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Foreword 
 
The primary aim of this project was to develop the technology for artificial insemination in alpacas in 
association with acceptable pregnancy rates following AI. The project was broken down into 5 steps to 
achieve this aim: 

1. Consistent and reliable collection of semen 
2. Characterisation of semen to allow selection of suitable ejaculates for preservation 
3. Chilling of alpaca semen 
4. Freezing of alpaca semen 
5. Artificial insemination of females. 

 
The reproductive physiology of alpacas differs to that of other domestic animals and remains poorly 
understood. Males mate in sternal recumbency for approximately 20 minutes and ejaculate many times 
during this period. Each ejaculate consists of low volume, high viscosity semen containing a low 
sperm concentration. The fertility of alpaca males declines with increasing numbers of consecutive 
matings. Gestation length is about 11.5 months, twins are rare and males reach puberty from 1 to 3 
years of age. Generation intervals are relatively long because males are slow to sexually mature and 
females exhibit an extended gestation, so conventional breeding results in slower genetic gain in 
comparison to other fibre-producing domestic species such as sheep and goats. 
 
Development of artificial insemination is aimed at increasing the use of superior alpaca males as 
multiple doses of semen will be derived from each ejaculate. Artificial insemination will reduce the 
need for ‘mobile matings’ and therefore reduce the risk of injury and transport-associated diseases in 
elite alpaca males and significantly reduce the risk transmission of Johne’s disease, lice and other 
infectious agents among alpaca farms. Artificial insemination will also allow more humane and 
economic importation of superior genotypes from overseas and increase the efficiency of 
dissemination of superior alpaca genotypes around Australia. In other fibre industries, such as Merino 
sheep and Angora goat production, assisted breeding is being used to improve fibre quality more 
rapidly than would otherwise be possible by natural mating.  
 
The knowledge gained about collection, characterisation, preservation and insemination of alpaca 
semen will hasten the availability of artificial insemination services in alpacas. This will benefit the 
Australian alpaca industry with more efficient utilisation of genetically superior males and faster 
dissemination of improved genotypes throughout the national herd. 
 
This project was funded from industry revenue which is matched by funds provided by the Federal 
Government. 
 
This report is an addition to RIRDC’s diverse range of over 900 research publications, forms part of 
our Rare and Natural Fibres R&D program, which aims to develop artificial insemination technology 
in alpacas. 
 
Most of our publications are available for viewing, downloading or purchasing online through our 
website: 
 
• downloads at www.rirdc.gov.au/fullreports/index.htm 
• purchases at www.rirdc.gov.au/eshop 
 
 
Simon Hearn 
Managing Director 
Rural Industries Research and Development Corporation 
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Executive Summary 
 
The primary aim of the studies in this report was to develop the technology for artificial insemination 
in alpacas in association with acceptable pregnancy rates following AI. The project was broken down 
into 5 steps to achieve this aim: Consistent and reliable collection of semen, characterisation of semen 
to allow selection of suitable ejaculates for preservation, chilling of alpaca semen, freezing of alpaca 
semen and artificial insemination of females. 
 
Artificial insemination (AI) in alpacas is the subject of research in several countries. First attempts at 
AI occurred in the 1960s in SAC in Peru (Fernandez-Baca et al. 1966, Calderon et al. 1968) and 
camels (Elliot 1961). Since then, studies in semen collection and artificial insemination have been 
performed in alpacas and other South American camelids in Australia (Gunn 1999), North and South 
America (Bravo et al. 1997, Ratto et al. 1999b, Huanca et al. 2001b), Britain (McEvoy et al. 1992b) 
and Germany (Burgel et al. 1999). Concentrated efforts at AI in camels have occurred in the last 20 
years in an attempt to improve quality and production of milk and meat, in response to higher stakes in 
camel racing and increased interest in breed conservation (Purohit 1999a). 
 
The reproductive physiology of alpacas differs to that of other domestic animals and remains poorly 
understood. Males mate in sternal recumbency for approximately 20 minutes and ejaculate many times 
during this period (Lichtenwalner et al. 1996a, 1996b). Each ejaculate consists of low volume, high 
viscosity semen containing a low sperm concentration (Sumar 1983, McEvoy et al. 1994). The fertility 
of alpaca males declines with increasing numbers of consecutive matings (Bravo et al. 1997b). 
Gestation length is about 11.5 months, twins are rare and males reach puberty from 1 to 3 years of age 
(Bravo 1994). Generation intervals are relatively long because males are slow to sexually mature and 
females exhibit an extended gestation, so conventional breeding results in slower genetic gain in 
comparison to other fibre-producing domestic species such as sheep and goats. 
 
Development of artificial insemination is aimed at increasing the use of superior alpaca males as 
multiple doses of semen will be derived from each ejaculate. Artificial insemination will reduce the 
need for ‘mobile matings’ and therefore reduce the risk of injury and transport-associated diseases in 
elite alpaca males and significantly reduce the risk transmission of Johne’s disease, lice and other 
infectious agents among alpaca farms. Artificial insemination will also allow more humane and 
economic importation of superior genotypes from overseas and increase the efficiency of 
dissemination of superior alpaca genotypes around Australia. In other fibre industries, such as Merino 
sheep and Angora goat production, assisted breeding is being used to improve fibre quality more 
rapidly than would otherwise be possible by natural mating.  
 
There are no established AI services world-wide. The reasons include the difficulties of funding and 
sustaining research in Latin America in the past, the difficulty in semen collection, the mucoid 
characteristic of alpaca semen which precludes the easy adaptation of AI technology from other 
species, the characteristic of induced ovulation in female alpacas, the lack of techniques to define 
reproductive excellence in male alpacas, the lack of proven techniques to store alpaca semen in chilled 
or frozen form and the difficulty of transcervical pipette passage of some females 
 
This report presents new data on the techniques used for the collection, characterisation, preservation 
and insemination of alpaca semen. Consistent and reliable collection of alpaca semen was possible 
using a wooden mannequin covered with a tanned alpaca hide and fitted with an artificial vagina. It 
was possible to train both virgin and experienced alpaca males to mate with the mannequin.  
 
Components of mating behaviour were defined during the training of males and during semen 
collection and characteristics of semen that define an ejaculate were established. One of the most 
important observations made during the study was that semen quality varied considerably within and 
between males.  
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Numerous diluents were mixed with semen in an attempt to prolong the life and maintain the health of 
sperm following collection in the artificial vagina. Extenders containing egg yolk and glycerol, and in 
particular Triladyl® (Minitub, Germany), proved the most effective extenders for chilled semen up to 
48 hours. Immediate post-thaw activity of sperm was approximately 20 to 40 % when either the 
Green/Clear camel buffer (IMV International Corporation, USA) or Biladyl A/B (Minitub, Germany) 
was used as extender for freezing semen.  
 
Transcervical deposition of semen into the tip of the uterine horn ipsilateral to the ovary bearing the 
dominant follicle proved to be a simple and efficient technique for artificial insemination. No 
pregnancies were achieved using transcervical, intrauterine AI of chilled or frozen-thawed semen. 
 
The findings in this project provide a sound basis on which to continue developing the technology for 
collection, preservation and insemination of alpaca semen. Although AI was first attempted in the 
1960s in South American camelids, the small numbers of pregnancies that have been achieved using 
chilled or frozen semen since then reflect the difficulties of transferring artificial breeding technology 
from other domestic livestock to camelids. The physiological idiosyncrasies of male alpacas such as 
extended mating duration and low volume, low density, high viscosity semen in combination with the 
variation in quality of ejaculates both within and between males provided challenges throughout the 
entire project.  
 
Data collected during the project will assist breeders and veterinarians in the Australian alpaca 
industry to select sound sires through evaluation of breeding behaviour and semen characteristics. It is 
anticipated that this same information will assist with the selection of males with semen that is suitable 
for chilling and/or freezing. Semen characteristics need to be further defined in relation to age, season 
and nutritional status and testicular size. 
 
The knowledge gained about collection, characterisation, preservation and insemination of alpaca 
semen will hasten the availability of artificial insemination services in alpacas. This will benefit the 
Australian alpaca industry with more efficient utilisation of genetically superior males and faster 
dissemination of improved genotypes throughout the national herd. 
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1. Introduction and review of the literature 
 
1.1 Introduction 

1.1.1 Objectives and the approach taken. 
The aims of the research project were to develop and establish: 
1. the technology for collection, processing and preservation of alpaca semen and  
2. the technology for insemination of alpaca semen. 
 
The approach that had to be taken was one of exploratory research. Protocols have been set up for 
semen preservation and artificial insemination (AI) in other domestic animals by trial and error over 
the last 50 years. Changes are still being made to semen assessment and handling procedures and to 
diluents in the domestic livestock AI industries. The approach with cattle has been to try out new 
techniques in exploratory investigations. Those that show promise are subjected to planned 
experimentation with thousands of inseminations under controlled conditions closely monitored for 
pregnancies. Statistically significant advantages of new technology can be established based on trial 
results. 
 
Relatively little work has been carried out on alpaca semen collection, characterisation, preservation 
and insemination. What has been done is reviewed in this chapter.  
 
Large numbers of alpacas were not going to be available in Australia for controlled experiments with 
different collection and handling methods, different diluents and freezing methods and different 
approaches to insemination. The present state of knowledge on artificial insemination technologies in 
alpacas was also not sufficiently advanced for large scale controlled experiments. We have therefore 
studied intensively a small number of animals to find out what worked and what did not work. 
 

1.1.2 Industry background 
Production of fibre from alpacas presents many attractions to prospective breeders in Australia despite 
already producing 636 million tonnes of greasy sheep’s wool annually (Cooperative Research Centre 
for Premium Quality Wool, personal communication). Alpaca fibre is soft, fine and light and feels 2-3 
microns finer than wool. The animals are plantigrade (compared with sheep that are digitigrade) and 
spread their weight over a greater surface area of ground (Ordoñez 1994). They do not require tail 
docking or mulesing as they have a hairless perineum. They defaecate in communal dung piles so that 
gastrointestinal parasite burdens are lower and the necessity for anthelmintic drenching is much 
reduced (Carmichael 1999). Alpacas are nutritionally more efficient than sheep and require less 
protein and energy (a 65kg alpaca requires the same amount of maintenance feed as a 40kg sheep; San 
Martin et al. 1989). Alpacas do not require sophisticated fencing and guard their offspring against 
predators such as dogs and foxes (Sumar 1983). 
 
The Australian alpaca industry is endeavouring to become commercially viable by producing large 
quantities of high quality fibre. There are currently 35,500 alpacas in Australia (J. Rothque, Australian 
Alpaca Association, personal communication). These animals are shorn annually and their fibre is 
processed for yarn, clothing and bedding. The national herd has an average fibre diameter of 28 
microns (B. McGregor, Dept Natural Resources and Environment, personal communication). 84 % of 
the 1999/2000 Australian alpaca clip had a diameter greater than 25 microns, 27 % of the clip was 
white and each animal produced an average of 1.25 kg skirted fleece (Holt, 2001). The Australian 
Alpaca Co-operative currently pays AU$45/kg clean fibre for fibre diameter less than 20 microns, but 
only AU$5/kg clean fibre for fibre with a diameter of 27.1-32 microns.  



 

2 

Breeders must place maximum selection pressure on males and combine this with rapid and broad 
dissemination of appropriate genotypes to achieve the goal of producing high quality fibre. The 
increased use of alpaca males with superior genotypes via artificial insemination would allow a faster 
reduction in fibre diameter, increased fibre density per animal and greater control of fibre colour in the 
national alpaca herd. Producers would benefit with improved quality and increased quantity of alpaca 
fibre in their herds. Many alpaca farmers do not own a male suitable for breeding as the Australian 
alpaca industry is based on hundreds of properties each with less than 20 animals. Semen is not yet 
available for reliable, cost effective artificial insemination (Burgel et al. 1999). Farmers that do not 
own a male currently use selected males owned by other breeders to improve the fibre quality of their 
animals. 
 
Therefore, the Australian alpaca industry relies heavily on ‘mobile’ or ‘trailer matings’ to disseminate 
throughout the national alpaca herd genotypes perceived to be superior for producing fine fibre. This 
method involves one alpaca, usually the male, being transported to the farm where mating is to occur. 
The farm manager determines the time of mating in both mobile matings and on-farm pen-matings.  
 
Artificial insemination (AI) in alpacas is the subject of research in several countries. First attempts at 
AI occurred in the 1960s in SAC in Peru (Fernandez-Baca et al. 1966, Calderon et al. 1968) and 
camels (Elliot 1961). Since then, studies in semen collection and artificial insemination have been 
performed in alpacas and other South American camelids in Australia (Gunn 1999), North and South 
America (Bravo et al. 1997, Ratto et al. 1999b, Huanca et al. 2001b), Britain (McEvoy et al. 1992b) 
and Germany (Burgel et al. 1999). Concentrated efforts at AI in camels have occurred in the last 20 
years in an attempt to improve quality and production of milk and meat, in response to higher stakes in 
camel racing and increased interest in breed conservation (Purohit 1999a). 
 
The reproductive physiology of alpacas differs to that of other domestic animals and remains poorly 
understood. Males mate in sternal recumbency for approximately 20 minutes and ejaculate many times 
during this period (Lichtenwalner et al. 1996a, 1996b). Each ejaculate consists of low volume, high 
viscosity semen containing a low sperm concentration (Sumar 1983, McEvoy et al. 1994). The fertility 
of alpaca males declines with increasing numbers of consecutive matings (Bravo et al. 1997b). 
Gestation length is about 11.5 months, twins are rare and males reach puberty from 1 to 3 years of age 
(Bravo 1994). Generation intervals are relatively long because males are slow to sexually mature and 
females exhibit an extended gestation, so conventional breeding results in slower genetic gain in 
comparison to other fibre-producing domestic species such as sheep and goats. 
 
Development of artificial insemination is aimed at increasing the use of superior alpaca males as 
multiple doses of semen will be derived from each ejaculate. Artificial insemination will reduce the 
need for ‘mobile matings’ and therefore reduce the risk of injury and transport-associated diseases in 
elite alpaca males and significantly reduce the risk transmission of Johne’s disease, lice and other 
infectious agents among alpaca farms. Artificial insemination will also allow more humane and 
economic importation of superior genotypes from overseas and increase the efficiency of 
dissemination of superior alpaca genotypes around Australia. In other fibre industries, such as Merino 
sheep and Angora goat production, assisted breeding is being used to improve fibre quality more 
rapidly than would otherwise be possible by natural mating.  
 
There are no established AI services world-wide. The reasons include: 
• the difficulties of funding and sustaining research in Latin America in the past 
• the difficulty in semen collection 
• the mucoid characteristic of alpaca semen which precludes the easy adaptation of AI technology 

from other species 
• the characteristic of induced ovulation in female alpacas 
• the lack of techniques to define reproductive excellence in male alpacas 
• the lack of proven techniques to store alpaca semen in chilled or frozen form 
• the difficulty of transcervical pipette passage of some females 
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1.1.3 Sections of the project 
The aims of this project were to develop and establish the technology for collection, processing and 
preservation of alpaca semen and to develop and establish the technology for insemination of alpaca 
semen. Six milestones were identified and reports on each are set out in the following chapters. 
1. Review of the literature 
2. Methods of collection of alpaca semen 
3. Characteristics of alpaca semen 
4. Storage of liquid alpaca semen 
5. Storage of frozen alpaca semen 
6. Methods of delivery of alpaca semen into the female reproductive tract. 
 
The outcomes reported in these chapters provide the scientific basis for delivery of an artificial 
insemination service to the Australian alpaca industry. It is anticipated that basic observations on 
reproductive physiology and AI methods examined in this project will facilitate the development of 
assisted breeding in all camelids. Recommendations are made at the end of each chapter on the 
directions we think further research should take.  
 
1.2 Reproductive physiology of the male alpaca 

1.2.1 Puberty 
Male camelids are usually born with descended testes that are small, soft and difficult to palpate 
(Sumar 1983, ElWishy 1988, Bravo 1995, Fowler et al. 1998). The mechanism of testicular descent 
has not been described (Tibary et al. 1999b). Plasma testosterone levels are basal (60-90 pg/mL; Bravo 
1995, Bravo 2002) and adhesions exist between the penis and prepuce (Sumar 1983, Johnson 1989, 
Fernandez-Baca 1993). As males mature, the testes enlarge (Table 1.1) and plasma testosterone levels 
increase to more than 1000 pg/mL (at approximately 20 months of age in the majority of alpacas; 
Bravo 1995, Bravo 2002). Rising concentrations of testosterone allow the animal to grow and put on 
body condition, develop secondary sexual characteristics and apparently breakdown peno-preputial 
adhesions (Sumar 1983, ElWishy 1988, Fernandez-Baca 1993, Bravo et al. 1994b, Bravo 1995, 
Fowler et al. 1998, Brown 2000).  
 
There is variation in the age of puberty in different camelid species (Table 1.2). Seminiferous tubules 
may develop lumina and commence spermatogenesis in alpacas from 12 months of age (Montalvo et 
al. 1979, Galloway 2000). However, the onset of sexual maturity is often determined by the age at 
which the penile adhesions disappear and males become capable of a full erection, rather than the time 
at which viable sperm are produced (Figure 1.1; Smith 1999c). It has been observed in alpacas that at 
1 year of age 8-12 % of males, at 2 years of age 60-78 % of males and at 3 years of age 94-100 % of 
males have lost peno-preputial adhesions (Sumar 1983, Fernandez-Baca 1993, Fowler et al. 1998, 
Smith 1999c, Bravo et al. 2000a). Detachment begins at the tip of the penis, at approximately 12-15 
months of age in the majority of males; half the glans is free at 18 months of age and the penis is 
completely free of adhesions between 21 and 26 months of age (Bravo et al. 1994b, Bravo 1995). The 
variation in age at which peno-preputial adhesions are lost may be partially explained by plane of 
nutrition (Fernandez-Baca 1993) as there is a correlation between body size and mean testicular length 
(Galloway 2000). The wide variation in testicular size at any one age or body size suggests that other 
factors, probably genetic, are also important (Galloway 2000). Alpacas are considered to have reached 
full sexual development at 5 years of age, at approximately 63 kg body weight (Sumar 1983).  
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Table 1.1. Testicular size and weight in relation to age and body weight in alpacas (Bravo 1995). 
 

Age (years) Testicular 
dimensions (cm) 

Testicular weight 
(g) 

Body weight (kg) 

1 2.5 x 1.5 2.9 36.6 
3 3.4 x 2.3 13.9 43.9 
5 3.7 x 2.4 13.8 52.0 

 
 
Table 1.2. Age at which puberty attained in camelids. 
 
Reference Species Age (years) capable of breeding 
Montalvo et al. 1979 alpaca 1.25-1.5 
Galloway 2000 alpaca 1-3 
Sumar 1983 alpaca/llama 1-3 
Fowler et al. 1998 alpaca/llama 1-3 
Johnson 1989 llama 2.5-3 
Novoa 1970 vicuna 1 
ElWishy 1988 camel 3-4 
Arthur 1992 camel 5 
 

1.2.2 Anatomy 
 
1.2.2.1 Prepuce 
The prepuce is triangular, flattened side-to-side, non-pendulous and situated midline in the inguinal 
region (Fowler et al. 1998, Smith 1999c). There are 2 rudimentary teats on either side near its caudal 
border. The preputial orifice is directed caudo-ventrally when relaxed (Fowler et al. 1998). Well-
developed muscles (lateral preputial muscles and cranial and caudal preputial muscles) can direct the 
prepuce forwards for erection and backwards for urination (ElWishy 1988, Johnson 1989). 
 
1.2.2.2 Penis 
Camelids have a fibroelastic penis with a prescrotal sigmoid flexure that allows retraction of the penis 
into the prepuce in the non-erect state (Figure 1.2; Novoa 1970, Sumar 1983, ElWishy 1988, Bravo 
1995, Fowler et al. 1998, Smith 1999c). The retractor penis muscles are attached to the ventral 
convexity of the sigmoid flexure of the penis (Tibary et al. 1999b). 
 
The erect penis is 35-40 cm long in alpacas (Sumar 1983, Bravo et al. 1994b) and 36-45 cm long in 
llamas (Fowler et al. 1998). 18-25 cm of the penis extends beyond the prepuce in the erect state 
(Johnson 1989). Erectile tissue consists of 2 corpora cavernosa at the root of the penis that converge 
into a single corpus cavernosum in the body of the penis (ElWishy 1988). The urethra is incorporated 
ventrally in a groove of the corpus spongiosum (ElWishy 1988). The 3 cavernous bodies of the penis 
are surrounded by thick fibrous tunica albuginea (5-7 mm thick in camels; ElWishy 1988).  
 
The glans penis is 9-12 cm long (Fowler et al. 1998). It tapers from a 2 cm diameter fibrous structure 
proximally, to 1 cm diameter distally, and ends in a single rounded cartilaginous projection, the 
urethral process (Sumar 1983, ElWishy 1988). The process is 10 mm long in alpacas, curves in a 
clockwise direction (Sumar 1983) and may play a role in directing the penis through the cervix during 
copulation (Johnson 1989, Bravo et al. 1994b, Bravo 1995, Fowler et al. 1998) and dispersing semen 
in the uterus (Smith 1999c). The urethral opening of the glans is at the base of the cartilaginous 
process (Fowler et al. 1998, Smith 1999c). There is a dorsal urethral diverticulum at the level of the 
pelvic symphysis that prevents passage of a catheter into the bladder (Fowler et al. 1998, Smith 
1999c). 
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1.2.2.3 Testes 
The testes of camelids are located in a non-pendulous scrotum without a defined neck, forming a sub-
anal protuberance comparable to boars (Sumar 1983, ElWishy 1988). Normally, both testes are small 
and elliptical, similar in size, turgid on palpation and move freely within the scrotum (Sumar 1983, 
Bravo 1995, Fowler et al. 1998). The long-axis of each testis is oblique, with a caudodorsal, 
cranioventral orientation (Sumar 1983).  
 
The histology of camelid testes has been described (Delhon et al. 1987) and is similar to that of other 
livestock species (Hafez 1993, Fowler et al. 1998). Spermatogenesis has been divided into 8 stages in 
camelids (Delhon et al. 1987) with development beginning with spermatogonia lying in the outermost 
regions of seminiferous tubules and progressing to primary and secondary spermatocytes, spermatids 
and spermatozoa, which lie adjacent to the lumen of the seminiferous tubules (Galloway, 
unpublished). Sertoli cells line the seminiferous tubules and contribute to fluid production by the 
tubule (Hafez 1993). Leydig cells lie between the seminiferous tubules and secrete testosterone into 
the testicular veins and lymphatic vessels (Delhon et al. 1987, Hafez 1993). Seminiferous tubules in 
alpacas have a diameter of 174-237 µm (Bravo et al. 2000a), and in llamas a mean (± SD) diameter of 
223.07 ± 19.8 µm (Delhon et al. 1987). Daily sperm production varies between species but is about 
15-30 million per gram of testicular tissue (Hafez 1993). 
 
The complete process of spermatogenesis in bulls takes approximately 60 days. The seminiferous 
epithelium cycle takes 13-14 days and 4 to 5 cycles of the seminiferous epithelium are required. 
Sperm take another 8 or 9 days to travel through the epididymis. Therefore, the testes may take more 
than 2 months to recover from damage resulting from an injury such as hyperthermia or systemic 
illness (Entwistle 2002). It is not known how long the process of spermatogenesis takes in alpacas. 
 
Sperm production is correlated with testicular size in camelids (Tibary et al. 1999b, Galloway 2000). 
As testicular weight and size increase in bulls, so too does daily sperm output and fertility (Entwistle 
2002); presumably this occurs in alpacas too. Testicular size is highly heritable in bulls and is also 
related to fertility of his female relatives (Entwistle 2002). Camelid testes are relatively small and 
sperm production is low (Smith 1999c). Each adult testis in the alpaca measures approximately 4-5 cm 
long, 2.5-3 cm wide and weighs 15-18g (Tables 1.3, 1.4), thus accounting for 0.02 to 0.03 % of body 
weight (Sumar 1983, Bravo 1995), in comparison with the testes of rams (1.4 % of body weight) and 
bulls (0.18 % of body weight; Sumar 1999b). Three-year-old camels have testes 7-10 cm long that 
each weigh 80-100 g (Novoa 1970). 
 
Under normal conditions of spermatogenesis, seminferous tubules and the tail of the epididymides are 
distended with spermatozoa and fluid, giving tissues tone and resilience upon palpation (Entwistle 
2002). Poor tone and resilience or excessive firmness suggests abnormalities of testicular and/or 
epididymal function. 
 
The size of testes varies between breeds and seasons (ElWishy 1988, Fowler et al. 1998). There is an 
increase in weight in the breeding season due to increased development of interstitial tissue and 
increased diameter of seminiferous tubules (ElWishy 1988). The mean paired testes weight in 
dromedary camels is 140-165 g in the nonbreeding season and 164-180 g in the breeding season 
(ElWishy 1988). From December to March, seminiferous tubules are 183µm in diameter and contain 
5-6 layers of germ cells in various stages of differentiation, however after March, degeneration occurs, 
tubules became devoid of sperm and seminiferous tubules decrease to 131 µm diameter (Novoa 1970). 
Plasma testosterone concentrations also vary between seasons (Fowler et al. 1998). When male 
alpacas are separated from females as a management practice in Peru, testosterone concentrations are 
3900 pg/mL compared with 9000 pg/mL in the breeding season. In the USA, where males are mated 
all year, plasma testosterone fluctuated between 900 and 1200 pg/mL throughout the year (Fowler et 
al. 1998). 
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Vascular rather than muscular thermoregulation of the testes may be important in camelids because of 
the close apposition of the scrotum to the body (ElWishy 1988). The testicular artery is convoluted 
and coiled. The pampiniform plexus of the testicular veins enmeshes the artery and allows arterial 
blood entering the testis to be cooled by venous blood leaving the testis via a counter-current cooling 
mechanism (Hafez 1993). The muscular structures of the scrotum and spermatic cord (dartos and 
cremaster muscles) elevate the testes, with associated thickening of scrotal skin, during cold weather 
and relax slightly during warm weather (Bravo et al. 1994b). The skin of the scrotum is relatively 
thick and may be an adaptation to protect the testes from accidental castration during male-male 
fighting (Fowler et al. 1998). 
 
Efferent ductules run from the testis into the head of the epididymis (Bravo 1995). 
 
Table 1.3. Mean (range) testicular size (cm) and weight (g) in alpacas, llamas and vicunas (adapted from Sumar 
1983, Fowler et al. 1998 and Bravo 2002). 
 

Age (months) Alpaca (n=158) Llama (n=54)  Vicuna (n=6) 
 Size (cm) Weight (g) Size (cm) Weight (g) Size (cm) 

6 1.0 x 0.4 0.6 2.4 x 1.4 na 0.7 x 0.3 
12 2.3 x 1.5 2.9 3.4 x 2.3 5.1 1.1 x 0.7 
18 2.8 x 1.9 6.6 3.5 x 2.6 14 1.5 x 0.8 
24 3.3 x 2.2 9.9 3.9 x 2.3 17.4 2.1 x 1.3 
30 3.6 x 2.3 13.9 4.4 x 2.5 17.8 na 
36 3.6 x 2.4 13.6 4.5 x 2.7 18.2 2.5 x 1.4 

Sires (Fowler et al. 1998) 3.7 x 2.4 17.2 5.4 x 3.3 na 3.3 x 1.9 
Sires (Sumar 1983) 4.0 (3.2-4.8) x  

2.6 (1.9-3.2) 
17.7 (13.5-28.0)    

 
Table 1.4. Mean and range of testicular lengths (cm) in alpacas of different ages (Galloway 2000). 
 

Age (months) Number of males Mean testicle 
length (cm) 

Range (cm) 

<12 (4-11) 8 2.3 1.4-2.8 
12 5 3.6 2.9-4.3 
13 6 3.4 1.9-4.0 
14 7 3.6 2.6-4.6 
16 5 3.0 2.5-3.5 
18 6 3.3 2.0-4.2 

21-27 6 4.0 3.3-4.5 
29-41 7 4.8 4.3-5.2 

 
1.2.2.4 Epididymides 
The epididymis is small and closely adherent to the testis (Smith 1999c). It consists of a head (caput), 
body (corpus) and tail (cauda; Tibary et al. 1999b). The head is larger than the tail (Bravo 1995). The 
head of the epididymis lies cranioventral to the testis, the body extends medially and dorsocaudally to 
the tail which lies dorsal to the testis (Fowler et al. 1998). The head and body are sites of sperm 
maturation, while the tail is associated with sperm storage (ElWishy 1988). Histology of the 
epididymis is similar to other species (Delhon et al. 1994, Smith 1999c). Distal movement of the 
cytoplasmic droplet occurs as sperm transit through the epididymis (Tibary et al. 1999b). A distal 
cytoplasmic droplet remains in more than 60 % of sperm in the terminal segment (ElWishy 1988, 
Tibary et al. 1999b) and is lost when sperm reach the ductus deferens (Delhon et al. 1994).  
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The ductus deferens is 40 cm long and 2-3 mm wide in the llama (Bravo et al. 1994b, Smith 1999c) 
and 45-50 cm long in the camel (Bravo et al. 2000a). It runs from the tail of the epididymis, through 
the inguinal ring to the urethra just caudal to the neck of the bladder, where there is a small, poorly-
defined ampulla 2-4 mm in diameter (Bravo et al. 1994b, Bravo 2002). The lack of/small ampulla may 
explain why electroejaculation does not work well in camelids as the ampulla is unable to act as a site 
of sperm storage (Bravo et al. 2000a). 
 
1.2.2.5 Accessory sex glands 
The prostate is H-shaped and firmly attached to the dorsolateral aspect of the urethra, near the trigone 
of the bladder (Sumar 1983, Bravo et al. 1994b, Bravo 1995, Fowler et al. 1998, Smith 1999c). It is 3-
4 cm wide and 1-2 cm high in llamas (Fowler et al. 1998, Smith 1999c) and 3.7 x 5 cm in camels 
(Novoa 1970). Seasonal changes in weight are correlated with testicular activity (ElWishy 1988). 
 
The 2 bulbourethral glands are ovoid and located lateral to the terminal part of pelvic urethra at the 
ischial arch at the root of the penis (Sumar 1983, Johnson 1989, Bravo 1995), 7-8 cm caudal to the 
prostate in the alpaca (Smith 1999c). They measure 1 cm in alpacas and up to 2 cm in llamas (Fowler 
et al. 1998, Smith 1999c). Each gland is partly covered by the bulbocavernosis muscle and they 
exhibit seasonal variation in size (ElWishy 1988). These glands are most likely to produce the viscous 
material found in the ejaculate of camelids (Bravo 1995). 
 
Seminal vesicles are not found in camelids (Sumar 1983, ElWishy 1988, Johnson 1989, Bravo et al. 
1994b, Smith 1999c). 
 

 
 
Figure 1.1. Diagram of preputial adhesions of South American camelids (A = preputial adhesions, B = prepuce, 
C = penis; Fowler et al. 1998, page 384). 
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Figure 1.2. Diagram of the lateral view of male camelid genitalia (Fowler et al. 1998, page382). 

1.2.3 Seasonality 
Spermatogenesis occurs throughout the year in all camelids (Arthur 1992, ElWishy 1988). Seasonal 
variations in sperm production are based on geographical origin (hence nutrition, climate and other 
environmental factors), herd management, extent of domestication and social structure of the group of 
camelids (Novoa 1970, ElWishy 1988, McEvoy et al. 1994). For example, February and March are the 
peak breeding months for alpacas in Peru following summer rains and increased pasture growth 
(Garnica et al. 1993, Raymundo et al. 2000). In the USA, no seasonal differences were noted in 
plasma testosterone concentrations, LH pulse frequency or testicular size in a group of males 
monitored for 12 months (Smith 1999c). Male alpacas do not undergo changes in appearance and 
behaviour in the breeding season in Peru (Novoa 1970). 

1.2.4 Mating behaviour and copulation 
Mating behaviour can be seen in South American camelid males weeks to months after birth when 
they try to mount females or other juveniles and begin play-fighting (Fowler et al. 1998, Smith 1999c). 
Androgen production increases significantly between 18 and 24 months of age and usually coincides 
with sperm production and increased libido (Smith 1999c). Males fight to assert their dominance over 
other males, using their neck, chest and canines to establish superiority (Fowler et al. 1998). There is 
no evidence that experience affects the behaviour of alpaca males, however, there is individual 
variation in libido among males and variation in the number of females mated (Pollard et al. 1995). 
Males in their first season behaved in a similar manner to those with more experience.  
 
The mating behaviour exhibited by a SAC male may be divided into courting and copulatory phases. 
The courting phase occurs when the male actively chases the female and may only last a few seconds, 
as some females sit immediately, or up to 10 minutes, but attempts longer than 4 minutes usually 
result in no mating (England et al. 1971). The length of this phase may be influenced by the level of 
libido of the male (Fowler et al. 1998). The mating behaviour of the female is mainly submissive, but 
a male may mount and push the female on the withers with his front legs. Males may exhibit flehmen 
by elevating their head and lip after sniffing the dung pile (Fowler et al. 1998). 
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The copulatory phase occurs when the female adopts the copulatory position of sternal recumbency 
with legs tucked beneath the body (Fernandez-Baca et al. 1970a, England 1971). The male straddles 
the female, grips her shoulders with his elbows, and his metatarsi rest flat on the ground, lateral to 
those of the female (Novoa 1970). Penile erection commences at this stage to allow intromission 
(Fowler et al. 1998). The penis may have a corkscrew end as it searches the perineum for the vulval 
opening (Fowler et al. 1998, Tibary et al. 1999b). Repositioning of the pelvis of the male may occur to 
allow intromission via searching of the penis (England et al. 1971). When intromission is successfully 
accomplished, the pelvis of the male is close to the pelvis of the female (Fowler et al. 1998). Males 
show their excitement with trembling ears, tail flipping up and down, nostrils dilating and constricting 
and by vocalisation (Novoa 1970). The characteristic guttural sound made by males during mating, or 
‘orgling’, is reported to be an integral aspect of the preovulatory LH release (Bravo 1994, Bravo et al. 
1994b).  

 
During copulation, the male penetrates the cervix with his penis, and deposits semen during multiple 
ejaculations into both uterine horns using mild thrusting movements, as evidenced by uterine palpation 
via laparotomy during copulation (Franco et al. 1981, Bravo 1994, Bravo 2002). Examination of the 
uterus 24 hours after copulation has revealed haemorrhage, inflammation, oedema and hyperaemia of 
the endometrium, possibly due to penile trauma or an inflammatory reaction to seminal plasma (Bravo 
et al. 1996b, Velasquez et al. 1999, Bravo 2002b). Inflammation of the uterus may last 3 to 4 days and 
be more severe following multiple matings (Bravo 2002b).  
 
Male camels exhibit strong libido and extremely aggressive behaviour during part of the year known 
as the ‘rut’ (ElWishy 1988). There is a dramatic increase in plasma androgen levels from 1-4 ng/mL 
(basal) up to 17-35 ng/mL. In association with increased androgens, males become restless, 
aggressive, grind their teeth, lash urine over their back with the tail, froth at the mouth, exude a foetid-
smelling brown secretion from their poll glands (found subcutaneously on either side of the 
ligamentum nuchae, 7 cm below the occipital crest) to delineate territory, evert their soft palate from 
the side of mouth (‘dullah’) frequently, gurgle and roar (ElWishy 1988, Arthur 1992, Abdel Rahim et 
al. 1992). It is possible to treat male camels with GnRH at the start of the breeding season to increase 
libido and hasten onset of breeding behaviour (Moslah et al. 1992).  
 
During the courtship phase of mating, the male camel will sniff the genitals, urine and faeces of the 
female, lift his head back, exhibit flehmen, bite the female, and force the female to sit with his neck 
prior to mounting the recumbent female. Erection of the penis does not occur during courtship in the 
standing position (Abdel Rahim et al. 1992). The front legs of the male are placed on either side of the 
shoulders of the female, and his hind legs on either side of her pelvis. The hind legs of the male are 
folded with heels to hocks on ground, front legs are extended, with head and neck held high. 
Intromission is associated with gurgles, salivary dribble and dullah (ElWishy 1988, Abdel Rahim et al. 
1992).  
 
When male and female alpacas are kept separately and allowed to copulate at infrequent intervals, 
both sexes remain sexually active all year (Sumar 1985). At the start of the breeding season in Peru, 
when males are first placed in a paddock with females, they show intense copulatory activity for the 
first 3 days, copulating up to 18 times per day (Sumar 1983, Fernandez-Baca 1993). However, 
continuous association of male and female SAC somehow inhibits the breeding activity of males to the 
point of complete cessation of sexual activity in spite of receptive females (Fernandez-Baca 1993). If  
inactive males are then placed in with a new herd of females, they resume sexual activity (Fernandez-
Baca 1993). It is not known what factors are responsible for the inhibitory effect on male libido 
resulting from continued exposure to females and what restarts breeding activity (Fernandez-Baca 
1993), however, nutrition, management and environmental factors (temperature, relative humidity, 
light) or olfactory cues may influence the central nervous system centres that control reproductive 
behaviour (Brown 2000). 
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1.2.5 Fertility 
Under conditions of natural mating, pregnancy and subsequent parturition rates following a single 
mating have been reported as low (Sumar 1985) and less efficient than other farm species (Wiepz et al. 
1985). However, there have been reports of 21 out of 28 (75 %) female llamas pregnant after two 
matings 4-8 hours apart (Adams et al. 1990), a 46 % parturition rate in single-mated llamas 
(Condorena et al. 1988) and 34 out of 70 (49 %) females conceiving after a single natural mating, 
regardless of ovarian follicular diameter (Vaughan et al. in press). These rates compare favourably 
with conception rates in other domestic livestock and suggest that unsuitable reproductive 
management, nutritional deficiencies and inbreeding contribute to low fertility (Parraguez et al. 1997). 
The sperm concentration required for successful fertilisation and pregnancy is not known, but 
intracornual semen deposition of semen during copulation may be an adaptation to overcome 
relatively low sperm concentrations in ejaculates (Brown 2000). 
 
To minimise the number of matings per conception it has been recommended to select males with 
large testicular size on the assumption that the direct relationship between testis size and sperm 
production in other domestic livestock also occurs in camelids (Sumar 1983, Smith 1999c, Brown 
2000, Galloway 2000). Mean testicular length (the average length of left and right testes) is correlated 
with testicular weight (Galloway 2000) and may be used as a simple means of assessing testicular size 
in alpacas. Mean testicular length may be used to estimate the likelihood of sperm production in 
alpacas (Table 1.5; Galloway 2000). Bravo et al. (1995) describe a trial in which male llamas with 
small testes (3.0 x 1.9 cm) achieved a 45 % pregnancy rate, while males with larger testes (4.8 x 3.2) 
achieved a 75 % pregnancy rate. Pugh (1999) observed male llamas with testes 3.5 x 2.9 cm achieved 
21/30 (70 %) pregnancies, while males with smaller testes (2.5 x 2.2 cm) only achieved 12/30 (40 %) 
pregnancies. 
 
Table 1.5. Development of testicular function in alpacas with testicles of different sizes (Galloway 2000). 
 
Mean testicular length 

(cm) 
Proportion of 

males (%) 
% testicular 

tissue producing 
elongated 

spermatids 

<3 100 0 
3-4 68 

31 
<10 

30-60 
>4 36 

31 
31 

<10 
10-60 
>60 
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Body size has also been correlated with mean testicular length and suggests that nutrition is one 
important factor in determining testicular size (Galloway 2000). Precocious behaviour, mating ability 
(no peno-preputial adhesions) and sperm production in yearlings and are also desirable traits in 
selection programs (Sumar 1983, Galloway 2000). 
 
The number of matings performed in one day by a male influences fertility. Bravo et al. (1997d) 
observed that male alpacas bred 2 or 4 times per day achieved a 77 % pregnancy rate, while those bred 
6 times per day achieved a 59 % pregnancy rate. It was proposed that rates declined in response to 
exhaustion of sperm reserves (Bravo et al. 1997d). The number of consecutive days that matings occur 
on also influences fertility (Bravo et al. 1997d). Copulation time decreased over consecutive breeding 
days and the percent pregnant decreased from 71 % on Day 1 of breeding, to 50 % by Day 8 and 0 % 
on Day 9 (Bravo et al. 1997d). Three to 4 matings per day for 4 to 5 days does not compromise 
fertility in male alpacas (Bravo 1995). 

1.2.6 Copulation length 
Copulation usually lasts 20-25 minutes, with a range of 5-65 minutes (Table 1.6). The length of 
copulation is determined by the male and is affected by breed, age, season and frequency of use 
(Tibary et al. 1999b). The presence of other camelids will influence length of copulation (England et 
al. 1971, Johnson 1989). Studies of paddock matings show the average duration of copulation in 
alpaca herds varies based on animal interactions. Males in herds without other males may average 20 
minutes compared with 15 minutes in herds with several males; males mating yearling females may 
average 15 minutes compared with multiparous females 22 minutes (Escobar 1984, Pollard et al. 
1991). Interruption/short duration of copulation in multi-sire herds was attributed to normal male 
territorial fighting, as males are vulnerable to attack during mating (Escobar 1984). Knight et al. 
(1992) observed that the copulation of maximum duration was not always the first mating when males 
performed more than one mating per day but others have noted that subsequent matings are shorter 
than the first mating of the day (Pollard et al. 1991, Bravo et al. 1997b, Vaughan 2001). Various 
studies have shown matings to be longer in autumn than spring (England et al. 1971, Knight et al. 
1992, Pollard et al. 1995). There is no correlation between mating duration and conception rate 
(Tibary et al. 1999b). 
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Table 1.6. Duration of copulation in camelids. 
 
Reference Species Average duration of mating (minutes) Range 

(minutes) 
San-Martin et al. 1968 Alpaca 25-35 60 
Fernandez-Baca et al. 
1968 

Alpaca  5-50 

Fernandez-Baca et al. 
1970a 

Alpaca 21.9 ±1.2 (n=44) 10-50 

Pollard et al. 1991 Alpaca pen mating 18.7 
paddock mating (single sire) 11.3 
first mating 28.3 
subseq mating 12.2 

Knight et al. 1992 Alpaca autumn multiple matings per day 9.8 ± 0.8 
autumn single mating per day 15.7 ± 2.0 
spring multiple matings per day 8.7 ± 1.0 
spring single mating per day 9.6 ± 0.7 

Pollard et al. 1994 Alpaca 19 7-31 
Pollard et al. 1995 Alpaca 16.4 ± 0.65 (n=150) 

spring 14.1 
autumn 18.5 

1-39 

Bravo et al. 1997b Alpaca 1st mating 17.9 ± 0.7 (n=71) 
2nd mating 14.1 ± 0.9 (n=34) 
3rd mating 13.9 ± 1.4 (n=15) 
average 15.3 (n=120) 

 

Bravo et al. 1997d Alpaca 2 matings/d/male 14.6 ± 0.7  
4 matings/d/male 11.6 ± 0.7 
6 matings/d/male 10.3 ±0.5 

 

Paolicchi et al. 1999 Alpaca 20  
Vaughan 2001 Alpaca 1st mating 22.7 ± 1.1 (n=48) 

2nd mating 14.8 ± 1.6 (n=20) 
11-46 
8-30 

Parraguez et al. 1997 Llama/alpaca >12  
England et al. 1971  Llama 23.7 ± 8.5 

December 22.6 
February 20.4 
March 21.8 
April-May 26.3 

3-65 

Escobar 1984 Llama single male 20 
multiple males 14.7 
males mating 1yo females 14.7 
males mating multiparous females 21.5 

Johnson 1989 Llama 20 5-45 
Bravo et al. 1990a Llama 18 (n=4) 10-35 
Bravo et al. 1994 Llama 10d post-partum 24.7 (n=17) 

20d 20.5 (n=17) 
30d 24.9 (n=22) 

 

Lichtenwalner et al. 
1996a 

Llama 21.7 ± 7.8  

Chen et al. 1985 Bactrian 3  
Elias et al. 1985 Dromedary 5.2 ± 1.2  
Marie et al. 1986 Dromedary  5-10 
Marie et al. 1987 Dromedary ovulatory 8.3 ± 3.4 

non-ovulatory 10.0 ± 5.1 
5-15 
5-17 

ElWishy et al. 1988 Dromedary 11-15 7-35 
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1.2.7 Characteristics of ejaculation 
Ejaculation occurs early during copulation as pregnancies have been observed after matings of 5-8 
minutes duration (Fernandez-Baca et al. 1970d, Vaughan et al. in press) and 8 of 26 sperm collections 
had sperm within 10 minutes of the start of copulation (Lichtenwalner et al. 1996b). Lichtenwalner et 
al. (1996a) observed that there were 121.9 ± 61.0 urethral pulses per copulation at a rate of 6 per 
minute when describing the nature of ejaculation in llamas. There were 19 clusters (one whole body 
strain plus 4-5 urethral pulses) per copulation, 20 seconds long and equivalent to approximately 
1cluster per minute during copulation. Each cluster was equivalent to one distinct ejaculation. 
Therefore, there were multiple distinct ejaculations per prolonged copulation. There were few urethral 
pulses between clusters. There were 22 whole body strains, 816 pelvic thrusts and 53 repositions 
(which occurred between clusters; Lichtenwalner et al. 1996a). Sperm emission occurs throughout 
copulation and sperm concentration increases with time (Lichtenwalner et al. 1996b). 
 
Bravo et al. (2002) observed that urethral contractions were evenly distributed throughout copulation, 
but only measured an average of 40 in alpacas and 63 in llamas (range 11-132). 
 
1.3 Collection of semen 
 
Various methods have been used to collect semen from camelids to allow analysis of semen 
characteristics (Table 1.8). It is difficult to collect semen because of the mating posture, duration of 
copulation, intrauterine deposition of semen and the viscous nature of the ejaculate (Bravo et al. 
1994b, 2000a). The use of intravaginal sheaths or condoms and intravaginal sponges interfere with 
normal ejaculation and result in shorter duration of mating, continuous movement of the male, frothing 
of semen and damage of sperm (San Martin et al. 1968, Sumar 1983, Johnson 1989, McEvoy et al. 
1992b, 1994, Bravo 1995). Creation of a urethral fistula required delicate surgery and longterm wound 
management (von Kubicek 1974). Retrieval of semen from the vagina after copulation and epididymal 
aspiration do not provide representative ejaculates (McEvoy et al. 1994, Bravo 1995). Disadvantages 
of electroejaculation include the requirement for heavy sedation or general anaesthetic, urine 
contamination of semen, inability to assess libido, variable sperm concentration and welfare issues 
(Calderon et al. 1968, Sumar 1983, Johnson 1989, McEvoy et al. 1994, Bourke et al. 1995c, Bravo 
1995, 2002, Giuliano et al. 2002). 
 
The use of an artificial Pvagina (AV) in combination with either a receptive female (Gauly et al. 1996, 
Huanca et al. 2001b), a dummy (Garnica et al. 1993, Bravo et al. 1997a,b, Davalos et al. 1999) or half-
dummy mount (Lichtenwalner et al. 1996b) in South American camelids has yielded the most 
representative copulation times and mating behaviour in camelids. There is no urine contamination of 
semen and assessment of sexual behaviour is possible (Lichtenwalner et al. 1996b). Therefore, the AV 
method of semen collection presumably provides semen samples most representative of natural 
mating. One author has noted that semen composition (ejaculate volume, sperm concentration, 
percentage of live sperm) varies significantly depending on whether a receptive female or a dummy is 
used with the AV (Davalos et al. 1999) however, another has noted that use of an AV with a dummy 
or live-mount produced consistent results once males were trained (Adams et al. 2001). 
 
The dummy mount is constructed of a wooden frame in the shape of a recumbent female, covered by 
an alpaca hide, with a hole in the rear to accommodate the AV (Garnica et al. 1993, Lichtenwalner et 
al. 1996b, Bravo et al. 1997a). The AV may be constructed of PVC pipe or reinforced rubber tube (25-
30 cm long, 5-7 cm diameter) and lined with a latex liner (Figure 1.3; Lichtenwalner et al. 1996b, 
Bravo et al. 1997a). Various workers have noted the importance of placing a stricture around the latex 
liner of the AV to simulate the presence of a cervix (Figure 1.4; Garnica et al. 1993, Bravo 1995, 
Bravo et al. 1997a, Fowler et al. 1998).  
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Figure 1.3. Diagram of an artificial vagina used in dromedary camels (Bravo et al. 2000a). 
 
 
 
 
 
 

 
 
Figure 1.4. Diagram of a modified artificial vagina used to collect semen from alpacas (Bravo et al. 1997a). 
 



 

15 

Warm water is placed between the inner latex liner and the outer tube (Garnica et al. 1993, 
Lichtenwalner et al. 1996b, Bravo et al. 1997a). The temperature of the AV should be between 38-40 
˚C (Von Baer et al. 1999, Bravo et al. 2000a) and 45 ˚C (Garnica et al. 1993, 1995). The AV is 
wrapped in a heating pad (Bravo 1995, Bravo et al. 1997a, Fowler et al. 1998) or warm water is 
continuously pumped through it (Lichtenwalner et al. 1996b) to maintain temperature. 
 
Males are trained to mount a dummy by first exposing them to receptive females and mating pairs of 
alpacas as a stimulus (Garnica et al. 1993, 1995, Bravo et al. 1997a,b). Not all males will ejaculate into 
an AV at every attempt. Complete ejaculates were recovered in 108 of 132 attempts (82 %) in llamas 
(Aller 2001) and 203 of 272 attempts (75 %) in dromedaries (Deen et al. 2003). 

1.3.1 Biochemical analysis of semen 
The biochemical analysis of seminal plasma is provided in Table 1.7. Citric acid (mean 4.3 mg/dL, 
range 3.1-6.0 mg/dL) and fructose (mean 5.0 mg/dL, range 3.9-6.6 mg/dL) concentrations in alpaca 
semen were found to be independent of age and much lower compared with bulls, rams, boars, 
stallions and dromedary camels possibly due to a lack of seminal vesicles (Garnica et al. 1995). High 
fructose and citric acid concentrations have been noted in camels (ElWishy et al. 1988). High glucose 
concentrations may serve as the primary energy source for sperm (Garnica et al. 1995). 
 
Data from Bactrian camels and alpacas indicate that camelid semen contains a factor that induces 
ovulation. Seminal plasma induced ovulation in females following placement into the vagina or uterus 
without mating (Chen et al. 1985, Rios et al. 1985, Xu et al. 1985, Sumar 1994) or by intramuscular 
injection (Chen et al. 1985, Pan et al. 1992, Adams et al. 2001). The biochemical composition of the 
factor is unknown (Rios et al. 1985) but is different to GnRH (Zhao et al. 1992, Paolicchi et al. 1999). 
Mating behaviour may have some augmentative effect on the semen-induced ovulations (Fernandez-
Baca et al. 1970d, Chen et al. 1985). Contrary to these findings, Anouassi et al. (1992) found that 
although insemination of whole semen induced ovulation in some dromedary camels, ovulation and 
pregnancy rates were significantly higher in those artificially inseminated and mated by a 
vasectomised male. 
 
Table 1.7. The biochemical analysis of camelid semen (Garnica et al. 1993, 1995, Bravo et al. 2000a). 
 
Components Units Llama adult Alpaca 3yo Alpaca 6yo Lamoid range Bactrian 

camel 
Citric acid mg/dL  4.3 ± 0.3  3.1-6.0  
Chloride mEq/L 402 ± 10 348 ± 32 404 ± 34 263-491 173 ± 59 
Calcium mg/dL  18 ± 1 18 ± 3 13-31 13 ± 5 
Inorganic phosphate mg/dL 10 12 ± 2 8 ± 0.4 7-17 13 ± 1 
Glucose mg/dL 6 ± 0.3 7 ± 0.4 5 ± 0.3 4-8 12 ± 10 
Fructose mg/dL 4 ± 0.2  6 ± 0.1 3-7  
Lipids mg/dL 106 ± 5 86 ± 10 95 ± 10 51-115  
Phospholipids mg/dL  29 ± 1 29 ± 1 27-31  
Total nitrogen mg/dL 623 ± 23 548 ± 50 647 ± 32 398-697  
Total protein g/dL 4 ± 0.1 3 ± 0.3 4 ± 0.2 3-4  
Albumin g/dL  2 ± 0.3 2 ± 0.2 1-3  
Globulins g/dL  1 ± 0.1 2 ± 0.2 1-3  
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1.3.2 Characteristics of semen 
Individual ejaculates consist of low volume, high viscosity semen containing a low sperm 
concentration (Table 1.8). There is considerable variation in semen characteristics among different 
alpaca and llama males, which may pose a problem in obtaining acceptable quality ejaculates from 
some males (Gauly et al. 1996, Von Baer et al. 1999, Raymundo et al. 2000). Semen volume, sperm 
concentration, percentage of live sperm, percentage of normal sperm, and duration of copulation have 
been observed to vary among alpaca males, however, oscillation and pH did not differ between males 
(Bravo et al. 1997b). 
 
The volume of each ejaculate in alpacas averages 1-2 mL and ranges from less than 1 mL up to 
approximately 7 mL (von Kubicek 1974, Garnica et al. 1995, Fowler et al. 1998). Volumes are usually 
lower when semen is collected by electroejaculation than with use of an AV (Tibary et al. 1999b). 
Semen is usually described as milky- or creamy-white in colour (Garnica et al. 1993, Bravo et al. 
1997a,b) depending on sperm concentration (Tibary et al. 1999b). Alpaca semen consists of 11.5 % 
sperm and 88.5 % seminal fluid by volume (Garnica et al. 1993). The specific gravity of llama semen 
is 1.1 ± 0.0 g/mL (Lichtenwalner et al. 1996b). 
 
Alpaca semen is very viscous (Garnica et al. 1993, Bravo et al. 1997a,b), making it difficult to handle 
(e.g. pipetting, smearing on a slide), difficult to determine parameters such as sperm concentration and 
sperm motility, and difficult to dilute (Garnica et al. 1993, Tibary et al. 1999b). Viscosity may be 
indirectly calculated by measuring the distance of a known volume of semen that is drawn upwards 
from a glass slide by a pipette (Bravo et al. 2000b). The degree of viscosity varies between males 
(Tibary et al. 1999b) and decreases with increasing number of ejaculates on any day (Bravo et al. 
1997b). Semen liquefies 23 hours (range 8-30 hours) after collection (Bravo et al. 1994b).  
 
Sperm concentration varies from approximately 30,000 up to 150 million per mL in alpacas (Bravo 
1995, Garnica et al. 1995, Gauly et al. 1996). Such wide variations are attributed to differences in 
males, semen collection methods and ejaculate number (Tibary et al. 1999b). Concentration is 
determined after liquefaction of semen, using a haemocytometer (Bravo et al. 1997a).  
 
The pH of camelid semen ranges between 7.2 and 8.6 (Bravo et al. 1997a, Von Baer et al. 1998). 
 
The movement of camelid sperm in undiluted semen is best described as oscillatory as most sperm 
move back and forth and only 5 to 10 % of individual sperm actively progress forwards (Neely 1993, 
Bravo et al. 1997a, 2000b). Sperm increase their progressive motility as the ejaculate becomes more 
liquid (Tibary et al. 1999b). Muscular contractility and ciliary motion of the female reproductive tract 
are probably more important mechanisms of sperm transport during the transfer of sperm from the site 
of deposition in the uterus to the site of fertilisation in the oviduct, but sperm motility is essential for 
passage through the uterotubal junction and penetration of the cumulus cells and zona pellucida of the 
ovum (Hafez 1993). 
 
Some workers have noted that ejaculates are not fractionated in alpacas and llamas so semen is 
uniform in quality from start to end of copulation (Sumar 1983, Moscoso et al. 1999). Others, 
however, have observed that sperm concentration, percentage of oscillatory sperm, percentage of live 
sperm and percentage of normal sperm increased with time during a single copulation in alpacas and 
llamas (Lichtenwalner et al. 1996b, Bravo et al. 2002).  
 
Bravo et al. (1997b) noted that sperm concentration, ejaculatory volume, percent live, percent normal 
and motility, decreased with increasing number of ejaculations/day but pH did not (Bravo et al. 1997b, 
Bravo 2002). Ejaculatory volume, sperm concentration, percentage of live sperm and duration of 
copulation were different on different days of semen collection (Bravo et al. 1997b).  
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Table 1.8. Characteristics of camelid semen. 
Reference Species Method of 

collection 
Colour Consistency Volume 

(mL) 
(range) 

pH 
(range) 

% Live 
sperm 
(range) 

[Sperm] 
x106/mL* 
(range) 

% Motility 
(range) 

% Normal 
sperm 
(range) 

Total number 
sperm/ 

ejaculate 
(x106) 

Copulation time 
(min) 

(range) 

Mogroveja 1952 alpaca condom milky viscid 1.9 
(0.4-6.6) 

8.3  33 low 41   

von Kubicek 1974 alpaca urethral fistula 6.6 
(1-21) 

7.5  0.6 
(0-4.7) 

(0-85)    

Sucapuca 1991 alpaca condom 0.7 7.3  0.838 slow -   

Garnica et al. 1993 alpaca AV and dummy milky white or 
creamy 

viscous 
difficult to smear 
on slide 

1.7 ± 0.2 
(0.4-4.3) 

   50    

Garnica et al. 1995 alpaca AV and dummy 3yo 1.6 
4yo 1.2 
5yo 1.5 
(0.6-2.7) 

  3yo 0.168 
4yo 0.135 
5yo 0.148 
(0.09-0.2) 

    

Bravo 1995 alpaca EJ 1.4 
(0.2-3.5) 

7.6  0.032 average    

Bravo 1995 alpaca AV and dummy milky white very viscous 1.7 
(0.5-3.0) 

7.5-7.8 76 
(58-96) 

0.150 
(32-380) 

oscillatory 76 
(71-84) 

  

Bravo et al. 1997a alpaca AV and dummy milky white viscous - formed a 
coagulum after 
copulation 

1.9 ± 0.4 
(0.8-3.1) 

7.2 
(7-8) 

69.6 ± 3.7 
(58.0-83.1) 

147.5 
(82.5-250) 

85 ± 5.2 
(69-91) 

75.9 ± 2.1 
(70.6-84.1) 

0.289 ± 0.015 
(0.062-0.750) 

21.8  
(14-36) 

Bravo et al. 1997b alpaca AV and dummy creamy white 1st and 2nd ejac 
viscous, 3rd ejac 
semi-viscous 

1.5 7.8 65.3 56.2 75.2 73.7 75.3 1st 17.9 ± 0.7 
(n=71) 

2nd 14.1 ± 0.9 
(n=34) 

3rd 13.9 ± 1.4 
(n=15) 

av 15.3 (n=120) 
Fowler et al. 1998 alpaca whitish cream 

colour 
gelatinous 1.9 ± 0.4 7.2-7.8 69.6 ± 3.7 147.5 ± 8 85 ± 5.2 75.9 ± 2.1 0.289 ± 0.015  

Tibary et al. 1999b alpaca Vaginal 
aspiration 

0.5 – 1.5    50 - 60 70  12 - 26 

Davalos et al. 1999 alpaca AV and dummy 1.03 ± 0.04  34.3 ± 4.2 0.328 ± 0.043 34.2 ± 5.3 85  15.9 ± 0.6 
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Reference Species Method of 
collection 

Colour Consistency Volume 
(mL)(range)

pH 
(range) 

% Live 
sperm 
(range) 

[Sperm] 
x106/mL 
(range) 

% Motility 
(range) 

% Normal 
sperm 
(range) 

Total number 
sperm/ 

ejaculate 
(x106) 

Copulation time 
(min) 

(range) 

Davalos et al. 1999 alpaca AV and female 1.73 ± 0.09  72.1 ± 1.9 0.575 ± 0.083 68.9 ± 4.9 86  16.8 ± 0.7 

Bravo et al. 2000b alpaca AV and dummy Viscous# 
1.5 cm (0.4-4.9) 

  74.9  68.2    

Raymundo et al. 2000 alpaca AV and dummy viscous 2.6 ± 1.8   0.062 ± 0.037 49.7 ± 22.6   28.4 ± 8.4 

Bravo et al. 2002 alpaca AV and dummy milky 63 % 
transluc 37 % 

viscous 65 % 
semiviscous 34 % 

  65-90 30-170 (40 – 80)    

Flores et al. 2002 alpaca AV and female opalescent 
white 84 % 
white 11 % 
yellowish 5 % 

 1.8 ± 0.8 
(0.6-3.8) 

  17.6 ± 26.1 
(0.05-92.9) 

 51 ± 12.4 34.0 ± 52.2 
(0.06-167.2) 

12.3.± 7.2 
(2.5-28.3) 

Sumar 1983 alpaca/llama AV and dummy highly viscous <12.5   600 high    

Bravo et al. 1994b alpaca/llama AV and dummy very viscous 1.7 
(0.4-4.3) 

  0.350-0.600     

Johnson 1989 llama viscous seminal 
fluid 

3     >70   

McEvoy et al. 1992b llama intravaginal 
sheath 

viscous    17.7    15-20 

McEvoy et al. 1992b llama EJ under GA viscous    120    15-20 

McEvoy et al. 1992b llama epididymal 
aspiration 

    257    15-20 

Neely 1993 llama 1.2 7.4   slow 10-78   

Bourke et al. 1995c llama EJ milky to 
creamy white 

high viscosity 0-0.55 (7.5-8.5)  61.1 ± 30.8 
(0-271) 

slight to 
vigorous 

   

Gauly et al. 1996 llama AV and female light-grey to 
milky white 

very viscid jelly-
like consistency 

2.4 
(0.2-6.5) 

7.7 85 106.8 
(15.0-640) 

15-50 90.6 245.8 12.0 
(5-25) 

Lichtenwalner et al. 1996b llama AV and semi-
dummy over 
end of 
recumbent 
female 

 viscous 3.0 ± 1.9 
(0.2-7.9) 

8.1 ± 0.1 
(7.3-8.6) 

 1.0 ± 0.8 
(0.0-3.4) 

23.7 ± 20.0 
(0.0-65.0) 

39.7 ± 18.5 
(0.0-79.1) 

2.9 ± 3.1 
(0.0-10.6) 

[total motile 
normal sperm 
per ejaculate 

0.3 ± 0.3 (0.0-
1.7)] 

32.4 ± 12.0 
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Reference Species Method of 
collection 

Colour Consistency Volume 
(mL) 

(range) 

pH 
(range) 

% Live 
sperm 
(range) 

[Sperm] 
x106/mL 
(range) 

% Motility 
(range) 

% Normal 
sperm 
(range) 

Total number 
sperm/ 

ejaculate 
(x106) 

Copulation time 
(min) 

(range) 

Fowler et al. 1998 llama whitish cream 
colour 

gelatinous 1.6 ± 0.8 7.2-7.9 82.7 ± 7.3 139 ± 54 61.7 ± 23.5 na   

von Baer et al. 1998 llama AV and female 3.5 ± 2.6 8.6 ± 0.3  85 ± 89 25-33 32.5 ± 22.3   

Bravo et al. 2000b llama AV and dummy viscous# 
1.5 cm (0.4-4.9) 

  73.3  66.6    

Huanca et al. 2001b llama AV and female 2.1 ± 1.4 7.62 ± 0.28  80 ± 28 57.6 ± 22.3   9.1 ± 1.8 

Aller 2001 llama AV and dummy 
+ female 

 spumous and 
viscous 

2.2 ± 1.3 7.4 ± 0.3 68.5 ± 12.3 75.2 ± 20.4 54.3 ± 10.5 75.2 ± 12.4 165.3 ± 52.3 18.5 ± 5.2 

Bravo et al. 2002 llama AV and dummy creamy 10 % 
milky 47 % 
transluc 42 % 

viscous 57 % 
semiviscous 42 % 

\\  81-90 60-188 (60-80)    

Bravo 2002 guanaco vaginal 
aspiration 

milky viscid 0.4  70 60 60 70   

Giuliano et al. 2002 vicuna EJ whitish viscous 1-2.5 7-7.7  0.010-0.140 non-
progressive 

motility <10%

66-75   

Abdel Raouf et al. 1976 dromedary AV 8.5 
(4.3-12.6) 

8.6 
(8.1-8.7) 

55 
(40-80) 

396 
(140-760) 

  3.25 
(0.66-5.69) 

 

Tingari et al. 1986 dromedary EJ 3.9 
(1.0-9.0) 

7.8 
(7.6-8.0) 

43 
(25-66) 

800 
(400-1,300) 

3.7 
(2.5-5.3) 

84 
(60-92) 

  

ElWishy 1988 dromedary light-grey to 
milky white 

viscid, jelly-like 
liquefied after 5-
10 min 

        

Anouassi et al. 1992 dromedary AV glutinous and 
thick 

3 
(2-10) 

  200-300     

Musa et al. 1993 dromedary AV light-grey to 
milky white 

initially semen  
jelly-like 
consistency but 
liquefies in 10-15 
min in 30C water 
bath 

7.5 
(5-9) 

 82 325 50.5    

Musa et al. 1993 dromedary EJ 3.9  81 331 49.7    
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Reference Species Method of 
collection 

Colour Consistency Volume 
(mL) 

(range) 

pH 
(range) 

% Live 
sperm 
(range) 

[Sperm] 
x106/mL 
(range) 

% Motility 
(range) 

% Normal 
sperm 
(range) 

Total number 
sperm/ 

ejaculate 
(x106) 

Copulation time 
(min) 

(range) 

Badamdorj et al. 2000b dromedary whitish, creamy, odourless 5.8 ± 2.0 7.5  229.5 60    

Deen et al. 2003 dromedary AV and female  4.3 ± 0.2  73.3 ± 1.1 
(38-89) 

Good 300 
Fair 150 
Poor 80 

   4.5min ± 10.2 s 

            

* There were discrepancies in the literature when recording sperm concentrations. Some authors appeared to interchange the units mm3 and mL and this may explain the vast differences in semen concentrations. 
# These authors measured viscosity by drawing up 50 µL semen into a micropipette. They then placed 25 µL on a glass slide and pulled upward to compare the length of the thread on a ruler (Bravo et al. 2000b). 
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1.3.3 Sperm morphology 
Sperm consist of a head, midpiece and tail (Hafez 1993). Sperm are 50 µm long (head 5.3 µm, tail 37 
µm) in llamas (Table 1.9; Bravo et al. 2000a). The head is elliptical rather than ovoid (Tibary et al. 
1999b). 

1.3.4 Sperm transport in the female reproductive tract 
Few studies are available on the transport of sperm in the female reproductive tract following 
intrauterine deposition of semen in camelids (Bravo et al. 1996b). There appears to be no difference in 
sperm numbers travelling up the left and right uterine horns (Bravo et al. 1996b). Despite the fact that 
98 % of pregnancies are carried in the left uterine horn, ovulations occur with equal frequency from 
both ovaries (Fernandez-Baca et al. 1973). A high percentage of sperm (77 %) is found at the 
uterotubal junctions or in the oviducts 6 hours after mating in the alpaca. Ninety-nine percent of sperm 
have entered the oviducts 12 hours after mating, and 33 % are at the isthmus in anticipation of 
fertilisation. Maximum sperm concentration at each isthmus occurs 18 hours after mating. The 
uterotubal junctions are the sites of sperm storage 24-30 hours post-mating. The endometrium is 
oedematous, hyperaemic and inflamed between 6 and 30 hours post-copulation (Bravo et al. 1996b).  
 
Nothing is known about camelid sperm longevity, however, ovulation occurs approximately 30 hours 
after the mating stimulus in alpacas (Huanca et al. 2001a), so sperm survival is certainly longer than 
this. Presumably, sperm capacitation and acrosome activation occurs during this period, possibly when 
sperm reach the isthmus (Hafez 1993). 
 
1.4 Pathology 
 
Commonly reported problems in male camelids include lack of or reduced libido, ejaculatory 
problems and unexplained infertility, but their exact aetiology remains unknown (Tibary et al. 1999b). 
Hormonal imbalance, heat stress, debilitating disease, overuse, old age or genetic factors may all 
contribute (Tibary et al. 1999b). 

1.4.1 Abnormalities of the testes 
Testicular defects including hypoplasia, cryptorchidism and ectopic testes have been reported in 
camelids (Table 1.10; Sumar 1983, ElWishy 1988, Johnson 1989, Bravo et al. 1994b, Galloway 2000) 
and are considered as genetic faults, though this has yet to be proven (Sumar 1983). 
 
Testicular hypoplasia is the most common testicular defect observed in alpacas (Sumar 1983). In a 
Peruvian study, 10 % (385/3807) of all males examined exhibited some form of hypoplasia (Table 
1.10; Sumar 1983) while in an Australian study, 5 % (4/73) males exhibited testicular hypoplasia 
(Galloway 2000). Hypoplasia may be bilateral or unilateral, and ranges from mild (varying degrees of 
spermatogenic activity) to severe (Sertoli cells only) histologically (Sumar 1983, ElWishy 1988, 
Galloway 2000). Hypoplastic alpaca testes weigh 7-12 g and are firmer than normal (Sumar 1983). 
 
Cryptorchid testes are small, soft, undescended testes that are usually situated close to the internal 
inguinal ring (Sumar 1983). Left testes are more commonly affected than right testes (Sumar 1983, 
Perkins et al. 1996). 
 
Ectopic testes are situated outside the scrotal sac perineally, on the medial thigh or lateral to the penis 
(Sumar 1983). Ectopic testes are small (8-12 g in weight), flabby and more common on the left side 
(Sumar 1983). 
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Table 1.9. Dimensions of different parts of camelid sperm (adapted from Tibary et al. 1999b). 
 
Species Llama Dromedary Bactrian 

Total length (µm) 49.5 ± 2.2 47 – 51 42.9 ± 1.9 

Head length (µm) 5.3 ± 0.5 5.1 – 6.6 6.0 ± 0.6 

Head width (µm) 3.8 ± 0.1 3.2 – 3.8 3.8 ± 0.1 

Midpiece length (µm) 5.3 ± 1.6 6.8 – 8.3 6.2 ± 0.7 

Tail length (µm) 36.6 ± 1.8 34 - 38 30.8 ± 1.9 

 
Table 1.10. Defects of alpaca testes detected during clinical examination and at post-mortem (Sumar 1983).  
 
Testicular defect Number of 

clinical cases 
Number of 

post-mortem 
cases 

Total 
number 
observed 

% of all 
males 

examined 
Hypoplasia bilateral 170 51 221 5.8 
Hypoplasia left-sided 80 22 102 2.7 
Hypoplasia right-sided 49 13 62 1.6 
Cryptorchidism left-sided 105 14 119 3.1 
Cryptorchidism right-sided 65 10 75 2.0 
Ectopic testis left-sided 51 11 62 1.6 
Ectopic testis right-sided 24 4 28 0.7 
Cysts unilateral  74 74 9.3 
Cysts bilateral  41 41 5.2 
Melanosis  2 2 0.3 
Total number of defective testes 544 242 786 20.6 
Total number of males examined 3,015 792 3807  
 
In an extensive examination of post-mortem material, Sumar (1983) observed 1-5 mm diameter 
unilateral and bilateral cystic structures in the head of the epididymis and/or in the body of the testis. It 
is thought that the cysts are derived from paramesonephric ducts (Sumar 1983).  
 
Acquired testicular problems in male camelids include testicular trauma secondary to fighting and 
biting and scrotal oedema and reduced sperm production and libido secondary to heat stress (Johnson 
1989, Fowler et al. 1998, Smith 1999c). South American camelids possess a non-pendulous scrotum 
and appear poorly adapted to heat-sensitive testicular thermoregulation (Pugh 1999). 
Thermoregulation may be complicated by excessive scrotal fat in obese males (Pugh 1999). Infertility 
due to heat stress is usually temporary, and fertility generally returns 45-60 days after the initial stress 
(Johnson 1989, Pugh 1999). 
 
Penile abnormalities include hypospadia, corkscrew penis, persistent frenulum and penile damage secondary to 
hair entanglement. Preputial abnormalities include preputial tears, prolapse, strictures, haematomas, adhesions, 
parasitic infestation and swelling secondary to irritation or rupture of the urethra (Johnson 1989, Lane 1999, 
Smith 1999c, Tibary et al. 1999b).  

1.4.2 Abnormalities of sperm 
Various abnormalities have been reported in camelid sperm, with variations in frequency among 
species (Table 1.11). All sperm abnormalities found in other domestic livestock may be found in 
camelids (Tibary et al. 1999b). Head abnormalities include tailless, small, large, pyriform, tapering 
and double heads (Bravo et al. 1997a, b, Flores et al. 2002). Abnormal midpieces of sperm include 
thick midpieces, proximal droplets and uneven or absent mitochondrial sheets (Lichtenwalner et al. 
1996b, Von Baer et al. 1999). Tail abnormalities include bent, double, coiled, kinked tails 
(Lichtenwalner et al. 1996b, Bravo et al. 1997a, b, Giuliano et al. 2002). 
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Bravo et al. (1997b) reported that the percentage of abnormal sperm heads and tails increased with the 
frequency of semen collection on any day, however, sperm abnormalities did not change on different 
days of collection. It is not known what effects sperm abnormalities have on fertility (Tibary et al. 
1999b). 
 
Flores et al. (2002) observed a high number of abnormal sperm in ejaculates collected 45 and 90 days 
after the previous mating. There were twice as many tailless sperm heads in ejaculates collected after 
90 days of sexual rest compared with 45 days. 
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Table 1.11. Camelid sperm abnormalities. 
 
Reference Species % Abnormal 

heads 
(range) 

% Tailless 
heads 

(range) 

% Cytoplasmic 
droplets 
(range) 

% Abnormal 
acrosomes 

(range) 

% Abnormal 
midpieces 

(range) 

% Abnormal 
tails 

(range) 

% Total 
(range) 

Bravo et al. 1997a alpaca 6.7 ± 1.4 
(2.6-12.6) 

 3.8 ± 0.8 
(1.3-7.3) 

  12.3 ± 0.8 
(9.4-15.2) 

 

Bravo et al. 1997b alpaca 3.8 ± 0.8 
(1.3-7.3) 

 3.6   14.5  

Davalos et al. 1999 alpaca       15 

Flores et al. 2002 alpaca 13.2 14.8 ± 15.2 
(3.0-62.5) 

9.3  14.4 11.8  

Lichtenwalner et al. 
1996b 

llama 20.1 ± 19.9 
(1.6-70.8) 

8.7 ± 8.9 
(0.0-58.8) 

11.1 ± 12.4 
(0.0-45.4) 

12.9 ± 12.4 
(0.0-56.1) 

1.0 ± 3.7 
(0.0-30.0) 

6.6 ± 12.0 
(0.0-53.9) 

60.3 ± 18.5 
(20.9-96.1) 

Gauly et al. 1996 llama      5.8  

Von Baer et al. 1999 llama     34.9 ± 19   

Aller 2001 llama 12.3 ± 4.5  3.3 ± 3.2  0.2 ± 0.5 9.0 ± 4.7 24.8 

Giuliano et al. 2002 vicuna 4-6 0-6 7-13   6-14 25-34 

Musa et al. 1992 camel    8.5   27.7 
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1.5 Artificial insemination 

1.5.1 Liquefaction, dilution, extension and freezing of semen 
Table 1.12 lists the various methods that have been used to liquefy, dilute, extend and freeze camelid 
semen, and their respective success rates. The first difficulty in handling alpaca semen is removing it 
from the AV and liquefying the ejaculate. Semen liquefies naturally 23 hours (range 8-30 hours) after 
collection (Bravo et al. 1994b). Various methods of liquefaction of semen, such as the use of enzymes 
(Callo et al. 1999, Bravo et al. 2000a, b) and mechanical stirring (A Niasari-Naslaji, personal 
communication), have been trialled with some success to simplify handling and allow dilution, 
extension and freezing of semen. Collagenase, fibrinolysin, hyaluronidase and trypsin have all been 
used to reduce viscosity of SAC semen (Bravo et al. 2000b). Collagenase apparently had the least 
effect on killing sperm, however all enzymes damaged the anterior part of the acrosome in 6-8 % of 
sperm (Bravo et al. 2000b). 
 
Adequate sperm viability must be maintained during semen handling and processing to achieve 
pregnancies. Longevity of sperm viability is probably improved by storage at 4-5 ˚C compared with 
higher temperatures due to reduced metabolic activity (Simson 2001). When semen was stored at 35 
˚C, motility decreased almost linearly with storage time: after 30 minutes 42 % sperm were motile, 
after 1 hour 33 % sperm were motile, after 2 hours 16 % sperm were motile, after 3 hours 5.5 % sperm 
were motile and after 6 hours only 1.8 % sperm remained motile (Raymundo et al. 2000). In horses, 
rapid cooling of semen from 37 ˚C to 20 ˚C does not adversely affect sperm motility, however, cooling 
rates from 20 ˚C to 4-8 ˚C are more critical. The current recommendation is to cool semen at a rate of 
0.5 to 1.0 C per minute to maximise motility (Simson 2001). Sperm retain better motility when stored 
at 4-6 ˚C compared with 0-2 ˚C using milk-based extenders (Batellier et al. 2001). 
 
Oxidative stress is one of the primary causes of sperm deterioration (Batellier et al. 2001). Removal of 
oxygen-rich air improves sperm survival at 4 oC (Katila 1997).  
 
Semen extenders contain compounds that protect sperm outside the reproductive tract and during 
chilling and freezing (Simson 2001). Lipoproteins, such as those found in egg yolk and milk, protect 
sperm against cold shock by stabilising cellular membranes. Energy is provided to sperm by addition 
of metabolisable substrates such as glucose, fructose or lactose. Antibiotics may be added to semen 
extenders to control bacterial growth (Simson 2001). Osmotic pressure (300-400 mOsm/L) and pH of 
extenders need to be controlled to maximise sperm survival (Simson 2001).  
 
Dilution of semen with extender varies with sperm concentration of the ejaculate. More dilute semen 
samples may be diluted 1:1 (v/v) whereas more concentrated samples may be diluted 1:2 or 1:3 with 
extender. It may be advantageous to add 1-2 mL extender to the AV prior to semen collection to assist 
sperm preservation during prolonged copulation (Niasari-Naslaji pers. comm.). 
 
Sperm factors that are important for fertilisation include progressive motility, normal metabolism, and 
intact cellular membranes, acrosomal enzymes and nucleoproteins (Simson 2001). These factors must 
be preserved during successful freezing of semen. Freezing may damage sperm by altering membrane 
structure, osmotic shock, dehydration, salt toxicity, intracellular ice formation, fluctuation in cellular 
volume/surface area or metabolic imbalance (Simson 2001). 
 
Bravo (2002) claims that Tris buffer combined with egg yolk is the most promising combination to 
maintain sperm viability during dilution, refrigeration, freezing and thawing of semen.  
 
Numerous workers have attempted freezing camelid semen using a 2-step dilution with glycerol, and 
slow freezing in liquid nitrogen vapour (Bravo et al. 1996c, Valdivia et al. 1999, Bravo et al. 2000a). 
Thawing of straws is in a water bath at 37-40 ˚C for periods ranging from seconds to minutes (Table 
1.12). 
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Seminal plasma is apparently important in the normal immunological and physiological responses to 
insemination, sperm capacitation and acrosome reaction (Rigby at el. 2001). However, pregnancies 
have been established in mares inseminated with chilled, extended (skim-milk, glucose extender) and 
seminal plasma-free semen (Rigby et al. 2001). The presence of a small amount of seminal plasma or 
the addition of an electrolyte solution (eg Tyrode’s medium) could optimise sperm motility following 
centrifugation, extension and chilling of semen in horses (Rigby et al. 2001). 
 
 
 
 
 



 

 

27

Table 1.12. Extenders used in camelid semen. 
Reference Species Diluent Freeze method Thaw method Survival 
Garnica et al. 1993 alpaca semen in 37C water bath for 23±1.2h (range 8-48h) to 

liquefy - more viscous samples took longer to liquefy 
semen centrifuged at 3000 rpm for 20 min 

   

Pacheco 1996 alpaca egg yolk 10%, citrate 3%  

de la Vega 1996 alpaca PBS 8% and cria alpaca serum 10%  

Bravo et al. 1999 alpaca Trypsin vs collagenase 
Egg yolk, glucose, citrate 

  

Callo et al. 1999 alpaca fibrinolysin 1mg/ml 1:4 with ejac 
hyaluronidase 1mg/ml 1:4 with ejac 
collagenase 1mg/ml 1:4 with ejac 
trypsin 1 mg/ml 1:4 with ejac 

 collagenase best at reducing semen 
viscosity, 
trypsin decreased motility most, 
collagenase least 
(jv - do enz damage ultrastructure of 
sperm?) 

Salinas et al. 1999 alpaca 7.5% glycerine best then 3.75%, 15%, then 0%  

Valdivia et al. 1999 alpaca liquefied semen by mechanical method (in and out of 
small-gauge needle) 

6% or 7% glycerol and egg yolk 
4C for 1h 
-10C for 20min 
-20C for 15 min 
-50C for 15 min 
-196C 

3 mins at 37C pre freeze motility 60-98% 
post thaw motility 15-20% 

Raymundo et al. 2000 alpaca Tris, citrate, egg yolk, glucose motility decreased almost linearly 
with storage time 30 min 42% 
motile, 1h 33% motile, 2h 16% 
motile, 3h 5.5% motile, 6h 1.8% 
motile 

Raymundo et al. 2000 alpaca Tris, citrate, egg yolk, fructose motility decreased almost linearly 
with storage time 30 min 42% 
motile, 1h 33% motile, 2h 16% 
motile, 3h 5.5% motile, 6h 1.8% 
motile 

Raymundo et al. 2000 alpaca Continental (TM) pig extender showed best motility rates after 3h 

Valdivia et al 1999 alpaca Tris-yolk extender Tris-yolk + glycerol (12 %) 
Semen: extender 1:1 
4C in 1 h 
-20C in 30 min 
-90C in 30 min 
plunge into liq N2 

 Pre-freeze motility 60-90% 
Post-thaw motility 15-20% 
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Reference Species Diluent Freeze method Thaw method Survival 
Bravo et al. 1996c alpaca/llama collagenase 1mg/mL added to liquefy semen 

then 20% egg yolk + Na-citrate diluent + 500ug/ml 
gentamycin 
semen maint at 4C for 1h 

then 20% egg yolk + citrate + 7% glycerol + 500ug/ml 
gentamycin 
semen maint at 4C as extender added in 3 parts every 15 
min 
0.25 ml straws loaded at 4C then frozen 5 cm above N2 
vapour, then plunged into liq N2 

 motility declined from av 80-90%  
after collection to 55-65% b4 
freezing to 40-50% after freezing 

Bravo et al. 2000a alpaca/llama collagenase 1mg/ml liquefactn then 2-step dilution: 
2.9% citrate, 10% egg yolk 

then 7% glycerol  
semen maint at 4C as extender added in 3 parts every 15 
min 
0.25 ml straws loaded at 4C then frozen 5 cm above N2 
vapour, then plunged into liq N2 

35C for 8s in water bath 80% oscillatory sperm at collection, 
60% post-thaw 
5/19 live births 

Bravo et al. 2000a alpaca/llama hydrolytic enzs to liquefy semen 
trypsin 1:250 effective 
or collagenase 0.5mg/ml 

  

Bravo et al. 2000b alpaca/llama Collagenase 1 mg/ml in water then added as 25 % of ejac 
volume 
Or fibrinolysin 1 mg/ml 
Or hyaluronidase 1 mg/ml 
Or trypsin 1 mg/ml 

   

McEvoy et al. 1992b llama distilled water, egg yolk, Triladyl in 3:1:1; diluent:semen 
2:1 
 

slowly cooled to 5C, loaded in 0.5ml straws, suspended in 
N2 vapour for 7 mins, then plunged into liq N2 

rapidly at 37C for 30s 5-10% 

Von Baer et al. 1999 llama a. Tris extender 
b. EDTA freezing extender 
 with or without 0.5% Equex STM surfactant 
packed into 0.5ml straws, adapted for 2h at 5C 

straws held over liq N2  TRIS extender 28% motility post-
thaw cf 20% EDTA 
no effect of surfactant on acrosome 
integrity 
may be necessary to centrifuge 
semen to get a minimum of viable 
sperm into straws 

Burgel et al. 1999 llama Biociphos-Plus 
Na-citrate 
Tris 

0.25 and 0.5 ml straws containing 20-25 million sperm 37C for 30sec b4 freezing 56% motility (range 40-
74%) 
post-thaw Biociphos 4% motile! Cf 
25% with other extenders 

Aller et al. 1999b llama TRIS, citrate, fructose  

Ratto et al. 1999c llama Tris, fructose, citrate, 20% egg yolk 
skim milk and glucose (Kenney) 
skim milk and salts (Colorado) 
centrifugation of epidid sperm 500-700g for 5 mins, pellet 
resuspended with extender at 37-39C, slowly cooled to 
5C, kept at 5C for 72h 

  used EPIDIDYMAL sperm 
Kenney 50% motility at 72h 
Tris 30% 
Colorado 20% 
lots of sperm agglutination with 
Tris-yolk (pers comm) 
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Reference Species Diluent Freeze method Thaw method Survival 
Huanca et al. 2001b llama 0.3g BSA 

0.3 g glucose 
in 10ml distilled water 
1:1 with semen, refrig to 5C 

 semen kept at 5C for 72h 
t=0 57% motility 
t=6h 43% 
t=12h 28% 
t=24h 21% 
t=48h 14% 
t=72h 8.7% 

Aller 2001 llama (a) Buffer: 2.92 g Na citrate dihydrate in 100 mL distilled 
water 
Fraction A: 80% buffer + 20 % egg yolk 
Fraction B: as for A with 10 % glycerol 
OR (b) phosphate buffered saline + 40% new born llama 
serum + 5% egg yolk + 5 % glycerol 
 
Semen extended with non-glycerolated portion at 35C 

Semen cooled to 5C at 0.25-0.5 C/min, then glycerolated 
portion added 1:1 in 2 steps at 15 min intervals 
 
Final sperm 50 million/mL 
Loaded into 0.5 mL straws, sealed, frozen in liq N2 
vapour at 11C/min (from 5 to -50C), 6C/min (from -50 to 
-80C), 8C/min (from -80 to -120C) then into liq N2 
 

30 sec in 37C water bath (a) % motile 54.3 % 
% viable 25.4% 
(b) % motile 10.3% 
% viable 22.3% 
 
average post-thaw motility was 30% 
in all extenders used 
average motile sperm/straw 2-9 
million 

Gauly pers comm llama 10ml distilled water 
0.3g BSA 
0.6g glucose 
mix with magnetic stirrer, filter to remove ppt, prepare 
>24h b4 use, freeze 
mix 1:1 to 3:1 with semen, cool to 5C and wait for 
separation 
then dilute with extender 

  if use male with higher motility, 
maintains higher motility post-thaw 

von Baer L pers comm. llama Tris-egg yolk-glycerol 30 % motility post-thaw, but no 
pregnancy 

Giuliano et al. 2002 vicuna liquefied semen by incubating for 5min at 37C, 3:1 in 
0.5% collagenase or 16:1 for 25 min 

  

Zhao et al. 1994  
(in Aller 2001) 

bactrian 73 % (v/v) 12 % sucrose 
egg yolk 20% 
glycerol 7 % 

Semen cooled to 5C at 0.25-0.5 C/min, then glycerolated 
portion added 1:1 in 2 steps at 15 min intervals 
 
Final sperm 50 million/mL 
Loaded into 0.5 mL straws, sealed, frozen in liq N2 
vapour at 11C/min (from 5 to -50C), 6C/min (from -50 to 
-80C), 8C/min (from -80 to -120C) then into liq N2 

30 sec in 37C water bath % motile 13.4% 
% viable 25.4% 

Anouassi et al. 1992 camel 11% w:v lactose 
20% v:v egg yolk 
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Reference Species Diluent Freeze method Thaw method Survival 
Musa et al. 1992 camel stand semen in 30C water bath for 10-15 min to liquefy 

semen 
extender:semen 3:1 
extender at 30-35 C when added to semen 
allow at least 400million sperm/dose 

raw semen 25-30C 
add cooling extender 1:1, cool to 15C over 2.5h 
add freezing extender to achieve 150mill/ml, cool to 5C 
over 1.5h 
add freezing extender to achieve 100mill/ml 5C 
place in 4ml straws and freeze - 20 mins in N2 vapour (to 
-120C) then plunge into liq N2 
cooling extender: 80 parts 11% lactose solution,  20 parts 
egg yolk 
freezing extender: 95.5 parts cooling extender, 6 parts 
glycerol, 1.5 parts OEP-Equex (emulsifier) 

 use semen extended with egg yolk 
and lactose within 36h 

Tibary et al. 1997 camel short term preservation, include lactose at 1:1  or egg yolk 
at 1:3 or laiciphos 
dilute after complete liquefaction 
to cool semen to 4-5C, place tube of extended semen in 
water bath in to fridge 

diluted semen cooled to 5C over 1hr, held at 5C for 2h, 
then packed into straws 
straws placed on rack 4cm above liqN2 surface for 10 
mins then plunged into liq N2 

37C for 30sec for small 
straws 
40-55C for 30-60 sec for 
large straws 

 

Badamdorj et al. 2000b camel sucrose, egg yolk, glycerol 
lactose, egg yolk, glycerol 

 

Gera et al. 2000 camel glycerol alone 6.5% 
G 6% + raffinose 3% 
G 6% + lactose 2% 
G 6%  + DMSO 0.5% 

 post-freeze thaw motility was: 
G 35% 
G+R 33% 
G+D 32% 
G+L 30%  

Bravo et al. 2000a camel ratio of diluent : semen 3:1 at 30-35C when added slowly 
to semen 
diluted semen can be stored at 4C for 24-36h 
diluent eg green buffer + 20% egg yolk 

 water bath: 
0.25ml straws 40C for 
10s 
4 ml straws 50C for 40s 
ampoules 50-55C for 1-
2min 

cooled-stored semen stored for 24h, 
25-30% CR 
quality of semen improved by 
freezing in 0.25ml straws but use of 
lger straws recommended to ensure 
deposition of adeq amt of sperm 
into uterus 
induce ovulation 24 h b4 AI  

Bravo et al. 2000a camel dilution of semen at 25-30C (1:1, v:v) with Green buffer 
containing 20% egg yolk 
cool to 4C in 2h 

add equal vol of Clear buffer containing 20% egg yolk 
and 11% glycerol; final glycerol[] 3% 
equilibrate at 4C for 30min 
fill 0.25ml straws 
freezing - from 4C to -140C by suspending in liqN2 
vapour for 20 min 
then plunge into liq N2 
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Reference Species Diluent Freeze method Thaw method Survival 

Skidmore et al. 2001a camel semen: diluent 1:1 v:v 
a. green buffer 
b. Laiciphos 
c. Kenny (skim milk, glucose) extender 

  

Deen et al. 2003 camel Tris 30.28g 
Fructose 12.5g 
Citric acid 16.7g 
Caffeine 0.039g 
Distilled water add to 1000mL 
Use 80mL of buffer above, add: 
20mL egg yolk 
1000IU/mL benzyl penicillin 
1000ug streptomycin sulphate 
Mix semen and buffer 1:1 

Glycerolated buffer: 
68 mL buffer 
20 mL egg yolk 
12 mL glycerol 
1000IU/mL benzyl penicillin 
1000ug streptomycin sulphate 
mix extended buffer1:3 with glycerolated buffer within 30 
mins at 37C 

2mL straws, cooled to 4 
C over 2h 
frozen in auto liq N2 
programmable freezer 
 
thaw: 40C for 2 mins 

Presence of > 20% motile sperm 
post-thaw considered successful 
freezing 
AI’d 24 and 48h post-hCG 

Tibary pers comm camelid Green buffer 
Laciphos 
Na citrate-egg yolk 
Kenney’s milk extender 
Tris-egg yolk 

  Motility for 4 days at 5C 

Tinson pers comm camel Green buffer 
Biophos? 

   

Skidmore/Niasari-
Naslaji pers comm 

camel Green buffer (IMV) with 20 % yolk (v/v) 25-30C 
Semen:extender 1:1 (v/v) 
Cool to 4C in 2h 
 

Add Clear buffer + 20% yolk (same volume as Green 
buffer used in cooling step) 
Load into 0.25 mL straws 
+4C to -140C 20 mins over liq N2 
-140C to -196C plunge into liq N2 

Use water bath: 
Small straws 40C, 10s 
Large straws 50C, 40s 
Ampoules 1-2min 

 

Skidmore/Niasari-
Naslaji pers comm 

camel Androhep – 11 % (w/v) lactose, 20 % (v/v) yolk @ 25-
30C 
Semen:extender 1:1 cool to 15C in 2.5h 
 

Freezing extender: 11% lactose, 20% yolk, 6% glycine, 
1.5% OEP-Equex 
Add freezing extender to give [sperm] 100mill/mL, cool 
to 5C 
Place in 4mL straws 
+5C to -120C 20 mins over liq N2 
-120C to -196C plunge into liq N2 
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1.5.2 Time of insemination in relation to induction of ovulation 
Synchronous ovulation and insemination is required to achieve high conception rates. In some species, 
high conception rates occur when sperm are in the oviduct just before ovulation (Hafez 1993). If 
sperm are placed into the tract too early, they will lose viability prior to ovulation, and if sperm are 
placed into the tract after ovulation, the ovum may lose viability before fertilisation can occur (Hafez 
1993). In an early study, the highest proportion of fertilised ova resulted when intrauterine artificial 
insemination in alpacas was 35 to 45 hours after induction of ovulation using either a vasectomised 
male or intramuscular hCG (Calderon et al. 1968). More recently, AI 24-36 hours after induction of 
ovulation has resulted in acceptable conception rates (Table 1.13; Pacheco 1996, Quispe 1996, Apaza 
et al. 1999).  

1.5.3 Numbers of sperm required per ai dose 
The sperm concentration required for successful fertilisation and pregnancy is not known in camelids 
(Brown 2000). Ewes require 120-125 million fresh sperm using transcervical AI for acceptable 
conception rates, but only 20 million frozen/thawed sperm when intrauterine AI is used (Brown 2000). 
Pregnancies have resulted in alpacas and llamas by inseminating 8-26 million sperm transcervically 
(Table 1.13; Quispe 1996, Aller et al. 1999b). Intracornual semen deposition of semen during 
copulation in camelids may be an adaptation to overcome the relatively low sperm concentrations 
(Brown 2000).  

1.5.4 Method of delivering sperm into uterus 
Bravo et al. (1997a) compared the techniques of transcervical and laparoscopic AI in alpacas using 
fresh, undiluted semen and achieved similar conception rates. Transcervical AI would appear to be a 
simpler, less-invasive procedure, however has limitations of rectal/pelvic capacity to allow transrectal 
manual stabilisation of the cervix when passing the AI pipette through the cervix, and the difficulty of 
locating the external os of the cervix during this procedure. Bravo (2002) describes the need for 
patience and dexterity to pass a pipette through the cervix into the uterus. Laparoscopic AI requires 
restraint of the female in a crate, sedation with or without a general anaesthetic, and expensive 
laparoscopic equipment. 
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Table 1.13. Route, dose of semen and success of artificial insemination in camelids. 
 
Reference Species Route Semen Success 
Calderon et al. 1968 alpaca transcervical or 

speculum 
1mL undiluted, 
fresh semen 

best results using AI 19-52 hours after 
induction of ovulation  
75% fertilisation when Aid 35-45 h post 
ovulation 

Fernandez-Baca et al. 
1966 

alpaca/ 
vicuna 

transcervical fresh, pure 
semen 

1/42 (2%) live births 

Pacheco 1996 alpaca transcervical fresh semen GnRH 24h b4 AI 
48/80 (60%) pregnant  

Quispe 1996 alpaca transcervical 8 million motile 
sperm, fresh 

57% pregnant when AI 36h after induction 
of ovulation 

de la Vega 1996 alpaca transcervical fresh 54/133 (40%) pregnant 
best fertility rate when AI took place 30h 
post-induction of ovulation 

Bravo et al. 1997a alpaca transcervical or 
lap AI 

undiluted fresh 
semen 

10/20 (50%) pregnant via lap AI 
8/20 (40%) pregnant via cervical AI 

Apaza et al. 1999 alpaca transcervical Frozen, number 
sperm not given

GnRH, AI 24-32h later: 
AI into both horns 11/30 (37%) pregnant 
AI into uterine body 4/15 (27%) pregnant 

Bravo et al. 1999 alpaca transcervical? 4 million/mL 
8 million/mL 
12 million.mL 
fresh? 

53 % pregnant 
67 % pregnant 
62 % pregnant 
hCG used to induce ovulation 

Bravo et al. 2000a alpaca/llama transcervical? frozen semen 5/19 pregnant (26 %) 

Aller et al. 1999b llama transcervical 
into horn 
ipsilateral to 
F>7 

25.8 mill 
sperm/dose 
fresh semen 

AI 24 h after induce ovulation using GnRH 
8ug buserelin  
5/23 (22%) pregnant to AI cf 9/18 (50%) 
pregnant to natural mating 

Aller 2001 llama transcervical 5 million motile 
sperm/dose 

8ug buserelin, AI 24 h later 
fresh semen 5/23 (22%), 2/5 (40%) pregnant 
frozen semen 0/28 (0%), 0/16 (0%), 1/22 
(5%), 3/16 (19%) pregnant 
control group 9/18 (50%) pregnant 

Bravo et al. 2000a Bactrian transcervical 106-109motile 
sperm/ml 
frozen 

AI once or twice at 24h interval: 
285/300 (95 %) 
“Remarkable fertility” needs confirming 

Anouassi et al. 1992 Dromedary transcervical extended semen: 
100 million 
sperm in 2ml 

5/10 (50%) pregnant when ovulation induced 
at time of AI (use vasectomised males in this 
paper) 

Musa et al. 1993 Dromedary transcervical frozen AI 24 h after induce ovulation 
No results given 

Tibary et al. 1997 Dromedary transcervical just cranial to 
internal cervical os 

Skidmore et al. 
2001a 

Dromedary transcervical 300mill live 
sperm, fresh 
semen 

buserelin given 24h b4 AI 
Green buffer - 47% pregnant 
Laciphos - 53% pregnant 
Kenney - 0% 
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Reference Species Route Semen Success 
Skidmore et al. 
2001a 

Dromedary transcervical 100mill live, 
fresh sperm 
200mill 
300mill 
using Green 
buffer in all 
cases 

10% pregnant 
22% pregnant 
47% pregnant 

Niasari-Naslaji et al. 
2001 

Dromedary vaginal 160 million 
sperm fresh 

GnRH 24h b4 AI 
5/12 (42%) pregnant at Day40 

Niasari-Naslaji pers 
comm. 

Dromedary transcervical 300 mill total, 
fresh 

24 ug GnRH or 3000 iu hCG 24 h b4 AI 

Deen et al. 2003 Dromedary transcervical fresh 
chilled 
frozen-thawed 

4/10 (40%) pregnant 
0/10 (0%) pregnant 
1/13 (8%) pregnant 

1.5.5 Induction of ovulation 
Methods of inducing ovulation in alpacas have been discussed thoroughly elsewhere (Vaughan 2001). 
Intramuscular injections of 8 µg buserelin (Bourke et al. 1992b, 1995a), 500-750 iu hCG (Adam et al. 
1989) and 2-5 mg LH (Taylor et al. 2000, Huanca et al. 2001) have been used to consistently induce 
ovulation approximately 30 hours after injection. 
 
1.6 Conclusions and aims in the present project 
 
The preceding review has described the reproductive physiology of male camelids, with particular 
reference to alpacas where possible. The review concluded with a section on the current knowledge of 
semen preservation and artificial insemination in camelids. 
 
The primary aim of this project was to develop the technology for artificial insemination in alpacas in 
association with acceptable pregnancy rates following AI. The project was broken down into 5 steps to 
achieve this aim: 

6. Consistent and reliable collection of semen 
7. Characterisation of semen to allow selection of suitable ejaculates for preservation 
8. Chilling of alpaca semen 
9. Freezing of alpaca semen 
10. Artificial insemination of females. 

Each of the milestones is represented by a separate chapter (Chapters 2, 3, 4, 5 and 6 respectively) in 
this report. 
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2. Collection of alpaca semen 
 

 
2.1 Introduction 
 
Various methods of semen collection have been attempted in camelids and described (Section 1.3). 
Previous work has shown electroejaculation is both difficult for the operator and stressful for the 
animal. Electroejaculation under anaesthesia is not appropriate for routine semen collection for 
artificial insemination. Limited experience with massaging the internal genitalia has indicated this was 
also not a suitable approach for the alpaca (DBG unpublished). Placement of an artificial vagina inside 
a mannequin to collect semen permits mating behaviour in alpaca males similar to that seen during 
natural mating and presumably produces ejaculates that resemble those produced during natural 
mating. This method of semen collection also allows evaluation of physical mating ability. Collection 
of semen with the artificial vagina was the only method studied.  
 
2.2 Materials and methods 

2.2.1 Construction of a mannequin 
A wooden mannequin constructed to house an artificial vagina was built according to the dimensions 
in Figure 2.1 a-c. Cross-sectional pieces were made of 5-ply wood and covered with 35 mm wide 
hardwood battens. The head/neck section was made from a solid piece of pine timber. A sloping, vee-
shaped shelf was placed between ribs ‘A’ and ‘B’ to hold the AV (Figure 2.2 a). The mannequin was 
covered in high density foam and a tanned alpaca skin (Figure 2.2 b). 

2.0 Summary A wooden mannequin was constructed and covered with a tanned alpaca 
hide and fitted with an artificial vagina. These were modified until they were satisfactory for 
the consistent and reliable collection of semen from alpacas. Males were trained to mate 
with the mannequin. Components of mating behaviour were defined. Applying centrifugal 
force to the artificial vagina after ejaculation was required to maximise yield of semen. 
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Figure 2.1 (a-c). Dimensions of the wooden alpaca mannequin. 
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Figure 2.2a. Alpaca mannequin from beneath showing shelf on which the artificial vagina is placed. 
 
 
 
 
 
 

 
 
Figure 2.2b. Completed alpaca mannequin sitting on non-slip mat. 
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2.2.2 Construction of an artificial vagina  
An artificial vagina designed for use in sheep was used to collect semen in the current project (Figure 
2.3; Pacific Vet Pty Ltd, Victoria). A latex liner (300 mm long x 50 mm diameter; Deco Industrial 
Gloves Pty Ltd, Victoria) was placed inside the AV and secured at each end with two #34 elastic 
bands wound over 4 times each (Figure 2.4). An artificial cervix constructed of tubular foam (28 mm 
ID, 40 mm OD, 30 mm long; Clark Rubber, Victoria) was first placed over the collection cone 
approximately 5-10 cm from the narrow end and secured in place with an elastic band. The collection 
cone with attached 15 mL collection tube (Falcon®, Becton Dickinson) was then placed over one end 
of the AV and covered in high density foam. The entire AV and cone was wrapped in an electric heat 
pad (40 cm x 30 cm; 230 V, 50 W) which was held in place using 2 elastic bands. The artificial vagina 
was secured onto the shelf of the mannequin using Velcro® straps. 
 
Collection cones made of different materials were examined to establish which cone was least toxic to 
sperm. The conical collecting tubes attached to the end of the cone are made of rigid polystyrene 
(Falcon®, Becton Dickinson), a product which has been tested to be non-cytotoxic and non-pyrogenic 
(O’Leary, Critchlow et al. 1989). 
 
One hundred and fifty mL warm water (approx. 60 oC) was placed between the AV and the latex liner 
via the valve in the AV. Air was pumped into the AV at a pressure high enough to obliterate the lumen 
of the AV but still allow easy penetration by a finger. A small amount of non-spermicidal lubricant 
(KY®, Johnson and Johnson) was placed around the external opening of the AV prior to attaching to 
the mannequin. 
 
The collection cone and collection tube were protected from direct contact with the heating pad using 
a high density foam tube to prevent exposure of ejaculated semen to supraphysiological temperatures 
(i.e. greater than 38 oC) which could hasten sperm death. Temperature inside the foam tube near the 
point of contact with the AV was approximately 35 oC and towards the site of the cervix was in the 
range of 22 to 25 oC, as measured using a thermocouple. 
 

 
 
Figure 2.3. Dimensions of the artificial vagina used with alpacas. 
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Figure 2.4. Artificial vagina prior to placement inside the wooden mannequin. The blue foam cone is placed 
over the collection cone and tube then the AV is wrapped up in the electric heat pad. 

2.2.3 Training of alpaca males to mount the mannequin and use the artificial 
vagina 
Different alpaca males exhibit different levels of libido and sexual experience, and therefore required 
different methods of training to mate the mannequin. Two reliable methods of training a male to 
mount and mate a mannequin fitted with an AV to successfully allow semen collection were 
developed. Training of males and collection of semen were performed following the guidelines set out 
in the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes 1997 and 
received approval from the Australian Animal Health Laboratory Animal Ethics Committee. 
 
The area selected for training males was sheltered from the elements, had a suitable surface (outside 
carpet to ensure non-slip footing and to reduce the amount of contaminants introduced in to the AV 
during intromission), was free of distractions for the male (eg dogs, loud noises) and close to a power 
supply (Figure 2.5).  
 
Male mating behaviour was observed and described in five males once they were trained to mount the 
mannequin. 
 
Mating duration was measured, to the nearest minute, from the time the male mounted the mannequin 
until the male first stood up or withdrew his penis from the AV for more than one minute. When 
semen was being collected for processing the matings were ended at approximately 20 minutes, if the 
alpaca was still mounted to avoid deterioration of the semen in the artificial vagina environment. The 
relationship between mating duration within that 20 minute time period and the interval between 
ejaculates was examined in one male. 
 
A method of removing semen from the AV was devised. 
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2.2.4 Statistical analyses 
Descriptive statistics were obtained using Minitab® for Windows Release 12.1 and Microsoft® Excel 
97. A linear regression was performed on mating duration (y) vs interval between collections (x). 
 
Statistical significance was set at P < 0.05 and results presented as means + SEM. 
 

 
 
Figure 2.5. Male alpaca mating mannequin. Note secure yard, shelter and non-slip mat.  
 
2.3 Results 

2.3.1 Construction of a mannequin 
During the early stages of the project, the mannequin was modified several times to optimise the 
posture of the male when mounted on the mannequin. Figures 2.1 and 2.2 show the final design 
achieved. 

2.3.2 Construction of an artificial vagina  
The optimum AV temperature ranged from 48 to 52 oC. Male alpacas were reluctant to penetrate the 
AV when the AV temperature was less than 45 oC or more than 55 oC.  
 
In the early stages of the project when no artificial cervix was used the male alpacas constantly 
withdrew and re-inserted the penis and appeared uncomfortable. When the cervix was added to the 
system, serving behaviour came to resemble that seen in natural service. 
 
Collection cones made of different materials were investigated to establish which cone was least toxic 
to sperm (Table 2.1). Polyethylene cones gave the best results in terms of sperm activity on initial 
examination. They were constructed from Krutex Super Sensitive Gloves® (Kruuse, Denmark) using a 
heat sealer. A conical shape produced less folds of plastic at the site of the artificial cervix and 
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therefore less trauma to the tip of the penis (as evidenced by erythrocytes in the semen). Males would 
only penetrate an AV fitted with a latex liner, not a polyethylene liner. 
 
This system of preparation of the artificial vagina was established over more than 150 collection 
attempts. 
 
Table 2.1. Different collection cones trialled with the artificial vagina. 
 
Cone name Manufacturer Material Lubricated % active 

sperm 
Sheep collection cone Deco Industrial Gloves Pty 

Ltd, Victoria 
latex no 0 

Chekmate condom Ansell, Victoria latex yes 0 
Chekmate condom Ansell, Victoria latex no 0 
Female condom The Female Health Company, 

Illinois 
polyurethane yes 0 

Glad Bag Glad Products of Australia, 
NSW 

polyethylene no 0-80* 

Modified Krutex super 
sensitive glove 

Kruuse, Denmark polyethylene no 0-80* 

* Other factors were responsible for low sperm activity in some ejaculates. Sperm activity was preserved better 
using these collection cones. 

2.3.3 Training of alpaca males to mount the mannequin and use the artificial 
vagina 
 
2.3.3.1 Method 1: males that have previously mated females 
The mannequin was placed in the middle yard of three used routinely for mating and adjacent to a yard 
of receptive females. One male and one receptive female were each placed in the 2 outer yards and 
allowed to mate naturally. The trainee-male was run past the group of receptive females to sexually 
stimulate him. He was then placed into the middle yard and allowed to mount and mate the mannequin 
(Figure 2.6).  
 
This method was used to collect semen from males that were performing regular natural services as it 
appeared that enough sexual stimulation was supplied by the receptive females and mating pairs 
nearby to motivate the trainee-male to mate the mannequin. Response of these males was generally 
immediate. 
 
To train a male to mate the mannequin in the absence of receptive females and/or mating pairs of 
alpacas, the training process described above was repeated several times over several days. The 
trainee-male was then placed in the yard with the mannequin with receptive females in an adjacent 
yard, but without natural matings occurring nearby. This process was repeated several times over 
several days. The trainee-male was then allowed to mate with the mannequin in the absence of 
receptive females and naturally mating pairs. The trainee-male was not allowed any natural matings 
during training. 
 
2.3.3.2 Method 2: virgin males 
Males that had not previously performed a natural mating differed in their willingness to mate the 
mannequin due to variations in libido and innate knowledge of how to mate a female. It was possible 
to train a virgin male to mate a mannequin by allowing him to observe an experienced male mating a 
mannequin as in Method 1 and then allowing the virgin male in the yard with the mannequin after 
removing the experienced male. However, not all virgin males knew how to copulate with the 
mannequin after visual and auditory sexual stimulation alone.  
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The trainee-virgin male was therefore allowed to mount a receptive female and mate once naturally. 
On a subsequent day, the trainee-male was placed in a yard with a mannequin, next to a yard 
containing receptive females. The trainee-male mounted the mannequin and ejaculated semen into the 
AV. The receptive females were removed after the first successful mating. The male displayed 
copulatory behaviour similar to a natural mating shown by an experienced male after 2-3 matings of 
the mannequin. This method was successful in training 2 virgin 4-year-old males. 
 
Once a male was trained to ejaculate into an AV contained within a mannequin, the presence of 
receptive females and/or mating pairs was no longer required (Figure 2.7). Not all males trained to the 
mannequin mated well at every attempt. On some days, males fidgeted excessively and were reluctant 
to penetrate the AV or reluctant to remain in the AV and failed to ejaculate adequately. If this 
occurred, the temperature of the AV was checked to ensure it was warm enough, and/or the male was 
rested for 2 to 3 days before trying again.  
 

 
 
Figure 2.6. Yard set-up when training a male to mate a mannequin. 
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Figure 2.7. Male mating mannequin in absence of receptive females. 
 
2.3.3.3 Mating behaviour of male alpacas 
Reaction time from entry to the yard with the mannequin to mounting was found to be an objective 
measure of the male’s keenness to mate (libido). Behaviour of males mounted on the mannequin 
serving the artificial vagina were observed. The following facets of behaviour during mating were 
identified: 
• Seeking movements of the penis while the position of the pelvis was 15 to 30 cm behind the 

mannequin. 
• Movement of the body forward to gain intromission. 
• Pelvic thrusting with hindlimbs moving to bring the body further forward. 
• Episodes of rhythmic contractions of the pelvic and upper hind limb muscles. 
• Rhythmic depressions of the tail. 
• Extension of the tail. 
• Repositioning. Moving the body back usually with the penis coming partially out, then moving 

forward again to the point of maximum penetration. 
• Chin resting on head of mannequin.  
• Head lowered to the shoulder of mannequin. 
• Vocalisation continuously or intermittently throughout copulation. Males appeared to vocalise 

more loudly when receptive females were nearby. 
• Mating duration ranges from 5 to 45 minutes. 
• Most matings were interrupted and the male encouraged to dismount between 15 and 20 minutes. 

This was considered necessary at this stage of the project to prevent the spermatozoa ejaculated 
from being exposed to changes in temperature and to avoid longer contact with the artificial 
vagina and collecting vessel (see Section 3.2.2).  

 
No clear association between the pattern of mating activity and semen characteristics was established.  
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2.3.3.4 Mating duration 
The relationship between mating duration and interval between ejaculates was examined in one male 
(Figure 2.8). There was a trend (P = 0.143) for longer matings when the interval between matings 
increased. 
 
2.3.3.5 Removal of semen from the artificial vagina after mating 
Alpaca semen was generally low in volume and high in viscosity and tended to froth and stick to the 
latex liner and cone during ejaculation into the AV (Figure 2.9). Following removal of the AV from 
the mannequin, the artificial cervix was removed from the collection cone and water emptied from the 
chamber. Semen was moved into the collection tube attached to the collection cone by swinging the 
AV at arm’s length in a vertical circular motion for 10-15 rotations to allow centrifugal force to push 
the frothy viscous semen into the collection tube.  
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Figure 2.8. Linear regression of mating duration (min) and interval between collection of ejaculates in one male 
(y = 0.717x + 12.08, R2 = 0.104, P = 0.143, n = 22). 
 

 
 
Figure 2.9. An artificial vagina with frothy semen stuck on the latex liner. 
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2.4 Discussion 
 
The use of a mannequin and AV to collect semen from alpacas required an understanding of the 
idiosyncrasies associated with the natural mating behaviour of alpacas (see Section 1.2.4). The 
mannequin and AV were prepared in a way that allowed the male to mount, penetrate the AV and 
ejaculate in a manner that closely resembles natural mating. It was therefore reasonably assumed that 
ejaculates produced during mating into an AV were similar to those produced in a natural mating.  
 
Every attempt was made to maximise the number of live sperm collected from males. The optimum 
temperature range of the artificial vagina was previously reported as 38 to 45 oC (Garnica et al. 1993, 
1995, Von Baer et al. 1999, Bravo et al. 2000a). Observations in the current project suggest that the 
temperature should be a little higher than this for optimum behavioural patterns. Similarly a simulated 
cervix is considered necessary, a finding that agrees with Peruvian research (Sumar, personal 
communication). 
 
Collection cones made of latex are used routinely in AVs designed for non-camelid domestic 
livestock. Although latex can be toxic to sperm (Critchlow et al. 1989), ejaculation is a rapid process 
in these species so semen is generally not in contact with the latex for more than a few minutes after 
collection. However, camelids ejaculate for an average of 20 minutes, therefore collection cones made 
of different materials were examined to establish which cone was least toxic to sperm. Polyethylene 
cones provided most live sperm. Males would only penetrate an AV fitted with a latex liner, not a 
polyethylene liner. 
 
Different alpaca males exhibit different levels of libido and sexual experience, and therefore required 
different methods of training to mate the mannequin. Two reliable methods were developed to train a 
male to mount and mate a mannequin fitted with an AV to successfully allow semen collection. 
Training of males was not difficult and could be achieved in 1 to 5 days. Sumar (unpublished) has 
shown that trained males "remember" their training for as long as one year after their last service. 
Facets of mating behaviour observed were similar to those recorded by other workers (see Section 
1.2.4).  
 
Not all males trained to mount the mannequin mated well at every attempt. On some days, males 
fidgeted excessively and were reluctant to penetrate the AV or reluctant to remain in the AV and failed 
to ejaculate adequately. Males that routinely perform natural matings may not swap back and forth 
readily between receptive females and a mannequin (Gauly, personal communication). Reluctance to 
serve the AV has also been observed in llamas (Aller 2001) and camels (Deen et al. 2003) where 20 to 
25 % of mating attempts failed to produce a complete ejaculate. More observations are needed to 
establish the relationships between mating behaviour and semen characteristics. There may be 
advantage in recording the pattern of serving behaviour in males as a basis for recognising abnormal 
behaviour or the likelihood of poor semen quality.  
 
The collection methods developed in this chapter allowed reliable collection of semen which may be 
used to study semen characteristics (Chapter 3) and semen preservation (Chapters 4 and 5). More 
research is needed to ensure maximum sexual stimulation and ejaculation responses at each collection 
attempt for routine semen production in an artificial insemination program. This may require 
modifications to the AV liner, AV temperature and cervix configuration and adaptation to the 
requirements of individual males. 
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3. Characterising alpaca semen 
 

 
 
3.1 Introduction 
 
South American camelid semen has been characterised by several laboratories in South and North 
America and Europe in a small number of males. Semen was collected by use of an artificial vagina, 
and semen parameters of colour, viscosity, volume, pH, percentage of live sperm, sperm 
concentration, morphology and activity were described in conjunction with copulation duration 
(Lichtenwalner et al. 1996b, Bravo et al. 1997a; see Section 1.3.2). These parameters have been useful 
for diagnostic work, detecting males with significant disturbances of reproductive function and 
diminished fertility when values are well outside normal limits. They provide important information 
for the selection of reproductively-sound males for use in AI. These parameters, however, are not 
always useful for identifying suboptimal fertility in domestic livestock such as bulls (Rodriguez-
Martinez et al. 2001). The variation in semen quality and fertility among ejaculates from the same 
male can also hinder prediction of fertility. In routine AI work in cattle and sheep, standards of semen 
quality for acceptance and rejection of sires and ejaculates for AI are set in terms of concentration of 
sperm, their motility and morphology. 
 
There is a clear need for standardising semen assessment in camelids worldwide. Simple, economical 
methods are needed for the examination of fresh and post thaw semen to identify males with mild and 
severe suboptimal fertility and to select or reject ejaculates for AI purposes. One such parameter 
identified in frozen bovine semen in Australia is the percentage of morphologically normal 
spermatozoa immediately post-thaw (Phillips et al. 2001). A good quality phase contrast microscope 
with high power (at least x 400 magnification) and correctly prepared stains and smears are necessary. 
 
Complex methods of evaluating semen which have a significant relation to fertility and allow 
elimination of sub-fertile bulls, include computer-assisted evaluation of sperm motility patterns, swim-
up sperm separation, capacitation status, induced acrosome reactions, zona pellucida sperm-binding 
assays and in vitro fertilisation. These semen evaluation methods require proficiency in the use of 
costly equipment and will not be considered further in this study. The aims of this chapter were to 
define a standardised and objective method of characterising alpaca semen by describing quantitative 
parameters of semen. This will provide a basis for Australian artificial breeding centres or individuals 
to assess semen quality and fertility of alpaca males.  
 
3.2 Materials and methods 

3.2.1 Animals and equipment used for characterising semen 
Twenty-four ejaculates were collected from one male to define semen characteristics. Ejaculates from 
three males were collected to examine variation among males. 
 
Equipment used to characterise alpaca semen in this project is listed in Table 3.1. A microscope with 
phase contrast objectives (x 100, x 200 and x 400 magnification) and oil immersion (x1000 
magnification) allowed clear observation of sperm for morphology and live/dead studies. Combined 
with a warm stage (37 oC), sperm motion was observed and described. 

3.0 Summary Characteristics of semen that define an ejaculate were established. These 
parameters were volume (mL), activity (percent of sperm showing any type of movement), 
concentration (millions per mL), total sperm numbers in an ejaculate, percent alive, 
viscosity, pH and sperm morphology. A practical method of semen assessment was 
developed. Semen quality varied considerably within and between males. 
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Table 3.1. Equipment used to examine semen. 
 
Item Manufacturer/Supplier Address 
Olympus CX 41 phase contrast 
microscope 

Olympus Australia Pty Ltd Oakleigh, Victoria, Australia 

Warm tray/heat pad Pacific Vet Pty Ltd Cheltenham, Victoria, Australia 
Snijders press-to-mix vortex mixer 
model 34524 

Australian Instrument Services Bayswater, Victoria, Australia 

Biotherm Micro S37 microscope 
warm stage 

Cryologic Pty Ltd Mulgrave, Victoria, Australia 

Sealpette 0.5-10µL variable volume 
micropipette 

Jencons Scientific Ltd Leighton Buzzard, UK 

Plain unfrosted glass microscope 
slides (76.2x25.4 mm; 7101-A) 

Livingstone International Pty Ltd Sydney, Australia 

Neubauer improved 
haemocytometer (0.1 mm depth) 

Brand Pty Ltd Germany 

3.2.2 Semen characteristics 
The majority of ejaculates were collected directly into semen extenders to facilitate semen preparation 
for AI (see Chapters 4 and 5). Many semen characteristics were influenced by the presence of 
extenders. Therefore a limited number of ejaculates were examined to define the characteristics. 
 
The data record sheet used is in Appendix 1. 
 
3.2.2.1 Semen volume 
Semen volume was assessed by placing semen into a graduated collection tube after completion of 
ejaculation. Centrifugal force was applied by swinging the artificial vagina and cone with tube 
attached at arms length in a circular motion several times to collect as much as possible of the 
ejaculate in the tube.  
 
3.2.2.2 Semen viscosity 
To measure semen viscosity, 10 µL semen was drawn up in a micropipette, then 5 µL semen was 
placed on a glass slide and pulled upwards as described by Bravo et al. (2000b). The semen thread was 
pulled slowly until it broke. The point at which the semen thread broke, was measured to the nearest 
millimeter using a ruler and the distance recorded as ‘viscosity’.  
 
3.2.2.3 Percentage of live sperm 
Nigrosin-eosin stain (Hancock 1957) was used to calculate numbers of live and dead sperm. Live 
sperm with intact plasma membranes do not take up stain, whereas dead sperm have permeable 
membranes and stain red with eosin.  
 
Nigrosin-eosin stain was mixed with semen in a ratio of 1:2 (semen:stain) on a glass slide using a 10 
µL micropipette (this may be performed immediately after viscosity has been measured). A subsample 
of stain and semen was then spread over a glass slide and air dried. The semen smear was examined 
under high power (x 400 or oil immersion x 1000). One hundred sperm were examined for staining 
and live sperm percentage calculated. 
 
3.2.2.4 Sperm activity 
A drop of the fresh ejaculate was examined under a cover slip on a warm stage at x 400 magnification. 
 
3.2.2.5 Sperm concentration 
The number of sperm per mL of semen was calculated by diluting an aliquot of semen and counting 
sperm in a Neubauer improved haemocytometer (Brand Pty Ltd, Germany), a glass slide etched with 
squares of known area and depth between coverslip and slide. Semen was diluted (x 50) for counting 
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by adding 10 µL of the ejaculate to 440 µL water plus 50 µL 2.5 % trypsin. The mixture was vortexed 
for 10 seconds. The 2 chambers of the haemocytometer were filled with diluted, mixed semen and left 
to stand for 5 minutes in a humid environment so that the sperm sank to the bottom of each chamber 
and were easier to observe under the microscope. All sperm in the 25 central squares of both chambers 
were counted, including sperm lying on the lower and left-hand lines of each square, and an average 
calculated (Figure 3.1). The mean number of sperm in the central 25 squares multiplied by 0.5 gave 
sperm concentration in millions of sperm per mL. 
 
Dilution calculation when counting all sperm in the central 25 squares: 
Number of sperm in central 25 squares x 104 (chamber volume = 1 mm long x 1 mm wide x 0.1 mm 
height = 0.1 mm3; to convert to sperm per mL multiply by 104) x 50 (dilution rate 10 µL semen in 490 
µL water) = #sperm in central 25 squares x 0.5 x 106 sperm/mL 
 
Different dilutions can be used to suit ejaculates of higher or lower concentration. Similarly it may not 
be necessary to count all 25 squares. A total of at least 200 sperm should be counted. 
 
Dilution calculation when counting fewer than 25 squares: 
Concentration (x 106 sperm/mL) = total number of sperm x 250 x 50 (dilution rate) x 1000 ÷ number 
of squares counted. A single small square is 0.004 mm3 (1/250th of a cubic millimeter). 
 

 
 
Figure 3.1. Etchings on a haemocytometer that allow calculation of sperm concentration. Sperm in the middle 
25 squares are counted, including sperm lying on the lower and left lines of each square. 
 
3.2.2.6 Sperm morphology 
Observation and calculation of normal sperm and sperm exhibiting morphological abnormalities of 
head, mid-piece and/or tail was performed using the same slide as prepared for live/dead counts at 
high power (oil immersion, x 1000). For routine assessments 100 sperm were counted and classified as 
having normal or abnormal morphology.  
 
3.2.2.7 pH 
pH was calculated using pH paper.  
 
3.2.2.8 Mean testicular length 
Mean testicular length is the mean length of the longest axis of left and right testes measured to the 
nearest millimeter, and was measured using calipers according to Galloway (2000).  
 
3.2.2.9 Mating duration 
Mating duration was measured to the nearest minute as described in Chapter 3.  
 

1 mm 

1 mm 

Chamber depth 0.1 mm 
(Not to scale) 
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3.2.3 Statistical analyses 
Descriptive statistics were obtained using Minitab® for Windows Release 12.1 and Microsoft® Excel 
97. Quadratic regressions were performed on (a) sperm concentration (y) vs days between collection 
of ejaculates (x) and (b) semen volume vs days between collection of ejaculates. Linear regressions 
were performed on: (a) sperm concentration vs mating duration, (b) sperm concentration vs semen 
volume, (c) semen volume vs mating duration, (d) semen viscosity vs mating duration, (e) mating 
duration vs days between collection of ejaculates, (f) semen viscosity vs semen volume, (g) semen 
viscosity vs sperm concentration and (h) semen viscosity vs days between collection of ejaculates. 
 
Statistical significance was set at P < 0.05 and results presented as means + SEM. 
 
3.3 Results 

3.3.1 Semen characteristics 
 
Tables 3.2 and 3.3 show characteristics of semen collected from males with mean testicular length > 4 
cm. Large testicles did not necessarily mean good semen quality as shown by varied semen 
characteristics amongst males. Male #1 had better semen quality than Males #2 or #3, both of which 
had low sperm activity and increased percentages of sperm head and midpiece-tail abnormalities. The 
diagnostic morphological examination of the semen provided information about the types and 
percentages of abnormal sperm.  
 
Table 3.2. Testicular length and characteristics of semen collected with an artificial vagina of three male alpacas 
on the same day. 
 
Semen characteristic Unit Male #1 Male #2 Male #3 
Routine assessment#     
Mean testicular length cm 4.3 4.9 4.0 
Volume mL 1 0.5 1 
Viscosity mm 7 2 2 
pH  7.5 8 7.5 
Activity % 70 0 0 
Concentration x 106/mL 340 78 8 
Total sperm in ejaculate x 106/mL 340 39 8 
Alive (nigrosin-eosin) % 89 55 1 
Morphologically normal % 65 65 16 

     
Diagnostic morphology*     
Abnormal heads % 12 32 19 
Proximal droplets % 1 17 0 
Distal droplets % 0 1 0 
Tailless % 6 16 85 
Singly bent tails % 3 7 0 
Doubly bent tails % 2 7 3 
Coiled tails % 0 0 0 

# Routine semen examination provided a guide to suitability for artificial insemination and the appropriate 
dilution. Male 1 had relatively good semen quality. Males 2 and 3 had poor semen . 
 
* The diagnostic morphological examination gave a further guide to the causes of  the poor semen quality. It is 
often necessary to examine the semen over a period of time with serial semen examinations before a diagnosis 
can be made. Percentages of abnormal sperm are given as the percentage of the total sperm in the ejaculate. 
Individual sperm may have more than one abnormality. 
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Table 3.3. Semen parameters and mating duration of one male with data collected from 24 ejaculations. 
 
 Mean sem Range 
Mating duration (min) 14.4 0.7 7-22 
Volume fluid (mL) 0.3 0.1 0-1 
Volume foam (mL) 0.6 0.1 0-2 
Viscosity (mm) 10.7 0.9 5-18 
pH 7.5 0.0 7.25-7.5 
[Sperm] x 106 326.3 56.7 22.5-875 
Sperm activity (%)# 55.5 6.8 0-80 
Normal sperm (%)* 78 2.9 58-89 
Days between collections 3.0 0.4 0-7 

# Percent alive is not included. In some samples percent alive was similar to percent active. In other samples, all 
sperm were stained in the nigrosin eosin smear despite > 60% activity. Clearly the stain had penetrated "live 
cells". This has been found in other species where humid atmosphere and sometimes time between making the 
smear and counting can result in all sperm being stained. The smears were however satisfactory for 
morphological examination. 
 
* n = 9 ejaculations 
 
3.3.1.1 Semen volume 
Alpaca semen that was collected into a dry AV (without extender) was usually viscous and frothy and 
stuck to the walls of the latex. Semen froth was rich in sperm and was included in the ejaculate if 
possible. When characterising an ejaculate no extenders were added to the AV beforehand as this 
interfered with accurate volume and concentration estimation. It was not possible to simply subtract 
the volume of semen extender from the total ejaculate volume if added to the AV prior to copulation 
as a portion of semen extenders either ran out of the AV during placement of the AV into the 
mannequin, evaporated during collection or remained on the AV rather than ran into the collection 
tube. 
 
3.3.1.2 Semen viscosity 
Alpaca semen was generally viscous, making removal of semen from the AV difficult. Viscosity 
varied from 5 to 18 mm. 
 
3.3.1.3 Percentage of live sperm 
Percentage of live sperm in ejaculates ranged from 0 to 90 % live sperm. Good semen quality 
appeared to have more than 70 % live sperm.  
 
3.3.1.4 Sperm activity 
Percentage of active sperm ranged from 0 to 80 %. Sperm activity was best assessed under phase 
contrast at x 200 or x 400 magnification. An overview of several fields was made, observing the 
proportion of sperm that were moving in any manner. Types of sperm activity observed were 
progressive forward movement (motility), oscillation and vibratory movement. The type of movement 
depended partly on the distribution of the spermatozoa in the gel fraction. The gel restricted movement 
of the sperm embedded in it. Sperm in the more fluid parts of the drop showed typical active forward 
movement (motility). Therefore, it was determined that “percent active spermatozoa” should be the 
routine assessment including all types of activity (Table 3.2). When semen is diluted and the gel is 
dispersed, “percent motile” is appropriate. 
 
Alpaca semen did not exhibit wave motion (mass action of sperm seen with the naked eye). 
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3.3.1.5 Sperm concentration 
The concentration of sperm in semen varied widely from 22.5 to 875 million sperm per ml of semen. 
Concentration of sperm in semen determined semen colour and ranged from grey to milky to creamy 
white as sperm numbers per mL of semen increased. 
 
3.3.1.6 Sperm morphology 
Sperm abnormalities observed in the current project included abnormally shaped heads, tailless heads, 
cytoplasmic droplets (attached to the proximal or distal part of the mid-piece), abnormal mid-pieces 
and abnormal tails (bent or coiled; Tables 3.2, 3.4 and 3.5). Percentages of abnormal sperm were given 
as the percentage of the total sperm in the ejaculate. Individual sperm may have had more than one 
abnormality. 
 
Male alpacas with large testicles, a history of good fertility and high sperm activity scores had 70 to 80 
% morphologically normal spermatozoa (Table 3.4). The most frequent abnormality found was tailless 
heads followed by proximal droplets. Detailed laboratory examination of morphology provided more 
information on the range of semen quality that was found in the project (Tables 3.4 and 3.5). 
 
3.3.1.7 pH 
In the current project, pH of alpaca semen ranged from 7.5 to 8. 
 
Table 3.4. Routine morphology assessments on semen from breeding male alpacas with a history of good 
fertility. Counts of 100 or more spermatozoa were made at x 600 magnification using nigrosin eosin-stained 
smears. 
 

Male Mean testicular Spermatozoa 
identity Length (cm) Normal (%) Abnormal (%) 

Predominant abnormalities 

4 4.9 70 30 Tailless 
5 5.0 76 24 Tailless, proximal and distal 

drops 
6 5.2 68 32 Tailless, proximal drops, head 

abnormalities 
7 5.7 86 14 Tailless, proximal drops 

 
Table 3.5. Results of detailed morphological assessement in 4 alpacas*. 
 
Male identity 4 6 7 8 

Abnormal heads (%) 8 30 24 20  

Proximal drops (%) 12 10 18 38 

Distal drops (%) 0 0 0 0 

Tailless heads (%) 34 12 6 6 

Singly bent tails (%) 0 2 2 0 

Doubly bent tails (%) 0 8 2 2 

Coiled tails (%) 0 0 0 4 

Total abnormal 
midpieces and tails 

46 32 14 50 

* Percentages of abnormal sperm are given as the percentage of the total sperm in the ejaculate. Individual sperm 
may have more than one abnormality. 
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3.3.2 Relationships among semen parameters and between semen parameters 
and mating management 
 
There was a positive relationship between (y) semen volume (mL) and (x) mating duration (minutes; y 
= 0.036x – 0.166, R2 = 0.24, P = 0.021, n = 22; Figure 3.2). 
 
Quadratic regressions of sperm concentration (millions/mL) and interval between collection of 
ejaculates (days; y = -20.6x2 + 159.7x +107.5, R2 = 0.25, P = 0.146, n = 18; Figure 3.3) and semen 
volume (mL) and interval between collection of ejaculates (days; y = - 1.99x2 + 0.12x + 0.19, R2 = 
0.105, P = 0.39, n = 20; Figure 3.4). This suggested that maximum sperm concentrations and semen 
volumes were produced when the interval between collections of ejaculates was 3 to 4 days than when 
ejaculates were collected at shorter or longer intervals.  
 
The regression coefficients for the following equations approached zero: 
 
Sperm concentration (millions/mL) and mating duration (min; y = 2.55x +288.3, R2 = 0.0014, P = 
0.877, n = 19, Figure 3.5). 
 
Sperm concentration (millions/mL) and semen volume (mL; y = 299.64x + 288.51, R2 = 0.10, P = 
0.205, n = 16; Figure 3.6). 
 
Semen viscosity (mm) and semen volume (mL; y = 2.042x + 9.72, R2 = 0.028, P = 0.525, n = 17; 
Figure 3.7). 
 
Semen viscosity (mm) and sperm concentration (million/mL; y = 0.0076x + 8.03, R2 = 0.22, P = 0.068, 
n = 16; Figure 3.8). 
 
Semen viscosity (mm) and interval between collection of ejaculates (days; y = 0.840x + 7.97, R2 = 
0.141, P = 0.125, n = 18; Figure 3.9). 
 
Semen viscosity (mm) and mating duration (min; y = 0.216x + 7.49, R2 = 0.041, P = 0.407, n = 19; 
Figure 3.10). 
 
Mating duration (min) and interval between collection of ejaculates (days; y = 0.717x + 12.08, R2 = 
0.104, P = 0.143, n = 22; Figure 3.11). 
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Figure 3.2. Linear regression of semen volume (mL) and mating duration (minutes) in one male (y = 0.036x – 
0.166, R2 = 0.24, P = 0.021, n = 22). 
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Figure 3.3. Quadratic regression of sperm concentration (millions/mL) and interval between collection of 
ejaculates (days) in one male (y = -20.6x2 + 159.7x +107.5, R2 = 0.25, P = 0.146, n = 18). 
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Figure 3.4. Quadratic regression of semen volume (mL) and interval between collection of ejaculates (days) in 
one male (y = - 1.99x2 + 0.12x + 0.19, R2 = 0.105, P = 0.39, n = 20).  
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Figure 3.5. Linear regression of sperm concentration (millions/mL) and mating duration in one male (y = 2.55x 
+288.3, R2 = 0.0014, P = 0.877, n = 19). 
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Figure 3.6. Linear regression of sperm concentration (millions/mL) and semen volume in one male (y = 299.64x 
+ 288.51, R2 = 0.10, P = 0.205, n = 16). 
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Figure 3.7. Linear regression of semen viscosity (mm) and semen volume (mL) in one male (y = 2.042x + 9.72, 
R2 = 0.028, P = 0.525, n = 17). Note that trace amounts of semen were recorded as 0 mL on the regression. 
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Figure 3.8. Linear regression of semen viscosity (mm) and sperm concentration (million/mL) in one male (y = 
0.0076x + 8.03, R2 = 0.22, P = 0.068, n = 16).  
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Figure 3.9. Linear regression of semen viscosity (mm) and interval between collection of ejaculates in one male 
(y = 0.840x + 7.97, R2 = 0.141, P = 0.125, n = 18).  
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Figure 3.10. Linear regression of semen viscosity (mm) and mating duration (min) in one male (y = 0.216x + 
7.49, R2 = 0.041, P = 0.407, n = 19).  
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Figure 3.11. Linear regression of mating duration (min) and interval between collection of ejaculates (days) in 
one male (y = 0.717x + 12.08, R2 = 0.104, P = 0.143, n = 22).  
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3.4 Discussion 
 
Characteristics of alpaca semen found in the current study were similar to those found by other 
workers (see Section 1.3.2, Table 1.8). There was great variation within and between males with 
respect to semen volume, concentration, viscosity, morphology, activity and percent alive. The work 
provided the basis for the definition of semen quality and selection of males suitable for semen 
preservation. Semen needs to be collected and examined from many more clinically normal alpacas of 
known fertility to define the limits of semen characteristics that indicate normal reproductive function 
and high fertility. From other species it is known that only high quality semen is suitable for chilling 
and freezing. 
 
There are 2 conflicting issues related to mating duration that may affect semen quality. The first is that 
the volume of each ejaculate, and therefore total sperm numbers, increases with increasing duration of 
copulation (Figure 3.2) and that mating duration of a male mating a mannequin should be of similar 
duration to that of a natural mating to maximise the likelihood of optimum semen collection (see 
Section 1.2.6). The second issue is the difficulty of controlling the environment inside the AV with the 
possibility of a reduction in semen quality during prolonged copulation. Artificial vagina temperature 
decreased over time despite the presence of a heat pad around the outside. Similarly, prolonged 
contact of semen with the latex liner may be detrimental to sperm survival (Aller 2001). Optimum 
mating duration is a compromise between these opposing effects on semen quality.  
 
When ejaculates were collected every 3 or 4 days there was a trend for higher concentration of sperm 
per ejaculate and greater semen volume (Figures 3.3 and 3.4). Despite the fact that the findings were 
not statistically significant, and due to time constraints on the project, these findings directed the work 
reported in subsequent chapters to obtain maximum sperm numbers for dilution and semen processing. 
 
There was no relationship between sperm concentration and semen volume, semen viscosity and 
semen volume, semen viscosity and mating duration or sperm concentration and mating duration of 
individual ejaculates. It would appear that emission of the gel fraction of semen is dispersed 
throughout the process and there is no fractionation of seminal components during ejaculation. 
Previous workers have also indicated that semen composition remains constant throughout ejaculation 
(Sumar 1983, Moscoso et al. 1999), however, others have observed that sperm concentration, 
percentage of active sperm, percentage of live sperm and percentage of normal sperm increased with 
time during a single copulation (Lichtenwalner et al. 1996b, Bravo et al. 2002).  
 
Males used in the current project had mean testicular lengths > 4 cm. Mean testicular length gives an 
indication of the likelihood of spermatogenic tubules producing elongated spermatids (Table 1.5; 
Galloway 2000) and therefore the ability of a male to produce sperm. Mean testicular length is also 
highly correlated with testicular weight (r = 0.88, n = 68; Galloway 2000) and hence quantitative 
sperm production (evidence from other species). Tables 3.2 and 3.3 show characteristics of semen 
collected from males with mean testicular length > 4 cm. Large testicles did not necessarily mean 
good semen quality as shown by varied semen characteristics amongst males. Male #1 was considered 
to have good semen quality when normal values for semen characteristics were extrapolated from 
other species. Males #2 and #3 had low sperm activity and increased percentages of sperm head and 
midpiece-tail abnormalities suggesting the presence of a testicular degeneration. Reasons for poor 
semen quality and testicular degeneration in alpacas require further study.  
 
In species such as rams and bulls, sperm are considered as rapid and progressively-motile if they swim 
more than one sperm body length per second. Sperm with rapid, progressive movement are thought to 
be associated with fertility, whereas sperm that twitch, circle slowly or are non-progressive are usually 
excluded from motility estimates (Evans 2001). In contrast, “percent active spermatozoa” should be 
the routine assessment for movement exhibited in alpaca semen as the term includes all types of sperm 
activity. The term “motility” is best reserved for assessment when gel is not interfering with 
movement and sperm are in fact moving actively forward. In some viscous alpaca semen samples  
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examined soon after collection, motility as defined for other species may be 0%, but activity may be 
70 % which suggests good semen quality.  
 
Subjective determination of sperm motility, usually by high power (x 200 or x 400) phase-contrast 
microscopy with a pre-heated stage, is the most widely used method of determining semen quality in 
domestic livestock immediately post-collection of ejaculates and post-thawing of frozen semen 
(Rodriguez-Martinez et al. 2001). The method is quick and simple, however, there is no strong 
relationship between subjectively assessed semen motility and field fertility in cattle when motility 
values are 50 % or greater (Hafez 1993, Stalhammar et al. 1994). Given this observation and the 
difficulty in describing sperm motion in alpacas, other methods of assessing semen quality need to be 
developed. 
 
Routine semen examination provided a guide to suitability for artificial insemination. Accurate 
determination of the number of sperm per mL of semen is important as there is much variation 
between males and ejaculates, but was hindered by the presence of frothing of semen during 
collection. The froth was sperm-rich and needs to be utilised in each ejaculate to maximise the total 
sperm number available for further processing. Sperm concentrations described in alpacas in the 
literature range from tens of thousands of sperm/mL (Raymundo et al. 2000) up to hundreds of 
millions of sperm/mL (Bravo et al. 2002). Calculation of sperm concentration allows quantifiable 
dilution with semen extenders to produce known numbers of sperm per AI dose. Further work is 
required to define the influences of altitude, season, nutrition, age and genetics on sperm production 
and ejaculate concentration, and the range of sperm concentrations found under south-eastern 
Australian environmental conditions. 
 
The diagnostic morphological examination of alpaca sperm gives an additional guide to the 
assessment of semen quality. In both normal and abnormal male alpacas in the limited material 
available, the predominant abnormalities in the semen were tailless heads and proximal cytoplasmic 
droplet. Their origin and significance and the relationship of morphological semen characteristics to 
suitability for processing and to fertility require further study. It is often necessary to examine the 
semen over a period of time with serial semen examinations before a diagnosis and its relationship to 
fertility can be determined. Sperm abnormalities observed in the current project (Tables 3.2, 3.4 and 
3.5) have also been observed in camelids by other workers (see Section 1.4.2, Table 1.11).  
 
Gross sperm morphology may be a reliable field parameter of ejaculate quality because it is least 
influenced by the collection process or by freeze-thawing (Perry et al. 2002). It has been found in bulls 
that the percentage of normal sperm in an ejaculate correlates significantly with fertility in pre-mating 
tests and frozen-thawed semen (Phillips et al. 2001). The morphology of live sperm correlates better 
with fertility potential than with overall sperm morphology of an ejaculate (Hafez 1993) and may be 
used to eliminate bulls with semen of poor quality for AI (Rodriguez-Martinez et al. 2001). Fertility in 
bulls is not usually compromised until the percentage of abnormal sperm exceeds 20 to 30 % (Hafez 
1993, Perry et al. 2002) but the level is unknown in alpacas. 
 
There was extreme variation in semen quality within and between male alpacas and all findings 
require further confirmation with collection and characterisation of many more semen samples from a 
variety of males. Minimum acceptable levels of the parameters of percentage live sperm, percentage 
normal sperm, activity, sperm per mL need to be determined to allow selection of suitable ejaculates 
for further processing and preservation or discard of unsuitable ejaculates. Frothing of semen in the 
AV during collection needs to minimised to maximise the total number of sperm available for 
characterisation and processing. Breeding soundness evaluation and semen characterisation in alpacas 
should promote herd fertility and the use of fewer, better males on-farm, and selection of the most 
suitable males for semen processing. 
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4. Storing liquid alpaca semen 
 

 
 
4.1 Introduction 
 
Successful storage of semen in a liquid state relies on reducing sperm death and degeneration during 
storage so that pregnancies may be achieved following AI 1-3 days after semen is collected. The 
advantages of storing semen collected from domestic livestock in liquid form rather than in frozen 
form include the requirement of lower sperm numbers per AI dose (4-8 million sperm per dose in bulls 
but dose unknown in alpacas), inexpensive storage and easy field use. The main disadvantage is that 
liquid semen has a limited shelf life compared with frozen semen, which has unlimited storage life. 
 
Semen extenders are solutions used to ‘stretch’ each ejaculate further without reducing fertility, and to 
enhance sperm survival outside the male. For example, one ram ejaculate containing 2000 million 
sperm per mL may be extended to produce 30-60 AI doses of semen. From the concentration of alpaca 
spermatozoa observed in Chapter 3, alpaca doses per ejaculate are likely to be considerably lower than 
this. 
 
Semen extenders usually contain ingredients that are beneficial to sperm survival: a source of energy 
(eg glucose, fructose), compounds to protect against cold shock during chilling (eg lipoprotein from 
egg yolk, casein from milk) and freezing (eg glycerol) and antibiotics to reduce transfer of pathogens 
(see Section 1.5.1). Extenders are often buffered (eg citric acid, TRIS) and contain elements that 
stabilise enzyme systems and neutralise toxic products produced by sperm. 
 
Seminal plasma provides a transport medium for sperm and metabolic substrates to maintain sperm 
viability. However, some components of seminal plasma may impede the handling of sperm (high 
viscosity), reduce sperm activity, hasten sperm death, reduce sperm concentration, hinder mixing 
sperm with extenders or react adversely with extenders. Methods which may be used to remove or 
modify seminal plasma include centrifugation, vortexing, swim-up techniques and addition of 
enzymes. 
 
The objectives in this chapter were to examine the ability of different semen extenders to protect 
chilled semen and to observe the effects of centrifugation and rapid agitation on sperm activity. 
 

4.2 Materials and methods 
 

4.2.1 Prolonging sperm life: addition of extenders 
Alpaca semen was collected from 5 males using an AV fitted inside a mannequin as described in 
Chapter 2. 
 
A selection of commercial semen extenders (Table 4.1 and Appendix 2) were mixed with the semen at 
dilutions of 1:1 up to 4:1 at temperatures ranging from 33 oC, (temperature of collection tube at the 
end of ejaculation) to 22 oC (environmental temperature). Extended semen was then chilled in a water 
bath to 4 oC as described in Sections 4.2.2.1 and 4.3.2.1. Where two-step extension was used, the 
second fraction was added at 4 oC. Extended semen samples were reheated to 37 oC before sperm 
activity was assessed using phase-contrast microscopy (x 200 magnification; Olympus CX 41 
microscope, Olympus Australia Pty Ltd). 

4.0 Summary Extenders containing egg yolk and glycerol, and in particular Triladyl® 
(Minitub, Germany), proved the most effective extenders for chilled semen up to 48 
hours. Other extenders were unsatisfactory in comparison to Triladyl®. Neither 
centrifugation of semen to remove seminal plasma nor rapid agitation to reduce viscosity 
apparently enhanced the survival of chilled semen. 
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Table 4.1. Extenders used to prolong the survival of alpaca semen. 
 
Extender name Species for which 

extender developed 
Manufacturer Protein 

Semex X-tend (Kenney Plain) Equine Uniscience Products, NZ milk casein 
Bovine semen extender Bovine Genetics Australia milk casein 
Texas A&M extender Equine  milk casein 

    
Canine "fresh express" Canine Synbiotics Corporation, USA egg yolk 
Sheep red extender 005238 Ovine IMV International Corporation, USA egg yolk 

Camel fresh chilled green 
extender 005459 

Camelid IMV International Corporation, USA egg yolk 

Triladyl Bovine/ovine Minitub, Germany egg yolk 
SYG-2 camel extender Camelid Zhao et al. 1994  

(in Aller 2001) 
egg yolk 

Caprogen Bovine Genetics Australia egg yolk 
Emcare embryo holding 
solution 

Bovine/ovine Immuno-Chemical Products, NZ + egg yolk 

    
AndroMed Bovine Minitub, Germany non-animal 
Biociphos Plus Bovine IMV International Corporation, USA non-animal 
Bioxcell Bovine IMV International Corporation, USA non-animal 

    
German llama extender Camelid AAIG bovine 

serum 
albumin 

Bovine sperm-TALP Bovine  nil 
 

4.2.2 Chilling of extended semen 
 
4.2.2.1 Chilling of extended semen to 4 oC 
Five methods of cooling extended semen in a 15 mL collection tube (polystyrene Falcon tube, Becton 
Dickson) were examined:  
1. from 33 oC to environmental temperature 
2. from 33 oC using commercial polystyrene semen shipper type I (Equipak Semen Transport 

System, Pacific Vet Pty Ltd, Victoria)  
3. from 33 oC using commercial polystyrene semen shipper type II (Live Semen Shipper, Pacific 

Vet Pty Ltd, Victoria)  
4. from 33 oC in refrigerator 
5. from 18 oC water bath in refrigerator after shipping to laboratory in commercial semen shipper 

type II.  
 
4.2.2.2 Transport of alpaca semen from collection site to laboratory 
Commercial polystyrene semen shippers (Live Semen Shipper, Pacific Vet Pty Ltd, Victoria) are 
designed to maintain the inside temperature of the shipper at 4 oC for several days. The shippers were 
used to transport semen between collection sites and the laboratory. Collection tubes containing semen 
were wrapped in cotton wool at 33 oC then placed into the shipper beneath a frozen ice brick and a 
polystyrene sheet. Semen temperature was recorded inside the shipper over 4.5 days.  



 

 
62

 

4.2.3 Removal of seminal plasma 
Twenty ejaculates collected from 2 alpaca males were split and either remained un-centrifuged or were 
centrifuged at speeds varying from 100-1000 g for 5 to 30 minutes. The maintenance of forward 
progressive motility over time was used to compare samples which had and had not been centrifuged. 

4.2.4 Reducing semen viscosity 
Rapid mechanical agitation by vortex (Snijders press-to-mix vortex mixer model 34524, Australian 
Instrument Services) was used to mix alpaca semen with extender for 30 seconds. 
 
4.3 Results 

4.3.1 Prolonging sperm life: addition of extenders 
Undiluted, raw semen did not survive for long periods. All sperm were inactive within approximately 
60 minutes after collection when held between 25 and 33 oC. 
 
Extenders that contained egg-yolk and glycerol (Sheep Red Extender, Camel Green Extender, Triladyl 
and Biladyl A&B) enabled more sperm to survive chilling for longer. Triladyl® (Minitub, Germany) 
provided the most promising results when diluted 4:1 with semen. Fifty percent of sperm exhibited 
active, fast, progressive activity 24 hours after collection, which declined to 45 % at 48 hours (Table 
4.2).  
 
The three extenders that contained no animal products (Andromed, Biociphos Plus and Bioxcell) and 
the three extenders containing the milk protein, casein (Bovine Extender, Kenney Plain and Texas 
A&M), provided disappointing results and were unsuccessful in prolonging the lifespan of semen kept 
at 4 oC in comparison with Triladyl®. The percentage of live sperm and sperm activity was much 
reduced 24 hours after collection, extension and dilution. 
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Table 4.2. Activity of sperm 24 and 48 hours after collection, extension and chilling to 4 oC. Extended semen 
was warmed to 37 oC prior to assessment. Numbers of samples extended in different diluents varied considerably 
precluding statistical comparisons. 
 
Extender Mean sperm 

activity at 24 
hours (%) 

Mean sperm 
activity at 48 

hours (%) 
Raw semen 0  
Semex X-tend 
(Kenney Plain) 

0  

Bovine semen 
extender part A 

10-20  

Texas A&M 
extender 

0  

Canine "fresh 
express" 

10  

Sheep red extender 
005238 

40-50 25 

Camel green/clear 
extender  

45 30 

Triladyl 50 45 
Biladyl A/B 45 35 
Caprogen 5  
AndroMed 35-40 15 
Biociphos Plus 1 0 
Bioxcell 5 0 
Emcare embryo 
holding solution 

0  

Bovine sperm-
TALP 

5 0 

4.3.2 Chilling of extended semen 
 
4.3.2.1 Chilling of extended semen to 4 oC 
Placement of a semen sample into a water-bath at its existing temperature (eg AV temperature, room 
temperature or the temperature inside the commercial semen shipper following transport to 
laboratory), followed by placement of the water-bath into a refrigerator provided a linear method of 
chilling semen and was accompanied by minimal reduction in sperm activity (Figure 4.1). In general, 
it took 1.5 to 2 hours to chill semen from room temperature to 4 oC. The other methods of semen 
chilling were non-linear, regarded as too rapid or too slow and exhibited greater reduction in sperm 
activity (Figure 4.1). 
 
4.3.2.2 Transport of alpaca semen from collection site to laboratory 
The commercial polystyrene semen shipper type II (Live Semen Shipper, Pacific Vet Pty Ltd, 
Victoria) did not reduce alpaca semen temperature to 4oC (Figure 4.2), so upon arrival at the 
laboratory, semen tubes were placed into a water bath at the same temperature as the inside of the 
shipping container, then placed into a refrigerator to chill semen to 4oC. 
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Figure 4.1. Cooling times of semen using different methods of cooling (◊ environmental, ○ commercial 
polystyrene semen shipper Type I, □ commercial polystyrene semen shipper Type II, ∆ refrigerator, ● waterbath 
in refrigerator). 
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Figure 4.2. Semen temperature inside a commercial polystyrene semen shipper at different times after placement 
into the container at 0 hours (n = 2). 
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4.3.3 Removal of seminal plasma 
The observed benefits of centrifugation of alpaca semen included: 
• Concentration of sperm in a pellet at the bottom of the tube; providing an advantage by allowing 

an increase in numbers of sperm per AI dose without increasing dose volume. 
• Ability to remove seminal plasma from the ejaculate.  
 
The observed problems encountered with centrifugation included: 
• Difficulty in removing the seminal plasma from the sperm pellet as the viscous nature of the 

semen tended to draw the sperm pellet up into the pipette simultaneously with the seminal plasma. 
• Difficulty in determining the optimum speed and time of centrifugation for each ejaculate. It was 

possible to determine a speed and time that suited individual males by trial and error using a few 
different ejaculates. The variation in semen viscosity between the 2 males used in the trial was 
marked (7 mm thread vs 2 mm thread) and this related to the ease with which centrifugation was 
able to concentrate sperm in the bottom of the tube. More viscous semen required longer 
centrifugation at higher speed. 

• Controlling semen temperature during centrifugation in a non-refrigerated centrifuge was not 
possible. Maintaining semen at a constant temperature during handling probably enhances sperm 
survival. 

• It was not determined whether centrifugation caused damage to sperm cellular structure (eg 
acrosome).  

• Centrifuged sperm were caught up in debris after spinning. 
• It was not determined whether the large volume of extender added to viscous samples prior to 

centrifugation was detrimental to sperm survival. 
 
Uncentrifuged semen appeared to maintain better activity and percent live compared with centrifuged 
sperm. 

4.3.4 Reducing semen viscosity 
 
Mechanical agitation using a vortex for 30 seconds to mix alpaca semen with extender resulted in 
death of all sperm. 
 
4.4 Discussion 
 
Numerous extenders were examined in an attempt to prolong the storage-life of alpaca semen chilled 
to 4 oC. Selection of extenders was based on previously successful use in camelids or other domestic 
species. When the percentage of sperm activity was low after 24 hours in several ejaculates using the 
same extender, trials ceased and a new extender selected. Many egg yolk-based extenders were 
examined and results indicated that Triladyl® (Minitub, Germany) provided the most promising results 
when diluted 4:1 with semen. Fifty percent of sperm exhibited fast, progressive activity 24 hours after 
collection, which declined to 45 % at 48 hours. This finding agrees with other workers (Bravo 2002). 
The use of milk casein or vegetable protein-based extenders were less effective at maintaining sperm 
activity. The addition of glycerol appeared to enhance sperm survival in chilled semen. 
 
Adequate sperm viability must be maintained during semen handling and processing to achieve 
pregnancies. Longevity of sperm viability is probably improved by storage at 4 to 5 oC compared with 
higher temperatures due to reduced metabolic activity (Simson 2001). In horses, rapid cooling of 
semen from 37 oC to 20 oC does not adversely affect sperm motility, however, cooling rates from 20 
oC to 4-8 oC are more critical. The current recommendation in horses is to cool semen at a rate of 0.5 
to 1.0 oC per minute to maximise motility (Simson 2001). Immediate placement of extended semen 
into a water bath of comparable temperature to the semen, followed by placement into a refrigerator, 
allowed a linear decline in temperature to 4 oC over 1.5 to 2 hours in the current project.  
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The question whether or not seminal plasma should be removed from the ejaculate is a difficult one to 
answer. The advantages may include removing the deleterious effects of seminal plasma, enhancing 
mixing with extender and concentrating sperm. Disadvantages could include damage to sperm (eg 
acrosome damage during centrifugation), reduction in sperm activity and removal of the viscous 
seminal plasma which may ‘tie-up’ sperm and reduce energy expenditure until sperm enter the female 
reproductive tract. In the current project, different durations and speeds of centrifugation were 
examined without any apparent enhancement in quality of semen preservation.  
 
Various workers have endeavoured to reduce the viscosity of camelid semen using enzymes (Callo et 
al. 1999, Bravo et al. 2000a, b) or mechanical agitation (A Niasari-Naslaji, personal communication) 
to allow easier handling and extension of semen. In the current trial, mechanical agitation using a 
vortex for 30 seconds to mix alpaca semen with extender resulted in death of all sperm. The effects 
that enzymes have on alpaca semen have not been studied in detail. The influence of gel in human and 
stallion semen on sperm quality and resistance to processing have not been studied in detail. The 
authors of the current project are of the opinion that the gel fraction of alpaca semen could enhance 
sperm survival by reducing sperm metabolic rate and chose to work with the gel present.  
 
Further work is required to determine the optimum system for extending and chilling semen. The 
influence of time of extender addition (in AV or post-collection) is partially addressed in the next 
chapter. The degree of semen dilution, temperature of storage (room temperature vs refrigeration) and 
length of storage also need attention. 
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5. Freezing and thawing alpaca semen 
 

5.0 Summary Immediate post-thaw activity of sperm was approximately 20 to 40 % when either 
the Green/Clear camel buffer (IMV International Corporation, USA) or Biladyl A/B (Minitub, 
Germany) was used as extender for freezing semen. There is still much work that needs to be done 
to freeze alpaca semen in a successful manner. 
 

 
5.1 Introduction 
 
The advantages of being able to freeze alpaca semen include the option of long term storage and 
increased flexibility of use. However, storage is more costly than for chilled semen and it is likely that 
higher sperm numbers per dose will be required due to lower fertility following cryopreservation, as 
observed in other domestic livestock (Watson 2000). Generally, 40-50 % of sperm do not survive 
cryopreservation and those that do survive show impaired function in comparison with fresh sperm 
even with optimized protocols (Watson 2000). Freezing protocols must maximise the number of live 
sperm with functional ability post- thawing to optimise fertility rates. 
 
The development of freezing technology in alpacas is based on information derived from successes 
achieved in other species. However, variations in the physiology and biochemistry of sperm and the 
anatomy and physiology of sperm transport in the female reproductive tract mean that simple 
extrapolation of successful freezing technology from one species to another is not possible (Holt 
2000).  
 
Semen needs to be cooled carefully between 15 and 5 oC prior to cryopreservation as temperature 
changes induce stresses on cell membranes (Watson 2000). Sperm plasma membranes contain an array 
of phospholipids, proteins and sterols that respond to temperature changes by alterations in their 
physical phase state (Holt 2000). Sperm can undergo lipid phase transitions within the range of 17 and 
36 oC (species dependent), however they are not adapted to alter lipid content at lower temperatures. A 
major phase change occurs between 15 and 5 oC (Watson 2000). ‘Cold shock’ describes damage due 
to rapid cooling above 0 oC, and involves physical disruption of the plasma membrane (Holt 2000).  
 
There are two sources of injury that can damage cells during freezing. The first is the formation of 
intracellular ice crystals which can disrupt intracellular architecture. This damage is usually a result of 
rapid freezing. The second source of injury is the water-solute interactions that occur during ice 
crystallisation of the freezing solution, usually during slow freezing. When ice crystals form they are 
made of pure water so there is an accompanying osmotic pressure increase in the unfrozen fraction 
(Watson 2000). The lower the temperature, the smaller the unfrozen fraction and the higher the 
osmotic strength of the remaining solution. As the freezing solution becomes hyperosmotic, water is 
withdrawn from inside the cells, causing shrinkage. Thawing involves a reversal of these effects and 
water influx can cause cell membrane disruption (Holt 2000).  
 
Optimal freezing rate therefore is a compromise between rapid and slow freezing to minimise the 
effects of these two sources of injury. Sperm cells are usually frozen over the range of 15-60 oC per 
minute as these rates appear to provide best survival rates (Watson 2000).  
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There are different groups of cryoprotectant compounds. Glycerol, ethylene glycol, DMSO and 
methanol are examples of penetrating cryoprotectants because they permeate into the cytoplasm of the 
cell. By depressing the freezing point, these compounds may help counter the effects of solution 
hyperosmolarity during freezing. It is important to note that glycerol is also toxic to sperm and will 
affect the concentration and freezing rates used (Holt 2000, Watson 2000). There is marked species 
variation in glycerol tolerance (eg marsupials tolerate 10-20 % glycerol, compared with boars 3 %; 
Johnston et al. 1993, Holt 2000) possibly due to genetically determined differences in membrane 
properties. Addition of cryoprotectants such as glycerol and DMSO to semen applies osmotic stress to 
the plasma membrane of the sperm which is reduced by stepwise addition and removal of the 
cryoprotectant (Watson 2000).  
 
A second group of cryoprotectants do not permeate cells and include sugars (eg raffinose and lactose), 
polymers (eg polyvinyl pyrollidone) and amphipathic compounds (eg glycine betaine, glutamine and 
proline) and may need to be combined with glycerol for best effect. Sugars may alter solution effects 
during freezing while amphipathic compounds could interact with membrane lipids and proteins (Holt 
2000). 
 
Most semen preservation protocols use glycerol, which was first used more than 50 years ago (Polge 
et al. 1949). Egg yolk is added to cryopreservation protocols as a protectant against cold shock. A low 
density lipoprotein in the yolk could modulate phase transition behaviour of sperm cell membranes by 
an unknown action. The addition of surfactant to egg yolk diluents has been observed to improve post-
thaw sperm motility, acrosomal integrity, survival and fertility (Holt 2000). Addition of a buffer may 
be advantageous as components such as egg yolk can affect solution pH. Sodium citrate, tris 
(tris(hydroxymethyl)aminomethan) or zwitterionic buffers such as TES (N-
tris(hydroxymethyl)methyl-2-aminoethane sulphonic acid). Tris titrated with TES (TEST media) has 
wide success of many wild species (Holt 2000). 
 
The objectives of this chapter were to develop methods of extending semen in a suitable diluent, 
freezing the extended semen and obtaining acceptable post-thaw activity rates of sperm. 
 
5.2 Materials and methods 

5.2.1 Semen collection 
Semen was collected from 8 male alpacas using an AV fitted inside a mannequin as described in 
Chapter 2. 

5.2.2 Semen extension 
Semen was collected for freezing with or without semen extender placed inside the AV cone. 
Commercially prepared extenders (Table 5.1 and Appendix 2) were compared within ejaculates and 
among different males.  
 
One-step extension of semen involved the addition of extender to the AV before ejaculation 
commenced and/or to the ejaculate immediately after ejaculation had ceased. The extended ejaculate 
was placed into a 37 oC water-bath which was chilled in a refrigerator to 4 oC over a period of 90 
minutes (Figure 5.1).  
 
Two-step extension of semen involved the addition of the non-glycerolated portion of the extender to 
the AV before ejaculation commenced and/or to the ejaculate immediately after ejaculation was 
completed. The partially extended ejaculate was then placed into a 37 oC water-bath which was chilled 
in a refrigerator to 4 oC over a period of 90 minutes. The partially-extended semen was then fully 
extended at 4 oC by drop-wise addition of the glycerolated portion of the extender in a 1:1 ratio with 
the non-glycerolated portion. Equilibration of semen and the glycerolated extender was allowed to 
occur over 15-30 minutes. Final glycerol concentration was approximately 7 % in all cases. 
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Table 5.1. Glycerol-based extenders added to semen before and during the freezing process. 
 
Extender name Species for 

which extender 
developed 

Number of 
extending steps 

Protein Cryoprotectant 

Bovine semen extender 
(Genetics Australia) 

Bovine 2 milk casein glycerol 

     
Sheep red extender 
005238 (IMV, USA) 

Ovine 1 or 2 egg yolk glycerol 

Camel fresh chilled green 
extender (005459) and 
camel clear freezing 
extender (005460) (IMV, 
USA) 

Camelid 2 egg yolk glycerol 

Biladyl A & B (Minitub, 
Germany) 

Bovine/ovine 2 egg yolk glycerol 

Triladyl (Minitub, 
Germany) 

Bovine/ovine 1 egg yolk glycerol 

SYG-2 camel extender Camelid 2 egg yolk glycerol 
     

AndroMed (Minitub, 
Germany) 

Bovine 1 non-animal glycerol 

Bioxcell (IMV, USA) Bovine 1 non-animal glycerol 
     

HSPM (Monash IVF, 
Australia) 

Human 1 non-animal glycerol 
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Figure 5.1. Cooling time of 300 mL water bath in top-loading refrigerator. 
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5.2.3 Semen freezing  
 
5.2.3.1 Freezing in French-type plastic straws 
Chilled, extended semen samples were loaded manually using a syringe into 0.25, 0.5 or 2 mL French-
type plastic straws (Pacific Vet Pty Ltd, Melbourne, Australia). The smaller straws were sealed using 
PVC powder and the 2 mL straws were sealed using metal sealing balls. The loading and sealing 
procedures took place in a top-loading refrigerator (Waeco, Germany; Figure 5.2) to maintain sperm at 
4 oC and minimise temperature variations during loading. 
 
The semen-filled straws were loaded onto a wire rack inside the refrigerator. The rack was then placed 
into a plastic box containing 2 cm liquid nitrogen and its vapour in the bottom and a lid put on top 
(Figure 5.3). The wire rack was placed at differing heights (range 2-25 cm) above the surface of the 
liquid nitrogen for different time periods (5-30 minutes) prior to plunging the plastic straws into liquid 
nitrogen.  
 
5.2.3.2 Freezing semen in pellets 
Chilled semen was dropped into small depressions made in dry ice to form 0.25-0.5 mL semen pellets. 
Pellets were removed from the dry ice 3-5 minutes after freezing and stored in plastic goblets (Pacific 
Vet Pty Ltd, Melbourne, Australia) in liquid nitrogen. 
 
 

 
 
Figure 5.2. Top-loading refrigerator used to load semen into French-type plastic straws at 4 oC. 
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Figure 5.3. Plastic box (with lid removed) containing 2 cm liquid nitrogen in the bottom, and a wire 
rack holding 0.5 mL French-type plastic straws at a height of 10 cm above the surface of the liquid 
nitrogen. 

5.2.4 Semen thawing protocols 
Semen frozen in plastic straws was thawed in a 37 oC water bath for 60 seconds. Semen frozen in 
pellets were placed into a sterile polyethylene bag and immersed in a 37 oC water bath until the pellet 
had thawed. 

5.2.5 Post-thaw activity of sperm 
A drop of thawed semen was placed onto a pre-heated glass slide at 37 oC and a coverslip was placed 
on top. The percentage of active sperm were estimated by phase contrast microscopy (Olympus CX41, 
Olympus Australia Pty Ltd) at x 200 magnification. 
 
5.3 Results 

5.3.1 Semen extension 
The addition of 1 mL of extender inside the cone at the level of the artificial cervix appeared to 
produce better survival of sperm compared with no addition of extender as there was reduced contact 
between sperm and the surfaces of the AV and greater protection of sperm from cold shock once the 
AV was removed from the mannequin and electric blanket.  
 
The method of choice for semen extension in the current project was a 2-step procedure consisting of 
placement of 1 mL of Green camel buffer (IMV International Corporation, USA) or 1 mL of Biladyl A 
(Minitub, Germany) into the plastic cone of the AV prior to ejaculation. More extender was added 
after ejaculation ceased so that there was approximately a 1:1 ratio by volume of semen and extender. 
After chilling for 90 minutes to 4 oC, glycerolated Clear camel buffer or Biladyl B, respectively, was 
added slowly to the chilled semen in a ratio of 1:1 (v/v). Final sperm concentration in extended semen 
was therefore one quarter the concentration of raw semen. 
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5.3.2 Semen freezing  
The French-type plastic straw with 0.5 mL capacity was used most successfully to freeze extended 
semen. The optimum freezing conditions were to place straws 10 cm above the surface of the liquid 
nitrogen for 30 minutes. 

5.3.3 Post-thaw activity of sperm 
Immediate post-thaw activity of sperm was between 10 and 40 % when either the Green/Clear camel 
buffer (IMV International Corporation, USA) or Biladyl A/B (Minitub, Germany) was used as 
extender for freezing semen (Table 5.2). All other extenders listed in Table 5.1 produced post-thaw 
activities of 0 to 10%.  
 
Straws of semen from ejaculates with a post-thaw activity greater than 20 % were stored in liquid 
nitrogen until a suitable number of straws were available to AI a group of females.  
 
Semen frozen in pellets in dry ice exhibited approximately 10 % less activity than sperm frozen in 
plastic straws when semen was from the same ejaculate with the same extension and chilling protocol. 
 
Table 5.2. Mean immediate post-thaw activity of semen extended with Green and Clear camel buffer 
(IMV International Corporation, USA) or Biladyl A and B (Minitub, Germany). 
 
Type of extender Mean post-thaw 

activity (%+sem) 
Range Number of ejaculates Number of males 

Green/clear camel buffer 17.4 + 1.7 0-40 % 42 6 

Biladyl A and B 21.3 + 3.3 0-40 % 12 5 

 
5.4 Discussion 
 
To maximise the numbers of normal, live, active sperm present after thawing frozen semen, it is 
necessary to optimise every step in the processes of collection, extension, freezing and thawing of 
semen. Fluctuations in environmental temperature and AV temperature should be mimimised during 
semen collection, addition of extenders should occur slowly to allow adequate mixing with semen, 
cooling and freezing of extended semen should be performed in a controlled manner to minimise cold 
shock and ice crystal formation in sperm cells. Sperm must retain the capacity to reach and penetrate 
the oocyte, bind to and penetrate the zona pellucida, undergo the acrosome reaction, fuse to the 
oolemma and allow chromatin transfer in order to fertilise egg. Damage at any step would render the 
sperm infertile (Holt 2000). Cooled and re-warmed sperm behave as if they were capacitated in some 
species (Watson 2000). A minority of sperm exhibit vigorous forward progression and the majority 
show a variable degree of impairment which may contribute to poor fertility during AI (Watson 2000). 
 
Post-thaw activity of alpaca semen was used as an indicator of success of freezing in the current 
project. Earlier studies have shown that post-thaw activity of alpaca and llama semen ranges from 15 
to 60 % (Bravo et al. 1996c, Valdivia et al. 1999, Von Baer et al. 1999, Bravo et al. 2000a; Table 1.12) 
and a recent study in camels considered freezing to be successful when there were at least 20 % 
progressively motile sperm after thawing (Deen et al. 2003). Therefore, in the current study straws of 
semen from ejaculates with a post-thaw activity greater than 20 % were stored in liquid nitrogen until 
a suitable number of straws were available to AI a group of females.  
 
Semen stored as pellets was not used to inseminate females because of the poorer post-thaw activity. 
An advantage of freezing semen in a pelleted form is that it allows wet-thawing or placement of 
pellets into a thawing solution formulated for the purpose. This allows semen to thaw while 
simultaneously reducing cryoprotectant concentration. A disadvantage of freezing semen in pellets is 
the inability to identify individual pellets. Pellets need to be stored in a labelled goblet. 
 



 

 
73

The heterogeneous nature of ejaculates within and among animals and species has been observed to 
affect the proportion of sperm that survive cryopreservation probably due to the existence of variable 
resistance to osmotic stress amongst the cells (Watson 2000). The viscous nature of alpaca semen 
precludes even mixing of semen with extender, ensures marked heterogeneity of the solution to be 
cryopreserved and may explain poor post-thaw motility rates in camelids compared with species with 
less viscous semen. Other factors which may influence the success of freezing alpaca sperm include 
environmental temperature on the day of collection, time between collection of ejaculate and 
placement into a water bath, interval between ejaculate collections. 
 
Proper assessment of sperm viability and fertilising capability of sperm after freezing and thawing is 
still being elucidated in cattle (Rodriguez-Martinez et al. 2001). In vitro tests available include IVF, 
evaluation of sperm motility patterns, swim-up sperm separation, capacitation status, induced 
acrosome reactions and zona pellucida sperm-binding assays. These semen evaluation methods require 
proficiency in the use of costly equipment and were not considered further in this study.  
 
There is a need to develop a simple, accurate method of predicting field fertility of frozen-thawed 
semen in camelids. Historically, a post-thaw incubation test has been used to assess semen after 
thawing. This method is time consuming and involves incubation of semen in a water bath at a 
constant temperature (30, 37 or 38 oC) for a certain time (2 to 6 hours). Morphological evaluation of 
cryopreserved bull sperm provides information on the ability of sperm to survive freezing and thawing 
(Gravance et al. 1998). The percentage of morphologically normal sperm immediately post-thaw 
correlates with subsequent conception rate in cattle (Phillips et al. 2001). This simple procedure is 
highly repeatable across straws and batches within bulls. This method may be applicable to alpaca 
semen and should be investigated when a suitable extender has been developed and a large mating trial 
can be undertaken to compare pregnancy rates with post-thaw semen morphology. 
 
The short duration of the current project precluded further investigations into semen extension and 
cryopreservation. There are many aspects which need to be investigated further including: 
 
• defining males that have semen that consistently freezes well and the variation that exists amongst 

males in this respect 
• defining ejaculates before processing that will have good freezability 
• the biochemical makeup of the secretions that contribute to semen viscosity 
• the relative benefits of adding surfactant/other compounds to the extender to reduce frothing of 

semen in the AV, and facilitate more efficient interaction with sperm plasma membranes (ie allow 
better mixing of semen with extender) 

• types of extender best suited to alpacas 
• selection of a protein other than egg yolk to protect against cold-shock 
• addition of buffer to control egg yolk fluctuations and carbon dioxide absorption 
• timing of addition of glycerol 
• final glycerol percentage of extended semen 
• equilibration time of glycerol and semen prior to freezing 
• whether there is a need to dilute the concentration of glycerol after thawing to reduce its toxic 

effects on sperm 
• the use of cryoprotectants other than glycerol e.g. DMSO, ethylene glycol, non-permeating 

compounds 
• freezing semen in straws/pellets of different volumes 

• duration of chilling and freezing 
• height of freezing above liquid nitrogen 
• thawing temperature and duration 
 
Given that “The choice of cryoprotectant seems to have been a matter of trial and error in nearly all 
investigations” (Holt 2000), much work still needs to be done to perfect the freezing of alpaca semen. 
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6. Artificial insemination of alpacas 
 
 

6.0 Summary Ovulation was successfully induced between 24 and 30 hours after intramuscular 
injection of buserelin. Transcervical deposition of semen into the tip of the uterine horn ipsilateral 
to the ovary bearing the dominant follicle proved to be a simple and efficient technique for 
artificial insemination. No pregnancies were achieved using transcervical, intrauterine AI of 
chilled or frozen-thawed semen.  

 
 
 
6.1 Introduction 
 
Optimum time of mating would appear to be 6 to 8 days after new wave emergence during the late 
growing or early mature phase of dominant follicle growth (Adams et al. 1989, Bravo et al. 1991, 
Sumar et al. 1993, Vaughan 2001). This is the time that follicles are considered most likely to ovulate 
an oocyte considered capable of fertilisation. It has been shown in earlier research that follicular 
growth is similar from Day 0 to Day 10 after new wave emergence, regardless of subsequent 
interwave interval in alpacas, with a majority of follicles growing or maintaining size during the first 8 
days after emergence (Vaughan 2001) and that pregnancy is associated with mating in the presence of 
an oestrogenic follicle in camelids (Skidmore et al. 1996, Chaves et al. 2002, Vaughan 2001).  
 
The previous chapters set out methods of collection, characterisation and preservation of alpaca 
semen. The objectives in this chapter were to combine the findings of those experiments with the 
knowledge of optimal mating time to artificially inseminate females to achieve pregnancies.  
 
6.2 Materials and methods 
 

6.2.1 Ultrasonography 
Females were restrained in sternal recumbency in a purpose-built crate (Vaughan 2001). They were 
examined by transrectal ultrasonography using an Aloka SSD-500 with 7.5 MHz linear array 
transducer (Aloka Co. Japan) to enable selection of animals with a newly-emerged dominant follicle 
with a diameter of 7 to 10 mm, 6 to 8 days after new wave emergence.  
 
The ovaries of each female were examined by transrectal ultrasonography at the time of AI. Seven 
days after induction of ovulation, ultrasonography was used to identify the presence of a corpus 
luteum on the same ovary that had previously held the dominant follicle, to confirm ovulation. 
Females that had ovulated were examined for pregnancy by ultrasound again approximately 20 days 
after AI. 
 

6.2.2 Induction of ovulation 
Eight micrograms of buserelin (2 mL Receptal®, Hoechst Roussel Vet Pty Ltd) was injected 
intramuscularly to induce ovulation.  
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6.2.3 Semen preservation 
 
6.2.3.1 Chilled semen 
Triladyl® (Minitub, Germany) proved the most effective extender for chilled semen as sperm activity 
was approximately 45 % at 24 hours (see Chapter 4), so was selected as the extender for the chilled 
semen AI trial. Semen was collected from a male (Chapter 2) extended in Triladyl® and held at 4 oC 
for 24 hour (see Chapter 4).  
 
Chilled semen was drawn from a Falcon tube® (Becton Dickinson) into a 0.5 mL French-type straw 
then loaded into a 0.5 mL insemination gun (IMV AI gun, IMV International Corporation; Figure 6.1) 
with the cotton plug end of straw inserted first. A sheath (Universal AI Sheath, IMV International 
Corporation) was then placed over the entire shaft of the AI gun to hold the straw inside the gun. 
 
Eight females were inseminated 24 hours after semen collection. 
 
6.2.3.2 Frozen-thawed semen 
Green/clear camel buffer (IMV, USA) and Biladyl A&B (Minitub, Germany) were used to extend 
semen prior to freezing and storage in liquid nitrogen (Chapter 5). Frozen-thawed sperm exhibited 20 
to 40 % activity (see Chapter 5).  
 
After thawing semen in a 37 oC water bath for 60 seconds, each 0.5 mL French-type straw was dried 
thoroughly with paper towel. One centimetre of the straw, including the PVC plug, was cut off, then 
the straw was loaded into a 0.5 mL insemination gun (IMV AI gun, IMV International Corporation; 
Figure 6.1) with the cotton plug end of straw inserted first. A sheath (Universal AI Sheath, IMV 
International Corporation) was then placed over the entire shaft of the AI gun to hold the straw inside 
the gun. 
 
Nine females were inseminated with semen that had been extended and frozen in Green/clear camel 
buffer® (IMV, USA) and seven females were inseminated with semen that had been extended and 
frozen in Biladyl® (Minitub, Germany).  

6.2.4 Insemination technique 
The selected female was restrained in sternal recumbency. The tail was held out of the way and the 
perineum was cleaned with paper towel and alcohol. A small, gloved, lubricated hand was placed into 
the rectum and used to stabilise the cervix. The end of the AI gun was passed through the vulva, 
vagina and cervix into the uterine horn ipsilateral to the ovary containing the dominant follicle. When 
the gun was positioned at the tip of the uterine horn, the plunger on the AI gun was pushed to deposit 
semen from the straw into the uterus. The AI gun was then withdrawn, the perineum wiped clean with 
paper towel and the female released.  
 
Artificial insemination was performed 24 hours (and 30 hours when using Green/clear camel extender) 
after induction of ovulation, approximately 4 to 6 hours before the predicted time of ovulation.  
 
Artificial insemination was performed following the guidelines set out in the Australian Code of 
Practice for the Care and Use of Animals for Scientific Purposes 1997 and received approval from the 
Australian Animal Health Laboratory Animal Ethics Committee. 
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6.3 Results 
 
The nine females that received two inseminations had not ovulated at 24 hours after induction of 
ovulation, but had all ovulated by 30 hours after induction of ovulation. 
 
Table 6.1 shows the results of artificial insemination trials using chilled and frozen-thawed semen. No 
pregnancies were obtained using chilled or frozen semen inseminated at 24 to 30 hours after induction 
of ovulation. 
 
 
 

 
 
Figure 6.1. Artificial insemination gun (IMV, USA) and plastic sheath used to hold French-type straw 
in gun. 
 
Table 6.1. Results of artificial insemination trials. 
 

Extender Females 
inseminated 

Females 
ovulated 

Insemination time 
(hours after 

ovulation 
induction) 

Total sperm 
per 

insemination 
(x106) 

Number of 
pregnancies 

Triladyl®  
(chilled semen; Minitub, 
Germany) 

8 4 24 125-170 0 

Green/clear camel 
buffer®  
(frozen-thawed semen; 
IMV, USA)) 

9 9 24 and 30 Approx. 50 0 

Biladyl A&B®  
(frozen-thawed semen; 
Minitub, Germany) 

7 7 24 Approx. 300 0 

 
6.4 Discussion 
 
Ovulation was successfully induced between 24 and 30 hours after intramuscular injection of 
buserelin. These findings are consistent with other workers (see Section 1.5.5; Bourke et al. 1992b, 
1995a, Huanca et al. 2001a). Transcervical deposition of semen into the tip of the uterine horn 
ipsilateral to the ovary bearing the dominant follicle proved to be a simple and efficient technique for 
AI, however, no pregnancies were achieved using chilled or frozen-thawed semen in the current 
project. 
 
Synchronous ovulation and insemination is required to achieve high conception rates. In some species, 
high conception rates occur when sperm are in the oviduct just before ovulation (Hafez 1993). Fertility 
with cryopreserved semen in domestic livestock may be high providing the insemination is made 4 
hours before ovulation (Watson 2000). Fertility with fresh semen is maintained over a much longer 
period. If sperm are placed into the tract too early, they will lose viability prior to ovulation, and if 
sperm are placed into the tract after ovulation, the ovum may lose viability before fertilisation can 
occur (Hafez 1993).  
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Artificial insemination was performed 24 hours after induction of ovulation, approximately 4 to 6 
hours before the predicted time of ovulation. In an early alpaca study, the highest proportion of 
fertilised ova resulted when intrauterine artificial insemination with fresh semen was 35 to 45 hours 
after induction of ovulation using either a vasectomised male or intramuscular hCG (Calderon et al. 
1968). More recently, AI 24-36 hours after induction of ovulation in alpacas has resulted in acceptable 
conception rates with fresh and frozen semen (Table 1.13; Pacheco 1996, Quispe 1996, Apaza et al. 
1999).  
 
Bravo et al. (1997a), using fresh, undiluted semen compared the techniques of transcervical and 
laparoscopic AI in alpacas and achieved similar conception rates. Transcervical AI would appear to be 
a simpler, less-invasive procedure, however has limitations of rectal/pelvic capacity to allow 
transrectal manual stabilisation of the cervix when passing the AI pipette through the cervix, and the 
difficulty of locating the external os of the cervix during this procedure. Bravo (2002) describes the 
need for patience and dexterity to pass a pipette through the cervix into the uterus. Laparoscopic AI 
requires restraint of the female in a crate, sedation with or without a general anaesthetic, and expensive 
laparoscopic equipment.  
 
The lack of pregnancies following insemination of approximately 300 million sperm following 
extension and freezing in Biladyl A/B, indicates that further studies are required to increase the 
percentage of active sperm post-thaw, to refine the timing of AI in relation to ovulation, to determine 
the numbers of sperm (chilled and frozen) required for conception and the optimum method of 
delivery of sperm into the female reproductive tract to ensure high conception rates. While other 
workers have obtained pregnancies using extended fresh and chilled semen, they have achieved few 
pregnancies using frozen-thawed semen (see Table 1.13). Bravo et al (2000) reported one of the best 
results so far with frozen thawed semen with 5 young born to 19 inseminated females. Semen 
characteristics post-thaw in that study were similar to those reported here. Other workers have had 
little success in terms of pregnancies with either chilled or frozen semen in alpacas or llamas (Aller 
2001). Some apparently good results are reported in the literature in different camelid species (Table 
1.13). Details of the precise techniques used are sometimes missing. Authors rarely report negative 
results and so the overall picture of fertility with frozen-thawed semen in camelids remains unclear.  
 
There is a significant relationship between sperm number per dose of semen and fertility (Rodriguez-
Martinez et al. 2001) but it may be possible to reduce the number of sperm per dose through refining 
techniques of collection, processing and AI, and therefore increase the number of doses per ejaculate. 
There is a threshold number of viable sperm per AI-dose for individual males, below which the fewer 
viable sperm inseminated, the greater the risk that fertility will be compromised (Foote et al. 1993).  
 
A sufficient number of fully competent sperm that are capable of achieving fertilisation at the time of 
ovulation are required in the oviduct to achieve pregnancy (Watson 2000). Two hundred million 
cryopreserved sperm placed at the cervix, 20 million cryopreserved sperm placed into the uterus or 1 
million cryopreserved sperm placed into the oviduct are needed to achieve more than 50 % fertility in 
sheep (Maxwell 1986, Maxwell et al. 1993). Fertility declines exponentially when sperm number or 
quality is reduced. Surgical insemination has been combined with the use of frozen-thawed semen in 
some species to deposit sperm high in the reproductive tract to ensure a greater proportion of sperm 
reach the oviducts and achieve more satisfactory fertility (Watson 2000). Intracornual semen 
deposition of semen during copulation in camelids may be an adaptation to overcome the relatively 
low sperm concentrations (Brown 2000). 
 
Induction of ovulation, in conjunction with timed transcervical intrauterine insemination was achieved 
using chilled and frozen-thawed semen. No pregnancies were obtained. Hence further studies are 
needed to increase the numbers of normal, live, active sperm delivered to the uterine horns around the 
time of ovulation. 
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7. General discussion 
 
This report presents new data on the techniques used for the collection, characterisation, preservation 
and insemination of alpaca semen. Conclusions made during the studies in this project may be 
summarised as follows: 
 
• Consistent and reliable collection of alpaca semen was possible using a wooden mannequin 

covered with a tanned alpaca hide and fitted with an artificial vagina. 
• It was possible to train both virgin and experienced alpaca males to mate with the mannequin. 
• Components of mating behaviour were defined. 
• Applying centrifugal force to the artificial vagina after ejaculation was required to maximise yield 

of semen. 
• Characteristics of semen that define an ejaculate were established.  
• Semen quality varied considerably within and between males. 
• Extenders containing egg yolk and glycerol, and in particular Triladyl® (Minitub, Germany), 

proved the most effective extenders for chilled semen up to 48 hours.  
• Neither centrifugation of semen to remove seminal plasma nor rapid agitation to reduce viscosity 

apparently enhanced the survival of chilled semen. 
• Immediate post-thaw activity of sperm was approximately 20 to 40 % when either the Green/Clear 

camel buffer (IMV International Corporation, USA) or Biladyl A/B (Minitub, Germany) was used 
as extender for freezing semen.  

• Ovulation was successfully induced between 24 and 30 hours after intramuscular injection of 
buserelin.  

• Transcervical deposition of semen into the tip of the uterine horn ipsilateral to the ovary bearing 
the dominant follicle proved to be a simple and efficient technique for artificial insemination.  

• No pregnancies were achieved using transcervical, intrauterine AI of chilled or frozen-thawed 
semen. 

 
The findings in this project provide a sound basis on which to continue unravelling the mysteries of 
alpaca semen collection, preservation and insemination. Although AI was first attempted in the 1960s 
in South American camelids, the small numbers of pregnancies that have been achieved using chilled 
or frozen semen since then reflect the difficulties of transferring artificial breeding technology from 
other domestic livestock to camelids. The physiological idiosyncrasies of male alpacas such as 
extended mating duration and low volume, low density, high viscosity semen in combination with the 
variation in quality of ejaculates both within and between males provided challenges throughout the 
entire project.  
 
As an example of some of the frustrations faced during the project, not all males that were trained to 
mount the mannequin mated well at every attempt. On some days, males mounted the mannequin and 
ejaculated excellent quality semen. On other days, males fidgeted excessively and were reluctant to 
penetrate the AV or were reluctant to remain in the AV and failed to ejaculate adequately. This 
variation in mating behaviour reduced the number of ejaculates suitable for further processing and 
could be critical in the success of semen preservation. 
 
Data collected during the project will assist breeders and veterinarians in the Australian alpaca 
industry to select sound sires through evaluation of breeding behaviour and semen characteristics. It is 
anticipated that this same information will assist with the selection of males with semen that is suitable 
for chilling and/or freezing. Semen characteristics need to be further defined in relation to age, season 
and nutritional status and testicular size. 
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There is still much work that needs to be done to freeze alpaca semen in a successful manner. This 
project has answered some questions but asked many more. Permutations and combinations of AV 
configuration, types of extender, length of chilling, timing of addition of glycerol, equilibration time of 
glycerol and semen, percent of glycerol added to final extended semen, height of freezing above liquid 
nitrogen and thawing time and temperature of semen are some of the many aspects to be addressed in 
future research. Many of these parameters have been discovered by trial and error in other species. 
Protocols for extending, chilling, freezing and thawing need to be modified and tested with controlled 
experimentation involving larger numbers of animals than was possible in the current project. 
 
Two approaches to future research suggest themselves from experience gained in the current project: 
• A planned postgraduate research programme based on the results of this report, and conducted as a 

university/industry joint-venture. The infrastructure of an institution is needed including the 
capability of having an experimental flock of alpacas and with laboratory facilities and expert 
supervision available. Major costs would include purchase and maintenance of animals, post 
graduate student support, and project support. 

• Financially supported "on farm research" where large and well managed alpaca breeding farms are 
used to house and manage experimental groups of animals. Cooperating properties would supply 
the infrastructure of animals, flock management including feed and animal handling. Research 
workers would visit on a planned basis in a mobile laboratory. Males would be trained for 
experimental purposes and groups of females prepared for timed inseminations. Major costs would 
be research support for participating properties (e.g. subsidised agistment for experimental flock, 
extra labour), travel costs and project support. 

 
The knowledge gained about collection, characterisation, preservation and insemination of alpaca 
semen will hasten the availability of artificial insemination services in alpacas. This will benefit the 
Australian alpaca industry with more efficient utilisation of genetically superior males and faster 
dissemination of improved genotypes throughout the national herd. 
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Appendices 
Appendix 1. Semen evaluation sheet used to describe male and 
ejaculate. 
Male identity/colour: Date:  

  
Testicular length (mm): left right mean  

  

  
Libido: good / moderate / poor Presence/absence F, M+F 

  
Mating comments:  
AV configuration: Temp 

0C: 
  

Mating duration (min): Start: Finish: Total: 

  
Semen volume (mL): Semen viscosity (mm): pH: 

  
Nigrosin-eosin stain: % Count:    Total 
live  

dead  

  
Morphology: % Count:    Total 
normal  

abnormal heads  

abnormal midpieces  

abnormal tails  

  
Sperm concentration (x 106)  
Haemocytometer count  

10uL semen in 490 uL water  

  

  

  

Total sperm in chamber  

divide by 2 = [sperm] x 106  

  
Activity:  
  
comments  
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Appendix 2. Constituents of extenders used in Artificial 
Insemination Project. 
Extenders trialled Manufacturer/supplier Protein Ingredients 
Canine "fresh express" Synbiotics Corporation, 

USA 
egg yolk zwitterionic buffer 

egg yolk 

Emcare embryo holding 
solution 

Immuno-Chemical 
Products, NZ 

+ egg yolk 0.1% w/v albumin 
+/- egg yolk 
kanamycin sulphate 

German llama extender Alpaca AI Group bovine 
albumin 

0.3 mL albumin concentrate (20 
% w/v) (recommended 0.3 g 
BSA) 
0.6 g glucose 
100 mL distilled water 

Sheep red buffer IMV International 
Corporation, USA 

egg yolk commercial preparation 
egg yolk 

Camel fresh chilled green 
buffer 005459 

IMV International 
Corporation, USA 

egg yolk commercial buffer preparation 
egg yolk 
gentamycin 

Camel frozen semen 
clear buffer 005460 

IMV International 
Corporation, USA 

egg yolk commercial buffer preparation 
glycerol 
egg yolk 
gentamycin 

Semex X-tend (Kenney 
Plain) 

Uniscience Products, 
Auckland, NZ 

milk casein skimmed milk 
glucose 
NaHCO3 
gentamycin 
water 

GA bovine extender Genetics Australia milk casein  

Texas A&M extender  milk casein  

SYG-2 camel extender Zhao et al. 1994  
(in Aller 2001) 

egg yolk 73 ml 12% sucrose 
20 ml egg yolk 
penicillin 
streptomycin 
glycerol 

Biladyl fraction A Minitub, Germany egg yolk tris 
citric acid 
fructose 
tylosin 
gentamycin 
spectinomycin 
lincomycin 
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Biladyl fraction B Minitub, Germany egg yolk glycerol 
tris 
citric acid 
fructose 
tylosin 
gentamycin 
spectinomycin 
lincomycin 

Extenders trialled Manufacturer/supplier Protein Ingredients 
Triladyl Minitub, Germany egg yolk glycerol 

tris 
citric acid 
fructose 
tylosin 
gentamycin 
spectinomycin 
lincomycin 

Bovine sperm-TALP    
Biociphos IMV International 

Corporation, USA 
soybean  

Bioxcell IMV International 
Corporation, USA 

soybean sugar 
salts 
glycerol 
soybean 
anti-oxidants 
phospholipids 
lincomycin 
spectinomycin 
gentamycin 
tylosin 

AndroMed Minitub, Germany egg yolk-free phospholipids 
TRIS 
citric acid 
sugar 
buffers 
glycerol 
tylosine 
gentamycin 
spectinomycin 
lincomycin 

HSPM Monash IVF egg yolk-free sucrose 
glucose 
glycerol 
Hepes 
minerals 
antibiotics 
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