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Resumo

PEREIRA, Julia da Silva.  Taxonomy and morphologic phylogeny of Elpidium Müller, 1880

(Crustacea, Ostracoda). 2017. 165 páginas. Dissertação (mestrado em Ciências Biológicas)  –

Instituto de Biociências da Universidade de São Paulo, São Paulo, 2017

Ostracódes  são  microcrustáceos  acentuadamente  diversos  que  habitam  diferentes

habitats  dulciaquícolas,  marinhos  e  semi-terrestres,  evidenciando  adaptações  a  ambientes

desafiadores, tais como corpos d'água temporários ou muito restritos quanto à quantidade de

água acumulada. Ademais, têm um extenso registro fóssil. Tais características tornam esses

animais  bons  modelos  para  estudos  biológicos  com abordagens  ecológicas,  evolutivas  ou

paleoambientais,  somente  para  citar  algumas.  Apesar  disso,  investigações  científicas

envolvendo o grupo não são tão representativas se comparadas a outros grupos de crustáceos.

Quando se observa ostrácodes que habitam corpos d'água pequenos, restritos e temporários,

essa negligência se torna ainda mais evidente. Um exemplo disso são ostrácodes que vivem

em água acumulada em ocos de colmos de bambu e de árvores ou em tanques de bromélias –

ambientes que em conjunto recebem o nome de fitotelmata – e sobre os quais se produziu

pouco conhecimento até então.  Em termos globais,  somente 14 espécies de ostrácodes de

fitotelmata foram descritas, das quais oito pertencem a Elpidium, um gênero descrito em 1880

por  Fritz  Müller  e  que  continua  muito  pouco  compreendido  quanto  a  sua  biologia  e

sistemática,  devido  à  inconstância  nos  estudos  envolvendo  o  gênero.  Recentemente,

entretanto, esforços estão sendo feitos para preencher essa lacuna e aprimorar o conhecimento

sobre  o gênero.  Para tanto,  estudos estão  sendo feitos  para  verificação da diversidade de

Elpidium.  Neste  trabalho,  são  apresentados  dados  inéditos  tratando  da  (1)  ontogenia  –

esclarecendo aspectos ontogenéticos pouco e/ou mal compreendidos da espécie-tipo Elpidium

bromeliarum;  (2)  taxonomia  –  quatro  novas  espécies  são  descritas  e  Elpidium  laesslei,

redescrita; e (3) história evolutiva, com a proposição da primeira reconstrução filogenética

para o gênero. Aspectos do desenvolvimento ontogenéticos de E. bromeliarum são abordados

no capítulo 1. Neste, a possibilidade – proposta anteriormente na literatura – de uma muda

adicional  após  o  estágio  adulto  para  a  espécie  é  analisada. Tal  possibilidade não  foi

corroborada e o desenvolvimento da espécie não configura uma exceção ao padrão de nove

estágios de desenvolvimento das três principais superfamílias de ostrácodes de água doce e



está também em conformidade com o já bem estabelecido fato de que ostrácodes não mudam

após atingir a maturidade. Taxonomia e diversidade são abordadas nos capítulos 2 e 3. Tais

capítulos são dedicados às descrições de quatro novas espécies – três provenientes da Jamaica

e uma do Rio de Janeiro, Brasil – e redescrição de  Elpidium laesslei, da Jamaica, além de

discorrer  sobre  a  hipótese  de  que  o  gênero  apresentaria  um  alto  grau  de  diversidade  e

endemismo devido à especiação alopátrica favorecida pelo relativo isolamento das bromélias.

O capítulo 3 é ainda dedicado à história evolutiva do gênero, apresentando uma hipótese para

as  relações  evolutivas  entre  suas  espécies.  Tal  reconstrução  filogenética  coloca  Elpidium

como um grupo monofilético e suas espécies divididas em dois grandes clados. Finalmente, a

necessidade de um estudo pluridisciplinar para o completo entendimento do gênero e nossas

expectativas são discutidas.

Palavras-chave: Fitotelmata.  Diversidade.  História  Evolutiva.  Taxonomia.  Ostracoda.

Elpidium.



Abstract

Ostracods are microcrustaceans distinguished by some very particular characteristics.

They have a great  diversity,  occupy different  environments – freshwater,  marine or semi-

terrestrial –, can be adapted to challenging environments as temporary or very restricted water

bodies and have an extensive fossil record. All these traits make these animals great models to

a variety of biological studies such as ecological, evolutionary or paleoenvironmental ones,

just to name a few. In spite of this, studies with the group are not as representative when

compared with other crustacean groups. When one dedicates its attention to ostracods living

in small, restricted and temporary water bodies, this negligence becomes even more evident.

One example of it are the ostracods that inhabit environments such as bamboos, tree holes or

bromeliads – together called pythotelmata – and of which we know very little. Actually, solely

14 ostracods are known for phytotelmata from the whole world. From these, eight belong to

Elpidium,  a  genus  described  in  1880  by Fritz  Müller  and  that  is  still  incredibly  poorly

understood due to the inconstancy on studies involving the genus. In recent years, however,

an effort has been made to fill this gap and improve our knowledge about the genus. In this

sense, studies are being made in order to have a clear panorama of what it is the real Elpidium

diversity and also to go beyond and think in evolutionary and pluridisciplinary terms. In this

work, we aim to continue this effort in understanding this neglected group. To that we planned

a broad and  pluridisciplinary work  that  could  integrate  different  aspects  of  our  genus  of

interest.  We  dedicate  then  to  (1)  ontogeny  –  clarifying  poorly  comprehended  and/or

misunderstood ontogenetic aspects of the type species Elpidium bromeliarum; (2) taxonomy –

describing four new species and re-describing Elpidium laesslei; and (3) evolutionary history

– proposing the first phylogenetic reconstruction for the genus. Ontogenetic developmental

aspects of  E. bromeliarum  are discussed in chapter 1. In it,  we analyzed the possibility –

previously proposed on the literature – of an additional moult after the adult stage for this

species. Such possibility was not corroborated: the species development is not an exception to

the nine developmental stages of the three most important freshwater ostracods superfamilies

and it is also in conformity with the well-established fact that ostracods do not moult after

mature stage.  Taxonomy and diversity are studied in chapters 2 and 3.  Such chapters are

dedicated to the descriptions of four new species – three from Jamaica and one from Rio de

Janeiro, Brazil – and the re-description of E. laesslei from Jamaica. Beyond it, these chapters



also discuss about the hypothesis of high degree of diversity and endemism for the genus due

to allopatric speciation favored by the relative bromeliad isolation. Chapter 3 is also dedicated

to the genus evolutionary history, presenting a hypothesis to the evolutionary relationships

between its species. Such phylogenetic reconstruction puts Elpidium as a monophyletic group

and its species divided into two major clades. Finally, the need of a pluridisciplinary study to

the complete comprehension of the genus and our expectations are discussed. 

Keywords: Phytotelmata. Diversity. Evolutionary History. Taxonomy. Ostracoda. Elpidium.
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1 General Introduction

Crustaceans of the Class Ostracoda are characterized by their diminutive size of 1mm,

on  average,  with  few  exceptionally  large  known  examples,  like  the  marine  genus

Gigantocypris that can achieve up to 3cm. Another conspicuous trait shared by all ostracods is

a  calcareous  bivalve  carapace  that  encloses  their  whole  bodies  (HORNE,  COHEN  &

MARTENS, 2002; MARTENS et al., 2008). They have discontinuous growth, which means

that  they  undergo  ecdyses  throughout  development.  Their  growth  is,  furthermore,

determinate:  they  have  a  terminal  ecdysis,  after  which  development  ceases  and  sexual

maturity is achieved (SMITH & MARTENS, 2000; DE DECKKER & MARTENS, 2013).

Ostracods can be found in most types of aquatic environment around the world. Their

habitats include marine, brackish and freshwater environments and can vary from perennial to

temporary  and  from large  to  extremely  confined  water  bodies  (MARTENS  et  al.,  2008;

JOCQUÉ  et  al.,  2013).  Moreover,  the  three  main  superfamilies  of  freshwater  Ostracoda

(Cytheroidea,  Cypridoidea  and  Darwinuloidea)  have  representatives  living  in  (semi-)

terrestrial habitats (PINTO et al., 2008). The group is also remarkably diverse in number of

living and fossil taxa. According to the checklist presented by Martens and Savatenalinton

(2011), there are 2013 described species, distributed in 209 genera, representing just ostracods

living in freshwater environments and since Ostracoda exist from Ordovician to the present,

and their calcareous valves are often preserved by fossilization process, they have the richest

fossil  record  of  the  Arthropoda  (HORNE,  COHEN & MARTENS,  2002;  RODRIGUEZ-

LAZARO & RUIZ-MUÑOZ, 2012).

The above-mentioned features, among others, make Ostracoda an ideal group for the

development  of  taxonomic,  ecological  or  evolutionary  studies  (MARTENS et  al.,  2008).

Nonetheless, ostracods are still largely neglected if one compares the attention given to other

crustacean  groups.  This  phenomenon  could  be  explained  by  factors  such  as  insufficient

studies  in  regions  where  we expect  considerable  diversity,  or  difficulties  with  taxonomic

studies due to the generally reduced size of specimens, or even to cryptic diversity that does

not  draw researchers  attention (MARTENS &  SAVATENALINTON, 2011).  These issues

lead to a state of underestimated diversity and poor knowledge about taxonomy, ontogeny,
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ecology and evolution of Ostracoda.

If  we  focus  on  ostracods  inhabiting  temporary  and/or  confined  water  bodies,  the

panorama gets even worst (JOCQUÉ et al., 2013). These water bodies can be represented for

instance by ponds or the so-called phytotelmata. Phytotelmata are distinctive habitats such as

bamboos, tree holes, inflorescences of  Heliconia  or tank-bromeliads, for instance. What all

these habitats have in common is the fact that they retain a restricted amount of water that is

subject to desiccation (KITCHING, 2001; SRIVASTAVA et al., 2004; JOCQUÉ et al., 2013).

In spite  of that,  phytotelmata hold a significant  diversity of animals  including occasional

visitors, those that spend part of their life cycles and residents (JOCQUÉ et al., 2013). Two

interesting characteristics about phytotelmata should be mentioned here. The first one is that

they create unique conditions and, consequently, at least resident animals are expected to have

adaptive traits that allow them to survive in such a distinctive environment. The second is the

idea of isolation provided by these environments, which could have a deep impact on the

evolutionary history of resident animals with reduced mobility (LITTLE & HEBERT, 1996).

However,  even considering  how interesting  the  study of  crustacean biodiversity  found in

phytotelmata would be with all  these unique characteristics,  these environments  are  often

neglected,  as  demonstrated  by  Jocqué  et  al. (2013).  According  to  these  authors,  108

crustacean species are known from phytotelmata around the whole world. From these, only 14

are ostracods, belonging mostly to the genus Elpidium Müller, 1880.

Elpidium is one of the freshwater genera listed by Savatenalinton and Martens (2011)

and  inhabits  water  accumulated  in  tank-bromeliads  distributed  from Argentina  to  Florida

(BENZING, 2000).  Its  species  are  generally  medium-sized  ostracods  of  reduced mobility

being dependent on amphibians and occasionally snakes or mammals to disperse (LOPEZ,

RODRIGUES  &  RIOS,  1999;  LOPEZ  et  al.,  2002).  Since  they  are  resident  animals  in

bromeliads, and have reduced mobility, they probably have adaptations to allow survival and

a unique evolutionary history marked maybe by high endemism and speciation rates (LITTLE

&  HEBERT,  1996).  Nonetheless,  publications  dealing  with  Elpidium  are  scarce  and

predominantly related to taxonomic aspects. Since Müller (1880) described the type species of

the genus, Elpidium bromeliarum, only seven other species were formally described. This is

in evident contrast with the expected diversity for the genus considering its large geographical

distribution, its reduced mobility and the isolation provided by the bromeliads. Therefore, this
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low diversity seems to be an underestimation caused by lack of studies.

In the present study, we focus on  Elpidium  with two main objectives: (1) contribute to the

knowledge  of  Elpidium diversity  and  (2)  contribute  to  the  knowledge  of  Elpidium

evolutionary history.

These objectives are contemplated in all three chapters. In Chapter 1, we report on the

ontogenetic development of the type species of  Elpidium and its implications to taxonomic

knowledge about the genus. Chapter 2 is dedicated to the description of three new species and

a re-description of Elpidium from Jamaica. Finally, in Chapter 3, a new species from Brazil is

described and a morphological phylogenetic reconstruction for the genus is presented and

discussed.
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5 General Discussion and Conclusions

The  present  study  began  with  a  panorama  where  Elpidium  had  solely  8  species

formally described and studies involving it were few and discontinuous. However, Elpidium

combines features that together can theoretically implicate in high diversity levels. Its species

inhabit  water  accumulated  in  bromeliads,  an  environment  restricted  and  isolated,  have

reduced mobility and depend on other  animals,  mainly amphibians,  to disperse and reach

other tank-bromeliads (LOPEZ, RODRIGUES & RIOS, 1999; LOPEZ et al., 2002; LOPEZ et

al.,  2005). Little and Hebert  (1996), considering these factors, proposed the hypothesis of

tank-bromeliads acting as “ecological islands”, favoring allopatric speciation and increase in

diversity and endemism for the genus. Our results confirmed the expectation that the diversity

of the genus is probably underestimated, yet some important considerations have to be made.

Based on the material from Jamaica used by Little and Hebert (1996), we described

four species, three of which are new, as presented in chapter 2. These, added to E. martensi,

described  by  Danielopol  et  al.  (2014)  from the  same  collection,  amount  to  five  species

described from Jamaica. Little and Hebert (1996), however, proposed the existence of nine

species in these samples from Jamaica. Possible reasons for this disparity can be: differences

in the interpretation of morphological variation either as phenotypic or not; genetic variation

still not translated into morphological variation; or even our access only to part of the material

sampled by Little and Hebert (1996).

In  chapter  3,  furthermore,  the  description  of  another  new  species  of  Elpidium is

presented,  this  time  from Rio  de  Janeiro,  Brazil.  Each  of  these  descriptions  add  to  our

understanding,  still  limited,  about  the  concept  of  isolation  proposed by Little  and Hebert

(1996). At least some Elpidium species have been sampled from bromeliads separated in some

cases  by  more  than  300km.  This  indicates  that  Elpidium  populations  can  be  relatively

widespread,  despite  their  tendency  to  high  endemism  and  therefore  there  may  be  an

equilibrium between the  isolation  provided by bromeliads  on  one  hand and the  dispersal

provided by the amphibian phoretic vectors on the other hand.

The first phylogenetic reconstruction for Elpidium was produced in the present work,

as reported in Chapter 3. The phylogeny shows Elpidium as monophyletic and I. ibipora as its
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sister-group, reaffirming that the shared and exclusive morphological characteristics that Pinto

et al.  (2008) noticed when describing  I. ibipora constitute, indeed, synapomorphies. Within

the genus,  Elpidium sp. 4, E. laesslei, Elpidium sp. 1, Elpidium sp. 2 and E. merendonense

clustered together, indicating close evolutionary history. This result seems to be in conformity

with geographical distribution of the species. In contrast,  E. maricaoensis, E. pintoi  and E.

purperae  exhibited relationships that  are difficult  to comprehend, and this  may be due to

incomplete original descriptions and absence of material for direct analysis, which resulted in

a large proportion of missing data in the character matrix used for the parsimony analysis.

Another grouping that seems to conflict with the distribution of the species is E. bromeliarum

as sister-species of  E. martensi, the first one from Southern Brazil and the latter one from

Jamaica. As detailed in chapter 3, possible factors that may have led to such clustering are the

extremely conservative state of appendages in  Elpidium that makes observation of variation

and extraction of informative characters very challenging or the difficulty in homologizing

extremely  variable  structures,  as  the  hemipenis.  These  obstacles  underscore  our  lack  of

knowledge about Elpidium and the need to widen research on the genus.

Another  contribution  of  the  present  project  was  to  begin  studies  of  ontogenetic

development with species of  Elpidium,  as detailed in chapter 1. By studying the carapace

morphology  along  the  full  series  of  development  and  soft-parts  of  adults,  A-1  and  A-2

developmental stages, we were able to clarify misunderstandings that existed in the literature.

Pinto  and  Purper  (1970),  when  establishing  the  neotypical  series,  proposed  that  E.

bromeliarum would have an additional growth stage, after maturation in striking contrast with

the pattern observed in Ostracoda of nine post-embryonic moults. In studying juveniles, we

found out that Pinto and Purper (1970) mistakenly classified A-1 specimens with incipient

sexual characteristics as adult males and, therefore, concluded that adults underwent another

moult. We were able to reliably affirm that Elpidium does not present any additional molts in

its ontogenetic development.

Finally, we consider that our initial objectives – (1) contribute to the knowledge of the

Elpidium diversity and (2) contribute to the knowledge of  Elpidium evolutionary history –

were entirely accomplished. In the scope of the first objective, we were able to increase the

number  of  described  Elpidium taxa  from eight  to  12,  by  adding  four  new species,  and,

moreover,  completely re-described another species. Ontogenetic aspects were also studied
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and allowed us to redeem doubts and misunderstandings, consolidating that Elpidium follows

the expected growth pattern for Ostracoda. In the scope of the second objective, we presented

here  the  first  phylogenetic  reconstruction  for  the  genus.  This  could  nicely  explain  the

relationship  between  some  of  the  species  in  the  genus,  concerning  their  geographical

distributions,  while  others  remain  doubtful.  Nevertheless,  we  consider  this  phylogeny  a

substantial contribution, pointing at facets that future researches can take into account. In fact,

we see the whole present work as an effort in the direction of a deeper and more complete

understanding of Elpidium. Danielopol et al. (2014) convincingly argued that pluridisciplinary

studies should be conducted when addressing the genus Elpidium. The present project most

certainly  conforms  to  this  idea,  since  each  different  aspect  approached,  like  ontogeny,

taxonomy and phylogeny, produced complementary results that significantly increased our

knowledge about the group. We hope that our contribution will open paths and stimulate more

research in this group, so far largely neglected but a source of interesting biological studies.
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