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Abstract  

This literary review is focused on how conservation breeding programs may influence an animal’s 

behaviour and communication and if this may affect reintroduction. The expansion of the human 

population is an increasing threat to all wild animals and their habitats. Animals are forced to survive 

in smaller areas and the worst case scenario is extinction. Animals communicate with each other 

using various types of signals to transmit information about their reproductive status, intentions, 

identity and their state of mind. Sexual selection can benefit these traits which improves the 

reproductive success in animals. In male species sexual dimorphisms have evolved to enhance a 

greater reproductive success, whilst secondary sexual characteristics are described as an exaggerated 

feature which improves success in the forms of body size, skin colour and weaponry. Zoos are being 

encouraged to conserve endangered species with the hope of a possible reintroduction to their 

native environment and it is therefore essential that zoo managers have an understanding of the 

species specific behaviour in order to achieve a higher reproductive success. The breeding of 

endangered animals in captivity provides a healthy population growth and a higher survival rate than 

that of their wild conspecifics. Negative impacts that can occur in captive breeding include a 

reduction in genetic diversity, domestication, inbreeding and a loss of fitness. When provided with 

enclosures that are designed to resemble their natural environment, thus allowing them to perform 

natural behaviours, there is a decrease in stereotypes and stress. Environmental enrichment can also 

provide the essential skills that are needed for their survival when reintroduced into their native 

habitat. I discovered that when provided with the appropriate management and enclosures animals 

showed a decrease in abnormal behaviour and an increase in fitness and health which influenced 

reproductive success.  

Den här litteraturstudien är fokuserad på hur bevarandeavelsprogram påverkar ett djurs beteende 

och dess kommunikation och om de kan påverka återintroduktion. Befolkningsökningen är ett 

växande hot mot alla vilda djur och deras livsmiljöer. Detta medför att de tvingas överleva på mindre 

områden och det värsta tänkbara scenariot är utrotning. Djur kommunicerar med varandra med hjälp 

av olika typer av signaler för att förmedla information om deras reproduktiva tillstånd, avsikter, 

identitet och sinnestillstånd. Sexuell selektion kan gynna de egenskaper som medför en ökad 

reproduktion hos djur. Hos hanar har könsdimorfism utvecklats för att förbättra 

reproduktionsframgång, medan sekundära könskaraktärer beskrivs som en överdriven funktion som 

förbättrar framgången i form av kroppsstorlek, hudfärg and vapen. Djurparker uppmuntras att 

bevara hotade arter med hopp om en eventuell återintroduktion till sitt naturliga habitat, och det är 

därför viktigt att det finns en förståelse för artens specifika beteende i syfte att uppnå en högre 

reproduktiv framgång. Aveln av utrotningshotade djur i fångenskap medför en välmående 

populationstillväxt och en större överlevnad jämfört med sina vilda artfränder. Negativa effekter som 

kan uppstå i bevarandeavel är en minskning av den genetiska mångfalden, domesticering, inavel och 

en nedgång i fitness. När djur förses med inhägnader som är utformade att likna deras naturliga 

miljö, vilket tillåter dem att utföra naturliga beteenden, sker det en minskning i stereotyper och 

stress. Miljöberikning kan även förse djuren med de väsentliga färdigheter som krävs för överlevnad 

när de återintroduceras till deras naturliga habitat. Jag upptäckte att när djuren var försedda med en 

lämplig skötsel och inhägnad visades en minskning i avvikandebeteende och en ökning av fitness och 

hälsa vilket påverkade den reproduktiva framgången. 
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1. Introduction 
 

The expanding human population demands ever more land and recourses, this means that many wild 

animals and plants are being driven to exist in smaller areas due to man´s increasing demands on 

arable land, pastures, etc.  Many wild animals find it increasingly difficult to survive because their 

natural habitat is destroyed and for some species the captive population is larger than that in the 

wild, while other species exist only in captivity. It is therefore imperative that the zoos develop the 

skills, technologies, and knowledge by which to sustain healthy, breeding captive populations 

(Shepherdson, 1998).  According to Mason (2010) there are approximately 26 billion animals, 

spanning over 10,000 species, kept on farms, zoos, conservation breeding centres, research 

laboratories and households. Their daily life is affected by physical and biological factors such as 

social and special restrictions, the presence of other species, including humans, and also the 

availability of appropriate stimuli for the development and expression of natural behaviours (Kleiman 

et al., 1996; Hosey, 2005). Captive animals are often healthier, have a longer life span and reproduce 

more successfully than their wildconspecifics because they usually receive ample food and water, 

veterinary care and protection from predation and conflict (Mason, 2010; Kleiman et al., 1996). 

Animals communicate with each other in a variety of ways. Several animal species utilize sound and 

chemicals whilst other animals communicate by visual signals, body postures, touch or vibration 

(Scott, 2005). Planning the management of captive wild mammals is a complex issue. Animal 

communication systems must be observed and considered when establishing an appropriate social 

environment and the information gained may aid managers in supervising the health and welfare of 

animals under their care (Kleiman et al., 1996; Snowdon, 1989). Shepherdson (1998) suggests that 

the study of animal behaviour plays a key role in helping us to understand what animals do in 

different captive and wild environments and why they act as they do. Studying their behaviour is as 

close as we can get to asking questions directly of the animals about their preferences and well

being. Kleiman et al. (1996) believes that the behaviour of a wild mammal species is the creation of 

generations of natural selection and the adaptation to a specific environmental condition. Captivity 

of wild animals can impose an environment vastly different from that in which they evolved. The 

ability of a species to respond to their captive conditions can depend on a complex interaction of 

developmental, experimental and genetic factors. Wild animals bred in captivity for relatively few 

generations have shown that the longterm effect on behaviour is minimal and to maintain captive 

breeding populations, which exhibit behaviour as in the wild, conscious or unintentional selection 

must be minimal. 

Sexual selection is a form of natural selection, which affects how successful an individual is to be 

selected as a partner. Often it is the males who compete with each other for the access of females, 

whilst the females are the ones who choose. In a small number of species, it may be the other way 

around, the females competing for the males. The sex that allows the least "investment" in the 

offspring is the one that are affected most strongly by sexual selection. This may be one of the 

reasons that secondary sexual characters have arisen. For example, the male peacocks have large 

and colourful feathers whilst the females have a brown colouring of its feathers. Sexual selection 

benefits those characteristics which enhance the endurance of a male, allowing the male to stay 

longer on the breeding cite and to mate with females that would otherwise mate with other males. 

In polygynous species (males that mate with several females), the competition over the potential 
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mating partners is vital to its fitness therefore their ornaments and weapons are highly developed. 

Sexual selection can also present itself in the monogamous species (only one partner) (Andersson, 

1994).  

Due to the rapid decline of species in the wild, animals in zoos are captivebred, that is to say 

selectively bred rather than wildborn (Hosey et al., 2009; Mullan and Marvin, 1999; Wielebnowski, 

1999). To support animals in danger of extinction, many zoological institutions carry out breeding 

programs with the objective of species preservation and ultimate release into the wild (Farmer et al., 

2011). Captive breeding has increased in importance and a common problem in conservation 

breeding is the expression of appropriate social and reproductive behaviour (Wielebnowski, 1999; 

Swaisgood et al., 2006). Bringing rare or endangered animals into captivity, with the aim of eventual 

reintroduction to the wild, is essential (Alcaide et al., 2010; Williams and Hoffman, 2009; Kleiman et 

al., 1996). However, their natural habitats are now threatened and opportunity for reintroduction is 

declining (Farmer et al., 2011). Snyder et al. (1996) believe that it is of great importance to preserve 

genetic diversity in captive breeding programs where behaviour, mate choice, lack of predators and 

domestication are difficulties hard to overcome. To support animals in danger of extinction, many 

zoological institutions carry out breeding programs with the objective of species preservation and 

ultimate release into the wild.  

Behaviour research in captive populations is essential in identifying and solving breeding problems 

and offspring survival (Lindburg and FitchSnyder, 1994). According to Wielebnowski (1999) studies 

have shown that wild animals can cope and reproduce in captivity and that it is important to aid 

natural breeding and to make a careful study of behaviour associated with poor reproduction. 

Changes in social management can help in this respect (Swaisgood et al., 2006). Breeding in the wild 

is controlled by natural factors and not human choice as in the zoo (Mullan and Marvin, 1999). 

Kleiman et al. (1996) believes that reproduction in captivity may produce genetic changes in a 

population that distinguish it from the wild. This would be of no concern if the captive animals had 

constant access to new wildcaught stock. However, most zoos contain animals that are born and 

bred in captivity. If the desired end result is the preservation of an endangered species in a wild 

state, the longterm effects of captivity on behaviour are highly important.  

Animals respond to the captive environment in various ways and in some cases chronic stress seems 

to be an influence (Mason, 2010). Chronic stress in captive animals can present its self through the 

following physiological and psychological behaviours; suppressed reproduction, increased abnormal 

behaviour, increased selfinjuring, reduced exploratory behaviour, an increase in aggression and 

fearfulness. One of the greatest stresses in captive animals is their inability to control their 

surroundings. For example they have no control over their social partners and mates, the amount of 

space between themselves and other conspecifics, between themselves and humans, or what food 

they are offered and when (Morgan and Tromberg, 2006).  

The concern over the welfare of captive animals has prompted a considerable amount of attention 

into ways of improving their physical and/or social surroundings and environmental enrichment is 

the most common term for improvement of this nature (Wells, 2009). Environmental enrichment is a 

concept which describes how the environment of captive animals can be changed for the benefit of 

the inhabitants and provides the necessary stimuli for optimal psychological and physiological well
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being (Shepherdson, 1998). Behavioural opportunities that may arise or increase as a result of 

environmental enrichment can be described as behavioural enrichment (Young, 2009). Research 

focused on enrichment often assesses the effectiveness of a certain type of enrichment. An example 

of enrichment could involve a comparison of an animal’s behaviour before and after new stimuli has 

been introduced to their environment.  

Shepherdson (1998) believes that to provide a suitable captive environment we must examine the 

features of the animal’s natural daily life that we could simulate in the zoo. The animal must have a 

safe haven in which to rest and feel secure. This may be a den, an elevated resting place such as a 

tree, sufficient space in the enclosure to exceed the animals’ flight distance. For mammals that make 

nests, we should provide appropriate bedding material, while social species should have the 

company of compatible nonspecific’s (R.J, Young, 2003).  

Newberry (1995) believe that conservation programs should be modified to make the captive 

environment similar to where the animals are destined to be released. Modifying the environment to 

resemble the future release site may also facilitate efforts to breed endangered species in captivity 

for future reintroduction, especially if the release site is the same as, or similar to, the captive site.  

Stereotypic behaviour in captive animals is caused by a brain dysfunction or frustration and is a 

repeated pattern with no apparent function or goal (Swaisgood and Shepherdson, 2005; 

Shepherdson, 1998; Jones et al., 2009). When captive animals are deprived from the appropriate 

stimuli they can express abnormal or repetitive behaviours.  

According to Mason (2010) stereotypic behaviour can present itself in deferent ways. Some animal 

species display a slight stereotypic behaviour because they have adjusted well to the captive 

environment, whilst other species show a profound amount of stereotypic behaviour. Species also 

differ greatly in what forms they display, for example, captive walruses (Odobenus rosmarus), rub 

their tusks against concrete structures or other hard surfaces. This behaviour can damage their tusks, 

thus risking an infection, and in some cases zoo personal may be forced to make the decision to 

remove them (Dittrich, 1987). Another stereotypic behaviour that probably derives from natural 

foraging movements is the feather and skin plucking that is common in birds (van Zeeland et al., 

2009). Certain zoos devote a huge amount of effort to alleviate undesired behaviours via 

occupational therapy, altered feeding regimes, and providing larger and more complex enclosures 

(Mason et al., 2006).    

Shepherdson (1998) suggests that reintroduction of captive bred animals presents some difficult 

ethical and practical challenges for zoo biologists. The many threats faced by released animals 

include predators, competitors, starvation, unstable weather, parasites, and disease. Unlike their 

wild equivalents, captive bred animals are often poorly prepared for such challenges. They may lack 

ability to find, recognise, or acquire appropriate food items, interact socially with other species, or 

identify and avoid potential predators. Future survival and reproductive success should be enhanced 

by providing opportunities to learn the characteristics of natural food items and predators at 

appropriate stages of development and to develop behavioural flexibility in response to dynamic 

(Newberry, 1995). On the other hand, it should be recognised that captive environments are typically 

characterised by high population densities, limited space, low predation pressure, readily available 

food, and physical barriers preventing dispersal and immigration (Newberry, 1995).  
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2. Purpose of this study  

The purpose of this study is to conduct a literary research on how captive animals communicate and 

behave towards each other whilst undergoing a conservation breeding program and whether this 

could affect their chances of a possible reintroduction.  These are important factors that I have 

endeavoured to answer.  

� How do animals communicate with each other? 

� How does the zoo environment affect captive animals? 

� Are captive animals faced with any physiological or behavioural problems and can they 

diminish reproductive success? 

� How does the captive environment affect reproductive behaviour? 

� How can environment enrichment improve the daily life of a captive animal, and does it have 

any effect on reproductive behaviour and reintroduction?  

� How does sexual selection express itself in captive animals? 

� What is conservation breeding and how does it affect the individual? 

 

3. Material and Methods 

In order to find answers to my questions I have reviewed scientific literature and books. The 

overview is based on Science direct and the Web of Science search of journals within the subject 

categories of zoology, ecology, behavioural science, environmental science and biodiversity 

conservation from 1977 to 2012. The search words that I have used are animals communication, 

acoustic signals, chemical signals, visual signals, tactical signals, seismic signals, sexual selection, 

mate choice, mating behaviour, mating strategies, sexual dimorphism, secondary sexual 

characteristics, captivity, captive breeding programs, conservation biology, reproductive behaviour, , 

breeding success, sexual behaviour, animal behaviour, reproductive failure, stress, environmental 

enrichment, stereotypes and reintroduction.  

4. Literature review 

4.1 Communication and social behaviour 

Animals communicate by using their sensory organs to send and receive information, such as their 

identity, status, mood, reproduction and intentions (Forrester, 2008; Rabin et al., 2003). There are 

many animal groups that are willing to interact with each other for example, chimpanzees (Pan 

troglodyte) and bonobos (Pan paniscus) are primate groups that can vocalize, embrace, groom and 

play. Wolves (Canis lupus ) and dogs (Canis familiaris) can express their natural behaviours by 

showing different body postures and facial expressions. There are also animals that lead solitary 

lives, for example the tiger (Panthera tigaris), which rarely interact with one another except during 

the mating season. Many species can also congregate in large numbers during different seasons of 

the year, for example the walrus (Odobenus rosmarus) that gather in their thousands during the late 

summer and then form into much smaller groups during the winter (Håkansson and Westander, 

2013). Another example is the social organization of the hamadrus baboon (Paphamadryas), which is 

described by Kummer (1971) as the fission – fusion system. Small family units gather into larger 

clans, these clans join together to make bands, that later form troop´s of several hundred individuals. 
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Håkansson and Westander (2013) also describe a characteristic of the fission – fusion system. That 

large group of animals divide themselves into smaller subgroups that later reunite and for the fission

fusions system to work the animals have to be able to communicate and recognize each other. 

Communication between species occurs through sounds, movements, postures, touch, sense or 

electricity. 

Acoustic signals 

Many vertebrates and invertebrates make acoustic signals, mainly for courtship but also for complex 

social reasons (Laiolo, 2010). The signals are transmitted through volume, duration, repetition and 

rhythm (Håkansson and Westander, in press). It is often the male that is the most vocal and this is 

linked to mate attraction, defence of territory and prevention of physical combat. An example is the 

roaring of the red deer (Cervus elaphus) (Andersson, 1994; McPherson and Chenoweth, 2012). The 

female deer favour the rate of the stags´ roaring during the rut which can be over 1000 times per 

day. A stag with produces a louder or more frequent roar will attract more females (Maynard Smith 

and Harper, 2003). It was described in a study by Arraut and Vielliard (2004)that the male humpback 

whales (Megaptera novaeangliae) sing to attract females from vast distances and that certain males 

may even have an anatomical modification that enhances their acoustics which gives them an 

advantage when summoning a mate. Another example was described by Frey et al. (2007) that the 

male saiga antelopes (Saiga tatorica) have larger noses than females which may increase their 

roaring capability in attracting females and deterring rivals. In elephant seals (Mirounga 

angusttirotris) the bulbous nose of the male is inflated as a resonator (Farmer et al., 2011). According 

to Da Cunha and Byrne (2006) the genus Alouatta produce howl calls to determine space, territorial 

demarcation, opponent assessment, predator avoidance and mate defence. The howling calls also 

play a part in malemale competition and for attracting females (Farmer et al., 2011). 

The elephant has a large repertoire of acoustic signals. Male and female elephants announce their 

reproductive status by using low frequency signals that are inaudible to humans (Håkansson and 

Westander, 2013; Leong et al., 2005). Acoustic signals differ from species to species, for example 

wolves (Canis lupus) and birds (Aves) create sounds by pressing air from their respiratory organs, 

whales and dolphins (Cetaceans) use a number of air canals and have nose membranes where air is 

circulated and reused instead of expired, and crickets (Orthoptera) produce sounds by rubbing their 

legs against their wings (Håkansson and Westander, 2013). 

Tanaka (1996) and Morrow and Pitcher (2003) suggests that acoustic traits are connected with the 

aspects of reproductive success.  Survival or recruitment can indirectly affect the population growth 

and are relevant for population persistence and conservation. Sexual signals such as birdsong, spider 

drumming and frog calling may directly affect reproduction as they primarily cause sexual 

interactions and these sounds can cause stress on the individual. Andersson (1994) describes that in 

some species, sexually active females call to attract a male, for example female elephant seals 

(Mirounga angustirostris) protest loudly when being mounted by a young male in order to attract 

competing males, thus mating is more likely to occur with dominant males. Another animal species 

that demonstrates this behaviour is the female African elephant (Loxodonta africana). 
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The human environment can affect animals living in a modified habitat (Rabin et al., 2003). Laiolo 

(2010) discovered that almost five percent of studies on variation in animal communication, tested or 

hypothesized on human impacts, showed that habitat fragmentation, direct human disturbance, 

introduced diseases, urbanization, hunting, chemical and noise pollution may challenge acoustic 

behaviour. Negative impacts have been noted in the sexual signals of fishes, amphibians, birds and 

mammals and these are of great concern as they may have a direct bearing on the breeding success. 

Bioacousticians are now investigating how human influences can challenge the communication of 

various animal species. For instance what are the stochastic or deterministic mechanisms involved 

and what significant information can be derived from studying animal sounds (Rabin and Greene, 

2002; Slabbekoorn and Ripmeester, 2008). When humans alter natural processes the selection load 

generated by the evolution of mating signals via sexual selection may rise above natural levels and 

may impact population viability (Tanaka, 1996; Morrow and Pitcher, 2003) 

Chemical signals 

Chemical signals are a form of communication that can transmit information over vast and short 

distances and can remain many days after the animal has left the area (Håkansson and Westander, in 

press; Maynard Smith and Harper, 2003) They are important in animal reproduction, individual and 

kin recognition and territory marking. Chemical signals can be divided into two groups: pheromones 

which are used within the same species and received by a smelling organ and allomones which can 

be detected by other species (Håkansson and Westander, 2013) 

Pheromones are described as substances which are secreted to the outside by an individual and 

received by a second individual of the same species, in which they release a specific reaction.  For 

example a definite behaviour or a developmental process. Pheromones are frequently used by 

insects, fish, amphibians, reptiles, rodents, marsupials, felines, canines and primates and are airborn 

chemical substances that are released in the urine, faeces or from cutaneous glands that activate 

sexual behaviour. These odours are present at oestrus and proestrus, thus sending a signal to the 

male the stage of the female´s oestrus. Pheromones also mark territory, recognize group members 

and demonstrate strength and ranking (Rekwot et al., 2001: Håkansson and Westander, 2013). The 

receiving individual’s reaction is either a specific behaviour or physiological change in the endocrine 

or reproductive system (Rekwot et al., 2001), for example social insects can immediately sense an 

intruder in their nest, a dog can determine which dogs have passed in the last hour or two 

(Håkansson and Westander, 2013; Jensen, 2006; Maynard Smith and Harper, 2003), and marmoset 

monkeys use pheromones in femalefemale dominance interactions and can even block ovulation 

(Rekwot et al., 2001).  

Many animal species have scent glands which produce a specific secretion. These chemical signals 

are distributed through rubbing and stroking the glands against trees, other objects or individuals. 

The glands can be located in various parts of the body but mainly around the genital and anal area 

(Håkansson and Westander, 2013; Andersson, 1994) Male scent glands are larger than in females and 

in polygynous than in monogamous or polyandrous species (Andersson, 1994). The Tasmanian devil 

(Sarcophilus harrii), badger and guinea pig (Cavia porcellus) have glands in the anal area, the 

elephant behind the eye and the wolf (Canis lupus) and hyena between the pads. Animals with fewer 

scent glands transmit signals through faeces, urine and genitals, for example the rhinoceros mark 
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their territory with piles of faeces, the hippopotamus (Hippopotamus amphibious) spreads its urine 

by wagging its tail during urination (Håkansson and Westander, 2013), whilst the otter leave their 

faeces where others are likely to visit (Maynard Smith and Harper, 2003). 

Chemical signal sources and related behaviour of elephants 

According to Rasmussen and Schulte (1998) Asian (Elephas maximus) and African (Loxodonta 

africana) elephants are polygamous which involve female choice of mates and malemale 

competition. Chemical signals mediate intersexual and intrasexual interactions associated with 

reproduction. Adult females live in matriarchal herds consisting of a dominant female and several 

generations of offspring. Adult males are solitary or travel with other males except during breeding 

periods. Asian and African female elephants release a sex pheromone in their urine prior to ovulation 

and males experience an annual period of heightened aggressiveness and highly elevated 

testosterone concentration known as musth. The males secrete fluid from their temporal gland and 

dribble strongly odoriferous urine during musth. Elephants are highly interested in the urine and 

faeces of conspecifics and the related regions of the body. In captive Asian and African females the 

anogenital region of herd members is most commonly touched by the trunk, except for the mouth 

when eating. Fluids from the anogenital tract and the temporal gland are the most likely sources for 

chemical signals. Subordinate Asian females in captivity retreat from musth secretions and females 

with calves sometimes display a protective behaviour. It is clear that chemical signals are important 

in elephant communication between and within the sexes. 

Visual signals 

Visual signals consist of body postures, movements, different contrasts of colour and ornaments. For 

example a deer will erect its tail to expose white markings to warn of danger, certain birds can dance 

and fiddler crabs (Uca pugnax) wave their claws to attract females. These temporary signals are 

advantageous as they can be directed to the right receiver but may not be detected if the receiver is 

too far away or there is bad visibility. Most animals which communicate by visual signals depend on 

daylight, an exception being the firefly (Pteroptyx tener) which produces its own light. In coral reef 

fish colour signalling is common and this can involve reproductive behaviour or to avoid aggressive 

conflicts. In many insects such as spiders, fiddler crabs and lizards colour variability within the species 

is greater in females. The most noticeable sex differences in colouration among mammals are found 

in primates (Håkansson and Westander, 2013). According to McPherson and Chenoweth (2012) some 

species, where females live in groups with several adult males, the females display their reproductive 

status with greatly enlarged reddened genitalia and swollen reddened buttock pads during oestrus. 

Males from other primate species also have similarly coloured areas and use them to appease other 

group members of a higher rank. The male genitalia of Old World monkeys consist of a red penis with 

a blue scrotum and the strong facial colours of the mandrill (Mandrillus leucophaeus) suggest a role 

in contests between other males. Body postures can also provide vital information to other 

individuals. A large body can signal strength and certain species even pretend to be larger to gain 

dominance, while submissive individuals minimize their body size. It is thought that animals living in 

open areas use visual rather than acoustic signals because they are rarely out of sight of each other 

(Håkansson and Westander, 2013; Andersson, 1994) 
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Tactical signals 

Tactical signals which include touching, buffing, smelling and vibration are used when greeting other 

individuals. Chimpanzees (Pan troglodyte) embrace and hug each other, wolves (Canis lupus) jaw 

wrestle and lick, elephants touch each other´s mouth with their trunks whilst lions (Panthera leo) and 

other felines greet each other by rubbing their heads. Allogrooming (cleaning fur and skin of another 

individual) is used by invertebrates and vertebrates. This grooming is used as a premating function, 

to improve hygiene, to strengthen social bonds and to decrease aggressive behaviour in a group 

(Håkansson and Westander, 2013). 

Seismic signals 

Indirect tactical signals, socalled seismic signals, are vibrations used by various species (Håkansson 

and Westander, 2013). Maklakov et al. (2003) suggests that the male spider pulls the web to 

stimulate a potential partner, whilst the female can respond by running towards the source of 

vibration which then warns the male she is hungry or merely signals her presence. The male may 

then approach a few steps at a time, stopping periodically to shake the web. This behaviour is to 

stimulate the female into a mating position and inhibit her predatory tendencies. In a study by Elias 

et al. (2004) it was found that the jumping spider (Habronattus dossenus) uses vibrations and 

colourful body parts during its displays of courtship. According to Lewis and Narins (1985) other 

species communicate through vibrations on the surface of water or on the ground, and these 

vibrations can be transmitted over vast distances compared to acoustic signals. For example the 

whitelipped frog (Leptodactylus albilabris) that inhabits the Puerto Rican rainforest digs into mud 

and expands its airbags on the surface which produces a seismic drum that can be heard by other 

frogs. The Kangaroo rat (Dipodomys spectabilis) marks its territory by drumming its foot on the 

ground which sends seismic signals to other individuals (Håkansson and Westander, 2013), and 

moles (Chrysochloriadae) communicate by drumming their hind legs on the ground or by banging 

their heads against the tunnel walls (Narins et al., 1997). Animals living on the surface of water 

communicate by creating vibrations or small waves through hitting the water, an example is the 

pondskater (Gerris remigris) that sends information about its sex for courtship displays and when 

defending its territory. 

4.2 Sexual selection 

Darwin (1871) proposed that “Sexual selection depends on the success of certain individuals over 

those of the same sex in relation to propagation of the species, whilst natural selection depends on 

the success of both sexes, of all ages, in relation to the general conditions of life”.                                                   

The gender in mammalian species can differ in many ways, including those physiological and 

anatomical features which serve their different roles in the genesis, development and maintenance 

of their offspring. Mating behaviour, display characteristics, body size and fighting are other areas of 

divergence (BiasonLauber, 2010; Andersson, 1994) 

According to McPherson and Chenoweth (2012) sexual dimorphisms (SD) have evolved in mammals 

to produce a greater reproductive success, usually for the males and secondary sexual characteristics 

(SSC), was developed to enhance this success, and are more pronounced in openhabitat dwellers, 

polygynous and diurnal species. 
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Darwin (1871) described SSC as an exaggerated characteristic which helps in male selection, even 

though these characteristics might have little or no apparent survival benefit.                                                                         

It is thought that SSC can be considered as a genetically transmitted behavioural/physical 

characteristic which appears in sexually mature animals and can differentiate between the sexes. SSC 

includes differences in body shape, neck crests of bulls and stallions, weaponry such as horns and 

antlers, the manes of lions and baboons and also different pelage in male and female howler 

monkeys (Root et al., 2003). 

According to Shine (1989) SD are presented among all vertebrates and has evolved either through 

the adaptation for genderspecific niche divergence or as sexual selection, under the influence of 

both reproductive and ecological factors. McPherson and Chenoweth (2012) suggest that exceptions 

can occur but the most logical explanation for the development of SSC is to enhance the ability to 

attract a mating partner (or partners). The male is often the largest, most colourful and most vocal 

and usually mates with the most eligible females. Another factor is the malemale competition 

(usually over female access) where larger body size or antlers are advantageous (Albert and Schluter, 

2005). The successful male is usually more reproductively successful than the unsuccessful male, 

which may be at times fatally injured (Andersson, 1994; McPherson and Chenoweth, 2012). Another 

theory was presented by Cowlishaw (1994) regarding the exaggerated features in male mammals, 

that there is a greater selection pressure on males where there are fewer reproductively successful 

females. For example, most adult female lions can reproduce, but not all males have this opportunity 

due to malemale competition over the access to females. Male lions with a thicker mane have an 

advantage as not only do they appear larger and more fearsome to rivals but their necks and 

shoulders are better protected from damage inflicted by their opponents. Another reason for the 

development of male SSC could be to fulfil a protective antipredator role, an example being 

enlarged canine teeth in adult baboons. 

Males that mate with several females are known as polygynous and their success in competition for 

females is crucial to their fitness. Their various ornaments, power of song and weapons are often 

highly developed and fights over potential mates are often won because of these highly developed 

weapons and body size (Andersson, 1994; Hosey et al., 2009). According to PérezBarbería et al. 

(2002) body size dimorphism is expressed more in species which have polygynous mating systems. 

SD in body size is presented in many mammalian species although differences can occur. These can 

be seen in elephants where males can be twice the size of females, several species of whales,  sea 

lions, seals, kangaroos, brown rats (Rattus norvegicus) and weasels (Mustela nivalis). McPherson and 

Chenoweth (2012) discovered that the body size of the male moose (Alces alces) is associated with 

the ratio of males to females in the local area, increasing when adult males enter the population. 

Elephant seals (Mirounga sp) are among the most sex dimorphic of all the mammals and adult males 

can weigh more than three times as much as females. The reason is found in the mating system and 

competition over potential mates. The female elephant seals gather in clusters on beaches during a 

three month breeding season and large dominant males achieve a high mating success by forcing 

young males to stay outside the breeding groups (Håkansson and Westander, in press). 

According to Scharmann and van Hooff (1986) an alternative sexual strategy that is adopted by 

individuals of some species is not to appear “dominant” but to go unnoticed, resulting in different 

“forms” of the same sex. For example, orangutan (Pongo pygmaeus) males gain breeding 
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opportunities with females by securing territories in which females live. They secure these territories 

through exaggerated sexual dimorphism, thus becoming very large. There are, however, only so 

many territories available over which males can compete, so if a male is neither particularly big nor 

very successful at competing with other large males, he may end up with no breeding opportunities. 

In orangutans, then, an alternative strategy for these males is to remain small and appear “female

like”; thus, they go unnoticed when entering the territories of other males, and may gain from 

“sneaky matings” with the inhabiting females.  

Weapons are frequently displayed during contests and can inflict severe injury or death (Maynard 

Smith and Harper, 2003). According to Shah et al.(2008) males possess weaponry, which is under 

developed or absent in females, such as antlers in deer,  tusks in boar, musk deer, narwhal and 

hippopotamus and enlarged canine teeth in canids, felids, primates, equids and camelids. Bro

Jorgersen (2007) also believe that males grow larger and heavier horns than females and the length 

of male horn is associated with the size of the harem and territory, and a male defending its territory 

have smaller horns than males which do not defend a territory. 

Andersson (1994) suggests that the horns in the female African antelopes are an important defence 

against predators; they are straighter and thinner making them an efficient stabbing weapon. Male 

horns are much thicker at the base thus protecting against breakage during fighting, for example the 

male red deer (Cervus elaphus) has large antlers which are twice the size of the female. Mating 

success depends on the ability to win fights and the capacity to dominate other stags; this is related 

to age, condition and size. However, fights are costly and a common cause of death. During courtship 

there is a risk of predation, loss of time and energy, and this can lead to lower survival or fecundity. 

In primates, canids and felids canine teeth are also sexually dimorphic. For example in the Gelada 

baboon (Theropithecus gelada) their canine teeth are three times larger in the adult male than the 

female. Primates, such as lemurs, lorises and tarsiers, lack canine teeth SD, whereas monkeys and 

apes display their teeth (McPherson and Chenoweth, 2012). 

Cooper and Hosey (2003) suggests that sexual dichromatism is more prominent in birds than in 

mammals and McPherson and Chenoweth (2012) believe that the possible reasons are that more 

colourful males are likely to have better health status (for instance less parasite burden) than less 

colourful males. In adult lions (Panthera leo), Hamadryas baboons (Papio hamadryus) and sea lions a 

mane is developed which protects during malemale conflicts. Darker manes indicate higher levels of 

testosterone and nutrition and confer greater success in attracting females (West and Packer, 2002; 

McConkey et al., 2002).  

Setchell et al. (2006) believe that SD can present itself also in skin colour, for example in the species 

Mandrill (P.sphinx); the males have an intense blue nose with scarlet sides whilst the female is less 

vividly coloured. The colour of the rump is pink whilst the scrotum is blue and the penis red, although 

colour intensity can vary between males. Male vervet monkeys (Cercopithecus asthiops) have also a 

blue scrotum in variable colour intensity which is important when the female selects a mate. The 

intensity of facial colouration is significantly correlated with the androgen level and social rank, thus 

serving as a sign of dominance to other males as well as reproductive fitness. Female Mandrills also 

show a difference in facial colour intensity as a sign of impending ovulation, parturition and 

advancing age (Prum and Torres, 2004). Brightly coloured skin can reflect status and rank of males 
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(Cooper and Hosey, 2003) whilst adult male orangutans (Pongo pygmaeus) develop cheek flanges 

(Kuze et al., 2005). Another example of facial morphological SD is the hood of the male hooded seals 

(Cystophora cristata) which is inflated during the breeding season to warn off rivals and to attract 

females (McPherson and Chenoweth, 2012). 

According to McPherson and Chenoweth (2012) the mammalian mating systems can be categorized 

into the number of partners an individual mates with during a season, the development and length 

of pairbonding and the investment in parental care. Andersson (1994) believe that the strength of 

sexual selection depends on differences in parental involvement, such as provisioning of material 

resources, gamete size and care of offspring. In most animal species parental effort is greater in 

females but there are species where males care for the offspring. For example many birds have equal 

responsibilities for their young. In pipe fish (Syngnathinae) and seahorses (Syngnathidae) males 

brood the embryos in pouches which supply oxygen and nutrients and another interesting fact about 

pipe fish is that the female competes for the male and prefers an ornamented male for a partner. 

McPherson and Chenoweth (2012) suggests that the gender that contributes the least in the 

production and care of offspring is considered to be the one with greatest variant in mating success. 

Sexual selection in anisogamous species normally ensures that the male with the highest 

reproduction should achieve the greater success and that more males are available for reproduction 

than females, even though relatively few may be chosen.  

Sexual selection is stronger in females in some insects, fishes, anurans and birds. In such species the 

females have a reduced parental effort and a higher rate of reproduction than males. During 

courtship it is often the male which attempts to persuade the female to mate. The eggs are more 

expensive to produce than sperm and so the female benefits by choosing the right mate. The male 

will try to mate as often as possible to maximize his fitness, whilst the female only needs to mate 

once (Andersson, 1994; Maynard Smith and Harper, 2003). Most females prefer to mate with males 

with a specific trait, such as a long tail. Her offspring will then inherit long tails making it more likely 

for them to reproduce, thus passing her genes through generations (Maynard Smith and Harper, 

2003). Andersson (1994) believe that this may explain why the male peacock´s tail has evolved to 

such extreme. It has been documented that the peacock´s mating success increased with the number 

of eye spots (ocelli) in the tail train and that females laid more eggs when mated to males with large 

trains. 

Captive animals may display SSC to a lesser extent than their wild conspecifics. For example Great 

apes in captivity can become obese due to the lack of exercise, no need to forage and lack of 

freedom from predators (Harrison and Chivers, 2007).  

4.3 Captive breeding programs 

Conservation is a major part of captive breeding survival and the longterm maintenance of captive 

populations has become a common approach to species conservation (Mcphee, 2003; Swaisgood et 

al., 2006; Shepherdson et al., 1998). The main goal in captive breeding programs is to encourage 

natural behaviours and to maintain those associated with sexual production such as courtship and 

mating (Jule et al., 2008; Hearn et al., 1996). 
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However, according to Mcphee (2003) scientists have acknowledged that captivity can drastically 

alter an animal’s behaviour. As a result individuals may lose the range of behaviours that enable 

response to a variable and unpredictable environment. Behaviour, like morphology and physiology, 

evolves in complex environments to increase survival and reproductive success in the native habitat. 

Captivity and its selective pressures are vastly different from the environment in which species have 

evolved. There has been little attention paid to the individual´s behaviour but researchers have 

begun to realize its importance and implications for captive management and breeding (Carlstead et 

al., 1999; Mendl et al., 1992). McDougall et al. (2006) conducted a study that showed that individuals 

and even populations differ in their behaviour in a consistent manner. Since individuals respond 

differently to stress in captivity, temperamental traits can play a key role in determining the effects 

of selection. Natural, artificial and sexual selection can all affect captive populations. In populations 

where all individuals appear healthy investigation of differences in individual behaviour appears 

important (Wielebnowski, 1999). McDougall et al. (2006) believe that breeding programs that ignore 

temperament risk leading the population towards domestication and knowledge gained can be 

useful in optimizing captive reproduction and increasing reintroduction success. 

Successful captive breeding entails gene pool preservation, requiring a combination of behavioural, 

genetic, reproductive physiology, population biology, ecology, nutrition and demographic 

management techniques (Hosey et al., 2009; Kleiman et al., 1996). Kleiman et al. (1996) believe that 

cooperative programs should include a membership in regional and national zoo associations and a 

participation in their breeding systems. The shortterm success individuals have in coping with their 

captive conditions may affect their ability to breed and the success will determine the ability of the 

species to exist as a captive population. 

Earnhardt (1999) suggests that it is the wildcaught animals (the founding animals for captive 

populations) that are the priority breeders. However, Alexandre (2009) believes that bringing a 

species from the wild into a captive breeding program has a negative effect if the species is 

reintroduced into the wild. According to Kleiman et al. (1996) access to wildborn animals is 

becoming extremely problematic as freeliving populations dwindle and receive increasing 

protection. Freeliving populations of some species have disappeared and the survival of the species 

depends on the breeding success of the captive animals. Animal species with a sizable wild 

population may potentially be sampled to provide migrants into captive populations thus giving the 

opportunity to preserve larger proportions of the wild gene pool.  

When discussing captive breeding zoos select compatible breeding pairs and make decisions about 

group compositions (Kleiman et al., 1996) and stud books where animals appear listed as individuals 

attests to human interest in shaping the animal. Stud books are not kept for all species but the fact 

that they are kept at all indicates that the species in question is regarded by the international zoo 

community as deserving of special consideration. What marks controlled from pedigree breeding is 

the aim to preserve animals in a form as close as possible to the same species in the wild. It is likely 

that animals brought into, or raised in zoos, will behave in radically different ways leading to 

profoundly changed perceptions of them (Mullan and Marvin, 1999). 
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Many captive species breed in groups because of space constraints and fertility considerations and 

thus have no reliable pedigrees (Wang, 2004). According to Ely and Ferrell (1990) individuals of 

certain species (such as many invertebrates and fish) may be unidentifiable and some may be 

identifiable but are kept in large groups or colonies (most insects, herds and many ungulates and 

primates) because of the difficulty and cost of building individual pedigrees. A good example is the 

captive breeding population of the endangered Humboldt Penguin (Spheniscus humboldtiti) whose 

pedigree is known but cannot be used to arrange mating pairs due to the reproductive biology of the 

species. Wang (2004) believe that groupbased rather than individualbased genetic management is, 

therefore, highly important in conservation. It is possible to monitor genetic variation in captive 

populations to design and manage programs with the aim of maintaining genetic diversity but, in 

general, a fine scale of conservation will require more information and incur a higher cost but will be 

more effective in maintaining genetic diversity. Most current conservation programs are designed 

and conducted at the individual level, using individual pedigree information (Wang, 2001; Wang and 

Hill, 2000). 

The management of captive populations seeks to arrest adaptation to captivity and random losses of 

gene diversity by maintaining the current genetic composition of the population as close to that of 

the founding animals as possible (Alexandre, 2009). Depending on the captive conditions, 

populations may face different types of genetic problems in captivity: subdivision of the captive 

population can produce losses of genetic diversity, accumulation of new deleterious mutations, 

domestication and fixation of alleles, decrease population growth, a high level of inbreeding due to 

small population size and the resulting reduction of fitness due to inbreeding depression. These 

different problems may be either associated with small population size, captive benign conditions, 

artificial selection, or their interactions (Williams and Hoffman, 2009; Alcaide et al., 2010; Alexandre, 

2009; Earnhardt, 1999; Rabon and Waddell, 2010; Wang, 2004). Thus zoo managers should address 

the genetic wellbeing of populations of interbreeding individuals. Research results in the field of 

genetics are now frequently applied in support of zoo breeding programs (D.G. Kleiman et al., 1996). 

Genetic changes in small breeding populations may lead to behaviour adaptations (Snyder et al., 

1996; Allendorf, 1996). Genetic adaptation is caused by natural and artificial selection in the captive 

environment and this has been demonstrated in fish, insects and amphibians (Frankham and Loebel, 

1992). In a study by Heath et al. (2003) it showed that Chinook salmon from a hatchery had smaller 

eggs and reduced reproductive success than wild populations. In contrast, in a large population of 

large white butterflies bred in captivity for 100150 generations, fecundity was higher compared to 

that of a wild strain bred in the same conditions for one generation (Lewis and Thomas, 2001). 

Research shows that fecundity in a captive environment can change over many generations 

(Frankham and Loebel, 1992). 

The aim of the conventional captive breeding strategy is to avoid inbreeding (Hedrick and Kalinowski, 

2000) and to preserve allelic diversity for successful reintroduction to the wild (Ryman et al., 1995). 

This strategy addresses the concern that the species may have lost significant genetic variation while 

undergoing the process of extinction and even more to the captive environment, small populations 

being especially liable (Lynch and O´Hely, 2001; Lande, 1988; Hedrick, 1994). Inbreeding depression 

can be environmentally dependant (Miller, 1994) and a population seemingly adapted to the captive 

environment may be unsuccessful in the wild (Ford, 2002). Rabon and Waddell (2010) suggest that 
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the degree to which populations suffer from inbreeding depression varies and the reduction in 

survival and fertility, impairment of seminal traits, loss of vitality and the decline in competitive 

ability have been documented. 

In a study by Wildt et al. (1993) physiological and genetic studies in the cheetah (Acinonyx jubatus) 

have failed to detect any differences between breeders and nonbreeders. Husbandry and 

behavioural problems are now considered main difficulties in captive breeding (Caro, 1993) and the 

evaluation of individual behavioural variation is a new approach in analysing breeding problems in 

captive endangered species (Wielebnowski, 1999).  

Swaisgood et al. (2006) initiated a research program to address a crisis in conservation breeding of 

the southern white rhinoceros (Ceratotherium simum), listed as conservationdependent by the 

IUCN. More have been exported from the wild than reside in captivity thus breeding programs are 

failing. Their annual growthrate is projected as negative – 3.5%  whilst growthrates in the wild are 

610%. Those in captivity have reproduced well with appropriate management and husbandry such 

as providing larger enclosures similar to the wild environment. It was found that one male and 

several females were crucial to success. Reproduction amongst captiveborn females has been low 

with only 8% in some populations. Males continued to sire offspring with wildcaught females, so the 

problem seems to lie with captiveborn females. It is of supreme importance to solve this problem 

and to avoid the necessity to capture further wild rhinos. Scientists suggest that older wildcaught 

females suppress the captive ones when sharing the same enclosure. 

The World Conservation Union (IUCN) recommends that breeding programs should be established in 

situ. However it has been documented that there are problems associated with in and ex situ 

management for endangered species. Many criticize captive breeding programs and claim these 

deflect resources from other problems such as habitat preservation. In the country of origin, captive 

breeding programs have been more successful in releasing species and it has been reported that 

captive breeding has been useful in onethird of all programs that have saved a bird species from 

extinction, but that it should only be used as a last resort (Cristinacce et al., 2008). In situ artificial 

incubation, handrearing and captive breeding techniques can be applied to increase productivity 

(Kuehler et al., 1996) and thus successful species recovery (Cristinacce et al., 2008). Ex situ 

techniques provide species with a benign and stable environment (through shelter, food 

supplementation, healthcare, reduction of parasites and disease and removal of predators) to 

ensure population growth and the probability of a long term persistence (Alexandre, 2009; Kleiman 

et al., 1996). Although, Alexandre (2009) believe that captivity may cause physiological, behavioural 

or ecological problems and that results in various species show that fecundity and survival rates are 

higher in captive populations than in wild populations. For example, Mason (2010) discovered in a 

study that African and Asian elephants in captivity have reproductive problems such as high infant 

mortality and abnormal oestrous cycles. A problemsolving approach is the ethological management 

model, if a species does not breed in confinement it is assumed that changes should be made to 

make the social or physical environment similar to the wild and so promote breeding (Kleiman et al., 

1996). 
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According to Frankham (2008) many managed or captive populations of endangered species are 

subdivided in several breeding groups (zoos, natural reserves). However, the ecological and genetic 

effects of subdivisions are multiple and complex, but the current recommendation that several 

captive populations should be managed as one single random mating population (via regular 

translocation among institutions) is not based on strong theoretical arguments. 

4.3.1 Reproductive behaviour in captivity 

To be able to achieve a successful management of captive animals, it requires a thorough 

understanding of their species specific behaviour in order to meet their housing and breeding 

requirements. Successful breeding may also depend upon understanding their patterns of social and 

reproductive behaviour (Farmer et al., 2011; Moran and Sorensen, 1984) and such knowledge may 

be crucial in addressing problems associated with social isolation and maternal rejection of young 

animals, managing medical problems and developing realistic and humane exhibits (Moran and 

Sorensen, 1984). According to Kleiman et al. (1996) the social conditions which do not allow females 

to engage in normal proceptive or receptive behaviour can inhibit or prevent normal sexual 

behaviour. A knowledge of oestrous and/or courtship can be useful in predicting the occurrence of 

mating and perhaps the most reliable indicator is the continual attention the male gives towards the 

female. A variety of environmental factors can influence the sexual behaviour of mammals such as a 

reduction in food intake and inadequate nutrition. It has been proven that nutritional deficits can 

inhibit sexual development and interfere with physiological processes. McPherson and Chenoweth 

(2012) believe that providing safety, adequate nutrition and medical care will increase viability and 

reproductive success in comparison with freeliving wild conspecifics. 

There are two important factors that will increase captive breeding, such as maintaining the animals 

in appropriate social groups and allowing them to perform natural and wildtype behaviours (Farmer 

et al., 2011). Kleiman et al. (1996) believe that social partners are an infinite source of response to 

stimulation, allowing an individual to interact with its surroundings to a much greater degree than if 

it were alone. Manipulating group size can also promote an increase in captive breeding (Farmer et 

al., 2011), for example housing small felids in groups larger than a pair leads to a reduction in 

reproduction (Mellen, 1991), whereas the presence of more than one female in black lemurs 

(Eulemur macaco) increases reproduction success (Hearn et al., 1996). Housing gorillas and other 

primates in large groups, a trend radically different from the past, has led to a great increase in 

successful breeding and natural rearing of the young (Kleiman et al., 1996; Hosey et al., 2009). 

Another example are that flamingos in the wild may form up to a million birds in a breeding season, 

but the smaller groups in zoos affect their breeding success(Stevens, 1991; Pickering et al., 1992). 

Stevens (1991) study of Caribbean flamingos (Phoenicopterus ruber) at the National Zoo in 

Washington showed that group displays increased by 48% when the flock size was increased from 18 

to 21% and synchrony by 100%. There was also an increase in mounts, copulation and production of 

fertile eggs (the first in the group´s history) (Stevens and Pickett, 1994). This example emphasizes the 

importance of providing a suitable conspecific social environment for zoo animals (Hosey et al, 2009). 

Hosey et al (2009) suggests that there are certain housing and husbandry criteria that will ease 

introductions between males and females. Zoo personal will be familiar with situations in which 

individuals, appropriately matched by species, sex, age and genetic representation, do not mate 
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when put together and an animal that does not display the appropriate breeding behaviour may not 

favour the selected mate and may simply be exerting mate choice. This is especially a problem for 

the cheetah and other species such as parrots and it is possible that those individuals express a high 

level of mate choice and will not breed with a potential mate that does not meet their requirements. 

The size of captive populations is also limited by the space available in zoos (Alexandre, 2009). The 

size and quality of the space are important in successful breeding and sometimes alterations in the 

physical environment can produce interesting changes in sexual behaviour. For example when 

female orangutans were given access to a second room where males could not follow they showed 

higher levels of sexual solicitation (Kleiman et al., 1996).  

One of the most distinctive elements of the captive environment is close contact with humans, a 

factor which can produce a range of behavioural characteristics not found in the wild and the 

presence of humans in or near the breeding enclosures can also inhibit or interfere with normal 

sexual behaviour. In the absence of such interference individuals possessing phenotypes best able to 

adapt to captive conditions will have the highest reproductive success. The process of natural 

selection will be most intense during the first few generations after transition from wild to captive 

environments (Kleiman et al., 1996). Shepherdson et al (1998) discovered that the relationship 

between captive mammals and their keepers are extremely important, and that the animals depend 

on them for their security and wellbeing. This relationship can be reflected in the reproductive 

success. Mellen (1991) also found a positive correlation between the reproductive success in small 

nondomestic cats (Fellis spp) and husbandry style. The more time keepers spent interacting with 

them, the more likely were they to reproduce successfully. The increased socialization, characterized 

by daily humananimal interactions, beyond cleaning, feeding and weighing, made the cats feel 

“comfortable” contrary to the noninteractive policy of actively minimizing contact between keepers 

and animals in many zoos. It has been recommended that keepers should not make pets of cats 

under their care but should encourage a positive “friendly” behaviour from their cats and that these 

interactions sould be developed through cage mesh. 

Studies of primates and rodents have revealed that, in addition to malefemale interactions, those of 

the female may also be influenced by the ovulation cycle (Aujard et al., 1998; Fang and Clemens, 

1999; Zumpe, 1996; Zumpe and Michael, 1987) and that dominant females may also show an 

additional aggression towards subordinate females who are sexually receptive (Aujard et al., 1998; 

Zumpe, 1996). Highranking females may also suppress sexual and aggressive interactions of 

subordinate females (Zumpe and Michael, 1987). According to Bercovitch (1991) female primates 

have been shown to adjust their behavioural interactions according to the social relationships 

maintained between other conspecifics, and may use a variety of social strategies in attempting to 

enhance their reproductive success and to gain access to desired resources. 

Wild female howlers are known to be promiscuous, mating with both group and nongroup males, 

and all the females reproduce (Jones and Van Cantfort, 2007). Farmer et al. (2011) suggests that in 

captivity it is only the socially dominant female that bears offspring and that the lower ranking 

females do not conceive young or even appear to undergo oestrous cycles. It has been proven that 

males and females in family groups have a higher reproductive success than those held in pairs and 

studies have shown connections in reproductive success between howling and hearing the calls of 
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other conspecific groups housed in the zoo. A casual direction cannot be determined but there is a 

positive relationship between the howling rate and reproductive success, thus howling should be 

encouraged. Family groups that hear calls are found to howl more themselves, thus stimulating 

calling from other vocal groups. This can be achieved by either introducing another group of 

conspecifics or using acoustic playbacks of conspecific calls daily.  

Female competition for males is more widespread than acknowledged and involves a number of 

strategies, including the suppression of reproduction in subordinate females (McPherson and 

Chenoweth, 2012). Dominant females do so in subordinates at physiological and behavioural levels. 

This has been observed in several mammalian species that tend to be highly social and can have a 

well developed dominant relationship (Creel et al., 1997). Reproduction failure among captiveborn 

females may be due to captivity which can promote stress. Studies have shown that captiveborn 

females that have mated are less likely to produce offspring than wildcaught females and this 

indicates reproductive problems postcopulation, failing to conceive or maintain the pregnancy. A 

comparison of behaviour between wild and captive individuals is extremely useful in captive 

management and reintroduction programs (Swaisgood et al., 2006). 

Klinkova et al (2005) study related the frequency of sociosexual behaviours to the female anogenital 

swelling stage and female fertile phase as determined by urinary and faecal progestogen analysis. 

The behaviour in both sexes increased with great intensity during the female swelling period. Female 

mammals have perineal sexual swellings, which become more marked when the animal ovulates, 

providing an obvious indicator of reproductive status. Other signs suggested by Hosey et al. (2009) 

can include changes in vulva appearance, vaginal bleeding and swollen mammary glands and/or 

nipples. Obvious changes related to reproduction include courtship displays, increased aggression 

and competition for resources, altered appetite and matingrelated behaviour. 

The mating and reproductive success in male vertebrates is mainly determined by intermale 

competition and female mate choice. Klinkova et al (2005) reported that in primate’s male mating 

success was clearly related to male dominance (particularly Alfa) with high ranking males performing 

the majority of copulations. Behavioural data indicates that this is mainly due to rankrelated 

differences in male solicitations and competitive ability, rather than the influence of female choice. 

Females mated mainly with highranking males and thus expressed a mate choice based on rank and 

their overall influence in the male mating success was low. Evidence has accumulated that female 

primates in multimale groups exhibit male choices resulting in mating bias amongst males. Female 

receptivity and male sexual behaviour are closely related to the period of oestrus, although females 

generally mate with several males during a breeding period. Dominant males have an overall mating 

success than subordinate ones during oestrus, and subordinate males can also copulate with 

receptive females, reducing the effect of rank dominance on mating success. 

4.3.2 Stress in captivity  

According to Kleiman et al. (1996) the most common stress factor for a wild animal in confinement is 

the ability to respond to fearful situations with active avoidance or escape response. Most captive 

animals live in enclosures which prevent their ability to climb or move long distances compared to 

their wild conspecifics, and they are often unable to effectively withdraw from aversive stimulation 

caused by humans or cohabiting conspecifics. Studies have shown that captive animals have injured 
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themselves or failed to breed because of the inability to escape from caretakers or visitors (Kleiman 

et al., 1996). Stress is also a major obstacle in captive breeding (McDougall et al., 2006) and for a 

species to thrive in captivity it must adapt to the zoo environment (Mallapur et al., 2005). 

Zoo visitors can serve as a source of stress for species which rarely interact with humans in the wild 

(Chamove et al., 1988; Mitchell et al., 1991; Hosey, 2000). For example, captive primates tend to be 

more aggressive towards each other in the presence of visitors (Chamove et al., 1988; Mitchell et al., 

1991) and social interactions with captive groups have been observed to decrease, while behaviour 

abnormality levels increase, during the presence of visitors. Studies have also shown that individuals 

in enclosures with greater flight distances are less stressed than those housed in small enclosures 

with short flight distances (Mallapur et al., 2005). Some human visitor interactions could provide 

enrichment for the animals, especially those in which the zoo public feeds them (Hosey, 2000). 

Mallapur et al. (2005) believe that behaviour studies are the most common form of nonintrusive 

research used to assess animal welfare in captivity. The presence of zoo visitors is accepted as a 

factor leading to increased levels of stress in captive wild animals and that stress can overtax an 

individual´s control system and in turn reduce its fitness. 

Morgan and Tromberg (2006) believe that in many cases enrichment techniques tend to improve the 

animal´s ability to cope with the artificial conditions of captivity, but do not deal with the sensory 

elements that animals may find stressful. An enclosure can be full of sensory stimuli unfamiliar to the 

animal, for example intense or constant sound, elimination of scentmarks with daily cleaning, tile, 

wire or concrete, and exposure to lighting conditions might all be sources of environmental stress.                                        

4.3.3 Environmental enrichment 

Captivebred animals experience environmental conditions that differ considerably from the wild 

(Price, 1999) and these conditions may expose them to a selection that is different from their natural 

habitats and favour characteristics not evolved in nature (Salonen and Peuhkuri, 2006; Kleiman et al., 

1996) 

Frankham (2008) suggests providing an environment that is similar to the wild to reduce inadvertent 

selection in captivity. Zoo biologists are cooperating with architects and engineers to design exhibits 

that enhance the lifestyles of captive animals, and it is within such naturalistic surroundings that 

speciestypical patterns will flourish (Coe, 1985). A few institutes even provide large, freerange 

exhibits in which some species are able to live in more natural social groups (Stafford et al., 1994) 

and such provision has become a high priority in zoos (Mellen and MacPhee, 2001; Britt, 1988). A 

great deal of effort has also been made to encourage captive animals in preserving their natural 

behaviours, yet the focus is often on their welfare rather than changes in genetic adaptability to 

captive breeding (Williams and Hoffman, 2009; Kleiman et al., 1996). Clarke et al. (1982) believes 

that in complex environments where stressors arise, captive animals present natural behaviours, 

successfully breed, rear their offspring and reach their normal lifespan. Psychopathology 

(stereotypic pacing, selfmutilation, bizarre deprivation acts and coprophagia) is rarely observed in 

effective simulations of the natural habitat.  
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Enrichment is one of many tools used by animal care staff to create a more stimulating and complex 

environment that promotes psychological and physiological improvements of animals in captivity 

(Skibiel et al., 2007; Tarou and Bashaw, 2006; Young, 2003; Hosey et al., 2009). This covers a 

multitude of innovative, imaginative, ingenious techniques, devices and practices aimed at keeping 

animals occupied, increasing the range and diversity of behavioural opportunities and providing 

more stimulation and response (Shepherdson, 1998; Young, 2003; Kleiman et al., 1996). 

Substrates such as dirt, litter, mulch, vegetation or trees may increase the biological complexity. 

These substances can increase the information content of the environment and encourage foraging 

and investigatory behaviour by concealing food, smells, naturally occurring insects, other wildlife, 

etc. Barriers and landscaping can provide privacy, promote territorial behaviour, provide escape 

routes and improve social interactions, whilst climbing structures can provide shade and hiding 

places from the public and keepers. Toys and novel objects encourage exploration and play 

(Swaisgood and Shepherdson, 2005; Shepherdson, 1998; Skibiel et al., 2007; Kleiman et al., 1996). 

Tarou and Bashaw (2006) suggests that toys should produce a higher level of response in the first few 

minutes of exposure but this quickly diminishes on subsequent days suggesting ineffectual longterm 

enrichment. Kleiman et al. (1996) also believe that an animal with more behaviour options will be 

better able to cope with stressful events in its surroundings or alleviate boredom. 

Enrichment also enhances the experience for zoo visitors because they learn more about the animals 

by seeing them in a more realistic setting, displaying behaviours that would be seen in the wild 

(Shepherdson, 1998; Skibiel et al., 2007; Young, 2003). Enrichment increases the ability to cope with 

challenges and positive use of the environment and reduces or eliminates aberrant patterns of 

behaviour (Wells, 2009; Shepherdson et al., 1993; Swaisgood and Shepherdson, 2005; Mason et al., 

2006). Fitness is increased and health improved which may influence reproductive success (Skibiel et 

al., 2007; Newberry, 1995; Dishman et al., 2008; Shepherdson, 1998). By encouraging speciesspecific 

behaviours enrichment facilitates normal development and may increase probability of survival when 

captive animals are reintroduced into the wild (Shepherdson, 1998; Newberry, 1995). 

Enrichment could both increase the average reproductive success in the population, as well as 

reduce potential variation in fitness among individuals (McDougall et al., 2006; Hosey et al., 2009). 

For example, captive orangewinged Amazon parrots (Amazona amazonica), when provided with 

environmental enrichment, were more productive in laying eggs (Hosey et al., 2009). 

4.3.4 Stereotypes 

Stereotypes affects at least 85 million domestic animals (Mason and Latham, 2004), and a significant 

proportion of them are captive wild animals housed in zoos and laboratories (Jones et al., 2009). The 

best zoos and similar institutions manage their populations with care, but keeping wild animals 

successfully can be challenging. Occasionally animals present abnormal behaviours such as over 

grooming, self mutilation, rhythmic rocking or pacing, etc. (Mason et al., 2006; Lyons et al., 1996). 

When discussing the meaning of stereotypes in a zoo environment Swaisgood and Shepherdson 

(2005) believe that it should be taken as a warning sign to potential suffering, but not used as an 

index of welfare. The zoo community was among the first to raise concerns over abnormal and 

stereotypic behaviour in captive animals and began to develop environmental enrichment strategies 

to deal with the problem (Swaisgood and Shepherdson, 2005; Hosey, 2005). Inappropriate stimuli in 
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captivity can result in boredom, the inability to cope with ordinary stressors, lack of motivation and 

opportunity to perform natural speciesspecific behaviours and also the development of inactive, 

abnormal or repetitive behaviours (Skibiel et al., 2007; Newberry, 1995) 

According to Mason and Latham (2004) stereotypes are typical for suboptimal environments and 

that highly stereotypic individuals often show improved welfare than less stereotypic conspecifics 

housed in similar suboptimal environments. Jeppesen et al. (2004) discovered that the benefits 

linked with stereotypic behaviour are an increase in reproductive success and a reduction in heart 

rate. An example was found in the farmed mink (Mustela vison) that stereotypic females can be more 

fertile and also experience lower pup mortality than nonstereotypic females. In a study by Jones et 

al. (2009) caged bank voles (Myodes glareolus) showed that stereotypic behaviour was associated 

with better survival, fecundity and an increase in reproductive success. 

Shepherdson (1998) consider that stereotyped behaviour where animals are exhibited denies the 

public an appreciation of how the animal´s behaviour is adapted to its natural environment. 

Behavioural stereotypes are often associated with housing conditions that deviate greatly from the 

natural environment. The size and type of an enclosure are important, smaller, less complex 

enclosures are known to result in stereotypic, selfdestructive and other atypical behaviours 

(Shepherdson, 1998; Hosey, 2005). 

In a study of zoo primates, Mallapur et al. (2005) discovered that an increase in visitors enhanced the 

levels of stereotypic behaviour. It was documented that several forms of abnormal behaviour in the 

repertoire of captive liontailed macaques (Macaca silenus) were exhibited only toward visitors. 

These individuals were also more agnostic during the presence of visitors “on exhibit” and more 

affiliative “off exhibit” when visitors were absent. They yawned more in the presence of visitors, but 

exhibited greater proportion and frequency of reproductive behaviour in their absence.   

4.4 Reintroduction 

The purpose of a reintroduction (translocation) is to release captiveborn or wildcaught animals into 

an area within their original range where populations have declined or disappeared and may even 

have conservation or an economic purpose (Kleiman et al., 1996; BIAZA, 2013). Kleiman et al. (1996) 

believe that improving the status of the wild population by increasing their numbers or changing 

their genetic makeup is one of the main goals in a reintroduction program, this is appropriate when 

the species exists in small groups in insular habitats that preclude outbreeding. 

The first consideration that has to be made in a reintroduction program is to define the longterm 

conservation goals and the criteria for success. The aims can vary according to the status of the 

species in captivity and in the wild, and the political situation within the receiving country. The 

intention is generally to increase the wild population (Kleiman et al., 1996) and to preserve or 

enhance their available habitats (BIAZA, 2013). It may also be appropriate to reintroduce a species 

when the demography and genetics of the wild population suggest that a species could become 

extinct and a judgement must be based on a thorough knowledge of the biology, distribution and 

ecological requirements of the species, as well as an understanding of the original factors causing the 

population to decline (Kleiman et al., 1996).  
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According to Brambell (1977) the animals chosen for a reintroduction program must be surplus to 

the future needs of the captive population and able to interbreed with the wild population. Suitable 

habitats are important to be able to sustain a population growth and a study of the habitat 

preferences, movements, shelter requirements, foraging and feeding behaviours of the wildborn 

animals is highly essential (Kleiman et al., 1996). 

The main cause in the decline of most species is the loss of their habitats, and the lack of suitable 

protected habitats is the major ecological reason for the rejection of reintroduction. A requirement 

for a reintroduction program is that they are released into legally protected areas, such as natural 

parks or reserves (Aveling and Mitchell, 1982; Borner, 1985). The expectation is that the protected 

areas will survive into the future, without a longterm commitment there will be a constant and 

probably losing battle to protect not only the animals but also the habitat (Kleiman et al., 1996). 

Prior to the release of captivebred animals, the cause for a species decline must be identified and 

eliminated (Brambell, 1977). Predation, food competition, habitat destruction caused by the 

introduction of nonnative species, including domestic cats, dogs, rats, rabbits, goats and snakes, 

hunting or poaching for food, fur, trophies or other body parts have been a major factor in the 

decline of many species, especially birds and large charismatic animals (Kleiman et al., 1996). 

When reintroducing captiveborn animals into their native habitats a concern is that they often show 

a loss of their natural behaviour associated with wild fitness (Rabin, 2003; Snyder et al., 1996; van 

Heezik and Ostrowski, 2001; Fleming and Gross, 1993; Kleiman, 1998). An example are the survival 

techniques that are normally passed from parents to their offspring, can often be lost, and due to 

this problem reintroduction programs have to be carefully planned, ensuring that the animals have 

the necessary skills to survive (BIAZA, 2013). Kleiman et al. (1996) suggests that there are many areas 

of behaviour that have to be considered when preparing a reintroduction scheme; the animals must 

be able to avoid predators, acquire and process food, interact socially with conspecifics, find or 

construct shelters and nests, and orient and navigate in a complex environment. Studies have shown 

that reintroduction programs that use captiveborn animals are less likely to be successful than 

projects using wildcaught animals (Mathews et al., 2005).  

There are a number of authors that have drawn the attention to the fact that captiveborn animals 

may carry diseases to which they, but not the wild animals, are immune (Brambell, 1977; Caldecott 

and Kavanagh, 1983; Aveling and Mitchell, 1982; Cunningham, 1996). For the wild population to be 

protected, the captiveborn animals should be released in habitats free from wildranging animals. A 

prerelease screening performed by veterinarians of the captiveborn animal’s blood, urine and 

faeces, followed by an appropriate treatment, and may reduce the transmission of diseases (Kleiman 

et al., 1996). 

When releasing captive animals into a saturated natural population, this can cause a social disruption 

and stress (Aveling and Mitchell, 1982; Borner, 1985). It has been studied that when releasing single 

animals or groups that are unacquainted with an area may be confronted by adapted wild animals in 

natural social groups, which can result in flight and scattering, and at worst in an attack that can lead 

to death. There are documented studies in which young chimpanzees (Pan troglodytes) have been 

attacked after their release into a territory of an established group (Borner, 1985). 
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According to Kleiman et al. (1996) there are differences in the amount of prerelease conditioning 

required. Omnivores and carnivores may require extensive training in food acquisition whilst 

herbivores may need little training. Species that normally live in herds, or are solitary in the wild, may 

need less preparation in the rules of social interaction compared to those in groups with a complex 

social structure. Arboreal species may need more preparation in locomotion and orientation than 

terrestrial forms and migratory species or those with large home ranges may need to learn how to 

navigate and develop routes through natural habitats. It is not known which of these behaviours that 

is learned and requires training. 

In a study by Miller et al (1990) an experiment was conducted which tested the effect of training 

protocols on the behaviour of captive animals and the aim was for the preparation of endangered 

blackfooted ferrets (Mustela nigripes) for reintroduction. The Siberian polecats (Mustela 

eversmannii) were used in order to examine the development of predator avoidance and prey 

location skills in native captives. The experiment proved that the blackfooted ferrets were more 

active on the surface of the ground than in burrows when searching for food and evidence also 

proved that their longterm memory was short when they experienced a negative impact with a 

potential predator. 

Kleiman et al. (1996) believes that incorporating preparation techniques into the zoo environment 

might result in a more naturalistic habitat for the captive animals.  The zoos that provide animals for 

a reintroduction program are interested in the results from the monitoring because it is vital to learn 

of their progress. A monitoring program will indicate how and when the behaviour repertoire of the 

captiveborn animals becomes comparable to that of the wild specimens and the information will 

then be passed to the management of the captive population .Most reintroduction programs provide 

the essential resources such as food, water and shelter, both to provide support for the animals and 

to control their movements. 

Many attempts have been made to define reintroduction success (Fischer and lindenmayer, 2000) 

and a combination of the following criteria can indicate a projects success:  breeding by the first wild

born population, a three year breeding population with recruitment exceeding adult death rate, an 

unsupported wild population of at least 500 and the establishment of a selfsustaining population. 

There has also been difficulty in setting the minimum success criteria. This can lead to the 

assumption that there is an endpoint to which supplement releases, or continued monitoring of 

projects, may no longer be required. The success of a reintroduction can therefore only be assessed 

at a specific point in time which is often shortly after the release, since longterm monitoring is 

infrequent due to time and budget constraints (Jule et al., 2008). 

According to Hosey (2005) the number of successful reintroductions of captiveborn animals is low at 

the present but there have been notable outcomes which can give cause for optimism for other 

species in the future. Most individuals and agencies involved in conservation agree that populations 

of endangered species are best maintained in situ, this requires a habitat conservation and 

management which is also beneficial to other species, and is often less expensive than captive 

breeding with subsequent reintroduction. 
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5. Conclusion  

In this review I addressed the question on how captive breeding programs affect the manner animals 

communicate and behave towards each other and if this would be detrimental to their possible 

reintroduction. I believe that the zoo environment affects an animal’s behaviour depending on which 

species and at which aspect of the zoo environment one is looking. The zoo environment is made up 

of many different variables that may influence behaviour in various ways. When an animal is 

confined in captivity many of the choices that it faced in the wild have been removed. In this review I 

discovered that the physical aspects (enclosure size, nutrition and routine) and social aspects 

(conspecifics and other species) of the captive environment may lead to changes in an animal´s 

communication and behaviour. 

Conservation breeding is designed to preserve and maintain the survival of species that are 

endangered in the wild. Species in captive breeding programs may face several problems such as loss 

of genetic diversity, mutations, inbreeding, reduction in fitness and decrease or increase in 

reproduction. To ensure a healthy population growth within the captive environment animals are 

provided with the right nutrition, shelter, veterinary care and the absence of predators. I believe this 

can ensure a higher survival rate and in some cases an improvement in reproduction compared to 

their wild conspecifics. It is important that conservation programs should endeavour to make the 

captive environment similar to where the animals are destined to be released. This may also facilitate 

breeding of endangered species in captivity for future reintroduction, especially if the release site is 

the same as, or similar to, the captive site.  

Animals communicate with each other in multiple ways some of which are affected by the captive 

environment. For example chemical signals are disturbed by the daily cleaning of enclosures and the 

presence of humans was found to influence the acoustic behaviour of animals, disrupting their 

natural behaviour to the degree that they can develop abnormal and aggressive tendencies and 

reduce or interfere with sexual behaviour. According to Shepherdson et al (1998) and Mellen (1991) 

the relationship of animals with their zoo keepers is important and can be reflected in their 

reproductive success. I consider visual signals between conspecifics or other species can be both 

beneficial or a source of stress when animals are in their enclosures. Instead of engaging in activities 

such as foraging and mating they spend much of their time defending their territories through visual, 

acoustic and chemical displays. 

In my research it became clear that when animals were provided with enclosures designed to 

resemble their natural habitat,  and were presented with the appropriate management and 

understanding of their behaviour, there was a reduction or elimination of abnormal patterns of 

behaviour(e.g. stereotypes), increased fitness and improved health all of which may influence 

reproductive success. According to Mellen (1991) and Hearn et al (1996) another important issue 

when improving captive breeding is to ensure that animals are maintained with the appropriate 

number of conspecifics, as described in the example on Caribbean flamingos. Environmental 

enrichment can also provide the captive animal with the necessary skills to enhance its chance of 

survival when reintroduced into its natural habitat.  
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It is important to have in mind that physiological and behavioural problems can manifest themselves 

in the forms of stress and stereotypes, and when captive animals are provided with enclosures that 

are not designed with any form of environmental enrichment they can show signs of stress. This can 

affect their reproduction, whilst in certain species stereotypic behaviour has led to an increase in 

reproduction.  

Other conclusions that can be drawn from this review are that in conservation breeding programs 

some species of captiveborn females are less likely to sire offspring compared to wildcaught 

females (which can be due to suppression of dominant females) and that when zoo managers have 

paired animals according to their age and genetics, mating has not resulted, thus expressing a form 

of mate choice.   

I have not found any articles on how sexual selection is affected by the zoo environment but would 

be interested to know if ornaments and weapons are influenced by the choices that are made for 

them in confinement, and I feel it is important that more information concerning species 

management continues.  
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