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Abstract 

In the Amazonian rainforest, logging poses a significant threat to the ecosystem integrity. This 

study researches the impacts of reduced impact logging on primate species in a secluded forest 

area in the Northeastern Amazon biome. The objectives are to assess the trend for primate 

populations and primate assemblage composition and comparing these parameters over a 

decided time period covering 20 years (2002-2023) and dividing the data into three time periods 

to get a good estimate of differences over the years (Period 1, 2 and 3). However, the long-term 

effects of RIL are poorly studied, especially for primates. Many studies that have researched 

the short-term effects of RIL on vertebrates show that the populations for most the part are more 

or less unaffected. The data for the years 2002-2013 are from the database by Universidade 

Federal do Para and was gathered by walking line transects in various lengths, depending on 

the year. Our own data was collected by walking transect lines of 5km from October to 

November in 2023. In total six primate species were recorded, and the species with the most 

decline in observations from Period 1 to Period 3 were Red-handed howler monkey, Black 

tamarin, and Tufted capuchin, also being the most common species in the area. Black saki 

observations remained consistent over the time periods, while Collins Squirrel monkey and 

Kaapori capuchin observations increased over time. The mean group size increased for the Red-

handed howler monkey, Black saki, Black tamarin, Collins squirrel monkey, and the Tufted 

capuchin, and decreased for the Kaapori capuchin. This indicates that the group sizes for most 

species are increasing, even though the observations of individuals are decreasing, resulting in 

fewer but larger groups. The encounter rate (individuals per km) declined for the Red-handed 

howler monkey, Black tamarin, and Tufted Capuchin, and increased for Kaapori capuchin, 

Black saki, and Collins squirrel monkey. Statistical calculations showed that there were 

significant differences among the time periods for three of the species, Red-handed howler 

monkey, Kaapori capuchin and Black tamarin. The results suggest that even if the mean group 

size and encounter rate has declined for some of the species RIL does not seem to have a heavy 

negative impact on primate assemblage in the area.  
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1. Introduction 

The Amazon basin is home to the world’s largest tropical rainforest, expanding over eight 

countries and covering about 40% of the South American continent (Butler, 2020). It serves as 

a primary regulator of the Earth’s climate and as a housing of extraordinary biodiversity. Still, 

the Amazon suffers from a number of anthropogenic activities, such as infrastructure 

development, cattle ranching, and predatory extraction operations (mining, logging, and 

hunting). Historically, both Eastern and Southern Amazon has experienced the most 

deforestation and fragmentation, creating a patchwork of agricultural land, pastures, and small 

forest fragments. Over 50 million tropical forest fragments are believed to exist worldwide, 

covering an area of nearly 300 million hectares, with 50 million linear km of forest edge (Brinck 

et al., 2017).  

Since the mid-20th century, logging in the Brazilian Amazon changed drastically from 

traditional hand powered logging operations, to using machines like chainsaws. About half of 

the global tropical forests are either already exploited for timber or are targeted for future 

exploits (Poker & MacDicken, 2016). As more of the land became available in the eastern 

Amazon, due to infrastructural changes like the Belém-Brasilia highway, forest areas also 

became easier to harvest (Uhl & Vieira, 1989). Even though logging is a less destructive land 

usage than deforestation, studies show that selective logging is a primary driver of tropical 

forest degradation (Asner et al., 2006; Bousfield et al., 2023). 

Adopting methods like reduced impact logging (RIL) that contains guidelines intended to 

maximise efficiency while minimising unwanted effects, can significantly reduce the negative 

impacts of logging (Santos de Lima et al., 2018). RIL is a type of selective logging, which 

targets a specific subset of trees within the forest. Selective logging entails usually going after 

large, hard-wooded tree species of commercial interest (Bousfield et al., 2020). These hard-

wooded tree species often produce large fruits which can be dispersed by large-bodied 

vertebrates (Yguel et al., 2019). Therefore, maintaining healthy mammal populations is crucial 

to ensure the long-term viability of timber production, ecosystem integrity of the logged forests, 

and forest regeneration (Rosin, 2014). However, research indicates that frugivore resources in 

selectively logged forests may become depleted despite modest levels of logging for the tree 

species depending on zoochory to be dispersed (Carvalho Jr et al., 2022). 
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Because of their significant contributions to ecological processes like seed dispersal, primates 

which are frugivores help maintain a high plant diversity in forests, and most tropical trees 

depend on frugivores for dispersal (Chapman et al., 2013; Correa et al., 2015). Primates and 

other frugivores also depend on an abundance of fruit trees as a key food source, and other 

ecological functions like reproduction success and population density (Correa et al., 2015; 

Fleming & Kress, 2011; Thompson et al., 2007). Yet, primates are among the most endangered 

species globally, and currently many of these species inhabit landscapes with heavy human 

impact (Galán-Acedo et al., 2019). Because of their significant contributions to ecological 

processes like seed dispersal, primates which are frugivores help maintain a high plant diversity 

in forests, and most tropical trees depend on frugivores for dispersal (Chapman et al., 2013; 

Correa et al., 2015). Primates and other frugivores also depend on an abundance of fruit trees 

as a key food source, and other ecological functions like reproduction success and population 

density (Correa et al., 2015; Fleming & Kress, 2011; Thompson et al., 2007). Yet, primates are 

among the most endangered species globally, and currently many of these species inhabit 

landscapes with heavy human impact (Galán-Acedo et al., 2019).  

Several studies have investigated the effects of RIL, mainly focusing on vertebrates. Many of 

these studies demonstrates that the impact of RIL is low (Azevedo-Ramos et al., 2006; Laufer 

et al., 2015). However, these studies generally focus on the show the short-term effects of RIL 

with studies conducted only a few years after timber harvest. Few studies have investigated on 

the long-term effect of RIL, and not many have looked at the effect on primates. When studying 

recently altered areas after logging, the effects of habitat loss and habitat alterations can go 

undetected, particularly for long-lived species like primates that react more slowly to changes 

in their environment (Metzger et al., 2009). Studying the longer-term effects of RIL is therefore 

vital to further understanding the potential effects on primate assemblages.  

This study took place in the Rio Capim complex, which is a large reduced-impact logging 

concession in the eastern Amazon. In this study, we build historical primate survey data 

collected since 2002 and our own newly collected (2023) data. By comparing primate 

assemblage data from over 20 years ago, 10 years ago and newly collected data, we can assess 

whether primate species composition, group encounters, and group size have changed over 

time. More specifically, we asked: 1) What is the current primate composition at the Rio Capim 

complex and how has it changed during the last 20 years? 2) Has reduced impact logging had 

a negative effect on the primate assemblage? We discuss our results in light of published 

literature. 
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2. Methods and material 

2.1  Study area 

This study was conducted in the Rio Capim Complex, belonging to the CBNS Company of the 

Keilla Group. This area is also called Cikel and is located in the municipality of Paragominas 

in the state of Pará (Figure 1). This area has one of the largest remnants of primary forest in the 

Northeast of Pará, expanding 149 908 hectares (Florestal & Na, 2005). Submontane Dense 

Ombrophilous Forest is the main native vegetation, with a canopy height between 25-30 meters 

(IBGE, 2016). According to the Köppen-Geiger climate classification the area has a tropical 

wet climate (Kottek et al., 2006). This means that the area has a pronounced rainy season and 

a dry season with less precipitation. The average annual temperature is 26,3°C, with an average 

precipitation of 1,800mm/year. The precipitation is less intense during the months July to 

October. Fieldwork for the current study was conducted from 13th of October to 16th of 

November and it only rained twice during these 5 weeks. Since the Rio Capim complex received 

FSC certification for forest management in 2001, there has only been RIL in the complex (Sist 

& Ferreira, 2007).  Logging is done during the dry season in order to minimise harm to the 

forest floor. The entire concession is called a Forest Management Unit (Aide et al., 1996), and 

the UMF is divided into smaller sections, referred to as Annual Production Units (UPAs). These 

UPAs range in size from 2,000 to 5,000 hectares. At Rio Capim, each UPA has a 35-year cutting 

cycle. Prior to beginning the timber extraction process, two reports are created: the Annual 

Operational Plan (POA) and the Sustainable Forest Management Plan (Prudente et al., 2017). 

The POA describes the activities that will take place over the course of a year, including risk 

mapping, directional cutting, road planning, storage yards, and a description of every tree that 

has been mapped in the UPA. Two to five trees are logged per hectare in each UPA  (Prudente 

et al., 2017). During the logging process, infrastructure such as roads, paths, and storage yards 

need to be maintained, and seedlings of the species identified during the tree mapping are 

planted post logging. Every year, the business inspects about 5,000 hectares and harvests about 

150,000 cubic meters of wood. The area is a privately owned land, and all traffic into the area 

is monitored. Illegal activities, such as hunting or gold mining, are therefore not a threat to the 

wildlife inside the study area.  
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2.2  Line transects survey 

We used line transect surveys to collect data on primate assemblage structure and composition 

within the Cikel concession. Our transect surveys followed the general guidelines given by 

Peres (1999). In 2023, we performed surveys in six 5-km transect lines scattered across the 

concession (Figure 2C), accruing in average of 78km walked in each transect. It is vital that the 

observers are proficient in both identification and detection of the study species. We therefore 

walked all transect in teams of two, with a field assistant to help identify species. For each 

primate observation, we took note of the species, number of individuals, perpendicular distance 

from the trail, their height above the ground, and activity (e.g. foraging). 

FIGURE 1: Map of the study region, including the outline if the Rio Capim Complex (CIKEL, 

red polygon), and reference map of South America, Brazil, and the state of Para (top left).  

Satellite image from Qgis (Satellite map world, 2024).  
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We were unable to provide density estimates for the resident primates and use this in our 

analyses, as survey effort differed significantly from year to year in the historical data. In most 

years, survey effort was not high enough to obtain credible density estimates.  

A similar effort is essential for comparing data. The time Periods 1, 2 and 3 have been put 

together to create good representation for the sections and to have a similar combined effort in 

km, some years were not included because of too low effort and observations. Period 1 includes 

data from 2002-2004, Period 2 includes data from 2009, 2010 and 2013, and Period 3 includes 

our data from 2023 (Table 1). 2011 and 2012 were not included in the Period 2 section due to 

relatively low transect effort and low observations. Therefore, these years were excluded from 

the time period. Period 1 and period 2 have data from different UPAs and used shorter 1km line 

transects. Even though the study area is divided into several UPAs, we focus on the area as one 

unit and therefore do not differentiate between different trails and different UPA`s. The 

combined effort per section (km) is similar, and therefore these sections can be compared to see 

changes over time. The selected years in each time period have similar effort and observation 

rates.  

 

 

 

  

 

 

 

For Period 1 and 2 they had several shorter transects of 1km done in each UPA, with some 

UPA’s having up to twelve transects of 1km. The location for these UPAs is provided in Figure 

2 a and b for Period 1 and 2(Figure 2a & b). Period 3 consisted of six transect lines of 5km each 

throughout the concession (Figure 2c). We opted to only show the UPAs for Period 1 and 2, 

because the exact location of the trails was not provided in the dataset. This is displayed to show 

a good coverage of the entire Rio Capim Complex. 

Table 1: Total kilometres of transect surveys performed 

at Cikel for the years included in the three time periods 

used for the analysis.  

Time period: Years pr section Total km: 

Period 1 2002, 2003, 2004 691 km 

Period 2  2009, 2010, 2013 523 km 

Period 3 2023 470 km 
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2.3  Data analysis 

Primate census effort varied a lot from year to year in the historical dataset from 2002-2022. 

Yearly comparisons of primate community composition and structure were therefore not 

possible. To assess potential difference between short-term, mid-term and long-term primate 

assemblage composition and structure, we therefore selected to poll the three initial census 

years (2002-04; short term) and three mid-term years (2009-10 and 2013) to obtain a similar 

effort to our own in 2023 (Table 1). We were unable to utilise the data from 2011 and 2012 as 

very few censuses were performed in the years. Hereafter, these periods are referred to as Period 

1 (2002-04), Period 2 (2009-10 and 2013) and Period 3 (2023). 

Figure 3:. Map of the Cikel logging 

concession showing A: Area of transect 

lines during the years 2002-2004, B: Area of 

Transect lines during the years 2009, 2010 

and 2013 and C: placement of transect lines 

from 2023. 

Background map from Qgis: (ESRI World 

Topo, 2016) 

 

FIGURE 2: Map of the Cikel logging 

concession showing A: Area of transect 

lines during the years 2002-2004, B: Area 

of Transect lines during the years 2009, 

2010 and 2013 and C: placement of transect 

lines from 2023. 

Background map from Qgis: (ESRI World 

Topo, 2016) 

 

FIGURE 1: Map of the Cikel logging 

concession showing A: Area of transect 

lines during the years 2002-2004, B: Area 

of Transect lines during the years 2009, 

2010 and 2013 and C: placement of transect 

lines from 2023. 

Background map from Qgis: (ESRI World 

Topo, 2016) 

 

B A 
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To detect a potential decline in group size we calculated mean number of individuals per group 

for each Period 1-3. We also calculated the average group size across the historical dataset. We 

incorporated these numbers in the changes over time section (figure 4).  

As perpendicular distance from the trail was not registered in the historical data, we were unable 

to calculate primate density as described by (Buckland et al., 2015). We therefore calculated 

encounter rates (number of primate individuals encountered per km walked for each period.  

An analysis of variance, ANOVA type II test together with Tukey HSD and Tukey multiple 

comparison post-hoc test was used to detect any significant changes in primate groups size 

between the periods for each species. 

 

3. Results 

3.1  Primate assemblage composition  

In total, 926 primate encounters of six species were observed during surveys at Cikel conducted 

over a 20-year period (Table 2). The species recorded were Red-handed howler monkey 

(Alouatta belzebul; Figure 3a), Kaapori capuchin (Cebus kaapori; Figure 3b), Black bearded 

saki (Chiropotes satanas; Figure 3c), Black tamarin (Saguinus niger; Figure 3d), Collins’ 

squirrel monkey (Saimiri collinsi; Figure 3e) and Tufted capuchin (Sapajus apella; Figure 3f). 

S. collinsi and S. apella are assessed as least concern, A. belzebul as vulnerable, C. satanas and 

S. niger as endangered, and the C. kaapori as critically endangered according to the 

International Union of Conservation of Nature (IUCN).  
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Table 2: Total number of recorded individuals and groups for all primate species observed 

at the Cikel from, 2002-2023. A) total number of individuals per species, B) total number of 

groups per species, C) mean number of individuals per group. 

Species Common name Total indA 
Total 

groupB 

Mean indC 

*total mean 

Alouatta belzebul 

(Linnaeus, 1766)  

Red-handed howler 

monkey 
1 436 279 5,15 

Cebus kaapori 

Queiroz, 1992) 
Kaapori capuchin 378 45 8,4 

Chiropotes satanas 

(Hoffmannsegg, 1807) 
Black bearded saki 668 84 7,95 

Saguinus niger (É. 

Geoffroy, 1803)  
Black tamarin 1 612 250 6,45 

Saimiri collinsi 

(Osgood, 1916) 

Collins’ squirrel 

monkey 
70 10 7,00 

Sapajus apella 

(Linnaeus, 1758) 
Tufted capuchin 1 944 258 7,53 

Total:  6 108 926  
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FIGURE 3: The six-primate species observed at the Cikel logging concession and their 

distribution according to the IUCN (accessed 25th of April 2023).  

A) Alouatta belzebul, photo: ©flavioubaid/iNaturalist. B) Cebus kaapori, photo: 

©Fabiano Melo C) Chiropotes satanas, photo: ©Nailson Júnior/iNaturalist. D) Saguinus 

niger, photo: ©Kurazo Mateus Okada Aguiar/iNaturalist. E) Saimiri collinsi, photo: 

©Ronaldo Fransisco/iNaturalist. F) Sapajus apella, photo: ©Felipe Moreli 

Fantacini/iNaturalist. 

*Map created in Qgis 



10 

 

3.2  Primate population trends  

During the 20-year period, the total number of groups encountered declined for three of the 

species (A. belzebul, S. niger, S. apella), whereas there was a marginal variation for two of the 

species (C. kaapori, C. satanas), and an increase for one species (S. collinsi; Tabel 3). The two-

way ANOVA analysis on groups size showed a significant difference between periods for A. 

belzebul (ANOVA F2,187=4.61, p=0.0111), C. kaapori (ANOVA F2,25 =6.111, p=0.00691) and 

S. niger (ANOVA F2,168=4.623, p=0.0111). While the remining species showed no significant 

difference C. satanas (ANOVA F2,48=2.636, p=0.082), S. collinsi (ANOVA F2,7=0.378, 

p=0,698) and S. apella (ANOVA F2,196=0.298, p=0,743).  

Tukey post-hoc test showed the significant differences in mean group size between periods. A. 

belzebul showed significant difference between Period 1 and 2 (p=0.0472), a marginally 

significant difference between Period 1 and 3 (p=0.0521) and no significant difference between 

Period 2 and 3 (p=0.414). C. kaapori had significant differences between Period 1 and 2 

(p=0.0346), Period 2 and 3 (p=0.00680) and no significant difference between Period 1 and 3 

(p=0.822). S. niger showed significant difference between Period 1 and 3 (p=0.0334), a 

marginally difference between Period 1 and 2 (p=0.0563) and no significant difference between 

Period 2 and 3 (p=0.829). For C. satanas, S. collinsi and S. apella the differences between 

periods were not significant (p=>0.05).  

 

 

Tabel 3: Total number of individuals and groups encountered at Cikel during transect 

surveys for each time period.  

Species: 

Time period 1 Time period 2 Time period 3 

Individuals Groups Individuals Groups Individuals Group 

Alouatta belzebul 414 94 457 85 65 10 

Cebus kaapori 60 9 100 8 60 11 

Chiropotes satanas 82 15 184 22 105 14 

Saguinus niger 532 96 318 48 189 27 

Saimiri collinsi 9 2 8 2 53 7 

Sapajus apella 722 103 289 40 419 56 
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A. belzebul group detections declined by 89% from Period 1 to 3, and the total number of 

individuals experienced a similar decline (84%; Table 3). However, the mean group size 

increased from Period 1 (4.4 individuals) to Period 3 (6.5 individuals; Figure 4A), and the 

encounter rate was in considerable decline from Period 1 (0.6) to Period 3 (0.14; Figure 5). 

C. Kaapori experienced a 22% increase in total number of groups from Period 1 to Period 3 

and had a consistent number of total individuals detected over the time periods (Table 3), 

meaning that the mean group size decreased from Period 1 to Period 3 (Figure 4B). However, 

for Period 2 there was an elevated value for mean group size (Figure 4B). The encounter rate 

(Figure 5) increased from 0.06 (Period 1) to 0.13 (Period 3).  

For C. satanas, the total number of groups experienced an increase (46%) from Period 1 to 

Period 2, thereafter a decrease (36%) to Period 3 (Table 3). Total number of individuals 

increased by 124% from Period 1 to Period 2, then a decrease (42%) from Period 2 to Period 3, 

and an overall 28% increase from Period 1 to Period 3 (Table 3). Mean group size went from 

5.47 in Period 1, to 8.36 Period 2, to 7.50 in Period 3 (Figure 4C). The encounter rate (Figure 

5) showed an increase from Period 1 (0.12) to Period 3 (0.22), with a higher value in Period 2 

(0.35). 

S. niger experienced a decline of 71% for total number of groups and a 64% for total number 

of individuals from Period 1 to Period 3 (Table 3). Mean group size (Figure 4D) has increased 

from 5.53 (Period 1) to 7.0 (Period 3), but encounter rate (Figure 5) has decreased from 0.77 

(Period 1) to 0.40 (Period 3).  

The total number of groups for S. collinsi increased by 250% from Period 1 to Period 3, and 

there has been a 488% increase in total number of individuals (Table 3). The mean group size 

(Figure 4E) has also increased from 4.5 (Period 1) to 7.57 (Period 3). Figure 5 shows the 

encounter rate has increased from 0.01 (Period 1) to 0.11 (Period 3).  

For S. apella there was a decrease in total number of groups (61%) from Period 1 to Period 2, 

and an increase from Period 2 to Period 3 with 40% (Table 3). The total number of individuals 

showed a decrease (60%) from Period 1 to Period 2, and an increase (44%) from Period 2 to 

Period 3. The mean group size (Figure 4F) had a steady increase over all the time periods: 7.01 

(Period 1), 7.23 (Period 2), and 7.48 (Period 3).  
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FIGURE 4: Mean group size for each species for the three time periods.  

A-F = subsets from Tukey HSD post-hoc test. 
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4 Discussion 

4.1  Primate assemblage composition 

Six primate species were observed at Rio Capim Complex (149 908 ha) over the last 20 years. 

Previous studies have reported varying primate compositions in forest fragments in The 

Northeastern Amazon: five species in forest fragments larger than 1000 ha, six species in 

fragments ranging from 1 to 100 hectares, seven species in areas spanning from 540 to 113 000 

hectares (Boyle et al., 2013; Parry et al., 2007; Stone et al., 2009). This indicates that the primate 

species composition in the Cikel concession is similar to other fragmented areas in Northeastern 

Amazon. The most frequently observed species were species S. apella, S. niger, and A. belzebul. 

The presence of S. niger and A. belzebul, both endemic to the Pará region, and being listed as 

vulnerable on the IUCN red list, is encouraging.  

During the 2023 line-transect surveys some species were seen together. C. satanas and S. apella 

were seen together two times in Period 3. We also saw S. apella with S. niger together two 

times, and S. niger with A. belzebul. Sometimes they were in the same area but in different 

trees, sometimes in the same tree and sometimes feeding together. There are several studies that 

prove the coexistence between different primate species, and that they form so called mix 

FIGURE 5:  Encounter rate for each primate species at Cikel, eastern Amazonia, Brazil, for 

Period 1 (2002-04), Period 2 (2009-10 and 2013) and Period 3 (2023).  
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species groups. Studies that show mix species groups of S. apella and S. collinsi also mention 

that this coexistence gives a bigger payoff for S. collinsi, without necessary being negative for 

S. apella (Haugaasen & Peres, 2009; Pinheiro et al., 2011). This could potentially explain the 

few observations of S. collinsi since misidentification of all species in the group can occur. C. 

satanas are in mixed species groups with Saimiri and S. apella. There is however close to no 

research of S. niger and A. belzebul forming mix species groups or living in close proximity, 

even though we observed these species together two times.  

At the Rio Capim Complex, Manilkara huberi, Hymenaea courbaril, Parkia pendula, 

Couratari oblongifolia, and Astronium lecointei are the primary commercial species and the 

most harvested trees (Sist & Ferreira, 2007). M. huberi is a primate dispersed tree species 

(Ratiarison & Forget, 2011) and is often spread by S. apella. It is also part of the A. belzebul 

diet (Pinto et al., 2003). P. pendula is part of the diet for both S. niger and S. collinsi (Araújo et 

al., 2022; Oliveira & Ferrari, 2008). C. satanas often consume the seed from C. oblongifolia 

(Van Roosmalen et al., 1988). If these tree species are vital food sources for the six primate 

species in the Complex, even reduced impact logging could potentially have a negative impact 

on primate assemblage.  

 

4.2  Primate population trends 

The six primate species all experienced a decline for both individual and group numbers from 

Period 1 to Period 3. However, the mean group size increased for A. belzebul, C. satanas and 

S. niger. Using the “total mean” (Tabel 2) as a basis for comparison, we can see if the time 

periods follow the existing trend in total mean group sizes. If we compare the mean group size 

values, the “total mean value” is always higher for Period 1. Considering that the total 

individual and group numbers (Table 3) is high for Period 1, we assume that the group size 

have increased over the years. However, Table 3 shows that the number of individuals and the 

number of groups have decreased, and this can indicate that the group sizes have stayed 

consistent even though the population (both individuals and groups) has experienced a decline. 

The ANOVA analysis showed that there were only significant differences in mean group size 

for C. kaapori and C. satanas across the time periods.  

For A. belzebul, Period 1 had the most group observations, and Period 2 the greatest number of 

individuals. However, in Period 3 the observations of this species had drastically declined. The 

mean group size had an increase in Period 3, even though the observations were far fewer than 
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the other time periods. This suggests that the group size is increasing, even though the total 

population is declining, and this is supported by the decline of the encounter rate. Their loud 

howling, which can be heard up to 5km away, makes it possible to know if they are present in 

the surrounding area. Therefore, we assume that there are more groups and individuals in the 

general area of Cikel than was observed in all periods, as we heard them daily, but encountered 

rarely. A. belzebul is usually observed in groups from four up to eleven individuals (IUCN, 

2021a), and with all mean values being lower than 6.50 (Figure 4A), it seems that the groups 

in the study area are on the smaller side. The probability of occurrence of A. belzebul, is shown 

to decrease with an increased proximity to large cities, and less frequent in patches in more 

disturbed areas (Calle-Rendón et al., 2020) 

However, A. belzebul are folivorous-frugivorous (Julliot & Sabatier, 1993; Mittermeier & van 

Roosmalen, 1981; Pinto et al., 2003), and their habitat range varies between 6-45 and 9-18 ha 

(Bonvicino, 1989; Pinto et al., 2003). Showing that the species can exist in smaller fragments 

and might be more resilient to RIL and the logging of fruit trees, due to their diet.  

C. kaapori, had the highest number of group observations in Period 3, and the highest number 

of individuals in Period 2. This species also experienced a decrease in mean group size in Period 

3, and an increase in encounter rate. This indicates that the groups are decreasing in size, and 

that the total population experienced a small increase. (Ferrari & Queiroz, 1994) and (Lopes & 

Ferrari, 1993)  found that C. kaapori is one of the most threatened species among the 

Amazonian primates, and (Mittermeier et al., 2012) considered the species to be one of the most 

threatened primate species in the world. Our results indicate that there seems to be a positive 

trend for this species at Cikel. Furthermore, C. kaapori has a very high value for mean group 

size in Period 2 (Figure 4B), and in 2010 there have been three observations of groups with 20 

individuals or more. Since these groups of 20 individuals has been observed on the same trail, 

it is possible that it was the same group, or in fact not a group solely of C. kaapori, as a group 

of this size is rare for the species. C. kaapori is, according to research (da Silva et al., 2022), 

the species with the most pessimistic prediction in future range loss, projections reaching 100% 

of its distribution area. Keeping this in mind when looking at our results, it seems that this study 

area can be important for the species future.  

For C. satanas, Period 2 had the greatest number of observations, individuals, mean group size, 

and encounter rate. In contrast to Period 1, where mean group size and encounter rate was 

lowest. The species can form large groups, with about 40 individuals (Veiga & Ferrari, 2006). 

Considering the mean group sizes in this study (Figure 4C), the groups at Cikel appear to be 
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very small. Studies show that they can also survive in smaller secondary forest fragments, 

showing behavioural adaptations to habitats experiencing anthropogenic disturbances, provided 

there is no hunting (Ferrari, 2013; Port-Carvalho & Ferrari, 2004; Port-Carvalho, 2002; Santos, 

2002; Veiga, 2006).  

S. niger had the greatest group size, individuals, and encounter rate in Period 1. Their mean 

group size had the highest value in Period 3, and the lowest value in Period 1 (Figure 4D). This 

implies that the total population has declined, but that the remaining groups are larger now than 

they were both 10 and 20 years ago. They live in extended family groups of 4-16 individuals 

(IUCN, 2021d), so the mean group size indicates quite small groups in the Cikel area. Research 

shows a trend for smaller range in marginal or disturbed areas for the species (Egler, 1992) 

(Neyman, 1978), contrasting with continuous forest cover, where the ranges can exceed 100 

hectares (Peres, 1993; Terborgh, 2014). Also, (Veracini, 2000) recorded a habitat range of >30 

hectares in predominantly primary forest. However, S. niger is also shown to exhibit a 

preference for disturbed, marginal, and secondary forest habitats, and (Oliveira & Ferrari, 2008) 

observed the ecological flexibility of the species, especially their ability to adapt their behaviour 

to changes in distribution of resources and abundance. This ability to adapt to anthropogenic 

habitat disturbances (Silva & Ferrari, 2007), is most likely to be key for long-term survival of 

species inhabiting Amazonia (Lopes & Ferrari, 2000). This indicates that the species is affected 

by anthropogenic disturbances in its environment but has the ecological flexibility to adapt to 

the disturbances to a certain degree.  

For S. collinsi, Period 3 had the most observations, and a mean group size similar to the total 

mean group size at Cikel for the past 20-years. This shows that the observation values for both 

Periods 1 and 2 were strikingly low (Figure 4E).  

Furthermore, the increase reported (250% for groups and 488% for individuals) is somewhat 

misleading since the observations of this species, in both Period 1 and 2, are extremely low. S. 

Collinsi live in large groups of 25-75 individuals (Mercês et al., 2015), making the low number 

of observations in the study area very surprising. Despite some areas showing a population 

decline due to anthropogenic disturbances, particularly the Belém Area, these threats are not 

affecting the species as a whole (Mercês et al., 2015). Mercês (2015) found that the C. Collinsi 

is a relatively resilient species, as even in intensely fragmented areas, are able to maintain 

smaller populations. 
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S. apella had a population decline from Period 1 to 3. However, the mean group size had a 

steady increase over the 20-year period. Therefore, the groups are becoming larger, even though 

the population is declining. S. apella is not endangered and is the monkey species in this study 

with the widest range and distribution (Figure 3F). They live in groups of 15-20 individuals 

(IUCN, 2021e), indicating that the mean group size for this species in Cikel is small. Even 

though, the mean group size for S. apella has had a steady increase, the encounter rate (Figure 

5) has declined from 1.04 (Period 1), to 0.55 (Period 2), to 0.89 (Period 3). This indicates that 

the group size has increased over the years, but number of observations declined in Period 2, 

before experiencing an increasing in Period 3. The prevalence of S. apella is unsurprising given 

its adaptability, wide distribution, and generalist diet (Gómez-Posada et al., 2019). 

 

4.3  Study limitations  

Collecting data via human observations can lead to variabilities or biases in data collection 

accuracy. The study area may have various levels of logging and several habitat types, 

influencing the behaviour and distribution of the primates in the area. The data utilised herein 

was collected by different people over several years, therefore error in species detection, 

classification, and data entry can occur.  

Line-transect censuses were conducted at various times of the year with data from every month. 

Throughout the year, observation rates may differ due to seasonal changes. In areas with 

logging activity, line transects are often conducted during April – July, when there is no logging 

due to the rain season (Azevedo-Ramos et al., 2006). Since the line transects at Cikel were 

conducted in all months, the transect surveys done between February and April would naturally 

experience a lot more rain than the transects done between August – November.  

 

4.4  Conservation implications 

Our results show that RIL is neither very negative nor positive for the primate assemblage in 

the study area as of today. RIL has less primate species loss than other land uses, and this has 

also been shown for other large vertebrates (Azevedo-Ramos et al., 2006; Ribeiro & Freitas, 

2012). However, these results can change in the future as more land area becomes logged, 

further depleting important fruit tree resources, and disrupting the canopy structure of forests. 

After the 20 years of line transect surveys at Cikel, we can with good certainty say that the area 
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is an especially important forest fragment for primates. Keeping in mind that much of the once 

existing forest in Eastern Amazonia is now deforested and/or highly fragmented. All primates 

in this study except for S. apella and S. collinsi are declining in the Amazon. The population of 

A. belzebul is suspected to already have declined over the period of one generation, and it is 

suspected to continue the decline by at least 30% over the course of the current and following 

generations (IUCN, 2021a). For C. kaapori it is assessed that the population is declined by at 

least 80%, based on a drastic decreasing population trend over the past three generations (IUCN, 

2021b). A population reduction for C. satanas of at least 50% is suspected over the course of 

next three generations (IUCN, 2021c). There has also been a 30% decline in S. niger population 

over the last ~18 years, equalling 3 generations for the species (IUCN, 2021d). Cikel appears 

to act as a safe haven for C. Kaapori, which emphasises the importance of forest fragments. For 

future research, it would be interesting to see if there is a correlation between fragmented areas 

and the forming of new mixed species groups, especially species with no studies about them 

coexisting in this way. The long-term effects of RIL in logging concessions must be studied 

further, focusing on specific aspects of primate ecology, like diet and direct corelation between 

fruit tree logging and primate assemblage.  
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