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1. Introducao

Estruturas

Sensorials:

* QOcelos;

* Olhos
Compostos;

* Antenas.
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2. Referencial tedrico 4 H

 As antenas possu€em o papel na percepc;éio
de odores; von Frisch, 1967

pedicle s scape

 Alta sensibilidade olfativa o que Forel
(1910) chamou de “Sentido olfativo
topoquimico.”;

- antennal
flagellum

» As abelhas consegue identificar com
precisao, direcao, intensidade;

« Sao 7 tipos de estruturas e variam entre
cavidades, placas e pélos;

« Existem aproximadamente 3000
cavidades olfativas em uma tinica antena
de uma abelha operaria (Apis mellifera);

« Podem perceber concentracao de gas
carbonico (>1%), umidade (~5%), e
temperatura.

Winston, 2003



2. Referencial tedrico S H

Temperature Control in Honey
Bee Colonies

Precise social cooperation permits adaptation
to temperate climates

Edward E. Southwick and Gerhard Heldmaier

Termoregulacao em altas temperaturas

« Aumento do nimero de abelhas ventilando;

« As abelhas campeiras levam agua e colocam pequenas goticulas por toda a
colonia e nos alvéolos que contém ovos e larvas, a perda de calor latente devido a
evaporacao da agua (540 cal/g) favorece o resfriamento da colénia e a umidade
impede a secagem das larvas;

« Uma abelha operaria também pode segura uma fina pelicula de agua com sua
proboscide, como acontece quando se concentra o néctar.

* (Quando essas medidas de resfriamento sao insuficientes, muitas abelhas deixam
o ninho e se agrupam fora da entrada. Uma forca suficiente de abelhas € deixada
no interior para continuar as atividades de ventilaciao e evaporacao, protegendo
ovos e larvas.



Artigo I — Efeito das mudancas climaticas em coldnias de abelhas meliferas
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B) RELATIVE HUMIDITY

A) TEMPERATURE IN CELSIUS
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Artigo I — Efeito das mudancas climaticas em coldnias de abelhas meliferas

Table 2

Evolution of the variables recorded in the bee colonies in the periods between the exhaustive evaluations and throughout test period: i) Evaluation 1, in the begin of the essay in May,2nd
in 2016 and 2017; ii) Evaluation 2, at the middle of each trial period in June,/2nd at2016 and June/13th at 2017 and iii) Evaluation 3, at the end of each trial period in June/18th at 2016 and
June/17th at 2017, Variables were the number of adult bees, bee brood surface, surface of stored pollen (bee bread) and surface of honey stored, All surfaces are showed as cm?. Data are

reported like the mean of the bee colonies monitored of every vear (six at 2016 and nine at 2017).

Year Parameters Evaluation 1 Evaluation 2 Evaluation 3
Mumber of adult bees 2016 Mean + sd. 13535.7 £ 3590.7 16296.8 + 81413 172165 + 41373
Variations between evaluations® N/A +2761.1 +919.7
Variations throughout the test period® +3680.8
Mean 4 sd. 95757 4+ 35703 141235 + 61412 14064.1 4+ 4658.7
2017 Variations between evaluations® MN/A + 4547.8 —594
Variations throughout the test period® +4488.4
Surface of bee brood (cm?) 2016 Mean + sd. 2659.3 1+ 471.2 53803 4+ 22575 31943 L+ B46.6
Variations between evaluations® MN/A +2721.0 —21860
Variations throughout the test period® +535.0
Mean 4 sd. 20409 + 1012.2 38973 £ 1763.0 15798 £ 9705
2017 Variations between evaluations® MN/A +1856.6 —2077
Variations throughout the test period” —461.1
Surface of pollen stored { cm®) 2016 Mean + s.d. 1006.8 £+ 406.5 1141.0 £ 3271 2688.8 + 1074.6
Variations between evaluations® MN/A +134.2 +15478
Variations throughout the test period® +1682.0
Mean + sd. 17766 £ 1120.4 1947.3 + 3492 15406 + 840.1
2017 Variations between evaluations® MN/A +170.7 —406.7
Variations throughour the test period* —236.0
Surface of honey stored (cm?) 2016 Mean 4 sd. 1566.0 + 473.9 24700 4 14323 5871.0 + 1307.0
Variations between evaluations® MN/A +904.0 +3401.0
Variations throughout the test period” +4305.0
Mean + sd. 35595+ 11291 74343 4 1598.4 6951.7 + 1952.6
2017 Variations between evaluations® MN/A +3875.8 —483.6
Variations throughout the test period” +3392.2

N/A: No weight change can be computed as this is the initial stage of the study.
* + addresses a weight increase and - addresses a weight decrease.

Flores et al., 2019



Artigo II - Continuous monitoring of beehives’ sound for environmental pollution control
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Continuous monitoring of beehives’ sound for environmental
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Nicolds Pérez**, Florencia Jests?, Cecilia Pérez?, Silvina Niell?, Alejandro Draper?®,
Nicolds Obrusnik®, Pablo Zinemanas®, Yamanda Mendoza Spina“,

Leonidas Carrasco Letelier¢, Pablo Monzon®

Para avaliar mudancas criticas no
comportamento da colmeia, os padroes
sonoros sao analisados. Sao apresentadas as
diretrizes utilizadas para desenvolver um
sistema de monitoramento remoto para
detectar alteracoes anormais nos padroes
sonoros das colmeias.
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Fig. 1. Energy frequency spectrum. Note that most of the energy is concentrated in the 1 kHz band.

Pérez et al., 2016



Artigo I - Continuous monitoring of beehives’ sound for environmental pollution control
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Fig. 3. Evolution of frequency spectrum at different times of the day. (A) At morning, (B) at midday, (C) at afternoon.
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« Usando essas diretrizes, um sistema de
monitoramento completo foi
desenvolvido e construido.

i

Terminal block:

2 Vdc Battery

Fig. 4. Layout of the proposed system. All electronic modules are placed in IP65
Junction box for outdoor protection. The only external connections are the solar
panels and the sensors’ wires.

Pérez et al., 2016




Artigo I - Continuous monitoring of beehives’ sound for environmental pollution control

 Embora varios autores proponham o uso dos padroes sonoros para
monitorar as vidas, nao sabemos sobre referéncias cientificas que ligam
comportamentos especificos das abelhas e padroes sonoros.

 Essa é uma tarefa de longo prazo que nosso grupo de pesquisa esta
comecando agora. Uma etapa anterior é a coleta de dados suficientes
para o reconhecimento dos padroes sadios normais de uma colmeia,
para analisar ainda mais o efeito dos poluentes.

« Nessa breve comunicacao, desenvolvemos uma configuracao completa
para a coleta de dados, observando as caracteristicas relevantes da
colecao, cuidando da grande quantidade de dados que podem ser
gerados por um monitor continuo e fornecendo uma comunicacao
bidirecional através da rede celular moével entre as colméias. e o
laboratorio.
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Advancement of sensitive sniffer bee technology
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Behavioural Biosensors

Puts volatiles in an
ecological context

Does not

rely on
potentially whether a volatile
\-“:];njable 1s physiologically
ving active
organisms

quantitative &
qualitative analysis
of volatile sources

Provides rapid
volatile detection

Analytical
Techniques

Traditional
Biosensors

Landmine

Floral odorants <:’

Security

O treinamento das abelhas é amplamente baseado no condicionamento de Pavlov.

Marker compounds for diseases

P

Sniffer bee

RS

Narcotic drugs/Opiates

@ Other military services

q Chemicals/Chemical Residues

q Food contamination

Explosives

Hadagali & Suan, 2017




Artigo III - Advancement of sensitive sniffer bee technology

Table 1
The application of other animals as biosensors.
Animal Functional area Application Reference
Arthropod and arachnid Defense Detection of the presence of hidden enemies [18]
Dogs Defense, landmines Detection of explosives in landmines [19]
Forensic Drugs of abuse and other substances [20]
African pouched rats Landmines, biomedicine Detect landmines and tuberculosis [21-23]
Dolphins Sea-mines Tracing of sea-mines [24]
Rats Defense, landmines Offering an alert when explosives are present using a remote monitoring technique [25]
Honeybee Biomedicine; Detection of Mycobacterium tuberculosis; [26]
Detection of food adulteration; The assessment of quality of honey samples; [76]
Identification of narcotics; Detection of concealed cocaine, heroin; [27]
Explosives and landmines Identification of 2 4-dinitrotoluene and volatile compounds from landmines [42—45]
Table 2
The application of honeybee as chemo-biosensor in various fields.
Functional area Application Reference
Identification Simultaneous identification of natural odors [3]
Identification Flowering plants [1]
Identification and differentiation Discriminate between hundreds of odorants with exquisite [8,41]
of carbon compounds sensitivity and specificity based on the odorants’ carbon chain
length, as well as type, position and number of functional groups
Identification Identification of components of the odor from oilseed rape flowers [27]
Identification of explosive Identification of 24-dinitrotoluene [42—44]
Identification of Landmine Volatile compounds from landmines [45,46]
Study of olfactory perception and olfactory This technique provides a valuable tool for investigating odor [4,10,57,58]
learning in workers and drones perception in honeybees, especially questions relating to the
discrimination of similar odors including the same odor at
different concentrations
Behavioral study on learning of complex odors Identification of 32 different odors [79]
by honeybees by PER paradigm
Landmine, Security and Biomedicine Identification of landmine chemicals and other explosive materials, [44,71]
drugs and even decomposing bodies at very low concentrations
Identification of narcotics Detection of concealed cocaine, heroin and 34-methylenedioxy- [27]
N-methylamphetamine in small amounts
Sniffing of nicotine, explosives, and biomedicine Sniff out cigarettes to recognize low levels of nicotine; to [74,75]
detect explosives, drugs and other illegal substances in cargo containers
Detection of food adulteration The assessment of quality of honey samples of different origin [76]
Biomedicine Detection of Mycobacterium tuberculosis [26]

Hadagali & Suan, 2017
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