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Abstract

Population monitoring is very important in wildlife management and conservation. All 18
species of gibbons are considered threatened with extinction and listed on the [TUCN Red
List of Threatened Species. Thus, understanding and effectively monitoring their popula-
tion trends and distribution are critical. Thus far, all gibbon surveying and monitoring
programs have been conducted by human surveyors; this is expensive, laborious, and
dependent on the surveyors’ skills. In particular, estimating group density often requires a
large sample size with several skilled observers working simultaneously in the field. We
used autonomous recorders to record the calls of southern yellow-cheeked crested gibbon
(Nomascus gabbrielae) for at least 3 days at each of 57 posts in Nam Cat Tien sector, Cat
Tien National Park, Vietnam from July to October, 2016. We extracted gibbon calls from
the recordings auditorily or visually using spectrograms in RAVEN software. We detected
gibbon calls at 40 recording posts during the survey. The proportion of recorders with
gibbon calls in the eastern region of Nam Cat Tien sector (mean =0.79; SE = 0.13) was
higher than that in the western region (mean = 0.46; SE =0.11). The estimated probability
of occurrence in the eastern region (\ =0.56; SE =0.20) was higher than that in the
western region ( =0.23; SE=0.16). Passive acoustic data were useful to investigate
spatial variation in the probability of occurrence of gibbon. We recommend using
autonomous recorders combined with occupancy model to complement human surveyors
in gibbon monitoring in areas with low gibbon density because it is efficient, low cost, and
not subject to errors caused by human surveyors. In the areas of high gibbon density,
absolute density estimate achieved by human surveyors might be a more suitable indicator.
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Introduction

Population monitoring is critical in identifying conservation actions and measuring
their efficacy (Marsh and Trenham 2008). Monitoring can provide an understanding of
extinction risk and changes in wildlife population dynamics (Fonzo et al. 2013; Yoccoz
et al., 2011). Methods used to monitor wildlife include total counts, line transects, point
counts, lure counts, occupancy analysis, and capture—recapture (Buckland et al. 1993;
Thompson et al. 1998; Williams et al. 2002), all of which rely on human surveyors.
These methods can yield meaningful data, but some are time consuming and expensive.

Passive acoustic monitoring uses recording devices to record the sounds produced
by species of interest for subsequent analysis and is useful in wildlife monitoring
(Thomas and Marques 2012). Many species produce distinctive sounds to communi-
cate with conspecifics, including to mark a territory, attract mates, or to advertise the
presence of potential predators. For vocal species in habitats with visual obstructions,
acoustic signals are detectable at greater distances than visual cues and are little affected
by weather or time of day. Passive acoustic monitoring has been successfully applied to
mammals (Thompson et al., 2010), primates (Kalan et al. 2015; Spillmann et al. 2015),
birds (Tremain et al. 2008; Zwart et al. 2014), anurans (Hilje and Aide 2012), insects
(Chesmore and Ohya 2004), and other taxa. For vocal species, autonomous recording
devices can be more effective than traditional survey methods (Celis-Murillo et al.
2012; Zwart et al. 2014). Most studies focused on detecting the presence of wildlife
species (Chambert et al. 2018; Zwart et al. 2014), and these presence—absence data can
be used with occupancy models to monitor wildlife species (Campos-Cerqueira and
Aide 2016; Chambert et al. 2018; Kalan et al. 2015).

All 18 species of gibbon on the IUCN Red List of Threatened Species are threatened
with extinction, with 4 considered Critically Endangered, 12 Endangered, and 1
Vulnerable (IUCN Red List of Threatened Species 2017). All gibbon surveying and
monitoring programs to date have been conducted by human surveyors, but this has
several disadvantages. First, gibbons usually live in the upper forest canopy and are
sensitive to human presence. This makes visual detection of gibbons very difficult in
the field, especially in short surveys. Second, although gibbons can be detected by their
territorial loud and long song bouts (Geissmann 1993; Geissmann and Orgeldinger,
2000), emitted in the early morning, and although human surveyors can detect the
gibbon call from 1 to 2 km, depending on the terrain (Vu and Dong 2015; Vu et al.
2016), gibbon groups do not call daily, so 3—5 days are needed to detect most gibbon
groups (Brockelman and Ali 1987; Brockelman and Srikosamatara 1993). Third,
relying on human surveyors is very expensive and labor intensive, especially given
the fact that gibbons are now found only in remote areas (Vu and Dong 2015; Vu et al.
2016). These difficulties help to explain why few programs monitor endangered gibbon
populations frequently.

Estimates of gibbon group density and population sizes based on current methods
may not be accurate enough for monitoring purposes. To estimate the density of
gibbons requires accurate determination of both the location of gibbon group and the
distance from the gibbon groups to the surveyors. Moreover, calls detected at different
times during one day or on different days must be assigned to the correct gibbon
groups, and calling probability has to be estimated accurately. Surveyors determine the
location of gibbon groups using triangulation for groups detected from at least two
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listening posts (Gilhooly ez al. 2015). Theoretically, this method works because
gibbons are territorial and occupy a small home range (Brockelman and Ali 1987). If
the distance between two gibbon groups detected at different times of a day or on
different days is >500 m, they are considered to be two groups; otherwise, they are
considered as one group (Brockelman and Ali 1987). This group differentiation
requires accurate estimates of gibbon group locations. Mistaking one gibbon group
for two different ones or vice versa could lead to a serious bias in gibbon density
estimation. This mistake can also bias estimates of the calling probability and the
correction factor used to estimate density. Moreover, defining two groups because they
are separated by >500 m might not work well if gibbon home ranges are not circular.
Gibbon home ranges may be elongated or irregular because the habitat is not always
uniform (Bartlett ez al. 2015). In such cases, the same gibbon group can be detected at
two locations that are far more than 1000 m apart (Kenyon 2008). By contrast, the
home ranges of adjacent groups might overlap (Kenyon 2008), resulting in a failure to
differentiate between two neighboring groups. Finally, assuming gibbon groups are
differentiated accurately, bias in estimates of calling probability and the associated
correction factor can still exist if gibbons far from the listening post are included in the
estimation, because calls of such groups may not be detected, and the estimate of
calling probability will be negatively biased if those gibbon groups are included (Vu
et al. 2018b).

Critical assumptions of accurate gibbon location determination might not be met in
several situations: 1) If gibbon groups are detected from only one listening post,
triangulation cannot be used (e.g., groups 1, 5, and 6 in Fig. 1). The area where
triangulation cannot be used might be very large (e.g., 48% in Fig. 1). 2) If listening
posts are close together, the overlapping region where triangulation can be used will
increase. However, in such cases, two lines used in the triangulations for gibbon groups
detected far from the listening posts will be nearly parallel (e.g., groups 2 and 3 in Fig.
1); this causes a large error in determining gibbon group locations (Vu ef al. 2018a). 3)
In flat terrain, the maximum hearing distance is smaller, and therefore the proportion of
the area where gibbons can be detected from only one listening post will be higher. If
only two listening posts are used simultaneously, the area where triangulation does not
work is much larger (58% in Fig. 1). 4) A gibbon group inhabiting the area near the
boundary of the maximum hearing distance (e.g., group 2 in Fig. 1) may be detected
from two listening posts on a particular day, but might be detected from only one
listening post on other days because it moves far away, leading to uncertainty in
determining the group location. Omitting gibbon groups detected from only one
listening post provides a more accurate estimate (Gilhooly et al. 2015) but reduces
the area surveyed. Most gibbon surveys include gibbon groups detected from only one
listening post in analysis (e.g., Jiang et al. 2006; Kidney et al. 2016; Vu et al. 2016),
which can lead to uncertain density estimates (Gilhooly et al. 2015).

Bioacoustic data used with an occupancy model (MacKenzie et al. 2006) can
resolve most of the limitations of traditional monitoring methods for gibbons and offer
great potential (Gray et al. 2010). Although they cannot be used to estimate absolute
density, information on the presence of gibbons is very important for monitoring
population trends, especially in areas with low gibbon density. In areas with high
wildlife density, even if the density changes, the occurrence probability might not
change very much, making presence data less useful (MacKenzie et al. 2006).
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Fig. 1 Arrangement of listening posts in a normal gibbon survey with a maximum hearing distance of 1.5 km
and listening posts 1.0 km apart.

Moreover, recordings collected in gibbon monitoring activities can also be used to
monitor other vocal wildlife species. Finally, occupancy modeling can incorporate data
collected from several years in a multiseason model, allowing analysis of population
trends using a single model, and thus improving accuracy.

Given their habitat and their tendency to avoid human observers, gibbon manage-
ment could benefit greatly from acoustic monitoring techniques. Gibbons are entirely
frugivorous and herbivorous; the diet of yellow-cheeked crested gibbons (Nomascus
gabbrielae) contains fruits (43.3%), leaves (38.4%), flowers (11.6%), and other plant
parts (6.0%) (Bach et al. 2017). Therefore, the presence and density of gibbons are
strongly affected by forest quality and type (Hamard et al. 2010; Phoonjampa et al.
2011). Gibbons species prefer rich forest, and especially evergreen broadleaf forest,
over other habitat types (Gray et al. 2010) because rich forest provides abundant and
year-round food resources owing to its high diversity in tree species. In addition,
broadleaf forest, especially with high canopy closure, is suitable for gibbon movement.

We used autonomous recorders to detect the presence and to estimate the occurrence
probability of the southern yellow-cheeked crested gibbon (Nomascus gabbrielae) in
Cat Tien National Park, Vietnam. We also examined the effect of forest quality on the
probability of the species occurring.

Methods
Study Area
Cat Tien National Park (11°21'-11°48'N, 107°10'-107°34’E) is in Southern Vietnam
(Fig. 2) and consists of two main sectors: Nam Cat Tien in Dong Nai Province and

Binh Phuoc Province with an area of 43,243 ha, and Cat Loc in Lam Dong Province,
with an area of 30,635 ha (BI and FIPI 2001) (Fig. 3, 4).
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Fig. 2 Location of Cat Tien National Park in Vietnam, with the western and eastern sections of Nam Cat Tien
sector.

We surveyed southern yellow-cheeked gibbons in the Nam Cat Tien sector. The area
is quite flat with low hills. The highest peak has an elevation of 372 m (BI and FIPI
2001). We divided the sector into two regions. The eastern region is dominated by rich
and medium forest (timber volume > 100 m3/ha, closed canopy) and covers 13,949 ha.
The western region is dominated by poor forest (timber volume < 100 m3/ha) and
bamboo with an area of 31,354 ha.

Recording Gibbon Calls

We recorded gibbon calls using four Song meter SM3 recorders (Wildlife Acoustics Inc.,
Maynard, MA, USA). We placed the recorders at 57 recording posts 100400 m apart.
We used 33 recording posts in the eastern region of Nam Cat Tien sector and 24 in the
western region. We placed fewer listening posts in the western region because the habitat
is less suitable for gibbons. We placed recording posts at the top of ridges on the hills to
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Fig. 3 Locations of recorders in the eastern region of Nam Cat Tien sector of Cat Tien National Park,
Vietnam, in a survey of southern yellow-cheeked gibbons (Nomascus gabriellae) using autonomous recorders
July—October 2016.

detect gibbon calls more easily. We used a topographic map to select the top of the hills
before conducting the field survey. We selected recording posts in areas representative of
the whole Nam Cat Tien sector without prior information on gibbon distribution.

We recorded at each post for at least 3 consecutive days from July to October 2016.
For human surveys, 3 days are enough to detect 80-90% of gibbon groups in the area
surrounding the listening post (Vu et al. 2018b). We attached the recorder to a tree and
set the device to record from 04:00 to 20:00 h on both channels with a sampling rate of
24,000 Hz at 16-bit mode. Recordings were saved to a SD card at 30-min intervals. We
changed batteries and memory disks after 3 days of recording at each post.

Data Analysis
We used RAVEN software (Cornell Lab of Ormithology, Ithaca, NY, USA) to analyze the
sound data. We visually identified calls in the spectrogram view and also listened to the

whole recording from 04:00 to 08:00 h to detect gibbon calls. We did not use an automatic
sound detection algorithm. Misidentification of gibbon calls was minimized because there is
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Fig. 4 Locations of recorders in the western region of Nam Cat Tien sector of Cat Tien National Park,
Vietnam, in a survey of southern yellow-cheeked gibbons (Nomascus gabriellae) using autonomous recorders,
July—October 2016.

only one gibbon species in the area and their call is distinct from that of other wildlife
species. If we detected gibbon calls in a recording for a given day at a recording post, we
then treated that recording post as “occupied” for that day. We considered a day as an
“occasion” in a capture—recapture framework and used the presence data for 3 days to build
the history data for each recording post. We used the forest cover map of the National Park
(scale 1:10,000; CTNP 2016) to calculate the area of rich and medium broadleaf forest 1 km
around each recording post because field trials showed that the recorders can record the
gibbon call at an distance up to ca. 600—700 m and the gibbon groups usually move within a
home range with a radius of ca. 300 m (Brockelman and Ali 1987). The map was made
using SPOT 6 satellite images with careful ground correction by forest rangers during
national forest survey project (CTNP 2016). We created a circle with 1 km radius around
each listening post and calculated the area of each forest type within that circle using
MaplInfo 10.0 (Pitney Bowes Business Insight, Troy, NY, USA). We used the area of rich
and medium forest around recording posts as the “forest” covariate when modeling the
probability of occurrence.

We used the Occupancy Estimation with detection <1 (MacKenzie et al. 2006) in
MARK (White and Burnham 1999) to estimate detection probability and the probabil-
ity that gibbons occurred. We constructed eight models (Table I).
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We evaluated and ranked the models using AICc (Akaike’s information criterion
adjusted for small samples) and AAICc (Burnham and Anderson 2002). We examined
the importance of the covariates in modeling occurrence probabilities, as well as region,
using model rankings (AAICc), and cumulative AICc weights (Xw;) (Burnham and
Anderson 2002). Cumulative AICc weight for a given covariate is the sum of the AICc
weights of all models that contain that covariate. We averaged parameters of interest (p
and ) across the entire model set.

Data Availability The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Ethical Note

Our research did not involve catching, handling, or disturbing wildlife and adhered to
the legal requirements of Vietnam and the relevant Principles for the Ethical Treatment
of Primates. All authors do not have conflicts associated with this publication.

Results
Gibbon Calls Detected

We detected gibbon calls at 40 recording posts during the survey (Table II; Figs. 3,
4). We detected gibbon calls at 21 recording posts during the first day of the 3-day
session, 24 recording posts during the second day and 34 recording posts during the
third day.

We detected gibbon calls at 28 recording posts in the eastern region and at 12
recording posts in the western region. The proportion of recorders with gibbon calls in
the eastern region was higher than that in the western region (Fig. 5). The habitat
around recording posts in the eastern region was dominated by rich and medium forests
that are suitable for gibbons (Fig. 6).

The habitat around recording posts where we recorded gibbon calls recorded was
dominated by rich and medium forests that are suitable for gibbons (Fig. 7). The habitat
quality around the posts without gibbon calls is poorer with poor, regrowth forests,
mixed wood and bamboo forest, and bamboo forest.

Occupancy Estimation

When we modeled the occurrence probability, models with detection probability
varying by day ranked higher than models with constant detection probability
(Table IMI). The detection probability increased from day 1 to day 3 (Table III).

The model with different occurrence probabilities between the two regions of the
sector ranked significantly higher than the models with a common occurrence proba-
bility. The cumulative AICc weights for models with different occurrence probabilities
between the two regions was high (0.73). We estimated the occurrence probability in
the eastern region to be higher than that in the western region (Fig. 8).
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Table I Models used in the analysis of data collected during a survey of southern yellow-cheeked gibbons
(Nomascus gabriellae) using autonomous recorders in Cat Tien National Park, Vietnam, July—October 2016

Model Model name Detection Occurrence probability (1)
number probability (p)
1 PO p does not vary 1 is similar between the two regions of Nam
with time Cat Tien sector (NCTS) of Cat Tien National
Park.

The area of rich and medium forest (Forest
covariate) has no effect on 1.

2 () P(region) p does not vary 1 is different between the two regions of NCTS.
with time Forest covariate has no effect on 1.
3 p(day), W(.) p varies with time 1 is similar between the two regions of NCTS.
Forest covariate has no effect on 1.
4 p(day), P(region) p varies with time 1 is different between the two regions of NCTS.
Forest covariate has no effect on 1.
5 ()P (forest) p does not vary 1 is similar between the two regions of NCTS.
with time Forest covariate has an effect on .
6 p()b(region, forest)  p does not vary 1 is different between the two regions of NCTS.
with time Forest covariate has an effect on .
7 p(day), P(forest) p varies with time 1) is similar between the two regions of NCTS.
Forest covariate has an effect on ).
8 p(day), P(region, p varies with time 1 is different between the two regions of NCTS.
forest) Forest covariate has an effect on 1.

The models with the area of rich and medium forests around each recording post as
covariate ranked higher than the models without this covariate. The cumulative AICc
weights of models with covariate “forest” was 0.38 and these models did not appear in
the top models; using model p (day), { (forest) alone, we predicted that gibbon
occurrence probability increased gradually as the area of rich and medium forest
increased (Fig. 9). The p(day), W (forest) model ranked highest if we did not divide
the study area into two regions.

Discussion

We found that autonomous recorders detected gibbon calls at most of our listening
posts in the eastern region of Nam Cat Tien sector of Cat Tien National Park,
suggesting that autonomous recorders can be useful to monitor gibbons. The number
of posts where we recorded gibbon calls and the probability of occurrence were lowest
on the first day and highest on the third day of three day surveys. The probability of
occurrence and percentage of posts with gibbon calls was higher in the eastern region
of the sector than in the western region.

We usually set the recorders up the previous afternoon and at some posts we set
them up very early in the morning. Thus, the lower number of recording posts with
gibbon calls and the lower probability of occurrence on the first day, relative to the
other two days of the survey, might be because gibbons avoided the area due to the
presence of humans (Reisland and Lambert 2016).
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Table Il Recording posts where we recorded gibbon calls during a survey of southern yellow-cheeked gibbon
(Nomascus gabriellae) using autonomous recorders in Cat Tien National Park, Vietnam, July—October 2016

Recording Date Region X Y Presence  Area of rich and
post (m) (m) medium forest
around post (ha)
1 July 19-21, 2016 Eastern 467,125 1,267,452 1 140.22
2 July 19-21, 2016 Eastern 466,373 1,267,535 1 249.08
3 July 19-21, 2016 Eastern 466,731 1,267,231 1 189.23
4 July 23-25, 2016 Eastern 462,907 1,266,289 1 261.94
5 July 23-25, 2016 Eastern 462,618 1,266,174 1 257.66
6 July 23-25, 2016 Eastern 462,662  1,265900 1 245.31
7 July 26-28, 2016 Eastern 457,962 1,266,131 0 267.13
8 July 26-28, 2016 Eastern 458,407 1,265,948 1 287.71
9 July 26-28, 2016 Eastern 458,105 1,265,861 0 284.91
10 July 26-28, 2016 Eastern 485,029 1,265,707 0 292.67
11 July 30-Aug. 1,2016  Eastern 461,533 1,270,536 1 309.96
12 July 30-Aug. 1,2016  Eastern 461,650 1,270,736 1 310.91
13 July 30-Aug. 1,2016 Eastern 461,314 1,270,481 1 311.95
14 July 30-Aug. 1,2016  Eastern 461,691 1,270,180 1 285.39
15 Aug. 17-19, 2016 Eastern 456,948 1,265,291 1 257.23
16 Aug. 17-19, 2016 Eastern 456,789  1,265417 1 237.95
17 Aug. 17-19, 2016 Eastern 457,037  1,265447 1 247.67
18 Aug. 17-19, 2016 Eastern 456,932 1,265,382 1 247.36
19 Aug. 21-23, 2016 Eastern 464,494 1,264,061 1 154.56
20 Aug. 21-23, 2016 Eastern 464,564 1,264,197 1 156.9
21 Aug. 21-23, 2016 Eastern 464,463 1,264,043 1 155.43
22 Aug. 21-23, 2016 Eastern 464,391 1,264,231 1 174.66
23 Sept. 18-20, 2016 Eastern 459450 1,267,545 1 245.71
24 Sept. 18-20, 2016 Eastern 459,539 1,267,762 1 244.65
25 Sept. 18-20, 2016 Eastern 459,294 1,267,738 1 215.69
26 Sept. 21-23, 2016 Eastern 460,713  1,265322 0 276.72
27 Sept. 21-23, 2016 Eastern 460,683 1,265,169 0 271.36
28 Sept. 21-23, 2016 Eastern 460,797 1,265,077 0 262.48
29 Sept. 21-23, 2016 Eastern 460,559 1,265,106 0 270.84
30 Sept. 25-27, 2016 Eastern 465,881 1,266,576 1 255.14
31 Sept. 25-27, 2016 Eastern 465,705 1,266,596 1 268.92
32 Sept. 25-27, 2016 Eastern 465,881 1,266,636 1 261.39
33 Sept. 25-27, 2016 Eastern 465,772 1,266,759 1 277.87
34 Oct. 14-16, 2016 Western 450,683 1,263,243 0 89.46
35 Oct. 14-16, 2016 Western 450,844 1,263,107 1 77.67
36 Oct. 14-16, 2016 Western 450,859 1,263,346 0 78.23
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Table Il (continued)

Recording Date Region X Y Presence  Area of rich and

post (m) (m) medium forest
around post (ha)

37 Oct. 14-16, 2016 Western 450,802 1,263,222 1 82.54

38 Oct. 17-19, 2016 Western 450,313 1,262,080 0 68.46

39 Oct. 17-19, 2016 Western 450,401 1,262,353 0 76.61

40 Oct. 17-19, 2016 Western 450,382 1,262,216 0 75.69

41 Oct. 17-19, 2016 Western 450,503 1,262,262 0 76.55

42 Aug. 11-13, 2018 Western 439,922 1,268,662 0 165.15

43 Aug. 11-13, 2018 Western 439,772 1,268,520 0 168.46

44 Aug. 11-13, 2018 Western 440,027  1,268449 0 152.9

45 Aug. 11-13, 2018 Western 439,899 1,268,524 0 159.94

46 Aug. 14-16, 2018 Western 449,181 1,261,931 1 37.05

47 Aug. 14-16, 2018 Western 449,343 1,261,678 1 39.99

48 Aug. 14-16, 2018 Western 449,418 1,261,932 1 46.25

49 Aug. 14-16, 2018 Western 449,343 1,261,838 0 41.71

50 Aug. 3-5, 2016 Western 448,950 1,270,956 1 63.47

51 Aug. 3-5, 2016 Western 448,651 1,270,678 1 53.28

52 Aug. 3-5, 2016 Western 448,950 1,270,956 1 63.47

53 Aug. 3-5, 2016 Western 448,795 1,270,764 1 61.01

54 Aug. 7-9, 2016 Western 440,418 1,276,545 0 0

55 Aug. 7-9, 2016 Western 440,199 1,276,489 0 0

56 Aug. 7-9, 2016 Western 440,287 1,276,494 1 0

57 Aug. 7-9, 2016 Western 440,308 1,276,748 0 0

0 = gibbon calls not recorded; 1 = gibbon calls recorded; coordinates following Projection VN2000

The higher probability of occurrence and percentage of recording posts with gibbon
calls in the eastern than the western region of Nam Cat Tien sector reflects findings of an
earlier study that estimated that the gibbon density in the eastern region was higher than
in the western region (Kenyon, 2008). Gibbon density is affected by forest quality
(Cheyne et al. 2016; Phoonjampa et al. 2011) and the difference in the probability of
occurrence and percentage of recording posts with gibbon calls between the two regions
is probably because the habitat in the eastern region is dominated by rich and medium
forests, while the habitat in the western region is dominated by bamboo, mixed wood-
bamboo, and poor forests. Models including forest type did not appear as the top model
but this is likely to be because the covariate “region” includes the effect of habitat
quality. In addition to the difference in habitat quality between the eastern and western
regions, the higher ranking of models containing the covariate “region” may be due to
the difference in protection levels between the two regions of Nam Cat Tien. The eastern
region has higher protection, with most of the forest <2.5 km from the ranger stations
(Fig. 3). In some areas, the ranger stations are located far inside in the national park
boundary, and although the eastern region makes up only 31% of Nam Cat Tien, it

@ Springer



180 T.T.Vu, L. M. Tran

o (o4 4
“ o o —_-

o
o

Propotion of recorders with gibbon sound
o o o
w ’S n

I
o

et

o

‘estern region

Region of Nam Cat Tien

Fig. 5 Proportion and associated standard error of recorders that recorded gibbon calls in two regions of Nam
Cat Tien sector in a survey using autonomous recorders for southern yellow-cheeked gibbons (Nomascus
gabriellae) in Cat Tien National Park, Vietnam, July—October 2016.

contains more than half of the stations. In the western region, a larger proportion of the
forest is >5 km from the ranger stations (Fig. 4). Gibbon density is significantly higher at
sites near the ranger stations than at those farther away (Kenyon, 2008). In addition,
Dong Nai River serves as a natural barrier protecting the eastern region from illegal entry
to the forest by local people and poachers (Fig. 3). In contrast, the western region borders
several local communities and Vinh Cuu protected area. There are fewer park rangers,
staff, and tourists for poachers to avoid in the western region than in the eastern region.

The occupancy model with passive acoustic data was powerful in modeling spatial
variation in the probability of occurrence. This suggests that this method might be

@ Eastern part (N =33)

O Western part (N=24)

Percentage (%)

_h

Rich and medium forests Poor forest Mixed wood and bam boo Regrowth forest Bamboo forest Other lands

Forest type

Fig. 6 Mean and standard error of the percentage of each forest type in a circle with a radius of 1 km around
recording posts in two regions of Cat Tien National Park, Vietnam, July—October 2016.
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Fig. 7 Mean and standard error of the percentage of each forest type in a circle with a radius of 1 km around
recording posts where we recorded gibbons vs. those where we did not record gibbons in Cat Tien National
Park, Vietnam.

useful for modeling temporal variation in gibbon populations. Thus, although the
absolute density and exact location of gibbon groups are unknown, using autonomous
recorders with occupancy model is a promising tool for gibbon monitoring, especially
in remote sites or in regions with few skilled field surveyors.

Detecting trends in wildlife populations is critically important in conservation.
Estimation of the probability of occurrence can be used to detect population trends
in areas with low gibbon group densities. As occupancy is based on presence/
absence data in a geographic area, in the areas of high gibbon group densities, when
density increases, occupancy will approach one even as density continues to
increase. Thus, occupancy in such cases is a coarser measure than density and
changes in density are not necessarily equivalent to changes in occupancy. How-
ever, many gibbons can occur at <1.0 group/km? (Jiang et al., 2006; Vu and Dong
2015; Vu et al. 2016; ¢f. Nijman 2004; O’Brien ef al. 2004) and gibbon density is
naturally low in unfavorable habitat such as dry forest or mixed wood and bamboo
forest (Gray et al. 2010). In recording areas smaller than 1.1 km2, with a 600-m
radius, recorded calls are likely to come from a single gibbon group. In such cases,
comparing estimates of occurrence probability between years can detect decline or
growth trends of gibbon populations.

Recorders have several advantages over human listeners in gibbon monitoring. One
of the most important advantages is that surveyors avoid the dangers of walking in the
forests and climbing slopes or cliffs to get the top of mountains before 05:00 h, when
gibbons start to be active. Moreover, a team of two people can set up and recover
acoustic recorders in just two working days, often without the need to camp overnight.
In contrast, covering three posts simultaneously in a survey requires at least seven
people to camp at a site for 3—4 days: at least two people per listening post and a camp
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Fig. 8 Mean and standard error estimated of occurrence probability in a survey of southern yellow-cheeked
gibbon (Nomascus gabriellae) using autonomous recorders in two regions of Cat Tien National Park, Vietnam,
July—October 2016.

keeper. Thus, using autonomous recorders reduces the budget by reducing the number
of people involved, and the need to camp.

A disadvantage of monitoring program is that surveyors have to listen to the
recordings or use a bioacoustics analysis program to find the gibbon call spectrograms.
However, with experience, recordings from three mornings at three recording posts can
be easily screened in one day. By our experience, a protected area staff can learn and
use the free RAVEN software in fewer than 3 days.
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Fig. 9 Occurrence probability of southern yellow-cheeked gibbons (Nomascus gabriellae) vs. the area of rich
and medium forest covariate based on the third most important model {p(day), P (forest)} in a survey using
autonomous recorders in Cat Tien National Park, Vietnam, July—October 2016.
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Our findings suggest that autonomous recorders with occurrence probability or
presence indicators are a promising tool for monitoring gibbon populations in areas
with low and medium gibbon density. To monitor occurrence probability or presence in
a large area, recorders should be placed throughout the area rather than being clustered,
as in this study. Spreading recording posts out also helps to reduce dependency among
posts and avoid overdispersion (MacKenzie et al. 2006), especially if surveyors wish to
use individual covariates to model the detection probability or probability of occur-
rence. Researchers should set devices to start recording at least one full day after
installing the instrument in the field, to reduce the avoidance of recording sites by
gibbons. Finally, microphones with similar sensitivity should be used because the
distance the recorder can record from depends on the sensitivity of the microphone.
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