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INTRODUCTION 

The yellow-tailed woolly monkey (Lagothrix flavicauda) is one of the largest Platyrrhine 

primates and is endemic to the cloud forests of the eastern Andes of Peru. It is found in the 

regions of Amazonas, San Martín, Huánuco, La Libertad, Loreto (Shanee 2011) and recently 

a population has been found in Junín (McHugh et al. 2020, Zarate et al. 2023). This species 

is considered Critically Endangered (CR, Criteria A4cd) by the International Union for 

Conservation of Nature (Shanee et al. 2021) and under Peruvian law (D.S. 004-2014-

MINAGRI) due to habitat loss and fragmentation, commercial and subsistence hunting, pet 

trade, and anthropogenic activities that promote land use change and unsustainable resource 

exploitation (Shanee 2011, Shanee 2012, Shanee & Shanee 2014). Believed extinct by 

scientists until 1974, this year marks the 50th anniversary of its rediscovery. It will also be 

included for the fourth time on the 2022-24 list of the world’s 25 most endangered primate 

species (Shanee, personal communication). 

Conservation work for Lagothrix flavicauda in Peru led by NPC started in 2007, using the 

species as a ‘flagship’ to carry out different conservation actions in the eastern montane 

forests of the Andes (Shanee & Shanee 2009). So far, measures such as land protection, 

research, reforestation, environmental education, economic alternatives, and voluntary 

conservation agreements have been implemented. In 2008-2009, a first population census 

was conducted near La Esperanza, Amazonas, prior to starting conservation actions (Shanee 

2011), and subsequently, in 2012-2013, a second comparative study was carried out which 

showed an increase in the number of individuals in the population of approximately 35.9%, 

with the only significant increases being in infant and juvenile individuals, suggesting 

population growth through natural increase (Shanee & Shanee 2015). 

We carried out a one year population census to continue the monitoring work that we have 

been carrying out since 2008.  We also carried out a study on deforestation rates in the study 

area and wider landscape across and between the study periods. 

 

 



METHODS 

Study site 

We conducted census work near the Centro Poblado La Esperanza, Amazonas department, 

on the eastern slopes of the Andes in north Peru (Fig. 1). The area, known locally as El Toro 

(S 05°39′46′′, W 77°54′32′′), lies between 1,800 and 2,300 m.a.s.l. and encompasses ca. 700 

ha of disturbed primary forest and regenerating secondary forest interspersed with pasture 

(Fig. 2). This area is part of a natural biological corridor and is located between 6 protected 

areas where the species presence has been recorded: Zona Reservada Río Nieva, Santuario 

Nacional Cordillera de Colan, Reserva Comunal Chayu-Nain, Bosque de Proteccion Alto 

Mayo, the Area de Conservacion Privada Abra Patricia-Alta Nieva and the Area de 

Conservation Privada La Pampa del Burro. 

 
Fig 1. Location of the study site, with inset showing location in Peru. Map shows the location 

of transects and approximate area of influence of the study groups major habitat types and 

infrastructure. 



Average annual temperature range at the site is between 12°C and 17°C, total annual 

precipitation is ~3,915 mm and potential evapotranspiration ratio level fluctuates between 

0.125 and 0.25 ml/s (Aybar-Camacho & Lavado-Casimiro 2017). Climate in the area is very 

humid (B4) and warm temperate (B’3) typical of montane forests (Vargas, 2010). The terrain 

is very rugged, with high ridges and deep valleys characterized by primary premontane and 

montane cloud forest dominated by Moraceae, Urticaceae, Melastomataceae, Rubiaceae and 

Lauraceae. 

 
Fig. 2. Landscape at the study site. 



 
Fig. 3. El Toro forest. 

Density estimation 

Survey work started in July 2023 and ended in July 2024, completing 12 months of fieldwork. 

As much as possible we followed standardized line transect methodology (Peres, 1999; 

Plumptre and Cox 2006; Marshall et al. 2008; Buckland et al. 2010a; Buckland et al. 2010b). 

A total of 4 transects were established (6.55 km total distance), which were walked by a 

researcher and a local guide at a speed of approximately 1 km/h, stopping every 100m for 5 

minutes for better detection probability. The transects were measured using a GPS (Garmin 

GPSMap 60CSx) and marked every 50 meters with flagging tape. We surveyed the transects 

for 5 days every 2 weeks. We walked each transect twice on each field trip, once between 

06:30 and 11:00 h and once between 14:00 and 18:30 h, with minimum 24 h between walks 

on the same transect. We included data collected on return walks in the census and used 

group counts to calculate average group size for the area. We measured perpendicular 

distances from the transect to the center of the observed group using a 50-meter tape measure 

(Fig. 3). When this was not possible, due to long distances or inaccessible terrain, we 

estimated the distances visually. 



We recorded data on standardized record sheets and included weather condition, species 

identity, group size and composition (we defined categories as adult male, adult female, 

juvenile, and non-locomoting infant) and location of detection along the transect. We also 

recorded forest strata used, and vegetation features. We allocated ≤10 min to obtaining group 

size counts (Marshall et al. 2008). When counts were incomplete or inaccurate we used mean 

group size from all reliable counts for analyses, including counts from return walks and other 

occasions at the study site. 

 
Fig 4. Researchers marking the transects with flagging tape. 



 
Fig 5. Transect marked. 

Deforestation rates 

We estimated changes in forest cover between study periods by utilizing high-resolution 

satellite imagery from the Landsat 9 satellite at 30 x 30m pixel resolution (all Path/Row 

009/064), with cloud cover <20%. All datasets were projected in UTM 18S (Datum WGS84). 

Following the methodology of Wyman and Stein (2011), we employed a hybrid 

supervised/unsupervised classification approach, implementing the Gaussian Maximum 

Likelihood technique with 30 training samples for the unsupervised classification process. 

To refine our land cover change estimates from the image classification, we visually verified 

and validated the results using our training samples, GPS points, and our understanding of 

land uses in the study area to address any discrepancies. We then compared the resultant 

landcover maps with those from previous studies conducted in 2008-2009 and 2012-2013 

(Shanee & Shanee 2011, 2015), highlighting any newly deforested areas. 

To estimate the possible effect of local deforestation on the population increase in our study 

area due to the possible migration of groups from recently deforested adjacent areas and/or 

displaced due to hunting pressure in forested areas contiguous to our study area, we used two 

thresholds to define distances of possible influence (low and likely). We used information on 



the dispersal distances of Lagothrix poeppigii and Ateles belzebuth groups using radiocollars 

(Di Fiore et al. 2009) and Alouatta seniculus (Pope 1989, cited in Di Fiore et al. 2009) to 

estimate a possible migration distance for L. flavicauda groups at our study site. Based on 

this, we estimated a low influence area by using a 10km buffer around all transects used for 

the census. This distance roughly approximates 7 L. flavicauda home ranges diameters, 

calculated from previous studies at the same study site (Shanee 2014b). We estimated a likely 

influence area using an 800 meter (2 home range) buffer in the same way. We then clipped 

the landcover layers to these thresholds to estimate deforestation rates at the site. 

RESULTS AND DISCUSSION 

Density 

We completed a total of 994.2 km of transect walks, with a total of 176 detections of L. 

flavicauda between direct observations and vocalizations. Detection distances were left 

truncated to 100m. Using Distance 7.5 software, we estimated an average group size of 17.8 

(SE = 0.25) individuals, with a detection probability of 73.8% (SE = 3.7). The model with 

the lowest coefficient of variation for group density (CV = 8.61) and individuals (CV = 9.14) 

and the lowest AIC value; and which best defined the detection function, was the Uniform 

model with a Simple Polynomial expansion series using 8 distance intervals (Fig. 4).  

Group density was estimated at 2.9 groups/km2 (SE = 0.25) and individual density at 52.1 

individuals/km2 (SE = 4.76). The factors that most affected density were encounter rate 

(58.6%), detection probability (30.2%) and to a lesser extent group size (11.2%). 

 
Fig. 4. Probability detection histogram. 



We found an increase in both individual density (+82.2%) and group density (+64.5%) 

compared to the previous study (2008/2009) (Table 1). This increase was higher than that 

recorded between the previous studies. Group size also increased over both previous surveys, 

as did increases in the numbers of each age/sex class, which were proportionally greatest in 

adult females and infants.  

The age/sex class with the greatest growth over the years was infants, followed by juveniles 

and adult females. The increase in the juvenile population could be an indicator of improved 

survival rates among infants, allowing adult females to have more offspring. This trend is 

likely linked to the cessation of hunting in the study area, which disproportionately affects 

adult females and young animals. Overall, these findings suggest that the increase in 

population density is due to natural growth, with higher birth rates and improved survival 

rates among infants. 

Table 1. Mean population densities and group composition from each census year. 

Item 2008/2009 2012/2013 2023/2024 

Change  

2008/2009 to 

2012/2013 

(No/%) 

Change  

2012/2013 to 

2023/2024 

(No/%) 

Change  

2008/2009 to 

2023/2024 

(No/%) 

Group density (Km2) 1.04 1.28 2.93 +0.24/18.8% +1.65/56.3% +1.89/64.5% 

Individual density (Km2) 9.26 14.45 52.1 +5.19/35.9% +37.65/72.3% +42.84/82.2% 

Group size 8.9 11.32 17.78 +2.42/21.2% +6.46/36.3% +8.88/49.9% 

Adult males 2.3 2.8 3.2 +0.5/17.8% +0.4/12.5% +0.9/28.1% 

Adult females 2.3 3.5 5.9 +1.2/34.2% +2.4/40.7% +3.6/61.0% 

Juveniles 1.5 3.2 4.2 +1.7/53.1% +1.0/23.8% +2.7/64.3% 

Infants 0.4 2.1 2.7 +1.7/80.9% +0.6/22.2% +2.3/85.2% 

  

 

 

 

 



Deforestation rates 

Based on our two buffer zones, we evaluated areas of 40,740 ha (10km buffer) and 979ha 

(800m buffer) (Table 2).  

 

Table 2. Characteristics of two buffer used for analysis. 

Area Buffer 10km Buffer 800m 

Area total (ha) 40,740 979 

Area without cloud cover (ha) 36,221 956 

Percentage cloud cover 11.1% 2.4% 

Our analysis of deforestation in the wider study area showed a slowed deforestation rate 

between 2013-2022 (767ha), compared to 2007-2013 (803ha); despite twice as long between 

surveys (Table 3). However, a small increase in deforestation rate was observed for the 800m 

buffer, comparing the same sampling periods.  

 
Fig. 5: Map of landcover change in the area surrounding the study site between surveys. Map 

shows the two buffers used to represent different levels of influence on local populations of 

Lagothrix flavicauda. 



Table 3. Deforestation between 2007, 2013 and 2022 in El Toro, Region Amazonas, Peru. 

Area Buffer 10 km Buffer 800 m 

2007 10,050 81.7 

2013 10,853 106.4 

2022 11,620 161 

Decrease 2007 to 2013 803 24.7 

Decrease 2013 to 2022 767 54.6 

Decrease 2007 to 2022 1,570 79.3 

Deforestation/year (2007 to 2013) 133.3 Ha/year 4.12 Ha/year 

Deforestation/year (2013 to 2022) 85.2 Ha/year 6.06 Ha/year 

Deforestation/year (2007 to 2022) 104.6 Ha/year 5.28 Ha/year 

In general, a decrease in deforestation rates has been observed in Peru during the period 2013-

2022; although some studies have also found increases in small-scale deforestation. For 

example, in Putumayo, Loreto, a 27.03% reduction in deforestation was found, but an 

increase of 6.5% in deforestation of primary forests (Montánchez-Picardo 2022). Similarly, 

a study conducted in Madre de Dios, a region with 91% of its forest cover intact, showed a 

3% reduction in annual deforestation in 2020, compared to 2019, after the declaration of 

emergency due to COVID 19. This difference was only 1% when considering only small-

scale deforestation (i.e. local farms) in primary forest, suggesting that farmers continued to 

clear areas during the pandemic, whereas industrial operations did not, or did, but to a lesser 

extent (Canahuire-Robles 2023). This decrease in deforestation rates on a larger scale could 

be due to the abandonment and regeneration of deforested areas or the lack of increase in 

forestry activities by large companies; while the increase in small-scale deforestation could 

be mainly due to mobility restrictions imposed by the Peruvian government; thus, local 

people spent more time clearing small areas for cultivation during the health emergency. 

Community conservation/Environmental education/Training 

In addition to field work, we took advantage of the visits to El Toro to monitor the 

conservation work carried out by park rangers in the nearby Area de Conservacion Privada 

La Pampa del Burro, which is a protected area managed by the local community and which 

we have been supporting since its creation in 2012. Similarly, we carried out environmental 

education activities in the villages of La Esperanza, Miraflores, and Santa Rosa in April (Fig. 



6), which are adjacent to the study site and the protected area. We also made visits, together 

with San Diego Zoo, to the village of La Perla del Imaza, the closest village to the Area de 

Conservacion Privada La Pampa del Burro in May and October (Fig. 7). This year these 

activities reached around 160 children, who took part in classes on the importance of 

conserving the yellow-tailed woolly monkeys, Andean bears, their habitats, and other 

species, and the benefits of maintaining healthy forests and the ecosystem services they 

provide. 

 
Fig 6. Environmental education in La Esperanza.  

 

 
Fig 7. Environmental education in La Perla del Imaza.  



Other education activities included training and testing various students, volunteer and local 

field assistants in survey methods and at visually estimating distances to a satisfactory level. 

Many local, national and foreign students have been trained in field methods for censuses 

and have participated in record-keeping (Table 4); as well as in environmental education 

activities. In addition to the publication of density data obtained at the end of the study, two 

of our Peruvian students will use part of the results from the dry season and the rainy season 

census trips to conduct their undergraduate theses and two international students to obtain 

their master's degrees. 

Table 4. Local, national, and international students involved in the study so far. 

Name Nationality Profession Activity 

Claudia Gabriela Litano Avalo Peruvian Bachelor in biology 
Undergraduate 

thesis student 

Melissa Carolina Litano Avalo Peruvian Student Field assistant 

Lai Yang Tatiana Chu Vela Peruvian Bachelor in biology 
Undergraduate 

thesis student 

Sofia de los Ángeles Tucto Romero Peruvian Bachelor in biology Field assistant 

Luisa Antuanella Quinto Marca Peruvian Bachelor in biology Field assistant 

Silvia Santos Algaba Spanish 
Master in biodiversity 

conservation 
Field assistant 

Laura Marginé Argerich Spanish Student Field assistant 

Lea Dusquesnoy French Student Field assistant 

Leoni Calon French Student Field assistant 

Karolina Lodis French Marine biologist Field assistant 

Gregoire Michel French Student Field assistant 

Elisa Venturini French 
Master in biodiversity, 

ecology and evolution 
Field assistant 

Joanne Perrine Amel Martin French History and Political Science Field assistant 

Ozzy Moore British Postgraduate student 
Postgraduate 

thesis student 

Joana Elizabeth Casanova Guerra Venezuelan Environmental engineer Field assistant 

Micalah Julieann McCulloch Australian 
Bachelor in ecology and 

evolutionary biology 
Field assistant 

Antoine Rocaboy French 
Master in biodiversity, 

ecology and evolution 
Field assistant 

Barnaby Lindsell British Student Field assistant 



In November we presented the results of this study at the joint congress of Latin American 

Primatological Society (SLAPrim) and the Colombian Primatological Association (APC) in 

Pereira, Colombia (Fig. 8). This presentation was a part of a “Lagothrix: Behaviour, 

Conservation and Ecology” symposium organized by NPC.  

Fig. 8. NPC undergraduate thesis student Lai Yang Chu presenting this study in the Latin 

American Congress of Primatology. 

 

We are currently working on the first manuscript draft of a scientific paper to be submitted 

for publication in a peer-reviewed scientific journal. 
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ANNEXES 

Yellow tailed wolly monkey (Lagothrix flavicauda) 
 

 
 

 



 

 

 

 

 



NPC team in the field 

 



 

 



 

 



 



El Toro landscapes 
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