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ABSTRACT 

We assessed how habitat use and preference in the endemic, and Critically Endangered, yellow-

tailed woolly monkey (Lagothrix flavicauda) are linked to forest structure and composition. The 

study took place in the community of Yambrasbamba in Northeastern Peru. Very little is known 

about the spatial distribution and habitat preference of L. flavicauda. Our objective is to identify 

and highlight the characteristics of habitats most utilized by L. flavicauda in order to contribute to 

its conservation by providing information that will be useful for the selection of priority sites for 

habitat protection, and to improve habitat quality. The study site was classified into three different 

use zones, high, medium, and low use, according to the number of presence records collected from 

May 2013 to February 2014 for one group of L. flavicauda. Forest structure and composition were 

assessed for all use classes using the Gentry vegetation transects methodology. Results show great 

variation in species composition across the three use zones. Food plants have, predominately, 

greater density, dominance and ecological importance in high use zones. Use zones presented 

similar forest structure, a reverse J-shape diameter distribution. None of the structural variables 

analyzed seem to be related to preference in L. flavicauda. 
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INTRODUCTION 

The yellow-tailed woolly monkey, Lagothrix flavicauda, Sensu [Di Fiore et al., 2014] is endemic 

to the northeastern Peruvian Andes [Leo Luna, 1980; DeLuycker, 2007; Cornejo et al., 2008; 

Buckingham & Shanee, 2009; Shanee, 2011; Shanee et al., 2014]. Lagothrix flavicauda is 

classified as a Critically Endangered species by the IUCN [Cornejo et al., 2008].  It was thought 

to be extinct in the wild until 1974 [Mittermeier et al., 1975], and was listed among the top 25 

most endangered primate species in the world from 2000 until 2012 [Mittermeier et al., 2000, 

2002, 2006, 2007, 2009, 2012]. The trade of specimens of L. flavicauda is prohibited  

internationally [CITES, 2015] and nationally as it is listed as Critically Endangered by Peruvian 

law, in Supreme Decree No. 034-2004-AG [Shanee, 2012]. 

 

The complex interaction of several factors such as recent increasing human population growth, 

unregulated land use, increasing environmental temperature, changing rain patterns, deforestation, 

habitat fragmentation, and poaching threaten the survival of the species throughout its range 

[Mittermeier et al., 1977; Leo Luna, 1987; Butchart et al., 1995; DeLuycker, 2007; Cornejo et al., 

2009; Di Fiore et al., 2014; Shanee et al., 2014]  

 

The main threat faced by L. flavicauda is habitat loss [Leo Luna, 1980; DeLuycker, 2007; Shanee, 

2011; Shanee & Shanee, 2014]. Buckingham & Shanee [2009] estimated a minimum habitat loss 

of 56%. It is estimated that population has decreased between 46 and 93% since 1981 [Shanee & 

Shanee, 2014]. The area occupied by L. flavicauda remained well preserved until the 1950s 
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because of the difficult terrain and access [Buckingham & Shanee, 2009; Shanee & Shanee, 2014]. 

However, over the last decades the construction of roads and unplanned economic activities such 

as mining, energy generation, timber extraction, cattle ranching and agriculture [Dourojjeanni et 

al., 2009] have attracted migration into the area, which has increased deforestation and hunting 

rates dramatically. 

 

The threats faced by L. flavicauda plus its inherent traits that make it susceptible to extinction, 

such as small and decreasing population size, restricted distribution, slow life history, complex 

social structure, conspicuous behaviour and large size [Cardillo et al., 2005; Shanee & Shanee, 

2014] place L. flavicauda at serious risk of extinction. Habitat protection and management 

programs are needed to ensure the species survival [DeLuycker, 2007].  

 

Understanding habitat preference and use is an important aspect of primate ecology, and is 

essential for setting conservation strategies [Djègo-Djossou et al., 2015]. The main objective of 

this study is to characterize habitats utilized by L. flavicauda at different intensities (high, medium, 

low) and to identify the forest characteristics that are unique to the most utilized habitats. We aim 

to provide information on L. flavicauda that can contribute to the identification of priority 

conservation sites, information useful to improve habitat quality, and information useful to 

recuperate habitat when necessary. 
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METHODS 

Study Site and Study Species 

The study was conducted in the Yambrasbamba district, Bongara province, Amazonas department, 

northeastern Peru (S 05⁰ 39’ 46”, W 77⁰ 54’ 32”, fig 1). The study area, locally known as “El 

Toro”,  is located inside the Tropical Andes Biodiversity Hotspot [Myers et al., 2000]. The area 

comprises disturbed primary forest and regenerating secondary forest interspersed with pasture 

established for cattle ranching, all covering an area of 533 ha. The terrain is dominated by high 

ridges and deep valleys and altitudes at the site vary from 1,800 to 2,400 m.a.s.l. The average 

precipitation per month is 1,500 mm. The dry season occurs from May to October and wet season 

from October through April.  Average daytime temperature is 14⁰C (±5.7) [Shanee & Shanee, 

2011]. 
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Figure 1. Study site, located in northeast Peru, Amazonas Department, Bongara Province, 
Yambrasbamba District. 

 

Lagothrix flavicauda is the largest endemic primate to Peru [DeLuycker, 2007]. Individuals are 

robustly built and average head and body length varies from 51.5 to 53.5 cm [Mittermeier et al., 

1977]. They have thick, dense, red-brown colored fur [Leo Luna, 1987]. The most particular 

characteristics of the species are white colored hair around the mouth area, yellow colored hair on 

the ventral side of the final third of the tail, and a yellow genital tuft up to 15 cm in length in males, 

and a smaller tuft in adult females and sub-adult males [Mittermeier et al., 1977; Leo Luna, 1987] 

(fig. 2). The study group comprised 17 individuals; 7 adults (3 males, 4 females); 6 juveniles and 

4 infants.  
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Figure 2. Juvenil L. flavicauda at El Toro forest in Yambrasbamba district, Bongara province, 
Amazonas department, Peru. 

 

Habitat use classification 

Habitat use data were collected from May 2013 to February 2014 by the non-profit organization 

Neotropical Primate Conservation. Food sources, sleeping locations, and daily movement patterns 

were recorded and georeferenced using a GPS unit (Fig. 2). Every tree with a DBH (diameter at 

breast height) greater than 10 cm where L. flavicauda was observed eating and/or sleeping was 

georeferenced. Daily movement patterns were recorded using the track function of the GPS (set to 

record 1 point every 20 seconds) following a focal subject.  
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Figure 3. Geographic records of the study troop across El Toro forest in Yambrasbamba District, 
Bongara Province, Amazonas Department.  

 

A density raster grid was created using the georeferenced data points collected on food sources, 

sleeping locations, and daily movement patterns. Then, the natural breaks algorithm function of 

ArcMap v.10.2 was used to classify the area into three use zones (1)high use (2) medium use and 

(3) low use). Additionally, since areas of pasture are not used by L. flavicauda, they were excluded 

from sampling and classified as “no use zones” (Fig. 3). High use zones covered 3% (17 ha.) of 

the study site total area. Two separate high use zones were found, one with 10.97 ha. located in 

the northwest area and the other with 6.02 ha. located in the southeast area.  Medium use zones 

covered 12% of the area divided in five separated areas. The larger of those areas was 50.42 ha. 



 

7 

 

The low use zones constitute 68% (364.69 ha.) of the study area. No use zones covered 16% of 

the area (87.16 ha.). 

 

Plant species identified as important food sources for L. flavicauda by previous studies  [Leo Luna, 

1980; Hernandez Jaramillo, 2013; Shanee, 2014a], local knowledge, and observations during 

vegetation surveys were Hieronyma asperifolia, Ficus spp., Ocotea sp., Styloceras columnare, 

Myriocarpa sp., Hedyosmum cuatrecazanum, Heliocarpus americanus, Heteropterys sp., and 

Cecropia spp.   

 

 

Figure 4. Use zones identified for L. flavicauda, and vegetation transects in Yambrasbamba 
district, Peru 



 

8 

 

Data Collection 

Forest Composition and Structure 

All zones used by L. flavicauda (high, medium, low use) were sampled following the Gentry 

transect method [Gentry, 1982] to assess forest structure and composition during dry season (June 

– July 2015). Transects provide the most appropriate, complete and representative description for 

heterogeneous habitats [Ganzhorn, 2011].  

 

Two 0.1 ha transects (2 m x 500 m), composed of ten subplots (2 m x 50 m) were established in 

each use zone (Table 1, fig. 3). Location of transects was decided systematically to distribute them 

over the greatest possible area and excluding pastures from sampling. The determining shape of 

each transect corresponded to the physiographic conditions of the terrain and the total inclusion of 

each transect in one use zone.   

 

Table 1. Location of vegetation transects and basic structure and composition features.  

Transect Use zone Geographic 
Coordinates 

Elevation 
(m.a.s.l) 

Slope 
(%) 

Basal 
area 

(m2ha-1) 

Density 
(stems ha-1) 

Canopy 
cover 
(%) 

Richness 
(spp 0.1ha-1) 

Diversity 
(Shannon 
index*) 

1 High S  5° 39' 27" 
W  77° 49' 24" 1918-2008 1-48 40 3540 90 64 3.66 

3 High S  5° 39' 55" 
W  77° 54' 36" 2083-2156 0-51 52.1 3510 91 62 3.47 

2 Medium S  5° 39' 20" 
W  77° 54' 40" 1948-2529 0-60 65.3 2430 87 66 3.63 

4 Medium S  5° 39' 42" 
W  77° 54' 42" 2045-2133 2-49 52 3700 92 74 3.73 

0 Low S  5° 39' 17" 
W  77° 54' 33" 2010-2128 1-60 30.9 2390 94 67 3.49 

5 Low S  5° 39' 49" 
W  77° 54' 53" 1975-2140 0-39 46 3800 94 78 3.91 

*[Shannon & Weaver, 1949] 

 

Species, diameter at breast height (DBH), crown spread, total height, bole height, crown solar 

exposure, crown position, vine infestation, moss cover, and vascular epiphytes load were recorded 
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for all trees with a DBH of 2.5 cm or higher when 50% or more of the root system was inside the 

transect. Geographic coordinates, altitude, slope, aspect, and canopy cover were measured for all 

subplots (Table 1, table 2). See details on variables measurement in table 1 and appendix 1. 

 

Table 2. Detailed measurement methods for each recorded variable 

Variable Measurement method 

Species Botanic samples analyzed at the herbarium at Universidad Nacional Agraria La Molina, Lima, Peru 
for taxonomic identification 

Diameter at breast 
height 

Measured with a metric fabric diameter tape at 1.3 m height or above buttresses to the nearest 
milimeter 

Crown spread Arithmetic mean of two perpendicular widths of the crown to the nearest centimeter 

Total height The vertical distance between the stem base and the highest foliage point estimated, after training 
with a clinometer, to the nearest meter 

Bole height The vertical distance between the stem base and the lowest major branch estimated, after training 
with a clinometer, to the nearest meter 

Crown solar exposure A crown illumination index was assigned to each crown following the methodology by Dawkins 
and Field [Dawkins & Field, 1978] 

Crown position A crown position index was assigned to each crown following the classification by Jennings 
[Jennings et al., 1999] 

Vine infestation A degree of vine infestation was assigned to each individual following the methodology by [Huerta 
et al., 2006] 

Moss cover A moss cover index was assigned to each individual according to the percentage of the tree that 
was covered in moss: (0) 0%, (1) 1-25% (2) 26-50%, (3) 51-75%, (4) 76-100%. 

Vascular epiphytes 
load  

A vascular epiphytes load was assigned to each individual according to the percentage of the crown 
that hold epiphytes: (0) 0%, (1) 1-25% (2) 26-50%, (3) 51-75%, (4) 76-100%. 

Geographic 
coordinates 

GPS coordinates were recorded at the beginning (0 m.) and end (50 m.) of every subplot using the 
averaging waypoint function for at least 30 minutes. 

Altitude Altitude was recorded using the GPS along with start and end geographic coordinates for every 
subplot 

Slope Measured every 25 meters using a Suunto clinometer.  

Aspect Measured every 25 meters using a Suunto compass. 

Canopy cover Measured every 25 meters using a spherical crown convex densiometer 

Data Analysis 

Forest composition  

All species were identified to the lowest possible taxonomic level. Then, density (stems per ha), 

relative density (contribution to total stems), dominance (m2 per ha), relative dominance 
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(contribution to total basal area), and relative importance value index [Curtis & McIntosh, 1951] 

for all species were calculated for each transect (Table 3).  

  

A detrended correspondence analysis (DCA) was performed to compare floristic composition 

across transects in the three use zones (Figure 2) using the community ecology package 

VEGANv.2.3-4 [Oksanen et al., 2016] in Rv.3.2.4. The detrended correspondence analysis (DCA) 

allows visualization of similarities in species composition across multiple sites [Terborgh & 

Andresen, 1998; Ter Steege et al., 2000; Pyke et al., 2001; ter Steege et al., 2006; Honorio 

Coronado et al., 2009]. Additionally, the Shannon index was calculated to measure and compare 

diversity for each transect. The Shannon index (H’), is based on the proportional abundance of 

species, useful to compare richness and distribution of plant species’ abundance across sites 

[Magurran, 2005].  

 

Forest structure 

One way analysis of variance (ANOVA), Kruskall-Wallis, and Mann-Whitney U tests were 

performed using IBM SPSS Statistics v.22 to compare means and medians across all six transects 

for the following variables: total height, bole height, crown position, crown illumination, basal 

area, quadratic median diameter, load of vascular epiphytes, load of non-vascular epiphytes, moss 

cover, vine infestation on stems, live stems density, live stems total basal area, dead stems density, 

dead stems total basal area, density of flowering and/or fruiting stems, and density of vines in 

transect.  A Scheffe, repetitive Kruskall-Wallis, or Dunnett T3 post hoc test was performed when 

differences were detected (p < 0.05).  
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Normality and homoscedasticity were tested using the Kolmogorov-Smirnov and Shapiro-Wilk 

tests respectively. When the data did not show a normal distribution the non-parametric Kruskall-

Wallis test was performed instead of an ANOVA. When homoscedasticity was not met, the 

Dunnett T3 post hoc test was used instead of the Scheffe post hoc test. When comparing ordinal 

variables, such as indexes, medians were compared through the non-parametric Mann-Whitney U 

test. Additionally, the diametric distribution of stems, defined as the density of stems per 0.1 ha in 

5 cm diameter classes, [Nyland, 2002] was calculated for each transect (Figure 2 ) and separately 

for plant species identified as food sources for L. flavicauda (Figure 3).  
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RESULTS 

Forest Composition  

A total of 157 plant species were identified across the six vegetation transects (0.6 ha).  A 

maximum richness of 78 species in transect 5 (high use zone) and a minimum richness of 62 

species in transect 3 (high use zone). Plant species diversity varies across use zones and transects. 

The Shannon diversity index varies from 3.47 to 3.9 (Table 1). Transects 1 and 2 located in high 

use and low use zones respectively have similar diversity indexes (3.66 and 3.63). Diversity index 

is 3.49 in transect 0 (low use zone) and 3.73 in transect 4 (medium use zone).  Diversity varies 

across zones and transects. However, this variation does not appear to be related to habitat 

preference by L. flavicauda as the variation in diversity indices does not respond to variation in 

the intensity of use by L. flavicauda. 

 

The DCA showed great variation in species composition across the three use zones apart from the 

two transects located in high use zones (transects 1 and 3), which share a very similar floristic 

composition. This is observed in the DCA plot where high similarity in species composition 

between the two high use zones (transects 1 and 3) is indicated by the proximity of both points 

(Figure 3).
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Transects from medium and low use zones show high dissimilarity in species composition 

represented by the isolated position of each transect in the plot. Transect 4, from the medium use 

zone, has the highest similarity in species composition to the high use zones out of the medium 

and low use zones.  

 

Figure 5. Detrended Correspondence Analysis (DCA) displays the similarity/dissimilarity in plant 
species composition among transects across the three use zones. High use (T1 &T3), medium use 
(T2 & T4), low use (T0 & T5). 

 

The habitats used by L. flavicauda differ in terms of floristic composition across transects. Species 

that constitute food sources for L. flavicauda had greater density, dominance and ecological 

importance in both high use transects (Figure 3). In transect 1 (high use zone) the most important 

species were Styloceras columnare Müll. Arg. (9%), Nectandra membranacea (Sw.) Griseb. (9%), 

Hieronyma asperifolia Pax & K. Hoffm. (8%), and Hedyosmum cuatrecazanum Occhioni (9%). In 

transect 3 (high use zone) the most important species are Hedyosmum cuatrecazanum Occhioni 
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(9%), Psychotria aff. tinctoria (Aubl.) Raeusch (8%), Pourouma bicolor subsp. bicolor Mart. 

(7%), and Styloceras columnare Müll. Arg. (6%).  All of these species represent important food 

sources for L. flavicauda [Leo Luna, 1980; Hernandez Jaramillo, 2013; Shanee, 2014]. 
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Table 3. Density, relative density, dominance, relative dominance, and relative importance (relative density + relative dominance 
measures for all live stems ≥ 2.5 cm dbh across the three use zones (six vegetation transects). Relative values are placed in parenthesis 
next to absolute values. 

Species Density (stems/ha) (relative density (%)) Dominance (m2/ha) (relative dominance (%)) Relative Importance (%) 
High Use Medium Use Low Use High Use Medium Use Low Use High Use Medium Use Low Use 

 T1 T3 T2 T4 T0 T5 T1 T3 T2 T4 T0 T5 T1 T3 T2 T4 T0 T5 
Ficus sp.2 0(0) 10(0) 10(0) 0(0) 10(0) 0(0) 0(0) 0(2) 1(13) 0(0) 0(0) 0(0) 0 1.3 6.8 0 0.2 0 
Hieronyma  asperifolia 120(3) 40(1) 10(0) 40(1) 0(0) 60(2) 5(13) 0(0) 0(0) 0(0) 0(0) 0(0) 8.1 0.7 0.3 0.6 0 1 
Ficus sp.1 10(0) 40(1) 20(1) 0(0) 20(1) 10(0) 1(3) 0(6) 1(13) 0(0) 0(3) 0(0) 1.8 3.7 6.7 0 2.1 0.1 
Ocotea sp.1 110(3) 170(5) 30(1) 0(0) 0(0) 0(0) 1(3) 0(4) 0(2) 0(0) 0(0) 0(0) 3.1 4.4 1.7 0 0 0 
Styloceras columnare 410(12) 300(9) 310(13) 190(5) 470(20) 50(1) 3(7) 0(3) 0(5) 0(3) 0(13) 0(1) 9.2 5.9 8.7 3.9 16.1 1 
Myriocarpa sp.1 40(1) 10(0) 10(0) 10(0) 0(0) 10(0) 0(1) 0(0) 0(1) 0(0) 0(0) 0(1) 1.1 0.2 0.5 0.3 0 0.5 
Hedyosmum cuatrecazanum 160(5) 140(4) 20(1) 170(5) 10(0) 130(3) 3(7) 10(14) 0(0) 1(11) 0(4) 0(1) 5.7 9 0.5 8 2.1 2.3 
Heliocarpus americanus 20(1) 50(1) 20(1) 10(0) 20(1) 20(1) 0(0) 0(3) 0(1) 0(1) 0(2) 0(0) 0.4 2.3 0.8 0.7 1.3 0.4 
Heteropterys sp.1 20(1) 60(2) 50(2) 20(1) 10(0) 0(0) 0(0) 0(1) 0(1) 0(1) 0(0) 0(0) 0.3 1.3 1.4 0.7 0.3 0 
Cecropia aff. tacuna 0(0) 40(1) 20(1) 30(1) 0(0) 10(0) 0(0) 0(3) 0(4) 0(2) 0(0) 0(3) 0 2.1 2.7 1.6 0 1.8 
Cecropia sp.1 0(0) 20(1) 0(0) 50(1) 0(0) 20(1) 0(0) 0(2) 0(0) 0(2) 0(0) 0(1) 0 1.4 0 1.8 0 0.6 
Nectandra membranacea 260(7) 180(5) 150(6) 210(6) 60(3) 70(2) 4(10) 0(3) 0(5) 0(3) 0(4) 0(1) 8.5 3.8 5.6 4.6 3.2 1.3 
Magnolia aff. rimachii 70(2) 10(0) 10(0) 10(0) 0(0) 10(0) 3(7) 0(1) 0(0) 0(0) 0(0) 0(1) 4.6 0.7 0.4 0.3 0 0.6 
Psychotria aff. tinctoria 250(7) 470(13) 20(1) 460(12) 30(1) 50(1) 0(1) 0(3) 0(0) 0(2) 0(0) 0(0) 4.1 8.1 0.5 7.2 0.7 0.7 
Eugenia sp.2 20(1) 0(0) 0(0) 0(0) 10(0) 0(0) 2(5) 0(0) 0(0) 0(0) 0(0) 0(0) 3 0 0 0 0.3 0 
Elaeagia sp.1 80(2) 0(0) 0(0) 60(2) 0(0) 0(0) 1(4) 0(0) 0(0) 0(0) 0(0) 0(0) 2.9 0 0 0.9 0 0 
Cinnanomun triplenerva 110(3) 200(6) 40(2) 140(4) 70(3) 120(3) 1(2) 0(4) 0(4) 0(4) 0(12) 0(4) 2.4 4.8 2.9 4 7.7 3.8 
Palicourea aff. buchtienii 110(3) 10(0) 30(1) 130(4) 50(2) 90(2) 1(2) 0(0) 0(1) 0(1) 0(1) 0(1) 2.4 0.2 1.2 2 1.8 1.6 
Meriania  hexamera 110(3) 170(5) 20(1) 20(1) 210(9) 20(1) 1(1) 0(6) 0(0) 0(0) 0(3) 0(0) 2.2 5.6 0.5 0.3 5.8 0.5 
Faramea miconioides 100(3) 60(2) 50(2) 130(4) 30(1) 90(2) 1(2) 0(1) 0(0) 0(1) 0(1) 0(1) 2.2 1.2 1.2 2.2 0.9 1.7 
Cyathea sp.2 50(1) 90(3) 10(0) 20(1) 10(0) 20(1) 1(3) 0(2) 0(0) 0(0) 0(0) 0(0) 2 2.2 0.4 0.3 0.3 0.4 
Saurauia peruviana 110(3) 60(2) 30(1) 0(0) 0(0) 0(0) 0(1) 0(0) 0(0) 0(0) 0(0) 0(0) 1.9 1 0.6 0 0 0 
Palicourea sp.2 70(2) 10(0) 70(3) 80(2) 10(0) 50(1) 1(2) 0(0) 0(1) 0(1) 0(0) 0(2) 1.9 0.1 2 1.5 0.3 1.4 
Palicourea sp.1 70(2) 70(2) 20(1) 10(0) 10(0) 100(3) 1(2) 0(2) 0(3) 0(0) 0(0) 0(3) 1.9 2 1.9 0.1 0.2 3 
Cedrela odorata 20(1) 20(1) 20(1) 0(0) 10(0) 0(0) 1(3) 0(0) 0(2) 0(0) 0(0) 0(0) 1.7 0.3 1.2 0 0.2 0 
Others 1220(34) 1280(36) 1460(60) 1910(52) 1350(56) 2870(76) 9(23) 20(39) 3(43) 3(66) 2(56) 4(79) 28.6 37.7 51.7 58.8 56.3 77 

Total 3540 
(100) 

3510 
(100) 

2430 
(100) 

3700 
(100) 

2390 
(100) 

3800 
(100) 

40 
(100) 

50 
(100) 

7 
(100) 

5 
(100) 

3 
(100) 

5 
(100) 100 100 100 100 100 100 
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Styloceras columnare, was found to have significant ecological importance in all use zones. In 

transects 0 through 6 it has an importance of 9%, 5%, 9%, 4%, 16%, and 1% respectively. 

However, the other plant species that provide a food source are either absent, in low density or 

dominance in the medium and low use zones (Figure 3, Table 3).  

 

Figure 6. Relative density, dominance and importance of feeding plants for Lagothrix flavicauda 
across use zones in Yambrasbamba, Amazonas, Peru. 

 

Hyeronima. asperifolia and Hedyosmum. cuatrecazanum are the most important sources of fruits 

and flowers for L. flavicauda [Hernandez Jaramillo, 2013]. H. asperifolia has a relative dominance 

of 13% in transect 1 (high use zone). On the other hand, its relative dominance is below 0.5% in 

all other transects. Higher dominance is related to greater diameters, meaning that individuals of 

H. asperifolia found in transect 1 have greater diameters than those present in medium and low 

use zones. DBH is an accurate indicator of tree size, which is positively correlated to fruit yield 

[Chapman et al., 1992; Miller & Dietz, 2004]. Similarly, in transects 3 (high use zone), 4 (medium 

use zone), and 1 (high use zone); H. cuatrecazanum has a relative dominance of 14%, 11% and 

Low Use (Transect 5)

Low Use (Transect 0)

Medium Use (Transect 4)

Medium Use (Transect 2)

High Use (Transect 3)

High Use (Transect 1)

Relative density (%) Relative dominance (%) Relative importance (%)

0 25 50 75 0 25 50 75 0 25 50 75

Others Cecropia spp Styloceras columnare

Heteropterys sp.1 Myriocarpa sp.1 Heliocarpus americanus

Ocotea sp.1 Ficus spp. Hedyosmum cuatrecazanum

H. asperifolia
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7% respectively. While it accounts for 4%, 0.1% and 1% in transects 0, 5 (low use) and 2 (medium 

use) respectively. 

 

 Nectandra. membranacea and Magnolia aff. rimachii also show particularly high relative 

dominance in transect 1 compared to medium and low use zones. M. aff rimachii has a relative 

dominance of 7% in transect 1 while its relative dominance is lower than 1% in the medium and 

low use zones. Nectandra membranacea has a relative dominance of 10% in transect 1 while it 

only accounts for 5% or less of the total basal area in medium and low zones.  

 

Forest Structure  

Forest structure analysis revealed significant differences (p < 0.05) across transects regarding 

stems density, density of flowering / fruiting stems, vine density, total height, crown spread, moss 

cover, crown illumination, and vine infestation (Table 2). However, the post hoc tests indicate that 

they do not determine habitat preference by L. flavicauda.  
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Table 4. Structural parameters significantly different across transects. Values with different letters 
(a, b, c) indicate post hoc results at p < 0.05. 

 High Use Medium Use Low Use 

Parameter T1 T3 T2 T4 T0 T5 

Density (stems 0.01 ha -1) 35.4 ± 2.16 ab 35.1 ± 2.81 ab 24.3 ± 2.10 a 37 ± 2.40 b 23.9 ± 1.69 a 38 ± 3.3 b 

Density (stems ha -1) 3540 3510 2430 3700 2390 3800 

Density of flowering/fruiting 
trees (stems 0.01 ha-1) 3.20 ± 0.69 ab 3.6 ± 0.86 ab 1.6 ± 0.43 ab 4.4 ± 0.91 a 1.1 ± 0.55 b 1.6 ± 0.54 ab 

Density of flowering/fruiting 
trees (stems 1 ha -1) 320 360 160 440 110 160 

Vine density in transect 0.9 ± 0.38 ab 0.5 ± 0.22 a 1.7 ± 0.56 ab 0.9 ± 0.38 ab 3.3 ± 0.8 b 1 ± 0.49 ab 

Total height (m) 6.62 ± 0.39 a 7.44 ± 0.31 ab 8.89 ± 0.7 b 7.05 ± 0.28 ab 7.48 ± 0.52 ab 7.28 ± 0.33 ab 

Crown spread (cm) 2.07 ± 0.1 a 2.8 ± 0.13 b 3.18 ± 0.277 b 2.57 ± 0.13 ab 2.74 ± 0.19 ab 2.75 ± 0.25 ab 

Moss cover * 1.88 a 2.16 a 2.41 ab 2.49 ab 2.64 b 1.84 a 

Crown illumination index * 1.88 2.16 2..47 2.49 2.64 1.84 

Vine infestation index * 0.82 ab 1.81 a 1.29 ab 1.42 ab 1.35 ab 1 b 

 

The results of the post hoc tests showed that transects located in low and high use zones have 

similar characteristics. For example, moss cover was found to be significantly similar (table 4) in 

transects 1, 3 (high use zone) and 5 (low use zone). Similarly, we did not find a relationship 

between high use zones and vine density, total height crown spread, crown illumination, and vine 

infestation (Table 2).  
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Figure 7. Diameter Distribution. Density of stems per 0.1 ha in 5 cm diameter classes across the 
three use classes (two transects per class). 

 

However, transects 4, 1, and 3 (from the high and medium use zones) do show a higher density of 

fruiting/flowering trees compared to the low use zone and transect 2 from the medium zone. No 

statistical differences (p < 0.05) were found in basal area, dead stems density, dead stems basal 

area, bole height, crown position, vascular epiphytes load, non-vascular epiphytes load, and 

canopy cover across transects.  
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Collectively, stems from all species formed a reverse-J-shape diameter distribution across all 

transects (Figure 6). This trend indicates continuous regeneration and recruitment into larger 

diameter classes throughout the study area. However, when looking at the diameter distribution of 

the eight most important food plants for L. flavicauda, separately, we found different diameter 

distributions across transects and across species (Figure 7).  

 

 

 

Figure 8. Density of stems per 0.1 ha in 5 cm diameter classes across the three use classes of most 
important food species for Lagothrix flavicauda. Yambrasbamba, Amazonas, Peru. 
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Both transects located in the high use zones (transect 1 and 3) have an overall higher presence of 

preferred food plants across diameter classes than transects in the medium and low use zones. 

Transects 1 and 3 have a total of 880 and 780 stems of preferred feeding species/ha respectively. 

While densities in low and medium use transects fluctuate between 520 and 270 stems of preferred 

feeding species/ha.  

 

Natural regeneration (DBH <10 cm.) of preferred feeding plants occurs at higher densities in both 

high use transects. In transect 1, all alimentation species, but Ficus spp., are present in diameter 

classes lower than 10 cm. and add to a total of 630 stems per hectare. In transect 3, there are 530 

stems (DBH <10cm) per hectare, including all eight alimentation species. In all other transects, 

natural regeneration occurs at lower densities and diversity. For example, transect 0 has a total 

regeneration of 390 individuals and 94% (370) of them are Styloceras columnare. Transects 2, 4, 

and 5 have a feeding plants natural regeneration of 270, 220, and 220 individuals per ha. 

respectively. However, 54% (120 stems/ha) of the natural regeneration in transect 5 corresponds 

to Hedyosmum cuatrecazanum while in all other transects density of H. cuatrecazanum in 

regeneration classes (DBH<10cm) is lower than 60 stems/ha. 

 

Similarly, in DBH classes greater than 20cm, transects in the high use zone (T1 and T3) present 

the highest density of feeding plants. With 100 stems/ha in transect 1 and 120 in transect 3. 

Transects 2 and 4 (medium use zone) had 80 and 70 stems of preferred feeding species/ha. Low 

use transects (0 and 5) presented the lowest density of alimentation plants stems, with 60 and 10 

stems/ha for transects 0 and 5 respectively.  
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DISCUSSION 

Habitat Preference 

Foraging and food consumption occupies a great part of the time budget of all primate species. L. 

flavicauda spends on average 30% of their time feeding and 13 – 18% foraging [Shanee & Shanee, 

2011; Hernandez Jaramillo, 2013]. The spatial distribution, and density of food sources can 

influence the intensity with which habitat is utilized through time [Terborgh, 1983; Chapman, 

1988]. Accordingly, our results show that differences in forest composition and especially the 

dominance of preferred mature food trees appear to be important factors for habitat preference in 

L. flavicauda. At least nine of the plants consumed in L. flavicauda have high ecological 

importance (density + dominance) in high use zones (Figure 3) and present continuous 

regeneration and recruitment into larger diameter classes (Figure 5). On the contrary, food plants 

in medium and low use zones have less ecological importance or are absent. 

 

Conversley, structural differences do not appear to be related to habitat preference in L. flavicauda. 

None of the structural characteristics measured (vine density, total height, bole height, crown 

spread, crown position index, crown illumination index, moss cover, vine infestation index, fallen 

trees density, vine density in transect, vascular epiphytes load, and total basal area),  was 

significantly different in high use zones compared to medium and low use zones.
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We found that density of flowering / fruiting trees was generally higher in high use zones compared 

to medium and low use zones. However, transect 4 (medium use zone) showed the highest density 

of flowering and fruiting trees.   

 

Tree height has been reported to play a role in habitat preference where some primate species 

prefer taller trees as an anti-predation strategy  [Enstam & Isbell, 2004] and other species prefer 

lower forest strata [Pyritz et al., 2010]. L flavicauda has been reported to predominantly use higher 

forest strata, using the mid canopy for traveling and the upper canopy for resting and feeding 

[Shanee, 2014b]. We did not find the high use zones to have higher average tree height. However, 

visual estimates of height are subject to error. This apparent non-preference for higher trees could 

be a specific trait of the study group dictated by conditions specific to the study site such as low 

density of major predators or strata dominance of L. flavicauda over other primate species, or 

differences in habitat structure.  

 

Epiphytes are known as sources of arthropods as they serve them as food, shelter, and breeding 

sites [Kitching, 2000; Wester et al., 2010]. Studies on woolly monkeys have reported arthropods 

as an important part of their diet [Fiore & Rodman, 2001; Stevenson & Quiñones, 2004; Pickett et 

al., 2012; Rothman et al., 2014; Vargas et al., 2014]. Therefore, the availability of epiphytes and 

arthropod food sources are considered important factors when designing conservation 

plans[Vargas et al., 2014]. Epiphyte load and moss cover were not significantly different across 

use zones by L. flavicauda in our study site. However, this is most likely a characteristic specific 

to the this site, where the study troop of L. flavicauda has been observed feeding mainly on fruits 
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and leaves [Hernandez Jaramillo, 2013]. A more detailed assessment of abundance and diversity 

of epiphyte will provide a better insight into the relationship of epiphytes and woolly monkeys.  

 

Habitat preference by yellow tailed woolly monkeys can be better understood by incorporating 

seasonal movement of the troop, feeding behavior and plant phenology into the analysis. However, 

this initial results will be useful to be used in designing conservation strategies while further studies 

are developed and more information become available.   

 

Ecological and Conservation Implications 

Forest demography and structure are profoundly influenced by seed dispersal [Schupp & Fuentes, 

1995; Nathan & Muller-landau, 2000; Wang & Smith, 2002]. In our study, the importance of the 

ecological role of L. flavicauda as a seed disperser is evidenced when taking into account the 

spatial distribution of the use zones and the spatial distribution of plant species and regeneration. 

The two high use zones are separated by a distance of 0.6 km. However, the DCA analysis revealed 

that high use zones have the highest similarity in floristic composition. This interaction between 

feeding plants and seed dispersals, such as L. flavicauda, represents a positive feedback loop, 

where the home range and spatial distribution of the troop is influenced by the spatial distribution 

of trees, and the spatial distribution of seeds is influenced by the troop seed dispersal.  

 

Spatial distribution of seeds dispersed by woolly monkeys within its home range is highly 

correlated to habitat use [Stevenson, 2004].  In our study, besides the 2 high use zones, important 

regeneration of Hieronyma asperifolia, Styloceras columnare, Hedyosmum cuatrecazanum, and 

Heteropterys sp. was observed in transect 4 (medium use zone, located between the 2 high use 
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zones) and transect 5 (low use zone). Accordingly, regeneration of feeding plant species is 

observed in transects 2 and 0 to a lesser extent.  

 

Hieronyma asperifolia, Styloceras columnare, Hedyosmum cuatrecazanum, Ficus spp., and 

probably most feeding plants have fleshy colorful fruits, and like most fleshy fruited species from 

the tropics, their seeds are dispersed by endozoochory [Chapman, 1995]. Primates are the main 

consumers of fruits in tropical forest [Terborgh, 1983], therefore the main seed dispersers of, at 

least, the species they feed on.  

 

The natural regeneration represents potential for future habitat improvement. Sites where 

regeneration is occurring naturally are of particular importance because conservation efforts in 

these areas can be more effective and less costly if we allow the seed dispersers to do their job and 

aid them by avoiding deforestation. Additionally, our results of forest we recommend targeting 

reforestation with key food species, where natural regeneration is not possible. Furthermore, 

identification and protection of sites with similar floristic composition to the high use zones will 

ensure habitat availability for L. flavicauda. 
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