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animals that largely have been ignored to date. Beyond the scholarly 
benefits of such work, the resulting data have practical use in animal 
conservation efforts. This might include optimizing natural breeding 
to enhance genetic management in zoos or to implement intensive 
plans to recover an endangered species for reintroduction into its 
native habitats.6 Additionally, characterizing biological norms has been 
useful to advance certain assisted reproductive technologies, including 
artificial insemination (AI), in vitro fertilization and embryo transfer.

In this context, establishing and using wildlife Genome Resource 
Banks (GRBs) – organized collections of living biomaterials – offer 
enormous opportunities. The value of maintaining data-rich biological 
samples, including microorganisms, DNA, somatic cells, tissues, 
blood products, germplasm and embryos, has long been recognized 
for human health care and agro-industries and is a fundamental 
component of most basic scientific research.7 However, the benefits of 
long-term preservation of biomaterials extend far beyond traditional 
animal or human health issues. For example, the storage, movement 
and use of genetic materials  (including spermatozoa and embryos) 
will be key to meeting the need to double global food production by 
2050  (http://www.fao.org/news). The idea that these genome banks 
should exist for other than humans, livestock, and crops is not new.8 
First, there is the “insurance factor”: that is, protecting what we have 
now for all species and for all existing gene diversity. Second, having 
repositories of biomaterials, especially germplasm, can support 
conservation breeding programs where the goal of producing healthy 

THE CRITICAL ROLES OF REPRODUCTIVE SCIENCES AND 
GENOME RESOURCE BANKING IN CONSERVATION BIOLOGY
Reproduction is essential for the continuation and evolution of 
living organisms on the planet. Therefore, this discipline naturally 
is a high priority investigative area in the general field of species 
conservation biology. There are two approaches, the first being in situ 
(in natural habitats) and the second ex situ (in captivity such as in 
zoos). In both settings, the goal is to maintain sustainable populations, 
with zoos playing a stewardship role in creating reservoirs of wildlife 
that are as genetically close as possible to free-living counterparts.1 
Unlike with commercial livestock species, the goal of managing wildlife 
is to retain all existing gene diversity for at least the next century.2 
This practice ensures species integrity, adaptiveness, resistance to 
disease, and reproductive fitness. While the theory behind ensuring 
sustainable populations appears straightforward, the actual practice 
of studying and propagating endangered species is extraordinarily 
complex. Importantly, there are as many mechanistic differences in 
reproductive biology as there are species.3,4 Challenges in studying this 
huge diversity include the lack of specimens, dangerous behavior by the 
target species, stress susceptibility, the need for genetic management 
and – most significantly – an enormous lack of scientific knowledge. 
For instance, reproductive biology is well understood for only about 
0.25% of the world’s 40 000 vertebrate species.5 As a result, the highest 
priority is for species-specific studies to establish baseline data for 

Biobanking efforts and new advances in male 
fertility preservation for rare and endangered species

Pierre Comizzoli

Understanding and sustaining biodiversity is a multi-disciplinary science that benefits highly from the creation of organized and 
accessible collections of biomaterials (Genome Resource Banks). Large cryo-collections are invaluable tools for understanding, 
cataloging, and protecting the genetic diversity of the world’s unique animals and plants. Specifically, the systematic collection 
and preservation of semen from rare species has been developed significantly in recent decades with some biobanks now being 
actively used for endangered species management and propagation (including the introduction of species such as the black-footed 
ferret and the giant panda). Innovations emerging from the growing field of male fertility preservation for humans, livestock 
species, and laboratory animals are also becoming relevant to the protection and the propagation of valuable domestic and wild 
species. These new approaches extend beyond the “classical” methods associated with sperm freezing to include testicular tissue 
preservation combined with xenografting or in vitro culture, all of which have potential for rescuing vast amounts of unused 
germplasm. There also are other options under development that are predicted to have a high impact within the next decade (stem 
cell technologies, bio-stabilization of sperm cells at ambient temperatures, and the use of genomics tools). However, biobanking 
efforts and new fertility preservation strategies have to expand the way beyond mammalian species, which will offer knowledge and 
tools to better manage species that serve as valuable biomedical models or require assistance to reverse endangerment.
Asian Journal of Andrology (2015) 17, 640–645; doi: 10.4103/1008-682X.153849; published online: 11 May 2015

Keywords: conservation; cryobiology; endangered species; male fertility; spermatozoa

 Smithsonian Conservation Biology Institute, National Zoological Park, Veterinary Hospital, PO Box 37012, Washington, DC 20013, USA.
 Correspondence: Dr. P Comizzoli (comizzolip@si.edu)
This article was presented at the 12th International Symposium on Spermatology, August 10–14, 2014, Newcastle, Australia.

Open Access

Sp
er

m
 B

io
lo

gy

INVITED REVIEW



Asian Journal of Andrology 

Male fertility preservation in wild species 
P Comizzolil

641

and sustainable insurance populations is only possible in the face of 
adequate gene diversity. Currently, such programs rely exclusively 
on the expensive and unsafe movement of wild animals from one 
zoo to another for breeding. With GRBs and assisted reproductive 
technologies (i.e., AI or embryo transfer), only germplasm and embryos 
are moved to maintain the same levels of heterozygosity. The availability 
of germplasm in the repository also extends the generation interval of 
individual animals indefinitely, to be re-derived and infused into the 
living population at any time, 5, 20 or more than 100 years from now. 
The ideal result is to decelerate natural losses in gene diversity. At the 
same time, managing a portion of the species as a frozen germplasm 
reduces space needs. For example, even partial reliance on AI with 
frozen semen could reduce the number of living animals required in 
zoos and breeding centers by as much as 50%.8

There now are real-life illustrations of using biobanks for 
conservation breeding. Table  1 shows examples of GRB efforts 
mainly based on semen freezing in Asia and Australia. Our institution 
is associated with these projects and is also participating in new 
initiatives in Kuwait and Kazakhstan to create similar biorepositories. 
For instance, the iconic giant panda is routinely managed in ex situ 
collections and on a large-scale in China using AI with fresh and 
frozen-thawed spermatozoa.9 The black-footed ferret, once the most 
endangered species in North American, has been recovered by a 
combination of natural mating and AI,10 including the use of semen 
that had been frozen for up to two decades. There also are many 
examples of “milestone” births using frozen–thawed spermatozoa11,12 
with the incidence of success completely dependent on having an 
excellent understanding of the female reproductive physiology in the 
target species.4,13

The objective of this review is to present contemporary examples 
of male fertility preservation in rare and endangered species. The term 
“fertility preservation” is tightly associated with biobanking efforts, as 
it refers to the preservation and propagation of valuable genomes of 
individuals as well as the rescue of fertile gametes from young, adult, 
or aged individuals dying unexpectedly. Currently, male fertility 
preservation is mainly based on semen collection and cryopreservation7 
but other cutting-edge approaches are being developed to face the 
urgent need for more options to preserve and protect the fertility of 
any males in rare and endangered populations.

CURRENT EFFORTS ON COMPARATIVE SPERM CRYOBIOLOGY 
IN MAMMALIAN SPECIES
The vast majority of studies in wild mammal species have been 
inspired by the success in domestic bovine species in the 1950s.14 The 
idea of integrating semen freezing and banking into conservation 
projects is not new. The earliest records of semen freezing can be 

traced back to the Italian scientist Spallanzani in 177615 who, among 
many other research activities, conducted experiments with frog, 
human and canine spermatozoa and who also described how he 
carried out a successful artificial insemination of a bitch. A  recent 
review16 provided a table of about 50 (mainly) wild species in which 
sperm cryopreservation had been studied, but only 11 of these had 
been translated into successful AI attempts. Births in new species 
after AI with frozen semen have increased only slightly over the past 
years. Also, when these reports are examined more closely, it is clear 
that they mostly represent small insemination trials, and few reports 
present evidence that the frozen semen is suitable for reliable/routine 
use to support conservation breeding programs. The black-footed ferret 
is a notable exception here,10,17 a situation in which semen that was 
originally frozen more than two decades ago now represents a working 
gene bank. The intensive efforts in China to breed giant pandas using 
artificial insemination have met with some success, but as most of the 
breeding attempts involved the combined use of natural mating and 
AI, with both fresh and frozen semen the value of the cryopreserved 
semen is difficult to estimate.18,19 Nevertheless, it is clear that banked 
collections of giant panda semen have been established and are now 
being used. Thus, to some extent they can now reasonably be regarded 
as constituting working genetic resource banks for the giant panda.

There has been steady progress in semen cryopreservation 
and banking over the past decades.7 Although semen is relatively 
simple to recover from many species, much more is to be learned 
about taxon-inherent seminal traits and sensitivity of spermatozoa 
to cryopreservation. While it appears obvious that small species 
usually produce minute ejaculate volumes (e.g.,  10–50 μl for a 
black-footed ferret20) and gigantic animals produce large volumes 
(e.g., >100 ml for the African elephant21), it is well-established that 
sperm concentration and total sperm output are unrelated to body 
mass.12 For semen processing, seminal plasma osmolarity and pH 
dictate the composition of the required seminal extenders as well 
as dilution processes to retain sperm structure and function during 
freezing, storage and thawing. Generally, while seminal fluid osmolarity 
remains slightly higher  (350 mOsmol l-1) than that of conspecific 
serum (~300 mOsmol l-1),12 there are notable exceptions; for example, 
the value in black-footed ferret semen can reach 790 mOsmol l-1.20 
By contrast and based on evaluation of hundreds of species, pH is 
the least variable metric, generally remaining near neutral or only 
slightly alkaline.12

Of course, the initial quality of the recovered spermatozoa 
influences the subsequent ability of these cells to endure freezing and 
thawing stress. While it is relatively easy to define sperm structure, there 
are few data on membrane biophysical properties, even in common 
domestic and laboratory species. Yet this information is what allows 
understanding species-specific osmotic tolerances and permeability 
that ultimately allow formulating science-based protocols for cellular 
freezing and thawing.14,22 In the absence of specific biophysical data, 
the approach for developing sperm cryomethods has been largely 
empirical that is, adapting a satisfactory, “standard” protocol for the 
bull, ram, pig or horse14 to the species of interest. In many cases, a 
single cryoprotectant can be applicable widely. For example, the use 
of glycerol has allowed sperm recovery postthawing in diverse species 
and at similar volume-to-volume concentrations  (4%–8%), ranging 
from various felid species23,24 to the Asian elephant.25,26 More recently, 
spermatozoa from Przewalski’s horse,27 Baird’s tapir28 and Indian 
rhinoceros29 all have been found to respond well to cryodilution 
and freezing protocols originally developed for the domestic horse 
(all members of the Perissodactyla). Thus, over the last decade, more 

Table 1: Examples of genome resource banking efforts in Australasia

Location Semen from Highlights

Chengdu Research 
Base of Giant 
Panda Breeding, China

Giant panda Integration in the management 
of captive populations

Zoological Park 
Organization, Thailand

Ungulates and 
carnivores

Integration in the management 
of the Eld’s deer population

Kyoto University, Japan Multiple wild species Freeze‑dried sperm and storage 
at nonfreezing temperatures

Vietnamese Academy 
of Science and 
Technology, Vietnam

Domestic and 
wild species

Heritage breeds and endemic 
species

Taronga Zoo, Australia Multiple wild species 
including Corals

Largest coral biobank integrated 
with in situ conservation
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individuals from many more species and taxa have been studied, 
collected, and cryobanked including wolves, primates, and equids 
and tapirs, as mentioned above. However, live births after AI with 
frozen-thawed semen have been reported only in a few new species 
(for instance, the Gerenuk;30 Pallas cat;31 and Persian onager32).

Among the mammals, marsupial spermatozoa present interesting 
differences from their eutherian counterparts. Semen cryopreservation 
research in marsupials33 commenced in the 1990s and, despite the 
best efforts of several groups of experienced cryobiologists,34 the 
successful insemination of marsupials with frozen semen remains 
only rarely successful. Diverse issues are associated with marsupial 
sperm cryopreservation; while motility immediately after thawing 
cryopreserved spermatozoa may be relatively high, around 40%–50%,35 
plasma membrane integrity in the Koala decreases drastically after 
thawing because the sperm heads swell to several times their original 
volume.36 The reason for this swelling effect has so far resisted all 
attempts to explain it, but the problem is partly due to the unusual 
configuration of the chromatin. Like almost all other marsupials, 
koala sperm protamine 1 does not contain cysteine residues and is 
thus precluded from forming chromatin-stabilizing disulfide bonds. 
At the same time DNA in koala sperm heads naturally contains many 
single strand breaks, thus further reducing the stability of the chromatin 
under adverse conditions.37 A considerable variety of approaches to 
improving the successful cryopreservation of koala spermatozoa have 
now been investigated, but so far all have failed. The koala AI technique 
is now highly successful when used with fresh semen, and can be 
viewed seriously as an option for genetic management. In contrast, 
cryopreservation of macropodid (kangaroo and wallaby) spermatozoa 
suffers a different, but equally serious, problem.36 Extensive studies 
have revealed that unless cryoprotectant concentration is unusually 
high  (e.g.,  >15%  v/v glycerol), postthaw motility is almost never 
observed in macropod spermatozoa when they are viewed at 35°C. 
However, if the postthaw samples are viewed at temperatures below 
about 20°C, the postthaw motility can be as high as 70%.38 This effect is 
caused by a remarkably rapid destabilization of the plasma membrane 
when the temperature increases above a narrow threshold, typically 
around 22°C. In this case the action of a high glycerol concentration 
appears to be two-fold: it apparently protects the spermatozoa 
during cooling and freezing, but induces extensive damage after 
thawing. Exploration of alternative cryoprotectants showed that 
dimethylacetamide (DMA) mitigated this damage to some extent39 but 
not to the extent required for use with artificial insemination.

CURRENT EFFORTS ON COMPARATIVE SPERM CRYOBIOLOGY 
IN NONMAMMALIAN SPECIES
Studying and understanding the structure and function of sperm 
cells in nonmammalian species is a challenge because of the huge 
diversity and the lack of fundamental knowledge.12 The comparatively 
high cryoprotectant concentrations described above, especially with 
DMA, appear to benefit bird semen as well, although there are striking 
variations among species.12 Critical studies have been conducted 
by Blanco et al.40,41 who compared sperm osmotic tolerance among 
domestic and wild birds. For instance, Sandhill crane spermatozoa 
remain viable at 3000 mOsmol l-1, whereas turkey spermatozoa are 
damaged after exposure to 500 mOsmol l-1. Imperial eagle and Peregrine 
falcon spermatozoa have higher osmotic tolerance at ~800 mOsmol l-1 
than those of poultry (fowl and turkey) and Golden eagle and Bonelli’s 
eagle. Thus, in this case, species results are not aligned according 
to expectations for the “fowl” versus “birds-of-prey” categories but 
unexpectedly to more distant relatives. Although there are no studies 

on sperm membrane biophysical properties in birds (except data in 
the fowl showing clear differences from bull spermatozoa42), variations 
in cryo-tolerances among species (even among 17 pheasant species43) 
likely emanate from differing membrane biophysical properties.40 Thus, 
semen collection and banking in birds remain limited to a few species.
Sperm processing challenges are also illustrated from amphibian and 
fish studies. Generally, these types of spermatozoa remain immotile in 
seminal plasma until released into the environment. In the case of frogs, 
spermatozoa are actually excreted in the urine (pH 7.5; 85 mOsmol l-1) 
that, in turn, naturally activates motility due to a lower osmolarity than 
that present in testicular tissue.44 A similar phenomenon occurs in fish 
spermatozoa (mostly from salmonids, sturgeons, carp, turbot, halibut 
and cod) that are initially immotile in seminal plasma, but then are 
activated by fresh or salt water.45 Spermatozoa from some fish species 
maintain motility for only  <1  min whereas others can retain this 
function for several days. As a result of these characteristics, protocols 
for amphibian and fish spermatozoa generally focus on processing and 
storing inactivated cells by collecting samples into a buffered saline 
solution that imitates the original seminal plasma environment.46,47

Excreted amphibian spermatozoa have been successfully 
cryopreserved only in a couple of species  (Bufo and Atelopus; 
unpublished) while fertilization and offspring have been produced 
with spermatozoa extracted from the testes of euthanized males and 
then frozen and thawed.44

One of the most significant differences between many terrestrial 
and aquatic species is the relative “flexibility” of saltwater species to 
cryoprotectant exposure.47 Appropriate cryoprotectant composition 
and osmolarity changes are crucial to ensure adequate cell dehydration 
and to avoid lysis. In some species, spermatozoa are highly sensitive to 
the cryoprotectant exposure and might require equilibration at a low 
temperature to reduce toxic effects, which oddly is not the case for the 
Cheetah that produces fragile spermatozoa.12 Thus, it is apparent that 
some differences are not caused by membrane properties, but rather 
by intrinsic mechanisms that remain to be deciphered.

More recently Hagedorn48 demonstrated the extraordinary 
influence of time of sperm collection on both cryo-survival as well 
as ability to fertilize eggs in  vitro. In a study of two coral species 
(Elkhorn coral and Mushroom coral), >50% of conspecific eggs were 
fertilized in vitro with thawed spermatozoa, but only when the highest 
quality spermatozoa were collected during a 5-h span in an entire 
5-night spawning cycle. Motile spermatozoa harvested on other nights, 
survived freeze–thawing only poorly and failed to fertilize. Finally, there 
always will be the issue of “genetics” and the well-known, but largely 
ignored variations that are observed among age-matched male cohorts 
for a given species. Inevitably, some male individuals are “good” while 
others are “poor” sperm freezers, as has been observed in mammalian 
and nonmammalian species, including bees and snakes.12

NEW ADVANCES IN MALE FERTILITY PRESERVATION 
APPLICABLE TO WILD SPECIES
As an alternative to mature spermatozoa, testicular tissue banking 
has become a promising option in vertebrates.13 Such biomaterials are 
sources of early stage germ cells that can be grown in vitro or grafted 
to an appropriate host, both for the purpose of eventually producing 
mature cells useful for assisted reproduction. Importantly, gametes 
can be rescued from adult individuals that die unexpectedly or even 
from prepubertal animals. Sperm samples could also be made available 
year-round from seasonally breeding species. However, substantial 
basic research is still required, largely because of the complexity 
of testicular tissue structure and cell heterogeneity, highlighting 
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the similarities and differences among diverse species.13 Testicular 
fragments (0.5–1.0 mm3) from different mammal species have been 
frozen in cryovials using a programmable unit after equilibrating in 
glycerol  (human;49) or dimethyl sulfoxide  (DMSO; mouse, hamster 
and marmoset50). These studies have been deemed successful based 
on favorable postthaw histology or by measuring resumption of 
gametogenesis after xenografting.50 However, there appear to be 
significant species variance in tissue cryosensitivity. For example, we 
have found that felid testicular tissue survives vitrification better than 
the same tissue treated the same way from laboratory rodents (based 
on both structural and functional assays13). Interestingly, testicular 
tissues from ungulates (deer, gazelles, and antelopes) appear to survive 
slow freezing better than vitrification. Key factors are important for 
preserving carnivore and ungulate testes: (1) transport temperature 
of the freshly excised tissue to the laboratory; and (2) the need for 
seminiferous tubule isolation using collagenase and hyaluronidase 
enzyme digestion.51 A few studies have been directed at the in vitro 
culture of testicular tissues to produce fully formed spermatozoa that 
have the capacity to fertilize. We recently initiated investigations that 
have revealed the feasibility of using collagenase and hyaluronidase to 
isolate living seminiferous tubules for preservation and culture. More 
than 50% of germ line and somatic cells remain alive and continue to 
differentiate in vitro for at least 4 weeks. Such investigations should 
be pursued, especially given recent encouraging data from52 who 
demonstrated that mature mouse sperm cells could be produced 
in vitro. Certainly, a next high priority for wild species is to determine 
the mechanisms related to the acquisition of motility and centrosomal 
maturation in testicular spermatozoa grown in  vitro, phenomena 
not well understood for any species yet.53 Testicular tissue from the 
common ferret has been xenografted into the body of immunodeficient 
mice that can then produce mature spermatozoa from the original 
donor.54 While having theoretical relevance to other wild species, the 
challenge can be the normally short life-span of the rodent host (much 
shorter than for more species) and the protracted (>35 weeks) duration 
required for gamete maturation from the tissue grafts. Even though 
testicular tissues are systematically banked, the production of mature 
gametes (through xenografting or long-term in vitro culture) has not 
transpired yet in wild mammalian species. In any case, in addition 
to the routine collection of semen by electroejaculation, it is highly 
recommended to start planning for safe collection of testicular tissue 
biopsies to increase the efficiency of fertility preservation in any 
individuals of rare and endangered populations. In amphibians, the 
direct cryopreservation of testicular tissue is actually more successful 
than preservation of the mature gametes.44 The issue is to perform 
biopsies on live individuals of small size. Studies conducted on 
birds55 and fish56 hold great promise but would need to be combined 
with procedures such as xenotransplantation to generate mature 
spermatozoa. Cryopreservation of primordial germ cells also holds 
promise, but would likely need to be combined with the generation of 
chimeras to obtain adults that can produce viable gametes.7

Stem cell technologies have a great potential for producing 
gametes, from spermatogonial progenitors or from differentiated 
cells. Characterization, isolation, and transfer of spermatogonial 
stem cells have been attempted in the cat and dog as models for wild 
carnivores with mixed results.57 In brief, this has involved isolating 
the spermatogonial stem cells followed by transfer into a germ cell 
depleted  (via radiation) host. On occasion, it has been possible to 
recover ~ 20% of mature sperm cells derived from the donor.57 Others 
have transplanted germ cells from a wild felid (ocelot) into the domestic 
cat to produce spermatozoa successfully from the donor.58 Eventually, it 

probably will be more efficient to differentiate embryonic stem cells or 
induced pluripotent stem cells in vitro for this purpose, the latter being 
accomplished recently for the snow leopard.59 The striking potential 
of these strategies also has been demonstrated in the mouse where 
in vitro‑differentiated embryonic stem cells have given rise to sperm-like 
cells60 or oocyte-like cells derived from newborn mouse skin.61

There also are exciting opportunities in preserving isolated gamete 
genomes via desiccation and storage at supra-zero temperatures.7 This 
concept is based on the anhydrobiosis phenomenon that occurs in 
nature (especially in Tardigrades) that allows these organisms to survive 
remarkably stressful environmental conditions.62 Lyophilization or 
freeze-drying has been proposed as an alternative method for sperm 
preservation and maintenance of genetic resources in different animal.63 
One of the main advantages is that liquid nitrogen is no longer required 
for the storage and shipment of samples (at room temperature or 4°C), 
which considerably reduces storage and shipping costs. As mammalian 
spermatozoa lose their motility, viability and – at least partially – their 
DNA integrity when dried, they must be microinjected into an oocyte 
by intracytoplasmic sperm injection  (ICSI). DNA fragmentation 
in freeze-dried spermatozoa is one of the main causes of failure 
of embryonic development and successful pregnancy. The use of 
lyophilization as a sperm preservation method does not produce 
satisfactory results, except in rodents. In other species, spermatozoa 
carry a centrosome that will participate in the fertilization process 
and embryonic development. We suspect that drying techniques 
are likely to damage the centrosome, which limits the success of this 
technique.53 Further studies are necessary to minimize this failure. 
Finally, research should be conducted to allow control of the humidity 
level during the storage.

LOOKING AT THE HORIZON
Regardless of traditional or new approaches  (Table  2), it remains 
essential to thoroughly verify the integrity of anyDNA sequence and the 
many epigenetic factors that influence genome functionality. Certainly, 
rapidly emerging tools, including Next Generation Sequencing 
(as well as other “omics”) in association with bioinformatics will 
assist in providing the assurance that any new approach can preserve 
genomic integrity and functionality. Genomics tools enable us to 
better understand the origins and patterns of biological functions 
(even at the sperm cell level). Biodiversity genomics will soon be yet 
another tool to add to the assisted reproductive techniques  (ART) 
toolbox. However, without a parallel effort in reproductive science 
and ART development, biogenomics applications will only continue 
to attract attention disproportionate to their potential for sustainably 

Table 2: Advantages and challenges of cutting-edge approaches to 
preserve male fertility

Approach Advantages Challenges

Preservation and 
in vitro culture of 
testicular tissues

Untapped source of gametes
Best option for 

nonmammalian species

Develop long‑term in vitro 
culture conditions followed 
by sperm maturation in vitro

Stem cell 
technologies

Untapped source of gametes 
from germinal or somatic 
cells

Need for more basic science 
to increase the efficiency 
and validate the approach

Drying techniques 
for preservation

Simple and cost‑effective
Storage at room temperature

Mitigate the centrosome 
damages

Control the humidity 
during storage

Genomics tools Quality control
Selection of gametes

Need for more basic science 
in epigenomics to validate 
the approach
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managing reproduction in endangered species. Whether it is the 
successful application of AI or the use of cloning to sustain an 
endangered living species or even “resurrect” an extinct one, 
success will always depend on knowledge of a species’ biology, 
ecology, social structure, reproductive cycle, seasonality, embryo 
implantation, placentation, gestation, parturition, maternal behavior, 
neonatal care, nutrition, disease susceptibilities, and causes of 
endangerment. These important factors are still poorly understood 
and monitored (pregnancy, for instance).

As emphasized above, success in producing new individuals 
with the help of semen biobanking requires a greater knowledge 
in basic aspects of reproductive biology and cryobiology. The 
complexity and diversity of reproduction in the animal kingdom are 
still underestimated while the ability to develop and apply semen 
cryobanks for wild species has been overestimated to aid reproductive 
management and contribute to biodiversity conservation.6,64 As seen 
above, the barrier to the success is not a shortage of new techniques, but 
rather a fundamental lack of “conservation capital” – trained scientists, 
sufficient numbers of research subjects, funding, and appropriate 
facilities designed specifically to study and manage nondomestic 
species. The zoo community has been slow to recognize that current 
management paradigms are insufficient for sustaining hundreds of 
species across diverse taxa.1 Likewise, conservationists have often 
minimized the role of zoos and resisted biotechnology when their own 
efforts to stem the loss of biodiversity and wild places have fallen short. 
Filling the gap between technology  (including semen biobanking) 
and animal conservation is mandatory. Success will require collective 
and multi-disciplinary efforts to identify and fill extant limitations 
and fundamental gaps in knowledge, both intellectual and practical. 
Building more bridges with human spermatology as well as human 
biobanking will also help to advance the conservation field.

CONCLUSION
Fertility preservation strategies now used to ensure human 
reproductive health have significant application to the management 
of biomedical models, livestock species and conserving biodiversity, 
especially those animal species managed in ex situ collections that are 
used for “insurance,” research, public awareness and, on occasion, 
re-establishment or reinforcement of wild populations. With traditional 
cryopreservation technologies, the processing, storage and ultimate 
use of spermatozoa is impeded at multiple levels, mostly by a simple 
lack of knowledge about inherent species specificities in reproductive 
physiology.5,12 For certain endangered animals, our laboratory as well 
as other groups has learned how to deal with and circumvent this 
obstacle by first conducting tedious, longitudinal, fundamental studies. 
This often includes comparative studies, adapting techniques and 
knowledge about a related species to the target. And while successes 
have occurred, and fascinating new scholarly information has been 
secured, this approach is time and cost consuming and fails to provide 
quick assistance in cases of dire need. Thus, we see enormous benefits 
to looking beyond traditional cryo approaches to explore methods 
that can offer more widespread applications without the mandate of 
knowing every reproductive detail.

One of the ultimate priorities for humans as well as all animal 
types, becomes either customizing or finding universal solutions for 
preserving biomaterials, with an emphasis on achieving poststorage 
viability while using practical  (user-friendly) technologies that also 
are low cost. As all stakeholders (from the biomedical, livestock and 
wildlife communities) could benefit from more interaction, there could 
be value in establishing a “fertility preservation network,” for example, 

to share information, tools and to even promote active collaborations 
and translational approaches. Finally, it is clear that the intersection 
between preserving fertility and the genome is linked inextricably to 
conventional cryobiology, or to whatever process eventually evolves 
that may be nondependent at extremely low temperatures. But it also 
is obvious that many opportunities will be lost to exploit germ cells, 
tissue and DNA if we simply fail to store these biomaterialsinitially. 
Therefore, we urge colleagues to “save everything,” or at least those 
tissues and cells that may or may not be valuable now, but will 
become so inevitably thanks to rapidly emerging stem cell and “omics” 
technologies. These advances will have far reaching implications in the 
practical management and regeneration of living populations.
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