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Abstract 

 

Forest fragmentation is one of the main drivers of the global decline of biodiversity. This 

ecological disruption has become pervasive during the last decades, and the emergence of 

isolated animal populations due to fragmentation, has risen. This study focuses on 

understanding the role of restoration corridors as a novel strategy promoting the resilience and 

viability of mammal and bird populations through increasing connectivity in the Middle 

Magdalena River Valley in Colombia. We installed 82 camera traps to monitor terrestrial and 

arboreal vertebrates within restoration corridors in a 4000-ha area located in Santander’s 

Department, in Colombia, specifically at Cimitarra Municipality (6°26'40.54'' N 74°7'50.06'' 
W).  Our main goal was to evaluate if mammal and bird species of the tropical humid forests 

in the Middle Magdalena River in Colombia were using restoration corridors and if restoration 

corridors were promoting reconnection between communities of terrestrial vertebrates. We 

completed a sampling effort of 8609 camera-trap days and four sampling sessions, each of 90 

days of duration. Cameras were installed in four different scenarios associated with land cover: 

1) forest fragments, 2) natural corridors, 3) stablished corridors and 4) pastures. Our findings 

suggest that there is more species richness in restoration corridors than in pastures, also we 

could find that the species composition in restoration corridors is beginning to look alike the 

species composition in forest fragments. Our results provide initial evidence on the role of 

restoration corridors as an efficient implementation aimed to protect and preserve biodiversity 

in fragmented landscapes.  
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Introduction 

 

One of the biggest threats to biodiversity and ecosystem dynamics at a global scale is forest 

fragmentation. Coupled with habitat degradation, overexploitation and other major 

anthropogenic disturbances, habitat fragmentation influences environmental changes that risk 

food security, safety, and shelter of thousands of species dependent on these types of 

ecosystems, including humans (Adronache et al. 2019). Also, fragmentation directly affects 

some species efficacy in dispersal success, changing the habitat structure and increasing 

mortality rate of certain species and causing a significant reduction in their genetic diversity. 

Fragmentation restricts species movement processes like migration or dispersal, increasing 

extinction risk for different forest-dwelling species (Cushman et al. 2013). The above- 



 2 

mentioned are direct causes of habitat loss and have been generated by anthropic activities such 

as population establishments, road construction, agriculture, and deforestation mainly caused 

by cattle ranching (Mills, 2013). 

 

Tropical ecosystems seem to be more affected by fragmentation and degradation than other 

types of ecosystems. These anthropogenic activities are directly deteriorating forest structure, 

causing an important decline in species biodiversity (Taubert et al. 2018). Although Tropical 

America still sustains larger proportion of land ecosystem coverage, compared to other 

continents, vertebrate’s population’s decline maintains drastically high levels. According to the 

Living Planet Index, vertebrate populations in the American Continent have had an average 

loss greater than 90% in the last 50 years (WWF, 2020). In South America, some of the most 

damaged ecosystems are found in the North-western part of the continent, there, dry and humid 

forests have been strongly affected by extensive livestock farming and large-scale agricultural 

monocultures (Correa Ayram et al. 2020). For example, in the Colombian Middle Magdalena 

Valley River monocultures and extensive cattle ranching have transformed more than 85% of 

the natural forests, and remaining forests and wetlands are highly fragmented (Correa Ayram 

et al. 2020). In fact, the Magdalena River’s Valley is within one of the Global Biodiversity 

Hotspots: the Tumbes, Choco, Magdalena biodiversity hotspot (Myers et al. 2000). Thus, a 

great number of native species on this region are facing current threats to their existence and 

its populations, partly due to isolation in small forest fragments (De Luna & Link, 2018).  

 

Currently, strategies to reduce deforestation rates in the Colombian context include protected 

areas, and environmental defenders and government institutions consider it as one non-

exclusive alternative to reduce the biodiversity loss. A large amount of research regarding the 

role of protected areas on the conservation of biodiversity has been made and it has provided 

evidence that protected areas in Colombia - like indigenous reserves - could help reduce 

deforestation. However, the Colombian internal conflict must be considered as a variable that 

influences the success of protected areas, given that after the Peace Agreement signed in 2016, 

protected areas like Parques Nacionales Naturales and Reservas Nacionales Naturales revealed 

an increase of 177% in deforestation rates, partly driven by the pause in the armed conflict and 

the subsequent beginning of exploitation of natural resources in these areas causing forest 

fragmentation (Clerici et al. 2020). These data are relevant given that is necessary recognize 

that the implementation of conservation techniques such as forest restauration with biological 

corridors that ensure reconnection between forest fragments is imperative for maintain the 

well-being of species populations.  

 

Given this scenario, Fundación Proyecto Primates (a local NGO) decided to implement 

restoration corridors – thin (20-30m) strips of restoration corridors between forest fragments - 

to mitigate these consequences and recover structural and functional connectivity between 

isolated subpopulations of plants and animals. Thus, restoration corridors are broadly defined 

as a structurally continuous conglomerate of vegetation that connects previously isolated forest 

fragments. Corridors may help provide resilience to wild populations through promoting 

movement of individuals across the corridors (Rosenberg, Noon & Meslow, 1997). It is 

estimated that restoration corridors allow movement in fragmented landscapes, achieving 

proper responses of animals to climate change to increase the probability of persistence as 

populations (Cushman et al. 2013). To stablish a partial solution to this problem, in this 

research we evaluate the efficacy of biological corridors created since 2016 at Hacienda 

Lucitania, in central Colombia, and their role in restoring wildlife connectivity between forest 

fragments. For this purpose, we installed camera traps across this fragmented landscape and 
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the recently planted restoration corridors to monitor if terrestrial and arboreal vertebrates are 

indeed using, or not, restoration corridors to move across forest fragments.  

 

 

General objective 

 

The main goal of our study is to evaluate if biological corridors - implemented to promote 

ecosystem connectivity - are effectively reconnecting populations of terrestrial and arboreal 

vertebrates – including several threatened species - that were previously isolated in a 

fragmented landscape. 

 

Specific objectives 

 

• Provide evidence for species of the use of restoration corridors that have been stablished 

since 2016 by rainforest mammals and terrestrial birds in the Middle Magdalena River 

Valley  

• Evaluate whether restoration corridors promote the reconnection of the terrestrial 

vertebrate community in the Middle Magdalena River Valley in Colombia. 

• Analyse the difference between the use of restoration corridors and pastures to assess 

whether there is a preference for the use of corridors by species of mammals and 

terrestrial birds.  
 

Methodology  

 

Study area 

 

This study took place at a 4000-ha area located in Santander’s Department in Colombia (Fig. 

1). Hacienda Lucitania’s is a Civil Society Natural Reserve (RNSC) where conservation of 

species is promoted, therefore both hunting and logging are prohibited. This area is made up 

of fragments of tropical humid forest immersed in a matrix of pastures for cattle ranching. In 

past years, Fundación Proyecto Primates (FPP) has implemented 10 restoration corridors that 

connect approximately 1200-ha of forest fragments since 2016 (Fig. 1). Restoration corridors 

have between 1 to 6 years of being established (planted with native tree species), providing an 

exceptional scenario to evaluate the use of connectivity corridors by mammal and birds. In 

addition, the biodiversity assemblage in the study region is highly singular due to the presence 

of highly threatened species like the brown spider monkey (Ateles hybrid), the blue-billed 

curassow (Crax alberti), the jaguar (Panthera onca) and the South American lowland tapir 

(Tapirus terrestris).  

 

Field methods 

 

We used camera traps in order to monitor terrestrial vertebrates that are using restoration 

corridors. Overall, we used 82 camera traps deployed at four different types of land cover: at 

forest fragments we installed 32 cameras, at natural corridors we installed 14 cameras, at 

natural pre-existing corridors we used 23 cameras, and, at open pastures, we employed 13 

cameras. All of them were used during a period of 90 days throughout four sampling session, 

from October 2021 to October 2022. Each location was chosen in relation to the expected 

biodiversity in each area (corridor, forest fragment, natural corridor, and pastures) taking 

pastures as a negative control – terrestrial animals could move from fragment to fragment- and 

forest fragments as positive controls – areas where most terrestrial animals persist. Camera 
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traps were installed in each corridor at three specific points: beginning, middle and end of the 

corridor (Fig 1.) All cameras were installed at a minimum distance of 100m to reduce the 

dependency of data records, although we note they are not strictly independent from each other.  

 

Analytical methods 

 

For data analysis and animal identification we used Wild ID Software in which we reviewed 

an approximated total of 220.000 photos. Afterwards, we used R (R Core Team, 2022) and R 

Studio (RStudio Team, 2022) to estimate alpha diversity in terms of species richness in each 

of the four different types of land cover taken as categorical variables. This analysis helps us 

to determine how alpha diversity is changing, or not, across the four different categories of land 

cover sampled in this study. We used a generalized linear model (GLM) to evaluate how much 

species richness changed in each land cover with respect to the forest fragments. Then, we 

perform a non-metric multidimensional scaling analysis to determine how dissimilar were the 

vertebrate “assemblages” across land cover categories, which gives us an idea of how 

heterogeneous or homogeneous one category could be with respect to another. Altogether, we 

carry out an Analysis of Similarity (ANOSIM) to determine the escalated difference compared 

to the average of all groups. Analysis was conducted using different packages in R, among 

them: dplyr package (Wickham et al. 2022), tydiverse package (Wickham et al. 2019), 

camtrapR package (Niedballa et al. 2016), spacetime package (Pebesma, 2012) and vegan 

package (Oksanen et al. 2022). 

 

 
Figure 1. Camera trap locations along four types of land cover in a fragmented landscape at Cimitarra, 

in the middle Magdalena River basin. 

 

Results 

 

Our results support that species richness at forest fragments is higher than that in pastures and 

corridors. Moreover, natural corridors have a similar richness to the one that is found in the 

forest, this is probably due to similarities in composition. Also, the recently established 

corridors have a richness with intermediate values between natural corridors richness and 

pastures richness (Fig. 2) Those analysis had the following statistics and p-values: Forest – 
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Corridor (estimate = -0.57 & p-value < 0.001) / Forest – Natural Corridor (estimate = - 0.20 & 

p-value = 0.07) / Forest – Pasture (estimate = - 0.91& p-value < 0.001). 

 

 

Using the GLM, we found that species richness in forests is drastically different in comparison 

to species richness in pastures, which is partly explained by differences in diversity between 

these land coverage categories. Those analysis had a significant p-value (< 0.001) (Fig. 2). In 

addition, we evaluate the four land covers, sampled thorough a non-metric multidimensional 

scaling analysis finding that in terms of composition, the difference between pastures and forest 

is highly significant (Fig. 3). Moreover, the natural corridors and the stablished ones keep a 

distribution that has been moving from the pasture’s composition and has come closer to the 

forest’s composition which is expected considering age and land cover in these environments 

(Fig. 2). We were also able to identify that data is more heterogeneous in the forest than in 

pastures and corridors. Our p-value of 0.001 shows that there is a significant difference in how 

categories are grouped into the space. Finally, our analysis of similarity (ANOSIM) showed a 

R = 0.143 and a p-value = 0.001 (Fig. 3). 

 

 
Figure 2. Species richness in 4 different types of land cover. Forest – Corridor (estimate = -0.57 & p-

value < 0.001) / Forest – Natural Corridor (estimate = - 0.20 & p-value = 0.07) / Forest – Pasture 

(estimate = - 0.91& p-value < 0.001) 
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Figure 3. Non-metric multidimensional scaling analysis build from land cover types. ANOSIM: R = 

0.143, p-value = 0.001 

 

Discussion 

 

Based on the results of our study, we have obtained initial evidence suggesting that restoration 

corridors have had a positive impact in reconnecting vertebrate populations the Middle 

Magdalena Valley, because they have a more heterogeneous area compared with pastures based 

on different types of soil and variation in microclimate. Forest fragments with more 

heterogeneity tend to be less susceptible to local extinctions than those who are more 

homogeneous (Mullu, 2016). However, the biological heterogeneity of pastures is mainly 

driven by the presence of generalist animals such as foxes and some felids. These animals tend 

to frequently use forest edges, since some other animals prefer to breed in these territories 

despite a considerable increase in predation’s rate (Mullu, 2016). Hence, species more 

generalists tend to use pastures in greater extent (Pliscoff et al. 2020), while forest dependent 

species tend to use corridors more. Furthermore, we consider that pastures species richness is 

given by generalist animals such as the fox and some felids that tend to use those pastures. 

Also, it is known that some animals prefer to use forest edges for reproduction exposing 

themselves to predators (Mullu, 2016). 

 

 

Additionally, based on the multidimensional scaling analysis graphic (Fig. 3) we could observe 

that species community in the corridors is composed of both forest species and pastures species, 
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based on this, we could also mention that species richness in the corridors is a halfway point 

between pastures and forest’s species richness, which show us that corridors are used more 

often by numerous species. Those intermediate values of richness suggest the same, that more 

species are using restoration corridors.  

 

Finally, after analysing the obtained results, the increase in restoration corridors is a vital 

advantage in a long-term plan for the existence of species in this fragmented landscape since 

the vegetal area is increased allowing species to coexist between fragments. This is directly 

related with species richness because the greatest richness was found in forest fragments and 

the lowest, in pastures and corridors. Also, it is clear to say that many studies related to 

restoration corridors have been made and connectivity cannot always be an evident result. 

Many of these studies have found that restoration corridors indeed support conservation of 

species, nevertheless, for them to have a real effect the design in those studies represents an 

important role (Beirer & Noss, 1998). Furthermore, there has not been a preliminarily study 

that shows a negative effect of restoration corridors, this supports our idea of continuing with 

this strategy in order to reassure connectivity between fragments in the Middle Magdalena 

River Valley in Colombia (Beier & Noss, 1998) 

 

Conclusion  

 

In conclusion, the purpose of this research was based on evaluate if conservation strategies 

such as restoration corridors could contribute to solve connectivity and fragmentation problems 

in the Middle Magdalena Valley in Colombia.  According to the obtained results, animals are 

using the stablished corridors to move between forest fragments, also we can state that species 

richness in the corridors is rising since environment and composition of the corridors are more 

similar to the forest and less to the pastures. Finally, we must set a precedent related to promote 

this conservation strategy in such a way that it groups different cattle ranching production 

systems; implementing restoration corridors to restore productivity in these habitats and protect 

biodiversity should be promoted. Moreover, this strategy must be accompanied from other 

efforts such as prohibition of hunting and avoid habitat degradation to have a relevant impact 

in the landscape and in the species populations.  

 

Acknowledgments  

 

We especially thank Fundación Proyecto Primates for providing logistic and financial support 

to this project. The School of Sciences and the Department of Biological Sciences at 

Universidad de Los Andes also provided key resources for this project. We also thank the 

Mohamed bin Zayed Species Conservation Fund for partially funding this research. Finally, 

we thank the Jaramillo family and Hacienda Lucitania for their role in the conservation of 

biodiversity and for providing the opportunity to establish restoration corridors and monitoring 

them.  

 

Bibliography  

 

Andronache, I., Marin, M., Fischer, R., Ahammer, H., Radulovic, M., Ciobotaru, A. M., 

Jelinek, H. F., Di Ieva, A., Pintilii, R. D., Drăghici, C. C., Herman, G. V., Nicula, A. S., 

Simion, A. G., Loghin, I. V., Diaconu, D. C., & Peptenatu, D. (2019). Dynamics of Forest 

Fragmentation and Connectivity Using Particle and Fractal Analysis. Scientific Reports 2019 

9:1, 9(1), 1–9. https://doi.org/10.1038/s41598-019-48277-z 



 8 

Beier, P. and Noss, R.F. (1998), Do Habitat Corridors Provide Connectivity?. Conservation 

Biology, 12: 1241-1252. https://doi.org/10.1111/j.1523-1739.1998.98036.x 

 

Beita, C. M., Murillo, L. F. S., & Alvarado, L. D. A. (2021). Ecological corridors in Costa 

Rica: An evaluation applying landscape structure, fragmentation-connectivity process, and 

climate adaptation. Conservation Science and Practice, 3(8), e475. 

https://doi.org/10.1111/CSP2.475 

 

Clerici, N., Armenteras, D., Kareiva, P., Botero, R., Ramírez-Delgado, J. P., Forero-Medina, 

G., Ochoa, J., Pedraza, C., Schneider, L., Lora, C., Gómez, C., Linares, M., Hirashiki, C., & 

Biggs, D. (2020). Deforestation in Colombian protected areas increased during post-conflict 

periods. Scientific Reports 2020 10:1, 10(1), 1–10. https://doi.org/10.1038/s41598-020-61861-

y 

Correa Ayram, C. A., Etter, A., Díaz-Timoté, J., Rodríguez Buriticá, S., Ramírez, W., & Corzo, 

G. (2020). Spatiotemporal evaluation of the human footprint in Colombia: Four decades of 

anthropic impact in highly biodiverse ecosystems. Ecological Indicators, 117, 106630. 

https://doi.org/https://doi.org/10.1016/j.ecolind.2020.106630 

Costello, M.J., M.M. Vale, W. Kiessling, S. Maharaj, J. Price, and G.H. Talukdar, 2022: Cross-

Chapter Paper 1: Biodiversity Hotspots. In: Climate Change 2022: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 

Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. 

Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, 

USA, pp. 2123–2161, doi:10.1017/9781009325844.018. 

Cushman, S. A., Mcrae, B., Adriaensen, F., Beier, P., Shirley, M., & Zeller, K. (2013). 

Biological corridors and connectivity. Key Topics in Conservation Biology 2, 384–404. 

https://doi.org/10.1002/9781118520178.ch21 

De Luna, A. G., & Link, A. (2018). Distribution, population density and conservation of the 

critically endangered brown spider monkey (Ateles hybridus) and other primates of the inter-

Andean forests of Colombia. Biodiversity and Conservation, 27(13), 3469–3511. 

https://doi.org/10.1007/S10531-018-1611-1 

Mills, L. S. (2013). Conservation of wildlife populations: demography, genetics, and 

management (pp. 199–223). Wiley-Blackwell. 

Mullu, D. (2016). A Review on the Effect of Habitat Fragmentation on Ecosystem. Journal of 

Natural Sciences Research Www.Iiste.Org ISSN, 6(15). www.iiste.org 

Myers, N., Mittermeier, R., Mittermeier, C. et al. Biodiversity hotspots for conservation 

priorities. Nature 403, 853–858 (2000). https://doi.org/10.1038/35002501 

Jürgen Niedballa, Rahel Sollmann, Alexandre Courtiol, Andreas Wilting (2016). camtrapR: an 

R package for efficient camera trap data management. Methods in Ecology and Evolution 

7(12), 1457-1462. 

 



 9 

Oksanen J, Simpson G, Blanchet F, Kindt R, Legendre P, Minchin P, O'Hara R, Solymos P, 

Stevens M, Szoecs E, Wagner H, Barbour M, Bedward M, Bolker B, Borcard D, Carvalho G, 

Chirico M, De Caceres M, Durand S, Evangelista H, FitzJohn R, Friendly M, Furneaux B, 

Hannigan G, Hill M, Lahti L, McGlinn D, Ouellette M, Ribeiro Cunha E, Smith T, Stier A, Ter 

Braak C, Weedon J (2022). _vegan: Community Ecology Package_. R package version 2.6-4, 

<https://CRAN.R-project.org/package=vegan>. 

Pliscoff, P., Simonetti, J. A., Grez, A. A., Vergara, P. M., & Barahona-Segovia, R. M. (2020). 

Defining corridors for movement of multiple species in a forest-plantation landscape. Global 

Ecology and Conservation, 23. https://doi.org/10.1016/J.GECCO.2020.E01108 

Edzer Pebesma (2012). spacetime: Spatio-Temporal Data in R. Journal of Statistical 

Software, 51(7), 1-30. URL https://www.jstatsoft.org/v51/i07/. 

R Core Team (2022). R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/. 

RStudio Team (2022). RStudio: Integrated Development Environment for R. RStudio, PBC, 

Boston, MA URL http://www.rstudio.com/. 

Rosenberg, D. K., Noon, B. R., & Meslow, E. C. (1997). Biological corridors: Form, 

function, and efficacy. Linear conservation areas may function as biological corridors, but 

they may not mitigate against additional habitat loss. BioScience, 47(10), 677–687. 

https://doi.org/10.2307/1313208 

Taubert, F., Fischer, R., Groeneveld, J., Lehmann, S., Müller, M. S., Rödig, E., Wiegand, T., 

& Huth, A. (2018). Global patterns of tropical forest fragmentation. Nature, 554(7693), 519–

522. https://doi.org/10.1038/nature25508 

Wickham H, Averick M, Bryan J, Chang W, McGowan LD, François R, Grolemund G, Hayes 

A, Henry L, Hester J, Kuhn M, Pedersen TL, Miller E, Bache SM, Müller K, Ooms J, Robinson 

D, Seidel DP, Spinu V, Takahashi K, Vaughan D, Wilke C, Woo K, Yutani H (2019). 

“Welcome to the tidyverse.” _Journal of Open Source Software_, *4*(43), 1686. 

doi:10.21105/joss.01686 <https://doi.org/10.21105/joss.01686>. 

 

Wickham H, François R, Henry L, Müller K (2022). _dplyr: A Grammar of Data 

Manipulation_. R package version 1.0.10, <https://CRAN.R-project.org/package=dplyr>. 

 

WWF (2020). Informe Planeta Vivo 2022. Hacia una sociedad con la naturaleza en positivo. 

Almond, R.E.A.; Grooten M.; Juffe Bignoli, D. y Petersen, T. (Eds). WWF, Gland, Suiza. 

 

 


