U

UNIVERSIDADE FEDERAL DE LAVRAS

RAFAELA BASTOS PEREIRA

ECOLOGIA DE POPULACOES E BIOLOGIA
REPRODUTIVA EM Hyalella (CRUSTACEA,
AMPHIPODA, HYALELLIDAE)

LAVRAS-MG
2014



RAFAELA BASTOS PEREIRA

ECOLOGIA DE POPULACOES E BIOLOGIA
REPRODUTIVA EM Hyalella (CRUSTACEA,
AMPHIPODA, HYALELLIDAE)

Dissertacdo apresentada a Universidade
Federal de Lavras como parte das

exigéncias do Programa de Pés-

Graduacdo em Ecologia Aplicada, area de

concentragdo em Ecologia e Conservagéo
de Recursos em Paisagens Fragmentadas
de Agrossistemas, para a obtencdo do
titulo de Mestre.

Orientadora

Dra. Alessandra Angélica de Padua Bueno

LAVRAS — MG
2014



Ficha Catalogréfica Elaborada pela Coordenadoria dé’rodutos e
Servicos da Biblioteca Universitaria da UFLA

Pereira, Rafaela Bastos.

Ecologia de populag@es e biologia reproduwiveHyalella
(Crustacea, Amphipoda, Hyalellidae) / Rafaela BaBtereira. —
Lavras : UFLA, 2014.

113 p. : il

Dissertagdo (mestrado) — Uniidexrde Federal de Lavras, 2014.

Orientador: Alessandra AngétieaPadua Bueno.
Bibliografia.

1. Dindmica populacional. 2.iBdo reprodutivo. 3. Producéo
de ovos. 4. Fecundidade. 5. Anfipodos. I. UnivedidFederal de
Lavras. Il. Titulo.

CDD —574.5248

!




RAFAELA BASTOS PEREIRA

ECOLOGIA DE POPULACOES E BIOLOGIA
REPRODUTIVA EM Hyalella (CRUSTACEA,
AMPHIPODA, HYALELLIDAE)

Dissertacdo apresentada a Universidade
Federal de Lavras como parte das

exigéncias do Programa de Pés-

Graduacdo em Ecologia Aplicada, area de

concentragdo em Ecologia e Conservagéo
de Recursos em Paisagens Fragmentadas
de Agrossistemas, para a obtencdo do
titulo de Mestre.

APROVADA em 3 de fevereiro de 2014.

Dra. Daniela da Silva Castiglioni — UFSM

Dra. Carla Rodrigues Ribas - UFLA

Dra. Alessandra Angélica de Padua Bueno

Orientadora

LAVRAS — MG
2014



AGRADECIMENTOS

Agradeco a Deus, por todas as oportunidades qu#ameelo dom da
vida e da inteligéncia. Obrigada pelo cuidado énbarao colocar cada pessoa
no meu caminho as quais ndo me deixam abandonarssionsem té-la
cumprido. Sobretudo, agradeco pelo Seu amor, diddd e pela for¢ca que me da
a cada dia;

A meus pais, por todo amor e compreensao pelasasiinbséncias
devido aos muitos compromissos. Obrigada por daredin comigo que meus
sonhos eram possiveis e por terem sempre me magivadser e dar o meu
melhor para realiza-los;

A minha orientadora Alessandra Bueno, obrigada paitivacio e
dedicagdo de sempre. Estou certa de que se chatguagui foi porque vocé
acreditou em mim e confiou que poderiamos dar pasdém. Obrigada,
sobretudo, pela nossa amizade. Ha cinco anos mbgec®mos e comecamos a
trilhar juntas um caminho que do qual estou ceetgue ndo termina por aqui.
Obrigada por tudo!

As meninas do Laboratério de Carcinologia da UFhgradeco pela
companhia nos meus interminaveis dias coletandainie e escrevendo.
Obrigada pelos momentos de descontracdo, nossditeonizacbes e pela
companhia nos memoraveis congressos. Agradeco tampbgtoda ajuda com
minhas coletas, sem vocés eu nao teria dado cBefaro que nossa amizade
permanec¢a, ainda que a vida nos conduza a dedliferentes. Agradeco
especialmente a Stella, sempre companheira, safigpesta a ajudar, mesmo
gue agora haja um oceano entre a gente, agrade@o par tudo que
aprendemos juntas, por todos os apertos que passda®viagens, coletas, a

peleja com a identificacdo das espécies...



Ao Robson, por todo companheirismo e compreensé@ohd certeza
que sem vocé cada dia teria sido muito mais dif@firigada por ter acreditado
comigo no meu sonho de ser mestre, pela motiva@@aa dia que as forgas
pareciam ter acabado, pelas crises de riso quedwyguntos. Obrigada por
tudo!

Ao Ministério Universidades Renovadas, especialmeat Grupo de
Partilha e Perseveranca “Sado Miguel Arcanjo”, mifdrailia, ndo ha palavras
que expressem perfeitamente a minha gratiddo asvécédescritivel o amor
fraterno que nos une e a for¢a que nos motiveaa iar um mundo melhor, é s6
por Deus mesmo. Obrigada por me motivarem a serpessoa melhor, uma
boa profissional sempre buscando conciliar a férazdo. Levarei vocés e “o
sonho” para sempre comigo;

A Republica, Meninas dos Olhos de Deus, obrigada peesenca
constante, pelo carinho e compreensao;

Aos amigos (alunos e professores) da Ecologiacipaimente a turma
do Mestrado 2012/1, obrigada por todo aprendizpdi@s “quintas sem — lei”,
pelas memoraveis histdrias do nosso curso de cafgiejam certos de que ja
somos mais que colegas de profisséo.

Agradeco especialmente a Ruca, pela presenca ot@)stpelas
interminaveis conversas, pelos desabafos, consglbtzs ajuda com os estudos
e artigos, pelas bobagens e também palavras demeslespertavam o riso
mesmo a distancia. Ja foram seis anos juntas, aganeo doutorado... Tenho
certeza nossa amizade vai durar pra sempre! Agraidegbém ao Gui, meu
irmdo, pela preocupacdo e carinho de sempre, pelda agracas a sua
inteligéncia e dedicagéo sem igual. Eu amo vocés!

A Universidade Federal de Lavras (Departamento daogia),

agradeco pelas facilidades oferecidas para a agalizdeste trabalho.



A Coordenacdo de Aperfeicoamento de Pessoal del ISivgerior
(CAPES), pela concessédo da bolsa de mestrado queemstiu a execugdo
desta dissertacéo;

A todos os exemplares ddyalella que foram mortos para obtencéo
dos dados deste trabalho para assim permitir o ndesémento do
conhecimento acerca da Ecologia deste género;

A todos aqueles que de alguma forma contribuirama painha

formacéo profissional e pessoal, muito obrigada!



“Até os jovens podem fatigar-se e esgotar-se,
mas os que confiam no Senhor renovam suas
forcas, Ele da-lhes asas de aguia, correm
sem se cansar, vao para frente sem se
fatigar.” (Isaias 40, 30-31)



RESUMO

O g¢énero Hyalella tem sido amplamente estudado nos Udltimos anos,
especialmente quanto a sua taxonomia. Pouco se@®ula biologia e ecologia
deste género, principalmente com relacao as esp@sileiras. Assim sendo,
buscou-se s elucidar com o presente trabalho, lbgigode populacbes e a
biologia reprodutiva dél. longistilae H. carstica Ambas sdo encontradas no
estado de Minas Gerais, Sudeste do Brasil, ermisticorregos, porént{.
carstica habita um corpo d’agua intermitente. Em ambos asegos foram
coletadas as macroéfitas ou o substrato contidix@aldestas, durante vinte
minutos, os quais foram minuciosamente triadosaaiesh campo. Todos os
individuos foram preservados em etanol 70%, e fénosdégeras e casais em
pré-copula foram individualizados em micro tabulde. laboratério classificou-
se estes crustaceos em machos, fémeas, fémeasaevige juvenis e cada
individuo foi medido quanto ao comprimento do aafalax (CL), comprimento
total (TL) e no caso de fémeas ovigeras tambémgarka do marsupio (MW).
Adultos predominaram, na maioria dos meses, nalagfwo deH. longistilg
enquanto os juvenis de. carsticaforam predominantes antes do periodo seco
do corrego (Setembro a Novembro) e os adultos fonais abundantes apés. A
razdo média CL/TL de juvenis foi superior a dosladuem ambas as espécies,
sugerindo que esta razéo seja utilizada como uinatinb da fase adulta junto
de outros parametros. A razdo sexual média totahueas as populacdes foi de
1 macho : 0,75 fémeas, sendo que esta razdo feworas fémeas del.
longistila nos meses de verao e machos no restante do amoHe @rsticaos
machos predominaram o ano todo. A reproducéld.dengistilafoi continua e
H. carsticareproduziu-se mais intensamente depois da secadose sugeriu
gue ocorra a recolonizacdo do local por adultovgmientes de centros de
abundéancia populacional & montante. Em relacaofatoges ambientais, um
efeito positivo e independente da temperatura salaieundancia e de oxigénio
dissolvido sobre a frequéncia de fémeas ovigeiazb&ervada na populacao de
H. longistila enquanto a frequéncia de fémeas ovigera$i.dearstica foi
influenciada pela temperatura e condutividade. Meoalg adultos pareados
apresentaram maior CL que os ndo pareados em aoBlEExX0s e espécies. A
fecundidade média dEl. longistila foi 12,88 + 2,00 ovos/fémea e a #k
carstica foram 12,60 + 7,20 ovos/fémea. Diferencas foramentzslas em
relacdo ao numero de ovos das fémeasl.dongistila quando consideramos
diferentes estagios de desenvolvimento, mas naoHpatarstica.O estagio e



ndimero de ovos estavam correlacionados nas fénedds ldngistila mas néo
emH. carstica.O volume médio dos ovos no primeiro estagio naeridifentre
espécies, mas nos estagios 2 e 3 sim. Uma relagio foi observada entre o
namero de ovos no Estagio 1 e o tamanho da regpeéinea ovigera em
ambas as espécies. O sucesso reprodutivh darsticafoi maior em classes de
tamanho intermediarias, enquanto para fémeaddddongistila houve um
aumento progressivo no sucesso a medida que awaentamanho das fémeas.
Diferencas foram observadas entre as dindmicasl|gmpoais e a biologia
reprodutiva das duas espécies. As distintas coeslig@specialmente do regime
hidrico) sob as quaill. longistila e H. carsticaforam encontradas podem ter
ocasionado tais diferencas, no entanto, as peidali®es da biologia de cada
espécie também podem ter influenciado os resultadlésn disso, as coletas
foram feitas em épocas diferentes, o que tambéra fmdsido um fator causal
para as diferencas observadas. As informacfes agegal este trabalho séo
importantes para subsidiar trabalhos futuros coteseanfipodos, assim como
também para praticas conservacionistas para gbesaeo ecossistema em que
estdo inseridos.

Palavras-chaveiyalella longistila;Hyalella carstica;Dindmica de populagbes;
Periodo reprodutivo; Producédo de ovos; Fecundidddeesso de pareamento;
Sucesso reprodutivo.



ABSTRACT

The genudHyalella has been widely studied in the last years, espgdiadir
taxonomy. Little is known about the biology and legy of this genus,
particularly in respect to Brazilian species. Thws, aimed to elucidate in the
present work the population ecology and reprodechiology ofH. longistila
and H. carstica Both are found on the state of Minas Gerais, [Smsgtern
Brazil, in distincti streams, and. carsticainhabits na intermittent waterbody.
In both streams we collected macrophytes or thetsate above them during
twenty minutes, and the animals were thoroughlasspd from the sediment in
the field. All individuals were preserved on eta@®P6 and ovigeorus females
and couples were individualized in microtubulestHa laboratory we classified
such crustaceans in males, females, ovigerous ésmaljuveniles and measured
each individual in relation to the cephalothoramgth (CL), total body length
(TL) and in the case of ovigerous females the npausa width (MW) also was
measured. Adults predominated in most of the mowthsthe H. longistila
population, while juveniles dfl. carsticapredominated before the dry period of
the stream (September to November) and adults mere abundant after it.
The mean ratio CL/TL of juveniles was superior he &dults in both species,
thus suggesting that such ration may be used awamative of the adult phase
together with other parameters. The mean totatatix of both populations was
1 male : 0.75 females, and this ratio favored femalfH. longistilaon summer
months and males in the rest of the year. InHhearsticapopulation males
predominated along the year. The reproductiohl.ofongistilawas continuous
andH carsticareproduced more intensively after the dry, whenswggest that
occur the local recolonization by adults from ugsin centers of population
abundance. In relation to the environmental factarpositive and independent
effect of temperature over abundance and dissalxgden over the frequency
of ovigerous females was observed on lthelongistila population, while the
frequency of ovigerous females Bf carsticawas influenced by temperature
and conductivity. In general paired adults presgtaeger CL than non-paired
adults in both sexes and species. The mean fegufdit. longistilawas 12.88
+ 2.00 eggs/female and 12.60 £ 7,20 eggs/femalél fmarstica.The stage and
number of eggs was negatively correlated on fen@iéts longistilabut not in
H. carstica.The mean volume of eggs on the first stage diddiftar between
species, but had differed on stages 2 and 3. Aailimelation was observed
between the number of eggs on stage 1 and thefkthe respective ovigerous



female in both species. The reproductive success$. @arsticawas higher on
intermediate size classes, while Fbrlongistilathere was a progressive increase
in the success as the female size increds#fitrences were observed between
the population dynamics and reproductive biologytlud two species. The
distinct conditions (especially of the hydric regjrunder whichH. longistila
and H. carsticawere found may have caused such differences, howtbee
peculiarities of the biology of each species alsy tmave influenced the results.
Furthermore, collections were made in distinct qusj what also may be a
causal factor for the observed differences. Therin&tion generated by this
work are important to subsidize future works witlcls amphipods, as well as
for conservation practices for them and the ecesysh which they are inserted.

Keywords: Hyalella longistila; Hyalella carstica; Population dynamics;

Breeding period; Egg production; Fecundity; Pairisigccess; Reproductive
success.
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1 INTRODUCAO GERAL

O géneroHyalella Smith (1874) compreende espécies de crustaceos
exclusivamente de agua doce, as quais sdo endémaicamtinente americano.
Este género pertence a familia Hyalellidae, segandiassificacdo taxondmica
mais recente da ordem Amphipoda (LOWRY; MYERS, 2023 espécies de
Hyalella podem ser encontradas em uma grande variedade lend®s, como
rios, lagos, areas umidas, cérregos e adjacentambintes |6ticos e |énticos
(KRUSCHWITZ, 1978; WELLBORN, 1995; GROSSO; PERALTA999). A
maioria das espécies é encontrada em ambientesospipas existem espécies
gue sdo encontradas tanto em ambientes epigeo$oduipdgeos, enquanto
outras sdo troglébias (PEREIRA, 1989; CARDOQSRUENO; FERREIRA,
2011) ou hipotelminorreicas (RODRIGUES, BUENO, FERRA, 2012). Uma
Unica espécie é conhecida por habitar solos Umalsuma floresta de
gimnospermas na Argentintd, rionegrina(GROSSO; PERALTA, 1999).

Estes crustaceos podem viver aderidos a vegetgaatica ou em
depositos de detritos e substrato de fundo dossatjdgua e podem alimentar-
se de algas e bactérias associadas ao sedimersonsm@ofitas aquaticas
(HARGRAVE, 1970), além de detritos animais e veigeean decomposi¢do
(COOPER, 1965). Dessa forma facilitam o fluxo deergima no ambiente
aquatico, atuando diretamente na conversao daiangggdetritos em matéria
organica fina particulada (WEN, 1992).

Além disso, anfipodos cont®ammarus pulefKAHN et al, 2011) €G.
roeseli (GISMONDI; COSSU-LEGUILLE; BEISEL, 2013) eH. azteca
(NELSON; BRUNSON, 1995)¢m sido utilizados em testes de ecotoxicologia.
Algumas caracteristicas os tornam bons organisrrpsrienentais, jA& que no
geral sdo facilmente coletados, pois algumas espégresentam populacdes
abundantes, sé@o cultivados em laboratério comidadié, tem curto ciclo de
vida, mas principalmente destaca-se a sensibilidgde muitas espécies
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apresentam em relacdo a contaminantes (KRUSCHWIBZ8; PILGRIM;
BURT, 1993; RINDERHAGEN et al., 2000).

O conhecimento acerca da Ecologia e Biologia daéosss déHyalella,
ndo somente subsidia praticas conservacionistas, gaea informacdes que
serdo base para estudos posteriores, sendo esiesaptisados. Isto, por
conseguinte, amplia o conhecimento acerca do géaeqoal ainda é incipiente
especialmente para espécies brasileiragiykdella. Dentre estas, conhece-se
aspectos ecologicos apenas pdraastroie H. pleoacutagspécies simpatricas
encontradas na regido sul do pais (CASTIGLIONI; BEBIUCKUP, 2008a).

Desse modo o presente trabalho comtém informagiime & Ecologia
de populacdes e Biologia reprodutiva de duas espdxisileiras delyalella,
sendo estasl. longistila e H. carstica,as quais foram coletadas no estado de
Minas Gerais. O fato de as espécies estudadaerivarsb diferentes regimes de
disponibilidade de agua ao longo do ano, levoustindas interpretacfes acerca
das observages feitas em cada populacdo, o quaamgonhecimento acerca
da ecologia do género, especialmente no que cancerrespécies brasileiras.
No entanto, é necessario salientar que as coletaadh espécie foram feitas em
periodos distintos, e as condicSes do habitat pagenalterado ao longo dos
dois anos de intervalo entre as coletasldearsticae H. longistila.

Assim sendo, a presente dissertac@o esta divididseduinte maneira:
este primeiro capitulo contém informacdes geraisesm qué sao 0s organismos
estudados, o estado da arte em relacdo ao conimtginte histéria de vida da
ordem Amphipoda e do géneHryalella, mais especificamente. Neste capitulo
constam também os objetivos e hipéteses da aubomaocpresente trabalho. O
segundo capitulo estd sob a forma de um artigotiea da ecologia das
populacdes estudadas d& longistila e H. carstica o qual contém uma
abordagem sobre a dindmica de cada populacdo faesteliferentes regimes

hidricos a que sdo submetidas. E por fim, o tevogapitulo que também esta
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sob forma de artigo, aborda a biologia reproduti®s duas espécies estudadas,
contendo informagBes sobre seus periodos reprodutbem como a producao
de ovos e sua relacdo com as métricas das regseféineas ovigeras, sucesso
de pareamento e sucesso reprodutivo.

2 Referencial tedrico
2.1 Aspectos gerais

Ao longo do tempo o0s crustaceos desenvolveram umandg
diversidade morfologica, a maior dentre os hakémmda Terra (MARTIN;
DAVIS, 2001). Além disso, estes animais apresendararsas estratégias de
histéria de vida e foram capazes de colonizar dogetipos de habitat, ocupando
desde a regido bentdnica até mares profundos,eegifsteiras e estuarinas,
habitats terrestres e semi-terrestres, riachosatag rios de baixas a grandes
latitudes. No entanto, a maioria das espécies énhaarja que o subfilo
originou-se ha cerca de 600 milh6es de anos noanosee a conquista do
ambiente de agua doce data de aproximadamente ihdem de anos, no
Terciario (RUPPERT; BARNES, 1996; SCHUBART; DIESEHEDGES,
1998).

De acordo com Brusca e Brusca (2007) a superorderacé&ida,
juntamente com a ordem Decapoda, constituem a i@madns crustaceos.
Peracarida é formada por nove ordens, das qugedaoce Amphipoda séo as
mais representativas.

Aproximadamente 8000 espécies de Amphipoda sé&o ecids,
podendo estas apresentar de 1 mm a 25 cm, ascguagjsistaram os ambientes
marinhos, dulcicolas e terrestres (BRUSCA; BRUS@®(7). Caracterizam-se
principalmente pela auséncia de carapaca, corpatau lateralmente, sete
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pares de pereiépodos unirremes, sendo o primaersegundo modificados em
sub-quelas (os chamados gnatdépodos).

O trabalho de Lowry & Myers (2013) representa ssifecacdo mais
recente da ordem Amphipoda. Os autores afirmanegtgetaxon é basicamente
definido pela presenca de uma sinapomorfia antegote ndo reconhecida, que
se trata de robustas setas apicais nos ramos dlpsdas 1 e 2. Criou-se uma
nova subordem nomeada Senticaudata que compreaade tpdas as espécies
de Amphipoda de agua doce, além de algumas maripleaantes faziam parte
de Gammaridea, uma antiga subordem. A filogenia Sésticaudata foi
determinada por meio de andlise cladistica de waEsc morfolégicos e seus
estados. Encontra-se entre as seis infraordensedéc&idata a infraordem
Talitrida, da qual faz parte Talitridira, uma padem recentemente criada, e
nela se insere a superfamilia Talitroidea. O gémbralella Smith (1874) foi
alocado nesta superfamilia, mais especificamenfamgia Dogielinotidae, por
Serejo (2004), que a subdividiu em trés subfamitiasqual se encontrava
Hyalellinae. No entanto,, de acordo com a clasgioc mais recente de
Amphipoda, Hyalellidae foi elevado ao nivel de fianhovamente e o género
Hyalella atualmente pertence a esta familia (LOWRY; MYERH,3)

Nos ultimos anos o génehdyalella vem sendo amplamente estudado,
principalmente com relacdo a taxonomia. Atualmes&® conhecidas 61
espécies para este género, das quais 20 sdo emzsnto Brasil (GONZALEZ;
WATLING, 2002a; GONZALEZ; WATLING, 2002b; GONZALEZ;
WATLING, 2002c; GONZALEZ; WATLING, 2003a; GONZALEZ,
WATLING, 2003b; BALDINGER, 2004; PEREIRA, 2004; G@WLEZ;
BOND-BUCKUP; ARAUJO, 2006; CARDOSO; BUENO; FERREIRA011;
BASTOS-PEREIRA; BUENO, 2012; RODRIGUES; BUENO; FHRRA,
2012; BASTOS-PEREIRA; BUENO, 2013; BUENO et al.13
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E um género endémico das Américas, e apesar deepear longo das
regibes biogeogréficas Neértica e Neotropical, sridiicdo da maioria das
espécies é restrita. Provavelmente a distribuigda anais complexa se trata de
H. azteca(Saussure, 1858), que ocorre na América do Notmérica Central.

A América do Sul apresenta a maior diversidade pagé&nero, contendo 51
espécies vélidas, além de muitas que ja4 foramaddste ainda estdo sendo
descritas (CARDOSO; BUENO; FERREIRA, 2011; BUENO at, 2013).
Gonzéalez e Watling (2003b) referem-se a, pelo merera espécies que foram
coletadas no Lago Titicaca (Bolivia) e cujas deda$ ainda ndo foram
publicadas.

No Brasil as espécies conhecidas restringem-segies Sul e Sudeste,
no entanto, é valido salientar que nem todas a®a®goram amostradas,
portanto, essa realidade é passivel de ser mubadeegido Sul a maioria das
espécies e éencontrada no estado do Rio Grandald@iSbonariensis, H.
castroi, H. pleoacuta, H. cusvispina, H. montenege, H. pseudoazteca, H.
pampeana, H. imbya, H. kaingang, H. pampganapenas uma é encontrada no
Paranall. brasiliensi3. Para o estado de Santa Catarina ha espécinstadas
gue representam espécies novas, embora ainda m@ntesido descritas. Na
regido Sudeste, cinco espécies ocorre no esta@iadd?aulo meinerti, H.
warmingi, H. dielaii, H. caecae H. spelaej sendo estas duas Ultimas
cavernicolas. Para o Rio de Janeiro duas espé&mesoshecidasH. longistila,

H. gracilicornis) e em Minas Gerais ocorrem seis espédieswarmingi, H.
gracilicornis, H. longistila, H. carstica, H. mineis, H. xakriaba (BUENO;
RODRIGUES; ARAUJQN press.

A espécieH. longistila foi originalmente descrita por Faxon em 1876,
tendo recebido o nome ddlorchestes longistilusNomeadaHyalella longistila
por Stebbing (1906)Hyalella longistilus por Barnard e Barnard (1983),
Hyalella (Mesohyalella) longistylgpor Bousfield (1996). Posteriormente esta
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espécie foi redescrita por Gonzalez e Watling (20@3renomeadéalyalella
longistila,nome que perdura até o presente. Sua localidaglsitia-se proximo
ao municipio de Campos, estado do Rio de Janeirecentemente Bastos-
Pereira e Bueno (2012) registraram uma nova oatig§rara a espécie em um
cérrego situado no municipio de ljaci, sul de Mifasais. Juntamente com este
novo registro deH. longistila, Bastos-Pereira (2012) descrevéin carstica

uma espécie encontrada na regiao de Arcos e Réimss Gerais.

2.2 Historia de vida

A compreensdo da histéria de vida de um organisst@ atrelada a
compreenséo de sua biologia evolutiva e ecologiaobma geral, o conceito de
histéria de vida postula que a selecdo natural analdcorréncia e duragdo de
eventos chave ao longo do ciclo de vida de forneajgobrevivéncia da prole
seja otimizada. A idade e tamanho em que a matigidexual é atingida, o
primeiro evento reprodutivo e posterior investinoeab longo da fase adulta, o
sucesso reprodutivo (muitas vezes medido pelo tamansobrevivéncia da
prole), senescéncia e morte, entre outros aspeéetdsistéria de vida de um
organismo, dependem das condicdes fisicas e ecadgs quais 0s organismos
estéo submetidos. Assim, 0s organismos evoluiraarshs tipos de histérias de
vida, e encontrar padrbes que se repetem no tempo espaco permite
compreender melhor estes organismos (TOWNSEND; HZWRPBEGON
2010).

Considerando que ha uma quantidade total limi@delaenergia e/ou
outro recurso disponivel para crescimento, sobéexia e reproducgéo, relagcbes
negativas de compensacdo podem ser observadas, esiad conhecidas por

trade-offs Estes constituem o0s custos gerados parfitness quando uma
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mudanga benéfica em uma caracteristica esta metataoa uma restricdo ou
mudanca prejudicial em outra (STEARNS, 1989).

Dentre as teorias sobre estratégias de historiadde a que encontrou
maior respaldo por parte da comunidade académieanfas estratégias r e K
(MacARTHUR; WILSON, 1967; PIANKA, 1970; STEARNS, 16).

Espécies capazes de se multiplicar rapidamentdngar®e sdo bem
sucedidas em ambientes efémeros, ou periodicarsejeieos a perturbagbes. O
ambiente em que vivem permite um rapido crescimeatmrecendo assim a
producdo de individuos com grande numero de desnésl pequenos para 0s
quais se observa utnade-off entre tamanho e sobrevivéncia da prole. Neste
caso, como ndo ha competicdo expressiva entrevergpo tamanho da prole
pode ndo ser importante. Estes sdo chamados tegitas, pois na maior parte
do ciclo de vida os organismos estdo proximos dee faxponencial do
crescimento populacional (r) (TOWNSEND; HARPER; BB 2010).

Ha organismos que apresentam um padréo diferertiestieia de vida,
geralmente aqueles que sobrevivem em habitatstehdgensa competicdo por
recursos. Nestes ambientes os individuos que coineegcaptar mais recursos
serdo bem sucedidos para gerar seus descendersgim, A0S Organismos
despendem mais energia para o crescimento do que rpproducdo, ou
despendem energia de alguma forma que favorecsofwevivéncia na disputa
pelos recursos limitados. Estes sdo chamados Htegistas por passarem a
maior parte do ciclo de vida em uma fase do crestipopulacional préxima
da capacidade suporte (K) do ambiente onde vivermpragluzem menos
descendentes, no entanto, de maior tamanho carfdeate caso também se
observa umtrade-off pois como a quantidade de recurso disponivel para
reproducdo é limitada e as densidades populaci@@#ismaiores, a selecéo
natural favorecerq a producdo de menos descenddatesaior tamanho, os

quais serdo melhores competidores garantindo, rgortauma maior
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sobrevivéncia. Embora haja organismos que ndogeadrem neste modelo r /
K, podemos nado assumi-lo integralmente, ou aindasidera-lo como uma
maneira de simplificar a compreensdo da multiphidel de histérias de vida
existentes (TOWNSEND; HARPER; BEGON 2010).

2.3 Estratégias de histdria de vida em Amphipoda

Embora ndo tenha sido o pioneiro nos estudos dérinigle vida de
crustaceos da ordem Amphipoda, o trabalho de Mai®F8) ofereceu uma
importante contribuicdo para a compreensdo dosGpadobservados para o
grupo. Por meio de uma revisdo os padrbes forandidids em quatro
categorias, estando estas relacionadas a latiaglguais foram encontradas, e
ndo a categoria taxondmica a qual pertence. Oltipompreende organismos
gue se reproduzem ao longo de todo o ano e agqueteseproducéo se restringe
a alguma estacao; o tipo 2 engloba organismos presentam duas geracdes
completando um ciclo de vida anual; o tipo 3 tdda anfipodos que apresentam
uma Unica geracdo que completa o ciclo de vida emano; e o tipo 4
compreende organismos para 0s quais sao necessaisoanos ou mais para
que a reproducdo aconteca. Constatou-se, por rasta tevisdo, que de forma
geral e em uma escala global as espécies de laiitades tendem a reproduzir
ao longo de todo o ano e tem curtos ciclos de d@dspécies de altas altitudes
tem longos ciclos de vida e reproduzem-se em estag@stritas. O autor
ressaltou que esta classificacdo foi apenas unetitende compreender melhor
os tipos de histéria de vida existentes entre Apuata, e certamente ha
espécies de tipos intermediarios.

Posteriormente a esta revisdo, os trabalhos qtaertrdos aspectos de
histéria de vida de Amphipoda passaram a ser medgiéntes. Van Dolah &

Bird (1980) compararam os padrdes reprodutivossesdpécies da epifauna e
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infauna de espécies marinhas de aguas rasas desteomo Atlantico, tendo
observado que as primeiras geralmente produzemawassde menor tamanho
gue as Ultimas, mesmo que apresentassem o0 mesnamh@ncorporal e
habitassem a mesma regido. Fortes efeitos latdisdensazonais também foram
evidentes ja que para varias espécies o tamanhwvdesaumenta e o nimero de
ovos diminui nas populacdes de latitudes maiomesqeielas que se reproduzem
em estacdes mais frias.

Nelson (1980) revisou os padrBes reprodutivos de e8pécies
pertencentes a 89 populacdes de Amphipoda Gamragedencontrou que de
forma geral o tamanho das ninhadas nos meses @&® ¥emenor que no
inverno. Ele afirma ainda que os padrdes sdo eeslide cada familia, devido
a especificidade por habitat apresentada pelosisrgas estudados.

Sainte-Maire (1991) revisou tracos de histéria ddavde 302
populacdes representando 214 espécies de Amphigodafirma que os
gamarideos apresentam uma grande diversidade d&epatdk historia de vida.
Podem apresentar um Unico evento reprodutivo (pemeébde) ou diverso
(iteroparidade), podendo ainda apresentar ciclowvida semianuais, anuais,
bianuais ou perenes. Os padrbes sao influenciagladatitude, profundidade e
salinidade. Espécies de baixas latitudes sdo eamdas por ciclos de vida
semianuais ou anuais, pequeno tamanho corporab e@tencial reprodutivo.
Sainte — Marie (1991) afirma ainda que as espéeiglem a ser K-estrategistas
em habitats altamente produtivos (favoraveis) erguemente sofrem distarbios.

Cunha et al. (2000) obteve conclusGes semelhant&airite-Maire
(1991) estudando anfipodos em Portugal, e descreseanfipodos de baixas
latitudes e aguas quentes como semianuais, it@gpgodendo atingir a
maturidade sexual em até um més e apresentam ciglws de vida.

Johnson et al. (2001) revisou aspectos reprodutivoslacionados ao

desenvolvimento de peracéaridos e observou que pmrideos tipicamente
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possuem uma geracao que perpassa pelo invevaeoalntering)e uma ou mais
geragbes de primavera-verdo. Johnson e colabosmdomnpilaram o
comprimento de fémeas, didmetro de ovos e tamaalwale de mais de 290
espécies de Amphipoda Gammaridea, e observararengueeos Gammaroidea,
Gammarug o género mais estudado. No entanto, de form @earametros
reprodutivos e ciclos de vida de Amphipoda Gamnearisio mais conhecidos
apenas para regioes litoraneas temperadas (JOHNS&N 2001).

Appadoo & Myers (2004) estudaram um sistema tropiees Ilhas
Mauricias quanto as estratégias reprodutivas apems por crusticeos
pertencentes a duas famili@yfnadusa filosa, Ampithoe laxipodas familia
Corophiidae, e Mallacoota schellenbergi da familia Melitidae) tendo
demonstrado multivoltinismo e reproducdo continodoago do ciclo de vida
das trés espécies. Cunha et al. (2000) fizeranmdigies similares e afirmam
que os anfipodos de baixas latitudes de aguas goaistes sdo semianuais,
iteréparos, multivoltinos, apresentam maturidadet@manhos menores, assim
como curtos ciclos de vida, o que também ja haida sugerido por Sainte-
Marie (1991). Steele & Steele (1991) atribuem armdcwia de reproducéo
continua a constante disponibilidade de alimentmenada na regiao tropical, o
que permite que juvenis sejam produzidos frequesrtéen

Multivoltinismo e reproducdo continua também forabservadas para
outras espécies encontradas em areas tropicais,0 d@seudorchestia
brasiliensisno estado do Rio de Janeiro, Brasil (CARDOSO; VEOQ$996),
P. platensisa Florida (GARCES; MARSH, 1991).

Na verdade tratar das diferentes estratégias ayteeises por individuos
filogeneticamente proximos que habitam diferentegides implica em
considerar que sua histéria de vida pode ser infiaga pelas condi¢cdes tanto
abidticas quanto bidticas as quais esta submefiddensidade populacional,

biomassa, as atividades reprodutivas, o desenvehtondos embrides, tamanho
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corporal, entre outros aspectos da biologia e g@ldos organismos podem ser
afetados por fatores abidticos como temperatudinidade, regime hidrico
local, fotoperiodo, oxigénio dissolvido e condudaile da agua
(KRUSCHWITZ, 1978; PANOV & MCcQUEEN, 1998; WILHELM &
SCHLINDER, 2000; MARANHAO et al., 2001; SUBIDA etl.a 2005;
KESTRUP & RICCIARDI, 2010; SUYAN et al.,, 2013). Ba¢s bioticos
também podem influenciar, tais como a biomassdgdes aresenca de predacao
e competicdo intraespecifica (MARANHAO et al., 200MELLBORN, 2002;
COTHRAN, 2004; SUBIDA et al., 2005).

A disponibilidade de alimento também constitui unportante fator que
influencia a evolucao das estratégias reprodutvéda histéria de vida, no geral,
ja que esta diretamente relacionada com o desémaiito, crescimento e
sobrevivéncia dos estagios larvais e/ou juvengmasomo com a manutencao,

crescimento e reproducao dos individuos adultoS{FY, 1983).

2.3 Ecologia de populacdes

Um grupo de organismos pertencentes a mesma esmdsdtui uma
populacéo cuja dinamica é regida pela interacéatritautos do grupo e nao dos
organismos isoladamente, como densidade, nataliddid¢ribuicdo etaria,
potencial biotico, dispersao, recrutamento e fomheacrescimento (ODUM,
1988). O tamanho das populagBes pode ser alteradajyatro processos:
natalidade, mortalidade, imigracdes e emigracdesoApreensdo dos motivos
gue levam a modificacdes no tamanho e estruturalacpnal é importante
para os estudos em ecologia, j& que esta ciéns@mfio somente compreender
tais processos, mas também prevé-los e control@F@¥VNSEND; HARPER,;
BEGON 2010).
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As taxas de natalidade, mortalidade, migracéo,idads e abundancia
populacionais, assim como a distribuicdo de fregiaéem classes de tamanho
constituem informacbes que levam ao conhecimento daémica das
populacdes (HUTCHINSON, 1981). Além destes procesgerentes de cada
populacdo, os individuos também interagem tanto @@mbiente, quanto entre
si e com outros organismos, seja na competicaegEaco, parceiro reprodutivo
alimento, ou outros recursos (FONTELES-FILHO, 1989)

No caso de espécies cujas adaptacbes para dispgiedsdo muito
desenvolvidas é pouco provavel que sejam observadesnentos migratorios.
Os eventos de colonizacdo geralmente s&o raros asn espécies, e
provavelmente é por isso que a distribuicdo gemgrafeHyalella é de dificil
compreensao, ja que os anfipodos deste géneropnéseatam boa capacidade
natatéria, nem outras adaptacdes que permitem dongeslocamentos
(WELLBORN; CAPPS, 2013). Na América do Norte, poemplo, Hyalella
forma um complexo de muitas espécies, sendo a imalelas fenotipicamente
cripticas e nado descritas formalmente (WITT; HEBERIOO; WITT et al.,
2006; WELLBORN; BROUGHTON, 2008). As espécies desteplexo sdo
comumente encontradas ao longo de todo o contimente-americano em lagos
permanente e riachos (BOUSFIELD 1996; WELLBORN; BAROLF, 2005;
WITT et al., 2006). Por outro lado, muitas espédedyalella ocorrem em
habitats Unicos e/ou isolados com substanciaisrghvneias genéticas entre
espécies (WELLBORN et al., 2005; WITT et al., 2006)

A Unica forma de dispersao tiyalella por meio terrestre registrada até
0 presente trata de individuos encontrados agaranovertebrados, os quais
agiram como vetores de dispersdo (ROSINE 1956, ;1B&BORN, 1976;
PECK, 1975; SWANSON, 1984). Wellborn e Capps (20dlR)erem que uma
possivel explicacdo para este paradoxo entre agubei de dispersdo e

distribuicdo geogréfica apresentada piyalella é que embora os eventos de
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dispersdo no grupo sejam raros e envolvam pequaopsgulos, as espécies
deste género tem uma grande probabilidade de é&stabento bem sucedido de
uma nova populacdo, e esta, uma vez estabelec@hn, uma grande

probabilidade de persistir ao longo do tempo sera haja reposi¢cdo por
colonizadores subsequentes. Os autores includa@me que uma Unica fémea
ovigera é capaz de estabelecer uma nova populag@® descentes persistem
por varias geracfes, ao menos em condi¢cdes labaratfd que este processo
ainda nao foi elucidado em campo.

Nos estudos relacionados a estrutura e dinamicallgmpnal de
Amphipoda frequentemente constam informa¢Bes sabréamanho dos
individuos, os quais sao distribuidos em classesag®mnho. Além disso, a
densidade populacional, taxas de natalidade e Idada, produtividade
secundaria em termos de abundancia e biomassatamento, sobrevivéncia,
entre outros aspectos, tem sido mensurados nodosstleste cunhoe( g.
EDWARD; COWELL, 1992; PARDAL et al., 2000; PICKARBENKE, 1996;
MARANHAO et al., 2001). Além disso, ha trabalho®qnalisaram populacdes
de Amphipoda sob uma abordagem de metapopulacdgsi@WIA; MACKIE;
LEVITAN, 2007), ou ainda por meio de modelagem (ARRSON et al., 2013).

As espécies do génetdyalella foram estudadas quanto a dinamica e
estrutura populacional especialmente no hemisfénte, onde principalmente a
espécieH. aztecaé bem conhecida em relagdo a ecologia de populacde
(COOPER, 1965; EDWARDS; COWELL, 1992; STRONG, 1RQOKKOTIS;
MCcLAUGHLIN, 2002).

No Brasil Castiglioni e Bond-Buckup (2008a) estadaros ciclos de
vida deH. castroie H. pleoacuta espécies simpatricas que habitam a regiéo sul
do pais. As coletas foram feitas em tanques deseude truta no municipio de
Sao José dos Ausentes, Rio Grande do Sul. Em tdboras duas espécies

foram cultivadas permitindo identificar a duragdo domportamento pré-
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copulatério, o tamanho de machos e fémeas em pflagéo tamanho corporal
das fémeas ovigeras, o tempo médio de desenvolnenbrionario e pds-

embrionario, a fecundidade, a viabilidade (nimegédlim de juvenis liberados),

a duracdo do ciclo de muda e a longevidade. Emburiias semelhancas
tenham sido observadas entre as duas espéciesetagéar ao recrutamento,
proporcéo de adultos em relagdo a juvenis na pegolassim também como a
razao sexual tendendo para mais fémeas. As alnéeasam que a coexisténcia
de H. pleoacutae H. castroié facilitada pelas diferencas observadas no delo
vida, especialmente no tamanho corporal, nas égiaat reprodutivas, € na
ocupacao de distintos micro-habitats.

Rodrigues (2011) estudou a distribuicéo e algupsaies populacionais
como a estrutura demografica e razdo sexual deiespgeHyalella coletadas
no estado do Rio Grande do Sul, Brasil. Além ddstas em 146 areas umidas,
caracteristicas fisicas do ambiente foram congidstacomo altitude e tamanho
da area. Foram encontradas trés espéciddydilla que ja ocorriam no Rio
Grande do Sul e uma conhecida apenas para a Argediém destas, foram
identificadas mais oito morfoespécies, sendo qua pwssui caracteristicas
troglomoérficas, e representa o primeiro crustacg@otblminorreico registrado
para a América do Sul (RODRIGUES; BUENO; FERREIRA12).

Em relacdo aH. longistila, até o presente foram publicados apenas
trabalhos relativos & descricdo, redescricio e moearéncia (GONZALEZ;
WATLING, 2003a) sendo sua biologia e ecologia debegidas, e 0 mesmo é
observado para a espétiecarstica(BASTOS-PEREIRA; BUENO, 2012).

2.4 Biologia reprodutiva

Embora uma variedade de estratégias reprodutiyasobservada, ha

uma série de eventos comuns que constituem umreiptodutivo basico entre



26

0s crustaceos que se reproduzem sexualmente. diestecorre inicialmente a
proliferacdo das células gonadais seguida pela upfmd dos gametas,
comportamentos reprodutivos associados ao acasdlaméberacdo dos
gametas por transferéncia de esperma durante dagéglo macho, e ovulacéo
por parte das fémeas. Posteriormente os embrideim@ibados até a eclosao e
liberacdo das larvas ou juvenis. As diferencas rebgdas residem no tempo
entre certos eventos e sua duracao em diferergésies (SASTRY, 1983).

Quando os individuos imaturos ou juvenis adquireondizGes
fisiologicas que os permitem produzir gametas osisgpodem fertilizar ou
serem fertilizados, estes individuos atingiram a tun@dade sexual
(MANTELATTO, 2003). No caso de crustaceos da ordemphipoda, embora
para as fémeas a presenca de ovario desenvolvilgelvipor apresentar
coloracdo verde-escuro, ou ainda, a presenca de @vguvenis no marsupio
seja indicativa da maturidade sexual, para 0s nsachserva-se basicamente o
alargamento completo do propodo do segundo gnatOKBRUSCHWITZ,
1978). Este indicativo para os machos pode comda Gubjetividade, ja que
frequentemente observam-se variagdes sutis na logidodos individuos da
mesma espécie, 0 que poderia levar a uma conckrsénea a respeito de
maturidade sexual atingida. Assim sendo, o compamtdo pré-copulatério é o
indicativo mais preciso de que os machos estdosaptra reproduzir
(BOROWSKY, 1991).

As fémeas de Amphipoda produzem uma determinadatidade de
ovos a cada muda, no entanto, ndo apresentam gestogie esperma. Assim,
foi necessaria uma estratégia que permitisse gquzhana fémea estivessem
juntos quando a fémea ovulasse, garantindo quecandacdo ocorreria
(COOPER, 1965; STRONG, 1972). Durante a pré-cOpulmacho agarra a
fémea dorsalmente com os segundos gnatépodos aftipmsantes da fémea

realizar a muda. Devido ao elevado custo energétiesie comportamento
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(CALOW, 1979) os machos apenas se juntam as féqueaslo a ovulagdo esta
prestes a ocorrer (IRIBARNE et al.,, 1995), quandwedita-se que ha
comunicacao por meio de ferormdnios (BOROWSKY, 1991

Embora o controle da fémea no acasalamento ainoleesi&ja claro,
Jormalainen (1994) afirma que a maioria dos autaceedita que a formacéao
dos pares ocorre mediante controle de ambos oss,sexmbora néo
necessariamente com os dois tendo influéncias sgiar outro lado outros
autores defendem a ideia que este comportamergacgefrolado estritamente
pelo macho, embora a fémea possa resistir as itestalo macho (WARD;
PORTER, 1993)

Ha diversas hipéteses com o intuito de explicasreetacdo comumente
observada entre o tamanho de machos e fémeas assaan, na qual machos
grandes pareiam com fémeas grandes e vice-vergdJPOW; BOLLACHE;
CEZILLY, 2003; WELLBORN; BARTHOLF, 2005; CASTIGLION BOND-
BUCKUP, 2008b). Duas destas hip6teses foram maiplaanente aceitas:
competicdo entre machosigle-male competitign(\WARD, 1983) e restricdes
para o carregamentdoéding constraints (ADAMS; GREENWOOD, 1983).
Ward (1983) afirma que machos maiores tém vantagentompetir com
machos de menores tamanhos, tanto por conseguirean & fémea que o outro
macho j4 estava carregando quanto por evitar gtre awacho tome a fémea
gue ja estiver em pré-copula com ele. Ja Adams eer@mood (1983)
consideram que os machos se limitam a seleciomaed® de tamanho muito
inferior ao seu, pois somente assim serdo capazesadsporta-las até que
ocorra a copula.

Na maioria dos gamarideos maduros, a cépula opaueos minutos
ap6s a muda da fémea, chamada muda pré-puberalEBYIN55). Apds esta
muda a fémea libera os ovos no marsupio, onde ecarfertilizacdo. O

marsipio € uma sinapomorfia de Peracarida e certistima bolsa incubadora
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ventral formada por grandes processos em formalat®mp em determinadas
coxas toracicas, 0s oostegitos; estes se sobrefjpdEmndo o piso do marsupio,
e o teto sdo formados pelos esternitos toracicoPHERT & BARNES, 1996).

O desenvolvimento dos ovos acontece nesta bolgbadora e se divide
em duas fases: embrionaria, que compreende desddagdo até a eclosdo dos
ovos, e o periodo pds-embriondrio, em que ocoem@rgéncia dos juvenis do
marsupio (BOROWSKY, 1980). Em crustaceos da ordemplipoda, assim
como nos demais Peracarida, 0s juvenis permaneoemansipio até que se
assemelhem aos adultos, ou seja, os anfipodoseafass desenvolvimento
direto (STRONG, 1972; BOROWSKY, 1991; STEELE & STH; 1991).

A producéo de ovos pode ocorrer em um Unico evemdutivo ou
em mudltiplas desovas, sendo uma a cada estacdmsw de Amphipoda
Gammaridea. Em espécies semélparas os individoosamente um periodo de
investimento reprodutivo ao longo da vida, até @lgja cessaram seu
crescimento, durante o qual se investe pouco oa Bad sobrevivéncia para
eventos reprodutivos futuros, e depois do qual slesrem. Ja em espécies
iteréparas, um individuo normalmente passa pormsagventos reprodutivos,
podendo apresentar um extenso periodo de atividguiedutiva. Durante cada
estacdo reprodutiva o individuo continua a inveaséirsobrevivéncia futura e
possivelmente no crescimento e, portanto, tem umance razoavel de
sobreviver para reproduzir novamente (SASTRY, 1988RTNOLL, 1985;
BEGON; TOWNSEND; HARPER, 2006).

Entende-se por periodo reprodutivo o periodo emféuneas ovigeras
sdo encontradas na populacédo, podendo estes egentosntinuos os sazonais.
Os ciclos reprodutivos podem, entdo, ser comprdesdcomo uma resposta
integrada dos individuos de uma populacdo ao amehieanto em um sentido
funcional quanto temporal (SASTRY, 1983), podendaven influéncia de

fatores bidticos e abi6ticos, como disponibilidaéealimento, interacdes intra e
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interespecificas como predagédo e competicdo, tatysar condutividade, pH,
oxigénio dissolvido, fotoperiodo, entre outros fato . g. KRUSCHWITZ,
1978; PILGRIM; BURT, 1992; PICKARD; BENCKE, 1996; ARANHAO et
al., 2001; KESTRUP; RICCIARDI, 2010).

A intensidade e a taxa com que as condi¢cOes araiiesg modificam
variam principalmente com a latitude, no entantipytacdes de espécies que
ocorrem em diferentes latitudes podem apresentalréea temporais
semelhantes ou ainda espécies que se distribuelbongo de uma pequena
amplitude de variacdo de latitude podem apresedifiarencas nos padrées de
seus ciclos reprodutivos. Sastry (1983) atribuesstenarios distintos como
sendo respostas a caracteristicas particularesntbeiate em que as espécies
vivem. Principalmente para espécies de ciclo da weigrto, escalas de tempo
reduzidas e mudancas de pequena amplitude podenmimpartantes na
determinacao dos padrdes dos ciclos reprodutivos.

Em relacdo aos ciclos reprodutivos € importantersar ainda que a
fecundidade pode variar de acordo com a latitudefedundidade é um
importante parametro reprodutivo, amplamente adalizos trabalhos de
ecologia, 0 qual corresponde ao numero de ovosupias por uma fémea
durante uma desova ou periodo reprodutivo (SASTE83; HARTNOLL,
1985). Mensurar a fecundidade consiste tanto emfamamenta para medir o
potencial reprodutivo dos individuos de uma dadqaufagao, quanto em um pré-
requisito para a compreensao da evolucéo dasésgasireprodutivas.

Organismos de maior tamanho corporal normalmemnesaptam maior
fecundidade, além disso, a idade, fatores ambgrtgiresenca de predadores
podem ter influéncia sobre este parametro repregu(MORINO 1978,
STEELE, 1981). Assim, a energia investida para ygéd de gametas pode ser

distribuida tanto entre muitos ovos de tamanhoziddyuquanto em menos ovos
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maiores, constituindo padrbes populacionais ou rfp®pda espécie, no geral
(SASTRY, 1983).

A producdo de ovos maiores esta diretamente reladma um tempo
maior de desenvolvimento, e isto normalmente oaueando a fémea maximiza
0 gasto de energia por ninhada a fim de aumerftaressreprodutivo quando o
risco de mortalidade é baixo. Quando este risctioé as fémeas geralmente
investem na producdo de mais ovos menores, 0S Rrisrem menos tempo
de incubacdo, ja que no caso de invertebrados nogbam os ovos a
sobrevivéncia do adulto contribui diretamente masaicesso reprodutivo, pois o
desenvolvimento dos ovos depende do adulto. (STEELEELE, 1975).

Van Dolah e Bird (1980) consideram os anfipodos @@rganismos
ideais para comparar padrdes reprodutivos por sheerrazbes: (i) o
desenvolvimento dos ovos é completado dentro daabaicubadora, ou
marsupio; (i) a ninhada eclode como juvenis, sases$ larvais a sofrerem
metamorfoses, ou seja, 0 desenvolvimento € diréig; o tempo de
desenvolvimento, histdria de vida e ecologia detasuespécies ja foi descrito
na literatura; (iv) o tamanho e nimero de ovosfadilmente mensurados. No
entanto,, € necessario reconsiderar o terceiroaieariormente mencionado, ja
que este amplo conhecimento relatado por Van Deld@ird (1980) ndo se
refere a espécies tropicais e subtropicais de Apoplai.

Embora Castiglioni e Bond-Buckup (2008b, 2009) #tanhestudado
espécies simpatricas ddyalella encontradas no sul da América do Sul e
informacdes relevantes para o conhecimento dadioleprodutiva do género
tenham sido obtidas, pesquisas nesta area aindiacgdientes, especialmente se

tratando das espécies brasileiras de Amphipodgwkedoce.

3 OBJETIVOS
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O objetivo geral com este trabalho foi caracteraspectos da histéria
de vida deH. longistila e H. carstica, mais especificamente abordando a

ecologia de populacg@es e a biologia reprodutiva.

3.1 Objetivos especificos

» Avaliar a estrutura demogréfica das populacfes ahmeste;

e Mensurar o comprimento minimo, maximo e médio d@lotrax
de machos e fémeas;

* Propor uma nova métrica para distin¢cdo de juveauios;

» Estimar a razdo sexual operacional mensal, poselds tamanho e
total;

» Caracterizar o periodo reprodutivo e recrutamento;

» Caracterizar o tamanho em que a maturidade sexodbldgica é
atingida em machos e fémeas;

» Auvaliar a fecundidade mensal e média;

» Calcular o volume dos ovos por estagio de deseimehto;

» Verificar a relacdo do numero de ovos produzides odamanho da
respectiva fémea ovigera,;

» Estimar o sucesso de pareamento e sucesso repoodatimachos e

fémeas.
4 HIPOTESES
a) Hyalella longistilase reproduz ao longo de todo o ano em virtude da

estabilidade garantida pelo habitat em relacédo lago fde agua

continuo;
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ParaHyalella carsticaa reproducdo é mais intensa apés o periodo de

seca, dada a necessidade de recolonizacdo da ¢fpidaal;

c) A razdo sexual em ambas as espécies € direcioredaum maior

nimero de fémeas devido aos padrdes reprodutivgémero em que o
macho apés o periodo pré-copulatério e posteriourfgacdo ja esta
disponivel para parear com outra fémea, enquaataietia despendera

energia para a incubacao dos ovos e desenvolvindestembrifes;

d) A dindmica populacional del. longistila e H. carstica(considerando

e)

abundéancia, recrutamento e frequéncia de fémeagerag) é
influenciada pelos fatores abioticos a que estBmstidos.
Ha correlagdo positiva entre o tamanho de maclh@seas de ambas as

espécies encontradas em comportamento pré-copaolatér
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ABSTRACT

Most of the works regardingyalella have a taxonomic nature. The knowledge
regarding temporal variations on the populationdtrre such as abundance, sex
ratio and size distribution of individuals provideportant information that
enables the comprehension of the ecological stalmli species. The present
work aimed to elucidate some ecological trait4HoflongistilaandH. carstica
on subtropical streams located on SoutheasterrilBagzwell as provide a new
approach for determining freshwater amphipods btdoge Amphipods were
collected on two distinct streams on Minas Gera@esduring one year.
Collections were made with the aid of hand net, ldipgrls were separated from
macrophytes and sediments in the field and themdhioto the laboratory.
Individuals were categorized into males, femalegigarous females and
juveniles, and all of them were measured and dividéo size classes. Adults
predominated in most of the months on lthdongistila population, while foH.
carstica juveniles predominated before the dry period after a adults were
more abundant. The mean ratio CL/TL of juveniles wgaperior to adults in
both species, thus we suggest this ratio be usea &sdicative of adult phase,
together with other parameters. The smallest adfilts longistilahad 0.39 mm
of CL, while H. carsticahad 0.37 mm. Males were larger than females ftin bo
species. Growth models were determined for botltiepe Sex ratio oH.
longistila favored females on summer months and males ineteof the year,
and for H. carstica males predominated along the year. Reproductioa wa
continuous forH. longistila and presented a peak on July/12 and October/12.
Hyalella carsticareproduced more intensively after the dry periatien we
suggest that occur the recolonization of the Idmaladults from upstream
centers of population abundance. Regarding enviemtah factors, an
independent and positive effect of temperature atewon the abundance and
dissolved oxygen on the frequency of ovigerous femaas observed for tie
longistila population, and the frequency Hf carsticaovigerous females was
influenced positively by temperature and conduttieif the water. The species
adopted different life strategies and the differbgtric regime seemed to
influence greatly the population dynamics, espbcifdr H. carstica Studies
like the present one may subsidize future workswadl as conservations
practices for the species and the ecosystem asla.wh

Keywords:Size classes. Recruitment. Breeding period. Growtke.Hyalella.
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1 INTRODUCTION

Inhabiting marine, freshwater or terrestrial enmireents, crustaceans of
the order Amphipoda develop an important role iirtlecosystems because of
the food source that represents for birds, fisimelsraacroinvertebrates, and also
because of their diverse food habits (STONER, 18OQCHER et al., 2001).
Besides they intensively take part on the food welany species are
considered good bioindicators of the habitat qualile to their sensibility to
contaminants and other environmental changes (KRYSITZ 1978), what
can affect birth and survival rates, so that flattens may be observed on their
populations.

The knowledge regarding natural temporal variationghe population
structure such as abundance, sex ratio and sizdgbdi®n of individuals
provide important information that enables the corhpnsion of the ecological
stability of species (HUTCHINSON, 1981; RICKLEFS,99B). Studies
concerning the population dynamics of Amphipodaallgwerify the body size,
which is distributed in classes, the populationsitgnbirth and mortality rates,
secondary productivity in terms of biomass and dbuoe, recruitment,
survival, breeding period and sex ratie. . EDWARDS; COWELL, 1991;
PARDAL et al., 2000; PICKARD; BENKE, 1996; MARANHAG@t al., 2001).

Despite six freshwater amphipod families occurs Smuth America,
most of them are restricted to subterranean enviemts, except Hyalellidae.
This family comprises the geniiyyalella, endemic of American continent that
inhabits epigean, hipogean and hypothelminorheiditits (GROSSO;
PERALTA, 1999; RODRIGUES; BUENO; FERREIRA, 2012; WRY;
MYERS, 2013).

At present, there are 61 described species forgemis, of which 20
occur in Brazil, however most of the works regagdthem have a taxonomic
nature (BASTOS-PEREIRA AND BUENO, 2013; BUENO et, a013).
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Species of the genublyalella were studied in relation to the population
dynamics and structure especially on the north Hehdre, where mainly the
speciesH. aztecais well known in respect to the ecology of its tidist
populations widespread on North and Central Amer(C®OOPER, 1965;
STRONG, 1972; EDWARDS; COWELL, 1992; KOKKOTIS; MclUGHLIN,
2002).

Castiglioni and Bond-Buckup (2008) studied ecolapitraits of two
sympatric species dlyalella from Southern Brazil, for which the authors found
many similarities regarding their ecology. In fHueir co-occurrence is possible
due to slight differences on their life cycle, edply body size and
reproductive strategies. This study constitutes thest recent and the
information available about the ecology of Brazilepecies oHyalella.

Until the present, the only published works abdHutiongistila consist
on its description, re-descriptions and a new agetuee on Southern Brazil, and
the same occurs withd. carstica a recently described Brazilian species
(BASTOS-PEREIRA; BUENO, 2012). The present work edinto elucidate
some ecological traits of these two species by yaimg their population
dynamics during one year, as well as provide a approach for determining
freshwater amphipods biometrics.

2 MATERIAL AND METHODS
2.1 Study site and sampling

The speciesH. longistila was taken monthly from a stream that
belongs to the municipality of ljaci (Figure 1) dhg 12 months (from March/12
to February/13). This county is located on the Boof the state of Minas
Gerais. The stream belongs to the watershed of deraRiver and is
characterized by the presence of abundant macreploftthe genu$yphaand
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someSalvinia. The mean depth of the stream is 1.4 m most of &3, \and its
mean width is 10 m. It was observed that althoughrse individuals of.
longistilacan be found throughout the stream, the great ptipalconcentration
is associated to tHEyphastand.

For H. carstica, collections were made monthly for 13 times (from
April/10 to April/11) in a stream located in the micipality of Arcos, state of
Minas Gerais (Figure 1). In a wider scale, theastrés among the watersheds of
Sao Francisco River and Grande River in an arewbeks as an important
karstic aquifer due to its potential of hydric rache (TEIXEIRA; DIAS, 2003).
Along the stream a small dam can be observed, whiflhences on the
interruption of the water flow during the dry mostfpersonal observation).
Menegasse, Goncalves and Fantinel (2002) relagriadpof hydric deficiency
in this region from May to September, and on Octdibe flow normalizes.
Specimens were found associated to macrophytd® @fanusSpirodela

On April/10 additional adults dfl. carsticawere taken from the same
stream, but downstream to the point where the atidividuals were collected
for population analysis. These amphipods were taite to the laboratory in
order to provide information about the life cycletbis species, like the size
with which juveniles hatch, how much they grow atte molt, when the first
sexual dimorphisms appear. Some macrophytes alsotaken to laboratory to

provide the amphipods similar conditions to theitunal habitat.



49

k.
el f
L e
4 El( /fr =
S P
‘_’\_,q%f'd“ u i
f b 'J‘J
o, A .
‘{f“*l-1 "1__,.‘
,,
¥ _.'
i\ 4 p
i MINAS GERAIS
MS //— Hyalella carstica /
Ir Hyalella longistila /
S 2 7
B / sP \?
Ve
( / \‘v\‘wk L
E‘ e % RIL -~
L~ / PR t - e Km “AWE“}
- H (0 55110 220 330

Figure 1 Map indicating the place wheigalella longistilaandH. carsticawere found,
both on the state of Minas Gerais, SoutheasternilBrthe SIGLAS indicate the other
Brazilian states that surround Minas Gerais.

Since amphipods live associated to the macrophgtes substrate,
macrophytes were collected in the casélotarstica and the bottom substrate
and suspense organic material were collected whetengistilainhabits, both
during twenty minutes on each mon@nollections were made with the aid of a
hand net and put in plastic trays, when pairs @t@pula and ovigerous females
were recorded and individualized in microtubulesctsprocedure avoided that
eggs and juveniles were released from the marsuphlinamphipods collected
for population analysis were separated from sedisnenthe field, preserved in
ethanol 70% and brought to the laboratory.

2.2 Laboratory analysis
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In the laboratory individuals were grouped into rfaemographic
categories: males (those with enlarged propodusthmn second pair of
gnathopods), females (those with small propodusthen second gnathopod,
besides the presence of developed ovary, whichepredark green color),
ovigerous females (those containing eggs or jugeniin the marsupium), and
juveniles (those lacking developed secondary sectumdacters).

Juveniles were identified considering those indiaild with size
inferior to the smallest ovigerous female and timaltest female and male in
pre-copula (BOROWSKY, 1991). Males and ovigeroumdkes are easily
recognized, but large juveniles and small femalayg bre confounded. Thus it is
suggested that a ratio between cephalothorax aadl hody length must be
obtained in order to properly differ juveniles frofamales. Thereunto, all
amphipods had their cephalothorax (CL) and totalyblength (TL) measured
with the aid of a stereomicroscope containing anmneric lens and the mean *
standard deviation, maximum and minimum cephalathotengths were
determined.

The additional adults ofl. carstica brought alive to the laboratory
were sexed, couples were formed and individualine800 mL beakers filled
with water and containing some individualsSgirodellasp, the macrophyte to
which specimens live associated in the field. Tla¢ewwas changed at each two
days, and when necessary the macrophytes werecedpléndividuals were
observed once a day. When females got ovigeroagntie was removed from
the beaker. The female was kept individualizedl uhg juveniles hatch. Just
after hatching, juveniles were measured and indalided in order to obtain
information about their growth. Each day juvenilesre observed, recording
whether they were alive and the presence of mdiisen they dead or molts
were found, the CL of individuals was measured. d@mphipods were

removed from the experiment and preserved on eth&dfh, while the just-
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molted juveniles return to the individual recipigntepeating this procedure at
each molt until the amphipod death. Individuals eveeared at 12 h/12 h
light/dark regime, and fed with food for fish.

Physicochemical parameters such as temperatusshisl oxygen, pH
and conductivity were measured monthly in bothastre in order to analyze a

possible relationship among such parameters angajglation dynamics.

2.3 Data analysis

The maximum and minimum cephalothorax lengths vaetermined
and the means were compared between sexes thraagh(t = 0.05) for both
species. The cephalothorax length of all individualas grouped into size
classes and their amplitude was determined acaprdinone quarter of the
standard deviation of the measurements (MARKUS,119The frequency
distribution of size classes was represented mpmathlhistograms, which were
built including all demographic categories. Histgs were analyzed monthly
in order to follow the temporal variations of thézes distribution and
recruitment.

The growth of individuals was estimated through displacement of
modes, which represented the frequency distributioh size classes
(MACDONALD; PITCHER, 1979; MACDONALD, 1987). The ndel
proposed by Bertalanffy (1938) was used to des¢hibgyrowth of individuals:

C=C.[1-"")]

in which C, represents the mean CL (mm) of individuals with &ge
(days);C., corresponds to the theoretical maximum CL (mkri¥ the parameter
related to the growth rate (mm/dag)is the basis of the natural numbeis the
age of individuals (days); and is the parameter related to the CL when the

juvenile hatches. Fdi. longistila the data used to build this model was related
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to the individuals collected in the field, whilerfd. carsticadata corresponded
to the size of juveniles reared in laboratory.

The operational sex ratio (OSR) was calculated ibididg the total
number of males by the number of non-ovigerous fesnper month and size
class in the two studied populations. This ratidésed on the proportion of
males and females that are able to reproduce iwem gnoment (STEARNS,
1992). The proportions obtained were evaluatedutitroa chi-square test for
goodness of fity, a=0.05).

The frequency of ovigerous females in relation he tadult non-
ovigerous was analyzed monthly for both speciesriter to infer about the
breeding period of the studied populations. Thepeprtion of juveniles in
relation to adults also was analyzed among mowtisfér about the recruitment
period.

Hierarchical partitioning (CHEVAN; SOUTHERLAND, 129 was
used to examine the independent effects of the ghysico-chemical variables
(temperature, pH, dissolved oxygen and conducjitythree population traits:
abundance, recruitment and frequency of ovigereusafes — representing the
reproductive activity of the population. This arsy considers all possible
linear models independently and jointly in orderidentify the most likely
causal factors, thus providing a measure of theceffof each variable
(CHEVAN; SUTHERLAND, 1991; WALSH et al., 2004). Tregnificance of
independent effects was calculated through thetifumecand.hp of the package
hier.part using 500 iterations (MAC NALLY, 2002).idfarchical partitioning
was implemented using the previously mentioned ggek which is freely
available in the R program. All other statisticalabyses were also performed
through the software R (R DEVELOPMENT CORE TEAM12).

3 RESULTS
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Overall, 2442 individuals dfl. longistilawere collected along the year,
from which 678 were males, 746 were non-ovigeramdles (hereafter treated
only as “females”), 335 ovigerous females and @&8@iles. Although it seems
to have occurred several discrete events of receumt along the year, the
highest number of juveniles was observed on OctbBethe only month when
they predominated on the population. On Decembenél® of the population
was adult and the other half was juvenile (Figyre 2
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Figure 2 Relative frequency (%) of juveniles irat@n to adults oH. longistila(A) and
H. carstica(B) from streams on the state of Minas Gerais, Braz

For H. carstica,a total of 1735 individuals was collected, from @i
381 were males, 265 females, 201 ovigerous fenzeld<888 juveniles. During
months of lower precipitation a gradual interruptiof the water flow was
observed, until the stream became completely domfrSeptember/10 to
November/10. Although in December/10 the dry pehiad already finished, the
current was strong and there were not macrophyteshé sampled area,
therefore amphipods could not be collected in thamth. Generally, juveniles
were more abundant before the dry period and aguédominated after the
water flow had returned (Figure 2B).

Figure 3 presents frequency distribution of sizssks oH. longistila
for each studied month. The distribution was potlaldfor most of the months.
The abundance of collected individuals ranged ffict@ to 190 throughout the
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months, except on August/12 when approximately halfthe mean of
amphipods collected by month were sampled, and @wvehdber/12 and

December/12 when the abundance was more than igber than the mean.

The frequency distribution of size classestHbfcarsticais shown on
Figure 4A and B, which as well as fbir longistilawas polimodal for most of

the months. Individuals were more abundant in pupulation before the dry
period, and as the water flow decreased, the almgedalso diminished. After
the dry period, the abundance of amphipods inctegsadually but did not

reach the size observed before the water flow rimpgion until the last

collection of the present study.
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Figure 3 Absolute frequency distribution of sizasdes oH. longistila Size class 1:
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0.33-0.35 mm, 7: 0.36-0.38 mm, 8: 0.39-0.41 mn10.82-0.44 mm, 10: 0.45-0.47 mm,
11: 0.48-0.50 mm, 12: 0.51-0.53 mm, 13: 0.54-0.56,r4: 0.57-0.59 mm, 15: 0.60-
0.62 mm, 16: 0.63-0.65 mm, 17: 0.66-0.68 mm, 189@.71 mm, 19: 0.72-0.74 mm,
20: 0.75-0.77 mm, 21: 0.78-0.80 mm. The dasheddepmarates juveniles from adults in
the histogram.
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Figure 3 (continuation) Absolute frequency disttibn of size classes dfi. longistila

(continuation). Size class 1: 0.18-0.20 mm, 2:@2ZA3mm, 3: 0.24-0.26 mm, 4: 0.27-
0.29 mm, 5: 0.30-0.32 mm, 6: 0.33-0.35 mm, 7: @3B mm, 8: 0.39-0.41mm, 9: 0.42-
0.44 mm, 10: 0.45-0.47 mm, 11: 0.48-0.50 mm, 131@.53 mm, 13: 0.54-0.56 mm,
14: 0.57-0.59 mm, 15: 0.60-0.62 mm, 16: 0.63-0.68,rh7: 0.66-0.68 mm, 18: 0.69-
0.71 mm, 19: 0.72-0.74 mm, 20: 0.75-0.77 mm, 2¥8®.80 mm. The dashed line
separates juveniles from adults in the histogram.
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Figure 4 Absolute frequency distribution of sizasdes oH. carsticabefore the dry
period. Size class 1: 0.12-0.13 mm, 2:0.14-0.15 8r0,16-0.17 mm, 4: 0.18-0.19 mm,
5:0.20-0.21mm, 6: 0.22-0.23 mm, 7: 0.24-0.25 mnQ.86-0.27 mm, 9: 0.28-0.29 mm,
10: 0.30-0.31mm, 11: 0.32-0.33 mm, 12: 0.34-0.35, &1 0.36-0.37 mm, 14: 0.38-
0.39 mm, 15: 0.40-0.41 mm, 16: 0.42-0.43 mm, 124@.45 mm, 18: 0.46-0.47mm,
19: 0.48-0.49 mm, 20: 0.50-0.51 mm, 21: 0.52-0.58,r82: 0.54-0.55, 23: 0.56-0.57,
24: 0.58-0.59, 25: 0.60-0.61, 26: 0.62-0.63, 284d.65, 28: 0.66-0.67, 29: 0.68-0.69,
30: 0.70-0.71. The dashed line separates juveimdes adults in the histogram.
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Figure 4 (continuation) Absolute frequency disttibn of size classes dfl. carstica
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mm, 14: 0.38-0.39 mm, 15: 0.40-0.41 mm, 16: 0.480nm, 17: 0.44-0.45 mm, 18:
0.46-0.47 mm, 19: 0.48-0.49 mm, 20: 0.50-0.51 min,®@52-0.53 mm, 22: 0.54-0.55,
23: 0.56-0.57, 24: 0.58-0.59, 25: 0.60-0.61, 262@.63, 27: 0.64-0.65, 28: 0.66-0.67,
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29: 0.68-0.69, 30: 0.70-0.71. The dashed line s¢psrjuveniles from adults in the
histogram.

The cephalothorax (CL) and total body length (Tf)poth species were
correlated in all the categories, what justifies ttse of CL as a representative
measurement of the individual size (Spearman aifoel —H. longistila: rho=
0.92, p=2.2x18% H. carstica: rho= 0.96, p=2.2xI#). Table 1 presents values
of the ratio CL/TL for both species. Ratios werenpared between species and
categories and results are presented on this tahk.mean ratio of juveniles
was superior to adults, what allied to the sizeéhef smallest ovigerous female
and the smallest male and female in precopula reaysbd to determine the size
in which juveniles become adult, it means, the gizehich sexual dimorphism
is obtained and individuals became sexually matduweniles cephalothorax
represents more than 10% of the total body lengtmé¢ans, CL/TL > 0.10)
while in adults the ratio is less or equal to 0.10.

Table 1Ratio CL/TL (cephalothorax length/total body length adults and juveniles of
H. longistilaandH. carsticg an indicative of the size in which sexual dimasph and
sexual maturity are achieved. T and p values cporeding to the results of t test.

Category H. longistila H. carstica t test p value
Adults 0.0969 0.0966 1.84 0.03
Juveniles 0.1037 0.1104 9.02 <0.0001
t test -10.62 22.06 - -
p value <0.0001 <0.0001 - -

The smallest juvenile dfl. longistila presented CL = 0.1800 mm, and
for H. carsticathe cephalothorax of the smallest individual wak286 mm.
Such measurements corresponds to the CL with whiamiles hatch from the
female brood pouch (personal observation), whaic@ds that the sampling
method was adequate since even the smallest indigef the population could
be sampled.
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The mean CL oH. longistilamales was 0.54 + 0.07 mm (Gk-= 0.39
mm, Clyax = 0.75 mm). Females were smaller than males (1875, p <
0.0001), since their mean CL was 0.47 + 0.07 mm{Ct 0.39 mm, Chx =
0.80 mm), and ovigerous females mean was higherriba-ovigerous females
(Clmean= 0.57 £ 0.06 mm, Cli, = 0.39 mm, Chiax = 0.80 mm) (t = 24.02, p <
0.0001). Juveniles mean CL was 0.32 + 0.04 mm,(ct 0.38 mm).

Males ofH. carsticapresented mean CL = 0.48 + 0.05 mm (&=
0.37 mm, Clyay = 0.66 mm). Females also were smaller in this ispetheir
mean CL was 0.44 + 0.05 mm (Gk= 0.37 mm, Clay = 0.62 mm), and they
were smaller than the ovigerous females, which m@anwas 0.49 + 0.04
(CLmin = 0.35 mm, Chyayx = 0.62 mm) (t = 6.30, p < 0.0001). The mean of
juveniles cephalothorax was 0.2%.06 mm (Clnax = 0.36 mm).

The growth models ofl. longistilaandH. carsticacan be observed in
the Figure 5. The studies species presented asumilar growth pattern, what
can be observed through the curves and their régperonfidence intervals,
which were almost completely overlapped. An exptiaégrowth is observed
during juvenile stages of both species.

In general, there were more males than femalestbfHyalella species,
for which the mean ratio was 1 male: 0.75 fem&le Ibngistila y2 = 10.92;
H.carsticay? = 2.39, p<0.05) (Figure 6). But there was a $igant difference
on the sex ratio ofH. longistila during the summer months (December/12 —
February/12), when females were more abundant (&:mMad7 femalesy? =
0.39, p<0.05).
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Figure 6 Operational sex ratio of populationstbflongistila (A) and H. carstica(B)
from streams on the state of Minas Gerais, Brazabah month.

Sex ratio differed among size classes for bothiepdd. longistilay? =
61.42; H. carsticay? = 416.64, p<0.05). On the population t8f longistila
females were predominant in intermediate size etas®d males in larger size

classes. In the case df carsticamales were more abundant in all size classes.
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For this species, despite many females were cetleanmany of them were
ovigerous and therefore were not included in thi®r(OSR).

Ovigerous females were collected throughout ther,ydmt their
frequency on thél. longistilapopulation was higher in July/12 and October/12,
as well as the number of adults in precopulatorigab®r. ForH. carstica
despite some ovigerous females were collected deafar interruption of water
flow, their higher frequency was observed on thentim® after the dry period,
and the same occurred with couples (Figure 7).
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Figure 7Relative frequency (%) of ovigerous females andeguhadults among months
of H. longistila(A) andH. carstica(B) from streams on Minas Gerais state, Brazil.
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Regarding environmental factors, an independentpmsitive effect of
temperature on the abundance and dissolved oxygerth® frequency of
ovigerous females was observed for tHe longistila population, and the
frequency ofH. carstica ovigerous females was influenced positively by
temperature and conductivity (Figure 8). pH wasgighificant for any variable
in both populations. Data regarding such physicotbal parameters are

presented on Table 2.
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Figure 8Percentage of independent effects of measured ghisimical parameters of
water on population parametershdjalella longistilaandH. carsticaas determined by
hierarchical partitioning. Black bars represenn#igant effects (p<0.05) as determined
by randomization tests. Positive or negative refatiare shown by bars above or below
the horizontal axis, respectively.
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Table 2 Physico-chemical parameters of the streams in whicHongistila and H.
carsticawere found, Minas Gerais state, Brazil.
Hyalella longistila habitat Hyaldlla carstica habitat
Month  Temp. pH OD Cond. Month Temp. pH OD Cond.
Mar/12 24.3 54 65.2 100.3 Apr/10 241 7.3 6.6 56
Apr/12 20.3 6.4 68.2 73.0 May/10 19.8 7.5 59 63
May/12 18.3 6.8 72.2 68.7 Jun/10 19.1 7.5 55 64
Jun/12 16.0 78 67.2 70.6 Jul/10 15.8 7.4 4.7 75
Jul/12 16.8 6.2 820 84.0 Aug/10 20.1 7.8 8.2 56

Aug/l2 180 6.7 580 720  Sep/l0 * * * *
Sep/12 202 68 547 1090 Oct/l0 * * * *
Octl2 245 75 407 1130 Nov/10 * * * *

Nov/12 25.0 79 680 116.0 Dec/10 23.6 6.69 6.01 48
Dec/12 255 6.6 490 116.0 Jan/11 259 7.4 5.37 1 45.
Jan/13 22.2 6.8 716 73.0 Feb/11 25 7.4 8 43.7
Feb/13 23.4 6.8 62.0 92.0 Mar/11 24 7.4 10.8 41.1
Apr/11 216 7.68 6.38 38.7

Temp. = temperature (°C); OD = dissolved oxygen; @ond. = Electrical conductivity
(1S.cn¥); * dry period, unavailable data.

4 DISCUSSION

Recruitment pulses, differential or catastrophicatadiy, or behavioral
differences may reflect on bimodality or polymodtalin the size frequency
distribution of a population (DIAZ; CONDE, 1989)n Ithe present study
juveniles ofH. longistilawere found in all months, but they only predomidate
over adults on October/12. Their frequency mayydained by the occurrence
of several discrete recruitment events along tlae, yehat may have reflected on
the polymodal distribution observed most of the thenfor this species.
Polymodality is common among amphipods, as alreédgrved foMallacoota
schelenbergi, Ampithoe validand Cymadusa filos(APPADOO; MYERS,
2004), H. castroi (CASTIGLIONI; BOND-BUCKUP, 2008), Corophium
multisetosum(CUNHA et al., 2000),Echnogammarus marinufGUERAO,
2003) andsammarus chevreuxBUBIDA et al., 2005).
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Ovigerous females dfi. longistila were observed in all months, thus
suggesting a continuous reproductive activity, jveniles observed frequently
probably are associated to this activity. The digsib oxygen has a positive
significant effect on the variation of ovigerousnf@es frequency in this species.
The highest percentage of dissolved oxygen coidcidéh the highest observed
frequency of females carrying eggs. Subida et280%) found that dissolved
oxygen, among other variables, influence abundandebiomass of amphipods.
And Pilgrim and Burt (1993) suggested that decr®ase oxygen content
combined with increased metabolism at higher teatpeg contributed to higher
mortality of H. azteca Thus, reproducing in periods with higher dissdlve
oxygen percentage may represent an attempt of ésmi optimize their
reproductive success.

Despite being continuous, the reproductionHoflongistila was more
intense during some months (in this case, Julyfi? @ctober/12), as observed
for H.castroiandH. pleoacutal CASTIGLIONI; BOND-BUCKUP, 2008). This
fits on the pattern suggested by Sainte-Maire (198t in freshwater
gammaridean species there is a tendency towardsxtmded reproductive
season with decreasing latitude. Thtis,longistila seems to reproduce more
intensively twice a year, on the winter and eanprirgy. The recruitment
followed this reproductive activity throughout thear. A scheme of the possible

annual cycle of this population is presented oufE®.
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Figure 9Scheme of annual cycle bifyalella longistilafound in a stream on South of the
state of Minas Gerais, Brazil. Large individualpnesent adults, and small individuals
represent the juveniles.

Castiglioni et al. (2009) found that fluctuatiomsreproductive intensity
in species ofyalella from the state of Rio Grande of Sul, Brazil, app®abe
related to the macrophyte cover since it repredenid and shelter for breeding
females and recruits, thus contributing for theradpctive success. In the
present study, th&yphastand in whichH. longistilawas collected was large,
with abundant macrophytes and apparently did naingd during the study
period. The availability of food and shelter seerntwthe continuous, what may
have provided suitable conditions for reproducttiryear round.

Hyalella carsticapresented a different pattern since in most of the
months, since before the drought a bimodal dididbuof size classes was
observed, and after the drought the distributiors yweedominantly unimodal.
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We observed that before the drought, especially May/10, juveniles
predominated at the population and when the wabar feturned adults were
more abundant. Thus, such pattern of distributimibably may be explained by
the presence of both juveniles and adults before dnought and the
predominance of adults after such period of wattriuption. Then we suggest
that a process of recolonization occurs in this ytation. Although the
completely dry condition of the stream occurredtba spring, during winter
months the water level decreased gradually, andemprently the number of
individuals decrease, as well as the frequency alts in precopulatory
behavior and ovigerous females. As water levekregain on the early spring,
adult individuals arrive in the studied place aadstablish the local population.
These adults reproduce on spring and summer amina the juveniles
observed in the autumn and early winter, which gramd probably move
downstream as water level decreases. Individualsorssible for recolonizing
the study site probably came from upstream portafnithe water body, which
function as a center of population abundance.

A scheme of the annual cycle idf carsticacan be observed on Figure
10. According to the hierarchical partitioning tlieequency of ovigerous
females ofH. carsticais influenced positively by the temperature aretlcal
conductivity. Higher temperatures may improve gitowdtes (COOPER, 1965),
thus favoring females to achieve sexual maturigteia Kestrup and Ricciardi
(2010) found that conductivity affects the growthter and mortality of
amphipods. The electrical conductivity of the stneahereH. carsticainhabits
probably was favorable for them, since the streatorigs to a karstic province,

where the availability of calcium carbonate is high
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Figure 10Scheme of annual cycle éfyalella carsticafound in an intermittent stream
on Midwest Minas Gerais state, Brazil. Large induals represent adults, and small
individuals represent the juveniles.

Wellborn and Capps (2013) stated that even a sfeghale may have a
reasonably high probability of establishing a newpuydation. Furthermore,
Pockl et al. (2003) suggested that the high pakengiproductive capacity of
amphipods in general characterized by rapid pradimodf numerous broods
probably is an adaptation to high mortality durgr@wth until sexual maturity
is achieved. This may provide an opportunistictetig of emigration from
centers of population abundance to colonize newitdtabwshen conditions are
favorable. This led us to believe that adults olmgron the population dfi.
carstica on early spring probably were the great responsible the re-
establishment of the local population. Pockl et{2003) still affirmed that this
expansion of population is desirable to combatremmental catastrophes, both



71

frequent and short-term floods and droughts, andemong-term climatic
changes.

Seasonal variations on the amphipod abundance anare related to
changes of temperature and food availability, asepked by Cunha et al.
(2000), Prato and Biandolino (2003), Galassi et{(2006) and Xinging et al.
(2013). In the current study, the effect of tempaeover the observed variance
on abundance was significant according to the tdbreal partitioning. Panov
and McQueen (1998) recorded a negative relationdbgiween water
temperature and maximum size attained by the amghkipSmaller individuals
attain sexual maturity faster and then may repredearlier than larger
individuals, what may provide greater populatiaresi

Hyalella carsticawas found only on part of the year, before and dffte
drought, and the population abundance was highfardoehe dry. After this
period of flow interruption the population size ieased gradually but did not
reach the previous maximum until the last samptivanth. It is possible that if
more collections were made the observed abundaoaklweontinue increasing,
but further samplings are necessary to confirmshggposition.

Both H. longistila and H. carstica presented a very similar growth,
although data regarding the first species was celtkin natural conditions, and
for the second under laboratory conditions. Indiaid ofHyalella, as well as
other amphipods, grow continuously, but during pilestages higher rates are
generally observed characterizing an exponent@ityr (WELTON; CLARKE,
1980). Such pattern was observed both for the iddals of H. longistila
brought from the field and those Mf carsticareared in laboratory. Othman and
Pascoe (2001) also observed this type of growtldfaaztecaand Castiglioni et
al. (2007) observed fdil. castroiandH. pleoacuta.

Some authors have observed that temperature icfisefie growth rate
positively, accelerating the growth (COOPER, 1965TRONG, 1972;
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KRUSCHWITZ, 1978). Despite lower body sizes areaiattd under higher
temperatures (PANOV; MACQUEEN, 1998), the exporamiattern continues
being observed on the juvenile stages. In the nustidy temperature did not
vary significantly, but highest temperatures caled with the highest
frequencies of juveniles on the population, whediviiduals probably grew
faster.

In works regarding the relation of amphipods siad acological traits,
some authors measure the total body length of grogki(WELLBORN, 2005;
XINQING et al.,, 2013) while other considers cepliadvax length as an
indicative of the amphipod total body length (EDWBRCOWELL, 1992;
CASTIGLIONI; BOND-BUCKP, 2008). But when trying tdiffer juveniles
from adults considering only cephalothorax lengtiyrbe complex, since limit
sizes proposed for a certain species may not he fal others, besides young
females may be confounded with large juveniles.yBsides may vary according
to latitude and environmental conditions like tenapere (PANOV;
MACQUEEN, 1998; XINQING et al.,, 2013), but also mag shaped by
ecological interactions, like predation and contpeti (SCHLUTER,;
MCPHAIL, 1992; WELLBORN, 1994; WELLBORN, 2002). Thuit was
necessary a method that was independent of theatakanvironment, but that
reflected a property of the individual on a giveapplation, like the here
proposed ratio between cephalothorax and total bdelygths. These
measurements are easily taken from amphipods agdemsure a more secure
determination of the size in which juveniles becadalts, together with data of
the smallest ovigerous female and the smallesttadound in precopulatory
behavior, as already proposed by Borowsky (1991).

According to Low (1978), crustaceans of both seytesv similarly until
sexual maturity and from this moment on differentolegical and/or

reproductive demands result on distinct growths.aBody size perhaps is the
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most ecologically significant trait for an individu and is considered a
determinant of ecological success Htyalella species (WELLBORN, 1994,
2002). In the present study. longistila and H. carstica presented sexual
dimorphisms with males attaining greater sizes tfemales in both species.
Females usually grow slowly due to the prolongatmhintermolt period
because of the production and incubation of eggseghey do not molt during
this period (HARTNOLL, 1982; CARDOSO; VELOSO, 199&)n the other
hand, males invest their reproductive effort iningtduring which they keep
growing and having ecdysis, what leads to greaidylsizes (WEN, 1992).

This sexual dimorphism is common among most crestas, including
amphipods, e. gGammarus puleXADAMS AND GREENWOOD, 1983)H.
azteca (GEISLER, 1944; WEN, 1993; OTHMAN AND PASCOE, 2001
WELLBORN; BARTHOLF, 2005) andG. locusta(Costa and Costa, 1999).
This may be essential for these crustaceans thegepr the reproductive
behavior of precopulatory mating guarding, in whichles carry females during
some days before it molts, and this differenceibe snay allow the male to
carry females more easily (ADAMS; GREENWOOD, 198HAMS et al..,
1985).

In amphipods it is usual that the sex ratio flutgaseasonally and
females are more numerous than males (POWELL; MOQORHE91;
CARDOSO; VELOSO, 1996; APPADOO; MYERS, 2004; KEVRIEXS,
2004, 2005). But for botld. longistilaandH carsticapopulations there were
more males than females when considering the sexohthe total population
(1 male : 0.75 female).

According to Moore (1981), sex ratio may preserasseal variations
with male dominance in cooler months and female idante in warmer
months. This was observed fhl longistila since despite males predominated

during most of the months, on summer the ratio sik&sved towards females (1
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male : 1.47 females). Fét. carsticamales also were more abundant during all
the study period (mean ratio 1 male : 0.84 femalEg)merson (1994) stated
that the male dominance provides more intraspectiopetition among males,
which can result in a more balanced population,abse the males ensure
fertilization of all females.

Wenner (1972) and Castiglioni and Bond-Buckup (30@#orded an
anomalous pattern in which the proportions differedintermediate classes,
favoring females, and in larger classes favoringemaand this pattern was also
observed forH. longistila This may related to the same causes previously
explained for sexual dimorphisms in relation to ypste. Females spend part of
their energy and time in the production and incigipabf eggs and during this
period they do not molt, thus assuming a diffegmatwth rate when compared
to males (CARDOSO; VELOSO, 1996).

The subtropical temperature regimen, continuousrotption and
recruitment of amphipods and the abundanceyphaappeared to be the factors
responsible for high densities and production ipogulation ofH. aztecaon
macrophyte stands of a Florida Lake (EDWARDS; COWEL992) and foH.
longistilaa very similar scenario was observed.

Studying organisms which biology facilitate laborgt estimates of
critical rates functions, for which all life stagean be easily sampled and
reared, and researching on populations that aoeetiisentities in space and/or
time insure a greater degree of success (COOPHE®).18mphipods generally
are considered convenient experimental organisnee $hey are adapted to both
laboratory and field studies, and the present wuekl corroborated it. The
dynamics ofH. carsticapopulation represented how part of the recoloronati
process occurs after the dry period, this speciageqmm of growth was

determined under laboratory conditiohf, longistila represented the dynamics
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of a subtropical species that deals with constard high availability of
resources, and its growth pattern also was detednin

Despite belonging to the same genus and inhalstibgropical streams,
the studied species presented dissimilarities @ir tife history traits, what
probably is associated to the different conditigmevided by their habitats.
Thus, the knowledge regarding biological and plalsfroperties of both the
environment and the population are of extreme itgpae in determining the
success of a population.

The conservation of the stream biodiversity depeodsstudies that
provide information about the species requiremearsd that elucidate the
relationship between organisms and their habitatisTthe knowledge regarding
the ecology and biology of species is crucial far €laboration and practice of
conservation activities.
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ABSTRACT

Researches on the reproductive biology of freshwataphipods are still
incipient, especially related to Brazilian specigébe present work aimed to
elucidate the reproductive biology of two subtrapispecief Hyalella found
on Southeastern BraziHyalella carsticalives on an intermittent stream and
have to recolonize the local population after the meriod, whileH. longistila
inhabits a perennial stream. In general, pairedt adere larger than non-paired
for both sexes and species. The mean fecundiby. ébngistilawas 12.88 eggs
per female, with peaks on August/12 and Septembewith 16.82 and 15.08
eggs per female, respectively. The mean fecunditi.ocarsticawas similar
(12.6 eggs per female), and considering monthlguridity was higher on
months after the dry period. Significant differemaecre observed in relation to
the number of eggs found on the marsupiumHoflongistila females when
considering different developmental stages, but fast H. carstica The
developmental stage and the number of eggs founth@rbrood pouch were
correlated on females @f. longistila but no correlations were found fét.
carstica The stage of eggs was positively correlated #itir volume on eggs
of both studied species, with increasing volumeahay developed. The mean
volume of eggs on the first stage did not presgntificant differences among
females of the two studied species, but stages Batiffered significantly. This
results on larger juveniles and consequently adofitél. longistila There a
linear relation between female size and fecunditybbth species. For males of
both species and females ldf carsticapairing and reproductive success was
higher at intermediate size classes, while for femafH. longistilathere was a
progressive increase on success as female incrbadgssizes. Differences on
reproductive strategies of such species probaklyedated to the differences on
the conditions to which they are submitted, esplgciegarding the hydric
regime.

Keywords: Reproductive strategies. Intermitteneatn. Hyalella. Fecundity.
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1 INTRODUCTION

Amphipods are crustaceans that have colonized mafieshwater and
terrestrian habitats and are frequently used dadi@ators and biomonitors in a
variety of aquatic ecosystems (BORGMANN et al., 998NELSON;
BRUNSON, 1995; RINDERHAGEN et al., 2000). Their sess on colonizing
distinct environments, the ease to collect them,High density of most of the
populations, besides the ease on rearing them tmrdtory and the short life
cycle makes them good experimental organisms (KRUOSOZ, 1978;
PILGRIM; BURT, 1993). The sensibility of amphipods contaminants or
environmental impacts generates responses whiehpietations may subsidize
conservations practices. The knowledge about rejtoe strategies and other
life history traits may be highly important to inpeet data regarding
bioindication and ecotoxicology (RINDERHAGEN et,&000).

Studying the reproductive biology in crustacean poses both events
related to court, including processes before artdr afopulation, and the
reproductive cycle of the species, like sexual migtand incubation of eggs
(GONZALEZ-GURRIARAN, 1985). The precopulatory magitvehavior is the
most precise indicative that males are apt to dipre (BOROWSKY, 1991),
while developed ovaries (dark green color and eltelgcan be easily identified
on mature females due to the transparency of éxeiskeleton.

Females of amphipods produce a determined amourtggé at each
molt, however they do not present sperm storagen,Ti was necessary a
strategy to allow that females and males were kegetvhen females ovulate,
thus guaranteeing that fecundation occurred (COQREBS5; STRONG, 1972).
During the precopulatory behavior, the male carfeamales dorsally with its
second gnathopods during some days before femalts.nidue to the high

energetic costs of such behavior (CALOW, 1979),enalnly attach on females
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when ovulation is about to occur (CALOW, 1979), wherobably there is
communication mediated by pheromones (BOROWSKY 1199

In most of the mature gamarideans the copula odewsninutes after
the female molts (HYNES 1955). After such molt, fbenale releases eggs on
the marsupium, where fertilization occurs. Eggsiacebated on the marsupium
until juveniles hatch and the female release thiten some hours or days.

The time spent on precopulatory mating behavigputa incubation of
eggs and fecundity may vary among species or ewvean@ populations,
depending on attributes of the taxon and/or on itfiience from external
factors (SASTRY, 1983).

Fecundity is an important reproductive parametédely evaluated on
ecological researches, which corresponds to thebauwf eggs produced by a
female during one spawning or reproductive peridflASTRY, 1983;
HARTNOLL, 1985). Studying the fecundity consiststbon a tool to measure
the reproductive potential of individuals of a giv@opulation, and a pre-
requisite for understanding the evolution of repiitie strategies. The energy
invested on production of gametes may be distribeither for many small or
less larger eggs, thus constituting patterns propehe population or even of
the species, in general (SASTRY, 1983).

Although Castiglioni and Bond-Buckup (2008b, 200%9ve studied
sympatric species of amphipods found on SoutheaziBrobtaining important
information regarding the reproductive biology aedology of the genus
Hyalella, researches in this area are still incipient, eislg related to Brazilian
species of freshwater amphipods.

In this sense, the present work aimed to elucidlage reproductive
biology and egg production of two subtropical spedf Hyalella found on
Brazil which are exposed to different conditiongheir environments regarding

the availability of water along the year.
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2 MATERIAL AND METHODS

2.1 Study site and sampling

Two species oHyalella were collected in distinct sites, but using the
same methodology and on different periods. Thesehgnds use to live
associated with macrophytes, which were samplethgluwenty minutes with
the aid of a hand net monthly during one yébralella longistilawas found in a
Typha stand in a stream located &11°10°26"S — 44°56’26"W, on the
municipality of ljaci, Southern Minas Gerais staBrazil. This species was
collected from March 2012 to February 20X3yalella carsticawas found
associated tdSpirodella in an intermittent stream located at 205P9S —
45°3625"W, on the municipality of Arcos, Midwest Minas Gisratate, Brazil,
and was collected from April 2010 to April 2011.

For both species the collected material was puplastic trays where
amphipods were separated from debris. Ovigerouslésmand pairs in pre-
copula were recorded and individualized in microteb in the field. This
procedure was adopted in order to avoid the eggdos to provide conditions
to analyze the characteristics of each coupleviddally. All the collected
amphipods were carefully separated from sedim@méserved in ethanol 70%
and brought to the laboratory.

2.2 Laboratory analysis

All individuals were measured considering their iadpthorax length
(CL) and total body length (TL), with the aid ofraicroscope containing a
micrometric lens. The width of each ovigerous feambfood pouch also was
measured, considering the ventral distance bettfeepereiopods 4 or 5, which
represents the greatest width of the body, wherergs are incubated in the

marsupium.
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Measurements of paired and non-paired adults werepared by
means of ANOVA complemented by Bonferroni test< 0.05). The CL of
paired male and females was compared in order tdyvié there was a
correlation between such measurements.

Analyses were performed in the software R (R DEVEMENTAL
CORE TEAM, 2013).

2.2.1 Egg production

Eggs and juveniles were removed from the marsupmmnoh counted
with the aid of an stereomicroscope in order tolwata the fecundity. The
content of this brood pouch was characterized latiom to the three embryonic
developmental stages, according to Hynes (1955) @umbida, Cunha and
Moreira (2005), and one post-embryonic stage (jieerthat remained on the
brood pouch). Such stages were recognized as ltbeifug: stage 1 — with little
or any clivage, orange color, yolk occupying thérerspace of the egg; stage 2
— the beginning of cell cleavage is visible, butlyparts are not defined yet;
stage 3 — yolk was consumed, reduced to a smdllospthe embryo, and in this
stage the eyes can be easily seen; stage 4 —I|psvéimat hatched and remained
on the brood pouch.

The mean fecundity was calculated for each morttle. Tumber of eggs
in each embryonic stage was analyzed and compdmaigh ANOVA
complemented by the Bonferroni test£ 0.05). A Spearman correlation was
performed between the developmental stage anduimder of eggs in order to
observe whether there is a relation between thes&adriables.

Since the eggs become ellipsoid as they devel@pmibasurements of
the maximum and minimum radius were took (MARANHA&®al., 2001), and

this metrics were obtained through stereomicrosamitte milimetric lens. The
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volume of eggs was calculated through the followiiagmula (SUBIDA;
CUNHA, MOREIRA, 2005):
V = 4/3tRmax(Rinin)?

in which Ryax and Ry, corresponds to the maximum and minimum
radius of the egg, respectively. The mean volumeggs was calculated for
each developmental stage and was compared throbighvVA complemented
by the Bonferroni test in order to verify differesscamong stages € 0.05).
The volume of eggs also was compared between thepecies at each stage by
t test. A correlation test also was performed betweolume and developmental
stage.

The relationship among the number of eggs on eacblopmental stage
or the number of juveniles that remained on theothrpouch was analyzed in
relation to the size of the female that carriedisidering their cephalothorax
and total body length, as well as their marsupiuidtiw General linear models
with Poisson error distribution were used to tbst ¢ffect of female size on the
egg production of both species, considering onlysean the first stage in order
to avoid underestimations caused by egg loss daérglopment.

2.2.2 Pairing and reproductive success

The determination of reproductive period was méweugh the monthly
analysis of the frequency of ovigerous femalelation to the number of adult
non-ovigerous females.

In order to evaluate the pairing, the cephalothafamales and females
found in pre-copula was measured to verify a péssiorrelation. On each
month the percentage of adults in precopulatoryatieh was calculated in

relation to non-paired adults.
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An index of relative pairing success adapted framiradex of feeding
tendency described by Manly (1974) was used touat@lthe relation between
the pairing success and body size for males (C&EIDONI; BOND-
BUCKUP, 2008Db).

o mfmi
BI E?éa_':?"_f-"'n_fj'l L= 1; wan FTL

in which 3; represents the relative pairing success of tredass, and
r; andn; are the proportion of paired in relation to the 4paired males in the
size clasg, respectively. The denominator is the sum of satimoughout then
size classes of adults. This index was modified Vidgllborn (1995), and
according to him the reproductive success depemdsonly on the pairing
success, but also on the number of eggs fertilizethg the pairing. Therefore,

reproductive success of males was defined as:

—  Bisi .
Ruw, = =1, ..
S L e

in which Ry, is the relative reproductive success of males efdize
classi. The expected number of eggs fertilized by maéeeed in the size clags
(e;) was determined through the calculus of expectedrfdity of each paired
female using the regression equation of the ferfedandity in relation to its
CL. The denominator corresponds to the sum of satires throughout the size
m classes.

Since the reproductive success does not dependieoddy size of
females (CASTIGLIONI; BOND-BUCKUP, 2008b), theircess depend only
on the egg production:

fi

Re, -
FITERLR)
in which R, is the relative reproductive success of femalethénsize

classi, f; is the mean observed fecundity (number of eggtherbrood pouch)
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of non-paired females in the size classand the denominator é the sum of
fecundity values throughout timesize classes.

3 RESULTS

The minimum CL of pairetH. longistilafemales was 0.44 mm, and the
maximum was 0.67 mm, while paired males preseniadmam CL of 0.46 mm
and maximum equal to 0.66 mm. A positive correfatf Spearman was
observed between the CL of paired males and fenadltss species (r = 0.97,
t=22.97, p<0.0001). FoH. carsticathe smallest CL of paired females was
0.4120 mm, and the maximum CL recorded was 0.56 ftr@.minimum CL of
paired males was 0.43 mm, and the maximum wasré0 For this species a
Spearman correlation between the CL of paired mates females was not
significant (r = 0.10, p = 0.27).

In general, there were significant differencetse¢t, p<0.0001) between
the mean CL of paired and non-paired adults, foh lsexes and species as can
be observed on Figure 1 and R. (ongistila paired versusnon-paired males

t=22.20, females: t=6.8®. carsticamales: t=4.28, females: t = 3.09).
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Figure 1Body size of paired and non-paired females and snafd¢lyalella longistila
from a stream on southeast of the state of Minasi§eBrazil. Vertical bars indicate the
standard deviation. PF: paired females; NF: nonegaiemales; PM: paired males; NM:
non-paired males.
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0.35 T T T T

PF NF PM NM
Figure 2Body size of paired and non-paired females and snaféHyalella carstica
from an intermittent stream on Midwest of the stateMinas Gerais, Brazil. Vertical
bars indicate the standard deviation. PF: pairedafes; NF: non-paired females; PM:
paired males; NM: non-paired males.

The mean fecundity dfi. longistilawas 12.88 + 2.00 eggs per female,
with peaks on August/12 and September/12, with 2.&8d 15.08 eggs per
female, respectively. The mean fecundityHbf carsticawas similar (12.60 +
7.20 eggs per female), and considering monthlyurfdity was higher on
months after the dry period.

Eggs in different stages were found in the sametimfor both species,
indicating that reproduction is not synchronizedoam females. Significant
differences were observed in relation to the numdfereggs found on the
marsupium ofH. longistila females when considering different developmental
stages (ANOVA + Bonferroni, F = 7.19, p = 0.0008jgnificant differences
were not found when comparing the number of egds. afarsticaon different

stages.
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The developmental stage and the number of eggsdfon the brood
pouch were correlated on femalesHflongistila (Spearman correlation, r= -
0.27, t = - 4.99, p<0.001), indicating that as émbryo developed, less eggs
remained on the marsupium. Contrarily, the develamtal stage and number of
eggs peH. carsticafemale were not correlated (Spearman correlatien(r.22,

t = - 1.55, p = 0.13), suggesting that there notear relationship between the
number of embryos and their stage.

There were significant differences also among thkime of eggs in
different stages forH. longistia (ANOVA + Bonferroni, F = 7828.92,
p<0.0001). The stage of eggs was positively caedlavith their volume on
eggs this specigfearson correlation; r = 0.79, p<0.0001, t=40v@iat suggest
that eggs increase in volume as they develop. ddrizlation also was observed
for eggs oH. carsticafemales (Pearson correlation; r = 0.24, p<0.00€8.7{7).

In this species there were also significant diffiees among the volume of eggs
in different stages (ANOVA + Bonferroni, F = 18.3#0.0001).

The mean volume of eggs on the first stage didpnesent significant
differences among females of the two studied spebigt stages 2 and 3 differed
significantly. Detailed data are presented on Table

Tablel Mean volume of eggs on different developngages oH. longistila and H.
carsticaand results of t test comparing the two studiedigge

Mean volume t test
H. longigtila H. cargtica t value p value
Stage 1 0.09 0.09 0.15 0.4416
Stage 2 0.12 0.10 -6.60 0.0001
Stage 3 0.17 0.14 -3.88 0.0001

The width of marsupium did not have a significaffee on their
fecundity, while CL and TL was positively related the increase of eggs
produced per female. Since CL and TL were corrdlatkese two variables

could not be included together on the model anth loould be chosen as the
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predictive variable. Thus, CL was considered a asgmntative metric of the
female size for estimating fecundity for the gredteility with which such
measurement can be obtained. Detailed data arenpeeson Table 2, and the

relation between such variables can be observédgume 3.

Table 2 Results of the general linear models fedjgting the number of eggs in relation
to the female body size éfyalella longistilaandH. carstica.

Estimate SE t value p value
HI Hc HI Hc HI Hc HI Hc
Intercept -11.80 -14.67 4.15 10.51 -2.85 -1.40 5.00 0.01
CL 44.58 42.57 7.35 21.35 6.07 1.99 1.09%10 0.04

CL: cephalothorax lengttil: Hyalella longistila; Hc H.carstica

Hyalella longistila
35 A " F=44.58CL - 11.800
R2=0.20

n = 14¢

Number of eggs

Female CL (mm)
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Figure 3Relationship between fecundity (F) and the femile &ephalothorax length -
CL in mm). The egg production was estimated basely on eggs on the first
developmental stage bf. longistilaandH. carstica.

The frequency of ovigerous females Hf longistila was higher from
June/12 to October/12, and adults found in preatpry} behavior were more
frequent from July/12 to November/12. On thecarsticapopulation ovigerous
females were more frequent on January/11 and Febtda and the higher
frequency of couples occurred on February/11 andl/Ap, both after the dry
period.

Regarding pairing success Bif longistila males, higher values were
observed for size classes between 0.60 and 0.65 Bath. sexes increased
reproductive success as body size increased, Has mpesented a peak between
0.60 to 0.65 mm of CL, while females presentedogm@ssive increase.

The reproductive success of largest females wadites higher when
comparing with the success of the smallest paiemdlafes. The higher pairing
success ofl. carsticawas observed for males with CL ranging from 0.4849
and 0.56 — 0.57. The reproductive success of bettess on this species
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presented a peak on intermediate body sizes, inhwieproductive success was

until fivefold the success of the smallest andléingest paired adults (Figure 4).
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Figure 4 Reproductive success of paired males (Rmi) and lEsn@Rfi) of Hyalella
longistila (A) and H. carstica(B) expressed as a function of body size (represehy
cephalothorax length — CL — divided in size classas Numbers on horizontal axis
represent the size classes, which in (A) rangedh fh18 to 0.78 mm (with class
amplitude of 0.3 mm), and in (B) ranged from 0.@20t70 mm (with amplitude of 0.2
mm).

4 DISCUSSION

We have observed that both fidr longistila andH. carsticathe mean
and maximum CL of paired males and females did cwtespond to the
minimum and maximum sizes of adults of these pdmis, what can be
confirmed observing such values on the previouptehalt suggests that adults
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of intermediate sizes are reproducing more intehgiwhile smaller individuals
also reproduce, since ovigerous females smaller tthe smallest females found
on precopulatory behavior were collected. Subidani@a and Moreira (2005)
observed that brood size decreased drasticallyttier largest females of
Gammarus chevrewdue to senescence consequences. The low frequéncy o
even absence of paired adults on the larger sesse$ of the present study
probably has the same cause.

Bacela, Konopacka and Grabowski (2009) suggesteddlculus of a
maturity index given by the ratio between the mimimand the mean size of
ovigerous females to evaluate when they reach iaeffectively. According
to this ratio, bottH. longistila(0.68) andH. carstica(0.76) reached maturity at
young age, it means, most of females reproduceas &s they became adults.
Subida, Cunha and Moreira (2005) also observed fématles ofGammarus
chevreuxiwere mature at small sizes, and such authors staegoung (small)
females usually do not present optimized reprodagtotential, their embryos
use to be small irrespective of the female physgickl condition. Reproducing
at small sizes may be important especially if thisrsize-selective predation or
specific parasites. If larger individuals are meresceptible, the presence of
small adults reproducing will ensure the persisteraf the population
(APPADOO; MYERS, 2004).

Increases on fecundity as body size improves iguitnus among
crustaceans (HARTNOLL, 1985), thus suggesting thath reproductive
parameter may be constrained by allometry of phygical relationships
(WELLBORN, 1995). The mean fecundity observed forlongistila and H.
carstica was similar, although they presented different bsies. Hyalella
longistila ovigeorus females were larger thidn carstica then it was expected
that the former presented higher fecundity. Buteiad, as eggs di. longistila

develop they attain larger volumes thdncarstica,what probably justifies the
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similarity between the fecundity of the studied @pe despite their differences
in size.

Variations on embryo volume have been reporteddéoeral amphipods
(VAN DOLAH; BIRD, 1980; KOLDING; FENCHEL, 1981; SHEDER,
1983). Non-significant differences were found betwé¢he volume of eggs on
stage 1 between the currently studied speciessigotficant differences were
found when comparing the volume of eggs on staged23. The larger size of
H. longistila eggs culminates on larger juveniles at hatching (persona
observation) and adults grow until larger sizesawdorroborated observing the
maximum total body length attained by both spe¢iksailed information are
available on the previous chapter).

Steele and Steele (1991) affirmed that tropical artitropical species in
general present small body sizes and produce smagl, eventually presenting
low fecundity as a consequence of their small szg. But the low fecundity is
compensated by the short intervals among broodstlagid multivoltine life
cycle, what allows a geometric increase on poparasize. Cunha et al. (2000)
suggest that if the minimum size of incubating feaaas half the maximum size
of females, this culminates on the occurrence oktrsgd molts during adult
phase, what enables several consecutive brooden#tists on an indicative of
iteroparous species, as well as Appadoo and My2e94) observed for
Cymadusa filosand Ampithoe valideand we have observed fét. longistila
andH. carstica.

Ovigerous females dfi. longistilawere collected during all months, as
well asH. carsticg except during dry months and on March/11. Furtizee, it
was observed that reproduction was asynchronousm@ifemales of the same
population for both species. Subida, Cunha and Mor@005) also verified
such scenario, suggesting the existence of a densiand high female

reproductive effort.
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Most of the females were found carrying eggs orfitkedevelopmental
stage, and some females contain more than one Btagke its marsupium.
Kuris (1991) stated that embryogenesis is synchreamong amphipods. Then,
the different stages observed in the same femaleapty is related to eggs that
were not developing but female had not eliminateent yet. But this low
frequency of more developed eggs may also havétedswom the migration of
females to more secure places in the stream, bedhesfemales are more
vulnerable to predation when the juveniles are Hiat; as suggested by
Castiglioni and Bond-Buckup (2009).

The low percentage of females carrying more dewslogggs, or even
juveniles, indicates their low residence time aad lor absence of maternal
care. As soon eggs developed, less time each Eatge The combination of
such factors enables a rapid brood succession (SNBCUNHA, MOREIRA,
2005). According to Sainte-Marie (1991), gammande@resent one of the
highest reproductive potential among amphipodsbainty as a result of rapid
succession of consecutive broods.

Comparing the number of eggs among stages, signtfidifferences
were observed only foH. longistila for which a negative correlation was
recorded between these two variables. This wascteg@eince, as eggs develop
the available space decreases, what causes thatpremoss of some eggs
along the incubation period (KOCH, 1990). Fdr carsticaneither differences
among the number of eggs in different stages naelaions were observed.
This in part may be explained by some females dhigtosit even if copulation
has not occurred, and therefore their eggs doewtldp. Such unfertilized eggs
generally are released from the brood pouch witbim days (BOROWSKY,
1991), but if such females had already lost songs ead after were included

accidentally among females with embryos this mayehaejudiced results.
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Although a positive relation was observed betwden fecundity and
size of bottH. longistilaandH. carsticafemales, the determination coefficients
were not high when compared, for example, withltesaf Appadoo and Myers
(2004). They found more than 50% of explanationthaf variance observed
among the number of eggs produced per female dogpotal their size. Several
other studies have reported the relationship betwbkedy size and egg
production (MOORE, 1981; SHEADER, 1981; STEELE; &LE, 1991;
CUNHA et al., 2000; MARANHAO; MARQUES, 2003).

Castiglioni and Bond-Buckup (2009) studied Bramilimpecies of
Hyalella and even thougtH. castroi is larger thanH. pleoacuta authors
observed lower production of eggs by the formercigse But it was observed
that the lower fecundity was compensated by thelymtion of larger eggs. A
trade-off usually is observed: increasing fecundiityterms of number of eggs)
or increasing the juvenile survival (producing ldasge eggs) (KOLDING;
FENCHEL, 1981). Increases on egg size causing ¢ceedse in fecundity was
also observed on other aquatic animal besides aogéi(STEELE; STEELE,
1981), like crayfish (ABRAHAMSON, 1971) and fish ARE, 1975)

This was also observed by Wellborn and Cothran 4p00r other
sympatric species dflyalella, but from Michigan, USA. When comparing the
number of eggs produced Wy. longistila, H. carstica, H. castroand H.
pleoacuta the mean fecundity of the sympatric species lisettfiold superior,
and these eggs were also larger when comparecetspibcies of the present
study. Although all of such them are Brazilian sapical species, their habitats
are quite different.

Hyalella castroiandH. pleoacutanhabits artificial ponds build in order
to raise trout. Thus, since fishes are fed contislyy there is no limitation of
food resource along the ye#tyalella longistilalives on a natural stream where

apparently there is a continuous availability oddp since the population was
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found in a large macrophyte stand where there lawedant organic matter and
detritus on the bottom. Howeved. carsticainhabits an intermittent stream
where although macrophytes are present duringiadhef the yearamphipods
have to deal with a more unstable environment. Desgpuch speculations,
further researches are necessary to justify witbuacy the differences
regarding fecundity based on the availability afdaesources.

It is important to mention thad. castroiandH. pleoacutaare sympatric
species that live on ponds that raise trout. lknewn that fishes are size-
selective predators of amphipods (WELLBORN, 199611). Sastry (1983)
affrmed that large eggs produce larger juvenilekictv present more
competitive ability to feed and survive. High feditg or the production of large
eggs may be related to a great availability of foothay represent an attempt to
optimize juveniles survival, given the high risks which they are submitted
(CASTIGLIONI; BOND-BUCKUP, 2007; 2008; 2009). Sintiee ichthyofauna
was not assessed in the present study, it is resiilde to state ifl. longistilais
subject to predation by fish. But it was observeldva frequency of juveniles
throughout the year (except on October/12), se fidssible that they had been
preyed by large invertebrates like nymphs of odesmathe direction and degree
of size selectivity depends on odonate size, bulib®® (1994) have already
recorded substantial mortality rates biyalella populations caused by such
invertebrates.

Only H. longistilaexhibited significant positive assortative matingat
was indicated by the correlation observed betwhersize of paired males and
females. This is common among amphipods, and thereseveral hypothesis
that attempt to explain such correlation (PLAISTOBOLLACHE; CEZILLY,
2003; WELLBORN; BARTHOLF, 2005; CASTIGLIONI; BONDBCKUP,
2008b). The much larger the male is, the lessyikeis to lose their mates

during conflicts with other males that attemptadée over the guarded females,
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or even to support the female during the whole qmulatory period. This
consists on the male-male competition hypothedis;iwstates that larger males
are better competitors in this sense (WARD 198®)pthesis and seems to be a
probable cause of the observed correlation betwagrd males and females of
H. longistila Furthermore Wen (1992) had pointed that largenales could
enhance the male reproductive success due tohighier fecundity, what have
favored the paring males with larger females. @Astii and Bond-Buckup
(2009) had also observed such size-assortativengnédir H. castroi and H.
pleoacuta while Wellborn (1995) observed it for a populatiaf H. azteca.

Size-assortative mating was not observed Horcarstica since the
correlation between the size of paired males anshlies was not significant,
what means that both large and small males paititd amy female, with no
clear pattern between their sizétyalella carsticamales did not seem to be
selective when guarding females, what may have laeised by the hydric
regime of the stream where they inhabit. The bregdctivity of such species in
this place is more intense just after the dry men&s suggested in the second
chapter of this work, adults (including ovigerogsnfles) came from upstream
populations and are responsible for the recoloiozadf the local population.
During this intense reproductive period, male pldpalo not choose females,
pairing randomly with any female it found, irresppee to their sizes. But since
males have to carry the female until the molt, whay last from hours to days,
some loading constraints may exist (ADAMS; GREENWDQ983). Othman
and Pascoe (2001) also did not observe a sizetawgerpattern, but in the
population studied by them larger females were ywedected, despite the male
size, probably to optimize the male reproductivecess.

Paired adults were larger, in means, than non-haindat was also
observed forH. castroi and H. pleoacuta(CASTILIONI; BOD-BUCKUP,
2009), Gammarus puleXWARD, 1983), andH. azteca(WELLBORN, 1995;
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WELLBORN; BARTHOLF, 2005). Such differences on sinay be explained
by the same reasons that lead larger males towpdirlarger females. Larger
males are better competitors both when fightingiregaanother male for a
female, and when defending the couple from take-attempts by other
unpaired males (WARD, 1983; ELWOOD; DICK, 1990),ileHarger females
tend to be more fecund (WEN, 1992).

As well as Wellborn (1995) observed fet. azteca the pairing and
reproductive success Bf. longistilaandH. carsticawas greater on intermediate
size classes. The males reproductive successesmeaed both by the frequency
of paired males of a given size and the expectednfdity of the female with
which it is paired. Thus, probably there is contpmti for larger and more
fecund females, which may occur by interferencexgloitation. As large males
are, greater is the competition among themselvVBAKCESCHI et al., 2010),
especially orH. longistilaandH. carsticain which populations sex ratio was
skewed to male as could be noted on the previcasteh

Pairing success on females does not depend ondipelysince females
of all sizes can mate, as observedHorlongstilain the present study and for
Gammarus puleky Ward (1983). Moreover, male availability does limit the
female reproductive success even it is low. Thepraductive success is
determined only by the female fecundity, since orsde can fecundate several
females in the same reproductive season, which fawerdated will incubate
their eggs and ensure their reproductive succels. dbserved increase on
reproductive success Bif longistilamay be related to their increasing fecundity
as larger they are, and also because of the madtergnces of larger females on
this population. HoweveHl. carsticapresented a different pattern, with greater
reproductive success for intermediate size cla$isissnecessary to consider that
a female success when reproducing is not restrittet size and/or fecundity,
but also is related to how neat to the next ma# (ELWOOD; DICK, 1990), in
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which females closer to molt are more likely to tearded (DUNHAM,;
ALEXANDER; HURSHMAN, 1989). The frequency with whicindividuals
molt decrease with their development, thus theelstrgemales molt less than
intermediate ones and this may increase their pitityato be taken by a male.
Furthermore, the largest females may pair with females, given the loading
constraints, while smaller females may pair witigher proportion of males.

As already mentioned by Sastry (1983), it is sitessary to understand
better how populations interact with the environméow individuals integrate
their functions and behaviors to their habitat, avitht the adaptive value of
such responses to the reproductive success ofojindation is. The knowledge
regarding such point may allow the better comprsioenof the evolution of life
histories and reproductive strategies in differenvironments. And this is
fundamental, especially fétyalella species, since most of the studies regarding
their ecology only were developed on temperateoregi

Castiglioni and Bond-Buckup (2009) pointed thathresgecies is able to
develop a specific reproductive strategy dependimghe conditions to which is
submitted (physical or biological conditions). Ifet present study the
differences observed on the reproductive strategfiisese twdHyalella species
probably may be attributed to the distinct hydrégimes to which they are
submitted. The knowledge regarding such issueddimbguture studies, which
are promising since amphipods present great patettti be used as model
organisms for applied studies, either as bioindisatas experimental organisms
for ecotoxicological tests, or even on other stedieat elucidate some unknown
ecological functionality, besides the link they negent between lower and

higher levels on trophic webs.
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CONSIDERACOES FINAIS

Sabe-se da relativa facilidade com que anfipodas csdetados e
cultivados, sua sensibilidade a contaminantes e ciclo de vida, atributos
gue favorecem seu uso como bioindicadores de quigide agua e organismos
teste em experimentos de toxicologia. Até o preseohhecia-se patdyalella
longistilae H. carsticaapenas a descri¢cdo taxonémica e registros de ac@ré
O conhecimento da ecologia e biologia das espédmssibilita seu uso em
estudos de cunho aplicado, assim os resultadosedere trabalho constituem
informacédo de base para pesquisas envolvendorfEgdos como organismos
experimentais.

O cultivo deH. carsticafoi bem sucedido em laboratdrio, e os detalhes
deste estudo estdo em fase de elaboragéo paregualoli Todavia, tentativas de
cultivo deH. longistilatambém foram feitas e os procedimentos adotadamfo
0s mesmos que os utilizados pafa carstica No entanto,, embora alguns
organismos tenham sobrevivido e até reproduzido, @Eorreu com baixa
frequéncia e os juvenis nascidos no laboratério s@areviveram por longo
prazo. Diversas estratégias foram adotadas a findedeobrir as melhores
condi¢Bes que permitissem a manutencao desta eggédaboratério, mas néo
obtivemos sucesso com tais tentativas. Possivedmentlongistila apresenta
maior sensibilidade a variagbes no ambiente quaodtparada . carstica
gue naturalmente esta submetida a condi¢cdes amisiantis instaveis. Caso
esta maior sensibilidade seja comprovada,longisila pode representar um
bioindicador de boa qualidade do ambiente. No ¢mtanais estudos ainda sao
necessarios para elucidar a tolerancia desta espédistirbios no ambiente e
assim de fato corroborar tal possibilidade.

Observou-se que o regime hidrico local parece tdtuéincia
significativa sobre a dindmica populacional Hiecarstica. Como mencionado
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no presente trabalho, acreditamos que ocorra urmegso de recolonizacdo
neste corrego com individuos provenientes de centde abundancia

populacional a montante. Esta possibilidade aindwedser mais bem

investigada acompanhando a dindmica da populacdorgyo prazo no campo.

Além disso, em laboratorio estes crustaceos podemudtivados para testar sua
capacidade de estabelecimento de uma nova poputacdestabelecimento

desta, tamanhos populacionais minimos viaveis pargermanéncia da

populacdo, efeito da presenca de predadores, dceraonda densidade

populacional e consequente aumento da competigaeparsos, alteracdes na
razdo sexual e as consequéncias para o sucessdutiyw dos individuos, entre

inlmeros outros estudos que ainda podem ser ddgEing

Hyalella longistila aparentemente estd sujeita a condicbes mais
constantes no ambiente no que diz respeito ao ldenagua disponivel ao
longo do ano. Possivelmente as variagbes observeddmamica populacional
e nas estratégias reprodutivas adotadas estamneldas as interacfes bidticas
as quais nao foram mensuradas neste trabalho partalgafirmacao seja feita
com maior acuracia. Em campo a presenca de algrirespe invertebrados
maiores foi observada, 0os quais sdo retratadosteratliira como potenciais
predadores deélyalella. Estes predadores podem influenciar desde o tamanh
corporal até as estratégias adotadas pelos anfipada otimizar a reproducéo e
sobrevivéncia, portanto, estudos para elucidar qaisstées ainda podem e
precisam ser desenvolvidos.

Embora o conhecimento sobre as espécies brasitirdgalella ainda
seja incipiente, pesquisadores da area tem seatledigara que 0 grupo seja
mais bem compreendido quanto a sua origem, idesxtfio das espécies,
biologia molecular e distribuicdo do género no pais estudos para o presente
trabalho vem agregar conhecimento & ecologia eodil reprodutiva de

algumas espécies deste género e fornece subsidiajpa estudos posteriores
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sejam desenvolvidos, permitindo entdo, compreemeéror os mecanismos que
atuam sobre a diversidade, distribuicdo e abundatwigénero, assim também
como sobre as relagdes entre 0os organismos e dig@es do ambiente em que

vivem.



