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Abstract. It is important to search for new strategies for biodiversity conservation. Recently, remote
sensing has proven its usefulness due to the availability of presence and absence data of select species that
can be modeled using different statistical designs. This research gathers data regarding the presence and
absence of howler monkeys based on modeling studies, validated by sampling and field surveys. This
kind of approach provides useful information that supports decision makers in their conservation efforts.
The objective of this research is to identify the most robust spectral vegetation index through statistical
analysis using mantled howlers (Alouatta palliata G.) as a model species, and different vegetation indices
derived from satellite images. We compared certain phenological characteristics of the vegetation (leaf
area index, biomass and high chlorophyll content of leaves) in the canopy of cocoa agrosystems
(Theobroma cacao L.) both with and without howler monkey presence in Tabasco, Mexico. Data on the
presence and absence of the species was obtained from agrosystems. Landsat-5 TM images of the
agrosystem regions were used to calculate various vegetation indices. Statistical analysis software (SAS)
was used to calculate statistically significant differences. A complete random design and two statistical
models were applied — standard distances and Student's t-test — to compare the accuracy of vegetation
indices. The Ratio Vegetation Index (RVI) had the greatest spectral separability and statistically
significant difference on sites with and without the presence of the species in cocoa agrosystems. These
indices could be taken as useful variables to predict habitats potentially suitable for the species in support
of decision makers, and thus apply conservation efforts for primates.
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Introduction

The most promising applications of remote sensing in ecology refer to the fields of
climate change, biodiversity conservation and ecosystem dynamics (Benayas, 1993;
Turner et al., 2003; Kerr and Ostrovsky, 2003). In that sense, the ecological indicators
frequently monitored are the changes in land cover, land use, ecological disturbance
and vegetation phenology. Thus, remote sensing is one of the most powerful methods
to map abiotic and biotic components of ecosystems (Wang et al., 2008; Rocchini et
al., 2013; Avtar et al., 2016). Currently, climate change has a significant effect on all
ecosystems leading to a loss of biodiversity regardless of direct human influence
(Willis, 2015, Loreto et al., 2017). In this sense, the modeling plays an important role
in alerting decision-makers to possible future risks (Bellard et al., 2012). Therefore,
using remote sensing technologies helps us understand the possible trends of the
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impacts associated with climate change in space and time (Workie and Debella, 2018),
and thus, support the development of strategies aiming to reduce those impacts on
biodiversity. For example, one environmental characteristic to measure the impacts on
vegetation is the plant phenology as a sensitive indicator of climate change and a direct
measure of plant vitality (Zhao et al., 2013; Corbane et al., 2015). However, not all
phenological changes are associated with climate change (Leong and Roderick, 2015),
these could also be caused by pests or fire, among others. The phenological changes of
plants can be detected through remote sensing by changes in vegetation spectral index
values, to determine the availability of food for some mammals.

Undoubtedly, remote sensing technology is the only economically viable option to
provide large-scale, long-term, standardized, full-coverage, high-resolution
biodiversity observations (Turner et al., 2003; Skidmore et al., 2015; Lausch et al.,
2015; Guo and Liu, 2018). Spectral vegetation indices are metrics derived from remote
sensing that can be used to predict potential sites of species presence. These indices are
useful to characterize and associate differences between vegetation types with certain
phenological characteristics of the canopy, mainly related to vegetation cover
parameters such as density, leaf area index and chlorophyll activity (Turner et al.,
2015; Skidmore et al., 2015). Spectral reflectance varies with wavelength, healthy
vegetation reflects more at certain lengths, especially the Red band (R), and Near
Infrared (NIR). When vegetation suffers some kind of stress, such as the presence of
pests or drought, the amount of water decreases in the cells. Since the Red band shows
active chlorophyll absorption and NIR bands provide information on active chlorophyll
reflectance, this difference in the spectral response makes it relatively easy to separate
healthy vegetation from other coverings (Jensen, 2007; Genc et al., 2008; Chuvieco,
2016). These can also be used to identify certain changes on healthy vegetation behind
cover or to detect differences associated with the presence of some mammal species. In
addition, vegetation indices by spectral separability have been widely used in the
identification of crops such as oil palm (Anaya and Valencia, 2013; Giraldo, 2017).
Remote sensing does not impact biodiversity in a harmful way (Becerra, 2007). Some
studies have used satellite images to study species occurrence, such as flamingo
populations off Nalabana Island at Chilika Lake, India (Sasamal et al., 2008), emperor
penguins on the continental coast of Antarctica (Fretwell et al., 2012), whale pathways
through the New Gulf of the Valdes Peninsula in Argentina (Fretwell et al., 2014),
gnus, zebras and gazelles in the East of the African Savannah (Yang et al., 2014; Xue
et al., 2017), polar bears in the Canadian Arctic (Stapleton et al., 2014), elephant seals
in the southern Pacific Ocean (McMahon et al., 2014) and albatrosses in the Bird
Island to the west of mainland South Georgia (Fretwell et al., 2017). In this study,
satellite images were used to determine the presence of an arboreal species, particularly
ones that can be found in significantly transformed habitats, such as primates in cocoa
agrosystems. Since the identification of animals in the canopy is difficult due to the
resolution of available images, vegetation spectral indices can be used as an indirect
tool to detect the monkeys’ presence.

Mexico outputs 1.1% of world global cocoa production; and the state of Tabasco
contributes 70% of the national production (Cordova-Avalos et al., 2008; Morales et
al., 2012). In Tabasco, most of the cocoa plantations are located on Comalcaco, these
are between 30 to 40 years old, with an average yield of 94.26 kg/ha (De La Cruz-
Landero et al., 2015). The producers that live on their farms in these agrosystems
employ family labor, so local knowledge can be valuable to obtain information about
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species presence and abundance (Anadon et al., 2009). Mammals such as the mantled
howler monkey (A. palliata) is one of the few species that inhabit these cocoa farms
planted more than 40 years ago (Mufioz et al., 2006; Sanchez-Gutiérrez et al., 2016).

In southeast México, the mantled howler monkey (A. palliata) is a species with
populations in danger of extinction due to habitat loss, according to Federal Law
(Sernapam NOM-059; Jasso-Del Toro et al., 2016). Moreover, the red list of the
International Union for the Conservation of Nature (IUCN) considers A. palliata
mexicana as Critically Endangered. Today, some of these howler monkey populations
live in fragmented forests, agrosystems, ecotourism sites and other modified
landscapes, being valuable populations for conservation studies (Garber et al., 2015).
Due to the change of their original habitats, this species is adapting to exploit small
fragments of habitats such as coffee and cocoa agrosystems (Arroyo-Rodriguez and
Dias, 2010). In Tabasco, Mexico, some studies have reported the presence of howler
monkeys in cocoa agrosystems (Vidal-Garcia and Serio-Silva, 2011; Valenzuela-
Cordova et al., 2015; Pozo-Montuy and Serio-Silva, 2006; Mufioz et al., 2006).

Howler monkeys consume a diet based on young leaves (suckers) and flowers most
of the year, when there is shortage of fruits or seeds (Chaves and Bicca-Marques,
2016). Thus, their displacement during the different seasons of the year is attributed to
vegetation phenology, that determines their food availability (Pozo-Montuy and Serio-
Silva, 2006; Yiming, 2006). The fact that these monkeys had to adapt to anthropogenic
disruption, which lead to the fragmentation and loss of their habitats, and negative
effects on vegetation, has important implications regarding their conservation (Pyritz et
al., 2010).

The objective of this research was to identify the most robust spectral vegetation
index, associating certain phenological characteristics of the vegetation (leaf area
index, biomass and high chlorophyll content of leaves), to determine the presence of
mantled howler monkeys (A. palliata) in the canopy of trees in cocoa agrosystems (T.
cacao) in Tabasco, Mexico.

Material and methods
Study area

This study was carried out in three different cocoa agrosystems (Figure 1), in the
town of Comalcalco in the State of Tabasco, Mexico. This is an area of approximately
72,319 ha of which 11,055 ha are cocoa plantations (15.2%) (INEGI, 2012).

Set of satellite data used

A set of available images were reviewed, we looked for non-cloudy images, outside
of cocoa pruning period and collected data on monkey presence every time on the same
date (or as close as possible). As a result two Landsat-5 TM satellite images were
chosen. These images were used on each study site to look for differences among
vegetation indices associated with the presence of howler monkeys (Table 1). They
were taken from the same season, since data from different seasons generated errors
related to differences in reflectance values for the same vegetation type due to
phenology.
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Figure 1. Cocoa agrosystems used as study sites

Table 1. Satellite data used in the study

. Date of
No. Satellite Sensor Acquisition Path/Row Source
Landsat-5 ™ 02-21-1997 22-47 https://earthexplorer.usgs.gov/
Landsat-5 ™ 02-28-2011 22-47 https://earthexplorer.usgs.gov/

Presence and absence collection data

A sample of proportions was used to ensure the largest sample size, it is considered
as the maximum variance, with a precision of < 0.05 and a reliability of 95%. For
security purposes, 9% was added to the sample size obtained. To select the study sites, a
survey was sent to 38 cocoa producers during February 2017, along with a compilation
of presence and absence records of howler monkeys. Five study sites were selected
(cocoa agrosystems) (Figure 2).

To have an estimate of the population structure, data of presence was recorded by
direct observation. For each group, information was collected on the number of
individuals, sex composition and type of substrate used (tree species).

The Laboratory of Landscape Ecology and Global Change at Juarez Autonomous
University of Tabasco has records of howler monkeys on this agrosystems since 2001.
On this investigation three different cocoa agrosystems were chosen as study sites: Site
1 (absence-presence) based on the survey, aimed to find in which site the specie was
absent in 1997 and present in 2011, Site 2 (Presence-Presence) based on data from
personal communication conducted by Valenzuela in June 2016, in which they report
that the species has always been present, and Site 3 (Absence-Absence) from the article
that published a model made by Vidal-Garcia and Serio-Silva (2011) in which they
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report that according to the results of the model, the species has never been present on
that site (Table 2, Figure 3) (CNES, 2012).

Figure 2. Monkeys in cocoa agrosystems

Table 2. Comparative data within the study sites

Study Sites Location Co)c()rdmates (U-:(M) Remark Source
Site 1 Villa Aldama 461830 2017193 Absence-Presence Survey conducted, 2017
Valenzuela, personal
Site 2 Villa Carlos G. 454416 2016030 Presence-Presence communication, June
2016
- Vidal-Garcia and Serio-
Site 3 Zapotal 3ra. S. 471172 2023367 Absence-Absence Silva, 2011
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Figure 3. Maps of the study sites

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):1279-1297.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1701_12791297
© 2019, ALOKI Kft., Budapest, Hungary



Sanches-Diaz et al.: Use of different spectral vegetation indices to determine the presence of mantled howler monkeys (Alouatta
palliata G.) on cocoa agrosystems (Theobroma cacao L.)
- 1284 -

To validate the results, two other cocoa agrosystems were selected: Site 4 (absence-
absence) (Vidal-Garcia and Serio-Silva, 2011), and Site 5 (presence-presence)
(Valenzuela-Coérdova et al., 2015) (Table 3, Figure 4) (CNES, 2012).

Table 3. Comparative data within the validation sites

Coordinates (UTM)
Study Sites Location Remark Source
X Y
. Gregorio Absence- Vidal-Garcia and
Site 4 Méndez 472050 2021184 Absence Serio-Silva, 2011
. . Presence- Valenzuela-Cérdova
Site 5 Transito Tular 454053 2028453 Presence etal., 2015
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Figure 4. Site maps selected for validation

Pre-processing of satellite images

Images require the correction of possible radiometric and atmospheric distortions in
the radiance values that are register by the sensor surveying the earth surface. For
geometrical correction, the images were orthorectified using control points for the
Landsat-5 TM scenes, using orthophotos at scale 1:15000, through software ArcGIS v
9.2. Radiometric and atmospheric corrections were made with the Idrisi TerrSet
software.

Spectral vegetation indices

Nine vegetation indices were calculated for the multispectral images processed. The
indices described below were selected based on literature reports that associate them
with vegetation characterization.
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Normalized Difference Vegetation Index (NDVI)

Normalized Difference Vegetation Index (Equation 1) was introduced by Rouse et
al. (1974). The combination of its normalized difference formulation and the use of
higher chlorophyll absorption and reflection regions make it robust in a wide range of
conditions. It is highly correlated to the leaf area index (IAF).

NDVI = NIR —R/NIR + R (Eq.1)

Ratio Vegetation Index (RVI)

Ratio Vegetation Index (Equation 2) was suggested by Jordan (1969). The ratio of
highest reflectivity by absorption of chlorophyll makes it easy to understand and is
effective in a wide range of conditions. It has a high correlation with the Leaf Area
Index, biomass and high chlorophyll content of leaves.

RVI =NIR/R (Eq.2)

Soil-Adjusted Vegetation Index (SAVI)

Soil-Adjusted Vegetation Index (Equations 3) was proposed by Huete (1988).
Minimizes variations induced by the brightness of the soil. L is a correction factor
ranging from O (for very high vegetation cover) to 1 (for very low vegetation cover).
The most commonly used value is L = 0.5, which is for intermediate vegetation cover. It
is a modification of the NDVI to explain areas with low vegetation cover (i.e. <40%).

SAVI = NIR —R/(NIR + R+ L) *(1+ L) (Eq.3)

Enhanced Vegetation Index (EVI)

Enhanced Vegetation Index (Equation 4) was developed by Huete et al. (2002). It is
an improvement on NDVI to better take into account soil background and the effects of
atmospheric aerosols. The coefficients adopted in the MODIS-EVI algorithm are: L =1,
Cl =6, C2 =7,5. EVI requires a blue band and is sensitive to variations in blue band
reflection, which limits the consistency of this index through different sensors.

EVI =2.5*NIR = R/(NIR + C1*R-C2*B*L) (Eq.4)

Second Modified Soil Adjusted Vegetation Index (MSAVI2)

Second Modified Soil Adjusted Vegetation Index (Equation 5) was suggested by Qi
et al. (1994). Particularly important for areas that have different brightness coefficients
of soil. Eliminates the need for user specification of L.

MSAVI2 =[2*NIR +1—((2* NIR +1)* =8*(NIR - R))("*)]/ 2 (Eq.5)

Transformed Vegetation Index (TVI)

Transformed Vegetation Index (Equation 6) was proposed by Deering et al. (1975).
This index is designed to eliminate NDVI negative values and stabilize variance.
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TVI =[./NIR -R/NIR +R] +0.5 (Eq.6)

Perpendicular Vegetation Index (PVI)

Perpendicular Vegetation Index (Equation 7) was suggested by Richardson and
Wiegand (1977). It uses the perpendicular distance of each pixel to the ground line.
Whether the pixel corresponds to soil or vegetation depends on the distance of each
pixel from the ground line. By taking into account the reflectivity of the soil, it isolates
the information provided by vegetation.

PVI =[NIR —a*R—b]/[-/1+a’] (Eq.7)

Modified Soil Adjusted Vegetation Index (MSAVI1)

Modified Soil Adjusted Vegetation Index (Equation 8) was suggested by Qi et al.
(1994). The vegetation estimate uncertainty is reduced from +2.5% (SAVI) to +1.6%
(MSAVI1). It is similar to WDV in reducing soil noise, but its vegetation index values
are higher.

MSAVI1=[NIR - R/NIR + R+ L]J(1+ L) (Eq.8)

Ashburn Vegetation Index (AVI)

Ashburn Vegetation Index (Equation 9) was proposed by Ashburn (1978). A strong
influence of the underlying surface and atmosphere. Soil areas are well visible. Is
computed following this equation:

AVl =2*NIR — R (Eq.9)

Statistical analysis of vegetation indices

A completely randomized design was used for each of the three study sites, with ten
repetitions per vegetation index. The data was analyzed using PROC GLM from SAS.
For the analysis of vegetation indices, NDVI, RVI, EVI, TVI, PVI, AVI, SAVI,
MSAVI1, and MSAVI2 to determine significant differences between the indices. The
multiple comparisons of treatment means were performed by Tukey Test (o = 0.05).

Spectral separability analysis

The standard distance was applied to detect changes in vegetation (Kaufman and
Remer, 1994) in order to identify the vegetation index with greater spectral separability
in relation to the presence or absence of A. palliata in cocoa agrosystems (Equation 10).

M =(u, — 14,) (0, + ;) (Eq.10)

ua,up — Sample means for the presence (a) and absence (b) categories.
03,00 — Standard deviation of samples for classes a and b.
If the value of M is greater than one, it indicates good separability.
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The study compared the three sites: Site 1 (Absence-Presence), Site 2 (Presence-
Presence), and Site 3 (Absence-Absence), in the whole time period between the dates of
the satellite images (02-21-1997 and 02-28-2011) recorded by Landsat-5 TM.

Data analysis for independent mean comparison

Parametric statistical tests were carried out to establish significant differences
between the values of each index in cocoa agrosystems. Student's T-test was applied for
two independent samples.

In this case, two hypotheses were raised:

e HO: There is no significant difference between the vegetation index values for

each cocoa agrosystem, so all groups are equal and do not differ from each other.

e H1: There are significant differences between the vegetation index values for each

cocoa agrosystem.

The significance level is 5%, i.e. for any probability value (p-value) less than or
equal to 0.05 means statistically significant differences. However, if it is greater than
0.05, they are statistically equal.

Validation

A survey with cocoa producers was conducted to validate presence-absence of
howler monkeys during the time period of our study (1997 and 2011). We corroborated
whether statistically obtaining significant differences in the vegetation indices
associated with the presence of howler monkeys in cocoa agrosystems have been due to
anthropogenic or natural activities, such as fires, pests or pruning of cocoa.

Index statistics with better spectral separability in the study sites

Records of A. palliata were collected to observe presence of the species according to
the values obtained from the RVI. There was no land use change at the study sites, so
another ten images of Landsat-8 OLI / TIRS were used to complete the seasons of the
year for the vegetation phenology analysis (Table 4), From February to April there were
dry periods, it was rainy from May to October and, winter storms were detected from
November to January. The ArcGis v 9.2 software was used to calculate the maximum
and minimum value of the RV index for each study site by season.

Table 4. Satellite data used to calculate RVI index values in the study sites

No. Satellite Sensor Aczitiiigifon Path/Row Source
1 Landsat-8 OLI/TIRS 25-01-2016 22-47 https://earthexplorer.usgs.gov/
2 Landsat-8 OLI/TIRS 28-02-2017 22-47 https://earthexplorer.usgs.gov/
3 Landsat-8 OLI/TIRS 08-03-2014 22-47 https://earthexplorer.usgs.gov/
4 Landsat-8 OLI/TIRS 01-04-2017 22-47 https://earthexplorer.usgs.gov/
5 Landsat-8 OLI/TIRS 19-05-2017 22-47 https://earthexplorer.usgs.gov/
6 Landsat-8 OLI/TIRS 25-06-2013 22-47 https://earthexplorer.usgs.gov/
7 Landsat-8 OLI/TIRS 03-07-2016 22-47 https://earthexplorer.usgs.gov/
8 Landsat-8 OLI/TIRS 07-08-2017 22-47 https://earthexplorer.usgs.gov/
9 Landsat-8 OLI/TIRS 03-09-2015 22-47 https://earthexplorer.usgs.gov/
10 Landsat-8 OLI/TIRS 24-12-2015 22-47 https://earthexplorer.usgs.gov/
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Results
Description of the study sites and population structure of mantled howler monkeys

From the 38 surveys carried out on cocoa producers, 64% were sites of absence and
only 36% recorded the presence of the species. 100% of producers have lived in their
cocoa farms for more than 40 years. The owners of the sites with record of absence
mentioned that species had never been present. The owners of the sites with record of
presence said that species had been seen in the past for more than 30 years in their
ranches, this is due to the fact that in the last 50 years 90% of their original habitats
have been lost (Pozo-Montuy et al., 2015), and the monkeys took refuge in the cocoa
agrosystems. In addition, they pointed out that as long as they are the owners of the
farms, they will continue to grow cocoa. However, they warned that new generations
could make a change in land use, in addition, because of climate variability, it is
expected that a large amount of land suitable for cultivation will be lost due to floods
and droughts (Saldarriaga, 2016). Local people attributed the presence of howler
monkeys in their ranch to the diversity of fruit trees of which they eat, such as: zapote
(Pouteria sapota), orange (Citrus sinensis), mango (Mangifera indica), chestnut
(Artocarpus altilis), and nance (Byrsonima crassifolia), among others, as well as trees
that monkeys use as a place of refuge, like: erythrina (Erythrina poeppigiana), palo
Mulato (Bursera simaruba) and rain tree (Samanea saman), since they prefer to
consume young leaves and ripe fruits due to their protein concentration (Anaya-Lira et
al., 2013). However, they mentioned that howler monkeys do not cause any damage to
their plantations since monkeys do not eat cocoa. In addition, on the survey sites there
are also forest trees, such as: cedro (Cedrela odorata), macuilis (Tabebuia rosea), and
caoba (Swietenia macrophylla), among others, that are useful for both people and
monkeys (Sanchez-Gutiérrez et al., 2016). Through the survey, the producers stated
that between 1997 and 2011 no deforestation has occurred on their land, only pruning
takes place at the beginning of the rainy season in May (Matey et al., 2013), so there
was no ongoing anthropogenic alteration in the images used from February. They also
reported, that they have not had any type of alteration in their vegetation due to any
plague or fire. However, climate variability is a proven fact, so they will have different
effects in each geographical area or study site (Gallegos, 2017), as the phenology of the
plants during flowering is strongly determined by climatic parameters such as
temperature and precipitation (Adjaloo et al., 2012), which causes variability in
different season of the year. In total, 50 individuals of monkeys were recorded among
three communities of Comalcalco, in cocoa agrosystems between 30 and 40 years of
age (Table 5).

Statistical analysis of vegetation indices

TVI, AVI, PVI and RVI indices are ungrouped because they have statistically
significant differences. On the other hand, on "C" group, SAVI and MSAVI1 did not
show statistically significant differences between them, and the same is true for group
"E" with NDVI, MSAVI2 and EVI. Therefore, an index of each group was chosen:
NDVI and SAVI since both are highly correlated with changes in vegetation and leaf
area index (Ali et al., 2013) (Table 6).
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Table 5. Number of individuals per troop and shade trees in which they were found

Number of observed
monkey (sex-age-structure)

Age of cocoa
plantation (years)

Main plant species used
for shadow
Cedrela odorata
Tabebuia rosea
Erythrina poeppigiana
Pouteria sapota
Artocarpus altilis
Cedrela odorata
Tabebuia rosea
Bursera simaruba
Citrus sinensis
Byrsonima crassifolia
Tabebuia rosea
Castilla elastica
Swietenia macrophylla
Swietenia macrophylla
Colubrina arborescens
Gliricidia sepium
Cedrela odorata

Tabebuia rosea Presence 8
Samanea saman (lam, 3af, 2j, 2i)
Mangifera indica

Site Area Observed

25

1 1436 ha 40 (3am, 10af, 8j, 4i)

Presence

17

2 28.45ha 38 (2am, 7af, 4j, 4i)

Presence

3 22.31 ha 35 Absence 0

4 15.45 ha 30 Absence 0

5 12.21 ha 35

am=adult male
af=adult female
j=juvenile
i=infant

Table 6. Mean comparison in vegetation indices. Mean values grouping on the same letter
are not significantly different according to the Tukey test (p <0.05)

t Group Means N Treatment

A 1.11137 10 TVI

B 0.84628 10 AVI

C 0.78736 10 MSAVI1
C 0.76963 10 SAVI

E 0.75599 10 MSAVI2
E 0.73657 10 NDVI

E 0.73415 10 EVI

G 0.59641 10 PVI

H 0.15372 10 RVI

Spectral separability analysis

Values of M greater than one indicate good separability, therefore the index with the
best spectral separability was RVI (M=1.050537248) compared to the other indices
used (Table 7).

Table 7. Spectral separability index (M) for each index and study site

Indices Site 1 Site 2 Site 3

NDVI -0.63563823 -1.115936299 -0.540739845
RVI 0.54863390 1.050537248 0.525442761
TVI -0.61003079 -1.093998335 -0.535439881
PVI -0.54863463 -1.050525089 -0.525443461
AVI -0.54863390 -1.050526158 -0.525442761
SAVI -0.61205795 -1.098791537 -0.53647433
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Comparison of means of two populations with t-student

The compared values of each index among cocoa agrosystems were: site 1 (Absence-
Presence), and site 2 (Presence-Presence), the values obtained where TT= +2.2622 and
FT=3.18 with a =0.05 show that there is a statistically significant difference, whereas,
in site 3 (Absence-Absence), they are statistically equal (Table 8).

Validation

According to the values calculated for the validation, for Site 4 (Absence-Absence)
they are statistically equal, and for site 5 (Presence-Presence) there is a statistically
significant difference (Table 9).

RVI index statistics in the study sites

The estimation of chlorophyll content using RVI calculated from Landsat-8
OLI/TIRS images for each season per study site is shown in Figure 5. The chlorophyll
content ranges were: dry season from 0.39 to 0.22, rainy season from 0.42 to 0.22, and
winter storm season between 0.41 and 0.22. Concerning the site where the animals were
absent the values were lower with 0.20, 0.21, and 0.22, respectively for each season
(Table 10).

RVI index in the study sites
Rainy

461950

Northers Dry
167550 67550

461550 462300

62300 462300

Site 1 Villa Aldama

Site 2 Villa Carlos Greene

Site 3 Zapotal

471050 471300 471p50 471400 471050 471400

RVl values
Intervals

Landsat 8 OLITIRS 30-meters

Figure 5. RVI values for the different seasons analyzed
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Table 8. Average comparison values for the NDVI, RVI, TVI, PVI, AVI and SAVI indices of
LANDSAT-5 TM images

Indices Site 1 Site 2 Site 3
t Value Value F t Value Valuer F t Value Value F
NDVI 5.94 1.85" 5.04 2.45" 0.90 4.33
RVI -5.32 2.41" -4.48 3.15" -0.66 4.87
TVI 5.70 2.04" 4.90 2.64" 0.81 4.49
PVI 5.25 2.45" 4,52 3.15" 0.66 4.87
AVI 5.32 2.41" 4,52 3.15" 0.44 3.96
SAVI 5.77 2.00" 4.89 2.63" 0.83 4.43

Table 9. Validation values of the mean comparisons

Indices Site 4 Site 5
t Value Value F t Value Value F
NDVI -0.49 5.19 4,96 1.48*
RVI 2.23 4.09 -4.68 2.18"
TVI -2.13 5.98 4.87 1.69"
PVI -1.90 4.35 4.68 2.18"
AVI -1.86 3.24 4.68 2.18"
SAVI -2.19 5.30 4.88 1.66"

Table 10. Ranges of RVI relative to the presence and absence of the species

Study site Seasons Range of RVI Values

Dry 0.35-0.22
1 (Presence) Rainy 0.39-0.24
Northers 0.38-0.22
Dry 0.39-0.23
2 (Presence) Rainy 0.42-0.22
Northers 0.41-0.23

Dry <0.20

3 (Absence) Rainy <0.21

Northers <0.22

Discussion

Due to fragmentation and habitat loss, primates have been forced to use agrosystems
such as cocoa (Theobroma cacao) and coffee (Coffea arabica) plantations that grow
under the shade of trees (Guzman et al., 2016; Williams-Guillén et al., 2006). These
agrosystems can act as the last habitat for species that tolerate a certain level of
disturbance (Jasso-Del Toro et al., 2016; Muiioz et al., 2006). In the state of Tabasco, at
the municipality of Comalcalco in particular, the mantled howler monkey (Aluatta
palliata Mexicana), has been observed inhabiting cocoa agrosystems.

This study was carried out at an arboreal environment, between different sites with
presence of the howler monkeys in cocoa agrosystems. An indirect method was used,
considering the vegetation phenology as a metric to monitor biodiversity from space, as
proposed by Skidmore et al. (2015). Through spectral vegetation indices, certain
phenological characteristics of plant cover, such as density, leaf area index and
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chlorophyll activity were measured (Xue and Su, 2017). The spectral vegetation indices
provide insight into habitat quality through vegetation phenology (Bradley and
Fleishman, 2008). These metrics allow both calculating and relating healthy vegetation
that can be used by monkeys, and can be used as an indicator of food availability to
howler monkeys in cocoa agrosystems. Howler monkeys’ diet is based on the associated
shade trees and do not eat the cocoa fruit, therefore, the vegetation spectral indexes are
an important tool to measure certain phenology characteristics from the shaded trees.
Food availability will depend on the phenological state of the vegetation, which in this
case is associated with the presence of the mantled howler monkey (A. palliata).

Similar studies have been conducted to determine the presence of other vertebrates,
such as birds and mammals using spectral indices; although, they have been directly
observed through the analysis of satellite images in open environments (not arboreal).
For instance, flamingo populations (Sasamal et al., 2008), penguins (Fretwell et al.,
2012), albatrosses (Fretwell et al., 2017), whales (Fretwell et al., 2014), polar bears
(Stapleton et al., 2014), elephant seals (McMahon et al., 2014), gnus, zebras and
gazelles (Yang et al., 2014; Xue et al., 2017). These vertebrates have been identified,
located and even counted analyzing these satellite images.

This study detected difference between vegetation indices in cocoa agrosystems
associated with the presence of mantled howler monkeys. The difference was
determined by using the spectral separability of vegetation indices in three study sites.
These vegetation indices have hardly been used on arboreal agrosystems. A study to
evaluate the correlation between spectral indices to estimate biomass and carbon stock
in cocoa and coffee agrosystems indicated that RVI and NDVI show significant
differences (Bolfe et al., 2012). However, RVI was considered the best index, since it
has a high correlation with leaf area index, biomass and chlorophyll (Coltri et al., 2013;
Xu and Su, 2017).

In our research, a statistical analysis was used to identify the most robust spectral
vegetation index, associated with the presence of the howler monkey (A. palliata) in
arboreal environments such as cocoa agrosystems. The RVI index was the one that
showed better spectral separability and statistically significant difference. Moreover, the
displacement of howler monkeys could be related to the vegetation phenology estimated
through the RVI index. The index detects changes on phenology among seasons through
the year that can mean changes to food availability (Pozo-Montuy and Serio-Silva,
2006; Ramirez-Orjuela and Sanchez-Duefias, 2005); although, the NDVI could also be
considered as another good indicator of healthy vegetation. Some investigations suggest
that there is a significant relation between the high values of NDVI and the presence of
species, such as ostriches (Struthio camelus; Leyequien et al., 2007) and gnus
(Connochaetes taurinus; Pettorelli et al., 2011). In the case of primates, the NDVI has
been used to model the habitat of the vervet monkey (Cercopithecus aethiops) in Africa
(Willems et al., 2009). The model indicates that monkeys prefer areas with high NDVI
values as an indicator of food availability (green vegetation).

It has been suggested that the use of vegetation spectral signatures can serve as
predictors of habitat condition on ecological niche analysis (Lopez-Sandoval et al.,
2015), allowing to improve the accuracy of these habitat models (Pettorelli et al., 2014).
Nevertheless, some authors consider that these type of spectral signatures have
relatively little use (He et al., 2015). The vegetation indices derived from the satellite
images of our study area detected differences that can be considered as another variable,
which can be used to predict the presence of the species. The different phenological
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stages of the vegetation (young leaves and ripe fruits) observed through the RVI index
allow associating the presence of the monkeys in search of preferred food and identify
their availability during the different seasons of the year. Therefore, these statistically
representative indices could also be taken as variables or input parameters to predict
habitats potentially suitable for monkeys through an ecological niche model for
conservation purposes.

Conclusions

Howler monkeys are a viable subject for carrying out satellite image research in
arboreal environments, due to their broad diet. They also had shown the capacity to
adapt to small fragments of habitats, and currently have the need to take refuge in
environments such as cocoa agrosystems, as the only arboreal habitat available in their
vicinity. Their diet is based on the associated (shade) trees of the cocoa agrosystems.
Since the monkeys do not eat the cocoa, they are not considered as an undesirable
specie in plantations. The vegetation spectral indexes are an important tool to measure
certain characteristics in the phenology of the associated trees, since the availability of
food depends on the phenological state of the vegetation to a large extent, which in turn
Is associated with the presence of the mantled howler monkey (A. palliata). The
vegetation indices derived from the satellite images of our study area detected
differences that can be considered as another variable to predict the presence of the
species. The different phenological stages of the vegetation (young leaves and ripe
fruits) observed through the RVI index allow associating the presence of the monkeys in
search of preferred foods and identify their availability during the different seasons of
the year. These statistically representative indices could also be taken as variables or
input parameters to predict habitats potentially suitable for the presence of the species
through an ecological niche model. They can be useful research tools to provide early
warning of habitat change and promote timely response in support of decision makers to
identify suitable environmental sites, and thus apply conservation efforts for primates
and other species.
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