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RESUMO

Este trabalho teve como objetivos estudar os aspectos biologicos e a ecologia quimica
de trés espécies distintas de insetos, abordando desde sua criagcdo, comportamento, extragao de
volateis, identificacdo estrutural e avaliagdo do comportamento dos individuos mediado pelos
compostos quimicos identificados. Desta forma, o trabalho estd dividido em trés capitulos,
sendo que o capitulo 1 esta dividido em trés partes. O capitulo 1 aborda a ecologia quimica da
familia Staphylinidae e a descricdo de estagios larvais de Aleochara pseudochrysorrhoa. Na
primeira parte estd apresentada uma revisdo sobre os compostos quimicos liberados por
espécies de Staphylinidae e sdo discutidas as influéncias dos compostos quimicos no
comportamento das espécies, bem como a variagdo morfologica dos complexos glandulares
abdominais responsaveis pela liberacdo de compostos quimicos. Na parte dois ¢ apresentado o
estudo relacionado as glandulas tergais de Aleochara pseudochrysorrhoa. Com base nas
analises de CG/EM foram identificados onze compostos nas secre¢des da glandula tergal de
macho e fémea de A. pseudochrysorrhoa: decano; 2-metilciclohexa-2,5-dieno-1,4-diona; (2)-
undec-4-eno; undecano; 2-metoxi-3-metilciclohexa-2,5-dieno-1,4-diona; dodecano; (Z2)-tridec-
4-eno; (Z)-tridec-6-eno; tridecano; dodecanal e (Z)-tetradec-9-enal. Nenhum compost sexo
espcifico foi observado. As secregdes presentes na glandula tergal de fémeas de A.
pseudochrysorroa dependendo da concentragcdo agem como gatilho iniciando o comportamento
de copula em machos. Na parte trés deste capitulo foi realizada a descrigdo morfologica das
formas imaturas de Aleochara pseudochrysorrhoa. Foram descritos e ilustrados os estagios
larvais de Aleochara pseudochryssoroa. O capitulo 2 aborda o estudo realizado com a broca-
da-cana Diatraea saccharalis (Lepidoptera: Crambidae). Diatraea saccharalis é a principal
praga relacionada as culturas de cana no Brasil. Devido ao ciclo de vida desta espécie ocorrer
na sua maior parte dentro da cana-de-actcar, métodos tradicionais de controle com inseticidas
tem se demonstrado ineficientes no controle desta praga. Neste sentido, semioquimios como
feromonios sexuais podem ser ferramentas importantes no monitoramento e controle desta
praga. Dois compostos haviam sido descritos na literatura por desencadearem respostas nas
antenas e terem respostas positivas na atragdo em tinel de vento em machos, (Z,E)-hexadeca-
9,11-dienal e (Z)-hexadec-11-enal. Entretanto, a mistura destes dois compostos se mostrou
ineficiente em testes de campo, o que levou a ideia de que alguns compostos minoritarios
presentes na mistura feromonal de D. saccharalis ainda ndo haviam sido identificados. Estudos
realizados previamente reinvestigaram os compostos presentes nas glandulas feromonais de
fémeas e identificaram outros dois compostos que desencadeiam respostas nas antenas de
machos, (Z)-hexadec-9-enal e hexadecanal. Portanto, o objetivo deste capitulo foi testar a
capacidade desses dois novos compostos em aumentar a atratividade de machos em
experimentos de tinel de vento. Foi possivel demonstrar que os dois novos compostos
identificados nas glandulas feromonais de fémeas de D. saccharalis aumentaram a atratividade
de machos em experimentos de tinel de vento. O capitulo 3 trata do estudo da ecologia quimica
da espécie Pygiopachymerus lineola (Coleoptera, Chrysomelidae, Bruchinae). Os besouros da
subfamilia Bruchinae (Coleoptera, Chrysomelidae) sdo um grupo monofilético de espécies
especializadas na predacdo de sementes. Pygiopachymerus lineola ¢ uma espécie Netropical
encontrada desde o México até o Brasil, tendo sido relatada alimentando-se principalmente de
sementes da espécie de planta Cassia L. Até o momento, seis espécies dentro de Bruchinae



tiveram compostos sexo especificos identificados. Portanto, o objetivo deste capitulo foi
identificar os compostos feromonais em P. lineola, determinar o periodo de atividade circadiana
e periodo de liberacdo de feromonio durante o ritmo circadiano. As analises de CG/EM
mostraram quatro compostos sexo especificos nos machos. Experimentos realizados em
olfatdmetro em Y demonstraram uma alta atragdo de fémeas aos extratos dos machos. Foi
demonstrado também que o periodo de atividade e de liberagdo de compostos feromonais ¢
maior nas trés ultimas horas da fotofase.

Palavras-chave: Comunicacdo quimica, comportamento, identificacdo quimica, compostos
bioativos.



ABSTRACT

The aim of this work was study the biological aspects and the chemical ecology of three
distinct species, approaching rearing, behavior, volatile extraction, structural identification and
the biological roles mediated by identified chemical compounds. This thesis is divided in three
chapters, chapter one is also divided in three parts. Chapter 1 approaches the chemical ecology
of the Staphylinidae family and the morphological description of immatures stages of
Aleochara pseudochrysorrhoa species. The 1% part comprises a review about chemical
compounds previously identified in the Staphylinidae family, describing the influences of the
compounds in the behavior of the species, as well as the morphological variation between
species in the glandular complex responsible for releasing the chemical compounds in this
family. The 2™ part comprehend a study about the tergal gland secretion in the Aleochara
pseudochrysorrhoa species. Using the GC/MS analysis it was identified eleven compounds in
tergal gland secretion: decane; 2-methylcyclohexa-2,5-diene-1,4-dione; (Z)-undec-4-ene;
undecane; 2-methoxy-3-methylcyclohexa-2,5-diene-1,4-dione; dodecane; (Z)-tridec-4-ene;
(Z)-tridec-6-ene; tridecane; dodecanal and (Z)-tetradec-9-enal. Through bioassays it was
demonstrated that the female tergal gland secretion is affective in initiate male copulatory
response depending on concentration. The 3™ part is a morphological description of immatures
stages of Aleochara pseudochrysorrhoa species. In this chapter is also described and illustrated
all larval instars of Aleochara pseudochryssoroa. The chapter 2 is a study about the sugar cane
borer Diatraea saccharalis (Lepdoptera: Crambidae). In this species population control in
traditional ways is quite inefficient due to simultaneous presence of all developmental stages of
the insect throughout the year. In this way, search for new strategies can be useful such as the
use of sex pheromone in monitoring and control techniques. Two sex pheromone components
have been reported in the literature to elicit antennal activity and positive responses in flight
tunnel experiments, (Z,E)-hexadec-9,11-adienal and (Z)-hexadec-11-enal. However,
attractiveness of these two compounds has been reported as very low in field tests. A previously
study identified another two compounds in the female pheromonal gland to elicit antennal
activity in males of D. saccharalis. Therefore, the goal of this chapter was to test if these two
new identified compounds increase male attractiveness in flight tunnel experiments. It was
demonstrated that these two new identified compounds, in fact, increase male attractiveness in
flight tunnel experiments. The chapter 3 is a study about the chemical ecology in the seed
beetles Pygiopachymerus lineola (Coleoptera, Chrysomelidae, Bruchinae). Seed beetles are a
monophyletic group, specialized in seed predation. Pygiopachymerus lineola is a Neotropical
species, which has been found from Mexico to Brazil and have been found mostly feeding in
seeds of Cassia genus species. Seed beetles sex pheromone have been identified only for six
species to date. Therefore, the aim of this study was to identify sex specific pheromones in
Pygiopachymerus lineola, determine the period of major activity and pheromone release
throughout the circadian rhythm. GC/MS analysis demonstrated four male specific compounds,
which attracts female in Y-tube olfactometer assays. The period of major activity as well as the
period of sex pheromone releasing occur in the last hours of photophase.

Key words: Chemical communication, behavior, chemical identification, bioactive
compounds.



FIGURA I-

FIGURA 2-

FIGURA 3-

FIGURA 4-

FIGURA 5-

FIGURA 6-

FIGURA 7-

FIGURA 8-

LISTA DE FIGURAS

CAPITULO I: PARTE 1

DESENHO ESQUEMATICO EM FACE DORSAL DE UM INDIVIDUO
DE ALEOCHARINAE, DESTACANDO A GLANDULA TERGAL............. 37

DESENHO ESQUEMATICO MOSTRANDO O COMPLEXO
GLANDULAR EM OMALIINAE......cccoooiiiiiiiiiiniienieceeeeie e 40

DESENHO ESQUEMATICO MOSTRANDO O COMPLEXO
GLANDULAR EM OMALIINAE.....ccootiiiiiiiiieeeeeeeee e 40

DESENHO ESQUEMATICO EM VISTA DORSAL DO FINAL DO
ABDOME DE UM EXEMPLAR DE OXYTELINAE MOSTRANDO
O COMPLEXO GLANDULAR.....ccotiiitiieieeteeceeteeeseeeeee e 42

DESENHO ESQUEMATICO DO COMPLEXO GLANDULAR DA
ESPECIE Coprophilus striatulus MOSTRANDO AS DUAS
GLANDULAS DISTINTAS EM VISTADORSAL ........coovvviverereeennnnn. 43

DESENHO ESQUEMATICO MOSTRANDO A POSICAO DAS
GLANDULAS PIGIDIAIS EM STAPHYLININAE, COM BASE NA
ESPECIE Creophilus maxillosus LINNAEUS..........cccoooiieeeeeeeeeeeeeeeeeen. 48

DESENHO ESQUEMATICO DO COMPORTAMENTO DE FUGA EM
Stenus comma LECONTE UTILIZANDO SUAS GLANDULAS
PIGIDIAIS .o 51

HIPOTESE FILOGENETICA DA EVOLUCAO DE GLANDULAS
PIGIDIAIS EM SICTULS .o es e es e 53



FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

LISTA DE FIGURAS

CAPITULO I: PARTE 2

1- DESENHO ESQUEMATICO EM FACE DORSAL DA GLANDULA
TERGAL DE Aleochara pseudochrysorrhoq...................ccceceveeceeeeeeeneennennne. 80

2- CROMATOGRAFO MOSTRANDO OS ONZE COMPOSTOS
IDENTIFICADOS PARA Aleochara pseudochrysorrhoa............................. 85

3- PADRAO DE FRAGMENTACAO DOS COMPOSTOS DO EXTRATO
(7,8 E9) E SEUS DERIVADOS DO DMDS. ....ccoooiiiiiiiniiniiiiiceeiceee, 86

4- ESQUEMA MOSTRANDO A SINTESE DOS ALCENOS 3, 7E§.............. 86

5- GRAFICO MOSTRANDO OS RESULTADOS DOS BIOENSAIOS
UTILIZANDO SECRECOES DAS GLANDULAS TERGAIS DE
FEMEAS NOS MACHOS. ..., 89

6- GRAFICO MOSTRANDO OS RESULTADOS DOS BIOENSAIOS
UTILIZANDO SECRECOES DAS GLANDULAS TERGAIS DE
MACHOS NOS MACHOS .......oiiiiieeeeeeeeeee e 90

7- SEQUENCIA DO COMPORTAMENTO DE COPULA EM Aleochara
PSCUAOCHTYSOFTIOQ ... e e s e e es 91

8- ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO DECANO
9- ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO 2-
METILCICLOHEXA-2,5-DIENO-1,4-DIONA (2) ..eeoteeiiiiienieeeenieeieene 100

10- ESPECTRO DE MASSAS, INFRAVERMELHO E DMDS DO COMPOSTO
(Z) UNDEC-4-ENO (3) .ooveeiieiiieieieieeeeeeeeeeeeteeee e 101

11- ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO
UNDECANO (4) cvveoeeeeeeeeeeeeeeeeeeeeeseeeeeseesees e esesseeessseesssssesessseeeessseesesssenns 102

12- ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO 2-
METOXI-3-METIL-1,4-BENZOQUINONA (5).vcveeevererereererseeereseererenn 103



FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

13-

14-

15-

16-

ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO
1516)0) 217N N0 X () FO OSSR 104

ESPECTRO DE INFRAVERMELHO DOS COMPOSTOS (Z)-TRIDEC-4-
ENO (7) E (Z)-TRIDEC-6-ENO (8).... - rvveeeeereeereeeeeeeeeeeeseeeeeesseesesseseeeeeees 105

ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO
TRIDECANO (9) c.voooeeveeoeeeeeoeeeeseeeeseeeseeeeseseeeeeseeseeeesesseseeesseseeeseseeneeees 106

ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO
DODECANAL (10) ..ttt 107

ESPECTRO DE MASSAS E INFRAVERMELHO DO COMPOSTO
(Z) TETRADEC-9-ENAL (11). oorovveeeeeeeeeoeseeeeeeeeeeeeeeeeeeeeseeesseseeeeesesenenns 108



LISTA DE FIGURAS

CAPITULO I: PARTE 3

FIGURA 1- MICROSCOPIA ELETRONICA DOS OVOS DE Aleochara pseudochrysorrhoa

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

............................................................................................................................. 119

2- PRIMEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL ..ottt 119

3- PRIMEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL AUMENTADA ......oooiiieieeeeseeeeee e 119

4- PRIMEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA VENTRAL ....ooiiiiiiiteneeeeee et 119

5-  MICROSCOPIA ELETRONICA DA CABECA DO PRIMEIRO INSTAR
LARVAL DE Aleochara pseudochrysorrhoa EM VISTA DORSAL.......... 120

6- MICROSCOPIA ELETRONICA DA CABECA DO PRIMEIRO INSTAR
LARVAL DE Aleochara pseudochrysorrhoa EM VISTA

LATERAL .ottt et s esne e 121
7- MICROSCOPIA ELETRONICA DA CABECA DO PRIMEIRO INSTAR

LARVAL DE Aleochara pseudochrysorrhoa EM VISTA

DORSAL et 121
8- MANDIBULA ESQUERDA DO PRIMEIRO INSTAR LARVAL DE

Aleochara pseudochrysorrhoa EM VISTA DORSAL .......ccccooviiiiiiiiee 122

9- PRONOTO DO PRIMEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA DORSAL. .....cccoovviiiiiiiiieieeeeeeee e 122

10- PERNAS DO PRIMEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA LATERAL. .....ccoociiiiiiiiiiieiee e 123

11- ABDOME DO PRIMEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA VENTRAL. .....cccccoiiiiiiiiiiieeeeeee, 123

12- SEGUNDO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL ..ottt 124



FIGURA 13- SEGUNDO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL AUMENTADA .......ooiieieieeeeeee et 124

FIGURA 14- SEGUNDO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA VENTRAL ....ooitiiiiiiiiieeeeee ettt 124

FIGURA 15- SEGUNDO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA VENTRAL AUMENTADA ....ooooiiiiieeeeeeeee e 124

FIGURA 16- CABECA DO SEGUNDO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa VISTA DORSAL .......cccoeoviiiiiieeeeeeeeeeeeee e 125

FIGURA 17- CABECA DO SEGUNDO INSTAR LARVAL DE 4leochara
EM VISTA VENTRAL .....cooiiiiiiiiiiiiiiccecccecee 125

FIGURA 18- MICROSCOPIA ELETRONICA DA CABECA DO SEGUNDO INSTAR
LARVAL DE Aleochara pseudochrysorrhoa EM VISTA VENTRAL ......... 126

FIGURA 19- MICROSCOPIA ELETRONICA DA MANDIBULA DO SEGUNDO
INSTAR LARVAL DE Aleochara pseudochrysorrhoa EM VISTA
VENTRAL .ottt esae e 126

FIGURA 20- PRONOTO DO SEGUNDO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA DORSAL. ......ccooveiiiiiieeee e 126

FIGURA 21- MESONOTO DO SEGUNDO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA DORSAL. .....ccccooviiiiiiiieieeieeeeeeeae 1276

FIGURA 22- METANOTO DO SEGUNDO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA DORSAL. .....ccoovviiiiieeeieeeeeeee e 126

FIGURA 23- ABDOME DO SEGUNDO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA VENTRAL. ......cccocoeioiiiiieee e 127

FIGURA 24- TERCEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL ..ottt 127

FIGURA 25- TERCEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA DORSAL AUMENTADA ....c..ooiiiieteeieseeeeeese e 127

FIGURA 26- TERCEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA VENTRAL ....ooiiieieeee et 127



FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

FIGURA

27- TERCEIRO INSTAR LARVAL DE Aleochara pseudochrysorrhoa
EM VISTA VENTRAL AUMENTADA .....ooieiieeeeceeeeeeee e

28- CABECA DO TERCEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA DORSAL ......ccccoooiiiiiiiiieieeeeie e

29- CABECA DO TERCEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA VENTRAL .......cccoviiiiiiniiieeeeee,

30- MICROSCOPIA ELETRONICA DA CABECA DO TERCEIRO
INSTAR LARVAL DE Aleochara pseudochrysorrhoa EM VISTA
VENTRAL ..ottt st

31- MICROSCOPIA ELETRONICA DA MANDIBULA DO TERCEIRO
INSTAR LARVAL DE Aleochara pseudochrysorrhoa EM VISTA
VENTRAL .ottt ettt enaeennes

32- ABDOME DO TERCEIRO INSTAR LARVAL DE Aleochara
pseudochrysorrhoa EM VISTA VENTRAL. ......cccoooiiiiiiiiee

33- PUPA DE Aleochara pseudochrysorrhoa EM VISTA DORSAL. ...............
34- PUPA DE Aleochara pseudochrysorrhoa EM VISTA VENTRAL ..............

35- PUPA DE Aleochara pseudochrysorrhoa EM VISTA LATERAL................

129

130



LISTA DE FIGURAS

CAPITULO 11

FIGURA 1- Gréafico mostrando os resultados dos experimentos de tinel de vento 1 e 2... 138

FIGURA 1- Grafico mostrando os resultados dos experimentos de tunel de vento 3 e 4... 138



LISTA DE FIGURAS

CAPITULO III

FIGURA 1- CROMATOGRAMA MOSTRANDO OS QUATRO COMPOSTOS
SEXO ESPECIFICOS DO MACHO DE Pygiopachymerus
LI@OLA. ... e 152

FIGURA 2- ESPECTRO DE MASSAS DOS QUATRO COMPOSTOS
SEXO ESPECIFICOS DO MACHO DE Pygiopachymerus lineola. ........... 153

FIGURA 3- PERFIL DE LIBERACAO DO FEROMONIO SEXUAL EM

Pygiopachymerus lineola DURANTE AS HORAS DA FOTOFASE .......... 154
FIGURA 4- RITMO CIRCADIANO DE Pygiopachymerus lineola. ............................... 154
FIGURA 5- CQMPARACAO DO RITMO CIRCADIANO ENTRE MACHOS E

FEMEAS DE Pygiopachymerus lineola DURANTE A ESCOTOFASE....... 155
FIGURA 6- COMPARACAO DO RITMO CIRCADIANO ENTRE MACHOS E

FEMEAS DE Pygiopachymerus lineola DURANTE A
FOTOTOFASE. ...ttt sttt 155



TABELA

LISTA DE TABELAS

CAPITULO I: PARTE 2

1- QUANTIFICACAO DOS COMPOSTOS IDENTIFICADOS NAS
GLANDULAS TERGAIS DE Aleochara pseudochrysorrhoa......................



LISTA DE TABELAS

CAPITULO I: PARTE 3

TABELA 1- PRINCIPAIS DIFERENCAS ENTRE OS INSTARES LARVAIS EM
Aleochara pseudochrySOrrhoq. ...............ccoeeeeeceiecciiiiiieiieeiiieciese e, 117



TABELA

LISTA DE TABELAS

CAPITULO 11

1- RESULTADO DOS EXPERIMENTOS EM TUNEL DE VENTO
REALIZADOS COM MACHOS DE Diatraea saccharalis........................



TABELA

LISTA DE TABELAS

CAPITULO III

1- RESULTADO DO BIENSAIOS EM OLFATOMETRO EM Y NA
ESPECIE Pygiopachymerus lineola..................c.coooeeveeeeeeeeeseeeererereeas



SUMARIO

INTRODUGAO GERAL ........ooooviiiiieeeeeeeeeeeeeeee e 26
REFERENCIAS ......oiiiiiiiiiiieeie ettt 30
CAPITULO L: PARTE 1 ...t 32
RESUMO ...ttt ettt ettt e et e s bt et e e s e saeenteeneesseenseeneas 33
ABSTRACT ..ottt ettt ettt ettt ae e 34
L INTRODUGAQ ......coooomiiiriniee et 35
2. MATERIAL E METODOS........c.ooooouiiiiiiiriieeeiaseeses e ssesse s 36
B.RESULTADOS ...ttt ettt ettt st 36
3.1. ALEOCHARINAE FLEMING ......coootiiiiiiiniiniiiecieeeeeeeeee sttt 36
3.1.1 Glandula tergal: compostos € fungdes associadas ........cc.eeveveeerieeerieeenieeeneeeenen. 37
3.1.2 Ecologia quimica na reprodug¢ao: atraindo parceiros para copula................c....... 38
3.1.3 Um estranho no ninho: mimetismo quimico em Aleocharinae ................ccceenue... 39
3.2 OMALIINAE MACLEAY ..ottt ettt st 41
3.3 OXYTELINAE FLEMING......cciiiiiiieieeiesieee ettt 42
3.4 PAEDERINAE FLEMING.......ccoiiiiiiieieeiesieee ettt 46
3.5 PROTEININAE ERICHSON.......ooiiiiiiiieieiieie ettt 47
3.6. PSELAPHINAE LATREILLE .....ccoooiiiiiiieeeee e 47
3.7 STAPHYLININAE LATREILLE........coctiitiitiiiieieeieneeeeeieee e 48
3.8 STENINAE MACLEAY ...ttt ettt sttt ettt st st 51
3.9 TACHYPORINAE MACLEAY .....ooitiiiiiiitieeenieee ettt sttt 54
4. CONCLUSAO........oooiiiiiieiete sttt 55
REFERENCTIAS ..ottt 56
APENDICE ..ottt 64
CAPITULO I: PARTE 2 ....c..oooovoiiiooeeeeeeeeeeeeeeeeee e, 76
RESUMUO ...ttt ettt et e st e bt et e e e st eneeeneenseenee 77
ABSTRACT ...ttt ettt e et e s te e aeensesseeseensenseenseenes 78
1. INTRODUCGTION .....ooioiiieiieieseee ettt ettt esaesse e e esaesseenseenne e 79
2. EXPERIMENTAL ......ooiiiiiieteetee ettt esneenne s 80
2.1 LABORATORY CULTURES ......ooiiiiiiee ettt 80

2.2 TERGAL GLAND SECRETION EXTRACTION ......cccceeiiiiiiniiiieeniceeeeeeeene 80



2.3 CHEMICAL ANALYSES ...ttt 81

2.3.1 MICRO-DERIVATIZATION ........ooooiomeeeeeeeeeeeeeeeeeeeeeeeees oo 82
2.3.1.1 METHYLTHIOLATION ......ooovivmeeioeeeeeeseeeeee oo 82
2.4 STRUCTURAL CONFIRMATION ........ooimimieeeeeeeeeeeeeeeeee e 82
2.5 SYNTHESIS ..o 82
2.6 MATING BEHAVIOR SEQUENCE DESCRIPTION.........cc.cooovvviivrrereeeerenenene. 84
2.7 BIOASSAY'S ..o 84
2.8 STATISTICAL ANALY SIS ..o 85
BuRESULTS ..o 85
3.1 CHEMICAL ANALYSIS OF TERGAL GLAND SECRETION..........cc.ccccevunuen..... 85
3.2 MALE GRASPING RESPONSE IN DIFFERENT CONCENTRATION OF TGS 88
3.3 MATING BEHAVIOR SEQUENCE .........cooovioiieeeeeeeeeeeeeeseese s 91
4. DISCUSSION ... 93
5. CONCLUSION ......oooooomiiioeeeeeeeee oo 95
REFERENCES ..o eeee e 96
APENDICE ... 100
CAPITULO I: PARTE 3 ... 110
RESUMO ..o, 111
ABSTRACT ..o 112
1L INTRODUCTION ..o 113
2. MATERTALAND METHODS .........cooomiioieioeeeeeeeeeeeeeeeeeeeee oo 113
2.1 MORPHOLOGY .....coooooioieieieoeeoeeeeeeeeeeeeee e es e 114
B RESULTS ..o 114
3.1 DIAGNOSIS ..o 114
32 DESCRIPTIONS ... 115
REFERENCES ..........coooimiiiiiiiieeoeeeeeeeeeeee e eee e nee e 119
FIGURES ..o 120
CAPITULO TL ..o 132
RESUMO ... 133
ABSTRACT ...oooooioeoeeeeeeeeeeeeeeee e 134
1. BACKGROUND .........ooooimiiiiiieieoeeeeeeeeeeeee oo, 135

2. MATERTAL AND METHODS ........ccooiiiiiiiiiiiceeceee et 136



2.1 INSECTS REARING .....oooiiiiiiieeee et 136

2.2 PHEROMONE EXTRACTION ... 136
2.3 SYNTHETIC STANDARDS .....cooomivieeeseeeeeeeeeeeeeeeee e 136
2.4 FLIGHT TUNNEL ASSAY'S ..o 136
2.5 STATISTICAL ANALYSIS.....ooooviiiioieeeeeeseeeeeees e 137
BuRESULTS ..o 138
4. DISCUSSION ..o 141
5. CONCLUSIONS ........oooiiiiiieeeeee e eesee e 142
REFERENCES ........ooooomimioioieeeoeeoeeeeeeeeee oo 144
CAPITULO TIL ....cooooioiiiooeeeeeeeeeeeeee e 146
RESUMO ... 147
ABSTRACT ..o 148
1. INTRODUCTION ..o 149
2. MATERTAL AND METHODS .........coovioiioieeeieeeeeeeeeeeeeeeeee e 150
2.1 INSECT COLLECTION ... 150
2.2 VOLATILE COLLECTION ... ees e 150
2.3 PHEROMONE PRODUCTION DURING THE CIRCADIAN RHYTHM.......... 150
2.4 CHEMICAL ANALYSES OF THE EXTRACTS ......ovovviveeeeeeeeeeeeeeeees e 151
2.5 BIOASSAY'S ..ot 151
2.6 CIRCADIAN RHYTHM.....ccooovmivioieeeeeeeseeeeeees oo eness s 152
2.7 STATISTICAL ANALY SIS.....ooieoeeeeeeeeeeeeeeeee oo 152
BuRESULTS ..o 152
3.1 EXTRACT ANALYSIS OF PYGIOPACHYMERUS LINEOLA ............................ 152
3.2 QUANTIFICATION OF THE PHEROMONE COMPONENTS..........cccccovvuann.., 153
3.3 CIRCADIAN RHYTHM......oooomiimieeeeeeeeeeeeeeee e es e 155
3.4 Y-TUBE OLFACTOMETER ASSAYS.......oooiiiiiieeeroeeeeeeeeeeeseeseseessesseeeeesenennes 156
4. DISCUSSION ... 157
5. CONCLUSIONS ... 159
REFERENCES ..ot ee oo 160

CONSIDERACOES FINATS. ..ot 163



INTRODUCAO GERAL

Em 1866 o naturalista alemdo Ernst Haeckel definiu ecologia como a ciéncia que
estuda as interagdes entre organismos € o meio ambiente em que vivem (Stiling, 1996; Trigo et
al., 2000). Em uma defini¢do mais recente, ecologia pode ser definida como o estudo da
abundancia e distribui¢do dos organismos e das interagdes entre organismos que determinam
sua distribui¢do e abundancia (Begon et al., 2006).

Ecologia quimica ¢ um campo de estudo multidisciplinar que objetiva compreender a
origem, fun¢do e a significancia de compostos naturais que medeiam interacdes entre os
organismos (Tillman, 1999; Trigo et al., 2000; Bergstrom, 2007).

Assim como outros animais, 0s insetos possuem uma gama de interagdes ecologicas
com o ambiente e com outros organismos, sendo a comunicagao através de emissdo de volateis
uma das mais importantes. Esses compostos volateis agem como gatilhos de reacgdes
comportamentais especificas no individuo receptor da mensagem quimica. Em uma
nomenclatura mais generalista, essas substancias sdo denominadas semioquimicos (Zarbin et
al., 2009). Genericamente este termo abrange os compostos quimicos envolvidos nas interagdes
intraespecificas (feromonios) e interespecificas (aleloquimicos) dos insetos (Leal, 2005).

Os estudos com insetos em ecologia quimica t€m como marco central o trabalho do
quimico alemdo ganhador do prémio Nobel de quimica, Adolf Butenandt (1903—-1995), com
seus estudos pioneiros envolvendo a mariposa Bombyx mori L. (bicho-da-seda). Durante 20
anos € com a extracdo de cerca de 500 mil glandulas abdominais de fémeas, Butenandt
conseguiu identificar e sintetizar o primeiro feromonio para insetos (£, Z)-hexadeca-10,12-
dienal (bombikol) (Butenandt et al., 1959; Bergstrom, 2007; Leal, 2014).

O termo feromodnio foi introduzido por Karlson & Liischer em 1959 (pherein =
transferir, hormon = excitar). Feromdnios sdo moléculas que evoluiram como sinal quimico
entre organismos da mesma espécie. Podem ser definidos como iniciadores, estimulando ou
modulando respostas comportamentais imediatas e iniciando, estimulando ou modulando
mudangas fisiologicas de longa duracao (Wyatt, 2014).

Entre os insetos, varios tipos de feromonios sdo reconhecidos de acordo com os
comportamentos que induzem (Jurenka, 2004). Os comportamentos mediados por feromonios
incluem a atra¢do do sexo oposto para o acasalamento (feromonios sexuais), a agregacao de
ambos os sexos a um local especifico para alimentagdo, a protecdo contra predadores e/ou

acasalamento (feromodnios de agregagao) e a demarcagao ou a formacgao de trilhas (feromonios
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de trilha). Além desses, os insetos sociais utilizam uma variedade de feromonios para regular
as atividades na colonia (Schowalter, 2006).

Desde a identificagdo do feromonio sexual em Bombix mori por Butenandt et al. (1959),
o interesse na identificagdo quimica de compostos volateis liberados por insetos cresceu
enormemente. Cerca de 7 mil espécies tiveram semioquimicos identificados (Leal, 2014).
Dentro deste panorama, os insetos considerados pragas de importancia econdmica sao os que
tiveram mais estudos relacionados a ecologia quimica, devido principalmente a aplicabilidade
de semioquimicos nos programas de Manejo Integrado de Pragas (MIP) (Bento ef al., 2016).
Entretanto, estudos sobre ecologia quimica em insetos ndo considerados pragas sao ferramentas
importantes para conservacgao, taxonomia e filogenia das espécies, além de serem ferramentas
extremamente Uteis na correta identificagdo de espécies através de perfis cuticulares, que podem
ser consideradas ferramentas rapidas e baratas para identificagdo, principalmente de espécies
cripticas (Yew & Chung, 2015).

Estudos de ecologia quimica em insetos tem como passo inicial a extragdo de volateis
oriundos dos insetos. As extragdes geralmente sdo realizas por meio de sistemas de aeragao ou
extracdo direta, como, por exemplo, a extragdao direta de glandulas feromonais em mariposas
(Zarbin et al., 1999). A partir da coleta dos volateis faz-se necessaria a identificagdo quimica
dos compostos bioativos, para isso, a técnica mais comumente utilizada ¢ a cromatografia
gasosa associada a espectrometria de massas (CG/EM).

A técnica de cromatografia tem origem no trabalho de 1906 do botanico russo Mikhaih
Semenovich Tswett, que ao descrever suas experiéncias na separacao de compostos de folhas,
empregou pela primeira vez o termo cromatografia. Seu estudo, utilizando éter de petroleo
através de uma coluna de vidro preenchida com carbonato de célcio, na qual se adicionou o
extrato de folhas, resultou na separagdo dos componentes em faixas coloridas. Provavelmente
essa experiéncia deu origem ao termo cromatografia (chrom = cor e graphie = escrita), podendo
levar a erronea ideia de que o processo seja dependente da cor (Degani et al., 1998).

Cromatografia ¢ um método de separagcdo fisico-quimico baseado na interagdo
diferencial dos componentes de uma mistura que ocorre devido as diferentes interagdes sofridas
pelos compostos em duas fases distintas do processo, a fase mével e a fase estaciondria. Essa
técnica pode ser associada a diferentes sistemas de detec¢do, o acoplamento de um
cromatografo a um espectro de massas € uma das técnicas mais utilizadas em ecologia quimica
de insetos. Essa técnica combina as vantagens da cromatografia (alta seletividade e eficiéncia

de separacdo) com as vantagens da espectrometria de massas (obten¢cdo de informagdo
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estrutural, massa molar e aumento adicional da seletividade) (Degani et al., 1998; Vékey, 2001,
Chiaradia et al., 2008).

Esta técnica ¢ bastante atrativa devido ao seu alto poder de resolucdo e por permitir a
deteccdo de compostos volateis em escalas muito pequenas como nano e picograma. A principal
limitagdo desta técnica ¢ a necessidade que os compostos sejam volateis ou termicamente
estaveis (Degani et al., 1998; Stein, 1999).

Com relagdo a percepgdo dos insetos aos odores (como feromonios), a técnica mais
empregada ¢ a eletroantenografia associada a cromatografia gasosa (ECG). Esta ¢ uma técnica
que usa as antenas dos insetos como detector, tendo como origem o trabalho de Schneider
(1963). Trabalhando com o sistema eletrofisioldgico olfativo de Bombyx mori L., Schneider
percebeu que havia pequenas flutuagdes de voltagem entre a ponta e a base da antena quando
as antenas eram estimuladas com feromonio. Schneider demonstrou que o potencial de recepgao
do inseto ao seu feromonio poderia ser registrado utilizando-se uma antena isolada, posicionada
entre dois microeletrodos capilares conectados a um amplificador ¢ a um registrador (Parra-
Pedrazzoli, 20006).

A simples utilizagao da eletroantenografia sem um método de separagdao de compostos,
como a cromatografia, em geral ndo apresenta grandes vantagens, uma vez que ndo ¢ possivel
especificar quais compostos realmente afetam o comportamento biolégico do inseto (Parra-
Pedrazzoli, 2006). Uma vez associada a cromatografia gasosa, esse método se torna
extremamente eficiente e eficaz para a deteccado de feromodnios, pois alia a especificidade e
sensibilidade da eletroantenografia com a enorme capacidade analitica de separagao de
compostos da cromatografia (Moorhouse ef al., 1969).

Zarbin (2001) argumenta que sdo raros os trabalhos que ndo empregam a técnica de
eletroantenografia na elucidagdo estrutural de compostos, principalmente, devido ao fato de os
compostos registrados pela eletroantenografia geralmente estarem presentes em quantidades
extremamente baixas, o que torna bastante inviavel sua deteccao por outros métodos de analise.

Tendo em vista a caréncia de estudo de ecologia quimica e suas influéncias no
comportamento das espécies de Staphylinidae e Bruchiniae e a importancia econdomica e
ambiental da praga da broca da cana-de-acucar Diatraea saccharalis. Esta tese teve como
objetivo geral estudar a comunicacdo quimica e os aspectos bioldgicos nas espécies Aleochara
pseudochrysorrhoa, Diatraea saccharalis e Pygiopachymerus lineola. Devido a grandes
diferengas entre os organismos estudados e das caracteristicas dos estudos, a tese foi organizada

em forma que de parte e capitulos. A tese esta dividida em trés capitulos, sendo o capitulo I
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subdividido em trés partes. Parte 1, compreende a revisao da literatura sobre ecologia quimica
dentro da familia Staphylinidae. Parte 2, identificacdo quimica da secre¢ao da glandula tergal
de Aleochara pseudochrysorrhoa, bem como o estudo de sua funcdo bioldgica. Parte 3,
descri¢ao dos estagios imaturos de Aleochara pseudochrysorrhoa. O capitulo II compreende o
estudo da atratividade de uma mistura feromonal de quatro compostos na broca-da-cana
Diatraea saccharalis em experimentos realizados em tunel de vento. O capitulo III compreende
o estudo de compostos sexo especificos liberados por machos de Pygiopachymerus lineola bem

como estudos do ritmo circadiano e taxa de liberag¢ao de feromonio.
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CAPITULO I: PARTE 1

REVISAO SOBRE ECOLOGIA QUIMICA DA FAMILIA STAPHYLINIDAE
LATREILLE (COLEOPTERA): COMPOSTOS QUIMICOS E SUAS INFLUENCIAS
NO COMPORTAMENTO
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RESUMO

Na sua maioria, os estudos de ecologia quimica abordam insetos que sao considerados
pragas agricolas. Entretanto, estudos com insetos que nao sao considerados pragas também sao
importantes, pois fornecem uma visdo mais geral dos processos quimicos e bioquimicos
envolvidos na producdo dos diversos compostos, além de elucidar suas estruturas quimicas.
Além disso, estudos de ecologia quimica em grandes grupos de espécies podem gerar caracteres
importantes que podem ser utilizados em estudos filogenéticos. Staphylinidae destaca-se por
ser a maior familia conhecida do reino animal, com mais de 58 mil espécies descritas alocadas
em 33 subfamilias. Muito do sucesso evolutivo dessa familia pode estar relacionado com o fato
do corpo ser alongado, flexivel e curtos, o que permitiu que esses individuos colonizassem, de
forma muito eficiente, intersticios no solo, serapilheira e fungos. Em contrapartida, a presenca
de élitros curtos deixa o abdome exposto ao ataque de predadores e, devido a esta pressao
seletiva, varios complexos glandulares defensivos evoluiram de forma independente e diferem
ndo somente no local de producdo, como também com relacdo ao tipo de composto quimico
liberado. A ecologia quimica de Staphylinidae, principalmente com relagdo aos compostos
feromonais, ainda ¢ um campo de estudo incipiente. Com base no banco de dados online
Pherobase, apenas uma espécie teve compostos de origem feromonal identificados (4leochara
curtula Goeze). Portanto, esta revisdo teve como objetivo sumarizar todo o conhecimento
disponivel na literatura relativo a ecologia quimica de Staphylinidae e com isso gerar subsidios
para futuros trabalhos com essa enorme familia de besouro. A busca por artigos € compostos
quimicos liberados por estafilinideos ocorreu principalmente no banco de dados online
Pherobase. Nesse banco de dados estdo depositados os compostos quimicos que foram
identificados para as espécies bem como suas fungdes (defesa, atragdo ou feromoénio). Ao total
foram analisados 51 artigos que tratam da ecologia quimica de nove subfamilias distintas
(Aleocharinae, Omaliinae, Oxytelinae, Paederinae, Proteininae, Pselaphinae, Staphylininae,
Steninae e Tachyporinae), que alocam 55 géneros e 134 espécies. Dentro da familia existe uma
grande variacdo, entre as diversas subfamilias, com relagdo aos tipos de compostos liberados
bem como seu sitio de producdo. A grande maioria dos compostos identificados sdo de origem
defensiva entre eles: quinonas (Aleocharinae e Oxytelinae), iridoides (Staphylininae,
Xantholininae), 4cidos e alcanos (Omaliinae, Proteininae) ou compostos altamente
especializados com Penderin (Paederinae) ou Stenusine (Stenusinae).

Palavras chave: Ecologia quimica. Staphylinidae. Compostos defensivos. Feromonio.
Comportamento.
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ABSTRACT

In general, most of Chemical Ecology studies are based on insect pests, but studies
regarding nonpest insects are very important as well, this kind of work can provide a panoramic
view of chemical process, biochemical evolved into the production of many compounds and
provides new chemical molecules. Besides that, chemical ecology study in many insect groups
can provide new important phylogenetic characters that could be helpful on the phylogeny for
many taxa. Staphylinidae is the biggest family in the animal kingdom with more than 58
thousand species in 33 subfamilies. The evolutionary success of this family could be related to
the body morphology, the short elytra, elongated and flexible abdomen allow this species
effective colonize soil interstices and fungus. On the other hand, short elytra let the abdomen
exposed to predator attack, because of that, almost all rove beetle subfamilies have
independently evolved abdominal defensive glands that differ not only in their site and
morphology but also with regard to their secretion chemistry. Staphylinidae chemical
ecology, mostly regarding on pheromone study is a relatively unexplored field. Based on date
available on Pherobase, only one species had pheromone compounds identified (4leochara
curtula Goeze). Therefore, the aim of this review is to provide a detailed summary of all
knowledge available for the Staphylinidade chemical ecology, providing basis for future
works. The search for articles and chemical compounds released by Staphylinidae was mostly
through the online database Pherobese. Were analyzed 51 articles, which deal with chemical
ecology in nine Staphylinidae subfamily (Aleocharinae, Omaliinae, Oxytelinae, Paederinae,
Proteininae, Pselaphinae, Staphylininae, Steninae and Tachyporinae), inside 55 genus and 134
species. There is a lot of variation inside the many Staphylinidae subfamily, with respect to their
chemical ecology, that vary not only by glands morphology, but also with regard to their
chemistry secretion. While some of these defense systems are based upon quinones
(Aleocharinae,Oxytelinae) or iridoids (Staphylininae) as major compounds, other staphylinid
taxa use predominantly acids and alkenals (Omaliinae, Proteininae) or highly specialized
substances such as the Penderin (Paederinae) or Stenusinae (Steninae) in their secretions.

Keywords: Chemical ecology. Staphylinidae. Defensive coumpouds. Pheromone.
Behavior.
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1. INTRODUCAO

Staphylinidae Latreille (Staphylinidae, como definido por Grebennikov & Newton,
2009; Bouchard et al., 2011) destaca-se como sendo a mais diversa familia dentro de Coleoptera
e a maior familia de animal conhecida, com mais de 58 mil espécies descritas entre viventes e
fosseis e alocadas em 33 subfamilias (Bouchar et al., 2011; Solodovnikov et al., 2013). Podem
ser encontrados em uma grande diversidade de ambientes tanto terrestres quanto em zonas
intercostais, mas em geral tendem a preferir ambientes mais imidos (Navarrete-Herdia ef al.,
2002).

A familia Staphylinidae ¢ a maior radiagdo dentro de Insecta. Muito desse sucesso
evolutivo pode estar relacionado ao seu corpo alongado, élitros reduzidos e abdome flexivel, o
que permitiu aos individuos dessa familia colonizar de forma muito eficiente intersticios no
solo, serapilheira e fungos (Steidle & Dettner, 1993). Apesar das grandes vantagens conferidas
pelos élitros curtos e abdome flexivel, os estafilinidios apresentam a desvantagem de terem seu
abdome totalmente exposto aos ataques de predadores. Como resultado dessa pressao seletiva,
na maioria das subfamilias de Staphylinidae, glandulas defensivas abdominais evoluiram de
forma independente (Steidle & Dettner, 1993). Essa pressao seletiva fica evidente quando sao
observadas espécies que vivem como inquilinas de formigas ou cupins. Nestas espécies as
glandulas defensivas sdo gradualmente ou totalmente perdidas (Pasteels, 1968; Shower &
Kistner, 1977; Kistner, 1979, Steidle & Dettner, 1993).

Apesar de uma enorme diversidade de espécies descritas, a ecologia quimica de
Staphylinidae ¢ um campo pouco explorado (principalmente com relacio a compostos
feromonais), provavelmente devido ao fato de as espécies ndo serem pragas agricolas ou de
produtos estocados. No banco de dados online Pherobase (El-Sayed, 2016), estdo descritos
compostos (defesa, atragdo, feromonio etc.) para apenas 134 espécies, o que corresponde a
cerca de 4% do total de espécies presentes na familia. Desse total, apenas Aleochara curtula
Goeze, teve compostos feromonais identificados.

Embora as espécies de Staphylinidae ndo sejam consideradas importantes pragas
agricolas, espécies como as do género Aleochara, por exemplo, desempenham papéis
importantes no seu ecossistema, seja nos processos de decomposi¢do de cadaveres, na sucessao
ecoldgica, ou ainda, como importantes predadores de larvas de moscas. Além disso, estudos
que abordam a morfologia de glandulas e componentes quimicos podem gerar uma nova gama

de caracteres que podem ser usados em estudos filogenéticos (Steidle & Dettner, 1993).
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Desta forma, esta revisdo teve como objetivo sumarizar todo o conhecimento
disponivel na literatura relativo a ecologia quimica de Staphylinidae e com isso gerar subsidios

para futuros trabalhos com essa enorme familia de besouro.

2. MATERIAL E METODOS

A busca por artigos e compostos quimicos liberados por estafilinideos ocorreu
principalmente no banco de dados online Pherobase (El-Sayed, 2016). Neste banco de dados
estdo depositados os compostos quimicos para as espécies, bem como suas funcdes (defesa,
atracdo ou feromodnio). Todos os compostos encontrados estdo descriminados em forma de lista
(Apéndice). Devido a enorme variagdo de comportamentos e dos locais do corpo onde os
compostos sao produzidos e liberados, optou-se aqui por separar a revisao em topicos de acordo

com a subfamilia.

3. RESULTADOS

Ao total foram analisados 51 artigos que tratam da ecologia quimica de Staphylinidae,
esses artigos abordam 134 espécies, pertencentes a 55 géneros, alocados em nove subfamilias
distintas: Aleocharinae, Omaliinae, Oxytelinae, Paederinae, Proteininae, Pselaphinae,

Staphylininae, Steninae e Tachyporinae.

3.1. ALEOCHARINAE FLEMING

Aleocharinae ¢ a mais numerosa subfamilia de Staphylinidae com mais de 13 mil
espécies descritas alocadas em 51 tribos e 1700 géneros e apresenta uma distribuicdo mundial
ocupando praticamente todos os habitats terrestres (Newton et al., 2000; Ashe, 2002; Thayer,
2005; Song & Ahn, 2013). Sao uns dos predadores generalistas mais abundantes no folhigo,
excrementos, material vegetal em decomposi¢do e carcagas de animais. Algumas espécies tém
habitos altamente especializados como inquilinos em ninhos de formigas e cupins ¢ como
parasitoides de puparios de dipteros ciclorrafos (Navarrete-Herdia et al., 2002).

Em Staphylinidae, as glandulas defensivas abdominais surgiram varias vezes de forma

independente (Araujo, 1978). Tipicamente, os compostos defensivos liberados por estafilinidios

36



sao originarios de glandulas conhecidas com pigidiais. O termo glandulas pigidias se refere as
glandulas pareadas que sdo encontradas proximas ao apice do abdome (Brand et al., 1973).

A maioria das espécies de Aleocharinae possui um complexo glandular chamado
glandula tergal (essa glandula pode estar reduzida ou ausente em espécies inquilinas de
formigas ou cupins), esse complexo esta localizado na margem anterior do tergito abdominal
VII nos adultos (Fig.1) (Steidle & Dettner, 1993; Navarrete-Herdia et al., 2002). Essa glandula
¢ utilizada quando as espécies de aleocarineos sao perturbadas, os individuos entdo curvam seu
abdome em direcdo ao agressor e liberam secre¢des oriundas da glandula tergal (Steidle &
Dettner, 1993). Essa estrutura glandular nao ¢ homologa a nenhuma outra conhecida para a

familia Staphylinidae, sendo assim exclusiva da subfamilia Aleocharinae (Brand et al., 1973).

3.1.1 Glandula Tergal: compostos e fungdes associadas

A glandula tergal ¢ um reservatdrio glandular de forma bilobada, formada por uma
invaginacdo das membranas intersegmentares e esta localizada entre o sexto e o sétimo tergito
abdominal (Fig.1) (Peschke & Metzler, 1982). Os compostos liberados por essa glandula tém
sido estudados e demostraram possuir fungdes defensivas (Jordan, 1913; Pasteels, 1968; Blum
etal., 1971; Brand et al., 1973; Gnanasuderam et al.,1981; Peschke & Metzler, 1982; Peschke,
1983; Steidle & Dettner, 1993). As secrecdes liberadas por espécies da subfamilia Aleocharinae
podem causar manchas vermelhas ou marrons na pele de humanos, possuem uma coloracao
amarela e odor caracteristico de compostos cdusticos, devido a grande quantidade de quinonas
presentes nessas secrecoes (Peschke & Metzler, 1982). As secrecdes presentes na glandula
tergal tém sido estudadas quimicamente em vérias espécies e os principais compostos quimicos
relatados para essa estrutura sdo, na sua maioria, hidrocarbonetos alifaticos, aldeidos, quinonas

e ésteres (Lista I, Apéndice).

37



Figura 1. Desenho esquematico em face dorsal de um individuo da subfamilia Aleocharinae,
destacando a glandula tergal. Fonte: Peschke & Metzler, 1982.

Os compostos quimicos da classe das quinonas sdo os principais constituintes
defensivos da glandula tergal das espécies de Aleocharinae, uma vez que ocorrem em todas as
espécies estudadas quimicamente até agora. O composto 2-metil-1,4-benzoquinona € o mais
representativo dentro das espécies de aleocarineos, esse composto foi identificado em 19 das
26 espécies que tiveram estudos quimicos relatados (Lista I, Apéndice). Esse tipo de composto
parece ser bastante primitivo, tendo em vista que ocorre em varios outros grupos de artropodes,
como por exemplo, em glandulas odoriferas de Opiliones (Caetano & Machado, 2013; El

Sayed, 2016).

3.1.2 Ecologia Quimica na Reproducao: atraindo parceiros para copula

Algumas das mais importantes decisdes na vida de um inseto sdo tomadas baseadas
em compostos quimicos como feromonios. Os feromdnios sdo sinais quimicos que
desempenham papéis importantes na reprodugdo da maioria dos insetos, sendo sinais
coespecificos, que sdo utilizados para atragdo de pares para a copula, indicam periodos
reprodutivos e indicam aptidao reprodutiva (Yew & Chung, 2015).

Embora o comportamento de copula tenha sido observado em varias espécies de
Staphylinidae, pouco se sabe sobre a funcao de feromonios neste enorme grupo de espécies
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(Peschke, 1978). Dentro da subfamilia Aleocharinae apenas a espécie Aleochara curtula Goeze
teve compostos feromonais identificados, como os ésteres (Z)-hexadec-9-enoato e
hexadecanoato de isopropila (Pesch ef al., 1999).

Como mencionado anteriormente, a glandula tergal em aleocarineos tem sido relatada
como possuindo fungdes defensivas, mas, trabalhos realizados por Peschke (1986 e¢ 1987)
demostraram que alguns compostos produzidos por essa glindula podem agir como
estimulantes para a copula, como o (Z)-tridec-4-eno, dodecanal e (Z)-tetradec-5-eno.

Alguns compostos quimicos tém sido relatados na literatura como atrativos para alguns
individuos dentro de Aleocharinae, como compostos produzidos por fungos das espécies
Fomitopsis pinicola Karst e Fomes fomentarius L. (Faldt et al., 1999). O composto formaldeido
foi utilizado como isca atrativa em uma armadilha de interceptacao de queda (Pittfal) por Pekar

(2002) que coletou exemplares do género Drusulla sp.

3.1.3 Um Estranho no Ninho: mimetismo quimico em Aleocharinae

Mimetismo pode ser caracterizado por espécies que imitam sinais (ex: sinais
quimicos), comportamentos ou cores de outra espécie. Mimercofilia ¢ um termo que define
espécies que vivem como hospedeiros em colonias de formigas. Para que esses individuos
possam se integrar as colonias de formigas, inimeros mecanismos t€ém evoluido como o
mimetismo de caracteristicas morfoldgicas, comportamentos e secrecdes quimicas (Hollard &
Deluis, 1982; Dettner & Liepert, 1994).

Insetos mimercoéfilos obtém diversas vantagens por esse comportamento, como por
exemplo, o acesso a varios tipos de recursos alimentares, prote¢do e condicdes climaticas
favoraveis. No entanto, viver em col6nias ou juntamente com formigas pode ser perigoso, pois
as formigas tendem a ser bastante agressivas com individuos que ndo fazem parte da sua
colonia, reconhecendo os membros da colonia por meio de sinais quimicos (Holldobler &
Wilson 1990; Yamaoka 1990; Howard 1993; Akino, 2002; Stoeftler et al., 2007).

Virias espécies dentro da subfamilia Aleocharinae podem ser encontradas associadas
com formigas e, em alguns casos, esses individuos parecem ter conseguido quebrar o codigo de
comunica¢cdo de seus hospedeiros tornando-se totalmente integrados a essas colonias
(Holldoble, 1981).

O primeiro trabalho a demostrar quimicamente o habito mimercéfilo em Aleocharinae

foi o de Kistner & Blum (1971) que identificaram o feromodnio de alarme da formiga Lasius
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(Dendrolasius) spathepus (Wheeler) como sendo o aldeido citronelal (3,7-dimetiloct-6-enal) e
demostraram que aparentemente a espécie Pella japonicus (Sharp) é capaz de mimetizar esse
composto para viver associada a essa espécie de formiga.

Trabalhando com espécies europeias do género Pella, Holldoble et al. (1981) ndo
conseguiram identificar nas glandulas tergais secrecdes semelhantes as liberadas pelas
glandulas labiais de formigas como Lasius fuliginosus Latreille (uma das glandulas
responsaveis pela liberacdo de compostos feromonais em formigas). Entretanto, os autores
ressaltam que foi encontrado nas secrecdes de Pella o composto undecano, que ¢ um
hidrocarboneto alifatico de cadeia longa, comumente encontrado em glandulas de Dofour, que
sdo glandulas conhecidas por liberarem compostos de alarme em formigas.

As formigas da espécie L. fuliginosus usam hidrocarbonetos cuticulares como meio de
reconhecer quimicamente membros da colonia e para que outros insetos possam se tornar
hospedeiros dessas colonias estes precisam imitar quimicamente esses compostos (Akino &
Yamaoka, 2000). Em experimentos realizados em laboratdrio utilizando espécimes de L.
fuliginosus das quais os aleocarineos Zyras comes Wasmann sao hospedeiros, Akino (2002)
observou que operarias que entravam em contato com essa espécie nao demostravam
comportamento agressivo com relacdo a esses individuos.

Andlises de cromatografia gasosa associada a espectrometria de massas realizadas por
Akino (2002) revelaram que Zyras comes tem um padrdo de hidrocarbonetos idénticos a o de
L. fuliginosus. Com base no padrao semelhante de hidrocarbonetos e em testes de agressividade
realizados com membros da colonia de formigas e com a espécie de Aleocharinae, o autor
sugere Zyras comes ¢ capaz de imitar quimicamente os sinais quimicos liberados pelas formigas
L. fuliginosus. Baseando-se em andlises quimicas de laboratério e de campo, Stoeffler et al.
(2003) demostraram que as espécies mimercofilas Pella funestus Gravenhorst e Pella humeralis
Gravenhorst também sdo capazes de imitar os feromonios da formiga Lasius fuliginosus.

As espécies mimercofilas Zyras collaris Paykull e Zyras haworthi Stephens tiveram
as secrecdes de suas glandulas tergais investigadas quimicamente e demonstraram ser
compostas pelos terpenos: a -pineno, [ -pineno, mirceno e limoneno (Stoeffler et al., 2013).
Esse tipo de composto quimico ndo foi identificado para nenhuma das outras 26 espécies de
aleocarineos que tiveram suas glandulas tergais investigadas quimicamente. Entretanto, os
autores argumentam que como as espécies utilizadas no trabalho sdo extremamente raras,
apenas um exemplar de cada espécie foi utilizado no estudo, e que com base na reduzida

amostragem nao se pode afirmar que esse € o padrao das secre¢des quimicas para essas espécies.
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Além disso, erros durante o processo de identificagdo podem acontecer, portanto, sao
necessarios mais estudos para confirmar com precisdo se esses compostos quimicos realmente

ocorrem nessas espécies.

3.2 OMALIINAE MACLEAY

As espécies dessa subfamilia sdo em geral predadoras e tanto as larvas como os adultos
podem ser encontrados em fungos, flores ou frutas em decomposicao. A subfamilia ¢ composta
por cerca de 1450 espécies alocadas em 117 géneros (Steel, 1970; Thayer, 1985; Newton &
Thayer, 1995; Newton et al., 2000; Navarrete-Herdia ef al., 2002).

A maioria das espécies de Staphylinidae liberam algum tipo de secrecdo defensiva,
principalmente da regido posterior do abdome quando sdo molestadas. No caso da subfamilia
Omaliinae, as espécies liberam suas secre¢des defensivas através de glandulas presentes entre
o0 sexto e o sétimo esternito abdominal (Fig. 2 e 3) (Klinger & Maschwitz, 1977).

A espécie Eusphalerum longipenne Erichson teve seu aparato glandular investigado
(Klinger & Maschwitz, 1977) e através de técnicas de cromatografia gasosa os autores
identificaram uma série de compostos, principalmente os aldeidos: hexanal, octanal, decanal,
trans-hexenal, trans-octenal e trans-decenal. Os autores afirmaram que essas secregdes sao
repelentes contra varios tipos de predadores, como formigas, aranhas e percevejos.

Trabalhando com 21 espécies de Omaliinae alocadas em 10 géneros Dettner &
Reissenweber (1991) conseguiram identificar 46 diferentes compostos defensivos (Lista II,
Apéndice), sendo esses compostos pertencentes as seguintes classes: acidos, aldeidos, cetonas,
alcoois, ésteres, compostos aromaticos, hidrocarbonetos e terpenos. Apds a realizagdo de
bioensaios, os autores argumentam que os ésteres presentes nas glandulas ajudam na penetragao
dos compostos toxicos (como acidos) em outros organismos € que os acidos sozinhos ndo sao
compostos defensivos eficientes, necessitando de solventes para se tornarem irritantes.

Martikainen et al. (2001) utilizando armadilhas com o composto feromonal S- (+)- ¢ R-
(-)-6-metil-5-hepten-2-ol(sulcatol), presente nas espécies do género Gnathotrichus
(Coleoptera: Curculionidae: Scolotinae), coletaram a espécie Hapalaraea melanocephala
Fabricius.

Fietz et al. (2002) trabalhando com a espécie Eusphalerum minutum Fabricius através
de técnicas de cromatografia gasosa associada a espectrometria de massas, relataram a presenca

da toxina (+)-palasonina na hemolinfa desse inseto. Palasonina havia sido identificada
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anteriormente apenas na espécie de arbusto Butea frondosa Koenig (Leguminaceae). Essa
substancia foi descrita como uma eficiente toxina contra vermes como lombrigas, oxiiros e

vermes de cachorro (Mehtar & Parasar, 1966; Raj & Kurup, 1967).
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Figura 2. Desenho esquematicos mostrando o complexo glandular em Omaliinae (Coleoptera:
Staphylinae) em vista ventral. Fonte: Klinger & Maschwitz (1977). Figura 3. Desenho
esquematico do complexo glandular de Omaliinae em vista lateral. Abreviagdes: Numeros
romanos indicam o nimero do segmento abdominal. PSTS, projecao do oitavo esternito; r,
reservatorio; fo, dobra; gl, glandula. Fonte: Klinger & Maschwitz (1977).

3.3 OXYTELINAE FLEMING

A subfamilia Oxytelinae ¢ um dos grupos de espécies mais antigos dentro de
Staphylinidae, estdo descritas para esta familia cerca 2000 espécies distribuidas mundialmente
(Herman, 2001; Yue et al., 2012). Dentro de Staphylinidae, espécies de Oxytelinae podem ser
diferenciadas pela presenca de sete esternitos abdominais (usualmente seis na maioria das
espécies de Staphylinidae) e tergito IX com aberturas glandulares conspicuas. A maioria das
espécies sao saprofagas, com algumas espécies se alimentando de algas e diatomaceas (Herman,
1970; Navarrete-Heredia et al., 2002).

As espécies pertencentes a subfamilia Oxytelinae liberam secregdes defensivas
oriundas de glandulas ovais que se abrem entre os segmentos abdominais IX e X (Fig. 4)
(Araujo, 1973; Happ & Happ, 1973; Dettner & Schwinger, 1982).

Estudando as secre¢des oriundas do complexo glandular das espécies Bledius

mandibularis Erichson e Bledius spectabilis Kraatz, Wheller et al. (1972) com a técnica de
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cromatografia gasosa associada a espectrometria de massas identificaram como composto
majoritario a lactona dodecan-4-olida. Além deste composto majoritario outros compostos
como terpenos, benzoquinona e undeceno foram identificados (Lista III, Apéndice). Com base
em observagdes do comportamento verificou-se que as espécies de Bledius liberam secrecdes
quando proximas a formigas ou outras espécies de Oxytelinae. Desta forma, os autores sugerem
que os compostos quimicos presentes nas glandulas das espécies de Bledius sao compostos de
natureza defensiva.

Bledius spectabilis Kraatz, Platystethus arenarius Fourcr e Oxytelus piceus L tiveram
suas glandulas investigadas quimicamente em trabalho realizado por Dettner & Schwinger
(1982). Além dos compostos que ja haviam sido identificados em Bledius spectabilis por
Wheeler et al. (1972), os autores também identificaram uma série de compostos defensivos
diferentes dos encontrados no trabalho anterior (Lista III, Apéndice). Os compostos defensivos
que foram identificados pela primeira vez dentro de subfamilia Oxytelinae s3o: decan-4-olida,

undecan-4-olida, tetradecan-4-olida e dodecan-5-olida.

Figura 4. Desenho esquematico em vista dorsal do final do abdome Oxytelinae
(Coleoptera:Staphylinidae), mostrando o complexo glandular. gl, glandula; ed, ducto eferente;
op, abertura; res, reservatdrio. Fonte: Dettner & Schwinger (1982).

O complexo glandular abdominal de Oxytelinae estd provavelmente relacionado com
comportamentos defensivos, uma vez que os insetos pertencentes a esta subfamilia dobram seu
abdome e liberam as secregdes oriundas do complexo glandular sempre que perturbados. Com
base nas espécies que tiveram seu complexo glandular investigado fica evidente que esse
aparato glandular dentro de Oxytelinae pode ser caracterizado quimicamente por: lactonas,

alcanos, p-toluquinonas e p-toluhidroquinonas (Dettner & Schwinger, 1982).
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Dentro da subfamilia Oxytelinae muitas espécies consideradas derivadas
filogeneticamente tiveram seus complexos glandulares investigados (ex: espécies do género
Bledius) (Wheeler et al., 1972; Dettner & Schwinger, 1982). A espécie Coprophilus striatulus
Fabricius considerada como primitiva dentro da subfamilia teve seu complexo glandular
estudado por Dettener (1982). Diferentemente de outras espécies ja investigadas dentro da
subfamilia, Coprophilus striatulus apresenta um complexo glandular formado por duas
glandulas, enquanto que nas espécies que haviam sido investigadas até aquele momento era

relatada a presenca de apenas uma glandula (Fig.5).

Figura 5. Desenho esquematico do complexo glandular de Coprophilus striatulus mostrando as
duas glandulas distintas em vista dorsal. gl: tubo glandular; ed: ducto eferente; res: reservatorio;
sac: saco; op: abertura; IX e X : tergitos. Fonte: Dettner (1982).

Com base em andlises de CG/EM foram identificados 21 compostos distintos para
Coprophilus striatulus (Lista 111, Apéndice), pertencentes as seguintes classes: p-toluquinona,
p-toluhidroquinona e ésteres saturados de isopropila. O complexo glandular de C. striatulus
apresenta diferencas tanto morfologicas quanto de composi¢do quimica com relagdo a espécies
mais derivadas dentro da subfamilia como as dos géneros Bledius, Oxytelus e Plastystethus
(Dettner & Schwinger, 1982; Dettner, 1984). Apesar de ser uma espécie considerada primitiva
dentro da subfamilia, Coprophilus striatulus ¢ a inica a apresentar a capacidade de sequestrar

¢ésteres saturados ou insaturados de isopropila. Essas substancias sao utilizadas pelas industrias
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de cosméticos como importantes agentes umidificantes, pois proporcionam uma melhor
absor¢ao dos produtos através da pele (Dettner & Schwinger, 1982). A espécie C. striatulus tem
como principais inimigos naturais outros artropodes e substancias como ésteres atuam
auxiliando a penetracdo de substancias toxicas como as p-toluquinonas através da cuticula de
outros artropodes durante a defesa (Dettner, 1984).

A espécie Deleaster dichrous Gravenhorst € considerada como pertencente ao género
mais primitivo dentro da subfamilia Oxytelinae, essa espécie foi escolhida por Dettner et al.
(1985) para a realizagdo de estudos comparativos com espécies consideradas filogeneticamente
mais derivadas dentro da subfamilia. Essa espécie apresenta um complexo glandular exclusivo
com quatro glandulas presentes (sendo uma ou duas na maioria das espécies da subfamilia). O
complexo glandular I ou glandula vermelha (devido a sua coloracdo caracteristica) faz parte do
padrao de Oxytelinae. O complexo glandular II ou branco ¢ exclusivo da espécie Deleaster
dichrous (Dettner et al., 1985).

Para o complexo glandular I foram identificados 17 compostos com funcdo defensiva
(Lista III, Apéndice), sendo o principal composto defensivo a p-toluquinona, esse composto foi
encontrado em todas as espécies de Oxytelinae que tiveram seu complexo glandular investigado
(Wheeler et al., 1972; Dettner & Schwinger, 1982; Dettner, 1984; Dettner et al., 1985).

O complexo glandular 11 de D. dichrous é preenchido com um liquido viscoso de
coloracdo branca que endurece rapidamente ao ser exposto ao ar. Com base em observagdes
feitas em laboratorio, os autores sugerem que os compostos desse complexo glandular t€ém
propriedades adesivas, uma vez que ao serem liberados, sdo capazes de paralisar outros
individuos, como larvas de moscas e formigas (Dettner et al., 1985).

Todas as espécies de Oxytelinae que tiveram seus complexos glandulares investigados
possuem dois compostos toxicos comuns, p-toluquinona e p-toluhidroquinona, os quais sao
misturados com uma gama de diferentes solventes (Dettner, 1993; Steidle & Dettner, 1995). As
espécies Bledius spectabilis e Bledius mandibularis tiveram seus complexos glandulares
investigados e demostraram a presenga de compostos comumente encontrados em outras
espécies de Oxytelinae, como: p-toluquinona, alcenos, lactonas e citral, o que levava a crer que
existia um padrao uniforme dentro do género (Wheeler et al., 1972; Dettner & Schwinger, 1982;
Steidle & Dettner, 1995). Com base nessa premissa, Steidle & Dettner (1995) investigaram
quimicamente seis espécies de Bledius: B. furcatus Olivier, B. tricornisi Herbst, B. dissimilis
Erichson, B. opacus Block, B.subterraneus Erichson e B. arenarius Paykull. Com base nesse

estudo, os autores concluiram que mesmo entre espécies pertencentes a0 mesmo género ocorre
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variacdo dos compostos liberados (Huth & Dettner, 1990; Dettner & Reissenweber, 1991;
Steidle & Dettner, 1993).

3.4 PAEDERINAE FLEMING

Essa subfamilia ¢ conhecida principalmente pelas espécies do género Paederus
Fabricius que causam lesdes de importdncia médica em seres humanos. Esses individuos
apresentam substancias toxicas em sua hemolinfa que podem causar dermatites e conjuntivites
consideradas de leves a graves (Vieira et al., 2014) (Lista IV, Apéndice). Vorderman (1901) foi
o primeiro a descrever as lesdes causadas por individuos de Paederus, descrevendo essas lesdes
como sendo similares aquelas causadas pelo composto Cataridine conhecido para espécie Lytta
vesicatoria Linnaeus da familia de besouro Meloidae (Kellner & Dettner, 1995). As espécies
do género Paederus apresentam uma coloracdo aposeimatica, evidenciado sua hemolinfa
toxica, além disso, apresentam um complexo glandular localizado no quarto esterno abdominal,
mas até o momento nio se sabe se esse complexo ¢ capaz de liberar secregdes oriundas da
hemolinfa toxica dessas espécies (Kellner & Dettner, 1992).

Pederin ¢ uma amida vesicante (que causa bolhas) e € o principal composto toxico da
hemolinfa das espécies de Paederus. Esse composto foi isolado primeiramente por Pavan & Bo
em 1952 para a espécie Paederus fuscipes Curtis. Esse composto foi estruturalmente estudado
e demostrado possuir a férmula molecular Czs Hss NOy (Cardani et al., 1965). No mesmo
trabalho os autores conseguiram isolar e identificar o composto Pseudoperin, como composto
secundario da hemolinfa toxica de Paederus fuscipes. Apds um novo estudo com os extratos
oriundos da hemolinfa de Paederus fuscipes, Cardani et al. (1967) isolaram e identificaram um
terceiro composto toxico para essa espécie a Pederona.

Matsumoto et al. (1968) revisaram a estrutura molecular proposta por Cardani et al.
(1965). Com base nesse estudo os autores demostraram que havia uma pequena diferenga na
estrutura do composto com relagao ao proposto por Cardani et al. (1965) a diferenga ¢ a posi¢ao
de uma hidroxila (OH), que na féormula anterior era relatada para o carbono 3 mas se encontra
no carbono 4.

O composto Pederin é extremamente toxico a varias células eucaridticas, tendo como
caracteristica o bloqueio da sintese de proteina. Em bioensaios de toxicidade foi demostrado
que se uma pequena quantidade desse composto for injetada intraperitonealmente (0,14 mg/kg)

pode levar a morte mamiferos de pequeno porte como camundongos. Devido a essa
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caracteristica citotoxica, Pederin ¢ considerado um composto defensivo (Pavan & Dazzini,
1971; Pavan, 1975; Blum, 1981). Adultos da espécie Paederus fuscipes sao conhecidos por
possuirem cerca de 1 pg de Penderin nos machos e essa quantidade pode ser até dez vezes
maior nas fémeas, até mesmo ovos, larvas e pupas sdo conhecidos por possuirem quantidades
desse composto (Pavan, 1975; Kellner & Dettner, 1995).

Trabalhando também com a espécie Paederus fuscipes Kellner & Dettner (1995)
quantificaram o composto Pederin para machos e fémeas e demostraram que, em média, os
machos tém uma concentra¢do do composto de 1,3 pg enquanto que as fémeas possuem 18,6
ng. Os autores demostraram ainda que na maioria das fémeas da espécie Paederus riparius

ocorre a transferéncia do composto toxico Pederin para os ovos.

3.5 PROTEININAE ERICHSON

Essa ¢ uma pequena subfamilia de Staphylinidae tanto em seu tamanho corporal (em
geral com cerca de 3 mm de comprimento) quanto na quantidade de espécies identificadas
(193), alocadas em onze gé€neros. Podem ser encontradas em folhas caidas, fungos em
decomposi¢do e em animais em decomposi¢ao (Herman, 2001; Navarrete-Herdia et al., 2002).

Como nas espécies de Omaliinae, os individuos pertencentes a essa subfamilia liberam
secrecoes defensivas através de glandulas presentes entre o sexto e o sétimo esternito abdominal
(Klinger & Maschwitz, 1977). Estdo identificados compostos defensivos para cinco espécies
dessa subfamilia (Lista V, Apéndice), estes compostos, na sua maioria, pertencem as seguintes
classes quimicas: aldeidos, cetonas, alcoois, ésteres, compostos aromaticos, hidrocarbonetos e
terpenos, assim como em Omaliinae (Dettner & Reissenweber, 1991).

Os complexos glandulares das espécies de Proteininae e Omaliinae sao
morfologicamente idénticos e liberam um mesmo padrdo de compostos quimicos defensivos,
baseando-se nas espécies que tiveram seus complexos glandulares previamente estudados.
Entretanto, de acordo com a hipotese de relacionamento apresentada por Thayer (2005),
utilizando observacdes morfologicas, Omaliinae ¢ mais relacionada filogeneticamente a
subfamilia Microsilphinae. Contudo, novos estudos de filogenia sdo necessarios para uma

melhor compreensdo das relagdes entre essas duas subfamilias.

3.6. PSELAPHINAE LATREILLE
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E uma subfamilia de minusculas espécies predadoras no folhico (em geral medem 1-3
mm de comprimento) muito diversa e globalmente distribuida, atualmente esse ¢ o segundo
agrupamento de espécies com maior diversidade dentro da familia Staphylinidae (9854 espécies
descritas). Essa subfamilia ¢ principalmente diversa em florestas tropicais (Schomann et al.,
2008; Parker, 2016). Sao facilmente diferenciados de outros estafilinidios devido a sua
morfologia caracteristica, em geral, os individuos apresentam os corpos compactos, pequenos
e a cabeca e o pronoto sdo mais estreitos do que os élitros (Navarrete-Heredia et al., 2002).
Apesar de possuir uma enorme diversidade de espécies, pouco se sabe sobre a ecologia quimica
dentro de Pselaphinae, talvez devido ao fato de as espécies dessa subfamilia apresentarem um
tamanho corporal muito pequeno, o que dificulta a coleta e identificagdo correta dos
exemplares.

O que ha, de fato, sdo trabalhos com compostos oriundos de outros grupos de seres
vivos, como o de Faldt et al. (1999) que coletaram exemplares do género Euplectus usando
armadilhas com o composto 1-octen-3-ol oriundo de fungos Fomitopsis pinicola Karst e Fomes
fomentarius L. Exemplares de Trimium brevicorne Reichenbach foram coletados em
armadilhas usando o composto feromonail (2R)-6-metil-5-hepten-2-ol das espécies de besouros
Gnathotrichus retusus LeConte e Gnathotrichus sulcatus LeConte (Curculionidae: Scolytinae)

Martikainen et al., 2001).

3.7 STAPHYLININAE LATREILLE

E a terceira maior subfamilia em nimero de espécies dentro de Staphylinidae, com
mais de sete mil espécies descritas para o mundo todo (Navarrete-Heredia et al., 2002). As
espécies dessa subfamilia liberam compostos defensivos através de um complexo glandular
localizado no 4pice do abdome, formado por um par de glandulas pareadas, chamadas de
glandulas pigidiais (Figura.6) (Bellas et al.,1974; Dettner, 1983) (Lista VI, Apéndice).

Investigagdes da ecologia quimica dessa enorme subfamilia come¢am no trabalho de
Abou-Donia et al. (1971), com a espécie Staphylinus olens (Miiller). Analisando extratos de
“glandulas de cheiro” (o autor ndo especifica a localiza¢do dessas glandulas, provavelmente se
referindo as glandulas pigidiais presentes no fim do abdome), os autores identificaram como
composto majoritario o iridodial (2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido). Esse
composto ja havia sido identificado em espécies de formigas sempre associado com o composto

6-metilhept-5-en-2-ona, sendo o iridodial relatado como um composto de fixagdo. Para
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Staphylinus olens o composto iridodial nao estd acompanhado de 6-metilhept-5-en-2-ona,
provavelmente exercendo outra funcao, possivelmente de defesa (Abou-Donia, 1971).

Thyreocephalus  Zquini (Fauvel), Eulissus orthodoxus (Oliff), Creophilus
erythrocephalus (F.), Hesperus semirufus Fauvel, e Philonthus politus (L.) tiveram os extratos
de suas glandulas pigidiais investigados quimicamente através de CG/EM por Bellas et al.
(1974). Os autores identificaram quatro compostos defensivos para essas espécies:
isovaleraldeido (3-metilbutanal), citronelal (3,7-dimetil-6-octenal), actinidine ((E£)-3,7-dimetil-
2,6-octadienal) e iridodial (2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido) que ja havia
sido identificado e sugerido como composto defensivo para Staphylinus olens (Abou-Donia et
al., 1971).

Staphylinus olens teve suas glandulas pigidiais investigadas novamente, dessa vez por
Fish & Pattenden (1975), que encontraram um novo composto defensivo além do iridodial ja
encontrado no trabalho de Abou-Donia et al. (1971). O novo composto 4-metilhexan-3-ona foi

identificado através da técnica de cromatrografia gasosa associada a espctrometria de massas.

Figura 6. Desenho esquematico mostrando a posi¢ao das glandulas pigidiais em Staphylininae,
com base na espécie Creophilus maxillosus Linnaeus. Fonte: Jefson et al. (1982).

Como ja demonstrado nos topicos anteriores desta revisdo, dentro de Staphylinidae
existe uma grande variacdo nos tipos de compostos quimicos liberados. Essa variagdo

usualmente acontece entre as subfamilias, géneros ou entre espécies diferentes. Entretanto,
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trabalhando com glandulas pigidiais das espécies Cafius quadriimpressus (White), Philonthus
politus (Linnaeus), Thyreocephalus orthodoxus (Olliff) e Thyreocephalus chloropterus
(Erichson) coletadas na Nova Zelandia, Gnanasunderam et al. (1981) encontraram algumas
variagdes nos composto defensivos dentro dessas espécies e Thyreocephalus orthodoxus e
individuos da mesma espécie coletada na Australia e analisada por Bellas et al. (1974). Foram
identificados varios compostos defensivos para essas espécies, principalmente alcanos e
hidrocarbonetos.

Thyreocephalus orthodoxus e Thyreocephalus chloropterus apresentam como
compostos majoritarios o citronelal (3,7-dimetil-6-octenal), iridodial (2-metil-5-(1-oxopropan-
2-il)-ciclopentanocarbaldeido) e citral ((Z E)-3,7-dimetil-2,6-octadienal). Curiosamente,
exemplares de Thyreocephalus orthodoxus coletados na Austrdlia e na Nova Zelandia
apresentaram diferenca entre os compostos majoritarios. Enquanto que os exemplares da Nova
Zelandia apresentaram como compostos majoritarios o citronelal e iridodial, os exemplares
australianos apresentaram um terceiro composto que ndo foi identificado nas espécies
neozelandesas, o 3-metilbutanal. Variagdes quimicas intraespecificas podem estar relacionadas
com varios fatores relacionados ao ambiente em que os individuos vivem, como exposi¢ao a
diferentes pressoes de predadores, stress devido a desenvolvimento de doengas e diferentes
dietas (Duffey, 1976; Gnanasunderam, 1981).

Cafius quadriimpressus os compostos majoritarios identificados foram actinidine (6,7-
dihidro-4,7-dimetil-5H-2-pirindina) e pentadecano. Philonthus politus apresentou os dois
mesmos compostos majoritarios identificados para Carfius quadriimpressus além de um
terceiro identificado com tridecano.

Creophilus maxillosus teve suas glandulas pigidiais investigadas quimicamente por
Jefson et al. (1982) pela técnica de CG/EM e foram identificados 11 compostos considerados
defensivos presentes nessas glandulas. Os autores demonstraram que o composto
dihidronapetalactona presente nas glandulas pigidiais de Creophilus maxillosus ¢ eficiente
contra os ataques de formigas em bioensaios realizados com a espécie de formiga Formica
exsectoides Forel.

Treze espécies da subtribo Staphylinina tiveram seus complexos glandulares
investigados quimicamente por Huth & Dettner (1990). Utilizando a técnica de CG/EM, os
autores identificaram 41 compostos defensivos diferentes para essas treze espécies (Lista VI,

Apéndice).
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Algumas espécies dentro de Staphylininae foram coletadas com compostos volateis
oriundos de outro grupo de seres vivos. Trabalhando com extratos de fungos Faldt ez al. (1999)
coletaram a espécie Philonthus succicola Thomson com o composto 1-octen-3-ol. Com base
no composto feromonal (2R)-6-metil-5-hepten-2-o0l oriundo de espécies do género
Gnathotrichus (Coleoptera: Scolytidae), Martikainen et al. (2001) coletaram Nudobius lentus
Gravenhors, Quedius tenellus Gravenhorst e Quedius xanthopus Erichson. Pekar (2002)
trabalhando com armadilhas de interceptagdo de queda (Pittfall) utilizando como isca atrativa

o composto formaldeido, coletou individuos pertencentes ao género Philonthus.

3.8 STENINAE MACLEAY

E uma subfamilia composta por apenas dois géneros Stenus Latreille (considerado o
maior género do reino animal com cerca de 2600 espécies descritas) e Dianous Leach (Lang et
al., 2015). Geralmente as espécies pertencentes a essa subfamilia vivem em bordas de rios e
riachos, deslocando-se tanto na agua quanto em terra firme. Desde o comego do século passado,
um comportamento bastante curioso tem sido relatado para as espécies de Steninae. Quando os
individuos se encontram na agua e sdo perseguidos por algum predador eles sdo capazes de se
deslocar rapidamente pela agua até a terra, esse comportamento ficou conhecido como
Skimming (Piffard, 1901; Billard & Bruyant, 1905; Lang et al., 2012).

Investigando esse comportamento de Stenus bipunctatus Erichson, Schildknecht
(1970) demostrou que essa estratégia estava ligada as glandulas pigidiais (localizadas no apice
do abdome) dos individuos. Quando ameacada por algum predador na agua, essa espécie libera
secrecoes de suas glandulas pigidiais que formam uma espécie de jato propulsor, fazendo com
que os individuos consigam se deslocar rapidamente pela agua até a costa e assim fugir dos
predadores (Fig. 7) (Schildknecht, 1970).

Os compostos quimicos responsaveis por essa incrivel estratégia de fuga sdo terpenos
de superficie ativa, identificados por cromatografia gasosa, como sendo 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano, 6-isopropenil-2-metil-1-ciclohexenol e 6-metil-5-hepten-2-ona
(Schildknecht, 1970).

Trabalhando com a glandula pigidial de Stenus comma Leconte, que exibe o0 mesmo
comportamento de fuga que Stenus bipunctatus, Schildknecht et al. (1976) através da técnica
de CG/EM identificaram trés compostos majoritarios: 1,8 ceneole, 6-metilhept-5-en-2-ona e

stenusin (N-etil-3-(2-metilbutil)-piperidina). Segundo os autores, esses compostos t€m como
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fungdo principal romper a tensao superficial da agua (o que ajuda no deslocamento réapido em
caso de fuga). Essa hipotese foi testada e demostrada através de testes com um tensiometro e
demonstraram que os trés compostos majoritarios t€ém uma tensdo superficial baixa, sendo
considerados agentes de dispersdao. Além disso, Stenusine ¢ um composto também utilizado na
defesa devido a sua toxicidade e 1,8-cineole ¢ conhecido por suas propriedades antisépticas

(Schildknecht, 1976).

Figura 7. Desenho esquematico do comportamento de fuga em Stenus comma Leconte
utilizando suas glandulas pigidiais. A, Espécime de Stunus sobre a superficie da dgua, devido
aos seus tarsos hidrofobicos. B, O individuo dobra seu abdomen e emite uma pequena
quantidade de secre¢do na agua. C, Espécime de Stenus sendo impulsionado para frente pela
liberacdo das secre¢des. Fonte: Lang ef al. (2012).

O composto quimico stenusin também foi identificado com principal composto do
complexo glandular pigidial para as espécies Stenus juno Paykull, Stenus clavicornis Scopoli,
Stenus providus Erichson, Stenus bimaculatus Gyllenhal e Stenus fulvicornis Stephens
(Lusebrink et al., 2007). No ano seguinte, trabalhando com outras espécies de Stenus, Lusebrink
et al., (2009) (Lista VII, Apéndice) verificaram que em S. solutus Erichson e S. cicindeloides
Schaller nao havia o composto Stenusin, mas sim alcaldides como compostos defensivos
majoritarios. Os compostos identificados para essas espécies foram: (£)-3-(2-metil-1-butenil)-

piridina, 3-(1-isobutenil)-piridina e um terceiro composto que nao foi identificado. J4 em 2012
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através de técnicas de CG/EM e RMN (Ressonancia Magnética Nuclear), Miiller ef al. (2012)
conseguiram realizar a identificagdo do composto desconhecido do trabalho antecessor, como
sendo o alcaléide cicindeloine (2S,3S,1S)-2-sec-butil-1-oxa-5-azaspiro[2.5]oct-4-eno).

Em geral, glandulas pigidiais de Staphylinidae liberam compostos defensivos (como
em Oxytelinae e Proteiininae). Apesar disso, nas espécies de Stenus esses compostos liberados
por glandulas pigidiais apresentam mais de uma fun¢do, com isso, o complexo glandular de
Stenus ¢ considerado multifuncional (Schierling et al., 2013). Como ja mencionado
anteriormente, compostos como Stenusine sdo utilizadas no comportamento de fuga na agua,
denominado de Skimming. Entretanto, quando molestadas, as espécies de Stenus exibem
comportamento tipico de estafilinidios, esses individuos dobram a parte basal do seu abdome e
liberam secre¢des defensivas em dire¢cdo ao agressor (Betz, 1999).

Ap0s a realizagdo de bioensaios com formigas Schierling ef al. (2013) demonstraram
que os compostos liberados por espécies de Stenus como: stenusin, norstenusin (2-metil-1-
butenil) piridina e Cicindeloine apresentam uma forte acao repelente. Espécies de formigas, ao
entrarem em contato com esses compostos, rapidamente se afastam e exibem um
comportamento de limpeza de suas antenas. O mesmo trabalho testou e demostrou que os
compostos stenusin, norstenusin e cicindeloinde apresentam uma alta acdo antimicrobiana
contra bactérias Gram-positivas e Gram-negativas.

As espécies de Steninae da Europa Central podem ser agrupadas em trés principais
grupos de espécies baseando-se no tipo de secrecdo defensiva que liberam (Schierling et al.,
2013). Utilizando filogenia molecular, Lang et al. (2015) testaram a hipotese de Schierling e
apresentaram uma hipotese evolutiva dos compostos presentes nas espécies de Steninae da
Europa Central, na qual foram encontrados os mesmo trés clados hipotetizados por Schierling

et al. (2013) (Fig. 8).
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Figura 8. Hipotese filogenética da evolucao dos compostos quimicos de glandulas pigidiais em
Stenus. Fonte: Lang et al. (2015).

3.9 TACHYPORINAE MACLEAY

E uma pequena subfamilia de Staphylinidae (1513 espécies descritas) de individuos
de corpo limuldide que sdo, na sua maioria, saprofagos (Navarrete-Heredia et al., 2002).
Estudos de ecologia quimica para espécies dessa subfamilia sdo inexistentes at¢ o momento. O
que existe sdo trabalhos utilizando compostos de outros organismos que foram capazes de
coletar algumas espécies de Tachyporinae, o que pode sugerir uma atragdo das espécies de
Tachyporinae a esses compostos.

Faldt et al. (1999) coletaram alguns exemplares de Lordithon lunulatus L. usando os
compostos 1-octen-3-ol e octan-3-ona oriundos dos fungos Fomitopsis pinicola ¢ Fomes
fomentarius, sendo esses compostos considerados atrativos a varias espécies de besouros. Pekar
(2002) trabalhando com armadilhas de intercepta¢do de queda do tipo Pittfall iscadas com o
composto quimico formaldeido coletou exemplares de Tachyporinae pertencentes ao género

Tachyporus.
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4. CONCLUSAO

A ecologia quimica objetiva compreender a origem, funcdo e significancia de
compostos naturais que medeiam interagdes entre os organismos. Apesar disso, muitos
trabalhos abordando Staphylinidae apenas identificaram os compostos quimicos presentes nos
individuos e ndo contemplam bioensaios, o que proporcionaria um melhor entendimento acerca
das fungdes biologicas dos compostos, ou ainda, a utilizacao da técnica de eletroantenografia,
que permitiria averiguar a percepcao das espécies a um determinado composto. Por exemplo,
as glandulas tergais em Aleocharinae sdo conhecidas por apresentarem funcao defensiva devido
a grande quantidade de quinonas presentes nas suas secregdes, apesar disso, essas glandulas
apresentam uma grande quantidade de outros compostos como aldeidos e hidrocarbonetos de
funcdo quase que desconhecida. Como demostrado por Pesch (1986 e 1987) através de
bioensaios, os compostos (Z)-tridec-4-eno, dodecanal e (Z)-tetradec-5-eno presentes na
glandula tergal de Aleochara curtulas sdo responsdveis por atracdo a curta distancia para a
copula.

Apesar de ser um grupo de espécies extremamente diverso, apenas uma espécie de
Staphylinidae teve compostos feromonais identificados (Aleochara curtula Goeze). Em sua
totalidade os estudos abordando essa familia tratam apenas de compostos de origem defensiva.

Dentro das diversas subfamilias de Staphylinidae, as glandulas abdominais defensivas
evoluiram de forma independente e variam ndo apenas na posi¢do, mas também no tipo de
substancia defensiva secretada. Esses compostos variam entre quinonas (Aleocharinae e
Oxytelinae), iridoides (Staphylininae), 4cidos e alcanos (Omaliinae, Proteininae) ou compostos
altamente especializados como penderin (Paederinae) ou stenusin (Stenusinae).

A maioria dos estudos de ecologia quimica com feromonio de insetos foram realizados
o com espécies consideradas pragas de plantagdes ou de produtos estocados, esses estudos sao
de natureza aplicada e visam o monitoramento e controle desses insetos. Entretanto, estudos de
ecologia quimica com insetos nao considerados pragas também sdo importantes, fornecem uma
visdo mais geral dos processos quimicos e bioquimicos envolvidos na produgdo de varios
compostos, além de fornecer novas estruturas quimicas (Hayes et al., 2003). Além disso,
estudos de ecologia quimica em grandes grupos de espécies podem gerar caracteres
importantes, que podem ser utilizados tanto na separagdo de espécies cripticas (Braga et al.,
2013; Chien & Lin, 2015), como em estudos filogenéticos (Steidle & Dettner, 1993; Hayes et
al., 2003; Caetano & Machado, 2013).
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APENDICE

Lista I. Compostos identificados para espécies da subfamilia Aleocharinae

Aleochara curtula Goeze
Feromonio: (Z)-9-hexadecenoato de isopropila; hexadecanoato de isopropila.
Atracao: (Z)-7-heneicoseno; (Z)-7-tricoseno.
Defesa: 1-undeceno; dodecanal; 2-metil-1,4-benzoquinona; 2-metoxi-3-metil-1,4-
benzoquinona; (Z)-4-trideceno; (Z)-5-tetradecenal; undecano.
Referéncias: Pesch & Metzler, 1982; Pesch, 1983; Pesch, 1986; Pesch ef al., 1999.
Atheta crassicornis Fabricius
Defesa: 2-metil-1,4-benzoquinona; 2metill-1,4-benzenodiol; 2-metoxi-3-
metilhidroquinona; 2-metoxi-3-metil-1,4-benzoquinona; 1,4-dihidroxibenzeno; 4-etil
octadecenoato; 4,6-ctil octadecadienoato; dodecanal; decanal; undecano; tridecano; 1-
heptadeceno.
Referéncia: Steidle et al., 1993.
Atheta fungi (Gravenhorst)
Defesa: 2-metil-1,4-benzoquinona; 1,4-benzoquinona.
Referéncia: Holldobler e al., 1981.
Atheta pertyi (Heer)
Defesa:2-metill-1,4-benzenodiol; 1,4-dihidroxibenzeno; etill-decanoato; etil-
dodecanoato; undecano.
Referéncia: Steidle ef al., 1993.
Atheta sodalis (Erichson)
Defesa: 2-metill-1,4-benzenodiol; 2-metoxi-3-metilhidroquinona; etil-decanoato; etil-
dodecanoato; undecano.
Referéncia: Steidle ef al.,1993.
Autalia rivularisGravenhorst
Defesa: 2-metill-1,4-benzenodiol; 2-metoxi-3-metilhidroquinona.
Referéncia: Steidle et al., 1993.
Dinarda dentata Gravenhorst
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-metoxi-3-metil-1,4-
benzoquinona; 2-metoxi-3-metilhidroquinona; etil-octadecenoato; etil-
octadecadienoato.
Referéncia: Steidle et al., 1993.
Drusilla canaliculata Fabricius
Defesa: dodecanal; tetradecanal; 5-tetradecenal; 5,8-tetradecadienal; 2-hidroxi-3-
metilhidroquinona; 2-metil-1,4-benzoquinona; 2-metoxi-3-metil-1,4-benzoquinona;
1,4-dihidroxibenzeno; 2-metill-1,4-hidroquinona.
Referéncia: Brand ez al., 1973.
Falagria thoracica Curtis
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-metoxi-3-metil-1,4-
benzoquinona; 2-metoxi-3-metilhidroquinona.
Referéncia: Steidle ef al., 1993.
Gyrophaena affinis Sahlberg
Defesa: 2-metil-1,4-benzoquinona; 2-metill-1,4-benzenodiol; 2-metoxi-3-metil-1,4-
benzoquinona; 2-metoxi-3-metilhidroquinona.
Referéncia: Steidle ef al., 1993.
Gyrophaena fasciata (Marsham)
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Defesa: 2-metil-1,4-benzenodiol; 2-metoxi-3-metilhidroquinona; hexadecanoato de
etila; acido etil octadecanoico; etil-octadecenoato; etil-octadecadienoato.
Referéncia: Steidle et al., 1993.

Gyrophaena pulchella Heer
Defesa: 2-metil-1,4-benzenodiol; 2-metoxi-3-metilhidroquinona; etil octadecenoato.
Referéncia: Steidle ef al., 1993.

Leptusa pulchella Mannerheim
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-metoxi-3-metil-1,4-
benzoquinona; 2-metoxi-3-metilhidroquinona; hexadecanoato de etila; etil-
heptadecanoato; etil-heptadecenoato; acido etil-octadecandico; etil-octadecenoato; etil-
octadecadienoato; 3-metilbutilpropionato.
Referéncia: Steidle et al., 1993.

Lomechusa strumosa (Gravenhorst)
Defesa: Tridecano.
Referéncia: Blum et al., 1971.

Oxypoda alternans (Gravenhorst)
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-metoxi-3-metil-1,4-
benzoquinona; 2-metoxi-3-metilhidroquinona; 1,4-dihidroxibenzeno; hexadecanoato
de etila; acido etil octadecanoico; etil-octadecenoato; etil-octadecadienoato; etil-
dodecanoato; decanal; pentadecano.
Referéncia: Steidle ez al., 1993.

Oxypoda vittata Mirkel
Defesa: 2-metil-1,4-benzoquinona.
Referéncia: Holldobler et al., 1981.

Pella comes
Mimetismo: 3,7-dimetil-6-octanal.
Referéncia: Kistner, 1971.

Pella funestus Gravenhorst
Defesa: 1,4-benzoquinona; decano; 2-metil-1,4-benzoquinona; 1-undeceno; 2-metoxi-
3-metil-1,4-benzoquinona; 1-trideceno; tridecano; 2-metil-1,4-hidroquinona; 1,4-
dihidroxibenzeno; dodecanal.
Mimetismo: undecano; 6-metil-5-2-heptenona.
Referéncia: Stoeffler et al., 2007.

Pella humeralis Gravenhorst
Defesa: 1,4-benzoquinona; decano; 2-metil-1,4-benzoquinona; 1-undeceno; 2-metoxi-
3-metil-1,4-benzoquinona; 1-trideceno; tridecano; dodecanal.
Mimetismo: undecano; 6-metil-5-2-heptenona.
Referéncia: Stoeffler ef al., 2007.

Pella japonicus
Mimetismo: 3,7-dimetil-6-octanal.
Referéncia: Kistner, 1971.

Placusa complanata Erichson
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-heptanona.
Referéncia: Steidle et al., 1993.

Sipalia circellaris (Gravenhorst)
Defesa: 2-metil-1,4-benzoquinona; 1,4-benzoquinona.
Referéncia: Holldobler et al.,1981.

Thamiaraea fuscicornis (Broun)
Defesa: undecano; 2-metil-1,4-benzoquinona; etil-decanoato.
Referéncia: Gnanasunderam et al., 1981.
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Tramiathaea cornigera (Broun)
Defesa: undecano; 2-metil-1,4-benzoquinona; etil-decanoato.
Referéncia: Gnanasunderam et al., 1981.

Tramiathaea sp.
Defesa: undecano; 2-metil-1,4-benzoquinona; etil-decanoato.
Referéncia: Gnanasunderam et al., 1981.

Zyras collaris Paykull
Mimetismo: a -pineno, § -pineno, mirceno e limoneno.
Referéncia: Stoeffler et al., 2013.

Zyras comes Sharp
Mimetismo: 9-pentacoseno; pentacosano; 11-metilpentacosano; 13- metilpentacosano;
S-metilpentacosano; 3-metilpentacosano; hexacosano; 9-heptacoseno; heptacosano; 5-
metilheptacosano; 7-metilheptacosano; 9-metilheptacosano; 11-metilheptacosano; 13-
metilheptacosano; 11,15-dimetilheptacosano; 3-metilheptacosano; 4-metiloctacosano;
9-nonacoseno; nonacosano; 13-metilnonacosano; 15-metilnonacosano; 11-
metilnonacosano; 5-metilnonacosano; 3-metilnonacosano; hentriacontano; 11-
metilhentriacontano; 13-metilhentriacontano; 15-metilhentriacontano.
Referéncia: Akino, 2002.

Zyras funestus Gravenhorst
Defesa: 2-metil-1,4-benzenodiol; 2-metoxi-3-metil-1,4-benzoquinona; 2-metoxi-3-
metilhidroquinona; dodecanal; undecano; tridecano; pentadecano; 6-metil-5-2-
heptenona.
Referéncia: Steidle et al., 1993.

Zyras haworthi Stephens
Mimetismo: « -pineno, § -pineno, mirceno e limoneno.
Referéncia: Stoeffler et al., 2013.

Zyras humeralis Gravenhorst
Defesa: 2-metil-1,4-benzoquinona; 1,4-benzoquinona; acido 3-metilbutandico.
Referéncias: Holldobler et al.,1981.

Zyras laticolis Markel
Defesa: undecano; decano; tridecano; acido 3-metilbutanoico; acido 2-
metilpropandico.
Referéncia: Holldobler ef al., 1981.Zyras lugens Gravenhorst
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 2-metoxi-3-
metilhidroquinona; 1,4-benzoquinona; 1,4-dihidroxibenzeno; dodecil acetato;
dodecanal; undecano; tridecano; pentadecano; 6-metil-5-2-heptenona.
Referéncia: Steidle ef al., 1993.

Lista II. Compostos identificados para espécies da subfamilia Omaliinae

Anthophagus angusticollis Mannerheim
Defesa: acido octandico; nonadecano; benzonitrila; (E)-2-hexenal.
Referéncia: Detnner & Reissenweber, 1991.
Eusphalerum abdominale Gravenhorst
Defesa: acido 2-metilbutanoico; acido 3-metilbutanodico; 2-hexenil-3-metillbutanoato;
nonadecano; 2-hexenil tiglato; (E)-2-1-hexenol; (E)-2-hexenal.
Referéncia: Detnner & Reissenweber, 1991.
Eusphalerum abdominale Gravenhorst
Defesa: acido 3-metilbutandico; (E)-2-hexenal.
Referéncia: Klinger & Maschwitz, 1977.
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Eusphalerum anale Erichson
Defesa: acido 3-metilbutandico; (E)-2-hexenal.
Referéncia: Klinger & Maschwitz, 1977.

Eusphalerum florale Panzer
Defesa: 2-hexenil-3-metilbutanoato; acido 2-metilbutandico; acido 3-metilbutandico;
(E)-2-1-hexenol; (E)-2-hexenal; 2-hexenil tiglato; (E)-4-oxo0-2-hexenal.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum limbatum Erichson
Defesa: acido 2-metilbutandico; acido 3-metilbutandico; 2-hexenil-3-metilbutanoato;
(E)-2-1-hexenol; (E)-2-hexenal; acido hexanoico; 2-hexenil tiglato.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum longipenne Erichson
Defesa: acido 3-metilbutandico; (E)-2-hexenal.
Referéncia: Klinger & Maschwitz, 1977.

Eusphalerum minutum Fabricius
Defesa: 2,3-dimetil-7-oxabiciclo[ 1,2,2heptano-2,3-dicarboxilicoanhidrido; (R)-
palasonina; (S)-palasonina; dcido 2-metilbutandico; acido 3-metilbutanoico; 2-hexenil-
3-metilbutanoato; (E)-2-1-hexenol; (E)-2-hexenal; 2-feniletil-2-metillbutanoato; acido
3-metilbutanodico; (E)-2-hexenal.
Referéncias: Klinger & Maschwitz, 1977; Detnner & Reissenweber, 1991; Fietz et
al., 2002.

Eusphalerum ophthalmicum Paykull
Defesa: acido 2-metilbutandico; acido 3-metilbutanodico; 2-hexenil-3-metilbutanoato;
(E)-2-hexenil hexanoato; (E)-2-hexenal; acido hexandico.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum signatum Mirkel
Defesa: octanal; 2-decenil tiglato; (E)-2-metil-2- 4cido butendico; 2-octenal; 2-
decenal.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum sorbi Gyllenhal
Defesa: acido 2-metilbutanoico; acido 3-metilbutanodico; 2-hexenil-3-metilbutanoato;
nonadecano; (E)-2-1-hexenol; (E)-2-hexenal.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum stramineum Kraatz
Defesa: acido 2-metilbutandico; acido 3-metilbutandico; 2-hexenil-3-metilbutanoato;
(E)-2-hexenil hexanoato; nonadecano; (E)-2-1-hexenol; (E)-2-hexenal.
Referéncia: Detnner & Reissenweber, 1991.

Eusphalerum torquatum Marsham
Defesa: 2-hexenil-3-metilbutanoato; acido 2-metilbutandico; acido 3-metilbutandico;
(E)-2-1-hexenol; (E)-2-hexenal; 2-hexenil tiglato.
Referéncia: Detnner & Reissenweber, 1991.

Lathrimaeum atrocephalum Gyllenhal
Defesa: adcido-2-metilpropandico; octil-2-metilpropionato; octil-2-metilbutanoato;
octanal; acido 2-metilbutanoico; acido 3-metilbutandico; nonadecano; nonanal; octan-
1-ol; acido 2-octandico.
Referéncia: Detnner & Reissenweber, 1991.

Lathrimaeum unicolor Marsham
Defesa: dcido 2-metilpropandico; octil-2-metilpropionato; octil-2-metilbutanoato;
octil-3-metilbutanoato; octanal; acido octanodico; acido 2-metilbutandico; nonanal;
octan-1-ol; 2- 4cido octandico; heptanal.
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Referéncia: Detnner & Reissenweber, 1991.

Levesta longelytrata
Defesa: 6-metil-5-2-heptenona; nonadecano; benzonitrila.
Referéncia: Detnner & Reissenweber, 1991.

Omalium caesum Gravenhorst
Defesa: octil-3-metilbutanoato; octanal; acido octanodico; acido 3-metilbutanodico; 1-
octanol; acido 2-metilbutanoico.
Referéncia: Detnner & Reissenweber, 1991.

Omalium rivulare Paykull
Defesa: octil-3-metilbutanoato; octanal; acido octanodico; acido 3- metilbutanodico;
2,6,6-trimetilbiciclo[3.1.1]2-hepteno; 6,6-dimetil-2-metilenobiciclo[3.1.1]heptano;
IR-(1R,4E,95)-4,11,11-trimetil-8-metilenobiciclo[7.2.0]4-2undeceno.
Referéncia: Detnner & Reissenweber, 1991.

Omalium rugatum Mulsant & Rey
Defesa: octil-3-metilbutanoato; acido 3-metilbutanodico; 2-metilbutil-2-metilbutanoato;
acido octanoico; acido 2-metilbutanoico.
Referéncia: Detnner & Reissenweber, 1991.

Phleonomus pusillus Gravenhorst
Defesa: acido 2-metilbutandico; acido 3-metilbutanoico; (E)-2-hexenal; 2-hexenil
tiglato; 2-metilbutil-2-metilbutanoato.
Referéncia: Detnner & Reissenweber, 1991.

Phyllodrepa floralis Paykull
Defesa: (E)-2-hexenil butirato; hexenil butirato; acido butirico; (E)-2-1-hexenol; (E)-
2-hexenal; (E)-2-acido hexendico.
Referéncia: Detnner & Reissenweber, 1991.

Lista ITI. Compostos identificados para espécies da subfamilia Oxytelinae

Bledius arenarius Schneider
Defesa: 2-metil-1,4-benzoquinona, 2-metil-1,4-benzenodiol; acido decanoico; acido
octanoico; octanoato de octilo.
Referéncia: Steidle & Dettner, 1995.

Bledius dissimilis Erichson
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 1-undeceno; 1-trideceno;
5-octil-di-hidrofuran-2(3H)—ona; 5-decil-di-hidrofuran-2 (3H) —ona; (Z)-3,7-dimetil-
2,6-octadienal; (E)-3,7-dimetil-2,6-octadienal.
Referéncia: Steidle & Dettner, 1995.

Bledius furcatus Olivier
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 1-noneno
1-deceno; 1-undeceno; 1-trideceno; 5-hexil-di-hidrofuran-2 (3H) —ona; 5-octil-di-
hidrofuran-2 (3H) —ona; (Z) -3,7-dimetil-2,6-octadienal; (E) -3,7-dimetil-2,6-
octadienal.
Referéncia: Steidle & Dettner, 1995.

Bledius mandibularis Erichson
Defesa: 1-undeceno; 2-metil-1,4-benzoquinona; (Z) -3,7-dimetil-2,6-octadienal; (E) -
3,7-dimetil-2,6-octadienal; 5-octil-di-hidrofuran-2 (3H) —ona.
Referéncia: Wheeler et al., 1972.

Bledius opacus Block
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 1-undeceno; 1-trideceno;
5-octil-di-hidrofuran-2 (3H) —ona; 3-metil-2-butendico; acido decanoico.
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Referéncia: Steidle & Dettner, 1995.

Bledius spectabilis Kraatz
Defesa: 1-noneno; 1-deceno; 1-trideceno; 2-metil-1,4-benzoquinona; (Z, E) -3,7-
dimetil-2,6-octadienal; 5-hexil-di-hidrofuran-2 (3H) —ona; 5-heptil-di-hidrofuran-2
(3H) —ona; 5-octil-di-hidrofuran-2 (3H) —ona; 5-decil-di-hidrofuran-2 (3H) —ona; 5-
decanolido; 2-metil-1,4-benzenodiol; acetato de decila; doacetato de decila; unacetato
de decila.
Referéncia: Dettner & Schwinger, 1982.

Bledius spectabilis Kraatz
Defesa: 1-undeceno; 2-metil-1,4-benzoquinona; (Z) -3,7-dimetil-2,6-octadienal; (E) -
3,7-dimetil-2,6-octadienal; 5-octil-di-hidrofuran-2 (3H) —ona.
Referéncia: Wheeler ez al., 1972.

Bledius subterraneus Erichson
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 1-deceno; 1-undeceno; 1-
trideceno; 5-octil-di-hidrofuran-2 (3H) —ona; 5-decil-di-hidrofuran-2 (3H) —ona; 3-
metil-2-butendico; acido decanodico.
Referéncia: Steidle & Dettner, 1995.

Bledius tricornis Herbst
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-benzenodiol; 1-deceno; 1-undeceno; 1-
trideceno; 5-octil-di-hidrofuran-2 (3H) —ona; 5-decil-di-hidrofuran-2 (3H) —ona; (Z) -
3,7-dimetil-2,6-octadienal; (E) -3,7-dimetil-2,6-octadienal.
Referéncia: Steidle & Dettner, 1995.

Coprophilus striatulus Fabricius
Defesa: 2-metil-1,4-benzoquinona; 2-metil-1,4-hidroquinona; alcool isopropilico;
dodecanoato; tetradecadienoato de isoproplila; octadecanoato de isopropila;
hexadecanoato de isopropila; dodecanoate de isopropila .
Referéncia: Dettner, 1984.

Deleaster dichrous Gravenhorst
Defesa: sec-butil- (Z3)-dodecanoato; 2-metil-1,4-benzoquinona; 2-butil-decanoato;
sec-butilundecanoato; sec-propil-(Z)-5-dodecenoato; sec-propil-(Z)-3-dodecenoato; 2-
butil dodecanoato; sec-butil-(Z)-5-dodecenoato; 2-metil-1,4-benzenodiol.
Referéncia: Dettner ef al., 1985.

Oxytelus piceus Linnaeus
Defesa: 5-decil-di-hidrofuran-2(3H) —ona; 5-decanolido; 2-metil-1,4-benzenodiol;
acetato de decila; unacetato de decila; doacetato de decila; 1-noneno.
Referéncia: Dettner & Schwinger, 1982.

Platystethus arenarius Fourcroy
Defesa: 1-deceno; 1-trideceno; 2-metil-1,4-benzoquinona; (Z,E)-3,7-dimetil-2,6-
ctadienal; 5-hexil-di-hidrofuran-2 (3H) —ona; 5-heptil-di-hidrofuran-2 (3H) —ona; 5-
octil-di-hidrofuran-2 (3H)—ona; 5-decil-di-hidrofuran-2(3H) —ona; 5-decanolido; 2-
metil-1,4-benzenodiol; acetato de decila; unacetato de decila; doacetato de decila; 1-
noneno.
Referéncia: Dettner & Schwinger, 1982.

Syntomium aeneum Miiller
Defesa: 2-metil-1,4-benzoquinona.
Referéncia: Dettner, 1991.

Lista I'V. Compostos identificados para espécies da subfamilia Paederinae

Paederus columbinus Laporte
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Defesa: Pederin; Pederone.
Referéncia: Cardani ef al., 1967.
Paederus floridanus Austin
Defesa: ((1R,3S)-2,2,3,4-tetrametilciclopentil)-metanol.
Referéncia: Eisner et al., 1986.
Paederus fuscipes Curtis
Defesa: Pederin; Pederone; Pseudopederin.
Referéncias: Cardani et al., 1967; Kellner et al., 1995.
Paederus littoralis Gravenhorst
Defesa: Pederin.
Referéncia: Cardani ef al., 1965.
Paederus melanurus Aragona
Defesa: Pederin,; Pederone.
Referéncia: Cardani ef al., 1967.
Paederus riparius Linnaeus
Defesa: Pederin.
Referéncia: Kellner ez al., 1995.
Paederus rubrothoracicus Goez
Defesa: Pederin.
Referéncia: Cardani ef al., 1965.
Paederus rufocyaneus Bernhauer
Defesa: Pederin.
Referéncia: Cardani ef al., 1965.

Lista V. Compostos identificados para espécies da subfamilia Proteininae

Megarthrus denticollis Beck
Defesa: benzonitrila; nonanal.
Referéncia: Dettner & Reissenweber, 1991.
Megarthrus sinuatocollis Lacordaire
Defesa: nonanal; hexadecil-2-metilbutanoato; 2,6,6-trimetilbiciclo[3.1.1]2-hepteno;
benzonitrila.
Referéncia: Dettner & Reissenweber, 1991.
Proteinus atomarius Erichson
Defesa: 4cido 2-metilbutanoico; 2-1-metilbutanol; 2-metilpropil 2-metilbutanoato; 2-
metilbutil-2-metilbutanoato; (E)-4-oxo0-2-hexenal.
Referéncia: Dettner & Reissenweber, 1991.
Proteinus brachypterus Fabricius
Defesa: 2-metilpropil 2-metilbutanoato; 2-metilbutil-2-metilbutanoato; hexadecil-2-
metilbutanoato; octadecil-2-metilbutanoato.
Referéncia: Dettner & Reissenweber, 1991.

Lista VI. Compostos identificados para espécies da subfamilia Staphylininae

Cafius quadriimpressus White
Defesa: 6,7-dihidro-4,7-dimetil-5H-2-piridina; pentadecano.
Referéncia: Gnanasunderam et al., 1981.

Creophilus erythrocephalus Fabricius
Defesa: 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido.
Referéncia: Bellas ef al., 1974.
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Creophilus maxillosus Linnaeus
Defesa: 3-metilbutan-1-ol; 3-metilbutil acetato; 6,7-dihidro-4,7-dimetil-5H-2-piridina;
2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; hexahidro-4,7-
dimetilciclopenta[c]piran-1(3H)-ona; 3-metilbutan-1-ol; 3-metilbutil acetato; 2-metil-
5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; 6,7-dihidro-4,7-dimetil-SH-2-piridina;
(4a,4aa,7a,7aa)-hexahidro-4,7-dimetilciclopenta[c]piranona; (E)-8-o0x0-3,7-dimetil-6-
octenil acetato.
Referéncia: Huth & Dettner, 1990.

Eulissus orthodoxus Olliff
Defesa: 3-metilbutanal; 3,7-dimetil-6-octenal; 2-metil-5-(1-oxopropan-2-il)-
ciclopentanocarbaldeido; (E)-3,7-dimetil-2,6-octadienal.
Referéncia: Bellas ef al., 1974.

Hesperus semirufus Fauvel
Defesa: 6,7-dihidro-4,7-dimetil-5H-2-piridina; tridecano; pentadecano.
Referéncia: Bellas et al., 1974.

Ocypus aeneocephalus DeGeer
Defesa: hexahidro-4,7-dimetilciclopenta[c]piran-1(3H)-ona; 2-metil-5-(1-oxopropan-
2-il)-ciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Ocypus fuscatus Gravenhorst
Defesa: hexahidro-4,7-dimetilciclopenta[c]piran-1(3H)-ona; 2-metil-5-(1-oxopropan-
2-il)-ciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Ocypus melanarius Heer
Defesa: 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; 6,7-dihidro-4,7-
dimetil-5H-2-pirindina.
Referéncia: Huth & Dettner, 1990.

Ocypus micus
Defesa: 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Ocypus olens Miiller
Defesa: 4-metilhexan-3-ona; 4-metilheptan-3-ona; 2-metil-5-(1-oxopropan-2-il)-
ciclopentanocarbaldeido; 2-(1-formilvinil)-5-metilciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Ocypus similis Fabricius
Defesa: 4-metilhexan-3-ona; 4-metilheptan-3-ona; 6,7-dihidro-4,7-dimetil-SH-2-
pirindina; 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Ontholestes murinus Linnaeus
Defesa:(6R,8S)-2,2,8-trimetil-1,7-dioxaspiro[5.5Jundecano; (E,E)-2,8-dimetil-1,7-
dioxaspiro[5.5]Jundecano; heptan-2-ona; (E,E)-2,8-dimetil-1,7-
dioxaspiro[5.5]undecano; 6,7-dihidro-4,7-dimetil-5H-2-piridina; 2-metil-5-(1-
oxopropan-2-il)-ciclopentanocarbaldeido; 2-(1-formilvinil)-5-
metilciclopentanocarbaldeido; 2,2,8-trimetil-1,7-dioxaspiro[5.5]undecano.
Referéncia: Huth & Dettner, 1990.

Ontholestes tesselatus Geoffroy
Defesa: (2S,6R,8S)-(E,E)-2,8-dimetil-1,7-dioxaspiro[ 5.5 ]Jundecano; (E,E)-2,8-dimetil-
1,7-dioxaspiro[5.5]undecano; 6,7-dihidro-4,7-dimetil-SH-2-pirindina; 2-metil-5-(1-
oxopropan-2-il)-ciclopentanocarbaldeido; 2-(1-formilvinil)-5-
metilciclopentanocarbaldeido.
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Referéncia: Huth & Dettner, 1990.

Parabemus fossor Scopoli
Defesa: etil hexadecenoato; etil octadecenoato; 6,7-dihidro-4,7-dimetil-SH-2-piridina;
2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; tetrahidro-4,7-
dimetilciclopenta[c]piranona.
Referéncia: Huth & Dettner, 1990.

Philonthus politus Linnaeus
Defesa: 6,7-dihidro-4,7-dimetil-5H-2-piridina; tridecano; pentadecano; 6,7-dihidro-
4,7-dimetil-5SH-2-piridina; tridecano; pentadecano.
Referéncias: Bellas e al.,1974; Gnanasunderam ef al., 1981.

Philonthus sp.
Defesa: 6,7-dihidro-4,7-dimetil-5H-2-piridina; 5-(1-formiletil)-2-metil-2-
ciclopenteno-1-carbaldeido; (E,E)-2,6-dimetil-2,6-octadiene-1,8-diol; (3S,8S)-2-metil-
5-(1-formiletil)-1-ciclopenteno-1-carbaldeido.
Referéncia: Dettner, 1983.

Staphylinus caesareus Cederhjelm
Defesa: (E,E)-2-etil-7-metil-1,6-dioxaspiro[4.5]decano; (Z,E)-2-etil-7-metil-1,6-
dioxaspiro[4.5]decano; 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; 2-(1-
formilvinil)-5-metilciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Staphylinus dimidiaticornis Gemminger
Defesa: 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; 2-(1-formilvinil)-5-
metilciclopentanocarbaldeido; 5-metilhexan-3-ona; 5-metilhexan-3-ol.
Referéncia: Huth & Dettner, 1990.

Staphylinus erythropterus Linnaeus
Defesa: 1-metilciclopenteno; 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido.
Referéncia: Huth & Dettner, 1990.

Staphylinus olens Miiller
Defesa: 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido; 4-metilhexan-3-ona;
2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido.
Referéncias: Abou-Donia et al., 1971; Fish & Pattenden, 1975.

Thyreocephalus lorquini Fauvel
Defesa: 3,7-dimetill-6-octenal; 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido;
(E)-3,7-dimetil-2,6-octadienal;3-metilbutanal.
Referéncia: Bellas et al., 1974.

Thyreocephalus orthodoxus Olliff
Defesa: 3,7-dimetil-6-octenal; 2-metil-5-(1-oxopropan-2-il)-ciclopentanocarbaldeido;
(Z,E)-3,7-dimetil-2,6-octadienal; 2-metil-5-(1-oxopropan-2-il)-
ciclopentanocarbaldeido; 3,7-dimetil-6-octenal.
Referéncias: Bellas et al., 1974; Gnanasunderam et al., 1981.

Xantholinus glaber Norden
Defesa: 6-metil-5-hepten-2-ona; 6-metil-5-hepten-2-ol.
Referéncia: Dettner, 1986.

Lista VII. Compostos identificados para espécies da subfamilia Steninae

Dianous coerulescens Gyllenhal
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano; 2,6,6-trimetilbiciclo[3.1.1]hept-2-eno.
Referéncia: Schierling et al., 2013.
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Stenus bifoveolatus Gyllenhal
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina
1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano.

Referéncia: Schierling et al., 2013.

Stenus biguttatus Linnaeus
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano; 2,6,6-trimetilbiciclo[3.1.1]hept-2-eno; 6-metil-5-hepten-2-
ona.

Referéncia: Schierling et al., 2013.

Stenus bimaculatus Gyllenhal
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano; 2,6,6-trimetilbiciclo[3.1.1]hept-2-eno; (2R,3R)-N-etil-3-(2-
metilbutil)-piperidina; (2S,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3S)-N-etil-3-(2-
metilbutil)-piperidina; (2R,3S)-N-etil-3-(2-metilbutil)-piperidina.

Referéncia: Lusebrink et al., 2007; Schierling et al., 2013.

Stenus binotatus Ljungh
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 3-(2-metil-1-
butenil)-piridina; 3-(2-metil-1-propenil)-piridina; 2-sec-butil-1-oxa-5-azaspiro[2.5]oct-
4-eno; (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina; 3-(1-
isobutenil)-piridina; N-etil-3-(2-metilbutil)-piperidina.

Referéncia: Lusebrink et al., 2009; Schierling et al., 2013.

Stenus bipunctatus Erichson
Defesa:1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano;6-isopropenil-2-metil-1-ciclohexenol;
6-metil-5-hepten-2-ona.

Referéncia: Schildknecht, 1970.

Stenus boops Ljungh
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno; 1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano.

Referéncia: Lang et al., 2012.

Stenus brunnipes Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina.

Referéncia: Schierling et al., 2013.

Stenus cicindeloides Schalle
Defesa: 3-(2-metil-1-propenil)-piridina; N-etil-3-(2-metilbutil)-piperidina 3-(2-metil-
1-butenil)-piridina; 2-sec-butil-1-oxa-5-azaspiro[2.5]oct-4-eno; (2S,3S,1S)-2-sec-butil-
1-oxa-5-azaspiro[2.5]oct-4-eno; (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-
butenil)-piridina; (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina;
3-(1-isobutenil)-piridina; N-etil-3-(2-metilbutil)-piperidina.

Referéncia: Lusebrink ef al., 2009; Mueller ef al., 2012; Schierling et al., 2013.

Stenus circularis Gravenhorst
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
Trimetilbiciclo[3.1.1]hept-2-eno; 1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano.
Referéncia: Lang et al., 2012.

Stenus clavicornis Scopoli
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno; (2R,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3R)-
N-etil-3-(2-metilbutil)-piperidina; (2R,3S)-N-etill-3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2007; Schierling et al., 2013.

Stenus comma LeConte
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Defesa: (2R,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3R)-N-etil-3-(2-metilbutil)-
piperidina; (2S,3S)-N-etil-3-(2-metilbutil)-piperidina; (2R,3S)-N-etil-3-(2-metilbutil)-
piperidina; 3-hidroxi-4,5-dimetoxibenzendico acido; 4-hidroxi-4,5-
dimetoxibenzenoico acido; (2R,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3R)-N-etil-
3-(2-metilbutil)-piperidina; (2S,3S)-N-etil-3-(2-metilbutil)-piperidina; (2R,3S)-N-etil-
3-(2-metilbutil)-piperidina; 1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano; 6-metil-5-
hepten-2-ona; N-etil-3-(2-metilbutil)-piperidina; 6-isopropenil-2-metil-1-ciclohexenol.
Referéncia: Schildknecht ef al., 1976; Enders, 1993; Bitzer et al., 2004; Lusebrink et
al., 2007; Schierling et al., 2013.

Stenus flavipalpis Thomas
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno.
Referéncia: Schierling et al., 2013.

Stenus flavipes Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina.
Referéncia: Schierling et al., 2013.

Stenus fornicatus Stephens
Defesa: (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina; N-etil-3-
(2-metilbutil)-piperidina.
Referéncia: Lusebrink ez al., 2009.

Stenus fossulatus Erichson
Defesa: N-etil-3-isobutilpiperidina; 2,6,6-trimetilbiciclo[3.1.1]hept-2-eno
1,3,3-trimetil-2-oxabiciclo[2.2.2.] octano; N-etil-3-(2-metilbutil)-piperidina.
Referéncia: Lang et al., 2012.

Stenus fulvicornis Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano;N-etil-3-(2-metilbutil)-piperidina (2R,3R)-N-etil-3-(2-
metilbutil)-piperidina; (2S,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3S)-N-etil-3-(2-
metilbutil)-piperidina; (2R,3S)-N-etil-3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2007; Lusebrink et al., 2009; Schierling et al., 2013.

Stenus humilis Erichson
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno.
Referéncia: Schierling et al., 2013.

Stenus impressus Germar
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno; 1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano.
Referéncia: Lang ef al., 2012.

Stenus juno Paykull
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano; (2R,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3R)-N-etil-3-
(2-metilbutil)-piperidina; (2S,3S)-N-etil-3-(2-metilbutil)-piperidina; (2R,3S)-N-etil-3-
(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2007; Schierling et al., 2013.

Stenus latifrons Erichson
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano; N-etil-3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2009; Schierling et al., 2013.

Stenus melanarius Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina.
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Referéncia: Lang et al., 2012.

Stenus nitidiusculus Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 1,3,3-trimetil-2-
oxabiciclo[2.2.2.]octano.
Referéncia: Schierling et al., 2013.

Stenus picipes Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 2,6,6-
trimetilbiciclo[3.1.1]hept-2-eno; 1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano.
Referéncia: Lang et al., 2012.

Stenus pinguis Casey
Defesa: (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina
N-etil-3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2009.

Stenus providus Erichson
Defesa: (2R,3R)-N-etil-3-(2-metilbutil)-piperidina; (2S,3R)-N-etil-3-(2-metilbutil)-
piperidina; (2S,3S)-N-etil-3-(2-metilbutil)-piperidina; (2R,3S)-N-etil-3-(2-metilbutil)-
piperidina.
Referéncia: Lusebrink et al., 2007.

Stenus pubescens Stephens
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 3-(2-metil-1-
butenil)-piridina; 3-(2-metil-1-propenil)-piridina (E)-3-(2-metil-1-butenil)-piridina;
(Z)-3-(2-metil-1-butenil)-piridina 3-(1-isobutenil)-piridina; N-etil-3-(2-metilbutil)-
piperidina.
Referéncia: Lusebrink et al., 2009; Schierling et al., 2013.

Stenus similis Herbst
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 3-(2-metil-1-
butenil)-piridina;1,3,3-trimetil-2-oxabiciclo[2.2.2.]octano 3-(2-metil-1-propenil)-
piridina; (E)-3-(2-metil-1-butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina; N-etil-
3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2009; Schierling ef al., 2013.

Stenus solutus Erichson
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina 3-(2-metil-1-
butenil)-piridina; 2-sec-butil-1-oxa-5-azaspiro[2.5]oct-4-eno 3-(2-metil-1-propenil)-
piridina; (2S,3S,1S)-2-sec-butil-1-oxa-5-azaspiro[2.5]oct-4-eno; (E)-3-(2-metil-1-
butenil)-piridina; (Z)-3-(2-metil-1-butenil)-piridina; (E)-3-(2-metil-1-butenil)-piridina;
(Z)-3-(2-metil-1-butenil)-piridina; 3-(1-isobutenil)-piridina; N-etil-3-(2-metilbutil)-
piperidina.
Referéncia: Lusebrink et al., 2009; Mueller et al., 2012; Schierling et al., 2013.

Stenus stigmula Erichson
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina.
Referéncia: Lang et al.,2012.

Stenus tarsalis Ljungh
Defesa: N-etil-3-(2-metilbutil)-piperidina; N-etil-3-isobutilpiperidina; 3-(2-metil-1-
butenil)-piridina; 3-(2-metil-1-propenil)-piridina; (E)-3-(2-metil-1-butenil)-piridina;
(Z)-3-(2-metil-1-butenil)-piridina; N-etil-3-(2-metilbutil)-piperidina.
Referéncia: Lusebrink et al., 2009; Schierling et al., 2013.
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CAPITULO I: PARTE 2
Tergal Gland Secretion of the rove beetles Aleochara pseudochrysorrhoa Caron, Mise &

Klimaszewski, 2008 (Staphylinidae: Aleocharinae): chemical composition and biological

roles
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RESUMO

Aleochara pseudochrysorrhoa, assim como outras espécies de Aleocharine, possui um
complexo glandular denominado glandula tergal. Geralmente, secregdes oriundas deste
complexo glanduar sdo uma mistura de hidrocarbonetos, aldeidos e quinonas. Estes compostos
sdo conhecidos principalmente por possuir fungdo defensiva. O conhecimento sobre fungdes
secundarias deste complexo ¢ escasso. Portanto, o objetivo deste trabalho foi estudar a
composi¢ao quimica e fungdes bioldgicas da glandula tergal em Aleochara pseudochrysorrhoa.
Os individuos utilizados neste estudo foram coletados em Curitiba, Parana, Brasil. Adultos
foram alimentados com primeiro e segundo instar de Sarconesia chlorogaster (Wiedemann)
Diptera. O primeiro instar larval de 4. pseudochrysorroa foi criado em potes plasticos cobertos
com terra vegetal e pupas de S. chloragaster para o parasitismo. As glandulas tergais de machos
e fémeas de 4. pseudochrysorroa foram extraidas de espécimes virgens com mais de 21 dias de
idade, sacrificadas em freezer (30 min a -17 °C). Secrecdes da glandula tergal foram analisadas
pela técnica de CG/EM (cromatografia gasosa associada a espectrometria de massas) impacto
de elétrons. Com base nas andlises de CG/EM foram identificados onze compostos nas
secre¢cOes da glandula tergal de macho e fémea de A. pseudochrysorroa: decano; 2-
metilciclohexa-2,5-dieno-1,4-diona; undec-4-eno; undecano; 2-metoxi-3-metilciclohexa-2,5-
dieno-1,4-diona; dodecano; (Z)-tridec-4-eno; (Z)-tridec-6-eno; tridecano; dodecanal e (Z)-
tetradec-9-enal. Foi observado em laboratdrio que as secre¢des presentes na glandula tergal de
fémeas de A. pseudochrysorroa dependendo da concentragdo agem como gatilho iniciando o
comportamento de copula em machos. A dose mais eficiente em iniciar a resposta de copula em
machos foi 15ul (de um extrato com uma glandula tergal em 100ul), correspondendo a 84% de
respostas positivas (N=55). Além disso, secrecdes da glandula tergal de machos agem como
gatilhos iniciando o comportamento de copula em outros machos. Os compostos quimicos
presentes nas secre¢des da glandula tergal de A. pseudochrysorroa possuem, além de fungdes
defensivas, possui um papel importante na comunica¢do quimica dessa espécie,
desempenhando um importante papel no sistema copulatdrio e nas competi¢des intraespecificas
entre machos.

Palavras chave: Compostos quimicos, comportamento de copula, quinonas, hidrocarbonetos.
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Abstract

Aleochara pseudochrysorrhoa as other Aleocharinae species have a glandular complex
known as tergal gland. Generally, the secretion of this gland is a mixture of hydrocarbons,
aldehyde and quinones and have been demonstrated to possess defensive function. Little is
known about secondary function of this complex in Aleocharinae species. Therefore, the aim
of this work was to study the chemical composition and the function of Aleochara
pseudochrysorroa tergal gland secretion. Aleochara pseudochrysorrhoa species were collected
in animal carcass in Curitiba, Parana state, Brazil. Adults were fed with first and second larval
instar of Sarconesia chlorogaster (Wiedemann) Diptera. The first larval instar of A.
pseudochrysorroa were reared in plastic boxes and Sarchonesia chloragaster puparia was
offered as hosts in order to obtain the adults. Male and female tergal gland secretion were extract
from virgins beetles freshly killed by freezing (30 min at -17 °C).Tergal gland secretion analysis
were carried out by GC/MS (electron impact ionization). All bioassys were performed with
virgin male and female more than 21 days old, which were separate after emergency. Using the
GC/MS analysis it was identified eleven compounds in tergal gland secretion: decane, 2-
methylcyclohexa-2,5-diene-1,4-dione, undec-4-ene, undecane, 2-methoxy-3-methylcyclohexa-
2,5-diene-1,4-dione, dodecane, (Z) tridec-4-ene, (Z) tridec-6-ene, tridecane, dodecanal, (2)
tetradec-9-enal. Female tergal gland secretion is affective in initiate male copulatory response
depending on concentration, the most effective dose in release male copulatory behavior was
15ul (from a extract with one female gland in 100 pl), corresponding to 84% of positive
responses (N=55). Also male tergal gland secretion was able to release the same reaction. The
chemical compounds presents in tergal gland secretion of Aleochara pseudochrysorrhoa
possess defensive function and and important play on chemical communication. This complex
is able to initiate a male copulatory behavior and play in important function in male intraspecific
competition.

Keywords: Tergal gland, defensive compounds, quinones, hydrocarbons, mating behavior.
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1. Introduction

Adults and larvae of Aleochara spp. are usually found in fly-infested habitats such as
animal droppings, carrion and decaying organic matter as forest litter, mushrooms, fermented
fruit and decaying seaweed. Aleochara spp. are known as parasitoids of cyclorrhaphous
dipteran pupae (Klimaszewski & Jansen 1993; Maus et al., 1998; Caron et al., 2008, Silva &
Zarbin, 2016) and could be considered an important natural fly regulator because adults prey
on eggs, larvae and pupae of dipterous species. It makes this group important for ecological and
forensic studies (Peschke & Fuldner 1977; Klimaszewski 1984; Klimaszewski & Jansen 1993;
Souza & Linhares 1997; Maus et al., 1998; Tabor et al., 2005; Mise et al., 2007).

Most of Aleocharinae species possess a glandular complex known as tergal gland, which
is a bilobate reservoir with a bright yellow color and a characteristic pungent odor. This complex
is formed by an invagination of the intersegmental membrane between the sixth and seventh
abdominal tergites (Fig. 1) (Peschke & Metzler 1982; Steidle & Dettner, 1993; Navarrete-
Herdia et al., 2002). The secretion from the tergal gland is a mixture of hydrocarbons, aldehydes
and quinones. It has been reported that when Aleocharinae beetles are disturbed, they bend their
abdomen towards the aggressor and discharge the secretion from the tergal gland as defense
(Jordan, 1913; Pasteels, 1968; Blum et al., 1971; Brand et al., 1973; Gnanasuderam et al., 1981,
Peschke & Metzler, 1982; Steidle & Dettner, 1993). However, Peschke (1983) demonstrated
that the secretion from the tergal gland of female Aleochara curtula acts as an aphrodisiac
stimulating grasping reaction in males, which is the second step of mating sequence behavior
of this species.

Aleochara pseudochrysorrhoa is an abundant species around Curitiba area (Parana
State, Brazil). This species can be easily collected in animal carcasses and it is an important fly
regulator in this area (Caron ef al., 2008; Da Silva & Zarbin, 2016). Even though mating
behavior have been observed in many Staphylinidae spp., little is known about the function of
volatile compounds mediating reproduction of this group (Peschke, 1978). Aleochara curtula
Goeze is the only species of the subfamily Aleocharinae that has the volatiles that mediate the
mating behavior system studied (Peschke et al., 1999). In this way, the aim of this work was to
investigate the chemical composition and the function of the tergal gland secretion (TGS) of

Aleochara pseudochrysorrhoa.
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2. Experimental

2.1 Laboratory cultures

Aleochara pseudochrysorrhoa adults were collected in animal carcasses in the Centro
Politécnico campus of the Federal University of Parand (UFPR), located in Curitiba-PR, Brazil
(S25.45, W49.23). Rearing was established in laboratory by placing adults in plastic boxes (20
x 20 cm) containing smaller plastic boxes with moistened soil for oviposition. Adults were fed
with first and second larval instar of Sarcomesia chlorogaster (Wiedemann) (Diptera:
Calliphoridae). The first instar larvae of 4. pseudochrysorroa were reared in plastic boxes (10
x 10 cm) filled with moistened soil and Sarchonesia chloragaster pupae was offered as hosts.
Immediately after the emergence of adults, beetles were separated by sex and kept in groups of
ten individuals in plastic boxes (20 x 20 cm) with moistened filter paper. Beetles were kept in
a controlled environmental chamber at 25 °C, with photoperiod of 12 hours at the Zoology
Department of UFPR. We followed the rearing methodology of Peschke (1978) and Silva &
Zarbin (2016).

2.2 Tergal gland secretion extraction

Male and female tergal gland secretions (TGS) were extracted from freeze killed virgin
beetles of at least 21 days old (30 min at -17 °C), methodology follow Peschke, (1983). The
extractions were performed under a Zeiss Discovery V8 stereoscopic microscope. Lateral
incisions were done on both sides of beetles abdomen, the tergal gland located in the sixth and
seventh abdominal tergites was removed (Figure 1) and immediately immersed in 100 pl of

hexane during 45 minutes. The extracts were stored at -17 °C until analyses.
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Figure 1. A, schematic drawn of the A/eochara specimen showing the tergal gland reservoir
in dorsal view Peschke (1982. B, tergal gland reservoir of Aleochara pseudochrysorrhoa in
dorsal view in glycerin.

2.3 Chemical analyses

The chemical identifical in this study was performed in collaboration with the Prof. Dr.
Diogo Montes Vidal (UFMG) and the graduation student Leonardo Figueiredo (UFPR).
Structure elucidations of compounds were performed by a Shimadzu GC2010 gas
chromatograph coupled to a Shimadzu QP2010 Plus spectrometer with electron impact
ionization. The injector was operated in the splitless mode, at 250 °C. A DB-5 capillary column
(Agilent Technologies; 30 m x 0.25 m x 0.25 pum) was used, with the column temperature
maintained at 50 °C for 1 min, before increasing to 270 °C at a rate of 7 °C min™!, which was

maintained for 5 min.

Quantitative determination for all extract components was done using nonadecane as
internal standard. Retention indexes (RT) were calculated on a DB-5 column using commercial

standards of alkanes (C10 to C26 10ng/ul) as reference. Equipment parameres as described
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above. GC coupled with Fourier transform infrared spectroscopy (GC/FTIR) analyses were
performed in a Shimadzu GC-2010 equipped with a RTX-5 column (30 m x 0.25 mm d.i; 0,25
um, Restek Chromatography Products, USA) (same conditions as described above), coupled to
a DiscovIR-GC spectrometer (DANI Instruments, Marlborough, Massachusetts, USA), with

scan rage of 4000-750 cm™! and resolution of 8 cm’!.

2.3.1 Micro-derivatization

2.3.1.1 Methylthiolation

A stock solution of iodine was prepared in carbon disulfide (2 mL; 5% w/w). In an
ampoule, it was added 10 pL of dimethyl disulfide (Sigma-Aldrich, USA), 10 pL of the
previously prepared iodine solution, and 10 pL of the crude natural extract. The ampoule was
sealed and the mixture was stirred at room temperature during 12 hours. The resulting solution
was washed with a 10% solution of Na>S>03 and filtered over anhydrous sodium sulfate prior

to GC-MS analysis (Vidal et al., 2016).

2.4 Structural confirmation

The confirmation of compounds structures was performed through co-injection with
synthetic standards. Decane (1), 2-methylcyclohexa-2,5-diene-1,4-dione (2), undecane (4),
dodecane (6), tridecane (9) and dodecanal (10) were purchased from Sigma-Aldrich Chemical
Company (Milwaukee, Wisconsin, USA). The structure of 2-methoxy-3-methylcyclohexa-2,5-
diene-1,4-dione (5) was proposed by comparison of the mass spectra and retention index
previously described in Peschke & Metzler (1982) and Kirkemo & White, 1985. The
unsaturated hydrocarbons (Z)-undec-4-ene (3), (£)-tridec-4-ene (7) and (Z)-tridec-6-ene (8)
were synthesized by Wittig reactions, starting from different aldehydes and bromides as
described below (Silverstein et al., 2014). The unsaturated aldehyde (Z) tetradec-9-enal (11)
was synthesized following the methodology described by Xu et al. (2012).

2.5 Synthesis
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General method for the Wittig reactions: Alkenes 3, 7 and 8 were synthesized starting
by adding the corresponding bromide (2.1 mmol) and triphenylphosphine (551 mg, 2.1 mmol)
to an ampoule that was sealed and stirred for 24 hours at 100 °C. The resulting phosphonium
salt was added without further purification to a reaction flask and dissolved in tetrahydrofuran
(THF) (25 mL). The resulting solution was then stirred during 20 minutes and cooled to -78 °C,
followed by the addition of n-buthyllithium solution (2.2 mmol in hexane). The resulting
solution was slowly warmed to room temperature and stirred during 30 minutes. The reaction
was cooled to -78 °C again and a solution of the corresponding aldehyde (2.0 mmol in 5 mL of
THF) was added drop-by-drop. The temperature was slowly warmed to room temperature and
stirred overnight. The reaction was quenched with saturated NH4Cl solution. The layers were
separated and the aqueous layer was extracted with pentane. The organic layer was washed with
brine, dried over Na>xSO4 and concentrated in vacuum. The crude product was purified by flash
chromatography (pentane) yielding a mixture of the corresponding (Z)- and (E)-alkenes.

(Z)-undec-4-ene (3) Prepared according to procedure described above, starting from 1-
bromobutane (287 mg, 2.1 mmol) and heptanal (228 mg, 2.0 mmol). Yield: 76%. '"H NMR (300
MHz, CDCl3) ™: 0.89 (m, 3H), 1.20-1.52 (m, 20H), 1.59-1.73 (m, 2H), 1.96-2.07 (m, 4H),
2.33 (t, 2H, J = 7.1 Hz), 5.23-5.44 (m, 2H). ¥C NMR (75 MHz, CDCl3) ™: 14.1, 17.1, 22.7,
25.4,27.2,27.2,28.7, 28.8, 29.0, 29.2, 29.3, 29.4, 29.7, 29.8, 31.8, 119.9, 129.8, 130.0. MS
(EL, 70eV): m/z (%): 263 (M", 14), 248 (3), 234 (18), 220 (26), 206 (19), 192 (18), 178 (13),
164 (22), 150 (32), 136 (70), 122 (87), 110 (22), 108 (16), 97 (41), 96 (26), 94 (14), 83 (52), 70
(36), 69 (74), 67 (30), 55 (100), 43 (34), 41 (64). IR (ZnSe, vmax): 720, 1034, 1457, 2247, 2856,
2924,2953, 3007 cm’.

(Z)-tridec-4-ene (7) Prepared according to procedure described above, starting from 1-
bromobutane (287 mg, 2.1 mmol) and nonanal (285 mg, 2.0 mmol). Yield: 77%. '"H NMR (300
MHz, CDCl3) ™: 0.89 (m, 3H), 1.20-1.52 (m, 20H), 1.59-1.73 (m, 2H), 1.96-2.07 (m, 4H),
2.33 (t, 2H, J = 7.1 Hz), 5.23-5.44 (m, 2H). 3C NMR (75 MHz, CDCl3) ™: 14.1, 17.1, 22.7,
25.4,27.2,27.2,28.7, 28.8, 29.0, 29.2, 29.3, 29.4, 29.7, 29.8, 31.8, 119.9, 129.8, 130.0. MS
(EL 70eV): m/z (%): 263 (M, 14), 248 (3), 234 (18), 220 (26), 206 (19), 192 (18), 178 (18),
164 (22), 150 (32), 136 (70), 122 (87), 110 (22), 108 (16), 97 (41), 96 (26), 94 (14), 83 (52), 70
(36), 69 (74), 67 (30), 55 (100), 43 (34), 41 (64). IR (ZnSe, vmax): 720, 1034, 1457,2247, 2856,
2924,2953,3007 cm™.

(Z)-tridec-6-ene (8) Prepared according to procedure described above, starting from1-

bromobutane (346 mg, 2.1 mmol) and heptanal (228 mg, 2.0 mmol). Yield: 74%. 'H NMR
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(300 MHz, CDClz) ™: 0.89 (m, 3H), 1.20-1.52 (m, 20H), 1.59-1.73 (m, 2H), 1.96-2.07 (m,
4H), 2.33 (t, 2H, J = 7.1 Hz), 5.23-5.44 (m, 2H). 13C NMR (75 MHz, CDCl3) ™: 14.1, 17.1,
22.7,25.4,27.2,27.2,28.7, 28.8, 29.0, 29.2, 29.3, 29.4, 29.7, 29.8, 31.8, 119.9, 129.8, 130.0.
MS (EI, 70eV): m/z (%): 263 (M", 14), 248 (3), 234 (18), 220 (26), 206 (19), 192 (18), 178
(18), 164 (22), 150 (32), 136 (70), 122 (87), 110 (22), 108 (16), 97 (41), 96 (26), 94 (14), 83
(52), 70 (36), 69 (74), 67 (30), 55 (100), 43 (34), 41 (64). IR (ZnSe, vmax): 720, 1034, 1457,
2247, 2856, 2924, 2953, 3007 cm™.

(Z)-tetradec-9-enal (11) A stock solution of (Z)-tetradec-9-en-1-ol in hexane (1 mL,
1000 ppm) was prepared. Pyridinium Chlorochromate (10 mg), Celite™ (10 mg), and sodium
acetate (1 mg) were added to a 1.5 mL glass vial. The mixture was suspended in
dichloromethane (300 pL). A small portion (50 pL) of the resulting solution was transferred to
a I mL ampoule. The previously prepared alcohol solution (10 pL) was added to the ampoule,
which was sealed and stirred at room temperature during 4 hours. The resulting mixture was
filtered over a silica gel/celite (1/1) column, which was then washed with dichloromethane. The
resulting solution was concentrated to 100 pL under a gentle argon flow and analyzed by
GC/MS and GC/FTIR. MS (EI, 70eV): m/z (%): 210 (M", 1), 192 (5), 163 (1), 149 (3), 135
(8), 121 (15), 111 (13), 110 (13), 98 (26), 95 (22), 81(42), 69 (43), 67(49), 55(100), 54(25),
43(28), 41(69). IR (ZnSe, vmax): 1389, 1411, 1474, 1717, 2737, 2853, 2924, 2959, 3007 cm’".

2.6 Mating behavior sequence description

The description of male A. pseudochrysorroa mating behavior sequence were based on
observations performed under laboratory conditions at 25 °C. Virgin males and females of at
least 21 days old were placed in plastic boxes 7.5 cm x 3 cm covered with moist filter paper

and with a maggot of Sarconesia chlorogaster as food source.

2.7 Bioassays

Assays were performed with virgin insects of at least 21 days old, which were separated
by sex immediately after adult emergency (Pesckhe, 1983).

The influence of chemical odorants present in female/male TGS on male mating
behavior was initially assayed by placing freshly killed females/males glued by the pronotum

in a bamboo stick with 13 live males, once at time, in plastic boxes (10 x 10 cm) as arena for 1
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minute. Then, the same procedure was repeated with another four female cadavers, totalizing
five female cadavers. Grasping behavior (when the male exposes its genital and try to copulate
with female as demonstrated in Figure 7) was used as the criterion for the beginning of male
copulation response sequence.

In the next experiment, female cadavers were rinsed sequantially in two aliquots of
hexane for 45 minutes (the volume of solvent used was the necessary to cover the whole body
of the insect) for complete removal of TGS compounds, then the female cadavers were
presented to males. Rinsed female cadavers which did not stimulate male grasping were used
in the next treatments. Rinsed female cadaver was reconstituted with differents volumes of the
female TGS extracts (1 uL, 5 pL, 10 uL, 15 pL, 20 puL, 25 pl and 30 pL). In each volume used,
five female cadavers were reconstituted and introduced to 13 live males sequentially in the
arena, one male each time, and waiting 1mim after one male to another. Each volume was
prepared from an extract of one female tergal gland in 100 puL of hexane.

The influence of male TGS on male behavior was assayed as described above. Five
rinsed male cadavers were reconstituted with four different volumes of male TGS extracts (5
uL, 10 puL, 15 pL and 20 pL) and sequentially introduced to nine live males.

Bioassays were also performed with synthetic compounds for all identified compounds
(except 2-methoxy-3-methyl-1,4-benzoquinone) using the same methodology as described
above. The concentration of synthetic compounds used was based in the concentration of each
compound in 15 pL of the volume solutions (one female tergal gland in 100 pL), because this

volume had the best score in initiate male copulatory responses.

2.8 Statistical analysis

Statistical analyses were performed with the software BioEstat 5.3. The Chi-square was
used to test significant differences between all bioassays. Differences in mean quantities
between males and females of the identified compounds in ten extracts were tested by Shapiro-
Wilk normality test, followed by T-test or Mann-Whitney (Wilcoxon rank-sum test). An

experiment-wise error response of 0.05 was considered for all statistical analyses.

3. RESULTS

3.1 Chemical analysis of tergal gland secretion
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Eleven compounds which always appears in the GC/MS analysis of the TGS of A.
pseudochrysorrhoa males and females (Fig. 2) were identified, based on their GC/MS and GC-
FTIR spectra, retention indexes and derivatization products (GC/MS and GC-FTIR spectra
figures are in appendix). Four compounds were identified as straight chain alkanes: decane (1),

undecane (4), dodecane (6) and tridecane (9).
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Figure 2. Gas chromatogram of the tergal gland secretion showing the eleven identified
compounds. Equipement conditions: DB-5, 50 °C - 270°C at 7 °C min™..

Compounds 3, 7 and 8 showed spectral data related to straight chain alkenes, containing
one C-C double bond (Fig. 3). MS spectrum for compound 3 (RI: 1096) showed a molecular
ion at m/z 154Da, suggesting an undecene carbon chain. Similarly, compounds 7 (RI: 1291)
and 8 (RI: 1296) might be related to tridecene chains. FTIR spectra obtained from these
compounds showed characteristic bands of a hydrocarbon: aliphatic methylene and methyl axial
deformations (v) at 2850-2957 cm™! and angular deformation of aliphatic methin protons (v) at
1452-1459 cm™!. At 2997-3006 cm™ a characteristic band of the C-H axial deformation of Z
alkenes was clearly detectable on spectra from all three compounds (Vidal et al., 2016).

The double bond position of compounds 3, 7 and 8 was determined by derivatization of
the natural extract with dimethyldisulfide. GC/MS analysis of the resulting adducts showed
relatively strong fragments that allowed the location of the C-C double bond on the parental
alkenes. Adduct from 3, showed the fragments at m/z 103 and 145Da, which allowed the
determination of the C-C double bond on the parental alkene at C4-C5, resulting in the
assignment of (Z)-undec-4-ene as the natural compound (Fig. 3). Following the same principle,
(Z)-tridec-4-ene and (Z)-tridec-6-ene were suggested as the structures for compounds 7 and 8

respectively.
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Figure 3. Comparative fragment patter of the compound 3, 7 and 8 of the extract with its

following DMDS derivatives.

Compounds 3, 7 and 8 were synthesized in 76, 77, and 74% yield respectively, based on

Wittig reactions, starting from the phosphonium salts from 1-bromobutane or 1-bromohexane
and the aldehydes heptanal or nonanal, as illustrated on Scheme 1 of the figure 4. As expected,
the Wittig reactions resulted in a mixture of £ and Z isomers in a ratio close to 3:1, which were

separated on silica gel containing AgNOs3 (5%) (Fig. 4).

1) PPhs, THF
7% BT ) nBuliTHE, b c d
74-17% 3 -a=1,b= heptanal, c=1,d=1
7 -a=1,b=nonanal,c=1, d=3
8 - a= 3,b= heptanal, c= 3, d= 1

Figure 4. Scheme showing the synthesis of alkenes 3, 7 and 8.

Compounds 2 and 5 showed MS and FTIR spectra related to quinones (Figure 9 and 12
of the appendice). Compound 2 (RI: 1014), the major component found in TGS extracts,
showed a highly intense molecular ion at m/z 122Da, a base peak at m/z 94Da besides relatively
intense fragments at m/z 40, 54, 66 and 84Da. FTIR spectrum for this compound showed an
intense band at 1654 cm™!, characteristic for C=0 stretch. Three characteristic bands of the C-
H axial deformation of trisubstituted alkenes (Xu et al., 2012) or a,B-unsaturated keto
(Silverstein et al., 2014) were observed at 3039, 3058 and 3075 cm™. The spectral data
suggested the identity of compound 2 as the quinone 2-methylcyclohexa-2,5-diene-1,4-dione.
MS spectrum from compound 5 (RI: 1181) showed a molecular ion/base peak at m/z 152Da and

relatively intense fragments at m/z 53, 66, 109 and 122Da, suggesting also a quinone structure.
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FTIR spectrum showed two intense C=O stretching bands at 1653 and 1671 cm™, besides two
bands related to the C-H axial deformation of alkenes at 3013 and 3066 cm™ and a C-O
stretching band from an aromatic ether. The spectral data suggested compound 5 as 2-metoxy-
3-methyl-1,4-benzoquinone (Peschke & Metzler, 1982; Kirkemo & White, 1985), a compound
usually found in TGS of Aleocharinae species.

The remaining compounds showed spectra characteristic to straight chain aldehydes.
Compound 10 (RI: 1410) was readily identified as dodecanal, while compound 11 (RI: 1594)
showed spectral data related to an unsaturated chain. MS spectrum suggested a tetradecenal
structure, with M+-18 at m/z 192Da (loss of water), while FTIR spectrum suggested the double
bond as Z, due to the presence of the band of C-H axial deformation at 2999 cm™'. The double
bond position was determined to be between C9 and C10, similarly as the procedure described
earlier on this manuscript in the case of the alkenes. Based on this information, the compound
11 was identified as (Z)-tetradec-9-enal. Quantification of natural compounds of TGS extracts
of males and females demonstrated differences in concentrations between sexes. Female
extracts present higher concentration of all compounds in comparison to male extracts. Any

other statistical difference is found in Table 1.

Male Female

Compounds Medium (ng)/ SDM Meédia (ng)/ SDM Mafm- Test T

‘Whitney
1) Decane 31,62 £4,504 65.87 +£19.87 ns
2) 2-methylcyclohexa-2,5-diene-1,4-dione 4151,05 +£399.6 4834,54 £367.9 ns
3) (£) Undec-4-ene 182,19 +35.71 305,96 +62.24 ns
4) Undecane 2538,54 +404,7 2906,04+437.4 ns
5) 2-methoxy-3-methylcyclohexa-2,5-diene-1.,4-dione 584,19 +£84.9 1070,27+ 205 s
6) Dodecane 37.86+9.931 48.91+11,65 ns
7)(Z) tridec-4-ene 80,28+ 15,8 85.66£17,56 ns
8)(Z) tridec-6-ene 325.66+ 51.15 56227+117.3 ns
9) Tridecane 19,75+ 4,013 32,129,272 ns
10) Dodecanal 353,49+55,33 560,59+£122.9 ns
11)(Z) Tetradec-9-anal 98.06+42,04 132,84+46,63 ns

Total

8416,55+971.3

11984,23+1192

ns

Table 1. Quantification and statistic results of concentration from each identified compounds in
TGS from males and females in nanogram per insect, based in 10 extracts. SDM, standard
deviation from median; ns, not significant.

3.2 Male grasping response in different concentration of TGS
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Fresh freeze killed females with the TGS content intact had the higher copulation
response of males (89% of positive response) (N=58). The amount of 1 pL of the female TGS
stimulated copulation response in 20% of males assayed (N=13). Copulation response was
observed in 32% of males that were presented to rinsed female cadavers reconstituted with 5
pL of the TGS extract (N=13). Copulation attempt of 33% was observed when males were
assayed with the amount of 10 pL of female TGS extract (N=22). Increasing the amount to 15
pL of female TGS extract, the number of males that presented copulation behavior response
increased to 84% (N=55). When males were assayed to the amount of 20 pL of female TGS
extract, a decreasing in males copulation activity was observed (49% of positive response)
(N=32). When males were presented to rinsed female cadavers treated with 25 puL of female
TGS extract, 58% of males attempted copulation (N=38). A significant decrease in male
copulation attempts was observed when 30 pL of the TGS extract were used to reconstitute
rinsed female cadavers (30% of positive response) (N=20) (Fig. 5). The global Chi-square test
with all the amounts used showed a statistical difference between the stimulus %2 = 120.979
d.f=7 p=<0.0001. Pairwise test showed a statistical difference between the stimulus fresh
freeze killed female and the volumes of 1 pL (y2 = 62.843 d.f=1 p=<0.0001), 5 puL (y2 =
42.538 d.f=1 p=<0.0001), 10 pL (2 =39.526 d.f.=1 p=<0.0001), 20 pL (32 =22.226 d.f.=
1 p=<0.0001), 25 pL (32 = 14.114 d.f=1 p=0.0002), 30 pL (2 =43.609 d.f=1 p=<0.0001).
Statistical differences were not observed when fresh freeze killed females and the volume of 15
uL of female TGS extract were compared (x2 = 0.258 d.f.=1 p=0.061). Additional statistical

differences between different volumes of female TGS are shown in Figure 5.
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Male grasping response to female tergal gland secretion volumes
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Figure 5. Graphics showing the differences between the stimuli of fresh freeze killed female
and the volumes of female tergal gland secretion used to stimulate male copulation. Different
letters indicate statistical differences at p < 0.05 in the Chi-square test.

The male TGS also stimulated male copulation behavior response in this species, the
number of positive responses was smaller in comparison to female TGS (Fig. 6). The volume
of 5 pL of male TGS extract elicited only 13% of copulation attempts (N=6). Copulation
response was observed in 28% of males that were assayed to the volume of 10 pL of male TGS
extract (N=10). The highest percentage of copulation response was obtained when males were
assayed to the volume of 15 pL of male TGS (46% of positive responses) (N=21). Copulation
response of 15% was observed when males were assayed to the volume of 20 puL of male TGS
(N=7). The global Chi-square test with all the bioassays showed that there is a statistical
difference between the volumes used 2 = 17.086 d.f.=3 p=<0.0007. Pairwise test showed a
statistical difference between the volume of 15 plL and 5 pL (2 = 11.905 d.f=1 p=<0.0007),
15 pL and 10 pL (2 = 5.954 d.f=1 p=<0.01) and 15 pL and 20 pL (2 = 10.161 d.f=1
p=<0.001). Other statistical differences between different between of male TGS extract are
shown in Figure 6. Synthetic compounds identified in female TGS did not stimulate any male

copulation behavior response in bioassays.
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Figure 6. Graphic showing the differences of male copulation behavior response to different
volumes of the male tergal gland secretion extract. Different letters indicate statistical
differences at p < 0.05 in the Chi-square test.

3.3 Mating behavior sequence

Aleochara pseudochrysorrhoa has a mating behavior sequence exhibited by males
without elaborated courtship. After a male recognize a female, the male walks toward the female
displaying fast antennal movements. When the male gets close to the female, he exposes the
parameres at the end of abdomen folded over his head, behavior known as grasping. Then, the
male moves to the posterior part of the female body and fixes the parameres in the final portion
of the female abdomen. The male remains in this position, with his head under the last segments
of female abdominal segments and his abdomen folded over his head and fixes to final portion

on female abdomen (Fig. 7).
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4. Discussion

The large family of rove beetles, Staphylinidae, comprises about 58,000 species
(Bouchar et al., 2011; Solodovnikov et al., 2013). Abdominal defensive glands have
independently arisen in many groups (Araujo, 1978).

The possible reason for this evolution pattern is the fact that rove beetles have a usually
soft unsclerotized abdomen, which is completely unprotected from predators attack (Francke &
Dettner, 2005). This variation occur not only in the position of the glandular system (e.g. in
Aleocharinae, the tergal gland is located between sixth and seventh abdominal segments, while
in Staphylininae, the pygidial gland is located in the apex of the abdomen), but also on the type
of defensive secretion that is produced and released (Bellas ef al., 1971; Pesckhe, 1982). For
example, species from the subfamilies Omaliinae and Proteininae releases a defensive secretion
that comprises a mixture of carboxylic acids (e.g. 2-methylpropanoic acid), while Oxytelinae
and Aleocharinae species releases compounds with structures related to p-toluquinone. In
Steninae, the secretion contains isopiperitenole and a unique spreading alkaloid called stenusine
(N-ethyl-3-(2-methylbutyl)piperidine). In Staphylininae, the chemistry varies considerably
between species, including terpenoids, acetates, alcohols and ketones (Francke & Dettner,
2005).

Both sexes of 4. pseudochrysorrhoa presents a tergal gland, like other Aleocharinae
species, however no sex specifics compounds were identified. When beetles are disturbed, they
bend their abdomen over their head and release the secretion from tergal gland, exactly how
other Aleocharinae species do (Steidle & Dettner, 1993).

Chemical analysis of the tergal gland secretion of A. pseudochrysorrhoa is very similar
to the chemical composition of the TGS of other Aleocharinae species, which comprises
saturated and unsaturated linear hydrocarbons, aldehydes and quinones. It has been reported
that this secretion has a defensive function (Blum et al., 1971; Brand et al., 1973;
Gnanasuderam et al., 1981; Peschke & Metzler, 1982; Steidle & Dettner, 1993), however it has
been also reported to act as a regulator of intrasexual behavior in some species, which is used
to repel subordinate males from the mating site (Pesckhe et al., 1996).

The major compound found in the TGS of A.pseudochrysorrhoa is 2-methylcyclohexa-
2,5-diene-1,4-dione (compound 2), which has been previously reported as the most abundant
compound in the TGS of other 19 out of 26 Aleocharinae species that had the TGS chemical
composition investigated (Cap.I Par.1). This compound seems to be very primitive since it

occurs in many other Arthropods groups, like as a component produced by scent glands of
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opiliones (Caetano & Machado, 2013; El Sayed, 2016). In Staphylinidae, 2-methylcyclohexa-
2,5-diene-1,4-dione is also found in species of the subfamily Oxytelinae, but not as the major
compound of gland secretions (Dettner, 1982 and 1985; Steidle, 1995). Due to its strong
repellent effect, it has been proposed a defensive function to this compound (Blum ez al., 1971;
Brand et al., 1973; Gnanasuderam ef al.,1981; Peschke & Metzler, 1982; Peschke, 1983; Steidle
& Dettner, 1993) but there are reports of it acting as a potent bactericide and fungicide (Dettner,
1987).

The second most abundant compound found in Aleochara pseudochrysorrhoa TGS is
undecane (compound 4). This compound was described in 12 out of 26 Aleocharinae species
that had the TGS composition analyzed (Cap.I Par.1). This class of compounds is usually found
blended with quinones in defensive secretions, mainly acting as a solvent to enhance
impregnation of defensive compounds (Eisner & Meinwald, 1966; Schildknecht, 1968;
Weatherston & Percy, 1970; Pesckke & Metzler, 1982).

The aldehydes found in A.pseudochrysorrhoa TGS are very similar to those found in
the TGS content of A. curtula, Atheta crassicornis Fabricius, Drusilla canaliculata Fabricius,
Oxypoda alternans Gravenhorst, Pella funestus Gravenhorst, Pella humeralis Gravenhorst,
Zyras lugens Gravenhorst, and Zyras funestus Gravenhorst (Brand, 1973; Peschke & Metzler,
1982; Steidle, 1993; Stoeftler, 2007). This class of compounds is related to self-defense and
protection against bacteria and fungi, but it is also related to stimulation of male mating
behavior sequence (Peschke, 1983; Dettner, 1987).

The chemical content of Aleocharinae species TGS have been reported to have a
defensive function (Jordan, 1913). During his experiments, Jordan (1913) observed that ants
instantly died after being confined in a tube containing TGS of Lomechusa strumosa
Gravenhorst. The minor compounds found in Aleochrianae species TGS have been interpreted
as a subsidiary result of biochemical pathways (Dettner, 1980, Pesckhe, 1983), but Kremmer
(1923) was the first to propose a secondary function of TGS content. Kremmer (1923) observed
also that Aleocharinae individuals emitted a pungent odor when confined and male mating
behavior sequence was also observed. In 1983, Peschke was the first to demonstrate
conclusively a secondary function for the TGS of Aleochara curtula. TGS of female A. curtula
also acts as an aphrodisiac, stimulating male copulation activity.

The chemical compounds present in A. pseudochrysorrhoa TGS play an important role
in chemical communication of this species. The compounds present in the female TGS of 4

.pseudochrysorrhoa stimulates male copulation response higher than in other species (38% of
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male copulation response in A. curtula, while 84% of male copulation response in A.
pseudochrysorrhoa). In these two species, the stimulation of male grasping response reaction
by female TGS is dependent on concentration. However, no male copulation response was
observed in bioassays using synthetic female compounds of A. pseudochrysorrhoa TGS, while
the synthetic compound dodecanal identified from A. curtula female TGS stimulates 38% of
copulation response in 4. curtula males (Peschke, 1983).

The occurrence of homosexual behavior in A.pseudochrysorrhoa is observed when
males are kept in groups. Our experiments demonstrated that male TGS stimulates male
grasping reaction response. It might be related to intraspecific competition for food source, once
Peschke (1986) have demonstrated that old mature males of 4. curtula do not express
homosexual behavior when fed, but young males can accept homosexual copula in order to

have access to food sources.

5. Conclusion

Aleochara pseudochrysorrhoa tergal gland secretion is a very complex system to be
fully understood, once that the content of this glandular apparatus plays many important
functions in this species. As primordial function, TGS content can be used as defense against
other inhabitants of animal carcasses or in intraspecific competition. We observed that the tergal
gland secretion of A .pseudochrysorrhoa has a secondary function in its mate identification and

copulation system, which is stimulating male mating sequence behavior.
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CAPITULO I: PARTE 3

First description of larval stages of Aleochara pseudochrysorrhoa Caron, Mise &

Klimaszewski, 2008 *

*Este capitulo foi publicado na revista Zootaxa http://doi.org/10.11646/zootaxa.4173.5.2
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Resumo

Aleochara pseudochryssoroa ¢ uma abundante espécie encontrada no Centro Politécino na
Universidade Federal do Parana-Curitiba-Parana-Brasil (UFPR). Esta espécie pode ser
facilmente coletada em carcagas de animais, podendo ser considerada um importante predador
de moscas na area. Os adultos desta espécie predam larvas na sua fase adulta, enquanto que na
sua fase larval sdo parasitoides de pupas de moscas ciclorrafas. As fases imaturas de Aleochara
pseudochryssoroa descritas aqui sdo oriundas de criagdo partindo de adultos coletados em
carcagas de animais no Centro Politécino (UFPR) em Curitiba, Parand, Brasil. Os imaturos
obtidos foram clareados e estudados em gliceriana e todas as fases foram descritas. Neste
estudo, foi descrito e ilustrado pela primeira vez todos os instares larvais de Aleochara

pseudochryssoroa.

Palavras chave: Staphylinidae, imaturos, primeiro instar, segundo instar, terceiro instar, pupa.
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Abstract

Aleochara pseudochryssoroa is an abundant species near Centro Politécnico UFPR
(Federal University of Parand), Curitiba, Parana, Brazil. This species can be easily collected in
animal carcasses being an important fly regulator in this area. The adults of Aleochara prey on
fly larvae, while the immature stages of Aleochara are parasitoids of fly pupae. The larvae
studied here, were reared from adults of A.pseudochrysorrhoa collected in Curitiba, Parana
state, Brazil in animal carcasses.The immature specimens obtained were cleared and studied in
glycerin in order to describe all immature stages. In this work, we describe and illustrate all

larval instars of Aleochara pseudochryssoroa.

Keywords: Staphylinidae, immature, first instar, second instar, third instar, pupa.
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1. Introduction

Aleochara is a worldwide genus that comprises about 437 species of which around 86
species occur in the Neotropical region (Newton & Thayer 2005, Angélico Asenjo Data Base
pers. comm.). Aleochara species are known to be parasitoids of cyclorrhaphous dipteran pupae,
with larvae and adults found in fly-infested habitats such as animal droppings, carrion and
decaying organic matter such as forest litter, mushrooms, fermented fruit and decaying seaweed
(Klimaszewski & Jansen 1993; Maus et al., 1998; Caron et al. 2008). The life history of
Aleochara species is totally dependent on cyclorraphous Diptera, as adults prey on eggs, larvae
and pupae of dipterous species. Aleochara larvae also feed on pupae inside the puparia (Peschke
& Fuldner 1977; Klimaszewski 1984; Klimaszewski & Jansen 1993; Maus et al. 1998),
established this group as a natural fly regulators and is important for ecological studies
(Jonasson 1994), and as forensic indicators (Souza & Linhares 1997; Tabor et al. 2005; Mise et
al. 2007). Females of Aleochara seek fly infested areas to lay their eggs. After hatching, the
first larval instar actively search for fly host puparia (Maus et al. 1998). Once inside the fly
puparium, the Aleochara larva feeds from the first until the third instar. Then the larvae emerge
from the host puparium and pupate in the soil (e.g. Aleochara pseudochrysorrhoa), but in some
cases the third instar pupates inside the host puparium (Peschke & Fuldner 1977).The genus
Aleochara is very important and abundant in many microhabitats, but the immature stages of
very few species have been described. This problem is due to the large size of the genus
Aleochara (437 species) and the difficulty in making confident larval-adult-associations (Ashe
& Watrous 1984). The aim of this article is to describe the egg, pupa, larva and transition to
adults for Aleochara pseudochrysorrhoa for the first time, to improve the knowledge of the

immature stages of this enormous genus.

2. Material and methods

Adults of Aleochara pseudochrysorrhoa were collected in the type locality, Curitiba,
Parana states, Brazil in animal carcass (25°26'44.5"S, 49°13'56.6"W). The examined larvae
were obtained from rearing adults collected. Rearing was performed in a climatic chamber at

25°C, with photoperiod of 12 hours at the Departamento de Zoologia da Universida Federal do
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Parana (UFPR). The adults were fed with first and second larval instar of Sarcomnesia
chlorogaster (Wiedemann) (Diptera). The immature stages of A. pseudochrysorrhoa were
obtained with puparia of Sarconesia chlorogaster as hosts for the parasitoid larvae. All larval
instars will be deposited together with the type specimens of Aleochara pseudochryssoroa at
the DZUP (Colecdao Entomologica Pe. Jesus Santiago Moure, Curitiba, Parana, Brazil -

Curators: Luciane Marinoni, Dra. Lucia Massutti Almeida and Cibele S. Ribeiro-Costa).

2.1 Morphology

The morphological terms adopted here follow Ashe & Watrous (1984). The features
observed are from cleared specimens and studied in glycerin. The observations were carried out
under a Zeiss Discovery V8 stereoscopic microscope. Photographs were taken using a LEICA
MZ16 stereoscopic microscope with LEICA DFC 500 camera attached in Taxonline (The
Biological Collection Network of Parand, UFPR) either Scanning Electron Microscope
JEOL/EO VERSION 1.1 in the CME (Electron Microscopy Center of Federal University of
Parand). Measurements were made with Zeiss Discovery V8 stereoscopic microscope. The

chaetotaxy of the larvae is shown in the images.

3. Results

3.1 Diagnosis

The diagnosis provided here is based only on mature third instar. The last larval instar
of A.pseudochrysorroa can be distinguished from some other aleocharinae larvae by the
following combination of characters: ecdysial suture of head Y-shaped and starting at the
antennal cavities, antennae evident, mouthparts evident, mandibles with bifurcate apex,
pronotum only with Anterior setae 5, and Dorsal 1 and 2, ventral head with Ventral setae 1 and
2 and by the diminutive urogomphus. The last larval instar of A.pseudochrysorrhoa can be
distinguished from Aleochara bilineata Gyllenhal (larvae described by Fuldner, 1960) by the
head with Y-shaped ecdysial suture starting at antennal cavities (starting at the half of head in
A. bilineata), antennae evident (diminutive in A4. bilineata). It can be distinguished from
Aleochara moesta Gravenhorst (larvae described by Tawfik et al., 1960) by the mouthparts

well-developed (much reduced in A. moesta). Furthermore, the last larval instar of
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A.pseudochrysorrhoa can be distinguished from some other aleocharine larvae belonging to
other tribes, as Dolotia coriaria (Kraatz) (larvae described by Ashe & Watrous, 1984) by
pronotum with only Anterior setaec 5 (A1-AS5 in D. coriaria), Dorsal setae 1 and 2 (D1-D3 in
D. coriaria) and the size of the urogomphus diminutive in A. pseudochryssoroa (about 1/3 of
size of tergite IX in D. coriaria). It can be distinguished from Diaulota pacifica Sawada (larvae
described by Kim et al., 2000) by the urogomphus evident and separated from the body (fused
in D. pacifica). It can easily be distinguished from Hoplandria klimaszewskii Génier (larvae
described by Thayer et al., 2004) by the Y-Shaped ecdysial suture on head (T-shaped in H.
klimaszewskii). It can be differentiated from Placusa despecta Erichson (larvae described by

Ashe, 1990) for having mandibles bifurcate at the apex.

3.2 Descriptions

Egg: length: 0.3 mm, width: 0.2 mm. Ellipsoid, milky in color, chorion smooth (Fig. 1).

First instar: length: 1.6—-1.7 mm, width: 0.3mm. Diminutive and slender, body overall pale to
yellowish, except the head, labrum, mandibles and abdominal segments VIII-X which are dark
yellow, and the last antennal segment dark; entire body with many setae distributed as shown
in (Figs. 2—4). Head: slightly longer than wider, dorsal head with evident Y-shaped ecdysial
suture starting at antennal cavities and reaching the base of head posteriorly (Figs. 5-7). One
stemma (=ocellus) on each side, close to antennal insertion (Figs. 2-3). Antennae small, 3-
segmented; 1° subquadrate; 2° a lobe, three times size of preceding one, with a small sensory
appendage on inner side, three setae distributed on the middle; 3° longer than wide, about half
size of preceding one, apical part with two setae and two solenidia (Fig. 5). Labrum as an
irregular lobe, wider than long and with five anterior seta in dorsal view (Fig. 5). Mandibles as
long as half of head, falciform, curved at the middle with two long basal setae at outer margin;
apex bifurcate, the apical part slightly longer than basal one (Fig. 8). Maxilla with a triangular
cardo, one anterior seta on outer margin; stipes longer than wide, with four long setae and
articulated digitiform setose mala; palpifer with three palpomeres; maxillary palpomere I as
long as wide; maxillary palpomere II smaller than preceding one and with two apical setae;
maxillary palpomere III twice length of palpomere II and becoming acute towards apex (Fig.
7). Mentum longer than wide, with two basal and two apical setae (Fig. 7). Labium with ligula
present, narrowing apically; palpi with two palpomeres almost equal on size and shape (Fig. 7).

Thorax: pro, meso and metanotum evident, not well sclerotized; pronotum longer than wide,
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as long as head, concave (Figs. 3 and 9); mesonotum about half size of the pronotum, concave
(Fig. 3); metanotum slightly smaller than mesonotum (Fig. 3). Pro, meso and metasterno not
sclerotized, with one pair of spiracles (Fig. 4). Legs: coxa large and dilated, with three long
setae on inner margin; femur not dilated, with setae distributed on outer and inner margin; tibia
smaller than femur, with a two rows of setae on inner margin; tarsus with a long claw at the
apex (Fig. 10). Abdomen: with ten segments; segments [-VIIII wider than long with a lot of
setae on posterior margin (Figs.2 and 4); segment IX cylindrical, longer than wide, with four
long posterior setae and with paired urogomphi; segment X conical shape, longer than wide and

with two long apical setae (Fig. 11).

Second instar: length: 6—8 mm, width: 1.5-1.7mm. Cylindrical, slightly wider posteriorly than
anteriorly, head smaller than pronotum. Body overall translucent, head slightly darker, and
mandibles darker yellow; one pair of spiracles in the thorax between meso and metanotum, and
well evident abdominal spiracles on segments I-VII (Figs.12—-15). Head: slightly wider than
long, dorsal head with evident Y-shaped ecdysial suture starting at antennal cavities and
reaching the base of head posteriorly; one diminutive stemma (= ocellus) each side of the head
close to antennal insertion (Figs. 16—17). Antennae 3-segmented; 1° biggest one, slightly longer
than wide; 2° subquadrate, about half size of the preceding one, with four apical setae, one
diminutive sensory appendage on inner margin; 3° smallest, less than half of size of the
preceding one, acute apex and with four setae, chaetotaxy scheme as in first instar. Labrum an
irregular lobe, wider than long, with four apical setae, in same pattern as first instar. Mandibles
as long as half of head; two setae, one on the middle and another on base; apex bifurcate, with
apical part slightly longer than basal part (Fig. 19). Maxilla with a triangular cardo, one seta on
outer margin on anterior part; stipes longer than wide; two setae on the middle and four setae
on the apex; digitiform setose mala present; three palpomeres; maxillary palpomere I longer
than wide; maxillary palpomere II as long as wide, about half size of the preceding one, with
three setae, one basal setae and two apical setae; maxillary palpomere III acute, as long as the
previous one (Fig. 18).Mentum longer than wide, with two basal and two medial setae (Fig.
18). Labium with ligula present, narrowing apically; palpi with two palpomeres about equal on
size and shape (Fig. 18). Thorax: pronotum concave slightly sclerotized, wider than long,
slightly longer than head (Fig. 20). Meso and metanotum same size, half size of pronotum,
parallel sides (Figs. 21-22). Pro, meso e metasternum not well sclerotized, pale and with two

large anterior setae (Fig. 15). Legs: coxa large and dilated, with three long setae on inner
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margin; femur not dilated, with setae distributed on outer and inner margin; tibia smaller than
femur, with two rows of setae on inner margin; tarsus with a long claw at the apex, same shape
as the first instar (Fig. 10). Abdomen: with ten segments; segments [-VIIII wider than long
with mostly of setae on posterior margin;segment IX cylindrical shape, longer than wide, with
eleven posterior setac and with a diminute paired urogomphi (Fig. 23); segment X conical,

longer than wide and with two long posterior setae (Fig. 23).

Third instar: Length: 5.5-6mm, width: 1.1-1.2mm. Elongate, flattened, slightly wider
posteriorly than anteriorly, head smaller than pronotum. Body overall pale to yellowish, head,
thorax slightly darker, mandibles dark yellow; one pair of spiracles on the thorax between meso
and metanotum, and well evident abdominal spiracles on the segments I-VII (Figs. 24-27).
Head. As long as wide, dorsal head with evident Y-shaped ecdysial suture starting at antennal
cavities and reaching to the posterior part of the head; one diminutive stemma each side of the
head closely to antennal insertion (Figs. 28-29). Antennae 3-segmented; 1° biggest one, slightly
longer than wide; 2° subquadrate, about half size of the preceding one, with four setae on apical
part, one diminutive sensory appendage on inner margin; 3° smallest, less than half of size of
the preceding one, acute apex and with four setae, chaetotaxy same for the first instar. Labrum
an irregular lobe, wider than long, with four setae on apical part. Mandibles as long as half of
head; two setae, one on the middle and another on basal part; apex slightly bifurcated (Fig. 31).
Maxilla with a triangular cardo, one seta on outer margin on anterior part; stipes longer than
wide; two setae on the middle and four setae on the apex; digitiform setose mala present; three
palpomeres; maxillary palpomere I longer than wide; maxillary palpomere II as long as wide,
about half size of the preceding one, with three setae, one on basal part and two on the apical
part; maxillary palpomere III acute, as long as the previously one (Fig. 30). Mentum longer
than wide, with two basal and two medial setae (Fig. 30). Labium with ligula present, narrowing
apically; palpi with two palpomeres about equal on size and shape (Fig. 30). Thorax: pronotum
concave, sclerotized, wider than long, slightly longer than head, chaetotaxy scheme same as
second instar (Fig. 20). Meso and metanotum same size, half size of pronotum, parallel sides
chaetotaxy scheme as in second instar (Figs. 21-22) Pro, meso and metasternum not well
sclerotized, pale and with two large anterior setae (Figs. 26-27). Legs: coxa large and dilated,
with three long setae on inner margin; femur not dilated, with setae distributed on outer and
inner margin; tibia smaller than femur, with a two rows of setae on inner margin; tarsus with a

long claw at the apex, same as first instar (Fig. 10). Abdomen: with ten segments; segments I-
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VIIII wider than long, with most setae on posterior margin; segment IX cylindrical, longer than
wide, with eleven posterior setae and with a diminutive paired urogomphi (Fig. 32); segment X

conical shape, longer than wide and with two long setae on the apical part (Fig. 32).

Pupa. Length: 4-5mm, Width: 1.6-2mm. Overall body yellowish, mouth parts, antennae, legs

and thorax translucent; eyes well evident and dark (Figs. 33-35).

Differences among instars. The first instar is quite different from other ones, not only by the
size, but by the body shape, color and other parts of the body that are shown in Table 1. The
first instar is very active in soil, have well developed sensory appendage and the last antennal
segment black as is common for Aleocharinae’s larvae (Thayer et al. 2004). The first instar
seeks for a host pupa and penetrates it. The second instar is very large when compared with the
first instar, its translucent abdomen allows to see the gut and Malpighian tubules. The third
instar is slightly smaller than second instar and more sclerotized. After the larva have eaten all

the host, they exit from the puparium and make a cocoon with the substrate (in this case soil)

to pupate.

Table 1. Major differences among larval instars of Aleochara pseudochrysorrhoa.

Characteristics Instar I Instar 11 Instar 111
Shape of body Slender Cylindrical Elongated, flattened
Antennal article I Small and Biggest one and Biggest one and
subquadrate longer than wide longer than wide
Antennal article III | Dark Same collor of Same collor of articles
articles II and III IT and I1I
Sensory appendage | Evidente Diminutive Diminutive

Mandibles Curved on the Not curved on the | Not curved on the
middle, bifurcate, | middle, bifurcate, middle, bifurcate,
apical part shorter | apical part slightly | apical and basal part
than basal one longer than basal almost the same size

one

Head Longer than wider | Wider than long As long as wide

Thorax Parrallel sides Concave Concave

Urogomphus Evidente Diminutive Diminutive
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Figures

Figure 1. Scanning Electron Microscopy of the egg of the Aleochara pseudochryssoroa.
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Figures 2—4. First larval instar of Aleochara pseudochryssoroa, Habitus. 2 and 3 dorsal view;
4, ventral view.
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Figure 5. First larvar instar of Aleochara pseudochryssoroa, Scanning Electron Microscopy of
the head with the chaetotaxy. Abbreviations: Ed, epicranial dorsal setae; El, epicranial lateral
setae Em, epicranial marginal; Fd, frontal dorsal setae; Fl, frontal lateral setae; Fm, frontal
marginal seta; L, lateral setae; Ld, labium dorsal; LI labium lateral; Lm, labium marginal; Sa,
sensory appendage; SI, SII, SIII, solonedia of the anntenal articles I, I, III respectively; Oc,
ocellus= stemma; T, temporal setae.
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Figures 6 and 7. First larval instar of Aleochara pseudochryssoroa, Scanning Electron
Microscopy of the head with chaetotaxy. 6, lateral view; 7, ventral view. Abbreviations: Cdo,
cardo; L, lateral setae; Lg, ligula; Ma, mala; Mnt, mentum; P1, palpifer; Pmnt, prementum; Smt,
submentum; Stp, stipe; V, ventral setae; V1, ventrolateral setae; T, temporal setae.
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Figure 8. First larval instar of Aleochara pseudochryssoroa, left mandible on dorsal view
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Figure 9. First larval instar of Aleochara pseudochryssoroa, Pronotum on dorsal view, with
chaetotaxy. Abbreviations: A, anterior setae; D, dorsal setae; L, lateral setae; P, posterior setae.
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Figures 10 and 11. First larval instar of Aleochara pseudochryssoroa, Scanning Electron
Microscopy. 10, pro and mesolegs; 11, last abdominal segments. Abrreviations: Tg, tergites;
Ug urongomphus.
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Figures 12-15. Second larval instar of Aleochara pseudochryssoroa, habitus. 12, body dorsal
view; 13, head and thorax in dorsal view; 14, body in ventral view; 15, head and thorax in
ventral view.
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Figures 16 and 17. Second larval instar of Aleochara pseudochryssoroa, head with chaetotaxy.
16, head in dorsal view; 17, head in ventral view. Abbreviations: Ed, epicranial dorsal setae; El,
epicranial lateral setae; Em, epicranial setae marginal; Fd, frontal dorsal setae; Fm, frontal
marginal setae; L, lateral setae; V, ventral setae; V1, ventral lateral setae; T, temporal setae.
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Figures 18 and 19. Second larval instar of Aleochara pseudochryssoroa, Scanning Electron
Microscopy. 18, head in ventral view; 19, left mandible in dorsal view. Abbreviations: Cdo,

cardo; Ma, mala; Mnt, mentum; Pmnt, prementum; Smt, submentum; Stp, stipe.
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Figures 20-22. Second larval instar of Aleochara pseudochryssoroa, thorax. 20, pronotum; 21,
mesonotum; 22, metanotum. Abbreviations: A, anterior setae; D, dorsal setae; L, lateral setae;

0,5mm

P, posterior setae.
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Figure 23. Second larva instar of Aleochara pseudochryssoroa, last abdominal segments.
Abbreviations: Tg, tergite; Ug, urogomphus

Figures 24-27. Third larval instar of Aleochara pseudochryssoroa, habitus. 24 and 25, dorsal
view; 26 and 27, ventral view.
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' 29
Figures 28 and 29. Third larval instar of Aleochara pseudochryssoroa, head. 28, dorsal head;
29, ventral head. Abbreviations: Ed, epicranial dorsal setae; El, epicranial lateral setae; Em,
epicranial setae marginal; Fd, frontal dorsal setae; Fm, frontal marginal setae; L, lateral setae;
V, ventral setae; V1, ventral lateral setae; T, temporal setae.
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Figures 30 and 31. Third larval instar of Aleochara pseudochryssoroa, Scanning Electron
Microscopy. 30, head in ventral view; 31, left mandible in dorsal view. Abbreviations: Cdo,
cardo; Ma, mala; Mnt, mentum; Pmnt, prementum; Smt, submentum; Stp, stipe.
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Figure 32. Third larval instar of Aleochara pseudochryssoroa, last abdominal segments.
Abbreviations: Tg, tergite; Ug, urogomphus.
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Figures 33-35. Pupa of Aleochara pseudochryssoroa. 32, dorsal view; 33, ventral view; 35,
lateral view.
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CAPITULO 11

Are four better than two? Testing the attractiveness of a quaternary blend in males of
Diatraea saccharalis (Fabricius, 1794) (Lepidoptera, Crambidae, Crambinae) in flight

tunnel experiments
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Resumo

O Brasil ¢ o maior produtor de cana-de-agucar no mundo, com estimativas de safras
alcancando cerca de 600 milhdes de toneladas por ano. Diatraea saccharalis é a principal praga
relacionada a cultura de cana no Brasil. Devido ao ciclo de vida desta espécie ocorrer na sua
maior parte dentro da cana-de-aguicar, métodos tradicionais de controle com inseticidas tem se
demonstrado ineficientes no controle desta praga. Neste sentido, semioquimios como
feromonios sexuais podem ser ferramentas importantes no monitoramento e controle desta
praga. Dois compostos haviam sido descritos na literatura por desencadearem respostas nas
antenas e terem respostas positivas na atracdo em tunel de vento em machos, (Z,E)-hexadeca-
9,11-dienal e (Z)-hexadec-11-enal. Entretanto, a mistura destes dois compostos se mostrou
ineficiente em testes de campo, o que levou a ideia de que alguns compostos minoritarios
presentes na mistura feromonal de D. saccharalis ainda ndo haviam sido identificados. Estudos
realizados previamente reinvestigaram os compostos presentes nas glandulas feromonais de
fémeas e identificaram outros dois compostos que desencadeiam respostas nas antenas de
machos, (Z)-hexadec-9-enal e hexadecanal. Portanto, o objetivo deste estudo foi testar a
capacidade desses dois novos compostos em aumentar a atratividade de machos em
experimentos de tinel de vento. Neste estudo, foi possivel demostrar que os dois novos
compostos identificados nas glandulas feromonais de fémeas de D. saccharalis aumentam a
atratividade de machos em experimentos de tunel de vento.

Palavras chave: Brasil, cana-de-agucar, pragas, feromonio sexual.
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Abstract

Brazil is the biggest sugarcane producer in the world with an estimative of 600 hundred
millions tons per year. D. saccharalis is the major pest insect attacking sugarcane crops in
Brazil. Population control in traditional ways is quite inefficient due to simultaneous presence
of all developmental stages of the insect throughout the year. In this way, search for new
strategies can be useful such as the use of sex pheromone in monitoring and control techniques.
Two sex pheromone components have been reported in the literature to elicit antennal activity
and positive responses in flight tunnel experiments (Z,F)-hexadec-9,11-adienal and (Z)-
hexadec-11-enal. However, attractiveness of these two compounds has been reported as very
low in field tests. A previously study identified another two compounds in the female
pheromonal gland to elicit antennal activity in males of D. saccharalis. Therefore, the goal of
this study was to test if these two new identified compounds increase male attractiveness in
flight tunnel experiments. Here, we demonstrate that these two new indentified compounds, in
fact, increase male attractiveness in flight tunnel experiments.

Keywords: Brazil, sugarcane, pest, sex pheromone.

134



1. Background

The sugarcane borer Diatraea saccharalis is the major pest insect attacking sugarcane
crops in Brazil. The larvae of this insect feed in the steam of the plant, facilitating the
introduction of phytopathogenic organisms (Mendonga 1996; Kalinova et al., 2012). D.
saccharalis larvae can kill the terminal meristem resulting a product of low quality which can
lead to severe economical losses (Goméz & Lastra 1995; Vargas & Goméz, 2005; Leslie, 2007;
Cortés et al., 2014). When the insect infestation is equal to 1%, losses can reach 0.77% of the
sugarcane weight, 0.25% of the sugar production and 0.20% of the ethanol production (Botelho
et al., 2004; Campos & Macedo, 2004; Lopes et al., 2014).

Population control using pesticides is inefficient due to simultaneous presence of all
developmental stages of the insect throughout the year. In additional, larval and pupal stages
are protected inside the plant (Gomez & Lastra, 1995; Cortés ef al., 2010). Many strategies
have been developed in order to decrease the damage caused by D. saccharalis in sugar cane
crops, including biological control with the braconid larval parasitoid Cotesia flavipes
(Cameron) (Hymenoptera: Braconidae), manual collection of the larvae and cultivation of
genetically modified varieties of sugarcane (Kalinova et al., 2012). In this way, search for new
strategies can be useful, such as the use of sex pheromone in monitoring and control techniques
(Witzgall et al., 2010; Trematerra, 2012).

Two sex pheromone components have been reported in the literature to elicit antennal
activity in GC-EAD analysis of D. saccharalis. These compounds were identified as (Z,E)-
hexadeca-9,11-dienal (Z9,E11-16:Ald) and (Z)-hexadec-11-enal (Z11-16:Ald) (Batista-Pereira
et al. 2002; Kalinova et al., 2005; Palacio-Cortés et al., 2010). The blend of these two
components in the ratio of 10:1 (Z9, E11-16:Ald and Z11-16:Ald) elicited a positive response
in D. saccharalis males in wind tunnel bioassays comparable to the male response when
assayed with virgin females extracts. However, attractiveness of these two compounds has not
been confirmed by field tests (Kalinova et al., 2012). The low attractiveness of this two
component blend observed in field tests can be related to the lack of some minor compounds
present in the crude pheromone of this species. Then, Palacio-Cortés (2010), performed a
reinvestigation of the composition of female pheromonal glands and found out two more
compounds to elicited antennal activity in males of D. saccharalis, (Z)-hexadec-9-enal and
hexadecanal. Therefore, the goal of this study was to test if these two new identified compounds

increase the attraction of males of D. saccharalis in flight tunnel experiments.

135



2. Material and Methods

2.1 Insects rearing

Diatraea saccharalis colony was stablished in the Pheromone group at Lund University,
Lund, Sweden. Insects were reared under the following conditions: 24 2 °C at 70% R.H. under
a 12:12 L:D cycle. D. saccharalis larvae were fed with the artificial diet made with soy, sugar
and wheat germ described by (Parra & Mishfeldt, 1992). Pupae were separated by sex before

emergence and a 10% solution of sucrose was provided to adults as food.

2.2 Pheromone extraction

Pheromone component extraction was done according to a methodology described by
Palacios-Cortez ef al. (2010). Pheromone was obtained from 2-4 days virgin calling females,
between the 5™ and 7™ hour of the scotophase. The pheromone gland was excised with forceps,
transferred to conical vials for extraction at room temperature (10 pl hexane/gland/20 min)

(Berger, 1972) and transferred to glass tubes. Extracts were stored at -20 °C until analyses.

2.3 Synthetic standards

Synthetic standards Z9, E11-16:Ald, Z11-16:Ald and Z9-16:Ald were purchased from
Pherobank (Wageningen, NL). Hexadecanal (16:Ald) was acquired by the hydrogenation of
Z11-16:Ald (Zarbin et al., 2004).

2.4 Flight tunnel assays

Evaluation of male behavioral response to female crude extract, binary and the
quaternary blend of synthetic EAD-active compounds was assayed in a 0.9%0.9x3 m Plexiglas
flight tunnel at Lund University, Lund Sweden (see Svensson et al., 2014). The assays were
performed using 2-4 days old virgin males between the 6™ and 7" hours of the scotophase at
light condition of 1,51x, 24-25 °C and 65-70% R.H. under 0.3m/sec airflow. Males were
transferred to the flight tunnel room and individually placed in a glass cylinder of 9822 mm

45 minutes before the beginning of the scotophase. An odor stimulus was prepared with 10 pl
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of a test solution loaded on a small strip of filter paper or 100ul of a test solution loaded on a
Wheton rubber septa, which was placed in a 35 cm-high metal holder at the upwind end of the
flight tunnel. The odor stimuli was reapplied to the filter paper before a new male was assayed.
Six behaviors were recorded: (1) no response; (2) activation (movement and winging fanning),
(3) taking off (leave the release chamber), (4) oriented flight (flying in orientation to the plume),
(5) flying at least 10 cm from odor source and (6) landing or source contact. All males were
observed for 5 min from the introduction into the plume or until behavior (6) was observed.
Males were manipulated in order to produce four different experiments. Males were
submitted to three different treatments in each experiment. Thirty males were used per treatment
and males were used only once. Experiment 1, Treatment 1: males were assayed to 1 female
equivalent (1FE) of female crude extract; Treatment 2: males were assayed to the binary blend
(Z9,E11-16:Ald and Z11-16:Ald, 1ng per dose in the ratio 10:1); Treatment 3: males were
assayed to the quaternary blend (Z9,E11-16:Ald, Z11-16:Ald, Z9-16:Ald and 16:Ald, 1ng per
dose in the ratio 10:1:1:1). Experiment 2, Treatment 1: males were assayed to 1FE of female
crude extract; Treatment 2: males were assayed to the binary blend (Z9,E11-16:Ald and Z11-
16:Ald, 100 pg per dose in the ratio 10:1); Treatment 3: males were assayed to the quaternary
blend (Z9,E11-16:Ald, Z11-16:Ald, Z9-16:Ald and 16:Ald, 100pg per dose in the ratio
10:1:1:1). Experiment 3, Treatment 1: males were assayed to the quaternary blend (Z9,E11-
16:Ald, Z11-16:Ald, Z9-16:Ald and 16:Ald, 100pg per dose in the ratio 10:1:1:1); Treatment 2:
males were assayed to the binary blend plus 16:Ald (Z9,E11-16:Ald, Z11-16:Ald and 16:Ald
100pg per dose in the ratio 10:1:1); Treatment 3: males were assayed to the binary blend plus
79-16:Ald (Z9,E11-16:Ald, Z11-16:Ald and Z9-16: Ald 100pg per dose in the ratio 10:1:1).
Experiment 4 (wheaton rubber septa used as dispenser): In this experiment, the quaternary
blend (Z9,E11-16:Ald, Z11-16:Ald, Z9-16:Ald and 16:Ald, in the ratio 10:1:1:1) was used in
three different doses 20ng (treatment 1), 100ng (treatment 2) and 500ng (treatment 3) diluted

in 100 pl of heptane.

2.5 Statistical analysis

Chi-square test was used to determine differences between the bioassays, using the
behavior recorded landing or source contact (behavior 6) as the criteria to evaluate the
differences between the stimuli (experiment-wise error of 0.05). All statistical analysis were

performed using the software BioEstat 5.3.
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3. Results

Experiment 1. All the three treatment had similar scores in the observed behaviors (1),
(2), (3) and (4) (Table I). The major difference found between the treatments were on the
behaviors (5) and (6), in which the treatment 1FE of the female gland extract presented the
highest score, followed by the treatments of the quaternary blend and binary blend (Table I).
Global Chi-square test on the behavior 6 showed a statistical differences between all three
treatments (¥2=29.023, d.f.=2, p=0.0001) (Fig. la. Pairwise test showed significant differences
between 1FE of female gland extract and the binary blend treatments (}2 =21.696, d.f=I,
p=0.0001) and between 1FE of female gland extract and the quaternary blend treatments
(x2=19.288, d.f.=1, p=0.0001). No statistical difference was observed between the binary blend
and the quaternary blend treatments (32=0.111, d.f.=1, p=0.7).

Experiment 2. Similar to experiment 1, the three treatments had comparable scores on
the behaviors (1), (2), (3) and (4) (Table I). Treatments 1 and 3 had similar scores of responses
(90% and 93%), while the treatment 2 had a decrease on the responses (73%) on the behavior
(5) (Table I). Treatment 1 and 3 had similar scores on the behavior (6), while treatment 2 which
presented the lowest score (Table I). The global Chi-square test with all treatments showed a
statistical difference between treatments (¥2=6.032, d.f.=2, p=0.04) (Fig.1b). Pairwise test
showed a statistical difference between 1 FE of female gland extract and binary blend treatments
(x2=7.177, d.f.=1, p=0.007). No statistical differences was found between the 1FE of female
gland extract and the quaternary blend treatments (pairwise test: ¥2=0.098, d.f.=1, p=0.75).
However, a statistical difference was found between the binary blend and quaternary blend
treatments (¥2=5.711, d.f.=1, p=0.01).

Experiment 3. The behaviors (1), (2), (3), (4) and (5) had similar scores in all three
treatments (Table ). The behavior (6) presented the highest score of responses in treatment 1,
while treatment 2 had the lowest score (Table I). No statistical difference was found between
the treatments in the global Chi-square test (x2=1.970, d.f.=2 , p=0.37).

Experiment 4: All the concentrations used had the same score for the behaviors (1), (2)
and (3) (Table I). The behavior (4) presented similar responses for all concentrations. The
behaviors (5) and (6) presented highest male response differences between all concetrations
(Table I). The global Chi-square test showed a statistical difference between all concentrations
(2=20.795, d.£=2, p=0.0001). Pairwise test showed statistical differences between 100ng
and10ng concentration (y2=12.381, d.f.=1, p=0.0004) and between 100ng and 500ng
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concentration (¥2=14.700, d.f.=1, p=0.0001). No statistical difference was observed between
male responses to 10ng and 500ng concentration (¥2=0.162, d.f.=1, p=0.68).
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Table I. Results of the flight tunnel assays results with 30 males used per treatment.

Experiment 1

Female extract
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blend 1ng/dose 10.1
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blend Ing/ dose
10.1.1.1
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blend 100pg /dose
10.1
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blend 100pg/ dose

10.1.1.1
Experiment 3
Four component
blend 100pg/ dose
10.1.11

Two component
blend plus 16:Ald
100 pg/dose 10.1.1
Two component
blend plus Z9-
16:Ald 100 pg/dose
10.1.1
Experiment 4-
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4. Discussion

Lepidoptera sex pheromones are classified in four major different types based on
chemical structure, biosynthesis and site of production (Ando et al., 2004; Lofstedt et al., 2016).
Type I pheromones are saturated, monounsaturated or diunsaturated compounds with 10-18
carbon atoms with oxygenated functional groups acetates, alcohols and aldehydes and comprise
about 75% of all identified moth sex pheromones (Ando ef al.,2004; Lofstedt et al., 2016).

The family Crambidae has more than 9,655 described species (Nieukerken ef al., 2011),
from which 97 species had the sex pheromone identified. The majority of sex pheromones in
this family are classified as Type I sex pheromones (about 95% of the species), but five species
have been reported to use a mixture of Type I and II sex pheromones (Ando pherolist, 2018).
The sex pheromone Type II are polyunsaturated unbranched hydrocarbon with a skeleton of
C17-C25 carbon atoms, or the derivatives corresponding epoxide (Ando ef al., 2004; Lofstedt
etal. 2016).

All five Diatraea species that had the sex pheromone identified, produce the Type I sex
pheromone D.considerata (Heinrich), D. flavipennela (Box), D. grandiosella (Dyar), D.
indigenella (Dyar & Heinrich) and D. saccharalis (Fabricius). In fact, all of these species
produce a mixture of aldehydes as sex pheromone, which varies from 16-18 carbons, the
position of the unsaturation and the ratio between the compounds (Ando pherolist, 2018).

Diatraea saccharalis had the first sex pheromone compound identified by Hammond
(1982) as the compound Z9E11-16:Ald, which is the major compound in the D. saccharalis
pheromone blend. This compound was also identified as the major component of the sex
pheromone of D. indigenella by Palacio-Cortes et al. (2014). Due to the low attractiveness of
this compound in field tests, Batista-Pereira ef al. (2002) and Kalinova et al. (2005) performed
a reinvestigation of D. saccharalis sex pheromone and found Z11-16:Ald as an additional
compound that elicited male antennal activity in GC-EAD analysis. This compound is one of
the most common compound found in sex pheromone of Crambidae species and it was
identified in 27 of 97 species (Ando pherolist, 2018). In Diatraea spp., Z11-16:Ald was
identified as the major compound of the sex pheromone of D. grandiosella (Heding et. al.,
1986), D. considerata (Gries et al., 1998) and D. flavipennella (Kalinova et al., 2012).

Two additional compounds that elicited antennal activity in male D. saccharalis were
identified as Z9-16:Ald and 16:Ald (Palacio-Cortés, 2010). The compound Z9-16:Ald was also
found in the pheromone blend of D. grandiosella (Heding et al., 1986) and D. flavipennella
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(Kalinova et al., 2012). The saturated aldehyde 16:Ald was also identified as being part of the
sex pheromone blend of D. grandiosella (Heding et al., 1986) and D. considerata (Gries et al.,
1998).

The concentration of 1 ng per dose have been tested with the major compound of the D.
saccharalis sex pheromone blend Z9,E11-16:Ald in flight tunnel experiment and no male
positive response have been found (Svato$§ er al., 2001; Kalinova et al., 2005), which
corroborates with our results.

Wind tunnel experiments performed by Kalinova et al. (2005) had a positive response
for binary blend in the concentration of 100 pg dose which was comparable to female extracts,
corroborating with the results of this work. Our results shows that the Treatment 3 of the
Experiment 2 (quaternary blend) in the concentration of 100 pg was more attractive to males of
D. saccharalis in wind tunnel experiments than the Treatment 2 of the Experiment two (binary
blend). These results could help explaining the low attractiveness of the binary blend observed
in previously field experiments, once the two additional compounds (Z9-16:Ald and 16:Ald)
increase the male attractiveness in wind tunnel assays. Treatment 3 in the Experiment 2
(quaternary blend) is the most suitable candidate for field test experiments, once it was the
treatment that presented the highest score of male response in wind tunnel bioassays.

Despite the flight tunnel results with the rubber septa did not show the highest score of
male responses in our experiments, this kind of dispenser is the most suitable dispenser to use
in future field tests with D. saccharalis. These rubber septa has been used in field tests with
positive responses in other Diatraea spp., such as D. grandiosella (Heding et. al., 1986), D.
considerata (Gries et al., 1998) and D. flavipennella (Kalinova et al., 2012).

No studies have been reported to successful capture D. saccharalis in the field using
traps baited with synthetic sex pheromone. We hope that the confirmation of increasing male
attraction in flight tunnel promoted by these two additional pheromone compounds (Z9-16:Ald
and 16:Ald) can be a stepforward for the elucidation of the chemical communication in D.
saccharalis and improve the integrated pest management (IPM) of this major pest of sugarcane

Crops.

5. Conclusions

The sex pherome compounds in Diatraea saccharalis have been studied for at least three

dacades, in the tentative of use this compounds in pest mannegent intergrated programs for this
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species. Since the first identification of a sex pheromone in this moth, field tests has been
performed unsucesfully. Probably because some minor compounds were missing from the full
sex pheromone blend. Here, we identified two new minor compounds as part of the pheromone
blend in this specie. Now, the sex pheromone blend is made of four identified compounds. In
this way, we hope that the identification of this new compounds could be a stepforward in

monitoring and controls program on this peste insects.
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CAPITULO III

Male release sex pheromone in the seed beetle Pygiopachymerus lineola

(Chevrolat, 1871) (Coleoptera, Chrysomelidae, Bruchinae)
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RESUMO

Os besouros da subfamilia Bruchinae (Coleoptera, Chrysomelidae) sdo um grupo
monofilético de espécies especializadas na predacdo de sementes. Pygiopachymerus lineola ¢
uma espécie Neotropical encontrada desde o México até o Brasil, tendo sido relatada
alimentando-se principalmente de sementes da espécie de planta Cassia L. Esta espécie de
planta tem sido usada no Brasil como recomposi¢ao de areas florestais degradadas e urbanismo.
Até o momento, seis espécies dentro de Bruchinae tiveram compostos sexo especificos
identificados. Portanto, o objetivo deste estudo foi identificar os compostos feromonais em P.
lineola, determinar o periodo de atividade circadiana e periodo de liberacdo de feromdnio
durante o ritmo circadiano. Os adultos foram coletados em vagens maduras de Cassia
leptophylla no Centro Politécnico, campus da Universidade Federal Parana (UFPR), localizado
em Curitiba-PR, Brasil. Os volateis foram coletados em camaras de aeracao e os extratos foram
submetidos a analises de cromatografia gasosa associada a espectrometria de massas (CG/EM).
As andlises de CG/EM mostraram quatro compostos sexo especificos nos machos.
Experimentos realizados em olfatometro em Y demostraram uma alta atragdo de fémeas aos
extratos dos machos. Foi demostrado também que o periodo de atividade e de liberacao de
compostos feromonais ¢ maior nas trés ultimas horas da fotofase.

Palavras chave: Besouro, predador de semente, ritmo circadiano, feromonio sexual.
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ABSTRACT

Seed beetles (Coleoptera: Chrysomelidae: Bruchinae) are a monophyletic group,
specialized in seed predation. Pygiopachymerus lineola is a Neotropical species, which has
been found from Mexico to Brazil and have been found mostly feeding on seeds of Cassia
genus species. This plants species have been used as forest recompose of degradation area,
ornamental and urban afforestation. Seed beetles sex pheromone have been identified only for
six species to date. Therefore, the aim of this study was to identify the sex pheromone in P,
lineola and improve the knowledge about sex pheromone in Bruchinae and determine the period
of major activity and release pheromone throughout the circadian rhythm. Adults of the seed
beetles were collected from Cassia leptophylla mature fruit valves collected in the Centro
Politécnico campus of the Federal University of Parana (UFPR), located in Curitiba-PR, Brazil.
Headspace volatiles collection were performed and the extract were analyzed in GC/MS
instrument. GC/MS analysis demonstrated four male specific compounds, which attracts female
in Y-tube olfactometer assays. The period of more activity beyond the period of intense sex
pheromone releasing occur in the last hours of photophase.

Keywords: Beetles, seed predator, circadian rhythm, sex pheromone.
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1. Introduction

Seed beetles (Coleoptera, Chrysomelidae, Bruchinae) are a monophyletic group,
specialized in seed predation, which encompasses about 1,700 species (Johnson & Romero,
2004; Costa & Almeida, 2012). Most of seed beetles have a close host range with a small set of
plant species. About 35 plant families have been reported as a host for bruchine species,
although 85% of the species are recorded feeding on Fabaceae plants (Johnson & Romero,
2004). The bruchine feeding behaviour are dependent on the developmental stage, in which
larvae feed only on seeds, whereas adults feed on pollen or nectar (Ribeiro-Costa & Almeida,
2012). The species Pygiopachymerus lineola (Chevrolat, 1871) is a Neotropical species, which
has been found from Mexico to Brazil (Romero 2016; Cortés & Napoles, 2016). This species
has been found feeding in seeds of Cassia L. species (Caesalpinaceae) (Ribeiro-Costa & Costa
2002; Boscardin et al., 2012). Cassia are Brazilian native species associated with secondary
formation of Mixed Ombrophilous Forest. This plants species have been used as forest
recompose of degradation area, ornamental and urban afforestation (Lorenzi, 2002; Carvalho,
2003; Pereira et al., 2015). Pygiopachymerus lineola alimentation activity on seed of C. fistula
causes effects in seeds germination and compromising the sexually production of seedlings
(Boscardin et al., 2012).

Sex pheromones are natural organic chemical molecules evolved to communication
signal between organisms of the same species. To occur mating, sex pheromones attract the
opposite sex even from a huge distances. Generally, sex pheromones are not a unique
compound, they are a combination of molecules in a specific ratio, which can be highly species-
specific or some species share the same compounds (Wyatt, 2014; Rodriguez, 2018). Seed
beetles sex pheromone have been identified only for six species to date (Rodriguez, 2018).
Therefore, the goal of this study was to improve the knowledge about sex pheromone and
circadian rhythm in Bruchinae, by answering this five questions: Does the male extract from
headspace volatile collection attract females? Does the male extract from headspace volatile

collection attract males? Does the female extract from headspace volatile collection attract
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males? What is the period of major activity during the circadian rhythm? What is the period
during the circadian rhythm in which the specimens release the major amouts of the sex

pheromone?

2. Material and methods

2.1 Insect collection

Adults of the seed beetles were collected from Cassia leptophylla mature fruit valves,
which were collected in the Centro Politécnico campus of the Universidade Federal do Parana
(UFPR), located in Curitiba-PR, Brazil (S25.45, W49.23). The fruit valves were kept in plastic
box (35 cm x 35 cm x 25 c¢m) in laboratory until the adults’ emergence. Then, adults were sort
of by sex and kept in group of ten insects in plastics boxes (10 cm X 6 cm) with a piece of
cotton imbibed in 10% honey-water solution as food source. Cassia leptophylla mature fruit
and the seed beetles were kept in laboratory with contolled conditions: 25 °C, 70% RH and
12:12 h L:D photoperiod (8am-8pm). Species identification and sex determination followed
Ribeiro-Costa & Costa (2002) and Silva & Ribeiro-Costa (2008). All the beetles experiments

described hereafter were performed in the same conditions described above.

2.2 Volatile collection

Headspace volatile collection was performed using a glass chamber (35 cm x 4.5 cm)
with a piece of cotton imbibed in 10% honey-water solution as food source, at the same
laboratory condition described above. Samples were collected by using a humidified and
charcoal-filtered airflow at 1 L/min/chamber. The volatiles were trapped in glass tubes
containing 20 mg of HayeSep Q 80—100 mesh (Althech, Lokeren, Belgium) and eluted with
400 pL of doubly distilled hexane. Extracts were collected every 72h for comparison of volatiles

release by male and female. All extracts obtained were stored at -20 °C until analysis.

2.3 Pheromone production during the circadian rhythm

The extracts from headspace volatiles collection were evaluated every 12h in

photophase (8am to 8pm) and scotophase hours (8pm to 8am) to establish the profile of
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pheromone production (n=10). After the quantitative analysis of the headspace volatiles
between photo and scotophase could be observed that during the photophase the seed bleetles
realease the major amounts of pheromone. Then, during the photophase hours the extracts were
evaluated each 3 hours (8am-1lam, 1lam-2pm, 2pm-5pm, 5pm-8pm) (n=12). Quantitative
determination of the specific sex compounds identified were done using dodecane (C12) as

internal standard.

2.4 Chemical analyses of the extracts

Analysis was performed in a GC/MS GC-QP 2010 Plus Shimadzu (eletron impact)
equipped with a GC-QP 2010 Plus Shimadzu and with a DB-5 column (30 m x 0.25 mm i.d.
and 0.25 mm film thickness; Restek, Bellefonte, Pennsylvania, USA). Injections of 1 pL of
extract were performed using splitless injection at 250 °C. The oven temperature started at 50
°C (1 min hold) and was ramped to 250 °C at a rate of 10 °C/min. Helium was used as the
carrier gas at a column head pressure of 170 kPa. Retention indexes (RT) were calculated based
on methodology proposed by Vandendool & Kratz, (1963) on a DB-5 column using commercial

standards of n-alkanes (C10 to C26) as reference, using the same parameters described above.

2.5 Bioassays

Assays were performed with 2-6 days old virgin insects, in a binary choice Y-tube
olfactometer, using humidified, charcoal-filtered air at 2 .min™'. The olfactometer consisted of
a Y-shaped glass tube (15 cm % 10 cm). Odor source was pipetted in a filter paper (1 cm) and
placed in one of the arms of the olfactometer (the arm of the Y-tube were change in each assays)
and in the other arm solvent was pipetted in a filter paper (1 cm) used as control. After five
assays the Y-tube were washed with water and solvent to avoid contamination. After the
application of the stimuli, each insects were observed for the maximum of 5 minutes or until
reach one or another odor source in the in the Y-tube olfactometer. The seed beetles were
assayed until reach 30 responses, independently of the resposes. The seed beetles were
manipulated in order to performed three treatments: Treatment 1: Attraction of females by
males extracts were tested with a 72h headspace volatile collection extract from males in the
amount of 1 male equivalent (1IME), solvent was used as control. Treatment 2: Attraction of

the males to males extract were tested with the extract of 72h of the males (1ME), solvent was
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used as control. Treatment 3: Attraction of the males to females extract were performed using

a female’s extract of 72h 1 female equivalent (1FE) in males, solvent was used as control.

2.6 Circadian rhythm

Assays were performed with two days old virgin insects, 20 males and 20 females
were sort of in four group in plastic box (10 cm x 6 cm) with a piece of cotton imbibed in
10% honey-water solution as food source. The seed beetles were continuously recorded in the
laboratory for 72 h using a digital camera. The number of specimens which were walking to
the arena were recorded. The video recorded were evaluated in each first 15 minutes of each

hour.

2.7 Statistical analysis

Chi-square test was used to determine differences between the Y-tube olfactometer
bioassays in the software BioEstat 5.3 (assays with no responses were not considered).
Differences between the pheromone production during the photophase and escotophase was
performed using the total amounts of the pheromone production (the sum of the four
compounds) and tested by Shapiro-Wilk normality test, followed by Mann-Whitney (Wilcoxon
rank-sum test) using the software R-Studio 3.5.1. Generalized linear model (GLM) were
performed to evaluate the differences in the activity period throught the day of
Pygiopachymerus lineola among hours and the pheromone production profile during the
photophase hour using the software R-Studio 3.5.1. Generalized linear model (GLM) were
performed using the Gamma and Inverse Gaussian family error distribution. The MASS
(Venables and Ripley, 1999) and effects (Fox, 2003) libraries were utilized. Oneway ANOVA
and Tukey's test were performed, using the multicomp library (Hothorn ef al., 2008). For all

analyses, significance was set at p < 0.05.

3. Results

3.1 Extract analysis of Pygiopachymerus lineola
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GC/MS analysis from extracts of the headspace volatiles collection of both sexes
showed the presence of four male specific compounds (Fig. 1). The mass spectra fragments,
Retention Time (RT) and Retention Index (RI) (Fig.2) of the four compounds suggests that
these compounds are short chain carboxylic acids. These four compounds are under structural

identification.
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Figure 1: Chromatogram showing the four male specific compounds of Pygiopachymerus
lineola.

3.2 Quantification of the pheromone components

During 24h, each male insect emitted a mean amount of 0.92 ng +1.42, (the sum of the
four compounds), 0.3 ng = 0.3 (compound 1), 0.1 ng £ 0.2 (compound 2), 0.3 ng £ 0.6
(compound 3) and 0.1 ng + 0.63 (compound 4), in the ratio 3:1:3:1 respectively.
Pygiopachymerus lineola release pheromone in both photo and escotophase hours, but, based
on the sum of the four component blend, photophase hours has higher amounts of compounds
than scotophase hours (0.09 ng +0.08 and 0.05 ng + 0.04), with a statistical differences between
the phases (Wilcox test p=0.00003). During the daytime the last three photophase hours has the
higher pheromone releasing (Fig. 3).
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Figure 2: Mass spectra, Retention Time (RT) and Retention Index (RI) of the four male specific
compounds of Pygiopachymerus lineola.
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Pheromone release by individuals per fase
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Figure 3. P lineola male released pheromone during the photophase hours. Different letters
indicates significant differences at p < 0.05 (using one-way ANOVA and Tukey's contrasts).

3.3 Circadian rhythm

Throught the circadian rhythm males and females of P. lineola are more active during
the daytime than during the nighttime (Fig. 4). In the daytime, males and females of P. /ineola
have the peak of activity during the last three hours of photophase (Figs. 5 and 6). There is no

differences in the activity period between males and females (Figs. 5 and 6).
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Figure 4. Circadian rthythm in P. /ineola based on males and females activity. Different letters
indicates significant differences at p < 0.05 (using one-way ANOVA and Tukey's contrasts).
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Female and male actives during the scotophase hours
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Figure 5. P lineola activity during the scotophase based on males and females activity.
Different letters indicates significant differences at p < 0.05 (using one-way ANOVA and
Tukey's contrasts).
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Figure 6. P lineola activity during the photophase based on males and females activity.
Different letters indicates significant differences at p < 0.05 (using one-way ANOVA and
Tukey's contrasts).

3.4 Y-tube olfactometer assays

In the Treatment 1, using extract from male’s volatiles collection (72h 1ME) females

were high-attracted to the extract with of 86% of positive responses (Table I). Treatment 2,
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males were less attracted to male extract than female 46% (Table I). Treatment 3, showed a low
attraction of male to female extract 40% (Table I). The global Chi-square test showed a
statistical difference between all treatments (y2=15.668, d.f.=2, p=0.0004). Pairwise test
showed statistical differences between Treatments 1 and 2 (y2=10.800, d.f.=1, p=0.0026) and
between Treatments 1 and 3 (y2=14.067, d.f.=1, p=0.0005). There is no statistical differences
between Treatments 2 and 3 (¥2=0.271, d.f.=1, p=0.7945). Absence of positive responses were

not taken account in the statistics analysis.

Table I. Results of the Y-tube olfactometer assays with males and females of P. lineola.

Extract Solvent No response

Treatment 1: Female attraction to male 26 4 7
extract of 72h (1ME)
Treatment 2: Male attraction to male 14 16 |
extract of 72h (IME)
Treatment 3: Male attraction to female 12 18 |
extract of 72h (1IME)

4. Discussion

In laboratory bioassays performed with Y-tube olfactometer was possible to confirm that
only females were attracted to male’s volatiles from headspace collection, suggesting that males
produces sex pheromone compounds. Male sex pheromone in Bruchinae have been previously
identified only for two species, Acanthoscelides obtectus (Say), as an pheromone bouquet
composed of allenic ester, aldehyde and sesquiterpenes (Horler, 1970; Vuts et al., 2015) and
Bruchus rufimanus (Boheman) as 1-undecene (Bruce et al., 2010). Interestly, male sex
pheromone in Pygiopachymerus lineola is a blend of short chain carboxylic acids, which is
similar to the sex pheromone of other Bruchinae species in which the female produce the sex
pheromone as Callosobruchus analis (Fabricius) (Z)-3-methylhepte-2-enoic acid (Cork et al.,
1990), Callosobruchus maculatus (Fabricius) 3-methylheptanoic acid, (Z)-3-methylhept-3-
enoic acid, (E)-3-methylhept-3-enoic acid, (Z)-3-methylhept-2-enoic acid, (E)-3-methyl-2-
hept-2-enoic acid (Phillips et al., 1996) and Callosobruchus subinnotatus (Pic) (E)-3-
methylhept-2-enoic acid and (Z)-3-methylhept-2-enoic acid P. (Shu et al., 1999).
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Pygiopachymerus lineola have been reported attacking seed of Cassia leptophylla
together with the other Bruchinae species Sennius leptophyllicola (Ribeiro-Costa & Costa
2002). Interestly, in Sennius leptophyllicola the male release a sex pheromone composed of a
short chain carboxylic acids very similar to the found in P. lineola. However, S. leptophyllicola
the male release higher concentration of the sex pheromone compound in comparison with P.
lineola (unpublished data).

Although there is similarity between the sex pheromone of P. /ineola and the female sex
pheromone of the genus species of Callosobruchus, these species are not phylogenetically
related, they are classified in different subtribes (Acanthoscelidini Bridwell and Bruchidiini
Bridwell, respectively). In this sense, P. lineola could be considered more related to
Acanthoscelides obtectus and Sennnius leptophyllicola, they are classified at the same tribe
Acanthoscelidini (Johnson & Romero, 2004). Apparently, the sex pheromone molecules can
vary even between species phylogenetically related, the species Callosobruchus chinensis
(Shimomura et al., 2008) and Callosobruchus rhodesianus (Pic) (Shimura et al.,2010) produces
homofarnesals as sex pheromone different from the three other species described above
(Shimomura et al., 2008; Shimomura et al., 2010).

The sex pheromone of these seed beetles could be evolved in two different ways. First,
species that have related type of pheromone molecules (as Callosobruchus analis (F.) (Cork et
al., 1990), Callosobruchus maculatus (F.) (Phillips et al.1996) and Callosobruchus
subinnotatus Pic (Shu et al., 1999), P. lineola and S. leptophyllicola could have been part of an
evolutionary process in which small changes in the components or a change in relative
proportions of components over time. In such way that closely species share similarly
compounds or even the same compounds (Roelofs and Brown, 1982; Shimura et al., 2010). In
the second, a process of major changes could lead to saltational shifts, and in this case, could
generate new phenotypes that can be greatly or completely different from the antecedent (as in
Callosobruchus chinensis (Shimomura et al., 2008) and Callosobruchus rhodesianus (Pic))
(Shimura et al., 2010) (Baker, 2002; Shimura ef al., 2010).

Our analysis of the circadian rhythm showed that P. lineola is more active during the
daytime than nighttime hours, mostly during the last three hours of the photophase (Fig. 4).
Similar results in the circadian rhythm was showed in Callosobruchus maculatusbut, in this
case, the period of major activity was during earlier hours of the daytime (Shu et al., 1996).
However, in Callosobruchus subinnotatus the period of major activity was demonstrated to be

during the nighttime (Mbata et al., 1997; 1999).
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In the same way, the profile of pheromone production match the period of major activity
in P. lineola, Callosobruchus maculatus and Callosobruchus subinnotatus (Shu et al., 1996;
Shu et al., 1998; Mbata et al., 1997; 1999). Even though, the species Callosobruchus maculatus
(pheromone production during the daytime) and Callosobruchus subinnotatus (pheromone
production during the nighttime) showed no statistical differences in the rates of captured
insects between photophase and scotophase in experiments with pitfalls traps baited with sex
pheromone (Mbata & Ramaswamy, 2000). The differences between the peak of major activity
and pheromone production in congeneric species could be related to a mechanism that ensure

the reproductive isolation (Mbata et al., 2000).

5. CONCLUSIONS

Sex pheromone have been identified in few Bruchinae species, in most of cases, the
molecules are a mixture of short chain carboxylic acids, which can be produced by males or
females. Based on our analysis of Pygiopachymerus lineola, four male sex specific compounds
were observed. It was demonstrated that the volatile extract from males attracted females, but
did not attracted males in Y-tube olfctometer bioassays. Therefore, these four male specific
compounds are proposed as sex pheromone because it is attractive only to the opposite sex.
Initial chemical analysis strongly suggests that these four compounds are short chain carboxylic
acids. It was also demostratad that the most active period of P. lineola occurs in the last three
hours of the day time, which match with the period of the day in which the specimens release

the major amounts of sex pheromones.
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CONSIDERACOES FINAIS

Este trabalho foi desenvolvido abordando diferentes abordagens dentro da ecologia
quimica. Uma parte do estudo foi dedicado a area aplicada e outra parate a estudos de ciéncia
basica dentro da ecologia quimica. Nos estudos relacionados a ciéncia bésica, com insetos nao
alvos de estudos em ecologia quimica, por nao serem pragas agricolas ou de produtos estocados.
Este tipo de estudo ¢ muito importante para um entendimento geral sobre a evolug¢do dos
compostos quimicos nos diferentes grupos de espécies, sejam estes compostos mediadores de
comportamentos de copula, defensivos (Aleochara pseudochrysorrhoa) ou de atragdo de
pareceiros para a copula (feromdnios sexuais em Pygiopachymerus lineola).

Aleochara pseudochrysorrhoa apresenta uma glandula tergal cuja secrecao possui dupla
fun¢do no comportamento dos individuos. Uma vez que, dependendo da concentragao, esta
secre¢do pode ter uma fungdo repelente ou agir como gatilho para inicio do comportamento de
copula, principalmente em machos.

Pygiopachymerus lineola libera compostos macho especificos considerados aqui como
feromonios sexuais pelo fato de somente atrair fémeas em bioensaios realizados em laboratoério.
Além disso, esta espécie apresenta um periodo de atividade mais intenso € uma maior liberagao
de feromonios durante as trés tltimas horas fotofase.

A parte da tese que foi desenvolvido na érea aplica, foi desenvolvida com a mariposa
praga da cana-de-agucar, Diatraea saccharalis. Insetos pragas de cultivares sdo os principais
alvos de estudos em ecologia quimica, devido a sua aplicabilidade em programas de manejo
integrado de pragas. Neste estudo, foi investigada a atratividade de uma mistura feromonal de
quatro compostos que nunca antes havia sido testada. Nossos resultados mostram que essa
mistura feromonal ¢ altamente atrativa para machos em tiinel de vento. Desta forma, este estudo
pode ser considerado um importante passo para o programa de manejo integrado de para esta
praga da cana-de-acucar.

Apesar da natureza distinta dos estudos e a distdncia taxondmica entre os insetos
abordados, os capitulos sdo conectados principalmente pelo objetivo da identificagdo dos
compostos quimicos presentes nos insetos bem como o estudo da sua importdncia no
comportamento desses individuos. Nos diferentes estudos foram empregados métodos de
extracdo, identificacdo e avaliacdo dos compostos quimicos no comportamento.

De maneira geral, os objetivos pretendidos neste estudo foram compridos de forma
satisfatoria, uma vez que foi possivel identificar compostos quimicos presentes nos insetos

alvos do estudo e avaliar suas fungdes bioldgicas. Além disso, trabalhar com insetos tao
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diferentes ¢ engrandecedor em termos de aprendizado, permitindo o aprendizado de diferentes
técnicas de criagao ¢ manutengdo de insetos, bem como de extracao de compostos volateis e

avaliagao do comportamento.
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