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RESUMO

Os ecossistemas dulcicolas sédo considerados attelme ambientes
mais ameacados do planeta. Diversas espécies daldge estdo sendo extintas
antes mesmo de serem descritas e a situacdo é miadagrave para 0S
invertebrados, como os crustaceos dulcicolas dergétyalella. A existéncia
de espécies cripticas dryalela dificulta o desenvolvimento de estudos sobre
esses animais, bem como na criacdo de politicesriservacdo direcionadas a
eles. Estudar a ecologia e filogenia molecular Higlella ira auxiliar no
conhecimento da sua diversidade e distribuicaorgéiog, no delineamento de
suas espeécies, nas relacdes evolutivas dentrordoayé na estimativa de sua
efetiva situagdo de ameaca. Assim, essa tesedimaga com o objetivo geral
de se conhecer a filogenia molecular, a biogearafi alguns aspectos
populacionais deHyalella na América do Sul. O primeiro capitulo apresenta
uma revisdo bibliografica sobre o tema estudada) bemo os objetivos e
hipoteses da autora. O segundo capitulo estuditngarfia molecular do género
e sua histéria biogeografica na América do SulaPo, um gene nuclear (H3)
e dois mitocondriais (16S e 12S) foram parcialmsetgienciados e as rela¢gdes
das espécies foram elucidadas através de anatiddaxdma Verossimilhanca e
Inferéncia Bayesiana. Um impressionante nuimero @en@as espécies foi
encontrado, bem como a existéncia de um complexaspiécies. Os subgéneros
de Hyaldlla ndo formaram um clado monofilético e o género possoa
provavel origem no Eoceno, com um pico de diveraifio no Mioceno. O
terceiro capitulo da tese estudou aspectos popukisi de quatro espécies de
Hyalella no Brasil, oriundas de diferentes latitudes e bimmAs populacdes
foram coletadas em duas estacdes diferentes dodan?2012. Em geral, a
reproducdo das espécies proximas aos tropicofdinua ao longo do ano e
das espécies de altas latitudes a reproducédozonah O tamanho corporal dos
individuos de latitudes altas é maior do que dakviduos das espécies de
latitudes mais baixas. Além disso, a maturidadeialedtas espécies proximas
dos trépicos é alcancada em tamanhos menores. uhdielade das espécies
aparentemente esta mais relacionada com o tamamnporal da fémea do que
com o clima e latitude. Essa tese é o primeiroatheb que utiliza técnicas
moleculares a fim de se conhecer as relactes aaduteHyalella na América
do Sul e realiza a comparacdo de aspectos popudasiode espécies
geograficamente distantes. A filogenia moleculas informacg8es ecoldgicas do
género obtidas nessa tese auxiliardo na consende@rossistemas de agua
doce na América do Sul, visto que esses organise@ms endémicos e
bioindicadores de qualidade ambiental.

Palavras-chave: Crustaceos, ecolodiglella, filogenia molecular, Peracarida.



ABSTRACT

Freshwater ecosystems are considered the mostahegbenvironments
on the planet. Several freshwater species are hiegoextinct before being
described and the situation is even worse for tebeates, such as the amphipod
crustaceansiyalella. The existence of cryptic speciestyalella difficult the
development of studies about these animals, as a®llthe creation of
conservation policies addressed to them. Studyiagetology and the molecular
phylogeny of Hyalella will aid to understand its diversity and geographi
distribution, in the delimitation of its species, the evolutionary relationships
within the genus and on the estimate of their ddtwaat situation. Thus, this
thesis was performed with the aim of know the malkc phylogeny, the
biogeography and some population aspectklyaiella in South America. The
first chapter presents a literature revision alibattopic studied, as well as the
aims and hypothesis of the author. The second ehaptidied the molecular
phylogeny of the genus and its biogeographic hjstoSouth America. For this,
one nuclear gene (H3) and two mitochondrial (168 &8S) were partially
sequenced and the relationships of the species @moidated by Maximum
Likelihood and Bayesian Inference analyzes. An #mpive humber of 20 new
species was found, as well as the existence oéeiegpcomplex. The subgenus
of Hyalella did not form a monophyletic group and the genus &aorigin
probable in Eocene, with a peak of diversificafioMiocene. The third chapter
presents the study of the population aspects ofdpecies oHyalella in Brazil,
from different latitudes and biomes. Populationsensampled in two seasons of
2012. In general, the reproduction of the specilesec to the tropics was
continuous throughout the year and in species frioigh latitudes the
reproduction was seasonal. Body size of individirlgigh latitudes is larger
than individuals of lower latitudes. Moreover, sekunaturity of the species
closer to tropics is reached at smaller body sizhe.fecundity of the species is
apparently more related to the female's body shen tto the climate and
latitude. This thesis is the first study that usedecular techniques in order to
understand the evolutionary relationshipsHfalella in South America and
performs the comparison of population aspects ofjggphically distant species.
Molecular phylogeny and ecological information loé tgenus obtained from this
thesis will aid in the conservation of freshwateo®y/stems in South America, as
these organisms are endemic and bioindicators tefrwaality.

Keywords: Crustaceans. Ecolodyyalella. Molecular phylogeny. Peracarida.
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1 INTRODUCAO GERAL

Os ecossistemas dulcicolas s&o considerados ahtaelme ambientes
mais ameacados do planeta. A perda de biodivelsidadagua doce é muito
superior a dos ambientes marinhos e terrestrelveesds espécies estdo sendo
extintas antes mesmo de serem descritas pela @iéhdituacdo é mais grave
para os invertebrados, pois sequer existem estiasagobre sua situacdo de
ameaca. Grupos de invertebrados que vivem exclagive em ambiente
aquatico, como a maioria dos crustaceos, estd® @r®rorganismos mais
vulneraveis a impactos ambientais, pois facilmentem ser extintos.

Os crustaceos anfipodos de agua doce do géhatella Smith, 1874
se engquadram nessa situacdo. Suas espécies s@eisensnpactos ambientais,
sdo utilizadas em testes de toxicidade e apresgumamacdes endémicas com
baixa capacidade de disperséo, o que as torna susteptiveis a extingdo por
fatores antrépicosHyalella ocorre apenas nas Américas e € muito pouco
conhecido na América do Sul, tanto em sua ecolagianto a sua real
diversidade. Além dissoHyalella possui espécies de morfologia bastante
semelhante, o que dificulta a identificacdo dasufagdes, a descricdo de novas
espécies e o conhecimento de sua distribui¢cdo &carConhecer a ecologia e
filogenia molecular desses organismos sdo ferrameque irdo auxiliar no
conhecimento da diversidade, no delineamento déciespe sua distribuigao,
nas relagcdes de parentesco do género e em sva sieiacdo de ameaca.

Dessa forma, essa tese foi realizada com o objgtval de se conhecer
a filogenia molecular, a biogeografia e os aspedéaspopulacdes de diferentes
espécies délyalella da América do Sul. Assim, esse trabalho esta idividm
trés capitulos. O primeiro fornece informagfes sabtema estudado na tese,
onde foi realizada uma ampla revisao bibliograBobre a atual situacdo dos
ecossistemas aquaticos dulcicolas no mundo e nailBrdestacando a
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importancia de inclui-los em estudos de ecologiareservagdo. Além disso, o
referencial teérico aborda os crustaceos anfipap@sto a sua diversidade,
distribuicdo, histéria taxondmica, e as pesquisais mtuais sobre sua ecologia e
filogenia molecular. Ademais, esse capitulo destacamportancia de se
conhecer a dindmica populacional e a filogenia mudée de um grupo, com
propositos de conservagdo ambiental. Por fim, nal fdo primeiro capitulo
estdo incluidos os objetivos e as hipéteses dazaatorealizar a tese.

O segundo capitulo foi redigido na forma de artigtvata da primeira
filogenia molecular realizada para as espéciebly@tella da América do Sul.
Além disso, é discutido se as espécies brasildmagénero sdo monofiléticas e
se 0s subgéneros dityalella sdo validos, além de ser estimado o tempo de
diversificacdo do grupo e sua histdria biogeogeéfia América do Sul. Por fim,
0 terceiro capitulo, que também foi escrito na fomhe artigo, apresenta uma
pesquisa realizada com quatro espécietHylella no Brasil, em diferentes
biomas e latitudes. Foram analisados diversos tpeas populacbes, como
periodo reprodutivo, tamanho corporal, maturidadazéo sexual, fecundidade,
entre outros.

Essa tese é pioneira pois utiliza técnicas madeesina tentativa de se
conhecer as relacdes evolutivas das espécidsyaella da América do Sul,
especialmente do Brasil. A estimativa da filogemiiada a informacdes
ecolégicas das espécies poderdo auxiliar na cria@do programas de
conservacao de ecossistemas de agua doce no Bisisilque esses organismos
sdo extremamente endémicos e podem ser bioindesdde qualidade
ambiental. Esse trabalho sera referéncia paraafijpesquisas comlyalella e
outros anfipodos, de forma que com esses resulttdspossivel construir a
filogenia de todo o género, incluindo as espécies gcorrem na Ameérica
Central e do Norte. Ademais, podera ser estimadordea mais precisa quando

ocorreu a ocupacéo ttyalella pelo continente.
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2 REFERENCIAL TEORICO

2.1 Os ecossistemas aquaticos dulcicolas

Biodiversidade pode ser definida como a varieddeleecossistemas,
espécies e suas diferentes populacdes, bem comemsidade genética das
mesmas. A diversidade biologica do planeta est@laaEnte sendo esgotada
como consequéncia direta e indireta das acbes RIMERRANKHAM;
BALLOU; BRISCOE, 2002). Um numero desconhecido dpéeies ja foram
extintas e muitas tiveram suas popula¢des reduzidasnanhos tdo pequenos
gue estdo em perigo de desaparecer. O problemaéatia grande que ja esta
sendo chamado de "a sexta grande extin¢cdo", paisnagnitude se compara
com as outras cinco grandes extingdes em massaocpreeram na Terra
(FRANKHAM; BALLOU; BRISCOE, 2002). Dessa forma, aolmgia da
conservacao é motivada pela necessidade de reduaitais taxas de extincdo e
de preservar a biodiversidade (FRANKHAM; BALLOU; BTOE, 2002;
EGUIARTE; SOUZA; AGUIRRE, 2007).

Apesar de fazerem parte de toda e qualquer afigidaumana, os
ecossistemas de agua doce contém apenas 0,01%ada tigua do planeta e
cobrem somente 0,8% de sua superficie (ABELL, 20@2almente, os
ambientes dulcicolas sdo considerados 0s ecosastemis ameacados do
mundo, de forma que os principais perigos sao:.ragf® do habitat e
degradacdo (eutrofizacdo, acidificacdo, sedimeafae@imento da turbidez,
remocdo da vegetacdo riparia, canalizacdo); consg@o por substancias
toxicas; introducdo de espécies exoéticas; manipakac hidrologicas
(reservatérios, remocdo de aguas subterréneas,nasarrigacdo); sobre-
exploracdo de espécies com importancia econénmpcassdes globais (aumento

da incidéncia de luz ultravioleta, aquecimento glpfDUDGEON et al., 2006;
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SUSKI; COOKE, 2006). Esse cenério é ainda pior parhabitats dulcicolas de
tamanho reduzido, como lagos e nascentes, bem quar®d as espécies
endémicas que ocorrem nesses ambientes. Dessa funmadita-se que a perda
da biodiversidade na agua doce exceda muito a didseates marinhos e
terrestres (NEL et al., 2009).

Cerca de um terco de todas as espécies de veltelda planeta estéo
confinadas a agua doce. Os peixes dulcicolas,ygmn@o, compreendem 25%
de todas as espécies atuais de vertebrados, eestique dessas cerca de 30%
estdo ameacadas. Contudo, a situacdo € ainda ragésara os invertebrados,
pois apesar de compreenderem grande parte da disidiade desses
ecossistemas, ndo existem estimativas sobre aeslasituacdo de ameaca
(ABELL, 2002).

O conhecimento da diversidade dos invertebradtwdcdlas é precario,
sendo particularmente maior nos tropicos, regi@esapncentram grande parte
das espécies da Terra (ABELL, 2002). Além dissonesrtebrados aquaticos
possuem um papel essencial nas cadeias troficas, gém de ocuparem
diferentes niveis (atuando como predadores, heaxsyo detritivoros,
decompositores, servindo de alimento para inveatids e vertebrados, entre
outros), muitos deles completam seu ciclo de vidaterra, sendo importantes
tanto para os ambientes de agua doce como pagaesttes (DUDGEON et al.,
2006).

Assim, devido as pressfes antrépicas que sofremcantinuo e
desenfreado uso para a sobrevivéncia humana, dasiwgade urgente de criacao
de medidas de conservacéo e da caréncia de commtginha diversidade, sdo
urgentes os trabalhos que estudem os ecossisteo&otas, principalmente os
que ocorrem em latitudes tropicais. Além disso,lquexr estudo que aborde a

ecologia, biologia, taxonomia, genética e outrogee®s dos invertebrados
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aquéticos de agua doce, ir4 contribuir substanei@encom a conservagéo dos

ecossistemas dulcicolas, bem como de toda suaveisiiade.

2.2 Filogenia molecular

De acordo com a teoria da evolugdo proposta powiDatodos os
organismos evoluiram de um Unico ancestral comumsgria a origem da vida.
Dessa forma, diferentes mecanismos genéticos levara surgimento da
biodiversidade encontrada hoje, como as mutacGeplicdcdo de genes,
reorganizacdo de genomas e trocas genéticas coetmmmbinacdo, rearranjo e
transferéncia horizontal de genes (LEMEY; SALEMANDAMME, 2009).

Levando-se em conta essa informacao, é possiwedtigar a evolucéo e
as relagfes entre 0s organismos, espécies e as, geitizando diferentes tipos
de dados. A maneira classica de se estimar asdeslagntre as espécies é
comparar seus caracteres morfologicos, sendo gasecipal método em que a
taxonomia se baseia (FRANKHAM, 1995). Contudo, ridtimas décadas,
houve um exponencial aumento das informacdes malesudisponiveis, como
sequéncias de aminoacidos e nucleotideos, por éxegue também podem ser
utilizadas para inferir sobre relacdes filogendética(CRANDALL;
FITZPATRICK, 1996).

Nos ultimos anos, muitos foram os avancos metodmégem biologia
molecular. A obtencdo de dados moleculares toreowma importante
ferramenta para o entendimento de complexas rdafifimenéticas, onde
apenas o0 uso de caracteres morfoldgicos nédo éesiific Além disso, essas
metodologias tem a vantagem de utilizar caractenégersais e conservativos,
além de poderem ser utilizadas no delineamentavefatos limites entre
linhagens e/ou espécies (AGAPOW et al.,, 2004; EQIE; SOUZA,

AGUIRRE, 2007). As analises filogenéticas moleadamambém estabelecem as
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relacdes entre genes ou seus fragmentos, atravigsed@ncia de sua historia
comum. Basicamente, métodos filogenéticos consideraimilaridade entre os
genes, assumindo que sao homdlogos, ou seja, dihgarde um mesmo
ancestral comum (EGUIARTE; SOUZA; AGUIRRE, 2007).

Apesar de ser um consenso que todos os organsongzartiiham de
um mesmo ancestral, ao longo do tempo a similagigadre dois genes pode ser
perdida de tal forma que as préprias sequénciagladivs ndo carregam
informacéo suficiente sobre a relacdo entre doiegga que esses acumularam
muita variacdo. Além disso, o termo homologia édasaomente quando o
ancestral comum é recente o suficiente para qugf@macdes das sequéncias
tenham retido similaridade suficiente para que segada nas analises
filogenéticas (LEMEY; SALEMI; VANDAMME, 2009).

Algumas espécies de animais sdo particularmendenigsoras no
campo da genética da conservacdo. Taxons endéro@ros, familias e géneros
de crustaceos de agua doce, incluindo lagostinsfipoglos, sdo organismos
potenciais no estudo da filogenia molecular, filmgrafia, biogeografia e
conservacdo de ecossistemas (CRANDALL; FITZPATRICKL996;
CRANDALL et al., 2000a; CRANDALL et al., 2000b). & animais possuem
caracteristicas essenciais para estudos de copdeyveomo a distribuicdo
restrita a algumas areas, ou até mesmo contineetegenes com areas
relativamente conservativas, facilitando as estimatde filogenia (ENGLISCH
et al., 2003).

As principais questdes genéticas da biologia desewacdo incluem a
ocorréncia de endogamia, acumulacéo e perda pacies deletérias, perda de
variagdo genética em populacdes pequenas, fragrdentde populacdes,
reducdo na migragdo e incertezas taxondmicas. Eorréacia disso, andlises
moleculares que estudem espécies-chave, comoamogitrustaceos de agua

doce, sdo extremamente relevantes para 0 manejongergacdo desses
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organismos e dos ambientes em que vivem (DE QUEJREAUTHIER, 1992;
FRANKHAM, 1995; EGUIARTE; SOUZA; AGUIRRE, 2007).

Dessa forma, atualmente, a filogenia moleculama@ was principais
ferramentas da biologia da conservacao, e devesseia no estudo de espécies
ameacadas, na criacdo de programas de conservagéseevacao de todos os
tipos de ecossistemas, bem como no entendimertistiduicdo de organismos
e conhecimento de sua biogeografia. Aliada a oueasmentas, como a
taxonomia e estudos ecoldgicos aplicados, a fiiegewlecular certamente esta
entre as metodologias mais promissoras para audiiga conservacdo da
biodiversidade (EGUIARTE; SOUZA; AGUIRRE, 2007).

2.3 Dinadmica populacional

A conservacgdo de todo ecossistema depende do dommtc dos
aspectos ecoldgicos das populacdes que o compiigré€ender a abundéancia e
o tamanho de uma populagéo, sua estabilidade, fprigdde, funcdo na cadeia
trofica, taxas de imigracdo e emigracdo, periogoorutivo, recrutamento de
jovens, tempo médio de vida, entre tantos outrpecss, sdo cruciais para que
ocorra uma conservacgao a longo prazo (COOPER, HB85CHINSON, 1981;
MUSKO, 1993). Além dessas caracteristicas que s@wenmtes de cada
populacdo, seus individuos também interagem entcers 0 ambiente e outras
populagbes, seja na busca por um parceiro repuwogutia competicdo por
alimento, espaco e outros recursos (FONTELES-FILEEBD).

Todas as informacdes sobre a dindmica populacid@aima espécie
embasam e norteiam a criagdo de programas de cag8er a avaliagdo de seu
risco de extingdo e de um possivel uso sustentheel, como de seu potencial
para uso em estudos de bioindicacdo e ecotoxieol@RAWN; ROBINSON,
1996).
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Popula¢gBes de animais de agua doce que ndo possnesstagio de
vida que seja dispersor, geralmente sao pequeatalas e endémicas, como 0s
crustaceos da ordem Amphipoda (BARNARD; BARNARD,82pP Assim,
conhecer a dindmica populacional desses organiérdesvital importancia para
verificar a existéncia de um declinio no cresciroeaf# populacdo ou até mesmo
de endogamia, fatores que podem leva-la a exti(@ACCHERI; HANSKI,
2006).

Os crustaceos anfipodos de agua doce estdo entnrgarsismos mais
comumente utilizados em avaliacdes de qualidadeiesmaly comoHyalella
azteca (Saussure, 1858) @ammarus lacustri Sars, 1863, espécies que ocorrem
somente no Hemisfério Norte. Esses crustdceosos@iderados bioindicadores
de boa qualidade de agua devido a sua alta séshailsl quando na presenca de
contaminantes e outros impactos ambienisSEUPARTH; COSTA; COSTA,
2002; WILCOXEN; MEIER; LANDRUM, 2003; DING et al2011).

Protocolos de avaliacdo de qualidade ambientadasiaa partir de
estudos com espécies de clima temperado néo paamaios no Brasil. Além
disso, a biologia e a ecologia das espécies nor&gieanas sao extremamente
diferentes dos organismos nativos do Brasil, ja €jlae sdo adaptados a outro
tipo de habitat, possuem outra fisiologia, ciclovitta, periodo de reproducéo,
etc. (PHILLIPS; SEGAR, 1986; MCELARNEY; RIPPEY, Z)0

Dessa forma, estudar a dinamica populacional daécies nativas de
anfipodos de agua doce do Brasil se torna essepaial que se possa criar
programas de conservacdo dos ecossistemas aquélicosais, além de
protocolos de avaliacdo de qualidade ambiental ks para os habitats

brasileiros.
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2.4 Os crustaceos anfipodos de agua doce

Os crustaceos possuem a maior variedade morfoldigicle todos os
grupos animais existentes e conquistaram praticeminlos os habitats da
Terra. Essas caracteristicas sugerem que essesisonga desenvolveram
estratégias sexuais, sociais e de histérias de mdtzas, culminando em um
enorme sucesso ecoldgico e evolutivo (MARTIN; DAVIZ01; DUFFY;
THIEL, 2007).

Amphipoda é uma das ordens de crustdceos maishesdidas. Esses
invertebrados podem ser encontrados em todo o tplanesua diversidade é
majoritariamente marinha. Entretanto, muitas eggéocorrem em diferentes
habitats dulcicolas e sdo especialmente abundantegguas correntes frias e
subterraneas de regides temperadas. Das cerchQfee3pécies da ordem, 20%
ocorrem em ambientes de agua doce e algumas pa#msterrestres
(VAINOLA et al., 2008).

Geralmente, os anfipodos possuem o corpo compritaidcalmente e
apresentam tamanhos que variam de 2 a 40 mm, wraisntente entre 5 e 15
mm. As fémeas possuem um marsupio - localizadoeneop - estrutura onde
ocorre a fertilizacdo e incubag¢do dos ovos. Diferaente da maioria dos
crustaceos, os anfipodos possuem o desenvolvirdéeto, ou seja, 0s juvenis
eclodem dos ovos com a morfologia dos adultos, se®s as caracteristicas
sexuais secundarias desenvolvidas (BOROWSKY, 1882RRIT; SPICER,
1996).

E dificil estimar a idade de surgimento de Amphgpedie que forma se
deu sua ocupacado pelo planeta, uma vez que fédseggupo sao raros. O
exoesqueleto dos anfipodos ndo sdo tdo escleragsizadmo em outros
crustaceos, o que dificulta a formacao de fossieisstudos paleontoldgicos e
biogeograficos (KARAMAN, 1984; COLEMAN, 2004). Apiddos preservados
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em ambar ndo datam antes do Eoceno, contudo, cam é&a padrbes
biogeogréficos atuais, é estimado que a ordem temtyado a pelo menos 250
milh6es de anos, e que tenha se diversificado na dgce por volta de 180
milhn6es de anos atrds, na época de separacdo aei®PaBARNARD;
BARNARD, 1982; COLEMAN, 2006; VAINOLA et al., 2008)

A auséncia de um estagio larval em Amphipoda limitzapacidade de
dispersao desses animais por longas distanciagjbeondo para o isolamento
geogréafico de muitas populagbes. Dessa forma, pécies de agua doce,
principalmente as que ocorrem em lagos e ambisntggrraneos, muitas vezes
sdo endémicas ou possuem uma distribuicdo geagrffitada (BARNARD;
BARNARD, 1982). Porém, ja foi observado que avesmamiferos aquaticos
podem auxiliar na disperséo desses crustaceosppd&m carrega-los em suas
penas ou pelos, ajudando no estabelecimento de popallacdes (SWANSON,
1984).

Devido aos habitos primariamente herbivoros e itbetros, os
anfipodos dulcicolas possuem uma grande relevamcaldgica. Eles
proporcionam a transferéncia de energia entre wsisniréficos, atuam na
conversdo de detritos em matéria organica, servenalinento para aves
aguaticas e peixes, e muitas vezes sao hospetddennediarios de parasitas de
vertebrados (WEN, 1992; MUSKO, 1993; WELLBORN, 2002ELLBORN,;
COTHRAN, 2007).

A sistematica de Amphipoda nos niveis mais altosxiéemamente
confusa e até o0 momento nenhuma hipotese filogenétolecular foi realizada.
Porém, pelo menos para os taxons dulcicolas, éivebsdiscutir relacdes
evolutivas em niveis de Superfamilia, de forma gada uma possui uma
histéria biogeografica e de colonizagdo da aguee dbistintas (LOWRY;
MYERS, 2013). Apesar de nado existirem estudos dil@gicos abrangentes, os

anfipodos de &gua doce sdo possivelmente potifieti Sua evolugéo
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provavelmente se deu com repetidas colonizacbesaglaas continentais em
diferentes épocas e regidées (BARNARD; BARNARD, 1982

A diversidade de anfipodos de agua doce na AmeatxaSul é
extremamente baixa, quando comparada com outrageseglo planeta,
contando com apenas 10 familias, 22 géneros e pPécies (FISER;
ZAGMAJSTER; FERREIRA, 2013). No entanto, essa dikkxde certamente é
muito maior, principalmente com relagcdo as espéhipégeas e dentro da
familia Hyalellidae Bulycheva, 1957 e de seu uUnjémero,Hyalella Smith,
1874. Apenas no Lago Titicaca, por exemplo, qusyiasma radiacdo enorme
do género, existem provavelmente mais de 100 espéndémicas ndo descritas
(GONZALEZ; WATLING, 2003).

A razdo da diversidade desse continente ser ta Bauma questao
discutida h& pelo menos 30 anos, e duas hipotésessido propostas para
explicar o fendbmeno (BARNARD; KARAMAN, 1983). A prieira sugere que
as linhagens de anfipodos nunca se dispersaramApeéaica do Sul e a
segunda afirma que o recentemente diversificadergétyalella (Unico grupo
epigeo de anfipodos de agua doce do continentiea superado e excluido a
fauna ancestral das aguas superficiais (BARNARDRKWMAN, 1983). No
trabalho recente de FiSer, Zagmajster e Ferreh3)2 os autores acreditam que
todos os taxons de anfipodos estiveram presentégndsica do Sul antes da
separacdo de Gondwana, e dyalella invadiu a agua doce apenas quando o
continente americano ja estava completamente shpai@s demais massas de
terra.

Além disso, os ancestrais dos atuais anfipodosmériéa do Sul podem
ter se tornado extintos nos ambientes superfi@gai®s do surgimento de
Hyalella. Esse género, por sua vez, deve ter colonizadaparficie com
sucesso, resultando em uma diversidade incrivedspécies, que certamente

ainda esta por ser descrita. Porém, para que oeorcamprovacdo dessa
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hip6tese, trabalhos que utilizem a filogenia mdlecprecisam ser realizados
(FISER; ZAGMAJSTER; FERREIRA, 2013).

2.5 O génercHyalella

A familia Hyalellidae ocorre somente nas regidesarhea e
Neotropical, desde o sul da Patagbnia até a regidmal do Canada e apenas o
géneroHyalella a compde. Na América do Silyalella é o Unico género
epigeo de anfipodos de agua doce, 0 que o torremenente importante nos
ecossistemas onde ocorre. Todos os demais taxaasfipedos da América do
Sul estdo restritos aos ambientes subterrdneosp amawernas e habitats
hipotelminorreicos (RODRIGUES; BUENO; FERREIRA, 201BUENO;
RODRIGUES; ARAUJO, 2014).

O género é constituido por espécies morfologicéensgmelhantes, cuja
identificacdo se torna dificultada pelas descricietigas e pobres de detalhes,
com ilustragdes incompletas ou ausentes, em suar rparte realizadas por
pesquisadores ndo especialistas no grupo. Somandoesse quadro, muitos
hol6tipos ndo foram depositados em colecdes diesdifou se perderam,
inviabilizando novas andlises (BUENO; RODRIGUES;ARIO, 2014).

Ao todo, existem 68 espéciestdgalella descritas e a América do Sul é
a regido que apresenta a maior diversidade, comedjcies no total
(CARDOSO et al 2014; RODRIGUES; BUENO; FERREIRA, 2014; COLLA;
CESAR, 2015; SOUCEK et al., 2015). O Lago Titicdoaalizado entre o Peru
e a Bolivia, é a regido que concentra 0 maior ndarderespécies ddyalella
vivendo de forma simpatrica, 14 no total. Gonz&e¥/atling (2003a) afirmam
gue existem cerca de 100 espécies ainda ndo despdta o Titicaca, todas
depositadas em Museus. Certamente a riqueza deiesmieHyalella nos

paises da América do Sul ainda é pouco conhecidarozavelmente
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subestimada, pois praticamente ndo existem coleiaspaises andinos e em
diversas regides do Brasil.

Os hyalellideos ocorrem em praticamente todos mss tde habitats
dulcicolas: rios, cérregos, lagos, areas Umidas;amies e diversos ambientes
subterraneodHyalella pode ser dividido em varios grupos de acordo cauaa
distribuicdo geografica e ocorréncia em bacias ogidificas (GROSSO;
PERALTA, 1999; BUENO; RODRIGUES; ARAUJO, 2014).

Bousfield (1996), ao realizar uma revisdo sisteraatipropbs a
subdivisdo dedyalella em trés subgéneros, baseado somente na morfodlagjia
espécies e em sua distribuicdo geogréafieatrohyalella (espécies dos Andes e
regiBes no sul da América do Sul, com caracteaisticorfol6gicas mais basais),
Mesohyalella (espécies do noroeste e leste da América do Beillindo o
Brasil, com caracteristicas morfolégicas intermed& entre os demais
subgéneros) elyalella, sendo esse o0 subgénero nominal (espécies da daméri
do Norte e América Central, com caracteristicasfoitmicas mais derivadas).
Contudo, essa divisdo é confusa e nunca foi coaflemou testada. Além disso,
diversas novas espécies foram descritas desde, entdtas delas cripticas, o
gue dificulta sua identificacdo e poderia invalidaalocacdo das espécies nos
subgéneros utilizando apenas sua distribuicao géogr

Pouco se sabe sobre a idade e origerhlyddella, bem como ocorreu
sua invasdo na agua doce e distribuicdo pelas AasérPossivelmente seu
ancestral tenha sido um anfipodo marinho que @ecogiMar de Tétis, durante a
Era Mesozoica. O Mar de Tétis teria surgido quaseldniciou a ruptura da
Pangeia, formando as massas continentais da Laurasi Gondwana
(GONZALEZ, 2001).

Uma hip6tese sugere, entdo, que esse anfipodotrah¢enha surgido
em aguas de clima temperado e entdo se deslocadem@o a regido norte da

América do Sul, somente ap0s a separac¢do das Asélis demais continentes
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(GONZALEZ, 2001). A colonizagio da agua doce tedarrido na época dos
grandes mares epicontinentais, com a conquistaadentes dulcicolas Sul-
Americanos e posteriormente se dispersando paraéxié¢a Central e do Norte.
Anadlises moleculares sugerem que as espécies queemcnas Américas do
Norte e Central tenham se diversificado antes dgirsento do Istmo do

Panama, no médio Mioceno, a cerca de 11 milhdeands atras (WITT;

HEBERT, 2000).

A ocupacéo delyalella pela América do Sul teria ocorrido sem que essa
estivesse totalmente formada geologicamente. Odatpopulacdes do género
serem encontradas a oeste da Cordilheira dos Araé&hile, sugere que esses
crustaceos colonizaram o continente antes do sosegto da mesma. Além
disso, os periodos de glaciagBes subsequentemtsiitb um dos principais
eventos vicariantes de diversas populacdes, commsequente surgimento de
novas espécies ddyalella (GONZALEZ, 2001; GONZALEZ; WATLING,
2003b). Contudo, nunca nenhum estudo especificaccaaata biogeografia e
ocupacao do género foi realizado, de forma qudsasamoleculares abordando
a filogenia do grupo seriam ideais para esclarmaigequestdes.

Como ja foi abordado anteriormente, estudar a dogpopulacional e
a ecologia desses anfipodos de agua doce posstibit utilizacdo em estudos
de bioindicagdo, ecotoxicologia e na criacdo deopmios de avaliacdo de
gualidade ambiental de ecossistemas dulcicolas.m Aldisso, diversas
caracteristicas desses organismos possibilitamsgjsn ideais no estudo da
biogeografia e em programas de conservagao e pagser.

Por ndo possuirem um estagio de vida dispersogud apresentam
desenvolvimento direto, sem um estagio larval,spgaes de anfipodos de uma
forma geral ndo possuem uma ampla distribuicdo rgéiog (BARNARD;
KARAMAN, 1983). Para as espécies de agua doce,dereismo parece ser

ainda mais comum, principalmente com relacdo a®goeem em lagos, lagoas
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e ambientes subterraneos (VAINOLA et al., 2008).sids por ndo se
dispersarem por longas distdncias e por possuina@ grande riqueza de
espécies, os hyalellideos sdo ideais para o edautdidogeografia, pois sua atual
distribuicdo pode refletir e inferir sobre os ewsnbbiogeograficos histéricos que
moldaram e culminaram nas atuais fisionomias teegsbem como na idade
desses processos.

Diversos trabalhos sobre a bhiogeografia Higlella na América do
Norte ja foram realizados, e a grande maioria seiba&m analises moleculares,
como os de filogenia, filogeografia e os de idéraifao e separacéo de espécies
cripticas e simpatricas, utilizando principalment® genes 16S, COIl e 28S
(WITT; HEBERT, 2000; WITT; BLINN; HEBERT, 2003; WHIBORN;
COTHRAN, 2004; WELLBORN; COTHRAN; BARTHOLF, 2005; WT;
THRELOFF; HEBERT, 2006; WITT; THRELOFF; HEBERT, 280 Estudos
genéticos tém se mostrado ferramentas essenciasxo@omia e descricdo da
diversidade de taxons problematicos, bem como ir@éwr de programas de
conservacdo de ambientes aquaticos de agua docecadns (WITT;
THRELOFF; HEBERT, 2006)

Infelizmente ainda n&o existem estudos sobre aebgrgfia e a
filogenia molecular das espécies idgaldla na América do Sul. Dessa forma,
informacfes sobre a distribuicdo do género e seu ns conservacao e
preservacao de ecossistemas dulcicolas nesseestiatainda € ausente e pouco
explorada.

2.5.1Hyalella no Brasil
Das 68 espécies validas Hyalella, 23 ocorrem no Brasil. No palis,

atualmente, o género tem registro somente parg@s8es sudeste e sul. Na

regido sudeste ocorrem 12 espécies, e dessaqcseism em Minas Gerais,
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seis no estado de S&o Paulo e duas no estado dieRianeiro. A regido sul
possui o registro de 11 espécies, duas no Parangeeno Rio Grande do Sul,
estado com a maior riqueza conhecida no pais (BUERODRIGUES;
ARAUJO, 2014; CARDOSO et al2014; RODRIGUES; BUENO; FERREIRA,
2014).

As espécies brasileiras thyalella ocorrem em quase todos os biomas
do pais, como a Caatinga, Mata Atlantica, CerratRampa. Suas populagbes
podem ser encontradas tanto em locais preservadastog em regides
antropizadas, o que infelizmente é a realidade @aria. Apenas algumas das
espécies conhecidas atualmente ocorrem em areamservacio, como APAS,
Parques Nacionais, interior de cavernas e ared#idié acesso, o que contribui
com a preservacdo dessas populacbes (BUENO; RODEIGWRAUJO,
2014).

Os hyalellideos brasileiros podem ser encontradosascentes, rios de
primeira e segunda ordem, areas umidas, lagoastamsis subterraneos. Em
geral, esses corpos d'agua possuem baixa velocmadsio Iénticos, o que
permite que os animais nadem na coluna d'dgua seemslevados pela
correnteza. Além disso, as espécies epigeas sarsfi@ associadas a plantas
aguaticas, algas ou ao sedimento, utilizando-ooahmgo e fonte de alimento.
Dessa forma, a presenca da vegetacdo marginahmmeraes aquaticos se torna
vital para a preservacdo e manutencdo das popslagésses anfipodos
(BUENO; RODRIGUES; ARAUJO, 2014).

No Brasil, a maior parte das espécies ocorre enieatels epigeos, mas
algumas poucas estdo confinadas a ambientes sul#est Até o momento,
todas as seis espécies hipdégeasHgalella conhecidas para o Brasil sé@o
troglobias. Elas apresentam grandes adaptacdeslégichs a esses habitats,

como auséncia de olhos, alongamento de apéndiaggnento no tamanho e
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nimero de estruturas sensoriais (CARDOSO et 2014; RODRIGUES;
BUENO; FERREIRA, 2014).

Hyalella, apesar de ser o Unico género epigeo de anfiphdicisolas no
pais, ainda é pobremente estudado quanto a sugibiobcologia, distribuicédo,
e sua diversidade certamente esta subestimadadpeisas novas espécies
foram descritas nos Ultimos anos. Além disso, da®rregides do Brasil ainda
carecem de coletas, como as regibes Centro-Oestdedle e Norte (BUENO;
RODRIGUES; ARAUJO, 2014).

Em um trabalho ainda ndo publicado, Rodrigues (RGilisou a
distribuicdo geogréfica ddyalella em &reas umidas do Rio Grande do Sul. Os
resultados mostraram (além de uma enorme diveksidadespécies, algumas
delas sendo novas) que as populacdes, de formf gecariam com maior
frequéncia nas areas que possuiam agua ao longonaddoem como nas que
apresentavam algum tipo de vegetacdo aquaticaahadfim areas antropizadas,
como plantagcBes de arroz e aquelas onde a vegetey@inal foi suprimida,
nao foram encontradas populac¢des dos anfipodaiereiando a importancia de
um ambiente equilibrado e conservado para a solémsia desses animais.

Devido as grandes reservas de agua doce e a dadesieHyalella, o
Brasil possui um enorme potencial para a realizalgdestudos ecoldgicos com
anfipodos dulcicolas. Apesar disso, apenas algwugog trabalhos foram
conduzidos até hoje. Com relacdo ao ciclo de wilii@dmica populacional,
ecotoxicologia e aspectos ecoldgicos, pouco é acidihesobre as espécies
brasileiras, de forma que artigos publicados fosamente sobre duas espécies
simpatricas do Rio Grande do Sui. castroi Gonzéalez, Bond-Buckup &
Araujo, 2006 e H. pleoacuta Gonzdalez, Bond-Buckup & Araujo, 2006
(CASTIGLIONI & BOND-BUCKUP, 2007; CASTIGLIONI et al. 2007;
CASTIGLIONI & BOND-BUCKUP, 2008 DUTRA et al., 2007, 2011).
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Apesar disso, esse cenario vem mudando nos Ulamus de forma que
alguns trabalhos académicos, como monografias serthgdes, tem sido
realizados acerca da ecologia das espécies dotsudiesres (2012) e Pereira
(2014) estudaram a dindmica populacional e o digovida deH. carstica
Bastos-Pereira & Bueno, 2012He longistila (Faxon, 1876), respectivamente,
em Minas Gerais. Essas autoras puderam verificaraguespécies do sudeste
estdo submetidas a diferentes pressbes ambientaisd@ comparadas as
espécies do sul, como a estiagem durante o invpitms de reproducdo apoés a
época de seca, menor fecundidade das fémeas, imastimento no tamanho
dos ovos, entre diversos outros fatores.

Essas diferencas observadas salientam a importdacée conhecer a
ecologia desses anfipodos em ambientes e regisi@stai, demonstrando que
esses animais estdo extremamente adaptados aontembim que vivem,
permitindo seu uso em programas regionais de bitiaramento e conservacao.

Diversos morfotipos dédyalella que ocorrem no Brasil e ainda néo
foram formalmente descritos sdo extremamente mhrecmorfologicamente,
sendo dificil separa-los usando apenas a taxon(hiervacédo pessoal). Para
gue ndo ocorram erros de identificacdo e de futdesericdes de espécies, €
necessario a realizacdo da filogenia molecularodast as espécies brasileiras
conhecidas até entdo, pois assim nédo existirdadsisdobre a validade desses
taxons.

Como exemplo, pode-se citar a controversa espécieurvispina
Shoemaker, 1942, que segundo Grosso e Peralta)(P@83ui uma ampla
distribuicdo por toda a América do Sul, incluindRio Grande do Sul, Uruguai,
parte da Argentina e do Chile. Contudo, Gonzal&¥atling (2003b) afirmam
gue essa distribuicdo proposta por Grosso e P¢i8If®) é errada, tratando-se
de um grande complexo de diferentes espécies. digsn, Gonzéalez e Watling

(2003b) descrevem diversas novas espécies a partinaterial de Grosso e
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Peralta (1999), que supostamente tratava-se aplertdscurvispina. Contudo,
0s préprios autores afirmam que essas descricabzadas por eles devem ser
confirmadas com dados moleculares, a fim de selvesse problema dos
complexos de espécies.

2.5.2 Os complexos de espéciestdgalela

Um complexo de espécies pode ser definido comorupogconstituido
por espécies morfologicamente semelhantes entresesido praticamente
impossivel diferencia-las usando somente a taxamomb entanto, sao
geneticamente diferentes (STOCK; PLATVOET, 199 rdBnente, as espécies
que compde um complexo, como é o casdHglalella, ocupam uma mesma
regido geogréfica e/ou ocupam uma mesma baciagnédica.

Dentro de Hyalella, as espécies que compdem o0s complexos sao
extremamente semelhantes na morfologia, de forne muitas vezes sao
confundidas umas com as outras. Isso impossililapear a real distribuicdo
geografica das espécies, realizar estudos ecogiomparando diferentes
populacdes, bem como criar medidas de conservahiitas vezes, espécimes
sdo identificados de forma errbnea e outras digejdaforam descritas e
posteriormente consideradas como sindnimos juni¢@SNZALEZ, 2001;
WITT; THRELOFF; HEBERT 2008).

Através de andlises moleculares ja foi confirmadaxesténcia do
complexo H. azteca”, que abrange 13 espécies das Américas do N@engal
(WELLBORN; COTHRAN, 2004; WELLBORN; COTHRAN; BARTHOLF,
2005; WITT; THRELOFF;, HEBERT,2008). Gonzalez (2001), baseando-se
apenas na morfologia, também sugere a existéncqa abmnplexos M.
patagonica" e "H. curvispina®, porém, nunca foram realizadas andlises

moleculares que confirmem sua hipotese. O compl&do patagonica"
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englobaria as espécies que ocorrem no extremoas@htérica do Sul e outras
que ocorrem ao longo da Cordilheira dos Andes. ddnmplexo H. curvispina'
incluiria espécies presentes no Uruguai, Argentirsul do Brasil. No entanto,
espécies descritas recentemente e que possuentedatias morfolégicas e
ocorréncia nessas regides se enquadrariam no cample forma que 0 mesmo
precisa ser revisto.

A melhor opc¢éo para solucionar os complexos tem aidtilizacdo de
analises moleculares, pois elas conseguem difaregeneticamente as espécies
que sao morfologicamente semelhantes. No momestia@s sobre a filogenia
molecular, filogeografia e biogeografia estdo iestrsomente as espécies da
América do Norte. Como exemplo, pode-se citar ballgo de Witt e Hebert
(2000). Ao estudarem populacdes dityalella dos EUA consideradas
morfologicamente como sendd. azteca, os autores descobriram através de
dados moleculares que se tratavam de pelo menowovds espécies, todas
escondidas sob a forma de espécies cripticas.

Além disso, devido a alta endemicidade, as espéeielyalella podem
ajudar a criar programas de conservacdo de ambianigiticos de agua doce
ameacados. Witt, Threloff e Hebert (2006) demoretnaesse potencial para
conservacado ao verificarem a existéncia de 35 nespécies délyaldla em
uma é&rea relativamente pequena dos desertos dadogstla Califérnia e
Nevada, nos EUA. Praticamente todas as novas espééb endémicas das
nascentes nos desertos, habitats extremamente adosaga regido devido a
sobre-exploracédo de agua subterrénea. Assim, @maitte cada ponto coletado
no trabalho citado apresentava uma nova espédityalella, o que contribuiu
para a criacdo de medidas de conservacdo de aswiaquaticos na regido
(WITT; THRELOFF; HEBERT, 2006).

Nenhuma das novas espécies encontradas nos Uttiabathos citados

foi descrita até o momento, principalmente pelatafatle taxonomistas
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especialistas no grupo como pela grande dificuldddeidentificacdo das
espécies. Estima-se que existam pelo menos 50@iespovas délyalella a
serem descobertas somente na América do Nortes tofparia o género o mais
abundante entre os anfipodos de agua doce na ARIOLA et al., 2008).
Nenhum tipo de estudo filogenético, biogeografieao que estime a
diversidade foi realizado até o momento com as cispéde Hyalella da
América do Sul, apesar do continente possuir gramaaite da diversidade do
género. A existéncia dos complexos na Ameérica ddo8&m como de espécies
cripticas ainda nao foi comprovada, de forma qreahdiversidade deyalela
nesse continente ainda é um mistério. Trabalhos ugfilzem técnicas
moleculares a fim de se estudar a filogenia, adugrafia e a distribuicdo das
espécies délyaldla no Brasil certamente serdo uma grande ferrameta p
melhor compreender sua diversidade, bem como apdaeservar os Unicos

anfipodos dulcicolas epigeos no pais.

3 OBJETIVOS

O objetivo dessa tese foi conhecer a filogenia oubée do género de
anfipodos de agua doklyaldlla, sua biogeografia na América do Sul bem como
aspectos da estrutura populacional de distintascespem diferentes latitudes.
Com esses resultados sera possivel auxiliar nzacriale estratégias de
conservacao desses animais bem como dos ecossistalvi@olas onde vivem.

3.1 Objetivos especificos

a) Atualizar o nimero de espécies que ocorrem no pais, como sua

distribui¢éo;
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b) Testar se as espécies Ildgalella que ocorrem no Brasil formam um
grupo monofilético;

c) Verificar se a analise morfologica é suficienteapdelimitar as espécies
deHyalellg;

d) Confirmar se o complexdd. curvispina" existe na América do Sul;

e) Estimar o tempo de diversificacdo das espéciedldiras deHyalella e
a biogeografia do género no pais;

f) Conhecer e comparar a estrutura populacional deoqespécies de
Hyalella no Brasil em diferentes latitudes, bem como o perio
reprodutivo e abundéancia das populacdes;

g) Analisar e comparar 0s aspectos populacionais sless@écies, como
raz8o sexual, distribuicdo em frequéncias de daske tamanho,
tamanho médio dos animais, maturidade sexual edétade;

h) Verificar se os pardmetros ambientais que variaho@go das latitudes
influenciam na estrutura das populacdesigaella e seus aspectos;

i) Futuramente, com os resultados obtidos nessaatiesar na criacdo de
programas de conservacgédo de ecossistemas de aguaalBrasil.

4 HIPOTESES

a) A diversidade de espécies de anfipodos dulcicotasBrasil e na
América do Sul é subestimada e esta escondidarne fde espécies
cripticas;

b) As espécies brasileiras Hgalella ndo formam um grupo monofilético;

c) A identificacdo morfologica das espéciesHiglella ndo reflete a real
histéria evolutiva do género;

d) As espécies que ocorrem geograficamente proOximagielocorrem na

mesma bacia hidrogréfica estardo unidas na arilogefética,;
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e) O complexo de espécie#. curvispina' existe na América do Sul,
abrangendo espécies do Brasil e de outros paises;

f) O géneroHyalella se diversificou apds a separacdo das Américas da
Laurasia e Gondwana e antessdogimento do Istmo do Panama;

g) A origem deHyalella seria a América do Sul, de forma que a dispersao
do género para a América do Norte tenha sido altesurgimento do
Istmo do Panama;

h) Espécies de anfipodos de agua doce que ocorrenaigas thatitudes do
Brasil apresentam padrbes de histéria de vidaratest da populacéo
similares entre si, e espécies de altas latitudepais apresentam
padrdes similares aos anfipodos do Hemisfério Norte

i) Os pardmetros ambientais influenciam nos aspedpslgcionais das
espécies delyaldla. Ambientes mais quentes e préximos dos trépicos
aumentam a densidade das populagbes, a fecundidatldem o
periodo reprodutivo e reduzem o tamanho corporatbi@ntes mais
frios e em latitudes mais altas diminuem a densidagpulacional, a
fecundidade e o periodo reprodutivo e aumentammmariho corporal

dos individuos.
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ABSTRACT

Nowadays, conservation biology confronts two majballenges: the
number of described species be much lower thamadhel biodiversity and the
existence of cryptic species. Infer the moleculaylpgeny has a great potential
for conservation purposes by clarifying speciesndawmies and phylogenetic
relationships, aiding to reconstruct evolutionamng diogeographic histories. In
this study we examinklyalella, a freshwater crustacean endemic for Americas,
with several cryptic species. Here, we inferred fttet molecular phylogeny of
the genus in South America and check the existeheespecies complex. We
also infer the diversification times and historibadgeography of somidyalella
species. One nuclear (H3) and two mitochondrialegefl6S and 12S) have
been chosen to elucidate relationships, reconstludhrough Maximum
Likelihood and Bayesian analyzes. Our results dedehigh levels of cryptic
diversity and endemism, a strikingly number of 20vrspecies and the existence
of the species complexH'! curvispina'. The nucleotide divergences among
species and provisional species ranged from 0.13®18%, and the clustering
in the phylogram is not related to the river baaimd geographic distribution.
The species of the subgentusstrohyalella did not form a monophyletic group.
Active dispersion and vicariance must have infl@shthe actual distribution of
Hyal€dlla, which dispersed from South America to North AroariOur Bayesian
divergence dating analysis revealed a Eocene didgiHyal€ella, with a peak of
diversification in Miocene. These results have ingat implications for the
conservation of life in freshwater ecosystems irutSoAmerica, as these
crustaceans are endemic, bioindicators of watelitgueand their habitat are
extremely threatened.

Keywords: Amphipods, divergence time, Hyalellidaajtochondrial DNA,
Peracarida
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1 INTRODUCTION

Freshwater environments are essential for theivalinof countless
organisms, although, they are considered the rhosatened ecosystems in the
planet and usually they are not included in coretésxa programs (ABELL,
2002; HIGGINS et al., 2005; ABELL et al., 2008). yadic environments in
South America are transboundary ecological units it;basins are large and
drain massive volumes of water. Nevertheless, #ggon is very lacking in
information on the ecology, biology and taxonomy fafshwater organisms
(ABELL et al., 2008; BARLETTA et al., 2010).

Brazil comprises about 15% of all species in tlogldvand the aquatic
ones are certainly the most unknown. Only 11% efdbnservation research in
the country address freshwater environments andllyssolely vertebrates are
studied (AGOSTINHO; THOMAZ; GOMES, 2005). The inase of the
biodiversity loss in Brazilian inland waters re@uithe urgent creation of
protected areas as well as ecological and taxonsimities about the freshwater
taxa (AGOSTINHO; THOMAZ; GOMES, 2005).

Understanding the species and populations bowexldsi essential for
generating conservation strategies. However, cwagsen biology confronts
two major challenges: the number of described sgeoe much lower than the
actual biodiversity and the fact that many of thase morphologically cryptic,
i.e., they can only be delimited using moleculangjes (HEBERT et al., 2003;
WITT; THRELOFF; HEBERT, 2006). This tool has a drgaotential for
conservation purposes by clarifying species bouedgaand the phylogenetic
relationships, aiding to reconstruct evolutionamyg &iogeographic histories and
estimating their real geographical distribution (WLTON, 2000; HEBERT
et al., 2003).



46

Cryptic species and species complex have beensixédy reported for
crustaceans. In some freshwater taxa the diveisisfill very underestimated
and is hidden in the form of cryptic species, mgkiifficult the work of
taxonomists, ecologists and conservationists (JARPEREZ-LOSADA;
CRANDALL, 2003; WELLBORN; COTHRAN, 2004; BUHAY; CRADALL,
2005; WITT; THRELOFF; HEBERT, 2006; SEIDEL; LANG;HRG, 2009;
PILEGGI; MANTELATTO, 2010; de CARVALHO; PILEGGI;
MANTELATTO, 2013).

A good model of this situation is the freshwaterphipod crustacean
Hyalella Smith, 1874, which occurs exclusively in freshwairly in Americas,
from Southern Patagonia and Falkland Islands tdrale@anada (BUENO;
RODRIGUES; ARAUJO, 2014). Currently, there are @@wes described for
the genus and 52 of them occur in South AmericaziBthas the greatest
diversity of the world with 23 species, but thisnther certainly will increase
(RODRIGUES; BUENO; FERREIRA, 2014; SOUCEK et aD18). Species of
Hyalella are among the organisms most commonly used inramental
quality tests as some of them are considered badtats, presenting high
sensitivity for contaminants and environmental istpa(PILGRIM; BURT,
1993; DUAN; GUTTMAN; ORIS, 1997; MORRIS; COLLYARDMEYER,
2002; WILCOXEN; MEIER; LANDRUM, 2003; GUST, 2006;IRNG et al.,
2011).

Hyalella presents a complicated taxonomic history and ctlyren
includes three subgenera, which are identified mieg to morphology and
geographical distributionAustrohyalella is the most primitive subgenus and is
restricted to Argentina, Chile, Patagonia and FRal#tl Islands;Mesohyalella
includes species with a phyletically intermediatedition and are distributed
along South America, with the highest diversity Bnazil; Hyalella is the

nominate subgenus and is restricted to Central &mth America
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(BOUSFIELD, 1996). Bousfield (1996), based entiradp morphological

observations, suggests that the subgétyaella have proliferated only after
the raise of the Isthmus of Panama, about 3 milliears ago, following the
emigration of a presumed mesohyalellid ancestralveéver, Witt and Hebert
(2000) when performed molecular analyzes found thiat subgenus may be
diversified before the formation of the Isthmusgasly as 11 million years ago,
in the mid-Miocene.

Several species tfyalella have been described for the entire American
continent since the research of Bousfield (1996ARDOSO et al., 2014;
RODRIGUES; BUENO; FERREIRA, 2014; COLLA; CESAR, Z)ISOUCEK
et al., 2015) and the confirmation if the subgera® monophyletic has never
been tested. The establishment of these subgeasea lonly on morphology
and geographic distribution is fragile, as there species complex within the
genus and the convergent evolution and paralletiEmorphological characters
seems to be common in freshwater amphipods (BARNAFRID4; CULVER,;
JERNIGAN; O'CONNEL, 1994; SHERBAKOV et al., 1998 RODNTELJ;
BLEJEC; FISER, 2012).

Many studies have demonstrated the existence ofldhge North
American species complexH! azteca” (HOGG et al.,, 1998; MCPEEK;
WELLBORN, 1998; DUAN et al.,, 2000; WITT; HEBERT, Q0; WITT;
BLINN; HEBERT, 2003; WELLBORN; COTHRAN; BARTHOLF, @5;
WITT; THRELOFF; HEBERT, 2006). Witt, Threloff anddbert (2006) suggest
that due to the high endemism (as most specieknargn only for single water
body) Hyalella may be the most diverse amphipod of North Amenxessibly
with 500 or more taxa, presenting a great potemtidde used in conservation
programs. Morphological analysis indicate also #xéstence of the species

complex H. curvispina" in South America, which occurs from Falkland isla,
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Patagonia, Argentina, Chile, Peru, Uruguay to theutlseast Brazil
(BOUSFIELD, 1996; STOCK; PLATVOET, 1991).

The great species diversity éfyalella, the existence of a species
complex and its supposed origin in South Ameridafoece the need to perform
molecular studies using the species from the rediba molecular phylogeny of
Hyal€dla, the relationships among its species and when disersion occurred
across the continent can aid to understand theugwoary and biogeographic
history of the genus.

In this study we verify if the Brazilian speciesf dlyaldla
(Mesohyaldlla) form a monophyletic group, by inferring the firstolacular
phylogeny of the genus in South America, using afibmdrial and nuclear
DNA sequences. Furthermore, we also investigateetlistence of the H.
curvispina' species complex and we estimate a timescalentodiversification

in the genus and its biogeographic history.

2 MATERIAL AND METHODS

2.1 Sample collection and morphological identificabn

We performed samples in two countries of South AcaeBrazil and
Uruguay and also included in our analyses specindem®sited in scientific
collections from Argentina. The material from Uraguand Argentina was used
here to study the existence of the species coniplegurvispina’, as described
below.

The species oMHyaldla (Mesohyalella) that occur in Brazil were
collected from several localities in South and 8east regions, the only two
where the genus is currently found in the counkynong the 25 species

described for Brazil, six occur in subterraneanimmvments (CARDOSO et al.,
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2014; RODRIGUES; BUENO; FERREIRA, 2014) and weré&inoluded in this
study. Unfortunately, not all 19 Brazilian epigesmecies were found in their
type-locality, mainly due to the disappearancehefwater body or because the
population is probably locally extinct.

We collectedH. curvispina in its type-locality in Uruguay and we
included specimens of this species from Uruguay Argéntina, which were
deposited in the Crustaceans Collection of Unidade Federal de Lavras
(CCUFLA), in order to confirm the existence of tbemplex H. curvispina”.
We also includedH. araucana, H. kochi (Austrohyalella) from Argentina andH.
azteca (Hyaldla) from USA, all from scientific collections, to B if the
subgenera dflyalella are monophyletic.

The amphipods were sampled using a small handnueakh specimens
were stored in absolute ethanol from their timecapture until the molecular
analysis. Thus, we collected 13 known species fBrazil and more 21 were
considered provisional species through morpholdgaaalyzes (one from
Uruguay). All information about the material usedthis research are listed in
Table 1. All the populations used and/or sampledttics work are shown on
Figures 1-3.

For each locality at least three male specimeng wissected under a
stereoscope microscope. The morphological ideatifia of the species was
made through the montage of glycerol gel slidesgishe appendages of the
specimens. The following morphological characterssbf Hyalella were used
to perform the identification, according to Buertoaé (2013) and Rodrigues,
Bueno and Ferreira (2014): presence of dorsal #amy pereons and pleonites;
number of sternal gills tubular; number and arramget of comb-scales and
setae of uropods, telson and gnathopods; presehaecorved seta on inner

ramus of uropod 1; and shape and size of propodysathopod 1 and 2.



0°0’

-10°0

-20°0

-30°0

-40°0

-50°0"

-60°0"

-80°0’

-50°0’ -40°0'

10°0

Scale 1:22,000,000
0 200 400 600 800 km

Pacific Ocean

Atlantic Ocean

River Basins
Parana
Uruguay
Séo Francisco
Paraiba do Sul
Guaiba
I Tramandai
[ Itajai-Agu
Lagoa Mirim
I Negro
[l Litoral Norte
Il Camaqua
I Patagébnico
[ Vertente Pacifica
® Populations of Hyalella

-80°0’

-70°0 -60°0’ -50°0 -40°0’

10°0

0°0’

-10°0'

-20°0

-30°0

-40°0

-50°0"

-60°0’

50

Figure 1 Map of South America showing the RiveriBasnd the location of the

populations oHyalella studied in this work.



51

-70°%" -60°0" -50°0" -57°0" -54°0"
[
PERU
BOLIVIA BRASIL
° °
8 8 RS
L]
5 ~ 5
Hkoch Q 1Y
PARAGUAY ) @
Pacific Ocean ARGENTINA
° °
) 1)
@ @
2
ARGENTINA @
° r=}
) 1)
¥ 3
HcurvMvs2
HcurvMvs1
Atlantic Ocean
° o
Qo o
@ @
Atlantic Ocean
° o
) 1)
[Te) w
' N Scale 1:1,000,000 ' Scale 1:2,500,000
gm 100 200 300 400 km 0 100 200 km
[ - I
-60°0" -50°0" -57°0" -54°0"

Figure 2 Maps showing the localities of the Argeetin (A) and Uruguayan (B) speciedHyflella studied in this work. The
codes for each species are shown on Table 1.



52

-54°0" -51°0° -45°0" 4270’
r {
r 4 7 8
NN o - " Scale 13,000,000 5
MS SP | © = . A ®
b G 100 --200km |7
[ —
N
5 154
3 S
PR o
PARAGUAY Hbras
5 B
@ ©

SC

ARGENTINA ;

-27°0"
-27°0"

MG

Hsp20"® Hsp18, Hsp19

RS

® Hbona

\
-21°0’
21°07

-30°0"
-30°0"

chrvTRA

Atlantic Ocean

Scale 1:3,000,000

0 100 200 km Atlantic Ocean
— N P N
& 2 g
< o <
7 Al o
-54°0" 51°0" -45°0" -42°0° '

Figure 3 Maps showing the localities of the speoiddyalella from Southern (A) and Southeastern (B) Brazil &tdd
in this work. The codes for each species are shmwhable 1.



53

Table 1 Nominal species bfyalella with sample sizesN), its collection sites, geographic coordinates émdbcalization in the map
of the Figure 1. The acronyms refer to the Brazibtates: MG (Minas Gerais), RJ (Rio de JaneirB)(Parand), SC (Santa
Catarina) and RS (Rio Grande do Sul). The mateh#dined from scientific collections are indicateith an asterisk*. IPD:
Intrapopulations pairwise nucleotide sequence dimeces in percentage.

Nominal species) Collection site Latitude/Longitude Io'\(/:lgllioty IPD (%)
Hyal€ella xakriaba (10) Peruacu National Park/MG 14°5836.5'S/44°2636"W Hxakr 0.00
Hyaldlla longistila (13) ljaci/MG 21°1024'S/44°5624.2'W Hlong 0.00
Hyal€lla carstica (10) Arcos/MG 20°1959.6'S/45°3625.3'W Hcars 0.10
Hyalella minensis (13) Lavras/MG 21°1384"S/44°5866'W Hmine 0.00
Hyaléella pernix (10) Itatiaia National Park/RJ 22°2132.1'S/44°4413.9'W Hperx 0.00
Hyal€ella brasiliensis* (7) Castro/PR 24°3931.3'S/49°5816.8'W Hbras 0.00
Hyalella bonariensis (8) Silveira Martins/RS 29°3923.5'S/53°3737.3'W Hbona 0.00
Hyal€ella kaingang (3) Séo Francisco de Paula/RS 29°27S/50°08W Hkain 0.00
Hyalella montenegrinae (7) Sao José dos Ausentes/RS 28°36.995/49°47.79N Hmont 0.10
Hyaldla castroi (13) Sao José dos Ausentes/RS 28°47.245/49°59.10N Hcast 0.10
Hyalélla pleoacuta (13) Sao José dos Ausentes/RS 28°47.245/49°59.10N Hpleo 0.10
Hyalella pampeana (5) Pelotas/RS 31°4657"'S/52°2810.9'W HpamRS 0.30
Hyalella pampeana (7) Alfredo Wagner/SC 27°4121.4'S/49°1948'W HpamSC 0.60
Hyaldla curvispina (16) Lagoa do Passo/RS 29°523'S/50°0645"W HcurvLP 1.10
Hyaléela curvispina (12) Tramandai/RS 29°5830"S/50°0750'W HcurvTRA 0.20
Hyaldla curvispina* (11) Bagé/RS 31°1953'S/54°0625'W HcurvBG 0.00
Hyaldla curvispina* (5) Bom Jardim da Serra/SC 28°2214.4'S/49°349.9'W HcurvBJ 0.10
Hyaléela curvispina* (9) Junin de los Andes/Argentina 39°501.4'S/70°5528.3'W HcurvJA 0.10
Hyaldla curvispina* (9) San Martin de Los Andes/Argentina 40°2013.7'S/70°4951.8'W HcurvSM 2.40
Hyal€lla curvispina (6) Montevideo (site 1)/Uruguay 34°5159.9'S/56°1509.3’'W  HcurvMVS1 0.10
Hyalélla curvispina (8) Montevideo (site 2)/Uruguay 34°4756.2'S/56°2048.9W  HcurvMVS2 0.10
Hyalélla curvispina (8) San José/Uruguay 34°3325.7'S/56°4451.2'W HcurvSJ 0.00

Hyaldla curvispina (10) Colonia/Uruguay 34°2026.3'S/57°2122.9'W HcurvCO 0.10
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Nominal species{) Collection site Latitude/Longitude Iol\t/:lglri)ty IPD (%)
Hyaldla araucana* (5) Santa Cruz Province/Argentina 50°2021"S/72°1522"W Harau 6.00
Hyalella kochi* (7) Jujuy Province/Argentina 22°0853'S/65°2716"W Hkoch 8.60
Hyalella azteca* (3) Texas/USA 30°3831.20'N/96°314.8'W - 0.30
Hyalelasp. 1 (11) Itatiaia National Park/MG 22°2213.3'S/44°4232.6'W Hspl 0.00
Hyalella sp. 2 (6) Itatiaia National Park/MG 22°2711.8'S/44°3638.93W Hsp2 0.10
Hyaldla sp. 3* (8) Estacéo Bioldgica de Boracéia/SP  23°3759'S/45°3159'W Hsp3 0.20
Hyalella sp. 4 (10) Rio das Antas/SC 26°5832.1'S/51°0526.7'W Hsp4 0.00
Hyaldlasp. 5 (11) Campos Novos/SC 27°1929.1'S/51°1228.1'W Hsp5 0.00
Hyalella sp. 6 (4) Matos Costa/SC 26°3347.2'S/51°0838.9'W Hsp6 0.10
Hyalellasp. 7 (8) Palmeira/SC 27°3805.6'S/50°0848.0'W Hsp7 0.00
Hyalella sp. 8 (10) Bocaina do Sul/SC 27°4845.6'S/50°0149.4'W Hsp8 0.10
Hyalella sp. 9 (9) Alfredo Wagner/SC 27°4448.9'S/49°2233.9'W Hsp9 0.10
Hyalellasp. 10 (4) Bom Retiro/SC 27°4830.1'S/49°3235.1'W Hsp10 0.00
Hyaldlasp. 11 (2) Bom Retiro/SC 27°4830.1'S/49°3235.1'W Hspll 0.00
Hyalellasp. 12 (11) Urupema/SC 27°5942.9'S/49°5119.6'W Hspl2 0.00
Hyalelasp. 13 (15) Sao José dos Ausentes/RS 28°40.28S/49°57.94N Hspl13 0.40
Hyalellasp. 14 (10) Sao José dos Ausentes/RS 28°35.89S/49°58.7W Hspl4 0.10
Hyaldlasp. 15 (10) Cacapava do Sul/RS 30°4736.3'S/53°3446.9'W Hspl5 0.00
Hyalellasp. 16 (13) Derrubadas/RS 27°136.89'S/53°5952.4'W Hspl6 0.00
Hyalellasp. 17 (3) Esmeralda/RS 28°91.558'S/51°1438.44'W Hspl7 0.20
Hyalellasp. 18 (2) Palmeira das Miss6es/RS 27°5752.79S/53°142.59'W Hspl8 0.10
Hyalellasp. 19 (3) Palmeira das Miss6es/RS 27°5754.3'S/53°1403.09W Hsp19 0.10
Hyalellasp. 20 (3) Palmeira das Missfes/RS 27°5656.800'S/53°1937.3'W Hsp20 0.10
Hyaldlasp. 21 (10) San José/Uruguay 34°46806.3'S/56°2333.8'W Hsp21 0.00
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2.2 DNA extraction, amplification and sequencing

All sequences obtained in this study were gener&tech our own
extractions. Genetic vouchers were deposited inogpiate scientific zoological
collections. Total genomic DNA was extracted fromto216 individuals from
each nominal species. DNA was extracted from thirecsanimal using the
Qiagen DNeady Blood and Tissue Kit (Cat. No. 69582).

Targeted gene regions were amplified by meanseoptiiymerase chain
reaction (PCR): 16S, ribosomal subunit was amplifiéth the newly designed
primers 16Samphi-f (5-AGT GYA CAA ATT GCC CGT CAYCT C-3') and
16Samphi-r (5-ACA ADT TAT TAT GCT ACC TTA GCA C-B((B50bps);
12S, ribosomal subunit was also amplified with trewly designed primers
12Samphi-f (5-YTA CTT TGT TTC GAC TTR YC-3) and2%amphi-r (5-
WTD GTG CCA GCW NYT GCG GTT-3)b00bps); and for the H3 protein-
coding gene we used the primers H3af (5-ATG GCTTQXZC AAG CAG
ACV GC-3) and H3ar (5-ATA TCC TTR GGC ATR ATR GT@C-3)
(CB75bps, COLGAN et al., 1998).

PCR reactions were performed in gbvolumes containing 1%l of
ultrapure water, 2.5l of 10X PCR buffer, 1.5l of MgCl, (25mM), 1.25pl of
deoxyribonucleotide triphosphate mix (dNTPs, 10mM) ul of each primer
(10mM), 0.75ul of Bioline Tag polymerase and |8 of extracted DNA. The
thermal profile used for 16S and 12S was perfornasd follows: initial
denaturation for 5 min at 96°C, followed by 10 @gbf 30 sec at 96°C, 60 sec
at 55°C (decreasing annealing temperature by 1@ auring these 10 cycles)
and 60 sec at 72°C, followed again by 30 cycle8Mfec at 96°C, 60 sec at
45°C and 60 sec at 72°C, with a final extensiorbahin at 72°C. Thermal
cycling for H3: initial denaturation for 5 min a6%C, followed by 30 cycles of
30 sec at 96°C, 45 sec at 50°C, and 60 sec at TéfiC a final extension of 5
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min at 72°C. PCR products were checked at electmgsiis with agarose gel
(1%).

Successful PCRs were purified by using aul4diluted mixture of
ExoSap (USB). For the sequencing/ll of the purified PCR was used in a 10
ul reaction [0.541 of BigDye terminator sequencing mixture (V3.1, B\BL.75
ul of a 5X buffer, 0.5ul of a 1QuM primer and 6.2%l of ultrapure water]. The
thermal profile of the cycling sequencing were shene for all genes: 30 cycles
of 30 sec at 95°C, 30 sec at 50°C and 4 min at 68fCApplied Biosystems
2700 Thermal Cycler was used in PCR and cycle segug reactions.
Following cycle sequencing, products were purif@eda column of sephadex
and sequences were run forward and reverse on #3788 Genetic Analyzer
(Applied Biosystems) in the Laboratories of Anat@i Biology (LAB) -
National Museum of Natural History, Smithsoniantitogion. All sequences
were confirmed by sequencing both strands and timsensus sequence for
them was obtained using Geneious v7.1.5 (KEARSH. £2012).

2.3 Phylogenetic analyses and divergence time estition

Sequences were cleaned and assembled using Geriggocsnfirm the
nonexistence of pseudogenes, we performed BLASTIsea and the translating
protein-coding sequences H3 were checked for indeld stop codons,
comparing sequences among other freshwater ampghipée built independent
analysis for each gene and obtained the same biaalogy.

Nucleotide sequences from each gene region wegaedliin MAFFT
v7.149b (KATOH; STANDLEY, 2013) under the global (I8S-i) algorithm
and default settings. After trimming for primeridege final alignments included
375, 494 and 644 base pairs for H3, 12S and 168ecdvely. In MESQUITE
v. 3.04 (MADDISON; MADDISON, 2011), all genes wecencatenated and
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partitioned for analysis. The final dataset inclidEl7 individuals and 1,513
basepairs (3 genes). The model of evolution thstt fitethe data was determined
for each gene region, with ModelTest v1.0.1 (POSAQARANDALL, 1998).
The specieH. araucana was used as outgroup. In accordance to Bousfield
(1996), H. araucana was considered the most primitive species amowg th
others of this work, either for belong to the subgeAustrohyaldla as to occur

in the southernmost point of South America (Figlije estimated location of
origin of the genus.

In order to estimate intra- and interspecific dijence rates, we
calculated the genetic distances in MEGA v6.06 (TARA et al., 2013) using
the uncorrecteg distance. We assessed the extent of species itjvesing a
species screening threshold (SST), created by Hedteml. (2004). This
methodology was also used by Witt, Threloff and &t€lj2006) when studying
the diversity ofHyaldla in the southern Great Basin of California and Neyad
USA. The SST can be useful in recognizing provigi@pecies in little studied
groups, aHyaldla (WITT; THRELOFF; HEBERT, 2006). The SST set a 10
times the average intrapopulation nucleotides dinece, and despite being
easily used, it overlooks recently diverged taxdTTW THRELOFF; HEBERT,
2006).

Maximum Likelihood (ML) analysis of the concaterdhfgartitions were
performed using RAXML Randomized Axelerated Maximuikelihood v.8.2.4
(STAMATAKIS; HOOVER; ROUGEMONT, 2008). Likelihood ettings
followed the general time reversible model of etiolu with proportion of
invariable sites and gamma distribution (GTKR + ). ML was performed using
1,000 searches and 100 runs searching for thesbestig ML tree. Confidence
in the clade support was assessed using non-paiafeotstrap estimates with
1,000 pseudoreplicates and values >50% are showmh@nresulting tree.

Analysis were run on the high performance computhgter Colonial One at
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George Washington University. We also performedeB&@n analysis (BA) in
MrBayes v3.2.4RONQUIST et al., 2012 Three independent BA analysis were
run with four chains, one cold and three heatexisg , with a random tree, for
10,000,000 generations and sampling one tree ei@30 generations. Using
Tracer v1.6 (RAMBAUT et al., 2014) we graphicallyonitored all likelihood
parameters, variances and scored means in oradmistoe that the independent
analyses converged on similar values. We discatidedirst 20% of sampled
generations and obtained a 50% majority-rule casisetree. On the resulting
tree, the posterior probabilities for individualades obtained from separate
analyses were compared for congruence and thenigechland expressed as
percentages.

Divergence times were estimated using BEAST \21(BRUMMOND
et al., 2012). The input file was first generated BEAUTI using the
concatenated partitions of the three genes andubstitution model was the
selected by ModelTest. We employed an uncorreletgaormal relaxed clock
model which were unlinked. Tree and substitutiondels were linked among
partitions. For the tree prior we used the Yulecgd®n process with a random
starting tree. Due to the poorly fossil record famphipoda (COLEMAN,
2006), with none belonging tdyalela, we applied the Knowlton et al. (1993)
mutation rate of mtDNA, derived of sequence divames of malacostracan
crustaceans. This mutation rate was also used Iltyanil Hebert (2000) when
studying the diversity and evolution éfyalella in North America and it is
estimated at 2.2 to 2.6% per®}@ars. We performed two independent Markov
chain Monte Carlo (MCMC) searches, each one with,d@0,000 generations,
sampling one tree every 10,000 generations andraibwof 20%. Convergence
between runs and analysis performance was checikied vacer using effective
sample size (ESS) scores. Then, we combined theltings trees using

TreeAnnotator v.1.8.2.
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3 RESULTS

We obtained novel partial sequences of the 16S, &i#5H3 for all
species included in this study. The concatenatdd daatrix contained 944
variable sites (62% of data set). Missing data wisignated as a "?" in the
alignment. The optimal models of evolution seledtetflodelTest were K80 +
[ +1(H3), TVM + /+1(12S) and TrN + +1 (16S).

The values of intrapopulation genetic divergenezemwery low. Most
populations presented values lower than 0.1%, aartyrof those had no genetic
divergence among the individuals sampled. Howgwapulations of the species
which occur in Argentina and USA were the ones thraisented the highest
genetic divergence values, reaching a maximum@s$t&orH. kochi (Table 1).

The mean intrapopulation sequence divergence w488% (=47,
SD=0.015%), resulting an SST of 4.68%. Pairwise leuiile sequence
divergences among the species and provisional ep&egtre as high as 30.8%,
with an average of 19.46% 6.6%. The application of the SST indicated that
(Table 2): the two sympatric specikk pleoacuta and H. castroi, as well as
Hyalella sp. 13constitute a single species (SST=0.1&#)populations sampled
in Uruguay (country) are the same specils eurvispina - as Montevideo site 1
it is the type locality of the species (SST valge3.3%);"H. curvispina" from
Lagoa do Passo/RS is the same speciesl.apampeana from Pelotas/RS
(SST=1.6%);Hyalella sp. 11 did not diverge dfl. pampeana from Alfredo
Wagner/SC (SST=1.6%lMyalella sp. 9,Hyalella sp. 10 andHyalella sp. 12 are
apparently only one provisional species (SST valgef.7%), as well as
Hyalella sp. 4, Hyalella sp. 8 andHyalella sp. 16 (SST values < 4.3%).
Furthermore, the population bf. curvispina from Bagé/RS an#lyaldla sp. 15
did not presented genetic divergence (SST value$.44) from Uruguay

populations and among themselves (SST=3.4%).
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Table 2 Matrix of pairwise nucleotide sequence djeaces (%) among speciestbfalella for the concatenated genes 16S, 12S and H3. Values
lower than 4.68 are circled. MVS1: Montevideo, ditdJruguay; MVS2: Montevideo, site 2; SJ: San Jokéguay; LP: Lagoa do Passo,
Brazil; CO: Colonia, Uruguay; BG: Bagé, Brazil; BBom Jardim da Serra, Brazil; TR: Tramandai, Br&lll: San Martin de Los Andes,

Argentina; JA: Junin de los Andes, Argentina; Petdas, Brazil; AW: Alfredo Wagner, Brazil.
1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2C 21 22
1.H. araucana
2.H. azteca 29.¢
3.H.bonariensis 28 284
4.H.brasiliensis 28.2 30.7 18.%
5.H. carstica 29.5 27¢ 26 26.2
6.H. castroi 27.1 28.t 13.€ 19.2 24.¢
7.H.curvispina (MVS1) 244 24F 44 184 23§ 13F
8. H. curvispina (MVS2) 26.2 26.2 4.5 17.2 242 13.% 0.1
9.H. curvispina (SJ) 27€ 27EF 4.4 20 258 14: 2.€ 2.9
10.H. curvispina (LP) 29.4 29 26.¢ 25.2 28 27 25.2 25.1 27
11.H. curvispina (CO) 28 28 43 20 25.¢ 14 2.7 2.8 0.2 27
12.H. curvispina (BG) 25.¢ 24.¢€ 35 16.4 23.7 12.% 3. 4.2 3.¢ 25 4
13.H. curvispina (BJ) 26.6  25:% 13 17.2 24 7 118 11& 13 26 13£  10.t
14.H. curvispina (TR) 26.4 27.¢ 147 18 25.¢ 15.2 12.¢ 12.¢ 27.5 13.¢ 13.4 13.¢
15.H. curvispina (SM) 27 26¢ 187 23z 25¢ 20z 18 17.¢ 25€ 194 176 194 19t
16.H. curvispina (JA) 30.€ 26.2 15. 16.2 21.2 15.7 15.4 15.2 22t 15 15.2 16.4 14.¢ 12.c
17.H. kaingang 22€ 234 128 18¢ 24 132 106 117 267 13.:  10.z 11 123 18¢ 152
18.H. kochi 29.5 28.€ 15 20.2 25.€ 16.€ 15.2 15 26 15.2 15 16.4 17.3 19 15.¢
19.H. longistila 306 287 257 28z 21¢ 26& 24f 24<4 260 28z 26< 22.¢ 26 27.¢  28:% 24 26.2
20.H. minensis 26.5  28: 24¢ 234 23z 24& 23¢f 24 25 207 258 237 23Ef 23t 23z 197 234 27«4
21.H. montenegrinae 25. 27 23 25z 23¢ 23z 21t 22% 234 24z 23¢ 21€ 217 22z 24¢ 20 23E 274 23
22.H. pampeana PL 28€ 25€& 254 247 26z 26& 22¢& 24z 257 1.6 26. 23 24 257 24&  21¢ 25€ 27z 19z 222
23.H. pampeana AW 29.¢ 285 251 23 2€ 26.¢ 26 252z 25¢ 21 26 25.4 25 26 26 21. 254 27 21  24€ 193
24.H. pernix 25 27z 14z 22 27z 14T 12¢ 13 14 276 14f 127 12¢ 14 21 23 18.6  29.2 27 266 26.C
25.H. pleoacuta 27.2 28.7 137 19.7 25 0.1 13.7 13.4 14t 27.2 14.2 12.€ 7 15.2 20.€ 15.7 16.7 26.¢ 24.¢ 23t 26.7
26.H. xakriaba 28 28z 266 28z 9.4 28 25¢  25¢& 27 287 27z 244 264 265 277 23z 274 23z 26€ 276 27.¢
27.Hyalellasp. 1 24% 26 227 25z 23E 22¢% 22 21.¢ 23¢ 254 24 21 22 23. 23 18 22& 260 22¢  19¢& 24
28.Hyalella sp. 1C 25.7 25 14.¢ 19.2 23.¢ 147 12.2 13 14.2 25.¢ 14.t 12.2 13.2 13.¢ 18.7 16 17.¢ 27 23t 217 23.7
29.Hyalellasp. 11 274 23z 258 228 26.S 29 227 24z 264 22 28 21 227 26.& 25.€ 24 27z 26 22z 22¢4 18k
30.Hyalellasp. 12 25. 26.€ 14.4 18.5 23.€ 14.2 13.2 13.€ 14.4 25.7 14.£ 13.2 13.¢ 13.7 18.4 15.7 17.t 26.¢ 237 22.€ 24.%
31.Hyalellasp. 1% 287 26z 12¢ 16€ 23.: 1.¢ 12.¢ 13z 13 262 12¢ 12 7.6 15 18.2  14.¢ 156 24¢ 22¢ 207 24¢
32.Hyalellasp. 1« 24.¢ 28.7 21.¢ 24.¢€ 23.7 21.2 217 21.4 22 24 22 204 21 22.2 25 17.€ 217 26.2 24.€ 9.4 23.¢
33.Hyalellasp. 1¢ 26.2 27 35 20 26.€ 14.¢ 3.¢ 4.3 4.2 26.¢ 4.4 34 13.t 13.¢ 19.7 14.¢ 15.2 26.¢ 24.¢ 23 25.%
34.Hyalella sp. 1€ 27 274 6.4 19.5 26.€ 16 6.€ 6.8 6.2 26.¢ 6.2 7.2 14 14.¢ 20.5 18.% 17.t 26.¢ 257 247 25.%
35.Hyalellasp. 17 29 294 10.4 18.7 25.€ 8.¢ 11.¢ 12 10.2 27.2 9.9 12 10.7 15 20 16.4 16.€ 26.% 24 22.¢ 27
36.Hyalella sp. 1¢ 25.2 23.¢ 15.4 18.€ 23.7 14.€ 12.2 14 14.4 25.¢ 14.¢ 13.€ 12.€ 13 18.7 16.€ 17.¢ 26.% 23.¢ 20.7 22.1
37.Hyalellasp. 1¢ 25 23 15.2 19.5 23t 16.2 12.4 13. 14 26 15.2 12.€ 13.2 13 20 17.2 19.2 26.2 24.¢ 212 22.¢
38.Hyalellasp.2 25.4 26.4 13.€ 19.¢ 24.¢€ 113 13.€ 13.€ 14 27 14.c 123 10.2 13.2 19.2 13.¢ 16.€ 27 23.¢ 22.€ 25.2
39. Hyalella sp. 2( 25.€ 23.€ 19.€ 22.¢ 24.¢€ 19.2 16.€ 17.t 19.2 25.¢ 20.2 16.€ 16.€ 18.¢ 19.2 15.% 13.¢ 26.2 23 212 22
40. Hyalella sp. 21 26.2 28.3 5 20 25.¢ 14 0.7 0.6 3.2 26.7 3.3 4.4 13.€ 13.€ 19.€ 15 15.¢ 26.¢ 24.¢ 23.€ 25.%

41 Hyalellasp. ¢ 28.€ 30 23 232 21t 213 254 24f% 22% 281 222 24¢ 22% 22 24€ 214 238 264 22.¢& 206 27
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23 24 25 26 27 28 29 3C 31 32 33 34 3t 36 37 38 39 4C
1.H. araucana
2.H. azteca
3.H. bonariensis
4.H. brasiliensis
5.H. carstica
6. H. castroi
7.H. curvispina (MVS1)
8. H. curvispina (MVS2)
9.H. curvispina (SJ)
10.H. curvispina (LP)
11.H. curvispina (CO)
12.H. curvispina (BG)
13.H. curvispina (BJ)
14.H. curvispina (TR)
15.H. curvispina (SM)
16.H. curvispina (JA)
17.H. kaingang
18.H. kochi
19.H. longistila
20.H. minensis
21.H. montenegrinae
22.H. pampeana PL
23.H. pampeana AW
24.H. pernix 28.€
25.H. plecacuta 26.7 14.%
26.H. xakriaba 28 29 28.
27.Hyalellasp. 1 254 24.¢ 22.€ 27.8
28.Hyalella sp. 1C 247 147 14.€ 25.¢ 22.¢
29.Hyalellasp. 11 1.€ 27.¢ 29.2 28 28.% 21.€
30.Hyalellasp. 12 25 14.¢ 14.: 25.¢ 211 0.5 242
31.Hyalellasp. 1% 247 14 1.¢ 25 20.t 13.€ 22 13.t
32.Hyalellasp. 1« 25 25.7 21.€ 26.2 19.¢ 23.2 26.2 23.2 19.2
33.Hyalellasp. 1¢ 26.4 13.2 15 27.2 23.t 13.7 25.¢ 13.€ 13.4 22.¢
34.Hyalella sp. 1€ 27.¢ 13.2 16 26.¢ 24.¢€ 14.7 24.¢ 1€ 15.¢ 23.¢ 5.7
35.Hyalellasp. 17 26 13 9.2 26.4 23.2 14.c 28 13.€ 8.3 21 8.8 10.7
36.Hyalella sp. 1¢ 25 12.¢ 14.€ 26.7 22.¢ 10.€ 20.t 11.2 13.4 22.¢ 13.¢ 15.2 14.z
37.Hyalellasp. 1¢ 25.¢ 147 16.2 26.7 23.8 13.¢ 22.2 14.7 15.% 22.1 14.% 14.¢ 16.€ 12.¢
38.Hyalellasp. z 26.€ 13.€ 11.€ 26 217 12.2 25.¢ 122 11.2 21.¢ 13.¢ 15 124 13 13.2
39. Hyalella sp. 2( 24.¢ 20.¢ 19.5 26.¢ 22 17.€ 20.¢ 18 17 211 19 19.7 20.z 16.2 17.€ 17.¢
40. Hyalella sp. 21 26.€ 13t 14.¢ 27.2 23.¢ 13.€ 27 13.€ 13.¢ 221 4.2 6.2 9.7 14 14.2 14 19.£
41 Hyalellasp. 2 25 25.2 21.7 24.€ 21.2 22.¢ 28.€ 22.€ 22.4 20.1 23.2 27.2 21.€ 23 224 211 23.¢ 22.¢
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
42 Hyalellasp.4 27 282 6 199 267 155 6.3 62 6.4 267 6.2 58461 147 206 163 14 159 275
43 Hyalellasp.5 289 282 154 187 249 156 14 14 147 263 14189 153 14 21 163 14 188 27
44 Hyaldlasp.6 24 258 146 202 248 14 13 133 15 277 153 13351135 197 149 115 175 282
45.Hyaldlasp.7 279 27 155 188 25 162 14 14 15 263 155 1391136 213 169 133 19 268
46.Hyalellasp.8 27.3 279 6.2 195 26 15 62 6.2 6 266 59 6 148 202 168 137 159 27.3
47.Hyaldlasp.9 26 26.8 147 197 244 149 129 134 147 14127 14 143 192 159 125 179 276
Table 2, continuation

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3637
42 Hyalellasp.4 25 247 26 266 142 158 27 245 142 259 14 14422 51 38 86 152 163
43.Hyaldlasp.5 25.7 23.8 258 27 16 156 277 24 15 295 147 1439 152 164 167 146 85
44 Hyalellasp.6 247 219 257 27 115 14 273 227 13 256 133513231 147 147 151 123 14
45 Hyalellasp.7 263 233 25 276 155 163 273 249 146 274 614.15 239 15 165 172 144 82
46.Hyaldllasp.8 25 244 257 26 14 153 267 24 143 256 14 134362 56 43 102 152 16
47.Hyalellasp. ¢ 24 23z 25 25F 15; 15 26 23: 01 246 O0.€ 14 236 147 15/ 145 11€ 14€
Table 2, continuation

38 39 40 41 42 43 44 45 46
42 Hyalellasp.4 155 205 6.7 23.8
43.Hyaldlasp.5 14 207 146 234 162
44 Hyaldlasp. 6 12.7 17.8 141 223 158 155
45 Hyalellasp.7 13.6 19.7 154 237 17 51 154
46.Hyaldlasp.8 155 203 6.6 232 03 159 156 16.8
47.Hyaldlasp.9 12.6 193 138 23 146 151 137 151 147
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The individual phylograms estimated for each gerierred the same
topology and are not shown in this study. The Mld &A analyzes for the
concatenated dataset also resulted in the saméoggplFigure 4), but with
different degrees of support of some nodes. A wid5 distinct groups can be
visualized in the phylogram (Figure 4) and, in gahehe clustering of species
is not related to the river basin which they occur.

Surprisingly, species in the most basal cladesuf@rl to group 5) are
geographically very distant from the outgroup. &ny, some species that
occur geographically close did not result in mondgtic groups such as, e.g.,
H. pernix, Hyalella sp. 1 andHyalélla sp. 2, from Itatiaia National Park; the
species from the region of Sao José dos AusentdsiR&stroi, H. pleoacuta,
H. montenegrinae, Hyalella sp. 13 andHyaldlla sp. 14); and the species from
Serra Geral/SC H. curvispina® de Bom Jardim da Serrdjyalella sp. 7,
Hyalella sp. 8 andHyalella sp. 12). The resulting groups also do not refieet
morphology of the species, and these results wiliscussed in a future paper.

The species of the subgentusstrohyalella (H. kochi andH. araucana)
did not form a monophyletic group (Figure 4) and thalidity of this subgenus
should be reviewed. The individuals sampled fromirale population oH.
kochi were separated in two distinct groups with higllexcsupport [group 7
posterior probability (PP): 100, bootstrap (BS); §foup 13 PP: 86, BS: 63],
probably constituting two sympatric species. Momrothis result is supported
by the high value of intrapopulation sequence djgace (8.6%) oH. kochi.
The North American specids. azteca (subgenudyalella) was grouped with
the species from Minas Gerais state (MG) (subgénesohyalela) in a well-
supported monophyletic basal clade (PP: 100, B&}. 10
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Figure 4 Phylogeny oflyalella reconstructed by Bayesian analysis (BA). Showthés

consensus tree based on 1,513 bp from 16S, 128anmdncatenated dataset.
Maximum likelihood (ML) analysis resulted in the nsa topology. ML

bootstrap values and BA posterior probabilities moéed above or below the
branches (ML/BA in percentages). Values < 50% aresmown. Species are
colored according to the River Basin which theyusc&pecies written without
superscript belong to the subgeniMiesohyalella; superscrigt = subgenus

Austrohyalella; superscrift= subgenusiyalella.
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As we have included in this study the populatiotdoturvispina from
the type locality (Montevideo site 1), as descrilmydShoemaker (1942), this
will be the reference for comparison to the othepwations identified asH.
curvispina”. All the populations oH. curvispina from Uruguay were grouped in
a monophyletic clade (group 15) with a high nodepsut only for BA (PP: 90).
The low values of genetic sequence divergence égdlmver than 2.9%) among
the populations oH. curvispina from Uruguay indicate that they are the same
species. Despite the morphological identificatianénconsidered the population
of San José/Uruguay as a new speclégalglla sp. 21), it did not present
differences in the nucleotide sequences (values.3%08 among the other
populations oH. curvispina from Uruguay. Shoemaker (1942), when described
H. curvispina, stated that the species also occurred in TraniaRdaGrande do
Sul state (RS), Brazil. The population of Tramanatas included in this study
and was not grouped with the clade of the popuiatioom Uruguay (Figure 4),
indicating that is a distinct species (SST > 12%inmilarly, all populations of
"H. curvispina® from Brazil and Argentina were polyphyletic (Figu 4),
confirming the existence of the species compléxcurvispina".

The two populations dfl. pampeana were grouped in a monophyletic
group with high node support (group 5, PP: 100, B®). We are going to
consider the population from Pelotas/RS as theremée for comparison,
according to Bueno, Rodrigues and Araujo (2014)thBpopulations from
Pelotas and Alfredo Wagner, Santa Catarina stat@), (8id not present
differences in the nucleotide sequences (1.6%) froraurvispina of Lagoa do
Passo/RS andyalella sp. 11, respectively. Moreover, other provisiasacies
(Hyalella sp. 9, 10 and 12) were grouped in phylogram anglesspecies, with
a high node support (group 9, PP: 79, BS: 100) lamdgenetic divergence

(values < 0.7%).
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The sympatric specidd. pleoacuta andH. castroi, in addition to have
the lowest value of interpopulation sequence dieecg of this work (0.1%),
they were grouped in a monophyletic clade (group Higure 4), along with
Hyalella sp. 13, but with a low value of node support (<50%ifferently, the
also sympatric and provisional specidgalella sp. 10 andHyalella sp. 11
presented a high interpopulation sequence diveegépt.6%) and they were
separated into distinct groups in phylogram (Figd)ye probably constituting
different species.

The divergence dating analysis revealed a lateef#corigin for
Hyalella with subsequent diversification of extant speciescurring in
Oligocene and Miocene (Figure 5). The oldest dieerog event was the split
betweenH. araucana and the other species, at 40.5 million of years (agyga)
on Eocene. The Northern species (those from Mirerai€ state and USA) have
been diversified from the remaining species aroB8d6 mya. The youngest
diversification events were the separation of tbpytations from Uruguay and
some clades that were considered single specidseb$ST and the phylogram,

about 15 and 10 mya, respectively.
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Figure 5 Divergence time chronogram fdyalella species estimated using a Bayesian
topology. Divergence time estimates (MYA) are nogeljacent or below to
their respective nodes. Geological periods are rsupesed onto the
phylogeny.
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4 DISCUSSION

The application of the species-screening threst®8T) based on genes
intrapopulation divergences is an extremely easthateand can reveal many
overlooked species (WITT; THRELOFF; HEBERT, 2006¢veral studies have
employed the SST as a species recognition methsecally in species
complex of invertebrates, including amphipods (WITHRELOFF; HEBERT,
2006; KORNOBIS et al., 2010; SKORACKA; DABERT, 2Q1BAIRD;
MILLER; STARK, 2011).

Although there are objections to the utilizatiohtlois tool for it not
applied an explicit concept of species, its appigaovides a valuable element
to the recognition of provisional species that latkhe restricted employment
of phylogenetic analysis (HEBERT et al., 2004). $oprovisional species
identified in this study (e.gHyaldla sp. 15 andHyaldla sp. 21) with well-
supported clusters could be recognized as differgm¢cies under the
phylogenetic analysis, but not here because tlvargences are below the SST.
Furthermore, it should be emphasized that DNA kdingp and the SST
approach seek to recognize described species apdotisionally recognize
undescribed ones, not to define them (WITT; THREEQHEBERT, 2006).

Thus, according to the employment of the SST dmed pghylogenetic
analyzes, we obtained a strikingly number of 20 rspecies for the genus
Hyalella in South America, 18 for Brazil and two for Argirat. In this number
are included some provisional species and thosé¢ Were erroneously
considered as described species by morphology, asiche populations df.
curvispina from Argentina, Tramandai/RS, Bom Jardim da Seara H.
pampeana from Alfredo Wagner/SC. Considering the resulttaoted here, the
species diversity for the genus increased in 298% 30 South America and
87% to Brazil (RODRIGUES; BUENO; FERREIRA, 2014; SCEK et al.,
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2015). Some of the provisional species found irs tivork are already in
description process.

Despite the surprising increase in the genus siityerthis result is not
unexpected, as apparently the high endemism seeles ¢ommon inHyalella.
The species compleX: azteca" from North American Great Basin presented
similar patterns to the South American speciesamsextraordinarily high
endemism, the high average value of pairwise ntidesequence divergences
(around 20%) and the low average intrapopulatiorerdience (around 49%)
(WITT; THRELOFF; HEBERT, 2006, 2008). We have tmsiler that most of
amphipod populations in this study (and also frored® Basin) are from small
lakes and springs, with population sizes greatiuced. Moreover, most of
amphipod species present poor dispersal abilitigh, subsequent isolation of
the populations over time (VAINOLA et al., 2008)his, small effective
populations sizes can accelerated rates of DNAe&®muevolution, increasing
the probabilities that slightly deleterious mutatobe fixed by genetic drift,
instead of being eliminated (OHTA, 1972; JOHNSONEGER, 2001,
WOOLFIT; BRORNHAM, 2003).

The species of the subgenfigstrohyalella were not monophyletic in
the phylogram (Figure 4), and apparently the pdprieof H. kochi used in this
work consists of two distinct cryptic species, ae tmorphology could not
distinguish them. As mentioned before, Bousfiel®9@) created the three
subgenus oflyalella based only in morphological analysis (using toljective
appendages body measures) and their geographicbuligtn. Due to the
presence of cryptic species and species complak,f@nthe species of the
subgenusAustrohyalella have been paraphyletic in this work, we recommend
that this subgenus be invalidated.

The species that occur further North in Brazilnied a monophyletic

clade withH. azteca, the species from Texas, USA (Figure 4). This ltesu
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suggests that the migration of the genus may hetvmldy happened from South
America to North America, as Bousfield (1996) prepd. Besides that, Witt,
Threloff and Hebert (2006) state tlrégalella colonized North America no more
that 11 million years ago and our results sugdest the origin of the genus
occurred at least 40 million years ago. The subgéwstrohyalella was not
monophyletic and its validity its refuted, so theesies which comprised it may
not be the most basal within the genus and not Elyatella has its origin in the
South of South America, as Bousfield (1996) stated.

As our analyzes lack an outgroup outditi@lella (which may possibly
underestimated and changed the most basal clagés/lofgram) and one of the
oldest split events was the divergence of the sgefiom MG state anéi.
azteca (Figure 5), we here proposed the hypothesis lhyatella may have its
origin in the Northeast of South AmericBrom the appearance bfyaldla,
possibly a mesohyalellid ancestétyalella should have dispersed to Southern
South America and North America simultaneously. Tiaet that other
freshwater amphipod families in Brazil only occuostly in Northeastern
(FISER; ZAGMAJSTER; FERREIRA, 2013) and to the speofMesohyalella
be morphologically similar to amphipod familiesrfrdAfrica, New Zealand and
Australia (LOWRY; MYERS, 2013), we believe thatdlsubgenus is the most
basal, originated from a marine ancestor. To confthis new hypothesis,
individuals from close amphipod families (as Ce@é@dand Chiltoniiidae), as
well as species dflyaldlla from North and Central Americas, Southern South
America and East of the Andes Mountains should heuded in new
phylogenetic molecular approaches.

Most part of the 15 groups formed in the phylogwdichnot correspond
to the actual distribution of the species, as ffier iver basin as the geographic
distance. The distribution ¢lyaldla is difficult to explain using only vicariant

events and apparently populations should dispéath, actively and passively
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through waterfowls and aquatic mammals (PECK, 1SWANSON, 1984).
Similarly, lineages within a river basin in Northm&rica are polyphyletic and
their distribution do not correspond to the locabdgeographic history
(THOMAS; BLINN; KEIM, 1994, 1998; HOGG et al., 199®UAN et al.,
2000; WITT; THRELOFF; HEBERT, 2006, 2008). Speciefich occur
geographically distant have been grouped in phglmgrsuggests that the
molecular markers used in this study may not haenldeal, and did not show
the true evolutionary relationships withitdyalella. Nevertheless, our
phylogenetic analyzes resulted in trees with idahttopologies for the three
genes used, indicating that our results are prgladstect.

The morphological characteristics used in this kwtw identify the
described and the provisional species were efficard could also be applied to
populations in North America considered "imposstblée distinguish" (HOGG
et al., 1998; WITT; HEBERT, 2000; WELLBORN; COTHRAIL004; WITT;
THRELOFF; HEBERT, 2006, 2008). However, these cttarsstics should be
used with caution, as they were incapable to djsish populations of the
species complex H. curvispina® and other cryptic species in this work.
Furthermore, the morphology did not reflect the uaktt evolutionary
relationships withirHyalella (manuscript being prepared), and should be used
only for species identification and taxonomy, rotéconstruct the phylogeny of
the genus in future researches.

The fact that apparently a single species (oripimval species) presents
distinct morphologies in different populations {asdyalella sp. 9,Hyaldla sp.
10 andHyalella sp. 12 orH. pampeana andHyalella sp. 11) with low genetic
divergence may be configure cases of phenotypistipiey. The ability of a
single genotype produce multiple phenotypes is conpiace, and is a result to
variation in the environment (PFENNIG et al., 2010)istinct phenotypes

within a single species allow its populations whiperience environmental
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variations survive over the time, avoid extinctenmd transmit these adaptations
to future generations, without necessarily consitunew species (PFENNIG et
al., 2010). Nevertheless, these species (or ponasispecies) oHyalella can
configure different taxa, but the molecular markased in this study were not
able to show the genetic differences among themu idelecular and ecological
analyzes should be performed in order to confirnthdse are true cases of
phenotypic plasticity.

Populations oH. curvispina from Argentina and Brazil have shown to
be paraphyletic in relation to the population frtme type locality in Uruguay
(MVS1). Although these populations have been céyefanalyzed for their
morphology, they showed no apparent differencesstitating cryptic species
and confirming the existence of the species complek curvispina”.
Shoemaker (1942) stated thad. curvispina occurs in Uruguay and
Tramandai/RS, and through our morphological analyg verified that they
really do not differ from each other. However, fhapulation from Tramandai
was paraphyletic to the populations of Uruguay,stituting a new species and
refuting the proposal of Shoemaker (1942).

Despite H. bonariensis have formed a monophyletic group and
presented values of pairwise nucleotide sequenargiinces lower than SST
regardingH. curvispina from Uruguai, Bagé/RS artdyalella sp. 15, we believe
that it is a distinct species. The populatiorHofbonariensis used in this study
occurs in a very small spring isolated from otheatev bodies (article
submitted), as well as being very distinct in therpmology fromH. curvispina.
Furthermore, the values of divergence among theseies were too close to the
SST value, suggesting that they may be differeecisg. Unfortunately, the
molecular analysis of the paratypegbfbonariensis were not successful due to

the fact as they were fixed in formalin. Thus, whiholecular analyzes are not
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carried out including the population from the typeality, we will consider the
population of Silveira Martins d4. bonariensis.

In the same way, the population from the type licaf H. pampeana
was not included in this study, so it is not poesio state that the population
from Pelotas/RS, used here as reference (BUENO; RGDES; ARAUJO,
2014) it is actually the same species describe@dwalieri (1968). Therefore,
H. curvispina from Lagoa do Passo/RS should be considéd.gsmmpeana, as
both species were grouped in the phylogram and stiow genetic divergence
greater than the SST. On the other hand, the pimuldrom Alfredo
Wagner/SC considered &t pampeana constitute a new species, along with
Hyalelasp. 11, from Bom Retiro/SC.

In three localities were found sympatric speciedgaldla: Sdo José
dos Ausentes/RS, Bom Retiro/SC and Jujuy Provimgeiitina. Apparently the
existence of sympatric species within the genusoimmon and may be due to
the small populations size, low dispersal abiliphysical isolation of their
habitats, accelerated rates of DNA sequence ewalathd availability of niche
diversity in freshwater ecosystems (WELLBORN, 199G0ONZALEZ;
WATLING, 2003; WELLBORN; COTHRAN, 2004, 2007; CASGLIONI;
BOND-BUCKUP, 2008a; WITT; THRELOFF; HEBERT, 2008 addition,
the recurrent sympatry iHyalella suggests that each population when sampled
should have the morphology analyzed using sevediViduals, ensuring that
ecological, ecotoxicological and distributional dis are not addressing more
than one species.

The sympatric speciebl. pleoacuta and H. castroi have shown a
peculiar case in this work. The two species arg different in morphology:
distinct body sizes; number, type aamangement of setae in appendages; shape
and size of gnathopods; and especially the pressraersal flanges on pereions
and pleons oH. pleoacuta (GONZALEZ; BOND-BUCKUP; ARAUJO, 2006)
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Moreover, it is well studied that the two speciessent different life strategies,
as distinct reproductive periods, use of the hal{tae species inhabits the
bottom substrate and the other inhabits closeh¢osurface), fecundity rates,
longevity, among many other aspects (CASTIGLIONI at, 2007;
CASTIGLIONI; BOND-BUCKUP, 2008a, 2008b, 2009). Lahtory cultivation
experiments showed that they are reproductivellated and there is no gene
flow among them (CASTIGLIONI et al.,, 2007). Howeydhe two species
presented only 0.1% of genetic divergence in thedeagments sequenced, and
according to the results of the SST and the phyletie analysis, they constitute
the same species.

It is still difficult to empirically prove casesf aympatric speciation,
mainly due to the exclusive use of mitochondrial /N phylogenetic analyzes,
small sample sizes or use of insufficient outgro(®sRLUENGA et al., 2006;
BOLNICK; FITZPATRICK, 2007). It is likely that thes two species of
Hyalella has undergone a process of ecological speciatibich usually refers
to speciation driven by ecologically-based divetgaiection, causing adaptive
divergence and consequent reproductive isolatteRAVILETS et al., 2007,
THIBERT-PLANTE; HENDRY, 2010). Ecological speciatioarises as a
consequence of the interaction of individuals witthiotic and biotic
environment during resource acquisition, with a fexamples reported so far
(GRAVILETS et al.,, 2007). A classic example are GaHish from Lake
Apoyo, Nicaragua, where twémphilophus species strongly differ in eco-
morphology traits and resource utilization, butpsisingly with no genetic
divergence among them (BARLUENGA et al., 2006). theo well-supported
example of ecological speciation are three sticd&bfish sympatric species,
which they differ in eco-morphology, but also prasgg low genetic divergence
(TAYLOR; McPHAIL; SCHLUTER, 1997).

The absence or low genetic divergence among syiosecies could
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be due to the markers used in the analyzes, whih mot correspond to the
actual differences between the species (TAYLOR; MBR; SCHLUTER,
1997; VIA; WEST, 2008. In addition, when the speciation occurs in arsho
period of time, the genetic differences might net Wisible in the DNA
sequences analyzedHANNESSON, 2001; SCHLUTER, 2001). Thibert-
Plante and Hendry (2010) also state that when theplmological differences
between sympatric species are too discrepant (sschl. castroi and H.
pleoacuta), the genetic differences are much lower amongtidaen compare
to sympatric species with few morphological diffeces(THIBERT-PLANTE;
HENDRY, 2010). More molecular analyzes using otherkers are necessary to
confirm thatH. castroi and H. pleoacuta are really distinct species. However,
due to the large eco-morphological traits diffeenbdetween them, we will
consider here that they are different species aigli$ a probably a case of
ecological speciation.

Using the SSTHyalella sp. 13 did not differ fronH. castroi and H.
plecacuta and formed a monophyletic group with both specidswever,
Hyalella sp. 13 has unique morphological features, not eegarding toH.
castroi andH. pleoacuta, but also among the other species of the gentisl¢ar
in preparation). In this way, considering the p&gulcase of ecological
speciation mentioned above, we will consitigalella sp. 13 as a new species,
however, ecological studies and laboratory culibrashould be performed in
order to confirm this result.

The results obtained in this study have importemplications for
freshwater ecosystems conservation in South Amesgecially in Brazil.
Habitats where the speciestdfalella are found in Brazil are, in general, small
lakes, springs, wetlands and small dams (BUENO; RMES; ARAUJO,
2014). In Brazil, the aquatic invertebrates arerttoesst neglected animals in the

Red List of Threatened species. Although they ¢autsta large part of the
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country's biodiversity, these organisms do not ehaare estimates of their threat
level, and most of Brazilian conservation projdaatdude only vertebrates and
terrestrial ecosystems (ABELL, 2002; MINISTERIO DMEIO AMBIENTE,

2008). Considering the high level of endemism @ #pecies oHyaldla, its

great diversity and its potential as bioindicatorganisms of environmental
quality (SOUCEK et al., 2013; WESTON et al., 201B)derstand and preserve
the diversity of the genus, its ecology and distiitin become essential for the

conservation of freshwater environments in Brazd South America.
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ABSTRACT

Population structures of four freshwater amphipfrdsn Brazil were
studied. Hyalella xakriaba and H. longistila, from lower latitudes,H.
bonariensis and a new species, here calldghlella sp., from higher latitudes.
We tested the hypothesis that life history pattémselated with latitudes.
Populations were sampled during the rainy and dagens of 2012. The highest
abundance of the populations occurred in the wintdrich had greater food
availability. The reproduction of the species frtower latitudes is continuous
throughout the year, and in higher latitudes thpraguction is apparently
seasonal. Operational sex ratio favored males tih §@asons on species of low
latitudes and for the other amphipods, females weoge abundant in the
summer. Body size appears to be related to thedfbabitat and climate, and
amphipods from higher latitudes reached larger bsidgs. Males presented
larger body sizes than females in all species,they were not significantly
larger than ovigerous females. Species that odosercfrom the tropics reached
sexual maturity at smaller body sizes than spefies1 higher latitudes.
Fecundity did not follow the classical patterns ather amphipods, and
apparently it is more related to the body size eshdles than to climate and
latitude. Explanations on the life history aspamtssented by these amphipods
are discussed. The results supported our hypothbeisever, the regional
climate and habitat may also influence the lifetdrig patterns of freshwater
amphipods from the Southern Hemisphere. This papear contribute to the
creation of conservation programs, since freshwatephipods are endemics
and bioindicators of water quality.

Keywords: Abundance; Body size; Fecunditylyaldla; Sex ratio; South
America.
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1. Introduction

Freshwater ecosystems are extremely importantHersurvival of a
large portion of the organisms and are part ofhalthan activities. Although,
around the world, freshwater habitats are subjetttedany disturbances caused
by humans and nowadays they are considered thethmeatened environments
in the planet (Abell, 2002).

Studies on the conservation biology of freshwatewirenments
represent only 4% of the articles published onigfized journals (Abell, 2002).
Aggravating the scenario, extinction rates prediwti for freshwater fauna are
five times higher than those of terrestrial andineeanimals (Nel et al., 2009;
Saunders et al., 2002). The situation is even wimséeshwater invertebrates
as there are no estimates of their current thraaaisk, despite they constitute
a large part of the biodiversity (Dudgeon et 200&).

One of the methods that guide the creation of @mation programs is
the study of structure and population dynamicschvignables to understand and
estimate the populations' size, their stabilityprogluctive period, immigration
and migration rates, the environmental factors #ffgct them, among many
other aspects (Brawn and Robinson, 1996). Some nisrga present
characteristics that make them ideal for studyimg structure and population
dynamics with conservation purposes, such as theindicators of
environmental quality, that may have naturally drpapulations and are usually
unable to disperse (Abell, 2002). Furthermore, emdespecies should also be
included in conservation studies, because they easily be extinct by an
environmental imbalance (Nel et al., 2009; Suski @ooke, 2007).

Species of freshwater amphipod crustaceans arenoaiy endemic and
bioindicators of water quality, being widely studli|m the Northern Hemisphere
(Barnard and Barnard, 1982; Ding et al., 2011). pdesthe diversity of
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amphipods in the Southern Hemisphere is low, regmrch as South America
certainly has an underestimated number of speagesgspecially in Brazil new
taxa have been discovered in the last few yeage(t al., 2013; Rodrigues et
al., 2014; vainola et al., 2008).

Despite having the majority of freshwater reservethe world, Brazil
has experienced serious water crises due to arficieef and outdated
management of this resource. Thus, the study ehivater environments in this
country and the creation of conservation areasg¢habmpass these ecosystems
are urgent (Krol et al., 2001; Lemos and Olivei@Q4). In addition, Brazil has
the highest world diversity of freshwater amphipdasn Hyalellidae family,
presenting a great potential for studies on théiucture and population
dynamics, still scarcely known, as well as othgreats of itsecology (Bueno et
al., 2014).

In this way, the aim of this paper is to underdtahe population
structure of four freshwater amphipods in Brazile Wésted the hypothesis that
freshwater amphipod species from low latitudes gressimilar life history
patterns, and species from high latitudes in Brpmsent similar patterns and
comparable to the Northern Hemisphere amphipodesd hesults will assist in
the creation of specific conservation programsregtiwater environments in

Brazil.

2. Material and methods

2.1 Collection and laboratory analysis

Four species of freshwater amphipods of the gehlalela
(Hyalellidae) were used to perform this work. Thenus was chosen because it
is the only epigean taxon of freshwater amphipodSauth America, whereas

the other genera and families are confined to sidtean environments
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(Rodrigues et al., 2014). The chosen species Wexakriaba Bueno & Araujo
2013, H. longigtila (Faxon, 1876),H. bonariensis Bond-Buckup, Araujo &
Santos, 2008, and a new species that is in descriptocess, which here will be
called Hyalella sp. These species occur at different latitudes lzincthes of
Brazil, and distinct types of water bodies (Figlye

Hyalella xakriaba occurs in Peruacu River, a region of palm swamp
vegetation at the Environmental Protected Area @wmge do Peruacu
(14°58'36.5" S; 44°26'36" W), extreme North @ #tate of Minas Gerais (MG),
Southeastern Brazil. This site is considered amoaeg as it is in the transition
between Cerrado and Caatinga biomes. The populatimtated at 721 meters
above the sea level, and occurs in the most preddrabitat among the other
species studied.

The population oH. longistila was sampled in a stream in a private
property in the municipality of ljaci/MG (21°1028&; 44°56'24.2" W), at 903 m
of altitude, in a transition area between Cerradd Atlantic Rain Forest. The
stream is used to irrigate a maize plantation andiater source for the cattle,
resulting in deterioration and soil compactiontsd stream margins, removal of
the marginal vegetation.

Hyalella sp. occurs in a small branch of Pessegueiro Rinea, private
property (27°45'45.6" S; 50°01'49.4" W), in themnicipality of Bocaina do Sul,
state of Santa Catarina (SC), at 838 m above thelesel. The waste of a
stockyard is discharged into this branch, resultmdpigh amounts of organic
matter and macrophytes in the water. The sampiiegis located in southern
Brazil, in the Atlantic Rain Forest.

Hyalella bonariensis occurs in the municipality of Silveira Martins
(29°39'23.5" S; 53°37'37.3" W), in the state @f Brande do Sul (RS), southern

end of Brazil. This population is found in a snsdting of a private property, at
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127 m of altitude. The spring is well preservedd é&mrm a very small pool,

located in a transition area between the AtlanimRForest and Pampa biomes.
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Figure 1 Map of Brazil and its biomes showing
the location of theHyaldlla species
studied in this work.

All populations were sampled twice, once on Marthha end of the
rainy season (summer) of 2012, and another at titk o the dry season
(winter), on September of 2012. The amphipods veetkected using a small
hand net, with sampling effort of two people for Bfinutes. In the field,
ovigerous females were identified by naked eye andividualized in
microtubes, so that at the time of the preservatiogthanol the eggs were not
lost if they released the marsupium. Couples icgpelatory behavior were also
individualized, so that their sizes could be coragawith the other individuals

later. All specimens were preserved in 70% ethanol.
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In the laboratory, all animals had the cephalahkotength (CL)
measured using a stereoscopic microscope with eométric lens. Specimens
were classified into four categories: males (irdiinls with the second pair of
gnathopods larger than the first pair); femalef@ut eggs in marsupium, which
will be considered here only as “females" (indiduwith the second pair of
gnathopods the same size as the first pair); ovigefemales (females carrying
eggs inside the marsupium) and juveniles (Borowdl§91; Castiglioni and
Bond-Buckup, 2008). We considered as juvenilesitidésiduals who did not
have secondary sexual characteristics as well #s avisize smaller than the
smallest female found in precopulatory behavior. Wed this criterion because,
unlike males that are easily identified, juvenilasd females have similar

appearance.

2.2 Data analysis

Normality of the frequency distributions was aaald using Shapiro-
Wilk test @=0.05). For each population, in both seasons, ated frequency
distribution in size classes was estimated reggrttie CL of all categories (in
this case, ovigerous females were included withafes). The width of the size
classes was determined using the value of 1/4efthndard deviation of CL
mean values.

For all species the CL values of all categories the number of eggs of
the ovigerous females were expressed as mean tasthrdeviation, and
minimum and maximum length of CL were also deteadinMean CL sizes
were compared using Mann-Whitney test (@%0.05), as follows: a) among
categories within each species, for both seasqreanbng the same category of
the same species, but among seasons; and c) comphe same category

among species, in both seasons.
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For each species the operational sex ratio (OSR) eedculated per
season. This ratio was estimated as the total nuamibmales divided by the
total number of non-ovigerous females, and it wafulated in this way
because it is considered only the proportion ofemand females that are able to
reproduce in a given moment. As ovigerous females reot available to
reproduce, they are excluded from the calculatiemlén, 1976). A Chi-Square
test was performed afterwardg’,(a=0.05) in order to check if the sex ratio
follows the pattern 1 male: 1 female.

In all species, the size that individuals reachuakexmaturity was
estimated based on the size of the smallest fearadethe smallest male found
forming couples in precopulatory behavior (Casbigli and Bond-Buckup,
2008). Physico-chemical variables (temperaturesati®ed oxygen, pH and

electrical conductivity) were recorded in both seesfor all populations.

3. Results

A total of 767 individuals were collectetlyalella longistila was the
most abundant species, with 318 specimens. Thelgtapuof Hyalella sp. had
221 individuals sampled. xakriaba had 109 individuals and the species less
abundant wadH. bonariensis, with only 89 specimens. Table 1 shows the
number of males, females, ovigerous females (Withrhean number of eggs)
and juveniles sampled in each of the seasons &r gzecies.

Apparently, there was a greater recruitment ofepiles during the
winter in H. longistila andH. xakriaba populations, species that occur at lower
latitudes. On the species from higher latitudéshonariensis andHyalella sp.,

adults were always more abundant than juvenilespih seasons (Figure 2).
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Table 1 Number of males; females; ovigerous fem@teparenthesis its relative percentage to the
total number of females in the season); mean vafueggs per ovigerous femate
standard deviation; juveniles and the total nundfeéndividuals sampled of four species
of Hyalella in two seasons.

Latitude Ssp:;'S%sn' Males Females OFV gg{?;?euss Eggs Juveniles Total
H. xakriaba
Summer 20 11 6(35%)  15+6.7 19 56
Low Winter 28 8 0(0%) - a7 83
H. longistila
Summer 49 35 15(30%) 12.3:2.0 49 148
Winter 30 13 7(35%) 16.8:2.0 120 170
Hyalella sp.
Summer 23 30 7(19%) 25+4.0 21 81
High Winter 49 38 17(31%) 30+£3.7 36 140
H.
bonariensis
Summer 11 34 0(0%) - 25 70
Winter 14 5 0(0%) - 0 19
Total 224 174 52 - 317 767

In the summer, ovigerous females had the greateam€n size. Only in
H. bonariensis ovigerous females were not found, and males weeeldrger
specimens. On the other hand, in the winter, madesented the greatest mean
size of CL inH. bonariensis and Hyalella sp., while forH. xakriaba females
reached the larger sizes andHnlongistila ovigerous females were the larger
individuals (Table 2). Furthermore, Table 2 alsovgh the results of normality
test and the respective p values for each cataafahe fourHyalella species in
both seasons. Regarding species from lower lastuidgnales oH. longistila
(Figure 3) presented a polymodal frequency distidiouin the summer (more
than two peaks in the curve) and bimodal in thetaviftwo peaks in the curve).
However, the males presented an unimodal distohuti both seasons. Fbt.
xakriaba (Figure 4), the distribution of males was bimomtaboth seasons and

females showed a normal distribution, also in botbeasons.
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Figure 2 Relative frequency (%) of adults and jublesnof four species dflyaldla,
in different seasons.

Table 2 Maximum, minimum and mean values of carapangth (mm)+ standard
deviation (sd) for different categories ldfalella species, in different seasons

of the year.
) Summer Winter
Species - Category - -
Mean % sd Max.  Min. Mean % sd Max.  Min.

H. xakriaba

Males 0.53+0.08 0.64 0.42 0.48+0.05 0.58 0.40

Females 0.48% 0.07 0.58 0.42 0.51+0.01 0.53 0.49

Ovigerous females 0.58+ 0.05 0.66 0.52 - - -

Juveniles 0.31+0.05 0.38 0.22 0.34+0.05 0.41 0.25
H. longistila

Males 0.54+0.09 0.75 0.39 0.55+0.09 0.75 0.39

Females 0.47+0.07 0.80 0.39 0.48%+0.09 0.75 0.39

Ovigerous females 0.57+£0.08 0.80 0.39 0.62+0.06 0.72 0.55

Juveniles 0.32+£0.03 0.36 0.18 0.31+0.03 0.36 0.18
Hyaldlla sp.

Males 0.63+0.09 0.74 0.40 0.69+0.07 0.86 0.60

Females 0.61+0.06 0.74 050 0.61+0.06 0.74 0.50

Ovigerous females 0.67+0.04 0.72 0.62 0.64+0.04 0.70 0.58

Juveniles 0.38+ 0.06 0.44 0.20 0.35+0.06 0.46 0.25
H. bonariensis

Males 0.51+0.07 0.60 0.40 0.62+0.06 0.70 0.48

Females 0.46+ 0.06 0.55 0.35 0.51+0.02 0.53 0.48

Juveniles 0.32+0.02 0.34 0.25 - - -
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Figure 3 Absolute frequency distribution in sizasdes oHyalella longistila, in two seasons.
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The males and juveniles of the species from highldtudes, H.
bonariensis (Figure 5) andHyalella sp. (Figure 6), in general, presented a
bimodal frequency distribution. The females of bapecies presented an
unimodal frequency distribution in both seasons.

A large proportion of individuals oflyalella sp. were parasitized by
Acanthocephala. In the summer, 34% of adults weiecied, whereas 39% of
males and 30% of females had one or more cystazalnthhe winter, 30% of
adults had parasites, 30% of males and 22% of &ndh both seasons,
parasites were not observed on the populationbeobther studied species of
Hyal€dla.
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In H. longistila, ovigerous females were the largest individualbadth
seasons, although, they were not significantlyedéht from males in the
summer. In both samples, the males were significdatger than the females,
as well as the juveniles were significantly smatlean other categories (Table
3). In the summer, the largest individuals téf xakriaba were ovigerous
females, however, they did not present a significifference when compared
to males. In the winter, the largest specimens Vi@rales, which also showed
no differences when compared to males (Table 4.rmales oH. bonariensis
reached the greatest mean size of CL among ther adegories, with
significant differences between the size of maled fEmales in both seasons
(Table 5). The population éfyalella sp., in the summer, showed no significant
differences of mean CL sizes between ovigerous lesrend males. However,
in the winter, the males were significantly larglean ovigerous females, and
these did not differ from the females (Table 6).

When the categories of CL mean size#ofongistila were compared
between summer and winter, only ovigerous femalesemted significant
differences among seasons, being larger in theewifitable 7). Males ofi.
xakriaba were significantly larger in the summer and larigethe winter forH.
bonariensis. Juveniles ofH. xakriaba were significantly larger in the winter
(Table 7). All categories dflyalella sp. did not present differences on the CL
mean sizes among seasons, except juveniles, whe sigmificantly larger in
the summer (Table 7).
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Table 3 Values of the Mann-Whitney mean test (L) tire respective p values
(a=0.05) in parenthesis, comparing the cephalothdeagth means
(mm) of different categories of the specidyalella longistila, in
different seasons of the year. OF=ovigerous females

Category Summer ' Winter .
Female! OF Juveniles Female: OF Juveniles
Males 375.5(<0.01%) 270.5(0.12) 0(<0.01%) 95.5(<0.01*) .8@®.02%) 0(<0.01%)
Females - 56(<0.01%) 0(<0.01%) - 7(0.01%) 0(<0.01%)
OF - - 0(<0.(1%) - - 0(<0.(1%)

*Indicate significant p value (p<0.05).

Table 4 Values of the Mann-Whitney mean test (L) tre respective p values
(a=0.05) in parenthesis, comparing the cephalothéeagth means
(mm) of different categories of the specidyalella xakriaba, in
different seasons of the year. OF=ovigerous females

Category Summer Winter
Females OF Juveniles Females OF Juveniles
Males 64.5(0.06) 42(0.28) 0(<0.001*) 72(0.13) - 4.5(<@60
Females - 8(0.01*)  0(<0.001%) - - 0(<0.001*)
OF - - 0(<0.001%) - - -

*Indicate significant p value (p<0.05).

Table 5 Values of the Mann-Whitney mean test (L) tre respective p values
(a=0.05) in parenthesis, comparing the cephalothdeagth means
(mm) of different categories of the specidgalella bonariensis, in
different seasons of the year.

Category Summer _ Winter _
Females Juveniles Females Juveniles
Males 107(0.03%) 0(<0.001%) 4.5(0.003%) -
Females - 5.5(<0.001%) - -

*Indicate significant p value (p<0.05).

Table 6 Values of the Mann-Whitney mean test (U te respective p values
(a=0.05) in parenthesis, comparing the cephalothdeamgth means
(mm) of different categories of the specidgalella sp., in different
seasons of the year. OF=ovigerous females.

Category Summer _ Winter _
Females OF Juveniles Females OF Juveniles

Males 261.5(0.13 65(0.458) 8(<0.001* 432(<0.001* 252.5(0.01* 0(<0.001*

Females - 37(0.008* 0(<0.001* - 224.5(0.07) 0(<0.001*

OF - - 0(<0.001* - - 0(<0.001*

*Indicate significant p value (p<0.05).
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Table 7 Values of the Mann-Whitney mean test (U te respective p values
(a=0.05) in parenthesis, comparing the cephalothdeagth means
(mm) of the same category among summer and wiatapkes in four
species ofHyalella. OF=ovigerous females.

Category H. xakriaba H. longigtila Hyaldla sp. H. bonariensis
Males 176.5(0.03%) 721(0.89) 435.5(0.12) 14.5(<0.001*)
Females 33(0.38) 223(0.92) 547(0.77) 44.5(0.09)
OF - 23.5(0.04%) 29.5(0.06) -

Juveniles 303.5(0.04%) 2824(0.68) 239.5(0.02%) -
*Indicate significant p value (p<0.05).

In general, species from higher latitudes preskatgreater mean body
size than species from lower latitudes. In the semmales ofHyalella sp.,
were significantly larger than those of other speand, in the winter, the body
size of all species were different from each offiable 8). In addition, females
of Hyaldlla sp. were also significantly larger than those tieotspecies in the
summer and winter (Table 9). Ovigerous femalesHyfldla sp. were
significantly larger in the summer, and in the teirthere was no difference on
size among species (Table 10). Regarding juverilesge again individuals of
Hyaldlla sp. were significantly larger than others in thenser, and in the
winter, despite having reached the greatest meae, shey showed no

significant differences from the juvenilestéflongistila (Table 11).

Table 8 Values of the Mann-Whitney mean test (L) tire respective p values
(a=0.05) in parenthesis, comparing the cephalothdeagth means
(mm) among males of different species ldfalella, in different
seasons of the year.

Summer Winter
Species H. H. H. H.
xakriaba bonariensis Hyalella sp. xakriaba bonariensis Hyaldlla sp.
H. longistila 482(0.9) 243(0.6) 268(<0.01*) 245(0.006*)  103(<0)01 205(<0.01*)
H. xakriaba - 85(0.3) 99(0.01%) - 13(<0.01%) 14(<0.01%)
H . % - - *
bonariensis 45(0.02%) 192(0.01%)

*Indicate significant p value (p<0.05).
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Table 9 Values of the Mann-Whitney mean test (L) tire respective p values
(a=0.05) in parenthesis, comparing the cephalothdeagth means
(mm) among females of different species Halella, in different
seasons of the year.

Summer Winter
Species H. H. H. H.
xakriaba bonariensis Hyaldlla sp. xakriaba bonariensis Hyaldlla sp.
H.longistila 174.5(0.64) 575(0.81) 48(<0.001*) 19(0.01%) 13(0.06 43(<0.001%)
H. xakriaba - 172.5(0.71  29.5(<0.001* - 20(0.93 14(<0.001*
H 35.5(<0.001%) - - 9(0.001%)

bonariénsis
*Indicate significant p value (p<0.05).

Table 10 Values of the Mann-Whitney mean test (bl ¢he respective p
values ¢=0.05) in parenthesis, comparing the cephalothteagth
means (mm) among ovigerous females of differentcispe of
Hyal€dla, in different seasons of the year.

Species _ Summer _ Winter
H. xakriaba Hyaldllasp. H.xakriaba Hyaldla sp.
H.longistila  39.5(0.69 7(0.001% - 46(0.405
H. xakriaba - 3.5(0.01* - -

*Indicate significant p value (p<0.05).

Table 11 Values of the Mann-Whitney mean test (b3l she respective p
values ((=0.05) in parenthesis, comparing the cephalothteagth
means (mm) among juveniles of different speciesHgélella, in
different seasons of the year.

Summer Winter
Species H. H. ) H.
xakriaba bonariensis Hyalella sp. H. xakriaba bonariensis Hyaldlla sp.
H. *' *’ - *
longistila 431.5(0.64) 510(0.23) 144.5(<0.001*)  2180(0.02*) 1579(0.01%)
H. } * R -
akriaba 201(0.38) 62(<0.001*) 749.5(0.37)
H. - ; 85.5(<0.001%)
bonariensis

*Indicate significant p value (p<0.05).

Males were more abundant than females in bottoesabeing favored
in sex ratio on the species of low latitudels,longistila andH. xakriaba. For
the species from higher latitudés, bonariensis andHyaldla sp., females were

more abundant in the summer and males in the wiRtgure 7; Table 12).
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Figure 7 Percentage of males and females of foeriep ofHyalella, sampled
in summer and winter of 2012.

Table 12 Proportion among males and females andites of the Chi-Square
test §° and the respective p values=0.05), comparing the
operational sex ratio of four populations of diffet species of
Hyalella, in two seasons of the year. M=males; F=females;
SM=sexual maturity (cephalothorax length in mm).

: : 2 SM

Species - Season M:F X° (p value) SM males females
H. xakriaba

Summer 1. 0.55 2.613(0.106) 05 0.47

Winter 1:0.28 11.111(<0.001%) ' '
H. longistila

Summer 1.0.71 2.333(0.126)

Winter 1:0.43  6.721(0.009%) 0.42 0.4
Hyalela sp.

Summer 1:1.3 0.925(0.33)

Winter 1.0.77 1.391(0.23) 0.6 0.52
H. bonariensis

. *
ngmer 1:3.09 11.756(<0.001%) 04 0.38
Winter 1:0.35 4.263(0.03%)

*Indicate significant p value (p<0.05).
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Sexual maturity in all species was reached inelagjzes of CL by
males, when compared to femalélalella sp. was the species that had the
larger body size at sexually maturity addbonariensis had the smaller body
sizes at sexual maturity (Table 12).

The values of the physico-chemical variables hosve on Table 13.

Table 13 Values of the physico-chemical variablesvater measured in two
seasons of the year in four populations of differepecies of
Hyaldlla in Brazil. DO=dissolved oxygen; EC= electrical
conductivity; Temp=temperature.

Species - Season DO (ppm) pH EC (uS/cm) Temp (°C)

H. xakriaba

Summer 53 7.3 120 26.7

Winter 4,92 7.4 124 24.2
H. longistila

Summer 6.4 54 103 24.3

Winter 2.68 7.54 113 24.5
Hyaldla sp.

Summer 1.3 7.0 12.5 25

Winter 1.2 7.0 13 23
H. bonariensis

Summer 4.71 6.9 51 23.1

Winter 4.66 7.2 53 22.4

4. Discussion

4.1 Population structure

Studied populations were more abundant in the erinéxceptH.
bonariensis. This pattern differs from the Northern Hemispherephipods,
which are more abundant in the summerHaazteca (Cooper, 1965; Hogg et
al., 1995; Pilgrim and Burt, 1993; Strong, 19742) montezuma (Dehdashti and
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Blinn, 1991),Gammarus palustris (Van Dolah, 1978)G. salinus (Skadsheim,
1989) andG. pulex (Gracga et al., 1994; Kelly et al., 2006; Mortensk382).

In temperate environments, summer and spring teatyes around
25°C are ideal for the reproduction of the amph#pagince with the greater
food availability, they perform the molt more oftegrow and reach the
maturity earlier (Cooper, 1965; Panov and Mcqué&®8g). In addition, higher
temperatures stimulate the production of largeotisoand eggs (Siegfried,
1985) and increasing juveniles survival rates (Faand Mcqueen, 1998;
Skadsheim, 1989; Van Dolah, 1978).

However, water temperatures above 30°C can dectbasabundance
of Hyalella populations, since it affects growth patterns ammldases mortality
rates of the amphipods (Hogg et al., 1995; Obextid Blinn, 1997; Pilgrim
and Burt, 1993). Thus, environmental impacts thatdase the temperature of
aguatic ecosystems, such as global warming, caectbir influence the
amphipods survival, making species from tropicalimmments and low
latitudes extremely susceptible to extinction (Haggal., 1995; Kelly et al.,
2006; Pilgrim and Burt, 1993).

Results of this research are similar to the padteaf abundance of
freshwater amphipods from the Southern Hemisphdmg with the absence
of a severe winter, the small variation of tempmeatand other abiotic
parameters observed probably did not influenceathendance ofl. xakriaba,
H. longistila e Hyalella sp. On the other hand, food availability - spegite
presence of macrophytes - must be the main limitagor, as noted i.
castroi, H. plecacuta (Castiglioni and Bond-Buckup, 2008}. curvispina
(Casset et al., 2001). montezuma (Dehdashti and Blinn, 1991) and several
freshwater amphipods species from Australia (Sraitd Williams, 1983). In

the rainy season sample we observed that the arnbomcrophytes was much
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lower than in the dry season, and could be a re$tite greater water quantity
and flow, washing the plants from the sampled sites

Morino (1978), Wildish (1988) and Sainte-Marie 919 reported that
amphipods from high latitudes may present simiiée history patterns,
regardless the biome and habitat where they livds Tould explain the
similarity amongH. bonariensis and the Northern Hemisphere species, with
respect to a greater abundance in the summer.ré@$idt could also be due to
the peculiar habitat of the species, a spring ingtape of a pool, which does
not allow the creation of current. Consequentlg #mount of macrophytes is
constant, providing a continuous supply of food ahellter in all seasons.

Juveniles ofH. xakriaba and H. longistila were more abundant than
adults the winter, and could be the result of lewels of dissolved oxygen, due
to the large amount of macrophytes and low wataw.fIAmphipods from the
same population present different respiratory detsanso that larger
individuals require even four times more oxygemtkealler individuals (Auel
and Ekau, 2009; Gaston and Spicer, 1998). Furtherntiwe greater abundance
of juveniles in the winter may indicate that thenauction of these species is
synchronized with the period of greatest food amiity, a fact that has been
widely observed in freshwater amphipods (Cassell.et2001; Castiglioni &
Bond-Buckup, 2009; Nelson, 1980; Smith and Williarh883; Strong, 1972;
Wellborn, 1995).

However, the fact that ovigerous females of bgigcges were found in
summer and winter suggests that reproduction sHmilcbntinuous throughout
the year. Sainte-Marie (1991) states that amphigoma low latitudes and
warm climates are iteroparous (reproduce sevemsdiduring the life) and
multivoltines (reproduce more than once a yearthweproduction peaks
during periods of favorable climate conditions. 3&esame patterns were

observed inH. xakriaba and H. longistila, as well as other Southern
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Hemisphereamphipods, a$dl. castroi, H. pleoacuta (Castiglioni and Bond-
Buckup, 2008)H. curvispina (Casset et al., 2001pseudomoera gabrielli and
Austrochiltonia australis (Smith and Williams, 1983).

Adults were more abundant than juveniles in bathsens in the
species of high latituded;. bonariensis and Hyalella sp. The absence of
ovigerous females dfl. bonariensis suggests that its reproduction should occur
only at a certain period of the year, probably afuthe sample of this research.
As the habitat of this species is very restrictdd, annual reproduction could
also avoid the competition among juveniles and tadidr food and shelter
(Wellborn, 2002, 1994; Wellborn and Bartholf, 200%ellborn and Broughton,
2008; Wellborn and Cothran, 2007a). Apparently,bonariensis shows the
same patterns of amphipods from higher latitudesof@r, 1965; Kelly et al.,
2006; Nelson, 1980; Xinging et al., 2013) which gemerally iteroparous or
semelparous (reproduce only once throughout lifgngd soon after) and
univoltines, reproducing only once per year (SaMtgie, 1991).

As ovigerous females were found in both seasdmsraproduction of
Hyalella sp. should occur throughout the year. NevertheJegsniles were not
the most abundant, possibly due to the high nurmbamphipods parasitized
by Acanthocephala, resulting in a lower reproductiate and a lower
recruitment. Acanthocephalans utilize amphipodisn&smediate hosts to reach
the final host, usually a fish or a waterfowl (Ketdki et al., 2009). To
complete their life cycle, parasites reduce thaureiy of female amphipods
and may even make them infertile, besides reduitiagsuccessful pairing of
males (Bollache et al., 2002; Rauque and Semef&8).2Parasites also alter
the physiology (Plaistow et al., 2001), the behavamd the amphipod
coloration, making them more susceptible to predaliy fish and waterfowls
(Bakker et al., 1997; Baldauf et al., 2007).
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4.2 Frequency distributions and operational sex ratio (OSR)

Amphipods, in general, present a bimodal or polyahddequency
distribution in size classes, which may reflectusstl growth rates of juveniles,
recruitment pulses, influence of abiotic variablesigration, mortality by
predation based on size, among other factors (Cpdpé5; Munguia et al.,
2007; Newman and Waters, 1984; Ward, 1983).

Studied species showed different frequency digios, so thaH.
xakriaba, Hyalella sp. andH. bonariensis were similar, being generally
bimodal or polymodal. These types of distributionply that these populations
have reproduction peaks, with a continuous inpujuéniles throughout the
year (Pickard and Benke, 1996). This has been wbdeén other species, &b
pleoacuta, H. castroi (Castiglioni and Bond-Buckup, 2008) ahid curvispina
(Casset et al., 2001).

Despite males oH. bonariensis had a bimodal distribution in both
seasons, it can not be stated that the populagiomoduces over the year. The
absence of ovigerous females in both seasons amhijes in the winter
suggests thatl. bonariensis has a seasonal reproduction, typical of amphipods
from high latitudes (Nelson, 1980; Sainte-Marie91p Collections of this
population for a longer period of time, as well @ber seasons, should be
performed to confirm these results.

Polymodal distribution of juveniles can be expéirby the occurrence
of several recruitments over time, reinforcing Hypothesis that reproduction
is continuous, usual for species from tropical aadm climates (Sainte-Marie,
1991). Unimodal frequency distribution observedame categories is unusual
and may be the result of the limited number of dampnd the small size of the
population, so that more samples should be maderder to confirm this

pattern.
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Along with body size and frequency distributiohe tanalysis of sex
ratio is an important evaluator of the reproductpatential of populations and
their long-term survival (Lemaitre et al., 2009).this paper, sex ratio of the
species from lower latitudes favored males in bs#tasons, while foH.
bonariensis andHyalella sp. females were more abundant in the summer and
males in the winter.

Differently from our results, it is common thatxseatio varies
seasonally in amphipods, and generally femalesnare abundant than males,
as observed imHyalella species (Casset et al., 2001; Castiglioni and Bond-
Buckup, 2008; Dehdashti and Blinn, 1991; Strond,20%nd other amphipods
(Appadoo and Myers, 2004; Ladewig et al., 2006; &lband Moore, 1991;
Smith and Williams, 1983).

Apparently, the reason for sex ratio favors femademales' behavior.
There are no known chemical communication$lilella, so that males can
not perceive when females are able to reproduceteydneed to explore the
environment continuously in order to find a matetf€an, 2008; Wellborn,
1995). This make males more susceptible to predatiml parasitism, favoring
females on sex ratio (Newman and Waters, 1984; htfell and Bartholf,
2005). Furthermore, fish and Odonata larvae prbfgrgprey the largest
individuals ofHyalella, in this case the males, in a way that femalesrbec
even more abundatvellborn, 1994).

However, in this work, the OSR was carried out] ant merely sex
ratio. OSR was defined by Emlen (1976) as the pialerate of males and
females that are able to reproduce in a given mgraed is accepted as a good
reproductive predictor for crustaceans. A male-a€SR is a result of
asynchronous reproductive receptiveness of fenaaldgo the limited time that
they are available to reproduce, fétyalella is a short period after the molt
(Emlen and Oring, 1977; Wellborn, 1995). In mostrraais, the reproductive
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potential of males is higher than of females, tésmylin a male-based OSR
(Emlen and Oring, 1977). This pattern was obseiwed. longistila and H.
xakriaba in both seasons, but with significant differenceséx ratio only in
the winter. Thus, a male-based OSR observed faeth®o species suggests
that their reproduction is continuous, due to abyoigy of females, confirming
that amphipods from warm climate and low latitudesroduce throughout the
year (Nelson, 1980; Sainte-Marie, 1991).

NeverthelessH. bonariensis and Hyalella sp. presented a male-based
OSR only in the winter. The highest percentagemplapods parasitized by
Acanthocephala in the summerHiyalella sp. may have influenced the female-
based OSR. Due to the acanthocephalans lifecymeydrasitism rate is higher
in the summer, and as generally larger individuwdlamphipods are the most
parasitized (males ddyal€ella), they will have a higher mortality rate, resudfin
in a female-based OSR (Rauque and Semenas, 2009; RP@nanski and
Nickol, 1980).

Moore (1981) states that is common northern apgus present
seasonal variations on sex ratio, usually with d@mce of males in colder
months and females' dominance in warmer perioddermpathat may have
occurred in the species from higher latitudes of siudy,H. bonariensis and
Hyalella sp. However, due to the small population sizédobonariensis and
the OSR values had not been significantly differentboth seasons, more
samples are necessary to check if there is a pattés sex ratio.

4.3 Body size, sexual maturity and fecundity
Sainte-Marie (1991) e Nelson (1980) assert thatkibdy size of the
amphipods presents patterns related mainly to tdiraad latitude. Compared

to warm climates, species from cold climate anchHatitudes have greater
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longevity and a large body size, while species fiwarm climate and low
latitudes have shorter longevity and reach smalltsizes.

Hyalella sp. had a CL mean significantly larger in all gaiges, in
both seasons. The species occurs in a municighliyis part of Serra Geral,
the largest mountain chain in Brazil, considered tioldest region of the
country. The rugged terrain of Serra Geral couplétl the humid subtropical
climate facilitates snowfall during the winter, ching temperatures of -10°C
(Behling, 1995). Thus, despitéyalella sp. not be the species that occurs in the
highest latitude in our study, it probably presdrtee largest body sizes due to
the cold environment in which lives, following tpattern proposed by Sainte-
Marie (1991).

Despite being the species that occurs in the kighetitude, H.
bonariensis showed no significant differences when compareth&o species
from lower latitudes, presenting the smallest Claman the summer. This may
be due to habitat with limited space, which coulttréase intraspecific
competition, where the smaller the more succesbfilindividual will be in
resource exploitation and reproduction (Wellbot®)2, 1995, 1995; Wellborn
and Bartholf, 2005; Wellborn and Cothran, 2007awk#lver, in the winter, the
fact that the CL means of adults were higher timathé summer and juveniles
have not been found suggests again tHatbonariensis has a seasonal
reproduction. Based on the frequency of the siassels and the CL values we
suggest that reproduction occurs in the summerpasulation comprises
juveniles and young adults. In the winter the repidion does not occur, and
population comprises older adults, reflected imesatgr CL mean.

Body sizes ofH. xakriaba and H. longistila, in general, were not
significantly different. In the summer, these speadilid not exhibit the lowest
CL means, however, they were not significantly éarthanH. bonariensis. On

winter, H. longistila andH. xakriaba showed the smallest CL sizes, indicating
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that the pattern of Sainte-Marie (1991) and Nel@®80) for amphipods from
low latitudes and warm climate could be observealinstudy.

Juveniles of all species obviously were significamaller than adults,
as observed in other amphipods (Casset et al.,; 2D84tiglioni and Bond-
Buckup, 2008; Dehdashti and Blinn, 1991; Smith ®itliams, 1983; Strong,
1972). Males were significantly larger than femaiesall species in both
seasons, except fdd. xakriaba in the winter, but there was no significant
difference. It is well documented for crustaceamst tmales are larger than
females, and this difference is marked for freskwaimphipods (Castiglioni
and Bond-Buckup, 2008; Dehdashti and Blinn, 199ElINérn, 1995, 1994,
Wellborn and Cothran, 2007a).

Low (1978) states that males and females pregmilas growth rates
until they reach maturity, and from that momentythesest different amounts
of energy in reproduction and other biological ded® resulting in distinct
growth rates. Thus, in amphipods, females grow stoswe to the prolonged
intermolt period, since they invest more energgrioduction and incubation of
eggs, not performing the molt during this time (@esky, 1991; Wellborn and
Cothran, 2007b). Males, on the other hand, invesit energy on growth and
reproductive effort of pairing with a female, reaghlarger body sizes, since
they constantly perform the molt (Borowsky, 1991gllvorn and Cothran,
2007b). Precopulatory behaviorldfalella also favors larger males, since they
carry females for days until the copula occursadidition, females are more
receptive to large males, being these individubks dnes with the highest
success pairing rates (Wellborn, 1995; Wellborn @athran, 2007b).

Ovigerous females presented mean body sizes Igrgarmales in all
species where they were found, however, in mosisctiwese differences were
not significant. As one of the few exceptions witlimphipods, members of

the superfamily Talitroidea (where Hyalellidae risérted) have species where
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the maximum body size of females exceeds or edbalsmales (Sainte-Marie,
1991). It is well established that female size rigpprtional to the number of
eggs she produces, being advantageous for theninaksst energy in growth,
because they will be more fecund (Borowsky, 199ElIRérn and Cothran,
2007b). As previously mentioned, males are mor@sag on the environment
searching for a mate, making them more susceptiblgredation. Therefore,
larger males will inevitably be the most preyedivitlials, making males with
an intermediate size more abundant, which coulthéxthe fact that ovigerous
females present equal or superior size comparetdes (Wellborn, 1994,
1995).

Body size at which individuals reach sexual m#&gus also related to
latitude and climate. Amphipods from high latitudesd cold climate tend to
grow slowly and mature late, as observedHyalella sp. On the other hand,
amphipods from tropics and warm climate grow fasted mature earlier
(Sainte-Marie, 1991), ad. xakriaba and H. longistila. This pattern happens
because high temperatures increase growth ratesingathe maturation of the
individuals of smaller sizes (Cooper, 1965; Pilgend Burt, 1993). Apart from
that apparently there is a negative relationshipvéen water temperature and
animal size (Panov and Mcqueen, 1998). Anothertighbfiactor that can affect
the growth of amphipods is the electrical conduistiHigh conductivity levels
can influence distribution, abundance and acceldlet growth of crustaceans,
as it provides ideal quantities of ions necessargdrform the molt (Kestrup
and Ricciardi, 2010; Meyran, 1997; Rukke, 2002).e Thigh electrical
conductivity levels recorded in the occurrencessivé H. xakriaba and H.
longistila may help explain their early maturation.

The only species that does not fit the patternseual maturity
proposed by Sainte-Marie (1991) wasbonariensis. As already discussed, the

restricted habitat of this species probably lintiis population's size, so that
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this ecological pressure may have selected thelemiatividuals in order to
avoid the instraspecific competition, allowing jisesence in that environment
(Wellborn, 2002, 1995, 1994; Wellborn and Barth@f05; Wellborn and
Cothran, 2007a).

Finally, Sainte-Marie (1991) and Nelson (1980}esthat fecundity of
amphipod females from cold climate and high lattuds much lower when
compared to tropical species. This pattern waohserved in our study, where
Hyaldlla sp., which occurs in the coldest environment, preskthe greatest
mean of eggs per female, while the species cldsast the tropics showed a
lower fecundity. MoreoverH. castroi and H. pleoacuta that occurs at higher
latitudes in Brazil of the species studied in thdger, present a fecundity even
greater thar. longigtila, H. xakriaba andHyalella sp. (Castiglioni and Bond-
Buckup, 2009), not following the pattern of SaiMarie (1991).

However, when fecundity of the species studiedw@l$ asH. castroi
and H. pleoacuta) is compared to the northern amphipods, it is oleskthat
the mean number of eggs produced per female isufaerior, as foH. azteca
(Cooper, 1965; Hogg et al., 1995; Pilgrim and BL#93; Strong, 1972) artdl.
montezuma (Oberlin and Blinn, 1997), being in accordance with pattern of
Sainte-Marie (1991). Therefore, our results suggést in the southern
freshwater amphipods latitude and climate do nftémce the fecundity, and

that this characteristic is more related to thediesi body size.

5. Conclusions

In general, life history aspects of the studied hipgds showed similar
patterns among species that occur closer to tipicr@and among species from
higher latitudes, supporting the hypothesis of thaper. However, some

characteristics analyzed of the species from hidditéudes diverged from the
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Northern Hemisphere amphipods, especially regarifiageproduction season,
population abundance, body size and fecundity tirefupart of the proposed
hypothesis. Thus, apparently there are patterrserklto the latitude where
amphipods occur, however, the regional climate #nedhabitat also seem to
influence the population aspects of speciedyaliella.

In a country with continental dimensions and aknown freshwater
amphipods diversity like Brazil, use species Hyaldlla from the North
Hemisphere as a model of ecotoxicological studied B evaluations of
environmental quality is a mistake, since their ydapon structures are very
different from the Brazilian ones. The results liststudy can assist in the
creation of conservation programs for aquatic emritents in Brazil, since
these animals are endemics and extremely sengitigavironmental changes.
This paper also collaborates with future studiegabbratory cultivation and
ecotoxicology of Hyalella, because it provides information about the

population structure of species in a natural emvirent.
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CONSIDERACOES FINAIS

Os resultados obtidos nessa tese sdo pioneiresvied® de base para
futuros estudos corhlyaldlla, tanto no contexto ecoldgico, na conservacao de
ambientes dulcicolas ou puramente de cunho taxaadis informacdes sobre
a filogenia do género na América do Sul séo prelmds e para que se possa ter
um pleno conhecimento da biogeografia, distribuigéografica e das relacdes
evolutivas deHyalella, espécies dos paises andinos, do oeste da Caalittoes
Andes, Patagbnia e llhas Malvinas devem ser esasdaédlém disso,
futuramente, esses resultados poderéo ser integcado dados moleculares das
espécies da América Central e do Norte, que j@ estddo obtidos por outros
pesquisadores parceiros, de forma a se ter um ptarttecimento da dispersao,
distribuicéo e filogenia delyalella.

A auséncia de fosseis de Amphipoda e da utilizadg@oum grupo
externo fora do génetdyalella nas analises filogenéticas pode ter subestimado
o real tempo de origem e divergéncia do grupo, al@armferéncia das relacdes
entre as espécies. Isso se deu devido a ausénsieqdéncias disponiveis de
anfipodos no GenBank que correspondessem ao fragmes genes utilizados
nesse trabalho. Além disso, os primers comumerligadbs em estudos de
DNA barcoding ndo funcionaram para os organismos de estudordefque
foi necessaria a confeccao de novos primers paaliaacao desse trabalho.

Muitas das espécies novas encontradas nessatestip em processo
de descricdo, o que ird aumentar consideravelnaediteersidade delyalella no
Brasil e na América do Sul. E aconselhavel que lpgpes deHyalella que
sejam futuramente descobertas passem por anal@esutares, visto que as
caracteristicas morfolégicas nem sempre refletemeetadeiras relagdes entre

as espécies, especialmente se fizerem parte demapiexo de espécies.
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Com relacdo ao estudo dos aspectos populacionaisolégicos de
espécies do género, os resultados encontradosisetie base para pesquisas de
ecotoxicologia, cultivo em laboratério e conserwagdesses animais. Foi
possivel observar que a ecologia e biologia demsgodos apresenta padrées
similares entre espécies dos tropicos e entre iespde altas latitudes, contudo,
0 ambiente fisico e o clima influenciam muito naédhica e estrutura das
populacdes. Apesar dos padrbes observados, cadéciesmpresenta
caracteristicas Unicas e intrinsecas, que devenestedadas e aplicadas em
programas de avaliagdo de qualidade ambientalsepatao.

Os resultados da tese foram inéditos, porém preims. Diversas
regifes e estados brasileiros carecem de colesasglanfipodos, bem como na
maioria dos paises da América do Sul. Trabalhotgicos e toxicolégicos,
amplamente realizados na América do Norte, conzagifio das espécies de
Hyalella em programas de conservag¢do sao ausentes ounaiitdarestritos no
Brasil. Enfrentamos épocas de escassez de agua gradedes impactos
ambientais nos ambientes dulcicolas no pais, eda&stuque visem o
conhecimento dos organismos aquaticos, de sugdesl@om o ambiente e que
ajudem em sua conservacéao e de todo o ecossislienagentes.



