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Abstract. The order Phasmatodea includes insects known as stick insects. In Brazil, few taxonomic, ecological or evolutionary studies have 
been published in recent years, the reason is related to the few number of researchers dedicated to this particular group. Cladomorphus 
phyllinus Gray is one of the largest Brazilian insects and perhaps one of the most studied species of Phasmatodea in the country. It is 
considered as a phytophagous, generalist, and feeds mainly on guava leaves (Psidium guajava), powder-puff (Calliandra sp) or Angico (Piptania 
sp.). Females of this species reproduce in a sexual and asexual manner, by the production of diploid daughters from unfertilized eggs 
(thelytokous parthenogenesis). The absence of records on the reproductive capacity of virgin parthenogenetic females of C. phyllinus led 
us to record the longevity, fertility, and eggs viability of ten specimens. The results obtained were compared to those found in the scientific 
literature for mated females of the same species. The fertility and eggs viability were observed to be much lower for the parthenogenetic 
females when compared to the mated females; however, the longevity for virgin females was longer than that recorded in the literature for 
mated females. 
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Stick insects, from the order Phasmatodea, are the largest Brazilian insects, which present 
multiple forms of morphological and behavioral camouflage like sticks and leaves, 
including 3,423 species, of which 852 occur in the neotropical region, with 224 being 
recorded in Brazil (Brock et al. 2021; crispino et al. 2021). Due to the few Brazilian specialists 
in Phasmatodea, studies related to taxonomy, biology, ecology, and evolution have grown 
and new initiatives have emerged to contribute to the knowledge of this order and its state 
of the art (costa et al. 2019; chiquetto-Machado et al. 2020; heleodoro & rafael 2020, 2021; 
Madeira-ott et al. 2020; chiquetto-Machado & cancello 2021; Ghirotto 2021; heleodoro et al. 
2021). 

In this group, which includes insects that have been poorly studied, the information 
available to researchers and the general population is also restricted. As result of the lack 
of knowledge, specimens of stick insects are often eliminated when found near residences. 
Nevertheless, scientific dissemination initiatives have been carried out to inform that 
phasmatodeans are harmless and, therefore, must be protected, respected and, if 
possible, reintroduced into the environment when eventually found inside or around 
the houses (GoMes et al. 2010). In this line of scientific dissemination, torres & costa (2019, 
2020) published educational books presenting the insects as fun characters to bring young 
audiences closer to biodiversity.  Another channel of information about this group to the 
general population is the “Ciência Cidadã from the “Projeto Phasma” (Citizen Science of 
the Phasma Project), which can be accessed on social networks, with various information 
and photographic records of the different Brazilian species. This project, which has been 
launched over a year, has even resulted in the publication of some studies (see the results 
of the project here: https://www.facebook.com/projetophasma).

In Brazil, published records for stick insects are mainly distributed in the North (Pará, 
Amazonas), Northeast (Ceará, Bahia, Pernambuco, Rio Grande do Norte), Southeast 
(Espírito Santo, Minas Gerais, São Paulo, Rio de Janeiro) and South (Rio Grande do Sul, 
Paraná) (heleodoro & rafael 2021). They are considered animals of low biotic potential and, 
to date, few records in the literature categorize Phasmatodeans as a Brazilian agricultural 
pests or as animals of economic importance. However, some species have been considered 
harmful to agriculture. Baker (2015) provides a summary of the situation of damage caused 
by Phasmas in some parts of the world. 

Cladomorphus phyllinus (Phasmatidae: Cladomorphinae: Cladomorphini) is one of 
the most common and known stick insect species in Brazil, since it is often found in 
scientific collections, museums, schools, and universities for educational purposes. The 
studied species feeds mainly on guava leaves (Psidium guajava), Angico (Piptania sp.) 
and powder-puff (Calliandra sp.), has nocturnal habits, and reproduces sexually and 
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asexually by thelytokous parthenogenesis (costa liMa 1938). 
In the literature, some studies on C. phyllinus mainly address 
aspects of its biology, such as the work of alvarenGa et al. 
(2018) that analysed bred mated females fed on guava leaves 
(P. guajava), aiming to survey the biological cycle, number of 
eggs and their average viability, while also comparing their 
results with those of dorval et al. (2003). The latter authors 
had the same objective and observed mated females fed on 
leaves of Angico (Piptania sp.).

Basic knowledge about this species has been gradually 
increasing. The morphology of C. phyllinus is relatively well 
known (costa liMa 1938; kuMaGai & fonseca 2009) including the 
review of the tribe by henneMann et al. (2016). Adult individuals 
in this species show marked sexual dimorphism, and the 
winged males, significantly smaller in size than females, can 
reach up to 13 cm, while the females can reach 23 cm in 
length and are apterous (costa liMa 1938).

Recently, predation on C. phyllinus was registered where 
individuals were found to be sucked by the bug Supputius 
cincticeps Stäl (Heteroptera: Pentatomidae) which is known 
for its eclectic feeding pattern, requiring both insect 
haemolymph and vegetable juices to complete its biological 
cycle. This record also served to elaborate a hypothesis 
about the evolution of camouflage by means of a possible 
horizontal transfer of genes (costa et al. 2019).

Due to the lack of studies on the reproductive potential of 
virgin parthenogenetic females of C. phyllinus, a study was 
conducted on its bionomic aspects including longevity, 
fertility, and egg viability. The data obtained were compared 
to those in the literature for mated females of the same 
species.

MATERIALS & METHODS

Four females and three males collected in green areas of 
the city of Petrópolis\Rio de Janeiro, Brazil, were kept in a 
cage with a wooden structure and base (80x60x50 cm) and 
nylon screen on all sides. The specimens were identified as 
Cladomorphus phyllinus according to the criteria proposed by 
otte & Brock (2005) and ZoMpro (2012).

The mated females laid eggs that originated nymphs. From 
the developed specimens, 10 preimaginal nymphs were 
randomly selected. The virgin females were separated and 
kept, individually, in plastic containers (45x30x30 cm) which 
were drilled on all sides and at the lid to allow for ventilation. 
The females were bred under uncontrolled environmental 
conditions, with temperatures ranging from 12° to 33° C, 
with an average of 25° C, and relative humidity of 50% to 
89%, with an average of 78%. The containers were placed in a 
well-ventilated area covered by a roof and without walls. The 

containers did not receive direct sunlight but were exposed 
to natural light cycles. All specimens were fed with guava 
leaves (P. guajava) and sprayed with water weekly. 

During the longevity observation period and fertility of the 
females, the eggs were collected weekly from each of the 
containers, transferred to a common area placed in another 
container that was in the same covered area and under 
the same climatic and environmental conditions previously 
described. The total number of eggs laid was quantified 
and the average fertility calculated. Hatched eggs were also 
quantified, and the mean viability calculated after one year of 
observation following the last recorded laying. The nymphs 
that emerged were transferred to another container and 
then stored in 70% alcohol.

All the specimens observed were deposited in the 
entomological collection of the Oswaldo Cruz Institute, 
Manguinhos-RJ, in section J. Costa & Lima Neiva, according 
to the species registration table below. The females were 
assembled according to appropriate techniques and 
deposited in entomological drawers. The eggs and nymphs 
were grouped into two glass flasks containing 70% alcohol 
and were also deposited in the same collection (costa et al. 
2008; cerri et al. 2014).

RESULTS

The virgin females of C. phyllinus presented a longevity with 
a minimum period of 181 and maximum 306 days with an 
average of 255.3 (Table 1).

All 10 parthenogenetic females were found to laid eggs. The 
total number of eggs laid was 2,524 with an average of 252.4 
eggs per female. A total of 70 viable eggs were registered, 
with an average of seven eggs per female, representing 
2.77% of hatched eggs.

DISCUSSION

The following research provides new evidence of the life 
history of the Brazilian native C. phyllinus. Still, it presents 
many questions related to its ecology and biology that need 
to be clarified. In this study, the longevity, fertility, and eggs 
viability of parthenogenetic females were recorded for the 
first time. 

Data obtained by alvarenGa et al. (2018) showed that the 
longevity of mated females had a survival average of 163.3 
days at 27º C and 50% RH for 12 hours of photophase and 
laid an average of 392.3 eggs with a 22.25% of viability. In 
comparison to our results, the average longevity of virgin 
females of C. phyllinus was 255.3 days with a minimum period 
of 181 and maximum 306 days.

Table 1. Registration number at CEIOC and longevity data of the parthenogenetic virgin females of Cladomorphus phyllinus. The observed 
specimens were kept under uncontrolled environmental conditions, with temperatures ranging from 12° to 33° C, with an average of 25° C, 
and relative humidity of 50% to 89%, with an average of 78%, and were fed with guava leaves (Psidium guajava)

Specimen (registration number) Date of imaginal moulting Date of death Longevity (days)

CEIOC 46342 02/xi/2017 02/v/2018 181

CEIOC 72328 10/xi/2017 20/v/2018 191

CEIOC 46380 10/xi/2017 03/vii/2018 235

CEIOC 44527 10/xi/2017 03/ix/2018 297

CEIOC 46381 10/xi/2017 11/ix/2018 305

CEIOC 28607 12/xi/2017 26/vii/2018 256

CEIOC 57851 15/xi/2017 10/viii/2018 268

CEIOC 57852 18/xi/2017 20/ ix/2018 306

CEIOC 57853 20/xi/2017 16/vii/2018 238

CEIOC 57854 23/xi/2017 26/viii/2018 276
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dorval et al. (2003), which studied mated females fed on 
Angico (Piptania sp.) under the same climatic conditions as 
alvarenGa et al. (2018), found an average longevity of adult 
females of 159.25 days; the average of eggs laid per female 
was 369.3 and the average viability was 57.14 eggs per 
female (15.47%)

Our results obtained on virgin parthenogenetic females 
complement data from the literature, adding a record on 
the reproductive potential of thelytokous parthenogenesis 
present in C. phyllinus. These data suggest that in the 
absence of males, despite the low percentage of hatched 
parthenogenic eggs, this process still represents a viable 
strategy for the survival of the species. 

Parthenogenesis and sexual reproduction have long been 
studied in different species of the stick insects (schwander 
& crespi 2009; schwander et al. 2010; MorGan-richards et al. 
2019). It is known that the maintenance conditions (feeding, 
temperature, humidity, population density, among other 
variables) may lead to noticeable influences in the bionomy 
of the insects resulting in significant biological differences for 
the same species. The results obtained in this study suggest 
that virgin females laid fewer eggs than the coupled ones 
(dorval et al. 2003; alvarenGa et al. 2018); however, they had a 
longer longevity than the mated females recorded by those 
authors, with the average being of about five months, while in 
this study the average was approximately of eight months of 
longevity for the parthenogenetic females. These results are 
in accordance with Maynard sMith (1958) who presented the 
first experiment demonstrating the “costs of reproduction” 
showing the existence of a trade-off between reproduction 
and survival. It is broadly demonstrated that reproduction 
negatively affects the lifespan in a wide range of organisms, 
as for example, in Drosophila melanogaster Meigen (Diptera: 
Drosophilidae) which was detailed analysed and discussed 
in the review elaborated by flatt (2011). Interestingly, Burke 
et al. (2015), studying the Australian species of stick insect, 
Extatosoma tiaratum (Macleay) (Phasmatodea: Phasmatidae), 
observed that an earlier hatching and higher offspring viability 
are positively correlated with the sexual reproduction, 
nevertheless the occurrence of facultative parthenogenesis 
may be explained by the sexual reproduction cost to 
females. In addition to that, the authors call attention that 
parthenogenetic females frequently refuse mating, and 
that switching the females from parthenogenetic to sexual 
reproduction increased female mortality and lowered egg 
production. Therefore, the reproductive strategy might have 
distinct ways for different species and organisms and much 
more work on the genetics and physiology is necessary to 
uncover on such trade-offs and their mechanistic basis 
(flatt 2011). On the other hand, still in the Phasmatodea 
some species present populations known to be exclusively 
parthenogenetic (MorGan-richards et al. 2010; BlackMon et al. 
2017). The parthenogenetic reproduction is also the main 
strategy for several other organisms as for example, Tityus 
serrulatus Lutz & Mello (Arachnida: Buthidae) known as the 
yellow scorpion native in the Northeast of Brazil, with high 
egg hatching percentages (lourenço 2008). 

Our results also indicate the parthenogenesis as an effective 
survival strategy, however, the sexual reproductive form, 
comparing our results to the literature, is the main kind 
of reproduction for C. phyllinus. Observations from field 
captures and specimens from entomological collections (JC 
data not published), show that for C. phyllinus males are very 
common and available to keep sexual reproduction in nature 
and under captivity, at least in several areas of Rio de Janeiro 
State. The relevance of the asexual reproduction and possible 
transitions between sexual and asexual reproduction in 
natural environment are still to be clarified. More detailed 

studies are needed to better understand and evaluate the 
importance of the asexual reproduction in the C. phyllinus 
species assessing distinct natural populations. 

ACKNOWLEDGMENTS

Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (Brazilian National Council for Scientific and 
Technological Development) - CNPq; Rafael Neiva, for the 
relevant information about the occurrence of insects in the 
field; and Leticia Paschoaletto Dias, for the first revision of 
the manuscript. To Drs. Edgar Crispino and Alberto Moreira 
Silva-Neto for the detailed reading of the text and the 
relevant suggestions. To Angie Vasconcellos for the valuable 
contribution in the elaboration of the English version. 

REFERENCES

Alvarenga, CD, HR Souza, TA Giustolin, CAR Matrangolo & 
JF Silva, 2018. Biologia de Cladomorphus phyllinus Gray 
(Phasmatodea: Phasmatidae) em folhas de goiabeira 
(Psidium guajava). EntomoBrasilis. 11: 2, 65-69. DOI: 
https://doi.org/10.12741/ebrasilis.v11i2.762

Baker, E, 2015. The worldwide status of phasmids (Insecta: 
Phasmida) as pests of agriculture and forestry, with a 
generalised theory of phasmid outbreaks. Agriculture & 
Food Security. 4: 22. DOI: https://doi.org/10.1186/s40066-
015-0040-6

Blackmon, H, L Ross & D Bachtrog, 2017. Sex determination, 
sex chromosomes, and karyotype evolution 
in insects. Journal of Heredity. 108:78-93. DOI:  
https://doi.org/10.1093/jhered/esw047

Brock, PD, T Büscher & E Baker, 2021. Phasmida Species File 
Online (Version 5.0/5.0). Available in: <http://phasmida.
speciesfile.org/>. [Access: 4.xii.2021].

Burke, NW, AJ Crean & R Bonduriansky, 2015. The role 
of sexual conflict in the evolution of facultative 
parthenogenesis: A study on the spiny leaf stick 
insect. Animal Behaviour, 101: 117-127. DOI:  
https://doi.org/10.1016/j.anbehav.2014.12.017 

Cerri, D, C Coelho, M Felix & J Costa, 2014. O Pavilhão 
Mourisco e a Coleção Entomológica do Instituto Oswaldo 
Cruz: conservação preventiva e interdisciplinaridade. 
Museologia e Patrimonio, Rio de Janeiro, 7: 107-121. 
Available in: <http://revistamuseologiaepatrimonio.mast.
br/index.php/ppgpmus/article/view/351/315>. [Access: 
xii.2021].

Chiquetto-Machado, PI & EM Cancello, 2021. Cladistic analysis 
of Paraphasma (Phasmatodea: Pseudophasmatidae) 
highlights the importance of the phallic organ for phasmid 
systematics. Zoological Journal of the Linnean Society, 
193: 158-198. DOI: https://doi.org/10.1093/zoolinnean/
zlab004

Chiquetto-Machado, PI, L Torres & J Costa, 2020. 
Bionomic notes on parthenogenetic females and a 
record of parasitism by Forcipomyia Meigen (Diptera: 
Ceratopogonidae) in the stick insect Cladoxerus 
cryphaleus (Westwood) (Phasmatodea: Phasmatidae). 
Revista Brasileira de Entomologia, 64: e20200086. DOI:  
https://doi.org/10.1590/1806-9665-rbent-2020-0086 

Crispino, EB, VM Ghirotto, PW Engelking, J Costa, PABA Neves 
& PI Chiquetto-Machado, 2021. A Retomada dos Estudos 
com Bichos-Pau (Insecta: Phasmatodea) no Brasil: II 
Simpósio Fluminense de Zoologia, Rio de Janeiro, RJ, 
Brazil DOI: https://doi.org/10.13140/RG.2.2.16790.42566 

Costa, J, D Cerri, MR Sá & CJE Lamas, 2008. Coleção 
Entomológica do Instituto Oswaldo Cruz: resgate do 
acervo científico-histórico disperso pelo Massacre de 
Manguinhos. História, Ciência, Saúde-Manguinhos 
15: 401-410. DOI: https://doi.org/10.1590/S0104-
59702008000200010

https://www.entomobrasilis.org
https://doi.org/10.12741/ebrasilis.v11i2.762
https://doi.org/10.1186/s40066-015-0040-6
https://doi.org/10.1186/s40066-015-0040-6
https://doi.org/10.1093/jhered/esw047
http://phasmida.speciesfile.org/
http://phasmida.speciesfile.org/
https://doi.org/10.1016/j.anbehav.2014.12.017
http://revistamuseologiaepatrimonio.mast.br/index.php/ppgpmus/article/view/351/315
http://revistamuseologiaepatrimonio.mast.br/index.php/ppgpmus/article/view/351/315
https://doi.org/10.1093/zoolinnean/zlab004
https://doi.org/10.1093/zoolinnean/zlab004
https://doi.org/10.1590/1806-9665-rbent-2020-0086
https://doi.org/10.13140/RG.2.2.16790.42566
https://doi.org/10.1590/S0104-59702008000200010
https://doi.org/10.1590/S0104-59702008000200010


4 | 4

Longevity, fertility, and average eggs viability of parthenogenetic… Torres et al. (2022)

Costa, J, L Torres, DW Provance, R Brugnera & J Grazia, 2019. 
First report of predation by a stink bug (Supputius cincticeps 
Stål) on a walking-stick insect (Cladomorphus phyllinus 
Gray), with reflections on evolutionary mechanisms for 
camouflage. Paraná, Acta Biológica Paranaense, 48: 5-15.

Costa Lima, AM, 1938. Insetos do Brasil. 1º tomo. Escola 
Nacional de Agronomia, Rio de Janeiro. Série didática nº 2.

Dorval, A, O Peres-Filho, CSP Moraes & E Berti-Filho, 2003. 
Biologia e estudo comportamental de Bacteria tuberculata 
Piza Jr., 1939 (Phasmatodea; Phasmatidae) em folhas 
de anjico (Piptenia spp.). Scientia Forestalis, 63: 150-157. 
Available in: <http://www.ipef.br/publicacoes/scientia/
nr63/cap12.pdf>. [Access: 4.xii.2021].

Flatt, T, 2011. Survival costs of reproduction in Drosophila. 
Experimental Gerontology, 46:369-75. DOI:  
https://doi.org/10.1016/j.exger.2010.10.008 

Ghirotto, VM, 2021. Unmasking a master of camouflage: 
The rich morphology, taxonomy, and biology of the 
Brazilian stick insect Canuleius similis (Phasmatodea: 
Heteronemiidae), with general considerations on 
phasmid genitalia. Zoologischer Anzeiger, 292: 30-57. DOI:  
https://doi.org/10.1016/j.jcz.2021.02.009 

Gomes, P, M Rocha & J Costa, 2010. Phasmida, pp. 103-112. 
In: Felix, M, CE Almeida, NM Serra-Freire & J Costa (Eds). 
Insetos: uma aventura para Biodiversidade. Fiocruz. 
Brasil. Available in: <https://www.fiocruz.br/ioc/media/
Insetos_UmaAventura.pdf>. [Access: xii.2021].

Heleodoro, RA, L Queiroz & JA Rafael, 2021. Two new species 
of Periphloea Redtenbacher, 1906 (Insecta: Phasmatodea: 
Pseudophasmatidae) from the Brazilian Amazon Basin. 
Zootaxa, 5047: 520-530. DOI: https://doi.org/10.11646/
zootaxa.5047.5.2

Heleodoro, RA & JA Rafael, 2020. Review of the genus Dinelytron 
Gray (Prisopodidae: Prisopodinae: Prisopodini), with a 
phylogenetic analysis of the genera of the Prisopodini, 
including the description of a new genus. Zoologischer 
Anzeiger, 285: 37-80. DOI: https://doi.org/10.1016/j.
jcz.2020.01.005 

Heleodoro, RA & JA Rafael, 2021. Phasmatidae in: Catálogo 
Taxonômico da Fauna do Brasil. PNUD. Available in: 
<http://fauna.jbrj.gov.br/fauna/faunadobrasil/33855>. 
[Access: xii.2021].

Hennemann, FH, OV Conle & DE Perez-Gelabert, 2016. 
Studies on Neotropical Phasmatodea XVI: Revision of 
Haplopodini Günther, 1953 (rev. stat.), with notes on the 
subfamily Cladomorphinae Bradley and Galil, 1977 and 
the descriptions of a new tribe, four new genera and nine 
new species (Phasmatodea: “Anareolatae”: Phasmatidae: 
Cladomorphinae). Zootaxa, 4128: 1-211. DOI:  
https://doi.org/10.11646/zootaxa.4128.1.1 

Kumagai, AF, & NG Fonseca, 2009. Uma nova espécie de 
Cladomorphus (Phasmatidae, Cladomorphinae) de Minas 
Gerais, Brasil. Revista Brasileira de Entomologia, 53: 41-44. 
DOI: https://doi.org/10.1590/s0085-56262009000100011 

Lourenço, WR, 2008.  Parthenogenesis in scorpions: some 
history – new data. Journal of Venomous Animals and 
Toxins including Tropical Diseases, 14: 19-44. DOI:  
https://doi.org/10.1590/S1678-91992008000100003 

Madeira-Ott, T, P Thyssen & J Costa, 2020. Phasmatodea 
(Arthropoda, Insecta) in Brazil: status, new record and 
proposal for using molecular tools to assist in species 
identification”, Neotropical Entomology, 49: 916-922. DOI: 
https://doi.org/10.1007/s13744-020-00798-3 

Maynard Smith, J, 1958. The effects of temperature and of 
egg-laying on the longevity of Drosophila subobscura. 
Journal of Experimental Biology, 35: 832-842. DOI:  
https://doi.org/10.1242/jeb.35.4.832 

Morgan-Richards, M, S Shelley, S Langton-Myers & A Trewick, 
2019. Loss and gain of sexual reproduction in the same 
stick insect. Molecular Ecology, 28: 3929-3941.  DOI: 
https://doi.org/10.1111/mec.15203 

Morgan-Richards, M, SA Trewick & IA Stringer, 2010. Geographic 
parthenogenesis and the common tea-tree stick insect 
of New Zealand. Molecular ecology, 19: 1227-1238. DOI: 
https://doi.org/10.1111/j.1365-294X.2010.04542.x 

Otte, D & P Brock, 2005. Phasmida species file: catalog of stick 
and leaf insects of the world. 2nd Ed. Philadelphia, Insect 
Diversity Association at the Academy of Natural Sciences.

Schwander, T & BJ Crespi, 2009. Multiple direct transitions 
from sexual reproduction to apomictic parthenogenesis 
in Timema stick insects. Evolution: International 
Journal of Organic Evolution, 63: 84-103. DOI:  
https://doi.org/10.1111/j.1558-5646.2008.00524.x 

Schwander, T, S Vuilleumier, J Dubman, & BJ Crespi, 
2010. Positive feedback in the transition from sexual 
reproduction to parthenogenesis. Proceeding of the Royal 
Society B, 277: 1435-1442. DOI: https://doi.org/10.1098/
rspb.2009.2113 

Torres, L & J Costa, 2019. As Borboletas, o Besouro e a Fada da 
Biodiversidade. Brasil, Fiocruz. Available in: <https://www.
fiocruz.br/ioc/media/livro_biodiversidade.pdf>. [Access: 
xii.2021].

Torres, L & J Costa, 2020. Eu, Bicho-Pau. Brasil Fiocruz. 
Available in: <https://portal.fiocruz.br/noticia/fiocruz-
lanca-livro-sobre-biodiversidade-para-criancas>. [Access: 
xii.2021].

Zompro, O, 2012. Phasmatodea, pp. 289-306. In: Rafael, JA, 
GRA Melo, CJB Carvalho, SA Casari & R Constantino (Eds.). 
Insetos do Brasil: Diversidade e Taxonomia. Ribeirão 
Preto, Holos Editora. 

**********

http://dx.doi.org/10.5380/abpr.v48i(1-2).69857
http://www.ipef.br/publicacoes/scientia/nr63/cap12.pdf
http://www.ipef.br/publicacoes/scientia/nr63/cap12.pdf
https://doi.org/10.1016/j.exger.2010.10.008
https://doi.org/10.1016/j.jcz.2021.02.009
https://www.fiocruz.br/ioc/media/Insetos_UmaAventura.pdf
https://www.fiocruz.br/ioc/media/Insetos_UmaAventura.pdf
https://doi.org/10.11646/zootaxa.5047.5.2
https://doi.org/10.11646/zootaxa.5047.5.2
https://doi.org/10.1016/j.jcz.2020.01.005
https://doi.org/10.1016/j.jcz.2020.01.005
http://fauna.jbrj.gov.br/fauna/faunadobrasil/33855
https://doi.org/10.11646/zootaxa.4128.1.1
https://doi.org/10.1590/s0085-56262009000100011
https://doi.org/10.1590/S1678-91992008000100003
https://doi.org/10.1007/s13744-020-00798-3
https://doi.org/10.1242/jeb.35.4.832
https://doi.org/10.1111/mec.15203
https://doi.org/10.1111/j.1365-294X.2010.04542.x
https://doi.org/10.1111/j.1558-5646.2008.00524.x
https://doi.org/10.1098/rspb.2009.2113
https://doi.org/10.1098/rspb.2009.2113
https://www.fiocruz.br/ioc/media/livro_biodiversidade.pdf
https://www.fiocruz.br/ioc/media/livro_biodiversidade.pdf
https://portal.fiocruz.br/noticia/fiocruz-lanca-livro-sobre-biodiversidade-para-criancas
https://portal.fiocruz.br/noticia/fiocruz-lanca-livro-sobre-biodiversidade-para-criancas

	_Hlk102927767

