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Foreword
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 defecate 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 65 kg alpaca requires the
same amount of maintenance feed as a 40 kg 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).
Alpacas, along with llamas, guanacos, vicugnas, Bactrian and Dromedary camels make up the
Camelidae family. Their reproductive physiology is considerably different from that of other domestic
animals, and remains poorly understood. The difficulties in collection of high quality semen during
prolonged mating, and handling and preservation of viscous semen, have precluded the development
of artificial insemination (AI) technology in this species.
Development of AI will facilitate the more widespread use of superior sires, and reduce the
dependence of the Australian industry on ‘mobile matings’, thereby increasing the welfare of the
males and reducing the risk of the spread of Johne’s disease, lice and other communicable diseases
and pests. Moreover, the use of AI will result in genetic gain, which would be unlikely to occur
using conventional breeding programs, through the widespread use of sires of high genetic value
(both national and international) and increase the rate at which superior genetics are disseminated.
There are major gaps in knowledge about many aspects of artificial breeding in alpacas. The primary
aims of this project were to (1) develop and establish the technology for collection, processing and
preservation of alpaca semen, and (2) develop and establish the technology for insemination of alpaca
semen. These were identified as objectives in the RIRDC Rare Natural Animal Fibre Research and
Development Plan 2003 – 2008.
The outcomes were an optimum method for semen collection and AI of alpacas under Australian
conditions, the education of alpaca breeders in the benefits of using AI technology in their own herds
to hasten improvement of fibre quality via a presentation at the Australian Alpaca Association Inc
(AAA). National Conference and publication of an article in the AAA Conference proceedings, and
the production of a manual that can be used by small ruminant artificial breeding centres and
practising veterinary practitioners to provide commercial AI programs to alpaca breeders.
This project made considerable advances in collection, liquefaction and preservation of alpaca semen,
demonstrated the limitations imposed by the viscous seminal plasma and highlighted the need for
future research into seminal plasma viscosity, which remains the key problem for the development of
AI technology. The efficient and reliable methods for liquid storage and cryopreservation of alpaca
semen will also hasten the commercialisation of AI. Overall, the knowledge gained during this project
has made a significant contribution to the scientific field, and the results challenge many previously
held perceptions associated with the preservation of alpaca semen.
The report comprises a literature review, covering semen characteristics, preservation and AI in
camelids with particular reference to alpacas, a full description of the methods used in this project
(which can be used as a practical manual by breeders and practitioners contemplating artificial
breeding in alpacas), seven experimental chapters describing semen collection, assessment of sperm
function, liquefaction of semen, liquid storage, cryopreservation, AI and sperm sexing. The
experimental chapters can be read as “stand-alone” reports and are followed by a general discussion of
the results and a consideration of the implications and recommendations arising from the work. The
appendices to the report also provide detailed protocols, equipment and publication lists that may be
useful for scientists and practitioners.
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This project was funded by RIRDC Core Funds provided by the Australian Government and partly
from a voluntary levy from the Alpaca Industry. This report, an addition to RIRDC’s diverse range of
over 1800 research publications, forms part of our Rare Natural Animal 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
• purchases at www.rirdc.gov.au
Peter O’Brien
Managing Director
Rural Industries Research and Development Corporation
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Executive Summary
Introduction
The aim of this project was to develop the technology for artificial insemination (AI) in alpacas by
establishing efficient and reliable methods for the collection, processing, preservation and artificial
insemination of alpaca semen, continuing the work of RIRDC project AAA-1A (publication 03/104).

What the report is about
This report provides information about the artificial breeding of alpacas, including:
• a literature review of semen characteristics, preservation and to increase the knowledge of the
attributes of camelid reproductive physiology, and previous attempts to collect, preserve and AI
camelids;
• detailed information about semen handling and preservation procedures to increase the knowledge
of breeders and veterinarians about these procedures and the impact that semen handling can have
on semen quality;
• descriptive methodologies of the procedures used to collect, assess, preserve and AI semen to
increase understanding of these procedures;
• information about sperm anatomy and physiology to increase the knowledge of the effects of
semen preservation procedures on sperm physiology and function;
• detailed descriptions of the experiments conducted to determine the optimal semen collection
procedure for alpacas in Australia;
• information about different types of sperm assessment and their relative merits;
• detailed descriptions of the various mechanical and enzymatic methods which can be used to
liquefy alpaca semen;
• descriptions of the effects of different parameters such as temperature, dilution rate and diluent on
the viability of sperm during liquid storage;
• descriptions of the experiments conducted to develop a method to cryoprese (store frozen) alpaca
semen;
• a description of the AI procedure and results after AI with preserved semen; and
• a description of the sperm-sexing procedure and its application to alpacas.

Who the report is targeted at
The information contained in this report is aimed at breeders and veterinarians in the Australian alpaca
industry, and camelid scientists. Background information about sperm assessment, physiology and
preservation is provided to increase the knowledge of breeders and practitioners who may not have
experience with this topic.

Background
Alpacas are members of the camelid family along with llamas, guanacos, vicugnas, Bactrian and
Dromedary camels. Their reproductive physiology is considerably different to other domestic animals
and remains poorly understood. Alpacas have a long generation interval as males do not reach puberty
until 2 – 3 years of age and gestation is long (11.5 months). Mating is in sternal recumbency for up to
90 minutes. Alpacas ejaculate throughout copulation and produce an ejaculate of low volume, low
sperm concentration and high viscosity (reviewed by Bravo et al. 2000c).
Development of AI will facilitate the more widespread use of superior sires, and reduce the
dependence of the Australian industry on ‘mobile matings’, thereby increasing the welfare of the
males and reducing the risk of the spread of Johne’s disease, lice and other communicable diseases
and pests. Moreover, the use of AI will result in genetic gain which would be unlikely to occur
using conventional breeding programs. The increased use of superior alpaca males, facilitated by
AI, will increase the rate of genetic gain, similar to that achieved in the sheep and goat industries
(Evans and Maxwell 1987).

The development of artificial insemination technology in camelids was attempted as early as the
1960s (Fernandez-Baca and Novoa 1968) and more recently in Australia (Vaughan et al. 2003a),
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Europe (McEvoy et al. 1992b; Burgel et al. 2000) and North and South America (Bravo et al.
1996b; 1997a,b; 1999; Ratto et al. 1999; Bravo et al. 2000a; Raymundo et al. 2000). However, the
results have been disappointing, owing to problems with semen collection and the viscous nature
of camelid semen, which make evaluation, dilution and preservation difficult. These limitations
have been emphasised by Vaughan et al. (2003a) and international camelid laboratories that were
unable to consistently and reliably collect and process high quality camelid semen.

Aims and objectives
Project US 138A “The continued development of artificial insemination technology in alpacas” aimed
to further develop and establish the technology for collection, processing, preservation and AI of
alpaca semen, which has been identified as an objective in the RIRDC Rare Natural Animal Fibre
Research and Development Plan 2003 – 2008. The overall objective was to improve the ability of
breeders and veterinarians to apply AI techniques to genetically improve Australian alpacas.

Methods used
The literature was reviewed to determine the current state of semen preservation in camelids. Male
alpacas were then trained for semen collection and a semen collection facility was established at the
University’s Animal Reproduction Unit at Camden, NSW. Numerous preliminary experiments were
then conducted based on instrumental designs which incorporated new ideas as well as those already
established in the literature. Thereafter, a group of experiments were conducted around each objective
to determine the method that produced the highest quality semen. These experiments examined,
among other factors, a redesigned mannequin, redesigned artificial vagina (AV) liners, an artificial
cervix added into the AV, the presence of females during semen collection, the collection of semen
into a diluent, and supplementation of the diluent with the antioxidant catalase.
The review of the literature revealed that many of the sophisticated tests used to assess sperm from
cattle, sheep and pigs had not been developed for alpacas. In the former species, sperm are often
subjected to a barrage of tests to determine their physiological status and provide as much information
as possible about the effects of various procedures. Very few tests have been established for alpacas,
and those articles provided only limited information about the effects of certain procedures on sperm
viability. A number of different objective and subjective assessment methods were applied to alpaca
sperm. The useful tests were then incorporated into the rest of the experiments to provide greater
information and more definitive results.
No published full-length studies on the liquid storage of alpaca semen, and only a few studies on
liquid storing camelid semen, were found in the literature. In the current project, basic parameters,
such as temperature, dilution rate and diluents were established for alpaca sperm. Based on this
preliminary work, experiments were designed to determine the optimal diluent, dilution rate and
temperature for the liquid storage of alpaca semen. While the literature yielded slightly more studies
on alpaca sperm cryopreservation, the results of these studies were disappointing and many of the
basic parameters were not properly described. Therefore, experiments were conducted to determine the
optimal diluent, packaging, freezing rate, cryoprotectant concentration and supplementation for alpaca
sperm during freezing and thawing. Because of the difficulty of obtaining consistent sperm quality in
ejaculated semen, epididymal sperm, which had not been exposed to the inhibitory effects of the
viscous seminal plasma, were used as a model in many of the experiments. Although epididymal
sperm are unlikely to be used in practice, except in special circumstances, they do provide a clear
indication sperm function specifically, as opposed to that of the semen as a whole.
Many previous studies referred to the variation in semen parameters within and between alpaca males,
although none specifically investigated this variation. An experiment was therefore conducted to
examine the variation within and between males, and the effect of season on semen quality. Methods
developed to cryopreserve epididymal alpaca sperm were assessed in a field trial, in which alpaca
females were inseminated with frozen-thawed sperm.
Facilities for the separation of X- and Y-sperm were available during the project, and an experiment
was conducted to examine the possibility of applying this sperm sexing technology to alpacas.
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Results and key findings
This report presents new research, which developed an improved collection method that reliably and
consistently produces high quality semen. Collection of high quality semen was possible using a
redesigned mannequin containing an AV which was fitted with a straight silicone liner and a
collecting vessel containing 0.5 mL Tris diluent supplemented with 200 or 600 units/mL catalase. New
methods were developed for subjective and objective assessment of alpaca sperm, most importantly an
acrosome-specific stain to assess acrosomal integrity. Methods for objective assessment of motility
and motility patterns by computer assisted sperm analysis (CASA), and simultaneous assessment of
viability and acrosome integrity using fluorescent stains, were also developed. A modified
heterologous oocyte binding assay using in vitro matured sheep oocytes was established to facilitate in
vitro assessment of sperm function and fertility.
A number of mechanical and enzymatic semen liquefaction methods were also studied. Addition of
enzymes during or after semen collection were assessed and found to be either detrimental to sperm
function or ineffective at liquefying semen. Similar results were observed for most mechanical
methods including centrifugation, density gradient centrifugation and needling. However, pipetting of
semen during dilution with handling medium reduced semen viscosity without detrimental effects on
sperm motility or integrity.
The highest sperm motility was obtained when semen was liquefied during dilution (1:4) with
Biladyl® medium (Minitüb, Germany) and stored at 4 °C. Sperm remained viable for periods up to 96
h although optimal storage times remained within 48 h, but preferably 24 h of collection. Sperm
diluted in Lactose diluent and pellet-frozen on dry ice had superior post-thaw survival compared with
the other methods examined. We were unable to obtain pregnancies after transcervical AI of alpaca
females with frozen-thawed epididymal sperm at an induced ovulation. Nevertheless, we identified the
first step on the roadmap to a practical method for alpaca AI, namely that these sperm are capable of
binding with oocytes in a heterologous in vitro assay. This key finding needs to be extended with
further research on the inhibitory components in seminal plasma and methods for deeper deposition of
sperm at AI.
The application of sperm-sexing technology to alpacas was also investigated. The DNA difference
between X- and Y- chromosome bearing sperm in alpacas was determined to be 3.8 %. Based on this
difference, X- and Y-chromosome bearing sperm were successfully separated, highlighting the
potential to apply this technology to alpacas in the future.

Implications for relevant stakeholders
This project made considerable advances in collection, liquefaction and preservation of alpaca semen,
demonstrated the limitations imposed by the viscous seminal plasma and highlighted the need for
future research into seminal plasma viscosity, which remains the key problem for the development of
AI technology. Nevertheless, efficient and reliable methods for semen collection, harvesting
epididymal sperm, liquid storage and cryopreservation were established during this project which will
hasten the commercialisation of AI with liquid-stored semen. Overall, the knowledge gained during
this project has made a significant contribution to the scientific field, and the results challenge many
previously held perceptions associated with the preservation of alpaca semen.

Recommendations
It is first recommended that breeders and practitioners adopt the new sperm collection, assessment and
processing methods developed during this project and detailed in this report. Second, the results
presented in this report highlight the need for a sustained, long-term research plan. Specifically, future
research is required to
• determine the origin and constituents of the viscous seminal plasma in camelid semen,
• further determine the effects of alpaca seminal plasma on sperm viability and functional integrity,
• further investigate the effects of liquid storage and cryopreservation on sperm functional integrity
using computer assisted sperm analysis (CASA) and sophisticated sperm assessments, and
• develop an appropriate AI procedure and investigate the appropriate site of semen deposition,
sperm dose and timing of insemination after ovulation.
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AI in alpacas will facilitate the widespread use of sires of high genetic value (both national and
international) and increase the rate at which superior genetics are disseminated. While offspring have
been born from AI with both fresh and frozen-thawed sperm the efficiency is low. Improvements to
liquid and frozen sperm preservation techniques would certainly increase AI efficiency. However, it is
doubtful that any major increases in efficiency (to the levels required for commercialisation) will
occur until there is a fundamental understanding of the components of the seminal plasma, which
limits both the function and recovery of sperm from the alpaca ejaculate. In many ejaculates, a high
proportion of the sperm are unavailable for processing and storage because they are either bound up in
the viscous seminal plasma and/or inhibited by its components.
Epididymal sperm do not have these restrictions, because they have yet to be exposed to the seminal
plasma, which is naturally mixed with the sperm at the time of ejaculation. In this project, we have
been able to demonstrate methods to recover these epididymal sperm from castrated males, and to
process and store them, with their function maintained for up to 96 h or indefinitely, for liquid and a
frozen storage, respectively. We were unable to obtain in vivo fertility after transcervical insemination
of female alpacas with frozen-thawed epididymal sperm, but we obtained preliminary evidence that
they may be able to bind to oocytes in vitro. The commercial use of epididymal semen is unlikely to
be practicable, apart from circumstances such as the death or serious injury/disease of a particularly
valuable male, or in the event of sperm harvest from genetically valuable clones, as its recovery is a
surgical procedure. However, epididymal sperm do provide a good model for determining the innate
fertilising capacity of camelid sperm, unsullied by the inhibiting factors in seminal plasma. It is
therefore recommended that studies continue on determining the fertilising capacity of both
epididymal and ejaculated sperm, after liquid and frozen storage, using in vitro and in vivo techniques.
Given the difficulties of obtaining consistent fertility to date, and the limited numbers of animals
available for research, it may be that a laparoscopic or mini-laparotomy technique needs to be
developed, to enable deposition of stored semen close to the site of fertilisation, probably in the
oviduct. Such a procedure might be more costly than current transcervical insemination methods,
although the latter still require induction of ovulation, sedation and individual handling of females, but
a more reliable AI technique might allow high fertility to be obtained from the semen of highly
valuable males deposited in high value females.
The key problem for storage of semen from all camelids remains the viscous seminal plasma. If the
industry is to achieve the practical application of liquid and frozen sperm storage, and a viable system
of AI in camelids, particularly llamas and alpacas, the following basic questions must be answered: (1)
What are the sources and constituents of the viscous seminal plasma? and (2) What is the basic protein
content, structure and function of camelid seminal plasma? Analysing the source and constituents
responsible for semen viscosity is critical to developing methods to overcome or circumvent the
deleterious effects of the seminal plasma. This has been achieved in other species with problematic
seminal plasma, for example the goat, but has either been ignored or considered too difficult in
camelids. The major problem for goat semen preservation is the bulbourethral gland secretion (BUS)
responsible for deterioration of sperm diluted in skimmed milk or in media containing egg yolk. The
component from BUS responsible for this effect was identified as a 55 - 60 kDa glycoprotein lipase
(Busgp60) belonging to the pancreatic lipase related protein 2 family (GoPLRP2). This enzyme was
able to hydrolyse both triolein and milk triglycerides into free fatty acids which strongly inhibit the
motility and damage the membranes of buck sperm. The solutions to this problem, developed in
France and by our group during the 1980s, have been one of the most significant advances for the
European goat industry over the past 50 years, leading to the widespread application of AI in dairy
goats.
Therefore, the main recommendation from this project is to undertake fundamental studies on the
viscous seminal plasma of camelids with the objective of answering the two questions posed above. A
successful outcome to such a study would be a major step along the roadmap to the widespread
commercialisation of AI for the Australian alpaca industry.
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Introduction
The project was broken down into a number of steps to achieve these aims:
1. Develop consistent and reliable collection of semen by optimising the mannequin design and
investigating the effects on semen quality of different artificial vagina designs, modifications
to the semen collection vessel and its contents, and the management of males and females
during collection;
2. Develop new methods to assess the function and integrity of alpaca sperm, including sperm
motility, acrosome integrity, sperm viability and in vitro fertility;
3. Develop methods to liquify alpaca semen mechanically or by enzymes;
4. Optimise liquid storage of alpaca semen by investigating diluents, storage temperatures,
dilution rates and removal of seminal plasma;
5. Optimise cryopreservation of alpaca sperm using an epididymal model and investigates the
effects of cryodiluent, packaging, freezing rate, supplements and liquid storage prior to
freezing;
6. Artificially inseminate females with frozen-thawed alpaca sperm; and
7. Undertake preliminary development of sperm-sexing technology in alpacas.
Artificial insemination (AI) in alpacas is the subject of research in several countries. First attempts at
AI occurred in the 1960s in Peru (Fernandez-Baca and Calderon 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. 1997b; Ratto et al. 1999; Huanca and Gauly 2001), Britain (McEvoy et al. 1992)
and Germany (Burgel et al. 1999; 2000). 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 1999).
The reproductive physiology of alpacas differs to that of other domestic animals and remains poorly
understood. Males mate in sternal recumbency for approximately 20 min and ejaculate many times
during this period (Lichtenwalner et al. 1996a,b). 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. 1997a).
Gestation length is about 11.5 months, twins are rare and males reach puberty from 1 to 3 years of age
(Bravo and Johnson 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 AI is aimed at increasing the use of superior alpaca males as multiple doses of semen
will be derived from each ejaculate. AI 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 of transmission of Johne’s disease, lice and other infectious agents among alpaca farms. AI 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 for alpacas. The reasons include:
• the difficulties of funding and sustaining research in Latin America
• 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
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• 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
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, Victorian 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.
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.
This project aimed to improve the ability of breeders and veterinarians to apply AI techniques to
overcome the need for mobile mating and to assist genetic improvement of alpacas in Australia.
The report that follows comprises a literature review, covering semen characteristics, preservation and
AI in camelids with particular reference to alpacas (Chapter 1), a full description of the methods used
in this project, which can be used as a practical manual by breeders and practitioners contemplating
artificial breeding in alpacas (Chapter 2), seven experimental chapters describing our work on semen
collection (Chapter 3), assessment of sperm function (Chapter 4), liquefaction of alpaca semen
(Chapter 5), liquid storage of sperm (Chapter 6), cryopreservation of sperm (Chapter 7), artificial
insemination (Chapter 8) and sperm sexing (Chapter 9). These experimental chapters can be read as
“stand-alone” reports and, as a consequence, contain some necessary repetition. The experimental
chapters are followed by a general discussion of the results and a consideration of the implications and
recommendations arising from the work carried out in this project. The appendices to the report also
provide detailed protocols, equipment and publication lists that may be useful for scientists and
practitioners.
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Objectives
Project US-138A, “The continued development of artificial insemination technology in alpacas”
continued the work of RIRDC project AAA-1A (publication 03/104; Vaughan et al. 2003a) and had
two main objectives. The first objective was to further develop and establish the technology for
collection, processing and preservation of alpaca semen. The second objective was to further develop
and establish the technology for insemination of alpaca semen.
The outcomes from these objectives were:
• an optimum method for semen collection and AI of alpacas under Australian conditions
• the education of alpaca breeders in the benefits of using AI technology in their own herds to
hasten improvement of fibre quality via a presentation at the Australian Alpaca Association Inc.
National Conference and publication of an article in the AAA Conference proceedings
• the production of a manual that can be used by small ruminant artificial breeding centres and
practising veterinary practitioners to provide commercial artificial insemination programs to
alpaca breeders.
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1. Review of the literature
1.1. Introduction
The Camelidae family belong to the order Artiodactyla that includes all even-toed mammals and
includes the Antilocapridae (antelopes), Bovidae (cattle and bovids), Cervidae (deer), Giraffidae
(giraffes), Hippopotamidae (hippopotamuses), Ovidae (sheep and goats) and Suidae (pigs) families.
Members of the Artiodactyla families exist throughout the world, except Antarctica, Australia and
New Zealand (Table 1.1).
Camelidae belong to the sub-order, Tylopoda (padded foot animals) and consist of three genera:
Camelus, Lama and Vicugna. There are six species in the Camelidae family and all have 37 pairs of
chromosomes. The general features of the members of the Camelidae family are summarised in Table
1.1. The functional anatomy and the reproductive physiology of the Camelidae family is similar for
the Old (Camelus genus) and New World (Lama and Vicugna genus) camelids despite their
evolutionary divergence. Both New and Old World camelids inhabit harsh climates, albeit on
different continents.
Camelidae reproductive physiology results in a naturally low reproductive rate. Reasons for this
include age at puberty (late maturation), long gestation interval, seasonality of breeding, induced
ovulation, failure of ovulation, low sperm production, and in camels a long period of lactation-related
anoestrus leading to long intervals between births, high incidence of reproductive (genital tract)
abnormalities and high rates of embryonic mortality during the hotter months (Al-Qarawi 2005).
The various aspects of Camelidae general and reproductive anatomy and physiology have been
extensively reviewed (Elwishy 1987, 1988; Fernandez-Baca 1993; Smith et al. 1994; Tibary and
Memon 1999a,b; Al-Eknah 2000; Skidmore 2000a,b; Vaughan et al. 2003a; Skidmore 2005; Tibary
and Vaughan 2006; Vaughan and Tibary 2006). This review is adapted from RIRDC project AAA1A (Vaughan et al. 2003a) and was updated at the commencement of this project. A list of literature
obtained during this project is presented in Appendix XII.
Preservation of semen permits the easy transport of semen from superior sires, storage of semen from
superior sires beyond the lifespan of the donor, prevention and control of disease and increase in the
efficiency of breeding. The desire to preserve semen leads to an extensive period of empirical
research to determine the optimal freezing diluent for sperm and refine processing, freezing and
thawing methods (Salamon and Maxwell 1995a).
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Table 1.1. General overview of Camelidae family (adapted from Vaughan 2001), derived from Chen et al. (1985), Elwishy (1987), Wheeler (1995) and Bravo
et al. (2000c).
Characteristic
Genus species
Breeds

Distribution and
population

Old world
Bactrian camel
Dromedary camel
Camelus Bactrianus
Camelus dromedarius
Alshan, Indian,
Kazakh, Mongolian,
> 50 breeds#
Sunite, Xinjiang
Asian continent:
China to central Asia
and a small population
in Northern India
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2 million worldwide
Life expectancy
Live weight (kg)
Height at shoulder (cm)

600 – 800
170 – 190

Saharan and subSaharan Africa, Middle
East, Asian
subcontinent and
Australia

Gestation length (m)
Ovarian weight (g)
Testes weight (g)

Peru, Bolivia,
Chile,
Argentina,
USA, UK,
Australia

20 million worldwide

2.0 million in South
America

600 - 700
170 - 200

55 - 80
94 - 104

130 – 155
100 – 125

Single or multicoloured from white
through to black and grey
Fibre, meat and milk

Meat, milk, skins,
faeces (fuel)

Fibre diameter (μm)
Age at first breeding (m)

Huacaya
Suri

New World
Llama
Guanaco
Lama glama
Lama guanicoe
Cara (short wool)
Chaku (long wool)
Suria
Peru, Bolivia,
Chile, Argentina,
Argentina, Chile,
USA, UK,
Peru, Bolivia,
Australia
Australia, UK, UAE

3.5 million in
South America

Description
Products

Alpaca
Vicugna pacos

35

24

5 – 15
100 - 200

4–8

Fibre, meat, skins
12 – 40
Female: 12
Male: 24 -36
1-4
17.2

Additional animals located in zoos around the world.
Whether these are actual breeds or variants of the same type has not been established (*Tibary and Anouassi 1997).

#

Fibre, meat,
skins
20 – 80

300,00 in South
America
80 – 90
110 - 115
Light brown with
white belly, darker
head (grey – black)
Fibre quality is
mediocre
16 – 18

Vicuña
Vicugna vicugna

Peru, Chile,
Bolivia, Argentina
?
15 – 20 years
45 – 55
75 - 85
Rich chestnut
colour white belly
and white bib
Fibre
11 – 15

1.2. Reproductive anatomy and 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 1998). The mechanism of testicular descent has not
been described (Tibary and Memon 1999a). Plasma testosterone levels are basal (60 - 90 pg/mL;
Bravo 1995, 2002) and adhesions exist between the penis and prepuce (Sumar 1983; Johnson 1989;
Fernandez-Baca 1993). As males mature, the testes enlarge (Table 1.2) and plasma testosterone levels
increase to more than 1000 pg/mL (at approximately 20 months of age in the majority of alpacas;
Bravo 1995, 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 and Johnson 1994; Bravo 1995;
Fowler 1998; Brown 2000).
There is variation in the age of puberty in different camelid species (Table 1.3). 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 1999b). 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
1998; Smith 1999b; Bravo et al. 2000c).
Table 1.2. Testicular size and weight in relation to age and body weight in alpacas (Bravo 1995),
adapted from Vaughan et al. 2003.
Age
(years)
1
3
5

Testicular
dimensions (cm)
2.5 x 1.5
3.4 x 2.3
3.7 x 2.4

Testicular
weight (g)
2.9
13.9
13.8

Body weight
(kg)
36.6
43.9
52.0

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 and Johnson 1994; Bravo 1995). The variation in age at
which peno-preputial adhesions are lost may be partially explained by plane of nutrition (FernandezBaca 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).
Table 1.3. Age at which puberty attained in camelids.
Reference
Montalvo et al. 1979
Galloway 2000
Sumar 1983
Fowler 1998
Johnson 1989
Novoa 1970
Elwishy 198
Arthur 1992

Species
Alpaca
Alpaca
Alpaca/ llama
Alpaca/llama
Llama
Vicuña
Dromedary
Camel
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Age (years) capable of breeding
1.25 – 1.5 years
1–3
1–3
1–3
2.5 – 3
1
3–4
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 1998; Smith 1999b). There are two rudimentary teats on either side near its caudal
border. The preputial orifice is directed caudo-ventrally when relaxed (Fowler 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 1998; Smith 1999b). The retractor penis muscles are attached to the ventral
convexity of the sigmoid flexure of the penis (Tibary and Memon 1999a).
The erect penis is 35 - 40 cm long in alpacas (Sumar 1983; Bravo and Johnson 1994) and 36 - 45 cm
long in llamas (Fowler 1998). Eighteen to 25 cm of the penis extends beyond the prepuce in the erect
state (Johnson 1989). Erectile tissue consists of two 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 three 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 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 1995; Fowler 1998) and dispersing semen in the
uterus (Smith 1999b). The urethral opening of the glans is at the base of the cartilaginous process
(Fowler 1998; Smith 1999b). There is a dorsal urethral diverticulum at the level of the pelvic
symphysis that prevents passage of a catheter into the bladder (Fowler 1998; Smith 1999b).
1.2.2.3 Testes
The testes of camelids are located in a non-pendulous scrotum without a defined neck, forming a
subanal 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 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 and Lawzewitsch 1987) and is similar to
that of other livestock species (Fowler 1998; Hafez and Hafez 2001). Spermatogenesis has been
divided into eight stages in camelids (Delhon and Lawzewitsch 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 and Hafez 2001). Leydig cells lie between the
seminiferous tubules and secrete testosterone into the testicular veins and lymphatic vessels (Delhon
and Lawzewitsch 1987; Hafez and Hafez 2001).
Histological examination of camel testes (Ismail 1988) revealed that camels have abundant Leydig
cells (which constitute 28.2 % of testicular volume) and seminiferous tubules that constitute 68.3 %
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of the whole testicular parenchyma. The average width of the tubules is 177 - 224 μm, and their
length is 1138 m, with tubules reaching their maximum diameter in camels at 10 - 15 years of age.
These data also demonstrate that gonadal sperm reserves increase with age and peak in camels aged
10 - 15 years, then decrease gradually until 20 years of age (Ismail 1988). Seminiferous tubules in
alpacas have a diameter of 174 - 237 μm (Bravo et al. 2000c), and in llamas a mean (± SD) diameter
of 223.07 ± 19.8 μm (Delhon and Lawzewitsch 1987).
The complete process of spermatogenesis in bulls takes approximately 60 days. The seminiferous
epithelium cycle takes 13 - 14 days and four to five cycles of the seminiferous epithelium are
required. Sperm take another eight or nine 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.
Daily sperm production varies between species from 10 - 30 million per gram of testicular tissue
(Hafez and Hafez 2001) but is considerably lower in camelids than other farm animals, which may be
a result of smaller testicular size, lower contribution of the parenchyma to testes weight (owing to the
thick tunica albuginea), lower contribution of the seminiferous tubules to parenchyma weight (owing
to abundant interstitium) or shorter seminiferous tubules (Ismail 1988). These conclusions are
speculative as the real relationship between testes weight, fertile sperm production in camelids is
unknown.
Sperm production may be correlated with testicular size in camelids (Tibary and Memon 1999a;
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 1999b)and the estimated daily sperm production
in camels is 8.1 x 106 per day in spring and 4.2 x 106 per day in summer (Bravo et al. 2000c). Each
adult testis in the alpaca measures approximately 4 - 5 cm long, 2.5 - 3 cm wide and weighs 15 - 18g
(Tables 1.4, 1.5), thus accounting for 0.02 - 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;
(Entwistle 2002). 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.
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 and Johnson 1994). The skin of the scrotum is
relatively thick and may be an adaptation to protect the testes from accidental castration during malemale fighting (Fowler 1998).
Efferent ducts run from the testis into the head of the epididymis (Bravo 1995).
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Table 1.4. Mean (range) testicular size (cm) and weight (g) in alpacas, llamas and vicuñas (adapted
from Sumar 1983, Fowler 1998 and Bravo 2002).

Age (months)
6
12
18
24
30
36
Sires
Fowler et al. 1998
Sires
Sumar 1983

Alpaca
(n=158)
Size (cm)
Weight (g)
1.0 x 4.0
0.6
2.3 x 1.5
2.9
2.8 x 1.9
6.6
3.3 x 2.2
9.9
3.6 x 2.3
13.9
3.6 x 2.4
13.6

Llamas
(n=54)
Size (cm)
Weight (g)
2.4 x 1.4
na
3.4 x 2.3
5.1
3.5 x 2.6
14
3.9 x 2.3
17.4
4.4 x 2.5
17.8
4.5 x 2.7
18.2

Vicuña
(n=6)
Size (cm)
0.7 x 0.3
1.1 x 0.7
1.5 x 0.8
2.1 x 1.3
na
2.5 x 1.4

3.7 x 2.4

17.2

5.4 x 3.3

3.3 x 1.9

4.0 x 2.6

17.7

na

Table 1.5. Mean and range of testicular lengths (cm) in alpacas of different ages (Galloway 2000).

Age (months)
<12 (4-11)
12
13
14
16
18
21-27
29-41

Number of
males
8
5
6
7
5
6
6
7

Mean testicle length
(cm)
2.3
3.6
3.4
3.6
3.0
3.3
4.0
4.8

Range (cm)
1.4 – 2.8
2.9 – 4.3
1.9 – 4.0
2.6 – 4.6
2.5 – 3.5
2.0 – 4.2
3.3 – 4.5
4.3 – 5.2

Testicular defects including hypoplasia, cryptorchidism and ectopic testes have been reported in
camelids (Sumar 1983; Elwishy 1988; Johnson 1989; Fowler 1998; 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 (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)
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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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 1998; Smith 1999b). 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).
1.2.2.4 Epididymides
The epididymis is small and closely adherent to the testis (Smith 1999b). It consists of a head (caput),
body (corpus) and tail (cauda; Tibary and Memon 1999a). 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 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 and Lawzewitsch 1994; Smith 1999b). Distal
movement of the cytoplasmic droplet occurs as sperm transit through the epididymis (Tibary and
Memon 1999a). A distal cytoplasmic droplet remains in more than 60 % of sperm in the terminal
segment (Elwishy 1988; Tibary and Memon 1999a) and is lost when sperm reach the ductus deferens
(Delhon and Lawzewitsch 1994).
The ductus deferens is 40 cm long and 2 - 3 mm wide in the llama (Bravo and Johnson 1994; Smith
1999b) and 45 - 50 cm long in the camel (Bravo et al. 2000c). 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 and Johnson 1994; 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. 2000c). Moreover, epididymal sperm reserves
are low in camelids partly due to the relatively small cauda epididymis (Tibary and Vaughan 2006).
This may explain the rapid decline in sperm numbers in ejaculates when males are mated frequently
(Bravo et al. 1997a).
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 and Johnson 1994; Bravo 1995; Fowler 1998; Smith 1999b). It is
3 - 4 cm wide and 1 - 2 cm high in llamas (Fowler 1998; Smith 1999b) and 3.7 x 5 cm in camels
(Novoa 1970). Seasonal changes in weight are correlated with testicular activity (Elwishy 1988).
The two 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 1999b). They measure 1 cm in alpacas and up to 2 cm in llamas (Fowler
1998; Smith 1999b). 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).
Vesicular glands (seminal vesicles) are not found in camelids (Sumar 1983; Elwishy 1988; Johnson
1989; Bravo and Johnson 1994; Smith 1999b).
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Figure 1.1. Diagram of preputial adhesions of South American camelids (A = preputial adhesions, B
= prepuce, C = penis; Fowler 1998).

Figure 1.2. Diagram of the lateral view of male camelid genitalia (Fowler 1998).
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1.2.3. Seasonality of reproduction
Old World camelids are highly seasonal breeders, and have a well-defined breeding (rutting) season
which coincides with the cool winter months (Table 1.6; Deen et al. 2005). During the rutting season,
male camels undergo behavioural as well as endrocrine changes (Yagil and Etzion 1980): they cease
being docile, become restless and aggressive, mark their territory, attack humans, often bite strangers,
grind their teeth, salivate excessively and make a whistling sound (Deen et al. 2005). Males
intermittently extrude their soft palate, urinate on their tails, and whisked the urine on their back and
an acrid-smelling fluid is secreted from their poll glands (Deen et al. 2005). These behavioural
changes are associated with a marked increase in plasma cortisol, follicle stimulation hormone
(FSH), luteinizing hormone (LH), and testosterone, while prolactin decreases (Azouz et al. 1992).
Spermatogenesis occurs throughout the year in all camelids (Elwishy 1988; Arthur 1992) but changes
with the rutting and non-rutting seasons. 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 occur (Novoa 1970; Elwishy
1988; McEvoy et al. 1994).
During the breeding season, testicular weight increases (Elwishy 1988) due to increased development
of interstitial tissue and increased diameter of seminiferous tubules. 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). Spermatogenesis also increases as do epididymal sperm reserves (Abdel-Raouf et al.
1975) and semen collected during the non-breeding season has a lower pH, lower concentration of
sperm, reduced sperm motility and a higher proportion of dead sperm, sperm abnormalities and
acrosome damage (Tibary and Anouassi 1997) than that collecting during the breeding season.
Furthermore, the ability of camel sperm to penetrate she-camel cervical mucus is reduced during the
non-breeding season (Amer et al. 2006).
Generally, New World, or South American camelids are considered less seasonal, although there is a
defined breeding season in South America which extends from November to May (Spring – Autumn;
Bravo 2002). In the USA and Australia, however, New World camelids are not considered seasonal
breeders and are capable of mating and giving birth year round (Smith et al. 1994).
Behaviour changes exhibited by male camels in the rutting season do not occur in New World
camelids in South America (Novoa 1970) although seasonal changes in testosterone have been
observed (Table 1.7). Camelids in the USA do not display seasonal differences in plasma testosterone
concentration, LH pulse frequency or testicular size (Smith 1999a). In the non-breeding season, there
are differences in the longitudinal and transverse diameters of testes of vicuña living in the Andes.
There are also differences in the diameter of seminiferous tubules, and Leydig cell nuclei diameters,
and a reduction in the proportion of tubules that contain spermatozoa in winter compared with
summer (Urquieta et al. 1994). Plasma testosterone levels are also reduced during the non-breeding
season for New World camelids living in South America (Table 1.7).
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 1999b).
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Table 1.6. Breeding seasons for New and Old-World camelids in different locations (adapted from
Vaughan 2001).
Species
Alpaca
Alpaca
Alpaca/Llama
Alpaca/Llama
Alpaca/Llama
Llama
Llama
Vicuña
Bactrian camel
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary
Dromedary

Location
Peru
New Zealand
South America
Peru
USA
USA
Peru
Chile/Peru
China
Somalia
Egypt
Sudan
Sudan
Tunisia
Morocco
United Arab Emirates
India
Saudi Arabia
Kenya

Breeding season
December – March
September – April
January – April
December – March
Year round
Year round
November – March
February – May
December – April
April – May
December – May
March – August
May – June
December – March
November – April
November - February
December – mid-May
December – March
Continuous

Reference
San-Martin et al. 1968
Knight et al. 1992
Fernandez-Baca 1993
Smith et al. 1994
Smith et al. 1994
Smith 1999a
Bravo 2002
Urquieta et al. 1994
Chen et al. 1985
Mares 1954
Shalash 1965
Musa and Abusineina 1978
Homeida et al. 1988
Minoia et al. 1992
Sghiri and Driancourt 1999
Skidmore 2003
Deen et al. 2005
Tibary and Anouassi 1997
Tibary and Anouassi 1997

Plasma testosterone concentrations also vary between seasons (Fowler 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 fluctuate between 900 and 1200 pg/mL throughout the year (Fowler
1998)
Table 1.7. Concentration of plasma testosterone for camelids during the different seasons.
Season

Alpaca
(pg/mL)
Bravo 2002

Summer
Autumn
Winter
Spring

1142.5 ± 108.3
992.5 ± 388
877.5 ± 91.3
2445.0 ± 694.8

Dromedary
(ng/mL)
Tibary and
Anouassi 1997
2
24
4

Llama
(pg/mL)

Vicuña
(pg/mL)

Bravo 2002

Bravo 2002

208.0± 52.7
37.8 ± 14.9
291.5 ± 73.7
362.3 ± 73.7

208.0± 52.7
37.8 ± 14.9
291.5 ± 73.7
362.3 ± 73.7

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 1998; Smith 1999b).
Androgen production increases significantly between 18 and 24 months of age and usually coincides
with sperm production and increased libido (Smith 1999b). Males fight to assert their dominance
over other males, using their neck, chest and canines to establish superiority (Fowler 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).

13

Males in their first season behave 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 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 1998).
The copulatory phase occurs when the female adopts the copulatory position of sternal recumbency
with legs tucked beneath the body (Fernandez-Baca et al. 1970; England et al. 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 1998). The penis may have a corkscrew end as it searches the perineum for the
vulval opening (Fowler 1998; Tibary and Memon 1999a). 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
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).
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, 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. 1996a; Velasquez and Novoa 1999; Bravo 2002). Inflammation of the
uterus may last 3 to 4 days and be more severe following multiple matings (Bravo 2002).
When male and female alpacas are kept separately and allowed to copulate at infrequent intervals,
both sexes remain sexually active all year (Sumar 1996). 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 (FernandezBaca 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).

1.2.5. Fertility
Under conditions of natural mating, pregnancy and subsequent parturition rates following a single
mating have been reported as low (Sumar 1996) and less efficient than other farm species (Wiepz and
Chapman 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. 2003b). 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).
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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 1999b; 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 1.8; Galloway 2000).
Bravo (1995) describes 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 1.8. Development of testicular function in alpacas with testicles of different sizes (Galloway
2000).
Mean testicular
length (cm)
<3
3–4
>4

Proportion of
males (%)
100
68
31
36
31
31

% Testicular tissue containing
elongated spermatids
0
< 10
30 – 60
< 10
10 – 60
> 60

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. (1997c)
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. 1997c). The number of consecutive days on which
matings occur also influences fertility (Bravo et al. 1997c). 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. 1997c). 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 1.9). The length of
copulation is determined by the male and is affected by breed, age, season and frequency of use
(Tibary and Memon 1999a). 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. 1995). Interruption/short duration of copulation in multi-sire herds was attributed
15

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. 1995; Bravo et al. 1997a; 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 and Memon 1999a).
Table 1.9. Duration of copulation in camelids.
Reference
Fernandez-Baca and Novoa
1968
San Martin et al. 1968
Fernandez-Baca et al. 1970

Species
Alpaca
Alpaca
Alpaca

Pollard et al. 1991

Alpaca

Knight et al. 1992

Alpaca

Pollard et al. 1994

Alpaca

Pollard et al. 1995

Alpaca

Bravo et al. 1997a

Alpaca

Bravo et al. 1997c

Alpaca

Paolicchi et al. 1999

Alpaca

Vaughan 2001

Alpaca

England et al. 1971

Llama

Johnson 1989
Bravo et al. 1990

Llama
Llama

Bravo 1994

Llama

Lichtenwalner et al. 1996a
Chen et al. 1985
Elias et al. 1985
Marie and Anouassi 1986

Llama
Llama
Alpaca
Bactrian
Dromedary
Dromedary

Marie and Anouassi 1987

Dromedary

Elwishy 1987

Dromedary

Parraguez et al. 1997

Average duration of mating (min)

Range
(min)
5 - 50

21.9 ± 1.2 (n=44)
Pen mating 18.7
Paddock mating (single sire) 11.3
First mating 28.3
Subsequent mating 12.2
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
19
16.4 ± 0.65 (n=150)
Spring 14.1
Autumn 18.5
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)
2 matings/d/male 14.6 ± 0.7
4 matings/d/male 11.6 ± 0.7
6 matings/d/male 10.3 ±0.5
20
1st mating 22.7 ± 1.1 (n=48)
2nd mating 14.8 ± 1.6 (n=20)
23.7 ± 8.5
December 22.6
February 20.4
March 21.8
April-May 26.3
20
18 (n=4)
10d post-partum 24.7 (n=17)
20days post-partum 20.5 (n=17)
30days post-partum 24.9 (n=22)
21.7 ± 7.8
>12
3
5.2 ± 1.2
5-10
ovulatory 8.3 ± 3.4
non-ovulatory 10.0 ± 5.1
11-15

16

25 – 35
10 - 50

7 - 31
1 - 39

11 - 46
8 - 30
3 - 65
5 - 45
10 - 35

5 - 15
5 - 17
7 - 35

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. 1970; Vaughan et al. 2003b) 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 1
cluster per minute during copulation. Each cluster was equivalent to one distinct ejaculation.
Therefore, there were multiple distinct ejaculations per prolonged copulation, few urethral pulses
between clusters and 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 (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. Semen collection
Various methods have been used to collect semen from camelids to allow analysis of semen
characteristics (Table 1.10). 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 and
Johnson 1994; Bravo et al. 2000c). 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 to sperm (San Martin et al. 1968; Sumar 1983;
Johnson 1989; McEvoy et al. 1992, 1994; Bravo 1995). Creation of a urethral fistula required
delicate surgery and long-term 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. 1995; Bravo 1995; Giuliano et al. 2002).
The use of an artificial vagina (AV) in combination with either a receptive female (Gauly and
Leidinger 1996; Huanca and Gauly 2001), a dummy (Garnica et al. 1993; Bravo et al. 1997a,b;
Davalos and Olazabal 2002) or half-dummy mount (Lichtenwalner et al. 1996b) in South American
camelids has yielded the most representative copulation times and mating behaviour. 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 and Olazabal 2002). However, another has noted
that use of an AV with a dummy or live-mount produced consistent results once males are trained
(Adams and Ratto 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. 1997b). 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. 1997b). 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; Fowler 1989; Garnica et al.
1993; Bravo 1995; Bravo et al. 1997b).
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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.
1997b).
Warm water is placed between the inner latex liner and the outer tube (Garnica et al. 1993;
Lichtenwalner et al. 1996b; Bravo et al. 1997b). 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 (Fowler 1989; Bravo 1995; Bravo et al. 1997b) 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; 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).
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1.4. Characteristics of camelid semen
Ejaculates from camelids are characterised by low volume, high viscosity, low numbers of sperm and
the parameters are highly variable between individual males, and between ejaculates collected from
the same male. This can potentially lead to problems in obtaining ejaculates of acceptable quality for
sperm preservation and artificial insemination (Gauly and Leidinger 1996; Von Baer and Hellemann
1999; Raymundo et al. 2000).
Semen parameters for camelids are summarised in Table 1.10. Semen consistency ranges from
translucent to creamy white, depending on sperm concentration and often a greyish colour is
observed (Tibary and Memon 1999a). In alpacas, the majority of the ejaculate (88.5 %) consists of
seminal plasma, and the remaining 11.5 % consists of sperm (Garnica et al. 1993).
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; Fowler 1989;
Garnica et al. 1995). Volumes are usually lower when semen is collected by electroejaculation than
with use of an AV (Tibary and Memon 1999a). Semen is usually described as milky- or creamywhite in colour (Garnica et al. 1993; Bravo et al. 1997a,b) depending on sperm concentration (Tibary
and Memon 1999a). 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 and Memon 1999a). 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 and Memon 1999a) and decreases with increasing number of ejaculates on any day
(Bravo et al. 1997a). Semen liquefies 23 hours (range 8 - 30 hours) after collection (Bravo 1994).
Sperm concentration varies from approximately 30,000 up to 150 million per mL in alpacas (Bravo
1995; Garnica et al. 1995; Gauly and Leidinger 1996). Such wide variations are attributed to
differences in males, semen collection methods and ejaculate number (Tibary and Memon 1999a).
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 and
Hellemann 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 (Bravo et al.
1997a,b; Neely and Bravo 1997; Bravo et al. 2000b). Sperm increase their progressive motility as the
ejaculate becomes more liquid (Tibary and Memon 1999a). 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). 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. (1997a) 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. 1997a; 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. 1997a).
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Table 1.10. Methods of collecting camelid semen and characteristics of camelid semen (adapted from Vaughan et al. 2003a).
Reference

Species

Mogrovejo 1952

Alpaca

von Kubicek 1974

Alpaca

Sucapuca 1991

Alpaca

Collection
method
Condom
Urethral
fistula
Condom
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Garnica et al. 1993

Alpaca

Bravo 1994

Alpaca

Bravo 1995

Alpaca

Bravo et al. 1997a
Bravo et al. 1997b

Alpaca
Alpaca

Fowler and Bravo 1998

Alpaca

Bravo et al. 2000b
Raymundo et al. 2000

Alpaca
Alpaca

AV dummy
AV dummy

Bravo 2002

Alpaca

AV dummy

Flores et al. 2002

Alpaca

AV female

Davalos and Olazabal
2002

McEvoy et al. 1992a

Alpaca

Llama

Bravo 1995

Llama

Gauly and Leidinger 1996

Llama

Lichtenwalner et al. 1996b

Llama

Fowler and Bravo 1998

Llama

Copulation
length

AV dummy &
female
AV dummy
no female
Intravaginal
sheath
EEJ
Epididymal
aspiration

Colour

Consistency

Volume

pH

milky

viscous

1.9

8.3

6.6

7.5

0.6

0 – 85

0.7

7.3

0.84

Slow

Normal
sperm (%)
41

viscous

1.7 ± 0.2

viscous
viscous
viscous

1.4
1.7
1.6 ± 0.7
1.9 ± 0.4

7.6
7.5-7.8
7.8 ± .03
7.2

0.032
0.150
72.4 ± 7.9
2.9 ± 0.15

Average
Oscillatory
78.8 ± 2.3
85.0 ± 5.2

76
75.5 ± 2.2
69.6 ± 3.7

76
75.5 ± 0.9
75.9 ± 2.1

Gelatinous

1.9 ± 0.4

7.2 – 7.8

147.5 ± 8.0

85.0 ± 5.2

69.6 ± 3.7

75.9 ± 2.1

viscous
viscous

0.062 ± 0.037

68.2
49.7 ± 22.6

74.9

2.6 ± 1.8

30 - 170

40 - 80

45 - 90

1.8 ± 0.8

600

High

16.8 ± 0.7

1.73 ± 0.1

0.575 ± 0.083

68.9 ± 4.9

72.1 ± 1.9

86.0

15.9 ± 0.6

1.03 ± 0.04

0.328 ± 0.043

34.2 ± 5.3

34.3 ± 4.2

85.0

85

90.6

Milky
17.9±0.7
21.8

Milky white
Milky creamy

28.4 ± 8.4

12.3 ± 7.2

Translucent milky
Opalescent white

15 - 20

50

Semiviscous

viscous

17.7

viscous

120
257

EEJ
AV and
dummy
Dummy fitted
over female

Sperm characteristics
Live sperm
Motility (%)
(%)
Low

Sperm conc.
(x106 mL-1)
33

Milky creamy

AV dummy
EEJ
AV dummy
AV
AV

Ejaculate characteristics

12.0

Milky creamy
Light grey milky

32.4 ± 12.0
White -

Highly
viscous

0 – 0.55

7.5 – 8.5

61.1 ± 30.8

Slight to
vigorous

High viscous

2.4

7.7

106.8

15 - 50

viscous

3.0 ± 1.9

8.1 ± 0.1

1.0 ± 0.8

23.7 ± 20.0

gelatinous

1.6 ± 0.8

7.2 – 7.9

139 ± 54

61.7 ± 23.5

39.7 ± 18.5
82.7 ± 7.3

Reference

Species

Collection
method

Copulation
length

Ejaculate characteristics
Colour

Consistency

Sperm characteristics
Live sperm
Motility (%)
(%)

Volume

pH

Sperm conc.
(x106 mL-1)

3.5 ± 2.6

8.6 ± 0.3

85 ± 89

25 - 33

2.1 ± 1.4

7.6 ± 0.3

80 ± 20

57.6 ± 22.3

2.2 ± 1.3

7.4 ± 0.3

75.2 ± 20.4

54.3 ± 10.5

68.5 ± 12.3

60 -188

60 - 80

81 - 90

75.2 ± 20.4
72.8 ± 68.9
0.01– 0.14
800

54.3 ± 10.5
27.0 ± 25.4
<10 %
3.7

68.5 ± 12.3
59.3 ± 13.0
66 – 75
84

0.328 ± 0.043

34.2 ± 5.3

34.3 ± 4.2

Normal
sperm (%)

cream
Von Baer and Hellemann
1998

Llama

Huanca and Gauly 2001

Llama

Aller 2001

Llama

Bravo 2002

Llama

Aller et al. 2003
Giuliano et al. 2007
Giuliano et al. 2002
Tingari et al. 1986

Llama
Llama
Vicuña
Dromedary

AV and
female
AV and
female
AV and
dummy/femal
e
AV and
dummy
AV
AV
EEJ
EEJ
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Dromedary

Davalos et al 1989

Dromedary

AV and
dummy

Dromedary

AV

Dromedary

AV

Musa et al. 1993

Dromedary

Spumous and
viscous

18.5 ± 5.2
Translucent creamy
n/a

whitish
Light grey milky

Elwishy 1988

Abdel-Rahim and El
Nazier 1992
Anouassi et al. 1992

9.1 ± 1.8

viscous

2.2 ± 1.3
2.45 ± 1.6
1 – 2.5
3.9

Light grey milky

Dromedary

Abdel Rahim 1997

Dromedary

Badamdorj et al. 2000

Dromedary

Al-Eknah et al. 2001

Dromedary

AV and
female

2 - 20

Al-Qarawi et al. 2002

Dromedary

EEJ

n/a

Deen et al. 2003

Dromedary

4.5 ± 10.2
seconds

Zhao et al. 2004

Bactrian

AV and
female
AV

10 min

7 – 7.7
7.8

1.03 ± 0.04
8.5

Hassan et al. 1995

7.4 ± 0.3

White
creamy

8.6

396

65.4 ± 16.7
55

3

200 – 300

viscous

7.5

325

50.5

82

3.9

331

49.7

81

0.46

5

viscous

Whitish creamy

8.5

7.7

5.5 ± 0.5
4.6 ± 1.1

7.8 – 8.2

5.8 ± 2.0

7.5

48.0 ± 2.0
229.5

65 ± 1.5

60

2 – 23.5
Viscous

3-6 mL
4.3 ± 0.2
4.7 ± 2.0

73.31 ± 1.1
5.8 ± 0.9

85.0

55

gelatinous

6. 5 ± 2.4
6.0 ± 1.9

Light-grey
Milky-white

75.2 ± 12.4

viscous

15.9 ± 0.6

AV
EEJ
AV with
female
AV with
female

Semi viscous

32.5 ± 22.3

81.9 ± 2.3

82.0 ± 4.0

1.4.1. Biochemical characteristics
The biochemical analysis of seminal plasma is provided in Table 1.11. 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 vesicular glands (Garnica et al. 1995). High
fructose and citric acid concentrations have been noted in camels (Elwishy 1988). High glucose
concentrations may serve as the primary energy source for sperm (Garnica et al. 1995).
Data from Bactrian camels (Chen et al. 1985; Xu et al. 1985; Zhao et al. 1992; Pan et al. 2001, 2003)
and alpacas (Adams et al. 2005; Ratto et al. 2005, 2006) 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; Xu et al. 1985; Sumar 1994) or by intramuscular
injection (Chen et al. 1985; Pan et al. 1992; Adams and Ratto 2001). The biochemical composition of
the factor is unknown 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 (FernandezBaca et al. 1970; 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 1.11. Biochemical characteristics of camelid semen (derived from El-Manna et al. 1986; Zhao
et al. 1992; Garnica et al. 1993; Bravo et al. 2000c; Agarwal et al. 2004).
Components
Citric acid (mg/dL)
Chloride (mEq/L)
Calcium (mg/dL)
Phosphate (inorganic) (mg/dL)
Glucose (mg/dL)
Fructose (mg/dL)
Lipids (mg/dL)
Phospholipids (mg/dL)
Total Nitrogen (mg/dL)
Total Protein (g/dL)
Albumin (g/dL)
Globulins (g/dL)
Cholesterol (mg/dL)
Potassium (mEq/L)
Sodium (mEq/L)

Alpaca#
4.3 ± 0.3
348 ± 32
18 ± 1
12 ± 2
7 ± 0.4
86 ± 10
29 ± 1
548 ± 50
3.0 ± 0.3
2.0 ± 0.3
1.0 ± 0.1

Alpaca*
404 ± 34
18 ± 3
8.0 ± 0.4
5.0 ± 0.3
6.0 ± 0.1
95 ± 10
29 ± 1
647 ± 32
4.0 ± 0.2
2.0 ± 0.2
2.0 ± 0.2

Bactrian
173 ± 59
13 ± 5
13 ± 1
12 ± 10

4.41 ± 0.28
479.5 ± 19.1

0.92 ± 0.11

163.8 ± 13.2

#

Dromedary
36.3 ± 1.16

Llama
402 ± 10
10 ± ?
6.0 ± 0.3
4 ± 0.2
106 ± 5
623 ± 23
4 ± 0.1
-

19.5 ± 0.72
16.7 ± 0.72
158.6 ± 1.6

Three year old, *Six year old

1.4.2. Sperm morphology
The length of camelid sperm is smaller than that of the bull, buffalo, ram, ass and stallion sperm, but
is longer than boar sperm (Tibary and Anouassi 1997). Dromedary and Llama sperm are of similar
length, at around 50 μm (Table 1.12), 15 % shorter than Bactrian sperm, which is related to the
length of the principal piece of the tail.
The head of camelid sperm is elliptical rather than ovoid (Tibary and Memon 1999a) and llama
sperm have shorter heads than Bactrian and Dromedary sperm (Merlian et al. 1979). Ultrastructural
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studies reveal that Dromedary sperm are similar to those of other mammalian sperm but have a
special configuration of the head, components of the neck region, and altered disposition of the
mitochondrial sheath and the fibrous sheath of the flagellum (Tingari 1991).
Table 1.12. Dimensions of camelid sperm (adapted from Merlian et al. 1979; Buendia et al. 2002)
Parameter
(μm)
Total length
Head length
Head width
Midpiece length
Tail length

Alpaca
6.1 ± 0.6
3.6 ± 0.3

Bactrian

Dromedary

Llama

42.9 ± 1.9
6.0 ± 0.6
3.8 ± 0.1
6.2 ± 0.7
30.8 ± 1.9

51.1 ± 0.9
6.6 ± 0.5
3.9 ± 0.1
6.8 ± 0.5
37.6 ± 0.9

49.5 ± 2.2
5.3 ± 0.5
3.8 ± 0.1
5.3 ± 1.6
36.6 ± 1.8

1.4.3. Abnormalities of sperm
Various abnormalities have been reported in camelid sperm, with variations in frequency among
species (Table 1.13). All sperm abnormalities found in other domestic livestock may be found in
camelids. However, the frequency of abnormalities is higher in camelid semen than would be
considered acceptable for other domestic species (Tibary and Memon 1999a).
High levels of head abnormalities include tailless, small, large, pyriform, tapering and double heads
(Bravo et al. 1997a,b; Buendia et al. 2002; 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 and Hellemann 1999). Tail abnormalities include bent, double, coiled, kinked tails
(Lichtenwalner et al. 1996b; Bravo et al. 1997a,b; Giuliano et al. 2002).
The proportion of morphological abnormalities is highly variable for llama sperm, and the most
frequently observed abnormalities concern the head (20 ± 1.9%) and acrosome (13 ± 1.2%), and the
incidence of cytoplasmic droplets averages 11.1 ± 1.2 % (Lichtenwalner et al. 1996a). Frequency of
semen collection affects the proportion of abnormal sperm. 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. 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. It is not known what effects sperm abnormalities have on
fertility (Tibary and Memon 1999a).
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Table 1.13. Camelid sperm abnormalities.

Reference

Species

Bravo et al. 1997a

Alpaca

Bravo et al. 1997b

Alpaca

Davalos et al. 1999

Alpaca

Flores et al. 2002

24

Lichtenwalner et al.
1996b
Gauly et al. 1996
Von Baer et al. 1999
Aller 2001
Giuliano et al. 2007
Giuliano et al. 2002
Musa et al. 1992

% Abnormal
heads (range)
6.7 ± 1.4
(2.6 - 12.6)
3.8 ± 0.8
(1.3 - 7.3)

% Cytoplasmic
droplets (range)

% Abnormal
acrosomes
(range)

% Abnormal
midpieces
(range)

% Abnormal
tails (range)

3.8 ± 0.8
(1.3 - 7.3)

12.3 ± 0.8
(9.4 - 15.2)

3.6

14.5

% Total
(range)

15

Alpaca

13.2

Llama

20.1 ± 19.9
(1.6 - 70.8)

Llama
Llama
Llama
Llama
Vicuña
Dromedary

% Tailless
(range)

12.3 ± 4.5
7.2 ± 5.3
4-6

14.8 ± 15.2
(3.0 - 62.5)
8.7 ± 8.9
(0.0 - 58.8)

11.1 ± 12.4
(0.0 - 45.4)

4.0 ± 5.9
0-6

3.3 ± 3.2
8.3 ± 6.2
7 - 13

9.3
12.9 ± 12.4
(0.0 - 56.1)

14.4

11.8

1.0 ± 3.7
(0.0 - 30.0)

6.6 ± 12.0
(0.0 - 53.9)
5.8

60.3 ± 18.5
(20.9 - 96.1)

9.0 ± 4.7
16.8 ± 13.9
6 - 14

24.8

34.9 ± 19
0.2 ± 0.5
8.5

25 - 34
27.7

1.4.4. 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. 1996a). There appears to be no difference
in sperm numbers travelling up the left and right uterine horns (Bravo et al. 1996a). 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. 1996a).
Nothing is known about camelid sperm longevity. However, ovulation occurs approximately 30
hours after the mating stimulus (Huanca et al. 2001), 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).

1.5. Semen preservation
1.5.1. Semen liquefaction
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 1994). Various
methods of liquefaction of semen, such as the use of enzymes (Bravo et al. 1999; Callo et al. 1999;
Bravo et al. 2000b; Bravo 2002) and mechanical stirring (A Niasari-Naslaji, personal
communication), have been used 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 sperm viability but all enzymes damaged the anterior part of the acrosome in 6 - 8 % of
sperm (Bravo et al. 2000b).

1.5.2. Semen dilution and liquid storage and cryopreservation
Various methods that have been used to liquefy, dilute, extend and freeze camelid semen (Table 1.15
and 1.16), and their respective success rates. 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 (Evans and Maxwell 1987). 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 (Evans and Maxwell 1987).
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).
Semen extenders contain compounds that protect sperm outside the reproductive tract and during
chilling and freezing (Evans and Maxwell 1987). 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
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added to semen extenders to control bacterial growth. Osmotic pressure (300 - 400 mOsm/L) and pH
of extenders need to be controlled to maximise sperm survival (Evans and Maxwell 1987).
Dilution of semen with extender varies with sperm concentration of the ejaculate. More dilute semen
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. 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.
Bravo (2002) claims that Tris buffer combined with egg yolk is the most promising diluent to
maintain sperm viability during dilution, refrigeration, freezing and thawing of semen. Numerous
workers have attempted freezing camelid semen using a two-step dilution with glycerol, and slow
freezing in liquid nitrogen vapour (Bravo et al. 1996b; Valdivia et al. 1999; Bravo et al. 2000c).
Thawing of straws is in a water bath at 37 - 40 °C for periods ranging from seconds to minutes
(Table 1.16).
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Table 1.15. Liquid-storage of camelid semen
Reference

Species

Bravo 2002

Alpaca

Vaughan et al. 2003a

Alpaca

Ratto et al. 1999

Llama
(epididymal)

Huanca and Gauly 2001

Llama

Llama

Skidmore, pers. comm.

Dromedary

27

Giuliano et al. 2006b

Hassan et al. 1995

Dromedary

Tibary and Anouassi 1997

Dromedary

Morfeld et al. 2003

Dromedary

Diluent and dilution rate
(semen: diluent)
Citrate, glucose, egg yolk
Skim milk
Glucose, citrate
Triladyl, 1: 4
Tris, citrate, fructose + 20 % EY
Kenney’s
Colorado
BSA, glucose, H2O
Diluted 1:1
Lactose (11 %) – Egg yolk, diluted 1:1
Tris-citrate-egg yolk
PBS-llama serum
skim milk-glucose
Dilute semen 1:1 with Green buffer
Tris, citric acid, glucose, mannose
diluent; diluted 1:1
Tris, citric acid, glucose, mannose,
Orvus ES paste, diluted 1:1
Lactose fructose, diluted 1:1
Lactose (11 %) – 1:1
Laciphos – 1:3
Lactose (11 %), egg yolk (20 %),
glycerol (8 %)
Lactose (11 %), egg yolk (20 %),
DMSO (8 %)
Fructose (11 %), egg yolk (20 %),
glycerol (8 %)

Storage
temp (°C)
Chilled
(not
specified)
4

Initial
motility (%)

5
5

57 %
Not specified

Sperm motility (%) and
storage time (h)
48 h: 70 %
24 h: 68 %
24 h: 60 %
24 h: 50 %; 48 h: 45 %
72 h: 30 %
72 h: 50 %
72 h: 20 %
24 h: 21 %; 48 h: 14 %; 72 h:
8.7%
Specific results not specified,
Lactose best diluent

5
4
60
4

60
55

10 h: 2
24 h: 0
10 h: 0
24 h: 0
10 h: 55
24 h: 0

5
4-8

45 %

48 h: 30 %
48 h: 30 %
No reduction in motility after
48 h storage

Reference

Vyas et al. 1998
Deen et al. 2004

Species

Dromedary

Dromedary
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Wani et al. 2005

Dromedary
(epididymal)

Diluent and dilution rate
(semen: diluent)
Fructose (11 %), egg yolk (20 %),
DMSO (8 %)
Glucose (11 %), egg yolk (20 %),
glycerol (8 %)
Glucose (11 %), egg yolk (20 %),
DMSO (8 %)
Lactose (11 %), egg yolk
Tris (details not specified
Tris
Biociphos
Tris-tes-egg yolk
Tris-lactose-egg yolk
Citrate-egg yolk
Sucrose-egg yolk
Tris-fructose-egg yolk
Tris-tes-egg yolk
Tris-lactose-egg yolk
Citrate-egg yolk
Sucrose-egg yolk

Storage
temp (°C)

Initial
motility (%)

48 h: 30 %
48 h: 30 %
5

4

85.71 %

4
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Tris-fructose-egg yolk
Niasari-Naslaji et al. 2006a

Bactrian

Tris (214.6 mM), citric acid (64.2 mM),
glucose (66.6 mM), fructose (49.9 mM),
Egg yolk 20 %
Diluted 1:10
Lactose (277.5 mM)
Egg yolk 20 %
Diluted 1:10

Sperm motility (%) and
storage time (h)
48 h: 30 %

4

Motilities not specified, Tris
superior for storage at 24, 48
and 72 h.
24 h: 39.28 %
48 h: 35.71 %
96 h: 10.71 %
24 h: 0 %
8 d: 41.4 ± 8.9 %
8 d: 41.6 ± 10.3%
8 d: 0
8 d: 0
8 d: 0
8 d: 36.6 ± 9.0 %
8 d: 47.0 ± 4.9 %
8 d: 0
8 d: 0
8 d: 13.6 ± 9.1 %

65.5 %

24 h: 40 %

31.0 %

24 h: 0 %

Reference

Zhao et al. 2004

Species

Bactrian

Diluent and dilution rate
(semen: diluent)
Sucrose (292.1 mM)
Egg yolk 20 %
Diluted 1:10
Green Buffer (IMV)
Egg yolk 20 %
Diluted 1:10
SYG-1 (see table 1.16)
SYG-2
Tris
SCDE
Stallion
Swine
Ram
Buck

Storage
temp (°C)

Initial
motility (%)

Sperm motility (%) and
storage time (h)
24 h: 0 %

28.0 %
24 h: 35 %
60.5 %

4

82.4 ± 5.3

8 h: 18.9 ± 4.1
8 h: 40.2 ± 5.3
8 h: 4.2 ± 3.2
8 h: 2.7 ± 1.6
8 h: 12.1 ± 3.2
8 h: 20.6 ± 5.4
8 h: 7.9 ± 3.8
8 h: 2.7 ± 1.3
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Table 1.16. Diluents and cryoprotectants used for the cryopreservation of camelid semen.
Reference

Species and
sperm type

Diluent and cryoprotectant

0.25 mL straw
Store at 4 °C for 1 h,
Straws frozen 5 cm above LN2 vapour and
plunged in LN2.

Initial: 85 %
Post-thaw: 46.7 %

0.25 mL straws
Store at 4 °C for 1 h,
Straws frozen 5 cm above LN2 vapour and
plunged in LN2.

Results not given

0.5 mL straws
Diluted semen cooled to 4 °C over 1.5 h
Straws placed 10 cm above LN2 vapour for 30
min

Biladyl: 21.3 ± 3.3 %
Green buffer: 17.4 ± 1.7 %

Bravo et al. 2000a

Alpaca
(epididymal)

Citrate

Alpaca

Semen diluted 1:3 with Green
buffer
Egg yolk – 20 %
Glycerol (final [ ] 7 %) Two-step
dilution
Semen diluted 1:3 with Biladyl
Egg yolk – 20 %
Glycerol (final [ ] 7 %) Two-step
dilution
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Alpaca

Valdivia et al. 1999

Perez 2005

Alpaca

Alpaca

Post-thaw motility (%)

Citrate-glucose-EY-G
Egg yolk 20 %
Glycerol
Two-step dilution
No dilution rate given!

Bravo et al. 1996b

Vaughan et al. 2003a

Freezing methods

?
Glycerol 6 or 7 %
Egg yolk
Tris-yolk extender
Two-step dilution
Egg yolk ? %
Glycerol (final [ ] 6 %)
BSA-glucose-H2O
Egg yolk -10 %
Glycerol – 2.5% (final [ ] not
spec.)

0.5 mL straws
Diluted semen cooled to 4 °C over 1.5 h
Straws placed 10 cm above LN2 vapour for 30
min
Store at 4 °C for 1 h
- 10 °C for 20 min
- 20 °C for 15 min
- 50 °C for 15 min
plunge in LN2
Store at 4 °C for 1 h
- 20 °C for 30 min
- 90 °C for 30 min
plunge in LN2
0.25 mL straws over LN2

Biladyl: 21.3 ± 3.3 %
Green buffer: 17.4 ± 1.7 %

Initial motility not specified
Post-thaw = 22.5

Reference

Species and
sperm type

Diluent and cryoprotectant
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BSA-glucose-H2O
Egg yolk -10 %
Glycerol – 5.0% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -10 %
Glycerol – 7.5% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -20 %
Glycerol – 2.5% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -20 %
Glycerol – 5.0% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -20 %
Glycerol – 7.5% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -30 %
Glycerol – 2.5% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -30 %
Glycerol – 5.0% (final [ ] not
spec.)
BSA-glucose-H2O
Egg yolk -30 %
Glycerol – 7.5% (final [ ] not
spec.)

Freezing methods

Post-thaw motility (%)
Post-thaw = 27.7

Post-thaw = 34.4

Post-thaw = 31.4

Post-thaw = 39.2

Post-thaw = 41.0

Post-thaw = 32.4

Post-thaw = 36.2

Post-thaw = 38.7

Reference

Santiani et al. 2005

Species and
sperm type

Alpaca

32
Graham et al 1978 – in
Brown review
McEvoy et al. 1992a

Llama

Llama

Bravo et al. 1996b

Llama

Aller 1999

Llama

Von Baer and Hellemann
1999

Llama

Diluent and cryoprotectant
Tris – 0.244 g
Citrate – 0.136 g
Glucose – 0.082 g
Egg yolk – 20 %
Glycerol – 7 % final [ ]
Per 10 mL
Tris – 0.244 g
Citrate – 0.136 g
Glucose – 0.082 g
Egg yolk – 20 %
Ethylene glycol – 7 % final [ ]
Skim milk – 10 mL
Fructose – 0.485 g
Egg yolk – 5 %
Glycerol – 7 % final [ ]
Skim milk – 10 mL
Fructose – 0.485 g
Egg yolk – 5 %
Ethylene glycol – 7 % final [ ]
Diluted 1:8 in Tris-egg yolk
diluent
Glycerol
Semen diluted 1:2 with Triladyl
(20 % EY)
Citrate-glucose-EY-G
Egg yolk 20 %
Glycerol
Two-step dilution
No dilution rate given!
Tris-citrate-fructose
Tris diluent with EDTA?
± Equex

Freezing methods

Post-thaw motility (%)

Initial motility = 72 %
Post thaw: 4 %
0.25 mL straws
Semen diluted 1:1 with extender and cooled to 5
°C (-1°C/3 min).
Semen further diluted 1:1 with extender (with
cryoprotectant), equilibrated for 30 min.
Straws ‘exposed’ (height not specified) to LN2
vapour for 15 min

Post thaw: 1.0 %

Post thaw: 15.3 %

Post thaw: 20 %

Pellets

Successful

0.5 mL straw
Semen cooled to 5 °C
Straws suspended 7 cm above LN2 vapour and
plunged into LN2.
0.25 mL straw
Store at 4 °C for 1 h,
Straws frozen 5 cm above LN2 vapour and
plunged in LN2.
0.5 mL straw
Straws held over LN2 vapour

Initial: 85
Post-thaw: 45

Reference

Species and
sperm type

Diluent and cryoprotectant

Freezing methods

Pre-freeze motility: 56.0 ±17.3

Biociphos-Plus®
Glycerol (final [ ] not spec.)

Burgel et al. 2000

Llama

Na-Citrate-fructose-EY
Glycerol (final [ ] not spec.)

0.25 and 0.5 mL straw
Diluted semen cooled to °5 degrees
Semen frozen:
10 to – 30 °C at – 40 °C min-1
- 30 to - 50 °C at – 60 °C min-1
- 50 to – 130 °C at – 80 °C min-1
plunged in LN2

Tris extender
Glycerol (final [ ] not spec.)

Llama

Semen diluted 1:1 or 1:2
Biociphos-Plus®
Glycerol (final [ ] not spec.)

Llama

Citrate-glucose-EY
Egg yolk 15 %
Glycerol (final [ ] 6? %)
DMSO (final [ ] 8? %)
Two-step dilution
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Llama

Citrate diluent
Egg yolk (20 %)
Glycerol (final [ ] 5 %)
Two-step diluent
PBS-Llama serum (40%)
Egg yolk – 5 %
Glycerol (final [ ] 2.5 %)
Two-step diluent

Aller 2001

Burgel et al. 2001

Aller et al. 2003

Post-thaw motility (%)

Biociphos
0.25 mL: 2.4 ± 4.0 %
0.5 mL: 3.7 ± 5.8 %
Pre-freeze motility: 56.0 ±17.3
Citrate:
0.25 mL: 20.7 ± 9.3 %
0.5 mL: 29.1 ± 8.6 %
Pre-freeze motility: 56.0 ±17.3
Tris:
0.25 mL: 22.4 ± 12.1 %
0.5 mL: 27.1 ± 14.5 %

0.5 mL straws
Semen cooled to 5 °C at – 0.25 to –0.5 °C min-1
Semen frozen:
5 to – 50 °C at – 11 °C min-1
- 50 to – 80 °C at – 6 °C min-1
- 80 to – 120 °C at – 8 °C min-1
plunge in to LN2
0.25 and 0.5 mL straws
Diluted semen cooled to 5 degrees
Semen frozen:
10 to – 30 °C at – 40 °C min-1
- 30 to - 50 °C at – 60 °C min-1
- 50 to – 130 °C at – 80 °C min-1
plunged in LN2
0.5 mL straw
Semen cooled to 5 °C at – 0.25 to –0.5 °C min-1
Semen frozen:
5 to – 50 °C at – 11 °C min-1

Post-thaw motility <10 % for all
groups (specific % not given)

Fresh mot = 54.3± 10.5
Frozen-thawed = 20.4±7.5

Reference

Species and
sperm type

Diluent and cryoprotectant

- 50 to – 80 °C at – 6 °C min-1
- 80 to – 120 °C at – 8 °C min-1
plunge in to LN2

Graham et al 1978 – Hassan
paper

Dromedary

Raffinose glycerol yolk

Anouassi et al. 1992

Dromedary

Lactose (11 %)
Egg yolk- 20 %

Dromedary

Lactose (11 %)
Egg yolk- 20 %
Glycerol (final [ ] 2 %)
Equex (final [ ] 0.5 %)

Musa et al. 1992
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Tris, citric acid, glucose, mannose
diluent
[ ] not spec
Tris, citric acid, glucose, mannose,
Orvus ES paste
Hassan et al. 1995

Dromedary
Lactose fructose

(Tibary and Anouassi 1997)

Niasari-Naslaji pers. Comm.

Dromedary
camel

Dromedary

Freezing methods

Green buffer
Egg yolk (20 %)
Glycerol (final [ ] 3 %)
Two-step dilution

Green buffer
Egg yolk (20 %)

Pellets on dry ice

Post-thaw motility (%)

Successful – pre-freeze = 60 %
Post-thaw = 50 %

4.0 mL straws
Diluted semen cooled to 15 °C over 2.5 h
Straws held over LN2 vapour for 20 min and
plunged

Semen diluted 1:1 with diluent, equilibrated (6
h) and loaded in to 0.5 mL straws and frozen
using ‘standard LN static vapour technique’
Straws – size not specified
Semen cooled to 5 °C over 1h, held at 5 °C for
2h
Straws held 4 cm above LN2 vapour for 10 min
and plunged in LN2.
0.25 mL straws
Diluted semen cooled to 4 °C over 2h, diluted
with glycerolated portion, held at 4 °C for 30
min.
Straws held above LN2 vapour for 20 min then
plunged into LN2.
0.25 mL straws
Diluted semen cooled to 4 °C over 2h, diluted
with glycerolated portion, held at 4 C for 30
min.

Pre-freeze = 60 %
Post-thaw = 2 %
Pre-freeze = 60 %
Post-thaw = 0 %

Pre-freeze = 60 %
Post-thaw = 35 %

Reference

Skidmore pers. comm.

(Deen and Sahani 2000)

Species and
sperm type

Dromedary
camel

Dromedary

Diluent and cryoprotectant

Lactose (11 %)
Egg yolk (20 %)
Glycerol (final [ ] 3 %)

35

Tris (3.028 g)
Citric acid (1.675 g)
Fructose (1.25 g) per 100 mL
Egg yolk -20 %
Glycerol (final [ ] 6 - 7.3 %)

(Deen et al. 2003)

Morfeld et al. 2003

Dromedary

Fructose (11 %)
Egg yolk (20 %),
Glycerol (8 %) final [ ] 2 %

Freezing methods

Post-thaw motility (%)

Straws held above LN2 vapour for 20 min then
plunged into LN2.
4.0 mL straws
Diluted semen cooled to 15 °C over 2.5h.
Glycerolated portion added and semen cooled to
5 °C
Straws held above LN2 vapour for 20 min then
plunged into LN2.
Semen diluted 1:1 and cooled to 4 °C over 2 h.
Semen further diluted 1:1 – 1:5 and loaded into
2 mL cryoampoules
4 to – 15 °C at – 1 °C min-1
- 15 to – 60 °C at – 4 °C min-1
- 60 to – 100 °C at – 20 °C min-1
plunge in to LN2

Semen diluted 1:4, cooled to 4°C over 1 h.
Diluted semen loaded into 0.25 and 0.5 mL
straws, equilibrated for 1 h. Straws frozen over
LN2 vapour (20 min, height not specified) and
plunged into LN2.

11/26 samples showed post-thaw
motility >20 %

Pre-freeze motility: 38.75 %
Post-thaw:
0.25 mL straw. Thawed at 20°C =
21.7 %
32°C = 37.5 %
50°C = 45 %
0.5 mL straw, thawed at
20°C = 23.3 %
32°C = 43 %
50°C = 42.3 %

Reference

Species and
sperm type

Diluent and cryoprotectant

Freezing methods

Pre-freeze motility: 38.75 %
Post-thaw:
0.25 mL straw. Thawed at 20°C = 5.0
%
32°C = 16.7 %
50°C = 0 %

Fructose (11 %)
Egg yolk (20 %)
Glycerol (12 %) final [ ] 3 %
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Chen et al. 1993

Bactrian

Two-step method
Semen diluted 1:1 with SYG-2
[Sucrose (12 % sol w:v)-Egg yolk
(10 %)-Glycerol (3.5 %)]
Further diluted 1:2-3 with SYG-3
[12 % sucrose solution, 20 % EY
and 7 % Glycerol].

Zhao et al. 1994

Bactrian

Sucrose (12 %)
Egg yolk – 20 %
Glycerol (final [ ] 3 %?)

Post-thaw motility (%)

0.5 mL straw, thawed at
20°C = 18.3 %
32°C = 31.7 %
50°C = 22.5 %
Diluted semen (1.5 mL) placed in ampoule and
equilibrated at 37, 20 and 10 °C for 10 min.
Ampoules frozen above LN surface:
3 cm for 3 min
2 cm for 2 min
1 cm for 1 min
plunge in to LN2
0.5 mL straws
Semen cooled to 5 °C at – 0.25 to –0.5 °C min-1
Semen frozen:
5 to – 50 °C at – 11 °C min-1
- 50 to – 80 °C at – 6 °C min-1
- 80 to – 120 °C at – 8 °C min-1
plunge in to LN2

Initial motility = 0.8
Post-thaw motility = 0.43

Reference

Species and
sperm type

Diluent and cryoprotectant

Freezing methods

Post-thaw motility (%)

Semen diluted (ratio not spec) and held at 37 °C
for 30 min.

Zhao et al. 2004

Bactrian

SYG-1
12 % sucrose solution
Egg-yolk (10 %)
Glycerol (final [ ] 3.5%)
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SYG-2
12 % sucrose solution
Egg-yolk (20 %)
Glycerol (final [ ] 7.0%)
Tris – 3.28 g
Citric acid monohydrate-1.25 g
Fructose – 1.7 g
Egg yolk (20 %)
Glycerol (final [ ] 7%)
Sodium citrate (dihydrate) – 2.32 g
Egg yolk (20 %)
Glycerol (final [ ] 7%)
Stallion extender
Sucrose (11 % solution)
Egg yolk – 13 %
Glycerol (final [ ] 5%)
Swine extender
Glucose (80% solution)
Egg yolk (20 %)
Glycerol (3 %)

Diluted semen slowly cooled to 4°C over 4 h
and loaded into 2.0 mL glass ampoules
Ampoules frozen over liquid nitrogen vapour:
2 cm above for 3 min
2 cm above for 2 min
1 cm above for 1 min
plunge in LN
Semen diluted (ratio not spec) and held at 37 °C
for 30 min.

Post-thaw = 42.6 ± 4.1

Post-thaw = 61.5 ± 4.9

Diluted semen slowly cooled to 4°C over 4 h,
loaded into 2.0 mL glass ampoules and held at
4°C for 10 min
Ampoules frozen over liquid nitrogen vapour:
2 cm above for 3 min
2 cm above for 2 min
1 cm above for 1 min
plunge in LN

Post-thaw = 22.4 ± 3.9

Post-thaw = 24.8 ± 2.6

Post-thaw = 41.8 ± 2.7

Post-thaw = 45.4 ± 2.7

Reference

Species and
sperm type

Diluent and cryoprotectant
Ram extender
Tris 4.361 g
Citric acid monohydrate – 2.388 g
Egg yolk (18 %)
Glycerol (6 %)
[Evans and Maxwell]
Buck extender
Tris 4.354 g
Citric acid monohydrate – 2.605 g
Egg yolk (3 %)
Glycerol (6 %)
[Evans and Maxwell]

Freezing methods

Post-thaw motility (%)

Post-thaw = 25.8 ± 2.6

Post-thaw 23.2 ± 2.7
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1.6. Artificial insemination
1.6.1. Induction of ovulation
Methods of inducing ovulation in alpacas have been discussed thoroughly elsewhere (Vaughan 2001),
and a summary of the commonly used methods is provided in Table 1.17. Intramuscular injections of 8
μg buserelin (Bourke et al. 1992, 1995), 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.
Table 1.17. Synchronisation and induction of ovulation for AI and ET in camelids
Reference

Species

Adams et al. 1989

Alpaca

Bravo et al. 1999
Bourke et al. 1991

Alpaca
Llama

Adam et al. 1992

Aller et al. 2002

Llama

Llama

Synchronisation and induction
of ovulation
Seminal plasma injection im (93
%)
750 IU hCG (Chorulon)
750 IU hCG im at mating
Mating intact male - 80 %
750 IU hCG – 91 %
8 ug GnRH analogue (Buserelin) 90 %
Mating + hCG – 90 %
Mating + GnRH – 81 %
Seminal plasma injection im (100
%)
GnRH (83 %)

Day 0 – CIDR + 2 mg ODB Mated
on Day 12 + 8 µg Buserelin

Success
93
AI 24 h post-induction
80% ovulated
91
90
90
81
100
83
20 % donors had no
follicles
16.6 % (n=2 donors
had no embryos)
recovery rate = 84.6 %
(22/26)

Bourke et al. 1995

Llama
(guanaco and
llama embryos)

Natural cycle
8 µg Buserelin

Flushed 6 - 8 d after
ovulation

1.6.2. Location of semen deposition and time of insemination relative to
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 AI 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 1.16; Pacheco 1996; Quispe 1996a; Apaza et al.
1999).
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The advent of transrectal ultrasound for monitoring ovarian activity allows the observation of
ovulation after synchronisation treatments (Vaughan 2001). To date, however, there have been no
studies using this technology to determine the appropriate timing of semen deposition relative to actual
ovulation in camelid AI.

1.6.3 Numbers of sperm required per AI dose
The sperm dose required for successful fertilisation and pregnancy is not known in camelids (Brown
2000). Ewes require 100 million fresh sperm using cervical AI for acceptable conception rates, but
only 20 million frozen/thawed sperm when intrauterine AI is used (Evans and Maxwell 1987).
Pregnancies have been obtained in alpacas and llamas after inseminating 8 - 26 million sperm
transcervically (Table 1.18; Quispe 1996a; Aller 1999). Intracornual semen deposition of semen
during copulation in camelids may be an adaptation to overcome the relatively low sperm
concentrations (Brown 2000). Very little is known about the optimum number of sperm for fertility
after AI of alpacas, and when it should be deposited. This deficiency in knowledge becomes even
more important if the sperm have been compromised by liquid or frozen preservation.

1.6.4 Method of delivering sperm into uterus
Bravo et al. (1997b) 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, but 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.
An investigation of alternative AI methods particularly when using cryopreserved sperm, may lead to
improved fertility results. The laparoscopic AI method developed in sheep to overcome the cervical
barrier to fertility when using frozen-thawed semen (Evans and Maxwell 1987). Due to the limited
number of sperm available for preservation in alpacas and the questionable fertility after AI, it may be
that an alternative or semi-surgical insemination technique such as deep uterine or oviducal deposition
may be required in order to obtain acceptable fertility.
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Table 1.18. Artificial insemination with fresh and preserved semen in camelids (adapted from Vaughan et al. 2003a).
Reference

Species

Sperm type

Fernandez-Baca and
Calderon 1966

Alpaca
Vicuña

Fresh whole
EEJ semen

Calderon et al. 1968

Alpaca

Fresh, whole

Fernandez-Baca and
Novoa 1968 cited by
Bravo 2002

Alpaca

Fresh, whole

Leyva et al 1979 cited
by Bravo 2002

Dose (x106)

Not spec.

Time (h) after
induction of ovulation
Immediately after mating
with a vasectomised male
19-52 after vasectomised
male and hCG

Location
Transcervical, semen deposited at
bifurcation of two uterine horns
Transcervical or intravaginal with
speculum

Vasectomised male used
to induce ovulation

Alpacas and
Llamas

Fresh, whole
EEJ semen

hCG ± vasectomised
male and used to induce
ovulation

Transcervical, semen deposited it
uterine horns

Alpaca

Fresh, whole

hCG

Laparoscopy or transcervical

Alpaca

Bravo et al. 1996b

Alpaca and
Llamas

de la Vega 1996

Alpaca

Pacheco 1996
Quispe 1996b

Alpaca
Alpacas

Bravo and Castilla 1997
cited by Bravo 2002

Alpacas

Bravo et al. 1997b

Alpaca

Diluted
(citrate)
Frozen
(citrate)
Diluted
(PBS)
Fresh, whole
Fresh
Diluted
(Tris buffer)
Liquid stored
(Tris buffer)
Frozen
(Tris buffer)
Fresh whole

hCG
hCG

8 (motile)

?

30 h after mating with
vasectomised male
GnRH 24 h before AI
36 h

GnRH

hCG given at AI

1/42 live births
75% for AI 35-45 h post
ovulation
2.4 %
(42 females inseminated)
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Bravo et al. 1994 cited
by Bravo 2002
Bravo and Quispe 1995
cited by Bravo 2002

Pregnancy rate (%)

30.8 %
(94 females inseminated)
hCG induced females = 48
%
vasectomised male induced
females = 11 %
67 %
(40 females inseminated)
57 %
(80 females inseminated)
26 %
(19 females inseminated)

Transcervical

40 % (54/133)

Transcervical
Transcervical

60 % (48/80) pregnant
57 %
69.6 %
(25 females inseminated)
66.7 %
(25 females inseminated)
68 %
(25 females inseminated)
Transcervical: 40 (8/20)
Lap AI: 50 % (10/20)

?

Transcervical or Laparoscopic

Reference

Species

Dose (x106)

24- 32 h post GnRH

Transcervical

hCG

Transcervical

Apaza et al. 1999

Alpaca

Frozen

Not
specified

Bravo et al. 1999

Alpaca

Fresh

4
8
12

Bravo et al 1999 cited
by Bravo 2002
Aller 1999
Bravo et al. 2000a
Bravo et al. 2000c

Alpaca
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Llama
Alpaca
(epididymal)
Alpaca
Llama

Aller 2001

Llama

Aller et al. 2003

Llama

Perez 2005
Perez 2005

Alpaca
Alpaca

Giuliano et al. 2006a

Anouassi et al. 1992

Llama

Dromedary

Time (h) after
induction of ovulation

Sperm type

Frozen
(Tris buffer)
Fresh
Frozen

Location

25.8

hCG
GnRH
24 h post-GnRH

Transcervical

10

?

?

Frozen
Fresh
Frozen
Fresh
Frozen
Diluted fresh
Frozen

Liquid stored
(lactose)

51.5 ± 49.9
9

Fresh –
diluted

100

Fresh- whole

400-3000

Freshdiluted

100

5

24 h after 8 ug Buserelin

25

24 h after 8 ug Buserelin

n.s.
n.s.

Vasectomised male
Vasectomised male
23.4 ± 2.59 h
8 µg Buserelin
28.0 ± 1.3 h post
Buserelin (8 µg),
immediately post
ovulation (detected by
ultrasonography)

Females mated to
vasectomised male

?

Pregnancy rate (%)
Uterine horns (both): 37 %
(11/30)
Uterine body: 27 (4/15)
53 %
67 %
62 %
25 %
(190 females inseminated)
22 % (5/23)
37.5 % based on refusal to
mate 21 post-AI

Transcervical?

5/19 pregnant (26 %)

Transcervical into horn ipsilateral
to follicle > 7 mm
Transcervical
Transcervical

5/23 (22 %)
2/5 (40 %)
21.7 % (n=23)
7.9 % (3/39)
36.36 (4/11)
25.0 (5/20)
No pregnancies
(10 females inseminated)

Transcervical, semen deposited at
the uterotubal junction ipsilateral
to the ovary with the dominant
follicle

Trans-cervical or uterine
deposition

23 %
(13 females inseminated)
2/ 10 ovulated
½ preg
6 inseminated
3 ovulated
1 pregnant
6/10 ovulated
5/6 pregnant

Reference
Musa et al. 1993

Skidmore and Billah
2001

Species

Sperm type

Dromedary

Frozen
Fresh diluted
Green Buffer
Laciphos
Kenney’s

Dromedary

Green buffer
Green buffer
Green buffer
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Niasari-Naslaji et al.
2001

Dromedary

Fresh

Deen et al. 2003

Dromedary

Fresh
Liquid-stored
Frozen

Niasari-Naslaji pers
comm. in Vaughan et al
2003

Dromedary
Bactrian

Chen et al. 1993
Bravo et al. 2000c

Bactrian

Dose (x106)

Time (h) after
induction of ovulation
24 h

Location

Pregnancy rate (%)

Transcervical

Not specified
Green buffer: 47 %
Laciphos: 53 %
Kenney’s: 0 %

300
(motile)
100
(motile)
200
(motile)
300
(motile)
160
(motile)

25 h post GnRH

Transcervical

22
47
24 h after GnRH

Vaginal

-

-

Transcervical

Fresh

300
(motile)

24 h after GnRH (24 ug)
or hCG (3000 iu)

Transcervical

Frozen

?

Inseminated when
follicles reached 1.2 cm

Transcervical

Frozen

1 - 1000

10

5/12 (42 %) pregnant at
Day 40
40 (4/10)
0 (0/10)
8 (1/13)

Inseminated twice in 24 h
Overall 29/31 = 93.5 %
Transcervical
AI twice at 24 h interval

285/300 (95 %)

1.7. Concluding remarks and required research
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.
They are major gaps in knowledge about many aspects of artificial breeding in camelids. Of particular
importance to alpaca AI, the following have yet to be determined:
1. Methods to consistently collect high quality semen
2. Methods to determine functional integrity of alpaca sperm
3. Methods to release the sperm from the highly viscous seminal plasma in ejaculated semen, so
that they may be preserved after storage
4. Fundamental media requirements for liquid and frozen preservation of sperm
5. The optimum site and timing (relative to ovulation) of semen deposition
6. The optimum dose of sperm (fresh and preserved) for AI
7. If alpaca sperm can be used for other artificial reproductive technologies, such as sperm
sexing.
The primary aims of this project were to further develop the technology for semen collection,
preservation and artificial insemination in alpacas, which have been identified as objectives in the
RIRDC Rare Natural Animal Fibre Research and Development Plan 2003 – 2008. The project was
broken down into a number of steps to achieve these aims:
1. Consistent and reliable collection of semen by optimising the mannequin design and
investigating the effects of different AV liners, cervix, semen collection vessel, presence of
females and addition of diluent to the collecting container on semen quality parameters
2. Development of new methods to assess function and integrity of alpaca sperm including
objective methods to assess sperm motility, acrosome integrity, sperm viability and in vitro
fertility
3. Liquefaction of alpaca semen using mechanical and enzymatic methods
4. Optimising liquid storage of alpaca semen by investigating the effects of diluent, temperature,
dilution rate and removal of seminal plasma
5. Optimising cryopreservation of alpaca sperm using an epididymal model and investigating the
effects of cryodiluent, packaging, freezing rate, supplement addition and liquid storage prior
to freezing
6. Artificial insemination of females with frozen-thawed alpaca sperm
7. Preliminary development of sperm-sexing technology in alpacas
Each of the milestones is represented by a separate chapter (Chapters 3 - 9) in this report.
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2. Methodology
2.1. Use of animals in research
All research complied with the Animal Research Act 1985, Animal Research Regulation 2005, and the
Australian Code of Practice for Care and Use of Animals for Scientific Purposes (National Health and
Medical Research Council 1990), and all procedures described herein were approved by The
University of Sydney’s Animal Ethics Committee (approval number N00/7-2005/2/4138) prior to the
commencement of the project.

2.2. Animals
2.2.1. Source of animals
Males alpacas (n=16; aged: 7.03 ± 0.6 yr, range: 5.0 – 11.8) were loaned, or donated, to The
University of Sydney for this project by alpaca studs located in NSW and Victoria. Two female
alpacas were also loaned to The University of Sydney by alpaca studs in NSW for use in semen
collection experiments.

2.2.2. Maintenance of animals
Male alpacas were maintained in two groups of eight in paddocks at The University of Sydney’s
Animal Reproduction Unit, Cobbitty, NSW Australia (Figure 2.1). Alpacas were exposed to natural
day length and ambient temperatures. Males were maintained on native pastures and supplemented
with Lucerne hay (Medicago sativa), commercially formulated alpaca pellets and had ad libitum
access to water.

Figure 2.1. Male alpacas in their paddock
Female alpacas were also maintained at The University of Sydney’s Animal Reproduction Unit,
Cobbitty, NSW, Australia. Female alpacas were exposed to natural day length and ambient
temperatures and had ad libitum access to water. Female alpacas were maintained on native pastures
and shared their paddock with pregnant and lambing ewes, and lambs. Female alpacas were
supplemented with Lucerne hay in their paddock, and a mixture of alpaca pellets and commercially
formulated horse stud mix during semen collection.
Male and females alpacas were weighed fortnightly to monitor body weight, were shorn annually and
had routine husbandry procedures performed as required.
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2.3. Location of research and facilities
Facilities used to conduct research were located at the Camperdown and Camden (Cobbitty) campuses
of the Faculty of Veterinary Science, The University of Sydney. Facilities at The University of
Sydney’s Animal Reproduction Unit, Cobbitty, NSW, Australia (latitude 30'50''S) were used to
maintain animals, collect and initially assess semen. Further semen assessments and preservation were
conducted in the andrology laboratories in the Gunn Building, Faculty of Veterinary Science,
Camperdown campus.

2.3.1 Semen collection facilities
The semen collection shed was designed to permit access to each pen, and movement of alpacas and
people through the shed without disturbing other mating males. The shed consisted of four semen
collection pens, two on either side of the shed, a central walkway, a holding pen and small storage
area. Pens were designed to be large enough for males moving around freely (i.e. turning around in a
circle), and permit the entry of people without disturbing the male. A small storage area was located at
the back of the shed for the mannequins and semen collection equipment.
The floor in the collecting shed was covered with carpet mats to prevent contamination of semen with
dirt, dust and other material. The side panels of the collecting shed were covered with Hessian fabric
to prevent males from distracting each other.
The scales for weighing the alpacas were fitted in the middle of the walkway to permit weighing of
alpacas without stress. Animals were accustomed to walking over the scales by permitting them free
access to the scales and allowing them to adjust to their presence.

2.3.2. Laboratory facilities
Cryopreservation of epididymal and ejaculated sperm, sperm-sexing and objective sperm assessments
were conducted at the Andrology laboratories in the Gunn Building, Faculty of Veterinary Science,
Camperdown campus. A list of laboratory equipment and chemicals used throughout this study are
presented in Appendix I and II respectively.

2.3.3. Maintenance of the laboratory
Many factors determine the success of semen collection; the sperm’s immediate milieu is of utmost
importance, as are the surrounding conditions. Not all factors within a laboratory can be controlled,
but they can be monitored, and fluctuations reduced to a minimum. Precautions were taken to maintain
a clean and, where possible, sterile environment for all procedures. All working areas were regularly
cleaned and maintained dust-free. When necessary working areas were sterilised with 70 % (v:v)
ethanol.
Temperature within the laboratories was maintained between 25 to 35 °C and, in laboratories with air
conditioning, the temperature was maintained at 26 to 28 °C. To minimise fluctuations in the
temperature and atmosphere encountered by sperm, removal from the storage environment for
observation was kept to a minimum and all procedures were performed as quickly as possible. To
minimise fluctuations in sperm temperatures, all microscopes were equipped with warm stages (Lec
Instruments Co. Ltd. Scoresby, Vic) set at 39 ± 0.25 °C.
Two controlled atmosphere incubators were used for the culture of gametes in this study [Jouan
(model number IG150) Jouan S.A. Saint-Herblaine, France, and Mini-incubator (model number
MINC-1000) Cook IVF, Brisbane, Australia] and were checked daily for temperature fluctuations, gas
and water levels. Gas for the Jouan and Mini-incubator was purchased from BOC Gas (Industrial
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compressed CO2, gas code: O81, BOC Gas Australia Pty. Ltd. North Ryde, NSW, Australia) and
Linde Gas Pty. Ltd. (Yenora, NSW, Australia) respectively. As the Mini-incubator was primarily used
for gamete culture, each batch of gas was analysed at a National Association of Testing Authorities
accredited laboratory, and supplied as 6.0 ± 1.0 % CO2, 5.0 ± 1.0 % O2, 89 % N2.
Incubators were regularly cleaned with 0.1 % (v:v) 7X (Bacto Laboratories Pty. Ltd, Liverpool, NSW,
Australia) and rinsed with water purified by a reverse osmosis and deionisation system (MQ-water;
Millipore, North Ryde, NSW), then sprayed with 70 % (v:v) ethanol and allowed to dry. Incubators
were dismantled (shelves and interior removed) bi-annually and thoroughly cleaned with a 0.1 % (v:v)
solution of Roccal (Benzalkonium Chloride, B-6295; Sigma, St. Louis MO, USA), rinsed with MQwater, sprayed with 70 % (v:v) ethanol and allowed to dry. Incubators were reset for temperature and
gas and allowed to equilibrate overnight before use.
During the culture of gametes, medium was overlaid with oil (Sydney IVF culture oil K-SICO-200,
Cook IVF, Brisbane, Australia), which also minimised fluctuations in the pH of the medium.
2.3.3.1. Cleaning of glassware and plastics
Re-usable plastic ware was kept separate to general laboratory equipment and prepared for use by
soaking overnight in 0.1 % (v:v) 7X detergent, followed by three rinses in reverse-osmosis (RO)
water. Plastics were dried at 37 °C, covered with aluminium foil, and sterilised by autoclaving at 120
°C for 20 min. Glassware used to prepare media and diluents were prepared by overnight soaking in
0.01 % (v:v) 7X, then rinsed three times in RO water and three times in Milli-Q water, dried and heat
sterilised by dry heat (200 °C for 4 - 6 h). Tissue-grade dishes were used during gamete culture (Nalge
Nunc, Illinois, USA) and were purchased pre-sterilised, by gamma irradiation, from the manufacturers.
Pipette tips (Interpath Services, Caringbah, NSW) were placed in pipette boxes and autoclaved as
described above.
2.3.3.2. Preparation and storage of media and diluents
All media and diluents were prepared using analytical or tissue grade, and where possible embryo
tested reagents, supplied from Sigma (St. Louis, MO, USA) unless stated otherwise in the relevant
section. The water used to prepare media and diluents was produced in-house using an ultra filtration
high-purity ion-exchange system comprising a carbon cartridge, two mixed bed ion exchange resin
cartridges, an organics extraction cartridge and a UF-type pyrogen extraction cartridge before
sterilisation using a 0.22 μm filter (Milli-Q water, Milli-Q Reagent Water System, Millipore). During
times when the Milli-Q system did not reach the desired specifications (>18 mΩ) tissue-grade water
was purchased (Trace Biosciences, Castle Hill, NSW) and stored at 4 °C for no more than one month
(as storage times longer than this have been shown to reduce gamete survival; Nagao et al. 1995).
Media for washing and culture of gametes were supplemented with several antibiotics (described in
the relevant sections), which were prepared using Milli-Q water, as a 100x strength stock solution and
frozen at -20 °C until use. Media were prepared directly from chemicals or from stock solutions and
sterilised by filtering through a 0.22 μm filter (Millipore Australia Pty. Ltd, North Ryde NSW) prior to
storage in gamma radiation sterilised disposable plastic flasks (Falcon flasks: 50 mL 353014; 250 mL
353024, Bacto Laboratories). Media were stored at 4 °C until use and, unless specified, for no more
than one week with the addition of amino acids, hormones, and sera performed on the day of medium
use, to reduce deterioration of compounds in the medium during refrigeration.
Semen diluents were prepared according to the manufacturers instructions. After the addition of egg
yolk (20 % v:v, unless stated otherwise) diluents were ultracentrifuged (10,000 g; 30 min) to clarify
the egg yolk. The supernatant was then divided in to 10 mL aliquots and stored at - 20 °C until use. On
the day of use, diluents were thawed and warmed to 35 or 37 °C by placing in a water bath. Diluents
were mixed thoroughly by inverting prior to use.
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The osmolarity of each medium was determined using a freezing point depression osmometer
(Advanced Instruments, Norwood, MA, USA) and adjustments to the osmolarity of the medium were
performed using Milli-Q water or NaCl. If the volume of Milli-Q water required for the adjustment of
the osmolarity was greater than 5.0 % of the total volume of the medium, the batch was discarded and
a new one prepared.
The pH of each medium was determined after formulation and in the unequilibrated state, where
appropriate, using disposable pH strips (Sigma) which had previously been compared with the bench
top pH meter (Hanna Instruments; Australian Scientific, Kotara, NSW). Adjustments to pH were made
using sterile solutions of 0.1 M sodium hydroxide and 0.1 M hydrochloric acid (prepared in Milli-Q
water).
Bovine serum albumin (BSA; Fraction V) supplied by Sigma-Aldrich (Sydney, Australia) was present
as the protein source in some of the semen diluents. BSA was imported by Sigma-Aldrich as an
unregistered veterinary medicine and its use was therefore restricted to in vitro only by AQIS and the
Australian Pharmaceutical and Veterinary Medicines Authority (APVMA). Research conducted by
recognised research institutes are permitted under the APVMA small scale trial permit (PER 7250) to
use unregistered veterinary medicines in vivo, under strict conditions.
Human serum albumin (HSA) was used as the protein source during the in vitro culture of gametes,
and was present media obtained from Sydney IVF (Cook IVF). HSA was of pharmaceutical grade
approved for human intravenous use and rigorously screened for HIV, Hepatitis B, Hepatitis C and
other pathogens (Scandinavian IVF Science, Göteborg, Sweden). HSA was supplied as a 20 % (w:v)
solution (200 mg mL-1 in saline) and incorporated into media formulations to provide a final
concentration of 10 mg mL-1.
During gamete culture, the medium was overlaid with mineral oil (Sydney IVF culture oil, Cook IVF).
The overlay of culture medium with mineral oil is commonplace during in vitro embryo production,
although it has been suggested that the oil could potentially partition its inherent toxicants into the
culture medium. The risk of the oil contaminants reaching the culture medium is increased as the
surface area of medium in contact with the oil increases relative to the volume. To avoid this, and
equilibrate the oil, it was filtered and extensively washed by underlying the oil with cleavage medium,
and storing at 39 °C and 6 % CO2 environment for at least two days prior to use.

2.4. Training of males for semen collection
2.4.1. Initial on-farm
Males were initially exposed to the mannequins on-farm and those which demonstrated interest in the
mannequin were selected for training. The training involved the development and reinforcement of the
male conditioned reflex to mate with the mannequin in the collection shed in the presence of people.

2.5. Semen collection
For semen collection, males were brought from their paddock to the shed via a laneway. The males
then entered the holding area at the rear of the shed where they had access to kikuyu based pasture,
and a mixture of alpaca pellets and stud mix (approx. 500 g/hd/d). From the holding area the males
entered the holding pen at the rear of the collection shed where a gate prevented them from entering
the central walkway. When the gate was opened, males entered the central walkway and selected a
pen. Once the male entered the pen the gate was secured behind them and the next male allowed out of
the holding yard. After the male had finished mating, the pen gate was opened and the male directed
down the central walkway, out of the collection shed and back to the laneway (Figure 2.3). This
process was repeated until semen was collected from all males. Semen was collected from males twice
weekly during experiments using a modified sheep artificial vagina (AV).
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Figure 2.3. Male alpacas in the laneway after semen collection.

2.5.1 Preparation and assembly of AV
The AV was lined with a purpose-made silicone tube approximately 3 cm wide and 5 mm thick. The
ends of the silicone liner were then folded back over the AV and secured with rubber bands to form a
water-tight chamber between the inside of the AV and the silicone liner. One hundred and fifty mL of
hot water (60 °C) was then loaded into a 50 mL syringe and squirted in the water chamber via the
valve. A camel collecting glass was then filled with 37 °C water and the end capped with a rubber
bung and a foam insulation sleeve placed around the collecting glass. A schematic diagram of the
constructed AV is presented in Figure 2.4.

Figure 2.4. Schematic diagram of the alpaca AV (not to scale).
The AV was partially inflated with air by blowing in the air valve (to simulate pressure inside the
female reproductive tract) and the whole unit was wrapped in an electric blanket (set to approx. 32 °C;
Figure 2.5) to minimise heat loss during the copulatory period.
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Figure 2.5. The assembled AV and foam covered collecting cone prior to wrapping with the electric
blanket (seen unfolded under the AV)
The outer end of the AV was then lubricated with non-spermicidal lubricant (Minitube®) and secured
inside the mannequin (Figures 2.6 and 2.7) using elastic straps.

Figure 2.6. Underside view of the AV fitted inside the mannequin.
Males were then permitted access to the mannequin, and allowed to continue mating until they
voluntarily desisted, which was displayed by standing and showing no further interest in the
mannequin.

Figure 2.7. The AV mounted inside the mannequin ready for semen collection.
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After the male exited the pen, the AV was retrieved and semen was ‘shaken’ down in to the collecting
container from the silicone liner. The air was then released from the AV and the collecting container
removed and stored in a 37 °C incubator or 35 °C water bath until assessment (< 5 min after removal
of the AV from the mannequin). The liner was then removed from the AV and the water tipped out.
The collecting container with the semen was then taken to the laboratory for assessment.

2.6. Mating length
Mating length was measured using a stopwatch. Mating duration was defined as the time between the
male mounting the mannequin and standing up from the mannequin for more than one minute.
Frequent repositioning was observed in some males and not in others. Re-positioning involving
standing up and immediately remounting the mannequin was included in the mating duration.

2.7. Semen assessment
Semen assessments were conducted in the field laboratory at the Anima Reproduction Unit, Cobbitty.
Semen was collected in the collecting shed and the collecting container covered with paraffin film and
transported in a foam esky (Livingstone, NSW, Australia) to the laboratory (Figures 2.8 and 2.9).

Figure 2.8. The laboratory used for initial assessment of semen.
Semen was assessed as soon as possible after collection, and maintained at 35 °C in the water bath.
Semen was assessed as described below and data recorded on the semen collection and assessment
worksheet (Appendix III).

Figure 2.9. The working area used for initial semen assessment.
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2.7.1. Semen volume
Semen volume was assessed immediately after collection using the graduations on the collecting cone
after the AV was shaken in a downwards fashion to ensure that no semen was left clinging to the
silicone liner.

2.7.2. Semen viscosity
Objective and precise measurements of viscosity can be achieved using a microviscosimeter or by
measuring the time it takes for a known volume of semen to run out of a pipette which has been
calibrated using oils of standard viscosities. Mortimer (1994) states that these methods are clearly
excessive and consequently objective measurement and definition of human semen viscosity are
uncommon. In human IVF clinics, the generally accepted method for measuring viscosity is
subjective, based on the length of thread produced by semen as it runs out of the pipette used to
measure the ejaculate (Mortimer 1994). A modification of this procedure is to draw semen into a
pipette, pipette part of the semen onto a slide, draw the pipette upwards forming a thread of semen and
measure the length of the thread.
Semen viscosity was measured by removing 50 μL of semen using a pipette and placing 25 μL onto a
glass slide. The pipette was slowly raised to form a thread of semen which was pulled slowly until it
broke. The distance between the pipette and the slide at the time that the thread broke was measured
using a ruler (Figure 2.10).

Figure 2.10. Measurement of viscous alpaca semen by thread formation

2.7.3. Semen pH
Semen pH was measured using disposable pH strips (Sigma-Aldrich) and recorded in increments of
0.5 pH units. An aliquot of semen was removed from the ejaculated and placed on the pH strip and
allowed to settle. Strips were examined once the indicators had stopped changing colour (approx 30 –
60 sec). As semen pH increases with time after ejaculation (Mortimer 1994), pH was measured as soon
as practicable.

2.7.4. Semen osmolarity
Fifty μL of neat semen was removed from the ejaculate with a pipette, and placed in a micro centrifuge
tube (Bacto Laboratories) and stored at 4 °C until assessment. Semen osmolarity was measured using a
freezing point depression osmometer (described above) within two weeks of semen collection.
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2.8. Sperm assessments
2.8.1. Sperm motility
Sperm motility was assessed subjectively as described by Evans and Maxwell (1987). Briefly, 10 µL
of neat or diluted semen was placed onto a pre-warmed slide (Livingstone, NSW, Australia) and
covered with a 22 x 22 mm, pre-warmed cover slip (Marienfeld, Germany). At least four fields of
sperm were viewed using phase contrast microscopy under 100x magnification, and scored as a
percentage of progressively motile sperm in 5 % increments.

2.8.2. Sperm concentration
The concentration of sperm was assessed by diluting 10 μL of neat semen with 90 μL of 3 % (w:v)
NaCl solution. Ten μL of this solution was then placed on each side of a prepared haemocytometer
(Improved Naebauer, Weber, London U.K.). The sperm in the grid on each side of the chamber were
counted, with the average from both sides being used to calculate the number of sperm mL-1 in the
original sample. Counts with > 10 % disparity were rejected and a fresh preparation made and
counted.

2.8.3. Sperm viability
Sperm viability was assessed using the Eosin-Nigrosin stain (Evans and Maxwell 1987). Briefly, equal
volumes of semen and staining solution (approx. 10 μL each) were placed on a clean, warm
microscope slide, mixed and smeared into a thin film along the slide. Smears were allowed to dry
before examination. Stained slides were examined using phase contrast microscopy (magnification x
400) or oil immersion (x 1000). At least 100 sperm per slide were counted. Sperm which did not take
up the stain had intact plasma membranes and were considered live; sperm which stained did not have
intact plasma membranes and were considered dead.

2.8.4. Sperm morphology
Neat or diluted semen was fixed by placing 50 μL in a light-proof micro centrifuge tube and diluting
1:1 with 8 % (v:v) gluteraldehyde in PBS (Sigma-Aldrich). Samples were then mixed thoroughly by
vortexing for 10 – 20 sec and were then stored at 4 °C in the dark until assessment.
For examination, 10 μL fixed sperm suspension were placed on a glass slide and covered with a
coverslip. Stained slides were examined using phase contrast microscopy (magnification x 400) or oil
immersion (x 1000). At least 100 sperm per slide were counted and were divided into six categories
(Figure 2.11):
• Normal
• Head abnormalities including both size and shape related abnormalities: large, small, tapering,
pyriform, amorphous, vacuolated, double head
• Midpiece abnormalities: absent tail, non-inserted or bent tail, distended or irregular midpiece,
abnormally thin midpiece
• Tail abnormalities including short, hairpin, multiple, broken, irregular width, coiled
• The presence of cytoplasmic droplets.

53

Figure 2.11. Sperm morphology diagram from Evans and Maxwell (1987).

2.9. Dilution of semen
Semen dilution was performed as soon as possible after collection and routine examination. Both the
semen and the diluent were brought to the same temperature, by placing in a 30 °C water bath at the
time of dilution, taking care to ensure that water did not enter either the semen or the diluent. Diluent
was added drop wise to the semen, not semen to the diluent as this can cause shock to sperm and
reduce their motility. Care was taken to ensure that the correct amount of diluent was added and that
the diluent and semen were properly mixed.

2.10. Liquefaction of semen
At the onset of this study there was no established procedure for the liquefaction of alpaca semen.
Detailed methodologies for the liquefaction procedures tested have been included in the relevant
chapter.

2.11. Liquid storage of semen
A number of different procedures were tested for the liquid storage of alpaca semen and detailed
methodologies have been included in the relevant chapter. Unless specified otherwise, semen was
collected according to the final protocol established (see Chapter 3) without diluent in the collecting
container. Semen was assessed and then diluted with the appropriate diluent (1:4). Tubes containing
diluted semen were placed in a foil-wrapped boar semen bottle containing 100 mL of 35 °C water and
placed in the 4 °C refrigerator. Diluted semen was cooled to the desired temperature (4 °C unless
specified) over 2 hours. Semen was stored at 4 °C and assessed at 24 h intervals until the completion
of the storage period. The composition of the diluents used is presented in Appendix IV.

2.12. Sperm cryopreservation
Procedures for the cryopreservation of alpaca sperm had not been established at the onset of this
project. Numerous investigations of various methods for the cryopreservation of alpaca sperm were
conducted and a detailed description of procedures is presented in the relevant chapter. Unless
specified otherwise, diluted semen was placed in a foil wrapped water bath (as described for liquid
storage and placed on a foam block inside a walk-in 4 °C cold room. Diluted sperm were chilled to 4
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°C over 2 h, and then frozen as pellets on dry-ice (unless stated otherwise) using the method described
by Evans and Maxwell (1987). Briefly, diluted semen (250 μL) was carefully placed (using cold
pipettes) onto depressions in the dry ice (solid CO2; - 79 °C; Figure 2.12) which had been made
previously. Care was taken to ensure that the depressions were not too shallow as the depth of the
depressions can have a significant effect on the freezing rate (and therefore survival) of sperm. Pellets
were then left to ‘freeze’ on the surface of the dry ice for 2 - 3 min until the pellets became opaque.
Frozen pellets were then transferred into a small esky containing liquid nitrogen (LN2), loaded into
pre-labelled glass test tubes and transferred to goblets for long-term storage in LN2.
b

Figure 2.12. Creating depressions in the dry ice (a) and freezing diluted semen as pellets in the
depressions (b) from Evans and Maxwell (1987).

2.13. Sperm thawing
Unless otherwise specified, sperm frozen as pellets were thawed by removing two pellets from liquid
nitrogen and placing them in a clean glass test-tube (Figure 2.13). The tubes were then vigorously
agitated in a 37 °C water bath until the semen melted. Straws were removed from liquid nitrogen and
thawed by agitating in a 37 °C water bath for 30 sec or 1 min for 0.25 mL and 0.5 mL straws
respectively.

Figure 2.13. Thawing pellet frozen semen from Evans and Maxwell (1987).

2.14. Artificial insemination
A detailed description of the methodology used for artificial insemination is provided in the relevant
chapter.

2.15. Statistical analysis
Analysis of data was performed by Associate Professor Peter Thomson, Dr Adrienne Kirby and Dr
Katherine Morton. All statistical analyses were performed using GenStat (version 9.0; Ceanet,
Brisbane, Australia). Data were tested for equal variance and normality before analysis. Data were
transformed where necessary prior to analysis and P values < 0.05 were considered significant.
Specific details regarding analysis are present in the relevant chapters.
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3. Collection of alpaca semen
3.1. Introduction
Camelid reproductive physiology is considerably different to other domestic and wildlife species,
presenting many challenges for the establishment of a reliable and efficient method of semen
collection. Compared with other species, such as sheep, cattle, horses and pigs, there are few reports
on the successful collection of camelid semen. In most cases, semen was obtained by either
electroejaculation or copulation with a mannequin (see the Chapter 1). Copulation with a mannequin
must be considered the only viable option for the development of AI technology owing to welfare
implications of collecting semen by electroejaculation.
The duration of copulation, penetration of the cervix, intracornual semen deposition and ejaculation
throughout copulation (dribble ejaculating) deposition of the semen present major challenges to the
collection of high quality semen. Maintenance of semen collection equipment at a constant
temperature throughout the extended duration of copulation alone is a challenge. Furthermore, there is
the potential for latex toxicity when sperm are exposed to latex for extended periods of time (up to 90
min in alpacas) and semen ejaculated within the first few minutes of copulation may be exposed to air
and other contaminants, which may be detrimental to semen quality.
The difficulty of collecting high quality camelid semen is one of the reasons that artificial
insemination technology is poorly developed. It is unlikely that this technology will be further refined
until a reliable method of semen collection is developed. Considerable advances were made during
RIRDC project AAA-1A. However, two important issues were raised:
• the difficulty of controlling the environment inside the AV with the possibility of a reduction in
semen quality during prolonged copulation
• striking a balance between the improved semen quality parameters with increased mating length,
and the deleterious effects of prolonged exposure of semen to latex AV liners
These issues must be overcome before high quality semen can be collected. Furthermore,
understanding the relationship between semen quality and mating length, and characterising the
sources of variation in semen quality, are paramount to facilitating the development of AI in alpacas.
The aim of the work reported in this chapter was to determine the optimal semen collection
parameters. The relationship between semen quality parameters and sources of variation are discussed
in a subsequent chapter (Chapter 6).
Construction of the second mannequin was deemed integral to determining optimal semen collection
parameters. Re-designing the mannequin and artificial vagina (AV) to mimic more closely the female
reproductive tract was hypothesised to increase the quality and reduce the variation in quality of
collected semen. The research presented in this chapter aimed to determine the optimal semen
collection procedure in alpacas by investigating:
• the design of the mannequin
• the design of the artificial vagina, specifically the liner and the semen collection vessel
• the presence of females during semen collection
• addition of various diluents to the collection vessel
• addition of catalase to the collection vessel.

3.2. Materials and methods
For all experiments, mating length, semen viscosity, semen volume, sperm motility, sperm
concentration, acrosome integrity and sperm morphology were assessed as described in the
Methodologies section. Males were randomly allocated to pens and treatment groups to remove
potential bias.
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3.2.1. Design of mannequin and AV liners
Details regarding the background, development and testing of the mannequin and AV liners has been
included in the results section to provide a full overview of the process leading to the establishment of
the semen collection method.

3.2.2. Effect of a cervix included in artificial vagina, on semen quality
For this experiment a cervix was incorporated into the AV using commercially available rubber
insulation foam (Clark Rubber, Bayswater, Vic, Australia) and semen was collected from males (n=9;
n=37 ejaculates).

3.2.3. Effect of semen collecting vessel on semen quality
To determine the most appropriate collection vessel, semen was collected (n=11 males; n=39
ejaculates) using AVs fitted with either a glass camel collecting cone (Camel, IMV Technologies,
L’Aigle, France), or a baby’s bottle fitted with a 15 mL (Bottle 15 mL tube) or 50 mL centrifuge tube
(Bottle 50 mL tube). Glass camel-collecting containers (Figure 3.1) are expensive (160 AUD inc.
GST) and given their location and construction (glass) could easily be broken.

Figure 3.1. IMV glass camel collecting cone. Figure 3.2. Baby’s bottle system developed at The University of Sydney.
As an alternative, we developed a system consisting of a plastic baby’s bottle with a 15 mL centrifuge
tube suspended inside (Figure 3.2).
The baby’s bottle system was modified to contain a 50 mL centrifuge tube, as we theorised that the
viscous semen would flow more freely through the wider neck.

3.2.4. Effect of the presence of females during semen collection on semen
quality
Semen was collected (n=13 males; n=119 ejaculates) in the presence or absence of females.

3.2.5. Effect of diluent addition to the collecting container on semen quality
Semen was collected (n=12 males; n=51 ejaculates) into a camel collecting glass containing no diluent
(Control) or 500 µL of UHT-skim milk, Androhep® (Minitube, Germany) or Salamon’s liquid storage
diluent (Evans and Maxwell, 1987; modified for alpaca sperm by the addition of 0.3 % w:v BSA).

3.2.6. Effect of collecting semen into medium containing catalase
Semen was collected (n=7 males; n=14 ejaculates) into camel collecting containers with 500 µL of
modified Salamon’s diluent containing 0 (control), 100, 200 or 600 units of catalase.
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3.2.7. Statistical analyses
Statistical differences in mating length and the semen quality parameters assessed were determined
using a linear mixed model (REML) procedure in GenStat (Release 7.2, Ceanet, Brisbane, Australia)
with P<0.05 considered significant. For all experiments, the model for each of the traits took the form:
Trait = Mean + Replicate + Treatment + Male + ε
For all experiments, data transformations were performed according to the information presented in
Table 3.1.
Table 3.1. Transformation of data prior to statistical analysis. Where data contained zero values the
values were adjusted by adding the smallest whole unit of the parameter measured (i.e. addition of 1%
or 1 in count data). Note: logit(y) = loge[P/(100-P)], logit(y;+1) = loge[(P+1)/(100-P+1)]
Semen quality parameter
Mating length
Semen volume
Semen viscosity
Sperm concentration
Total no. sperm in ejaculate
Sperm motility
Acrosome integrity
Morphologically normal
Head abnormalities
Midpiece abnormalities
Tail abnormalities
Cytoplasmic droplet

Cervix
addition
log(y)
y
log(y+1)
log(y)
log(y)
logit(y,+1)
logit(y,+1)
logit(y)
logit(y,+1)
logit(y)
logit(y,+1)
logit(y)

Collection
vessel
log(y)
y
log(y)
log(y)
logit(y,+1)
logit(y,+1)
logit(y)
logit(y,+1)
logit(y,+1)
logit(y,+1)
logit(y,+1)

Experiment
Presence of
females
log(y)
y
log(y+1)
log(y)
log(y)
logit(y,+1)
logit(y,+1)
logit(y,+1)
logit(y,+1)
logit(y,+1)
logit(y,+1)
logit(y,+1)

Diluent
addition
log(y)
y
log(y+1)
log(y+1)
log(y)
logit(y,+1)
logit(y,+1)
logit(y)
logit(y,+1)
logit(y)
logit(y,+1)
logit(y)

Catalase
supplementation
log(y)
y
log(y+1)
log(y)
log(y)
logit(y)
logit(y)
logit(y)
logit(y,+1)
logit(y)
logit(y)
logit(y)

3.3. Results
3.3.1. Design of mannequin
The external dimensions of live females (n=5) were measured and incorporated into the specifications
of the mannequin (Figure 3.3).

Figure 3.3 Side view of the mannequin
The mannequin was constructed from wood, high-density foam, fibreglass, and was covered with
wool. The base of the mannequin consisted of two parallel longitudinal pieces of wood measuring 95
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cm x 40 cm. These pieces were then covered with another piece of wood to mimic the back and ribs. A
‘door’ was created in the side of the mannequin to permit easy insertion/removal of the AV which
rested on a shelf inside the mannequin.
The wooden frame was then filled with fibreglass. The external surface was covered with a highdensity foam, and then merino wool (Figure 3.4). The wool surface was attached with Velcro to
facilitate removal and cleaning. The head/neck section of the mannequin was constructed in a similar
fashion. However, low-density foam was used to reduce the weight of the mannequin. The neck joins
the body at the front of the mannequin to allow easy removal, and to permit movement during mating.

Figure 3.4 The completed mannequin
The capacity of the AV to retain heat, and therefore keep sperm alive, was tested at Coolaroo Alpaca
Stud, Mittagong, NSW, in June (approx. ambient temperature 13 °C). The temperature of the water in
the AV was measured every 5 min for 45 min. The temperature fell sharply within the first 20 min
(Figure 3.5) demonstrating that the insulation contained within the previous mannequin was not
sufficient to maintain the required temperature during outdoor collections in the colder months of the
year.
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Figure 3.5 Temperature of water in the AV when collections were performed indoors or outdoors.
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Additional insulation was therefore included in the new mannequin, ensuring that the temperature of
the AV did not decrease during the collection process, thereby permitting indoor and outdoor
collections all year round. The new mannequin was tested at Belbourie Alpaca Stud and at the
University’s Animal Reproduction Unit during August and September 2005. Most males found the
mannequin too high and too wide and consequently did not adopt a natural mating position (Figure
3.6).

Figure 3.6. A male attempting to mate the new style mannequin. Figure 3.7. Alpacas naturally mating in a pen
Figure 3.6. Clearly demonstrates an unnatural mating position compared with the positions adopted for
natural mating (Figure 3.7) and mating with the previous mannequin (Figure 3.8).

Figure 3.8. Mating with the previous mannequin
To rectify this unnatural mating posture, smaller versions of the mannequin (n=3) were constructed in
November 2005. The double insulation was retained to help maintain the temperature of the AV
during the collection period. Testing at the University’s Animal Reproduction Unit (Cobbitty)
demonstrated adequate heat retention (Figure 3.9). These three smaller mannequins and one original
design (Consuela) were utilised throughout the remainder of the project.
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Figure 3.9. Temperature of the water in the jacket of the IMV collecting glass inside the new
mannequin with ( ) or without ( ) the electric blanket surrounding the AV.

3.3.2. Design of AV liners
Given the length of copulation, and the perceived effect of the design of the AV on the subsequent
quality of semen, we decided to re-design the AV to include a vagina, cervix and uterus. The length of
the liner was also increased from 40 to 51 cm and a three-ring cervix was included.
Three designs for liners were created. The first was the straight liner used by Dr. Vaughan. The second
was similar to the design of the first liner, but with the addition of a cervix (Figure 3.10). The third
was designed with variable diameter and a cervix (Figure 3.11), which incorporated the descriptions
and dimensions of the female reproductive tract reported by Drs. Julio Sumar, Walter Bravo and
Wilfredo Huanca.

Figure 3.10. Specifications of the two constant diameter silicone liners: straight no cervix, straight
with cervix detail (inset)
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Figure 3.11 Specifications for variable diameter silicone liner with a cervix.
Initially the liners were made from latex. However, as the males would not continue mating with latex
liners for more than 1 - 2 minutes and there was still some suggestion of latex toxicity in the literature,
alternative approaches were investigated. Particular batches of latex have been shown to be more toxic
to ram sperm than others (WMC Maxwell, unpublished). Given the inherent concerns regarding latex,
and continual need for toxicity testing of new batches, silicone was the only material considered
suitable for liner production.
Silicone liners were made ‘in house’ at The University of Sydney using medical grade silicone (Prosil
8®; Barnes Products Pty. Ltd.; Bankstown, NSW, Australia). Initial attempts to produce liners failed as
the mixture did not set. Several pilot studies to avoid potential toxicity problems (which can occur
with residues from the production process) were therefore conducted to determine the optimal
production process.
Moulds were initially built using wood. However, when the first layer of silicone was put into the
oven to dry the silicone began to bubble resulting in a rough surface. We then approached a casting
company to produce aluminium moulds. Different temperatures and drying times were tested using the
aluminium moulds. Extended periods of drying resulted in a rigid liner, which broke easily, while
shorter periods produced soft, smooth and stretchy liners.
Drying of silicone in commercial drying ovens at 140 °C, rather than the 25 °C was recommended by
Barnes Pty. Ltd. as optimal for Prosil 8®. Prosil 8® was discontinued in 2006 and the remainder of the
liners were produced using Prosil 20® (the closest product to Prosil 8®). These liners were hand
made, and produced according to the procedure described in Appendix VI. The final silicone liners are
presented in Figure 3.12.

Figure 3.12 Silicone liners produced using an aluminium mould.
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Field testing of the liners revealed that those containing a cervix resulted in the display of abnormal
mating behaviour by the males. The most prominent behaviour was the withdrawal of the penis from
the AV, standing up followed by sitting down and attempting to re-mate the mannequin. This fidgeting
and overall discomfort suggested that the cervix did not adequately mimic that of a real female. The
second liner with the constant diameter and cervix was tolerated by the males and they did not display
any abnormal behaviour. However, no sperm were found in any of the ejaculates collected with this
liner.
Semen collections made with the first liner (constant diameter, no cervix) were highly successful. The
males displayed normal mating behaviour and sperm were present in the majority of the ejaculates.
While the design allowed the penis to come in contact with the collection glass, the ejaculate
characteristics observed (presented in Table 3.2) were similar to those previously described in the
literature (see Chapter 1). Given these results, the decision was made to use the straight liner with no
cervix and investigate the addition of an artificial cervix in to the AV itself.
Table 3.2. Quality parameters of fresh undiluted alpaca semen after collection using an artificial
vagina with the constant diameter liner without a cervix.
Parameter
Mating length (min)
Semen volume (mL)
Sperm motility (%)
Sperm concentration (x106/mL)

Mean ± SEM
18.14 ± 1.3
1.9 ± 0.2
44.9 ± 4.4
71.2 ± 9.6

Range
4.0 – 43.0
0.0 – 8.0
0.0 – 80.0
0.0 ± 220.0

3.2.3. Effect of an artificial cervix into the artificial vagina on semen quality
Parameters for semen collected using an AV with or without a cervix are presented in Table 3.3.
Mating length was significantly reduced by the addition of a cervix, although sperm midpiece and tail
abnormalities were reduced.
Table 3.3. Quality parameters of fresh undiluted alpaca semen after collection using an artificial
vagina with or without a cervix. Data are mean ± SEM, values within a row with a different
superscript are significantly different (P<0.05).
Parameter
Mating length (min)
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)

Control

Cervix

23.1 ± 4.4a
1.5 ± 0.4
15.1 ± 7.4
58.1 ± 17.2
87.6 ± 44.3
27.8 ± 8.7
87.7 ± 2.4
55.3 ± 5.4
1.5 ± 0.4
13.0 ± 1.9a
15.4 ± 4.6a
14.8 ± 1.5

21.9 ± 2.4b
1.6 ± 0.2
21.6 ± 5.3
63.7 ± 11.2
83.3 ± 15.6
35.7 ± 6.1
84.0 ± 2.9
60.9 ±4.9
3.6 ± 1.9
8.9 ± 1.3b
7.9 ± 2.9b
18.7 ± 2.9
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3.2.4. Effect of semen collection vessel on semen quality
During semen collection it was observed that the 15 mL tube became clogged with frothy semen and
semen was backed up in to the AV, which made collection even more difficult. There were no
significant differences in mating length, semen volume, or sperm motility between the types of
collecting vessel (Table 3.4). However, sperm concentration was higher when semen was collected
with the camel container, or the 50 mL tube inside the baby’s bottle when compared with the 15 mL
tube. Higher proportions of morphologically normal sperm were observed for semen collected with the
camel collecting container compared with the 50 mL tube, and lower numbers of cytoplasmic droplets
were seen when semen was collected with the camel collecting container and 50 mL tube compared
with the 15 mL tube.
Table 3.4. Quality parameters of fresh undiluted alpaca semen after collection using an artificial
vagina and a camel collecting container, or a baby bottle with a 15 or 50 mL tube. Data are mean ±
SEM, values within a row with a different superscript are significantly different (P<0.05).
Parameter
Mating length (min)
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)

Camel container
24.0 ± 2.2
1.6 ± 0.4
101.4 ± 21.4a
180.7 ± 57.0
32.7 ± 7.6
94.6 ± 1.9
70.4 ± 5.7a
8.0 ± 2.4a

Bottle 15 mL
32.5 ± 6.6
1.8 ± 0.5
64.6 ± 20.6b
123.3 ± 47.4
35.6 ± 10.9
97.2 ± 0.9
66.5 ± 6.6a,c
2.0 ± 0.0
6.0 ± 0.0
16.0 ± 0.0
16.3 ± 3.5b

Bottle 50 mL
22.3 ± 4.0
2.3 ± 0.4
99.2 ± 15.2a
239.4 ± 50.5
22.6 ± 5.7
94.9 ± 1.5
64.1 ± 3.7b,c
0.8 ± 0.4
5.6 ± 0.7
11.4 ± 3.3
3.0 ± 2.5a

During this experiment we observed that water entered both the 15 and 50 mL tubes inside the baby
bottles. We attempted to seal the leak by permanently gluing the tubes to the teats using Araldite® and
Plumber’s silicone. During toxicity testing sperm motility declined significantly after exposure to
Araldite and Plumber’s silicone. Eventually this system was abandoned in favour of the new design of
camel collecting cone. The new design had a fluted end which did not detach from the AV as readily
as the previous design and was therefore less likely to be broken. The second edition of these camel
collecting glasses were used throughout the remainder of the project.
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Figure 3.13. The second version of the IMV camel collecting glass featuring the fluted/bulbous end.

3.2.4. Effect of the presence of females during semen collection on semen
quality
There were no significant differences in mating length, semen viscosity, semen volume, sperm motility
or concentration when semen was collected in the presence or absence of females (Table 3.5).
However, the presence of the females altered the males’ behaviour, rendering them aggressive and
difficult to handle. The males became accustomed to mating in the presence of other males (Figure
3.13) and were far less aggressive when the females were absent.
Table 3.5. Quality parameters of fresh undiluted alpaca semen after collection in the presence or
absence of female alpacas. Data are mean ± SEM, values within a row with a different superscript are
significantly different (P<0.05).
Parameter
Mating length (min)
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)
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Absence

Presence

28.4 ± 2.1
3.0 ± 0.2
16.0 ± 2.0
82.6 ± 9.0
246.1 ± 30.5
25.3 ± 3.2
82.0 ± 3.0
67.5 ± 2.6
0.9 ± 0.3
9.2 ± 1.0
7.0 ± 1.9
15.0 ± 1.5

25.9 ± 2.0
2.7 ± 0.2
18.3 ± 2.1
90.8 ± 1.3
234.7 ± 28.0
31.4 ± 3.7
84.6 ± 2.1
68.0 ± 2.1
1.0 ± 0.2
9.8 ± 0.9
5.3 ± 1.0
15.5 ± 1.6

Figure 3.14. Semen collection in the absence of female alpacas

3.2.5. Effect of diluent in the collecting vessel on semen quality
The collection of semen into a collecting glass containing Salamon’s diluent significantly increased
sperm motility (Table 3.6) compared with no diluent (control), Androhep, or skim-milk diluents.
While collection of semen into Androhep and Skim milk diluents reduced semen viscosity (P<0.05)
compared semen collected with no (control) or Salamon’s diluents. Acrosome integrity was higher for
semen collected in Skim-milk diluent compared with Androhep, Salamon’s or no diluent.
Table 3.6. Quality parameters of fresh alpaca semen after collection using an artificial vagina and
collecting glass containing no diluent (Control), or Androhep, Salamon’s or Skim-milk diluents. Data
are mean ± SEM, values within a row with a different superscript are significantly different (P<0.05).
Parameter
Mating length (min)
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)

Control

Androhep

Salamon’s

Skim-milk

19.6 ± 2.6
1.3 ± 0.3
15.8 ± 5.0a
60.0 ± 13.4
76.4 ± 21.8
45.5 ± 8.7a
77.6 ± 3.5a
57.3 ± 5.2
3.5 ± 0.8
10.8 ± 1.5
16.7 ± 3.9
14.8 ± 2.3

16.6 ± 2.2
1.2 ± 0.3
8.2 ± 2.9b
87.7 ± 25.5
123.5 ± 35.5
40.3 ± 6.6a
80.6 ± 4.4a
58.7 ± 3.7
1.8 ± 0.4
10.0 ± 1.3
12.5 ± 2.4
17.1 ± 2.6

20.1 ± 3.8
1.4 ± 0.5
10.8 ± 3.3a
101.9 ± 38.0
141.1 ± 64.1
60.1 ± 6.7b
82.3 ± 4.8a
59.2 ± 5.3
1.9 ± 0.6
10.4 ± 1.7
12.5 ± 2.6
16.0 ± 3.6

18.6 ± 2.0
0.7 ± 0.9
6.9 ± 3.2b
82.8 ± 20.8
104.4 ± 21.9
37.5 ± 8.0a
88.4 ± 3.2b
51.0 ± 4.9
1.8 ± 0.6
11.8 ± 2.4
15.6 ± 4.1
19.6 ± 2.9

3.2.6. Effect of collecting semen into medium containing catalase on semen
quality
Collection of semen into Salamon’s diluent containing 200 unit mL of Catalase significantly reduced
sperm concentration but total number of sperm in the ejaculate was unaffected (Table 3.7). Semen
viscosity was reduced, and the proportion of normal sperm increased for semen collected into
Salamon’s diluent and 200 or 600 units mL of Catalase compared with 0 or 100 units. The proportion
of sperm with cytoplasmic droplets was significantly reduced for semen collected into any
concentration of catalase compared with the control.
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Table 3.7. Quality parameters of fresh alpaca semen after collection using an artificial vagina and
collecting glass containing Salamon’s diluent supplemented with 0 (control), 100, 200 or 600 units of
catalase. Data are mean ± SEM, values within a row with a different superscript are significantly
different (P<0.05).
Catalase concentration (units mL-1)

Parameter
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)

0 (Control)
1.6 ± 1.2
9.3 ± 3.5a
91.05 ± 21.5a
153.5 ± 127.7
50.0 ± 10.0
81.0 ± 6.7
54.7 ± 5.3a
2.3 ± 1.8
9.0 ± 2.6a
8.3 ± 2.9
21.3 ± 1.76a

100
0.8 ± 0.7
10.0 ± 5.8a
81.4 ± 32.3a
97.2 ± 12.8
37.5 ± 6.3
74.7 ± 13.5
53.0 ± 5.4a
3.3 ±2.3
6.5 ± 2.1a
16.3 ± 5.4
14.0 ± 1.5b

200
0.4 ± 0.2
2.0 ±1.2b
299.0 ± 118.7
48.3 ± 24.9b
45.0 ± 13.3
74.5 ± 7.1
66.8 ± 8.8b
3.0 ± 1.5
4.8 ± 0.3b
9.5 ± 5.3
13.5 ± 5.6b

600
0.8 ± 0.3
5.0 ± 2.9b
108.4 ± 70.4a
127.4 ± 51.4
30.0 ± 0.0
73.5 ± 14.5
68.3 ± 4.8b
4.3 ± 1.8
5.0 ± 2.0b
7.0 ± 1.5
14.0 ± 3.6b

3.4 Discussion
Semen was successfully collected using the new method developed and outlined in this chapter, and
the modifications to the mannequin and AV liner resolved the two crucial issues raised during RIRDC
project AAA-1A. Semen characteristics were similar to previous reports (Bravo et al. 1997b; Vaughan
et al. 2003a). Semen was also highly viscous, and not fractionated, concurring with Sumar (1983),
Bravo et al. (1997b) and Vaughan et al. (2003a). However, some authors have observed that some
semen parameters increased with mating length (Lichtenwalner et al. 1996b; Bravo 2002).
Throughout all experiment both oscillatory and forward progressive motility were observed,
contrasting with Garnica et al. (1993), Bravo et al. (1997b), Bravo et al. (2000a) and Vaughan et al.
(2003a) who observed only oscillatory motion. Sperm swimming at greater than one body length per
second were considered to be forward progressive, and those which displayed twitching, circular or
non-progressive motility were considered to display oscillatory motion. Generally, oscillatory motility
was observed in samples of higher viscosity and lower viscosity samples displayed forward
progressive motility. In contrast, the majority of New World camelid literature reports no increase in
motility concomitant with viscosity reduction (Bravo et al. 2000b) but some of the Old World camel
literature reports that upon liquefaction individual sperm gain motility (Tibary and Memon 1999a).
The beat frequency of sea urchin sperm flagella is significantly affected by the viscosity of the
surrounding environment reducing with increasing environmental viscosity (Pate and Brokaw 1980).
Interestingly the type and nature of the macromolecules used to increase viscosity affected the
movement of sea urchin sperm flagella, but it was reduced for all increased viscosities. Inhibition or
reduction of alpaca sperm flagella movement whilst in the presence of the viscous seminal plasma may
result in the typical oscillatory motion of sperm. However, Bravo et al. (1996b) did not observe a
simultaneous shift in motility patterns when semen was liquefied. Sperm motility did change from
oscillatory to forward progressive before freezing, but the authors did not qualify the stage at which
this shift was observed, i.e. after dilution but before cooling to 4 °C, or after cooling to 4 °C.
Moreover, Bravo et al. (2000a) observed that epididymal sperm did not display forward progressive
motility despite having no contact with the viscous seminal plasma, and the effect of semen viscosity
on alpaca sperm motility remains to be elucidated. In addition, the function of the viscous seminal
plasma remains to be elucidated but it is generally believed to be related to the length of time between
mating and ovulation (approx 36 h; Bravo et al. 1997b). Recent studies by Ratto (2005) have
demonstrated the presence of an ovulation inducing factor (OIF) in the seminal plasma of llamas and
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alpacas but it appears unrelated to viscosity. Further detail about the viscosity and liquefaction of
alpaca semen is presented in Chapter 4.
The ‘frothy’ nature of alpaca semen described by a number of workers (Von Baer and Hellemann
1998; Aller et al. 2003; Vaughan et al. 2003a; Giuliano et al. 2007) was also observed during the
current project. We hypothesised that the froth is caused by the males retrieving and reinserting their
penises into the collection container, resembling their behaviour during natural mating which results in
trauma to the uterine lining and aids in the induction of ovulation (Ratto 2005). Giuliano et al. (2007)
observed that only ejaculates collected by electroejaculation did not contain foam. The authors
suggested that the rotation movement of the penis in the AV ‘whips’ the seminal plasma and produces
the foam (froth). Von Baer and Hellemann (1998) discarded ejaculates with foam and Giuliano et al.
(2007) discarded ejaculates with more than 40 % foam but the reasons for this remain unclear.
Ejaculates with foam were utilised by Aller et al. (2003) and Vaughan et al. (2003a) and the present
study, and have been successfully liquid stored (Morton et al., unpublished) and cryopreserved (Aller
et al. 2003). One possible reason for not utilising ejaculates containing foam is the variable time
required to decant the foam (ranging from 1 min – 24 h; Giuliano et al. 2007) which results in an
imprecise evaluation of semen characteristics. In addition, the latter commented on the possible
negative effects of the foam on sperm viability. In the present study, ejaculates containing foam were
left to stand (range 5 – 60 min, depending on the initial amount of froth) to allow dispersion, which
did not appear to have any adverse effects on semen quality.
There is a wide variation in the reported motility of alpaca sperm (see Chapter 1). This may reflect
differences in the quality of the semen collected. However, it is more likely to be a reflection of the
subjective assessment of sperm motility. To standardize motility assessment, and reduce the variation
in motility scoring, all team members underwent training, and undertook yearly refresher courses.
Despite these precautions, there will always be assessor variation when motility is determined
subjectively. The objective assessment of sperm motility and motility patterns by computer assisted
sperm analysis (CASA) can overcome this although it has yet to be applied to alpaca sperm. The
objective measurement of alpaca sperm characteristics is dealt with in Chapter 5.
The majority of the literature reports the sperm concentration to be in millions per mL, but a notable
exception are the studies of Raymundo et al. (2000) and Davalos and Olazabal (2002) who reported
sperm concentrations in the 10s – 100s of thousands. The generally accepted nomenclature for sperm
concentration is millions, or billions per mL. It remains to be seen whether the low sperm
concentration reported by the latter authors were related to environment and resulted from decreased
spermatogenesis during the non-breeding season or times of decreased nutrition, or an experimental
artefact (e.g. sperm sticking to the inside of containers 1) or a miscalculation during determination of
sperm concentration.
The incorporation of an artificial cervix in the AV did not significantly alter the quality of the semen
collected. The major difference observed was a reduction in the proportion of sperm with midpiece
and tail abnormalities. Previously, the number of tailless sperm was shown to increased between after
45 and 90 days of sexual rest (Flores et al. 2002) but other factors influencing sperm morphology have
yet to be identified. Bravo et al. (1997b) included a stricture which resembled a cervix and a heating
pad to keep the entire AV warm and concluded that these two improvements resulted in semen which
was as close as possible to a natural ejaculate. In combination, both of these features improved the
quality of the collected semen although it is not possible to distinguish the relative contributions of the
stricture and the heating pad.
Collection of alpaca semen using an IMV glass camel collecting container significantly increased the
sperm concentration and proportion of morphologically normal sperm in an ejaculate compared with
the control group. Despite their glass construction and concerns about fragility, only one camel semen
collection container was broken during the course of the project (during cleaning in the laboratory).
1

Gametes contain surface charges which causes them to stick to the surface of plastic and glass. Generally, the
addition of protein macromolecules such as serum albumin prevents them from becoming sticky.
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Given the increased quality of semen collected using these containers, it is recommended that they be
used and where possible the second edition of these containers with the fluted top.
Davalos and Olazabal (2002) collected semen from 10 male alpacas three times a week over a 3 month
period with an AV fitted inside a mannequin with or without a receptive female. Semen collected in
the presence of a female had a greater volume (1.73 ± 0.09 mL vs. 1.03 ± 0.04 mL), sperm
concentration (57.5 ± 104 mL vs. 32.8 ± 4.3 x 104 mL), sperm motility (68.9 ± 4.9 % vs. 34.2 ± 5.3 %)
and proportion of live sperm (72.1 ± 1.9 % vs. 34.3 ± 4.2 %) but mating length and the proportion of
abnormal sperm were not altered compared with that collected without a female. In contrast, our
results demonstrated that there was no effect of the presence of females on semen quality parameters.
One important difference between the two studies was that only one of the females used in the present
study was receptive. Without a herd of females to select from, it was not always possible to have a
receptive female present. One of the two females donated to the current project was over 20 years of
age. Throughout the project, this female was ignored, in favour of the younger female, by all the
males. Differences in the results obtained in these two studies may also be attributable to the housing
and environment of the animals, although sufficient detail is not provided by Davalos and Olazabal
(2002) to permit a comparison. The housing of males and females together or separately can affect
reproductive parameters (known as ‘bio-stimulation’, reviewed by Walkden-Brown et al. 1999). Biostimulation has received particular attention in small ruminants as it is frequently used in reproductive
management. The introduction of rams to anoestrous ewes is widely used to induce ovulation out of
season (known as the ram effect) and in rams, this results in increased LH and testosterone
concentrations (Ungerfeld and Silva 2004). The differences in the findings of Davalos and Olazabal
(2002) and the present study may be explained by a ‘hembra effect’. During the present study, male
and female alpacas were housed within sight and smell of each other. However, there are insufficient
details provided in the study of Davalos and Olazabal (2002) to determine the presence of a ‘hembra
effect’. Nevertheless, the increase in the quality of semen collected in the presence of females was
likely the result of a female induced increase in pituitary activity. The stimulation of male llama libido
by exposure to females prior to, and during semen collection is commonplace (Aller et al. 1997).
Increased male libido prior to semen collection appears to be an important determinant of the quality
of the semen collected. However, further research, specifically investigating the possibility of a
hembra effect and the use of receptive females during semen collection is required to elucidate the
mechanisms responsible for the increase in semen quality.
An interesting observation of the present study was the change in the males’ behaviour during semen
collection in the presence of females. This alone would have necessitated the removal of the females,
during semen collection. Generally, and subsequent to the removal of the females the males were
docile and easily handled during semen collection. Small ‘spats’ between males were fairly common.
The spats consisted of laying back of the ears and snaking of the neck, although they occasionally
escalated to spitting and generally resulted from lower ranking males trying to push aside higher
ranking males. In order to avoid any potential effects of stress on semen quality, the males were
collected in the same order throughout the project. Where possible, all four pens were utilised
simultaneously and the four highest ranking males were allowed access to the mannequins first. The
males became quickly accustomed to the order of semen collection, and the four highest ranking males
would wait at the internal gate while the lower ranking males remained in a holding pen or in the
laneway outside the shed.
The extended time of mating during semen collection from alpacas results in the small volume of
semen being exposure to high temperatures and atmospheric conditions for periods up to 90 min. This
could reduce the quality of the semen collected as the liquid can evaporate, changing the ratio of the
constituents and altering semen osmolarity and pH. Furthermore, the sperm’s requirements for energy
substrates may also be sub-optimal. The addition of a diluent to the collecting vessel has been
suggested (Bravo et al. 2000c) as a possible way to improve, or prevent deterioration in camelid semen
quality. In this chapter, the addition of three diluents to the collecting vessel was tested. Androhep®,
Salamon’s and Skim-milk diluent were chosen as they had all had been successfully used with alpaca
or camelid semen (Androhep: Morton et al. 2006, Skim-milk: Santiani et al. 2005; Salamon’s: Morton
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et al. 2006). When semen was collected in the presence of a diluent there was a trend for sperm
concentration and the total number of sperm in the ejaculate to increase, although the increase
remained below the level required for statistical significance (P>0.05). This trend may have resulted
from a rinsing action of the diluent. The protein components of the diluents may have altered the
surface charges of the sperm and ‘unstick’ them from the glass collecting vessel.
Collection of goat semen into 10 mL Tris diluent improved sperm motility and acrosome integrity
after a 3 hr thermo resistance test, compared with those collected in a smaller volume (1 mL;
Yamashiro et al. 2006). The authors concluded that the reduction in the contact between the sperm and
the seminal plasma reduced the damage by various seminal plasma components, such as goat seminal
plasma proteins (GSP) which reduces the GSP protein-induced damage to sperm at ejaculation. There
are few reports in the literature on collecting semen into diluent, as the ability to collect high quality
semen has not necessitated the research. In the present study, collection of semen into Androhep® or
Skim-milk diluent significantly reduced semen viscosity but neither improved any other semen quality
parameter. Semen collected into Salamon’s diluent contained sperm with significantly higher motility
than the other groups. Whilst the overall motility of the sperm was increased there was also a shift in
the pattern of sperm motility. Salamon’s diluent was modified by the addition of protein (in the form
of BSA) which is a routine component of sperm handling media. There is some evidence that BSA
causes an influx of Ca2+ into the sperm plasma membrane and decreases the cholesterol and
phospholipid ratio in the outer membrane of the acrosome (Davis et al. 1980), which has led to the use
of BSA as a capacitating agent. Capacitated sperm display hyperactived motility and sperm collected
in Salamon’s diluent displayed a motility which was visually similar, suggesting the level of BSA in
the medium may have a capacitating effect, but CASA analysis would be required to confirm this.
These results demonstrate that there are no deleterious effects of collecting semen into diluents, and
that sperm motility and concentration are generally increased when a diluent is present. However,
more diluents need to be tested before any definitive conclusions can be drawn. For domestic species
such as sheep, cattle, pigs and horses the ‘preferred’ diluents for each species are well known, but this
information is lacking with camelids. Detailed factorial studies examining the effects of diluting (or
collecting) alpaca semen with different diluents on sperm motility (both proportion of motile sperm,
and pattern of motility) and functional integrity are required to determine the most appropriate media
for alpaca sperm.
In addition to the sub-optimal conditions experienced by sperm during lengthy semen collection
procedures, the exposure of sperm to air and oxygen during collection, and aeration of the semen by
the movement of the penis may also have deleterious effects on semen quality. Long periods of
exposure to air, particularly oxygen, increases sperm metabolism which results in the accumulation of
lactic acid in the semen, which in turn reduces pH below optimum levels and reduces the viability of
the sperm (Evans and Maxwell 1987). As sperm die and begin to decay reactive oxygen species (ROS)
are produced which then reduce the viability of the remaining live sperm.
Antioxidants, specifically catalase, can ameliorate the deleterious effects of ROS and lipid
peroxidation, and extend the viable lifespan of sperm during preservation in cattle (Shannon and
Curson 1982) and sheep (Maxwell and Stojanov 1996). Addition of catalase to the collection vessel
may modify or reduce damage due to ROS and lipid peroxidation caused by the length of exposure to
atmospheric environments and aeration of semen during alpaca semen collection. The effects of
antioxidants on camelid semen have yet to be determined but previous studies have generally found
catalase beneficial (Maxwell and Stojanov 1996) while the actions of other antioxidants remain
somewhat more equivocal (Maxwell and Stojanov 1996). In the present study, semen was collected
into diluents supplemented with catalase in an attempt to reduce the effects of oxidative stress on
semen quality and sperm viability. The higher concentrations of catalase (200 and 600 units/mL)
reduced semen viscosity and increased the proportion of morphologically normal sperm. However, no
effect of catalase was observed on the motility of alpaca sperm which suggests that either there is little
oxidative damage to alpaca sperm or that lipid peroxidation damage occurs through mechanisms
which could not be reversed by catalase. One of the first reports of oxidative (Macleod 1943) reported
that incubation of human sperm under high oxygen conditions reduced motility which could be
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reversed by the addition of catalase to the incubation medium. This loss in motility is thought to be
caused by peroxidative damage to the sperm plasma membrane (Jones et al. 1979). Human sperm are
particularly susceptible to oxidative stress as their plasma membranes are enriched with unsaturated
fatty acids (Jones 1979) which are essential to give the membrane the fluidity required to participate in
fertilization (Aitken and Krausz 2001). The fatty acid double bonds are also the site attacked by ROS
(Aitken and Krausz 2001) leading to a loss in sperm viability as a result of changes in membrane
fluidity. Furthermore, the high content of free iron and copper in human seminal plasma catalyses the
lipid peroxidation cascade. The susceptibility and extent of lipid peroxidation damage to alpaca sperm
during semen collection remains unknown as the fatty acid content of the sperm plasma membranes
and free iron and copper content of the seminal plasma remain to be investigated. Further research
examining the level of ROS in seminal plasma and the fatty acid composition of the plasma membrane
is required to determined the susceptibility and extend of lipid peroxidation damage to alpaca sperm.
In all the experiments presented in this chapter, a high level of intra, and inter male variation was
observed. This has been previously described in the literature for camelids (Buendia et al. 2002; Flores
et al. 2002; Vaughan et al. 2003a; Giuliano et al. 2007) and appears to be higher than the variation
observed for males of other species. In order to understand this variation, normal semen quality
parameters for alpacas under Australian conditions, must be determined. This is essential to determine
acceptable minimum parameters for semen preservation. In AAA-1A (Vaughan et al. 2003a) stated
that “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”. While Vaughan et al. (2003a) were referring to the importance of using the normal
semen quality parameters to determine if particular semen samples meet minimum standards required
for cryopreservation, this is equally true if some of the sources of variation are to be elucidated and
quantified. In order to determine the ‘normal’ semen parameters for alpacas a large number of
ejaculate needs to be collected and characterised. Whilst this project has access to a number of males
their fertility is unknown or untested. This has prevented the linking of these normal semen parameters
with minimum standards for cryopreservation.
The experiments conducted in this Chapter represent significant advances in determining optimal
semen collection parameters. The best semen collection used of a modified mannequin containing an
artificial vagina fitted with a straight silicone liner, a glass IMV camel collecting container with 0.5
mL Salamon’s diluent. Furthermore, the two major impediments to the development of a reliable
semen collection procedure, outlined in AAA-1A have been overcome. In a commercial context, the
construction of a mannequin with similar dimensions to that used in AAA-1A but with additional
thermal insulation requires no investment in equipment over and above that required for the previous
model of the mannequin and is highly practical commercially. However, making the silicone AV
liners by hand is time consuming, labour intensive and therefore expensive. The method, developed at
The University of Sydney, is presented in full in Appendix VI. Briefly, the silicone mixture is
‘painted’ onto a mould (in our case a metal vacuum cleaner pipe) and dried in a heated oven. The need
to ‘paint’ around 10 - 15 silicone layers onto the mould extends the time required to produce each
liner. While production of silicone AV liners on a commercial scale by hand is not practical, those
made commercially lack the required elasticity. Alternatives for the production of these liners are i)
establish a collaboration with a commercial moulding company, and ii) utilise the existing skills in the
alpaca industry to develop a to produce the required AI equipment and disposables, through a small
research grant from the AAA R&D sub-committee. The company and the AAA would retain the
profits which could then be disseminated according to the research priorities of the AAA.
In summary, the research presented in the present study outlines an efficient method of collecting high
quality semen using an AV. The incorporation of a cervix-like stricture, or collection of semen in the
presence of females did not improve semen quality but addition of Tris diluent supplemented with 200
or 600 units/mL catalase to the collecting glass reduced semen viscosity and increased semen quality,
which are two of the major obstacles to the development of AI in alpacas. Further research is required
before widespread use of AI in camelids. However, collection of lower viscosity, higher quality semen
using the methods outlined in the current study is a significant advancement which facilitates the
further development of AI technology in alpacas.
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4. Assessment of sperm function and
integrity
4.1. Introduction
The accurate measurement of basic semen parameters is vital if sperm function and integrity are to be
determined. These measurements are also required for all experimental work and subsequent
preservation of semen. Assessment of semen parameters, such as volume, pH, viscosity, sperm
concentration and motility, is routine in most human and domestic animal andrology laboratories.
Semen assessment is used as an indication of sperm fertility although no single test accurately predicts
the fertility of a sperm sample. Nevertheless, the examination of a number of parameters provides
clues to the fertilising potential of the sperm. Procedures for handling and assessing sperm from
livestock species such as cattle, horses, sheep and pigs are well established. Originally, many of the
methods were developed for field use, but over the years have become more sophisticated. Recent
developments include the application of objective rather than subjective assessment; these include
computer assisted sperm analysis (CASA) for estimating sperm motility and fluorescence activated
cell sorting (FACS) assessment of sperm membrane status and integrity. Other recent developments
include the use of specific rather than general stains to assess sperm membrane status. Giemsa stain
was first used to assess acrosome integrity in ram sperm in 1975 and subsequently has been used in
ram and camelid sperm assessment. More recently, acrosome status has been measured using
fluorescent stains conjugated to lectins, which specifically bind to glycoprotein contained within the
acrosomal matrix.
A lack of reliable and accurate methods for the assessment of alpaca sperm is a major impediment to
the development of artificial reproductive technologies. In particular, the viscous seminal plasma
precludes the adaption of existing methods for handling and assessment of semen from other domestic
livestock species. The development of methods for assessing alpaca semen and the application of
sophisticated tests to diagnose damage to sperm during preservation procedures are paramount to
development, optimisation and commercialisation of semen preservation and AI. Many of the existing
methods for camelids rely on many procedures which are considered outdated and are rarely utilised in
other species. Furthermore, the adaption of more sophisticated tests for use with alpaca sperm would
provide additional information about their functional integrity. A brief summary of the types and
methods for semen assessments are presented in Table 4.1.
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Table 4.1. Commonly used objective and subjective methods of semen and sperm analysis.

Assessment
Motility

Subjective
Parameters
Method
assessed/speed
Visualising
Forward
under
progressive
microscope
motility,
Circular motility

Acrosome
integrity

Giemsa,
Spermac,
FITC stains
counted
manually

Sperm
morphology

Eosinnigrosin

Sperm manually
(subjectively)
assigned to
categories

Hypo osmotic
swelling test
(HOS)

HOS: sperm tails
manually assessed
for swelling pattern.

Sperm vitality
(measurement
of plasma
membrane
integrity)

DNA
integrity

Eosinnigrosin,
H33258,
Propidium
Iodide
exclusion

Staining with
acrodine
orange

Sperm divided into
acrosome intact or
damaged
populations
(subjective
determination)

Eosinnigrosin/H33258/PI
: sperm manually
assessed for stain
exclusion
Sperm manually
divided into
populations of
single (stains
orange-red) and
double (stains
green) stranded
DNA

Objective
Parameters
Method
assessed/speed
Computer
Summarised in
assisted
Table 4.2
sperm
analyser
(CASA)
FITC-PNA Sperm divided
stain
into acrosome
assessed by intact and
flow
damaged
cytometry
populations but
the
categorisation
is objective

Application
to camelids
Camels
(Al-Qarawi et
al. 2002)
Giemsa &
Spermac
stains with
subjective
determination

Subjective
only

H33258
Propidium
Iodide
Sybr-14
exclusion

Acrodine
orange
stain

Sperm stained
and stain
exclusion
assessed
objectively
(FACS
assessment)

Subjective
only

Sperm
fluorescence
(green/ orangered) assessed
manually using
a FACS

N/a

The aim of the research presented in this chapter was to establish methods for handling and assessing
alpaca sperm, specifically the development of an acrosome specific stain.

4.2. Materials and methods
4.2.1. Collection and sources of sperm and semen
Semen was collected from adult males as described in Chapter 2 and epididymal sperm were harvested
as described in Chapter 8. Semen and sperm were then used to develop procedures for handling and
assessment. As most of the procedures were developed using trial and error, methodologies are
presented in the results section and the protocol for the final procedure presented in the Appendices.

73

4.3. Results
4.3.1. General handling of alpaca semen
The most suitable method for handling of raw semen (whilst still in the collecting glass) was to cover
the top of the collecting glass with Parafilm® (to prevent evaporation and contamination with debris)
and transport the glass in a foam esky (with a lid to prevent UV light damage to sperm). Short duration
(<5 min) handling/transport of alpaca semen was undertaken in the esky.
Storage of neat alpaca semen in a 37 °C water bath resulted in a reduced lifespan compared with
immersion of samples in a 30 – 35 °C water bath.
Androhep® (Minitube, Germany), originally developed for the liquid storage of boar semen, was an
appropriate medium for the general dilution and handling of alpaca sperm. Androhep is commercially
available, cheap ($13 per litre) and has been used at the University of Sydney for the processing and
preservation of sheep, cattle and pig sperm.

4.3.2. Assessment of sperm motility
Examination of motility subjectively using the procedures described in Chapter 2 is well established.
The use of a phase contrast microscope with a 20x objective is recommended owing to the small head
size of alpaca sperm.
While the subjective motility assessment technique is simple and practical in the field, motility scores
often vary between technicians within the same laboratory, and technicians from different laboratories.
The development of computer assisted sperm analysis (CASA; Figure 4.1) has lead to more objective
and repeatable measurement of sperm motility. Moreover, recently the pattern of sperm motility has
received much attention in the scientific community as several studies have demonstrated relationships
between sperm motility patterns and sperm fertility (Mortimer 1994). Assessment of sperm motility is
complex, relies on many mathematical algorithms (Mortimer 1994) and is arduous to manually
calculate. Development of computer systems which analyse sperm trajectory and patterns of motion
have resulted in the widespread application of this type of sperm assessment. Recent research has
highlighted the importance not only of the proportion of motile sperm but also of the pattern of
motility in relation to the achievement of normal fertility.

Figure 4.1. CASA analysis of sperm from Vyt (2007).
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Figure 4.2. Derivation of the different sperm velocities from a track reconstructed at 30 frames per
second. Circles denote head centroid positions (open circles = non-apex points; closed circles = apex
points), and the solid line joining them is the path followed by the sperm head that is used to calculate
the curvilinear velocity (VCL). The average path (in this case visually appraised) used to calculate the
average path velocity (VAP)is shown by the dotted line; the broken line joining the first and last
points of the track is the straight-line path used to calculate the straight-line velocity (VSL). One
measurement of the instantaneous velocity is shown by the brace (Mortimer 1994).
CASA measures a number of motility parameters outlined in Table 4.2. These are now routinely used
in many laboratories as one of the end point assessments in experiments. CASA analysis has been
applied previously in the camel (Tibary and Memnon 1999) but not to alpaca sperm, although there
are no published reports in the scientific literature about factors which affect the motility patterns of
camel sperm. Our aim was to apply CASA analysis to alpaca sperm, and to investigate the pattern of
motility post-thaw.
Table 4.2. Parameters measured by CASA (definitions from Mortimer 1994). See Figure 4.2 to aid in
description explanations.
Parameter
Average path velocity (μms−1)

Abbreviation
VAP

Description of measurement
The velocity along the average path of the spermatozoon
The linear or progression velocity of the cell. Calculated
from the straight line distance between the start and the end
of the observed track.
Calculated from the sum of the straight lines joining the
sequential positions of the sperm head along the
spermatozoon’s track
The number of times the curvilinear track crosses the
average path.
Calculated from the amplitudes of the heads lateral deviation
about the cell’s axis of progression

Straight line velocity (μms−1)

VSL

Curvilinear velocity (μms−1)

VCL

Beat cross frequency (Hz)

BCF

Amplitude of lateral head
displacement (μm)

ALH

Linearity (%)

LIN

Is calculated by dividing the VSL/VCL x 100

Straightness (%)

STR

Is calculated by dividing the VSL/VAP x 100

Objective assessment of alpaca sperm was conducted using a computer assisted sperm analyser
(CASA; HTM-IVOS v. 12; Hamilton-Thorne, Beverly, USA). Semen or sperm samples (5.5 µL) were
placed on CASA slides (Cell Vu, Millennium Sciences Corp., NY, USA; pre-warmed to 37 °C) and
covered with a 22 x 22 mm cover slip before immediate transfer to the CASA.
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Motility characteristics were determined by assessment of at least three randomly selected microscopic
fields (>150 spermatozoa per sample) utilising factory CASA settings (boar) at an image sampling
frequency of 60Hz. While the CASA settings were successfully modified for use with alpaca sperm,
the CASA confused cells with a similar shape to alpaca sperm heads, resulting in an artificially low
estimate of motility. While there were still discrepancies between the % motility recorded after
subjective and objective analysis, the CASA did accurately ‘track’ the motility patterns of the
swimming sperm. The results of CASA assessment of frozen-thawed epididymal sperm are presented
in Table 4.3.
Table 4.3. Results of CASA analysis of epididymal alpaca sperm motility after freezing and thawing
Parameter
Average path velocity (μms−1)
Straight line velocity (μms−1)
Curvilinear velocity (μms−1)
Beat cross frequency (Hz)
Amplitude of lateral head displacement (μm)

Mean ± sem
45.4 ± 2.9
28.8 ± 1.7
107.8 ± 6.7
27.9 ± 1.84
5.2 ± 0.3

Range
21.1 – 84.4
12.0 – 46.3
51.7 – 191.2
6.0 – 50.0
2.4 – 7.8

Straightness (%)

64.4 ± 2.2

46.0 – 88.0

Linearity (%)
Length
Sperm concentration (x106)
Motility (%)

30.9 ± 2.3
8.2 ± 0.4
29.6 ± 3.0
6.6 ± 2.7

17.0 – 68.0
5.7-8.3
6.8 – 69.3
0.0 – 54.0

Progressive motility (%)

0.9 ± 0.2

0.0 – 4.0

Concentration of motile sperm (x 106)

1.7 ± 0.6

0.0 – 13.9

Concentration of progressively motility sperm (x 106)

0.2 ± 0.1

0.0 – 1.1

4.3.3. Assessment of acrosome integrity
4.3.3.1. Giemsa stain
Previous studies have used stains such as Eosin-nigrosin, Giemsa and Hancock’s stain to assess the
acrosome integrity of camelid sperm (Tibary and Anouassi 1997; Bravo 2002; Vaughan et al. 2003a;
Santiani et al. 2005). While these stains were originally developed as live/dead sperm discriminators,
none of them do not bind specifically to the contents of the acrosome and may therefore vary in
accuracy and specificity.
Initial attempts to develop and validate a protocol for the use of Giemsa stain were based on the
procedure described by Santiani et al. (2005). Briefly, the authors air-dried 25 μL smears of sperm
suspensions for 20 min. Slides were then stained with 20 % Giemsa (Merck, Darmstadt, Germany) for 40
min. Stained slides were then washed in distilled water, air-dried at room temperature for 30 min, mounted
with Permount and covered with a cover slip. Sperm cells (at least 200) were classified as having intact
or damaged acrosomes according to the following staining patterns: 1) sperm with blue or dark-blue
post-acrosomal region and a pink or purple acrosomal region were considered to have intact
acrosomes, while those with a blue or dark-blue post-acrosomal region and a white acrosomal region
were considered to have damaged or non-intact acrosomes (Figure 4.2 and 4.3).
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Figure 4.2. Appearance of acrosome intact sperm (left) and acrosome detached sperm (right) after
successful staining using Giemsa.

Figure 4.3. Giemsa stained sperm from Santiani et al. (2005), (A): Dead spermatozoa with intact
acrosome; (B): Dead spermatozoa with detached acrosome; (C): Viable spermatozoa with detached
acrosome; (D): Viable spermatozoa with intact acrosome.
Our experience with Giemsa is that the stain is not able to penetrate unfixed sperm. We investigated
various fixation methods and staining times. We concluded that the fixing of air-dried smeared semen
slides in ethanol overnight (either at room temperature or at 4 °C) followed by overnight staining in 20
% (w:v) Giemsa produced the best results. However, sperm heads accepted the stain to varying
degrees and leaching of the stain into the seminal plasma could be observed over time, giving
unreliable results. Furthermore, there was considerable variation between sources of Giemsa. We
conclude that Giemsa is not a reliable staining method to observe acrosome integrity in alpaca sperm.
4.3.3.2. Spermac® stain
After staining with Spermac® stain, the sperm acrosome appears dark green, the nucleus red, the
equatorial region pale green and the midpiece and tail green (Figure 4.4). Spermac® has been used to
assess the integrity of llama sperm (Von Baer and Hellemann 1999). The manufacturer’s instructions
for use of Spermac® state that viscous semen can interfere with the staining procedure and they
recommend the dilution of semen (1:1) with citrate buffer prior to smearing slides. In our experience,
the dilution of semen 1:1, 1:2, or 1:4 with citrate buffer or Salamon’s diluent does not overcome the
problem of viscous seminal plasma. All samples were faintly stained with a dark background which
interfered with interpretation of sperm morphology and integrity.
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Figure 4.4. Appearance of acrosome intact sperm (right) and acrosome detached sperm (left) after
successful staining using Spermac (from http://www.ivf.net/ivf/index.php?page=out&id=2232).

4.3.3.3. Fluorescein-conjugated peanut agglutinin (FITC-PNA)
Assessment of sperm acrosome integrity is routinely achieved using a fluorescein-conjugated peanut
agglutinin (FITC-PNA) which stains the β-D-galactosyl residues which are found exclusively in the
acrosomal membrane (Mortimer et al. 1990) and is therefore an acrosome-specific stain. After staining
with FITC-PNA, sperm with an intact acrosome display green fluorescence over the head whilst those
with a detached acrosome display green fluorescence over the equatorial region of the head (Figure
4.5).

Figure 4.5. Representation of an acrosome-intact (left) and non-intact (right) sperm.
Our preliminary studies suggested that the gelatinous seminal plasma interfered with the penetration of
the FTIC-PNA stain into the acrosome (Figure 4.6). However, further investigations were conducted
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which determined the importance of fixing the sperm in 96 % ethanol for 30 seconds prior to staining.
The final protocol for the assessment of ejaculated and epididymal alpaca sperm is presented in
Appendix VIII.

Figure 4.6. Frozen-thawed epididymal alpaca sperm stained with FITC-PNA

4.3.4. Heterologous oocyte binding assay
At present, there are no reliable methods of assessing the fertility of alpaca sperm in vitro. In vivo
assessment of fertility can be achieved using natural mating or artificial insemination but both require
large amounts of resources and are time consuming and expensive. In vitro methods to assess fertility
include in vitro fertilization (which has yet to be fully developed for alpacas), homologous or
heterologous oocyte binding or penetration assays. The zona free hamster sperm penetration is a
frequently used human sperm assessment (Mortimer 1994).
These binding assays investigate the potential for sperm to associate with and bind to the oocyte’s
outer coating, the zona pellucida, and can be used to assess different types of sperm (fresh, liquid or
frozen preserved), assess fertility of different doses of sperm etc. Heterologous oocyte binding assays
are used in species where there is an absence of effective in vitro fertilization procedures, such as the
horse and the alpaca. They can be performed with fresh immature, in vitro matured or salt-stored
oocytes (Clulow et al. 2006). Recently in our laboratory a heterologous oocyte binding assay (using
salt stored bovine oocytes) was developed to assess the fertility of unsorted and sex-sorted frozenthawed stallion sperm (Clulow et al. 2006).
This assay was modified in an attempt to develop an assay for the assessment of fertility in alpaca
sperm. Briefly, oocytes were aspirated from abattoir-sourced cow ovaries using a needle and syringe
as described by Morton et al. (2004). Cumulus cells were then removed from the oocytes by
incubation in 0.03% hyaluronidase (H4272, Sigma) and oocytes salt-stored (in 0.75MMgCl2·6H2O,
0.5M(NH4)2SO4, 0.2mM ZnCl2, 40mM HEPES and 0.1 mg/ml PVA; Clulow et al. 2006).
Oocytes were then washed in fertilization medium to remove all traces of salt storage medium, which
is toxic to sperm. Groups of oocytes (n=20) were then placed in 0.5 mL wells of fertilization medium
(covered with 0.2 mL embryo culture oil). Pellets of frozen epididymal alpaca sperm were then
thawed, washed (300 g; 10 min), resuspended in Androhep and added to the wells containing the
oocytes. Sperm and oocytes were then co-incubated for 3 h before removal from the fertilization wells,
washing (to remove sperm only loosely associated with the zona) and wet mounting. The number of
sperm bound to the zona pellucida was then counted using an Olympus BHS phase contrast
microscope (400× magnification).
Data from replicates using salt-stored bovine oocytes revealed an absence of alpaca sperm bound to
the zona pellucida. Studies were continued using in vitro matured ovine oocytes, rather than immature
salt-stored bovine oocytes, as allowing oocytes to undergo the maturation process may facilitate the
binding of alpaca sperm to the oocyte’s zona.
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Ovine oocytes were harvested from abattoir sourced ovaries and matured in vitro as described by
(Morton et al. 2004,2005a-e; Morton et al. 2006). Frozen-thawed epididymal sperm were added to the
well containing the in vitro matured ovine oocytes. Sperm and oocytes were then co-incubated for 4 6 hours until assessment of the number of sperm bound to the zona pellucida. During the initial states
of the establishment of the oocyte binding assay, approximately ½ a pellet of frozen-thawed sperm
were incubated with 20 oocytes.
Alpaca sperm readily bound to in vitro matured ovine oocytes, unlike the salt-stored bovine oocytes.
The number of sperm bound to oocytes is presented in Table 4.4 and stallion sperm bound to saltstored bovine oocytes are shown in Figure 4.7 after staining with Hoechst 33342.
Table 4.4. Number of frozen-thawed epididymal alpaca sperm bound to the zona pellucida of in vitro
matured ovine oocytes.
No. sperm bound to the zona
0
1-10
11-20
21-30
31-40
41-50

No. oocytes
1
186
198
157
88
86

Frozen-thawed epididymal sperm were observed to remain motile after 4 - 6 h of co-incubation with
the oocytes, even in the presence of glycerol, egg yolk and the cryodiluent, and motile sperm were
observed in the wet mount.

Figure 4.7. Hoechst 33342 stained equine spermatozoa attached to salt stored bovine oocytes at 200 x
magnification under UV light (Clulow 2006).
These results demonstrate the establishment of a heterologous oocyte binding assay which has the
potential to be used to assess the fertility of alpaca sperm in vitro.
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4.4. Discussion
The main findings from these studies were:
1. Establishment of general procedures for the handling of alpaca sperm (short term
storage/transport in an esky, immersion of samples in a 30 – 35 °C not 37 °C water bath, and
dilution in Androhep®).
2. Alpaca sperm can be reliably assessed by CASA provided it is properly freed from the viscous
seminal plasma.
3. Despite previous reports, Giemsa stain is unsatisfactory for the assessment of alpaca sperm
viability or membrane status.
4. Lectin based (FITC-PNA) staining is a reliable method for the assessment of alpaca sperm
acrosome status.
5. A heterologous oocyte binding assay was developed for the assessment of alpaca sperm
fertility in vitro.
The results of these studies confirm that the general handling procedure required for alpaca semen is
similar to that used in other species, particularly the ram (Evans and Maxwell 1987).
Initial measurements of sperm motion examined sperm motility as well as sperm vigour (subjectively
assessed on a 0 - 5 scale; Evans and Maxwell 1987) but the advent of computer assisted semen
analysis (CASA) technology allows for substantially more parameters to be simultaneously measured
(Table 4.2). Developed approximately two decades ago, CASA technology is able to provide powerful
insights into sperm function as well as semen heterogeneity (subpopulations of sperm that exist within
the ejaculate; Holt et al. 2007). CASA is now routinely used around the world in andrology
laboratories for the assessment of human semen and in many artificial breeding centres to assess
semen from domestic animal species (bull, boar, ram and stallion). More recently, CASA analysis has
been applied to wildlife species including the Mohar gazelle, common marmoset, and grey short-tailed
opossum (Holt et al. 2007). The application of CASA to commercial semen preservation focuses on
the insights into sperm function which, in conjunction with other assessments of sperm function and
integrity (acrosome integrity, ability to bind to a zona pellucida, etc.) are used to compare different
methods of semen preservation and draw conclusions about the most appropriate method. Various
kinematic parameters of bull sperm have been correlated with in vivo fertility, and the importance of
straight-line velocity to the fertilising capacity of sperm has also been highlighted in bulls, humans and
boars (discussed by Gillan et al. 2008). Gillan et al. (2008) demonstrated that a combination of semen
assessments (including CASA) accounted for 60 % of the variation in fertility, highlighting the
importance of their routine use in the context of commercial artificial breeding centres.
The majority of studies on camelid semen have used Giemsa or other non-acrosome-specific stains,
such as Hancock’s or flourochromes 6-carboxifluorescein diacetate (CDFA; Giuliano et al. 2007),
to determine sperm viability. Previous reports in the literature indicate post-thaw acrosome integrity of
less than 20 % for all groups after Giemsa staining (Santiani et al. 2005) and 50 % after staining with
Spermac (Von Baer and Hellemann 1999). These estimates are substantially lower than the high
proportion of post-thaw acrosome integrity observed during this project (Chapter 7), suggesting that
they were either inaccurate or compromised by artefacts associated with the method. Moreover, Wani
et al. (2007) reported a sharp decline in acrosome integrity of camel semen liquid stored for 12 h,
whereas the results of our studies (Chapter 6) did not observe a decrease in acrosome integrity until 72
h after the onset of liquid storage. The development of an accurate and reliable method of assessing
sperm acrosome integrity (using FITC-PNA) is an important step for the preservation of semen in
alpacas. Acrosome damage, or reaction, during liquid storage is one of its major deleterious
consequences, and an effective method for assessment of acrosome status in alpaca sperm is integral to
developing appropriate methods for semen preservation in both the liquid and frozen state.
Heterologous, homologous and other binding assays (salt-stored eggs, hemi-zona assays, etc.) are
widely used in species where there is difficulty in obtaining large numbers of females (such as wildlife
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species and horses) and in species where there are no established protocols for the production of
embryos in vitro (also used to assess sperm fertility). The development of an in vitro test for the
fertility of alpaca sperm is a major advancement for research aiming to improve the efficiency of
semen preservation. During the development of methods to preserve sheep semen, numerous large
scale field fertility trials were conducted to examine the effect of various diluents, cryoprotects,
freezing methods, and supplements on the resultant fertility of preserved semen (see Salamon and
Maxwell 1995b for a description of the field fertility trials). Differences between semen preservation
methods often result in small differences in field fertility which necessitates the use of large numbers
of females and it is common for 600 – 800 ewes to be used in a field trial. However, the difficulty in
obtaining enough female alpacas precludes such large-scale field fertility trials, which would be
otherwise necessary to determine the effects of various semen preservation methods on sperm fertility.
The assessment of sperm fertility using a heterologous oocyte binding assay partially overcomes this
limitation, although there is no final substitute for in vivo fertility, and provides researchers with the
opportunity to efficiently (with respect to cost, labour and resources) estimate the fertility of preserved
alpaca semen.
A wide range of functional tests are now available for the assessment of livestock sperm (Gillan et al.
2005). In the past, many laboratory methods used to evaluate semen quality had not correlated highly
with fertilizing capacity. The discovery of a variety of fluorochromes and compounds conjugated to
fluorescent probes has enabled a more widespread analysis of sperm attributes, and in conjunction
with the flow cytometer, permit the evaluation of a large number of spermatozoa. A number of
characteristics of sperm integrity, viability and function can be assessed by flow cytometry.
The DNA status of spermatozoa has been determined using the metachromatic properties of acridine
orange (AO). AO staining, when used in the sperm chromatin structure assay (SCSA1), correlates with
fertility in a number of species. DNA fragmentation can also be assessed using the terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assay, which identifies
DNA strand breaks by labeling free 30-OH termini with modified nucleotides. The status of the sperm
acrosome can be determined using fluorescently labeled lectins and LysoTracker Green DND-26, a
fluorescent acidotropic probe.
Capacitation status has been observed through calcium-mediated changes using chlortetracycline
(CTC) or by changes in membrane fluidity monitored by the binding of the fluorescent amphiphilic
probe, Merocyanine 540. Fluorescently labeled annexin-V, C6NBD and Ro-09-0198 can also be used
to detect changes in membrane phospholipid distribution. Cell viability can be determined using the
propensity of propidium iodide (PI), ethidium homodimer-1 (EthD-1) or Yo-Pro-1 to permeate
damaged membranes. These are generally more adaptable to clinical flow cytometry than the
bisbenzimide membrane impermeable stain, Hoechst 33258, which excites in the ultraviolet range and
requires UV laser equipment. Mitochondrial function can be determined using rhodamine 123 (R123)
and MitoTracker Green FM (MITO) and 5,50,6,60-tetrachloro-1,10,3,30-tetraethylbenzimidazolylcarbocyanine iodide (JC-1).
Many of the techniques mentioned above have yet to be adapted or applied to camelid sperm.
However, given the limitations on filed assessment of fertility, they may prove useful for its laboratory
assessment. Many of these techniques are most efficiently applied using flow cytometry, which is a
tool that may also be used in the future to monitor many new potential markers of sperm function. This
technology is only now being introduced, to a limited extent, to commercial artificial breeding
laboratories for cattle AI, so there is some time before it may be applied in camelids beyond research.
Nevertheless, a new method has been developed as part of this project to reliable identify alpaca sperm
acrosome status, using a readily available fluorochrome, which could, in the future, be assessed using
flow cytometric techniques. For the moment, the method is now available for use by practitioners in
field laboratories using standard fluorescence microscopy.
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5. Liquefaction of alpaca semen
5.1. Introduction
The highly viscous nature of camelid semen represents a further challenge to the development of AI
technology. Many researchers cite the viscous nature of camelid semen as the major hindrance which
prevents the development of semen preservation and AI technology.
Viscous semen is not unique to camelids, in fact it is common among mammals, although the
mechanisms appear to vary widely (Robert and Cagnon 1999). The physiological significance of
coagulating semen is still under discussion in the literature, and the formation of a vaginal plug in
some species is believed to be essential in preventing outflow of semen from the female’s vagina
(rodents, primates) or cervix (pig). In rodents, the plug is thought to prevent subsequent insemination
of sperm by non-dominant males. Vaginal plugs may also represent a reservoir and contribute to the
gradual release of sperm in species where the female does not have a long cervix and cervical mucus,
and semen is deposited directly in to the uterus (Robert and Cagnon 1999).
Following ejaculation, human semen spontaneously coagulates into a semi-solid gelatinous mass.
Liquefaction is also spontaneously in normal human semen, owing to the presence of chymotrypsin
(Cohen and Aafjes 1982), trypsin (Mortimer 1994) and a chymotrypsin-like protease secreted from the
prostate, known as prostate-specific antigen (PSA; Robert and Cagnon 1999). However, a proportion
of human semen samples are hyperviscous. The clinical significance of altered (i.e. hyperviscous)
semen viscosity remains uncertain. However, Mortimer (1994) suggests that it may be associated with
a reduction in human fertility by virtue of its impairment of sperm movement and, therefore,
penetration of cervical mucus. Furthermore, obtaining high sperm yields (recovery rates) from
hyperviscous semen samples remains a major problem (Mortimer 1994).
Hyperviscous human semen samples have been liquefied by mechanical and enzymatic methods.
Mechanical methods include needling (the passing of semen back and forth through a needle), mixing
viscous semen with culture medium, loading on to a Percoll® (or Puresperm®) gradient and
centrifuging (known as gradient density centrifugation). Mixing of the culture medium with the semen
is achieved by swirling the container, non-vigorous agitation or gentle pipetting through a wide-bore
serological of Pasteur pipette. Viscous human semen has been treated with hydrolytic enzymes such as
bromelain (Tucker et al. 1990), chymotrypsin (Tucker et al. 1990; Bollendorf et al. 1994), papain
(Pattinson et al. 1990b), subtilisin (Pattinson et al. 1990b) and trypsin (Cohen and Aafjes 1982).
Trypsin was employed in early studies but workers have more recently favoured Chymotrypsin.
Enzymatic methods have been used previously to liquefy alpaca semen (Bravo et al. 1999; Callo et al.
1999; Bravo et al. 2000b). Bravo et al. (2000) used collagenase, fibrinolysin, hyaluronidase and
trypsin for liquefaction of alpaca and llama semen and reported few detrimental effects, while others
observed enzyme treatment to be highly toxic to camel sperm (Skidmore, pers. comm.). Needling
(Santiani et al. 2005) and other methods have been used also to liquefy alpaca semen prior to liquid or
frozen preservation but the authors have failed to quantify the effects on semen viscosity, sperm
motility and sperm functional integrity, or have not reported their results adequately.
Proteolytic enzymes that have been used to treat semen may have detrimental effects on sperm
motility, function and integrity. Before enzyme liquefaction of alpaca semen could be applied in a
commercial setting, studies specifically investigating the effects of various liquefaction methods on
sperm function and viability must be conducted. Parameters such as:
• Appropriate treatment time: during semen collection, or added post-collection in the laboratory
• Enzyme: Bromelain, Chymotrypsin, Collagenase, Hyaluronidase, Papain, Trypsin
• Enzyme concentration
• Exposure time: 10 – 60 min
• Method of enzyme removal, if necessary
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The experiments presented in this chapter aimed to develop an efficient method of liquefying alpaca
semen. A number of different mechanical methods, such as centrifugation, gradient centrifugation,
needling and pipetting, were examined. Investigations of enzymatic methods included the collection of
semen into enzyme-supplemented diluent, and the addition of various concentrations of enzymes after
semen collection. In addition, the effect of exposure time on semen viscosity, sperm motility and
functional integrity was assessed.

5.2. Materials and Methods
Unless otherwise specified, semen was collected for the experiments presented in this Chapter using
an AV fitted inside a mannequin as described in Chapter 2.

5.2.1. Centrifugation
For centrifugation, semen was diluted 1:4 (v:v, semen:diluent) with Androhep® and centrifuged at 600
g for 7 min. The supernatant was then removed (and discarded) and the pellet resuspended in 500 μL
Androhep®. Sperm motility, acrosome integrity and concentration were assessed as described in
Chapter 2.

5.2.2. Gradient centrifugation
Separation of the motile sperm from the immotile sperm and seminal plasma using PureSperm®
gradients is routinely used in other species such as humans, cattle, horses, pigs and sheep.
PureSperm® gradients are constructed as described in Figure 5.1.

Figure 5.1. Schematic diagram of PureSperm® gradients from
http://www.katmedical.com/nidacon_images/Nidacon_pic.jpg
For most species the semen is layered onto gradients made with 90 : 45 or 80 : 40 % PureSperm®.
Gradient centrifugation has not been previously applied to alpaca semen and our preliminary studies
demonstrated that the standard 90 : 45% gradient may not be the optimal proportion for the separation
of alpaca sperm. Both the proportions and volume of each layer alter sperm recovery rate. An
experiment was performed to compare gradients made up of 90 and 45 %, and 45 and 22.5 %
PureSperm® with 0.5 or 1.0 mL layers. For the experiment, 0.2 – 0.5 mL of diluted semen was
layered on top of a PureSperm® gradient and centrifuged at 600 g for 20 min. The pellet was then
resuspended in 200 µL Androhep®. Sperm motility, acrosome integrity and concentration were
assessed as described in Chapter 2.
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5.2.3. Needling
Semen was loaded into a 2.5 mL syringe attached to a small gauge (26 – 30) needle. The plunger was
placed in the syringe and pressure applied, forcing the semen through the needle. Sperm motility,
acrosome integrity and concentration were assessed as described in Chapter 2.

5.2.4. Pipetting
Semen was collected (n=8 males; n=36 ejaculates) and liquefied by gentle pipetting. Gentle pipetting
was performed using a 1 mL pipette during dilution with handling medium. Semen was mixed by
depressing and releasing the plunger on a 1 mL Finpette (in a similar way to that used to remove
cumulus cells from matured oocytes in preparation for in vitro fertilisation). After initial medium
addition, semen was clearly visible as an opaque ‘blob’ within the diluent. Gentle pipetting was ceased
when the opaque ‘blob’ was no longer visible. Sperm motility and acrosome integrity were then
assessed as described in Chapter 2.

5.2.5. Collection of semen into enzyme supplemented diluent
Semen was collected (n=11 males; n=33 ejaculates) using a mannequin fitted with an AV containing
500 µL of modified Salamon’s diluent containing no enzymes (Control), Papain or Chymotrypsin in
the collecting vessel. Mating length, semen viscosity, semen volume, sperm motility, concentration,
acrosome integrity and morphology were assessed as described in Chapter 2.

5.2.6. Enzyme addition after semen collection
Semen was collected (n=4 males; n=12 ejaculates) and semen volume, semen viscosity, sperm
motility, sperm concentration, acrosome integrity and morphology were assessed immediately after
collection Semen was then diluted 1:1 (semen:diluent) with Androhep® containing either 1, 2, 4 or 8
mg mL-1 Papain, Collagenase or Trypsin (final enzyme concentrations 0.5, 1.0, 2.0 and 4.0 mg mL-1).
Semen viscosity, sperm motility and acrosome integrity were then assessed at 5, 10, 20 and 40 min
after enzyme addition as described in Chapter 2.

5.2.7. Removal of enzymes after seminal plasma viscosity reduction
A further experiment was conducted to determine the effectiveness of PureSperm® gradients to
remove enzymes and seminal plasma after enzyme treatment. Semen was collected (n=11 males; n=33
ejaculates) using a mannequin fitted with an AV containing 500 µL of modified Salamon’s diluent
containing no enzymes (Control), Papain or Chymotrypsin in the collecting vessel. Mating length,
semen viscosity, semen volume, sperm motility, concentration, acrosome integrity and morphology
were assessed as described in Chapter 2. Enzyme treated semen was processed through a 45 : 22.5 %
PureSperm® gradient, as described above. Sperm motility, acrosome integrity and concentration were
assessed as described in Chapter 2.

5.3. Results
5.3.1. Centrifugation
Removal of the supernatant (containing the seminal plasma) was difficult and resulted in turbulence
which disrupted the sperm pellet. Sperm motility was similar before (50.0 ± 5.8 %) and after (66.7 ±
6.7 %) centrifugation and 62.73 ± 33.4 % of sperm were recovered. While centrifugation may be a
viable option, removing the supernatant takes considerable care and precision and there is the potential
to lose significant numbers of sperm.
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5.3.2. Gradient centrifugation (PureSperm®)
The results clearly show that sperm motility and sperm recovery rates were higher using a gradient
based on 45 and 22.5 % than 90 and 45 % PureSperm® layers (Table 5.1). There was no significant
difference for sperm motility and recovery rate using between 0.5 or 1.0 mL layers of 45 : 22.5%
PureSperm®.
Table 5.1. Sperm motility and recovery rate after centrifugation through PureSperm® gradients
consisting of 90 : 45, and 45 : 22.5% PureSperm® layers of 0.5 or 1.0 mL. Data are mean ± SEM,
values within a rows (A,B) or a column (a,b) with a different superscript are significantly different
(P<0.05).

PureSperm®
gradient (%)

Layer
volume
(mL)

Pre- PureSperm®
Sperm
Acrosome

Sperm

motility

integrity

motility

(%)

(%)

(%)

0.5

90: 45

1.0
0.5

45 : 22.5

41.8 ± 6.5

A

86.2 ± 4.0

1.0

Post- PureSperm®
Acrosome
Sperm recovery
integrity
rate (%1)
(%)

28.2 ± 6.5B,a

82.9 ± 3.6a

17.3 ± 5.5a

19.1 ± 4.7B,a

83.0 ± 3.5a

19.1 ± 4.9a

34.0 ± 5.5A,b

88.8 ± 1.4a

68.5 ± 9.8b

38.2 ± 6.5A,b

81.9 ± 2.2a

70.2 ± 14.1b

1

Sperm recovery rate was calculated by dividing the total number of sperm recovered from the pellet after centrifuging by
the total number of sperm layered on top of the PureSperm® gradient.

5.3.3. Needling
Needling was not efficient at reducing semen viscosity. It was not considered a viable method for
liquefying alpaca semen as liquefaction was not complete and semen parameters were altered.

5.3.4. Pipetting
Semen viscosity, sperm motility and acrosome integrity prior to and after liquefaction of semen by
gentle pipetting are presented in Table 5.2. After gentle pipetting, sperm motility was increased
compared with non-pipetted controls. In most cases there was a decrease in the proportion of sperm
displaying oscillatory motion, and an increase in forward progressive motion, after pipetting. There
was no significant difference in sperm acrosome integrity after pipetting and dilution in Androhep®,
compared with unpipetted semen, but semen viscosity decreased and sperm motility increased.
Table 5.2. Semen characteristics after semen liquefaction by pipetting and dilution with Androhep®.
Data are mean ± SEM, values across columns (before and after pipetting) with a different superscript
are significantly different (P<0.05).
Before dilution
Diluent

Semen

Sperm

Acrosome

Semen

Sperm

Acrosome

viscosity

motility

integrity

viscosity

motility

integrity

(%)

(mm)

(%)

(mm)
Androhep®

After pipetting and dilution

11.7 ± 1.8

(%)
a

48.6 ± 3.2

a

92.4 ± 0.9
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2.6 ± 0.3

b

62.8 ± 1.4

(%)
b

89.4 ± 0.9

5.3.5. Effect of enzyme treatment during semen collection
Mating length, semen volume, sperm motility and sperm concentration were similar (P>0.05) between
treatments. Semen viscosity was significantly reduced (P<0.05) by collecting into containers with
diluent containing Papain (Table 5.2) compared with the Control and Chymotrypsin.
Table 5.2. Semen characteristics after the collection of alpaca semen into containers with diluent
(Control) containing Papain or Chymotrypsin.
Parameter
Mating length (min)
Semen volume (mL)
Semen viscosity (mm)
Sperm concentration (x106/mL)
Total no. sperm in ejaculate (x106)
Sperm motility (%)
Acrosome integrity (%)
Morphologically normal (%)
Head abnormalities (%)
Midpiece abnormalities (%)
Tail abnormalities (%)
Cytoplasmic droplets (%)

Control

Chymotrypsin

Papain

17.0 ± 2.2
1.1 ± 0.4
10.8 ± 3.0a
382.2 ± 199.6
99.6 ± 20.4
40.5 ± 6.2
85.0 ± 2.6a
56.6 ± 3.4a
2.4 ± 0.8
5.6 ± 1.3
14.6 ± 2.9a
17.4 ± 2.7

18.8 ± 3.4
0.7 ± 0.2
11.3 ± 4.9a
107.7 ± 32.7
77.4 ± 26.1
44.5 ± 6.4
74.0 ± 12.3a
68.8 ± 5.3b
2.2 ± 1.1
5.0 ± 1.1
8.2 ± 2.4b
12.2 ± 1.8

18.8 ± 4.2
0.7 ± 0.1
1.3 ± 1.0b
125.2 ± 44.7
58.2 ± 14.7
47.5 ± 7.1
41.6 ± 14.3b
64.6 ± 5.5b
2.2 ± 0.4
5.9 ± 1.4
7.3 ± 1.9b
17.9 ± 3.3

5.3.6. Enzyme addition after semen collection
Both Papain and Trypsin were effective at reducing semen viscosity but Papain was more effective at
lower concentrations (Table 5.3).
Sperm motility was severely reduced by Collagenase treatment but was not affected by Papain and
Trypsin treatment (Table 5.4). Interestingly, it was observed that motility changed from oscillatory to
forward progressive after the breakdown of the seminal plasma.
Table 5.3. Semen viscosity (mm) after treatment of neat semen with 0.5, 1.0, 2.0 and 4.0 mg mL-1
Collagenase, Papain and Trypsin. Data are mean ± SEM, values within a row (A,B) or column (a,b)
with a different superscript are significantly different (P<0.05).
Enzyme

Conc

Control
Collagenase
Collagenase
Collagenase
Collagenase
Papain
Papain
Papain
Papain
Trypsin
Trypsin
Trypsin
Trypsin

0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0

10
3.3 ± 0.8a,A
2.7 ± 0.8a,A
2.9 ± 0.7a,A
2.2 ± 0.6a,b,A
1.4 ± 0.6c,A,B
0.5 ± 0.4c,d,A
0.5 ± 0.3c,d,A
0.4 ± 0.4d,A
0.0 ± 0.0d,A
3.2 ± 0.8a,A
3.7 ± 0.8a,A
2.2 ± 0.6a,A
1.6 ± 0.3b,A
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Times (min)
20
3.3 ± 0.7a,A
2.4 ± 0.8a,b,A
1.9 ± 0.7b,A
1.9 ± 0.6b,A
2.1 ± 0.7a,b,A
0.0 ± 0.0c,A
0.0 ± 0.0c,A
0.3 ± 0.3c,A
0.7 ± 0.5c,A
2.8 ± 0.6a,b,A
3.1 ± 0.8a,A
2.3 ± 0.7a,b,A
1.7 ± 0.5b,A

40
1.8 ± 0.5a,B
2.2 ± 0.7a,A
1.7 ± 0.7a,b,B
1.8 ± 0.7a,b,A,B
0.8 ± 0.4b,c,B
0.0 ± 0.0c,A
0.0 ± 0.0c,A
0.5 ± 0.5c,A
0.0 ± 0.0c,A
2.0 ± 0.7a,A,B
2.5 ± 0.8a,A
1.6 ± 0.6a,b,A
0.6 ± 0.3c,B

60
1.4 ± 0.5a,b,B
1.7 ± 0.7a,A
1.4 ± 0.7a,b,B
0.8 ± 0.5a,b,B
0.3 ± 0.2b,c,B
0.0 ± 0.0c,A
0.0 ± 0.0c,A
0.6 ± 0.6b,c,A
0.0 ± 0.0c,A
1.5 ± 0.5a,B
1.2 ± 0.6a,b,B
0.4 ± 0.3b,c,B
0.2 ± 0.2b,c,B

Table 5.4. Sperm motility (%) after treatment of neat semen with 0.5, 1.0, 2.0 and 4.0 mg mL-1
Collagenase, Papain and Trypsin. Data are mean ± SEM, values within a row (A,B) or column (a,b)
with a different superscript are significantly different (P<0.05).
Enzyme

Conc

Control
Collagenase
Collagenase
Collagenase
Collagenase
Papain
Papain
Papain
Papain
Trypsin
Trypsin
Trypsin
Trypsin

0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0

10
49.0 ± 3.6a,A
3.8 ± 1.1b,A
3.8 ± 1.2b,A
1.4 ± 0.6c,A
0.4 ± 0.4d,A
48.3 ± 3.2a,A
42.7 ± 4.0a,A
42.5 ± 3.2a,A
40.0 ± 4.1a,A
43.5 ± 2.8a,A
43.6 ± 3.2a,A
41.0 ± 3.0a,A
35.6 ± 2.9a,A

Time (min)
20
40
a,A
32.3 ± 4.1
16.9 ± 4.5a,B
b,B
0.0 ± 0.0
0.0 ± 0.0b,B
b,B
0.6 ± 0.6
0.7 ± 0.7b,B
0.0 ± 0.0b,B
0.0 ± 0.0b,B
b,A
0.0 ± 0.0
0.0 ± 0.0b,A
a,A
30.4 ± 3.8
16.5 ± 4.2a,B
27.3 ± 2.9a,A,B
16.7 ± 4.4a,B,C
a,A,B
25.8 ± 4.7
15.0 ± 4.3a,B
26.3 ± 4.7a,A,B
15.4 ± 3.4a,B
a,A,B
28.9 ± 4.0
15.8 ± 3.8a,B
a,A,B
25.0 ± 4.2
12.9 ± 3.2a,B
23.8 ± 3.2a,A,B
14.2 ± 2.6a,B,C
a,A,B
25.6 ± 4.2
17.3 ± 3.3a,A,B

60
8.7 ± 2.8a,B
0.0 ± 0.0b,B
0.4 ± 0.4b,B
0.0 ± 0.0b,B
0.0 ± 0.0b,A
7.4 ± 2.3a,c,e,B
8.8 ± 2.5a,c,e,C
7.7 ± 3.0a,c,e,C
10.2 ± 2.6a,e,B
8.3 ± 3.1c,d,C
7.3 ± 2.7c,d,C
7.4 ± 1.4c,e,C
10.0 ± 1.7e,B

Table 5.5. Sperm acrosome integrity (%) after treatment of neat semen with 0.5, 1.0, 2.0 and 4.0 mg
mL-1 Collagenase, Papain and Trypsin. Data are mean ± SEM, values within a row (A,B) or column
(a,b) with a different superscript are significantly different (P<0.05).
Enzyme

Conc

Control
Collagenase
Collagenase
Collagenase
Collagenase
Papain
Papain
Papain
Papain
Trypsin
Trypsin
Trypsin
Trypsin

0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0

10
90.6 ± 1.9a,A
87.8 ± 2.0a,A
88.1 ± 2.3a,A
89.4 ± 2.6a,A
89.8 ± 2.7a,A
55.1 ± 8.5a,b,A
54.1 ± 9.7a,b,A
43.6 ± 8.8a,b,A
29.6 ± 9.1b,A
86.2 ± 2.5a,A
84.8 ± 3.7a,A
74.2 ± 10.2a,b,A
65.9 ± 12.3a,b,A

Time (min)
20
40
86.2 ± 2.4a,b,A
87.7 ± 3.5a,A
87.2 ± 2.7a,b,A
87.2 ± 3.5a,A
89.7 ± 1.4a,A
75.9 ± 9.8a,b,A
a,b,A
89.0 ± 1.8
90.9 ± 2.5a,A
85.0 ± 5.4a,b,A
88.2 ± 3.0a,A
b,c,A
36.2 ± 8.7
41.0 ± 9.0a,b,A
c,A
40.7 ± 10.1
37.3 ± 8.3b,c,A
15.9 ± 8.9d,B
25.4 ± 8.1c,B
d,B
18.0 ± 8.8
20.6 ± 11.3d,B
a,b,A
85.3 ± 2.6
75.4 ± 5.9a,A
88.3 ± 1.5a,A
86.2 ± 4.0a,A
a,b,c,A
78.9 ± 10.5
73.9 ± 10.2a,b,A
63.2 ± 11.0a,b,c,A
65.0 ± 13.0b,A

60
76.7 ± 6.7a,b,B
79.3 ± 6.7a,b,A
75.7 ± 8.7a,b,A
81.1 ± 6.1a,b,A
90.1 ± 1.4a,A
29.3 ± 9.9b,A
12.7 ± 5.4b,B
16.3 ± 7.2b,A,B
5.6 ± 4.4c,C
74.6 ± 5.6a,b,A
70.1 ± 9.2a,b,A
73.9 ± 10.6a,b,A
62.7 ± 12.3b,A

5.3.7. Removal of enzymes after seminal plasma viscosity reduction
Sperm motility after Puresperm® gradient processing and sperm recovery rates were similar for all
treatments (Table 5.6) suggesting the gradients may be an efficient method of removing enzymes from
semen.
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Table 5.6. Sperm motility and recovery rate after centrifugation of enzyme-treated diluted semen
through 45: 22.5 % PureSperm® gradients.
Pre-PureSperm®
Sperm
Acrosome

Post-PureSperm®
Sperm
Acrosome

motility (%)

integrity (%)

motility (%)

integrity (%)

Sperm
recovery
rate (%1)

Control

38.3 ± 6.0

95.0 ± 2.6a

48.3 ± 6.0

83.2 ± 3.7a

46.0 ± 11.5

Chymotrypsin

41.0 ± 7.6

74.0 ± 12.3a

52.0 ± 8.0

76.8 ± 6.2b

49.3 ± 12.4

Papain

37.5 ± 4.8

41.6 ± 14.3b

52.5 ± 1.4

60.9 ± 4.7c

53.2 ± 10.6

Enzyme

1

Sperm recovery rate was calculated by dividing the total number of sperm recovered by the total number of sperm layered
on top of the PureSperm® gradient.

5.4. Discussion
A number of mechanical and enzymatic methods for reducing semen viscosity were evaluated.
Centrifugation was not effective for separating sperm from the viscous seminal plasma as the
turbulence created during sperm removal resulted in significant loss of cells and only 60 % were
recovered. Furthermore, different centrifugation times and speeds would be required for ejaculates of
different viscosities. Given the variation in viscosity between males and ejaculates, centrifugation
would become a costly and time-consuming procedure in a commercial artificial breeding setting.
Mortimer (1994) emphasises that centrifugal pelleting of unselected sperm populations must be
avoided under all circumstances where the sperm are to be tested for their function or used for
therapeutic purposes. Moreover, Ferre et al. (2000) observed that centrifugation was deleterious to
llama sperm motility (not cent: 31.6 %, cent: 26.6 %) and 1 hr (not cent: 25.0: cent: 5.0 %).
Gradient centrifugation using 45: 22.5 % PureSperm® was more effective in recovering sperm from
the viscous seminal plasma than the 90: 45 % gradients traditionally used for the separation of boar,
cattle, and sheep sperm. No differences were detected when the volume of the gradient was varied.
Therefore, as the cost of Puresperm® is very high (approx. $2000 per litre), all subsequent
experiments were conducted using 0.5 mL gradients. Constructing gradients is time-consuming and
requires a high level of precision, otherwise the layers merge and the effectiveness of the gradient is
reduced. Coupled with the cost of the Puresperm®, this precludes the commercial application of the
procedure at present. Recovery rates for alpaca sperm after Puresperm® gradient processing were
comparable to other species, but only 70 % of the sperm were recovered and, given the low number of
sperm in alpaca ejaculates, loss of approximately 30 % represents a significant reduction in the
number of cells available for preservation. Given these disadvantages, several methods of in-situ
viscosity reduction such as needling, pipetting and vortexing were next examined.
Needling was ineffective for reducing the viscosity of alpaca semen, despite previous reports to the
contrary (Santiani et al. 2005). Needling has been successful for partial liquefaction of human semen,
although it is not recommended for samples where sperm will be assessed for functionality or integrity
(Mortimer 1994) as the high shear forces experienced by sperm are deleterious and result in a marked
deterioration in sperm motility (Knuth et al. 1986).
Vortexing and pipetting break the seminal plasma down in situ (in the presence of the sperm). One
important difference between these methods is the potential for the loss of significant numbers of
sperm during the removal of the seminal plasma. Vortexing of alpaca semen does not reduce semen
viscosity and may be highly detrimental to alpaca sperm (Vaughan et al. 2003a), so we did not
investigate it as a method of reducing semen viscosity in the current project. However, gentle pipetting
of semen diluted with Androhep® was effective in reducing semen viscosity without compromising
sperm acrosome integrity or sperm motility. This is considered the simplest and most effective method
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available to date for viscosity reduction, although it is not completely effective and does not remove
any other detrimental effects of the seminal plasma which is still present after the procedure.
Collection of semen into Tris diluent containing the proteolytic enzyme papain significantly reduced
semen viscosity but the same procedure with medium containing chymotrypsin was not effective.
Collection of semen into media containing an enzyme did not affect sperm motility but acrosome
integrity was reduced for samples collected into Tris containing papain. Similarly, when papain was
added to neat semen after collection semen, viscosity was eliminated almost immediately, sperm
motility was not compromised but acrosome integrity was reduced. The reduction in semen viscosity
and acrosome integrity occurred in a dose dependant manner, with less acrosome damage occurring
when 0.5 mg/mL of papain was added to the semen. Compared with papain, collagenase and trypsin
did not cause as much damage to sperm acrosomes nor were they as effective in reducing semen
viscosity.
Sperm motility declined over time for all treatments including the control but collagenase had an
instantaneous effect on sperm motility with those in the majority of samples being immobilised almost
immediately after addition of the enzyme. Trypsin has less effect on sperm motility than collagenase,
and less effect on acrosome integrity, but was not as efficient at reducing semen viscosity as papain.
Removal of papain after collection of semen into Tris diluent containing papain was hypothesised as a
way of reducing the damage to the sperm acrosome but this was ineffective as the data showed that the
damage had already occurred (Table 5.4). These results suggest that collection of semen into diluent
containing enzymes is not a suitable method for reducing semen viscosity in alpacas. Removal of
enzymes after a shorter exposure to papain, such as addition of papain in the laboratory, may be more
effective. Damage to sperm membrane integrity was observed after as little as 10 min exposure to the
enzymes (Table 5.5) suggesting that the exposure period to papain must be less than this. Addition of
papain to neat semen (or semen collected in Tris diluent, Chapter 3) followed by immediate
centrifugation and resuspension in diluent (without enzymes) might be an effective method of
reducing semen viscosity but it is time consuming and labour intensive.
The results of our studies examining the effect of enzymes on alpaca semen viscosity contradict those
of Bravo et al. (1999) and Bravo et al. (2000b). Their studies used trypsin (0.3, 0.6, 1.25 and 2.5 %
solutions; Bravo et al. 1999), collagenase (1, 5, 10 and 20 mg/ml; Bravo et al. 1999 and 0.25 mg/ml;
Bravo et al. 2000b), fibrinolysin (Bravo et al. 2000b) and hyaluronidase (Bravo et al. 2000b) to liquefy
alpaca and/or llama semen. Bravo et al. (2000b) reported that all concentration of collagenase and
trypsin reduced semen viscosity and Bravo et al. (1999) reported that once semen was in contact with
the enzymes, viscosity was eliminated.
Bravo et al. (2000b) reported that, despite reduction in semen viscosity, sperm motility remained
oscillatory after enzyme addition and did not display progressive motility. Our results, in the contrary,
indicated that sperm motility became more progressive as a consequence of enzyme treatment. This
could be explained by the presence of a sperm motility inhibitor in alpaca semen, similar to that
present in human semen (Robert and Gagnon 1995). This 52 kDa seminal plasma sperm motility
inhibitor (SMI) is present at ejaculation and rapidly transformed into smaller masses during
liquefaction (Robert and Gagnon 1994). The presence of a SMI in alpaca semen has yet to be
confirmed, although it could have resulted from an evolutionary need to maintain the sperm in a
quiescent state from ejaculation until ovulation takes place.
Other studies examining the effects of enzymes have reported a number of interesting, and often
contradictory findings. Deen et al. (2003) added α-chymotrypsin to camel semen and reported that
motility was not increased but failed to quantify the effects on seminal plasma viscosity or sperm ultra
structure. Hyperviscous human semen samples are routinely treated with chymotrypsin and no
differences have been observed in sperm motility, membrane integrity or morphology between
samples liquefied by dilution and pipetting or treatment with chymotrypsin (Zavos et al. 1997), but
(Shinohara et al. 1985) demonstrated that chymotrypsin treatment of hamster sperm accelerated the
90

sperm acrosome reaction. Treatment of human semen with chymotrypsin reduced penetration of zona
free hamster oocytes (Pattinson et al. 1990b) but did not reduce the pregnancy rate after intrauterine
insemination (IUI; Tucker et al. 1990) and increased the in vitro fertilizing ability of viscous human
semen (Cohen and Aafjes 1982). Unfortunately, chymotrypsin was not effective in reducing semen
viscosity in the concentrations examined in the present study.
Treatment of Capuchin money semen with trypsin and hyaluronidase did not cause any adverse effects
on sperm motility, vigour and acrosome integrity, but enzymes only partially liquefied the semen
(Rodrigues de Paz et al. 2006). Treatment of bovine sperm with trypsin adversely affected sperm
motility (Wheeler and Seidel 1989; Silva et al. 1999) and accelerated the acrosome reaction of hamster
sperm (Shinohara et al. 1985). Penetration of human sperm into zona free hamster oocytes was not
reduced by trypsin treatment (Pattinson et al. 1990b) and treatment of sperm with trypsin has been
observed to increase oocyte penetration (Dandekar and Gordon 1975; Cohen and Aafjes 1982).
A dose dependent reduction in sperm vitality was observed after incubation with papain (Pattinson et
al. 1990a). Concentrations over 25 U/mL reduced sperm motility and papain treatment altered cell
membranes (measured by eosin exclusion; Pattinson et al. 1990a) and papain treated (50 U/ml) sperm
displayed impaired penetration of zona-free hamster oocytes (Pattinson et al. 1990b). Of the enzymes
tested by Pattinson et al. (1990a,b), trypsin exhibited the most restricted specificity of the enzymes,
being directed towards lysyl and arginyl residues, chymotrypsin was also quite specific in hydrolysing
phenylalanyl tyrosyl and tryptophanyl residues. The activity of papain is broader than either trypsin or
chymotrypsin, being capable of cleaving the peptide bonds adjacent to most amino acids. This may
explain the strong efficacy of papain to liquefy semen in the present study, and to release sperm
motility from the “bonds” of its containment by the viscous gel.
The interval between semen collection and liquefaction in vitro necessitates the development of a
method to liquefy alpaca semen. Various method of semen liquefaction exist, although the method of
choice must be reliable, easy (in a commercial setting), cost and time-effective and not reduce sperm
viability or function. In this project, enzyme treatment had some effects on sperm function although
the nature and degree of the effect varied according to the enzyme used. Despite the deleterious effect
of papain on sperm integrity, papain was highly effective in reducing semen viscosity. Given the
restrictions on animal-derived products in diluents designed for in vivo use, the use of non-animal
enzymes may be beneficial. Papain is derived from plants and remains effective at lower
concentrations. Thus, perseverance in determining the optimum concentration, exposure time and
removal methods is warranted.
The favourable outcomes demonstrated by the use of papain also proved that the viscous component
of seminal plasma was highly susceptible to liquefaction by proteolytic enzymes, thus proving that it
has a major protein component. It has been reported in the literature that the viscous semen is
composed of sulphated mucopolysaccharides secreted by the bulbourethral gland during the rutting
season (El-Naggar and Abdel-Raouf 1977). Based on the lack of evidence for this claim, and in
addition to studies determining the optimal use of proteolytic enzymes such as papain, we believe that
studies are urgently required to confirm the findings of El-Naggar and Abdel-Raouf (1977). Further
studies are also required to identify the components responsible for the viscosity before effective,
efficient and commercially viable methods for the liquefaction of alpaca semen can be developed.
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6. Liquid-storage of alpaca sperm
6.1. Introduction
Artificial insemination (AI) facilitates the widespread use of genetics from superior sires, thereby
increasing the rate of genetic gain and is an important tool for animal breeding programs. There is
considerable interest in the use of AI in camelid breeding programs. At present the lack of efficient
methods to preserve the fertilising lifespan of semen in liquid or frozen form prevent the widespread
use of AI in camelids. Successful semen storage is dependant on the reversible reduction in metabolic
activity and motility, which prolongs the fertilising lifespan of sperm. This can be achieved by
cryopreserving or liquid storing sperm. Cryopreservation of sperm in camelids is inefficient, primarily
owing to a lack of knowledge regarding camelid sperm physiology and the viscous nature of the
seminal plasma (Bravo et al. 2000c).
As camelid sperm are generally not tolerant of freezing and thawing procedures, liquid storage of
sperm may facilitate the development of AI technology. There have been few reports on the liquid
storage of camelid semen and the optimal conditions for liquid storage remain to be elucidated.
Studies published to date have generally reported poor results (Dromedary camel: Hassan et al. 1995;
Deen et al. 2004; llama: Huanca and Gauly 2001; Giuliano et al. 2006b). However, pregnancies have
been achieved after AI with liquid-stored semen in Dromedary camels (Skidmore 2005) and llamas
(Giuliano et al. 2006a) but the efficiency is still below commercially acceptable levels.
During liquid storage, the metabolic activity of sperm is reduced by storage at a reduced temperature,
in a slightly acidic environment, gassing diluents with CO2 or N2 under anaerobic conditions
(Vishwanath and Shannon 2000). However, optimal storage conditions are species-specific, reflecting
differences in sperm physiology and preferences for pH buffers, diluent tonicity, energy sources,
tolerance to cold shock and susceptibility to oxidative damage.
These parameters have yet to be thoroughly investigated for alpacas and development of the optimal
method of liquid storage will depend on first determining the optimal diluent, storage temperature and
dilution rate. The aim of the work presented in this chapter was to investigate the effects on sperm
function of i) different diluents (Androhep®, Biladyl®, Lactose, Salamon’s and Triladyl®) and
storage temperatures (4 and 15 °C), ii) dilution rate (1:1, 1:2, and 1:4 v:v) and interactions between
dilution rate and storage temperature, and iii) removal of seminal plasma and dead sperm prior to
liquid storage. We also iv) aimed to determine if epididymal alpaca sperm could be stored in a liquid
state.

6.2. Materials and methods
Procedures described herein were approved by The University of Sydney’s Animal Ethics Committee
and performed in accordance with the Australian Code of Practice for Care and Use of Animals for
Scientific Purposes.

6.2.1. Animals
Male alpacas (n=16; 7.03 ± 0.6 years old) were maintained under field conditions at The University of
Sydney’s Animal Reproduction Unit, Cobbitty, NSW, Australia for the duration of the experimental
period (June to November 2006). Alpacas were maintained on native pastures, exposed to natural day
length and ambient temperatures and supplemented with Lucerne hay (Medicago sativa) and
commercially formulated alpaca pellets as required.
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6.2.2. Reagents and media
Chemicals used were of analytical grade and, where possible, cell culture tested by the manufacturer.
All media components were purchased from Sigma-Aldrich (St Louis, MO, USA) unless otherwise
stated. Androhep®, Biladyl® (fraction A only) and Triladyl® (Minitüb, Tiefenbach, Germany) were
reconstituted according to the manufacturers instructions. Lactose diluent consisted of 11 % (w:v)
lactose as described by Morton et al. (2007a). Salamon’s diluent was modified from that described by
Evans and Maxwell (1987) and consisted of 300 mm Tris (hydroxymethyl)aminomethane, 27.8 mm
fructose, 94.7 mM citric acid. All diluents were prepared using tissue-culture grade water filtered (0.22
μm, Millipore). Diluents were then supplemented with 20 % (v/v) hens egg yolk, and ultracentrifuged
(10,000 g; 30 min). Diluents were then aliquoted (10 mL) and stored frozen at – 20 °C until use
(within 8 weeks).

6.2.3. Semen collection
Semen was collected as previously described by Morton et al. (2007a). Briefly, semen was collected
using a rubber sheep AV (IMV Technologies, L’Aigle, France) with a silicone liner and a camel
collecting glass (IMV Technologies). The artificial vagina (AV) was then wrapped in an electric
heating pad (BodyzoneTM Heat Pad HP700; Breville, Botany, NSW, Australia), mounted inside the
wooden mannequin and placed in the semen collection pen. A male alpaca was then allowed to enter
the pen and mate with the mannequin. After mating ceased, the AV was removed from the mannequin.
Viscous semen contained within the AV was forced into the collecting glass by repeated, sharp
downwards thrusts. Collecting glasses were stored in a 35 °C water bath until evaluation and dilution
(within 10 min of collection).

6.2.4. Semen evaluation and assessment of sperm characteristics
Ejaculate volume, semen viscosity, sperm concentration, sperm motility, acrosome status and
morphology were then determined on neat semen samples. Semen evaluation and sperm assessments
were performed as described by Morton et al. (2007a). Graduations on the collecting glass were used
to determine ejaculate volume and the thread formation technique (Bravo et al. 2000b) was used to
evaluate semen viscosity. Briefly, 50 μL neat semen were removed from the ejaculate using a
micropipette and approximately 25 μL was pipetted on to a glass slide. A thread of semen was formed
by slowly raising the pipette. The distance between the pipette and the slide at the time the thread
broke was measured using a ruler and recorded as the viscosity.
Sperm motility patterns were classified subjectively as either oscillatory or progressive. Sperm
travelling at greater than one body length per second were considered to display forward progressive
motility, and sperm which did not display forward motility were considered oscillatory. Sperm
motility was estimated subjectively to the nearest 5 % by examining five fields of the neat or diluted
semen sample (10 μL) placed on a pre-warmed slide using phase contrast microscopy (X 100,
Olympus, Tokyo, Japan; Evans and Maxwell, 1987). Sperm concentration was determined using a
haemocytometer as described by Evans and Maxwell (1987).
Acrosome integrity was assessed by fluorescent isothiocyanate-conjugated peanut agglutin (FITCPNA) as described by Morton et al. (2007a). Briefly, an aliquot of sperm was smeared on a slide, air
dried and fixed for 30 sec in 96 % (v:v) ethanol. Slides were then stored at 4 °C for 2 - 4 wk.
Immediately before assessment slides were stained with 100 μg/mL FITC-PNA (Sigma-Aldrich) in
phosphate buffered saline (Sigma-Aldrich) for 30 min in a humid 37°C atmosphere. Slides were then
rinsed with PBS to remove excess stain and placed in the dark at 37 °C to dry. Fade retardant
consisting of 90 % (v:v) glycerol (Sigma-Aldrich), 10 % (v:v) PBS (Sigma-Aldrich) and 0.1 % (w:v)
p-phenylenediamine (Sigma-Aldrich) was then placed on the stained area of the slide and covered with
a cover slip. Sperm were considered acrosome intact if the acrosome stained green while those with no
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staining or a single band of green staining at the equatorial segment were considered as having nonintact acrosomes.

6.2.5. Pilot study
Semen was collected from alpaca males (n = 8; 2 ejaculates per male) and assessed for quality
parameters. Semen was then divided into three aliquots and left neat or diluted 1:1 or 1:2 (v:v,
semen:diluent) with Androhep® (without clarified egg-yolk). Aliquots of neat or diluted semen were
placed in a beaker of 35 °C water (same temperature as the semen) and liquid stored in a portable
fridge (approx. 15 °C) as displayed in Figure 6.1. Sperm motility was examined immediately after
dilution and one and two hours after the onset of liquid storage.

6.2.6. Effect of diluent and temperature
Semen was collected from alpaca males (n = 6; 4 ejaculates per male) and assessed for quality
parameters. Semen was then divided into five aliquots and diluted 1:4 (v/v) with Androhep®,
Biladyl®, Lactose, Salamon’s and Triladyl® diluents. Dilution was performed drop wise, and after the
addition of approximately the same volume of diluent as the semen (1:1, v/v dilution), parts of the
viscous semen were clearly visible as opaque masses within the diluted semen. Viscous semen was
gently pipetted with a 1.0 mL pipette to break up the viscous semen and facilitate proper mixing of the
diluent. Pipetting ceased when the opaque mass was no longer visible which coincides with a
reduction in semen viscosity (Chapter 5). Aliquots of diluted semen were divided into two parts which
were stored at 4 and 15 °C. Sperm motility and acrosome integrity were assessed immediately after
collection, dilution (0 h) and 24, 48, 72 and 96 h after liquid storage.

6.2.7. Effect of dilution rate
Semen was collected from alpaca males (n = 4; 3 ejaculates per male) and assessed for quality
parameters. Semen was then divided into three aliquots and diluted as described above 1:1, 1:2 and 1:4
(v:v, semen:diluent) with Biladyl®. Diluted semen was then divided into two parts which were stored
at 4 and 15 °C. Sperm motility and acrosome integrity were assessed immediately after collection,
dilution (0 h) and 24, 48, 72 and 96 h after liquid storage.

6.2.8. Effect of seminal plasma removal
Semen was collected (n=3 males; n=3 ejaculates) and semen volume, semen viscosity, sperm motility,
sperm concentration, acrosome integrity and morphology were assessed immediately after collection
Semen was then diluted 1:4 with Biladyl® and divided into three aliquots: control (dilution only),
washed (dilution, centrifugation and resuspension in Biladyl®), PureSperm® gradient processed
(dilution, PureSperm® processing, washing and resuspension in Biladyl®.
For washing, sperm were centrifuged at 300 g for 10 min, the supernatant (containing diluent and
seminal plasma) was removed and discarded. The pellet, containing motile and immotile sperm was
then resuspended to the same final volume as the control samples with Biladyl®.
For PureSperm® processing, diluted sperm were layered on top of a 22.5 : 45 % Puresperm® gradient
and centrifuged (600 g; 20 min) as described in Chapter 5. The sperm pellet was the resuspended in
500 μL Biladyl® and washed (as described above).
Diluted sperm were then stored at 15 °C for 48 h. Sperm motility, acrosome integrity and morphology
were examined at 0, 24 and 48 h after the onset of liquid storage.
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6.2.9. Liquid storage of epididymal sperm
Based on the results of Experiments 1 and 2, a pilot study was conducted to investigate the liquid
storage of epididymal alpaca sperm. Testes and epididymides and testes from castrated alpaca males
(n=10, age: 32.5 ± 1.8 mo) were transported overnight to the laboratory using the method described by
Morton et al. (2007a). Briefly, testes and epididymides were wrapped in gauze, which had previously
been soaked in phosphate buffered saline (Sigma, St Louis, MO, USA), and placed in a foam esky on
top of a cold pack for transport to the laboratory overnight.
Upon arrival at the laboratory, the epididymides were cleaned, excess tissue was removed and the
surface blood vessels were punctured and the blood wiped away. Epididymides were then minced with
a scalpel and the sperm were allowed to swim out for 30 min into 4.0 mL warm Androhep (AH;
Minitüb, Tiefenbach, Germany) in 60 mm Petri dishes (Bacto Laboratories, Liverpool, Australia)
placed on heated (37 °C) stages. Sperm suspensions were centrifuged (300 g; 10 min), the supernatant
removed and the resultant pellet resuspended to a final volume of 1 mL with Biladyl (as described in
Experiment 1 and 2 and cooled to 4 °C over 2 h (-0.14 °C/min). Cooled sperm were then stored at 4 °C
for 24 h. Sperm motility and acrosome integrity were assessed immediately after collection (post
harvest) and 24 h after the onset of liquid storage.

6.2.10. Variation between males
Semen was collected from 10 adult alpaca males (A - J) and liquid-stored during a variety of
experiments. Data were then pooled by male and used to generate box plots. Box plots were chosen to
display results as a large volume of information can be clearly conveyed in a simple diagram. The box
plots display the variation between ejaculates from the same male (intramale variation), and between
ejaculates from different males (intermale variation).
Box plots are a convenient diagrammatic method to represent groups of data and are based on five
values – the smallest observation, lower quartile, median, upper quartile and the largest observation.
The box contains the middle 50 % of the data and the upper and lower edges of the box indicate the
75th (upper) and 25th (lower) percentile of the data while the line inside the box represents the median
value. The vertical lines (or whiskers) extend beyond both edges of the box as far as the minimum and
maximum values. The distance between the various parts of the box are used to help indicate variation
in a population.

Maximum value observed
Upper edge – 75th percentile
Median value
Lower edge – 25th percentile
Minimum value observed

Figure 6.1. Sample box plot (from http://www.netmba.com/statistics/plot/box/)

95

6.2.11. Statistical analysis
Statistical differences were determined after logit transformation of sperm motility and acrosome
integrity data. Data were analysed using a linear mixed model (REML) procedure and means
compared using least significant differences (LSD) in GenStat (Release 7.2, Ceanet, Brisbane,
Australia) with P<0.05 considered significant.

6.3. Results
6.3.1. Pilot study
The first attempts to store alpaca sperm in Androhep in a portable refrigerator were based on a
protocol developed for the transport of boar semen at The University of Sydney (Figure 6.2).

a

b

Figure 6.2. Portable refrigerator (a) used to for liquid storage, b) diluted alpaca sperm in refrigerator.
Preliminary experiments were conducted to establish the appropriate dilution rate. Alpaca semen was
stored neat or after dilution (1:1 or 1:2) with Androhep® but this was largely unsuccessful.
Preliminary attempts to store alpaca sperm in a portable refrigerator in a medium such as Androhep
without egg yolk resulted in a rapid loss of motility with sperm dying within two to three hours after
the onset of storage (Table 6.1).
Table 6.1. Motility of alpaca sperm during cooling to 15 °C

Dilution rate

Sperm motility (%)
0h

2h

Neat (control)

26.1 ± 3.4

5.7 ± 1.7

1:1

25.0 ± 4.1

7.6 ± 2.9

1:2

45.6 ± 4.8

15.6 ± 6.0

The results from the pilot study suggested that 1:2 dilution is superior to 1:1 dilution, and that further
investigation of dilution rates was warranted. Generally, semen from other species stored at 15 °C is
not supplemented with egg yolk but the rapid loss in alpaca sperm viability suggested that the
inclusion of egg yolk in the medium might be beneficial. Moreover, the temperature of the portable
refrigerator varied, and the decision was made to use a standard 15 °C refrigerator routinely used to
store pig semen at the University of Sydney (Figure 6.3).
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Figure 6.3. Refrigerator used to store alpaca sperm at 15 °C.

6.3.2. Effect of diluent and temperature
Data for the motility of sperm liquid-stored at 4 or 15 °C after dilution in Androhep®, Biladyl®,
Lactose, Salamon’s, and Triladyl® are presented in Table 6.2. Interactions between the diluent and
time (P<0.001) and temperature and time (P<0.001) on sperm motility were observed but there was no
interaction between diluent and temperature (P=0.13).
Overall, there was a trend for sperm motility to be higher after storage at 4 °C compared with 15 °C
(P=0.089) and motility of liquid-stored sperm was higher after storage in Biladyl® than in all the other
diluents. Motility was similar for sperm liquid-stored in Triladyl® and Lactose, but was reduced for
Androhep® and Salamon’s diluents (P<0.05). Motility had declined for sperm stored at 4 and 15 °C in
Androhep®, Lactose, Salamon’s and sperm stored at 15 °C in Triladyl by 24 h after the onset of liquid
storage (P<0.05). By contrast, sperm motility did not decline until 48 h for sperm stored at 4 and 15 °C
in Biladyl®, and 4 °C in Triladyl (P<0.05). Motility was similar for sperm stored at 4 and 15 °C at 24
and 48 h but was higher at 72 and 96 h for sperm stored at 4 °C (P<0.05).
Table 6.2. Motility of ejaculated alpaca sperm after storage at 4 or 15 °C for up to 96 h after dilution
in Androhep®, Biladyl®, Lactose, Salamon’s or Triladyl® diluents. Data are mean ± SEM, values
within a row (A,B) or column (a,b) with a different superscript are significantly different (P<0.05).
Diluent
Androhep®
Biladyl®
Lactose
Salamon’s
Triladyl®

Temp ( °C)
4
15
4
15
4
15
4
15
4
15

0
48.6 ± 2.7

A,a

53.3 ± 2.2A,a
39.5 ± 2.2A,a
48.1 ± 2.2A,a
52.6 ± 1.7A,a

24
8.1 ± 1.6B,a
16.9 ± 2.9 B,b
35.7 ± 3.3A,c
33.7 ± 3.9A,b,c
17.4 ± 2.6B,b
20.7 ± 2.9B,b,c
6.4 ± 1.2B,a
14.1 ± 2.8B,a,b
33.3 ± 3.9A,b,c
30.9 ± 3.9B,b,c

Storage time (h)
48
5.3 ± 0.2 B,a
8.6 ± 1.8 B,a,b
16.2 ± 2.9B,b
14.8 ± 2.6B,b
10.0 ± 2.1B,a,b
9.3 ± 2.2C,a,b
4.9 ± 0.1B,a
6.7 ± 1.2B,a,b
12.9 ± 2.8B,a,b
11.2 ± 2.8C,a,b

72
2.1 ± 1.1C,a
0.0C,b
6.5 ± 2.4C,c
6.1 ± 3.0C,c
2.9 ± 1.6C,a,c
1.4 ± 1.4D,b
0.0C,b
0.4 ± 0.4C,b
2.1 ± 1.2C,a,c
0.4 ± 0.4D,b

Data on the acrosome integrity of sperm liquid stored at 4 or 15 °C after dilution in Androhep®,
Biladyl®, Lactose, Salamon’s, and Triladyl® are presented in Table 6.3. There was no effect of
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96
1.5 ± 1.1C,a
0.0C,b
1.9 ± 1.9D,a,b
0.4 ± 0.4D,a,b
0.4 ± 0.4D,a,b
0.4 ± 0.4D,a,b
0.0C,b
0.0C,b
0.8 ± 0.8D,a,b
0.0D,b

diluent or temperature on acrosome integrity, although interactions were detected between the effects
of diluent and time (P=0.005) and temperature and time (P<0.001).
Overall, a decline in acrosome integrity was not observed until 72 h after the onset of liquid storage
(P=0.05) and the decline was similar for sperm liquid stored at 4 or 15 °C.
Table 6.3. Acrosome integrity of ejaculated alpaca sperm stored at 4 or 15 °C for up to 96 h in
Androhep®, Biladyl®, Lactose, Salamon’s or Triladyl® diluents. Data are mean ± SEM, values
within a row (A,B) or column (a,b) with a different superscript are significantly different (P<0.05).
Diluent

Temp ( °C)

0

4
88.4 ± 1.4A,a
15
4
Biladyl®
90.8 ± 1.4A,a
15
4
Lactose
85.3 ± 3.4A,a
15
4
Salamon’s
87.5 ± 1.4A,a
15
4
Triladyl®
91.9 ± 1.3A,a
15
Nd = not determined due to slide damage
Androhep®

24
92.8 ± 1.3A,a
92.7 ± 0.9A,a
90.3 ± 1.7A,a
90.8 ± 1.8A,a
94.2 ± 1.4A,a
86.7 ± 4.3A,a
90.3 ±2.3A,a
84.4 ± 5.8A,a
90.7 ± 3.5A,a
93.4 ± 1.1A,a

Storage time (h)
48
72
A,a
87.5 ± 3.1
59.3 ± 5.9B,a
88.0 ± 2.3A,a
57.0 ± 19.8B,a
A,a
78.4 ± 3.0
74.0 ± 15.0A,b
80.1 ± 3.5A,a 55.5 ± 19.1B,a,b
85.0 ± 2.7A,a
50.0 ± 0.0B,a
A,a
79.8 ± 3.7
56.3 ± 8.6a,b
85.0 ± 2.2A,a
9.0 ± 0.0B,c
A,a
82.5 ± 3.2
5.0 ± 0.0B,c
A,a
84.6 ± 2.9
47.0 ± 23.7B,a
81.4 ± 3.5A,a
25.0 ± 24.0B,a

96
48.0 ± 20.5B,a,b
50.3 ± 7.9B,a
62.0 ± 12.0A,a
38.0 ± 0.0B,b
46.0 ± 21.6B,a,b
nd
nd
nd
nd
nd

6.3.3. Effect of dilution rate
Data for the motility of sperm liquid-stored at 4 or 15 °C after 1:1, 1:2, or 1:4 (v:v) dilution in
Biladyl®, are presented in Table 6.4. Sperm motility was affected by dilution rate and storage time
(P<0.001) but not by storage temperature (P=0.79), and there were no interactions. Motility was
higher for liquid-stored sperm after a 1:4 than a 1:2 or 1:1 dilution, and after 1:2 than 1:1 dilution
(P<0.05). For all dilution rates and temperatures, sperm motility declined (P<0.05) by 24 h after the
onset of liquid storage.
Table 6.4. Motility of ejaculated alpaca sperm diluted 1:1, 1:2, or 1:4 (v:v) with Biladyl® and liquid
stored at 4 or 15 °C for 48 h. Data are means ± SEM. Data are mean ± SEM, values within a row
(A,B) or column (a,b) with a different superscript are significantly different (P<0.05).
Dilution
rate
1:1
1:2

1:4

Temp ( °C)
4
15
4

0
47.8 ± 4.2A,a
52.3 ± 3.3

A,a

56.8 ± 3.1

A,a

15
4
15

Storage time (h)
24
48
B,a
19.6 ± 3.2
11.8 ± 3.8B,a,b
16.4 ± 4.1B,a
28.3 ± 3.9B,b

3.1 ± 1.8C,a,b

34.5 ± 4.0B,b,c

19.7 ± 4.7C,a

6.6 ± 3.1D,a,b

31.3 ± 4.2B,b

21.2 ± 5.0C,a

6.3 ± 2.8D,a,b

44.0 ± 3.5B,c

31.1 ± 5.4C,b

9.2 ± 3.9D,b

39.8 ± 3.4B,c

25.4 ± 5.2B,a,b

7.8 ± 3.5C,a,b

72
2.6 ± 2.1C,a

Data on the acrosome integrity of sperm liquid-stored at 4 or 15 °C after 1:1, 1:2, or 1:4 (v/v) dilution
in Biladyl® are presented in Table 6.5. There was no influence of dilution rate or storage temperature
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and no interactions. Sperm acrosome integrity declined with time (P=0.005) and was reduced 72 h
after the onset of liquid storage.
Table 6.5. Acrosome integrity of ejaculated alpaca sperm diluted 1:1, 1:2, or 1:4 (v/v) with Biladyl®
and liquid stored at 4 or 15 °C for 48 h. Data are mean ± SEM, values within a row (A,B) or column
(a,b) with a different superscript are significantly different (P<0.05).
Dilution
rate

Temp ( °C)

1:1

4
15

1:2

1:4

0
86.7 ± 2.7A,a

4

89.3 ± 1.4A,a

15
4

89.9 ± 2.1

15

A,a

Storage time (h)
24
48
87.3 ± 1.7A,a 80.2 ± 2.0A,a
88.7 ± 1.8A,a 78.7 ± 2.2A,a
89.6 ± 1.8A,a 79.4 ± 2.0A,a

72
60.5 ± 2.4A,a
56.2 ± 2.2B,a

86.2 ± 2.7A,a

76.9 ± 3.2A,a

58.8 ± 2.2A,a

90.4 ± 1.1A,a

78.7 ± 2.4A,a

68.2 ± 1.9A,a

88.9 ± 1.6A,a

77.4 ± 3.0A,a

54.5 ± 7.8A,a

52.0 ± 7.8B,a

6.3.4. Effect of seminal plasma removal
Data on the motility of alpaca sperm immediately after dilution, PureSperm® gradient centrifugation
or washing, and after 24, 48 and 72 h liquid storage are presented in Table 6.6. Immediately after
processing and at all stages of liquid storage (24, 48 and 72 h) motility was similar for semen diluted,
PureSperm® gradient centrifuged and washed.
Table 6.6. Mean ± SEM motility (%) for ejaculated alpaca sperm after dilution (Control), washing
(Wash) or PureSperm® gradient (PureSperm®) processing prior to liquid storage at 15 °C. Data are
mean ± SEM, values within a row (A,B) or column (a,b) with a different superscript are significantly
different (P<0.05).

Treatment
Dilution

Storage time (h)
0
46.3 ± 3.7

24
A,a

28.3 ± 10.9

48
A,a

4.3 ± 1.6

72
B,a

0.8 ± 0.8C,a

PureSperm®

46.7 ± 4.5A,a

20.0 ± 5.0B,a

1.7 ± 1.7B,a

0.7 ± 0.7C,a

Wash

45.0 ± 9.3A,a

18.7 ± 5.8B,a

0.0 ± 0.0C,a

0.0 ± 0.0C,a

Acrosome integrity data immediately after dilution, PureSperm® gradient centrifugation or washing,
and after 24, 48 and 72 h of liquid storage are presented in Table 6.7. Immediately after processing
and at all stages of liquid storage (24, 48 and 72 h) sperm acrosome integrity was similar for semen
diluted, PureSperm® gradient centrifuged and washed.
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Table 6.7. Acrosome integrity of ejaculated alpaca sperm after dilution (1:4, v:v) of neat semen
(Dilution), or sperm centrifuged (washed), or processed through a PureSperm® gradient
(PureSperm®) to remove the seminal plasma prior to liquid storage. Data are mean ± SEM, values
within a row (A,B) or column (a,b) with a different superscript are significantly different (P<0.05).
Storage time (h)

Treatment
0

24

48

72

Dilution

91.5 ± 4.5A,a

88.7 ± 2.3A,a

77.0 ± 0.0A,B,a

66.3 ± 2.0B,a

PureSperm®

91.3 ± 1.9A,a

87.2 ± 8.0A,a

75.0 ± 0.0A,a

64.4 ± 4.0A,a

Wash

87.0 ± 3.6A,a

78.0 ± 9.0A,a

69.0 ± 4.0A,a

61.2 ± 2.0B,a

6.3.5. Liquid storage of epididymal sperm
Motility and acrosome integrity data for epididymal alpaca sperm after harvest and storage at 4°C are
presented in Tables 6.8 and 6.9, respectively. Motility and acrosome integrity were similar
immediately after harvest and 24 h after the onset of liquid storage (P>0.05).
Table 6.8. Motility of epididymal alpaca sperm liquid stored in Biladyl® at 4 °C for 18 – 24 h. Data
are single observations for males, and means ± SEM are presented in the overall row.
Male

1

1
2
3
4
5
6
7
8
9
Pooled1
Overall

Motility (%)
post harvest
liquid stored
50.0
45.0
60.0
50.0
50.0
45.0
60.0
60.0
60.0
45.0
50.0
45.0
40.0
35.0
50.0
50.0
50.0
45.0
60.0
50.0
53.0 ± 1.5
47.0 ± 1.4

Sperm were pooled from the supernatants after centrifugation of sperm from individual males
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Table 6.9. Acrosome integrity of epididymal alpaca sperm liquid stored in Biladyl® at 4 °C for 18 –
24 h. Data are single observations for males, and means ± SEM are presented in the overall row.
Male

1

1
2
3
4
5
6
7
8
9
Pooled1
Overall

Acrosome integrity (%)
post harvest
liquid stored
99.0
90.0
96.0
92.0
78.0
85.0
89.0
94.0
93.0
93.0
96.0
93.0
91.0
96.0
95.0
92.0
94.0
90.0
93.0
92.0
92.3 ± 1.4
91.6 ± 0.64

Sperm were pooled from the supernatants after centrifugation of sperm from individual males

6.3.6. Variation between males
Data on the motility of sperm from alpaca males (A - J) immediately after dilution, and at 24, 48 and
72 h of liquid storage are presented in Figures 6.4, 6.5, 6.6, and 6.7, respectively. Considerable
differences in sperm motility both within and between males was observed at all time points (Figures
6.4 – 6.7) indicating a high level of variability. Sperm motility was less variable in some males (E and
G) compared with other males (B and C) and survival during liquid storage was longer for some males
(A, D, F, H, and J) compared with other males (B, C, G, and I). Despite these differences, sperm
samples from some males were observed to have more than 40 % progressive motility after 72 h of
liquid storage (males A, F and H).

Figure 6.4. Motility of ejaculated alpaca sperm from 10 males (A – J) immediately after dilution, prior
to liquid storage.
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Figure 7.5. Motility of ejaculated alpaca sperm from 10 males (A – J) after liquid-storage for 24
hours.

Figure 6.6. Motility of ejaculated alpaca sperm from 10 males (A – J) after liquid-storage for 48
hours.
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Figure 6.6. Motility of ejaculated alpaca sperm from 10 males (A – J) after liquid-storage for 72
hours.

6.4 Discussion
The results presented in this chapter demonstrate that alpaca semen can be liquid stored at 4 or 15 °C.
Sperm retained acceptable rates of motility after 48 h of liquid storage and remained motile for 96 h
(data not presented). Biladyl® was the most suitable of the diluents tested, and dilution at a rate of 1:4
with this medium produced superior results compared with lower dilution rates. Furthermore, alpaca
epididymal sperm were liquid-stored at 4 °C for 24 h without a loss of motility or acrosome integrity.
Variation in the effectiveness of diluents in preserving the longevity and fertilising capacity of sperm
during liquid storage can be attributed to their different constituents. Three of the diluents examined in
this study were Tris-based (Biladyl®, Triladyl®, and Salamon’s), while Androhep® and Lactose
media were based on Hepes (a zwitterionic buffer) and the sugar lactose, respectively. Tris-based
diluents are commonly used for the liquid storage of bull (Vishwanath and Shannon 2000), buck
(Leboeuf et al. 2000) and ram semen (Evans and Maxwell 1987), and have been used for liquid
storage of alpaca (Vaughan et al. 2003a), camel (Vyas et al. 1998; Deen et al. 2004; Wani et al. 2005;
Niasari-Naslaji et al. 2006a) and llama sperm (Ratto et al. 1999; Giuliano et al. 2006b).
Sperm motility was higher after storage in Biladyl® compared with Androhep®, Lactose, Salamon’s
or Triladyl®. Interestingly, the survival of sperm stored in Biladyl®, Triladyl® and Salamon’s
diluents differed markedly, despite the similarities in their constituents. Salamon’s diluent comprises
300 mm Tris (hydroxymethyl)aminomethane, 94.7 mM citric acid and 27.8 mm fructose while
Biladyl® is a two-step extender based on Triladyl®, comprising 100 mM Tris, 33 mM citric acid, 28
mM fructose solution with antibiotics. This suggests that the reduced Tris and citric acid in Biladyl®
and Triladyl® may be responsible for the improvement in longevity for sperm stored in these media
compared to Salamon’s diluent.
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In contrast to the results of the present study, Vaughan et al. (2003a) concluded that Triladyl® was
superior to Biladyl® for liquid storage of ejaculated alpaca semen. However, full details of the
experiment and analyses were not presented. Vyas et al. (1998) concluded that Tris was superior to
Lactose diluent for the liquid storage of Dromedary camel semen at 5 °C, and Deen et al. (2004)
concluded that Tris was superior to Biociphos, as sperm remained motile for up to 96 h in the former
compared with only 24 h for the latter medium. Survival of Dromedary camel sperm in Tris-tes egg
yolk and Tris-lactose egg yolk was reported to be superior to that in citrate egg yolk, sucrose egg yolk
and Tris-fructose egg yolk diluents (Wani et al. 2005). Moreover, Niasari-Naslaji et al. (2006a)
observed that Tris and Camel Green Buffer (zwitterionic buffered, IMV USA) resulted in superior
motility of liquid stored Bactrian camel sperm compared with lactose and sucrose diluents. Liquid
storage of llama semen at 5 °C was superior after dilution in Lactose diluent compared with Tris, PBS
(supplemented with 40 % llama serum) and skim-milk diluents (Giuliano et al. 2006b). Taken
together, these results suggest that the survival of camelid semen is generally better after storage in
Tris diluents than diluents based on other organic buffers (such as citrate), sugars (glucose, lactose or
sucrose) and milk proteins. However, as mentioned previously, the amount of Tris in the Tris based
diluents confounds comparison, particularly as the amount is often not specified. Further studies are
clearly required to determine the optimal levels of Tris, and other constituents in diluents for the liquid
storage of alpaca semen.
Until the present study, the longevity of camelid semen liquid-stored at different temperatures had not
been investigated. Previous studies have stored the semen at 5 °C only (alpaca: Vaughan et al. 2003a;
Bactrian camel: Niasari-Naslaji et al. 2007; Dromedary camel: Deen et al. 2004; llama: Ratto et al.
1999; Huanca and Gauly 2001; Giuliano et al. 2006a,b) or failed to comment on sperm survival after
Dromedary camel epididymal sperm were liquid stored at 4 and 23 °C (Wani et al. 2005). The results
of the present study demonstrate successful liquid storage of alpaca semen at 15 °C. Furthermore,
storage of alpaca sperm for up to 48 h was equally efficient at 4 and 15°C. A temperature of 4°C is
recommended for storage periods exceeding 48 h, although the survival of liquid stored alpaca sperm
beyond 48 h was poor in the present study.
Survival of llama sperm after 72 h of liquid storage has been demonstrated previously by Huanca and
Gauly (2001) and Ratto et al. (1999) who utilised ejaculated and epididymal samples, respectively.
Moreover, liquid stored Dromedary camel epididymal sperm retained motility for 8 days during liquid
storage at 4 and 23 °C. In the present study, alpaca sperm were still motile after 96 h of liquid storage.
While the mean motility was low (< 5 %), the motility of individual samples ranged between 0 and 20
% demonstrating high levels of variation between males. Motilities of 50 % or more were observed in
individual samples after 72 h of liquid storage, which is encouraging given the lack of research
investigating the liquid storage of alpaca and other camelid semen. However, improvements to the
longevity of liquid stored semen are required and its fertilizing capacity is yet to be determined under
the storage conditions developed in this study.
Various dilution rates have been utilised in the liquid storage of camelid semen. Llama semen is most
frequently diluted 1:1 (Huanca and Gauly 2001; Giuliano et al. 2006a,b) whilst Bactrian and
Dromedary camel semen have been diluted 1:10 (Niasari-Naslaji et al. 2006a) and 1:3 (Vyas et al.
1998; Deen et al. 2004), respectively. However, no direct comparisons have been made. The results
from our study demonstrate that survival of alpaca semen after 1:4 dilution is superior to a 1:2 and 1:1
dilution. These results are in agreement with the anecdotal observations of Vaughan et al. (2003a) who
suggested a 1:4 dilution for alpaca semen, and the observations of Rigby et al. (2001) who concluded
higher dilution rates were beneficial for stallion semen, and reduced the negative effects on the
survival of liquid stored stallion sperm (Jasko et al. 1991). Increased dilution rates, above 1:4, may be
beneficial although further research is required to confirm this.
In a series of experiments, Niasari-Naslaji et al. (2006a) demonstrated the impact of diluent osmolarity
and pH of the survival of Bactrian camel sperm stored at 4 °C. Tris diluents with an osmolarity of 300
- 360 mOsm/kg provided acceptable sperm survival whilst those with osmolarities of 290 or 390
mOsm/kg yielded poor survival rates. Furthermore, sperm liquid stored in Tris diluent with a pH of
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6.9 were motile 24 h after the onset of storage, whereas a pH of 5.5, 6, 7.5, 7.9 or 8.9 resulted in a loss
of sperm motility between 4 and 12 h after the onset of liquid storage. The increased survival of
Bactrian camel sperm under slightly acidic conditions (pH 6.9 at the onset of liquid storage) would be
expected, given the relationship between sperm metabolism and pH identified by Koellikker (1856;
cited by Vishwanath and Shannon 2000). Interestingly, storage of alpaca semen at slightly acidic
conditions in Androhep® or Lactose diluents did not improve sperm survival in the present study.
However, adjustment of the pH of the optimum diluent from the present study (Biladyl®) was not
investigated, and this medium might be more beneficial for alpaca sperm longevity during liquid
storage if the pH were made slightly acidic.
Sperm motility declined throughout liquid storage in the present study with the most prominent
reduction in motility occurring during the first 24 h, agreeing with Giuliano et al. (2006b) who
observed a significant reduction to llama sperm motility during 24 h of liquid storage. Vaughan et al.
(2003a) observed high sperm motility (45 – 50 %) for sperm liquid stored for 24 h in Biladyl® and
Triladyl® but the authors did not disclose the initial motility of the samples thereby preventing a
comparison of the loss in motility during the first 24 h of storage. Vaughan et al. (2003a) also reported
10 and 5% reductions in sperm motility between 24 and 48 h of liquid storage in Biladyl® and
Triladyl®, respectively. This is similar to the results of the present study, where a 15 % reduction in
sperm motility was observed between 24 and 48 h of liquid storage. Interestingly, the loss in motility
between harvesting and 24 h of liquid storage was minimal for epididymal sperm in the present study.
Previously, epididymal alpaca sperm have been stored in lactose diluent at 4 °C for 24 h with less than
a 5 % reduction in sperm motility (Chapter 7). Ratto et al. (1999) also reported motilities of 20 – 50 %
for epididymal llama sperm stored for 72 h at 5 °C. These results demonstrate that epididymal alpaca
and llama sperm, unlike ejaculated sperm, tolerate liquid storage procedures, owing to the exposure of
the latter to the viscous seminal plasma. Epididymal alpaca sperm also tolerate freezing and thawing
better than ejaculated sperm, retaining approximately 30 – 40 % of the original motility after thawing
(Morton et al. 2007a). Furthermore, epididymal alpaca sperm which were transported overnight to the
laboratory, liquid stored at 4 °C for 24 and then frozen and thawed, retained 35 – 40 % of their
original motility (Chapter 7) demonstrating their robustness. The recent use of epididymal models to
develop semen preservation techniques in alpacas has challenged perceptions about alpaca sperm and
further highlighted the viscous seminal plasma as a major hindrance to the development of assisted
reproductive technologies in alpacas and other camelids.
In summary, the research presented in this chapter demonstrated successful liquid storage of ejaculated
alpaca semen at both 4 and 15 °C, and epididymal sperm at 4 °C. Dilution of semen at 1:4 in Biladyl®
for liquid storage is advantageous whilst storage temperatures of 4 or 15 °C for periods up to 48 h
yielded similar results. However, a temperature of 4 °C is recommended for storage periods greater
than 48 h. Despite these advances, further research is required to improve the longevity and determine
the fertilizing capacity of liquid stored ejaculated alpaca semen.
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7. Cryopreservation of alpaca sperm
7.1. Introduction
Artificial insemination is widely used in cattle, horse, sheep and pig breeding and production
programs. Semen cryopreservation is a valuable tool for the preservation of genetic resources. It has
facilitated the widespread use of AI in cattle, horses and sheep and permits the widespread
dissemination of superior genetic material. While there is considerable interest in the application of AI
technology in camelids, this is limited as semen cryopreservation has not been well developed (Bravo
et al. 2000c).
Attempts to apply semen cryopreservation and AI methods developed for other livestock to camelids
have met with little success owing to their difficult reproductive physiology, particularly the length of
copulation which makes semen collection challenging. Camelid semen is generally of poor quality and
is highly viscous making handling, dilution and assessment problematic and there is little knowledge
of camelid sperm physiology. Previous attempts to cryopreserve alpaca sperm have met with little
success.
A number of parameters affect the efficiency of semen cryopreservation. These include the diluent
(buffer, sugar/energy source and other additives such as Equex STM® paste), cryoprotectant (type and
concentration), length of exposure of sperm to the cryoprotectant, temperature of cryoprotectant
exposure, packaging during freezing and rate of freezing/thawing. Glycerol is the most commonly
used cryoprotectant (Holt 2000) and is often the first examined when establishing sperm
cryopreservation procedures for new species. The optimal level of glycerol in semen freezing diluents
is highly species-specific, ranging from 1.75 % for murine to 20 % for marsupial sperm (Holt 2000).
The majority of studies examining the cryopreservation of camelid sperm have employed media and
procedures which have a final glycerol concentration of 6 - 7 % (alpacas: Santiani et al. 2005; Bactrian
camels: Zhao et al. 1996; Niasari-Naslaji et al. 2007; llamas: Aller et al. 2003). However, poor postthaw recovery combined with the loss of the majority of initial (pre-freeze) motility during
cryopreservation (alpacas: Valdivia et al. 2000; Vaughan et al. 2003a; Santiani et al. 2005; Dromedary
camels: Hassan et al. 1995; llamas: McEvoy et al. 1992a; Burgel et al. 2000, 2001) suggests that the
current methods for cryopreserving camelid semen are suboptimal and further research is required. An
efficient method of cryopreserving epididymal alpaca sperm has been developed recently which
utilises a final glycerol concentration of 3 % (Morton et al. 2007a) suggesting that in previous
experiments using of 6 - 7 % glycerol, the optimal level required by alpaca sperm may have been
exceeded. However, critical studies examining the glycerol concentration during the cryopreservation
of alpaca sperm have yet to be undertaken.
Sodium dodecyl sulphate (SDS) in the form of Equex STM® and Orvus ES paste has been used as an
additive to cryodiluents to enhance the protective effect of egg yolk by breaking down the lipid and
making it more accessible to the sperm membrane (Pontbriand et al. 1989). SDS in the diluent has
proved beneficial for the cryopreservation of sperm from a number of domestic and wildlife species
(Holt 2000). While SDS has been used for cryopreservation of alpaca (Morton et al. 2007a), camel
(Musa et al. 1992) and llama sperm (Von Baer and Hellemann 1999), its effects on alpaca sperm
function during and after cryopreservation have not been critically examined.
While the advantages of utilising frozen semen in breeding programmes are clear, considerable
research is required to determine the optimal freezing and thawing process. Successfully
cryopreservation and thawing of ejaculated alpaca semen were achieved during RIRDC project AAA1A although it was noted that “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
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post-thaw motility rates in camelids compared with species with less viscous semen”. Clearly, the
viscous nature of the seminal plasma and the resulting heterogeneity of the semen solution reduce the
overall success of freezing and thawing semen and influences interpretation of the results. Therefore,
epididymal sperm, which have not been exposed to the viscous seminal plasma, were chosen to
investigate the foundations of the freezing and thawing process. Epididymal sperm, which tolerate
cryopreservation and retain a high proportion of initial motility after freezing and thawing have been
used as a model for establishing and refining cryopreservation methods for alpaca semen (Morton et
al. 2007a). Using the epididymal sperm model, we re-examined some of the areas identified as
requiring further research during RIRDC project AAA-1A. These included:
• 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 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
• addition of buffer to control egg yolk fluctuations and carbon dioxide absorption
• 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.
• freezing semen in straws/pellets of different volumes
• height of freezing above liquid nitrogen (ie rate of freezing)
These areas were divided into two groups, reflecting those which constituted the primary and
secondary aspects of the freezing and thawing protocol. The primary aspects are those, which are used
to establish a good working procedure whilst the secondary aspects are those that are used to refine, or
improve, the procedure. Primary considerations when establishing a freezing procedure are:
• the diluent (based on Tris, citrate, lactose, or skim-milk)
• packaging type (pellets or straws and size of pellets or straws)
• freezing rate (determined by pellet size, straw size and height above liquid nitrogen)
• final percentage of glycerol (ranging from 3 – 25 % depending on species)
The use of cryoprotectants other than glycerol and the selection of a non-animal based protein (not
milk or egg yolk) were classified as secondary aspects to be considered after a robust freezing and
thawing procedure was established. The addition of glycerol at physiological or room temperature was
not investigated as glycerol is not required for survival of alpaca sperm during cooling to, or liquidstorage at 4 °C (Chapter 6). However, the addition of glycerol at higher temperatures (35 °C) does not
appear deleterious to alpaca sperm.
The aims of the experiments presented in this Chapter were to develop an efficient method of
cryopreserving alpaca sperm based on the highly efficient epididymal sperm model. Epididymal sperm
could be used to create gene banks for vicuña and guanaco, which are listed as threatened species in
Appendix II of CITES (2005), and for sperm from deceased high genetic value male alpacas and
racing camels.
A number of experiments were performed in order to establish an efficient method of
cryopreservation. The experiments consisted of:
• Experiment 1: Comparison of different diluents
• Experiment 2: Comparison of freeze rates and packages
• Experiment 3: Comparison glycerol concentration
• Experiment 4: Comparison of Equex® addition
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7.2. Materials and methods
7.2.1. Animals and experimental design
Procedures described herein were approved by The University of Sydney’s Animal Ethics Committee.
For Experiment 1, epididymides and testes from castrated alpaca males (n=10, age: 32.9 ± 5.8 mo)
were wrapped in gauze, which had previously been soaked in phosphate buffered saline (Sigma, St
Louis, MO, USA), and placed in a foam esky on top of a cold pack for transport to the laboratory
overnight. Epididymal sperm were then harvested, washed and divided into three aliquots for dilution
in Citrate, Tris and Lactose based cryodiluents, cooled to 4 °C and pellet-frozen.
For Experiment 2, epididymides and testes from castrated alpaca males (n=10, age: 22.5 ± 0.9 mo)
were transported overnight to the laboratory using the method described for Experiment 1. Harvested
epididymal sperm were washed, diluted with Lactose cryodiluent and cooled to 4 °C. Cooled sperm
were then frozen as pellets or in 0.25 or 0.5 mL straws on dry ice, or in 0.25 or 0.5 mL straws over
liquid nitrogen vapour. For both experiments, sperm from individual males were kept separate
throughout all procedures and motility and acrosome integrity were assessed immediately after
harvest, cooling to 4 °C, and at 0 and 3 h after thawing.
For Experiment 3, epididymides and testes from castrated alpaca males (n=11, age: 33.9 ± 40 mo)
were transported overnight to the laboratory using the method described for Experiment 1. Harvested
epididymal sperm were washed, diluted with Lactose cooling extender and cooled to 4 °C. Cooled
sperm were then further diluted (2:1, v:v) with Lactose cryodiluent containing 6, 9, or 12 % glycerol.
Sperm were then frozen as pellets and stored in liquid nitrogen vapour.
For Experiment 4, epididymides and testes from castrated alpaca males (n=10, age: 32.5 ± 1.8 mo)
were transported overnight to the laboratory using the method described above. Harvested epididymal
sperm were washed, diluted in Biladyl® (part A, no glycerol), cooled, and stored at 4 °C for 18 - 24 h.
Cooled sperm were then further diluted with Biladyl® containing 6 % glycerol with or without 2 %
Equex STM® paste. Cooled sperm were then frozen as pellets and stored in liquid nitrogen.
For all experiments, sperm from individual males were kept separate throughout all procedures (unless
otherwise specified) and motility and acrosome integrity were assessed immediately after harvest,
cooling to 4 °C, and at 0 and 3 h after thawing.

7.2.2 Sperm harvesting
Upon arrival at the laboratory, excess tissue was removed from the epididymides. The epididymides
were thoroughly cleaned, surface blood vessels were punctured and the blood wiped away.
Epididymides were then minced with a scalpel and the sperm were allowed to swim out for 30 min
into 4.0 mL warm Androhep (AH; Minitüb, Tiefenbach, Germany) in 60 mm Petri dishes (Bacto
Laboratories, Liverpool, Australia) placed on heated (37 °C) stages.

7.2.3 Cryopreservation of epididymal sperm
7.2.3.1 Comparison of different cryodiluents
For Experiment 1, sperm were harvested from males (n=10, age: 32.9 ± 5.8 mo) and suspensions were
centrifuged at 300 g for 10 min and the pellet resuspended in 1.5 mL AH. A two-step cryopreservation
method was employed for Citrate and Lactose diluents, and a one-step method for the Tris based
diluent. Sperm samples were divided into three aliquots and diluted 1:1 with Citrate or Lactose cooling
diluents, or 1:2 with Tris freezing diluent. Citrate cooling diluent consisted of a 80.6 mM sodium
citrate, 33.3 mM glucose solution supplemented with 20 % (v:v) hens egg yolk (Bravo et al. 1996).
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Citrate freezing diluent consisted of the cooling diluent supplemented with 5% (v:v) glycerol. Lactose
cooling diluent consisted of 11 % (w:v) Lactose solution supplemented with 20 % egg yolk. Lactose
freezing diluent consisted of the cooling diluent supplemented with 9 % (v:v) glycerol and 1.5 % (v:v)
Equex STM paste (IMV, L’Aigle, France) as previously described by Bathgate et al. (2006).
Tris cryodiluent consisted of 360 mM Tris, 113.6 mM citric acid, and 33.3 mM glucose solution
supplemented with 20 % egg yolk and 6 % glycerol (Evans and Maxwell 1987). All diluents were
adjusted to have a final glycerol concentration of 3 % (v:v). Diluted sperm were cooled to 4 °C over 2
h (- 0.14 °C/min). The Citrate and Lactose diluted sperm were further diluted 2:1 with Lactose
freezing extender or 2:3 with Citrate freezing extender. Cooled sperm were then frozen as pellets (250
µL) on dry ice as described by Evans and Maxwell (1987).
7.2.3.2. Effect of packaging and freeze rate on post-thaw survival
For Experiment 2, sperm were harvested from males (n=10, age: 22.5 ± 0.9 mo) and frozen using the
two-step Lactose method as described for Experiment 1. Briefly, sperm suspensions were centrifuged
(300 g; 10 min) and the pellet resuspended to a final volume of 2 mL with cooling extender and cooled
to 4°C over 2 h (-0.14 °C/min). Cooled sperm were further diluted with 1.0 mL freezing extender and
frozen as pellets (250 μL) on dry ice, or loaded into 0.25 mL or 0.5 mL straws and frozen on dry ice (5
min) or in liquid nitrogen vapour. For the later freezing method, straws were suspended 8.0 cm above
the surface of the liquid nitrogen for 10 min, and then 4 cm above the surface for 5 min. Straws were
then plunged into liquid nitrogen and stored until use.
7.2.3.3. Comparison of 2, 3, and 4 % final glycerol concentration
For Experiment 3, sperm were harvested from males (n= 11, age: 33.9 ± 3.9 mo) and frozen using the
two-step Lactose method as described for Experiment 1. Briefly, sperm suspensions were centrifuged
(300 g, 10 min) and the pellet resuspended in 2.0 mL of 11 % (w;v) Lactose solution supplemented
with 20 % egg yolk and cooled to 4 °C over 2 h (- 0.14 °C/min). Diluted sperm were then divided into
three aliquots and further diluted 2:1 (v;v) with Lactose freezing diluent which consisted of Lactose
cooling diluent supplemented with 1.5 % (v;v) Equex STM® paste (IMV, L’Aigle, France) and either
6, 9 or 12 % (v;v) glycerol (Sigma-Aldrich; final glycerol concentration 2, 3 or 4 %). Cooled sperm
were then frozen as pellets (250 µL) on dry ice as described by Evans and Maxwell (1987) and stored
in liquid nitrogen.
7.2.3.4. Addition of Equex STM® paste
For Experiment 4, sperm were harvested from males (n=10, age: 32.5 ± 1.8 mo) and frozen in two
steps using the tris-based medium Biladyl® (Minitüb, Tiefenbach, Germany). Briefly, sperm
suspensions were centrifuged (300 g; 10 min) and the pellet resuspended with 1.0 mL Biladyl® (part
A, no glycerol), cooled to 4 °C over 2 h (-0.14 °C/min) and stored at that temperature for 18 - 24 h.
Cooled sperm were then divided into two aliquots and further diluted with 1.0 mL Biladyl® (part B, 6
% glycerol, 3 % final glycerol concentration) or Biladyl® (part B) supplemented with 2.0 % (v:v)
Equex STM® paste (final Equex® concentration 1 % v;v) and pellet-frozen as described as above.

7.2.4 Thawing of sperm
Sperm frozen as pellets were thawed, two at a time, in clean glass test tubes by vigorous agitation in a
37 °C water bath until the pellets melted. Straws were thawed by agitating in a 37 °C water bath for 30
sec or 1 min for 0.25 mL and 0.5 mL straws, respectively. Thawed sperm were then washed by
centrifugation (300 g; 10 min), the pellet resuspended in 0.5 mL warm Androhep and maintained at 37
°C.
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7.2.5 Assessment of sperm
Subjective assessments of motility were made by placing a 10 μL aliquot of resuspended sperm on a
pre-warmed slide and covering with a warmed coverslip as described by Evans and Maxwell (1987).
Motility was examined using phase contrast microscopy (X 200, Olympus, Tokyo, Japan) immediately
after harvest (post-harvest), cooling to 4 °C, and immediately (0 h) and three h (3 h) after thawing.
Acrosome integrity was assessed by fluorescent isothiocyanate-conjugated peanut agglutin (FITCPNA) as described by Morton et al. (2007a) with modifications. Briefly, an aliquot of sperm was
smeared on a slide and air dried. Slides were then stored at 4 °C for 2 - 4 wk. Immediately before
assessment slides were stained with 100 μg/mL FITC-PNA (Sigma; St Louis, MO, USA) in phosphate
buffered saline (Sigma) for 30 min in a humid 37 °C atmosphere. Slides were then rinsed with PBS to
remove excess stain and placed in the dark at 37 °C to dry. Fade retardant consisting of 90 % (v:v)
glycerol, 10 % (v:v) PBS (Sigma) and 0.1 % (w:v) p-phenylenediamine was then placed on the stained
area of the slide and covered with a cover slip. Sperm were considered acrosome intact if the acrosome
stained green while those with no staining or a single band of green staining at the equatorial segment
were considered as having non-intact acrosomes.

7.2.5 Statistical analysis
Statistical differences in the proportion of motile sperm and intact acrosomes were determined by
ANOVA after arcsine transformation of data and means compared by least significant differences
(LSD) using GenStat (version 9, Ceanet, Brisbane, Australia) with P<0.05 considered significant.

7.3. Results
7.3.1 Comparison of different cryodiluents
Sperm were successfully harvested from the epididymides of all males. Opaque white fluid was
observed leaking into the medium after mincing of the epididymides. The fluid was not viscous and
the sperm therein displayed forward progressive motility (46.9 ± 4.5 %). Considerable variation was
observed between the epididymides of different males. On average 123.5 ± 22.2 x 106 sperm per male
were recovered but this ranged from 36.9 – 265.5 x 106. Sperm motility also varied between males,
ranging from 30 – 60 %.
After dilution and cooling to 4 °C, motility was higher for sperm diluted in Lactose than Citrate or Tris
diluents. Sperm motility was also higher immediately after freezing and thawing for sperm frozen in
Lactose compared with Tris or Citrate diluents (P<0.05; Table 7.1) but was higher at 3 h post-thaw for
sperm frozen in Lactose than Citrate but not Tris.
Table 7.1. Motility of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4 °C
(Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in Citrate, Lactose and
Tris based diluents. Data are means ± SEM. Values with a different superscript are significantly
different (P<0.05).
Motility (%)
Diluent
Citrate
Lactose
Tris

Post-harvest

Cooled

46.9 ± 4.5

12.5 ± 3.8a
31.9 ± 5.1b
18.8 ± 4.1a
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Post-thaw
0h
6.9 ± 2.3a
18.2 ± 5.7b
11.3 ± 3.0a

3h
0.9 ± 0.6a
3.2 ± 1.6b
1.4 ± 0.8a,b

Acrosome integrity after harvesting was 90.6 ± 1.5 %, and was higher after cooling for sperm diluted
in Lactose and Tris than for Citrate cryodiluents (Table 7.2). Immediately after thawing (0h post-thaw)
acrosome integrity was higher for sperm frozen in Tris than Citrate cryodiluents but was not different
for sperm frozen in Lactose. Three hours after thawing acrosome integrity was similar for sperm
frozen in the three diluents.
Table 7.2. Acrosome integrity of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4
°C (Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in Citrate, Lactose and
Tris based diluents. Data are means ± SEM. Values with a different superscript are significantly
different (P<0.05).
Acrosome integrity (%)
Diluent
Post-harvest
Citrate
Lactose
Tris

Post-thaw

Cooled
a

90.6 ± 1.5

86.4 ± 0.8
90.5 ± 0.5b
92.4 ± 1.1b

0h
79.0 ± 1.0a
80.0 ± 2.2a,b
83.4 ± 2.2b

3h
75.0 ± 1.6a
79.0 ± 0.9a
76.1 ± 1.4a

7.3.2. Effect of packaging and freeze rate on post-thaw survival
As in Experiment 1, sperm were successfully harvested from the epididymides of all males, with a
mean motility of 47.7 ± 5.0 % and ranged between 10 – 70 % for individual males. On average 122.3
± 9.6 x 106 (range: 12.3 – 261.0 x 106) sperm were recovered per male.
Motility of sperm after cooling to 4 °C was similar to immediately after harvest (data not presented).
Immediately after thawing (0 h), motility was higher for sperm frozen as pellets than all other groups
(P<0.05; Table 7.3). Motility immediately after thawing was higher for sperm frozen in 0.5 mL straws
in liquid nitrogen vapour compared with 0.25 mL straws in LN and 0.25 and 0.5 mL straws frozen on
dry ice (P<0.05). However, motility was similar between groups by 3 h post-thaw (P>0.05).
Table 7.3. Motility of epididymal alpaca sperm after harvesting (post-harvest), and immediately (0 h)
and three h (3 h) after freezing and thawing in pellets, or in 0.25 mL and 0.5 mL straws frozen on dry
ice or in liquid nitrogen vapour. Data are means ± SEM. Values within the same column with a
different superscript differ (P<0.05).
Post-thaw

Freeze method
Dry ice
LN2 vapour

0h
27.0 ± 5.2a
5.5 ± 1.1b
5.0 ± 1.6b
8.6 ± 1.8b
10.0 ± 2.4c

Pellets
0.25 mL
0.5 mL
0.25 mL
0.5 mL

3h
1.0 ± 0.7a
0.6 ± 0.4a
0.5 ± 0.5a
0.6 ± 0.5a
0.5 ± 0.5a

Acrosome integrity was similar immediately after harvest (91.2 ± 3.1 %) and cooling to 4°C (89.3 ±
3.8 %). After thawing, acrosome integrity was similar between groups at 0 h and 3 h post-thaw
(P>0.05; Table 7.4).
Table 7.4. Acrosome integrity of epididymal alpaca sperm after harvesting (post-harvest), and
immediately (0 h) and three h (3 h) after freezing and thawing in pellets, or in 0.25 mL and 0.5 mL
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straws frozen on dry ice or in liquid nitrogen vapour. Data are means ± SEM. Values within the same
column with a different superscript differ (P<0.05).
Post-thaw

Freeze method

Dry ice
LN2 vapour

0h
87.5 ± 1.2a
88.3 ± 1.1a
81.0 ± 2.2a
89.8 ± 1.6a
89.0 ± 1.5a

Pellets
0.25 mL
0.5 mL
0.25 mL
0.5 mL

3h
83.3 ± 2.5a
82.3 ± 1.7a
78.3 ± 2.1a
83.0 ± 2.0a
79.0 ± 1.9a

8.3.3. Comparison of 2, 3, and 4 % final glycerol concentration
Opaque white fluid containing sperm was successfully harvested from the epididymides of all males.
Immediately after harvesting sperm displayed forward progressive motility. Sperm motility was 52.7 ±
3.3 % and ranged between 30 – 70 %. The mean number of sperm harvested was 150.5 ± 44.5 x 106
and ranged between 17.5 – 381.0 x 106
Sperm motility was similar after harvesting and cooling to 4 °C (Table 7.5). Immediately, and three
hours after freezing and thawing sperm motility was similar for sperm frozen in lactose cryodiluent
supplemented with 2, 3 or 4 % glycerol (P>0.05, Table 8.5)
Table 7.5. Motility of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4 °C
(Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in lactose diluents
supplemented with 2, 3 or 4 % (v:v) glycerol. Data are means ± SEM. Values with a different
superscript are significantly different (P<0.05).
Motility (%)
Glycerol conc.
(%)
2
3
4

Post-harvest
52.7 ± 3.3

Post-thaw

Cooled
46.3 ± 3.9

0h
16.1 ± 4.6
20.5 ± 5.9
18.5 ± 6.6

3h
0.0 ± 0.0
0.5 ± 0.4
0.5 ± 0.5

Acrosome integrity after harvesting was 89.3 ± 3.3 %, and was similar after sperm diluted in lactose
cryodiluents were cooled to 4 °C (Table 7.6). Immediately after thawing (0h post-thaw) acrosome
integrity was similar for sperm frozen lactose cryodiluents supplemented with 2, 3, or 4 % glycerol but
three hours after thawing was higher (P<0.05) for sperm frozen in lactose cryodiluent supplemented
with 3 and 4 % than 2 % glycerol.
Table 7.6. Acrosome integrity of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4
°C (Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in lactose and
cryodiluent supplemented with 2, 3 or 4 % (v:v) glycerol. Data are means ± SEM. Values with a
different superscript are significantly different (P<0.05).
Glycerol conc.
(%)
2
3
4

Acrosome integrity (%)
Post-harvest

Cooled

89.3± 3.3

87.6± 3.6
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Post-thaw
0h
3h
83.6 ± 1.6
66.9 ± 2.7a
81.3 ± 2.0
75.7 ± 3.8b
84.8 ± 2.0
77.2 ± 4.1b

The proportion of motility retained (% of original motility) after freezing and thawing was similar
(P>0.05) for sperm frozen in lactose diluent supplemented with 2 (30.8 ± 8.3 %), 3 (37.7 ± 10.0 %) or
4 % glycerol (35.5 ± 11.9 %).

7.3.4. Addition of Equex STM® paste
The epididymides of all males were observed to contain sperm. The mean number of sperm recovered
was 143.1 ± 43.5 x 106 sperm per male were recovered but this ranged from 49.5 to 295.5 x 106 for
individual males. Sperm motility also varied between males ranging from 40 – 60 % but the means
sperm motility was 46.9 ± 4.5 % and sperm displayed forward progressive motility.
Sperm motility was similar after harvest, cooling to 4 °C, and storage at 4 °C for 18 – 24 h (Table 8.7).
There was no difference in sperm motility at 0 or 3 h post-thaw when sperm were frozen in Biladyl or
Biladyl supplemented with Equex STM® paste (P>0.05; Table 7.7).
Table 7.7. Motility of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4 °C
(Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in Biladyl supplemented
with or without Equex STM® paste. Data are means ± SEM. Values with a different superscript are
significantly different (P<0.05).
Motility (%)
Treatment
Control
Equex®

Post-harvest
53.0 ± 2.1

Post-thaw

Cooled
47.0 ± 1.4

0h
14.4 ± 2.1a
21.5 ± 3.5b

3h
0.0 ± 0.0a
0.0 ± 0.0a

Furthermore, sperm frozen and thawed in the presence of Equex® retained 32.4 ± 5.2 % of their prefreeze motility compared with 45.8 ± 7.2 % of motility retained if Equex® was omitted during
freezing and thawing (P<0.05).
Acrosome integrity after harvesting was 92.3 ± 2.0 %, and was similar after cooling to 4 °C (Table
7.8). Immediately (0h) and three hours after thawing acrosome integrity was similar for sperm frozen
in Biladyl and Biladyl supplemented with Equex STM® paste (P>0.05, Table 8.8).
Table 7.8. Acrosome integrity of epididymal alpaca sperm after harvesting (post-harvest), cooling to 4
°C (Cooled), and immediately (0 h) and three h (3 h) after freezing and thawing in Biladyl with or
without Equex® supplementation. Data are means ± SEM. Values with a different superscript are
significantly different (P<0.05).
Acrosome integrity (%)
Diluent
Control
Equex®

Post-harvest

Cooled

92.3 ± 2.0

91.6 ± 0.64
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Post-thaw
0h
3h
89.6 ± 1.2
69.3 ± 3.7
91.1 ± 1.4
59.9 ± 5.8

7.4. Discussion
In these studies, an efficient method was developed for the cryopreservation of epididymal alpaca
sperm after overnight transport to the laboratory. Post-thaw sperm recovery was superior in Lactose
compared with Citrate and Tris cryodiluents. Moreover, pellet-frozen sperm had higher post-thaw
motility compared with 0.25 and 0.5 mL straws frozen on dry ice or over liquid nitrogen vapour.
Moreover, we described a method for successfully cryopreserving epididymal alpaca sperm utilizing 3
- 4 % final glycerol and 1 % final Equex STM® paste concentration in the cryodiluent and
demonstrated, for the first time, that epididymal alpaca sperm can be liquid-stored prior to
cryopreservation. Cryopreservation of epididymal alpaca sperm in 3 – 4 % glycerol improved the
proportion of intact acrosomes at 3 h post-thaw, compared with a lower glycerol concentration, despite
the lack of effect on post-thaw motility. Moreover, sperm frozen in the presence of Equex STM® had
higher post-thaw motility than those frozen in its absence.
Compared with other domestic livestock species such as cattle, sheep and pigs, there have been few
investigations of freezing methods for ejaculated or epididymal alpaca sperm. Cryopreservation of
camelid semen has generally met with poor success. Reported post-thaw motilities have been <10 %
(llama: Burgel et al. 2000, 2001; Dromedary camel: Hassan et al. 1995), 6 – 20 % (alpaca: Vaughan et
al. 2003a; Santiani et al. 2005; llama: Burgel et al. 2000), or 21 – 40 % (Bactrian camel: Zhao et al.
2004; Dromedary camel: Hassan et al. 1995; llama: Burgel et al. 2000; Aller et al. 2003). Post thaw
motility has rarely exceeded 40 % for camelid semen, although post thaw motility in excess of 45 %
has been reported for alpaca sperm by Bravo et al. (1996b) and 60 % for Bactrian camel sperm by
Zhao et al. (2004).
The majority of investigations have focused on AI with frozen-thawed semen and have neglected to
determine the optimal freezing and thawing processes. Consequently, the packaging, cryodiluent type
and concentration of the cryoprotectant as well as the freezing and thawing rates remain to be
elucidated for alpaca, and other members of the Camelidae family.
Dilution with sucrose-egg yolk-glycerol (Zhao et al. 2004) medium and freezing in glass ampoules (2
mL) has been the preferred method for semen from Bactrian camels, while Dromedary semen has been
packaged in 0.25 mL straws after dilution in Green Buffer (IVM), or 4.0 mL straws after dilution with
Lactose cryodiluent (Bravo et al. 2000b). Freezing of alpaca and llama semen has been conducted in
citrate (Aller et al. 2003; Bravo et al. 1996; 2000a; Burgel et al. 2000), Biladyl (Vaughan et al. 2003),
Green Buffer (Vaughan et al. 2003), Triladyl (McEvoy et al. 1992; Vaughan et al. 2003), and Tris
(Burgel et al. 2000; Santiani et al. 2005; Von Baer and Hellemann 1999) cryodiluents.
Using Citrate cryodiluent, Bravo et al. (1996) reported one of the more successful methods of
cryopreservation alpaca sperm. High rates of sperm survival and an overall motility of 46.7 % after
thawing were reported, with 54.9 % of initial motility retained after freezing and thawing. However,
the details provided by the authors are not sufficient to permit replication of the methods.
In a subsequent study, and the only report on cryopreservation of epididymal alpaca sperm, Bravo et
al. (2000a) froze epididymal sperm from five llamas and four alpacas using the same method as for
ejaculated semen (Bravo et al. 1996). Sperm from two of the five llamas did not survive freezing and
thawing, and the post-thaw motility of sperm from one alpaca was 5 %. The authors stated that the
other samples were motile post-thaw, but did not present motility data. Subsequent studies have not
met with similar success to those of Bravo et al. (1996). Far lower post-thaw motility of alpaca and
llama sperm has been reported using Citrate cryodiluent (12.5 % present study; 20 – 28 % Aller et al.
2003; Burgel et al. 2000). Other diluents used to cryopreserve alpaca and llama sperm have also
resulted in low post-thaw motilities (Biladyl: 21.3 % Vaughan et al. 2003; Green buffer: 17.4 %
Vaughan et al. 2003; Skim-milk: 15 – 20 % Santiani et al. 2005; Triladyl: 10 % McEvoy et al. 1992,
Vaughan et al. 2003; Tris: 19 %: present study; 22-27 % Burgel et al. 2000). Lactose-based
cryodiluents have not previously been used to freeze alpaca sperm but have been applied successfully
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in camel sperm freezing (Anouassi et al. 1992; Bravo et al. 2000; Musa et al. 1992) and are routinely
used for boar sperm cryopreservation (Johnson et al. 2000).
Alpaca and llama sperm have been generally frozen in smaller volumes than camel semen, with the
majority of studies using 0.25 mL straws frozen in liquid nitrogen vapour (Bravo et al. 1996; 2000a,b).
It would be expected that post-thaw motility would be improved for smaller straws, as they have a
comparatively larger surface area to volume ratio than larger straws. This reduces variation in the
freezing and thawing rates within the straw (Bwanga et al. 1999). However, Burgel et al. (2000) and
Vaughan et al. (2003) concluded that post-thaw motility of llama and alpaca sperm, respectively, was
superior with 0.5 compared with 0.25 mL straws. In contrast, the post-thaw quality of Dromedary
semen was improved by freezing in 0.25 mL compared with 4.0 mL straws (Bravo et al. 2000b).
Pellet freezing provides superior post-thaw motility of ram sperm compared to straw freezing
(Maxwell et al. 1995) and substantially increased the post-thaw motility of epididymal alpaca sperm
compared with both 0.25 and 0.5 mL straws, in the present study. While pellet freezing is clearly more
efficient, the requirements of the AI technique ultimately influence, if not dictate, the choice of
freezing technique (Holt 2000) resulting in the majority of sperm being frozen in straws, and for
camels, large volume straws (4.0 mL) owing to the volume of seminal plasma required to induce
ovulation (Bravo et al. 2000b).
The majority of studies on cryopreservation of camelid semen have utilized higher glycerol
concentrations than in the present study, traditionally in the vicinity of 6 – 7 % final concentration, but
have reported poor post-thaw motility (Zhao et al. 1996; Aller et al. 2003; Santiani et al. 2005;
Niasari-Naslaji et al. 2007). In a recent study, Niasari-Naslaji et al. (2007) compared 4, 6 and 8 % final
glycerol concentrations for the cryopreservation of Bactrian camel semen. The highest post thaw
motility (35 %, compared with 74 % motility post collection) was obtained when the freezing diluent
contained 6 % glycerol. These results are in agreement with a previous study (Zhao et al. 1996) which
concluded that 7 % final glycerol concentration was superior to 3.5 % for the cryopreservation of
Bactrian camel semen. Nevertheless, lower final glycerol concentrations (3 %: Deen et al. 2003) have
been successfully used for cryopreservation of Dromedary camel semen. Cryopreservation of alpaca
semen with higher glycerol concentrations (7 %) has resulted in post-thaw motilities of < 20 %
(Vaughan et al. 2003a; Santiani et al. 2005). These studies, taken together with the results of the
present study, suggest that lower glycerol concentrations, in the range of 3 – 4 %, may be optimal for
the cryopreservation of alpaca sperm. However, further studies testing wider ranges of glycerol
concentrations are required before a definitive conclusion can be reached.
Addition of sodium dodecyl sulphate (SDS) in the form of Equex or Orvus ES paste to the cryodiluent
is routine for boar sperm, and has previously been demonstrated to improve post-thaw sperm quality in
Eld’s deer, elephants, greater kudu, scimitar-horned oryx, wildebeest and zebra (Holt 2000). Equex
and Orvus ES may be beneficial to camelid sperm during cryopreservation, and have been used in
cryodiluents for camel (Musa et al. 1992) and alpaca (Lactose diluent in present study) sperm. The
inclusion of Equex STM® paste in the cryodiluent was beneficial for frozen-thawed epididymal alpaca
sperm, concurring with previous reports (Holt 2000).
The active component of Equex STM® is sodium dodecyl sulphate (SDS) which is a water soluble
anionic detergent. SDS denatures membrane proteins and can solubilise biological membranes
completely at high concentrations (Helenius et al. 1979). The precise mechanisms by which SDS
(added in the form of Equex STM® or Orvus ES paste) improves sperm cryosurvival remain
unknown. However, it has been demonstrated that SDS is only beneficial in the presence of egg yolk,
suggesting that it functions by altering the tertiary structure of the egg yolk lipoproteins (Pursel et al.
1978). In the present study, post thaw motility was higher when sperm were frozen and thawed in the
presence of Equex STM® while acrosome integrity was unaffected. Previous studies have observed
benefits from SDS in both acrosome integrity (Axner et al. 2004) and post thaw motility (Akourki et
al. 2004). However, in contrast with the results of the present study, the inclusion of 0.5 % v:v Equex
STM® during the cryopreservation of llama semen failed to demonstrate a beneficial effect (Von Baer
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and Hellemann 1999). Further studies on Equex STM® as a cryodiluent additive for the frozen
preservation of epididymal alpaca are warranted to determine the optimum concentration of this
additive.
The initial motility of the epididymal sperm in the present study was high considering the interval
between castration and harvesting (16 – 24 h). Epididymal sperm are relatively easy to handle and
dilute, being free from the viscous seminal plasma that impedes progress in developing efficient
methods for preserving ejaculated alpaca sperm. Forward progressive motion was displayed by
epididymal sperm immediately after harvest, in contrast to the oscillatory motility of ejaculated sperm.
By contrast, Bravo et al. (2000a) reported the absence of forward progressive motility for alpaca or
llama epididymal sperm.
The effects of centrifugation on camelid sperm have not been extensively investigated but Ferre et al.
(2000) reported that centrifugation (300 g; 10 min) was highly detrimental to the longevity of fresh
diluted llama sperm. Therefore, the post-thaw survival of epididymal alpaca sperm may be improved
by the removal of the pre-freeze centrifugation step. Parrilla et al. (2006) employed sedimentation
instead of centrifugation to concentrate sex-sorted boar sperm. Given the beneficial effect of
sedimentation on sex-sorted boar sperm reported by the authors, attempts to modify this technique for
inclusion during cryopreservation of alpaca sperm may be warranted.
A high proportion of the initial motility of sperm was retained after freezing and thawing in
Experiment 1 (range: 14.9 – 28.7 %), Experiment 2 (range: 9.5 – 35.7 %), Experiment 3 (range: 30.8 –
37.7 %) and Experiment 4 (32.4 – 45.8 %), demonstrating the efficacy of cryopreserving epididymal
alpaca sperm after overnight transport to the laboratory. Interestingly, the proportion of initial motility
retained in Experiment 2 was similar to Experiment 1, despite the additional overnight liquid storage
step, suggesting that epididymal alpaca sperm are tolerant of liquid storage at 4 °C and this extended
period of storage does not adversely affect survival after subsequent cryopreservation.
These observations suggest that alpaca sperm may be resistant to cold shock although further larger
scale studies employing both ejaculated and epididymal alpaca sperm are required to confirm this
hypothesis. Furthermore, the minimal loss in motility after cryopreservation of epididymal alpaca
sperm when pellet-frozen in Lactose cryodiluent was unexpected, given the lack of knowledge about
freezing camelid sperm and the general perception that camelid sperm do not survive well after
freezing and thawing (Vaughan et al. 2003). These results highlight the need for systematic
investigation of the effects of the various freezing and thawing processes using ejaculated alpaca
sperm, similar to those described by Salamon and Maxwell (1995), which will undoubtedly improve
the survival of ejaculated alpaca sperm after freezing and thawing, and lead to the development of
efficient sperm preservation procedures for alpacas and eventually all camelids.
In conclusion, this research demonstrates the feasibility of harvesting and cryopreserving epididymal
alpaca sperm with a long interval between castration and harvesting. Pellet-freezing epididymal alpaca
sperm in Lactose cryodiluent produces superior post-thaw survival compared with Citrate and Tris
based cryodiluents, and freezing in 0.25 and 0.5 mL straws. In addition, the research presented in this
study demonstrated the beneficial effect of Equex STM® on the function of frozen-thawed epididymal
alpaca sperm. In addition, we showed for the first time that the sperm could be stored in a chilled state
overnight, prior to cryopreservation, without any loss of function, suggesting that they are tolerant of
liquid storage.
Furthermore, this research challenges the perception that alpaca sperm is highly susceptible to cold
shock and does not tolerate cryopreservation. While these results represent a major step forward in the
preservation of sperm from alpacas, further research is required to determine whether the sperm retain
fertilizing capacity after cryopreservation.
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8. Artificial Insemination
8.1. Introduction
Successful commercial development of artificial insemination (AI) for the alpaca industry would
facilitate the widespread use of sires of high genetic value, both nationally and internationally, and
increase the rate at which superior genetics are disseminated.
The first demonstration of AI in alpacas was by Fernandez-Baca and Calderon (1966) using fresh
whole Vicuña semen (collected by electroejaculation). These authors reported the birth of one
offspring after the AI of 42 females. Subsequent studies have reported fertility rates ranging from 2.4 –
75 % (fresh semen), 9 - 66.7 % (liquid stored semen) and 7.9 – 68 % (frozen semen) after the AI of
alpacas and llamas.
While several studies have demonstrated the feasibility of AI, and offspring have been born after AI
with fresh, liquid stored and frozen thawed sperm in camelid species, the efficiency of AI remains
very low and results vary widely between studies (see Table 1.18). Many authors have highlighted the
lack of techniques for the preservation of semen and for inducing ovulation as limiting factors in the
commercial development of AI in alpacas and other camelids. There have been recent improvements
in the techniques for inducing ovulation (Vaughan 2001, 2002; Vaughan et al. 2003a), semen
collection (Vaughan et al. 2003a; this report) and preservation of semen (this report; Morton et al.
2007a,b,c). However, the fertilizing capacity of liquid stored and cryopreserved sperm has yet to be
determined.
Using the improvements to the collection and preservation of semen developed during this project, and
the latest methods for induction of ovulation, the objective of this chapter was to achieve pregnancies
after the AI of females with frozen-thawed epididymal sperm. Epididymal sperm were used (1) as they
have not been in contact with the viscous seminal plasma, identified as a potential negative factor
affecting sperm function, and would demonstrate the specific fertilizing capacity of the sperm,
independent of semen, and (2) methods for their freezing and thawing with preserved post-thaw
function had already been demonstrated (Chapter 7).

8.2. Materials and methods
8.2.1. Animals and follicular synchronization and induction of ovulation
Twenty adult female alpacas were allocated to the experiment, 10 for insemination with frozen-thawed
epididymal sperm and 10 for natural mating (controls). Ten females were allocated in August
(replicate 1) and 10 in September 2007 (replicate 2). Control matings were undertaken by the same 5
males (1 female each for replicates 1 and 2, n = 2 per male).
Synchronisation of follicular wave emergence and induction of ovulation was performed in the
females using synthetic prostaglandins (Juramate®; Jurox Pty Ltd, Newcastle, NSW) and
gonadotrophin-releasing hormone analogue (Receptal®, Intervet, Bendigo East, VIC) according to the
regime described in to Table 8.1.
Table 8.1. Regime to synchronise follicular growth and induce ovulation in alpacas
Day
-13
-12
-2
-1
0

Treatment
Cloprostenol [0.8 mL Juramate im]
Buserelin 40 μg [1.0 mL Receptal im]
Cloprostenol [0.8 mL Juramate im]
Buserelin 40 μg [1.0 mL Receptal im]
Ovulation
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8.2.2. Ultrasonography
Ultrasonography was performed as described by (Vaughan et al. 2003a). Briefly, females were sedated
10 min prior to ultrasound with 0.7 mL Torbugesic (Butorphonol; 10 mg/mL, Fort Dodge Animal
Health, Baulkham Hills, NSW), 1.3 mL Xylazine (Rompun, 20 mg/mL; Bayer Health Care, Pymble
NSW). Females were restrained in sternal recumbency and examined by transrectal ultrasonography
using an Aloka SSD-500 with 7.5 MHz linear array transducer (Aloka Co. Japan; Figure 8.1) 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.

Figure 8.1. Examination of follicular status using transrectal ultrasonography
The ovaries of each female were examined by transrectal ultrasonography at the time of AI. Females
that were inseminated were examined for pregnancy by ultrasound again approximately 6 weeks after
AI.

8.2.3. Sperm cryopreservation
Epididymal sperm were pellet-frozen using lactose and Biladyl® diluents as described in Chapter 7.
Sperm were thawed in a water bath (37 °C; Figure 8.2) until the pellets melted. The inseminate was
loaded into cervical AI pipettes (as used for sheep, Evans and Maxwell, 1987) connected to a 10 ml
tuberculin syringe by a 5 cm length of silicone tubing and inseminated according to the technique
described below.

Figure 8.2. Field laboratory for thawing and preparation of semen for AI.
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8.2.4 Insemination technique
Artificial insemination was performed according to the technique described by Vaughan et al. (2003a).
Briefly, females were restrained in sternal recumbency and the tail held out of the way (Figure 8.3).

Figure 8.3. Restraint of female in preparation of insemination
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 AI pipette was then passed through the vulva,
vagina and cervix, as depicted in Figures 8.4b, c and d, into the uterine horn ipsilateral to the ovary
containing the dominant follicle. When the pipette was positioned at the tip of the uterine horn, the
plunger on the syringe was depressed, depositing the sperm from the pipette into the uterus (Figure
8d). The AI pipette was then withdrawn, the perineum wiped clean with paper towel and the female
released.
Artificial insemination was performed approximately 24 hours after induction of ovulation,
approximately 4 to 6 hours before the predicted time of ovulation, as assessed by the size and time of
disappearance of the dominant follicle. Each female received 1.5 mL of thawed inseminate containing
84 – 102 million motile spermatozoa. Control natural matings were also performed 24 hours after
induction of ovulation. The five females inseminated for each replicate were allowed to naturally mate
with a randomly allocated male in purpose-built individual mating yards (Figure 8.4a). Males were
allowed to continue mating until ejaculation was completed (approximately 20 - 30 minutes).

Figure 8.4a,b,c and d. Natural mating and artificial insemination of females
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8.3. Results
Ovarian follicles were observed by transrectal ultrasonography initially at 22 h (replicate 2) and 24 h
(replicate 1) and again at 27 h (replicate 2) and 29 h (replicate 1). Visualisation of ovarian follicles
before and after ovulation is presented in Figure 8.5. Nine of the 10 females ovulated, three females
had ovulated 22 - 24 and six females ovulated between 24 – 29 h post-Buseralin. Once ovulation was
observed, sperm were thawed, assessed under the microscope (Figure 8.6) and females inseminated.

Figure 8.5. Ovarian follicles prior (left) and post (right) ovulation

Figure 8.6. Frozen-thawed epididymal sperm (x 200) immediately prior to insemination
The post-thaw motility, number of sperm inseminated and pregnancy results are presented in Table
8.2.
Table 8.2. Number of sperm inseminated, post-thaw motility of sperm and pregnancy results after
natural mating (control) or artificial insemination.
Treatment
Natural mating
Artificial insemination

No.
females
10
10

No. sperm inseminated
(x106 mL)
Not determined
83.5 – 101.6
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Sperm motility
(%)
Not determined
20 – 40 %

No. pregnancies
(%)
4 (40 %)
0 (0 %)

8.4. Discussion
This experiment represents the first attempt to obtain pregnancies after AI of camelids with epididymal
sperm that has been frozen and thawed. Epididymal sperm were used in this experiment because of the
difficulty of obtaining and processing sufficient quantities of ejaculated sperm. We have already
demonstrated that epididymal alpaca sperm retain their motility and function for several hours after
freezing and thawing, using processing methods developed as part of this project (Chapter 7).
Epididymal sperm were originally chosen as they were readily available from castrated males and had
not been in contact with the viscous seminal plasma, identified as a potential negative factor affecting
sperm function, which makes sperm extraction from the ejaculate and processing difficult. Our
objective was to demonstrate the specific fertilizing capacity of the sperm, independent of their
seminal plasma, in order to test the hypothesis that the seminal plasma was the main barrier to progress
in the development of semen preservation methods. Unfortunately, no pregnancies were obtained in
this preliminary experiment, so we were not able to come to any conclusion regarding this hypothesis.
That is, it was neither proven nor disproven.
A number of factors, other than the sperm themselves, determine the success of an AI programme,
such as the success of synchronizing follicular growth and ovulation, timing of insemination relative
to ovulation, sperm dose and where the sperm are deposited within the female reproductive tract.
Considerable research, in the order of 20 years, has occurred in domestic animal species, such as
sheep, cattle and pigs to determine the optimal methods to synchronise females, induce ovulation, and
determine the optimal AI conditions. Nevertheless, research into these areas in camelids is lacking,
and is difficult and resource-consuming due to the unusual reproductive physiology of camelids
compared with other livestock species.
Given the small numbers of animals available for experimentation in Australia, and the early stage of
development of the industry limiting large-scale research, it was not possible to include other
important, and potentially confounding, parameters in the current field experiment. It would have been
particularly important to examine different times of insemination relative to ovulation, a range of
sperm doses and different sites of insemination. Such work remains to be done when resources are
available and the fertilizing capacity of frozen alpaca sperm have been confirmed. Nevertheless, we
were able to monitor ovulation in the female alpacas subjected to AI, and we were able to identify
large dominant follicles (Figure 8.6) and thus determine the time approximate time of ovulation. Based
on this information, ovulation was successfully induced 24 to 30 hours after intramuscular injection of
Buserelin. These findings are consistent with other workers (see Section 1.5.5; Bourke et al. 1992,
1995; Huanca et al. 2001). However, the low pregnancy rate obtained in the controls (40 % pregnant)
does cast some doubt on the efficacy of the synchronization protocol used in this trial, or on our
chosen timing of mating and insemination.
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 four
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).
In the present trial, AI 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 AI 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 been reported to result in
acceptable conception rates with fresh and frozen semen (Table 1.18; Pacheco 1996; Quispe 1996a;

121

Apaza et al. 1999). Despite these reports, we were unable to obtain any pregnancies with frozen
sperm, or satisfactory pregnancies from natural matings using established synchronization methods.
Bravo et al. (1997b), 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, but it 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.
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, and was based on previous
reports on the success of this technique using fresh and liquid stored semen (Vaughan et al. 2003a).
Given the poor success in this experiment, however, it may be necessary in the future to develop a
deeper, semi-surgical method of AI for distributing semen from genetically valuable males. Surgical
deposition of sperm in the uterine horns by laparoscopy is now the standard method of AI in sheep
even using frozen semen; the procedure is used by veterinarians to inseminate some 1.5 million ewes
annually in Australia (Evans and Maxwell 1987). Once the fertilizing capacity of frozen-thawed
alpaca sperm has been established, it may be necessary to develop a similar method to deposit the
inseminate into the utero-tubal junction or oviducts, in order to obtain satisfactory fertility from frozen
sperm.
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 1.18). Bravo et al. (2000c) 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
1.18). 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 (RodriguezMartinez 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 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. All these parameters remain to be established in the alpaca.
Induction of ovulation was achieved in the present experiment, confirming previous reports by
Vaughan (2001). However, despite retained sperm function after freezing and thawing, no pregnancies
were obtained in conjunction with timed transcervical intrauterine insemination of females with
frozen-thawed epididymal sperm. Because of the large number of potential variables affecting fertility
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after AI of alpacas, which were not examined here due to limited resources, the application of frozen
semen for AI cannot yet be recommended without further research. This research needs to initially
determine the fertilizing capacity of frozen-thawed alpaca sperm. Because of the severe limitations of
the viscous seminal plasma in ejaculated semen, it is recommended that this work be done on
epididymal sperm, based on the methods developed in the current project. The fertilizing capacity
should be determined through an in vitro fertilization (IVF) system, either by direct IVF of fresh
alpaca oocytes or, more practically, through a sperm binding and penetration test. Such tests have been
developed in our laboratory using “salt-stored” oocytes either from the same or another species. For
example, we have developed a successful heterologous in vitro assay using salt-stored bovine oocytes,
through which we were able to establish the fertilizing capacity of sex-sorted frozen-thawed stallion
sperm. Importantly, further development of AI with frozen semen in alpacas will also depend on a
solution to the problem of the viscous seminal plasma in the ejaculate, so that freezing technology can
be transferred from epididymal to ejaculated sperm.
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9. Preliminary development of spermsexing technology in alpacas
9.1. Introduction
Methods to control the sex of offspring have been reported as far back as 460 - 377 BC by
Hippocrates, who believed that male children developed on the right, and females on the left side of
the uterus and therefore the appropriate sexual position (to deposit semen in the correct side of the
uterus) would give rise to the desired sex. Since then a number of methods for selecting the sex of
offspring have been tried, included the timing of intercourse relative to the menstrual cycle, maternal
diet, and ligation or removal of the appropriate testis (removal of the left if the couple desired male
children and vice versa). These unsuccessful methods for selecting the sex of children have been
extensively reviewed (Shettles and Rorvik 1984; Zarutskie et al. 1989; Windsor et al. 1993; Winston
1993). However, it was not until the discovery that mammalian sex is determined by the penetration of
the egg by an X or Y chromosome bearing sperm at fertilisation that sperm separation methods were
investigated to select the sex of offspring.
A number of methods have been suggested as aids to sex preselection including separation of X- and
Y-spermatozoa based on motility (Ericsson et al. 1973), density, sperm head volume (Cui and
Matthews 1993), surface charge (Kaneko et al. 1984) and cell surface antigens (Hendriksen et al.
1993). However, the only reliable methods for the production of pre-sexed embryos/offspring are the
use of flow cytometry to separate X- and Y-chromosome bearing sperm, or the biopsy and diagnosis
of embryonic sex by polymerase chain reaction (PCR). One disadvantage of embryo biopsy and
sexing by PCR is that embryos of both sex are produced, and those of the undesired sex are discarded,
thereby reducing efficiency. Sperm sexing by flow cytometry is therefore more efficient for producing
offspring and embryos of a pre-determined sex, as only those of the desired sex are produced.
The separation of sperm into X- and Y-chromosome bearing populations by flow cytometry (‘sperm
sexing’) is an emerging reproductive technology that has resulted in the birth of pre-sexed offspring in
a number of species using AI, IVF or MOET (Maxwell et al. 2004). The basis for separating sperm
using flow cytometry is the larger size, and therefore higher DNA content of the X chromosome
(Moruzzi 1979). The greater the difference between the DNA content in the X- and Y-chromosome
bearing spermatozoa the more easily and efficiently the populations can be resolved and separated
using a modified flow cytometer. Most domestic animal species have a DNA content difference of
between 3.6 – 4.2 % (Johnson 2000b).
For the flow cytometer to correctly interpret the difference in the DNA content between the X- and Ychromosome bearing sperm the cells must be correctly aligned as they pass through the cytometer.
Before sperm can be separated by the flow cytometry they must be stained with a fluorescent dye
which binds to the minor groove of the DNA helix (Hoechst 33342; Johnson et al. 1987). After
staining the sperm are then pushed through the cytometer in single file passed a UV laser which causes
the Hoechst 33342 dye to fluoresce. Based on the amount of fluorescence the cytometer applies a
positive or negative electrical charge to the sperm surface. The sperm then pass next to
electromagnets, are attracted to their opposite charge, and are separated into two populations.
The application of sperm sexing technology for a new species involves the development of speciesspecific protocols for staining, sorting and post-sorting preservation. Preliminary development of this
technology, the separation of X- and Y-chromosome bearing spermatozoa, has recently occurred in
buffalo (Lu et al. 2006), goats (Parrilla et al. 2004) and non-human primates (O'Brien et al. 2005a,b)
and pre-sexed offspring produced after artificial insemination (AI) with sex-sorted frozen thawed
sperm in elk (Schenk and DeGrofft 2003) and dolphins (O'Brien and Robeck 2006). However, sperm-
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sexing has yet to be applied to camelids. Given the different prices for male and female alpacas there
is considerable interest in the development of this technology.
The aims of this study were to i) optimize the Hoechst 33342 (H33342) staining concentration for the
flow cytometric separation of X and Y alpaca sperm nuclei, ii) separate alpaca sperm nuclei into high
purity (> 90%) populations bearing the X- and Y-chromosome, and iii) determine the DNA difference
between the X- and Y-bearing sperm in alpacas.

9.2. Materials and methods
9.2.1. Animals and experimental design
Semen was collected from adult male alpacas, and sperm nuclei were stained with different
concentrations of H33342 and subjected to flow cytometric separation. Data for the proportion of
orientated sperm (those able to be sorted), flow rate (speed of sperm passage through the machine) and
sort rate (speed of separation of sperm into X- and Y-populations) H33342 were recorded for the
different H33342 concentrations. The purity of the separated populations was determined by re-sort
analysis and the difference in the DNA content of the X- and Y-bearing spermatozoa was determined.
Sperm nuclei rather than whole spermatozoa were used for all analyses to ensure a more accurate
determination of the DNA content of the X- and Y-bearing spermatozoa by removing interference
from the sperm midpiece and tail. The whole procedure was replicated on four separate occasions.

9.2.2. Semen collection
Semen was collected according to the procedure described in Chapter 2.

9.2.3. Preparation of sperm nuclei samples
Sperm suspensions were washed by centrifugation (700 g, 6 min), the supernatant removed and the
pellet resuspended in 2 mL Androhep. Samples were then sonicated using a Branson Sonifier 250
(Branson Ultrasonics, Danbury, CT, USA) at 70 % power until >95 % of the midpieces and tails were
removed (approx. 30 sec). Samples were then centrifuged (700 g, 45 min) through a Percoll gradient
modified for alpaca sperm (1 mL 45 %; 1 mL 22.5 %; Sigma-Aldrich, Sydney, Australia). The pellet
was resuspended in Androhep to a concentration of 100 x 106/mL. Samples were then divided into
four aliquots for staining with 36, 54, 72 or 90 μM H33342 (Sigma-Aldrich) and incubated for 1 h at
34 °C. Samples were rotated every 15 min to ensure even staining and filtered through 35 μm cell
strainer tubes (Falcon 2235, Bacto Laboratories, Franklin Lakes, NJ, USA) prior to analysis.

9.2.4. Flow cytometric sorting
Stained sperm nuclei were separated into X- and Y-chromosome bearing populations using a high
speed cell sorter (SX-MoFlo®; DakoCytomation Inc., Fort Collins, Co, USA) modified for sperm
sorting (Rens et al. 1998a; Johnson and Welch 1999), running a diode pumped solid state pulse laser
(Vanguard 350 HMD-355; Spectra Physics, Mountain View, CA, USA), operating at 40 psi with PBSsheath fluid (Sigma-Aldrich). Gates were placed around the correctly oriented sperm nuclei to achieve
purities greater than 90 % in each of the enriched X- and Y-chromosome-bearing sperm populations.
Ten mL centrifuge tubes containing 0.25 mL Androhep were used to collect sorted sperm nuclei (a
minimum of 15,000 events per male).
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9.2.5. Determination of difference in total DNA between X- and Y-chromosomebearing sperm
The SX-MoFlo® was used to measure the fluorescence intensity of the X- and Y-bearing sperm
populations and the difference in the DNA content (percentage separation of the fluorescent peaks
representing the two populations) was then determined using the formula:
Difference = 100 [X – Y/0.5 (X + Y)]
Where X = X-bearing sperm nuclei mean fluorescence and Y= Y-bearing sperm nuclei mean
fluorescence (Garner et al. 1983).

9.2.6. Assessment of sperm sorting accuracy
Reanalysis of sorted samples was used to evaluate the accuracy of sorting. For sort reanalysis, an
aliquot of the sorted sample containing a minimum of 5 x 106 sperm nuclei was re-stained with 17.8
μM H33342, incubated for 20 min at 34 °C and analysed using the SX-MoFlo® (a minimum 10,000
events were analysed per sample). The proportions of X- and Y-bearing spermatozoa were determined
by a mathematical model (Welch and Johnson 1999).

9.2.7. Statistical analysis
Data for the percentage of correctly oriented sperm nuclei were arcsine transformed prior to analysis.
Statistical differences in the percentage of correctly oriented sperm nuclei and nuclei sorting rates
were determined by ANOVA and means compared using least significant differences (LSD) in
GenStat 9.0 (Ceanet, Brisbane, Australia).

9.3. Results
9.3.1. Effect of H33342 staining concentration on sorting parameters
Sperm nuclei from all males and all stain concentrations could be resolved into two populations
representing the X- and Y-chromosome bearing sperm. Resolution, as indicated by the depth of the
split on the histogram output, of X- and Y-sperm nuclei populations was improved at higher (72 and
90 μM) H33342 concentrations. Examples of histogram and dot plot outputs for different H33342
concentrations are presented in Figure 9.1.
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a)

b)

c)

d)

Figure 9.1. Flow cytometric dot plot and histogram outputs showing fluorescent signals generated by
alpaca sperm nuclei stained with a) 36, b) 54, c) 72 and d) 90 μM H33342. Fluorescent signals from
correctly oriented sperm nuclei are shown in region 1 (R1) of the dot plot output are displayed in the
histogram output.
Hoechst 33342 staining concentration did not influence the percentage of correctly oriented sperm
nuclei (Table 9.1). The speed of sperm nuclei sorting was moderate and was not altered by H33342
stain concentration (Table 9.1).
Table 9.1. Percentage of correctly oriented sperm nuclei and speed of sperm nuclei sorting (sperm
nuclei/sec) after flow cytometric analysis of alpaca sperm nuclei stained with 36 -90 μM Hoechst
33342. Data are mean ± SEM.
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Hoechst 33342
Correctly oriented
concentration (μM)
sperm nuclei (%)
36
43.3 ± 3.9
54
46.4 ± 3.7
72
44.5 ± 4.0
90
51.1 ± 2.5
There were no significant differences

Speed of sperm nuclei
sorting (sperm/sec)
1381 ± 160
1386 ± 123
1371 ± 133
1379 ± 127

There were differences in the proportion of correctly oriented sperm nuclei (range: 33.2 ± 4.3 to 53.5 ±
4.3) and the speed of nuclei sorting (range: 658.6 ± 120.9 to 1683.3 ± 116.0) between the males
(P<0.05).

9.3.2. Sort reanalysis and DNA difference between X- and Y-bearing sperm nuclei
A flow cytometric histogram generated from fluorescent signals produced by an alpaca X- and Ychromosome bearing nuclei enriched population is displayed in Figure 9.2.
Difference of 3.8 % in DNA
content between X and Y alpaca
chromosomes.

X-chromosome
bearing sperm

Y-chromosome
bearing sperm

Figure 9.2. Calculation of the DNA difference between X and Y-chromosome bearing alpaca sperm
nuclei.
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A flow cytometric dot plot and histogram generated from fluorescent signals produced by an alpaca Ychromosome bearing nuclei enriched population is displayed in Figure 9.3. The mean purity of the
separated X- and Y-sperm nuclei populations was 96.6 ± 0.7 % and 96.1 ± 1.1 %, respectively, and the
mean percentage difference in DNA content between X and Y-bearing sperm for alpacas was 3.81 ±
0.06 %.

Figure 9.3. Flow cytometric dot plots and histogram outputs for sort reanalysis procedures showing
fluorescent signals generated by alpaca Y-chromosome bearing nuclei enriched populations (97 %
purity).

9.4. Discussion
This study represents the first application of sperm sexing technology to new world camelids and
demonstrates that alpaca sperm nuclei can be separated successfully into high purity X and Y
populations. Further research is required to optimize preparation and sorting procedures before the
technique could be combined with AI or in vitro fertilization (IVF) for the production of pre-sexed
alpaca offspring.
There is considerable interest from livestock producers in the production of offspring of a predetermined sex. Pre-selecting the sex of offspring can increase the rate of genetic progress of flocks
and herds, and has advantages for management and efficient production of livestock, particularly the
production of female replacement dairy heifers and male and female crossbred lines in the pig
industry. Camelids contribute to many economies through meat, milk and fibre production (Tibary et
al. 2006) and there is considerable scope for the application of sex-preselection in the various camelid
industries. The camel dairy industry would benefit from increased proportions of female replacement
dairy camels. Given the differential prices for male and female llamas, alpacas and guanacos, fibre
producers would have the option of producing offspring of the sex they desire. Sperm-sexing
technology can also be used as a potential population management strategy for wildlife species with a
single-sex dominated social structure (Maxwell et al. 2004) and could potentially be applied to
populations of threatened camelids such as the vicuña.
While the results of the present study demonstrate the potential for the application of sperm sexing
technology to camelids, improvements in the efficiency of the procedure as well as the development of
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other reproductive technologies such as AI and IVF must occur. Reproductive technologies are
generally not well developed in camelids as their reproductive physiology is vastly different from
other domestic species. Camelid semen is highly viscous (Bravo et al. 2000c) which has precluded the
adoption of technologies developed for other species. While AI has been used to produce offspring
from camelids (reviewed by Bravo et al. 2000c) the application of this technology remains restricted
as the efficiency is far below commercially acceptable levels.
The proportion of correctly oriented whole sperm, the difference in DNA content between the X- and
Y sperm and the proportion of viable spermatozoa are the major determinants of the speed of sorting
sperm. The 3.8 % DNA difference between the X and Y-chromosome bearing sperm in alpacas is
sufficient to permit rapid sorting of whole sperm, but an increase in the efficiency of the sperm sexing
procedure is required in order to maximize sort rates. The proportion of correctly oriented sperm
nuclei found in the present study was also moderate and needs to improve if an increase in the
efficiency of the sexing procedure is to occur.
Sperm morphology is assumed to have a major effect on the efficiency of sexing sperm and the
heterogeneous nature of human sperm heads is cited as one factor limiting the improvements in the
efficiency of sexing human sperm (Vidal et al. 1998). Sperm with morphological abnormalities such
as coiled tails (Rens et al. 1998b), and microcephalic and macrocephalic heads (O'Brien et al. 2005a)
produce fluorescence intensity signals which are outside the region of normal fluorescence. O'Brien et
al. (2005a) hypothesise that sperm with irregular and amorphous heads may produce fluorescence
intensity signals within the normal range and remain within the population that are separated.
High levels of sperm morphological abnormalities are present in alpaca ejaculates (approx. 30 %),
with head and tail abnormalities accounting for 28 % and 42.0 % of the abnormalities, respectively
(Bravo et al. 1997a). Given these proportions of abnormal sperm, their removal prior to flow
cytometric sex-sorting may prove beneficial. Pre-sort processing to remove dead, immotile and
morphologically abnormal sperm is routinely employed during sex-sorting of human sperm in the
form of either washing, density gradient centrifugation and glass wool filtration (Fugger 1999).
Density gradient centrifugation has been used previously to improve the quality and resolution of
gorilla (O'Brien et al. 2005a) and human (Fugger 1999) spermatozoa. Given the moderate level of
sperm nuclei orientation observed in the present study, and the sperm morphological abnormalities
present in alpaca ejaculates, further studies on the application of pre-sort processing using density
gradient separation seem warranted.
Moderate sperm nuclei sorting rates (around 1300 nuclei/sec) were obtained in the present study and
are similar to those reported during the development phase of this technology for other species
(O'Brien et al. 2005b). However, for commercial application, sort rates of around 15 million sperm per
hour are required (Maxwell et al. 2004).
The DNA difference between the X and Y chromosome in alpacas was determined to be 3.81 ± 0.06%,
which is similar to the 3.3 % reported by Johnson (2000a) for camels. This is similar to the difference
in cattle and sheep sperm (3.8 and 4.2 % respectively; Johnson 2000a), which have all been sorted
successfully and used to produce offspring of a pre-determined sex.
In conclusion, the present study showed that standard methodology could be applied to the high-purity
sorting of X- and Y-chromosome bearing sperm nuclei in alpacas. These results demonstrate the
potential to produce pre-sexed alpaca offspring using flow cytometrically sex-sorted sperm. However,
further research is required to optimise the pre-sort processing, develop protocols for the preservation
of sperm post-sorting and increase the efficiency of current AI procedures.
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10. General discussion of results
Project US-138A, “The continued development of artificial insemination technology in alpacas”
continued the work of RIRDC project AAA-1A (publication 03/104) and had two main objectives.
The first objective was to further develop and establish the technology for collection, processing and
preservation of alpaca semen. The second objective was to further develop and establish the
technology for insemination of alpaca semen.
In addressing these overall objectives, a number of aspects of AI technology in alpacas, developed
during project AAA-1A, we adopted for use in the current project. These included the general set-up
and training of males for semen collection, the utilising of methods for induction and synchronisation
of ovulation in females, and methods for transcervical insemination of alpacas.
In addition, this project sought to answer some very important questions and issues raised during
AAA-1A namely:
•
•
•
•
•
•
•
•

The difficulty of controlling the environment inside the artificial vagina (AV) used for semen
collection, possibly resulting in reduced semen quality during prolonged copulation. The
temperature of the AV decreased over time despite the presence of a heat pad around the outside.
The detrimental effect on sperm survival of prolonged contact of semen with the latex liner (Aller
2001).
Whether or not seminal plasma should be removed from the ejaculate.
The viscous nature of alpaca semen, which precludes proper mixing of the semen with extender
and results in heterogeneous solutions and poor post-storage sperm survival.
The need to develop a simple, accurate method of predicting field fertility of frozen-thawed alpaca
semen.
The type of extender for semen freezing.
The final glycerol concentration in the medium for freezing alpaca sperm.
Freezing of semen in pellets or straws of different volumes.

Moreover, this project generated considerable data regarding the collection, characterisation,
preservation and AI of alpaca sperm. The outcomes of this project are summarised below:
•
•
•
•
•
•
•
•
•
•
•
•
•

Further optimisation of the semen collection procedure resulting in a significant improvement in
the quality of ejaculated alpaca sperm collected using a mannequin and artificial vagina.
Design of a new mannequin with sufficient insulation to be used indoors and outdoors.
Production of silicone AV liners to remove the deleterious effects of prolonged contact of semen
with latex liners.
Demonstration that an artificial cervix is not required in the AV during semen collection.
Demonstration of the effect of the collection vessel on semen quality.
Demonstration that the presence of females during semen collection is not required.
Demonstration that collection of semen into a Tris-based diluent improves the quality of alpaca
semen collected with an AV.
Development of optimal laboratory handling and assessment methods for of alpaca sperm.
Development of a sperm acrosome integrity assessment method using staining with FITC-PNA.
Demonstration that, contrary to previous reports, Giemsa stain is not suitable for assessment of
alpaca sperm.
Application of CASA to alpaca sperm assessment.
Preliminary development of a heterologous oocyte-binding assay for alpaca sperm.
Demonstration that epididymal alpaca sperm retain functional integrity after freezing and thawing,
and bind to in vitro matured sheep oocytes in vitro.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Demonstration that centrifugation and needling are not effective methods to reduce the viscosity
of alpaca semen.
Development of a gradient centrifugation method to separate alpaca sperm from viscous semen.
Development of a method to reduce alpaca semen viscosity using gentle pipetting.
Determination that the enzymes collagenase, chymotrypsin, papain and trypsin are able to reduce
the viscosity of alpaca seminal plasma but that they also alter the membrane properties of sperm.
Demonstration of the high protein content in the viscous semen of the alpaca.
Confirmation that Biladyl® and Triladyl® are the most suitable diluents for liquid storage of
alpaca semen.
Demonstration that liquid storage of semen at 4 °C is preferential to 15 °C.
Demonstration that 1:4 is the most appropriate dilution rate for the liquid storage of alpaca semen.
First demonstration that alpaca epididymal sperm may be liquid-stored for 24 h without loss of
motility or functional integrity.
Demonstration that epididymal sperm do not require glycerol during cooling to, or liquid storage
at 4 °C.
Longest retained viability to date of alpaca sperm during liquid storage (96 hours).
Demonstration of considerable inter- and intra-male variation in the longevity of liquid stored
semen.
The first successful cryopreservation of epididymal alpaca sperm with retained viability post thaw.
Superior survival of alpaca sperm cryopreserved in lactose compared with Tris- or citrate-based
diluents.
Demonstration that pellet freezing of alpaca sperm is superior to freezing in 0.25 or 0.5 mL straws.
Recommended levels of cryoprotectants in media for cryopreservation of alpaca sperm
established: 3 – 4 % glycerol and 1 % Equex STM paste.
Development of an overnight transport protocol for testes from castrated males, with subsequent
efficient harvesting and cryopreservation of epididymal sperm.
Demonstration that epididymal sperm can be transported overnight, then liquid stored for 24 h
prior to cryopreservation, without reduction in survival (compared with unstored sperm).
Demonstration that epididymal alpaca sperm are highly tolerant of cryopreservation with around
35 % of original motility retained after freezing and thawing
Paving the way for the development of sex sorting of alpaca sperm: establishment of the DNA
difference between X and Y-chromosome-bearing sperm (3.8 %) and demonstration that sperm
sexing technology can be applied to alpacas and sperm nuclei can be successfully separated into
X- and Y-chromosome population with >90 % accuracy.

From these outcomes, we have been able to provide a manual of standard methods for a number of
routine procedures associated with the collection and processing of alpaca semen. In particular,
training of males, semen collection, maintenance of semen quality after collection, dilution, cooling
and liquid storage of semen are now well established procedures. The potential of more advanced
procedures, such as cryopreservation and sex-sorting of sperm, have also been demonstrated.
However, a number of important goals remain to be achieved, particularly successful and routine in
vivo fertility after AI with preserved sperm.
The characteristics of alpaca semen observed and recorded during this project were similar to those
previously described by other workers (Table 1.10). Furthermore, considerable variation was
observed, both within and between males for all semen parameters. Ejaculates of high quality were
more suited to liquid storage and survived longer than those of lower quality. While the relationship
between semen quality and survival after preservation is well established, there are currently no
guidelines on what constitutes a high quality alpaca ejaculate. Vaughan et al. (2003a) state that
“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.” Despite a further two years of semen collection and assessment as part of the current
project, it is our opinion that this statement still holds true. Considerable research is required to

132

determine the average parameters of an alpaca ejaculate under Australian conditions, as well as to
define parameters for good, acceptable and poor quality ejaculates. Moreover, the effects of nutrition,
season and other environmental factors on semen quality must also be elucidated. Nevertheless,
through the collection and assessment of many ejaculates from a standard group of males, we were
able to further define the quantum of variation in ejaculate quality and confirm that this is an important
limitation to the development of reproductive technology in the alpaca, compared with other small
ruminants. Between and within male ejaculate quality also varies considerably in the equine species,
and this has sometimes necessitated the development of “tailor-made” media and methods for semen
preservation. This may be a necessary area for research in the future if functional sperm need to be
stored from particularly valuable males.
Vaughan et al. (2003a) also described a number of relationships between various semen parameters
and the management of the collection process. For example, when ejaculates were collected every 3 or
4 days there was a trend for higher concentration of sperm per ejaculate and greater semen volume,
than shorter or longer collection frequencies. If semen preservation and artificial insemination are to
be commercially viable in Australia there must be a clear understanding of the relationships between
semen parameters and male management (ie interval between semen collections) so that
recommendations can be made regarding the regime for semen collection in a commercial setting.
Therefore, further research, re-examining relationships between various ejaculate parameters is also
required.
Significant practical advances have been made in the assessment of alpaca semen in the current project
(Chapter 4) although the high cost of equipment such as the CASA and FACS machine prevent their
widespread use in assessing alpaca semen in the field. However, in the commercial setting of a semen
preservation centre, these machines are now becoming available for routine assessment of bovine and
ovine semen, particularly in Europe. They are currently available in Australia in several reference
laboratories, and research correlating sperm parameters (such as motility patterns, metabolism, etc.)
with field fertility could occur. The correlation of sperm fertility with a parameter which can be
assessed in the laboratory remains one of the ultimate aims of andrologists. Fertility cannot be
correlated to a simple assessment such as motility alone, but recently Gillan et al. (2008) described
groups of assessments which were highly correlated with sperm fertility. In the latter study, the
performance of frozen-thawed spermatozoa from 10 Holstein bulls in a range of in vitro diagnostic
tests and the relationship with adjusted in vivo fertility data was determined. The tests included an
assessment of motility (subjective and computer-assisted), morphology, concentration, viability,
acrosomal and chromatin integrity conducted immediately post-thaw and after swim-up, in
conjunction with membrane status (CTC staining) and migration in an artificial cervical mucus.
Adjusted in vivo fertility correlated with subjectively assessed post-thaw motility (r=0.672), post-thaw
straight-line velocity (r=0.636), post-thaw sperm morphology (r=-0.762), post-thaw sperm viability
(r=0.635), the concentration of spermatozoa after swim-up (r=0.649), sperm morphology after swimup (r=-0.687), the number of spermatozoa migrating 10 mm into artificial cervical mucus (r=0.632)
and the distance migrated by the vanguard spermatozoon in artificial mucus (r=0.701). A stepwise
regression analysis identified tests which, when combined, produced models with a strong correlation
(R2>0.9) to fertility. Although such data would be almost impossible to develop for camelids in
Australia, given the lack of organised artificial breeding, such studies point to the value of high
standards of semen assessment, and the utility of the data collected as a predictor of the potential
fertility of males.
The interval between semen collection and liquefaction in vitro necessitates the development of a
method to liquefy alpaca semen. Various method of semen liquefaction exist, although the method of
choice must be reliable, easy (in a commercial setting), cost and time-effective and not reduce sperm
viability or function. A number of mechanical and enzymatic methods for reducing semen viscosity
were evaluated. Centrifugation and needling were not effective, gradient centrifugation using 45 : 22.5
% PureSperm® was more effective in recovering sperm from the viscous seminal plasma but the cost
of Puresperm® is too high to justify its use commercially. Gentle pipetting of semen diluted with
Androhep® was effective in reducing semen viscosity without compromising sperm acrosome
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integrity or sperm motility. This method is simple but it is not completely effective and does not
remove any other detrimental effects of the seminal plasma which is still present after the procedure.
Treatment of semen with enzymes (either during semen collection or added afterwards in the lab) had
some effects on sperm function although the nature and degree of the effect varied according to the
enzyme used, in contradiction to the results of Bravo et al. (1999) and Bravo et al. (2000b). However,
the favourable outcomes demonstrated by the use of papain also proved that the viscous component of
seminal plasma was highly susceptible to liquefaction by proteolytic enzymes, thus proving that it has
a major protein component. It has been reported in the literature that the viscous semen is composed of
sulphated mucopolysaccharides secreted by the bulbourethral gland during the rutting season (ElNaggar and Abdel-Raouf 1977). Based on the lack of evidence for this claim, and in addition to
studies determining the optimal use of proteolytic enzymes such as papain, we believe that studies are
urgently required to confirm the findings of El-Naggar and Abdel-Raouf (1977). Further studies are
also required to identify the components responsible for the viscosity before effective, efficient and
commercially viable methods for the liquefaction of alpaca semen can be developed.
Results from the liquid storage of alpaca semen confirmed the earlier findings of (Vaughan et al.
2003a) that Triadyl® was the most promising diluent. After several studies examining the effect of
dilution rate, storage temperature and presence of seminal plasma on the survival of sperm after liquid
storage, the optimal method for alpaca semen was confirmed to be a 1:4 dilution (semen: diluent) with
Triadyl® and storage at 4 °C (see Appendix IX for a detailed protocol for the liquid storage of semen).
In this report, diluents were made with clarified egg yolk (achieved by ultracentrifugation to remove
egg yolk particles) to facilitate the visualization of the sperm during liquid storage. In a commercial
setting, clarification of egg yolk is time-consuming and expensive (ultracentrifuges cost > $100,000)
and is therefore not recommended. Therefore, the use of egg yolk-free liquid storage media such as
Androhep® and Androhep EnduraGuard® would be advantageous but survival of alpaca sperm stored
these diluents has not been satisfactory.
In this study, sperm motilities of > 50 % were observed in individual ejaculates after 72 h of storage,
although the average values were lower (owing to storage of poorer quality ejaculates). Selection of
males with superior semen quality, resulting in the storage of only high quality ejaculates, will
improve the proportion of motile sperm after liquid storage. Further improvements to sperm survival
might also be obtained if the sperm were stored under anaerobic conditions (for example, in an
atmosphere of carbon dioxide) or with the addition of antioxidants such as catalase (Vishwanath and
Shannon 2000). Routinely, motilities of 45 % were observed after 24 – 48 h of liquid storage,
indicating that the use of liquid stored semen for AI in Australia will be possible in the not too distant
future. Nevertheless, more work is required to determine the optimal timing of insemination, sperm
dose and site of sperm deposition before commercialization of AI with liquid stored semen, or
preserved semen in general.
In the field fertility trial conducted at the end of the current project, no pregnancies were obtained after
transcervical insemination of alpaca females with frozen-thawed epididymal sperm at an induced
oestrus. Induction of ovulation was achieved, confirming previous reports by Vaughan (2001).
However, despite retained sperm function after freezing and thawing, we were unable to properly test
the in vivo fertility of frozen-thawed epididymal sperm. We made some progress towards determining
the fertilizing capacity of these sperm through the development of a heterologous in vitro binding
assay (Chapter 4). However, these were preliminary results, and future research needs to initially
determine the fertilizing capacity of frozen-thawed alpaca sperm. Because of the severe limitations of
the viscous seminal plasma in ejaculated semen, it is recommended that this work be done on
epididymal sperm, based on the methods developed in the current project. The fertilizing capacity
should be determined through an in vitro fertilization (IVF) system, either by direct IVF of fresh
alpaca oocytes or, more practically, through a sperm binding and penetration test. Importantly, further
development of AI with frozen semen in alpacas will also depend on a solution to the problem of the
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viscous seminal plasma in the ejaculate, so that freezing technology can be transferred from
epididymal to ejaculated sperm.
While important advances have been made in semen collection and preservation by Vaughan et al.
(2003a) and during this project, the key problem for the storage of semen from all camelids remains
the viscous seminal plasma. If the industry is to achieve the practical application of liquid and frozen
sperm storage, and a viable system of artificial insemination in camelids, particularly llamas and
alpacas, the following basic questions must be answered: (1) What are the sources and constituents of
the viscous seminal plasma? and (2) What is the basic protein content, structure and function of
camelid seminal plasma? Analysing the source and constituents responsible for semen viscosity is
critical to developing methods to overcome or circumvent the deleterious effect of the seminal plasma.
This has been achieved in other species with problematic seminal plasma, for example the goat, but
has either been ignored or considered too difficult in camelids. The studies undertaken during this
project did indicate that the viscous component of alpaca seminal plasma is susceptible to proteolytic
enzymes, and is therefore likely proteinaceous in nature. However, all attempts to disrupt or dissolve
(liquefy) the gel failed to provide sperm of a quality equivalent to those derived from the
epididymides, which had not been exposed to seminal plasma. Further progress on the removal of this
viscosity will depend on the identification of its origin and biochemical nature.
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11. Implications
In evaluating the implications of the practical research undertaken in the current project and RIRDC
project AAA-1A, it is important to note that research on alpaca reproduction in Australia is currently
very difficult. There are a number of reasons for this. Principally, the numbers of females and males
available for research is limited, both by price/value and availability. The alpaca industry has been
generous with offers of animals and facilities but these have always been constrained by the relatively
high value of the individual animals. Moreover, there are particular ethical and welfare limitations to
the application of ART: females require sedation and skilled individual handling for common
reproductive tasks, such as transrectal ultrasound and transcervical insemination. In cattle and sheep,
such procedures are routine, requiring less intervention, minimal skill and less time/labour. Such
issues not only require careful consideration of the welfare of the individual animals but also limit the
number of animals and procedures that can be carried out in a given time.
A positive side of these limitations, and particularly the high value of individual animals, is that high
cost and labour intensive procedures may be more affordable, or have a better benefit-cost ratio, in
alpacas compared with other small ruminants. It may well be worthwhile developing a semi-surgical
inseminations technique to allow the use of frozen semen AI in valuable females using semen from
males of high genetic value.
Thus, the implications of the current research project are that some significant barriers still need to be
overcome before AI can be routine in the alpaca industry. With these important considerations in
mind, a roadmap for the research and application of AI in the Australian alpaca industry might look
something like this:
1. Confirm the in vitro and in vivo fertilising capacity of both liquid and frozen-stored
epididymal alpaca semen:
a. In vitro using laboratory-based in vitro fertilisation procedures: this will confirm
whether or not the sperm cells actually retain normal egg binding and penetration
capacity after preservation and in the absence of seminal plasma.
b. In vivo by using semi-surgical laparoscopic techniques, such as those developed in our
laboratory for the sheep model, to deposit the preserved sperm close to the site of
fertilization in the oviducts: this will confirm whether or not the sperm cells actually
retain normal fertilizing capacity after preservation and in the absence of seminal
plasma.
2. Determine the sources and constituents of the viscous seminal plasma of camelids and identify
its basic protein content, structure and function: this will lead to the development of an
artificial but non-toxic method for disrupting or liquefying the seminal plasma immediately
after ejaculation, so that ejaculated sperm may be utilised routinely for preservation and in
vivo inseminations.
The end of this roadmap would be, at worst, an effective but high-cost method for successful AI of
alpacas with preserved sperm for a wide range of males and, at best, semen preservation and AI
procedures as routine as those currently available in the sheep and goat industries. Both outcomes
would undoubtedly provide a significant boost to the genetic improvement of alpacas in Australia.
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12. Recommendations
AI in alpacas will facilitate the widespread use of sires of high genetic value (both national and
international) and increase the rate at which superior genetics are disseminated. While offspring have
been born from AI with both fresh and frozen-thawed sperm (Table 1.18) the efficiency is low.
Improvements to liquid and frozen sperm preservation techniques would certainly increase AI
efficiency. However, it is doubtful that any major increases in efficiency (to the levels required for
commercialisation) will occur until there is a fundamental understanding of the components of the
seminal plasma, which limits both the function and recovery of sperm from the alpaca ejaculate. In
many ejaculates, a high proportion of the sperm are unavailable for processing and storage because
they are either bound up in the viscous seminal plasma and/or inhibited by its components.
Epididymal sperm do not have these restrictions, because they have yet to be exposed to the seminal
plasma, which is naturally mixed with the sperm at the time of ejaculation. In this project, we have
been able to demonstrate methods to recover these epididymal sperm from castrated males, and to
process and store them, with their function maintained for up to 96 hours or indefinitely, for liquid and
a frozen storage, respectively. We were unable to obtain in vivo fertility after transcervical
insemination of female alpacas with frozen-thawed epididymal sperm, but we obtained preliminary
evidence that they may be able to bind to oocytes in vitro. The commercial use of epididymal semen is
unlikely to be practicable, apart from particular circumstances such as the death or serious
injury/disease of a particularly valuable male, or in the event of sperm harvest from genetically
valuable clones, as its recovery is a surgical procedure. However, epididymal sperm do provide a good
model for determining the innate fertilising capacity of camelid sperm, unsullied by the inhibiting
factors in seminal plasma. It is therefore recommended that studies continue on determining the
fertilising capacity of both epididymal and ejaculated sperm, after liquid and frozen storage, using in
vitro and in vivo techniques.
Given the difficulties of obtaining consistent fertility to date, and the limited numbers of animals
available for research, it may be that a laparoscopic or mini-laparotomy technique needs to be
developed, to enable deposition of stored semen close to the site of fertilisation, probably in the
oviduct. Such a procedure might be more costly than current transcervical insemination methods,
although the latter still require induction of ovulation, sedation and individual handling of females, but
a more reliable AI technique might allow high fertility to be obtained from the semen of highly
valuable males deposited in high value females. We made some progress towards determining the
fertilizing capacity of epididymal sperm through the development of a heterologous in vitro binding
assay (Chapter 4). However, these were preliminary results, and future research needs to initially
determine the fertilizing capacity of frozen-thawed alpaca sperm. Because of the severe limitations of
the viscous seminal plasma in ejaculated semen, it is recommended that this work be done on
epididymal sperm, based on the methods developed in the current project. The fertilizing capacity
should be determined through an in vitro fertilization (IVF) system, either by direct IVF of fresh
alpaca oocytes or, more practically, through a sperm binding and penetration test. Importantly, further
development of AI with frozen semen in alpacas will also depend on a solution to the problem of the
viscous seminal plasma in the ejaculate, so that freezing technology can be transferred from
epididymal to ejaculated sperm.
The key problem for storage of semen from all camelids remains the viscous seminal plasma. If the
industry is to achieve the practical application of liquid and frozen sperm storage, and a viable system
of AI in camelids, particularly llamas and alpacas, the following basic questions must be answered: (1)
What are the sources and constituents of the viscous seminal plasma? and (2) What is the basic protein
content, structure and function of camelid seminal plasma? Analysing the source and constituents
responsible for semen viscosity is critical to developing methods to overcome or circumvent the
deleterious effects of the seminal plasma. This has been achieved in other species with problematic
seminal plasma, for example the goat, but has either been ignored or considered too difficult in
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camelids. The major problem for goat semen preservation is the bulbourethral gland secretion (BUS)
responsible for deterioration of sperm diluted in skimmed milk or in media containing egg yolk. The
component from BUS responsible for this effect was identified as a 55-60 kDa glycoprotein lipase
(Busgp60) belonging to the pancreatic lipase related protein 2 family (GoPLRP2). This enzyme was
able to hydrolyse both triolein and milk triglycerides into free fatty acids which strongly inhibit the
motility and damage the membranes of buck sperm. The solutions to this problem, developed in
France and by our group during the 1980s, have been one of the most significant advances for the
European goat industry over the past 50 years, leading to the widespread application of AI in dairy
goats.
The main recommendation from this project, therefore, is to undertake fundamental studies on the
viscous seminal plasma of alpacas with the objective of answering the two questions posed above. A
successful outcome to such a study would be a major step along the roadmap to the widespread
commercialisation of AI for the Australian alpaca industry.
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13. Appendices
Appendix I: List and source of laboratory equipment
Equipment
(product no.)
Artificial insemination gun
Artificial insemination sheath
Boar semen bottle
Bovine AV casting
Callipers
Camel collecting glass
CASA
Centrifuge tubes (15 mL)
Sarstedt yellow top
Controlled rate freezing machine
Coverslips 22 x 22 mm, no. 1.5
(560056)
Coverslips 18 x 18 mm, no. 1.5
(560041)
Dry ice (CO2)
Esky
Filter paper (Whatman no. 1)
Goblets
Haemocytometer
Heating pads
Incubator
Liquid Nitrogen
Mannequins
Microscope –phase contrast
Microscope – fluorescent
Micro centrifuge tubes (clear)
Microscope lens wipes
MiniLube®
(17116/7010)
Needles
Osmometer
Pipettes
Pipette tips (Greiner; blue)
Pipette tips (Greiner; yellow)
Petri dishes (35 mm)
351008

Manufacturer/Supplier
Laboratory equipment
IMV Technologies (available through Pacific Vet)
IMV Technologies (available through Pacific Vet)
Minitüb
used as water jackets during semen cooling
IMV Technologies (available through Pacific Vet)
Bunnings
IMV Technologies (available through Pacific Vet)
Hamilton Thorne
Livingstone International Pty Ltd
Planar Kryo 10 Series III, Quantum Scientific, Rydalmere, NSW,
Australia
Australian Scientific
Australian Scientific
BOC gasses.
Livingstone
Bacto Laboratories, Liverpool, NSW, Australia
Pacific vet
Improved Naebauer, Weber, London United Kingdom
Breville
Thermoline (bench top; ungassed)
Small Thermoline incs
LN2 was delivered fortnightly by Ace Cryogenics, when
necessary additional LN2 was obtained from The University of
Sydney Chemistry Department.
Manufactured at The University of Sydney according to the
dimensions described in Chapter 3.
Olympus, Tokyo, Japan
Olympus, Tokyo, Japan
ThermoTrace
Livingstone International Pty Ltd
Minitüb, Germany
Livingstone International Pty Ltd
Freezing point depression osmometer, Advanced Instruments,
Norwood, Massachusetts, USA.
Gilson or Finpette brand from Bacto Laboratories
Interpath Services Pty Ltd
PO Box 340 Heidelberg West 3081
Interpath Services Pty Ltd
PO Box 340 Heidelberg West 3081
Bacto Laboratories
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Petri dishes (100 mm)
351029
Portable car fridge
Scalpel blades
Surgical instruments
Sheep artificial vagina
Straw sealer
SX-MoFlo®
Syringes
Sharps disposal containers
Slides (plain glass; 75 x 25 mm)
Slides (Starfrost)
Spermac stain
(15405/0000)
Straws – 0.25 mL
Straws – 0.5 mL
Syringes
Tongs
Transfer pipettes
Plastic cell culture tubes 6 mL
(352001)
Plastic cell culture tubes 14 mL
(352003)
Test tubes glass 12 x 75 mm
(TTRL 12x 75)
Test tubes glass 13 x 100
mm(TTRL 13 x 100)
Thermometer (digital)
HI98509
Ultracentrifuge
Ultracentrifuge tubes #
Vortex
(model 34524)
Warm trays
#

Bacto Laboratories
Waeco International, Burleigh Heads, Queensland, Australia
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Pacific vet
Heat-sealer, Packmatic Australia, Blacktown, NSW, Australia
Dako-cytmoation
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Minitub
IMV
IMV
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Bacto Laboratories
Bacto Laboratories
Bacto Laboratories
Livingstone International Pty Ltd
Livingstone International Pty Ltd
Bacto Laboratories
Becton Dickenson
Becton Coulter Australia Pty Ltd
Unit D/24 College Street
Gladesville NSW 2111
Ph: 9844 6000
Snijders press-to-mix vortex, Australian Instrument Services,
Bayswater, Victoria, Australia
LEC –details

Tubes dependant on the ultracentrifuge rotor
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Appendix II: List and source of laboratory chemicals
Chemical/Equipment
(product no.)

Manufacturer/Supplier

Laboratory chemicals
Sigma-Aldrich chemical company
Sigma-Aldrich chemical company
Sigma-Aldrich chemical company
Sigma-Aldrich chemical company
Sigma-Aldrich chemical company
Sigma
Sigma
Sigma-Aldrich chemical company
Catalase (C-9322)
(in vitro use only)
Eosin
Sigma-Aldrich chemical company
Ethylene glycol (E-9129)
Sigma-Aldrich chemical company
IMV, L’Aigle, France, or
Equex STM Paste
Nova Chemicals
Lectin from pisum sativum (FITC-PNA; L-0770)
Sigma-Aldrich chemical company
Fructose (F-0127)
Sigma-Aldrich chemical company
Galactose (G-5388)
Sigma-Aldrich chemical company
Gentamycin sulfate (G-3632)
Sigma-Aldrich chemical company
Giemsa stain (G-9641)
Sigma-Aldrich chemical company
Glucose (G-8270)
Sigma-Aldrich chemical company
Glutaraldehyde
Sigma-Aldrich chemical company
Glycerol (G-2025)
Sigma-Aldrich chemical company
Bisbenzimide Hoechst 33342 (B-2261)
Sigma-Aldrich chemical company
Kanamycin monosulfate (K-1377)
Sigma-Aldrich chemical company
Mineral oil (embryo tested; M-5310)
Sigma-Aldrich chemical company
Lactose (L-3625)
Sigma-Aldrich chemical company
Nigrosin
Sigma-Aldrich chemical company
Neomycin sulfate (N-6386)
Sigma-Aldrich chemical company
Papain (P-5306)
Sigma-Aldrich chemical company
Dulbecco’s PBS powder (D-5652)
Sigma-Aldrich chemical company
PBS tablets (BR14)
Oxoid
Sigma-Aldrich chemical company
Percoll® (cell culture tested; P-4937)
Penicillin G (sodium salt; P-3032)
Sigma-Aldrich chemical company
pH strips
Sigma-Aldrich chemical company
p-phenylenediamine
Sigma-Aldrich chemical company
Propidium iodide (P-4170)
Sigma-Aldrich chemical company
1,2-Propanediol (Propylene glycol; P-1009)
Sigma-Aldrich chemical company
Barnes Products Pty Ltd
PO Box 393, Padstow, NSW 2211
Prosil® 20 (SR-PROSIL20-T)
Ph: 02 9793 2211
Fax: 9793 7091
Nidacon Tek Event
Puresperm® 100
Sodium azide (S-8032)
Sigma-Aldrich chemical company
Sodium bicarbonate (S-1554)
Sigma-Aldrich chemical company
Sodium citrate
Sigma-Aldrich chemical company
Sodium chloride (S-5886)
Sigma-Aldrich chemical company
Sodium phosphate (dibasic anhydrous; S-5136)
Sigma-Aldrich chemical company
Spermac® stain
Streptomycin sulfate (S-6501)
Sigma-Aldrich chemical company
Superoxide dismutase (S-8160)
Sigma-Aldrich chemical company
Trizma base (T-1503)
Sigma-Aldrich chemical company
Tris(hydroxymethyl)aminomethane
Trypsin (T-9935)
Sigma-Aldrich chemical company
Triton-X 100 (T-9284)
Sigma-Aldrich chemical company
Bromelain (B-4882)
Bovine serum albumin (Fraction V; A9647)
Citric Acid (monohydrate; C7129)
Collagenase (C9722)
α-Chymotrypsin (CHY5S)
Acridine Orange (A-1301)
Caffeine (anhydrous; C-0750)
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Appendix III: Semen collection worksheet
Experiment:

Date:
Male:

Mating assessments
Collecting container H2O bath temp:

AV Temp:
AV configuration:
Mating duration: Start:

Finish:

Length:

Libido:

Time to mount mannequin:

Mating comments:

Semen assessments
Semen appearance: clear / milky / creamy
Semen volume (minus foam):

Foam: present / absent

Semen viscosity (mm):

Semen pH:

Semen Osmolarity:
Sample number (if required):

Sperm assessments
Motility type: oscillatory / forward progressive

Motility:
Concentration:
Viability: Live:

6

x 10 /mL
Dead:
Damaged:

Acrosome integrity: Intact:
Morphology: Normal:
Head abnormalities:
Mid-piece abnorm:
Tail abnorm:
Cytoplasmic droplet:
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Appendix IV: List and composition of diluents
For quality control relating to manufacture of media see Methodologies
Diluent
Androhep
(product no. 13529/2001)

Manufacturer/Supplier
Minitüb, Germany

Composition
Glucose 26.0 g, HEPES 9.0 g, EDTA (triplex) 2.4
g, Sodium citrate (dihydrate), 8.0 g, Sodium
bicarbonate (NaHCO ) 1.2 g, BSA (fraction V)
3

2.5 g – per litre (Weitze, 1990)#
Androhep Enduraguard
(product no. 13538/2010)

Minitüb, Germany

Fraction A: 100 mM Tris, 33 mM Citric acid, 28
mM Fructose solution with antibiotics (Tylosin,
Gentamycin, Lincomycin, Spectinomycin) and
egg yolk (20 % v:v)

Biladyl A/B
(product no. 13500/004)

Minitüb, Germany

Camel Buffer

IMV USA

Citrate

Fraction B: 100 mM Tris, 33 mM Citric acid, 28
mM Fructose solution with antibiotics (Tylosin,
Gentamycin, Lincomycin, Spectinomycin) egg
yolk (20 % v:v), and 13.6 % (v:v) glycerol
Clear camel buffer – non-glycerolated.
Green camel buffer – glycerolated.

Manufacturer at The University of
Sydney according to Evans and
Maxwell (1987)

Equipro
(product no. 13537/2001)

Minitüb, Germany

Lactose

Manufacturer at The University of
Sydney according to Morton et al
2007.

Salamon’s cryodiluent
(1+2 dilution)
Salamon’s liquid storage
diluent
Triladyl
(product no. 13500-0250)

Not known

Manufacturer at The University of
Sydney according to Evans and
Maxwell (1987)
Manufacturer at The University of
Sydney according to Evans and
Maxwell (1987)
Minitüb, Germany

#

prior to adjustment by commercial suppliers and commercial confidentiality
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Constituents not known
Fraction A:
80.6 mM sodium citrate, 33.3 mM glucose
solution supplemented with 20 % (v:v) hens egg
yolk.
Fraction B:
80.6 mM sodium citrate, 33.3 mM glucose
solution supplemented with 20 % (v:v) hens egg
yolk and 5 % (v:v) glycerol.
Defined medium based on specific caseinates
derived from various fractions of milk casein,
sugars and buffers.
Fraction A:
Lactose solution (11 %; w:v) supplemented with
20 % (v:v) hens egg yolk.
Fraction B:
Lactose solution (11 %; w:v) supplemented with
20 % (v:v) hens egg yolk and 9 % (v:v) glycerol
and 1.5 % (v:v) Equex STM paste.
360 mM Tris, 113.6 mM citric acid, 33.3 mM
glucose solution supplemented with 20 % hens
egg yolk (v:v) and 6 % (v:v) glycerol.
300 mM Tris, 94.7 mM citric acid, 27.8 mM
fructose solution supplemented with 20 % hens
egg yolk (v:v).
Tris, citric acid, fructose, antibiotics, egg yolk (20
% v:v), glycerol, tylosin, gentamycin,
spectinomycin and lincomycin, exact proportions
not specified.

Minitüb products are available in Australia from:
Minitüb Australia Pty. Ltd.
Alan Smith, General Manager
P.O. Box 218 Sebastopol, Vic 3356
Phone: 03 5342 0833
Fax: 03 5342 0911
Email: infor@minitube.com.au
Web: www.minitube.de
Pacific Vet
Unit 1, Herald St. Cheltenham, Vic 3129
Phone: 03 9532 1162
Fax: 03 9532 1163
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Appendix V: Company contact details
John Morris Scientific Pty. Ltd.
PO Box 447
Willoughby NSW 2068
Phone: 02 9417 8877
Fax: 02 9417 8855
LEC Instruments
Lauri Aaltonen, Director
8 Doris Court, Scoresby, Vic, 3179
Phone: 03 9763 0080
Fax: 03 9764 0086
Email: Lauri@lecinstruments.com
Web: www.lecinstruments.com

Bacto Laboratories Pty. Ltd.
P.O. Box 295
Liverpool NSW 2170
Phone: 02 9602 5499
Fax: 02 9601 8293
Cryologic Pty Ltd
Dr Anna Skroce, product manager
54 Geddes St
Mulgrave Vic 3170
Phone: 03 9574 7200
Fax: 03 9574 7300
Email: anna@cryologic.com
Web: www.cryologic.com

Life Technologies (GibcoBRL)
Andrew Szentirmay
PO Box 4296, Mulgrave, Vic, 3170
Phone: 03 9558 9622
Fax: 03 9558 9722
Email: aszentir@lifetech.com

Genetics Australia
Woolpack Rd
Bacchus Marsh Vic 3340
Phone: 03
Fax: 03
Email: genetics.Australia@genaust.com.au
HD Scientific
Trevor Hinwood
10/28 Garling Rd
Kings Park, NSW 2148
Phone: 02 9621 6955
Fax: 02 9671 2293
Email: Trevor.hinwood@hdscientific.com.au
IMV International Corporation
11725 95th Avenue North
Maple Grove, MN, 55369, USA
Phone: +1 763 488 1881
Fax: +1 763 488 1888
Email: contact@invusa.com
Web: www.imvusa.com

Livingstone International Pty. Ltd.
106 – 116 Epsom Rd
Rosebury NSW 2018
Phone: 02 9313 6111
Fax: 02 9313 6444
Minitüb Australia Pty. Ltd.
Alan Smith, General Manager
P.O. Box 218 Sebastopol, Vic 3356
Phone: 03 5342 0833
Fax: 03 5342 0911
Email: infor@minitube.com.au
Web: www.minitube.de
Minitüb Abfüll-u. Labortechnik GmbH & Co.
KG
Dr. Monika Esch, Sales Manager
Hauptstaβe 41
Tiefenbach, D-84184, Germany
Phone: +49 870 992 29230
Fax: +49 870 992 2939
Email: esch@minitube.de
Web: www.minitube.de

Invitrogen
Hanna Lampinen
PO Box 4296, Mulgrave, Vic, 3170
Phone: 1800 331 627
Fax: 03 9558 5622
Email: hanna.lampinen@invitrogen.com
Web: www.invitrogen.com

Nidacon Tek-event
Regine Regal
P.O. Box 569,
Round Corner NSW 2158
Phone: 0408 491 516
Fax: 02 9654 1747
Email: regine@tekevent.com
Web: www.nidacon.com

Interpath Australia Pty. Ltd.
44 Crammond Bvd
Caringbah NSW 2229
Phone: 02 9524 1199
Fax: 02 9524 1099
Email: Sydney@interpath.com.au
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Oxoid Australia Pty. Ltd.
P.O. Box 220
West Heidelberg Vic 3081
Phone: 1800 331 163
Fax: 03 9458 4759

Sarstedt Australia Pty. Ltd.
P.O. Box 90
Ingle Farm SA 5098
Phone: 1800 803 308
Fax: 1800 806 073

Pacific Vet
Unit 1, Herald St. Cheltenham, Vic 3129
Phone: 03 9532 1162
Fax: 03 9532 1163

Sigma-Aldrich Chemical Company Pty. Ltd.
P.O. Box 970
Castle Hill NSW 2154
Phone: 1800 800 097
Fax: 1800 800 096
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Appendix VI: Protocol for the production of AV liners
Setup:
• Mould (vacuum cleaner pipes)
• Prosil® 20
• Paint brushes
• Petri dishes (120 mm)
Prosil® 20 preparation:
• Weight 100 g of Prosil® 20 part A into a 120 mm Petri dish
• weight 100 g of Prosil® 20 part B into a 120 mm Petri dish
• Combine parts A and B in the deeper half of the Petri dish and mix well with a paint brush
Liner production protocol:
• Set up the oven at 100 °C and turn on (allow 30 - 60 min to warm)
• Prepare Prosil® 20
• Spray the moulds with 70 % (v:v) ethanol and dry with a kim wipe or other lint free tissue.
• Place mould in the oven for 5 min to warm
• Paint a thin layer of Prosil® 20 onto the mould with a paint brush and place in the oven for 30 min
to dry. It is important that each layer be thinly painted on, thick layers reduce the elasticity of the
finished liner.
• Check the layer and if dry add a second layer, otherwise return to oven for 10 - 15 min.
• Add successive layers until the desired thickness (10 - 12 layers)
• After the last layer has been added, return the mould to the oven for 1 hour at 110 °C.
• Remove the mould from the oven and place in a bucket of cold water for 10 min to cool down.
• Peel off the liners from the moulds by rolling down the mould.
• Unroll the liner, hang it on a wooden pole (to prevent the inside of the liner sticking) and store in
the liner box.
Washing liners:
• Silicone liners can be hand washed in a non-pyrogenic detergent such as 7X or Pyroneg at
concentrations of 0.01 % (v:v or w:v respectively)
• After use, rise the liner with warm water as soon as possible
• Wash by immersing the liner in warm water and detergent (see above) and gently agitate
• Immersion and agitation in warm water are generally sufficient to remove trace amount of semen.
If liners are particularly dirty, gently scrub the inside of the liner with a babies brush.
• Rinse well in RO and Milli-Q water
• Hang vertical (ensuring that the liner is an open cylinder not collapsed) and peg one end of the liner
on the tea-towel (or similar) rack
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Appendix VII: Protocol for the collection of alpaca semen
Equipment:
Rubber artificial vaginas
IMV Camel collecting glasses
Silicone liners
Rubber bands
Minilube

Electric blankets
Catheter bag ties
Esky
Semen collection worksheets & pen
Timers

Setup:
In Lab:
1. Turn on water bath and power pack connected to the microscopes and warming stages.
2. Boil kettle and fill water container.
3. Collect liners, camel collecting glasses, esky, timers, worksheets, pen etc and take to the shed
In Shed:
1. Adjust boiled water to 60 °C and 37 °C and place in appropriate incubators
2. Fill water-jacket on the camel collecting glass and place in 40 °C incubator
3. Get down mannequins and plug in electric blankets
4. Make up AVs (see below) and take to semen collection pen
5. At pen, wrap the AV in the electric blanket and tie with a catheter bag strap and place inside
mannequin. Tie the AV into the mannequin with a catheter bag strap to prevent the AV slipping
backwards
6. Set up paperwork, re-set timers and place feed into the feed tin
7. Collect males from paddock into the holding pen and close gate
Alpaca artificial vagina set-up:
1. Place the silicone liner into the AV and fold back approx. 1.5 inches of the liner over the end of
the shorter side of the AV (when measuring the distance between the tap and the end of the AV)
2. Fold approx. 1.5 inches of the liner over the other end of the AV and pull out the overhang of the
silicone liner (this is where the collecting glass attaches).
3. Secure ends with elastic bands by folding around 2-3 times, depending on type of elastic bands.
4. Check that the elastic bands are tightly around the ends of the AV – this is important to prevent
water and air leaking out of the AV.
5. Fill the AV with approx. 180 mL of 60 °C water.
6. Insert the camel collecting glass into the overhanging section of liner by stretching and secure with
an elastic band if necessary
7. Open the top part of the tap and ‘blow-up’ the AV with air
8. Check the pressure of the AV and make sure it has enough pressure (a snug fit for a pinkie finger)
9. Depress the plunger on the Minilube container 1 -2 times and smear the minilube around the
entrance to the AV.
Semen collection procedure:
1. After the AVs are fitted into the mannequin let the male in the pen.
2. Start timer once male has begun orgling and sat down on the mannequin
3. Record information and observation on the worksheet - during mating observe behaviour and
check how fidgety the males are how many times they get on and off the mannequin (record
behaviour on semen collection sheet)
4. After male has finished mating, stop timer and untie the AV from the mannequin.
5. ‘Shake’ the AV so that the semen in the liner is forced down into the collection tube
6. Remove the camel collecting glass and place in the esky with the appropriate worksheet and
transport to the lab
7. Dismantle the AV, pour out the water, and place the liner in the washing bucket.
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Appendix VIII: Protocol for the assessment of alpaca sperm
acrosome integrity using FITC-PNA
References:
Morton, KM, Bathgate R, Evans G, & Maxwell WMC 2007, Cryopreservation of epididymal alpaca
(Vicugna pacos) sperm: a comparison of Citrate, Tris and Lactose based diluents, and pellets and
straws. Reprod Fertil Dev, 19 792-96.
Media/Stain Prep:
PNA:
1. Add PBS to lyophilized stock to make 1mg/ml solution (Sigma L-7381; lectin from Arachis
hypogaea, FITC labelled).
2. Store in freezer 20ul aliquots in 1.5ml micro centrifuge tubes wrapped in foil to protect from light
3. Thaw 20ul aliquot just before use and dilute with 480ul PBS (final working concentration is
10ug/ml).
4. Re-freeze any working solution that is not used (mark on tube date of re-freeze and that it is a
working solution).
UCD Mounting medium:
1. Into a foil covered 10 ml place 0.5ml of 100x penstrep stock (ie 750mg Penicillin-G and 500mg
streptomycin made up to 100ml in Milli-Q water – freeze in 1ml aliquots in eppendorfs)
2. Add 5mg p-phenylenediamine (= 0.1% w/v) (Sigma P6001, free base)
3. Add 4.5ml glycerol.
4. Adjust to pH 8.0 using pH strips.
5. Store as 100ul aliquots in 0.5ml foil-covered micro centrifuge tubes in freezer.

Specimen preparation and staining:
1. Label slide with a pencil (pen ink is dissolved by ethanol) with date, male, experiment/treatment
and other necessary information
2. Make slide smears by placing 5 – 10 μL sample on slide (if concentrated (ie >400 x 106/ml) slowly
dilute sample with appropriate medium if possible)
3. The smear is made by placing a clean slide near the sample until it comes into contact with the
sample; the clean slide is then dragged down the sample slide so that the sample “follows” the
moving slide
4. Air dry the smear for 5 min on the bench
5. Dip slides into 96 % (v:v) ethanol for 30s to fix, and air dry on bench
6. Place slides in a slide box and store in fridge at 4 °C until assessment. Ideal storage time is less
than 4 weeks but slides can be stored for as long as 18 months
7. For staining, place 30 μL of PNA working solution on the centre of the slide and roll the slide
from side to side to spread the PNA solution so it covers a large area of the slide
8. Mark the boundaries of the PNA solution with a pen
9. Place slides in the humidified bench top incubator and dry for 30 min at 38 ºC (the incubator can
be humidified by placing a large surface area container with water in the bottom)
10. Rinse slides by dipping in a 50 mL tube of PBS (without antibiotics). Dip slides twice if the
concentration of sperm is high, or once if the sperm sample is dilute [change PBS dipping tube
regularly to avoid cross contamination between experiments and samples]
11. Air-dry slides (or dry in a non-humidified incubator) and place 5 μL of UCD mounting medium on
slide, cover with clean 20 mm x 20 mm coverslip (or larger coverslip if sperm sample is dilute)
DO NOT put excess mounting medium on slide (it should not ooze out sides are coverslip has
settled)
12. Evaluate sperm using fluorescent light on the Olympus BHS microscope (fitted with phase
contrast and fluorescent optics) at either magnification x 400 (40 x objective; alpaca, bovids,
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sheep, pigs) or x 1000 (100 x objective; cats, primates, rhinos) [Excitation beam passed through a
450 – 490 nm band pass filter with a supplementary EY 510 nm dichroic mirror and an additional
490 nm barrier filter]
13. Use low-level bright field microscopy (white light) in conjunction with fluorescence to enable
proper visualisation. Only assess sperm where the entire head can be clearly visualized
14. Assess a minimum of 100 sperm per slide
15. Staining patterns with PNA:
• Bright green head and/or apical ridge = acrosome intact
• Bright green, patchy head = partially reacted (or dissolving of acrosomal membrane)
• Very faint-to no green stain over entire head = non-intact ie acrosome reacted
• Bright green band across equatorial segment = non-intact ie acrosome reacted
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Appendix IX: Protocol for the liquid storage of alpaca semen
References:
Morton KM, Gibb Z, Wilson SJ, Bertoldo M, Evans G & Maxwell WMC 2007, Effect of diluent,
dilution rate and storage temperature on longevity and functional integrity of liquid stored alpaca
(Vicugna pacos) sperm. Reprod Fertil Dev (submitted)
Equipment:
Equipment for semen collection (see protocol)
Microscope
Fridge (4 or 15 °C)
Misc. lab equipment
Media & Prep:
Media:
1. Prepare diluent for liquid storage as described in Appendix IV and Chapter 2.
2. Thaw diluent (if frozen) in water bath until diluent is the same temperature as the semen
3. Ensure that diluent is thoroughly mixed by inverting tube 5 – 10 times, slowly taking care not to
shake.
Preparation:
1. Turn on all equipment in the lab and allow it to warm/cool to the desired temperature
2. Ensure that there are sufficient yellow top tubes and foil covered boar semen AI bottles for the
volume of semen to be stored
3. Label the required number of yellow top tubes, starsted slides and amber tubes with appropriate
details (male, date, time, diluent, dilution rate, etc)
4. Set up 2nd water bath to provide warm water for inside the boar semen preservation bottles
Specimen preparation:
1. Collect semen according to the semen collection protocol
2. Assess semen parameters according to semen collection worksheet (or experimental design). If
semen has been collected into a diluent other than the one to be used for liquid storage this must be
removed before diluting the semen. To remove collection diluent, centrifuge semen for 7 min at
600 g, remove and discard the supernatant.
3. Pay particular attention to semen volume (or sperm concentration, if using concentration as a basis
for diluting semen).
4. If neat semen is collected, or semen is still viscous dilute semen 1:1 (or add approximately 1.0 mL
for centrifuged semen) and gently pipette with a 1.0 mL pipette until the viscosity is reduced.
5. Examine sperm motility; if sperm display forward progressive motility continue with sperm
dilution. If sperm are still oscillatory, continue gentle pipetting until an increase in forward
progressive motility is observed.
6. Dilute semen stepwise ensuring that small drops of diluent are added and thoroughly mixed before
any additional diluent is added.
7. Once sperm are fully diluted re-assess sperm motility, acrosome integrity and sperm morphology
(and another other assessments according to experimental design).
8. Place tube of diluted sperm into a boar semen AI bottle (previously filled with warm water up to
the marker line) and place in the 4 °C fridge.
9. Open the fridge and examine the semen only as required. Opening the fridge door too frequently
severely reduces the longevity of liquid stored semen!
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Appendix X: Protocol for the cryopreservation of alpaca sperm
Equipment:
Surgical instruments and scalpels (one epididymal kit per person)
Dry ice (remember to order before noon the day before testes arrive)
Petri dishes – 3 and 6 cm
Ruler
Setup:
In Lab:
1. Turn on water bath and power pack connected to the microscopes and warming stages.
2. Thaw Androhep® (without egg yolk)
3. Set up epididymal kits, paper towels dishes etc
4. Collect liners, camel collecting glasses, esky, timers, worksheets, pen etc and take to the shed
In Shed:
8. Unwrap testes and trim off excess tissue
9. Dissect epididymis away from the testis
10. Place epididymis in a 3 or 6 cm Petri dish, depending on size, and pipette 2-3 mL over the
epididymis (to prevent it drying out)
11. Mince the epididymis into small pieces with a scalpel and place the dish on a warm stage (the heat
helps the sperm to swim out). Leave sperm to swim out for 20 –30 min.
12. Repeat for other epididymis
13. Measure and weigh the testes
14. Cut the testes in half and place in a red top histology pot (label with male’s name/IAR/tag number
and the date).
15. After 30 min, pipette 5 L of Androhep® from a Petri dish and examine for the presence of motile
sperm. If motile sperm are present, aspirate Androhep® and sperm from the Petri dishes and place
in a yellow top tube.
16. Add an additional 2-3 mL of fluid into the Petri dish, place on a warm stage for 20- 30 min. This
step can be repeated while motile sperm are recovered from the testes pieces.
17. Sperm can be frozen in a number of small batches, or held until all sperm are recovered and frozen
in one batch. For individual batches, centrifuge sperm immediately after aspiration into a yellow
top tube and for a bulk freeze wait until all sperm are harvested.
18. Harvest sperm, those in yellow top tubes are placed in a foam tube rack and held at room
temperature until centrifugation.
19. Centrifuge the desired number of yellow top tubes (containing sperm) for 10 min at 300 g
20. Remove the supernatant and resuspend the sperm pellet in 1.0 mL of freezing (or required volume
if using sperm concentration as basis for freezing).
21. Place yellow top tube in a boar semen AI bottle (previously filled to the line with warm water)
22. Place boar semen bottle in the cold room on top of the foam esky lid and leave to cool for 2 h.
23. When sperm is cooled to 4°C add the second part of the extender (containing glycerol) if using a
2-step freezing protocol. Mix by inverting the tube several times, taking care not to shake.
24. Remove dry ice from the esky and make depressions using the metal tool.
25. Pipette 250 μL of cooled semen into the depression; repeat until 10 μL semen remains (reserve this
for checking motility).
26. Once pellets look opaque (approx. 2-3 min on dry ice) move them into liquid nitrogen and store in
labelled test tubes.
27. Place test tubes in the appropriate liquid nitrogen storage container
28. Repeat until all semen is frozen.
29. Collect tubes containing 10 μL diluted sperm and assess motility (allow samples to warm to 37°C).
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Appendix XI: List of publications
Scientific (refereed) publications:
Full-papers
Morton, KM, Bathgate, R, Evans, G, & Maxwell, WMC 2007, ‘Cryopreservation of epididymal alpaca
(Vicugna pacos) sperm: a comparison of Citrate, Tris and Lactose based diluents, and pellets and
straws’ Reprod. Fertil. Dev. vol. 19, pp. 792-796.
Morton, KM, Evans, G, & Maxwell, WMC 2007, ‘Effect of glycerol concentration, Equex STM®
supplementation and liquid storage prior to freezing on the survival and functional integrity of frozenthawed epididymal alpaca (Vicugna pacos) sperm’ Anim. Reprod. Sci. (submitted)
Morton, KM, Gibb, Z, Wilson, SJ, Bertoldo, M, Evans, G, & Maxwell, WMC 2007, ‘Effect of diluent,
dilution rate and storage temperature on longevity and functional integrity of liquid stored alpaca
(Vicugna pacos) sperm’ Reprod. Fertil. Dev. (submitted)
Morton, KM, Rückholdt, M, Evans, G, & Maxwell, WMC 2007, ‘Quantification of the DNA
difference, and separation of X- and Y-bearing sperm in alpacas (Vicugna pacos)’ Reprod. Domest.
Anim. (in press).
Morton, KM, Thompson, P, Bailey, K, Evans, G, & Maxwell, WMC 2007, ‘Quality parameters for
alpaca (Vicugna pacos) semen are affected by semen collection procedure’ Reprod. Fertil. Dev.
(submitted).
Abstracts
Maxwell, WMC, Leahy, T, Morton, KM, Marti, J, & Evans, G 2007, ‘Seminal plasma effects on
ruminant and camelid sperm function during processing for storage and sex-sorting’ Reprod. Domest.
Anim. vol. 42, pp. 60.
Bailey, KJ, Morton, KM, Bathgate, R, Evans, G, & Maxwell, WMC 2006, ‘Effect of alpaca age on
testes growth and development, sperm production and post-thaw sperm survival: preliminary results’
in JL Juengel, JF Murray & MF Smith (eds) ‘Reproduction in Domestic Ruminants VI’, Nottingham
University Press, Nottingham, UK, pp 472.
Morton, KM, Bathgate, R, Evans, G, & Maxwell, WMC 2006, ‘A comparison of three diluents for the
cryopreservation of epididymal alpaca sperm’ Reprod. Domest. Anim. vol. 41 pp. 329.
Morton, KM., Bathgate, R, Evans, G, & Maxwell, WMC 2006, ‘Cryopreservation of epididymal
alpaca sperm in pellets and straws frozen on dry ice or in liquid nitrogen vapour’ in JL Juengel, JF
Murray & MF Smith (eds) ‘Reproduction in Domestic Ruminants VI’, Nottingham University Press,
Nottingham, UK, pp 471.
Morton, KM, Rückholdt, M, Evans, G, & Maxwell, WMC 2006, ‘Preliminary development of sperm
sexing technology in alpacas (Lama pacos)’ in Proceedings of the 1st International Society of Camelid
Research and Development pp 18.
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Editorially reviewed publications:
Conference abstracts
Leahy, T, Morton, KM, Maxwell, WMC & Evans, G 2006, ‘Peculiarities and problems in alpaca
reproduction’ in Proceedings of the 5th Annual Postgraduate Research Conference. Faculty of
Veterinary Science, The University of Sydney, Australia.
Reyna, J, Morton, KM, Evans, G & Maxwell, WMC 2005, ‘Collection and evaluation of alpaca
sperm’ in Proceedings of the 4th Annual Postgraduate Research Conference. Faculty of Veterinary
Science, The University of Sydney, Australia.
Conference papers
Morton, KM & Maxwell, WMC 2006, ‘The continued development of AI technology in alpacas’, in
Proceedings of the Australian Alpaca Association National Conference, Adelaide, Australia, pp 74 80.
Magazine articles
Morton, KM 2007, ‘Camelid research at Sydney University’, Llama Lines Spring 34-36
Morton, KM 2007, ‘Sydney University Camelid research’, Alpacas Australia 52, 28-30.
Morton, KM 2006, ‘Alpaca Research Update’ in Alpaca Hmmm… (Central Coast and Hunter Region
Newsletter). Issue 9, Summer 2006.
Morton, KM 2006, ‘The 1st Conference of the International Society of Camelid Research and
Development’ in Alpaca Hmmm… (Central Coast and Hunter Region Newsletter). Issue 11, Winter
2006.
Morton, KM 2006, ‘Highlights from Sydney University Alpaca Research’ in Alpacas Australia 50, 4054.
Morton, KM 2006, ‘Highlights from Sydney University Alpaca Research’ in Alpacas Australia 49, 13Morton, KM 2006, ‘Testicular science and Llama Association of Australia’, Llama lines Summer
Morton, KM 2005, ‘Epididymal sperm freezing in alpacas’ in Alpacas Australia. Magazine of the
Australian Alpaca Association.
Reyna, J 2005, ‘Alpaca breeding in Peru and perspectives for the future’ in Alpacas Australia, New
Zealand Alpaca, The International Camelid Quarterly, and World Alpacas.
Reyna, J 2005, ‘Alpaca female reproductive physiology’ in Alpacas Australia, New Zealand Alpaca,
The International Camelid Quarterly, and World Alpacas.
Reyna, J 2005, ‘Artificial insemination in Alpacas’ in Alpacas Australia, New Zealand Alpaca, The
International Camelid Quarterly, and World Alpacas.
Reyna, J 2005, ‘Desarrollo y perspectives de la crianza de alpacas en Australia’ in Revista Peruana
Agronoticias.
Reyna, J 2005, ‘The origin and evolution of South American camelids’ in Alpacas Australia, New
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seminal plasma viscosity, which remains the key problem for the
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It has a literature review, covering semen characteristics, preservation
and AI in camelids with particular reference to alpacas, a full
description of the methods used in this project—which can be used
as a practical manual by breeders and practitioners contemplating
artificial breeding in alpacas—seven experimental chapters describing
semen collection, assessment of sperm function, liquefaction of
semen, liquid storage, cryopreservation, AI and sperm sexing. The
experimental chapters can be read as “stand-alone” reports and are
followed by a general discussion of the results and a consideration of
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