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In tropical forest the biodiversily is in a constant threat, some species are listed in the [UCN as vulnerable, endan-
gered or threatened with extinction. Thus, a fast method for biodiversity determination or monitoring can contribute to
its conservation. Remote sensing has demonstrated to be a powerful tool, and together with the vegetation indexes, can
determine the vegetation state of forest. Recently researches have correlated the normalized differentiated vegetation
index (NDVI) with species richness, structure and biodiversity of forests obtaining successful results.

This study, conducted in a Tropical Montane Cloud Forest (TMCF) of Ecuador, aims to correlate NDVI with alpha
diversity estimators to understand its relationships. NDVIof Landsat OLI 8 Level 1 images in five months was determined.
We considered a scene as valid in case of cloud coverage in the areas of interest below 25%. Radiometric and atmospheric
corrections, with flaash tool, and the delimitation of the study site (ROI) were developed in ENVI 5.3 program. NDVI
was calculated with ENVI 5.3 program (histograms allowed the determination of mean, maximum and minimum NDVT),
and with ArcGIS 10.3 (for classification index). In field, species richness, Chaol, Shannon index, Simpson index, and
biomass of three plots were quantified for trees with DBH > 10 ¢m. Then, we calculate Pearson coefficient to correlate and
disentangle the effects of altitude, diversity, richness, biomass and NDVI. A positive relationship was observed between
Mean NDVIand Chaol (p <0.10) and Mean NDVI — richness (p < 0.05). In conclusion, NDVI can be considered useful
to estimate richness and biodiversity and even to detect ecotone as was the case in this research. The application of this
methodology could allow biodiversity assessment and monitoring in real time and low cost, which contributes in forest
conservation programs.

Keywords: Landsal, normalized differentiated vegetation index, vegetation richness, diversity, tropical montane
cloud forest.
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3a 1polieiiiee JecATHIETIE HA MEKIYHAPOJHOM YPOBHE 3HAYNTENBHO YCUINIACh 03a00UY€HHOCTH MPO0IeMOii
obesyieceHItst 1 eé BO3JIENCTBIS HA YCUJI@HIE KINMATHYeCKNX U3MEHEHNI, yTpaThl 6nopaszHoobpasus 1 mpejiocTaBieHne
HKOCHUCTEMHBIX yeayT. Buopaznoobpasue siBlisiercst BasKHBIM (DAKTOPOM YCTOIUMBOCTH JIECHBIX BKOCHCTEM, HX CITIOCOOHOCTI
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JlaBaTh OTRJINK Ha BHelHee Bozjeiicteue. MecnenoBanme 61nopazHoodpasiss MeToaMit IMCTaHIIMOHHOTO 30H U POBAH IS
3eMJIn KaK OCHOBbI YCTOIUNBOTO PA3BUTHS SKOCHCTEMbI TPOITNYECKOTO0 Jleca sIBISIeTCsI aKTyaslbHOIT 3a/iaveil.

B nepaBunx paborax Oblia BBIABIEHA MOJOMKNUTENLHAS KOPPEIAINsA HOPMAIN30BaHHOTO 1 epeHIimpoBaHHOTO
unjierca pacturesbuoct (NDVI) ¢ BuoBbim paznoodpasuem Tponmnueckux jgecos. [lannoe ncciaegoBanmne Tponnyeckoro
TOPHOTO TYMaHHOTO Jieca JKBajlopa HampasiaeHo Ha cornocrasienne NDVI ¢ onenrkamu anbda-pasnoobpasus st
oTrpesiesieH st Xapakrepa nx szanmocssiau. B pabore o cimyranrkosniv cinmikam Landsat OLI 8 yposwst o6paborkn Level 1
obi onipesiesién NDVI 3a misare mecsities. B nonieBbix yemoBusx BujoBoe paznooopasue, nuaexc Chaol, nugerc llennona,
nnjexe CuMncoHa n GuoMacca Ha TpEX yuacTkax ObLIN KOJTMUYECTBEHHO OTIPeJieIeHbl JIs IEPeBbeB ¢ AmaMeTpoM crBosia > 10 em.
Jlamee st BoisiBI@HUS B3aNMOCBA3M dPMEKTOB BHICOTHI, KAYECTBEHHBIX 1 KOJIMYECTBEHHBIX TOKa3aTeseil paznoobpasns
¢ NDVI 6but paccunran kosdpdunuent [Mupcona n onpejenena BzanMocBsadb Meskay cpejaum sunavernem NDVI
n unjtekcom Chaol (p < 0,10), a raxske meskuy cpegaum sHadenieM NDVI u supossiv 6orarcreom (p < 0,05). [Ipumenenne
HTOI METOJOTOTUN MOKET TT03BOJINTH TPOBOJIUTE OTIEHKY I MOHUTOPUHT OM0pa3Hoobpasns B pesRIMe peaqbHOro BpeMeHn

N C HU3KUMU 3aTpatamMu, 4To CllOCO6CTByOT peajin3anm nporpamMm 1o COXpaHeHuno JiecoB.

Kawuesste crosa: Landsat, mopmannzosanubiii iud@epeHnmpoBanHbIil MHAEKC PACTHTETLHOCTH, pasHoobpasue
PacTUTELHOTO MTOKPOBa, OMOpazHoo0Opasue, TPONNYECKIIl BIAKHbIIT TOPHBIIT J1ec.

The Andes Mountain range is along the
center of Ecuador and includes Tropical Mon-
tane Cloud Forest (TMCF). It is considered a
hotspot due to their biological richness and high
level of endemism. Agriculture expansion plus
extensive cattle ranching and forest clearing
have fragmented and isolated this ecosystem.
For this reason, the tropical Andes are a world
conservation priority [1-3].

The knowledge of richness species and bio-
diversity in these forests is necessary to develop
monitoring and conservation strategies. Owing
to its current state of critical conservation, the
tropical forest needs a rapid method for assess-
ment and monitoring the biodiversity. For this
type of forests, with high levels of biodiversity,
the traditional field methodology is often costly
and time consuming [4, 5]. Remote sensing has
displayed great potential to perform this labor.
This is a fast and nondestructive method which
allows to estimate species richness, biodiversity
and characterize the structure and composition
of forests [6—8].

Thanks to satellites, it is possible to acquire,
process and interpret images of a distant objects.
Landsat 8 satellite was launched in 2013, its im-
ages are processed by geographic information
systems (GIS), and have been used to assess
the state of tropical forests and quantify prop-
erties of the earth’s surface at a high spatial
and spectral resolution with the application of
vegelation indexes [d, 9, 10]. Normalized Dif-
ference Vegetation Index (NDVI) is one of the
most used vegetation index, it was introduced by
Rouse et al. in 1974 and takes advantage of the
fact that greener or healthier vegetation ahsorbs
more visible light and reflects a large amount of
near infrared light, while unhealthy or sparse
vegetation (less green) reflects a large portion
of visible light and less near infrared light [11].
Chlorophyll pigments, which are the largest

absorbers of radiation in the visible region,
absorb in the red and blue regions of the visible
spectrum (wavelength bands between 0.44 and
0.66 wm), but not in the green region where the
reflectivity is much higher and its maximum
value is observed in the near infrared range [12].

NDVTis found in many studies related with
forest assessments or monitoring studies. It has
been used to predict species richness [4, 13—17].
Also, it is associated with forest structure [9,
18-20]. With the contribution of the species-
energy theory, NDVI has been connected with
patterns of species diversity and tree species
composition [4, 7, 21]. This theory states the
energy as a limiting resource for species in an
specific area [22].Thus, the greater resource
availability increase the primary productlivily,
specialization and diversity of species [9]. In
addition, biodiversity and richness researches
have shown a positive correlation between NDVI
and diversity indexes like Shannon and Simpson
[4, 23-27].

Although the number of investigations
about biodiversity and its relationship with
NDVTIhasincreased, there are no studies that use
thisindex and correlates it with species richness
or biodiversity in tropical montane cloud forest
(TMCF). Therefore, our aim is to demonstrate
the potential of using remote sensing through
NDVI to determine diversity and species rich-
ness in “El Cedral Ecolodge” a TMCF. The re-
sults will help to monitor the biodiversity in this
type of forest and can be applied in other forests.

Materials and Methods

The study area is El Cedral Ecolodge
with extension of 71 ha. It belongs to TCMF
within Eastern Cordillera Real montane for-
ests (NTO121). It is located in Yunguilla in the
Northwestern of Pichincha province (Fig. 1),
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Fig. 1. Distribution map of the plots in the study area

in Ecuador country (latitude 0.114055° and
longitude -78.570176°). The topography is rug-
ged with sloping ravines and few flat areas. The
annual precipitation ranges are between 1394
to 2414 mm. The vegetation cover is continuous
with a canopy between 20 and 25 meters high.
The site experiences two rainy seasons: March —
April and October — November. According with
the methodology of the National Forest Assess-
mentof Ecuador [28], three plots of 60 m x 60 m
were established (plot 1: 2521 meters above sea
level (m.a.s.l.), plot 2: 2409 m.a.s.l., and plot 3:
2220 m.a.s.l.).

In each plot of 60 m x 60 m, all individuals
with a Diameter at Breast Height (DBH) > 10 cm
were sampled. The DBH > 10 cm was measured
at 1.3 meters [29]. The species identification was
carried out based on botanical samples collected
previously [30], virtual herbarium specimens,
specialized literature of similar vegetation to
the study area. Later, scientific names and dis-
tributions of the species were verified with the
Catalog of Vascular Plants of Ecuador [31], and
the database from Tropicos website [32]. Finally,
a database with taxonomic information (S1)
associated to each specimen was created and
transformed to compatibles files with statistical
packages PAST 2.17¢ [33], and JMP v 8.0 | 34]
where alpha species diversity estimators (rich-
ness S, Chao1, Shannon and Simpson indexes)
were quantified.

Forrichness (S) calculation, the total num-
ber of species in each plot was registered [35].
Also, the richness estimator Chao1, based on the
rare species number, was determined with the
following formula [36]:

2

Chaol=5+ a
2b

In the formula S is the species number in
a sample, a is the number of singletons and b
is the number of doubletons [37]. In addition,
Shannon index (H) [38, 39] was calculated with
the following formula:

H= —i p;-Inp,
i=1

where S is the species number, p. the total
sample proportion corresponding to the specie i
in a plot, and In is natural logarithm. We consid-
ered low diversity H =0 —0.35, medium diversity
H=0,36 -0.7, and high diversity H=0.71 — 1.

Also, Simpson index (D1) was determined
by the following formula:

5
Dl=1-) p}.
i=l
The variables represent the same asin Shan-
non index. The interval of D1 is between 0 and
1, D1 = 0 means one species.
The above ground biomass (AGB) of each
individual of each plot was estimated based on the
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allometric equation for humid montane forests
[40]. In this equation, D represents the diameter
(cm) and Dens is the wood density (g/cm?). In
order to get density values, a bibliographic review
for each species was carried out and an average
value was assigned [41]. The AGB formula is:

AGB = exp[3.44153 +(~1.80919 - In D) +
+(1.23665 - (In D)*) +(—0.12606 - (In D)*)+
+1.7438 - In(Dens)]

Five Landsat OLI 8 Level 1 images were
downloaded from the United States Geological
Surveys (USGS), for March, August, Septem-
ber, October and December. Thus, an annual
variation in the vegetation index could be deter-
mined. A valid Landsat image had as a require-
ment the percentage of cloud coverage less than
25 in the area of interest. Landsatimage process-
ing was developed in ENVI 5.3 program. Here,
the area of interest (ROI) was specified in the
multispectral file (MTL). Radiometric calibra-
tion and atmospheric correction, with FLAASH
Atmospheric Correction Model of the program,
were performed. From these images, the NDVI
was calculated with the formula:

_ NIR - RED

NDVI .
NIR + RED

where NIR is near infrared region (wave-
length bands between 0.75—-1.3 um) and RED
isred region (wavelength bands between 0.62—
0.75 pm) of visible spectrum [12]. The relations
between the coefficients in the formula gener-
atesvaluesin the range of — 1 and +1 (Table 1),
where the intervals represent different types of
land cover [42—-44].

Finally, the quick statistics (mean, maxi-
mum, minimum and StdDev) from histograms
were extracted for each NDVI image, and the
corresponding NDVI values for pixels of the
three plots were extracted from each image.

Then, Mean NDVI of all pixels falling in
each plot (60 m x 60 m) at different elevation
gradient and in each month was determined.
These results were correlated with elevation,
diversity indexes (Shannon Wiener, Simpson),
richness (S and Chao1), and biomass for each
plot in STATISTICA program. Finally, for the
most significant correlations, simple linear re-
gressions were developed in RStudio software
[45]. The strength of relationship was assessed
by using coefficient of determination (r?) and
p value.

Results

Atotal of 657 individuals witha DBH>10 e¢m
were registered in 3 plots (1.08 ha). In plot 1,
the total individuals were 239 and 40 species
were found. Plot 2 obtained a total of 247 indi-
viduals and 45 species. Finally, the total indi-
viduals in plot 3 was 171 with 43 species. Thus,
the density of individuals in plot 3 was the low-
est. When considering the altitudinal gradient,
it was found that plot 2, located a 2409 m.a.s.l.,
possess the greatest species richness (S = 49,
Chaol = 51), followed by plot 3 (2220 m.a.s.l.)
with 43 species (Chaol =49.6) and plot 1 (2521
m.a.s.l.) with 40 species (Chaol = 44.5). These
data could define plot 2 as an ecotone between
this 300-meter gradient, if we consider that
diversity (Shannon and Simpson indexes) de-
creases with altitude (Table 2).

Table 1
Intervals of NDVI scale
NDVI values Type of land cover
<0 No vegetation, water, clouds
0-0.09 Bare ground (degraded land, settlements, soil without vegetation cover)
0.1-0.29 Sparse Vegetation (scattered shrub, irrigated crops)
0.3-0.49 Medium Vegetation (forest plantations, bushes, slow-growing plantations)
>0.5 Dense Vegetation (forest, dense growth plants)
Table 2
Richness and Diversity indexes for 3 plots in “El Cedral”
Richness and Diversily indexes Plot 1 Plot 2 Plot 3
(2521 m.a.s.l.) (2409 m.a.s.l.) (2220 m.a.s.1.)
Shannon Wiener 3.15 3.105 3.38
Simpson 0.93 0.91 0.95
Chao 1 44.5 a1 49.6
Richness (S) 40 49 43
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Fig. 2. Aboveground biomass (AGB) in kg/0.36 ha for three plots in “El Cedral”

The calculated biomass was 3858.41 kg/0.36 ha
(Mean 16.14, Sd 7.77) in plot 1, 5230.48 kg/0.36 ha
(Mean 21.17, Sd 10.74) in plot 2 and
2926.58 kg/0.36ha (Mean 17.11, Sd 8.48) in
plot 3. Like in richness species, plot 2 showed
the greatest value of biomass (Fig. 2).

Mean NDVI differences, for each plot, be-
tween rainy season (March, August, September,
and October) and dry season (December) are
clear (Fig. 3, see color insert V). All NDVI for
each plotin rainy season is more than 0.5 (Dense
vegetation), while mean NDVI in December is
located in the interval 0.3-0.49 (Medium veg-
etation). Accordingly, NDVI value decreases
between rainy and dry season.

In the monthly NDVI data (Table 3) the
same result of the NDVI graphs can be observed.
In the rainy season, the months of March, Au-
gust, September and October shows a mean
NDVI of 0.82, 0.92, 0.86 and 0.79 respectively,
that corresponds to dense vegetation. On the
other hand, on December (dry season month) the
media NDVI for the tree plots is 0.47 (medium
vegetation).

In the relationships NDVI-richness and
NDVI-biodiversity at different altitudes and
seasons, it was found that in rainy season the
NDVI correlates with Chaol index with a posi-
tive Pearson coefficient (March: r = 0.992, Au-
gust: r = 0.983, September: r = 0.963, October:
r=0.7) with a significance between 0.07 and 0.1.

With richness (S) the relationship with NDVI
was also positive, however the level of signifi-
cance was lower than the previous mentioned.
This could be mainly due to the small number of
plots sampled. A strong and significant correla-
tion was found between mean NDVT and eleva-
tion in October (Fig. 4, r =-0.99, p < 0.06). In
remain months, a negative correlation was also
obtained, but the significance was lower, due to
the number of plots.

Discussion

The alpha diversity indexes yielded high
diversity results for TMCF. Similar results have
been seen in Ecuador, such as those found in the
study carried out in Andean Montane Evergreen
Forest at an altitude of 2705 m.a.s.l. Here, diver-
sity was high with a maximum index of Shannon
species of 0.90 and Simpson of 0.87. In general,
in this type of tropical forest at altitudes between
2000 and 3000 m.a.s.l., similar diversity values
are observed, as is the case of Peruvian Andean
Montane Cloud Forest were diversity indexes
reached higher values. Simpson index was lo-
cated between 0.8 and 0.19 and Shannon index
between 2.7 and 3.6 [46]. Likewise, in Myanmar
Tropical Forest the maximum Shannon Diver-
sity Index was 3.20 and Simpson Diversity Index
0.96. This study pointed precipitation as crucial
factor in the development of plant diversity [47].
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Minimum, maximum, and mean NDVI + standard deviation of NDVI by months Tables
Plot Min NDVI Max NDVI Mean NDVI StdDev
March
Plot 1 0.80 0.83 0.81 0.01
Plot 2 0.82 0.84 0.83 0.01
Plot 3 0.82 0.83 0.83 0.00
NDVI Mean (month) 0.81 0.83 0.82 0.01
August
Plot 1 0.86 0.93 0.89 0.02
Plot 2 0.90 0.96 0.93 0.02
Plot 3 0.90 0.95 0.93 0.02
NDVI Mean (month) 0.89 0.95 0.92 0.02
September
Plot 1 0.69 0.85 0.79 0.05
Plot 2 0.88 0.91 0.89 0.01
Plot 3 0.87 0.93 0.90 0.02
NDVI Mean (month) 0.81 0.90 0.86 0.03
October
Plot 1 0.45 0.85 0.70 0.13
Plot 2 0.70 0.84 0.79 0.25
Plot 3 0.82 0.93 0.89 0.03
NDVI Mean (month) 0.66 0.87 0.79 0.14
December
Plot 1 0.51 0.58 0.54 0.03
Plot 2 0.44 0.47 0.46 0.01
Plot 3 0.41 0.43 0.42 0.01
NDVI Mean (month) 0.45 0.49 0.47 0.01
1.0 1
_ 09 ,._R=-009p=0065
>
)
Z
g 08]
[}
=
0.7 1
0.6
2300 2400 2500
Elevation

Fig. 4. Relationship between mean NDVI (October) and elevation (m.a.s.l.)
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Similar values of AGB for cloud forest in
Ecuador were found in the Rio Guajalito Reserve,
where other allometric equation was applied
[48]. In such study, the estimated tree biomass
for primary forest was 15160 kg/ha and we de-
termined for the three plots the AGB amounts of
10717.8, 14529.11 and 8129.38 kg/ha.

A positive and strong relationship between
NDVI and Chaol was expected because it is
known that between species richness and pri-
mary productivity there is a positive relationship
[22], which in other forest studies has been esti-
mated with NDVTI as reflectance indicator [49].
In addition, these findings are consistent with
the research results where the species richness
was identified using remote sensing and NDVI
|4, 13, 14, 16, 27, 50, 51]. This suggests that
NDVI calculated from Landsat 8 images could
be used to estimate species richness in TMCF
when plot data are available.

Regarding the relationship between mean
NDVI and elevation, its negative correlation
means that when the elevation diminishes the
NDVI increases. This can be explained with
the fact that the number of individuals, also
decreased with the altitude. Thus, in plot 3 the
number of individuals was the lowest. According
to [92], in the majority of altitudes the relation-
ship between NDVI and elevation is positive.
Nevertheless, in the range of altitude between
2200 to 2500 m.a.s.l. a negative relationship
has been observed like in this research. A high
NDVIshowed in the lower elevation is because of
a higher productivity owing to high temperature
and sufficient water availability [93]. In addi-
tion, it is important to mention that plot 2 was
catalogued as an ecotone because it can explain
the NDVI decrease between plot 1 and plot 2.

Since species diversity is related to rich-
ness and abundance [54], a strong correlation
between Shannon and Simpson indexes with
NDVI was expected [20]. Nevertheless, the
relationship was moderate and positive, like in
other studies [9, 13, 53] where Shannon index
and Simpson index were applied [4, 24, 26, 56].
Our correlations were not significant, hence, we
recommended to sample more plots to discover
the real relationship between these parameters.
The plot size of 60 m x 60 m was established due
to the fact that the pixel dimension of Landsat
image is 30 m x 30 m and the small number of
plots (3) was because of the difficulty in estab-
lishing extensive plots (60 x 60) homogeneous
in terms of slope percentage. TMCF in the study
area has a strong sleep and very strong steep
slope and the larger the plot, the less homoge-

neous it is [57]. Besides the TMCF usually are
difficult to access [58]. Based on bibliography
reviewed about positive and significant relation-
ships between NDVI and diversity indices with
a greater number of plots [4-6, 9, 15, 16, 19, 20,
24, 27, 52], the relationships in this study were
also expected to be significant considering the
difficulties mentioned.

Conclusion

Remote sensing, with the use of satellite im-
ages, has been playing an increasingly important
rolein forest conservation. Together with vegeta-
tion indexes have estimated richness, diversity
and biomass over time. Within its advantages
are high spatial-temporal resolution and easy
global availability. On the other hand, its ap-
plicability is still limited by technical issues
such as cloudiness in the images and the need
for calibrations and corrections. Nevertheless,
when overcome these limitations through ap-
propriate techniques and the inclusion of envi-
ronmental factors, diversity predictions can be
more accurate.

By using field data and satellite imagery, our
study has importantimplications in understand-
ing the relationships between NDVI and alpha
species diversity. We found a strong positive and
significant relationship between species richness
and NDVI. This relationship was analyzed in the
two seasons of tropical forest and it was observed
that in the rainy season the NDVI is higher,
which is attributed to precipitation that offer bet-
ter waler availability and temperature to increase
the photosynthetic rate and therefore productiv-
ity. The differences in seasonal NDVIare crucial
to understand as it can be predicted how forests
will respond to future climate changes. Finally,
NDVIcan be considered a useful method to esti-
mate richness and biodiversity (using a greater
number of plots) and even to detect ecotone as
was the case in this research.
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