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Biodiversity restoration at the landscape level
The goal is to provide additional habitat, buffer areas, and corridors that 
connect fragments.  This can be achieved using a combination of strategies 
with objectives of both production and conservation.

Montagnini F, Smith R T W, Everett-Lane B, del Fierro S, Albrecht D (2021) Conclusions: Lessons Learned and 
Pending Challenges. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human dominated
environments. Series: Topics in Biodiversity and Conservation, Springer, in press.

Francesconi, W., y Montagnini, F. 2015. Los SAF como estrategia para favorecer la conectividad funcional del 
paisaje fragmentado. Pp. 363-379 En: Montagnini, F., Somarriba, E., Murgueitio, E., Fassola, H., Eibl, B. 
(Eds.). Sistemas Agroforestales. Funciones productivas, socioeconómicas y ambientales. Serie Técnica 
Informe Técnico 402, CATIE, Turrialba, Costa Rica. Fundación CIPAV. Cali, Colombia. 454pp.



www.biodiversityislands.org
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Biodiversity Islands (BI) are areas of land with greater diversity than 
the surrounding land, where plant and animal species can thrive 

without major interference from human activity.

BI are ecological refuges for local flora and fauna, serving as sources 
of propagules and protecting on-site resources from fires, pests and 

other forms of stress.

Biodiversity Islands



Biodiversity Islands constitute genetic, cultural, and carbon 
“banks” in the fragmented landscape

They host a diversity of plants, animals, microorganisms, 
ecosystems, landscapes and water resources according to 

their scale.

Montagnini F, Levin B, Berg KE (2021) Biodiversity Islands. Strategies for conservation in human dominated 
environments. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human dominated 
environments. Series: Topics in Biodiversity and Conservation, Springer, in press.

Source: Brett Levin



Why are they necessary?   
Motivations, values

• Anthropocene era
• Mass extinctions
• Loss of traditional knowledge
• Food insecurity
• Environmental ethics

Population growth and 

development

Agricultural intensification

Fragmentation, reduction, and isolation 

of forests
Loss of landscape connectivity Loss of Biodiversity

Source: Wendy Francesconi



Where?
• Biodiversity islands can be found in any 

bioregion
• Public, Private, Community
• Urban, Rural
• Agricultural, Forest Landscapes
• They can vary in size from a few square meters 

to thousands or millions of hectares
• Agroforestry systems (AFS) can be an integral 

part of BI design

Source: http://jeffersonhub.com/wp-
content/uploads/2016/01/new-forest-farm-1.jpg

http://jeffersonhub.com/wp-content/uploads/2016/01/new-forest-farm-1.jpg


“How?” BI design from a 
Biological Perspective

• Design Strategies Dependent on: 
– Underlying Biogeography (Geology, Soils, Hydrology, 

and Biology) 
– Existing Patch Dynamics
– Degree of Site Degradation
– Species Present- Biology 
– Single Large or Several Smaller (SLOSS) debate
– Habitat Amount Hypothesis

• Theory of Island Biogeography – (excludes human 
interaction)
– Speciation through time related to island size, distance 

from other islands, and methods of dispersal and 
immigration. 

Source: https://www.researchgate.net/figure/Conceptual-maps-of-
shrub-patch-dynamics

https://www.researchgate.net/figure/Conceptual-maps-of-shrub-patch-dynamics-at-two-landscapes-Case-1-and-Case-2-categorized_fig9_267507847


Tree Islands

Holl, K.D., Leighton Reid, J., Chaves-Fallas, J.M., Oviedo-Brenes, F. and Zahawi, R.A. 2017. Local 
tropical forest restoration strategies affect tree recruitment more strongly than does landscape forest 
cover. Journal of Applied Ecology 54, 1091–1099.

The establishment of islands of trees or 
native vegetation (nucleation) in the 
middle of degraded areas is a strategy to 
accelerate restoration and repopulate 
the degraded landscape with trees.

• In Southern Costa Rica, after 10 years, on 
13 sites, the numbers of tree species 
recruited in nuclei and in plantations 
were higher than in areas of natural 
regeneration (Holl et al. 2017). 

• The proportion of large seeded species, 
that are dispersed by animals was also 
higher.



Vegetation Islands in 
Intensive Silvopastoral Systems 

Islands of vegetation with 
native timber, fruit, and 

forage trees help soil and 
water sources recover 

while providing 
connectivity between 

forest fragments. Image: 
R. Santos-Gally.

Santos-Gally, R., Boege K., Fornoni J., and Domínguez, C.A. (2019). Cómo transitar hacia una ganadería 
tropical sostenible. Oikos= web.ecologia.unam.mx

Santos Gally R, Boege K (2021) Biodiversity islands. Native tree islands within silvopastoral systems in a 
neotropical region. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human 
dominated environments. Series: Topics in Biodiversity and Conservation, Springer. In press.



Restoration of biodiversity in riparian forests: 
the role of remnant trees

• Calle and Holl (2019) evaluated riparian forest 
composition at 20 sites in the Colombian Andes, 10 
years after farmers had fenced them to promote 
their recovery.

• Species richness was higher in areas restored 
using fences than in reference forests.

• Remnant trees facilitated restoration by attracting 
dispersal agents.

Calle, A., Holl, K.D. 2019. Riparian forest recovery following a decade of cattle exclusion in the
Colombian Andes. Forest Ecology and Management 452: 117563

Giraldo LP, Chará J, Calle Z, Blanco JF, Chará-Serna AM (2021) Riparian corridors: longitudinal 
biodiversity islands in farming landscapes. In: Montagnini F (ed) Biodiversity islands: strategies for 
conservation in human dominated environments. Series: Topics in Biodiversity and Conservation, 
Springer, in press.



How can biodiversity islands contribute to 
biodiversity conservation in agricultural landscapes:

Ø Improved conservation values of productive ecosystems
Ø Increased area of semi-natural vegetation in fragmented habitats, 

integrating production and conservation
Ø Connecting forest fragments in the landscape

Guaraní Provincial Park, approx. 5000 ha, part of 
the Yabotí Green Corridor, Misiones, Argentina

AFS with organic yerba mate and native trees, 
Kraus family, Misiones, Argentina



Regenerative Agriculture Systems as Biodiversity Islands

• Insectary Plants
– Many in the Apiaceae family 

a.k.a. Umbelliferae
• Umbel Inflorescence 

– Successional Flowering
• Insectary Hedgerows
• Banker Plants
• Beetle Banks
• Companion Plants
• Cover Crops

13

Source: http://ipm.ucanr.edu/mitigation/insectary_plants.html

Levin B (2021a) Regenerative agricultural systems as biodiversity islands. In: Montagnini F (ed) Biodiversity 
islands: strategies for conservation in human dominated environments. Series: Topics in Biodiversity and 
Conservation, Springer, in press

http://ipm.ucanr.edu/mitigation/insectary_plants.html


Insectary Plants
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Agroforestry systems (AFS), which integrate tree species with other crops or 
animals, fulfill productive and restorative functions.  Trees improve the 
microclimate, promote diversification, and accumulate carbon, contributing to 
soil recovery and increased productivity.

The roles AFS can fill depend on their design and management.

Homegardens en 
Costa Rica (left) 
and Misiones, 
Argentina (right).

Montagnini F, del Fierro S (2021) Functions of agroforestry systems as biodiversity islands in productive 
landscapes. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human dominated 
environments. Series: Topics in Biodiversity and Conservation, Springer, in press.

Agroforestry Systems as 
Biodiversity Islands



Windbreak, Antioquia, 
Colombia

Riparian Buffer, Amazonia, Colombia

Living Fence, 
Esparza, Costa Rica

The most frequent AFS are multistrata systems of annual and perennial crops
under shade in alley cropping, silvopastoral systems, and complementary
systems (live fences, windbreaks, riparian buffers).

Agroforestry Systems as 
Biodiversity Islands



Multistrata AFS with guayusa, chakra close
to Archidona, Napo, Ecuador

Multistrata AFS of enriched fallow (left) and 
homegarden (right)

Many multistrata agroforestry systems utilize Traditional Ecological 
Knowledge (TEK) to mimic natural forests and successional patterns. 

Agroforestry Systems as 
Biodiversity Islands



Function of Living Fences and Windbreaks in the 
Conservation of Biodiversity

Source: Wendy Francesconi

How can BI contribute to biodiversity 
conservation in agricultural landscapes



Biodiversity in Live Fences:
Connecting Fragmented 

Landscapes
• Their principal role is to divide, 

separate, and protect agricultural
plots or cattle

• They also provide several services
and products:  fuelwood, fruits, 
fodder, shade for cattle

• They promote biodiversity. 

Source: Francesconi, W., Montagnini, F., and Ibrahim, M. 2011. Living fences as linear extensions of forest remnants: a strategy for 
restoration of connectivity in agricultural landscapes. Pp. 115-126 In: F. Montagnini and C. Finney (Eds.). Restoring degraded 
landscapes with native species in Latin America. Nova Science Publishers, New York. 

How can BI contribute to biodiversity 
conservation in agricultural landscapes



• Providing habitats and niches for other species

• Serving as perches and nesting sites

• Providing food resources

• Improving local microclimates

• Serving as sites for seeds to fall and germinate

• Acting as buffer zones

• Acting as biological corridors

Montagnini, F. 2020. The contribution of agroforestry to restoration and conservation: Biodiversity islands in 
degraded landscapes. In: JC Dagar, SR Gupta and D Teketay (Editors). Agroforestry for Degraded Landscapes: 
Recent Advances and Emerging Challenges. Vol. 1, Springer Nature, Singapore,  https://doi.org/10.1007/978-981-
15-4136-0_15 pp 445-479

How can BI contribute to 
biodiversity conservation in 

agricultural landscapes



The contribution of BI conservation of biodiversity depends on their 
design and management.

The characteristics of systems used as part of BI vary strongly 
according to design, objectives, and species compositions.

Thus, care must be taken in design and management decisions for 
systems such as AFS to be included as BI components.

For example, in AFS, as the 
intensity of management 
increases, biodiversity 
decreases.
AFS with only 2 plant 
components, such as an 
arboreal layer + crop / 
animals, harbor less 
diversity than more 
complex multistrata
systems.



Associated Biodiversity

Source: Esteban Rossi



In SPS the variables which best explain wildlife diversity
are tree species richness, and % tree cover in pastures.

Can we find a % tree cover that maximizes diversity and 
keeps productivity at levels acceptable to farmers' goals? 

Farmers maybe compensated for opportunity costs with 
Payments for Ecosystem Services (PES)

Ibrahim, M., F. Casasola, C. Villanueva, E. Murgueitio, E. Ramírez, J. Sáenz, and C. Sepúlveda. 2011. Payment for
Environmental Services as a tool to encourage the adoption of silvo-pastoral systems and restoration of 
agricultural landscapes dominated by cattle in Latin America. Pp. 197-219 In Restoring degraded landscapes with 
native species in Latin America, eds. F. Montagnini, and C. Finney. New York: Nova Science Publishers. 

Silvopastoral systems (SPS) can be part of BI, when 
integrated with other landscape strategies, like 
connectivity corridors, aiding to conserve biodiversity 
and enhancing environmental services within 
agricultural landscapes 

How can BI contribute to biodiversity 
conservation in agricultural landscapes



More complex SPS designs, such as intensive SPS (ISPS), using agroecological 
principles, are more productive and environmentally friendly. Tree cover, tree 
diversity, and structural complexity contribute to improved habitat for birds, 
mammals, reptiles and invertebrates. Thus, ISPS can have greater role as BI in 
agricultural landscapes than more simplified designs.

Chará JD, Rivera J, Barahona R, Murgueitio E, Deblitz C, Reyes E, Martins Mauricio R, Molina JJ, Flores M, 
Zuluaga AF (2017) Intensive silvopastoral systems: economics and contribution to climate change mitigation and 
public policies. In: Montagnini F (ed) Integrating landscapes: agroforestry for biodiversity conservation and food 
sovereignty, Advances in Agroforestry
12. Springer, Cham, pp 395–416

Murgueitio E, Calle Z, Uribe F, Calle A, Solorio B (2011). Native trees and shrubs for the productive rehabilitation 
of tropical cattle ranching lands. For Ecol Manage 261(10): 1654–1663.

How can BI contribute to biodiversity 
conservation in agricultural landscapes



El Hatico Nature Reserve, a model of 
restoration and utilization of agricultural practices 
for sustainable production surrounded by a 
largely monoculture Colombian landscape. 

Hacienda Pinzacuá, a restored, regenerative 
agriculture farm in the surrounding treeless
central Andes of Colombia

Calle Z, Molina C CH, Molina D CH, Molina D EJ, Molina E JJ, Murgueitio B, Murgueitio A, Murgueitio E (2021) A 
Highly Productive Biodiversity Island within a Monoculture Landscape: El Hatico Nature Reserve (Valle del Cauca, 
Colombia). In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human dominated 
environments. Series: Topics in Biodiversity and Conservation, Springer, in press

Montes-Londoño I, Calle A, Montes-Calderon A, Montes-Botero O (2021) Hacienda Pinzacuá: an island of 
regenerative agriculture in the piedmont of the Colombian Central Andes. In: Montagnini F (ed) Biodiversity 
islands: strategies for conservation in human dominated environments. Series: Topics in Biodiversity and 
Conservation, Springer, in press

Case studies of SPS as part of BI in agricultural landscapes



In interviews with ranchers who adopted ISPS in Colombia, promoted by PES, 71% 
mentioned an increase in abundance and diversity of birds, 54% reported an 
increase in diversity of plants and animals on their farms and in the riparian 
buffer zones, 21 % mentioned an improvement in natural biological control, and 
11% mentioned an increase in sightings of rare and endangered species.

Calle A, Montagnini F, Zuluaga AF (2009) Farmer’s Perceptions of Silvopastoral System Promotion in 
Quindío, Colombia. Bois For Trop 300(2): 79-94.

Case studies of SPS as part of BI in agricultural landscapes



Criteria to design and manage systems to be more 
effective components of BI in agricultural landscapes

• Include several tree species, use native species as much as posible
• Restore/enrich with species that are no longer in the landscape
• Keep at least about 40% shade year round
• Maintain at least about 12-15m canopy height in AFS and SPS
• Create different tree and other vegetation strata
• Use tree islands and other vegetation patches of different sizes
• Allow growth of epiphytes, lianas and other plants on shade trees
• Leave dead branches and stumps in place
• Have live fences, windbreaks, tree hedges, shrubs, and natural 
• secondary vegetation in the farm 
• Minimize à ELIMINATE use of agrochemicals
• Minimize tree pruning as much as possible



Biodiversity Islands Kept and Tended by Local People:
Relics From Other Land Uses

Community Forests
Sacred Forests and Pools

Source: Brett Levin



The resilient islands in the Argentinean humid pampas

Agricultural production focused on 
soybeans has replaced diverse 
cropping systems leading to 
migration of rural settlers. Their 
abandoned homes were largely left 
untouched, allowing secondary 
succession, sheltered by the 
infrastructure left behind and its 
wooded surroundings. 
Not all these relics have been 
preserved. However, it is still 
common to observe these “patches”, 
BI in the pampas landscape of 
monoculture. 

González LH, Neffeng G, Benedetto V, Sánchez Miñarro M, García A, Biasatti R, Rimoldi P,  Alesio C, Paiz D  (2021) The 
anthropization of the natural landscape in the Pampa region in Santa Fe province, Argentina. Resilience of the environment, 
opportunity for a change of the agri-food paradigm. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human 
dominated environments. Springer, in press

This shows the capacity of resilience of the Pampean grasslands to recolonize these relics 
through successive occupation of space with spontaneous species, restoring biotic 
communities congruent with the original landscape. They are an opportunity to propose 
diverse agroecosystems and develop local productive and economic strategies.



Management of secondary succession in the 
resiliency islands

In short periods of time (2 to 4 years) systems 
recover biodiversity and allow successive 
occupation of the space with progressive substitution 
of species, developing agroecologically-based 
production practices. 

These help strengthen food sovereignty and 
security, improving human welfare and benefitting 
other forms of life, as BI in the dominant 
agricultural matrix. 



BI kept for Religious/Spiritual Purposes

Anthwal, A., Gupta, N., Sharma, A., Anthwal, S. and Kim, K.H., 2010. Conserving biodiversity through traditional beliefs in sacred groves in Uttarakhand Himalaya, India. Resources, 
Conservation and Recycling, 54(11), pp.962-971.
Anthwal, A., Sharma, R.C. and Sharma, A., 2006. Sacred groves: traditional way of conserving plant diversity in Garhwal Himalaya, Uttaranchal. Marsland Company.
Chandrashekara, U.M. and Sankar, S., 1998. Ecology and management of sacred groves in Kerala, India. Forest Ecology and Management, 112(1-2), pp.165-177.
Khumbongmayum, A.D., Khan, M.L. and Tripathi, R.S., 2005. Sacred groves of Manipur, northeast India: biodiversity value, status and strategies for their conservation. Biodiversity & 
Conservation, 14(7), pp.1541-1582.
Khumbongmayum, A.D., Khan, M.L. and Tripathi, R.S., 2004. Sacred groves of Manipur–ideal centres for biodiversity conservation. Current Science, 87(4), pp.430-433.
Ormsby, A.A. and Bhagwat, S.A., 2010. Sacred forests of India: a strong tradition of community-based natural resource management. Environmental Conservation, 37(3), pp.320-326

Source: https://www.civilsdaily.com/ Source: https://biodivvy.com

Complex assemblages embedded in a forestry matrix, as in many traditional 
indigenous sacred sites can be considered BI in themselves. They provide vital 
spaces for religious practice, as well as ecosystem services that contribute 
valuable resources to the community, reinforcing the relationship between the 
community and the forest. 

Sacred Groves in India



Sacred Pools called Íbú ódó protected by Tchabè
communities along the Ouèmé and Okpara Rivers 

of Central Benin 

Sources : Ceperley, N., Montagnini, F. and Natta, A., 2010. Significance of sacred sites for 
riparian forest conservation in Central Benin. Bois et Forêts des Tropiques, 303(EPFL-
ARTICLE-150431), pp.5-23.

Bhagwat, S.A. and Rutte, C., 2006. Sacred groves: potential for biodiversity management. 
Frontiers in Ecology and the Environment, 4(10), pp.519-524.



Sacred Groves in Ethiopia, Zimbabwe, Nigeria, Ghana, 
Thailand, China, and Nepal

Baez Schon M, Woods CL, Cardelús CL (2021) Sacred Church Forests in Northern Ethiopia: Biodiversity and Cultural 
Islands. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in human dominated environments. Series: 
Topics in Biodiversity and Conservation, Springer, In press

Dakshinkali Sacred Grove, Kathmandu Valley, Nepal

Source: https://medium.com/langscape-magazine/protecting-
biodiversity-in-dakshinkali…

Church forest near Bahir Dar, Ethiopia illustrates 
how sacred forests can function as the centers 
of the community. Photo: C. Cardelús

Values people assign to the forest contribute to its preservation as a BI within a rural-
urban landscape, even if biodiversity is not the prime benefit. For example, Church 
forests in Ethiopia have survived despite socioeconomic and political pressures 
increasing deforestation in the adjacent land area (Baez Schon et al. 2021)



“How to establish and manage BI?” From a 
Socio-Political Perspective

● Education
● Political Will / Political Engagement

○ Local, Regional, National, 
International 

● Conservation Easements
● Working Lands Conservation 

Easements
● Integrated Landscape Management 

(ILM)
● INCLUSION, ACCESSIBILITY, 

ADDRESSING SOCIAL INEQUITY, 
& RESPECTING & EMPOWERING 
TRADITIONAL / INDIGENOUS 
WAYS IS ESSENTIAL 

Levin B (2021b) The role of community led action for the creation of biodiversity islands. In: Montagnini F (ed) 
Biodiversity islands: strategies for conservation in human dominated environments. Series: Topics in Biodiversity and 
Conservation, Springer, in Press

Source: Brett Levin



“How?” - Governance
Ostrum: groups are capable of avoiding the tragedy of the 
commons without requiring top-down regulation

1. Clearly defined boundaries
2. Proportional equivalence between benefits and costs
3. Collective choice arrangements
4. Monitoring
5. Graduated sanctions
6. Fast and fair conflict resolution
7. Local autonomy
8. Appropriate relations with other tiers of rule-making 

authority (polycentric governance)
OSTROM, Elinor. Governing the commons. Cambridge university press, 2015.
OSTROM, Elinor, et al. Rules, games, and common-pool resources. University of Michigan Press, 1994.

Morales-Nieves GM (2021) Priorities, perspectives and use of a community forest by surrounding residents in Mayagüez, 
Puerto Rico: protecting the forest for its services. In: Montagnini F (ed) Biodiversity islands: strategies for conservation in 
human dominated environments. Series: Topics in Biodiversity and Conservation, Springer, In Press



Non-Profit Advocates

Yale University
School of the Environment



For-Profit Organizations and Models 



Where does {where can} the protection, enrichment, and advocacy for 

biodiversity fit into your work and life?

Source: Brett Levin



Conclusions
• Islands of trees and remnant trees form nuclei that favor the regeneration and 

arrival of more trees to the system, thus favoring the restoration of biodiversity.

• The characteristics of systems used in BI vary according to their design, objectives, 
and species involved; their contribution to biodiversity depends on their 
management, species, and position in the landscape matrix.

• As components of BI, more complex systems, such as multistrata AFS and ISPS
and have higher conservation values and can constitute a BI in themselves, while 
less complex AFS can form part of a buffer area.

• Living fences and windbreaks increase connectivity of the landscape and are 
valuable components of biological corridors.

• In all cases, the inclusion of diverse systems within the BI design provides greater 
biodiversity than conventional agriculture or degraded areas.



Conclusions cont’
● Biodiversity Islands can be a valuable framing tool for practitioners and 

policy makers. 
● Motivations may be inherent, learned, and/or re-learned within cultures.
● Examples by Location span Rural, Suburban, and Urban
● Religious & Spiritual Examples are Worldwide and guide us as to what is 

possible
● Governance: “The Commons”, Cooperatives, Democratic Decision Making
● Many Non-Profit Allies exist to help empower the development community 

led action
● Innovative For-Profit Organizations and Models hold power for further 

development of community led action for biodiversity conservation. 



¡Muchas gracias!
Thank you for your attention!

email: florencia.montagnini@yale.edu
http://environment.yale.edu
http://gisf.yale.edu
http://www.linkedin.com/pub/florencia-montagnini/46/826/a68
www.facebook.com/MontagniniAF
https://drflorenciamontagnini.wordpress.com/

Montagnini, F. (Ed.). Biodiversity Islands: Strategies for
Conservation in Human Dominated Environments. Series: Topics 
in Biodiversity and Conservation, Springer. In press, 2021

http://environment.yale.edu/



