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This paper addresses four types of biosecurity problems that result in varying degrees of 
uniqueness from cryopreservation of material from aquatic species: (a) disease transmission, 

(b) introduction of exotic species, ( c) genetic consequences for target species, and ( d) genetic
consequences for ecosystems. Cryopreservation has been studied in aquatic species since the
1950s. Interest in frozen storage of gametes and early life stages of aquatic organisms has
expanded recently and advances have made the technology available for commercial applica­
tion. Integration of cryopreservation into commercial aquaculture has begun and could ex­
pand rapidly in response to global demands for improved broodstock and consistent produc­

tion of seedstock. Frozen bull semen represents a multi-billion dollar global industry that
provides a clear example of how a corresponding industry could develop for aquaculture spe­

cies. This is because it is much simpler and cheaper to ship straws containing millions of

frozen gametes or larvae than it is to ship even a few broodstock animals. These, and other
benefits of cryopreservation, offer advantages for development, maintenance, and distribution
of improved lines, but they also present a biosecurity challenge to guard against transfer of

pathogens and other problems through space and time. Diseases of today could be dissemi­
nated rapidly throughout the world, and diseases of yesterday could re-emerge in the future

through frozen samples. The potential for disease transfer could eventually present a stum­
bling block to the responsible development of this valuable technology for aquaculture. It is

also possible that a lack of forethought will lead to unnecessary transfer of diseases or non­

native species with cryopreserved samples before proper awareness can be developed. The

lack of specific guidelines and regulations, and the rapid expansion of cryopreservation re­

search and application intensify this problem. Fortunately, regulatory frameworks, treaties,

and agreements addressing the transfer of aquatic animals and aquaculture products exist through
organizations such as the United States Department of Agriculture, the United States Fish and
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Wildlife Service, and the Office International des Epizooties, the world organization for ani­
mal health that works to harmonize transfer regulations in over 150 member countries. Such 
mechanisms can be updated to include oversight of cryopreserved materials, especially with 
concern for the risks of temporal transfer of organisms ( e.g., years or decades after collection), 
and the expanded opportunities for transfer provided by cryopreservation ( e.g., sperm samples 
that would otherwise only survive for a few days). Existing procedures are also available to 
eliminate or minimize contamination of aquaculture broodstock, gametes, and early life stages. 
Responsible development ofbiosecurity programs for cryopreservation in aquatic species can

occur before significant commercial application takes place. This effort would be assisted 
greatly by transferring successful practices from the existing cryopreservation industries cs� 
tablished for livestock. 

INTRODUCTION 

The second half of the 20th century produced revolutionary technological advances in. 
computing and communications linking world markets and fueling an unprecedented cxpan•• 
sion of the global economy (Friedman 1999). The removal of barriers to communications and 
trade has enabled dramatic expansion in travel, allowing people, plants, animals, microbes, 
and materials to move freely across 'the planet while the human population has more than 
doubled. These trends, collectively referred to as globalization, have placed great demands on 
the natural systems and processes of the Earth and represent an escalating threat to wild popu­
lations and ecosystems. These general trends of human demands on the natural environment 
and the effects of expanding trade and travel define the biosecurity concerns relevant to aquac­
ulture. This paper addresses the specific concerns related to the widespread application of 
cryopreservation to aquatic species. Many of the biosecurity concerns discussed pertain to 
aquaculture in general, but some, especially those related to travel through time, are unique to 
cryopreservation. 

Transport across broad expanses of time and distance becomes possible when samples are 
cryopreserved. The eftects of cryopreservation on biological materials range from subtle al­
terations to major disruptions, but survival at cellular and even organismal levels ( e.g., em­
bryos) is commonplace. Modern cryopreservation techniques have existed for 50 years, and it 
is likely that some of the first samples frozen would retain biological activity today. In fact, it 
is reasonable to assume that samples frozen today would be viable hundreds or thousands of 
years from now.

Biosecurity, which includes the cumulative measures taken to prevent movement of infec­
tious disease agents into and away from potentially susceptible populations, incorporates physi­
cal, chemical, biological, and policy safeguards with regulatory considerations. 
Cryopreservation technology provides new opportunities by which gametes and early life 
stages can be transported throughout ecosystems, and it strikes a unique chord in the biosecurity 
arena. Cryopreserved materials offer a means by which aquatic organisms can be selectively 
bred, restored, and translocated, but exogenous material, inadvertently frozen, can also be 

transmitted. 






















































