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Abstract: Although long-term monitoring of wildlife populations is fundamental in understanding how populations respond 
to changes in their environment, particularly in areas affected by habitat disturbance, long-term monitoring programs are lack-
ing for many species and sites.  Using newer methods to estimate population density may limit comparison with estimates 
obtained in the past at the same study site.  Our aim is to evaluate whether resurveys could be used to monitor changes in popu-
lation trends over time by comparing population density estimates obtained in the past with subsequent population density 
estimates obtained using the same methods to collect and analyze the data.  We performed line-transect surveys in mature and 
regenerating forest in the Otoch Ma’ax yetel Kooh protected area, Yucatán, Mexico, to determine the spider monkey (Ateles 
geoffroyi) population density in 1997–1998 and 2015.  We estimated population density by calculating the size of the sampled 
area (effective strip width) using the Kelker, King and Maximum Perpendicular Distance methods.  We compared population 
density estimates obtained using the same method in 1997–1998 and 2015.  Although population density estimates differed 
across methods, each method consistently showed no change in population density over time in either mature or regenerat-
ing forest, suggesting that changes in population trends can be monitored using the same method over time.  Given that large 
gaps remain in the distribution and size of populations for the majority of Neotropical primates and long-term monitoring 
programs are scarce, resurveys may be a useful method to provide updated information on populations surveyed in the past.  
Such updated information is urgently needed, especially in areas that have undergone landscape-scale modifications between 
survey periods.
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Introduction

Monitoring wildlife allows researchers to track popula-
tion trends over time (i.e., whether a population is stable, 
increasing in size, or in decline), documenting the welfare 
and extinction risk of such populations (Kühl et al. 2008).  
Long-term monitoring, where surveys are performed at 
regular intervals in the same area (e.g., annually), is nec-
essary to understand how changes in the environment or 
its management affect animal populations (Chapman and 
Lambert 2000; Magurran et al. 2010) and can therefore aid 

in conservation and management decision-making.  Long-
term monitoring is commonly practiced for large, charis-
matic fauna, such as elephants (Loxodonta africana cyclotis 
see Hoppe-Dominik et al., 2011; L. africana see Mtui, et 
al. 2017), and tigers (Panthera tigris Barlow et al. 2009; 
Majumder et al. 2017), but in primates it is restricted to a 
small group of species (e.g., Chapman et al. 2010, 2018; 
Rovero et al. 2015; Strier et al. 2017).  In general, con-
straints imposed by time and funds lead to a larger number 
of short-term surveys (Dobson and Lees 1989; Struhsaker 
2008), often only a few months in length (e.g., Allgas et al. 
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2018).  Additionally, the long lifespan of many primate spe-
cies makes long-term monitoring challenging as monitoring 
programs may need to span several generations of research-
ers or conservation practitioners and secure continuous 
funding to observe changes in population trends over time 
(Chapman and Lambert 2000; Estrada et al. 2017).  One 
way to overcome such difficulties and obtain information 
on changes in population abundance over time when no 
long-term monitoring programs are in place is to resurvey 
a location surveyed in the past whenever possible (Marsh 
1986; Moritz et al. 2008; Kopecký and Macek 2015).  Such 
resurveys are usually separated by several years or decades, 
and although they are increasingly common in vegetation 
ecology (Verheyen et al. 2017), their application to prima-
tology is limited (Marsh 1986; Aggimarangsee 2013; Alco-
cer-Rodríguez et al. 2021).  As the most common measure 
of population trend is population density (i.e., the number of 
individuals or groups per unit area), comparisons of popula-
tion density estimates based on resurveys may be unreliable 
if different methods to collect and/or analyze the data are 
used during the two survey periods.

Survey and data-analysis methods have undergone 
major developments over the past two decades—the intro-
duction of distance sampling (Buckland et al. 2001), spa-
tially explicit mark-recapture (Efford et al. 2009) and occu-
pancy modelling (Mackenzie et al. 2005).  New methods 
may not be easily applied to long-term monitoring programs 
that span the careers of several researchers because the 
original data can be lost over time, leaving only survey esti-
mates published in scientific articles.  The lack of original 
survey data may, therefore, prevent the reanalysis of such 
data using newer methods, and thereby limit the comparison 
of population density estimates and population trends over 
time.

Given that information on population trends and the 
factors affecting them is vital for the elaboration of conser-
vation management plans, we aimed to evaluate whether 
resurveys could be used to monitor changes in population 
trends over time.  We did so by comparing population density 
estimates obtained in the past with newer population density 
estimates obtained using the same methods to collect and 
analyze the data.  We compared Geoffroy’s spider monkey 
(Ateles geoffroyi) population density estimates obtained in 
the Otoch Ma’ax yetel Kooh (OMYK) protected area in 
1997–1998 with estimates obtained in 2015.  We did so by 
using three methods to estimate the effective strip width: 
the King method (Link et al. 2010; Meyler et al. 2012; de 
Luna and Link 2018), the Kelker method (Kelker 1945), and 
the Maximum Perpendicular Distance method (Defler and 
Pintor 1985; Chapman et al. 1988).  All three methods were 
popular at the time of the 1997–1998 survey but decreased 
in popularity with the advent of newer methods, such 
as Conventional Distance Sampling, which accounts for 
imperfect detection (Buckland et al. 2001).  Performing this 
study is relevant because all species of spider monkeys are 
threatened with extinction (Ramos-Fernández and Wallace 

2008).  In addition, despite having been surveyed at differ-
ent sites across their range using a variety of methods to esti-
mate population density from line transect data (Estrada and 
Coates-Estrada 1996; Estrada et al. 2004; Serio-Silva et al. 
2005; Weghorst 2007; Link et al. 2010; Aquino et al. 2012; 
Marsh et al.  2016; Spaan et al. 2019, 2020), data on spider 
monkey population trends over time are lacking.  As such, 
comparisons based on resurveys could provide important 
insights into the current trends of different spider monkey 
populations.  An evaluation of the appropriate methodology 
is therefore essential.

Methods

Study design
We carried out spider monkey population surveys in 

1997–1998 and 2015 in OMYK, Yucatán, Mexico.  OMYK 
(5367 ha; 20°38’N, 87°38’W: 14 m above sea level) was 
decreed a Flora and Fauna protected area in 2002 (Bonilla-
Moheno and García-Frapolli 2012).  See Ramos-Fernández 
et al., 2018 for further details on the study site.

We surveyed the southern section of OMYK with four 
transects in 1997–1998 and resurveyed the same section in 
2015, using three transects that were in approximately the 
same location as the transects used in 1997–1998 (Spaan et 
al. 2021).  Transect locations in 2015 were determined with 
the help of maps of the original transects and a member of 
the local community who was part of the 1997–1998 sur-
veys.  The total length of all transects equaled 19.6 km in 
1997–1998 and 12.5 km in 2015.  Most of the transect length 
was composed of regenerating forest (forests in differing 
stages of succession <50 years old): 13.2 km in 1997–1998 
(67%) and 7.9 km in 2015 (63%).  The rest of the transect 
length consisted of mature forest (forest >50 years old).

Data collection
We replicated the 1997–1998 survey data collection 

methods as closely as possible in 2015.  Upon sighting 
monkeys, we counted all independently moving individuals, 
marked their compass bearing with respect to the transect 
centerline and estimated the distance between the observer 
on the transect centerline and the individual (Spaan et al.  
2019).  We also marked the location of the sighting using 
a hand-held GPS device (see Spaan et al. 2021, for further 
details).

Data analysis
We used the compass-bearing and distance from the 

transect centerline to each individual spider monkey to 
calculate the perpendicular distance between the transect 
centerline and each individual.  We corrected for error in 
estimating distances following Spaan et al. (2019). Popula-
tion density refers to the number of individuals in a particu-
lar area (Plumptre et al. 2013), where the area is calculated 
as 2-times the transect length × the effective strip width 
(ESW).  ESW is the distance from the transect centerline 
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within which it is assumed that all individuals have been 
detected (Struhsaker 1981). We did not account for bias in 
our population density estimates that could have resulted 
from missing individuals that were in fact present in the 
subgroup encountered.  A previous study revealed that 1.7% 
of adult females and 12.3% of young can be missed during 
line transect surveys in this forest (Spaan 2017).  Although 
such bias may be overcome in primates that live in groups 
of stable composition and size by calculating the distance 
to the group center point, this measure is not applicable to 
spider monkeys due to their high degree of fission-fusion 
dynamics (Aureli et al. 2008) and can introduce other biases.

We estimated the population density of spider monkeys 
in mature and regenerating forest for both study periods 
using three methods: the King method (Link et al. 2010; 
Meyler et al.  2012), the Kelker method (Struhsaker 1981) 
and the maximum perpendicular distance (MPD) (Defler 
and Pintor 1985; Chapman et al. 1988).  These methods 
differ in how the ESW is estimated.  All methods use the 
perpendicular distances from the individual detected during 
surveys to the transect centerline to estimate ESW.  There-
fore, the number of individuals and the area included in the 
calculation of population density varied between methods 
(Spaan et al. 2019). 

For the MPD, the ESW is assumed to be the maximum 
perpendicular distance recorded during surveys (Chapman 
et al. 1988).  Although the King method was originally 
based on radial distances (animal-observer distances; de 
Andrade et al. 2019), it has been modified to use perpendic-
ular distances in previous spider monkey surveys (Link et 
al. 2010; de Luna and Link 2018) as well as surveys of other 
primate species (Meyler et al. 2012).  Population density is 
estimated using the mean perpendicular distance (Link et al. 
2010; de Luna and Link 2018).  All 102 and 76 individuals 
sighted in mature forest and 26 and 7 individuals sighted 
in regenerating forest in 1998 and 2015, respectively, were 
included in the population density estimates using the King 
and MPD methods.

The Kelker method is a histogram inspection technique 
(Chapman et al.  2000; Hassel-Finnegan et al. 2008; Meyler 
et al. 2012).  The effective strip width is determined as the 
perpendicular distance from the transect centerline after 
which there is a dramatic decline in the number of individ-
uals sighted.  We used a 50% fall-off distance, where the 
number of individuals drops >50% from one bin compared 
to the previous bin, to estimate the ESW (see Spaan et al. 
2019 for further details).  We selected the histogram (and 
bin size) that excluded the least number of sighted individu-
als after the 50% fall-off distance was applied (Spaan et al. 
2019).  We grouped perpendicular distances into histograms 
with bins of 4, 5, 6, and 7 m for mature forest, and chose 
the histogram with the 4 m and 6 m bins for 1998 and 2015, 
respectively.  For regenerating forest, we grouped perpen-
dicular distances into histograms with bins of 3, 4, 5 and 
7 m, and chose the histogram with the 5 m and 7 m bins 
for 1997–1998 and 2015, respectively.  These histograms 

included 89 and 76 sighted individuals in mature forest and 
25 and 7 individuals in regenerating forest for 1997–1998 
and 2015, respectively.  We calculated 95% confidence 
intervals following Meyler et al. (2012), but we were unable 
to do so for mature forest in 1997–1998 as only one transect 
included mature forest.

Results

We recorded distance measurements for all spider mon-
keys sighted in the two vegetation types for a total survey 
effort of 219.7 kms and 128.5 kms, during the 1997–1998 
and 2015 surveys, respectively.

Spider monkey population density estimates calculated 
with each method in either mature or regenerating forest for 
1998 and 2015 are similar (Table 1).  The population den-
sity estimates obtained using the King method and the MPD 
method with the 1998 data fell within the 95% confidence 
interval of the corresponding 2015 data for mature forest 
(Table 1).  The 1998 population density estimate obtained 
using the Kelker method fell just outside of the 2015 con-
fidence interval but was very close to the upper limit.  In 
addition, the 1998 and 2015 95% confidence intervals over-
lapped for all three methods for regenerating forest (Table 
1). 

Although the population density estimates obtained 
with the King method were much higher than those cal-
culated with the Kelker method and MPD method in both 
vegetation types and years, confidence intervals of the three 
methods overlap for regenerating forest in both years and 
for mature forest in 2015 (Table 1).

Discussion

We found no change in spider monkey population den-
sity estimates in either mature or regenerating forest over a 
17-year period in OMYK, regardless of the method used to 
estimate population density.  Similar results were obtained 
using spider monkey encounter rates (individuals per kilo-
meter walked; Spaan et al. 2021).  Our results suggest that 
the spider monkey population in the southern section of 
OMYK has remained relatively stable over a 17-year period.  
This is particularly interesting as the study area underwent 
several changes between the survey periods, including the 
creation of the protected area.  However, the comparison of 
population density estimates between two surveys over a 
17-year period could hide fluctuations in population size that 
occurred during that time.  In addition, it must be noted that 
as spider monkeys are slow growing and slow reproduc-
ing animals (Shimooka et al. 2008; Ramos-Fernández et al. 
2018), 17 years may not be enough time to observe marked 
changes in population size.  When funding and resources 
permit, it is always favorable to perform surveys at more 
regular intervals rather than resurveying an area surveyed 
only once in the past.  
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Vegetation type Method Year ESW
(km)

Length 
(km) N Population 

density 95% CI

 Mature forest  King method 1998 0.008 72.9 102 77.3

2015 0.011 42.78 76 81.6 23.4 – 96.1

  Kelker method 1998 0.016 72.9 89 38.2

 2015 0.03 42.78 76 29.6 8.5 – 35.1

  MPD 1998 0.029 72.9 102 24.1

2015 0.028 42.78 76 31.7 19.9 – 38.5

 Regenerating forest  King method 1998 0.012 146.8 26 7.6 0.1 – 17.3

2015 0.008 85.72 7 4.9 -2.9 – 9.0

 Kelker method 1998 0.015 146.8 25 5.7 1.4 – 10.2

2015 0.014 85.72 7 2.9 -1.7 – 5.4

  MPD 1998 0.037 146.8 26 2.4 0.7 – 10.9

 2015 0.013 85.72 7 3.2 -1.9 – 5.8

Table 1. Population density estimates (individuals per km2) for mature and regenerating forest in 1997–1998 and 
2015 using different methods.

Although population density estimates differed between 
methods, all methods show the same trend over time.  One 
of the limitations comparing population density estimates 
over time is that original data from past surveys may no 
longer be available, with only the population density esti-
mates published in the scientific or gray literature remaining.  
This may limit comparisons across time as newer methods 
to estimate population density cannot be applied to previous 
survey data, even if the same data collection protocol was 
employed during subsequent surveys.  Our results suggest 
that if the same protocols are followed during data collec-
tion, the published population density estimates can be com-
pared to estimates obtained during subsequent surveys in 
the same area, if the same method is used to estimate popu-
lation density.  Thus, published population density estimates 
can still lead to valuable insights on population trends when 
compared to newer population density estimates using the 
same data collection and analysis protocols. 

The older methods used here to estimate population 
density have largely been replaced by newer methods (e.g., 
Conventional Distance Sampling) because the older meth-
ods may over- or under-estimate population density and do 
not account for imperfect detection (Meyler et al. 2012).  For 
example, maximum perpendicular distance is influenced 
by visibility and terrain which can lead to underestimat-
ing spider monkey population density (Spaan et al. 2019).  
Although the Kelker method slightly under-estimated spider 
monkey population density in previous surveys in OMYK, 
it provided the most similar population density estimate to 

the actual density based on home range size and individu-
ally identified monkeys (Spaan et al. 2019).  It is therefore 
likely the most accurate estimate we present here.  We report 
large confidence intervals for some of the population density 
estimates.  Large confidence intervals can make interpret-
ing the conservation status of a species or population dif-
ficult.  Here, they are likely attributed to the limited number 
of transects that were walked.  Large confidence intervals 
are a common limitation in population surveys of primates, 
although often they are simply not reported.  To overcome 
this limitation and to err on the side of caution, the IUCN 
recommends using the lower confidence interval of popula-
tion estimates (IUCN 2012; Paim et al. 2019).  Consider-
ing the limited resources and funds available to conserva-
tion and the sheer number of threatened species, however, 
improving the precision and accuracy of population surveys 
should be a priority.

Overall, although the population density estimates we 
present here may not be reliable in terms of the number of 
individuals that are found in the survey area (Meyler et al. 
2012; Kun-Rodrigues et al. 2013; Spaan et al. 2019), our 
study shows that they may still provide valuable informa-
tion on population trends between two survey periods.  
Resurveys can therefore provide insights into the welfare 
and extinction risk of animal populations living in an area 
previously surveyed, providing a powerful tool to investi-
gate the effect of anthropogenic and climatic changes on 
population trends over time (Arce-Peña et al. 2019; Alco-
cer-Rodríguez et al. 2021).  Given that large gaps remain 
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in the distribution and size of populations for the majority 
of Neotropical primates (Freire Filho and Palmeirim 2020) 
and long-term monitoring programs are scarce, resurveys 
may prove a valuable tool to provide current information on 
populations surveyed in the past.  Such updated information 
is urgently needed, especially in areas that have undergone 
landscape-scale modifications between survey periods. 
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