
281

Arboreal mammal use of canopy walkway bridges in an Amazonian 
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Short Communication

Abstract

The Amazon Basin is a biodiversity hotspot, with vertically stratified forests fostering com-
plex habitats and high mammal diversity. Although mammals play a critical role in main-
taining ecosystem structure, less is known about arboreal mammal activity and habitat use 
across forest canopy layers. As forest fragmentation increases, understanding how these 
changes impact arboreal species is essential for effective conservation efforts. Here, we 
provide a snapshot of canopy walkway use by arboreal mammals in an Amazonian forest 
with unfragmented canopy cover, providing insight into their spatial and temporal move-
ment patterns across different canopy layers. This study was conducted at the Amazon 
Conservatory for Tropical Studies, in the Napo-Sucusari Biological Reserve outside Iquitos, 
Perú. During a three-week survey, we deployed camera traps at multiple heights along a 
canopy walkway system to monitor arboreal mammal activity. A total of seven mammal 
species used this canopy walkway system during our study period. Linnaeus’s two-toed 
sloth (Choloepus didactylus) and the long-tailed porcupine (Coendou longicaudatus lon-
gicaudatus) were the most commonly observed species, with several observations of the 
more reclusive and data-deficient C. ichillus also recorded, among other species. Peak ac-
tivity occurred between 1900 and 2100 h, coinciding with higher temperature and humidity 
than nighttime averages. Mid-canopy layers (ca. 21 to 27 m above ground) were most 
frequently used, with decline in use at higher and lower canopy layers. Our findings provide 
baseline data on arboreal mammal use of canopy walkways in a tropical forest, which may 
help inform the design of human-created arboreal corridors to connect forest fragments.

Key words: artificial bridges, camera traps, Coendou ichillus, forest canopies, habitat 
connectivity, microclimate, South America, tropical conservation

Introduction

The Amazon Basin is the world’s largest tropical forest (Peres et al. 2010), host-
ing approximately 5,000 tree species (Wittmann and Junk 2016). Three-quarters 
of vertebrate species in the Amazon are arboreal or semi-arboreal (Kays and Al-
lison 2001), representing the majority of vertebrate total biomass and diversity 
(Eisenberg and Thorington 1973). Arboreal vertebrates, particularly mammals, 
promote plant diversity (Kurten et al. 2015) and affect ecosystem structure 
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(Klimeš et al. 2012) through dispersal. Understanding the ecology of arboreal 
species is crucial to their conservation and management strategies (Tobler et 
al. 2008) and, in turn, the health of Amazonian ecosystems as a whole.

As human-created forest fragmentation continues to alter the Amazon Basin 
(Lapola et al. 2023), it is crucial to understand how arboreal species are affected 
by these changes. In particular, arboreal mammal movement through canopies 
in tropical forests is an area of conservation interest, given their role in dispersal 
(e.g., Stoner et al. 2007; Brockelman et al. 2022). Conservationists in tropical for-
ests worldwide (Gregory et al. 2022a) have found success in implementing cano-
py bridges to mitigate forest fragmentation (Wilson et al. 2007), as canopy bridg-
es can successfully promote connectivity for critically endangered species (e.g., 
Chan et al. 2020) and reduce vehicle collisions and mortality (Flatt et al. 2022).

From the forest floor to the canopy, tropical forest microhabitats vary due to 
changes in radiation, temperature, vapor pressure, and precipitation (Madigosky 
2004); these microhabitat differences, in addition to strata height and connec-
tivity, can influence mammal space use and activity patterns in forests (Abreu 
and Oliveira 2014; McLean et al. 2016). Over a 24-hour period, arboreal mammal 
activity in forests likewise varies, with peak activity at nightfall (Bowler et al. 2017; 
Gregory et al. 2022b). However, compared to forests with continuous canopies, 
the spatial distributions and activity patterns of arboreal mammals in fragmented 
forests may differ as they search for suitable microhabitats (Tregidgo et al. 2010).

Increased canopy openness negatively affects arboreal mammal richness 
(e.g., Cudney-Valenzuela et al. 2023, Whitworth et al. 2019), and human-created 
canopy bridges can help mitigate effects on arboreal mammals in fragmented 
forests (e.g., Gregory et al. 2022a). However, the extent to which arboreal spe-
cies use artificial bridges across different canopy layers, and when they use 
them, remains poorly understood across diverse Neotropical habitats. The goal 
of this study is to (1) provide information about arboreal mammal use of artifi-
cial canopy walkways and (2) assess how artificial canopy walkway use varies 
across different canopy layers throughout a diel cycle in a lowland Amazonian 
forest with continuous canopy cover. How mammals use artificial canopy walk-
ways in a tropical forest with unfragmented canopy can inform the development 
of best practices for designing conservation bridges in fragmented landscapes.

This study provides a snapshot of mammalian spatial and temporal use of one of 
the longest artificial canopy walkway bridge systems, spanning multiple forest lev-
els, in the Americas. In this study, we used camera traps to monitor arboreal mam-
mal activity to provide a baseline for understanding mammalian use of artificial 
bridges in an Amazonian forest. Our study complements previous arboreal camera 
trap research on canopy bridges in fragmented forests (e.g., Gregory et al. 2022a).

Methods

Through July and August 2022, we deployed four camera traps continuously for 
21 days over a canopy height gradient using the Amazon Conservatory for Trop-
ical Studies (ACTS) Canopy Walkway (3.2513°S, 72.9076°W). The ACTS Canopy 
Walkway is located in the Napo-Sucusari Biological Reserve, northeast of Iquitos, 
Perú and north of the Napo River (Fig. 1). The canopy walkway system is a series 
of platforms and bridges (Fig. 2), with platforms ranging from 6 to 36 m above the 
forest floor built for researcher and visitor use. We placed camera traps at 12.1 m, 
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20.8 m, 26.5 m, and 33.5 m above the ground; these camera sites were chosen due 
to their similar connectivity to nearby vegetation, canopy spacing, and elevation.

We fastened each camera to the nearest tree or beam from the platform, which 
overlooked a potential wildlife pathway (as determined by connectivity between 
trees and bridges). We checked the cameras daily to ensure functionality and po-
sitioning. At the end of each week, we extracted data from the memory cards and 
returned them once the media were downloaded. The camera traps we deployed 
were a Victure HC200 (Shenzhen Dajie Technology Co., Ltd., Shenzhen, GD, 
China), Moultrie MCG-14007 (Moultrie Inc., Alabaster, AL, USA), and Wildgame 
Innovations Scrapeline™ SP16B20D18-9 and Mirage™ M18i8W26-9 (Wildgame 
Innovations, New Roads, LA, USA). We set all camera infrared sensors to high 
sensitivity, which triggers the camera to capture any change in the infrared radi-
ation being emitted by an object in the camera’s field of view; the high sensitivity 
setting also allowed the camera to capture smaller animals and those that are at 
a distance. For the first half of the study, each camera was set to capture 15-sec-
ond videos throughout the 24-hour operation period when triggered. During the 
second half, cameras were set to capture photographs with three photographs 
taken per trigger event; the decision to collect photographs in lieu of videos was 
made to save on memory storage and battery usage of the equipment.

In our analysis, we quantified mammalian walkway use at night, as no daytime 
observations were recorded. Human use of the walkway was excluded from the 
study; as human triggered camera traps outside of the sampling period (all were 
during daytime), we could not explore the effects of human foot traffic on mam-
malian walkway use. Our night sampling period extended from approximately 

Figure 1. Location of the Amazon Conservatory for Tropical Studies (ACTS) Field Station at the Napo-Sucusari Biological 
Reserve, in northeastern Perú, with black rectangle on inset map showing the enlarged area.
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sunset (1800 h) to sunrise (0600 h). We classified observations on the walk-
way system into two components: the walkway bridges and their beams (Fig. 
2). Independent events were separated by 30 minutes, as suggested by similar 
camera trap studies (Pittet and Bennett 2014; Huarcaya et al. 2019; Tanwar et al. 
2021). Due to the similar traits of Coendou bicolor and Coendou l. longicaudatus, 
camera trap images that did not contain any distinctive identifiers were simply 
grouped by genus: “Coendou sp.” Camera trap footage and photographs allowed 
us to discriminate Coendou ichillus and Coendou bicolor by their recognizable 
size and pelage difference: Coendou ichillus is smaller, darker, and has a smaller 
tail and bristle quills (Voss and Da Silva 2001). In addition, multiple species of 
saki monkey occur in the Amazon basin, differing in minor facial characteristics 
and pelage; because of this, we grouped saki monkeys by genus (Pithecia) in this 
study. Similarly, we grouped Neotropical spiny rats by family (Echimyidae), as all 

Figure 2. The Amazon Conservatory for Tropical Studies Canopy Walkway in the lowland Peruvian Amazon with identi-
fied structural components used by arboreal mammals. Photographs by J. Santiago.
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twelve species show arboreal tendencies with similar morphological traits. We 
recorded other species that triggered camera traps but did not interact with the 
walkway’s structural elements (i.e., bats) as “incidental” species, as mammals 
accessing the canopy walkway were the focus of this study.

Temperature, humidity, and wind speed were collected hourly using Kestrel 5000 
Environmental Meters, placed near the forest floor (1 m above ground), mid-canopy 
(20 m above ground), and in the upper canopy (36 m above ground). We used a lin-
ear mixed effect model (lme4 package; Bates et al. 2015) to test whether environ-
mental conditions varied with canopy strata, with time as a random effect. We used 
the emmeans package (Lenth 2024) to conduct pairwise tests to determine envi-
ronmental differences between specific canopy layers. All tests were two-tailed, 
maintained an alpha value of 0.05, and were conducted in R (R Core Team 2023).

Results

All camera traps successfully recorded continuously during the study period, 
with the exception of the camera at 26.5 m, which was operational for only one 
week. In total, the camera traps operated for a total of 1,680 camera trap hours 
(see Suppl. material 1: table S1) and recorded 35 independent mammal obser-
vations; both videos and photographs (Fig. 3) were collected.

A total of seven mammal species (Table 1), in addition to incidental mam-
mal observations in flight (chiropterans) were identified. Linnaeus’s two-
toed sloth (Choloepus didactylus) was the most frequently observed species 
overall, with 14 independent sightings exclusively on the ropes of the walk-
way bridge, followed by long-tailed porcupines (Coendou l. longicaudatus, 
now a morphotype of Coendou prehensilis; Menezes et al. 2021), with 10 

Figure 3. Camera trap images of mammals found during the survey period: A. Coendou bicolor; B. Coendou l. longicauda-
tus; C. Coendou ichillus; D. Choloepus didactylus, all recorded on the Amazon Conservatory for Tropical Studies Canopy 
Walkway. Camera captures by J. Santiago.
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independent sightings on both the beams and ropes of the walkway. Of 
the two walkway components (walkway bridges and beams), the walkway 
bridge was the most frequently visited, with many of the reported species 
also using the beams as an access point to the rest of the walkway platform 
(Fig. 4; Suppl. material 1: table S2).

Most mammal observations occurred mid-canopy (at 20.8 m; Fig. 5, Suppl. 
material 1: table S3), including Linnaeus’s two-toed sloths (Choloepus didacty-
lus), long-tailed porcupines (Coendou l. longicaudatus) (Suppl. material 1: video 
S1), streaked dwarf porcupines (Coendou ichillus), bicolor-spined porcupines 

Table 1. Species observations at different structural locations and heights (m) on the ACTS Canopy Walkway, shown with their 
common English and local names, the number of unique observations (N) of each species at each location (Loc.) (in parenthe-
ses), and species or genus IUCN conservation status (LC = Least Concern, DD = Data Deficient) and population trajectories.

Observed mammal walkway use and conservation status
Species English Name Local Name Loc. Height (m) and (N) classified observations on

Choloepus didactylus Linnaeus’s Two-toed Sloth pelejo colorado Beam, 
Rope

20.8 m (2) LC - Decreasing 
(Chiarello et al. 2022)33.5 m (12)

Coendou l. 
longicaudatus

Long-tailed Porcupine cashacushillo Beam, 
Rope

20.8 m (5) LC - Stable 
(Marinho-Filho and Emmons 2016)33.5 m (5)

Coendou ichillus Streaked Dwarf Porcupine puercoespín enano rayado Beam, 
Rope

20.8 m (4) DD (Weksler et al. 2016)

33.5 m (2)

Coendou bicolor Bicolor-spined Porcupine puercoespín bicolor Beam, 
Rope

20.8 m (2) LC - Trend Unknown 
(Delgado 2016)33.5 m (3)

Caluromys lanatus Brown-eared Woolly Opossum zarigüeya lanuda occidental Beam 20.8 m (2) LC - Decreasing (Costa et al. 2021)

Pithecia sp. Saki Monkey saki/huapo negro Beam 20.8 m (1) LC – Decreasing (IUCN 2024)

Echimyidae Neotropical Spiny Rats ratón espinoso Beam 20.8 m (1) -

Figure 4. Mammal use of structural components of the canopy walkway (walkway bridges or beams) on the Amazon 
Conservatory for Tropical Studies Canopy Walkway. Walkway bridges received the greatest overall use, with a greater 
diversity of mammals observed on the beams than bridges.
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(Coendou bicolor) (Suppl. material 1: video S2), saki monkey (Pithecia sp.), Neo-
tropical spiny rat (Echimyidae), and brown-eared woolly opossum (Caluromys 
lanatus) (Suppl. material 1: video S3), in addition to the incidental chiropteran 
species. Mammals were next most frequently observed in the upper canopy 
(at 33.5 m), and no mammals were recorded by the camera trap at 12.1 m. 
During the study period, environmental conditions significantly varied by can-
opy layer (Table 2): temperature (χ2

2 = 35.785, P < 0.001; Fig. 6a) and wind 
speed (χ2

2 = 64.143, P < 0.001; Fig. 6b) were highest in the upper canopy and 
decreased toward the forest floor, whereas humidity (χ2

2 = 43.569, P < 0.001; 
Fig. 6c) was greatest at the forest floor and decreased toward the canopy.

Most mammal activity was first recorded between 1900 and 2100 h and 
concluded by 0200 h, though Choloepus didactylus continued to be active until 
0400 h (Fig. 7). Mammal diversity peaked between 2000 and 2200 h; during 
this period, mean temperature was 24.3 °C ± 0.09 and mean humidity was 
84.6% ± 0.73, both significantly higher than the mean at nighttime (1800 to 
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Figure 5. Species observations by height above ground for two camera traps (set at 20.8 m, orange; 33.5 m, green) where 
mammals were recorded on the Amazon Conservatory for Tropical Studies Canopy Walkway.

Table 2. Pairwise comparisons of three environmental variables (temperature (°C), relative humidity (%), and wind speed 
(m/s)) measured at the forest floor (1 m above ground, “Floor”), mid-canopy (20 m, “Mid”), and upper canopy (36 m, 
“Upper”). Mean differences of each pairwise comparison shown, in addition to the P values from Tukey post hoc com-
parisons. Asterisks denote significant differences (P < 0.05).

Pairwise comparisons of walkway environmental variables
Variable Pairwise Comparison Difference P

Temperature Upper - Mid 0.25 0.023*

Upper - Floor 0.54 < 0.001*

Mid - Floor 0.29 0.007*

Humidity Upper - Mid -1.13 < 0.001*

Upper - Floor -1.74 < 0.001*

Mid - Floor -0.62 0.065

Wind Speed Upper - Mid 0.15 < 0.001*

Upper - Floor 0.18 < 0.001*

Mid - Floor 0.03 0.534
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floor (1 m, green squares), at the Amazon Conservatory for Tropical Studies Canopy Walkway.
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0600 h) (temperature: 23.7 °C ± 0.13; t = 3.74, P < 0.001; humidity: 82.0% ± 0.34; 
t = 3.26, P = 0.013). Wind speeds during the period of peak mammal observa-
tions did not differ from mean nighttime wind speed (0.12 m/s ± 0.03 versus 
0.07 m/s ± 0.01, respectively; t = 1.46, P = 0.193).

Discussion

This study provides a snapshot of arboreal mammal use of an artificial canopy 
walkway system in a tropical forest with continuous canopy cover in the north-
eastern Peruvian Amazon. Our findings demonstrate that many arboreal mam-
mal species, even cryptic and reclusive species like Coendou ichillus, actively 
use human-made canopy structures, even within a continuous, non-fragmented 
forest. Most mammals used the rope bridges of the walkway; although bridge 
floor planks were available, no usage was observed, and camera angles likely 
would have captured it if it occurred. Most mammals recorded used the walk-
way system for movement, with little evidence of foraging (though porcupines 
chewed on walkway beams). This suggests that the canopy walkway is used 
primarily by mammals as movement corridors, rather than foraging hotspots.

Mammal activity patterns, beginning around 1900 h and peaking between 
2000 and 2200 h, correspond to similar findings by other studies of arboreal 
mammal behavior on natural canopy bridges (Gregory et al. 2015; Gregory et al. 
2022b). In the larger study conducted by Gregory et al. (2022b), 5,000 observed 
individual events were recorded, accounting for 27 arboreal mammal species, 
with 87.4% of events at natural canopy bridges occurring between 1800 and 
0600 hr. In our study, we found that mammal activity peaked while tempera-
ture and humidity were relatively high, suggesting that these conditions may 
either be favorable for arboreal mammal foraging and social activities, or cor-
related with some other aspect of their environment or biology, perhaps related 
to increased foraging motivation during their first few hours of activity. These 
findings also suggest that efforts could be taken to minimize disturbance to 
artificial canopy bridges in fragmented forests during these peak movement 
hours and (potentially) while temperature and humidity remain relatively high.

We found that the mid-canopy (ca. 21 to 27 m) was the most heavily used 
canopy layer, with activity decreasing at lower (less than 20 m) and higher 
(above 27 m) layers, possibly reflecting a preference for lower-risk, more con-
cealed pathways through the canopy (Ferrari 2009). The upper canopy was 
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Figure 7. Mammal observations (with individual observations indicated by asterisks) throughout the duration of the sam-
pling period (1800 h to 0600 h) on the Amazon Conservatory for Tropical Studies Canopy Walkway. Blue bars indicate the 
time range of observations per mammal or group.
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characterized by higher temperatures and wind speeds, conditions that may be 
less favorable for some species, and consistent with the trends for small mam-
mals observed by Basham et al. (2023). These microclimatic differences are 
likely to influence the activity patterns and habitat selection of arboreal mam-
mals, highlighting the need for canopy connectivity via walkway design that 
accounts for both environmental gradients and species-specific requirements.

A particular species of note that was observed in this study is the data-deficient 
streaked dwarf porcupine (Coendou ichillus), which was only relatively recently 
recognized by Western science when researchers noted distinctive morphological 
traits on a specimen collected from von Baumann-Roosevelt’s 1936 Expedition in 
Ecuador (Voss and Da Silva 2001); the first live documentation of C. ichillus was re-
ported in 2013 (Gregory et al. 2015). Previous work identified seasonal variation in 
the activity of C. ichillus (Gregory et al. 2022b) and similar activity times (between 
1800 and 0500 h, with activity peaking at 2000 h) as we identified in our study (2000 
to 0100 h). Erethizontids, to which C. ichillus belongs, are characterized by their re-
clusive cryptic behavior which contributes to the limited available data (Menezes et 
al. 2020); observing their activity periods could provide additional insights into their 
behavior, leading to appropriate conservation measures and outcomes.

The role of anthropogenic structures in promoting connectivity among forest 
fragments is of particular interest in conservation biology (e.g., Soanes et al. 
2015, Weston et al. 2011, Yap et al. 2022). Given the increasing fragmentation 
of tropical forests, the use of these structures offers a promising and effective 
solution to maintain natural mammal population movements (e.g., Gregory et 
al. 2017, Chan et al. 2020, Birot et al. 2020). Understanding how mammals use 
artificial canopy walkways in a continuous forest may enable future planning of 
more naturally structured or accessible artificial bridges.

Conclusion

Here, we provide a snapshot of how arboreal mammals in the Amazon Ba-
sin use an artificial canopy walkway system. This study is one of the first to 
measure mammal use of human-made canopy structures in a tropical forest 
with a continuous canopy, and we provide baseline data on species visitations 
and their spatial and temporal patterns of use. Greater understanding of how 
arboreal mammals interact with these structures in forests could inform the 
design and implementation of wildlife bridges in fragmented forests to miti-
gate the effects of habitat fragmentation on canopy species. Much remains 
to be explored regarding the long-term ecological impacts of these structures 
on populations and their role in supporting biodiversity. Our findings suggest 
that artificial canopy walkways are used by many nocturnal mammal species, 
although further research is needed to assess their effectiveness more broadly 
in the Amazon and across various levels of forest fragmentation.

Acknowledgements

We thank Pam Bucur, Junior Pizango Melendez, Brian Griffiths, Christa Dilla-
baugh, the Morpho Institute, and staff at Amazon Explorama Lodges who all 
helped to support this study. This study was reviewed and approved by the 
Amazon Conservatory for Tropical Studies (approval #22-103).



291Neotropical Biology and Conservation 20(3): 281–294 (2025), DOI: 10.3897/neotropical.20.e154791

Justin Santiago & Lindsey Swierk: Arboreal mammal use of canopy bridges in an Amazonian forest

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Funding
No funding was reported.

Author contributions
J.S. designed the study and developed the methodology, with guidance from L.S. J.S. 
deployed and maintained camera traps and compiled resulting data, and L.S. collected 
environmental data and performed statistical analyses. J.S. and L.S. wrote the manu-
script and interpreted the results.

Author ORCIDs
Lindsey Swierk  https://orcid.org/0000-0001-7897-0275

Data availability
All of the data that support the findings of this study are available in the main text or 
Supplementary Information.

References

Abreu MSL, Oliveira LRD (2014) Patterns of arboreal and terrestrial space use by 
non-volant small mammals in an Araucaria forest of southern Brazil. Anais da 
Academia Brasileira de Ciências 86(2): 807–819. https://doi.org/10.1590/0001-
3765201420130063

Basham EW, Baecher JA, Klinges DH, Scheffers BR (2023) Vertical stratification patterns 
of tropical forest vertebrates: A meta-analysis. Biological Reviews of the Cambridge 
Philosophical Society 98: 99–114. https://doi.org/10.1111/brv.12896

Bates D, Mächler M, Bolker B, Walker S (2015) Fitting linear mixed-effects models using 
lme4. Journal of Statistical Software 67(1): 1–48. https://doi.org/10.18637/jss.v067.i01

Birot H, Campera M, Imron MA, Nekaris KAI (2020) Artificial canopy bridges improve connec-
tivity in fragmented landscapes: The case of Javan slow lorises in an agroforest environ-
ment. American Journal of Primatology 82: e23076. https://doi.org/10.1002/ajp.23076

Bowler M, Tobler MW, Endress BA, Gilmore MP, Anderson M (2017) Estimating mamma-
lian species richness and occupancy in tropical forest canopies with arboreal cam-
era traps. Remote Sensing in Ecology and Conservation 3(3): 146–157. https://doi.
org/10.1002/rse2.35

Brockelman WY, McConkey KR, Nathalang A, Somnnuk R, Santon J, Matmoon U (2022) 
Dispersal success of a specialized tropical tree depends on complex interactions 
among diverse mammalian frugivores. Global Ecology and Conservation 40: e02312. 
https://doi.org/10.1016/j.gecco.2022.e02312

Chan BPL, Lo YFP, Hong XJ, Mak CF, Ma Z (2020) First use of artificial canopy bridge by 
the world’s most critically endangered primate the Hainan gibbon Nomascus hain-
anus. Scientific Reports 10(1): 15176. https://doi.org/10.1038/s41598-020-72641-z

https://orcid.org/0000-0001-7897-0275
https://doi.org/10.1590/0001-3765201420130063
https://doi.org/10.1590/0001-3765201420130063
https://doi.org/10.1111/brv.12896
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1002/ajp.23076
https://doi.org/10.1002/rse2.35
https://doi.org/10.1002/rse2.35
https://doi.org/10.1016/j.gecco.2022.e02312
https://doi.org/10.1038/s41598-020-72641-z


292Neotropical Biology and Conservation 20(3): 281–294 (2025), DOI: 10.3897/neotropical.20.e154791

Justin Santiago & Lindsey Swierk: Arboreal mammal use of canopy bridges in an Amazonian forest

Chiarello A, Plese T, De Thoisy B, Pool M, Aliaga-Rossel E, Santos P, Moraes-Bar-
ros N (2022) Choloepus didactylus. The IUCN Red List of Threatened Species 
2022: e.T4777A210443323. https://doi.org/10.2305/IUCN.UK.2022-2.RLTS.
T4777A210443323.en

Costa LP, Astúa D, Brito D, Lew D, Tarifa T (2021) Caluromys lanatus (amend-
ed version of 2015 assessment). The IUCN Red List of Threatened Species 
2021: e.T3648A197310136. https://doi.org/10.2305/IUCN.UK.2021-1.RLTS.
T3648A197310136.en

Cudney-Valenzuela SJ, Arroyo-Rodríguez V, Morante-Filho JC, Toledo-Aceves T, Andre-
sen E (2023) Tropical forest loss impoverishes arboreal mammal assemblages by 
increasing tree canopy openness. Ecological Applications 33(1): e2744. https://doi.
org/10.1002/eap.2744

Delgado C (2016) Coendou bicolor. The IUCN Red List of Threatened Species 
2016: e.T5083A22214310. https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.
T5083A22214310.en

Eisenberg JF, Thorington RW (1973) A preliminary analysis of a Neotropical mammal 
fauna. Biotropica 5(3): 150–161. https://doi.org/10.2307/2989807

Ferrari SF (2009) Predation risk and antipredator strategies. In: Garber PA, Estrada A, 
Bicca-Marques JC, Heymann EW, Strier KB (Eds) South American Primates. Devel-
opments in Primatology: Progress and Prospects. Springer, New York. https://doi.
org/10.1007/978-0-387-78705-3_10

Flatt E, Basto A, Pinto C, Ortiz J, Navarro K, Reed N, Brumberg H, Chaverri MH, Whitworth 
A (2022) Arboreal wildlife bridges in the tropical rainforest of Costa Rica’s Osa Pen-
insula. Folia Primatologica 93(3–6): 419–435. https://doi.org/10.1163/14219980-
20211109

Gregory T, Lunde D, Zamora-Meza HT, Carrasco-Rueda F (2015) Records of Coendou ich-
illus (Rodentia, Erethizontidae) from the Lower Urubamba Region of Peru. ZooKeys 
509: 109–121. https://doi.org/10.3897/zookeys.509.9821

Gregory T, Carrasco-Rueda F, Alonso A, Kolowski J, Deichmann JL (2017) Natural cano-
py bridges effectively mitigate tropical forest fragmentation for arboreal mammals. 
Scientific Reports 7(1): 3892. https://doi.org/10.1038/s41598-017-04112-x

Gregory T, Abra F, Linden B, Nekaris KAI, Soanes K, Teixeira FZ (2022a) A new window 
into canopy bridges as a mitigation strategy for arboreal mammals. Folia Primatolog-
ica 93(3–6): 197–203. https://doi.org/10.1163/14219980-930306IN

Gregory T, Carrasco-Rueda F, Balbuena D, Kolowski J (2022b) Rush hour: Arboreal mam-
mal activity patterns in natural canopy bridges in the Peruvian Amazon. Folia Prima-
tologica 93(3–6): 465–477. https://doi.org/10.1163/14219980-20211209

Huarcaya RP, Beirne C, Rojas SJS, Whitworth A (2019) Camera trapping reveals a diverse 
and unique high-elevation mammal community under threat. Oryx 54(6): 901–908. 
https://doi.org/10.1017/S0030605318001096

IUCN (2024) The IUCN Red List of Threatened Species. Version 2024-2. https://www.
iucnredlist.org

Kays R, Allison A (2001) Arboreal tropical forest vertebrates: Current knowledge and 
research trends. In: Tropical Forest Canopies: Ecology and Management. Forestry 
Sciences 69: 109–120. https://doi.org/10.1007/978-94-017-3606-0_9

Klimeš P, Idigel C, Rimandai M, Fayle TM, Janda M, Weiblen GD, Novotný V (2012) Why 
are there more arboreal ant species in primary than in secondary tropical forests? 
Journal of Animal Ecology 81(5): 1103–1112. https://doi.org/10.1111/j.1365-
2656.2012.02002.x

https://doi.org/10.2305/IUCN.UK.2022-2.RLTS.T4777A210443323.en
https://doi.org/10.2305/IUCN.UK.2022-2.RLTS.T4777A210443323.en
https://doi.org/10.2305/IUCN.UK.2021-1.RLTS.T3648A197310136.en
https://doi.org/10.2305/IUCN.UK.2021-1.RLTS.T3648A197310136.en
https://doi.org/10.1002/eap.2744
https://doi.org/10.1002/eap.2744
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T5083A22214310.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T5083A22214310.en
https://doi.org/10.2307/2989807
https://doi.org/10.1007/978-0-387-78705-3_10
https://doi.org/10.1007/978-0-387-78705-3_10
https://doi.org/10.1163/14219980-20211109
https://doi.org/10.1163/14219980-20211109
https://doi.org/10.3897/zookeys.509.9821
https://doi.org/10.1038/s41598-017-04112-x
https://doi.org/10.1163/14219980-930306IN
https://doi.org/10.1163/14219980-20211209
https://doi.org/10.1017/S0030605318001096
https://www.iucnredlist.org
https://www.iucnredlist.org
https://doi.org/10.1007/978-94-017-3606-0_9
https://doi.org/10.1111/j.1365-2656.2012.02002.x
https://doi.org/10.1111/j.1365-2656.2012.02002.x


293Neotropical Biology and Conservation 20(3): 281–294 (2025), DOI: 10.3897/neotropical.20.e154791

Justin Santiago & Lindsey Swierk: Arboreal mammal use of canopy bridges in an Amazonian forest

Kurten EL, Wright SJ, Carson WP (2015) Hunting alters seedling functional trait compo-
sition in a Neotropical forest. Ecology 96(7): 1923–1932. https://doi.org/10.1890/14-
1735.1

Lapola DM, Pinho P, Barlow J, Aragão LEOC, Berenguer E, Carmenta R, Liddy HM, Seixas 
H, Silva CVJ, Silva-Junior CHL, Alencar AAC, Anderson LO, Armenteras D, Brovkin 
V, Calders K, Chambers J, Chini L, Costa MH, Faria BL, Walker WS (2023) The driv-
ers and impacts of Amazon forest degradation. Science 379(6630): eabp8622. 
[Advance online publication] https://www.science.org/doi/10.1126/science.ab-
p8622#tab-citations

Lenth R (2024) emmeans: Estimated marginal means, aka Least-Squares Means. R 
package version 1.10.6. https://CRAN.R-project.org/package=emmeans

Madigosky SR (2004) Tropical microclimatic considerations. In: Lowman MD, HB Rinker 
(Eds) Forest canopies. Elsevier and Academic Press Publishing, San Diego, 24–48. 
https://doi.org.:10.1016/B978-012457553-0/50006-X

Marinho-Filho J, Emmons L (2016) Coendou prehensilis. The IUCN Red List of Threat-
ened Species 2016: e.T101228458A22214580. https://doi.org/10.2305/IUCN.
UK.2016-2.RLTS.T101228458A22214580.en

McLean KA, Trainor AM, Asner GP, Margaret CC, Mariah EH, Christina JC, Roberta EM, 
David EK, Patrick AJ (2016) Movement patterns of three arboreal primates in a Neo-
tropical moist forest explained by LiDAR-estimated canopy structure. Landscape 
Ecology 31: 1849–1862. https://doi.org/10.1007/s10980-016-0367-9

Menezes FH, Garbino GST, Semedo TBF, Lima M, Feijó A, Cordeiro-Estrela P, Da Costa 
IR (2020) Major range extensions for three species of porcupines (Rodentia: Erethi-
zontidae: Coendou) from the Brazilian Amazon. Biota Neotropica 20(2): e20201030. 
https://doi.org/10.1590/1676-0611-bn-2020-1030

Menezes FH, Feijó A, Fernandes-Ferreira H, Ribeiro da Costa I, Cordeiro-Estrela P (2021) 
Integrative systematics of neotropical porcupines of Coendou prehensilis complex 
(Rodentia: Erethizontidae). Journal of Zoological Systematics and Evolutionary Re-
search 59: 2410–2439. https://doi.org/10.1111/jzs.12529

Peres CA, Gardner TA, Barlow J, Zuanon J, Michalski F, Lees AC, Vieira ICG, Moreira FMS, 
Feeley KJ (2010) Biodiversity conservation in human-modified Amazonian forest 
landscapes. Biological Conservation 143(10): 2314–2327. https://doi.org/10.1016/j.
biocon.2010.01.021

Pittet M, Bennett PM (2014) Examining the state of biodiversity using camera traps in 
the Pacaya Samiria National Reserve, Peru. CSIRO Publishing eBooks. https://doi.org
/10.1071/978148630040213.53.60.2014.13

R Core Team (2023) R: A language and environment for statistical computing. R Founda-
tion for Statistical Computing. Vienna, Austria. https://www.R-project.org/

Soanes K, Vesk PA, van der Ree R (2015) Monitoring the use of road-crossing struc-
tures by arboreal marsupials: Insights gained from motion-triggered cameras and 
passive integrated transponder (PIT) tags. Wildlife Research 42: 241–256. https://
doi.org/10.1071/WR14067

Stoner KE, Riba-Hernández P, Vulinec K, Lambert JE (2007) The role of mammals in 
creating and modifying seedshadows in tropical forests and some possible conse-
quences of their elimination. Biotropica 39: 316–327. https://doi.org/10.1111/j.1744-
7429.2007.00292.x

Tanwar KS, Sadhu A, Jhala YV (2021) Camera trap placement for evaluating species 
richness, abundance, and activity. Scientific Reports 11(1): 23050. https://doi.
org/10.1038/s41598-021-02459-w

https://doi.org/10.1890/14-1735.1
https://doi.org/10.1890/14-1735.1
https://www.science.org/doi/10.1126/science.abp8622#tab-citations
https://www.science.org/doi/10.1126/science.abp8622#tab-citations
https://CRAN.R-project.org/package=emmeans
https://doi.org.:10.1016/B978-012457553-0/50006-X
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T101228458A22214580.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T101228458A22214580.en
https://doi.org/10.1007/s10980-016-0367-9
https://doi.org/10.1590/1676-0611-bn-2020-1030
https://doi.org/10.1111/jzs.12529
https://doi.org/10.1016/j.biocon.2010.01.021
https://doi.org/10.1016/j.biocon.2010.01.021
https://doi.org/10.1071/978148630040213.53.60.2014.13
https://doi.org/10.1071/978148630040213.53.60.2014.13
https://www.R-project.org/
https://doi.org/10.1071/WR14067
https://doi.org/10.1071/WR14067
https://doi.org/10.1111/j.1744-7429.2007.00292.x
https://doi.org/10.1111/j.1744-7429.2007.00292.x
https://doi.org/10.1038/s41598-021-02459-w
https://doi.org/10.1038/s41598-021-02459-w


294Neotropical Biology and Conservation 20(3): 281–294 (2025), DOI: 10.3897/neotropical.20.e154791

Justin Santiago & Lindsey Swierk: Arboreal mammal use of canopy bridges in an Amazonian forest

Tobler MW, Carrillo-Percastegui SE, Pitman RL, Marés R, Powell G (2008) An evalua-
tion of camera traps for inventorying large- and medium-sized terrestrial rainforest 
mammals. Animal Conservation 11(3): 169–178. https://doi.org/10.1111/j.1469-
1795.2008.00169.x

Tregidgo D, Lan Q, Barlow J, Sodhi NS, Lim SL (2010) Vertical stratification responses of 
an arboreal dung beetle species to tropical forest fragmentation in Malaysia. Biotrop-
ica 42(5): 521–525. https://doi.org/10.1111/j.1744-7429.2010.00649.x

Voss RS, Da Silva MN (2001) Revisionary notes on Neotropical porcupines (Roden-
tia: Erethizontidae). 2. A review of the Coendou vestitus group with descriptions of 
two new species from Amazonia. American Museum Novitates 2001(3351): 1–36. 
https://doi.org/10.1206/0003-0082(2001)351%3C0001:RNONPR%3E2.0.CO;2

Weksler M, Anderson RP, Gómez-Laverde M (2016) Coendou ichillus. The IUCN Red List 
of Threatened Species 2016: e.T136597A22213629. https://doi.org/10.2305/IUCN.
UK.2016-2.RLTS.T136597A22213629.en

Weston N, Goosem M, Marsh H, Cohen M, Wilson R (2011) Using canopy bridges to link 
habitat for arboreal mammals: Successful trials in the wet tropics of Queensland. 
Australian Mammalogy 33: 93–105. https://doi.org/10.1071/AM11003

Whitworth A, Beirne C, Pillco RH, Whittaker L, Serrano-Rojas SJ, Tobler MW, MacLeod 
R (2019) Human disturbance impacts on rainforest mammals are most notable in 
the canopy, especially for larger-bodied species. Diversity & Distributions 25: 1166–
1178. https://doi.org/10.1111/ddi.12930

Wilson RF, Marsh H, Winter J (2007) Importance of canopy connectivity for home range 
and movements of the rainforest arboreal ringtail possum (Hemibelideus lemuroi-
des). Wildlife Research 34: 177–184. https://doi.org/10.1071/WR06114

Wittmann F, Junk WJ (2016) The Amazon River Basin. In: Finlayson C, Milton G, Prentice 
R, Davidson N (Eds) The Wetland Book. Springer, 1–20. https://doi.org/10.1007/978-
94-007-6173-5_83-1

Yap JL, Rosely NFN, Mahadzir M, Benedict ML, Muniandy V, Ruppert N (2022) “Ah 
Lai’s Crossing” – Malaysia’s first artificial road canopy bridge to facilitate safer 
arboreal wildlife crossings. Folia Primatologica 93(3–6): 255–269. https://doi.
org/10.1163/14219980-20211105

Supplementary material 1

Supplementary information

Authors: Justin Santiago, Lindsey Swierk
Data type: zip
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/neotropical.20.e154791.suppl1

https://doi.org/10.1111/j.1469-1795.2008.00169.x
https://doi.org/10.1111/j.1469-1795.2008.00169.x
https://doi.org/10.1111/j.1744-7429.2010.00649.x
https://doi.org/10.1206/0003-0082(2001)351%3C0001:RNONPR%3E2.0.CO;2
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T136597A22213629.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T136597A22213629.en
https://doi.org/10.1071/AM11003
https://doi.org/10.1111/ddi.12930
https://doi.org/10.1071/WR06114
https://doi.org/10.1007/978-94-007-6173-5_83-1
https://doi.org/10.1007/978-94-007-6173-5_83-1
https://doi.org/10.1163/14219980-20211105
https://doi.org/10.1163/14219980-20211105
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neotropical.20.e154791.suppl1

	Arboreal mammal use of canopy walkway bridges in an Amazonian forest with continuous canopy cover
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Additional information
	References

