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The object of research is the procedure for processing digital images for remote registration of Gambusia sp.,
introduced into water bodies to combat malaria, which threatens not only the African region, but also other
latitudes of the world. One of the most problematic areas of research is the elimination of the masking effect of
a biological object under conditions of interference (for example, water turbidity ) that make it dif ficult to recognize
Gambusia sp. on digital images taken from aboard light drones.

In the course of the study, approaches were used that allow dividing a digital image into segments and sub-
segments, followed by determining the ratio of the colorimetric parameters of the RGB model of the bottom section.
Dispersion and correlation analysis of mean values and mean square deviation values of the RGB model para-
meters were used. The standard deviation was considered as the degree of diversity of colorimetric parameters in
the color of a biological object.

The proposed procedure made it possible to reveal a moderate negative correlation between the predominance
of green and yellow-orange-red phytopigments in the dynamics of the Margalef model of phytocenosis succession
in the places of introduction and habitation of Gambusia sp. This is due to the fact that the shielding of phyto-
cenosis areas by Gambusia sp. is reflected in the nature of the relationship of the colorimetric parameters of the
RGB model of the bottom area, namely, they affect the correlation between the average values of the parameters
G/(R+G+B) and R/G or between the mean value and the standard deviation of the parameter G/(R+G+B).
This makes it possible to use Gambusia sp. in regions affected by malaria, a wide range of light drones with remote
photofixation of relatively low quality. The implementation of these possibilities will require much less material
costs and a small number of personnel than underwater video filming and other known methods for studying the
ichthyofauna of small water bodies in conditions of interference. It is about the registration of the results of the
introduction of Gambusia sp. in such water bodies to fight malaria.
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1. Introduction

Malaria is currently a major medical and biosecurity
problem. According to the latest edition of the World
Malaria Report (December 2021) [1], 241 million people
were infected with malaria in 2020, up from 229 million in
2019. The same report showed that in 2020 627,000 people
died from the infection, compared with 409,000 people
who died from the disease in 2019.

The African Region continues to bear a disproportionate
share of the global malaria burden. In 2019, 94 % of all
malaria cases and deaths occurred in this region, and it

is especially aggressive in sub-Saharan Africa, where more
than 90 % of malaria cases in the world are recorded [2].

In 2019, approximately half of all malaria deaths world-
wide occurred in six countries: Nigeria (23 %), Democratic
Republic of the Congo (11 %), United Republic of Tan-
zania (5 %), Burkina Faso (4 %), Mozambique (4 %) and
Niger (4 %). A geographical feature of these countries is
a hot, humid climate and the presence of a fairly large number
of small and small water bodies — habitats for the larvae of
the malaria mosquito. The work [3] presents data that the
temperature conditions of such reservoirs are very favorable
for them. In turn, such spaces are often difficult to access.
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Particularly susceptible to malaria are children under
the age of five, who account for up to 67 % of all malaria
deaths worldwide.

It should be noted that today the fight against malaria
continues to be one of the urgent tasks. At the same time,
the global malaria situation is not improving. In many
countries with military and social conflicts or mass ac-
cumulation of refugees, it is even aggravated [1]. At the
same time, aspects related to the physiology and ecology
of blood-sucking insects (carriers of the causative agent
of malaria) also play a significant role. And an important
direction in the fight against malaria is the vaccination of
the population in places of its distribution [4, 5].

The carriers of the causative agent of malaria are
female mosquitoes of the genus Anopheles [6, 7]. The
main habitats of their larvae in the regions of distribution
of malaria are usually low-flowing shallow water bodies.
Rice fields are a widespread artificial form of such res-
ervoirs, the role of which in ensuring the food security
of many states can hardly be overestimated. Let’s note
that it is about states in which the fight against malaria
is an important factor in ensuring biosecurity. Based on
almost a century of practical experience in sanitary and
hygienic medicine, an effective means of combating ma-
laria is now recognized as the introduction of fish into
water bodies — representatives of the genus Gambusia sp.,
eating mosquito larvae. In particular, in connection with
this, the ecology and biology of these small fish is the
subject of research, the results of which are presented
n [8, 9]. The effect of malaria control will be achieved
only when Gambusia sp. is introduced into large areas of
often hard-to-reach (swamps, etc.) terrain.

To control this introduction under such conditions,
modern science-intensive high-tech tools are needed. To
study the ichthyofauna of small water bodies, for example,
underwater video recording is becoming more and more
popular [10]. But its use to control the introduction of
Gambusia sp. faces problems of placing video equipment
in reservoirs. And also with the problems of its protec-
tion in vast areas.

The problem of control over the processes of intro-
duction in modern conditions can best be solved by re-
mote (aerospace) methods. They are now becoming more
widespread in the field of ecology and zoology [11, 12].
In large reservoirs and streams, it is promising, for exam-
ple, to use them to study fish spawning [12, 13]. In this
context, it is possible to talk about remote methods fo-
cused on the use of digital photography from the board
of light drones — unmanned aerial vehicles (UAVs). The
use of such methods may encounter problems due to the
presence of a masking protective coloration (PC) in rep-
resentatives of the genus Gambusia.

2. The ohject of research and its
technological audit

The object of research is the procedure for processing digital
images for remote registration of Gambusia sp., introduced
into water bodies to combat malaria. The procedure involves
the subsequent analysis of the components of the RGB
model and the quantitative evaluation of the G/(R+G+B)
and R/G ratios in the image. Based on the results of such
an analysis, the ratios of green chlorophylls and yellow-
orange-red pigments are determined in the phytocenosis.

One of the most problematic areas of research is the
elimination of the masking effect of a biological object
under conditions of interference (for example, water tur-
bidity) that make it difficult to recognize Gambusia sp.
on digital images taken from aboard light drones.

3. The aim and ohjectives of research

The aim of research is to develop a procedure for process-
ing digital images of the water area for remote registration
of Gambusia sp.

To achieve this aim, the following objectives will be solved:

1. Study of system parameters reflecting the ratio of
diversity and evenness of color of phytocenoses in the
places of introduction and habitat of Gambusia sp. and
its protective coloration.

2. Selection of a set of system parameters that make it
possible to statistically significantly distinguish areas of the
water area with the presence and absence of Gambusia sp.

4. Research of existing solutions
to the prohlem

Light UAVs are now increasingly used in field research
in the field of ecology and biology [11, 12]. They also find
their application in ichthyological studies [12, 13]. The use
of UAV digital photography for remote recording of small,
shallow-dwelling ichthyofauna will in many cases run into
problems due to their protective coloration. Elimination of
its masking effect will also be required with such use of
UAVs for remote registration of Gambusia sp. The adap-
tive mechanisms of animal protective coloration (APC)
are currently a popular subject of research in the field
of fundamental biology [14].

The papers [15, 16] highlight the effects of climate
change and artificial conditions of aquaculture on the
coloration of fish. And the works [17, 18] are devoted
to aspects of the coloration of representatives of different
systematic groups of animals.

In the context of this work, of interest are the adaptive
mechanisms of camouflage APC described in [19]. Specifical-
ly, the effect of dismemberment, in visual perception, of the
silhouette of an animal. Achieving this effect involves a cer-
tain variety of color elements (spots, stripes) of the APC.
This is required to ensure a high probability of their
merging with the background at any point in the space
of animal habitats. And taking into account the seasonal
variability of the colorimetric parameters (CP) of these
habitats, the same applies at any point in time.

At present, the work on mathematical modeling of the
formation processes in the individual development of animal
diversity of spots and stripes in the color picture of the life
expectancy has received significant development [20, 21].
It is mainly about the genetic and biochemical aspects of
these processes. It is initiated by the pioneering work [22]
devoted to the mathematical modeling of Turing structures.

The paper [23] describes a new approach to animal
unmasking based on digital image processing. This pro-
cessing includes the designation of their segments with
a conditional color corresponding to the CP diversity of
the plant background and APC. These results were ob-
tained as a result of using discrete models of dynamical
systems (DMDS) developed at V. N. Karazin Kharkiv
National University (Ukraine) [24]. In addition, in [20, 21],
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a formalized description of the regularities that determine
the difference in the diversity of the background CPs of
the habitat and APC was given.

In [25, 26], these differences are interpreted as related
to the relationship of diversity and evenness in the CP of
plant communities of habitats and APC. The regularities of
the vegetation background CP dynamics described in [27]
show a certain similarity with the so-called Margalef model
of succession [28]. In a number of cases, these regulari-
ties, apparently, can also be extended to the dynamics
of CPs of plant communities other than phytoplankton.

The work [29] shows, based on the patterns described
in [25, 26], the procedure for processing digital images of
coastal shallow sections of the river bottom. It makes it
possible to identify changes in systemic CPs that serve
as markers for the appearance of small, commensurate
with Gambusia sp., representatives of the ichthyofauna.
It is about identification in conditions of interference by
methods compatible with the use of light UAVs.

Thus, the results of the analysis allow to conclude
that it is possible to develop existing methods for remote
recording of biological objects under interference conditions,
for example, Gambusia sp. using parameters reflecting the
diversity and evenness of the APC and CP of the plant
background. The specific form of these parameters can
be determined by analyzing the RGB model of a digital
photograph of bottom areas.

5. Methods of research

Systemic CPs reflecting the color relationships of di-
versity and evenness in the protective coloration of Gam-
busia sp. and in the color of aquatic phytocenoses in the
places of its introduction and habitat were studied on the
material of digital photos posted in the public domain.
Using the Mathematic software package, by analyzing the
components of the RGB model of these digital photos,
the values of the primary colorimetric parameters (PCP)
were found. The values of the following PCPs were deter-
mined, associated with the amount of green chlorophylls
and yellow-orange-red pigments in the phytocenosis:

G/(R+G+B) and R/G,

where G, R and B are the average number of green, red and
blue elements per pixel, respectively.
The processing of digital images was carried out as
part of a procedure that included the following operations:
— division of the image into segments;
— division of each segment into sub-segments;
— determination in each subsegment of the values of
the parameters G/(R+G+B) and R/G;
— determination for the set of sub-segments of each
segment of the average values and the standard devia-
tion of the parameters G/(R+G+B) and R/G,
— determination for the set of segments of each image
of the Spearman correlation values between the mean
values and the values of the standard deviation of the
parameters G/(R+G+B) and R/G;
— analysis of the differences between the photos obtained
in the variants with the presence and absence of Gam-
busia sp. in the frame, in the values of the Spearman
correlations between the mean values and the standard
deviation values of the parameters G/(R+G+B) and R/G.

The standard deviation can be considered as a measure
of the diversity of CP in the color of both the phytoce-
nosis and Gambusia sp.

6. Research resulis

In accordance with the ideology of the Margalef model
of succession [28], the average value of the R/G parameter
can also be considered as a measure of the diversity of
the pigment phytocenosis. But, from the point of view of
the functioning of the protective coloration of fish, it is
rather a measure of proximity to a certain optimum of the
evenness of the red and green components of the APC.

Due to the predominance of chlorophyll green pigments
in the phytocenosis, the average value of the G/(R+G+B)
parameter can also be considered as a measure of proximity
to a certain optimum of the evenness of the red and green
components of the APC.

In the dynamics of the Margalef model of succession [28]
of relatively simple phytocenoses, a moderate negative
correlation was revealed between the predominance of
green and yellow-orange-red phytopigments. Such aquatic
phytocenoses are present in the places of introduction
and habitat of Gambusia sp.

Screening of areas of these phytocenoses by individuals
of Gambusia sp. appearing in the frame finds its reflec-
tion in the nature of the relations of the considered CP.

These can be Spearman correlations between the mean
values of the parameters G/(R+G+B) and R/G, or between
the mean value and the root mean square ratio of the
parameter G/(R+G+B).

Differences in these parameters in variants with the
absence or presence of Gambusia sp. in the frame are pre-
sented in Table 1.

Tahle 1

Differences in selected parameters in variants with the absence
or presence of Gambusia sp.

There is an effect of statistically
significant (p<0.01) negative
Spearman correlations bet-
ween the mean values of the
G/(R+G+B) and A/ parameters
or between the mean value and
the root mean square ratio of
the G/(A+G+B) parameter

Six cases of such
photo registrations
out of a total of six
photo registrations

The variant with the
absence of Gambu-
sia sp.

There is no effect of statistically
significant (p<0.01) negative
Spearman correlations bet-
ween the mean values of the
G/(R+G+B) and A/G parameters
or between the mean value and
the root mean square ratio of
the G/(H+G+B) parameter

Six cases of such
photo registrations
out of a total of six
photo registrations

The variant with the
presence of Gambu-
sia sp.

As can be seen from Table 1, in the absence of Gam-
busia sp. in six variants of the photo of the water area
out of six, the effect of statistically significant (p<0.01)
negative Spearman correlations of colorimetric parameters
is observed. These are correlations between the mean va-
lues of the parameters G/(R+G+B) and R/G, or between
the mean value and the root mean square ratio of the
parameter G/(R+G+B). In the presence of Gambusia sp.
this effect is not observed in any of the six variants (in all
six, the effect is opposite in meaning).
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Using the Fisher exact method (FEM) to assess the
statistical significance of differences in the frequency of
observations of qualitative effects, it is possible to determine
the significance of the results of applying the proposed
procedure for diagnosing the presence of Gambusia sp. in
the water area as quite high (p<0.05).

In order to determine the direction of development
of the presented imaging procedure for remote recording
of Gambusia sp. introduced into water bodies for malaria
control in the long term, a SWOT analysis was carried out.

7. SWOT analysis of research results

Strengths. The strengths of the presented procedure are:

— low cost and availability of technical equipment;

— remote registration of objects under study;

— does not require specialized training of personnel

to work with UAVs;

— possibility of operational accounting of objects.

Weaknesses. The weaknesses of this procedure include:

— use of the procedure in small reservoirs;

— influence of the human factor when registering in-

formation in an automated mode.

Opportunities. Prospective possibilities of the presented
procedure include:

— expanding the scope of the presented procedure;

— processing of digital images.

The conducted research can be useful for doctors, epide-
miologists, infectious disease specialists in the fight against
such a complex and rapidly spreading disease as malaria.

Threats. The main threats of the presented procedure
include data loss.

1. The system parameters reflecting the ratios of di-
versity and evenness of the color of phytocenoses in the
places of introduction and habitat of Gambusia sp. and its
protective coloration. For this purpose, a procedure was
developed to eliminate the masking effect of Gambusia sp.
as a result of dividing a digital image into segments and
subsegments, followed by determining the ratio of the
colorimetric parameters of the RGB model of the bottom
section obtained from a light UAV.

2. A set of system parameters has been selected, allowing
statistically significant at the level of p<0.05 to distinguish
water areas with the presence and absence of Gambu-
sia sp. Based on Fisher’s exact method, the average value
and the standard deviation of the parameter G/(R+G+B)
of the RGB model of the bottom area were chosen as
such markers, which make it possible to identify changes
in systemic PCs.

This option can be considered as a research prototype,
the use of which is expedient and promising for the de-
velopment of automatic and automated systems for remote
registration in conditions of interference of ichthyofauna
objects. It is about remote registration of changes in sys-
temic colorimetric parameters of Gambusia sp., which is
introduced into water bodies to combat malaria.

In general terms, the obtained results represent a for-
malized description of some particular cases of manifes-
tation of the known regularities in the functioning of
the adaptive mechanisms of the protective coloration
of animals.
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