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Resumo

Synalpheus ndo gambarelloides devem receber um esforco em estudos para além de
revisdes taxondmicas e terem descri¢ces biologicas e ecologicas bem elucidadas para
comparag6es com o grupo dos gambarelloides e a posi¢do evolutiva do género dentro de

Caridea.

Sobre os aspectos reprodutivos, Synalpheus aparentam possuir uma formagéo
prioritariamente simplista, podendo padronizar um carater primitivo ao grupo quando
comparado a outros géneros e familias da Infraordem Caridea. Apesar de a Infraordem
como um todo ser um grupo bem heterogéneo em morfologias, comportamentos e
formacOes dos aparelhos reprodutores, a auséncia de glandulas acessdrias, secrecdes € a

morfologia tdo distinta neste grupo fazem alusdo a carateres mais primitivos que outros.

O dimorfismo sexual das espécies gonocoricas foi comprovado com base nas
morfologias das primeiras pleuras e pledpodos, sendo complementada pela posicdo dos
apéndices internos que, comprovadamente surgem na posicao apical do endépodo em
fémeas e fémeas ovigeras, caracterizando ndo s6 o dimorfismo, como também mais uma
estratégia acessoria ao “breeding dress” para aprimorar a capacidade das fémeas de

incubar ovos.

Por fim, a associacao entre os aspectos reprodutivos e bioldgicos e o padrdo do
“genome size” ainda permanecem inconclusivos, porém, com as comparacoes
disponiveis na presente tese, pode-se propor que a evolugdo do tamanho do genoma em
camarfes carideos (incluindo Synalpheus) seja fortemente relacionada ao padrdo
biogeografico com tendéncia a distribuicdo polar apresentar os maiores contetidos de
DNA nuclear.

As perspectivas de estudo para o género podem ser reformuladas a partir dos
presentes resultados, sendo as espécies comprovadamente diferenciadas entre 0s sexos,
os padroes celulares de reproducéo esclarecidos, e 0s primeiros aspectos comparativos do
tamanho do genoma elucidados. Os préximos passos para completo entendimento
evolutivo do género ¢ a descricdo de cada vez mais “c-values” para outras espécies de
camardes carideos e a evolugdo da ciéncia bésica para descricdo comportamental e
bioldgica dos Synalpheus ndo gambarelloides que poderéo ser comparados aos presentes
resultados e corroborar a hipotese do padréo primitivo do género.
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Abstract

Non-gambarelloides synalpheus should receive an effort in studies beyond taxonomic
revisions and have well elucidated biological and ecological descriptions for comparisons

with the gambarelloides group and the evolutionary position of the genus within Caridea.

Regarding the reproductive aspects, Synalpheus seem to have a primarily
simplistic formation, being able to standardize a primitive character to the group when
compared to other genera and families of the Infraorder Caridea. Although the Infraorder
as a whole is a very heterogeneous group in terms of morphologies, behaviors and
formations of the reproductive systems, the absence of accessory glands, secretions and
the morphology so distinct in this group allude to more primitive characters than others.

The sexual dimorphism of the gonochoric species was confirmed based on the
morphologies of the first pleura and pleopods, being complemented by the position of the
internal appendages that, demonstrably appear in the apical position of the endopod in
females and ovigerous females, characterizing not only the dimorphism, but also one
more accessory strategy to the “breeding dress” to improve the ability of females to

incubate eggs.

Finally, the association between reproductive and biological aspects and the
“genome size” pattern still remains inconclusive, however, with the comparisons
available in the present thesis, it can be proposed that the evolution of the genome size in
carid shrimp (including Synalpheus ) is strongly related to the biogeographic pattern with

a tendency for the polar distribution to present the highest contents of nuclear DNA.

The study perspectives for the genus can be reformulated from the present results,
with the species being proven to be differentiated between the sexes, the cellular patterns
of reproduction clarified, and the first comparative aspects of the genome size clarified.
The next steps for a complete evolutionary understanding of the genus are the description
of increasingly “c-values” for other species of carid shrimp and the evolution of basic
science for behavioral and biological description of non-gambarelloid Synalpheus that
can be compared to the present results and corroborate the hypothesis of the primitive

pattern of the genus.
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distinguished as much simpler formation than other caridean shrimps, maybe reinforce a

primitive aspect for the genus into the infraorder.
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Pleopods and Gonopore as morphology tools to assess the sexual
dimorphism in Synalpheus shrimps

Abstract

The definition of sexual dimorphism is the external morphological differences between
sexes. In caridean shrimps, those characteristics are most found in appendix masculina
and gonopores opening positions. Synalpheus shrimps are an exception to Infraorder
Caridea and cannot be sexing by classical morphologies. The present study aims to
describe alternatives tools to prove if there is sexual dimorphism in Synalpheus spp.. We
described reproductive features of non-gambarelloides shrimps Synalpheus apioceros
and S. fritzmuelleri applying: classical and geometric morphometrics tools to compare
carapace vs second pleura length and 1% pleura/1® major chela morphologies,
respectively; Scanning Electron Microscopy to morphological description of gonopores;
and Light Microscopy to describe pleopods and appendix interna. Integrative methods
turned possible to evaluate and to propose some new sexual discrimination strategy.
Morphologic differences are present at: the pattern of first pleura’s posterior projection
in males with acute angle and rounded in females and ovigerous female, more robust first
chela in males, pleopods with distinct setae in females, and appendix interna position in
a more apical portion of females’ pleopod than the males’ midpoint position. Gonopores
have different morphology with much simplest pore formation in males and complex
opening-close formation in females. Classical morphometry indicates positive allometry
in growing second pleura and carapace length in females. We were able to provide evident
sexual dimorphism in Synalpheus shrimps, even lacking the masculina appendix and
sometimes lacking appendix interna. It also proposed that females invest much more

energy in body change to a successful reproduction and breeding process.

Keywords: caridean shrimps, geometric morphometrics, mating behavior, reproductive

features.
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in determined area, or event treats with certain biological studies looking for sure the
sexes of animals.

Synalpheus non-gambarelloid groups seem do not present intersex or
hermaphroditism conditions. Still, it is an exceptionally poorly known and understood
group that needs much attention and deserves the effort to understand and compare
biology with gambarelloides congeneres. This first morphological and explained sexual
patterns might turn more straightforward future works and make more evident the entire

natural history of this remarkable genera.
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Sexual dimorphism and relative growth of the snapping shrimp
Synalpheus fritzmuelleri: classical and geometric morphometric
perspectives

Abstract

The caridean shrimps Synalpheus fritzmuelleri is widely distributed into the Atlantic
Ocean. It lives associated with invertebrate animals as sponges and corals or as free-living
in consolidated substrates. The species evidence poorly kind of sexual dimorphism on
secondary sexual characteristics, like other Synalpheus spp.. The use of the analyzes of
the first pleura and Cheliped morphology to evidence this sexual dimorphism can be a
useful strategy since those structures were never been statistically explored before. Here
we used geometric and classical morphometry analyses to answer if there are evidences
of sexual dimorphism of the first pleura and the cheliped morphology. For the geometric
morphometry, we used the first major cheliped with 5 landmarks and 15 semilandmarks,
the second pleura with 2 landmarks and 19 semilandmarks, and the second pleura with 2
landmarks and 20 semilandmarks. Classical morphometry was based on carapace length,
major cheliped propodus length and width, minor cheliped propodus length and width,
and second pleura length. The shape of the first pleura was statistically different into
demographic classes with the male-form showing a pointed hooked. The first major
cheliped was not evident in morphology to separate sexes. The relative growth of the
structures shows that the first major cheliped seems to reach a bigger size, in bigger
animals as ovigerous females, but when comparing specimens overlapping the carapace
length size, we can observe that males tend to present both larger cheliped in width and
length perspectives. So, despite not being evident in morphology, males may use this
structure to fight or protect females and territories. We were able to determine sexual
dimorphism based on morphology and relative growth of the first pleura and first major
cheliped (less evident) for S. fritzmuelleri and it can be considered as the first statistical
register of those structures on literature. It can be used as tool to apply in
other Synalpheus shrimps turning much easier future works with this group since the

difficult to determine the sex of the specimens nowadays

Keywords: Caridean Morphology, Cheliped, Landmarks, Second Pleura.
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Also, S. frizmuelleri represents an example of behavior and physiological patterns
reflected on morphological features, since pair-bond animals tend to present growth
patterns in the same way as seen in our results. Those morphological characteristics
studied here will be usefull in future works with this and other Synalpheus species, being

confident in the application of the “non-usual” secondary sexual appendages morphology.
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Patterns of genome size variation in caridean shrimps: a new data for
nongambarelloides Synalpheus genus

Abstract

Genome size (GS) or DNA nuclear content is considered a useful index for making
inferences about evolutionary models and life history in animals, including taxonomic,
biogeographical, and ecological scenarios. However, patterns of GS variation and their
causes in crustaceans are still poorly understood. This study aimed to describe the GS of
five Neotropical Synalpheus nongambarelloides shrimps (S. apioceros, S. minus, S.
brevicarpus, S. fritzmueller, and S. scaphoceris) and compare the C-values of all Caridea
Infraorder in terms of geography and phylogenetics. All animals were sampled in the
coast of S&o Paulo State, Brazil and GS was assessed by flow cytometry analysis (FCA).
The C-values ranged from 7.89 pg in S. apioceros to 12.24 pg in S. scaphoceris. Caridean
shrimps had higher GS than other Decapoda crustaceans. The results reveal a tendency
of obtaining larger genomes in species with direct development in Synalpheus shrimps.
In addition, a tendency of positive biogeographical correlation with Caridea Infraorder
was also observed. This study provides remarkable and new protocol for FCA, which led
to the discovery of new information regarding GS of caridean shrimps, especially for
Neotropical Synalpheus, which represents the second-largest but poorly studied group in

the Caridea Infraorder.

Keywords: C-value, caridean shrimps, Decapoda, DNA content
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Conclusdes e consideracdes para futuras pesquisas

Synalpheus ndo gambarelloides devem receber um esforco em estudos para além de
revises taxonémicas e terem descri¢fes bioldgicas e ecoldgicas bem elucidadas para
comparagOes com o grupo dos Gambarelloides e a posicao evolutiva do género dentro de

Caridea.

Sobre os aspectos reprodutivos, Synalpheus aparentam possuir uma formagéo
prioritariamente simplista, podendo padronizar um carater primitivo ao grupo quando
comparado a outros géneros e familias da Infraordem Caridea. Apesar de a Infraordem
como um todo ser um grupo bem heterogéneo em morfologias, comportamentos e
formacOes dos aparelhos reprodutores, a auséncia de glandulas acessorias, secrecdes e a

morfologia tdo distinta neste grupo fazem alusdo a carateres mais primitivos que outros.

O dimorfismo sexual das espécies gonocoricas foi comprovado com base nas
morfologias das primeiras pleuras e pledpodos, sendo complementada pela posicdo dos
apéndices internos que, comprovadamente surgem na posicao apical do endépodo em
fémeas e fémeas ovigeras, caracterizando ndo s6 o dimorfismo, como também mais uma
estratégia acessoria ao “breeding dress” para aprimorar a capacidade das fémeas de

incubar ovos.

Por fim, a associacdo entre os aspectos reprodutivos e bioldgicos e o padréo do
“genome size” ainda permanecem inconclusivos, porém, com as comparagoes
disponiveis na presente tese, pode-se propor que a evolugdo do tamanho do genoma em
camarfes carideos (incluindo Synalpheus) seja fortemente relacionada ao padréo
biogeografico com tendéncia a distribuicdo polar apresentar os maiores contetidos de

DNA nuclear.
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As perspectivas de estudo para o género podem ser reformuladas a partir dos
presentes resultados, sendo as espécies comprovadamente diferenciadas entre 0s sexos,
0s padroes celulares de reproducéo esclarecidos, e 0s primeiros aspectos comparativos do
tamanho do genoma elucidados. Os proximos passos para completo entendimento
evolutivo do género ¢é a descrigdo de cada vez mais “c-values” para outras espécies de
camardes carideos e a evolugdo da ciéncia bésica para descricdo comportamental e
bioldgica dos Synalpheus ndo gambarelloides, que poderdo ser comparados aos presentes

resultados e corroborar a hipétese do padrdo primitivo do género.
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