infants are at 

risk of contracting an elephant specific herpes virus (Elephant Endotheliotropic 

Herpesviruses, EEHV) which often is fatal (Richman et al., 1999, 2000; Ryan and 

Thompson, 2001; Stanton et al., 2010). This means that elephant breeding is limited to 

only a small proportion of the population (those <35 years of age), and even if conception 

occurs, calf losses are high (up to 30%) (Hermes et al., 2004). 

Reproductive Tract Pathologies 

There are also problems associated with “asymmetric reproductive aging” in 

captive elephants, in particular an increase in the degree and types of reproductive tract 

pathologies (Hermes et al., 2004). These may be manifestations of continuous 

reproductive cyclicity starting at an early age, a situation that does not occur in the wild 

(Hermes et al., 2004). First, captive elephants appear to reach puberty at a much younger 

age than wild females (Hildebrandt et al., 2006). The earliest reported pregnancy in 

captivity occurred at 7 years of age for an African elephant, and at 4 years of age for an 

Asian elephant, compared to 12 to 14 years reported for wild elephants (Poole, 1994; 

Sukumar, 1994). The shift towards an earlier onset of sexual maturity in captivity may be 

due to the consistent access to high quality feed (Hildebrandt et al., 2006). Second, most 

wild females are either pregnant or lactating and experience comparatively few 

reproductive cycles in their lifetime, as compared to captive females that cycle 3 to 4 

times a year and do so continuously (Hermes et al., 2004). There now is speculation that 

prolonged exposure to endogenous sex steroids and long stretches of non-reproductive 
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periods induce this reproductive aging in captive elephants (Hermes et al., 2004), and can 

result in progressive development of genital pathologies with subsequent reduction in 

fertility (e.g., endometrial hyperplasia, uterine fibroids, leiomyomata, ovarian cysts), and 

possible utilization of the follicular stock at a higher rate than in the wild resulting in 

ovarian quiescence (Hermes et al., 2004; Hildebrandt et al., 2006).  

The types of reproductive tract pathologies are variable and to some extent 

species-specific (Hildebrandt et al., 2006). Vestibular cysts have been found in both 

African and Asian elephants, whereas primarily African elephant females over 30 years 

of age have an increased incidence of vestibular polyps (Hermes et al., 2004; Hildebrandt 

et al., 1999). Although rarely observed in either species (about 5%), ovarian cysts are 

most often found in African elephants (Hildebrandt et al., 1999; Hildebrandt et al., 2000). 

Leiomyomas and cystic endometrial hyperplasia represent 80% of the most common 

lesions found in non-reproducing female elephants, both Asian and African (Hermes et 

al., 2004; Hildebrandt et al., 1995). Vaginal cysts and neoplastic formations can become 

so extensive that they fill the vaginal lumen (Hildebrandt et al., 1999; Hildebrandt et al., 

2000), block semen flow after mating, and cause discomfort during mating (Hildebrandt 

et al., 2000). African elephants show a greater affinity for developing uterine cystic 

hyperplasia, while Asian elephants more commonly develop uterine leiomyomas 

(Hildebrandt et al., 1995; Hildebrandt et al., 1999; Hildebrandt et al., 2000). Endometrial 

cysts first appear singly then, over time and with advancing age, multiple cysts appear 

and form clusters (Hermes et al., 2004; Hildebrandt et al., 2000). In captivity multiparous 

elephants have a significantly reduced incidence of tumors and endometrial cysts, when 
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compared to similarly aged nulliparous females (Hermes et al., 2004). The structural 

morphology of these cysts is not altered by endocrine status or estrous cycle stage 

(Hermes et al., 2000; Hildebrandt et al., 2000). Therefore, these conditions represent a 

slow but progressive pathogenesis, which may eventually impact pregnancy rates 

(Hermes et al., 2004; Hermes et al., 2000).  

Based on the age distribution of the females examined to date, the types of 

pathologies identified, and historical calving records, there appears to be a window of 10 

to 15 years from the onset of estrous cyclicity until a decline in reproductive fitness is 

observed (Brown et al., 2004b). In extreme cases, therefore, the reproductive life span of 

some individuals are ending 15 years earlier when compared to successfully reproducing 

captive females and those in the wild (Hermes et al., 2004). As a result, elephant 

managers are faced with a geriatric and reproductively quiescent captive population 

(Hermes et al., 2004).  

Ovarian Acyclicity 

A major problem of reproduction in captive elephants is the high rate of ovarian 

acyclicity (Figure 3). In a 2002 reproductive survey conducted by the Smithsonian 

Conservation Biology Institute (SCBI), it was found that 27% of African elephants were 

not cycling at all or exhibited irregular cycles (Brown et al., 2004b). A follow up survey 

conducted in 2005 found that the number of abnormal cycling African elephants had 

increased to 43% (Proctor et al., 2010). More recent studies have shown that the rate of 

ovarian cycle problems also has increased to 42% in 2011 (Dow et al., 2011). Acyclicity 

was prevalent in the older age categories (over 35 years old), but it is also occurring in a 
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high proportion in reproductive age females (Proctor et al., 2010).  About 77% of acyclic 

African elephants in the SSP populations were between the ages of 11 to 35 years 

(Proctor t al. 2010). These surveys indicate that ovarian inactivity is a significant 

reproductive problem for elephants in captivity, especially African elephants (Brown et 

al., 2004b). Ovarian inactivity is characterized by stable, baseline concentrations (< 0.1 

ng/ml) of serum progestagen for at least 1 year (Brown et al., 2004a). This is indicative of 

a failure to initiate or sustain luteal activity (Brown et al., 2004b). Because of these 

findings, and the fact that ovarian problems appear to be increasing, the elephant 

TAG/SSP has endorsed research to determine the extent of reproductive dysfunction in 

captive elephants, identify causes, and develop mitigating treatments (Brown et al., 

2004b). The causes of acyclicity are not completely understood, although it appears that 

some elephants alternate between cyclic and non-cyclic periods (Brown et al., 2004c; 

Prado-Oviedo et al.,, 2013). Therefore, life-long assessments will be necessary to identify 

the causes of reproductive dysfunction (Brown et al., 2004c). Only 4% of North 

American facilities house only non-cycling females, while 52% house both cycling and 

non-cycling females together (Freeman et al., 2008). It is therefore unlikely that any one 

factor is responsible for the rates of acyclicity found in captivity (Brown et al., 2004b). 

There are a number of possible causes including: reproductive tract pathologies 

(hereditary or idiopathic), neoplasias, hormone receptor dysfunction, metabolic or 

nutritional deficiencies, stress, or hypothalamic-pituitary disruptions (Brown et al., 

2004c).  
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One factor that has been associated with ovarian problems in African elephants is 

dominance status, with more dominant elephants being acyclic (Freeman et al., 2004). In 

the wild elephants live in socially complex, hierarchical groups of related females 

(Freeman et al., 2004). Each individual within the herd holds a certain status relative to 

its cohorts (Freeman et al., 2004). Age, size, kinship and individual disposition all 

contribute to their social rank order (Freeman et al., 2004). In general it is the largest, 

oldest female that is the matriarch (Freeman et al., 2004). Matriarchs are crucial to 

elephant survival because of their knowledge of natural resources and in the coordination 

of herd defense (Freeman et al., 2004). In the wild, resource scarcity could affect 

reproductive success. Therefore, dominant females may rely on strategies to suppress 

reproduction in lower ranking females (Freeman et al., 2004). In captivity, dominance is 
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Figure 3. Serum progestagen patterns in a normal cycling and a non-cycling African 

elephant 

 

Figure 4. Serum patterns of prolactin secretion in a elephant with a normal pattern 

compared to a female with hyperprolactinemia.Figure 5. Serum progestagen 

patterns in a normal cycling and a non-cycling African elephant 

 

Figure 6. Serum patterns of prolactin secretion in a elephant with a normal pattern 

compared to a female with hyperprolactinemia.  

 

Figure 7. Treatment of a hyperprolactinemic elephant with Cabergoline (Morfeld et 

al.,, unpublished)Figure 8. Serum patterns of prolactin secretion in a elephant with a 

normal pattern compared to a female with hyperprolactinemia.Figure 9. Serum 

progestagen patterns in a normal cycling and a non-cycling African elephant 

 

Figure 10. Serum patterns of prolactin secretion in a elephant with a normal pattern 

compared to a female with hyperprolactinemia.Figure 11. Serum progestagen 

patterns in a normal cycling and a non-cycling African elephant 
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still important for maintaining social harmony even if there is no true matriarch (Freeman 

et al., 2004). The social dynamics of group living may generate competition, aggression 

or affiliative interactions (Freeman et al., 2004). These interactions can often change over 

time, and therefore alter the relative benefits of cooperation or competition among 

individual elephants (Freeman et al., 2004). Captive herds are usually made up of 

unrelated, same aged individuals (Olson et al., 2000). Captive herds are also smaller than 

typical wild herds; most North American zoos maintain three or fewer individuals 

(Freeman et al., 2004). For highly social animals like elephants the relatively small herd 

sizes found in captivity, the lack of social learning and the absence of a strong 

matriarchal figure, may contribute to behavior problems, and could negatively impact 

reproduction (Freeman et al., 2004). Ovarian inactivity in captive elephants is therefore 

thought to be mediated in part by social influences (Freeman et al., 2004). Stable 

dominance hierarchies help to reduce aggression and promote reproduction by allowing 

females to conserve energy that would be spent on establishing or maintaining rank 

(Freeman et al., 2004). However, the energy that goes into peace keeping within the 

captive herd may be compromising reproductive potential and ovarian function in 

particular (Freeman et al., 2004). 

To examine this relationship in more detail, surveys were conducted to determine 

how behavior and dominance status within a herd relate to each other and to ovarian 

inactivity (Freeman et al., 2004). Dominance status was found to be correlated with 

relative size, age, temperament, disciplinary nature and willingness to share novel objects 

(Freeman et al., 2004). This study found that social status appeared to be the best 
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predictor of ovarian inactivity in African elephants. Non-cycling African elephant 

females ranked higher in the dominance hierarchy, meaning they gave more discipline to 

herd mates than their cycling cohorts (Freeman et al., 2004). Additionally, females were 

more likely to be acyclic if they had a large body mass index, and resided longer at a 

facility with the same herd mates (Freeman et al., 2008). Transferring females among 

facilities had no major impact on ovarian activity (Freeman et al., 2008). In fact, some 

females reinitiated reproductive cyclicity after transfer to another facility (Freeman et al., 

2008). It is not clear how these factors directly impact the reproductive physiology of 

elephants, but gathering information is the critical first step to developing possible 

treatments or identifying better husbandry strategies for improving fertility.  

Hyperprolactinemia and Ovarian Acyclicity 

One obvious cause of ovarian cyclicity problems could be a hormonal imbalance. 

To determine if it is related to alterations in the secretion of other hormones, a 

comprehensive analysis of ovarian, pituitary, adrenal and thyroid hormones was 

conducted on cycling and acyclic African elephants (Brown et al., 2004a). Estradiol 

concentrations were found to be higher on average in non-cycling females, while no 

significant differences in cortisol values were observed (Brown et al., 2004a). In non-

cycling elephants, no fluctuating patterns of LH, FSH, or prolactin secretion were 

observed, but whether that was a cause or effect of ovarian inactivity was not clear 

(Brown et al., 2004a). However, that study was the first to find overall prolactin mean 

concentrations were significantly elevated in a third of non-cycling African elephant 

females, and thus a possible cause of infertility (Figure 4) (Brown et al., 2004a). Today  
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71% of acyclic African elephant females have this condition, 45% of which are  

 of reproductive age (Dow and Brown, 2012). Chronically elevated prolactin 

concentrations in circulation, a condition known as hyperprolactinemia, is associated with 

amenorrhea and galactorrhoea and a known cause of infertility in women and domestic 

species (Aron et al., 1985; Yuen et al., 1992). Hyperprolactinemia is the most common 

disorder of the hypothalamic-pituitary axis; 10-40% of patients presenting with secondary 

amenorrhea are hyperprolactinemic, and 70% with galactorrhea and amenorrhea have this 

condition (Serri et al., 2003; Wang et al., 2012). Of these patients, approximately 30% 

have prolactin-secreting tumors (Serri et al., 2003). Given that only non-cycling African 
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Figure 4. Serum patterns of prolactin secretion in a elephant with a normal 

pattern compared to a female with hyperprolactinemia.  

 

Figure 12. Treatment of a hyperprolactinemic elephant with Cabergoline 

(Morfeld et al.,, unpublished)Figure 13. Serum patterns of prolactin secretion in a 

elephant with a normal pattern compared to a female with hyperprolactinemia.  

 

Figure 14. Treatment of a hyperprolactinemic elephant with Cabergoline 

(Morfeld et al.,, unpublished) 

 

Figure 15. Treatment of a hyperprolactinemic elephant with Cabergoline 

(Morfeld et al.,, unpublished)Figure 16. Serum patterns of prolactin secretion in a 

elephant with a normal pattern compared to a female with hyperprolactinemia.  

 

Figure 17. Treatment of a hyperprolactinemic elephant with Cabergoline 

(Morfeld et al.,, unpublished)Figure 18. Serum patterns of prolactin secretion in a 

elephant with a normal pattern compared to a female with hyperprolactinemia.  
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elephants have been diagnosed with hyperprolactinemia, there appears to be a strong 

relationship between ovarian dysfunction and increased prolactin secretion in elephants 

(Brown et al., 2004c). Some females with elevated prolactin exhibited occasional bouts 

of mammary enlargement and fluid production, while others were asymptomatic (Brown 

et al., 2004a; Yamamoto et al., 2010).  

Prolactin is a polypeptide secreted by the lactotroph cells of the anterior pituitary 

gland (Leong et al., 1983; Freeman et al., 2000). It is under inhibitory control by the 

hypothalamus, through dopamine that tonically inhibits lactotroph prolactin secretion 

(Grossman et al., 1985; Leong et al., 1983; Iaccarino et al., 2002). Other hormones such 

as hypothalamic thyrotropin releasing factor can stimulate prolactin secretion (Melmed, 

2003). Finally, prolactin can act as an autocrine growth factor on the lactotroph cell 

through the activation of pituitary prolactin receptors (Melmed, 2003; Wynick et al., 

1998). Cabergoline, a dopamine agonist, is a common and effective treatment for 

hyperprolactinemia in women (Zacur, 1998). Oral administration of 0.25–1.0 mg twice 

weekly results in an almost immediate reduction in prolactin secretion (Casanueva et al., 

2006), and after several months a resumption of normal ovarian cycles is observed in 

72% of women (Webster et al., 1994). However, a clinical trial in African elephants (1-2 

mg twice weekly for 4-12 months; n=8) ended with mixed results (Figure 5) (Ball and 

Brown, 2006; Dow et al., unpublished; Morfeld et al., unpublished). Prolactin was 

decreased significantly in all but one of the females, but only during treatment. 

Concentrations rebounded to or exceeded initial levels within weeks of treatment  
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withdrawal, and none of the females resumed cycling (Ball and Brown, 2006; Morfeld et  

al. unpublished). It is believed that increasing the dosage or treatment time might be more  

effective, and a follow-study is underway (Brown et al., 2006; Morfeld et al., 

unpublished). Although the mechanisms are not clearly understood, hyperprolactinemia 

has been associated with conditions such as: hypothyroidism, hypogonadism, polycystic 

ovarian disease that may cause pituitary adenomas, renal failure or cirrhosis, or physical 

and emotional stressors (Aron et al., 1985; Sonino et al.,2004; Yuen et al., 1992).  

Hyperprolactinemia: Causes and Consequences 

We have examined several physiological factors known to be associated with 

hyperprolactinemia-induced infertility in women (Serri et al., 2003), such as increased 

cortisol secretion (Brown et al., 2004a), hyperandrogenism (Mouttham et al., 2011), 
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Figure 5. Treatment of a hyperprolactinemic elephant with cabergoline (Morfeld 

et al.,, 2013). 
 



 

39 
 

hyperestrogenism (Prado-Oviedo et al.,, 2013) and thyroid dysfunction (Brown et al., 

2004a), but found no such relationships in African elephants. Except for the fact that 

hyperprolactinemia and acyclicity are linked, the cause of ovarian cycle problems in 

captive African elephants remains unknown.  

Macroprolactinemia is a disorder characterized by circulating high molecular 

weight forms of prolactin that may be biologically inactive (Aron et al., 1985). Prolactin 

exists in multiple forms differing in their molecular size. Normally, the predominant form 

is about 22kDa, making up about 95% of the circulating prolactin (Olukoga et al., 1999). 

There is also a 50-60 kDa form and to a lesser degree a form that is over 100kDa, called 

the macroprolactin complex (Olukoga et al., 1999). In some individuals the predominant 

form is the macroprolactin complex, and it is formed through the binding of monomeric 

prolactin with immunoglobulin (IgG)(Olukoga et al., 1999). It can be detected by 

subjecting serum from a patient to gel filtration chromatography or the polyethylene 

glycol precipitation test (Olukoga et al., 1999). Macroprolactinemia should be considered 

a possible cause in patients with hyperprolactinemia that have a normal ovulatory cycle 

(Olukoga et al., 1999). As only acyclic females have been diagnosed with 

hyperprolactinemia, this is not a likely cause of this condition in elephants. 

Medication induced hyperprolactinemia results from administration of drugs that 

interfere with dopaminergic function (Grossman et al., 1985). These include many major 

tranquilisers, such as metolopramide which is a dopamine receptor blocking drug 

(Grossman et al., 1985). Reserpine and methyldopa deplete the brain of dopamine, and 

other dopamine synthesis inhibitors can alter the effectiveness of dopamine to control 
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prolactin production and secretion (Grossman et al., 1985). Although a possible cause of 

hyperprolactinemia in the captive elephant population, these drugs would have to be 

administered continuously over a long period of time to elicit the observed chronically 

elevated prolactin levels (Aron et al., 1985; Yuen et al., 1992). A study is underway to 

determine if hyperprolactinemia is associated with medications in the captive population. 

Hypothyroidism can result in elevated prolactin concentrations through an 

increase in thyrotropin-releasing hormone, which stimulates thyroid stimulating hormone 

that then stimulates prolactin release (Freeman et al., 2000). So far there has been no 

evidence of altered thyroid function in acyclic female elephants when compared to 

cycling females, including those with hyperprolactinemia (Brown et al., 2004a). 

Hypogonadism, or more specifically reduced ovarian estrogen production, can result in 

increased prolactin production through loss of the negative feedback mechanism that 

regulates prolactin secretion during the estrous cycle (Freeman et al., 2000). A recent 

study by Prado-Oviedo et al., (in prep) found that hyperprolactinemic females were 

hypogonadal due the observation of baseline concentrations of urinary estrogen 

conjugates. However, it remains to be determined if hyperprolactinemia is the cause or 

the consequence of hypogonadism in this species. 

Prolactinomas are the most common type of pituitary tumor, and they are 

associated with amenorrhea, galactorrhea, and hypogonadism (Melmed, 2003). 

Prolactinomas retain intact trophic control, so they may develop in an environment with 

reduced dopamine concentrations, or reduced dopamine sensitivity, or as a result of 

vasculature isolation that prevents dopamine from reaching the lactotrophs (Melmed, 
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2003; Schuff et al., 2002). We do not have data on the incidence of prolactin-secreting 

tumors in African elephants, as pituitary histopathology is rarely performed at necropsy; 

however it seems this may be a possibility. 

Pseudoprolactinomas are lesions or non-prolactin secreting adenomas that cause 

obstruction or interfere with the portal vasculature, thereby preventing dopamine from 

acting on lactotrophs (Grossman et al., 1985). This can cause normal pituitary lactotrophs 

to secrete excess prolactin mimicking a prolactinoma (Grossman et al., 1985). Elevated 

prolactin levels are not always correlated with tumor size, so individual assessments need 

to be made (Aron et al., 1985; Yuen et al., 1992). Microadenomas are suspected when 

symptoms include amennorhea and galactorrhea (Aron et al., 1985; Yuen et al., 1992). 

Conversely, macroadenomas  can often result in visual disturbances, severe headaches, 

and nerve palsies (Martin et al., 1983), none of which are known to occur in elephants. 

Hypopituitarism is usually secondary to damage caused to normal pituitary cells, as is 

hypogonadism by mechanical damage to the gonadotropin secreting cells or by 

interfering with the delivery of GnRH (Freeman et al., 2000; Martin et al., 1983). Given 

that basal LH and FSH concentration are normal in hyperprolactinemic elephants, it does 

not appear that hypopituitarism is a major problem in acyclic elephants (Brown et al., 

2004a). 

Although originally named for its role in stimulating milk synthesis, prolactin is 

now understood to be a pleiotropic neurohormone with over 300 neuroendocrine 

functions including, stimulation of maternal behavior, regulation of appetite and body 

weight, suppression of fertility, and emerging roles in neurogenesis and glial cell function 
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(Freeman et al., 2000; Grattan and Kokay, 2008). Additionally, prolactin plays a 

homeostatic role through regulation of the immune system, osmotic balance, 

angiogenesis, and the stress response (Freeman et al., 2000; Grattan and Kokay, 2008). 

While these functions may seem disparate, prolactin’s varied actions in the brain and 

body are viewed as a coordinated adaptive response to pregnancy and lactation (Grattan 

and Kokay, 2008). With important roles in maintaining homeostasis across various 

physiological states, a prolonged alteration in prolactin secretion has consequences for an 

organism’s health and quality of life.  

Human and animals studies have found that chronic hyperprolactinemia has 

metabolic and psychological consequence that can impact an individual’s quality of life. 

Prolonged hyperprolactinemia results in the suppression of GnRH secretion that normally 

elicits production of FSH and LH from the anterior pituitary (Shibli-Rahhal and 

Schlechte, 2009). This causes a decreased secretion of estradiol, which then leads to 

widespread effects in body weight and composition, growth and development, immune 

system disturbances, and emotional health (Shibli-Rahhal and Schlechte, 2009; Yavuz et 

al., 2003a; Yavuz et al., 2003b).  

As reviewed by Shibli-Rahhal and Schlecte (2009), chronically elevated prolactin 

can have severe health consequences. Hyperprolactinemic-hypogonadal patients have 

reduced bone mass compared to healthy controls. Most effects are within the spinal bone 

mineral content, which is reduced by 20-30% in these patients. Estradiol ensures proper 

bone metabolism by stimulating growth factors, increasing expression of the 

osteoprotegerin gene which inhibits osteoclast formation, and by decreasing synthesis of 
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proresorptive cytokines. Estrogen deficiency typically affects trabecular bone more than 

cortical bone, thereby decoupling normal bone formation and leading to accelerated bone 

resorption and lower bone mineral densities. It is thought that the duration of 

hyperprolactinemia and associated hypogonadism affects bone recovery after treatment. 

Compared to healthy controls, treatment of hyperprolactinemia and the restoration of 

gonadal function will improve bone density, but does not normalize it. Therefore, as these 

women enter their postmenopausal years they are at a greater risk for developing 

osteopenia and osteoporosis. Prolactin has increasingly been implicated as a modulator of 

body composition and body weight, with data suggesting that it regulates enzymes and 

transporters in the breast, adipose tissue and islets. In both human and animal studies, 

elevated prolactin concentrations are associated with weight gain and obesity. It is 

thought that prolactin stimulates lipogenesis because its receptors are found in human 

adipose tissue, and because subcutaneous and visceral fat tissues from breast produce 

prolactin.  

In other studies reviewed by Yavuz et al., (2003a), many hyperprolactinemic 

patients are diabetic, and there are noted associations with hyperinsulinemia and reduced 

glucose tolerance, leading researchers to believe hyperprolactinemia may predispose a 

patient to insulin resistance. Additionally, hyperprolactinemic patients often exhibit 

endothelial dysfunction and low-grade inflammation. Although the mechanisms are 

unclear, these researchers suggest that prolonged hyperprolactinemia might predispose 

individuals to atherosclerosis, which is supported by evidence that treatment of 

hyperprolactinemia results in normalization of all the atherogenic predetermining factors 
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(e.g., weight, glucose tolerance, inflammation and endothelial function). Yavuz and 

colleagues (2003b) further point out that psychological abnormalities have long been 

associated with this condition. Hyperprolactinemic patients have a higher prevalence of 

depressive disorders, hostility, phobias and anxiety; although some of these may be a 

psychological reaction to changes such as weight gain, amenorrhea, or galactorrhea rather 

than an effect of high prolactin directly. Alternatively, it has been proposed that the 

psychological effects of hyperprolactinemia are a result of the long-term hypogonadal 

state that hyperprolactinemia induces, and due to effects of decreased estrogen on the 

central nervous system. Estrogens increase the availability of serotonin in the brain and 

therefore, by extension, play a major role in the governing of mood. Once again, it has 

been shown that treatment of hyperprolactinemia resulted in patients that self-reported 

reduced depressive episodes, anxiety and hostility. Elephants long have been reported to 

exhibit problems with excess weight, infertility, cardiovascular disease and poor social 

bonding (Clubb and Mason, 2002), and hyperprolactinemic elephants have reduced 

estrogen exposure because of hypogonadism (Prado-Oviedo et al.,, 2013). How much of 

these are related to hyperprolactinemia is unknown, but it could be a significant 

contributing factor. 

The goal of these dissertation studies were to better understand how prolactin is 

regulated in the African elephant so that more efficacious treatments can be developed. 

Furthermore, in order to fully understand the consequences of this condition in African 

elephants, we will investigate if there are differences in body condition and metabolic 

hormone status for elephants with chronic hyperprolactinemia; and if an individual’s life 
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history and/or temperament could be contributing to the development of this condition in 

the growing subset of female African elephants it is observed in.
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CHAPTER 2: Demographic and life history evaluations of Asian (Elephas maximus) 

and African elephants (Loxodonta africana) in North American Zoos 

 

 

 

Introduction 

Social events that occur throughout an animal’s lifetime, henceforth referred to as 

social life history events, have been shown to exert significant influences on the behavior, 

physiology, development, and overall welfare of social animals in captivity. For example, 

disrupting stable social groups by adding or removing individuals via birth, death, or 

translocation can cause social instability and increased aggression (Baranyi et al.,, 2005; 

Christensen et al.,, 2011; Coutellier et al.,, 2007), resulting in elevated glucocorticoid 

levels (Coutellier et al.,, 2007; Haller et al.,, 1998; Visalberghi and Anderson, 1993) and 

subsequent immunosuppression (Visalberghi and Anderson, 1993; de Groot et al.,, 2001; 

Bartolomucci et al.,, 2001) of herd members. For offspring, premature separation from 

the mother, either through death or translocation, has been associated with increased 

short-term anxiety and stress (Newberry and Swanson, 2008), as well as longer-term 

effects such as poorer social skills (Fraser, 1978; Ljungberg and Westlund, 2000) and the 

development of abnormal (stereotypic) behaviors (Latham, 2005). Conversely, other 

types of social activities can have positive effects on welfare. For example, the birth of an 

offspring can add to the dynamic nature of group interactions by increasing play (Held 

and Ŝpinka, 2011) and the expression of nurturing behaviors (Fairbanks, 1990; Stone et 

al.,, 2010). While these relationships have significant implications for the management of 
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captive social species, the precise effects (direction, magnitude, and duration) of specific 

social life history events will depend on the social complexities and natural history of 

each particular species and individual coping styles. 

Both Asian and African elephants exhibit complex and elaborate patterns of 

sociality in the wild, with sophisticated, multi-level ‘fission-fusion’ social systems in 

which groups merge or disperse depending on seasonal resource availability (Wittemyer 

et al.,, 2005; de Silva et al.,, 2011). At the center of this multi-level system are stable, 

hierarchical, matrilineal groups composed of genetically related adult females and their 

dependent offspring (Moss, 1988; Sukumar, 1989; Vidya and Sukumar, 2005). Female 

offspring typically remain in their natal core group throughout their lives, while male 

offspring disperse upon reaching adolescence. Individuals within these groups develop 

strong social bonds as indicated by observations of continuous close proximity, high rates 

of affiliation, and low rates of aggression (Moss, 1988; Douglas-Hamilton and Douglas 

Hamilton, 1975; Lee, 1987; Sukumar, 1994; Poole, 1989; Moss et al.,, 2011) 

Furthermore, elephants show distress upon separation from their core group and arousal 

and excitement upon reunion. The benefits of such coalitions is that they provide 

protection against perceived threats, mutual care of calves, and aid to injured or fallen 

group members (Moss, 1988; Douglas-Hamilton and Douglas Hamilton, 1975; Lee, 

1987; Sukumar, 1994; Poole, 1989; Moss et al.,, 2011).   

Studies of wild elephants indicate that elephant behavior and physiology can be 

strongly influenced by specific social life history events. Elephant calves are dependent 

on their mothers for proper social development (Lee and Moss, 1999), and premature 
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separation via poaching or culling has been associated with decreased social 

discrimination abilities and increased interspecies aggression (Shannon et al.,, 2013; 

Slotow and Van Dyk, 2001; Bradshaw et al.,, 2005). In east Africa, elephant females 

from disrupted social groups where the matriarch or another integral core group member 

were killed by poachers, displayed weaker social bonds and higher levels of fecal 

glucocorticoids compared to individuals of undisturbed groups (Gobush et al.,, 2008). 

Wild elephants also have been observed expressing directed empathetic behaviors when 

deceased conspecifics or herd mates are encountered (Moss, 1988; Douglas-Hamilton 

and Douglas-Hamilton, 1975; Spinage, 1994) which suggests that death, in addition to 

disrupting social groups, can be an emotionally challenging experience for individual 

elephants, particularly if it results in the dissolution of strong bonds. For female 

elephants, one of the strongest relationships observed is that of mother and offspring 

(Moss and Poole, 1983). Additionally, birthing events of herd mates can positively 

influence an individual’s own maternal behavior via allomothering, or the caregiving of a 

herd mate’s offspring (Lee, 1987). 

Studbooks are record keeping tools that play a central role in organizing 

population data in a manner that supports informed management of ex situ populations 

(Glatson, 1986). The information recorded in these studbooks allowed us to provide the 

first-ever characterization of the North American zoo elephant population housed in 

AZA-accredited zoos in terms of species, sex, age distribution, and origin (i.e., imported 

from range countries or captive-born). This information was then used to evaluate how 

demographic variables influenced elephant management, housing and welfare outcomes 
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in zoos in a series of subsequent studies (e.g., Meehan et al.,, 2015; Greco et al.,, 2015; 

Morfeld et al.,, 2015; Miller et al.,, 2015; Holdgate et al.,, 2015a; Holdgate et al.,, 2015b). 

In addition, we evaluated relationships between population demographic characteristics 

and social life history event variables to discern other patterns that could be relevant to 

elephant welfare. For example, with respect to species, studies of the European zoo 

population demonstrate that age of separation and lifetime number of transfers 

experienced by elephants are associated with a higher risk of mortality for Asian, but not 

African, females (Clubb and Mason, 2002). As such, the age at which social life events 

are first experienced by elephants as well as the incidence rates of events based on 

demographics could be important. Additionally, because male elephants in the wild have 

a different social structure than females, they could be affected differently by births, 

deaths, and translocations. Thus, this study aimed to quantify the social life events that 

could potentially effect the welfare of zoo elephants, including social behaviors, 

reproductive function and group cohesiveness. 

Materials and Methods 

Ethics Statement 

 This study was authorized by the management at each participating zoo and, where 

applicable, was reviewed and approved by zoo research committees. Our study was non-

invasive.  
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Subjects 

 Focal animals (n = 250) were housed in 68 AZA-accredited facilities in the United 

States, Mexico and Canada during the study period (January – December 2012).  

Data Collection 

 Demographic data for the 250 focal elephants were collected from the 2012 African 

and Asian Elephant North American Regional Studbooks (40, 41), using information from 

between 2 March 1978 or 14 April 1962 (birth dates of the oldest African and Asian 

elephants in the study, respectively) and 1 Dec 2012 (study period end). Electronic versions 

of each studbook were obtained from the studbook managers, and the data were exported 

into one excel file for data collection and organization purposes. The age of each elephant 

was calculated from the known (for captive-born elephants) or estimated (for imported 

elephants) date of birth until 1 July 2012 (study midpoint). 

 Three demographic categories were defined: species (African, n=134; Asian, n=116); 

sex (male, n=50; female, n=200); and origin (imported, n=177; captive-born, n=73). 

Elephants were categorized as captive-born if they were reported to have been born in a 

captive facility, or as imported if either a capture/location date or range country birthplace 

was recorded in the studbook. An overview of the population demographics is presented 

in Table 1. 
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Table 1. Summary of population demographics including number of elephants (N) and age 

distributions (mean, median, SEM, minimum and maximum) for each species by sex and origin.  

    Age 

Species N Mean Median SEM Minimum Maximum 

African Female Captive-born 14 12.54 6.18 3.30 0.95 34.33 

Imported 95 33.72 33.01 0.64 20.50 52.50 

All 109 31.00 32.19 0.97 0.95 52.50 

Male Captive-born 15 8.39 6.70 2.04 1.08 31.33 

Imported 10 29.29 29.50 1.71 21.50 37.94 

All 25 16.75 11.91 2.50 1.08 37.94 

Total Captive-born 29 10.39 6.53 1.92 0.95 34.33 

Imported 105 33.29 32.50 0.61 20.50 52.50 

All 134 28.34 30.60 1.03 0.95 52.50 

Asian Female Captive-born 28 21.17 21.84 2.33 1.02 48.77 

Imported 63 43.69 42.50 0.98 19.50 64.50 

All 91 36.76 40.50 1.47 1.02 64.50 

Male Captive-born 16 18.84 13.87 3.86 2.16 50.21 

Imported 9 39.71 42.05 2.69 24.50 47.50 

All 25 26.35 27.50 3.32 2.16 47.50 

Total Captive-born 44 20.32 19.58 2.02 1.02 50.21 

Imported 72 43.19 42.50 0.93 19.50 64.50 

All 116 34.52 39.50 1.41 1.02 64.50 

 

 

 

Social Life Event History Variables 

Social life event histories (see definitions in Table 2) were extracted from the 

studbooks and organized chronologically. All events that occurred after an elephant 

entered captivity (via importation or birth) were counted and incorporated into the 

analyses. Events that occurred prior to importation into the North American population 

are not represented in these data. Lapses in studbook records with respect to events may 

have occurred, so event data reported herein might under-represent some life event 

histories, particularly for imported elephants. In addition, because some elephant herds 
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are managed as sub-groups and not all interact physically with each other (Meehan et al.,, 

2015), we could not confirm that subjects were physically present for events involving 

births or deaths of herd-mates, except in cases of females who gave birth to offspring. 

Therefore these data represent individual accounts of zoo level events that may or may 

not have directly impacted the focal elephant.  

 

 

 

  

Table 2. Life event descriptions 

Event Name Abbreviation Description 

Age at Separation AS 
The age at which captive-born individuals were separated from 

their mother. 

Transfers TR Recorded physical facility transfers. 

Offspring Birth OffB Recorded births of offspring to reproductively aged females.  

Offspring Death OffD Recorded deaths of offspring of parous females. 

Non-Offspring 

Birth Exposure 

(Females) 

ExpB(f) 
Recorded non-offspring births at the same facility as female focal 

animals. 

Birth Exposure 

(Males) 
ExpB(m) 

Recorded births (including offspring) at the same facility as male 

focal animals. 

Non-Offspring 

Death Exposure 

(Female) 

ExpD(f) 
Recorded non-offspring deaths at the same facility as female focal 

animals.  

Non- Offspring 

Death Exposure 

(Male) 

ExpD(m) 
Recorded deaths (including offspring) at the same facility as male 

focal animals.  
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Variable Calculations 

Age at Separation 

The date at which captive-born focal animals were separated from their mother 

was determined by comparing the chronological timelines of both. Separations were 

identified if there was either a facility transfer of the focal animal, a facility transfer of 

the mother, or the death of the mother. The age of the focal animal at the date of 

separation (AS) was then calculated using its studbook birth date.  

Transfers 

Transfer events (TR) were defined as each physical location change the elephant 

experienced once it was in captivity. This event excludes wild capture but includes the 

first facility in which an imported elephant was housed after capture (i.e., at importation). 

Transfers in ownership that did not involve a change in physical location were confirmed 

with the studbook managers, and were not counted. Variables based on TR events 

include: 1) total count (number of transfers recorded between the date of captive birth or 

importation and December 2012); and 2) age at first event (the focal elephant’s age at the 

time of the first recorded transfer). 

Offspring Births 

Offspring birth events (OffB) were recorded births of offspring to reproductively 

aged females from the time those females entered the studbook system to the end of the 

study period. Reproductive age was considered to be over 8 years for African elephants 

and over 5 years for Asian elephants (based on Brown et al.,, 2015; Brown, 2014). All 

offspring births were counted regardless of how long the offspring lived. Variables based 
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on OffB events included: 1) total count (number of OffB events recorded between the 

date the focal elephant reached reproductive age and December 2012); and 2) age at first 

event (for focal elephants of reproductive age, the age at the time of the first recorded 

offspring birth). 

Offspring Deaths 

Offspring death events (OffD) were recorded deaths of a female elephant’s 

offspring from the time she entered the studbook system to the end of the study period. 

OffD events were only counted if the offspring was at the same facility as the mother at 

the time of death. All offspring deaths were counted regardless of how long the offspring 

lived. Variables based on OffD events included: 1) total count (number of OffD events 

recorded between the date of the first recorded offspring birth and December 2012); and 

2) age at first event (for parous females only, the age at the time of the first recorded 

offspring death). 

Birth Exposures 

Birth exposures (ExpB) were recorded births that occurred at the same facility as 

the focal animal from the time of birth or importation. The ExpB events were included 

regardless of how long the calf survived. ExpB for focal males includes births of 

offspring, whereas ExpB for focal females does not. Variables based on ExpB events 

included: 1) total count (the number of ExpB events recorded between the date of the 

focal animal’s birth or importation through December 2012); and 2) age at first event (the 

focal elephant’s age at the time of the first recorded ExpB). 
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Death Exposures 

Death exposures (ExpD) are recorded deaths that occurred at the same facility as 

the focal animal from the time of birth or importation. All deaths were counted regardless 

of how long the animal lived. ExpD for focal males includes deaths of offspring, whereas 

ExpD for focal females does not. Variables based on ExpD events included: total count 

(the number of ExpD events recorded between the date of the focal animal’s birth or 

importation through December 2012); and age at first event (the focal elephant’s age at 

the time of the first recorded ExpD). 

Statistical Analysis 

The age of the population was not normally distributed. The assumption of 

normal distribution also was not met by any of the life event history variables. The life 

event history variables (total counts and age at first recorded event) were strongly 

positively skewed for each event type, due to the presence of “0” total events (i.e., an 

event never occurred in the lifetime of the focal animal). Zero events were included in the 

analyses where appropriate because a lack of experience/exposure was considered 

biologically relevant (see discussion). Mann-Whitney U tests were performed to 

determine rank order differences in the age (as of 7/1/2012) of elephants across the 

different demographic categories, and differences in the age at separation across species 

and sex.  

Multi-variable regression models were used to determine associations between 

variable event rates and the demographic categories. For the TR, OffB and OffD event 

variables, because the variance approximately equaled the mean, Poisson regression 
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models were used. The ExpB and ExpD events showed evidence of over-dispersion, with 

a deviance twice the degrees of freedom. Therefore, negative binomial models were used 

to analyze these events. Poisson and negative binomial models incorporated the total 

counts of all the event variables, using the natural log of age (in years) as the offset 

variable and all three demographic categories were included as factors. The full models 

are reported as estimated rates of life events where β is the estimated regression 

coefficient for the model. The β coefficient estimate is the natural logarithm of the 

incident rate ratio (IRR) of exposure to the event. IRR is the estimated rate, where a value 

<1 indicates that an increase in 1 year of age is associated with a decreased rate of event 

experience/exposure, relative to the reference category. A value >1 indicates that an 

increase in 1 year of age is associated with an increased rate of event 

experience/exposure, relative to the reference category. The reference categories were 

Asian, male and imported for each of the regression models.  

A Kaplan – Meier analysis was performed to determine differences in the 

recorded age at first event for each event type across the demographic categories. Age at 

first event was calculated from the known (for captive-born elephants) or estimated (for 

imported elephants) date of birth to the recorded date of the event occurrence. Due to the 

exclusion of individuals that had not yet experienced events at the time of the study only 

a subset of elephants was used in these analyses and therefore differed, in both number 

and composition, from elephants included in the subsequent Cox regression models (see 

below).   
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Multi-variable Cox regression models were used to determine the associations 

between demographic category and the hazard ratio (or relative risk) of the first recorded 

life event occurring. Cox regression models incorporated the first occurrence of each 

event, using the natural log of age at first event (in years) as the offset variable and all 

three demographic categories were included as factors. The full models are reported, 

where β is the estimated regression coefficient for the model. The β coefficient estimate 

is the natural logarithm of the estimated relative risk (ERR) of exposure to the first event. 

A positive coefficient indicates a higher ERR and a negative coefficient indicates a lower 

ERR for the demographic category with which the event is associated. ERR is the 

hazards ratio, where a value <1 indicates that an increase in 1 year of age is associated 

with a decreased risk of experiencing the first event relative to the reference category. A 

value >1 indicates that an increase in 1 year of age is associated with an increased risk of 

experiencing the first event relative to the reference category. Data were right-censored 

due to the inclusion of individuals that had not yet experienced certain life events by the 

end of the study period. Meaning that individuals with zero events in their histories were 

included in the Cox regressions and therefore influenced the risk predicted in the models. 

The reference categories were Asian, male and imported for each of the regression 

models. Statistical analyses were conducted using SPSS (44), a p<0.05 was considered 

statistically significant. 

Results  

Table 3 and Figure 1 show the overall summary of life event data and age 

distribution for the population, respectively. Asian elephants were older (p<0.001) than 
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African elephants, female elephants were older (p<0.001) than male elephants, and 

captive-born elephants were younger (p<0.001) than imported elephants. 

 

 

 

 

 

Figure 6. Average age of the study population of African and Asian elephants in 

North American zoos. Mean age (in years) was calculated as of 7/1/2015. 

Significant differences (p<0.05) within demographic categories are indicated (*). 
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Table 3. Summary of life events and age (as of 7/1/2012) for the full population (n=250) by species, sex and origin. Data include the number of 

elephants that were included in each variable (n), and the number of events, including median, mean (# events/elephant), SEM, minimum and 

maximum. 

  Full Population        

  
n 

Total 

Counts 
Median Mean SEM Min Max  

      

Age 250 - 33.02 31.21 0.88 0.95 64.50        

TR 250 668 2.00 2.67 0.13 0 10.00        

OffB 188 104 0.00 0.54 0.08 0 6.00        

OffD 54 48 1.00 0.89 0.15 0 5.00        

ExpB - Males 50 206 3.00 4.12 0.73 0 26.00        

ExpD - Males 50 167 2.00 2.34 0.60 0 19.00        

ExpB - Females 200 532 1.00 2.66 0.30 0 21.00        

ExpD - Females 200 727 2.00 3.63 0.35 0 29.00              

  Species 

  African Elephants  Asian Elephants  

 n 
Total 

Counts 
Median Mean SEM Min Max n 

Total 

Counts 
Median Mean SEM Min Max 

Agea 134 - 30.60 28.34 1.03 0.95 52.50 116 - 39.50 34.52 1.41 1.02 64.50 

TR 134 364 2.00 2.72 0.17 0 10.00 116 304 2.50 2.62 0.19 0 10.00 

OffB 101 40 0.00 0.38 0.07 0 3.00 87 64 0.00 0.74 0.14 0 6.00 

OffD 26 15 0.00 0.58 0.15 0 3.00 28 33 1.00 1.18 0.24 0 5.00 

ExpB - Males 25 76 2.00 3.04 0.60 0 10.00 25 130 3.00 5.20 1.31 0 26.00 

ExpD - Males 25 51 1.00 2.04 0.40 0 7.00 25 116 3.00 4.64 1.08 0 19.00 

ExpB - Females 109 189 1.00 1.73 0.24 0 10.00 91 343 1.00 3.77 0.58 0 21.00 

ExpD - Females 109 264 2.00 2.42 0.25 0 15.00 91 463 3.00 5.09 0.69 0 29.00 

 

 

 

 

 

              



 
 

 
 

6
0
 

  Sex 

  Female Elephants Male Elephants 

 n 
Total 

Counts 
Median Mean SEM Min Max n 

Total 

Counts 
Median Mean SEM Min Max 

Ageb 200 - 34.50 33.62 0.87 0.95 64.50 50 - 22.00 21.55 2.17 1.08 50.21 

TR 200 561 3.00 2.80 0.13 0 10.00 50 107 1.00 2.14 0.36 0 10.00 

OffB 109 188 0.00 0.54 0.08 0 6.00 - - - - - - - 

OffD 54 48 1.00 0.89 0.15 0 5.00 - - - - - - - 

ExpB - Males - - - - - - - 50 206 3.00 4.12 0.73 0 26.00 

ExpD - Males - - - - - - - 50 167 2.00 3.34 0.60 0 19.00 

ExpB - Females 200 532 1.00 2.66 0.30 0 21.00 - - - - - - - 

ExpD - Females 200 727 2.00 3.63 0.35 0 29.00 - - - - - - - 

  Origin 

  Imported Elephants Captive-Born Elephants 

 n 
Total 

Counts 
Median Mean SEM Min Max n 

Total 

Counts 
Median Mean SEM Min Max 

Agec 177 - 36.58 37.32 0.63 19.5 64.50 73 - 13.59 16.38 1.54 0.95 50.21 

TR 177 591 3.00 3.34 0.13 0 10.00 73 77 0.00 1.05 0.17 0 5.00 

OffB 158 82 0.00 0.52 0.09 0 6.00 30 22 0.00 0.67 0.19 0 3.00 

OffD 43 35 0.00 0.81 0.17 0 5.00 11 13 0.00 1.18 0.26 0 2.00 

ExpB - Males 19 92 3.00 4.84 1.27 0 16.00 31 114 3.00 3.68 0.89 0 26.00 

ExpD - Males 19 92 4.00 4.84 1.10 0 19.00 31 75 1.00 2.42 0.65 0 16.00 

ExpB - Females 158 417 1.00 2.64 0.36 0 21.00 42 115 2.00 2.74 0.54 0 17.00 

ExpD - Females 158 617 2.00 3.91 0.43 0 29.00 42 110 2.00 2.62 0.44 0 12.00 

a,b,cValues differ within demographic category (p<0.05) (Mann-Whitney U Test). 

TR = transfer rate; OffB = offspring births; OffD = offspring deaths; ExpB = exposure to births; ExpD = exposure to deaths; m = male; f = female.  
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Age at Separation (AS) 

Of the 73 captive-born elephants in the study, 65 had mothers that could be 

identified by studbook numbers. Of these, 38 individuals (58%, 38/65) were still at the 

facility with their mother at the time of the study. Of the 42% (27/65) no longer with their 

mothers, 18 were separated due to transfer of the individual, one due to transfer of the 

mother, and eight due to the death of the mother. The average AS for the full population 

was 9.32 years. Average AS by sex and by species is shown in Table 4. There were no 

species (p=0.17) or sex (p=0.94) differences in the AS
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Table 4. Age at separation (median, mean, SEM, minimum and maximum) from mother due to either transfer of individual, transfer of 

mother, or death of mother for the full population and by species and sex.  

 Full Population 

 n Median Mean Age SEM Min Max 

Transfer of individual 18 5.30 6.60 1.30 1.30 25.00 

Transfer of mother 1  11.20    

Death of mother 8 14.10 15.20 4.70 1.50 35.00 

All Separations 27 6.10 9.30 1.80 1.30 35.00 

 Species  

 African Asian  

 n Median 
Mean 

Age 
SEM Min Max n Median 

Mean 

Age 
SEM Min Max 

Transfer of individual 5 10.40 11.60 3.70 2.20 25.00 13 4.20 4.60 0.80 1.30 11.10 

Transfer of mother 0       1  11.20    

Death of mother 5 7.60 12.30 5.10 1.50 27.90 3 23.60 20.00 9.90 1.50 35.00 

All Separations 10 12.00 10.10 3.00 1.50 27.90 17 5.00 7.80 2.20 1.30 35.00 

 Sex 

 Male Female 

 
n Median 

Mean 

Age 
SEM Min Max n Median 

Mean 

Age 
SEM Min Max 

Transfer of individual 10 6.60 7.90 2.20 1.30 25.00 8 4.20 5.00 1.10 2.20 11.10 

Transfer of mother 1  11.20    0      

Death of mother 2 18.30 18.30 16.80 1.50 35.00 6 14.07 14.20 4.20 1.50 27.90 

All Separations 13 7.60 9.70 2.80 1.30 35.00 14 5.30 8.90 2.30 1.50 27.90 
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Transfers (TR)  

Of the total population, 84% (211/250) of elephants experienced at least one TR 

event (Figure 2). African elephants had an estimated 23% higher TR event rate than 

Asian elephants (Table 5). There was no species difference in the average age at which 

the first TR event was experienced (p=0.10) (Table 7, Figure 3), nor did the ERR of 

experiencing the first TR differ between the species (p>0.05) (Table 8). 
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Figure 7. Summary of event frequencies for the study population of African and Asian 

elephants in North American zoos. Frequency of number of elephants experiencing (A) 

Transfers, (B) Offspring births – females, (C) Offspring Deaths – females, (D) Birth 

exposures – females, (E) Death exposures – females, (F) Birth exposures – males, and (G) 

Death exposures – males. Bins include no experience/exposure (0 events). 
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Table 5. Summary of incident rate ratios (IRR) relative to age (# of events/natural log of age) using Poisson regression models, including 

number of elephants included in the models (N), and 95% confidence intervals for IRR. 

  Transfers       

     95% C.I.        

  N β IRR Lower Upper P-

Value 

      

Species African 134 0.2 1.23 1.05 1.43 0.01*       

Asian 116 Reference       

Sex Female 200 -0.29 0.75 0.61 0.93 0.009*       

Male 50 Reference       

Origin Captive-

born 

73 -0.35 0.7 0.55 0.92 0.006*       

Imported 177 Reference       

  Offspring Births Offspring Deaths 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 101 -0.37 0.7 0.47 1.05 0.09 26 -0.5 0.61 0.32 1.16 0.13 

Asian 87 Reference 28 Reference 

Origin Captive-

born 

30 0.67 1.96 1.2 3.18 0.007* 11 0.53 1.71 0.87 3.35 0.12 

Imported 158 Reference 43 Reference 

*p<0.05 

IRR = estimated rate of event experience/exposure 
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Table 6. Summary of incident rate ratios (IRR) relative to age (# of events/natural log of age) using negative binomial models, including 

number of elephants included in the models (N), and 95% confidence intervals for IRR.  

  Birth Exposures - Males Death Exposures - Males 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 25 0.44 1.55 0.77 3.12 0.23 25 -0.16 0.85 0.46 1.58 0.61 

Asian 25 Reference 25 Reference 

Origin Captive-

born 

31 0.90 2.46 1.21 5.00 0.01* 31 0.21 1.24 0.67 2.27 0.49 

Imported 19 Reference 19 Reference 

  Birth Exposures - Females Death Exposures - Females 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 109 -0.35 0.70 0.46 1.09 0.11 109 -0.49 0.61 0.43 0.86 .005* 

Asian 91 Reference 91 Reference 

Origin Captive-

born 

42 1.15 3.15 1.80 5.51 <0.001* 42 0.47 1.59 1.01 2.53 0.048* 

Imported 200 Reference 200 Reference 

*p<0.05 

IRR = estimated rate of event experience/exposure 
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Table 7. Summary of age (in years) at first recorded event exposure using Kaplan-Meier analysis including, number of elephants (N) 

included in the analyses, mean, SEM and median. 

 Full Population       

 N 
Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m   
  

  

TR 
21

1 
6.77 0.84 2.51 0 45.92     

  

OffB 54 19.02 0.78 18.72 6.51 32.72       

OffD 31 21.74 1.35 20.94 6.51 39.52       

ExpB - Males 38 14.5 2.09 1.94 0.08 27.32       

ExpD - Males 36 7.85 1.10 6.10 0.05 22.87       

ExpB - 

Females 

11

5 
32.86 1.71 26.65 0 49.61     

  

ExpD - 

Females 

14

8 
12.86 0.82 11.58 0 49.77     

  

 Species 

 African Elephants Asian Elephants 

 N 
Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 
N 

Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 

TR 
11

3 
4.66 0.66 2.42 0.25 24.96 98 8.33 1.36 3.08 0 45.92 

OffB 26 21.3 1.13 21.72 10.42 32.72 28 16.9 0.94 15.69 6.51 25.82 

OffDa 12 24.18 1.87 24.24 12.00 32.72 19 20.20 1.83 19.32 6.51 39.52 

ExpB - Males 18 15.38 2.89 10.94 0.08 27.32 20 12.59 2.61 10.66 0.42 23.26 

ExpD - Malesa 18 8.56 1.81 5.03 0.72 22.87 18 7.14 1.30 6.60 0.05 20.65 

ExpB - 

Females 
60 29.75 1.84 27.71 0.19 49.61 55 32.89 2.44 24.46 0 45.95 

ExpD - 

Femalesa 
80 15.07 1.11 15.66 0.30 44.51 68 10.26 1.14 6.83 0 49.77 
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  Sex 

 Female Elephants Male Elephants 

 N 
Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 
N 

Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 

TRb 
17

8 
5.73 0.81 2.26 0 45.92 33 11.36 2.69 5.00 0.03 37.31 

OffB 54 19.02 0.78 18.72 6.51 32.72 - - - - - - 

OffD 31 21.74 1.35 20.94 6.51 39.52 - - - - - - 

ExpB - Males - - - - - - 38 14.45 2.09 10.94 0.08 27.32 

ExpD - Males - - - - - - 36 7.85 1.10 6.10 0.05 22.87 

ExpB - 

Females 

11

5 
32.86 1.71 26.65 0 49.61 - - - - - - 

ExpD - 

Females 

14

8 
12.86 0.82 11.58 0 49.77 - - - - - - 

 Origin 

 Imported Elephants Captive-Born Elephants  

 N 
Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 
N 

Mean 

Age 

SE

M 

Median 

Age 

Minimu

m 

Maximu

m 

TRc 
17

7 
3.25 0.40 2.00 0 45.92 34 18.8 3.31 10.41 0.40 24.96 

OffBc 43 19.81 0.84 19.55 10.42 32.72 11 15.93 1.74 14.34 6.51 25.82 

OffDc 22 23.28 1.54 22.64 12.00 39.52 9 17.98 2.46 17.45 6.51 28.43 

ExpB - Malesc 13 25.22 2.74 19.06 10.94 25.26 25 6.63 1.71 2.55 0.08 27.32 

ExpD - Malesc 16 12.68 1.61 12.51 1.71 22.87 20 3.99 0.80 2.75 0.05 14.50 

ExpB - 

Femalesc 
86 36.84 1.75 32.14 4.44 49.61 29 15.71 3.25 3.37 0 22.25 

ExpD - 

Femalesc 

11

8 
14.77 0.9 14.63 0.30 49.77 30 5.32 1.23 2.64 0 27.14 

a,b,c Values differ within demographic category (Kaplan-Meier Analysis) (p< 0.05)   

TR = transfer rate; OffB = offspring births; OffD = offspring deaths; ExpB = exposure to births; ExpD = exposure to deaths; m = male; f = female.  
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Table 8. Summary of parameter estimates for estimated relative risk (ERR) of exposure to/experiencing the first recorded event using multi-

variable Cox regressions, including 95% Wald confidence intervals for ERR.   

  Transfers       

     95% C.I.        

  N β IRR Lower Upper P-

Value 

      

Species African 134 0.21 1.24 0.93 1.66 0.15       

Asian 116 Reference       

Sex Female 200 0.28 1.32 0.90 1.95 0.16       

Male 50 Reference       

Origin Captive-

born 

73 -1.50 0.22 0.15 0.33 <0.001*       

Imported 177 Reference       

  Offspring Births Offspring Deaths 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 104 -0.24 0.79 0.45 1.38 0.41 26 -0.28 0.75 0.34 1.65 0.48 

Asian 87 Reference 28 Reference 

Origin Captive-

born 

33 0.72 2.06 1.03 4.11 0.04* 11 1.39 4.01 1.61 9.95 0.003* 

Imported 158 Reference 43 Reference 

  Birth Exposures - Males Death Exposures - Males 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 25 -0.45 0.64 0.33 1.26 0.19 25 0.06 1.07 0.55 2.07 0.85 

Asian 25 Reference 25 Reference 

Origin Captive-

born 

31 1.76 5.84 2.70 12.61 <0.001* 31 0.93 2.53 1.17 5.48 0.02* 

Imported 19 Reference 19 Reference 
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  Birth Exposures - Females Death Exposures - Females 

     95% C.I.     95% C.I.  

  N β IRR Lower Upper P-

Value 

N β IRR Lower Upper P-

Value 

Species African 109 0.21 1.23 0.83 1.82 0.31 109 0.01 1.01 0.71 1.44 0.97 

Asian 91 Reference 91 Reference 

Origin Captive-

born 

42 1.38 3.96 2.51 6.24 <0.001* 42 0.89 2.44 1.57 3.8 <0.001* 

Imported 200 Reference 200 Reference 

*p<0.05 

ERR = estimated relative risk of exposure to/experiencing the first event. 
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Figure 8. Age at first transfer event (years) for African and Asian elephants in the 

study population. Age was compared across three demographic categories; species, sex 

and origin. Significant differences (p<0.05) within demographic categories are indicated 

(*). 
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Female elephants had a 25% lower IRR of TR events than males (Table 5). Males 

were on average older than females at the time of the first recorded TR event (p<0.001) 

(Figure 3, Table 7), but the sexes did not differ in their ERR of experiencing the first TR 

event. Because importation was counted as a TR event for imported elephants, all of them 

experienced at least one TR event in their lifetime, whereas 45% (33/73) of captive-born 

individuals had not experienced a TR event by the end of the study period (Table 2). 

Only about 6% (11/177) of the imported elephants (1 African and 10 Asian elephants) did 

not experience subsequent transfers after importation. However, in general, captive-born 

elephants had an estimated 30% lower IRR for TR events as they aged compared to 

imported elephants (Table 5). Finally, captive-born elephants were older (Figure 2, Table 

7) when they experienced their first TR event (p<0.001), and on average, captive-born 

elephants had a 78% lower ERR of experiencing this event first compared to imported 

elephants (Table 8). 

Offspring Births (OffB) 

This analysis was conducted only on females that were of reproductive age. Of 

the total female population, 29% (54/188) of elephants experienced at least one recorded 

offspring birth event (Figure 2). There were no species differences in the OffB IRR 

(Table 5), the age at which the first recorded OffB event occurred (Table 7), or the ERR 

of experiencing the first OffB (Table 8). Compared to imported females, captive-born 

females had an estimated 96% higher OffB IRR (Table 5). Captive-born females were 

also younger than imported females when they experienced their first OffB event 

(p<0.05) (Table 7), and had a 106% higher ERR of experiencing an OffB event (Table 8). 
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Offspring Deaths (OffD) 

This analysis was also conducted on female elephants only. Of the total 

population, 54% (29/54) of females experienced at least one recorded offspring death 

event (Figure 2). There was no species difference in the IRR of OffD events. Although 

African elephants were older than Asian elephants at the time of their first OffD event 

(p<0.05) (Table 7), they did not differ in the ERR of experiencing this event (Table 8). 

Overall, there was no difference between captive-born and imported females in the IRR 

of experiencing OffD events as they aged, although captive-born females were younger at 

the time of their first OffD event (p<0.001) (Table 7) and had a 301% higher ERR than 

imported females (Table 8).  

Birth Exposures (ExpB) 

Of the total population, 76% (38/50) male and 58% (115/200) female elephants 

experienced at least one recorded birth exposure event (Figure 3). There was no 

difference between species within male or female elephants for this event type. There 

were, however, differences associated with origin. Captive-born females had an estimated 

215% higher ExpB IRR (Table 6), they were younger at the time of the first recorded 

ExpB event (p<0.001) (Table 7), and had a 296% higher ERR of experiencing this event 

(Table 8) than their imported counterparts. Captive-born male elephants had a 146% 

higher IRR than imported males (Table 6). While they did not exhibit any difference in 

their age at first event (p=0.36) (Table 7), captive-born males had a 484% higher ERR 

than imported males of experiencing this first event (Table 8).  
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Death Exposures (ExpD) 

Of the total population, 72% (36/50) of male and 74% (148/200) of female 

elephants experienced at least one recorded death exposure event (Figure 2). There was 

no difference between African and Asian male elephants in their IRR of ExpB events 

(Table 6). African male elephants were older than Asian elephants at the time of the first 

recorded ExpD event (p=0.02) (Table 7), but did not differ in their estimated ERR of 

experiencing this event (Table 8). There were no origin differences for male elephants in 

their IRR of exposure to ExpD events (Table 6). However, imported male elephants were 

older than captive-born male elephants at the time the first recorded ExpD event occurred 

(p<0.001) (Table 7), and had an estimated 153% higher ERR of experiencing this first 

event (Table 8).  

African female elephants had a 39% lower IRR of ExpD events than Asian female 

elephants (Table 6). Additionally, African females were older than Asian elephants at the 

time of the first ExpD event (p=0.02) (Table 7). There were no species differences for 

females in their estimated ERR of experiencing this event (Table 8). Captive-born female 

elephants had a 59% higher IRR of ExpD events (Table 6). Compared to imported 

females, captive-born female elephants were older (p<0.001) at the time of the first event, 

and had an estimated 144% higher ERR of experiencing this first event (Table 8).  
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Discussion 

Our studbook analysis provides new information about the demographics of a 

substantial proportion of the 2012 North American zoo elephant population (98%, 

250/255), and sheds light on the similarities and differences in social life history events 

of captive- and wild-born elephants and how they are related to demographics. We 

discuss population characteristics and life history events that have already been used in 

analyses of elephant health, reproduction, behavior and management (Greco et al.,, 2015; 

Morfeld et al.,, 2015; Miller et al.,, 2015; Holdgate et al.,, 2015a; Holdgate et al.,, 2015b; 

Brown et al.,, 2015), as well as those that may be relevant to other aspects of elephant 

welfare (see Clubb et al.,, 2008; Clubb et al.,, 2009). 

Population Demographics 

Historically, zoos supplemented captive herds by importing wild calves from 

elephant orphanages (primarily Asians) or as a result of culling programs (Africans) in 

the 1950s and 60s (Olson, 2000). According to the studbook, the last importation of an 

Asian elephant was in 1996. Thus, addition of young elephants to the Asian elephant 

population for the past 30+ years has been through captive breeding (Brown et al.,, 2004; 

Hildebrandt et al.,, 2012; Wiese and Willis, 2006). By contrast, wild-born African 

elephants have been imported to the U.S. more regularly over the past 30 years, most 

recently in 2003. Overall, importations were heavily skewed towards females as they are 

considered easier to manage and display. As a result, more than three quarters (79%, 

158/200) of females in the study population were imported, compared to only 34% 

(17/50) of male elephants. Imported elephants also were on average 20 years older than 
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captive-borns, reflecting the long generation interval of elephants and the fact that 

breeding in zoos was not wide spread until the early 1990’s (Brown et al.,, 2004; 

Hildebrandt et al.,, 2012; Wiese and Willis, 2006). Thus, it is not surprising that males in 

general were younger than females. Nearly all African males (14/15) were under the age 

of 13 years, and most Asian males (10/16) were under the age of 20 years, while 71% 

(141/200) of female elephants were 30 years or older.  

Life History Events 

Prior to our study, data on transfers and age at separation had been collected for 

the European female zoo elephant population and used in analyses of survivorship and 

fecundity (Clubb et al.,, 2008; Clubb et al.,, 2009). Those studies highlighted the 

importance of evaluating life history in conjunction with demographics; for example, 

transfers reduced survivorship, but only in Asian females (Clubb et al.,, 2008). Our 

analysis differed in that it focused on the North American population, included males, 

incorporated a wider range of life history events (including both events that directly 

involved the focal elephant and indirect events that the elephant might have experienced) 

and assessed both age at first event and the estimated relative risk of elephants’ 

experiencing that first event.    

Age at Separation  

The results of the age at separation analysis demonstrated that the majority (58%) 

of captive-born individuals were still at the same zoo as their mothers (i.e., had not 

experienced a transfer or death of the mother) at the time of the study. This may reflect an 
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increasing emphasis in zoos on creating related herds. For those elephants that did 

experience a separation, there were no species or sex differences in the ages at which that 

separation occurred, with the average age being 9.3 years. This is similar to the 

separation age reported by Clubb et al., (2009) for captive-born Asian females in 

European zoos (8.3 years), although in their population the age at separation tended to be 

older for captive-born African females (16.3 years). In the wild, a female would normally 

remain associated with her natal herd and not be separated from her mother unless it died. 

Thus, separations experienced by captive females could represent potentially stressful life 

history events. Indeed, Clubb et al., (2008) found that female Asian calves in zoos that 

were removed from their mothers at young ages tended to have poorer survivorship. 

Males in the wild, however, begin to be excluded from their natal herd or leave 

voluntarily when they reach puberty, around 8-15 years old (Spinage, 1994; Sukumar, 

2003), an age comparable to the separation age in our zoo population. Furthermore, male 

elephants in captivity reach sexual maturity at a younger age than those in the wild 

(Cooper et al.,, 1990; Brown et al.,, 2007), so separation from the mother, even at 

younger ages, may be less of a welfare concern for males than females.  

Transfers 

African elephants, although on average 6 years younger, experienced a higher 

transfer rate compared to Asian elephants. The reasons for this difference are not clear, 

though a lower transfer rate for Asians in the North American population may be because 

several zoos serve as breeding facilities and/or have bulls on site, making it less 

necessary to move animals for genetic management. By contrast, African elephants 
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historically have exhibited significant problems with ovarian acyclicity; currently less 

than half of African females are cycling normally (Brown et al.,, 2015), some of which 

has been linked anecdotally to management changes (Hermes et al.,, 2004). Thus, future 

analyses will determine if there is an association between exposure to transfer events and 

ovarian cyclicity status.  

Over 80% of the population experienced at least one transfer in their lifetime. Our 

analysis showed that imported elephants were younger than captive-born elephants, and 

that females were younger than males at the time of their first transfer event. Given that 

importation was counted as a first transfer event, that more females were imported than 

males, that the majority of males were captive-born, and that elephants were typically 

imported at a young age, the patterns related to importation practice may be driving these 

age differences. In contrast, only 46% of captive-born elephants had experienced one or 

more transfers, and for those elephants the average age at first transfer was about 19 

years. Male elephants, for example, were on average twice as old as females at the time 

of their first transfer event. This indicates a potentially significant difference in the lives 

of imported versus captive-born elephants insofar as imported elephants experience 

transfers earlier in life and at higher rates than their captive-born counterparts. The total 

count of transfers already has been shown to be a significant predictor of stereotypy 

performance rate (Greco et al.,, 2015). It is unclear if an importation event is qualitatively 

different from an inter-zoo transfer from the perspective of individual elephant welfare, 

so future studies could investigate effects of post-importation transfer events based on 

origin. As noted, we counted importation as a transfer event, and as such all imported 
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elephants had a transfer count of one or more. Re-evaluation of the data with the 

importation event excluded did not change the results, however, suggesting it was not 

exclusively driving transfer-related differences in ERR. These differences may therefore 

be related to evolving management strategies that now favor larger herds and reduced 

transfers overall.  

Males also experienced higher transfer rates than females, which most likely was 

due to elephant management practices. For example, there are significantly fewer males 

than females in the population, and in 2012 only 31 zoos (17 with Asians; 14 with 

Africans) had bulls on-site (Meehan et al.,, 2015). Reproductively mature bulls are 

known to be difficult to manage, particularly during musth periods when circulating 

levels of testosterone increase up to 100-fold (Cooper et al.,, 1990; Brown et al.,, 2007). 

There have historically been a limited number of specialized facilities equipped to house 

reproductively mature, breeding bulls (Wiese and Willis, 2006; Veasey, 2006)), so when 

young bulls reached reproductive age they may have been transferred to zoos with more 

appropriate facilities. Therefore, it may be that the management and training challenges 

presented by males make them more likely to be transferred between institutions. 

However, this situation is changing; the AZA Standards for Elephant Management and 

Care (approved March 2011) now states that all institutions planning new construction 

for elephants or modifying existing elephant facilities must include holding space for 

adult males in their construction/renovation plans. This will likely result in young males 

being able to age and breed onsite, resulting in a decrease in the rates of transfers for 

males in the future.  
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Births and Deaths 

One major challenge for zoos, highlighted by our demographic data, is that the 

majority of females in the population are over 30 years of age and have not reproduced. 

Only 25.7% of the African and 32.2% of the Asian females in the zoo population had 

calved by the end of 2012. Of those, only 51.8% (28/54) had produced more than one 

calf. African elephants historically exhibit significant problems with ovarian acyclicity 

(Brown, 2014).  In 2012, only 48.4% of African females were cycling normally (i.e., not 

experiencing either acyclicity or irregular cycling), as compared to 73.3% of Asian 

females (Brown et al.,, 2015). However, the birth rate did not differ between the species 

in the population, emphasizing that management decisions related to captive breeding 

play an important role in these findings. For example, in captivity, Asian elephant 

females begin to cycle around 5 years old, and have conceived as young as 4 years of age 

(Brown, 2014; Sukumar, 2003; Hermes et al.,, 2004) while African elephant females 

generally reach puberty around 8 years of age or older (Brown, 2014). In the North 

American zoo population, however, the average age at which female elephants 

experience the birth of their first offspring was 21.3 years for Africans and 16.9 years for 

Asians, much later than the onset of puberty. If the goal is to improve the sustainability of 

zoo populations, females need to start reproducing at younger ages. In addition, it is now 

understood that prolonged non-reproductive periods are detrimental to the reproductive 

health and potential of captive female elephants (Brown et al.,, 2015; Hermes et al.,, 

2004; Hermes et al.,, 2008; Hildebrandt et al.,, 2006). Thus, it is important from both a 
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social and physiological standpoint that females breed soon after reaching puberty and 

then regularly throughout their lifetime.  

For all females, the average age of giving birth was 13 years younger than the 

average age of being exposed to the birth of a herd-mate. Again, although we have no 

way of knowing if imported elephants experienced birthing events prior to importation, 

our data showing most females were imported at a young age suggest that the earliest 

exposure to an infant probably was the birth of their first calf. Overall, the limited 

birthing experiences exhibited by imported elephants could result in temperament and 

welfare differences both for themselves and their offspring. Our subsequent analyses 

showed that the presence of calves in herds reduced the risk of stereotypic behavior for 

both male and female adults (Greco et al.,, 2015), and as such addition of juveniles into 

existing herds through successful breeding may provide an important protective effect 

from the development of abnormal behavior in the future. 

In terms of birth and death exposures, more than three-quarters of the population 

experienced at least one birth, and more than 70% experienced at least one death in the 

herd. In addition, 54% of females experienced the death of their own offspring. Overall, 

of the 64 Asian and 40 African births that were documented in the studbook for our study 

population, 33 (52%) and 15 (38%) of the offspring were no longer living by the end of 

2012, respectively. There were additional demographic differences in the pattern of 

experiences of birth and death, with origin once again playing a role. Captive-born 

female elephants had a higher relative risk of having an offspring born or die, while 

captive-born males had a higher chance of experiencing a birthing event compared to 
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imported males. In general, captive-born elephants also experienced birth and deaths 

before ever experiencing a transfer. While these patterns reflect the different dynamics 

that are to be expected in a captive breeding program, they also indicate that the early 

lives of imported and captive-born elephants were both quantitatively and qualitatively 

different. How much of an impact individual birth and death events have on any given 

elephant is likely influenced by factors such as relatedness and length of association. 

However, differences in patterns or trends in the frequency of these events along species 

or origin lines could have differential long-term effects on these sub-groups; for example, 

related to the development of social skills (e.g., via allomothering), the strength of social 

bonds, or the success of coping strategies. 

Our studbook analyses provide unique descriptive data about the zoo elephant 

population, and also highlight a number of differences in zoo elephant life history events 

across AZA institutions related to species, sex and origin. These differences may help us 

understand how evolving management strategies could influence specific welfare 

outcomes. When investigating differences in life event histories, it is important to 

understand that these are experiences on average across the population, but that if 

management strategies differ at a particular zoo or change in zoos more generally, this 

can affect the events experienced by both the population and the individual animals 

(Glatson, 2001). Given that there is increasing interest in North American zoos today in 

creating self-sustaining populations and maintaining multi-generational elephant herds, 

variables very likely to change are the overall rate of transfers experienced by elephants 

and the numbers of calves that are captive-born. Future studies will focus on investigating 
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the role of the life history events on adult elephant temperament, health, and resilience to 

stress, as described for other species (Korosi et al.,, 2012; Pechtel and Pizzagalli, 2011; 

Suderman et al.,, 2012). As the science of elephant management continues to advance, an 

understanding of the impact of life events will aid in the development of management 

programs specific to individual elephant needs. 
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CHAPTER 3: Role of life history events and temperament in hyperprolactinemic 

female African elephants (Loxodonta africana) 

 

 

 

Introduction 

 The captive African elephant population is not self-sustaining, and over the past 

decade (2000 – 2010) the population has experienced 4.7 deaths/year to only 3.5 

births/year (Faust and Marti, 2011). Based on demographic modeling, six to nine 

offspring are needed annually just to maintain the current population size (Faust and 

Marti, 2011). If conditions do not improve, the North American African elephant 

population faces an annual decline of 2.3% over the next 30 years, and as older females 

age out of the population, a bottleneck will occur and curtail any effort to mitigate the 

decline (Faust and Marti, 2011; Lei et al.,, 2008). Because of reproductive problems and 

advancing age, only ~25% of African females in U.S. zoos are currently considered 

suitable breeders (Prado-Oviedo et al.,, 2015; Brown et al.,, 2015): i.e., less than 30 years 

of age with regular ovarian cycles. Thus, efforts to improve the population’s long-term 

sustainability have centered on significantly increasing reproductive output, while 

breeding all reproductively viable elephants (Faust and Marti, 2011; Brown, 2014).  

Normal ovarian function relies on the cyclic production of pituitary and gonadal 

hormones. Over a decade ago, our laboratory determined that pituitary prolactin is 

increased during the follicular phase  of  the  African  elephant  estrous  cycle and  likely  

is  involved  with  normal  follicular development (Brown et al.,, 2004), as it is in other 
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mammalian species (Freeman et al.,, 2000). Hyperprolactinemia, or excess production of 

prolactin, is a significant health disorder in many species and was first observed in 

elephants in 1997 (Brown and Lehnhardt), and later confirmed in subsequent studies 

(Brown et al.,, 2004; Dow and Brown, 2012). Hyperprolactinemia is always associated 

with ovarian acyclicity and hypogonadism (Faje and  Natchtigall,  2013;  Serri  et  al,  

2003;  Zacur,  1999),  including in African  elephants (Brown  et al.,, 2004; Dow and  

Brown, 2012; Prado-Oviedo et al.,, 2013). In a recent analysis of African elephants in 

AZA zoos (n = 101), 53 females were not cycling normally and of those, 28 exhibited 

hyperprolactinemia (Brown et al.,, 2015). Although originally named for its role in 

stimulating milk synthesis, prolactin is now understood to be a pleiotropic neurohormone 

with over 300 neuroendocrine functions including stimulation of maternal behavior, 

libido and socially affiliative behaviors (Freeman et al., 2000; Grattan and Kokay, 2008). 

Stress can impact prolactin secretion by increasing its synthesis, secretion and 

responsiveness of the organism to prolactin (Sobrinho et al.,, 1984; Sobrinho, 2003; 

Sonino et al.,, 2004), although in elephants we have found no relationship between 

prolactin and cortisol secretion (Brown et al.,, 2004). Dopamine may be involved in 

releasing prolactin from inhibition either because the stress response suppresses its 

secretion, or because it up-regulates other releasing factors, such as serotonin, that 

competes with dopamine’s inhibitory action (Calogero et al.,, 1998; Gambarana et al.,, 

1999; Wuttke et al.,, 1987).  

Studies in women have shown that external stressors, such as social conflict, a 

new job, death of a loved one, divorce, and academic pressures increase the secretion of 
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prolactin in predisposed individuals (Assies et al.,, 1992; Sobrinho et al.,, 1984; 

Sobrinho, 2003; Sonino et al.,, 2004). Compared to controls, patients with 

hyperprolactinemia report a significantly higher number of uncontrolled events in the 

months and years leading up to disease manifestation (Sonino et al.,, 2004). These studies 

conclude that hyperprolactinemic women exhibit behaviors associated with anxiety 

disorders (Sobrinho et al.,, 1984; Sobrinho, 2003; Sonino et al.,, 2004). Yavuz and 

colleagues (2003b) point out that hyperprolactinemic patients have a higher prevalence of 

depressive disorders, hostility, phobias, and anxiety. Alternatively, they propose that the 

psychological effects of hyperprolactinemia are a result of the long-term hypogonadal 

state that hyperprolactinemia induces, and due to effects of decreased estrogen on the 

central nervous system. Estrogens increase the availability of serotonin in the brain and 

therefore, by extension, play a major role in the governing of mood. It has been shown 

that treatment of hyperprolactinemia resulted in patients that self-reported reduced 

depressive episodes, anxiety and hostility. It is perhaps of importance then, that 

hyperprolactinemic elephants have reduced estrogen exposure due to hypogonadism 

(Prado-Oviedo et al., 2013). In a recent study Brown et al., (2015) found that female 

African elephants that spent time in a greater number of different social groups had a 

higher likelihood of being hyperprolactinemic. Additionally, Brown et al., (2015) found 

that social isolation, either with or without the ability to interact with herd mates through 

a barrier, was associated with increased likelihood of being acyclic and could be 

compromising the reproductive potential in zoo African elephants. Similar to humans, 
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these findings indicate that for female African elephants, not being in a stable social 

group may be a stressor that elicits an increased prolactin response (Brown et al.,, 2015).  

African elephant society is one of the most complex and elaborate systems 

observed, rivaling even those of some primate species (Byrne and Bates, 2009). 

Wittemyer et al., (2005) described six hierarchical tiers of elephant social organization. 

The first tier is made up of mother-calf units, which form very strong bonds and are the 

most stable across time. The second tier consists of family units that are made up of 

closely related females, the matriarch, her daughters, and their offspring. This unit is also 

stable across time and animals travel and forage together, as well as provide defense 

against threats in a coordinated manner. The third tier units, “bond groups,” are made up 

of about 2 – 3 family units. Bond groups are often related female elephants, such as aunts 

and cousins. They can range anywhere from 14 – 48 individuals at any one time and 

individuals and their offspring often move between bond groups, making the third tiered 

units fluid in composition across time, and therefore less stable. Fourth tier units are 

known as “clans” and are composed of, on average, 2 third tier units and can range from 

6 to 40 individuals. These units are thought to be elephants that group together because of 

overlap in dry season home ranges, which can be quite extensive and make it difficult to 

distinguish among bond groups. The fifth tier unit, the subpopulation, is made up of a 

number of clans on overlapping ranges. Lastly, the sixth tier is the population of all 

elephants in one geographical location. The most important tiers for elephant society are 

1 – 3, as the emergence of each is dictated by the compilation of cost-benefit tradeoffs at 
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the individual and herd level, and therefore determine the types of associations that 

elephants form across time.  

In captivity however, elephant herds are not multigenerational, and are often 

composed of three or fewer similarly aged, unrelated females (Schulte, 2000). 

Historically, African elephants in zoos were obtained primarily through culling programs 

in the 1970s and 1980s (Olson and Wiese, 2000); thus, today upwards of 71% of African 

elephant females in American Zoo and Aquarium (AZA) accredited zoos are wild caught 

(Prado-Oviedo et al.,, 2015). In a recent study, Prado-Oviedo et al., (2015) quantified the 

social life events that could potentially affect the welfare of zoo elephants. In part they 

demonstrated that the life histories of wild- and captive-born elephants are substantially 

different, particularly during early life. In general, captive-born elephants experienced 

less transfers and were exposed to the birth of herd-mates at a younger age than their 

imported counter parts. While these patterns reflect the different dynamics that are to be 

expected in a captive breeding program, they also indicate that the early lives of imported 

and captive-born elephants were both quantitatively and qualitatively different. 

Differences in the frequency of these events could have differential effects on individual 

temperament. Long-term it could be related to the development of social skills (e.g., via 

allomothering), the strength of social bonds, or the success of coping strategies. 

The temperament of an individual is based on mental, physical, and emotional 

traits that account for consistent patterns of behavior (Pervin and John, 1997), and often 

is used interchangeably with “personality”. Temperament can influence stress 

responsiveness because it is the filter that shapes an animal’s reaction to the social and 



 

 

89 
 

physical environment, its ability to cope with change and other potential stressors (Henry, 

1986; von Holst, 1998), and the nature of its negative and positive emotional states 

(Boissy and Blache, 2009). Certainly, zoo elephants are equipped with physiological and 

psychological mechanisms for adapting to various levels of challenges present in their 

environment. However, in the majority of cases, such challenges aren’t under an 

individual’s control (e.g., habitat dimensions, proximity to other species, lighting, 

exposure to sounds, entrances/exits of conspecifics) (Morgan and Tromborg, 2007), and 

so could benefit from the support of a larger extended family, just as wild elephants do 

(Estes, 1992). It is possible then that our zoo elephants may be susceptible to life events 

as are hyperprolactinemic humans. For example, Greco et al., (2015) found that the 

presence of calves in herds reduced the risk of stereotypic behavior for both male and 

female adults, indicating that the addition of juveniles into existing herds through 

successful breeding programs may provide an important protective effect from the 

development of abnormal behavior in the future. Thus, life history events and adult 

elephant temperament could be playing a role in the reproductive success or resilience to 

stress of zoo elephants, as described for other species (Korosi et al.,, 2012; Pechtel and 

Pizzagalli, 2011; Suderman et al.,, 2012). 

 The objective of this study was to determine if individual female African elephant 

life event histories and temperament impact ovarian cyclicity and circulating prolactin 

status. We hypothesize that the acyclicity and hyperprolactinemia observed in North 

American African elephants is associated with an apprehensive or fearful anxious 
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temperament and an increased number of potentially challenging life events (transfers, 

deaths and births).   

Materials and Methods 

Ethics Statement 

All data included in this study were sourced from elephant programs at United 

States zoos accredited by the AZA and enrolled in the Using Science to Understand Zoo 

Elephant Welfare study (Carlstead et al.,, 2013). This study was authorized by the 

management at each participating zoo and, where applicable, was reviewed and approved 

by zoo research committees. In addition, approval was obtained from the Smithsonian 

National Zoological Park’s ACUC (#11-10). 

Animals and Blood Sample Collection 

The age of each elephant (n=95 individuals at 37 institutions) was calculated from 

the known (for captive-born elephants, n = 4) or estimated (for imported elephants, n = 

91) date of birth until 1 July 2012 (study midpoint). Female elephants between the ages 

of 22-53 years who were not currently pregnant, had not given birth between 2010 and 

2012, and who did not die or experience an inter-zoo transfer in 2012, were included in 

the study population. Elephants that met the above criteria were exempted from the study 

if they were not well conditioned to blood collection procedures. All 95 elephants were 

included in the life event analyses; however, we did not receive temperament scores for 

10 elephants and therefore only 85 elephants were included in the temperament analyses.  

Blood samples were collected every other week without anesthesia from either an 

ear or leg vein. Protocols requested blood draws to occur before 12 noon. Blood was 
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allowed to clot at room temperature, centrifuged (~1500 x g) and the serum stored frozen 

at -20˚C or colder until analysis.  

Hormonal Analyses 

Serum progestogens were analyzed using a solid-phase I125 radioimmunoassay 

(RIA) (Seimens Medical Solutions Diagnostics, Los Angeles, CA) and serum prolactin 

was analyzed by a heterologous RIA that utilized an anti-human prolactin antisera 

(NIDDK-anti-hPRL-3) and ovine prolactin label and standards (NIDDK-oPRL-I-2) 

(Brown and Lehnhardt, 1995; Brown and Lehnhardt, 1997). Assay sensitivities (based on 

90% maximum binding) were 0.05 and 5.0 ng/ml for the progesterone and prolactin 

RIAs, respectively. The intra- and inter-assay coefficients of variation for all assays were 

<15% and <10%, respectively. 

Determination of Reproductive Cyclicity and Prolactin Status 

 Estrous cycle characteristics were determined based on serum progestogen levels. 

First, baseline values were calculated for each individual using an iterative process 

developed for elephants (Brown et al.,, 1999; Brown et al.,, 2004; Glaeser et al.,, 2012). 

For each animal, all data points with progestogen values above the mean plus 1.5 times 

the standard deviation (SD) were removed and the process repeated until no values 

exceeding the mean + 1.5*SD remained. The remaining data points defined the baseline 

for that individual. Estrous cycle lengths were classified as described by Glaeser et al., 

(2012). The first and last week of the luteal phase were based on the following criteria: 1) 

the luteal phase was defined as progestogen concentrations greater than baseline for at 

least 2 consecutive weeks, with a duration of at least 4 weeks; 2) the follicular phase was 
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defined as progestogen concentrations below the baseline for at least 2 consecutive 

weeks; 3) single point fluctuations above or below baseline were considered within the 

same phase as the surrounding points; 4) data points on the baseline were included in the 

previous phase; 5) when data were not available for a given week, and that week 

appeared to coincide with the start or end of a luteal phase, it was added to the luteal 

phase. Estrous cycle duration was calculated as the number of weeks from the first 

increase in serum progestogens until the next increase. Data were used to categorize the 

ovarian cycle status of each elephant as normal cycling (regular 12- to 18-week 

progestogen cycles), irregular cycling (cycle durations outside ± 2*SD of the population 

mean (Glaeser et al.,, 2012) or acyclic (baseline progestogens, <0.1 ng/ml, throughout) 

(Brown et al.,, 2004). Representative profiles for cycling, irregular cycling and acyclic 

female elephants are shown in Figure 1. 
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Hyperprolactinemia was defined as an average prolactin concentration over the 12-

month sampling period of ≥18 ng/ml, similar to Prado-Oviedo et al., (2013), which 

lacked a temporal pattern (Dow et al.,, 2012). For statistical analysis, non-cycling 

elephants with an average prolactin concentration of 18 ng/ml or greater were considered 

“High” (n = 28), non-cycling elephants with an average prolactin concentration below 18 

ng/ml were considered “Low” (n = 23), and cycling elephants with temporal patterns of 

prolactin secretion (Dow et al.,, 2012) were considered “Normal” (n = 44). No non-

Figure 9. Representative serum progestogen profiles for normal cycling (upper panels), 

irregular cycling (middle panels) and acyclic (lower panels) female African elephants 

(reproduced with permission; Brown et al.,, 2015).  
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cycling elephants exhibited a temporal pattern of prolactin secretion. Representative 

profiles of normal, low and high prolactin female elephants are shown in Figure 2. An 

overview of the study population demographics is presented in Table 1. 

 

 

  

 

Figure 10. Representative serum progestagen (grey lines) and prolactin profiles 

(black lines) of a normal prolactin (upper panels), non-cycling low prolactin 

(middle panels) and non-cycling high prolactin (lower panels) female African 

elephants.  
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Table 9. Summary of population demographics including number of elephants (N) 

and age distributions (mean, SEM, minimum and maximum) by cyclicity and 

prolactin status.  

  
    

Age 

Cyclicity 

Status 
Prolactin Status N Mean 

Std. Error of 

Mean 
Minimum Maximum 

Cycling Normal 44 33.35 0.94 22.92 52.92 

Irregular 

High 5 32.52 3.17 22.92 41.25 

Low 8 33.43 2.28 24.92 42.24 

Total 13 33.08 1.78 22.92 42.24 

Non-cycling 

High 23 36.58 1.16 27.92 47.92 

Low 15 34.77 1.20 28.92 43.09 

Total 38 35.86 0.85 27.92 47.92 

Total 

High 28 35.85 1.12 22.92 47.92 

Low 23 34.30 1.09 24.92 43.09 

Normal 44 33.35 0.94 22.92 52.92 

Total 95 34.32 0.61 22.92 52.92 

Table 10. Life history event definitions including event name, abbreviation and 

description.  
Event Name Abbreviation Description

Transfers TR Recorded physical facility transfers.

Transfer-In Exposures ExpTRin

Recorded entrance of non-focal elephants into same facility as 

focal animals.

Transfer-Out Exposures ExpTRout

Recorded exit of non-focal elephants from the same facility as 

focal animals.

Offspring Births OffB Recorded births of offspring to reproductively aged females. 

Birth Exposures ExpB Recorded non-offspring births at the same facility as focal animals.

Death Exposures ExpD Recorded deaths at the same facility as focal animals. 
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Life History Variables 

 Social life event histories (see definitions in Table 2) were extracted from the North 

American Studbook African elephant studbook (Olson, 2012) and organized 

chronologically for all 95 elephants. All events that occurred after an elephant entered a 

U.S. facility (via importation or birth) were counted and incorporated into the analyses. 

Events that occurred prior to importation are not represented in these data. In addition, 

because some elephant herds are managed as sub-groups and not all interact physically 

with each other, we could not confirm that subjects were physically present for all events 

involving births, deaths or transfers of herd-mates, except in cases of females who gave 

birth to offspring. Therefore, individual accounts of zoo-level events may or may not 

have directly impacted the focal elephant. Life history-related variables are similar to 

those described in Prado-Oviedo et al., (2015) and described below.  

Transfers 

Transfer events (TR) were defined as the number of physical location changes the 

focal animal experienced once it was in captivity. This event excludes wild capture but 

includes transfer to the first facility in which an elephant was housed after capture (i.e., 

importation). Transfers in ownership that did not involve a change in physical location 

were confirmed with the studbook managers and not counted.  

Transfer-In Exposures 

 Transfer-In exposures (ExpTRin) were defined as the number of non-focal elephants 

(i.e. herd mates) that were transferred into the same facility the focal animal was housed 

in. For an ExpTRin event to be included in the variable, the non-focal and focal elephant 
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had to overlap at the same facility for a minimum of 1 day. If a focal and non-focal 

elephant from different facilities were transferred to a new facility on the same day it was 

counted as an ExpTRin event for the focal animal. However, if elephants were transferred 

in together from the same facility, it was not counted.  

Transfer-Out Exposures 

 Transfer-Out exposures (ExpTRout) were defined as the number of non-focal 

elephants that were transferred out of the same facility the focal animal was housed in. 

For an ExpTRout event to be included in the variable, the non-focal and focal elephant had 

to overlap at the same facility for a minimum of 1 day. Events where non-focal and focal 

elephants transferred out of the same facility together to a new facility were not included 

in this variable.  

Offspring Births 

Offspring birth events (OffB) were the number of recorded births of offspring to 

reproductively aged females (>8 years of age, Brown and Lehnhardt, 1997) from the time 

those females entered the studbook system to the end of the study period. All offspring 

births were counted regardless of how long the offspring lived.  

Birth Exposures 

Birth exposures (ExpB) were the number of recorded births that occurred at the 

same facility as the focal animal from the time of birth or importation. The ExpB events 

were included regardless of how long the calf survived.  
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Death Exposures 

Death exposures (ExpD) were the number of recorded deaths that occurred at the 

same facility as the focal animal from the time of birth or importation, including death of 

offspring. All deaths were counted regardless of how long the animal lived.  

Temperament Data 

 Keeper ratings on 32 trait adjectives (Table 3) were obtained for 85 elephants in the 

study. Raters were asked to independently make their selections based on overall 

impressions of each individual’s behavior patterns over time, not on a particular day or 

event. Personality adjectives were rated for each elephant on a 6-point scale: 0 = 

adjective is not present at all; 1 = adjective is weakly represented; 2 = adjective is present 

but falls below the average; 3 = individual falls just about halfway between the extremes 

or average for elephant behavior as you know it; 4 = adjective is strong although not 

outstanding; 5 = adjective is very strong and conspicuous, approaching the extreme. Most 

elephants were rated by two or more keepers.  
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Adjective Definition ICC (3,k) 

ACTIVE This elephant moves around a lot.   0.72* 

ADAPTABLE This elephant adjusts readily to change and new conditions.  0.53* 

AGGRESSIVE 
This elephant causes harm or potential harm to other elephants; 
she displays, charges, kicks, strikes with trunk, etc., another 
elephant. 

0.68* 

APATHETIC 
This elephant shows a lack of interest in activities and social 
interaction; she does generally not get involved easily, and 
appears indifferent to surroundings and activities.  

0.45 

APPREHENSIVE This elephant is anxious; she fears or avoids risk.  0.57* 

CALM  
This elephant is rarely agitated and is not easily disturbed by 
changes.  

0.27 

CARING/NURTURING 
This elephant provides a warm, receptive, secure and nurturing 
base; this should be regarded as a general trait, not limited to 
mothers with calves.  

0.51* 

CONFIDENT 
This elephant behaves in a positive, assured manner; she is not 
tentative, hesitant or subdued 

0.65* 

COOPERATIVE This elephant readily responds to your behavioral requests. 0.37 

EFFECTIVE The elephant gets its own way by controlling other elephants. 0.78* 

EMPATHETIC 
This elephant is sensitive to others in its group and is actively 
and positively involved with others. 

0.44 

EQUABLE 
This elephant reacts to other elephants in an even calm way; she 
is not easily disturbed.  

0.47 

EXCITABLE This elephant over-reacts to any change.  0.54* 

FEARFUL 
This elephant retreats readily from other elephants or from 
outside disturbances.  

0.53* 

INFLEXIBLE 
This elephant is resistant to and/or frequently unwilling to 
accept change. 

0.44 

INSECURE  
This elephant hesitates to act alone; she seeks reassurance from 
others. 

0.63* 

IRRITABLE 
This elephant reacts negatively toward other elephants with 
little provocation.  

0.60* 

Table 11. Personality trait adjectives and definitions for female African elephants as 

rated by animal care staff. Behaviors that met the reliability criteria (intra-class 

correlation coefficient, ICC) were included in the PCA analyses and are indicated (*).  
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OPPORTUNISTIC This elephant seizes a chance as soon as it arises. 0.45 

PATIENT 
This elephant accepts waiting for rewards or other anticipated 
positive situations and deals well with small annoyances 

0.50* 

PERMISSIVE 
 This elephant could, but does not, interfere with the behavior 
of others. 

0.10 

PLAYFUL This elephant initiates play and joins in when play is solicited.  0.61* 

POPULAR  This elephant is sought out as a companion by others 0.61* 

PROACTIVE  
This elephant is readily anticipating situations appears to use 
foresight in its actions/reactions 

0.21 

SLOW 
This elephant moves in a relaxed, deliberate manner; she is not 
easily hurried 

0.57* 

SOCIABLE This elephant seeks companionship of other elephants. 0.35 

SOCIALLY ADEPT 
This elephant responds in an appropriate manner to the 
behavior of other elephants. 

0.39 

SOLITARY This elephant often spends time alone.  0.44 

STRONG This elephant depends upon sturdiness and muscular strength.  0.54* 

SUBORDINATE This elephant gives in readily to others. 0.80* 

TENSE  
This elephant shows restraint in posture and movement; she 
carries the body stiffly, as if trying to pull back and be less 
conspicuous.  

0.43 

TRAINABILITY This elephant learns new tasks and skills readily. 0.65* 

VIGILANT  
This elephant is usually watchful and alert to activities in its 
environment. 

0.17 
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Statistical Analyses 

 The life event history variables (total counts) were strongly positively skewed for 

each event type, due to the presence of “0” total events (i.e., an event never occurred in 

the lifetime of the focal animal). Zero events were included in the subsequent analyses 

where appropriate because a lack of experience/exposure was considered biologically 

relevant (Prado-Oviedo et al.,, 2015).  

 Temperament scores were evaluated for interrater reliabilities by intra-class 

correlation coefficients (ICC) (3, k) (Shrout and Fleiss, 1979). ICC (3, k) are defined as 

equalities where (3, k) = (BMS-EMS)/BMS (BMS: mean square between targets, EMS: 

mean square of residual) (Shrout and Fleiss, 1979). The ICC result represents the 

proportion of the variance in a set of scores that is attributable to the total variance. ICC 

values were interpreted as follows: 0 – 0.2 = poor agreement; 0.3 – 0.4 = fair agreement; 

0.5 – 0.6 = moderate agreement and >0.8 = almost perfect agreement (Cicchetti, 1994). 

We used a 0.5 “cut off” point, eliminating any personality trait averages that fell outside 

this reliability estimate. Principal Component Analyses (PCA) (JMP vs. 10) was used as 

an orthogonal transformation to convert our set of possibly correlated variables into a set 

of values of linearly uncorrelated variables. The data met the basic assumptions of PCA; 

i.e., drawn from a multivariate normal distribution and were continuous or measured on 

an interval scale (Kim and Mueller, 1978). The factor scores (i.e. variables) generated by 

the PCA were used in subsequent analyses. 

Multinomial logistical regressions were used to determine if there was a 

relationship between life history event variables and individual temperament scores 

https://en.wikipedia.org/wiki/Orthogonal_transformation
https://en.wikipedia.org/wiki/Correlation_and_dependence
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(independent variables) with cyclicity and prolactin status (dependent variables). 

Multinomial logistic regression models do not make any assumptions of normality, 

linearity nor homogeneity of variance of the independent variables. Multinomial 

logistical regressions allow for the prediction of the trichotomous dependent variables 

(cycling, irregular, non-cycling and normal, low, high prolactin) from one or more 

independent variables. The overall test of relationship among the independent and 

dependent variables was based on the reduction in the likelihood values for a model 

which didn’t contain any independent variables and the model that did. This difference in 

likelihood followed a chi-square distribution. The significance test for the final model 

chi-square was our statistical evidence for the presence of a relationship between the 

dependent variable and a combination of the independent variables. All independent 

variables were included in the model. Factors that did not improve the overall predictive 

power of the model (based on the AIC of the reduced model) were dropped sequentially 

until only those that significantly predicted cyclicity or prolactin status remained. All 

statistics reported are taken from this, the minimal model, and non-significant variables 

were re-entered individually into the minimal model to determine levels of non-

significance. The minimal models were reported as Estimated Odds Ratios (EOR) of life 

events where β was the estimated regression coefficient for the model. The β coefficient 

estimate was the natural logarithm of the EOR of exposure to the event. EOR was the 

estimated likelihood, where a value <1 indicated that an increase by 1 event 

experience/exposure or temperament score was associated with a decreased likelihood of 

predicting cyclicity or prolactin status, relative to the reference category. A value >1 
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indicated that an increase by 1 event experience/exposure or temperament score was 

associated with an increased likelihood of predicting cyclicity or prolactin status, relative 

to the reference category. The reference categories were cycling and normal prolactin 

elephants for each of the regression models.  

 To test the utility of the multinomial logistic regression models, Receiver Operating 

Characteristic (ROC) curve analyses were conducted. The area under the ROC curve 

ranged from 0.5 to 1.0, with larger values indicative of better fit. The accuracy of AUC 

measures were classified as: 1.0 = perfect test; 0.9 – 0.99 = excellent test; 0.8 – 0.89 = 

good test; 0.7 – 0.79 = fair test; 0.51 – 0.69 = poor test; 0.5 = failed test (Hastie et al.,, 

2009; Zhou et al.,, 2002). Trichotomous variables (cyclicity and prolactin status) were re-

coded into dichotomous (1 or 0) variables for ROC curve fitting (Table 4). An ROC 

curve was separately fit for each dependent variable using the estimated cell probabilities 

for the response category generated from the minimal models. All values were reported 

as mean ± SEM and statistical significance was assumed at a P < 0.05. Statistical 

analyses, except PCA, were carried out on the software program SPSS version 22 (IBM 

Corp. Armonk, NY), PCA was performed using the software program SAS version 9.3 

(SAS Institute, Inc., Cary, NC). 
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Results 

Life History Variables 

 Table 5 shows the overall summary of life event data. An increase in the number of 

TR events was associated with a 36% decrease in the likelihood of being non-cycling 

compared to cycling elephants. An increase in the number of OffB events was associated 

with a 62% decrease in the likelihood of being non-cycling compared to cycling 

elephants, and a 81% decrease in the likelihood of having abnormally low prolactin 

concentrations compared to normal prolactin elephants (Table 6). Compared to cycling 

elephants, an increase in the number of ExpTRin events was associated with an 18% 

decrease and an 8% decrease in the likelihood of being an irregular cycling or non-

cycling elephant, respectively (Table 6).  An increase in the number of ExpTRin events 

was also associated with a decreased in the likelihood of being a low prolactin (14%) or a 

high prolactin (12%) elephant, compared to normal prolactin individuals (Table 6).   

Compared to cycling and normal prolactin elephants, an increase in the number of 

ExpTRout events was associated  with a 10% increase in the likelihood of being a non-

Table 12. Re-coding of trichotomous dependent variables into dichotomous 

variables for ROC curve analyses.  

ROC Curve Fit 1 ROC Curve Fit 2 ROC Curve Fit 3

Cyclicity Status Cycling 1 0 0

Irregular 0 1 0

Non-cycling 0 0 1

Prolactin Status Normal 1 0 0

Low 0 1 0

High 0 0 1
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cycling elephant and a 16% increase in the likelihood of being a low prolactin elephant, 

respectively (Table 6). There was no association within the cyclicity and prolactin groups 

and the number of ExpB and ExpD events (Table 6). 
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Table 13. Summary of life events for the study population (n=95) by cyclicity and prolactin status. Data include the number 

of elephants that were included in each variable (n), and the number of events including mean (# events/elephant), SEM, 

minimum and maximum. 

n Mean SEM Min Max

95 3.17 0.14 0 7

95 12.20 1.23 0 53

95 7.24 0.92 0 48

95 0.37 0.07 0 3

95 1.57 0.26 0 10

95 2.53 0.28 0 15

n Mean SEM Min Max n Mean SEM Min Max n Mean SEM Min Max

44 3.55 0.23 1 7 13 3.08 0.46 2 7 38 2.76 0.17 0 5

44 15.52 2.01 1 50 13 5.05 0.85 1 11 38 10.79 1.82 0 53

44 7.48 1.32 0 48 13 3.46 1.02 0 12 38 8.26 1.66 0 37

44 0.45 0.11 0 3 13 0.77 0.28 0 3 38 0.13 0.08 0 2

44 1.34 0.37 0 9 13 2.08 0.77 0 10 38 1.66 0.4 0 8

44 2.77 0.44 0 15 13 1.85 0.85 0 6 38 2.47 0.43 0 10

n Mean SEM Min Max n Mean SEM Min Max n Mean SEM Min Max

44 3.55 0.23 1 7 23 3.04 0.33 0 7 28 2.68 0.16 1 4

44 15.52 2.01 1 50 23 7.61 1.81 0 37 28 10.75 2.08 1 53

44 7.48 1.32 0 48 23 5.26 1.60 0 30 28 8.50 1.94 0 37

44 0.45 0.11 0 3 23 0.09 0.60 0 1 28 0.46 0.17 0 3

44 1.34 0.37 0 9 23 1.61 0.51 0 8 28 1.89 0.50 0 10

44 2.77 0.44 0 15 23 2.65 0.61 0 10 28 2.04 0.39 0 9

ExpD

TR = transfer rate; ExpTRin = Exposure to non-focal transfers in; ExpTRout = exposure to non-focal transfers out; OffB = offspring births; ExpB = exposure to births; ExpD = 

exposure to deaths

Normal Low High

ExpTRin

ExpTRout

OffB

ExpB

ExpTRout

OffB

ExpB

ExpD

TR

ExpTRin

Cyclicity Status

Prolactin Status

Cycling Irregular Non-cycling

Full Population 
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Table 14. Summary of parameter estimates for estimated odds ratios (EOR) of cyclicity, prolactin status and life 

events, including 95% Wald confidence intervals for EOR. 

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

Cycling 44 reference 44 reference

Irregular 13 0.10 1.10 0.68 1.79 0.70 13 0.46 1.58 0.72 3.45 0.25

Non-cycling 38 -0.44 0.64 0.44 0.93 0.02* 38 -0.97 0.38 0.15 0.95 0.04*

Normal 44 reference 44 reference

Low 23 0.02 1.02 0.65 1.60 0.94 23 -1.65 0.19 0.04 0.86 0.03*

High 28 -0.32 0.73 0.45 1.16 0.18 28 0.01 1.01 0.47 2.17 0.99

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

Cycling 44 reference 44 reference

Irregular 13 -0.20 0.82 0.70 0.97 0.02* 13 0.02 1.02 0.85 1.22 0.85

Non-cycling 38 -0.09 0.92 0.85 0.98 0.02* 38 0.10 1.10 1.00 1.21 0.04*

Normal 44 reference 44 reference

Low 23 -0.15 0.86 0.77 0.97 0.01* 23 0.15 1.16 1.04 1.29 0.01*

High 28 -0.13 0.88 0.80 0.96 0.01* 28 0.10 1.11 0.98 1.25 0.10

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

Cycling 44 reference 44 reference

Irregular 13 0.21 1.23 0.86 1.75 0.25 13 -0.08 0.93 0.67 1.27 0.63

Non-cycling 38 0.20 1.22 0.98 1.52 0.08 38 0.03 1.03 0.87 1.23 0.73

Normal 44 reference 44 reference

Low 23 0.22 1.24 0.97 1.59 0.09 23 -0.10 0.90 0.70 1.17 0.44

High 28 0.13 1.14 0.90 1.43 0.28 28 -0.19 0.83 0.64 1.07 0.15

Cyclicity 

Status

Transfers Offspring Births

95% C.I. 95% C.I.

Cyclicity 

Status

Prolactin 

Status

Transfer-In Exposures Transfer-Out Exposures

95% C.I. 95% C.I.

Prolactin 

Status

*p<0.05

Prolactin 

Status

Birth Exposures Death Exposures

95% C.I. 95% C.I.

Cyclicity 

Status
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Temperament Data 

 The ICC (3, k) cut-off point resulted in the elimination of 14 adjectives for the PCA 

analyses (Table 3). Mean ratings for the remaining trait adjectives were calculated for 

each elephant and used for a PCA. Five main components resulted and an orthogonal 

Varimax rotation was applied to arrive at the final factors (Table 7). Three main factors 

emerged explaining 79% of the observed variation: fearful-apprehensive (41%), 

effective-aggressive (26%) and popular-caring (12%). Only factors with Eigen values 

over 1 were used for the individual factor score calculation. The factors were labeled 

according to the two adjectives that showed the strongest positive loading for each factor 

(Table 8). A summary of factor scores across the different study groups are provided in 

Table 8. 
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Table 15. Personality Polychoric PCA Results.  
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Table 9 shows an overall summary of temperament scores. There were no differences in 

factor scores between cycling, irregular and non-cycling elephants. Compared to normal 

prolactin elephants, a 1-point increase in the fearful-apprehensive factor was associated 

with a 90% increase in the likelihood of having abnormally low prolactin concentrations 

(Table 10). A 1-point increase in the popular-caring factor was associated with a 117% 

increase in the likelihood of having abnormally high prolactin concentrations compared 

to normal prolactin elephants (Table 10). 

Adjective Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Active . . . 0.84 . 

Adaptable -0.65 . . 0.36 0.33 

Aggressive . 0.85 . . . 

Apprehensive 0.89 . . . . 

Caring/Nurturing . . 0.81 . . 

Confident -0.75 . . 0.31 . 

Effective . 0.84 . . . 

Excitable 0.81 0.31 . . . 

Fearful 0.89 . . . . 

Insecure 0.78 . . . . 

Irritable . 0.74 . . . 

Patient . . . . 0.78 

Playful . . 0.62 0.61 . 

Popular . . 0.89 . . 

Slow . . 0.34 -0.42 0.59 

Strong . 0.54 . 0.34 0.38 

Subordinate 0.59 -0.63 . . . 

Trainability . . . 0.70 0.39 

Table 16. Results of factor analysis (polychoric). Values less than 0.3 are not shown. 
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Table 17. Mean, SEM and range of factor scores of individual elephants (n=85) grouped by cyclicity and 

prolactin status. 

n Mean SEM Min Max

85 2.85 0.11 0.69 4.81

85 3.23 0.12 0.69 6.02

85 2.97 0.09 0.68 4.52

85 3.83 0.08 2.42 5.39

85 5.20 0.07 3.81 6.82

n Mean SEM Min Max n Mean SEM Min Max n Mean SEM Min Max

39 2.72 0.15 0.69 4.40 11 3.06 0.38 1.21 4.73 35 2.94 0.17 1.34 4.81

39 3.20 0.18 1.10 6.02 11 3.10 0.29 1.39 4.35 35 3.30 0.20 0.69 5.14

39 2.94 0.12 1.24 4.44 11 3.06 0.35 0.68 4.52 35 2.97 0.14 1.38 4.46

39 3.92 0.11 2.44 5.39 11 3.71 0.21 2.42 4.69 35 3.77 0.14 2.45 5.32

39 5.15 0.11 4.11 6.82 11 5.21 0.23 4.01 6.46 35 5.25 0.11 3.81 6.76

n Mean SEM Min Max n Mean SEM Min Max n Mean SEM Min Max

39 2.72 0.15 0.69 4.40 20 3.40 0.23 1.45 4.81 26 2.64 0.19 1.21 4.76

39 3.20 0.18 1.10 6.02 20 3.06 0.26 1.39 4.86 26 3.40 0.21 0.69 5.14

39 2.94 0.12 1.24 4.44 20 2.48 0.20 0.68 3.88 26 3.38 0.14 1.76 4.52

39 3.92 0.11 2.44 5.39 20 3.91 0.18 2.45 5.26 26 3.63 0.15 2.42 5.32

39 5.15 0.11 4.11 6.82 20 5.22 0.17 3.81 6.76 26 5.26 0.11 3.98 6.46

popular-caring

active-trainable

patient-slow

Prolactin Status

Normal Low High

fearful-apprehensive

aggressive-effective

fearful-apprehensive

aggressive-effective

popular-caring

active-trainable

patient-slow

popular-caring

active-trainable

patient-slow

Cyclicity Status

Cycling Irregular Non-cycling

Full Population 

fearful-apprehensive

aggressive-effective
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Table 18. Summary of parameter estimates for estimated odds ratios (EOR) of cyclicity, prolactin status and 

temperament scores, including 95% Wald confidence intervals for EOR. 

N β EOR Lower Upper P-Value

Normal 39 reference

Low 20 0.05 1.05 0.63 1.75 0.86

High 26 0.15 0.58 0.26 1.25 0.16

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

Normal 39 reference 39 reference

Low 20 0.64 1.90 1.05 3.42 0.03* 20 -0.76 0.47 0.21 1.05 0.07

High 26 -0.27 0.97 0.54 1.74 0.93 26 0.77 2.17 1.03 4.59 0.04*

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

Normal 39 reference 39 reference

Low 20 0.12 1.13 0.51 2.50 0.76 20 0.33 1.39 0.57 3.41 0.48

High 26 -0.56 0.57 0.26 1.24 0.15 26 0.01 1.01 0.45 2.25 0.98

Aggressive-Effective

95% C.I.

Prolactin 

Status

Prolactin 

Status

Prolactin 

Status

*p<0.05

Active-Trainable Patient-Slow

95% C.I. 95% C.I.

Fearful-Apprehensive Popular-Caring

95% C.I. 95% C.I.
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ROC Curve Analyses 

 Life history events (TR, OffB, ExpTRin, and ExpTRout) were fair classifiers for 

cycling and non-cycling elephants and were good classifiers for irregular cycling 

elephants (Table 11). Life history events (OffB, ExpTRin, and ExpTRout) were also fair 

classifiers for normal, low and high prolactin status (Table 11). Temperament (fearful-

apprehensive and popular-caring) was a poor classifier of normal prolactin and was a fair 

classifier of low and high prolactin. Because temperament did not show predictability for 

cyclicity status in the logistical regression, ROC curve analysis was not done for cyclicity 

status with temperament as a classifier. Comparing across classifiers, temperament was 

better at classifying elephants with regards to prolactin status, while life history events 

were better at classifying elephants in relation to cyclicity status (Table 11).  
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Table 19. Summary of area under the curve (AUC) fits for receiver operator characteristics (ROC) curve analyses 

for cyclicity and prolactin status with life events and temperament models as classifiers. 

N AUC Std. Error Lower Upper P-Value N AUC Std. Error Lower Upper P-Value

Cycling 44 0.70 0.05 0.60 0.81 0.001*

Irregular 13 0.81 0.05 0.72 0.90 <0.001*

Non-cycling 38 0.71 0.05 0.60 0.81 0.001*

Normal 44 0.74 0.05 0.64 0.84 <0.001* 39 0.65 0.06 0.53 0.77 0.016*

Low 23 0.73 0.06 0.62 0.84 0.001* 20 0.76 0.06 0.64 0.88 <0.001*

High 28 0.71 0.06 0.60 0.82 0.001* 26 0.74 0.06 0.62 0.85 0.001*

AUC: 1.0 = perfect test; 0.9 – 0.99 = excellent test; 0.8 – 0.89 = good test; 0.7 – 0.79 = fair test; 0.51 – 0.69 = poor test; 0.5 = failed test 

*p<0.05

Prolactin Status

Life History Events Temperament Scores

95% C.I. 95% C.I.

Cyclicity Status
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Discussion 

 Acyclicity and hyperprolactinemia are currently impacting approximately 53% and 

28% of captive African elephant females in North American zoo facilities, respectively 

(Brown et al.,, 2015). Human studies have found a link between hyperprolactinemia, 

stressful life events and anxiety disorders (Assies et al.,, 1992; Sobrinho et al.,, 1984; 

Sobrinho, 2003; Sonino et al.,, 2004). This study provides new information regarding the 

association between life history events, temperament and these reproductive disorders in 

female African elephants. An increased number of transfers, offspring births and 

exposure to herd mates entering the facility were positively associated with ovarian 

cyclicity and normal prolactin status, whereas an exposure to an increased number of 

herd mates leaving a facility was negatively associated with ovarian cyclicity and normal 

prolactin status. Finally, abnormally low prolactin was positively associated with a more 

fearful and apprehensive temperament. In contrast, abnormally high prolactin was 

positively associated with a more popular and caring temperament. These findings 

indicate that acyclicity and hyperprolactinemia are affected by social/management factors 

and in addition may be further influenced by individual elephant temperament.  

 To ensure long-term population sustainability, zoos ideally have to breed all 

reproductively viable elephants (Faust and Marti, 2011), a strategy that can involve 

moving females to facilities with bulls. This study suggests that transfers do not 

negatively impact ovarian activity in African elephant females, similar to prior findings 

(Freeman et al.,, 2009). Another important finding was that giving birth - even once - 

decreased the odds of a female elephant having abnormal ovarian activity and prolactin 
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secretion by more than 60% and 80%, respectively. In many species, pregnancy affords 

long-term benefits for later reproduction and health (Baird and Dunson, 2003; Guzman et 

al.,, 1999; Han et al.,, 2013; Kobayashi et al.,, 2012), including in elephants (Hildebrandt 

et al.,, 1995 and 2000). However, in a recent demographic analysis Prado-Oviedo et al., 

(2015) found that the majority of females in the population were over 30 years of age and 

had not reproduced, with only 25.7% of the African in the zoo population having calved 

by the end of 2012. The protective effect of pregnancy on uterine health has been 

associated with the remodeling process of post-partum uterine involution, where early 

neoplastic lesions are selected for, and undergo, apoptosis (Baird and Dunson, 2003; 

Walker et al.,, 2001). Full term pregnancy early in life has been found to be the most 

effective natural protection against breast and ovarian cancer in women (Guzman et al.,, 

1999; Han et al.,, 2013; Kobayahi et al.,, 2012), due in part to the effects of progesterone 

(Han et al.,, 2013). Moreover, studies have found that the age at first pregnancy is more 

important than the number of full-term pregnancies throughout a woman’s life (Gierach 

et al.,, 2005; Pelucchi et al.,, 2007; Adami et al.,, 1994). By comparison, the average age 

at which African elephant females experienced the birth of their first offspring was 21 

years, over 12 years after the onset of puberty (Brown, 2014). In fact, Brown et al., 

(2015) found a relationship between increasing age, ovarian acyclicity and 

hyperprolactinemia in African elephant females. As seen in humans, the delay in 

reproduction observed in the captive population could negatively impact the long-term 

health and reproduction of this valuable population. Taken together our data suggest that 

the longer female elephants go without reproducing the more likely they are to develop 
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acyclicity and hyperprolactinemia later in life. Given that most females in the population 

are over 30 years of age, and have not reproduced, we may have already set these females 

down a path of ovarian and pituitary abnormalities. This is also likely a reason why these 

condition continue to persist and are possibly increasing in the population (Brown et al.,, 

2004; Dow and Brown, 2012; Prado-Oviedo et al.,, 2013; Brown et al.,, 2015). 

There also appears to be a social component to the observed acyclicity and 

hyperprolactinemia in this population. In our study, elephants that experienced more 

births and entrances (i.e. transfers-in) and less exits (i.e. transfers-out) of herd-mates 

throughout their life were more likely to be cycling and have normal prolactin. Because 

elephants are a highly intelligent and social species, life events related to social 

experiences (e.g., offspring births and new herd mates) likely play a crucial role in 

elephant behavioral development and physiology. In other species it has been 

demonstrated that early life experiences (e.g., parental separation/death, social 

deprivation) can inform temperament, cognition, and resilience to stress later in adult life 

(Kurosi et al.,, 2012; Pechtel and Pizzagalli, 2011; Suderman et al.,, 2012). Given their 

innate sociality, calves are the avenue through which strong familial bonds are built 

providing long-term social support (Rault, 2012). Greco et al., (2015) found that the 

presence of calves in herds reduced the risk of stereotypic behavior, indicating that the 

addition of juveniles into existing herds through successful breeding programs may 

provide an important protective buffer from the development of abnormal behavior in the 

future. Sociality is believed to have evolved as an adaptive strategy to cope with 

environmental challenges (Wilson, 1975; Rault, 2012). When experiencing a stressor, 
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social partners mitigate the impact of the event and promote healthy coping strategies 

(Cohen and Wills, 1985; Rault, 2012). Elephants do form close bonds with herd mates 

(Schulte, 2000) and likely rely on them to buffer against environmental and social 

stressors (Cohen and Wills, 1985; Rault, 2012). Therefore, the leaving of a herd member 

may be a particularly stressful event for a species such as elephants that have evolved to 

maintain long-term bonds (Rault, 2012).  

The hypothalamic-pituitary-adrenal (HPA) axis is the neuroendocrine pathway by 

which stress hormones are released (Sapolsky et al.,, 2000; Sapolsky, 2002). The HPA 

axis integrates environmental information and the downstream release of stress hormones 

that can potentiate an adaptive behavioral response (Monclus et al.,, 2005; Schulkin et 

al.,, 2005). Elevated prolactin in elephants has not been linked to stress through the 

hypothalamo-pituitary-adrenal (HPA) axis, as cortisol secretion is unaltered in 

hyperprolactinemic elephants (Brown et al., 2004a). However, prolactin itself can act as 

stress hormone (Freeman et al.,, 2000). Stress can impact prolactin secretion by 

increasing the synthesis, secretion and responsiveness of the organism to prolactin 

(Sobrinho et al.,, 1984; Sobrinho, 2003; Sonino et al.,, 2004; Torner et al.,, 2001 and 

2002). It is thought that dopamine may be involved in releasing prolactin from inhibition 

because stressors can up – regulate releasing factors that contend with dopamine’s 

inhibitory action (Calogero et al.,, 1998). This in turn interferes with the negative 

feedback loop characteristic of dopamine’s control over prolactin, resulting in elevated 

prolactin concentrations (Calogero et al.,, 1998; Zacur, 1998; Freeman et al.,, 2000). 

Given the variety of early life events experienced by imported elephants (Prado-Oviedo 
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et al.,, 2015) and how these can inform later resilience to stress and coping strategies 

(Kurosi et al.,, 2012; Pechtel and Pizzagalli, 2011; Suderman et al.,, 2012), it is possible 

that the observed hyperprolactinemia could be the result of a maladaptive response to 

social stress (Kurosi et al.,, 2012; Pechtel and Pizzagalli, 2011; Suderman et al.,, 2012). 

Further evidence of this is the fact that hyperprolactinemic elephants were more 

likely to have a warm and nurturing temperament, an individual who is sought out by 

other elephants as a companion, more so than a cycling normal prolactin elephant. This 

could indicate that hyperprolactinemic elephants may be over-compensating to maintain 

social bonds and are acting as peace keepers within their herd, at the expense of 

reproduction, and are thus experiencing a type of social stress. One factor that has been 

associated with ovarian problems in African elephants is dominance status. Non-cycling 

African elephant females ranked higher in the dominance hierarchy, meaning that they 

gave more discipline to herd mates than their cycling cohorts (Freeman et al., 2004). 

Observations from other species in the wild have shown that dominant animals engage in 

higher rates of aggressive and agonistic behavior (Creel et al.,, 1997; Sands and Creel, 

2004). In the wild elephants live in socially complex, hierarchical groups of related 

females. Captive herds are usually made up of unrelated, same aged individuals (Olson et 

al., 2000), so there may not be a true matriarch (Freeman et al.,, 2004). Dominance is still 

important for maintaining social harmony, however, and the social dynamics of group 

living may generate competition, aggression or affiliative interactions (Rubenstein and 

Shen, 2009). These interactions can often change over time, especially as females are 

added or removed from  an existing herd, thereby altering the relative benefits of 
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cooperation or competition among individual elephants (Rubenstein and Shen, 2009; 

Freeman et al.,,  2004). For highly social animals like elephants the relatively small herd 

sizes found in captivity, the lack of social learning and the absence of a strong 

matriarchal figure, may contribute to behavior problems that could negatively impact 

reproduction (Freeman et al.,, 2004). Ovarian inactivity, and now hyperprolactinemia, in 

captive elephants is therefore thought to be mediated in part by social influences 

(Freeman et al.,, 2004; Brown et al.,, 2015).  

Hyperprolactinemic patients have a higher prevalence of depressive disorders, 

hostility, phobias and anxiety (Yavuz et al.,, 2003a). Therefore, we had hypothesized that 

the hyperprolactinemia observed in North American African elephants was associated 

with an apprehensive or fearful temperament. What we found, however, was that non-

cycling low prolactin elephant were more likely to score higher than an elephant that is 

anxious, fearful and over-reacts to change or other elephants. Furthermore, we saw a 

trend towards low prolactin elephants being less likely to be concerned about other 

elephants compared to their normal cycling counterparts. Although contradicting our 

initial hypothesis these results are reasonable given the role of prolactin as a social 

hormone in maintaining and promoting social bonds (Eberhart et al.,, 1982; Mathew et 

al.,, 2001; Snowdon and Ziegler, 2015).  Studies in other species have demonstrated that 

animals with low prolactin engage in less affiliative behavior (e.g. food sharing and 

grooming) and spend less time in passive body contact with conspecifics (Eberhart et al.,, 

1982; Mathew et al.,, 2001; Snowdon and Ziegler, 2015), while simultaneously spending 

more time alone, have higher incidences of fearful scanning of their social environment 
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and engage in more antagonistic behaviors (Eberhart et al.,, 1982; Mathew et al.,, 2001; 

Snowdon and Ziegler, 2015). Our data suggest a similar role of prolactin in maintaining 

social bonds in African elephants, with abnormally low prolactin elephants being more 

reactive to herd mates, while high prolactin elephants are the caregivers in the herd. 

Additionally, low prolactin elephants also were more likely to have experience an 

increased number of exits of herd mates and less likely to have experienced an offspring 

birth. This is perhaps indicating that unlike their cycling normal prolactin counterparts, 

they may not have the necessary social skills/knowledge to cope with the increased social 

demands that may be present in a captive herd. Thus, these females could also be 

experiencing a form of social stress and employ different coping mechanisms to those 

observed in high prolactin elephants.  

In fact, ROC analyses found that temperament was better at classifying elephants 

with regard to prolactin status, while life history events were better at classifying 

elephants with regard to cyclicity status. This indicates that there may be a complicated 

relationship between life history and temperament in this species. Overall, cycling normal 

prolactin elephants were more likely to be elephants that have experienced at least one 

full term pregnancy and perhaps more stable herds with fewer animals leaving their herd 

throughout their lifetime. They also were less likely to be elephants that are fearful or 

apprehensive and are less likely to be overly concerned with the emotional state of other 

elephants. We propose then that their life experience has enabled them to have sufficient 

social learning and long enough social bonds so that they are able to cope with the 

stressors or challenges they encounter in a manner that does not negatively impact their 
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health or reproduction. As in other species, life experience may set an elephant down a 

path of rich or poor social learning/experience that, in turn, may influence their resilience 

to stress and coping strategies (Kurosi et al.,, 2012; Pechtel and Pizzagalli, 2011; 

Suderman et al.,, 2012). The resulting temperament/coping mechanism may then 

predispose individual elephants to prolactin abnormalities (either too high or too low). 

Indeed, studies on several species have shown that high prolactin individuals are more 

likely to engage with their environment and social partners (Eberhart et al.,, 1982; 

Mathew et al.,, 2001; Snowdon and Ziegler, 2015) and thus could be said to have active 

coping strategies (Ledoux and Gorman, 2001). Low prolactin individuals are more 

withdrawn from their surroundings (Eberhart et al.,, 1982; Mathew et al.,, 2001; 

Snowdon and Ziegler, 2015) and could be interpreted as having more passive coping 

mechanisms (Ledoux and Gorman, 2001). Our study indicates, that the same could hold 

true in African elephants where high prolactin females appear to be eager to intervene, 

while low prolactin females are more apprehensive, in a challenging situation. Thus, the 

differences in prolactin status between these two non-cycling groups could be due to 

differences in coping strategies.  

Based on the findings of this study we can conclude that life history events and 

temperament do play a role in the observed ovarian acyclicity and prolactin perturbations 

in the North American captive African elephant population. Concerns regarding a 

female’s cyclicity status when transferring them to breeding facilities should be minimal 

and may be overridden by the indication that reproduction, and perhaps early 

reproduction, could provide long-term endocrine, health and behavioral benefits for them 
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(Brown et al.,, 2015; Greco et al.,, 2015). There would also appear to be a social 

component to the reproductive issues in this population where elephants entering a 

facility do not negatively impact the reproductive status of the resident females. 

However, transferring herd mates out of a facility does negatively impact the elephant's 

reproductive status. Low prolactin elephants were more likely to be fearful and 

apprehensive, while high prolactin elephants were more likely to be popular and caring. 

Furthermore, temperament appears to be the best way to predict the prolactin status of an 

elephant. Taken together this indicates that for elephants, as in other species, prolactin 

may play a role in supporting social relationships. As such elephant-holding facilities 

may want to consider social stability of their herds and individual elephant 

temperament/coping strategies when making management decisions. In humans, 

hyperprolactinemia has long been associated with anxiety and hostility. Therefore, the 

prevalence of this condition in elephants that were generally considered the peace keepers 

of the herd indicates a different role of prolactin in maintaining social behavior, or 

mitigating the stress response, to the role it plays in humans, and is therefore an area 

deserving of further study.  
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CHAPTER 4: Body condition and metabolic function in African elephant females 

(Loxodonta africana) with chronic hyperprolactinemia 

 

 

 

Introduction 

Hyperprolactinemia is the most common disorder of the hypothalamic-pituitary 

axis; 10-40% of human patients presenting with secondary amenorrhea are 

hyperprolactinemic, and 70% with galactorrhea and amenorrhea have this condition 

(Serri et al., 2003; Wang et al., 2012). One discovery made by our laboratory in 2004 

(Brown et al., 2004a) was that about a third of African elephant females with abnormal 

cycles also produce excessive amounts of prolactin. A more recent study by Brown et al., 

(2015) demonstrated that the problem is still persisting; out of 101 African elephants 

females surveyed, 57% (58/101) of females were acyclic, 48% (28/58) of which were 

hyperprolactinemic. In over 20 years of monitoring the North American captive elephant 

population, only non-cycling African elephants have been diagnosed with 

hyperprolactinemia (Brown and Lehnhardt, 1997; Brown et al.,, 2004a; Dow and Brown, 

2012; Prado-Oviedo et al.,, 2013; Brown et al.,, 2015). Thus, there appears to be a strong 

relationship between acyclicity and this disorder. Normal ovarian function relies on the 

cyclic production of pituitary and gonadal hormones. Our laboratory determined that 

pituitary prolactin is increased during the non-luteal phase of the African elephant estrous 

cycle and likely is involved with normal follicular development (Brown et al.,, 2004; 

Prado-Oviedo et al.,, 2013), as it is in other mammalian species. On the other hand, 
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African elephants appear to be sensitive to alterations in prolactin production, with both 

low (e.g., a non-cycling pattern) and high prolactin secretion being associated with 

abnormal ovarian activity (Prado-Oviedo et al.,, 2013; Brown et al.,, 2015). 

 Although originally named for its role in stimulating milk synthesis, prolactin is now 

understood to be a pleiotropic neurohormone with over 300 neuroendocrine functions 

including, stimulation of maternal behavior, regulation of appetite and body weight, 

suppression of fertility, and emerging roles in neurogenesis and glial cell function 

(Freeman et al., 2000; Grattan and Kokay, 2008). Additionally, prolactin plays a 

homeostatic role through regulation of the immune system, osmotic balance, 

angiogenesis, and the stress response (Freeman et al., 2000; Grattan and Kokay, 2008). 

While these functions may seem disparate, prolactin’s varied actions in the brain and 

body are viewed as a coordinated and adaptive response to pregnancy and lactation 

(Grattan and Kokay, 2008). With important roles in maintaining homeostasis across 

various physiological states, a prolonged alteration in prolactin secretion has 

consequences for an organism’s health and quality of life. Prolonged hyperprolactinemia 

results in the suppression of GnRH secretion that normally elicits production of FSH and 

LH from the anterior pituitary (Shibli-Rahhal and Schlechte, 2009). This causes a 

decreased secretion of estradiol, which then leads to widespread effects in body weight 

and composition, growth and development and immune system disturbances (Shibli-

Rahhal and Schlechte, 2009; Yavuz et al., 2003a; Yavuz et al., 2003b).  

As reviewed by Shibli-Rahhal and Schlecte (2009), prolactin has increasingly 

been implicated as a modulator of body composition and body weight, with data 
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suggesting that it regulates enzymes and transporters in the breast, adipose tissue and 

islets. In both human and animal studies, elevated prolactin concentrations are associated 

with weight gain and obesity. It is thought that prolactin stimulates lipogenesis because 

its receptors are found in human adipose tissue, and because subcutaneous and visceral 

fat tissues from breast produce prolactin. In other studies reviewed by Yavuz et al., 

(2003a), many hyperprolactinemic patients develop diabetes, and there are noted 

associations with hyperinsulinemia and reduced glucose tolerance, leading researchers to 

believe hyperprolactinemia may predispose a patient to insulin resistance.  

Elephants long have been reported to exhibit problems with excess weight, 

infertility, cardiovascular disease and poor social bonding (Clubb and Mason, 2002; 

Morfeld et al.,, 2015), and hyperprolactinemic elephants have reduced estrogen exposure 

because of hypogonadism (Prado-Oviedo et al.,, 2013). In a recent study, Morfeld and 

Brown (2014) found significant relationships between reproductive function and 

circulating concentrations of insulin and leptin, with non-cycling elephants having higher 

concentrations of insulin and leptin and a lower glucose-to-insulin (G:I) ratio. How much 

of these are related to hyperprolactinemia is unknown, but it could be a significant 

contributing factor. Therefore, a study was warranted to investigate any possible 

associations between obesity and metabolic disorders in elephants that are experiencing 

chronic hyperprolactinemia. The objectives of this study were to investigate how long 

hyperprolactinemic elephants in the North American captive population have been 

experiencing perturbations in their prolactin secretion and if hyper prolactin production 

was associated with any changes to body condition and metabolic hormones. We 
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hypothesized that elephants with chronic hyperprolactinemia would have a higher body 

condition score and are experiencing insulin resistance and reduce glucose tolerance.  

Materials and Methods 

Ethics Statement 

All data included in this study were sourced from elephant programs at United 

States zoos accredited by the AZA and enrolled in the Using Science to Understand Zoo 

Elephant Welfare study (Carlstead et al.,, 2013). This study was authorized by the 

management at each participating zoo and, where applicable, was reviewed and approved 

by zoo research committees. In addition, approval was obtained from the Smithsonian 

National Zoological Park’s ACUC (#11-10). 

Animals and Blood Sample Collection 

The age of each elephant (n=93 individuals at 37 institutions) was calculated from 

the known (for captive-born elephants, n = 2) or estimated (for imported elephants, n = 

91) date of birth until 1 July 2012 (study midpoint). Female elephants between the ages 

of 22-53 years who were not currently pregnant and had not given birth between 2010 

and 2012, and who did not die or experience an inter-zoo transfer in 2012, were included 

in the study population. However, elephants that met the above criteria were exempted 

from the study if they were not well conditioned to blood collection procedures. Table 1 

summarizes the study population. 

Blood samples were collected every other week without anesthesia from either an 

ear or leg vein. Protocols requested blood draws to occur before 12 noon. Blood was 



 
 

128 
 

allowed to clot at room temperature, centrifuged (~1500 x g) and the serum stored frozen 

at -20˚C or colder until analysis.  

Hormonal Analyses 

All hormone analyses were conducted at the wildlife endocrinology lab of Dr. 

Janine Brown, located at the Smithsonian Conservation Biology Institute (SCBI) in Front 

Royal, Virginia. Serum progestogens were analyzed using a solid-phase I125 

radioimmunoassay (RIA) (Seimens Medical Solutions Diagnostics, Los Angeles, CA) 

and serum prolactin was analyzed by a heterologous RIA that utilized an anti-human 

prolactin antisera (NIDDK-anti-hPRL-3) and ovine prolactin label and standards 

(NIDDK-oPRL-I-2) (Brown and Lehnhardt, 1995; Brown and Lehnhardt, 1997). Assay 

sensitivities (based on 90% maximum binding) were 0.05 and 5.0 ng/ml for the 

progesterone and prolactin RIAs, respectively. The intra- and inter-assay coefficients of 

variation for all assays were <15% and <10%, respectively.  

Serum leptin and insulin were analyzed using immunoassays validated for use in 

elephants (Morfeld and Brown, 2014).  Briefly, serum leptin concentrations were 

measured using a multi-species double-antibody radioimmunoassay (RIA) (Xl-85K, 

Linco Research Inc., St. Louis, MO, USA) that relies on a 125I-human leptin tracer and a 

guinea pig anti-human leptin antiserum.  Serum insulin concentrations were measured 

using a solid-phase, two-site bovine insulin enzyme immunoassay (EIA) (10-1113-01, 

Mercodia Inc., Uppsala, Sweden). Serum glucose was determined using an automated 

glucose analyzer (One Touch Ultra, LifeScan, Inc., Milpitas, CA, USA) and a glucose-to-

insulin ratio (G:I ) was calculated. The G: I was included to account for the non-fasting 



 
 

129 
 

state of our study animals, and is a common proxy for counteracting the effects of 

changes in glucose and/or insulin due to feeding status [50]. All samples were analyzed 

in duplicate; intra- and inter-assay CVs were <10% and <15%, respectively. 

Determination of Reproductive Cyclicity and Prolactin Status 

 Estrous cycle characteristics were determined based on serum progestogen 

levels. First, baseline values were calculated for each individual using an iterative process 

developed for elephants (Brown et al.,, 1999; Brown et al.,, 2004; Glaeser et al.,, 2012). 

For each animal, all data points with progestogen values above the mean plus 1.5 times 

the standard deviation (SD) were removed and the process repeated until no values 

exceeding the mean + 1.5*SD remained (Clifton and Steiner, 1983; Brown et al.,, 1996 

and 1999). The remaining data points defined the baseline for that individual (Clifton and 

Steiner, 1983; Brown et al.,, 1996 and 1999). Data were used to categorize the cyclicity 

status of each elephant as follows: normal cycling (regular 13- to 17-week progestogen 

cycles, n = 44); or acyclic (baseline progestogens, <0.1 ng/ml, throughout, n = 49) 

(Brown et al.,, 2004).  

Hyperprolactinemia was defined as an average prolactin concentration over the 12-

month sampling period of ≥18 ng/ml, similar to Prado-Oviedo et al., (2013), which 

lacked a temporal pattern (Dow et al.,, 2012; Prado-Oviedo et al.,, 2013). For statistical 

analysis, non-cycling elephants with an average prolactin concentration of 18 ng/ml or 

greater were considered “High” (n = 26), non-cycling elephants with an average prolactin 

concentration below 18 ng/ml were considered “Low” (n = 23) and cycling elephants 

with typical temporal patterns of prolactin secretion were considered “Normal” (n = 44).  
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SCBI is a repository for the country’s largest elephant serum bank. As such we 

have progestagen data dating back to the late 1980s, and have monitored numerous 

elephants for over 25 years. Elephant serum samples are routinely sent to SCBI for 

progesterone monitoring; however, unless an institution is interested in 

confirming/monitoring a pregnancy or conducting a short-term evaluation of 

hyperprolactinemia, prolactin analysis was not requested. For many elephants, we have 1-

2 years of prolactin data, but large gaps exist for most and prolactin data are scarce prior 

to 2002, especially for non-cycling elephants. Utilizing the existing database a 

retrospective analyses was conducted to determine, for non-cycling elephants with 

abnormal prolactin secretion (high, n=26 or low, n=22), how long prolactin perturbations 

had persisted for. The duration of exposure (amount of time, in years, individual 

elephants have experienced prolactin perturbations) was calculated form the first year of 

observed prolactin changes to 7/1/2012 (study mid-point). The earliest samples that we 

used date to January 1998, with the most recent having been collected in January 2012 

for the welfare study (Carlstead et al.,, 2013). We categorized cycling normal prolactin 

females (n=44) as “None” to indicate that no changes to their prolactin status had been 

observed. Non-cycling elephants with abnormal prolactin secretion (too high or too low), 

for which there was sufficient data to make a determination of duration of exposure 

(n=34), were categorized into one of three time groups: 1) less than five years, n=11; 2) 

more than five years but less than 10 years, n=14; and 3) more than ten years, n=9. An 

overview of the study population demographics is presented in Table 1. 
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Body Condition Scoring 

The 5-point visual index of body condition used for African elephants was 

previously developed and validated with ultrasound measures of subcutaneous fat by 

Morfeld et al., (2014). Zoos were provided a photographic guide containing detailed 

instructions on how to obtain three standardized photos for each elephant for visual body 

condition assessment. Elephants with complete and accurate sets of photographs were 

included in the analysis and all photographs were anonymized and scored by K. Morfeld. 

BCS assessment involved the evaluation of three key body regions (ribs, pelvic bone, and 

backbone) for evidence of fat deposition.  We then used the species specific index to 

assign an overall score of 1-5 based on physical criteria.  

  

Cyclicity Status Prolactin Status N Mean Std. Error of Mean Minimum Maximum

High 26 35.49 1.20 22.50 47.50

Low 23 33.87 1.09 24.50 42.67

Total 49 34.68 1.15 22.50 47.50

0.62 22.50 52.50

Table 1. Summary of population demographics including number of elephants (N) and age distributions 

(mean, SEM, minimum and maximum) by cyclicity and prolactin status.

Non-cycling

Cycling

Age

Normal 44 32.99 0.94 22.50 52.50

Total Total 93 33.91

Table 20. Summary of population demographics including number of elephants (N) and 

age distribution (mean, SEM, minimum and maximum) by cyclicity and prolactin 

status. 
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Statistical Analyses 

Hormone data are presented as the mean ± SEM. Three serum samples from each 

elephant were analyzed for leptin, insulin, and glucose levels; and then a mean leptin, 

insulin, glucose and G: I value was calculated for each elephant. To determine if there 

were differences associated with hyperprolactinemia, differences in mean hormone 

concentrations across the groups (i.e., cycling: normal prolactin, non-cycling: low 

prolactin and high prolactin) were determined using a multivariate generalized linear 

model (GLM) followed by an LSD post-hoc test. Hormone data were log transformed on 

the natural scale to meet the model assumptions. No outliers significantly impacted the 

results or assumptions in the non-cycling groups, so the full log transformed data set was 

used. One outlier female in the cycling group was highly influential (very high glucose 

mean) and so was removed from the dataset.  To determine whether the proportions of 

the BCS and duration of exposure variables are different among the values of the 

prolactin status variable, Fisher’s exact tests (two-tailed) were used due to small cell 

values that had a count less than 5 (Cochran, 1954).  

Multinomial logistical regressions were used to determine the relationship 

between mean glucose, insulin, leptin, prolactin and G: I ratios (independent variables) 

with duration of exposure to prolactin changes (dependent variables). Multinomial 

logistic regression models do not make any assumptions of normality, linearity and 

homogeneity of variance of the independent variables. All independent variables were 

included in the model before terms that did not improve the overall predictive power of 

the model (based on the AIC of the reduced model) were dropped sequentially until only 
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those that significantly predicted cyclicity or prolactin status remained. All statistics 

reported are taken from this, the minimal model, and any non-significant variables were 

re-entered individually into the minimal model to determine their level of non-

significance. The minimal models were reported as estimated odds ratios (EOR) of mean 

hormone values where β is the estimated regression coefficient for the model. The β 

coefficient estimate is the natural logarithm of the EOR of having a certain hormone 

mean. EOR is the estimated likelihood, where a value <1 indicates that an increase by 1 

in the hormone mean was associated with a decreased likelihood of predicting duration of 

exposure or prolactin status, relative to the reference category. A value >1 indicates that 

an increase by 1 in the hormone mean was associated with an increased likelihood of 

predicting duration of exposure or prolactin status, relative to the reference category. The 

reference categories were normal prolactin elephants for each of the regression models.  

Results 

 A summary of the GLM results is present in Table 2. High prolactin elephants had 

significantly lower mean glucose concentrations compared to normal prolactin elephants 

(p=0.01) but not low prolactin elephants (p=0.32). There were differences across the 

three prolactin groups in mean insulin and leptin concentrations or G: I ratio.  

 The proportion of elephants in each BCS category was not significantly different 

across the three prolactin groups (p=0.89) (Figure 1). There was a significantly higher 

number of elephants in the high prolactin group (p<0.001) that had a duration of exposure 

between 5 and 10 years (Figure 2). There was also a significantly higher number of 

elephants in the low prolactin group (p<0.001) that had a duration of exposure that was 
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less than 5 years (Figure 2). The proportion of elephants that had a duration exposure of 

over 10 years was not significantly different across the high or low prolactin groups 

(p=0.32) (Figure 2). The proportion of elephants in the BCS 4 and 5 categories was 

nearly significantly different (p=0.053) in the duration of exposure of between 5 and 10 

years and over ten years (Figure 3).  

 A summary of the results of the multinomial regression is presented in Table 3. 

Compared to normal cycling elephants that have not been exposed to prolactin 

perturbations, a 1 unit increase in mean glucose concentrations was nearly significantly 

associated with a 5% decrease in the likelihood of being exposed to prolactin changes for 

less than 5 years. Compared to normal cycling elephants, a 1 unit increase in mean 

prolactin concentrations was associated with a 7% and 6% increase in the likelihood of a 

having an exposure of duration of 5 to 10 years and over 10 years, respectively.  
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Table 21. Summary of overall hormone concentrations (n=93) by prolactin status. 
Data include the number of elephants that were included in each variable (n) and mean 

hormone concentrations, including SEM, minimum and maximum. 

 

Mean SEM Min Max

100.30
b

2.30 63 130

90.96
a

4.93 45 152

92.00
b

4.14 46 132

Mean SEM Min Max

0.73
a

0.09 0 3

0.60
a

0.11 0 3

0.60
a

0.90 0 2

Mean SEM Min Max

197.52
a

17.75 48 576

224.81
a

23.31 30 525

209.55
a

23.25 68 490

Mean SEM Min Max

4.21
a

0.39 1 12

4.82
a

0.67 1 12

4.13
a

0.60 1 8

Normal Prolacin (n=38)

High Prolactin (n=24)

Low Prolactin (n=18)
a,b

 indicate significant differences between groups (p<0.05)

Glucose (ng/ml)

Insulin (ng/ml)

G:I Ratio (units)

Leptin (ng/ml)

Normal Prolacin (n=44)

High Prolactin (n=26)

Low Prolactin (n=22)

High Prolactin (n=26)

Low Prolactin (n=23)

Low Prolactin (n=23)

Normal Prolacin (n=44)

Normal Prolacin (n=44)

High Prolactin (n=26)
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Figure 11. Results of Fisher’s exact test (two-sided) comparing the 

proportion of elephants across BCS (3 – 5) and prolactin status (high, 

low, normal). 
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Figure 12. Results of Fisher’s exact test (two-sided) comparing the proportion of elephants 

across duration of exposure categories (none, < 5 years, 5 – 10 years and > 10 years) and 

prolactin status (high, low, normal). * Indicates significant differences (p<0.05) within 

prolactin status groups. 
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Table 22. Summary of parameter estimates for estimated odds ratios (EOR) of duration of exposure to changes in 

normal prolactin secretion, including 95% Wald confidence intervals for EOR. 

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

None 44 reference 44 reference

< 5 years 11 -0.05 0.95 0.91 1.00 0.05 11 -0.16 0.85 0.10 7.41 0.88

5 - 10 years 14 -0.03 0.98 0.94 1.01 0.20 14 0.55 1.73 0.32 9.39 0.53

> 10 years 9 -0.02 0.98 0.94 1.03 0.45 9 -1.39 0.25 0.01 5.33 0.74

N β EOR Lower Upper P-Value N β EOR Lower Upper P-Value

None 44 reference 44 reference

< 5 years 11 -0.002 1.00 0.99 1.01 0.77 11 0.16 1.18 0.86 1.62 0.31

5 - 10 years 14 0.01 1.01 1.00 1.02 0.16 14 0.19 1.21 0.92 1.59 0.17

> 10 years 9 -0.002 1.00 0.99 1.01 0.72 9 0.13 1.14 0.82 1.58 0.43

N β EOR Lower Upper P-Value

None 44 reference

< 5 years 11 0.03 1.03 0.97 1.10 0.31

5 - 10 years 14 0.07 1.07 1.01 1.12 0.01

> 10 years 9 0.06 1.06 1.00 1.12 0.04

95% C.I.

Duration of Exposure to 

Abnormal Prolactin 

Production

Duration of Exposure to 

Abnormal Prolactin 

Production

95% C.I. 95% C.I.

Duration of Exposure to 

Abnormal Prolactin 

Production

Mean Prolactin (ng/ml)

Mean Glucose (ng/ml) Mean Insulin (ng/ml)

95% C.I. 95% C.I.

Mean G:I Ratio (units)  Mean Leptin (ng/ml)
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Discussion 

Hyperprolactinemia is the most common disorder of the hypothalamic-pituitary 

axis in women (Serri et al., 2003; Wang et al., 2012) and it is also occurring in the North 

American African elephant population (Brown and Lehnhardt, 1997; Brown et al.,, 

2004a; Dow and Brown, 2012; Prado-Oviedo et al.,, 2013; Brown et al.,, 2015). 

Currently, over half of acyclic African elephant females are hyperprolactinemic (Brown 

et al.,, 2015). Human and animal studies have found that chronic hyperprolactinemia has 

metabolic and health consequences that can impact an individual’s quality of life (Shibli-

Rahhal and Schlechte, 2009; Yavuz et al., 2003a; Yavuz et al., 2003b). Contrary to our 

hypothesis, we found that hyperprolactinemic elephants had lower mean glucose 

concentrations compared to normal cycling elephants. There were no differences across 

the prolactin groups in mean insulin, leptin, G: I ratio or BCS. Finally, we found a 

positive association between the duration of exposure to abnormal prolactin production 

and mean prolactin concentrations.  

 The metabolic functions of prolactin are perhaps the best illustration of prolactin’s 

pleiotropic role in homeostasis. For example, in adipose tissue prolactin has been found 

to stimulate leptin production (Ben-Jonathan et al.,, 2006; Carre and Binart, 2014) and in 

the pancreas it promotes growth of islets and increases insulin expression and glucose-

stimulated insulin secretion (Freemark et al.,, 2002; Sinha and Sorenson, 1993; Brelje et 

al.,, 2004). In both these tissues prolactin’s actions are likely an adaptive response to 

pregnancy and lactation that preferentially direct glucose to the developing fetus (Barber 

et al.,, 1992; Rieck and Kaestner, 2010). These actions are accompanied by changes in 
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appetite, studies have shown that systemic administration of prolactin induces functional 

leptin resistance and increases food intake in a number of species (Moore et al.,, 1986; 

Gerardo-Gettens et al.,, 1989; Noel and Woodside, 1993; Buntin et al.,, 1999; Woodside, 

2007; Woodside et al.,, 2012). Thus, hyperprolactinemia (not related to pregnancy or 

lactation) could contribute to metabolic disorders.  

 Studies have shown that patients with hyperprolactinemia are prone to excessive 

weight gain (Creemers et al.,, 1991; Doknic et al.,, 2002; Baptista et al.,, 2004), 

hyperinsulinemia and reduced glucose tolerance (Shibli-Rahhal and Schlechte, 2009; 

Yavuz et al., 2003a; Yavuz et al., 2003b). Therefore, we hypothesized the mean glucose 

concentrations and BCS would be higher in hyperprolactinemic elephants. What we 

observed however was that mean glucose concentrations were significantly reduced in 

these elephants with no difference in mean insulin or leptin concentrations. 

Hypoglycemia (low blood glucose levels) is common during the treatment of diabetes 

mellitus due to the exogenous administration of insulin (Budnitz et al., 2011). However, 

spontaneous hypoglycemia in non-diabetic patients is not common and points to an 

undiagnosed condition such as a critical illness (i.e. renal failure, cardiac failure, sepsis) 

(Cryer et al.,, 2009), hormone deficiencies (cortisol and growth hormone) (Cryer et al.,, 

2009; Longo et al.,, 2012), or non-β-cell tumors (Cryer et al.,, 2009; Longo et al.,, 2012; 

Fukuda et al.,, 2006; Tietge et al.,, 1998).   

 A critical illness was not documented at or near the time of blood sampling for any 

of the study elephants; thus this is not a likely cause. Hormone deficiencies due to 

hypopituitarism and primary adrenal insufficiency (Addison’s disease) can cause 
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hypoglycemia in a fasting state. However, in over 20 years of reproductive and health 

monitoring of the North American population we have no found evidence of these 

specific hormone deficiencies (Brown et al.,, 2004a). Additionally, hyperprolactinemic 

elephants in this study were blood sampled without fasting.   Therefore the decreased 

blood glucose levels were observed in a non-fasting state. Several types of mesenchymal 

and epithelial tumors such as hepatomas, gastric tumors or sarcomas can produce a form 

of insulin-like growth factor II that is incompletely processed (Cryer et al.,, 2009; Longo 

et al.,, 2012). This results in hypoglycemia during a fasting state that is complemented by 

suppressed insulin concentrations tumors (Cryer et al.,, 2009; Longo et al.,, 2012; Fukuda 

et al.,, 2006; Tietge et al.,, 1998). However, these tumors are typically large and would 

cause symptoms associated with their size, symptoms that were not reported at the time 

or since the completion of this study (Cryer et al.,, 2009; Longo et al.,, 2012; Fukuda et 

al.,, 2006; Tietge et al.,, 1998). Moreover, insulin concentrations were not suppressed in 

hyperprolactinemic elephants indicating this is not a likely cause for the reduced blood 

glucose levels we observed. We cannot discount the possibility that three blood samples 

used to calculate our hormone means were not sufficient to accurately determine the 

metabolic state of these elephants. Therefore, our next steps will be to assay bi-monthly 

samples for one year from each study elephant so that we may unambiguously establish 

the metabolic status of each individual. 

In elephants, obesity has been proposed to be a problem because of plausible 

associations with conditions threatening health and sustainability of the population, such 

as cardiovascular disease, arthritis and foot problems, and ovarian cycle abnormalities 
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(Morfeld et al.,, 2014 and 2015; Clubb et al.,, 2009; Lewis et al.,, 2010; Taylor and Poole, 

1998; Brown, 2000; Clubb and Mason, 2002). In a recent study Morfeld et al., (2015) 

found that only 22% of elephants had the ideal body condition score (BCS 3). In both 

African and Asian elephants, the majority of elephants were overweight, with 74% in the 

BCS 4 (40%) and BCS 5 (34%) categories (Morfeld et al., 2015). Consequently, a high 

body condition seems prevalent among North American zoo elephants however this study 

suggests that it is not related to hyper prolactin production as there was no correlation 

between BCS and prolactin status.  

Finally, we have determined that the majority of high prolactin elephants had 

been exposed to elevated prolactin concentrations for at least 5 to 10 years and in a 

number of cases (n=5) for over 10 years. On the other hand, the majority of low prolactin 

elephants had experienced decreased prolactin concentrations for less than five years 

(n=8). Additionally, there was a positive association between duration of exposure and 

mean prolactin concentrations, with an increase in the likelihood of having higher 

prolactin concentrations the longer an individual experienced perturbations to normal 

prolactin secretion. These data support the findings of Brown et al., (2015) that found a 

positive relationship between age, ovarian acyclicity and hyperprolactinemia in African 

elephant females. In a recent study we found that birthing even one offspring in their 

lifetime decreased the odds of an elephant developing abnormal ovarian activity and 

prolactin secretion by more than 60% and 80%, respectively (Prado-Oviedo et al.,, 2015). 

Taken together these data indicate that prolonged non-reproductive periods may be 

detrimental to the overall health and wellbeing of these animals. This highlights the need 
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to develop effective treatments, not only to improve fertility of genetically valuable 

females, but to mitigate possible physiological effects of chronic hyper prolactin 

exposure. 

In response to the appropriate physiological state (pregnancy/lactation) 

hyperprolactinemia can be viewed as an adaptive response to ensure that energy stores 

and nutrients are preferentially designated for the growing fetus. Outside of this specific 

physiological state, hyperprolactinemia can cause metabolic hormone disorders and in 

our study it was associated with decreased mean glucose concentrations. If we can 

confirm our observations with a more robust data set, hypoglycemia merits attention and 

treatment as it can be detrimental to the overall health and well-being of the impacted 

individuals.  Regardless of whether or not breeding is a viable option for the affected 

elephant, hyperprolactinemia should be treated due to the implications of abnormal 

production of this broad acting hormone. 
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CHAPTER 5: Understanding the role of neurohormones in hyperprolactinemia of 

African elephants (Loxodonta africana) 

 

 

 

Introduction 

 

The reproductive success of captive African elephants is important as they are an 

integral part of the conservation and education outreach programs at many institutions, 

where they serve as ambassadors for their wild counterparts that are suffering precipitous 

declines (CITES, 2015; Endangered, 2015; IUCN, 2015). Regrettably, zoo elephant 

populations are not self-sustaining and are facing a demographic bottleneck as older 

females age and pass out of the population. It is estimated that six to nine offspring are 

needed annually to maintain the current population size (Faust and Marti, 2011). 

However, in a recent demographic analysis of the North American population, it was 

found that only about 26% of African elephant females currently in the population have 

produced a calf (Prado-Oviedo et al., 2015). A high priority then is to make sure all 

reproductively viable females have an opportunity to breed, either through natural mating 

or the use of artificial insemination (AI) in order to prevent the demographic extinction of 

this important species. 

 The concerns for the population’s sustainability are in large part due to the fact that 

many female elephants of reproductive age have been identified as being acyclic (Brown 

et al., 2000, 2004a, 2015). In a 2012 survey, 58/101 (57%) African elephant females in 

North America were acyclic (Brown et al., 2015). For African elephants this is often 
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associated with abnormal prolactin production, either too high or too low (Prado-Oviedo 

et al., 2013; Brown et al.,, 2015) (Figure 1). Normal ovarian function relies on the cyclic 

production of pituitary and gonadal hormones (Figure 2).  

 

 

 

  

Figure 13. Representative serum prolactin and progestagen profiles of non-cycling 

elephants with abnormally high and low prolactin secretion. 



 
 

146 
 

 

 

 

 

Our laboratory determined that pituitary prolactin levels are increased during the non-

luteal phase of the African elephant estrous cycle, and likely is involved with normal 

follicular development (Brown et al.,, 2004; Prado-Oviedo et al., 2013) (Figure 2), as it is 

in other mammalian species. 

 On the other hand, hyperprolactinemia, or excess production of prolactin, is a 

significant health condition in many species. It also occurs in elephants and was first 

discovered in 1997 (Brown and Lehnhardt), and later confirmed in subsequent studies 

(Brown et al.,, 2004a; Dow and Brown, 2012). Hyperprolactinemia is always associated 

Figure 14. Representative hormone profile of a cycling normal prolactin 

elephant demonstrating the cyclical changes in longitudinal serum progestagens 

(dashed black line) and prolactin (solid black line). 
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with ovarian acyclicity and hypogonadism (Faje and Natchtigall, 2013; Serri et al.,, 2003; 

Zacur, 1999), including in African elephants, although interestingly, hyperprolactinemia 

does not appear to be a problem for captive Asian elephants (Brown et al.,, 2004; Dow 

and Brown, 2012; Prado-Oviedo et al.,, 2013; Brown et al.,, 2015). High prolactin or 

hyperprolactinemia is characterized by chronically elevated prolactin concentrations and 

it is thought to suppress gonadotropins in African elephants as it does in other species. On 

the other hand, low prolactin or hypo prolactin production is thought to be insufficient to 

support normal follicular function (Prado-Oviedo et al.,, 2013) (Figure 2). In the same 

2012 survey 48% (28/58) of acyclic African elephants also had hyperprolactinemia, with 

the remaining elephants falling into the low prolactin category (30/58, 52%) (Brown et 

al., 2015).  

 Prolactin is a polypeptide secreted by the lactotroph cells of the anterior pituitary 

gland (Freeman et al.,, 2000; Grattan and Kokay, 2008). Originally named for its role in 

stimulating milk synthesis, it is now understood to be a pleiotropic neurohormone with 

over 300 neuroendocrine functions such as stimulation of maternal behavior, regulation 

of appetite and body weight, suppression of fertility, control of neurogenesis and glial 

cell function (Freeman et al.,, 2000; Grattan and Kokay, 2008). Additionally, prolactin 

plays a homeostatic role through regulation of the immune system, osmotic balance, 

angiogenesis, and the stress response (Freeman et al.,, 2000; Grattan and Kokay, 2008). 

Since its discovery research has focused on identifying causes and treatments for this 

condition. Several physiological factors known to be associated with hyperprolactinemia-

induced infertility in women were examined (Serri et al.,, 2003), such as increased 
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cortisol secretion and thyroid dysfunction (Brown et al.,, 2004a), hyperandrogenism 

(Mouttham et al.,, 2011), and hyperestrogenism (Prado-Oviedo et al.,, 2013), although no 

such relationships were found in African elephants. More recently, Brown et al., (2015) 

found that female elephants that spent time in a greater number of different social groups 

had higher a greater chance of being hyperprolactinemic. Indicating that for female 

African elephants, not being in a stable social group may be a stressor that elicits an 

increased prolactin response (Brown et al.,, 2015). Indeed, in another study, keepers more 

frequently rated hyperprolactinemic elephants as being those that were sought out by 

other elephants for comfort, more so than their cycling normal prolactin herd mates 

(Prado-Oviedo et al.,, 2013). This could indicate that hyperprolactinemic elephants may 

be over-compensating in order to maintain social bonds with their herd mates at the 

expense of reproduction and could be experiencing social stress (Prado-Oviedo et al.,, 

2013; Freeman et al.,, 2008).  

 Additionally, prolactin has increasingly been implicated as a modulator of body 

composition and body weight, with data suggesting that it regulates enzymes and 

transporters in the breast, adipose tissue and islets (Shibli-Rahhal and Schlechte, 2009). 

Thus, besides the negative effects of prolactin on reproductive function, prolonged 

alteration in prolactin secretion can have significantly negative consequences on overall 

health and quality of life (Shibli-Rahhal and Schlecte, 2009). With that in mind, a recent 

study investigating metabolic hormones found that hyperprolactinemic elephants had 

lower circulating blood glucose levels compared to cycling normal prolactin elephants 

(Prado-Oviedo et al.,, 2013). Therefore, hyperprolactinemic African elephants, which are 
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already experiencing reduced reproductive function, may be similarly susceptible to 

additional long term health consequences as occurs in human patients (Prado-Oviedo et 

al.,, 2013). So, although both hyper and hypo prolactin production are thought to be 

contributing to the low reproductive rates in captivity (Prado-Oviedo et al.,, 2013), 

hyperprolactinemia is of great concern as it may be impacting the overall wellbeing of the 

zoo elephant population in North America.  

 Studies have shown that dopamine concentrations are reduced in patients with 

idiopathic hyperprolactinemia, currently making dopamine agonists the most common 

treatment for this condition (Selmanoff, 1985; Sarkar et al.,, 1984; Faje and Nachtigall, 

2013). In particular, the dopamine agonist, cabergoline, is a common and effective 

treatment for hyperprolactinemia in women (Webster et al.,, 1994; Zacur, 1998; 

Casanueva et al.,, 2006). However, clinical trials in African elephants treated with 

cabergoline did not show similar results (Ball and Brown, 2006; Morfeld et al.,, 2013). 

Prolactin was decreased significantly in all but one of the females, but only during 

treatment. Concentrations rebounded to or exceeded initial levels within weeks of 

treatment withdrawal, and none of the females resumed cycling (Ball and Brown, 2006; 

Morfeld et al.,, 2013). Thus, the question of how prolactin is regulated in elephants and 

whether it is comparable to the mechanisms known for other species remains open. A 

study was therefore warranted to determine the major neurohormones most likely to 

impact prolactin concentrations in this species so that more targeted treatments could be 

developed.  
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 Although prolactin release is mainly influenced by hypothalamic inhibition, 

stimulatory factors also play an important role in fine tuning prolactin secretion in 

response to physiological (i.e., pregnancy, suckling) or environmental changes (i.e., light-

dark cycles, stress) (Lamberts and Macleod, 1990). Evidence suggests that oxytocin, one 

of the oldest neuromodulators in the animal world, may be a major prolactin releasing 

factor (Richard et al.,, 1991; Tabak et al.,, 2010), and aids in stimulation of prolactin 

surges during proestrous or in response to suckling (Richard et al.,, 1991; Tabak et al.,, 

2010). Furthermore, human and animal studies have shown that there is a positive 

feedback mechanism between prolactin and oxytocin; concentrations of oxytocin are 

known to increase in hyperprolactinemia (Sarkar et al.,, 1992; Emiliano and Fudge, 

2004). Serotonin also stimulates prolactin release from hypothalamic neurons that 

emanate from the raphe nucleus, and its actions are mediated via a number of serotonin 

receptors (Jorgensen, 2007). Its stimulatory role is compounded by increasing the release 

of other prolactin releasing factors, such as thyrotropin-releasing hormone and vasoactive 

intestinal peptide (Lamberts and Macleod, 1990). Correspondingly, serotonin 

concentrations are increased in hyperprolactinemic patients and animal models (Emiliano 

and Fudge, 2004; Ferrari et al.,, 1978; Cocchi et al.,, 1978). Although no longer a 

common treatment, serotonin antagonists have been used to reduce prolactin 

concentration in hyperprolactinemic subjects (Emiliano and Fudge, 2004; Ferrari et al.,, 

1978; Cocchi et al.,, 1978). However, the circulating dopamine, oxytocin and serotonin 

concentrations in normal cycling or hyperprolactinemic elephants have never before been 

investigated.  
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 This is due in part to the fact that measurements of these neuromodulators in model 

species are often done centrally (i.e., pituitary portal system, cerebrospinal fluid), but this 

is not feasible in elephants. Peripheral and excreted measurements of these biomarkers, 

however, can be used to assess perturbations of the nervous system (Chekhonin et al.,, 

2000; Marc et al.,, 2011). In Asian elephants, urinary dopamine has been measured using 

high-performance liquid chromatography (HPLC) and was shown to increase near 

ovulation (Dehnhard, 2007). HPLC is impractical for large scale studies using 

longitudinal sampling, so we have developed and validated an immunoassay 

methodology for determination of dopamine, serotonin and oxytocin concentrations in 

female African elephants. Dopamine, oxytocin and serotonin are known modulators of 

prolactin secretion in humans and other species, but no studies have been conducted in 

elephants. In hyperprolactinemic humans and animal models, dopamine secretion is 

reduced while oxytocin and serotonin concentrations are increased. Understanding if they 

play a similar regulatory role in elephants could help us design species specific 

treatments to mitigate the negative consequences of long-term hyperprolactinemia. The 

objective of this study was to describe longitudinal dopamine, serotonin and oxytocin 

secretion in African elephants non-invasively in urine. We hypothesized that secretory 

patterns are altered in hyperprolactinemic elephants as compared to normal cycling 

controls: specifically that dopamine is decreased, and oxytocin and serotonin are 

increased in elephant females which are producing excessive amounts of prolactin.  
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Materials and Methods 

Ethics Statement 

 All data included in this study were sourced from elephant programs at United States 

zoos accredited by the Association of Zoos and Aquariums (AZA). This study was 

authorized by the management at each participating zoo and, where applicable, was 

reviewed and approved by zoo research committees. In addition, approval was obtained 

from the Smithsonian National Zoological Park’s ACUC (#13-36), and has received AZA 

endorsement. 

Assay Validations 

 We validated sample collection procedures and immunoassays for use with African 

elephant urine and serum. Because these compounds rapidly degrade in biological fluids 

after collection, a pilot study was conducted in collaboration with the Maryland Zoo in 

Baltimore to identify an optimal preservation method. Urine and serum were collected for 

one estrous cycle (16 weeks) from a normal cycling African elephant female and treated 

with one of three preservatives: 4mM sodium metabisulfate, 0.6TIU aprotinin and 0.1% 

ascorbic acid (v/v). Results demonstrated that ascorbic acid (Vitamin C) diluted to a final 

concentration of 0.1% (v/v) was the most appropriate preservative for all three 

neurohormones (dopamine, serotonin, and oxytocin).  

To validate each enzyme immunoassay (EIA), we demonstrated parallelism between 

serial dilutions of pooled samples with the standard curves of the three assays. Pools were 

made by combining 200 µl aliquots from all samples. A demonstration of parallelism 

between diluted samples and the standard curve indicates that the sample hormone is 
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immunologically similar to the standard hormone, and can be measured proportionately 

(Figure 3).  

 

 

Figure 15. Parallelism with standard material (solid 

black line) and urinary (solid gray line) and serum 

(dashed gray line) dopamine (a), oxytocin (b) and 

serotonin (c) in pooled samples from one estrous cycle 

of a cycling normal prolactin elephant. 
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We also demonstrated significant recovery (>85% and <115%) of standard material 

added to serum or urine before analysis, showing there was no matrix interference. The 

only exception was serum in the dopamine assay, where we saw no cross-reactivity (Fig. 

3a). Additionally, dopamine, serotonin, oxytocin and prolactin concentrations were 

measured in the 16 weekly samples. Similar to findings in other species (Emiliano and 

Fudge, 2004; Freeman et al.,, 2000; Lamberts and Macleod, 1990; Zacur, 199), a negative 

correlation was found between urinary dopamine and serum prolactin concentrations (r2 = 

-0.38, p = 0.01), and positive correlations were found between urinary serotonin and 

serum prolactin concentrations (r2 = 0.33, p = 0.02) and serum oxytocin and serum 

prolactin concentrations (r2 = 0.89, p = 0.02). Thus, preliminary data indicated these 

immunoassays measure biologically relevant analytes, and that these neurohormones may 

function in prolactin control in elephants similar to that in other species, including 

humans. Urine preserved with 0.1 % ascorbic acid (v/v) was used to determine 

longitudinal hormone concentrations of these neurohormones for all study animals.  

Study Animals and Sample Collection 

 Matched blood serum and preserved urine samples (approx. 3 ml each) were 

collected weekly for 8 months from 18 female elephants at 11 participating zoos: 

Caldwell Zoo, Cleveland Zoo, Hogle Zoo, Lee Richardson Zoo, and Maryland Zoo in 

Baltimore, Nashville Zoo, Riverbanks Zoos, Seneca Park Zoo, and Sedgwick Zoo. An 

overview of the study population is provided in Table 1.
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 Blood was drawn from either the caudal aspect of the ear or from the saphenous vein 

in the leg. All elephants were conditioned to the blood sampling procedure, which was 

part of the weekly management routine. Blood was maintained at -4⁰C and centrifuged at 

the facility within an hour of collection, and stored frozen at -20⁰C or colder. The 

participating facilities were sent urine storage polystyrene tubes (5 ml, 75 x 12 mm, 

Sarstedt AG & Co.) prefilled with 250µl of 1% ascorbic acid and stored at the facility at -

4⁰C until use or up to 1 year. Weekly urine was collected either free catch or off the 

enclosure floor using a syringe immediately after urination. Zoos were asked to fill the 

urine storage tube containing the chilled preservative to the 2.5ml line marked on the 

tube, bringing the final dilution of the preservative to 0.1% (v/v). Preserved urine samples 

were frozen within one hour of collection and stored at -20⁰C or colder. Samples were 

shipped on dry ice to the SCBI and stored at -20⁰C until analysis. In total there were 580 

match serum and preserved urine samples from 18 elephants.  

Table 23. Summary of population demographics including number of elephants (N) 

and age distributions (mean, SEM, minimum and maximum) by cyclicity and prolactin 

status. 

Cyclicity Status Prolactin Status N Mean Std. Error of Mean Minimum Maximum

High 5 37.89 2.79 31.10 44.51

Low 9 37.15 1.27 30.00 42.33

All Study Population Total 18 36.59 1.17 27.59 44.51

Non-cycling

Cycling

Age

Normal 4 33.43 3.37 27.59 43.14
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Hormone Analyses 

 A double-antibody enzyme-immunoassay (EIA) was utilized to measure serum 

progestagens. In brief, a secondary goat anti-mouse antibody (Cat. No. A008, Arbor 

Assays, Ann Arbor, MI) was diluted (10 µg/ml) in coating buffer (Cat. No. X108, 20X, 

Arbor Assays, Ann Arbor, MI) and added to each well (150 µl) of a 96-well microtiter 

plate (Cat. No. 07-200-39, Fisher Scientific, Pittsburgh, PA) followed by incubation at 

room temperature (RT) for 15-24 hours. The contents of the wells were emptied, the 

plates were then blotted dry and blocking solution (Cat. No. X109, 10X, Arbor Assays, 

Ann Arbor, MI) was added to each well (250 µl) and incubated for 15-24 hours at RT. 

Following incubation, the contents of the wells were emptied; the plates were then blotted 

and dried at RT in a Dry Keeper (Sanplatecorp. Osaka, Japan) with loose desiccant in the 

bottom.  After drying (humidity <20%), plates were heat sealed in a foil bag with a 1 

gram desiccant packet and stored at 4°C until use.  

An anti-progesterone monoclonal primary antibody (CL425; C. J. Munro, UC 

Davis, CA) and progesterone-3CMO-horseradish peroxidase (HRP) were used to 

measure progestagen concentrations in the serum samples. Before use, a pre-coated goat 

anti-mouse IgG plate was allowed to come to room temperature (~30min). The CL425 

antibody (Ab) and HRP were diluted in assay buffer (Cat. No. X065, 5X, Arbor Assays, 

Ann Arbor, MI) to 1:50,000 and 1:110,000, respectively and kept at 4⁰C until use. 50 µl 

of standards (Steraloids, Inc., Newport, Rhode Island), internal controls and neat samples 

were added per well in duplicate. Immediately followed by addition of 25 µl of HRP to 

all wells and followed immediately by addition of 25 µl of Ab per well (except for the 



 
 

157 
 

non-specific binding wells where Ab was omitted). The assays were allowed to incubate 

at RT for 2 hours with shaking (500 rpm), before being washed 5 times with wash 

solution (Cat. No. X007, 20X, Arbor Assays, Ann Arbor, MI) and blotted dry. Followed 

immediately by the addition of 100 µl of a high kinetic tetramethylbenzidine (TMB) (2.5 

mmol/L, Prod. No. TMB-HK, Moss, Inc.) as a chromagen substrate to all the wells. The 

assays were covered and incubated at RT without shaking for 30 minutes. After 30 

minutes 50 µl of Stop solution (1 N HCL) was added to all the wells and the assays were 

read immediately at 450nm. The assay sensitivity was 0.02 ng/ml, intra-assay and inter-

assay coefficients of variation were <10% (20 assays).  

 Highly purified ovine prolactin (NIDDK-oPRL) was iodinated using chloramine-T, 

and followed the same procedures described in (Brown and Lehnhardt, 1997). Serum 

prolactin was measured by heterologous RIA validated for elephants (Brown and 

Lehnhardt, 1995, 1997), which uses an anti-human prolactin antisera (NIDDKanti-hPRL-

3) and ovine prolactin label and standards (NIDDKoPRL-I-2). All assays were conducted 

using a phosphate-buffered saline (PBS)-bovine serum albumin (BSA) buffer system 

(0.01 M PO4, 0.5% BSA, 2 mM ethylenediaminetetraacetic acid (EDTA), 0.9% NaCl, 

and 0.01% thimerosal, pH 7.6), with the exception of the goat anti-rabbit second antibody 

where BSA was omitted. The assay sensitivity (based on 90% maximum binding) was 

0.16 ng/ml. Serum samples exceeding the top standard of 80 ng/ ml, were diluted 1:5 and 

analyzed again. Intra-assay and inter-assay coefficients of variation were <10% (22 

assays). 
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 The EIAs for dopamine (Dopamine Research ELISATM BA E-5300, Rocky 

Mountain Diagnostics, Inc.), oxytocin (Oxytocin ELISA, ADI-901-153, Enzo Life 

Sciences) and serotonin (Serotonin Research ELISATM BA E-5900, Rocky Mountain 

Diagnostics, Inc.) were developed for use with a variety of sample types (cerebrospinal 

fluid, serum, urine, milk, saliva) and validated for multiple species (humans, rodents, 

non-human primates, etc., per company literature) and now African elephants. Samples 

were analyzed following company instructions. Preserved urine samples were diluted 

between 1:8 and 1: 32 for dopamine; 1:4 and 1: 16 for oxytocin; and 1:375 and 1:1500 

for serotonin. The complete sample set for each study elephant (32 samples/elephant) was 

analyzed on each kit on the same day in order to minimize freeze thaw cycles on the 

samples.  The assay sensitivities (based on 90% maximum bindings) were 0.50 ng/ml, 

15.60 pg/ml and 0.02 ng/ml for dopamine, oxytocin and serotonin, respectively. The 

inter-assay coefficients of variation were <10% for each neurohormone (22 assays).  

Urine was analyzed for creatinine (CRT) using a colorimetric assay to account for 

individual fluid volume differences. Samples were diluted between 1:10 and 1:40 with 

dilution buffer (0.2M NaH2PO4, 0.2M Na2HPO4, 0.2M NaCl, pH 7.0), and 100 µl were 

analyzed in duplicate 96-well flat bottom microtiter plates. A 1:1 alkaline picrate reagent 

(100 µl 0.04M picric acid: 0.75N NaOH) was added to all samples and standards (Sigma 

Chemical Co., St. Louis, MO), and incubated for 30 minutes at room temperature. 

Absorption was read at 490 nm. Results were expressed as mass of steroid/mg CRT. 
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Determination of Cyclicity and Prolactin Status 

 Ovarian cyclicity status was based on individual serum progestagen profiles; females 

who exhibited progestagen concentrations of <0.1ng/ml for at least a 1-year period before 

study onset were considered non-cycling (n=14), while those whose progestagens showed 

normal cyclic patterns were categorized as cycling normal prolactin elephants (n=4) 

(Brown et al.,, 2004a). Acyclic females were further categorized into two prolactin 

groups: (1) non-cycling with high prolactin concentrations (≥18 ng/ml; n = 5); and (2) 

non-cycling with low prolactin concentrations (< 18 ng/ml; n=9) that would serve as 

negative controls.  

Statistical Analyses 

Hormone data are presented as the mean ± SEM. For urinary dopamine (DOPA), 

oxytocin (OXY) and serotonin (SERT), peak and baseline concentrations were 

determined for each individual by an iterative process where high values were excluded if 

they exceeded the mean plus 1.5 standard deviations (Clifton and Steiner, 1983; Brown et 

al.,, 1996 and 1999). The highest concentration within a group of elevated samples was 

considered a peak, and baseline values were those remaining after all high values had 

been excluded (Clifton and Steiner, 1983; Brown et al.,, 1996 and 1999). To determine if 

there were differences associated with hyperprolactinemia, differences in neurohormone 

concentrations (overall, baseline and peak means) across the groups (i.e., cycling: normal 

prolactin, non-cycling: low prolactin and high prolactin) were determined using a 

multivariate generalized linear model followed by an LSD post-hoc test. Neurohormone 

data were log transformed on the natural scale to meet the model assumptions. No 
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outliers significantly affected the results or assumptions so the full log transformed data 

set was used.    

Results 

Age did not differ across the study groups or impact ovarian cyclicity or prolactin 

status. For cycling females (Figure 2), the average length of the estrous cycle was 105.5 ± 

3.8 days (range 69-149 days), with a luteal phase length of 67.5 ± 3.6 days (range 38-117 

days) and a follicular phase of 40.0 ± 3.1 days (range 13-85 days). Prolactin secretion 

was variable with no distinguishable pattern in the low and high prolactin groups. 

Concentrations in the low prolactin group remained at relatively stable baseline levels 

(Figure 1), but differed from the clear temporal profile observed in cycling females, 

where elevations were observed during the follicular phase (Figure 2).  

Table 2 shows a summary of the results. Overall mean prolactin values differed 

among the study groups (p < 0.05), with overall concentrations in the high prolactin non-

cycling elephants being more than triple those of normal cycling females. Overall 

prolactin concentrations were significantly different between the low and high prolactin 

groups, with concentrations more than six times higher in the high prolactin group. 

Baseline values differed among the study groups, with concentrations in the non-cycling 

hyperprolactinemic elephants being more than four times those of normal cycling 

elephants and more than six times those of low prolactin elephants. While the 

concentrations of non-cycling low prolactin group were not different from those of 

normal cycling elephants (p = 0.142). Peak values also differed among the study groups, 

with concentrations in the non-cycling high prolactin group being about five times those 
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in normal and low prolactin groups. Two elephants exhibited prolactin concentrations 

exceeding 100 ng/ml, with the highest concentration measured at 150 ng/ml.



 
 

 
 

1
6
2
 

 Table 24. Summary of hormone concentrations for the study population (n=18) by prolactin status. Data include the number of elephants that 

were included in each variable (n), and overall, baseline and peak mean including, SEM, minimum and maximum, for serum prolactin (ng/ml), and 

urinary dopamine (ng/mg CRT), oxytocin (pg/mg CRT) and serotonin (ng/mg CRT). 

 

Mean SEM Min Max Mean SEM Min Max Mean SEM Min Max

9.51
b

5.60 3.69 26.31 6.48
b

4.08 1.81 18.71 13.05
b

6.53 6.32 32.64

35.13
a

15.84 18.40 98.44 30.68
a

14.70 12.61 89.26 50.82
a

19.14 29.65 127.31

5.62
b

0.87 2.16 9.60 4.45
b

0.79 1.29 7.70 9.45
b

1.44 3.15 17.17

Mean SEM Min Max Mean SEM Min Max Mean SEM Min Max

16.79
b

3.59 11.81 27.29 10.01
a,b

3.96 3.27 20.61 29.80
a,b

7.07 17.77 49.83

37.70
a

10.26 18.52 65.23 23.56
a

10.82 2.03 50.35 65.79
a

22.11 24.70 128.46

14.72
b

1.54 6.81 21.61 4.84
b

1.73 0.66 16.01 25.28
b

3.71 8.98 42.08

Mean SEM Min Max Mean SEM Min Max Mean SEM Min Max

813.92
a,b

33.69 736.42 87.56 708.19
a,b

34.88 605.68 761.45 1508.25
a

295.44 1021.22 2366.30

1070.87
a

196.01 718.76 1626.40 979.42
a

206.47 682.51 1587.22 1646.35
a

306.16 914.55 2410.15

764.48
b

48.46 585.73 979.81 588.10
b

57.28 381.14 891.25 1374.59
a

171.92 975.81 2641.55

Mean SEM Min Max Mean SEM Min Max Mean SEM Min Max

240.09
a

62.32 135.69 251.45 159.67
a,b

34.70 84.99 251.45 374.23
a

131.82 165.65 760.38

256.51
a

68.68 173.24 461.56 225.01
a

68.06 139.61 428.32 397.73
a

97.03 232.09 661.03

137.19
b

9.65 83.23 142.65 103.01
b

8.37 63.81 142.64 247.40
a

29.46 156.07 442.11Low Prolactin (n=9)

High Prolactin (n=5)

Normal Prolacin (n=4)

Serotonin (ng/mg Crt)

Normal Prolacin (n=4)

High Prolactin (n=5)

Low Prolactin (n=9)

Baseline Peak

Low Prolactin (n=9)

Overall Baseline Peak

a,b
 indicated significant differences between groups (p<0.05)

Normal Prolacin (n=4)

High Prolactin (n=5)

Low Prolactin (n=9)

Prolactin (ng/ml)

Baseline PeakOverall

High Prolactin (n=5)

Dopamine (ng/mg Crt)

Overall Baseline Peak

Normal Prolacin (n=4)

Oxytocin (pg/mg Crt)

Overall
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Urinary Dopamine 

Figure 4 illustrates secretory profiles of urinary DOPA for representative non-

cycling females categorized as low or high prolactin elephants. Secretion was variable 

with no distinguishable pattern and occasionally reached baseline in the low prolactin 

group that did not differ significantly from cycling normal prolactin elephants (p=0.21). 

Concentrations in non-cycling low prolactin elephants differed from cycling normal 

prolactin females that showed a clear elevation in concentrations during the luteal phase 

when prolactin concentrations were at their lowest point (Figure 5). Urinary DOPA was 

negatively correlated with serum PRL concentrations in all cycling normal prolactin 

elephants (n=4).  

Hyperprolactinemic elephants had overall urinary DOPA concentrations that were 

more than twice those found in normal and low prolactin elephants (Table 2). Baseline 

urinary DOPA concentrations in hyperprolactinemic elephants were almost five times 

higher than those observed in the low prolactin group, but were not different from cycling 

normal prolactin elephants (p=0.48). High prolactin elephants had significant higher peak 

mean concentrations that were more than twice those concentrations found in low 

prolactin elephants, and were nearly significantly different to those found in the cycling 

normal prolactin group (p=0.08).  
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Figure 16. Longitudinal urinary dopamine profiles of two African elephants 

exhibiting abnormal ovarian cycles based on serum progestagen analyses. 

Longitudinal urinary dopamine profiles, based on weekly sampling, of two non-cycling 

elephants: low prolactin (<18 ng/ml) and hyperprolactinemia (≥18 ng/ml). 
 

Figure 17. Serum prolactin and urinary dopamine profile of a normal cycling 

elephant. Prolactin and urinary DOPA profile, based on weekly sampling, of a cycling 

normal prolactin elephant. Increases in serum prolactin were observed during the 

follicular phase of the estrous cycle. Increases in urinary DOPA were observed during 

the luteal phase of the estrous cycle.  
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Urinary Oxytocin 

 Figure 6 illustrates secretory profiles of urinary OXY for representative non-

cycling females categorized as low or high prolactin elephants. There was no 

distinguishable pattern and occasionally reached baseline in the low prolactin group that 

did not differ significantly from cycling normal prolactin elephants (p=0.57). Baseline 

(p=0.21) and peak (p=0.67) mean concentrations did not differ between the low and 

normal prolactin groups. Concentrations in non-cycling low prolactin elephants differed 

from cycling normal prolactin females that showed a clear elevation in concentrations 

during the follicular phase when prolactin concentrations were at their highest point 

(Figure 7). Urinary OXY was positively correlated with serum PRL concentrations in all 

cycling normal prolactin elephants (n=4).  

Hyperprolactinemic elephants had overall mean concentrations that were 1.3 

times higher compared to concentrations found in low prolactin elephants (Table 2). High 

prolactin elephants also had baseline mean concentrations that were 1.6 times higher than 

concentrations observed in the low prolactin group (Table 2). There was no difference 

between high and cycling normal prolactin elephants in overall (p=0.15), baseline (0.19) 

or peak (0.74) concentrations. 
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Figure 18. Longitudinal urinary oxytocin profiles of two African elephants 

exhibiting abnormal ovarian cycles based on serum progestagen analyses. 

Longitudinal urinary oxytocin profiles, based on weekly sampling, of two non-cycling 

elephants: low prolactin (<18 ng/ml) and hyperprolactinemia (≥18 ng/ml). 
 

Figure 19. Serum prolactin and urinary oxytocin profile of a normal cycling 

elephant. Prolactin and urinary OXY profile, based on weekly sampling, of a cycling 

normal prolactin elephant. Increases in serum prolactin were observed during the 

follicular phase of the estrous cycle. Increases in urinary OXY were also observed 

during the follicular phase of the estrous cycle.  
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Urinary Serotonin 

Figure 8 illustrates secretory profiles of urinary SERT for representative non-

cycling females categorized as low or high prolactin elephants. Secretion was less 

variable with no distinguishable pattern and was at baseline in the low prolactin group 

that differed significantly from cycling normal prolactin elephants, with overall mean 

concentrations being about half those found in normal cycling elephants (Table 2). 

Concentrations in non-cycling low prolactin elephants also differed from cycling normal 

prolactin females that showed a clear elevation in concentrations during the follicular 

phase when prolactin concentrations were at their highest point (Figure 9). Urinary SERT 

was positively correlated with serum PRL concentrations in all cycling normal prolactin 

elephants (n=4).  

Hyperprolactinemic elephants had overall mean urinary SERT concentrations that 

were about twice those found in low prolactin elephants (Table 2) but did not differ 

significantly from cycling normal prolactin elephants (p=0.79) . Baseline urinary SERT 

concentrations in hyperprolactinemic elephants were more than twice those observed in 

the low prolactin group, but were not different from cycling normal prolactin elephants 

(p=0.26).  There were no differences in peak mean concentrations between the high and 

low (p=0.12) prolactin groups or the high and normal (p=0.66) prolactin groups.  
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Figure 21. Serum prolactin and urinary dopamine profile of a normal cycling 

elephant. Prolactin and urinary SERT profile, based on weekly sampling, of a cycling 

normal prolactin elephant. Increases in serum prolactin were observed during the 

follicular phase of the estrous cycle. Increases in urinary SERT were also observed 

during the follicular phase of the estrous cycle.  

 

Figure 20. Longitudinal urinary serotonin profiles of two African elephants 

exhibiting abnormal ovarian cycles based on serum progestagen analyses. 

Longitudinal urinary serotonin profiles, based on weekly sampling, of two non-cycling 

elephants: low prolactin (<18 ng/ml) and hyperprolactinemia (≥18 ng/ml). 
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Discussion 

 Hyperprolactinemia is currently impacting approximately 28% of the North 

American captive African elephant population (Brown et al.,, 2015). Recent studies 

indicate that the prevalence of this condition in the population may be in response to 

social stress (Brown et al.,, 2015; Prado-Oviedo et al.,, 2013), as it commonly is in other 

species (Sobrinho et al.,, 1984; Sobrinho, 2003; Sonino et al.,, 2004; Torner et al.,, 2001 

and 2002). Additionally, hyperprolactinemic elephants may be experiencing perturbations 

in their glucose metabolism that could negatively impact their overall wellbeing (Prado-

Oviedo et al.,, 2013). Currently, there are no proven treatments for this condition in 

African elephants that could return genetically valuable females to the breeding pool 

(Ball and Brown, 2006; Morfeld et al.,, 2013) or mitigate the long term health effects of 

hyperprolactinemia. This is the first study to investigate the possible role of 

neurohormones in the etiology of this condition and we found in cycling normal prolactin 

elephants that urinary dopamine was negatively correlated, while urinary oxytocin and 

serotonin were positively correlated, with serum prolactin concentrations. All of this 

indicates that these neurohormones may function in prolactin control in elephants similar 

to that in other species, including humans (Freeman et al.,, 2000).  Both oxytocin and 

serotonin have been found to be elevated in hyperprolactinemic human patients, and we 

found similar results in the high prolactin elephants in this study. Thus, we propose that 

stimulatory factors may play a role in the observed hyperprolactinemia in this population. 

Interestingly, we found that rather than being reduced as we hypothesized, urinary 

dopamine was elevated in hyperprolactinemic elephants compared to normal and low 
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prolactin groups. Despite its apparent lack of regulatory control over prolactin, this new 

evidence suggests that dopamine synthesis and secretion are not impaired in these 

elephants and perhaps is augmented.  

Lactotrophs are unique among anterior pituitary cell populations in that they 

spontaneously secrete their hormone product, so in the absence of inhibitory signals 

prolactin is secreted at a high rate (Freeman et al., 2000; Lamberts and Macleod, 1990). 

Prolactin secretion is predominantly under inhibitory control via the hypothalamic 

tuberoinfundibular system (TIDA) (Freeman et al., 2000; Lamberts and Macleod, 1990). 

Dopamine, a highly conserved monoamine, is a powerful and the primary inhibitor of 

prolactin release (Freeman et al., 2000; Lamberts and Macleod, 1990). Once bound to its 

receptor, dopamine is internalized by the lactotroph (Freeman et al., 2000; Lamberts and 

Macleod, 1990), where it is believed to either increase enzymatic degradation of prolactin 

within secretory granules, or act via autocrine-mediated mechanisms to decrease 

prolactin synthesis and storage when prolactin is released in conjunction with dopamine 

(Freeman et al., 2000; Lamberts and Macleod, 1990). Indeed, we observed that urinary 

dopamine concentrations were negatively correlated with serum prolactin concentrations 

in our normal cycling, prolactin, elephants, suggesting that this neurohormone may play a 

similar role in prolactin regulation in African elephants. Any lesion interfering with 

dopamine synthesis or release can increase prolactin secretion significantly, quickly and 

for prolonged periods of time (Zacur, 1998). We therefore had hypothesized the urinary 

dopamine concentrations in hyperprolactinemic elephants would be reduced compared to 

low prolactin or cycling normal prolactin elephants. The fact that we found elevated 
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dopamine concentrations in hyperprolactinemic elephants indicates that dopamine 

synthesis and release are most likely not impaired in these animals. Alternatively, it is 

possible that dopamine’s action is being interfered with either as a result of reduced 

dopamine sensitivity, or as a result of vasculature isolation that prevents dopamine from 

reaching the lactotrophs (Melmed, 2003; Schuff et al., 2002) resulting in the observed 

increase in circulating prolactin concentrations.  

Prolactinomas are the most common type of pituitary tumor, and they are 

associated with amenorrhea, galactorrhea, and hypogonadism (Melmed, 2003). 

Prolactinomas retain intact trophic control, so they may develop in an environment with 

reduced dopamine sensitivity or vasculature isolation (Melmed, 2003; Schuff et al., 

2002). We do not have data on the incidence of prolactin-secreting tumors in African 

elephants, as pituitary histopathology is rarely performed at necropsy; however it seems 

this may be a possibility especially given the fact that hypeprolactinemia in elephants is 

also associated with hypogonadism (Prado-Oviedo et al.,, 2013). Pseudoprolactinomas 

are lesions or non-prolactin secreting adenomas that cause obstruction or interfere with 

the portal vasculature, thereby preventing dopamine from acting on lactotrophs 

(Grossman et al., 1985). This can cause normal pituitary lactotrophs to secrete excess 

prolactin mimicking a prolactinoma (Grossman et al., 1985). Microadenomas are 

suspected when symptoms include amennorhea and galactorrhea (Aron et al., 1985; Yuen 

et al., 1992). Conversely, macroadenomas can often result in visual disturbances, severe 

headaches, and nerve palsies (Martin et al., 1983), none of which are known to occur in 

elephants. Hypopituitarism is usually secondary to damage caused to normal pituitary 
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cells, as is hypogonadism by mechanical damage to the gonadotropin secreting cells or by 

interfering with the delivery of GnRH (Freeman et al., 2000; Martin et al., 1983). Given 

that basal LH and FSH concentrations are normal in hyperprolactinemic elephants, it 

does not appear that hypopituitarism is a major problem in acyclic elephants (Brown et 

al., 2004a). 

 Stress can impact prolactin secretion by increasing the synthesis, secretion and 

responsiveness of the organism to prolactin (Sobrinho et al.,, 1984; Sobrinho, 2003; 

Sonino et al.,, 2004; Torner et al.,, 2001 and 2002). Human studies have shown that 

stressors such as, social conflict and even academic stress increase the secretion of 

prolactin (Sobrinho et al.,, 1984; Sobrinho, 2003; Sonino et al.,, 2004). It is thought that 

dopamine may be involved in releasing prolactin from inhibition because stressors can up 

– regulate releasing factors that contend with dopamine’s inhibitory action (Calogero et 

al.,, 1998). This in turn interferes with the negative feedback loop characteristic of 

dopamine’s control over prolactin, resulting in elevated prolactin concentrations in the 

face of normal or elevated dopamine secretion (Calogero et al.,, 1998; Zacur, 1998; 

Freeman et al.,, 2000). Considering that both urinary oxytocin and serotonin were found 

to be elevated in the hyperprolactinemic elephants this may be occurring in the North 

American elephant population. Additionally, both urinary oxytocin and serotonin were 

positively correlated with serum prolactin concentrations in our cycling normal prolactin 

group. Suggesting that these neurohormones play a similar stimulatory role in prolactin 

secretion as they do in other species, including humans (Richard et al.,, 1991; Tabak et 
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al.,, 2010; Emiliano and Fudge, 2004; Ferrari et al.,, 1978; Cocchi et al.,, 1978; Sarkar et 

al.,, 1992; Lamberts and Macleod, 1990). 

 Oxytocin is different from most other stimulatory factors in that it appears to exert its 

effects directly at the level of lactotrophs (Richard et al., 1991; Tabak et al., 2010). 

Hypothalamic oxytocinergic neurons terminate in the posterior pituitary and external 

zone of the median eminence, and once released oxytocin is transported via portal vessels 

to the anterior pituitary where it binds to receptors found on lactotroph cells, inducing a 

release of prolactin stores (Richard et al., 1991; Tabak et al., 2010). Additionally, 

oxytocin is involved in complex behaviors such as social recognition, pair bonding, 

anxiety and maternal behaviors (Richard et al., 1991; Tabak et al., 2010). Therefore, it 

acts as a neuromodulator that induces or controls many physiological and behavioral 

effects (Richard et al., 1991; Tabak et al., 2010). Given the recent findings that 

hypeprolactinemia is associated with an exposure to an increased number of social groups 

(Brown et al.,, 2015), an increased exposure to herd mates leaving and a peace keeping 

temperament (Prado-Oviedo et al.,, 2015), it is possible that the observed increases in 

urinary oxytocin and resulting hyperprolactinemia is due to behavioral compensations to 

social stressors.  

Because prolactin is spontaneously secreted, most other stimulatory factors do not 

act directly on lactotrophs as oxytocin does, but rather act indirectly at the level of the 

hypothalamus and the TIDA system. Serotonin stimulates prolactin release from 

hypothalamic neurons that emanate from the raphe nucleus, and its actions are mediated 

via a number of serotonin receptors (Jorgensen, 2007). Serotonin appears to require an 



 
 

174 
 

intact neurointermediate pituitary lobe to exert its stimulatory effects on prolactin, and its 

stimulatory role is compounded by increasing the release of other stimulatory factors 

(Lamberts and Macleod, 1990). Correspondingly, serotonin concentrations are increased 

in hyperprolactinemic patients and animal models (Emiliano and Fudge, 2004; Ferrari et 

al.,, 1978; Cocchi et al.,, 1978). This highly conserved system is also involved in the 

increase in prolactin secretion observed during a stress response in a number of species 

(Chaouloff et al.,, 1999; Jorgensen, 2007). Elevated prolactin in elephants has not been 

linked to stress through the hypothalamo-pituitary-adrenal (HPA) axis, as cortisol 

secretion is unaltered in hyperprolactinemic elephants (Brown et al., 2004a). However, it 

would appear that potentially the same serotonin response system found in other species 

is involved in the observed hyperprolactinemia in African elephants. Although no longer 

a common treatment, serotonin antagonists have been shown to reduce prolactin 

concentration in hyperprolactinemic subjects (Emiliano and Fudge, 2004; Ferrari et al.,, 

1978; Cocchi et al.,, 1978) and could provide an avenue for targeted treatments to treat 

this condition in African elephants.  

This was the first study to investigate neurohormone concentrations in both cycling 

and non-cycling African elephants with prolactin perturbations. We were able to 

demonstrate that secretory patterns of these neurohormones in cycling normal prolactin 

elephants were similar to those found in other species. Together with the data from the 

cabergoline clinical trials this suggests that dopamine, oxytocin and serotonin may be 

involved in prolactin regulation in African elephants. Dopamine concentrations were 

increased in hyperprolactinemic elephants indicating that dopamine synthesis and release 
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are not impaired in these individuals. It is possible then that the underlying etiology is 

interfering with dopamine’s regulatory control of prolactin resulting in elevated 

circulating prolactin and dopamine concentrations. Although there are several possible 

causes including prolactinomas, recent studies indicate that the increased prolactin 

production observed in the North American population may be in response to social 

stress (Brown et al.,, 2015; Prado-Oviedo et al.,, 2015). Without mitigating the 

underlying cause recovery from this pituitary disorder and resumption of ovarian 

cyclicity is unlikely and may require long-term treatment with medication. Clinical trials 

with cabergoline, a dopamine agonist, lowered prolactin concentrations but no females 

resumed cycling (Ball and Brown, 2006; Morfeld et al.,, 2013). Prolactin stimulatory 

hormones, oxytocin and serotonin, were both elevated in hyperprolactinemic elephants. 

Serotonin antagonists have been used to successfully treat this condition in humans and 

may provide a new avenue of treatment options in this species. However, treatment 

without addressing the underlying etiology could be counter-productive. Given the role of 

hyperprolactinemic elephants as peace keepers in their herd, altering their hormonal 

status and potentially their behavior without addressing their social needs could be 

detrimental to their overall welfare. Therefore, future treatments should include 

addressing the social needs and requirements of this highly intelligent species in order to 

ameliorate any possible social stress, if present. 
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