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Abstract:

Tropical termites are of critical importance for ecosystem functioning and ecosystem services in woodland and savannah areas. Termite mounds
can also be used as fertilizer and biological indicators of anthropogenic disturbance linked to agriculture or charcoal production. Remote sensing
may help to identify and characterize termite mound density and distribution at low cost. To test its effectiveness, termite mounds were
identified in the field and compared with the results of image interpretation of free Google Earth aerial photographs. This comparison was
carried out for 17 sites in the hinterland of the mining city of Lubumbashi, Katanga, Democratic Republic of the Congo, which faces high
population growth, food insecurity, and intense fragmentation and degradation of the original Miombo woodland cover. The influences of
mound height and diameter as well as the timing of the image capture (year and dry or wet season) were statistically tested. The actual number
of termite mounds observed in the field was generally overestimated on the corresponding image. Height and wet season favoured correct
identification, while spatial distribution was not significantly influenced by misidentifications. A corrective model was defined and its relevance
statistically verified. Mound identification using Google Earth appears efficient so long as the precise individual mound position is not concerned.
This approach represents considerable cost reduction for field surveys of termite mounds.

Keywords: anthropogenic biological indicator, food self-sufficiency, Macrotermes, aerial photographic interpretation, woodland

Résumé

Les termites des régions tropicales sont d’une importance critique pour le fonctionnement et les services écosystémiques dans les régions de
forét claire et de savane. Les termitieres peuvent également étre utilisées comme engrais et bio-indicateurs de perturbations anthropiques
telles que I'agriculture ou la production de charbon. La télédétection peut contribuer a identifier et caractériser la densité et la distribution des
termitieéres a moindres frais. Afin de tester son efficacité, les termitieres ont été identifiées sur le terrain et comparées avec les résultats
d’interprétation de photographies aériennes Google Earth en libre accés. Cette comparaison a été appliquée sur 17 sites dans I’hinterland de
la ville miniére de Lubumbashi, Katanga, République Démocratique du Congo, confrontée a une croissance élevée de population, a l'insécurité
alimentaire ainsi que d’intenses fragmentation et dégradation de la couverture originelle de forét claire (Miombo). Les influences de la hauteur
et du diameétre des termitiéres ainsi que de la période d’acquisition de I'image (année et saison) ont été testées statistiquement. Le nombre de
termitieres observées sur le terrain est généralement surestimé sur I'image. La hauteur et la saison des pluies en favorisent I'identification
correcte, tandis que la distribution spatiale n’est pas significativement influencée par les erreurs d’identification. Un modele correctif a été
défini et sa pertinence statistiquement vérifiée. L’identification des termitieres via Google Earth s’avere efficace tant que la position précise de
chaque termitiere n’est pas requise. Cette approche constitue une réduction considérable des colts de missions de terrain liées aux études sur
les termitieres.

Mots-clés: bio-indicateur d’anthropisation, auto-suffisance alimentaire, Macrotermes, photointerprétation aérienne, forét claire
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Introduction

Since the start of aerial photography and satellite imagery, remote sensing has made land cover
analysis far more effective and complete, as well as less costly [1]. In Africa, where natural
resources are abundant, though threatened [2], this tool has important potential applications,
especially given the lack of financial resources and the practical problems arising with field work.

In Katanga, province of the Democratic Republic of the Congo (DRC), the city of Lubumbashi was
developed for mining development under Belgian colonialism at the beginning of the 20
century. Both heavy metal pollution and the absence of a tradition of farming prevent the town
from being food self-sufficient [3, 4]. Furthermore, fast-growing local populations (1,200,000
inhabitants in 2006, 1,500,000 in 2009) [4] and mining companies keep on deforesting the
suburban belt to produce charcoal or to develop new mines, hence destroying local ecosystems
[5]. These landuse and land cover changes are likely to disturb some tropical termite species in
the area, like Macrotermes falciger (Gerstacker). This species builds mounds possibly tall
enough for identification by remote sensing [6]. The mounds’ structure and composition play
an important part in ecosystem functioning [7] and provide ecosystem services such as food for
local populations [8]. Termite mounds are a potential soil amendment for agriculture [9-11]. In
addition, the influence of human activities like deforestation on termites’ behaviour and
presence can make them a bio-indicator for anthropogenic land cover change or degradation [9,
12-14].

The ability to identify termite mounds by remote sensing could ease preliminary research on
termite activity and conservation. Minimizing costs by using free images is of particular interest,
especially in developing countries. The objective of this research is therefore to assess the
capacity to identify termite mounds (density, position, distribution) on high resolution aerial and
satellite imagery, particularly free Google Earth images. The underlying hypothesis is that these
images have enough spatial resolution for systematic termite mounds mapping. This hypothesis
supposes that the in-image termite mound density is a satisfactory estimator of on-site termite
mound density and that sampling errors are randomly distributed in space and time.
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Methods
Study area

The study zone was situated in Katanga and centred on the city of Lubumbashi, within the
southern latitudes of 11°30’ and 11°50’, and the eastern longitudes of 27°17’ and 27°40’ (Fig. 1)

The site consists of a plateau that has been eroded into a wide valley by the Lubumbashi River
and its tributaries [3, 9]. The altitudes of the inner-city, on the plateau, vary between 1,200 and
1,250 m. Geology consists mainly of two systems: shale-sandstone (Kundelungu) and shale-
dolostone [15]. Lubumbashi is located in the Katangese copper belt and is well known for its
copper and cobalt veins, contained in the Roan series, Upper Kundelungu [3]. The majority of
local soils where termite mounds are found are yellow-red to red latosols and ferrasols [13]. To
build their mounds, foraging termites use the clays contained in the deepest soil horizons [10].

The local climate corresponds to the Cw category in the Koppen classification and is
characterised by a wet season from November to April, and a dry season for the rest of the year.
Vegetation cover is continuous only during the wet season [9]. The main vegetation cover is
woodland (Miombo), but it is being progressively replaced with savannah and bare soils by
deforestation as well as by mining activities and eolian deposits of heavy metals [8]. On both the
contaminated and natural highly metalliferous soils, a specific metallophyte herbaceous flora
develops [16-18].

Lubumbashi

Image season and year

g dry 2006
‘8 [ § ®  wet 2002
B wet 2006

[} 13
165, @ 0123 4
15 s Kilometers

Fig. 1. Location of the different sampling sites around the municipality of Lubumbashi (shown in grey).
The season and year of the Google Earth image on which each polygon was analysed during the study
(February 2010) are detailed in the legend. DRC: Democratic Republic of the Congo.
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Data collection

The termite mounds were identified and located using two different methods: aerial
photographic interpretation and field survey. Mound identification in the images was
performed using a Google Earth image mosaic (© Google 2009; © 2009 CNES/Spot Image; ©
2009 GeoEye; © 2009 DigitalGlobe; © U.S. Dept of State Geographer) because of its free access.
The images composing this mosaic were characterised by different seasons and years of capture
(see Fig. 1 and Table 1). According to Google Earth, the available images were DigitalGlobe aerial
photographs taken from a height of 250 to 350 m. The resolution of this mosaic is not exactly
known because the captors vary depending on the location and year of image capture [9], but
DigitalGlobe [Digitalglobe.com] states that the lowest resolution is 2.62 m. In any case, this
resolution can be considered several times higher than the horizontal projection of a termite
mound, i.e. more precise than 10 m [9]. Indeed, termite mounds were visible on the images,
even without using the closest zoom distinguishing the individual pixels. The termite mounds
were sampled and georeferenced directly in the images by visual identification of pixel clusters
lighter or darker than their immediate environment, sometimes associated with shadow,
depending on the time the image was captured.

In order to evaluate the precision of in-image termite mound identification, mounds were
directly located in different sites in the suburban area of Lubumbashi during field surveys and
compared with the number and positions of the termite mounds identified by visual
interpretation in the images. On-site prospecting was carried out in February 2010 on 17
different sites from two to 27 ha, chosen according to their accessibility, soil type (only one type
per site), and termite mound presence. Consequently, areas with too dense vegetation and
private estates were excluded. In each site, each termite mound, its height, its diameter and its
position were inventoried using a GPS (Garmin 60CSx) with 5 m average precision. Sampling sites
and the mounds they contained were reported as polygons on the Google Earth image mosaic.
The map (Fig. 1) was drawn in ArcMap 9.3 based on the KML representing the sampling areas,
generated directly in Google earth.

Data management

On-site prospection represents field reality. Data comparison between field reality and aerial
photography interpretation was performed by comparing KML points corresponding to the
location of each mound identified in the field as well as in the image, generated directly on the
Google Earth interface. This comparison could identify individual termite mounds in the image
that were not reported on the site (false positive), or termite mounds reported on the site that
were not detected in the image (false negative).

Then, it was tested whether the positioning errors in the images cause a significant effect on
mounds’ spatial distribution. This was performed by calculating the Clark and Evans [19]
aggregation index (R) for the termite mounds of each polygon and by comparing the differences
between its value in the image and in situ. The comparison was applied using a paired Student
t-test on the difference between R; (aggregation in the image) and R, (aggregation in situ). The
Shapiro-Wilk normality test was applied beforehand [20] to this difference to test if the t-test
was applicable.
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According to Bitler [21], the R aggregation index is calculated as in equation (1):

R &)
Te

where r, is the average distance between each couple of nearest neighbours, and r, = 1/2 \/—
p

with p, the density of individuals. R =1 if the distribution is random, R = 0 if the distribution is
aggregated, and R = 2.15 if the distribution is uniform. For the purpose of this study, it is not the
interpretation of the index value that is considered, but the differences between the pattern in
situ and in the image.

Four parameters linked to possible errors were tested. False negatives are ticked because either
the height or the diameter of the mounds may be too small to allow their identification in the
images or else because of termite mounds hidden by the vegetation cover during the wet
season. The time elapsed between image capture and field survey (Table 1) may result in false
positives as well as false negatives.

The effects of mound height and diameter on false negatives identification were tested as
follows. First, frequency distributions of height and diameter classes were computed for each
false negative, on one hand, and for the whole in situ sample, on the other hand. Then, to
compare false negatives with field reality, a homogeneity x* test was applied between false
negatives and real frequency distributions of height and diameter classes as observed in situ.
The null hypothesis to be tested was that the false negative distribution in height / diameter
classes was not different from the height / diameter distribution of all the termite mounds
observed in situ. If this was the case, mound height or diameter would not influence the
identification capacity of aerial photography interpretation. The classes were defined in order
to meet the Cochran rule, according to which each class needs to contain at least five
observations [9, 22, 23].

To account for the effect of season and year of the different Google images, non-parametric
tests were used [9, 22]. Indeed, the number of individuals in the sample is rather small (only 17
sites), so the conditions of homoscedasticity and normality of the distributions were not met.
Two different techniques were applied in a complementary way to compare the relative error
percentage for each season and year: the Wilcoxon-Mann-Whitney test (unpaired) and
bootstrapping. The Wilcoxon-Mann-Whitney or W test is the non-parametric counterpart of the
Student t-test and compares two observed medians [23]. Bootstrapping is a technique to obtain
a population distribution based on a single sample by creating new samples by permutations of
the initial one, allowing repetitions [24]. The null hypothesis states that both medians (of error
percentage in dry vs. wet season and in 2002 vs. 2006) come from the same distribution [23].

Afterwards, a corrective model was created to obtain image values closer to field reality. First,
a linear regression between the number of observed termite mounds on-site and the ones in
the image for each of the 17 sites (Fig. 1) was performed using the least square method [22, 23].
To test the applicability of the corrective model, the Shapiro-Wilk normality test was applied
[20] and homoscedasticity was tested with a scatter plot representing residues and predicted
values [22]. Model relevance to verify whether the corrected version was significantly different
from original data was estimated with a confidence interval.
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Results

As shown in Table 1, a total of 427 termite mounds were observed in the 17 sites, 33 of which
could not be identified in the image (false negatives) while 64 false positives were spotted. This
indicates that the mound number in the image was overestimated. The relative error rate is
7.3% representing the absolute difference between the number of termite mounds in the field
and in the image.

Compared spatial distributions

Table 1 also shows the values of the aggregation index for field reality (Rs) and image (R;). When
the Shapiro-Wilk test for normality was applied to the differences between site and image for
the 17 polygons, it was found that the data set was normally distributed (W = 0.98, p = 0.98);
thus Student's t-test could be applied. The t-test, applied to Rs and R;, showed no significant
difference (p = 0.34) between on-site and in-image termite mound distribution.

Effects of termite mound height and diameter

The frequency distribution of false negatives in height or diameter classes shows that mounds
with the lowest diameter tend to escape identification in the image. The ¥? tests performed
between observed and expected values are shown in Table 2. Height has a significant effect on
mound detection in the image: the highest (> 4 m) termite mounds tend to vyield significantly
fewer false negatives. However, no significant effect of diameter was shown.

Effects of season and year of image capture

The one-sided W test to evaluate if the error percentage was significantly higher during the dry
season gave W =11 (p < 0.05), indicating an effect of the season on the ability to identify mounds
in the images: there are significantly more counting errors during the dry season. Bootstrapping
tests also indicated that the error percentage was significantly higher during the dry season
(p < 0.05). As for the effect of the image capture year, the one-sided W-test gave a W value of
11 (p < 0.05), with a significantly higher error percentage for 2006. The bootstrapping confirms
this effect (p < 0.05). Apparently, the images captured in 2002 rendered less counting errors
than in 2006.
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Table 1. Number of termite mounds actually observed on site (Ns), false positives
(Fp), and false negatives (Fn). Aggregation indexes of the termite mounds observed
on site (Rs) and in the image (Ri) for each of the 17 investigated polygons. The
polygon numbers refer to their position, detailed in Fig. 1.

Polygon area
number Season Year (ha) Ns F, Fn Rs R

1 Dry 2006 356 12 4 2 1.76 1.50
2 Dry 2006 451 13 4 0 1.72 1.61
3 Dry 2006 2331 60 8 8 1.43 1.54
4 Dry 2006 27.73 48 8 6 1.49 1.54
5 Wet 2006 7.23 20 3 O 1.50 1.53
6 Dry 2006 587 22 6 4 1.69 1.67
7 Dry 2006 6.77 25 10 6 1.23 1.41
8 Wet 2002 592 14 1 1 1.79 161
9 Wet 2002 5.08 15 1 0 1.80 1.79
10 Dry 2006 1447 29 2 2 1.58 161
11 Dry 2006 3.40 14 3 2 147 154
12 Dry 2006 6.26 16 1 0 1.72 1.77
13 Wet 2002 222 12 0 O 1.76 1.76
14 Wet 2002 331 11 1 O 1.86 1.74
15 Wet 2002 590 19 3 0 1.60 1.54
16 Wet 2006 24.27 61 6 1 1.78 1.72
17 Dry 2006 1261 36 3 1 1.62 1.58
Total 162.41 427 64 33
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Table 2. Height and diameter classes for the termite mounds observed in situ, false negatives
and x? test results. The false negatives percentage (% False neg.) is calculated by height or
The expected values correspond to the null hypothesis, i.e. if the error
percentage were constant in each height or diameter classes. X? (a = 0.05; dof = 2) = 5.99. N.B:

diameter class.

dof = degrees of freedom.

Height classes

Diameter classes

0-2m 2-4m >4 m Total 0-10m 10-20m >20m  Total

Field reality 25 179 223 427 65 258 104 427

Obs. False neg. 5 22 6 33 8 22 3 33
erved o falseneg. 2000 1229 2.69 7.73 12.31 8.53 2.88 7.73
Total 30 201 229 460 073 280 107 460

Field reality =~ 27.85 186.58 212.57 427 67.76  259.91  99.32 427

Expec- False neg. 215 1442  16.43 33 5.24 20.09 7.68 33
ted o False neg. 7.73 7.73 7.73 7.73 7.73 7.73 7.73 7.73
Total 30 201 229 460 073 280 107 460

Field reality 0.29 0.31 0.51 1.11 0.11 0.014 0.22  4.49

X2 False neg. 3.77 3.99 6.62 14.37 1.46 0.18 2.85 0.35
Total 4059  4.29 7.13 15.48 1.57 0.20 3.07 484
p-value 0.044 0.038 0.0076 0.00043  0.21 0.66 0.080  0.089

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

740

Downloaded From: https://bioone.org/journals/Tropical-Conservation-Science on 07 Jan 2025

Terms of Use: https://bioone.org/terms-of-use



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.7 (4):733-746, 2014

Corrective model

The regression model between the number of termite mounds on site and in-image was tested
using the Shapiro-Wilk test, that returned p = 0.96 (a = 0.05), so the distribution of the number
of termite mounds according to image and field reality was not significantly different from
normal. The scatter plot representing residues and predicted values (not shown) showed high
homoscedasticity. Therefore, the conditions of a regressive corrective model were fulfilled. The
scatter plot and regression line used for the corrective model are shown in Fig. 2. The R?
determination coefficient shows that the model explains over 99% of the on-site termite
mounds identification variability. The regression is very highly significant (p = 2.2%). The
Student t-test confirmed that the regression line slope was very highly significantly different
from zero (p < 2°%).

The 95 % confidence interval for the slope was between 0.962 and 0.983, hence not including
1.00, which means that, the slope being significantly lower than 1 (equality), the difference
between the numbers of termite mounds observed on site and identified in the image is
significant.

Fig.2. Relationship
between the numbers of
termite mounds identified
on the images (N;) and in
situ (Ns) on each polygon.
Symbols refer to the
seasons mapped on Figure
1: empty squares: dry
2006; black squares: wet
2006; black dots: wet
2002. Dashed line shows
the theoretical
relationship of perfect
equality (slope = 1).
Continuous line shows the
corrective model
(R2=0.992, p = 2.2°16,
slope = 0.97).
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Discussion

Termite mounds identification capacity of Google Earth images

Does the in-image termite mounds density represent a satisfactory estimator of the on-site
termite mound density and are sampling errors randomly distributed in space and time? The
comparison between on-site prospecting and in-image identification suggested a slight
overestimation in the image, as there were twice more false positives than false negatives.
However, despite these positioning errors, overall mound spatial distribution in the image is not
significantly different from field reality. Indeed, nearest neighbour distance was not significantly
influenced by false positives or false negatives.

False positives may be due to the presence of isolated trees or shrubs that can be wrongly
identified as termite mounds, which is more likely to happen in dry seasons. In wet seasons, a
characteristic flora often develops on termite mounds due to their particular composition and
structure. Indeed, termite mounds are composed of clay aggregates containing micronutrients
coming from deep horizons (10-12 m) and organic debris, more fertile than the surrounding
topsoils [10, 13, 25, 26], the latter being more frequently subject to erosion [6]. This specific
vegetation makes them more easily identifiable on a continuous vegetation cover. False
positives can also depend on image quality, defining the minimal image pattern size that can be
correctly identified as a termite mound. They may as well be linked to the time elapsed between
image capture and field survey, mounds being possibly flattened for agriculture or brick
manufacture [11, 27]. However, the results showed that the error rate was higher for 2006 than
2002. This can be explained by the fact that all images from 2002 were captured during the wet
season, while dry season has a negative effect on in-image termite mound identification.

False negatives may be due to termite mound height and diameter. The first parameter has
indeed a higher influence on visibility, probably due to the shadows of the mounds in the image.
On the other hand, the widest termite mounds are often older, sometimes abandoned by their
inhabitants, so more likely to collapse, reducing their height and consequently their shadow [8,
9, 13]. In addition, as the slope of the termite mounds flattens over time, easier deposits
accumulation hampers the distinction between the mound itself and the debris accumulated on
it [8, 26], so the diameter measures may not be representative of ground reality and lead to
incoherent results. Mound growth should also not be excluded, making them visible during the
field campaign but too small at the image capture date. The morphological and compositional
evolution related to the age of the termite colony should be further analysed as for the
probability of correct identification and fertilization potential [13].

Methodological aspects

Google Earth images prove to provide a good density and general distribution estimation and
do not require the systematic on-site localisation of each individual termite mound. Indeed, in-
image counting of mounds resulted in few relative errors (7.3% on average). Moreover, no
significant difference in general mound distribution between image and field reality was
detected through the nearest neighbour distance analysis, which shows no influence of false-
positives and false-negatives. However, significant differences between field reality and image
analysis for some peculiar sites within the sample should not be excluded.
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The overestimation of the number of termite mounds and corrective model efficiency described
above highlight the need for partial on-site verification, especially for Google Earth images and
the related resolution or seasonal problems. This enhances the precision of the in-image
observation while reducing the cost of in situ investigation. Considering the low error rate
obtained with Google Earth images, except for precise geographic location analyses, the use of
high resolution satellite imagery or spatial photography to enhance the identification precision
is questionable since it would induce significantly higher costs.

The Student t-test on the aggregation indexes on the ground and in images shows a good
approximation of the effect of positioning errors on mounds’ spatial distribution. The dispersion
and Morisita indexes could complete the distribution characterisation [9, 28] if larger samples
were available. To compensate for the insufficiencies linked to vegetation cover and seasonality
or even termite mound height, it is still possible to search other capture dates in Google Earth
historical imagery. Rainy season and morning or evening image captures to maximize projected
shadows are preferred [9]. It would also be beneficial to upgrade such an on-site prospecting
by choosing homogeneous sample zones (polygons) according to the independent and
dependent variables: soil type, but also image season and year, in order to isolate the effect of
each of them (maximal inner-sample homogeneity, maximal between-samples heterogeneity).
This would help to avoid problems such as interactions between season and year effect, as
happened in our sample. Attention should therefore be paid to the fact that the present results
and conclusion apply specifically to woodland areas and savannahs.

Implications for conservation

Soil foraging termite mounds like those of Macrotermes falciger play an important part in
ecosystem functioning, even in their whole landscape structuring : they influence community-
wide interactions via changes in the abiotic landscape and induce biological diversity as well as
landscape heterogeneity [7, 10, 29, 30]. Their action in the soil, as presented in the discussion,
influences resources distribution, which favours the development of microbial activity as well as
symbiotic ectomycorhizes on plants growing on the mounds. This favours their development
and increases nitrogen content in the soil through atmospheric nitrogen fixation by the
mycorhizes [29, 30]. Due to this richer soil composition on termite mounds, specific vegetation
develops, inducing new ecosystems locally and heterogeneous patterns in the landscape [10,
30].

The loss of termite activity has important detrimental effects on ecological functioning.
Conversely, termite activity could also be used for soil rehabilitation [7, 31]. Termite populations
can also be studied as disturbance bioindicators by examining their presence, behaviour, relative
abundance, biomass, and species presence or diversity [12, 14, 32]. Those factors are linked to
land use and disturbance intensity.

Moreover, termites provide important ecosystem services to local populations : mound use for
construction, traditional agriculture around the mounds to benefit from their influence [27, 31],
gathering of mushrooms, wood or medicinal plants that grow on the mounds, and use of ancient
mound soils as fertilisers [8, 10, 11, 25, 26].

Termites play therefore an important part in ecosystem functioning, landscape formation, rural
and peri-urban development, and land reclamation. Their preservation is therefore important
in their distribution range. Another reason to support the conservation of termite areas is that
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little research exists on the use of termite activity for fertility management or for the
rehabilitation of degraded soils [7, 31].

In the context of fast-growing populations and food insufficiency in developing countries, the
lack of financial and human resources to conduct studies requires alternative tools. The main
interest of this paper for conservation or management is that it significantly eases preliminary
work of field studies on termites.

Termite mound identification using Google earth imagery could prove useful to spot areas of
interest to be further investigated in the field. With regard to using termite mounds themselves
as anthropogenic bio-indicators, isolating the year effect, as described in the methodological
aspects of the discussion, could identify anthropogenic effects on termite presence over time.
Defining polygons according to a distance gradient from human activities could also be useful to
evaluate the anthropogenic bio-indicator potential of termite mounds.

In conclusion, although the results of this paper should be checked in other areas, they can

greatly further the study of termite activity and mounds in the context of widespread tropical
ecosystem degradation processes, and policies to reverse such degradation.
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