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Introduction

The escalating crisis of global biodiversity loss necessitates robust and diverse
conservation strategies, with ex situ conservation emerging as an indispensable
component. These approaches involve maintaining species outside their natural
habitats, offering a crucial safeguard against extinction, especially in the face of
rapid environmental change, habitat destruction, and climate pressures. The col-
lective efforts across various biological domains highlight a comprehensive, multi-
faceted approach to protecting genetic diversity and ensuring the long-term sur-
vival of species.

Botanic gardens and seed banks are pivotal in safeguarding threatened plant
species, addressing challenges like climate change and funding limitations, while
enhancing strategies to prevent extinctions and support restoration initiatives [1].

These institutions are expanding their role within the new global biodiversity frame-
work, leveraging unique positions for research, education, and public engagement
to achieve ambitious conservation targets [4].

Specialized horticultural techniques are essential for rare and threatened Mediter-
ranean orchids, evaluating propagation methods to establish viable ex situ collec-
tions supporting recovery and reintroduction programs [8].

Optimizing ex situ conservation of crop wild relatives is crucial, with population
genetics playing a critical role in capturing broad genetic diversity for future crop
improvement and food security [5].

Strengthening international cooperation among genebanks, research institutions,
and governments is vital for the secure and sustainable management of plant ge-
netic resources for food and agriculture, addressing global food security and cli-
mate change adaptation [6].

Beyond plants, cryobanking is a crucial tool for amphibian conservation, detailing
techniques for gametes, embryos, and somatic cells to establish genetic resource
banks for species facing extinction [2].

Fungal culture collections contribute significantly to ex situ conservation, serving
as vital repositories for genetic resources, supporting biodiversity research and
ecosystem restoration [3].

Microbial resource centers (MRCs) are key players in conserving microbial diver-
sity, tackling challenges in maintaining viable collections and highlighting oppor-
tunities for enhanced global collaboration and advanced preservation techniques
[9].

Zoos and aquariums play a significant dual role by advancing ex situ conserva-
tion through maintaining genetically healthy populations of endangered species

and fostering environmental education, raising public awareness about biodiver-
sity loss [10].

Effective ex situ management for reintroduction programs requires moving beyond
traditional zoo populations, emphasizing comprehensive data management and
strategic planning across facilities to enhance success rates and contribute mean-
ingfully to in situ conservation [7]. The interconnectedness of these diverse ex situ
efforts underscores a collective commitment to preserving the planet’s invaluable
biological heritage for future generations.

Description

Ex situ conservation strategies are fundamental in the global response to esca-
lating biodiversity loss, encompassing a wide array of methods and organisms.
These efforts are crucial for safeguarding species outside their natural environ-
ments, acting as a buffer against threats like climate change and habitat destruc-
tion.

For plant species, botanic gardens and seed banks form the cornerstone of ex situ
preservation. They are instrumental in protecting threatened plant species, nav-
igating challenges such as climate change, habitat loss, and funding constraints
[1]. These institutions are also actively evolving their role, integrating into new
global biodiversity frameworks to maximize their impact. They use their unique
position for critical research, education, and public engagement, advocating for
a more cohesive approach to meet ambitious conservation targets [4]. Special-
ized horticultural techniques are vital for species with complex requirements, like
rare and threatened Mediterranean orchids, where methods for seed germination,
propagation, and cultivation are refined to establish viable collections that support
recovery and reintroduction initiatives [8]. The genetic health of future crops also
heavily relies on the ex situ conservation of crop wild relatives. Population ge-
netics provides crucial perspectives, guiding sampling strategies to capture broad
genetic diversity, which is essential for ensuring adaptability and resilience for
future crop improvement and food security [5]. Furthermore, international collab-
oration is indispensable for the effective management of plant genetic resources
for food and agriculture, requiring enhanced cooperation among genebanks, re-
search institutions, and governments to secure these vital assets against global
challenges [6].

In the animal kingdom, cryobanking presents an advanced approach to ex situ con-
servation, particularly for highly threatened groups like amphibians. This involves
developing and applying cryopreservation techniques for gametes, embryos, and
somatic cells, aiming to establish comprehensive genetic resource banks that can
avert extinctions. The integration of these technologies into broader conservation
strategies is a key area of ongoing development [2]. Traditional institutions like
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zoos and aquariums contribute significantly, not only by maintaining genetically
healthy populations of endangered species but also by playing a vital role in en-
vironmental education. They serve as crucial platforms for public engagement,
raising awareness about biodiversity loss and inspiring action towards conserva-
tion through their educational programs [10]. Expanding on this, a broader, more
integrated approach to ex situ management is advocated to effectively support
reintroduction programs. This necessitates moving beyond conventional zoo pop-
ulations, emphasizing comprehensive data management, genetic diversity main-
tenance, and strategic planning across various ex situ facilities to significantly en-
hance reintroduction success rates and contribute to in situ conservation [7].

The microbial world also benefits immensely from ex situ conservation efforts.
Fungal culture collections make significant contributions, serving as vital reposito-
ries for genetic resources of rare and threatened fungi. These collections support
biodiversity research, taxonomic studies, and potential applications in ecosystem
restoration, while also grappling with the ongoing challenges of maintaining via-
bility and accessibility [3]. Similarly, Microbial Resource Centers (MRCs) are piv-
otal in conserving microbial diversity, which is essential for ecosystem health and
biotechnological applications. These centers address challenges such as funding,
infrastructure, and skilled personnel, while concurrently exploring opportunities for
enhanced global collaboration and the adoption of advanced preservation tech-
niques to safeguard these invaluable biological assets [9].

Collectively, these diverse ex situ conservation approaches highlight a dynamic
and evolving field dedicated to mitigating biodiversity loss. They underscore the
critical interplay between scientific research, institutional efforts, public engage-
ment, and international policy to create a resilient framework for species protection
and ecological restoration.

Conclusion

Ex situ conservation methods are vital tools in the global effort to protect biodiver-
sity, addressing threats from climate change, habitat loss, and other environmental
pressures. Botanic gardens and seed banks, for instance, play an essential role
in preserving threatened plant species, facing challenges like funding limitations
while seeking to enhance effectiveness and coordination with restoration initia-
tives. These institutions are also expanding their contributions within new global
biodiversity frameworks, leveraging their unique positions for research, education,
and public engagement.

For the animal kingdom, cryobanking offers a crucial avenue for amphibian con-
servation, detailing techniques to establish genetic resource banks for endangered
species. Beyond traditional zoo populations, a broader, integrated approach to ex
situ management is advocated to support reintroduction programs for threatened
species, emphasizing comprehensive data management and genetic diversity.
Zoos and aquariums further contribute significantly by maintaining healthy pop-
ulations and fostering environmental education, raising public awareness about
biodiversity loss.

Fungi and microbial diversity also benefit from ex situ conservation through cul-
ture collections and microbial resource centers. These repositories are essential
for genetic resources, supporting biodiversity research and ecosystem restoration,
despite challenges in viability maintenance and accessibility. Population genetics
plays a key role in optimizing conservation strategies for crop wild relatives, ensur-

ing broad genetic diversity for future crop improvement and food security. Lastly,
international cooperation is paramount, strengthening efforts among genebanks,
research institutions, and governments to manage plant genetic resources sustain-
ably. Horticultural techniques for species like Mediterranean orchids demonstrate
specific technical advancements in ex situ approaches.
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