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Abstract

The Javan gibbon is endemic to Java with remaining populations restricted to a few protected areas. This species
is currently endangered with habitat loss considered the most serious threat to the long-term viability. Current
population estimates (e.g. density, abundance) for the Javan gibbon are limited and variable. As such, there is a
critical need to provide thorough monitoring of the existing population. This survey was conducted at five protected
areas located in the provinces of West and Central Java from April 2008 to August 2009. The survey areas included
Gunung Gede Pangrango National Park, Gunung Simpang Nature Reserve, Gunung Papandayan Protection
Forest, Leuweung Sancang Nature Reserve, and Gunung Slamet Protection Forest. The goal of the project was to
generate population density estimates for the species that can contribute to the assessment of population trends
and conservation priorities in these protected areas. All surveys involved the use of line-transect sampling along
transects of 1 to 3.5 km in length with repeated multiple times to generate reliable density estimates. Average group
and individual densities were highest at Gunung Gede Pangrango NP (2.5 groups/km? and 5.7 individuals/km?) and
lowest at Leuweung Sancang NR (1.1 groups/km? and 2.4 individuals/km?2). A coordinated approach to the
conservation of the existing Javan gibbon population is a high priority and should include long-term population

monitoring combined with the assessment of habitat suitability.

Keywords: Indonesia; Javan gibbon; Endangered; Endemic;
Population density; Protected areas; Conservation

Introduction

The Javan gibbon (Hylobates moloch) is endemic to the island of
Java, Indonesia with a distribution now limited to provinces in the
western (Banten and West Java) and central (Central Java) parts of the
island. It is currently categorized as Endangered by the IUCN Red List
[1]. Javan gibbons live in family groups consisting of two parents and
their offspring. They are almost entirely arboreal and dependent on
primary or suitable secondary forest [2].

Some of the earliest research on Javan gibbons, now almost 40 years
ago by Kappeler in 1978 [2], documented serious concern for the long-
term survival of the species due to habitat destruction, hunting and
capture. Anthropogenic activity continues to have a progressive and
dramatic impact on existing populations with habitat loss and
fragmentation presenting a significant threat to the species’ survival
[3,4]. Some estimates suggest that Java has lost more than 90% of its
original forest cover [5] and that the Javan gibbon has lost
approximately 96-98% of its habitat [6,7]. Considering the dates of
these estimates, the current loss may be even greater.

As is the case with many primate species in the wild, the existing
data on Javan gibbon population parameters (e.g. population density,
abundance) are limited and show considerable variation [8]. In 1994, a
Population and Habitat Viability Analysis (PHVA) workshop estimated
the Javan gibbon population in the wild to be only 400 individuals,
distributed among 21 forest fragments [9]. In 2000, the Javan gibbon
was listed as one of 25 most endangered primate species in the world
[10]. More recent estimates suggest a population size closer to
4,000-4,500 individuals [8,11]. Given the on-going anthropogenic
pressure from habitat loss and disturbance, coupled with limited
information on long-term population trends in key protected Javan
gibbon habitats, there is a critical need to establish regular population
monitoring to ensure the long-term viability of the Javan gibbons in
the wild.

The purpose of current study was to conduct a broad survey of the
Javan gibbons at five protected forests on Java that are known to
support existing populations of the species. All five forest areas also
have been surveyed in previous studies. Four sites were located in West
Java: Gunung Gede Pangrango National Park, Gunung Simpang
Nature Reserve, Gunung Papandayan Protection Forest, and
Leuweung Sancang Nature Reserve, and one site in Central Java:
Gunung Slamet Protection Forest. Our goal was to generate population
density estimates for this endangered species that can help support
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subsequent population monitoring and contribute to the assessment of
population trends and conservation priorities in these protected areas.

Methods

Study sites

Surveys were conducted at five protected areas on Java. Each
protected area was known to have an existing population of Javan
gibbons that had been assessed by other researchers at some point
during the past 25 years.

Gunung Gede Pangrango National Park (GGPNP): GGPNP is
located in West Java (S06°44°/E106°41’), administratively in the
regencies of Bogor, Sukabumi and Cianjur. The park encompasses a
total area of about 228.5 km? and varies in elevation from about 740 m
to 3,019 m asl. GGPNP is a mountainous tropical rain forest consisting
of three types of ecosystems, sub-montane, montane and sub-alpine.
The park is home for more than 110 species of mammals including
several primate species: the Endangered Javan gibbon (Hylobates
moloch), the vulnerable ebony leaf monkey ( Zrachypithecus auratus),
the Endangered grizzled leaf monkey (Presbytis comata), the long-
tailed macaque (Macaca fascicularis) and the Critically Endangered
Javan slow loris (Nycticebus javanicus).

Gunung Simpang Nature Reserve (GSNR): GSNR is located in West
Java (S07°17°/E107°21°) and covers an area of 150 km? of highland
forest with the elevations ranging between 800 m to 1,823 m asl. GSNR
is in the regencies of Bandung and Cianjur and is inhibited by four
species of primates including the Javan gibbon, the ebony leaf monkey,
the grizzled leaf monkey and the long-tailed macaque.

Gunung Papandayan Protection Forest (GPPF): GPPF is located in
West Java (S07°21°/E107°41’) in the regencies of Garut and Bandung.
GPPF is 68.1 km? in size consisting of hilly and mountainous terrain
ranging in elevation between 865 m to 2,200 m asl. During the study
period, the protected forest boundary was closed to access due to risks
associated with an active volcano. Therefore, we conducted our survey
outside the perimeter of GPPE but still within the forest zone
immediately adjacent to the protected area. There are three species of
primates found in GPPF: the Javan gibbon, the grizzled leaf monkey,
and the Javan slow loris [12].

Leuweung Sancang Nature Reserve (LSNR): LSNR is located near
the south coast of West Java (S07°43°/E107°53’) and encompasses an
area of approximately 21.6 km?. LSNR consists of lowland rain forest
and varies in elevation from 0 m to 175 m asl. Four species of primates
inhibit the reserve including, the Javan gibbon, the ebony leaf monkey,
the grizzled leaf monkey, and the long-tailed macaque.

Gunung Slamet Protection Forest (GSPF): GSPF is located in
Central Java (S07°17°/E109°11°) with has a total area about 200 km?.
The GSPF contains the second highest mountain in Java and varies in
elevation from 600 m to 3,000 m asl [13]. There are four species for
primates found in GSPF: the Javan gibbon, the grizzled leaf monkey,
the ebony leaf monkey and the long-tailed macaque [4].

Data collection

Surveys were conducted from April 2008 through August 2009
using the line-transect sampling method outlined by the National
Research Council [14]. Line-transect sampling is an efficient method
for the assessment of primate populations [15] and has been employed
for survey work where rapid estimates of populations in inaccessible
terrain or in widely different geographic areas are required [16]. It is
also used for detailed studies within a limited geographic area,
including monitoring of temporal changes in density [17], for
comparison of habitats within the same general area [18], and for
estimation of populations in areas where other methods (mark-
recapture, complete counts, home range or territory mapping, etc.) are
not feasible [19,20].

Sampling was conducted along two to three transects at each
protected area. Transects ranged in length from 1.0 to 3.5 km (depends
on survey locations and severity of topography) and were located in
representative habitat types at each site (i.e., has tree plantations, and
provided food sources).Transects were sampled once a day in a single
direction during early morning (beginning at ~6:00 am) and repeated
multiple times to generate reliable density estimates. Sampling was
postponed during periods of rain or high wind. Transect details for
each protected area is presented in Table 1.

No. of Survey Samples
Protected Area Transect Length Coordinates Elevation (m) (Repeats)
GGPNP (survey dates: 18 July-14 August 2009)
S06°46'33.9"/E106°51'14.5”
Trans-1 3 S06°46'41.0"/E106°51'34.7" 1551-1784 9
S06°44'58.6"/E106°59'7.8"
Trans-2 25 S06°44'54.7"/E106°59'23.4" 764-819 9
GSNR (survey dates: 23 April-29 May 2008)
S07°17'53.5"/E107°22'01.8”
Trans-1 35 S07°18'51.3"/E107°22'27.8” 1150-1210 16
S07°17'32.2"/E107°22'12.5”
Trans-2 3.2 S07°17'14.4"/E107°23'35.7" 1199-1384 14
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S07°17°38.6"/E107°22'18.4”
Trans-3 35 S07°18'30.8"/E107°23'28.7" 1116-1075 16
GPPF (survey dates: 4 November-15 December 2008)
S07°21'56.9"/E107°41°09.5”
Trans-1 35 S07°21'53.4"/E107°40°'59.0” 1171-1193 15
S07°22'15.7"/E107°41°03.2"
Trans-2 3 S07°22'46.7"/E107°41°30.9” 1194-1056 9
S07°22'29.1"/E107°41'46.8”
Trans-3 3 S07°22'33.9"/E107°41°'21.6” 1177-1109 9
LSNR (survey dates: 26 June-3 August 2008)
S07°43'40.3"/E107°53'31.3”
Trans-1 1 S07°43'40.2"/E107°53'35.0” 20-67 14
S07°43'42.3"/E107°53'35.1”
Trans-2 2 S07°43'32.4"/E107°53'29.7" 47-96 10
S07°43'41.4°/E107°53'37.9”
Trans-3 25 S07°43'32.4"/E107°53'43.6” 35-108 12
GSPF (survey dates: 4-30 March 2009)
S07°18'43.3"/E109°12'16.8”
Trans-1 3 S07°17'55.6"/E109°11’33.5” 650-850 7
S07°18'43.4°/E109°12'40.0”
Trans-2 3 S07°17°43.2"/E109°11°49.3” 650-900 7
GGPNP: Gunung Gede Pangrango National Park; GSNR: Gunung Simpang Nature Reserve; GPPF: Gunung Papandayan Protection Forest; LSNR: Leuweung
Sancang Nature Reserve; GSPF: Gunung Slamet Protection Forest

Table 1: Transect details for each protected area.

Following standard sampling procedures outlined by the National
Research Council [14], two to three observers walked slowly and
quietly along the transect making frequent stops to scan the area and
listen for gibbons. When a group/individual was encountered
(visually), the following information was recorded: time of sighting,
location along the transect (via GPS coordinates), perpendicular
distance from the transect to the first animal observed (via
rangefinder) and number of animals observed (and age/sex class when
possible). Groups/individuals encountered were observed for a
maximum of 10 min. Only data involving visual sightings of gibbon
groups (two or more individuals) were used for analysis, thus allowing
for highly conservative estimates of both group and individual density.
Visual sightings of single animals were rare but were noted when
observed.

To allow comparison of the data with those from earlier studies,
density estimates were calculated following methods described by the
National Research Council [14]. Additionally, density estimates also
were calculated using the software program DISTANCE [21,22], a
contemporary standard for analyzing line-transect data. As we have
noted elsewhere [23], some researchers have raised concerns that

DISTANCE may overestimate densities of forest primate groups [24].
Nevertheless, the DISTANCE values were generated to provide
baseline comparison for subsequent population surveys of Javan
gibbons.

Our research adhered to the legal requirements and applicable laws
of Indonesia and complied with the animal care protocol approved by
the Institutional Animal Care and Use Committee at the University of
Washington, and the American Society of Primatologists (ASP)
Principles for the Ethical Treatment of Nonhuman Primates.

Results

Over the course of the 16 month study period, we conducted a total
of 147 survey samples (representing 418.8 km) along 13 transects
distributed among the five protected areas (Table 1). Javan gibbons
were encountered (visually) along all transects in the five protected
areas. Based on recorded perpendicular sighting distances, no gibbons
were observed visually beyond 50 m and thus for the purpose of
density calculation [14], a strip width of 100 m was used. This is
consistent with other studies that have reported a detection distance of
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50 m, e.g. [25,26]. The maximum elevation where gibbons were sighted
was 1,651 m asl, along transect #1 in GGPNP; the lowest elevation of
sighting was 59 m asl along transect #1 in LSNR. The majority of
encounters involved group sightings. Single animals were rarely

encountered during the surveys and only at GSNR, GPPF and LSNR
(on average 2.3 sightings per entire survey period at each protected
area (range 2-3). As noted above, these data were not included in the
density calculations.

Protected Area Km Surveyed Km? Surveyed Group Encounters Groups/km? Mean Group Size Individuals/km?

GGPNP

Trans-1 27 27 6 2.2 25 55

Trans-2 225 2.25 6 2.7 2.2 5.9

Mean 25 24 5.7

GSNR

Trans-1 56 5.6 10 1.8 2.1 3.8

Trans-2 448 4.48 7 1.6 2.1 34

Trans-3 56 5.6 9 1.6 24 3.8

Mean 1.7 22 3.7

GPPF

Trans-1 52.5 5.25 6 1.1 23 3

Trans-2 27 2.7 3 1.1 23 25

Trans-3 27 2.7 3 1.1 2.7 29

Mean 1.1 2.4 26

LSNR

Trans-1 14 1.4 2 1.4 2 2.8

Trans-2 20 2 2 1 25 25

Trans-3 30 3 3 1 2 2

Mean 1.1 22 24

GSPF

Trans-1 21 21 3 1.4 2.3 3.2

Trans-2 21 21 2 0.9 25 2.3

Mean 1.2 24 2.8

Note: Respective mean group and individual density estimates from DISTANCE (ver. 6.0, release 2) are presented below

Values represented include- DE: density estimate/km?; Cl: 95% Confidence Intervals of the Density Estimates; % CV: Coefficient of Variation of the Density Estimates

expressed as a Percentage; ESW: Effective Strip Width

The number of repeats (survey samples) for each transect are noted in the text. Estimates were obtained using the half-normal model with a cosine adjustment [21]
Table 2a: Density estimates of Javon Gibbons in west and central java.

Protected Area DE Cl %CV ESW

GGPNP

Groups 2.5 1.2-5.3 38.2

Individuals 5.8 2.7-125 38.7 49.0m

GSNR

Biol Syst Open Access, an open access journal
ISSN:2329-6577

Volume 7 « Issue 1 « 1000184



Citation:

Iskandar E, Sinarga W, Riendriasari S, Rahmuddin, Tedjosiswojo K, et al. (2018) Survey of the Javan Gibbons (Hylobates moloch) in

West and Central Java, Indonesia: Trends in Population Density. Biol Syst Open Access 7: 184. doi:10.4172/2329-6577.1000184

Page 5 of 9
Groups 1.8 1.1-3.1 26.5
Individuals 3.9 2.3-6.7 26.7 47.0m
GPPF
Groups 1.4 0.6-3.1 40.6
Individuals 3.3 1.5-7.5 411 41m
LSNR
Groups 1.2 0.5-2.9 46
Individuals 25 1.0-6.2 46.4 47.0m
GSPF
Groups 1.4 0.5-4.2 53.3 42.0m
Individulas 3.4 1.1-10.2 54.3
GGPNP: Gunung Gede Pangrango National Park; GSNR: Gunung Simpang Nature Reserve; GPPF: Gunung Papandayan Protection Forest; LSNR: Leuweung
Sancang Nature Reserve; GSPF: Gunung Slamet Protection Forest

Table 2b: Density estimates of Javon Gibbons in west and central java.

Density estimates, while relatively consistent within each protected
area, did vary across areas (Tables 2a and 2b). The two western-most
protected areas GGPNP followed by GSNR had the highest mean
density estimates at 2.5 groups/km? and 5.7 individuals/km? and 1.7
groups/km? and 3.7 individuals/km?, respectively. The three remaining
areas (GPPE, LSNR, and GSPF) had similar density estimates with
average group densities ranging between 1.1-1.2 groups/km? and mean
population densities between 2.4-2.8 individuals/km?. It is important
to note that we have not attempted to estimate population size for the
five protected areas due to the fact that we were not able to survey a
greater number of locations within each area.

Mean group size was relatively consistent both within and across
protected areas and ranged between 2.0-2.7 individuals per group
(individual group sizes ranged between 2-5 individuals). Observed
group composition (for all group encounters at all study sites)
consisted of at least two adults and often with one infant/juvenile
offspring. Adult pairs with two offspring also were observed at GSNR
and GGPNP (where the greatest number of two-offspring groups was
observed). Finally, there was one observed group encounter consisting
of an adult pair with three offspring, also at GGPNP-thus representing
the area with largest observed group size.

During the surveys, three other primate species, the ebony leaf
monkey, the grizzled leaf monkey, and the long-tailed macaque, were
encountered at each of the protected areas, except GSPF, where just the
grizzled leaf monkey was observed. On a few occasions, Javan gibbons
were seen using the same trees for food with the grizzled leaf monkey
(approximately 30 m apart) thus suggesting a sympatric association.

Discussion

This study provides updated population density estimates of the
Javan gibbon at five protected areas in West and Central Java. Gibbons
were observed in all five of the protected areas thus supporting the
need for continued monitoring and conservation at these sites. All of
the gibbon encounters occurred in hill/lower montane forest at
elevations between 59 m-1,651 m asl. These finding are consistent with

more recent reports that suggest the majority of Javan gibbons
currently inhabit forest areas between 500 m-1,500 m [8,27,28].

Among the five protected areas, the highest density estimates for the
Javan gibbon were found at GGPNP, also the location with the largest
protected forest area. Conversely, the areas with the lowest estimated
densities were those smallest in size, GPPF and LSNR. The explanation
for the variation in density, however, is likely far more complex than
simply habitat size. For example, food source abundance, habitat
suitability, ~and  anthropogenic  habitat  disturbance  (loss,
fragmentation), hunting/pet trade are among the variables known to
influence gibbon population parameters [29]. Some have noted a
negative correlation between level of habitat disturbance and Javan
gibbon density [8]. While all protected areas experience some level of
habitat disturbance, particularly along the boundaries, gibbon
populations living in small protected areas may be impacted more
severely given that they have fewer options (suitable habitat) to avoid
the disturbance. Protected areas of larger size, however, are better able
withstand habitat encroachment and can offer sufficient suitable
habitat for Javan gibbons thus allowing them to avoid the disturbance
and maintain higher densities.

There are two additional protected areas, Ujung Kulon National
Park and Gunung Halimun-Salak National Park, considerably larger in
size than the five areas in this study, that extend the general
observation of higher gibbon densities in areas of larger size. Both are
considered to represent the best protected habitats supporting Javan
gibbon populations at present. Ujung Kulon National Park is located in
Banten Province (formerly part of West Java) and is approximately
1,133 km? in size. A previous survey by our team conducted from
November-December 2000 [30,31] indicated density estimates for the
Javan gibbon at 2.8 groups/km? and 9.2 individuals/km? (based on a
survey at one location in the park using two transects). Other
researchers have reported similar density estimates: 2.6 groups/km?
and 8.9 individuals/km? [32]; 2.3 groups/km? and 10.7 individuals/km?
[33]; and 3.3 groups/km? and 8.9 individuals/km? [34]. Gunung
Halimun-Salak National Park is located in West Java and is
approximately 786 km? in size. Previous surveys by our team during
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2004 through 2005 [35,36] indicated an estimated group density of 3.4
groups/km? and an individual density of 8.2 individuals/km? (based on
surveys at four locations in the park using 2-4 transects/location).
Other researchers have reported somewhat higher density estimates:
2.6 groups/km? and 8.9 individuals/km? [37]; and 5.6 groups/km? and
9.9 individuals/km? [38].

A number of researchers have commented on the wide disparity in
reported population parameters for the Javan gibbon [8,39,40].

Comparison of our data with those from other studies conducted at
the five protected areas over the past 25 years highlights this variability
(Table 3). It is difficult to know whether the variation reflects true
population changes, or rather, is the result of other factors such as the
use of a variety of different survey methods or extrapolation to total
existing habitat vs. to identified suitable habitat [8]. All of these factors
likely contribute to the variability in populations parameters and limit
our ability to accurately assess trends in a population over time.

Study Dates(s) (Reference) Survey Method Protected Area
GGPNP GSNR GPPF LSNR GSPF
1) - -
2) - -
1994 [41] - 3) 600 250
1)-
2) -
1994-2002 [11] Fixed Point 3) 100
1)- -
2) - R
2003 [42] Line transect and call plotting 3) 447 - 527 -
1) 1.3
2) 3
2003-2006 [40] Fixed Point 3) 26
1)1.9
2)6.4
2008 [43] Line Transect 3) 347
1)2.5 1.7 11" 1.1 1.2
2)5.7 3.7 2.6 24 2.8
2008-2009 (Present Study) Line Transect 3)- - - - -
1) -
2) 1.7
2009-2010 [44] Line transect 3) 175
1) 3 -
2) -
2010-2011 [45] Group follows 3) 21-27
1) -
2) 0.26
Stratified random sampling and line
2014 [49] transect 3) 45
Note: This table summarizes Javan gibbon population survey data generated over the past 25 years from the five protected areas surveyed in this study This summary
represents a comprehensive listing of known research at these areas to the best of our knowledge. We acknowledge that there may be additional work (unpublished
reports, etc.) that we did not discover.
1)reported group density(groups/km?2)
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2)reported individual density (individuals/km?)
3)reported population density (total individuals)
empty cell = not surveyed

---- = not reported.

* survey conducted outside of protection forest due to risk associated with an active volcano.

GGPNP (Gunung Gede Pangrango National Park); GSNR (Gunung Simpang Nature Reserve); GPPF (Gunung Papandayan Protection Forest); LSNR (Leuweung

Sancang Nature Reserve); GSPF (Gunung Slamet Protection Forest).

Table 3: Comparision of Javan Gibbon population estimates at five protected areas during past 25 years.

We believe the value of our data is based in part on the fact that the
surveys were conducted by the same group of researchers using the
same sampling method at multiple sites over a relatively short period
of time. This allows for a more accurate comparison of density
estimates among areas and establishment of baseline measures for
subsequent monitoring and evaluation. As noted earlier, we have not
attempted to estimate population size for the five protected areas. This
is due to the fact that we were not able to survey a greater number of
locations within each area (due to constraints on time and funding). As
such, we acknowledge that our ability to generalize or extrapolate our
findings to an entire protected area is limited [46]. It is also important
to note that population estimates that are generated even when
multiple locations are sampled may still be at risk of overestimation.

As habitat disturbance/loss remains an on-going problem at all
protected areas, a critical factor that must be included in the
population size equation is habitat suitability. This point is well
illustrated in a recent study that assessed the habitat suitability of
GGPNP [47]. Applying a principal component analysis and general
linear model to assess multiple habitat variables, they determined that
only 55.8% of the parks total area (22,851 ha) represented high (3,918
ha) to moderate (8,823 ha) suitability for Javan gibbons. Clearly,
estimates of current population size at GGPNP would vary
dramatically if one were to simply apply the density estimates to the
parKs total available habitat versus the actual suitable habitat.
Therefore, as part of a broad gibbon conservation management
strategy, it is essential that systematic assessment of each protected area
be conducted on a periodic basis to help generate measures of current
habitat suitability, allowing for more precise estimates of existing
population.

A coordinated approach to the management and conservation of
the javan gibbon population on Java is long overdue and should be a
high priority. A program involving regular, long-term population
monitoring is essential to help track population parameters, evaluate
potential anthropogenic impact, and evaluate the effectiveness of
various conservation and management strategies [23,48]. We
recommend a monitoring program that will include the five protected
areas surveyed in this study, plus Ujung Kulon National Park and
Gunung Halimun-Salak National Park, and other locations with
existing Javan Gibbon populations such as Dieng Mountains. These
areas that are the main focus in population monitoring are
conservation areas considering majority of the surviving Javan gibbons
are in protected areas. The areas are still providing tree plantation for
the gibbons as the species are almost entirely arboreal and dependent
on primary or suitable secondary forest [2]. However, population
survey of the Javan gibbon outside conservation areas is also needed to
identify location status and how they can survive outside conservation
areas. Therefore, we can determine necessary conservation actions,

such as establishing corridors among unprotected areas to the closest
conservation area, and assigning unprotected area to be protected area.
Regular population surveys conducted by well-trained research teams
using the same uniform survey methods, combined with on-going
assessment of habitat suitability, represent essential components of a
broad-based management plan needed to ensure the long-term
viability of the Javan gibbon population.

Conclusion

The Average group and individual densities were highest at Gunung
Gede Pangrango NP (2.5 groups/km? and 5.7 individuals/km?) and
lowest at Leuweung Sancang NR (1.1 groups/km? and 2.4
individuals/km?). A coordinated approach to the conservation of the
existing Javan gibbon population is a high priority and should include
long-term population monitoring combined with the assessment of
habitat suitability.
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