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AsstrAcT. Presented work is aimed at investigating potential correlations between remote sensing vegeta-
tion indices and local ant populations. Research was conducted in summer of 2017 in Wigry National Park
in two types of forest habitats: coniferous (Serratulo-Pinetum) and deciduous (Tilio-Carpinetum). NDVI and
MCARI2 vegetation indices were measured with the use of a drone and yielded comparable correlations
with ant-related quantities. We determined that the presence of ants from Formica group is positively corre-
lated with vegetation indices, while the correlation between Myrmica and Lasius ants and vegetation indices
is more complex.
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INTRODUCTION

The great impact of ants (Hymenoptera, Formicidae)
on environment is a well-known phenomenon. The
presence of ants is recorded in almost all inland envi-
ronments, in many of which ants are crucial species
in economic context (e.g. in HOLLDOBLER & WILSON
2009). Ants are abundant in number and they forage
on a wide range of food types, therefore positively
influencing the “sanitary state” of forests. Basing on
this fact, two red wood ant species (Formica polycte-
na and Formica rufa) were given protection by law in
Poland (Czecnowski et al. 2012). The immediate im-
pact of red wood ants on the condition of tree stands
is a subject to broad discussion and the results of

research on this topic are still inconclusive (ApLunG
1966, Onasti et al. 2007, Frouz & Jikova 2008, Far-
JI-BRENER & WERENKRAUT 2017).

Remote sensing techniques have recently become
widely used for assessment of ecosystems state (usu-
ally considered as condition/richness of vegetation)
by means of various spectral indices (PRENTICE et al.
1992, GamoN et al. 1995, AsNer 1998, ZHANG et al.
2003). Estimations are based on changes of absorp-
tion (on different wavelengths) of light by plant or-
gans. Employing these techniques provides a unique
opportunity for wide automation and much faster
acquisition of data for large spatial extents (satellite,
aerial data) (PorTer et al. 1993, HueTE et al. 2002).
Remote sensing techniques have already been used
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in projects aiming at estimation and verification of
niches suitable for different ant species (ScortT et al.
2005, Roura-PascuaL et al. 2006). Research in this
field was conducted on data from aerial or satellite
level. This kind of data have limited spatial resolu-
tion and, moreover, spectral resolution/number of
spectral channels is limited. Limited spatial resolu-
tion reduces the range of detection for small patches
of specific conditions, but is useful for large extent
analyses, in which more rough estimates and gen-
eral statistics are sufficient and the exact location
of land patches is not necessarily important. Impor-
tantly, approach presented in this study was much
more micro-scale oriented, as single nests and their
surroundings were taken into account. Performing
this kind of study was possible thanks to modern
technology of micro-aerial techniques developed for
Remotely Piloted Aerial Systems (RPAS) with min-
iaturized devices (SaLamr et al. 2014, REy-CARAMES et
al. 2015). Input data resolution of square centime-
ters delivers higher variance of data, more noise and
requires greater amount of work on homogenisation
of data sets, but allows much more detailed analy-
sis in diverse ecosystems (in terms of different plant
communities and different amount of nutrients/sun/
water).

Depending on spectral range and number of chan-
nels in detectors used, it is possible to employ dif-
ferent spectral indices. For purpose of this research,
range between 400-1000 nm was considered, which
is the range of operation for most popular and low-
cost silicon-based sensors. Amongst the most popu-
lar indices there is the Normalized Difference Vege-
tation Index (NDVI). It is a two channel-based index
which has been in use since the beginning of mul-
ti-spectral remote sensing research. Thanks to sim-
plicity of NDVI, it was used in several analyses of
landscapes with ant populations (Scott et al. 2005,
PLowes et al. 2007, NARENDA & RAMACHANDRA 2008).
Another index used in the research is the Modified
Chlorophyll Absorption Ratio (MCARI2) with mod-
ifications proposed in 2004 by Haboudane (HaBou-
DANE et al. 2004). This triple wavelength index was
proposed to improve correlation between spectral
vegetation indices and measurements of Leaf Area
Index (LAI), which describes canopies by verifying
area of leaves per square unit of ground surface. Re-
search was conducted in Wigry National Park, where
LAI is determined in a standard set of measures for
integrated environment monitoring (Kostrzewski
et al. 2006). As it was mentioned, MCARI2 is more
strongly correlated with LAI than NDVI. Therefore,
if MCARI2 turns out to be better correlated with
environmental features (in our case: ant-related
quantities) than NDVI, we will provide theoretical
foundation for approximating ant-related quantities
basing on LAI, which is determined during standard
environmental monitoring. In our research NDVI

and MCARI2 were tested for correlation with varia-
bles describing ant populations to determine if there
are any significant differences between these indices
justifying the use of one over the other.

MATERIALS AND METHODS

Field studies were performed during August 15-29,
2017 in Wigry National Park. Location of measure-
ment plots in the Park was marked on Figure 1. For-
ty square fields measuring 10 meters by 10 meters
were circumscribed: 20 in mixed coniferous forest
(phytosociological association Serratulo-Pinetum) and
20 in deciduous forest (phytosociological association
Tilio-Carpinetum). Within each field, four square are-
as measuring 1 meter by 1 meter were marked and
investigated for ant nests and foragers (foraging ant
workers) of all ant species. Each 10 m X 10 m field
was surrounded by a larger 100 m x 100 m field, so
that the smaller field was situated exactly in the mid-
dle of the larger field. The larger field was examined
for Formica group ant nests. Ant species were identi-
fied. The coordinates of ant collection spots and nest
location were determined with the use of GPS.

Remote sensing data was acquired by means of
a group of instruments mounted on a medium size
RPAS (take-off mass up to 5 kg). Hexacopter Versa
X6 drone, produced by Versadrones, was used. It
had a total mass of payload around 1.5 kg. Control
of drone flight was performed with manual control-
ler for take-off and landing. Flight over measurement
point was programmed with autopilot. Flight data
including locations, altitude and attitude were regis-
tered by 3DR Pixhawk autopilot.

Measurement payload consisted of two Ocean
Optics STS micro-spectrometers, one for visible light
in range of 355-824 nm and second for near infrared
in range of 633-1123 nm. Spectral resolution of reg-
istered data was 3 nm (digital step 0.47 nm). Field of
view of spectrometers was 30°. Data from spectrom-
eters were registered on a micro-computer.

Images in visible spectra were taken in intervalom-
eter mode (2s) by GoPro Hero Black 3+ camera with
4000 x 3000 pixels images and 149.2°field of view.
Images from this camera were used for verification of
measurement patches scanned by spectrometers and
as input corrections of spectra measurements.

For verification purpose Rikola hyperspectral
imager (MAKELAINEN et al. 2013) was used in initial
flight to calculate spatial distribution of measured
vegetation indices in the closest surrounding of
measurement point.

Before flight, white target spectrometers were set
up with appropriate integration time and dark cur-
rent. Data were acquired during hovering of RPAS
over measurement point, stabilized with GPS. Above
each point RPAS spent at least 60 seconds, which
allowed for registration of 300-2000 single spectra.
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Fig. 1. Location of measurement plots in Wigry National Park. Red circles — mixed coniferous forest (Serratulo-Pinetum),
yellow circles — deciduous forest (Tilio-Carpinetum). Map north-oriented

Flight altitude was programmed in such a way, that motion algorithms. Shape of canopy together with
acquired data contained information from a circular  ground data from spectroradiometers were used to
footprint of 30 meters diameter. At the same time, apply correction to spectra measured by micro-spec-
digital camera registered images, which were later trometers. Atmospheric and geometry correction
used to retrieve canopy model through surface from was performed in lidRadtran radiative transfer li-
brary with Mystic 3D solver (Maver & KyLLING 2005).

Vegetation indices are proposed based on chang-
es in reflectance of leaf in different spectral regions,
which reflect changes in different parameters of leaf
(Fig. 2). Between 400-700 nm of visible light spec-
trum, plant vegetation pigments play crucial role,
with especially high absorption of chlorophyll at 465
and 665 nm (Porra et al. 1989).

In very close near infrared (700-760 nm), which
is already invisible for human eye, a large increase
in reflectance of plants is noticeable, which can be
explained by the physical structure of leaves, i.e. dif-
ferences in arrangement of cells (SriDHAR et al. 2007,
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 Lw et al. 2014). This spectral region is called “the

FEveSSagta sl red edge”. Difference between reflectance in near
Fig. 2. Reflectance of a model leaf in 400-2450 nm wave-  infrared (NIR) and the red part of visible spectrum

length range with marked spectrum regions for vegeta- ~ (RED) is the principle of NDVI (Eq. 1). Degradation
tion index analysis (BLUE, GREEN, RED, NIR) of chlorophyll causes a decrease in absorption in the
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red range and, as a result, a decrease in NDVI values.
Based on changes of NDVI, it is possible to estimate
the general vegetation state related with pigments in
leaves. Higher values of NDVI are characteristic for
vegetation in better condition.

Rsoo_R670

RSOO 670

MCARI2 was introduced to minimize the influ-
ence of chlorophyll content variation and to increase
resistance against atmosphere and soil related uncer-
tainties in order to highlight the effects of cells struc-
ture and LAI (HaBoUDANE et al. 2004). In comparison
with NDVI, in MCARI2 there are three wavelengths
in total (Eq. 2). Reflectance at 550 nm was introduced
to the formula in order to improve the quantification
of changes related with chlorophyll content and to
give them appropriate weight. Higher MCARI2 val-
ues mean better condition of vegetation.

1.5[2.5 Ry~ Ryy0) — 1.3 (Ryp—Resy) ]
2
V2R, +1)— (6R,y, +5VR,,) 0.5

670

MCARI2 =

)

The results were statistically analysed with U
Mann-Whitney’s test and Spearman’s rank correla-
tion coefficient in IBM SPSS Statistics 23 software
package.

RESULTS
DECIDUOQUS SITES (TILIO-CARPINETUM)

In deciduous sites, there were statistically signifi-
cant correlations between the number or nests from
the Formica rufa group and both vegetation indices:
NDVI (p = .598; p = .007), and MCARI2 (p = .533;
p = .019). The bigger the number of nests was, the
higher the vegetation indices were. The size of all
correlations was large. Furthermore, U Mann-Whit-
ney’s tests proved that in the areas where at least
one Formica group nest was present, the vegetation
indices were higher than in areas without any For-
mica group nest (accordingly: NDVI: Z = —=2,57; p =
.010; MCARI2: Z = 2,34; p = .025). This implies that
the sole presence of E rufa group ants was connected
with higher vegetation indices.

Moreover, there was a large statistically signifi-
cant correlation between the number of Formica polyc-
tena and E rufa foragers and the value of NDVI (p =
.533; p = .019). The bigger the number of foraging
ants was, the higher the values of the index. At the
same time, the correlation between the number of E
polyctena and E rufa foragers with MCARI2 value was
moderately strong and not statistically significant.

As for other ant species recorded in the field, the
only statistical tendency was the correlation between

MCARI2 value and the number of Lasius platythorax
nests (p = .442; p = .058). This correlation was posi-
tive but only moderately big. The correlation between
the number of L. platythorax nests and the NDVI was
not statistically significant. Moreover, there were no
statistically significant or nearly statistically signifi-
cant correlations between vegetation indices and the
number of nests of Myrmica ruginodis, Myrmica rubra
nor the overall number of non-Formica nests nor the
number of foragers in the examined area.

CONIFEROUS SITES (SERRATULO-PINETUM)

In coniferous sites, there was a strong, statistically
significant correlation between the number of E rufa
group nests and the MCARI2 value (p = .637; p =
.019). The correlation was positive, meaning that
the bigger the number of nests was, the higher the
MCARI2 value was. Strong, nearly statistically sig-
nificant correlations regarded the number of E rufa
group nests and the NDVI (p = .516; p = .071). Fur-
thermore, U Mann-Whitney’s tests proved that in
the areas where at least one Formica group nest was
present, the MCARI2 (Z = 2,32; p = .021) and NDVI
(Z = -1,70; p = .090) vegetation indices were higher
than in areas without any Formica group nest.

Table 1. Correlation between vegetation indices and the
number of ant nests in the research area in coniferous
places

NDVI MCARI2
Myrmica ruginodis p —.675 —.628
p .011 .022
Myrmica rubra p —.019 .070
p 951 .821
Lastus platythorax p —.513 —-.513
p .073 .073
Total number of ant nests p —.676 —.696
p .011 .008

There were statistically significant large correla-
tions between the values of both vegetation indices
and the number of M. ruginodis nests and the overall
number of non-Formica nests (Table 1). The corre-
lations were negative, meaning that the higher the
number of nests was, the lower the values of indices
were. Moreover, there were nearly statistically signif-
icant correlations between values of both vegetation
indices and the number of L. platythorax nests. Simi-
larly, the correlations were negative and large. There
were no other statistically significant correlations.

DISCUSSION

The relation between ant communities and vegeta-
tion indices is indirect. That was expected due to in-
direct influence of environmental factors on indices
alone.
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The general conclusion for deciduous forest states
that indices are positively correlated with ant-relat-
ed quantities (number of nests, number of foragers).
NDVI and MCARI show the same tendency, suggest-
ing that both indices perform comparably in these
conditions. It should be noted that the positive corre-
lation between indices and ant-related quantities con-
cerns almost exclusively Formica ants. As for the oth-
er ants, only the number of L. platythorax nests was
linked to MCARI2 values. Other ant-related variables
concerning Lasius sp. or Myrmica sp. did not correlate
with NDVI or MCARI2 indices. The link between
high values of Formica ant-related quantities and high
values of indices (i.e. better state of vegetation) could
be explained by the fact that Formica ants penetrate
the environment much more intensively than Lasius
or Myrmica ants. Moreover, VELE & MODLINGER (2016)
proved that E polyctena ants do not focus solely on
food of certain size or quality. Therefore, in a re-
source-rich environment, such as deciduous forest,
Formica ants can benefit from abundant and diverse
food base to a much larger extent than Lasius or Myr-
mica ants, which have specific food preferences. At the
same time, high availability of diverse food sources
in deciduous forest alleviates aggressive interspecies
interactions (DE BRUYN & MagEeLis 1972). Therefore
species like L. platythorax and Formica sp. could coex-
ist. This explains the positive correlation between the
number of L. platythorax nests and vegetation indices.

Coniferous forest is not as resource-rich in di-
verse food sources as deciduous forest and observed
correlations differ in some aspects. In coniferous for-
est number of Formica group nests was positively cor-
related with MCARI2 index. NDVI showed the same
direction of correlation, however, results were only
nearly significant. Correlation between presence and
number of Formica group nests and vegetation indices
in both types of forests is consistent with the positive
influence of Formica ants on the “sanitary state” of tree
stands. On the other hand, correlation of both indices
with the number of M. ruginodis and L. platythorax ant
nests and overall number of non-Formica ant nests
in coniferous forest demonstrates negative values.
This result suggests that areas of weaker vegetation
were preferred by mentioned non-Formica species of
ants, rather than that Myrmica or Lasius ants can de-
teriorate the condition of tree stands. However, ants
are known to feed on sugar-rich honeydew, produced
by destructive insect pests, such as aphids (ApbicorT
1978). Some ant species form symbiotic interactions
with aphids and tend them (Novcoropova 2005).
Nevertheless, these interactions concern not only
Myrmica or Lasius ants, but also Formica ants, whose
presence can even lead to an elevation in the number
of aphids (SkiNNER & WHITTAKER 1981). Therefore,
weaker vegetation indices in places where Myrmica or
Lasius ants are present can not be explained by higher
number of plant-damaging aphids.

More likely, in coniferous forest, which is gener-
ally poor in resources, the antagonistic interactions
between Formica ants and Myrmica and Lasius ants are
more intense. DE BruyN (1977) pointed at fierce in-
terspecific competition between E polyctena and M.
ruginodis. Supposedly the weaker species (Myrmica
and Lasius) are present in those areas, where the For-
mica pressure is lower — i.e. areas of weaker vegeta-
tion. This is consistent with MaBgLis works (1983).
At the same time, small number of Formica ants and
lack of their “sanitary function” in those areas may
contribute to maintenance of low vegetation indices.
However, due to different methodology used in ex-
amination of Formica and non-Formica ants, is difficult
to determine the direct link between presence and
number of workers of Formica ants and Myrmica and
Lasius ants.

In coniferous forest number of Formica group
nests was positively correlated with MCARI2 index.
NDVI showed the same direction of correlation, but
results were only nearly significant. This was the
only test where MCARI2 provided better results in
term of significance than NDVI. Despite quite simi-
lar range of LAI (Asner et al. 2013) and chlorophyll
content (ErTEL et al., 2011) in both types of forest, in
case of coniferous forest the measured values of indi-
ces were significantly lower. Combined influence of
leaf shape, wax layer thickness and thickness of cuti-
cle account for weaker reflectance and darker color of
needles in comparison with broadleaves. Supposedly,
NDVI is more dependent on these features of leaves.
As it can be seen, in coniferous forest MCARI2 could
reveal changes which are below the detection level of
NDVI. These results should be further investigated
during continuation of research.

In the presented data differences between
MCARI2 and NDVI are occasional, which suggests
that there is no need to use the more complex index
(MCARI2) in order to differentiate niches in the area
of research. At the same time, our results do not pro-
vide evidence of direct influence of LAI on quantities
related to ants communities, which comes out from
lack of significantly higher correlations of ant-related
quantities with MCARI2 (index designed to better
correlate with LAI) than with NDVI. It means that, at
the moment, measurements of LAI made during en-
vironmental monitoring in the park cannot be easily
used for ant related research. Comparison of vegeta-
tion indices for reasoning related with ants was not
widely tested by researchers, but presented results
show, that use of NDVI in majority of studies is fully
justified and sufficient.

CONCLUSIONS

Presented results suggest that vegetation indices
could be used for initial preselection of places pre-
ferred by ants from Formica group. In both types of
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forests, higher values of indices were correlated with
greater occurrence of these species. On the other
hand, presence of Myrmica and Lasius ants was either
negatively correlated or not correlated with vegetation
indices, depending on the type of forest. In future re-
search it would be crucial to determine whether these
tendencies result from interspecific interactions or
rather direct relations with the environment. In order
to elucidate these matters it would be necessary to
change the methodology applied to all ant species.

There are no strong differences in correlations
of NDVI and MCARI2 with ant-related parameters.
Taking this into account, we conclude that NDVI is
sufficient for such studies. Using MCARI2 involves
higher costs, requires bigger amounts of data and
there are no easily accessible processing solutions for
MCARI2. Choosing NDVI has several advantages,
as it enables using NDVI dedicated cameras, which
nowadays have reasonable prices and deliver ready to
use NDVI spatial distribution pictures, where neces-
sary processing is performed internally.
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