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Prefacio

Os lagostins de &gua doce constituem um grupo impar entre 0s crustaceos
decapodos, sendo amplamente distribuidos pelo mundo, em especial no sul da América
do Sul. O género Parastacus, até entdo com apenas oito espécies, sempre foi um grupo
subestimado no quesito de riqueza especifica. O aumento do conhecimento acerca da
diversidade e evolucdo do grupo é o grande objetivo desta tese. Ao longo deste trabalho
foi possivel explorar ferramentas morfologicas e moleculares, assim como a anélise de
diversos espécimes depositados em varias cole¢cbes do mundo e também oriundos de

expedicdes de campo.

A tese inicia com uma introducdo geral, onde sdo abordadas aspectos gerais de
classificacdo diversidade e bioecologia dos lagostins de agua doce, além de diversidade
criptica, filogenia e taxonomia molecular. Posteriormente, esta tese esta estruturada em
quatro capitulos que correspondem a artigos desenvolvidos de forma relacionada,
abordando taxonomia e sistematica filogenética usando dados moleculares e

morfolégicos.

O capitulo I - Two new species of South American crayfish genus Parastacus
Huxley, 1879 (Crustacea, Decapoda. Parastacidae) [Duas novas espécies de
lagostins sulamericanos do género Parastacus Huxley, 1879 (Crustacea, Decapoda.
Parastacidae)] aborda a descricdo de duas novas espécies para o0 género Parastacus,
incluindo novos caracteres morfoldgicos e morfométricos nas descri¢des, além de uma

descricdo do habitat, analise de distribuicdo e avaliacdo do estado de conservacdo.

O capitulo Il - A new species of Parastacus Huxley, 1879 (Crustacea,
Decapoda, Parastacidae) from a swamp forest in southern Brazil [Uma nova
espécie de Parastacus Huxley, 1879 (Crustacea, Decapoda, Parastacidae) de uma
mata paludosa no sul do Brasil] é referente & descricdo de uma nova espécie para o
género Parastacus, incluindo uma analise molecular com um gene mitocondrial, além
de uma descricdo do habitat, analise de distribuicdo e avaliacdo do estado de

conservacao.

No capitulo Il - A molecular phylogenetic investigation of South American

freshwater crayfish (Crustacea: Decapoda: Parastacidae) with emphasis on



Parastacus [Uma investigacdo filogenética molecular dos lagotins de agua doce da
América do Sul (Crustacea: Decapoda: Parastacidae) com énfase em Parastacus],
sdo investigadas a monofilia e as relagdes filogenéticas do género Parastacus e dos dois
outros géneros sulamericanos (Samastacus e Virilastacus). Além disso, novas espécies

sdo identificadas sob o ponto de vista molecular e um novo género também é proposto.

Por fim, no capitulo IV - Taxonomic review of the genus Parastacus Huxley,
1879 (Crustacea: Decapoda: Astacidea: Parastacidae) [Revisdo Taxondmica do
género Parastacus Huxley, 1879 (Crustacea: Decapoda: Astacidea: Parastacidae)],
a taxonomia das espécies ja descrita para o género Parastacus é revisada, sendo todas as
espeécies redescritas. Além disso, um género novo € proposto e dez novas espécies sdo
descritas. Mapas de distribuicdo sdo atualizados e uma nova chave de identificacdo é

proposta para os lagostins sulamericanos.
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Resumo

Os lagostins de agua doce sulamericanos (Familia Parastacidae) sdo representados por
trés géneros: Parastacus Huxley, 1879, Samastacus Riek, 1971 and Virilastacus Hobbs,
1991. Esse grupo é distribuido no Sul do Brasil (Rio Grande do Sul and Santa Catarina),
Uruguai, Argentina e Chile. Os objetivos dessa tese foram revisar a taxonomia do
género Parastacus e investigar a sua monofilia e relagdes filogenéticas entre suas
espeécies e entre 0s outros géneros sulamericanos. Para esse propdsito, varias colecdes e
museus ao redor do mundo foram analisados (Brasil, Argentina, Uruguai, Chile, Estados
Unidos, Alemanha, Holanda, Inglaterra e Franca) em adicdo a coletas realizadas entre
Marco de 2013 a Setembro de 2016. Os espécimes foram analisados em
estereomicroscopio e os desenhos foram preparados com auxilio de camara lucida. Para
as analises genéticas, uma abordagem multigénica foi utilizada com dois marcadores
mitocondriais (Cox1 e 16S) e um nuclear (28S). A analise filogenética foi realizada por
Inferéncia Bayesiana e a distancia genética p também foi calculada. Adicionalmente, o
risco de extincdo foi assessado para algumas espécies de acordo com o sub-critério B1
da IUCN que leva em consideracdo a estimativa da Area de Extencdo de Ocorréncia.
Oito espécies foram redescritas: Parastacus brasiliensis (von Martens, 1869), P.
defossus Faxon, 1898, P. laevigatus Buckup & Rossi, 1980, P. pilimanus (Von Martens,
1869), P. pugnax (Poepigg, 1835), P. promatensis Fontoura & Conter, 2008 e P.
varicosus Faxon, 1898. Um novo género foi proposto para alocar a espécie P. nicoleti
(Philippi, 1882) que também foi redescrita. Treze novas espécies foram descritas. Assim
como, chaves de identificacdo, descri¢des, diagnoses, sinonimias e mapas de
distribuicdo foram providos. As arvores filogenéticas resultantes corroboraram com a
monofilia de Parastacus e do clado sulamericano, além de dar suporte para o
estabelecimento de um novo género e novas espécies. Com essa tese, 0 aumento da
riqueza especifica para Parastacus é de mais de 150% e as novas informagOes sobre

habitat e distribuicdo trardo suporte para futuros estudos de conservacgao e manejo.

Palavras-chave: lagostins escavadores, Parastacideos, Taxonomia, Filogenia Molecular
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Abstract

South American freshwater crayfish (Family Parastacidae) are represented by three
genera: Parastacus Huxley, 1879, Samastacus Riek, 1971 and Virilastacus Hobbs,
1991. This group is distributed in Southern Brazil (Rio Grande do Sul and Santa
Catarina), Uruguay, Argentina and Chile. The goals of this thesis is to review the
taxonomy of the genus Parastacus and to investigate the monophyly and phylogenetic
relationships within Parastacus and among South American crayfish genera. For this
purpose, several collections and museums around the world were analyzed (Brazil,
Argentina, Uruguay, Chile, United States of America, Germany, Netherlands, England,
and France) in addition to collectings carried out from March 2013 to September 2016.
Specimens were analyzed under a stereomicroscope and drawings were prepared with
the aid of a camara lucida. For genetic analysis, a multigenic approach was used with
two mitochondrial (Cox1 and 16S) and one nuclear (28S) markers. Phylogenetic
analysis were performed with Bayesian Inference and genetic p-distances were also
calculated. In addition, the extinction risk was assessed according to the sub-criterion
B1 of IUCN that estimates the Extent of Occurrence (EOO) for some species. Eight
species are redescribed: Parastacus brasiliensis (von Martens, 1869), P. defossus
Faxon, 1898, P. laevigatus Buckup & Rossi, 1980, P. pilimanus (Von Martens, 1869),
P. pugnax (Poepigg, 1835), P. promatensis Fontoura & Conter, 2008 and P. varicosus
Faxon, 1898. A new genus is proposed to encompass the species P. nicoleti (Philippi,
1882) and this species is also redescribed. In addition, 13 new species are described.
Identification keys, descriptions, diagnoses, synonymies and distribution maps of the
genera and species are provided. Phylogenetic trees corroborated the monophyly of
Parastacus and the South American crayfish clade, and give support for the
establishment of a new genus and new species. With this thesis, the increase in specific
richness for Parastacus is more than 150% and new information about habitat and

distribution will bring support for future conservation and management studies.

Palavras-chave: burrowing crayfish, Parastacids, Taxonomy, Molecular Phylogeny
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Introducéo geral

Classificagéo e diversidade

Os lagostins de agua doce (“Astacida”) sdao um grupo diverso de crusticeos
decdpodos (~640 espécies), pertencentes a infraordem Astacidea Latreille, 1802,
constituindo um grande clado monofilético (SCHOLTZ & RICHTER, 1995; RODE &
BABCOCK, 2003; BRACKEN et al., 2009). Atualmente, os lagostins séo divididos em
duas superfamilias. A superfamilia Astacoidea Latreille, 1802, distribuida no hemisfério
norte, é constituida pelas familias Cambaridae Hobbs, 1842 e Astacidae Latreille, 1802.
A superfamilia Parastacoidea Huxley, 1879 ¢ distribuida no hemisfério sul, sendo
constituida apenas pela familia Parastacidae Huxley, 1879 (HOLDICH, 2002;
SINCLAIR et al., 2004; CRANDALL & BUHAY, 2008; BRACKEN et al., 2009)
(Figura 1). A familia Parastacidae inclui 15 géneros (~170 espécies), das quais 11 sdo
encontradas na Australia, Nova Guiné e Nova Zelandia, trés na América do Sul e um
em Madagascar (CRANDALL & BUHAY, 2008; TOON et al., 2010; RIBEIRO et al.,
2016; 2017).

[ Astacidae
B cambaridae
B Parastacidae

Figura 1. Distribuicdo mundial das familias de lagostins de agua doce. Modificado de
HOBBS (1988).
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As espécies nativas da América do Sul pertencem a trés géneros: Parastacus
Huxley, 1879 (12 espécies); Samastacus Riek, 1971 (uma espécie); e Virilastacus
Hobbs, 1991 (quatro espécies) (BUCKUP & ROSSI, 1980; 1993; RUDOLPH &
CRANDALL, 2005; 2007; 2012; RIBEIRO et al., 2016; 2017). Essas espécies sdo
distribuidas no sul do Brasil, Uruguai, centro-sul do Chile e sul e nordeste da Argentina
formam um grupo monofilético estabelecido a ~85 milhdes de anos (CRANDALL et
al., 2000b; TOON et al., 2010) (Figura 2). Fosseis oriundos da Patagdnia central foram
identificados como astacideos que ocorreram do Jurassico Superior ao Cretaceo
Superior, sugerindo que durante este periodo as espécies se distribuiram ao longo do sul
da América do Sul (TOON et al., 2010). Supostamente, este padrdo de distribuicdo tem
sido modelado por transgressdes que ocorreram do periodo Cretaceo até a metade do
periodo Paledgeno (COLLINS et al., 2011).

75°O|'0"O 60°Ol'0"O 45°Ol'0"O 30°0'0"O

:‘f _Ooolou

~15°0'0"S

~30°0'0"S

~45°0'0"S

N

500 km A
— ™

Figura 2. Distribuicdo geogréafica dos géneros de lagostins sulamericanos representada

pela &rea em negrito.
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Taxonomia molecular e diversidade criptica

A conservacdo dos ecossistemas aquaticos depende primariamente do
reconhecimento da biodiversidade. A taxonomia molecular surgiu nas ultimas décadas
como uma ferramenta importante para aumentar a rapidez da descri¢ao das espécies. Os
métodos empregados permitem identificar espécies cripticas que podem ndo ser
totalmente evidentes com a utilizacdo apenas de caracteres morfolégicos (HEBERT et
al., 2003; BICKFORD et al., 2007; BURNHAM & DAWKINS, 2013).

As espécies cripticas ou complexo de espécies sdo definidas quando duas ou
mais espécies distintas sdo classificadas como uma Unica espécie nominal devido ao
fato de serem superficialmente morfologicamente pouco distinguiveis (BICKFORD et
al., 2007). A descoberta de espécies cripticas € provavel que ndo seja aleatoria em
relacdo a taxon e bioma e, portanto, poderia ter profundas implicacdes para a evolucéo,
biogeografia e planejamento de conservacdo (BICKFORD et al., 2007). A presenca de
espécies cripticas ja foi documentada em diversos géneros de lagostins de agua doce
(MATHEWS et al., 2008; SINCLAIR et al., 2011; HELMS et al., 2015; LARSON et
al., 2016). Para a parastacideos da América do sul, o uso de ferramentas moleculares na
descricdo de espécies vem sendo adotado frequentemente nos Gltimos anos (RUDOLPH
& CRANDALL, 2005; 2007; 2012; RIBEIRO et al. 2017) e a presenca de espécies

cripticas j& vem sendo identificada (1. Miranda comunicagéo pessoal).

Filogenia

Os primeiros estudos que abordaram a histéria evolutiva dos lagostins de agua
doce foram desenvolvidos por Huxley (1880) que, através de morfologia comparativa,
estabeleceu uma classificagdo dos géneros em categorias supragenéricas baseadas na
estrutura das branquias e na ornamentacao da carapaga.

Posteriormente ao trabalho de Huxley, os estudos evolutivos dos lagostins
receberam pouca atengdo até o século posterior com os trabalhos de HOBBS (1942;
1974, 1988) e RIEK (1969, 1971, 1972). Esses trabalhos foram baseados em inferéncias
das relacdes taxondmicas e a morfologia. Hobbs deteve-se aos lagostins do hemisfério
Norte (Cambaridae e Astacidae), enquanto Riek ao hemisfério Sul (Parastacidae).

HOBBS (1988) classificou os lagostins com base principalmente na morfologia
dos apéndices e no arranjo branquial. Outros caracteres externos como o formato do

rostro e a morfologia dos quelipodos também foram considerados, mas com um menor
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valor taxondmico. RIEK (1972), com base em apenas 13 caracteres morfoldgicos, entre
eles os atributos referentes aos niveis de desenvolvimento dos sulcos cefalotoraxicos, a
orientacdo da movimentacdo dos dactilos do 1° par de pereidpodos (quelipodos) e as
modificagdes sexuais secundarios dos machos, inferiu as relacGes filogenéticas entre 0s
géneros da familia Parastacidae.

Outras anélises filogenéticas morfoldgicas mais recentes realizadas por
ALBRECHT (1982), SCHOLTZ (1995, 1998, 1999, 2002) e SCHOLTZ & RICHTER
(1995) foram baseadas em caracteres embrionarios, de juvenis e de adultos para tentar
estabelecer as afinidades filogenéticas dos lagostins com outros taxons e estabelecer a
possivel monofilia do grupo. A anélise cladistica de SCHOLTZ & RICHTER (1995) da
ordem Decapoda proveu um suporte para a separagdo das lagostas queladas da
superfamilia Nephropoidea (“Homarida) dos lagostins de 4gua doce (Astacoidea e
Parastacoidea/ “Astacida”) e determinou que os lagostins formariam um clado junto
com as infraordens Brachyura, Anomura e Thalassinida ou que seriam um ramo que
emergiria dos Thalassinida.

Outros trabalhos adicionais e relevantes para a compreensao da filogenia dos
lagostins inclui estudos de teloblastos (SCHOLTZ, 1993) e ultra-estrutura do esperma
(JAMIESON, 1991); e RNAr 18S (KIM & ABELE, 1990) forneceram evidéncias para a
origem monofilética dos lagostins de &agua doce. Os estudos com marcadores
moleculares se tornaram comuns a partir das décadas de 1980 e 1990 e entdo muitos
estudos com varios marcadores foram publicados, abordando variacdes cromossdémicas,
de alozimas e de nucleotideos (ALBRECT & VON HAGEN, 1981; PATAK et al.,
1989; AUSTIN, 1995a,b; CRANDALL & FITZPATRICK, 1996; CRANDALL &
CRONIN, 1997; LAWLER & CRANDALL, 1998; CRANDALL et al., 2000g;
CRANDALL et al., 2000b; FETZNER & CRANDALL, 2002).

Dentro da familia Parastacidae, uma série de filogenias baseadas em evidéncias
a partir de metodos moleculares tém sido formuladas. PATAK & BALDWIN (1984) e
PATAK et al. (1989) estudaram marcadores eletroforéticos e imunoquimicos entre
géneros dessa familia. AUSTIN (1995a, b), usou alozimas para reconstruir a filogenia
de varios parastacideos. Além disso, uma série de estudos (LAWLER & CRANDALL,
1998; PONNIAH & HUGHES, 1998; CRANDALL et al, 1999; CRANDALL et al.,
2000b) utilizaram DNA mitocondrial 16S para reconstruir a filogenia dos parastacideos.
CRANDALL et al. (2000a) ratifica a monofilia da familia Parastacidae e também
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mostra que os géneros sulamericanos formam um grupo monofilético, estreitamente
relacionado com os géneros Paranephrops White, 1842 e Parastacoides Clark, 1936 na
Australia. De acordo com TOON et al., (2010), a familia Parastacidae se originou no
inicio do Jurassico (183 Ma) e o clado sulamericano divergiu dos outros parastacideos
em torno 158 milhdes de anos atras, constituindo um grupo irméo para todos 0s outros
lagostins do hemisfério sul.

A monofilia dos lagostins de &gua doce foi também avaliada por RODE &
BABCOCK (2003), baseando-se em caracteres morfologicos externos da carapaca e dos
apéndices. Em sua analise, foram incluidos grupos fdsseis e a familia de lagostas
marinhas Nephropidae. As sinapomorfias de Astacida foram definidas como os padrdes
distintos de sulcos na regido dorsal do cefalotdrax e a mobilidade do ultimo segmento
toraxico. Em relacdo a familia Parastacidae, esta foi considerada monofilética, com
excecdo do género Gramastacus Riek, 1972 e suas sinapomorfias compreendem a
auséncia total do primeiro par de pledpodos e pelo padréo diferencial de calcificacdo da
porcao distal do télson.

No entanto, ndo existem estudos mais aprofundados tanto do ponto de vista
morfolégico quanto molecular para lagostins sulamericanos, sendo necessario ainda
estabelecer as relacdes filogenéticas entre as espécies do género Parastacus e deste

género com os demais da familia.

Habitat e habitos escavadores

Uma caracteristica conspicua na evolucdo dos lagostins de agua doce é sua
diversidade ecoldgica, sendo diretamente relacionada a irradiacdo nos ambientes
dulcicolas. As espécies desenvolveram diferentes habitos de vida, em grande parte
subterraneo de acordo com o habitat ocupado (HORWITZ & RICHARDSON, 1986).

As espécies do género Parastacus foram classificadas por RIEK (1972) na
categoria ecoldgica de habitos escavadores pronunciados, juntamente com 0s géneros
australianos Engaeus Erichson, 1846, Engaewa Riek, 1967 e Tenuibranchiurus Riek,
1951. Essa classificagdo foi baseada em caracteres morfolégicos como os dactilos dos
quelipodos com movimentagdo vertical, tamanho corporal pequeno ou moderado,
abdomen reduzido em largura e comprimento e sulco cervical em formato de V. Essas
especies podem ser encontradas em riachos, banhados, planicies de inundacdo, matas

paludosas com solo permanentemente ou temporariamente inundado com grande
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quantidade de matéria organica (BUCKUP & ROSSI, 1980; RIBEIRO et al., 2016;
2017). Mesmo que todas as espécies do género Parastacus tenham o potencial de
desenvolver seus habitos escavadores, elas podem ser classificadas de acordo com a
maior ou menor extensdo desses habitos que estdo diretamente relacionados com o
habitat e refletidos na morfologia corporal (BUCKUP & ROSSI, 1980). No género
Parastacus, as espécies podem construir sistemas complexos de galerias (~1m de
profundidade) em é&reas alagadas (p. ex., P. defossus) ou matas paludosas (p. ex. P.
caeruleodactylus); outras constroem galerias similares ao longo de corpos d'agua (p. ex.
P. brasiliensis e P. fluviatilis) (BUCKUP & ROSSI, 1980; FONTOURA & BUCKUP,
1989; BUCKUP, 1999; NORO & BUCKUP, 2010; RIBEIRO et al., 2016). Além disso,
sdo espécies de héabitos notivagos, podendo sair de suas habitagdes em busca de
alimento no interior da agua ou ambientes proximos, alimentando-se de matéria
organica de origem animal e vegetal (FRIES, 1980). Mas mesmo assim, essas espécies
sdo caracterizadas por uma baixa capacidade de disperséo (DALOSTO, 2012).

Existem duas principais classificagdes propostas para o nivel escavador dos
lagostins de agua doce. A classificacdo de HOBBS (1942) leva em consideracdo a
complexidade das tocas, a conexao com corpos d’agua, estratégia reprodutiva e tempo
que o lagostim permanece no nivel subterraneo. Dessa forma, os lagostins foram
classificados em trés niveis: (1) escavadores primarios: passam a maior parte de sua
vida no interior das tocas, as quais sdo profundas e complexas, podendo apresentar
varios tlneis; (2) escavadores secundarios: passam a maior parte de sua vida no interior
das tocas, as quais podem ser profundas e complexas; os adultos podendo permanecer
na superficie durante as estaces chuvosas; (3) escavadores terciarios vivem nos corpos
d’agua durante a maior parte da sua vida, usando as tocas apenas como abrigo em
épocas reprodutivas, protecdo contra predadores e dissecagdo, construindo tdneis
simples. J& a classificagio de HORWITZ & RICHARDSON (1986), leva em
consideragdo a relacao entre as tocas € a conexao com os corpos d’agua e lencol fredtico
(Figura 3). As tocas do Tipo 1 (a e b) ocorrem diretamente no interior dos corpos
d'agua ou estdo diretamente conectados aos mesmos; as tocas do Tipo 2 sdo conectados

ao lencol fredtico; e as tocas do Tipo 3 séo independentes do lencol freatico (Figura 3).
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Tipo 1b

10m

Lencol
Freatico

Figura 3. Classificacdo dos lagostins escavadores de acordo com HORWITZ &
RICHARDSON (1988). Modificado de RICHARDSON (2007).

Biologia reprodutiva

As caracteristicas reprodutivas do género Parastacus ainda sdo pobremente
conhecidas e constituem um dos pontos mais controversos na biologia das espécies
(RUDOLPH & ALMEIDA, 2000). Todas as especies deste género apresentam a
intersexualidade, ou seja, a presenca de caracteristicas sexuais primérias e/ou
secundarias no mesmo individuo (SAGI et al., 1996). Esse fendmeno também pode ser
encontrado em outros parastacideos, como 0s géneros australianos Cherax Erichson,
1846, Engaeus Erichson, Engaewa (HORWITZ, 1988; VASQUEZ & LOPEZ-GRECO,
2007) e os sulamericanos Samastacus e Virilastacus Hobbs, 1991 (RUDOLPH, 1999;
RUDOLPH & ALMEIDA, 2000, RETAMAL AND RUDOLPH, 2005). No género
Parastacus, a intersexualidade é caracterizada pela presenca de gonoporos

supernumerarios e dutos genitais no mesmo individuo (RUDOLPH & ALMEIDA,
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2000). Tal fato é conhecido desde a metade do século XIX (VON MARTENS, 1869;
FAXON, 1898) e pode estar relacionado com um hermafroditismo rudimentar
(LONNBERG, 1898).

O sistema sexual dos lagostins sulamericanos pode ser classificado como de trés
tipos: (1) gonocorismo, encontrado nas espécies dos géneros Samastacus e Virilastacus;
(2) intersexualidade permanente, encontrada em P. pugnax, P. varicosus, P. saffordi, P.
pilimanus; (3) hermafroditismo protandrico parcial, encontrado em P. nicoleti e P.
brasiliensis (RUDOLPH & ALMEIDA, 2000). Esse tipo de hermafroditismo é
caracterizado pela presenca muatua das génadas masculina e feminina em um mesmo
individuo, mas em diferentes estagios da vida, sendo o masculino o primeiro sexo
(RUDOLPH, 1997; RUDOLPH & ALMEIDA, 2000; RUDOLPH et al., 2001;
RUDOLPH & VERDI, 2010).

Conservagao

Os lagostins de &gua doce constituem um grupo de crustaceos sujeito a ameacas
de extincdo. A categorizacdo das espécies segundo seu risco de extingdo € definida de
acordo com os critérios da Unido Internacional para a Conservacdo da Natureza - IUCN
(IUCN 2012). Essa classificacdo leva em consideracdo varios aspectos de uma espécie,
como o tamanho populacional, a distribuicdo, fragmentacdo do habitat, entre outros.
Segundo RICHMAN et al., (2015), cerca de 32% de todas as espécies de lagostim estdo
sob algum nivel de risco de extingdo. As principais ameacas a conservacao dos lagostins
de agua doce incluem a urbanizacdo, poluicdo, mudancas climaticas, canalizacdo de
rios, agricultura e a presenca de espécies invasoras (RICHMAN al., 2015). Na América
do Sul, as espécies de lagostins estdo ameacadas por causas similares, sendo sujeitas
principalmente aos impactos diretos da urbanizagéo e de atividades de pesca, como no
caso da espécie P. pugnax, na qual as populagdes vém sofrendo uma reducdo acentuada
devido ao regime de sobrepesca (RUDOLPH, 2010; ALMEIRAO et al., 2015). Além
disso, a presenca da especie exdtica invasora Procambarus clarkii Girard, 1852 foi
detectada no estado de S&o Paulo (LOUREIRO et al., 2015a,b). Tal fato se torna
bastante preocupante, uma vez que foi detectada a presenca do fungo de carapaca
Aphanomyces astaci Schikora, 1906 nas populacdes brasileiras de Procambarus
(PEIRO et al., 2016). Esse fungo causa uma doenga conhecida como “praga do

lagostim” que pode dizimar populacdes inteiras de espécies nativas de lagostins
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(GUTIERREZ-YURRITA et al., 1999; SOUTY-GROSSET et al., 2006). Felizmente,
individuos de P. clarkii ainda ndo foram detectados em ambientes naturais no sul do
Brasil, onde as espécies nativas de lagostins ocorrem.
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Objetivos

Objetivo geral
- Revisar a taxonomia de Parastacus e investigar a hipotese de monofilia e relacbes
filogenéticas do género.

Obijetivos especificos

- Estabelecer os limites do género Parastacus;

- Revisar as espécies existentes e descrever novas espeécies;

- Elaborar uma nova chave de identificacdo para o grupo;

- Através de uma analise filogenética molecular, investigar a monofilia do género
Parastacus e do clado sulamericano (Parastacus + Samastacus + Virilastacus);
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Two new species of South American freshwater
crayfish genus Parastacus Huxley, 1879 (Crustacea:
Decapoda: Parastacidae)
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Abstract

Two new species of Parastacus Huxley, 1879 are described from material collected in the state of Rio Grande do Sul,
southern Brazil: Parastacus fluviatilis sp. nov. from highland streams and Parastacus caeruleodactylus sp. nov. from wet-
lands. Parastacus fluviatilis sp. nov. is distinguished mainly by large chelipeds with dense setae cover on the cutting edge
of fingers, telson subtriangular with two lateral blunt spines and strongly concave ventral surface of lateral process of tho-
racic sternites 6 and 7. Parastacus caeruleodactylus sp. nov. is distinguished mainly by blue cheliped fingers and a large
gap between them, reduced abdomen, dorsal and ventral margins of dactylus, propodus and carpus of second pair of
pereiopods with tufts of long setae and mid-dorsal carina of exopod of uropods unarmed. According to IUCN Red List
criteria both species are considered endangered. Habitat characterization and a method for defining the shape of second
abdominal pleura are also provided.

Key words: burrowing crayfish, freshwater decapods, neotropical crustaceans, parastacid, taxonomy

Introduction

The freshwater crayfishes of the family Parastacidae Huxley, 1879 currently comprise about 178 species in 15
genera (Crandall & Buhay 2008; Toon et al. 2010). In South America, the family is represented by only 13 species,
grouped in three genera: Parastacus Huxley, 1879, Samastacus Riek, 1971 and Virilastacus Hobbs, 1991 (Buckup
& Rossi 1980; 1993; Riek 1971; Rudolph & Crandall 2012). The genus Parastacus has a disjunct distribution, with
two species occurring on the plains of the southern Andean region (Philippi 1882; Poepigg 1835; Rudolph 2010),
Parastacus nicoleti (Philippi, 1882) and P. pugnax (Poepigg, 1835); and six species in northeastern Argentina,
Uruguay and southern Brazil: P. brasiliensis (von Martens, 1869), P. defossus Faxon, 1898, P. laevigatus Buckup &
Rossi, 1980, P. pilimanus (von Martens, 1869), P. saffordi Faxon, 1898 and P. varicosus Faxon, 1898 (Buckup &
Rossi 1980). All non-Andean species of Parastacus, except for P. laevigatus, are recorded in Brazil in the state of
Rio Grande do Sul (RS); P. brasiliensis is endemic to RS, occurring in the Guaiba hydrographic region (Buckup
2003).

These crayfishes are found in wetlands, lotic and lentic environments, where they burrow to a greater or lesser
extent (Buckup & Rossi 1980; 1993). This behavior is associated with the water-table level and with ecological,
morphological and reproductive traits, as in other crayfish species (Horwitz & Richardson 1986). According to
Riek (1972), species of Parastacus are of moderate size and are strong burrowers.

The limited distributions and specific habitat requirements of these crustaceans make them highly vulnerable
to human impacts. Moreover, the lack of accurate data concerning the distribution range, population size and
reproductive features impedes evaluation of the status of and threats to their populations, specifically the IUCN risk
categories (Almerao et al. 2015; Richman et al. 2015). Neotropical crayfishes have been little studied, especially
with regard to taxonomy. Compared to the species richness of other crayfish genera, the number of species
described from South America is very low, although important taxonomic contributions have been made for the
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A new species of Parastacus Huxley, 1879
(Crustacea, Decapoda, Parastacidae) from a swamp
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INTRODUCTION

The freshwater crayfish of the genus Parastacus
Huxley, 1879 are currently represented by ten species,
distributed in the southern regions of South America,
specifically in Chile, Argentina, Uruguay and Brazil (for
the latter in the states of Rio Grande do Sul and Santa
Catarina) (Buckup and Rossi, 1980; 1993; Ribeiro et
al.,2016). According to previous phylogenetic studies,
Parastacus forms a well supported monophyletic clade
and is closely related to Samastacus Riek, 1971 and
Viralastacus Hobbs, 1991 (Crandall et al., 2000; Toon
etal.,, 2010).

Burrowing crayfish differ in both behaviour and type
of burrows. Hobbs (1942) classified crayfish burrowing
behaviour into three categories, taking into account the
complexity of burrows, the connection or not to open
waters, seasonality and reproductive period, and time
individuals spend inside the burrows. Horwitz and
Richardson (1986) classified crayfish burrows based
on the relationship to the water availability: (1) located
in permanent water bodies, (2) connected to the water-
table, water from underground or surface run-off and
(3) no connection to water-table, the water supply
being the surface run-off. Specifically for Parastacus,
Riek (1972) classified all species as strong burrowers,
but Buckup and Rossi (1980) noted differences in
burrowing abilities, depending on habitat.

Molecular tools to complement species descriptions
in parastacids were increasingly adopted in the last years
(Rudolph and Crandall, 2005; 2007; 2012), especially
in the recognition of new species, when cryptic species
are involved. The use of DNA sequencing can be very
useful in uncovering genetic variation and increasing
the speed of species description, thus acting as a
stimulus to further conservation efforts (Burnham
and Dawkins, 2013).

In this contribution, we describe a new burrowing
species of the crayfish genus Parastacus, discovered
in a small fragment of a swamp forest located inside
a theme park in southern Brazil. In addition, the
distinctive position of this new species is discussed
in a phylogenetic context. Habitat characterization
and conservation status of the species based on the
IUCN Red List criteria are also discussed.

MarteriAL AND METHODS
Sampling
Specimens were collected in one small section
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of a swamp forest, located inside the Beto Carreiro
World Park, in the municipality of Penha, state of
Santa Catarina, Brazil (26°48’10”S 48°37°2”W). The
type material was deposited in the Museu de Zoologia
da Universidade de Sao Paulo (MZUSP), Sao Paulo,
Brazil, and in the Carcinological Collection of the
Departamento de Zoologia, Instituto de Biociéncias,
Universidade Federal do Rio do Grande do Sul
(UFRGS), Porto Alegre, Brazil. For sampling, burrows
were excavated manually in order to obtain crayfish
specimens and to provide some information about the
burrow system. In addition, a vacuum pump (7cm x
72 cm) was used to capture the individuals.

Morphological analysis

Drawings were prepared under a stereomicroscope
fitted with a camara lucida and measurements were
performed with vernier calipers with 0.1 mm accuracy
and a millimetric ocular on a stereomicroscope.
Morphological parameters used were defined by
Buckup and Rossi (1980), Hopkins (1970), Morgan
(1997) and Ribeiro et al. (2016). Measurements of
all type specimens can be found in Tab. 1. Size and
shape of the S2 pleura were defined according to
Ribeiro et al. (2016). Sex was determined based on
the morphology of the genital apertures, according to
Rudolph (1997). Morphological descriptions follow
Riek (1971), Buckup and Rossi (1980), Hobbs (1987),
Morgan (1997), Holdich (2002) and Ribeiro et al.
(2016). The taxonomic classification follows De Grave
et al. (2009). Branchial count follows Huxley (1879).

Molecular analysis

Total genomic DNA was extracted from muscle
tissue from walking legs from two fresh specimens
collected in the type locality, using the Puregene kit
(Qiagen). A fragment of approximately S50 base pairs
(bp) of mitochondrial DNA encoding the 16S rRNA
was amplified using published primers sets: 16L.2 (5™
TGC CTG TI'T ATC AAA AAC AT-3’) (Schubart et
al, 2002) and 1472 (5-AGA TAG AAA CCA ACC
TGG-3’) (Crandall and Fitzpatrick 1996; Schubart et
al., 2000 as 16H2).

Conditions for the polymerase chain reactions
(PCR) were: initial denaturation at 94°C for 4 min,
followed by 40 cycles of 95°C for 4S5 s, annealing at
48 or 50°C for 1 min, elongation at 72°C for 1 min,
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and a final extension step at 72°C for 5 min. PCR
products were outsourced for sequencing to Macrogen
Europe (Amsterdam, The Netherlands). The obtained
chromatograms were proofread using Chromas Lite
version 2.23 (Technelysium Pty Ltd., 2005). Resulting
sequences were blasted in GenBank and compared with
the available Parastacus assemble. The new sequences
were deposited at GenBank under accession numbers
KY192525 and KY192526.

In addition, the following sequences with their
respective accession numbers from NCBI database
were included in the analysis: Parastacus defossus Faxon,
1898 (AF175243.1 and AF175242.1), Parastacus
varicosus Faxon, 1898 (EU920933.1), Parastacus
nicoleti (Philippi, 1835) (AF175231.1, AF175232.1,
AF175233.1 and AF175234.1), Parastacus pugnax
(Poepigg, 1882) (AF175238.1, AF175328.1 and
AF175239.1) and Samastacus spinifrons (Philippi,
1882) (EF199542.1). All sequences were aligned
with BioEdit version 7.2.5 (Hall, 1999) using the
ClustalW algorithm (Thompson et al., 1994) and
adjusted manually, if required.

The best nucleotide substitution model was
selected using JMODELTEST 2.1.10 with the Akaike
Information Criterion (AIC) (95% confidence)
(Darriba et al., 2012), suggesting HKI + G as
evolutionary model. Phylogenetic relationships were
estimated using Bayesian Inference implemented in
BEAST 1.8.3 (Drummond et al., 2012). The gene tree
search was run on computational resources provided
by CIPRES portal (Miller ef al., 2015) using the tool
BEAST on XSEDE (Drummond and Rambaut, 2007;
Suchard and Rambaut, 2009). We used 10 million
generations with Markov Chain Monte Carlo (MCMC)
sampling, saving trees every 1,000 steps. The efficiency
of the chain was assessed in Tracer 1.6 (Rambaut et
al., 2007), and the software TreeAnnotator (BEAST
package) was used to summarize the trees, with 10%
ofinitial trees discarded as burn-in. Genetic distances
were also calculated by pairwise comparisons using
uncorrected p-distances with the software Mega 7.0
(Kumar et al,, 2013).

Conservation analysis.

The extinction risk of the new species was defined
according to the B1 sub-criterion of the International
Union for Conservation of Nature - [IUCN (IUCN,
2012). This sub-criterion takes into consideration
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the estimated Extent of Occurrence (EOQ) that was
calculated in the Arcview 9.3 program (ESRI, 2009).
The definition of the hydrographic basins follows the
Otto Bacias shape method (level 4) (ANA, 2006).

Abbreviations

SLP = Thoracic Sternite Lateral Processes
S1 = Abdominal Somite 1

S2 = Abdominal Somite 2

TL = Total Length

CL = Carapace Length

CW = Carapace Width

CD = Carapace Depth

CeL = Cephalon Length

RL = Rostral Length

RW = Rostral Width

RCL = Rostral Carina Length

CMW = Cornea Maximum Width

OW = Orbital Width

POCL = Post Orbital Carina Length

FW = Frontal Width

ASL = Antennal Scale Length

ASW = Antennal Scale Width

AreL = Areola Length

AreW = Areola Width

RPrT/LPrT = Right/Left Propodus Thickness
RPrL/LPrL = Right/Left Propodus Length
RPrW/LPrW = Right/Left Propodus Width
RDL/LDL = Right/Left Dactylus Length
RML/LML = Right/Left Merus Length
AL = Abdomen Length

AW = Abdomen Width

TeL = Telson Length

TeW = Telson Width

The definition of each measurement can be found
in Ribeiro et al. (2016).

SYSTEMATICS

Infraorder Astacidea Latreille, 1802
Superfamily Parastacoidea Huxley, 1879
Genus Parastacus Huxley, 1879

Parastacus tuerkayi sp. nov. Ribeiro,
Huber and Araujo
(Figs. 1-5)
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Figure 1. Parastacus tuerkayi sp. nov., holotype (MZUSP 34940). A, habitus, dorsal view; B, cephalon, lateral view; C, cephalon,
dorsal view; D, first and second abdominal pleura; E, telson and uropods, dorsal view. Scale bars: A=1 cm; B-E =5 mm.
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Type material. Holotype: male, Brazil, Santa
Catarina, Penha, Beto Carreiro World (26°48°10”S
48°37°02"W), 04/1X/2013, leg. K.M. Gomes and
E.B. Ribeiro (MZUSP 34940). Paratypes: 1 ovigerous
female, Brazil, Santa Catarina, Penha, Beto Carreiro
World (26°48°117S 48°37°01”W), 1/2001, leg. H. Boos
Jr. (UFRGS 6376); 1 male, Brazil, Santa Catarina,
Penha, Beto Carreiro World, 2001, leg. K. Schaat
(UFRGS 3167); 1 male, same data as holotype
(UFRGS 6438).

Comparative material analyzed. Chile: P. pugnax
- 1 male and 2 females, La Florida, Concepcidn,
19/1/1977 (UFRGS 2407); 5 females, Rengo
(cordillera), I1/1984, leg. A.F. Neto (UFRGS 726);
2 males and 3 females, Laguna San Pedro, Concepcion,
18/VI1/1970. Paratascus nicoleti — 1 male, Mehuim
(next to Valdivia), VIII/1997, leg. nifios del Pueblo

(UFRGS 2405). Brazil, Rio Grande do Sul: P. defossus
— 1 male, Costa do Cerro, Lami, Porto Alegre, 19/
VII/200S, leg. L.C.E. Daut and J.F. Amato; 1 female,
Sitio do Mato, Zona Sul, Porto Alegre (30°4°10.27”S
51°5’10.46"W), 22/111/2014, leg. K.M. Gomes and
E.B. Ribeiro. Parastacus caeruleodactylus Ribeiro and
Araujo in Ribeiro et al., 2016 - 1 female, Morrinhos
do Sul (29°17°13.77S; 49°54°53.42" W), 12/X11/2013,
leg. F.B. Ribeiro and K.M. Gomes (UFRGS 5931).

Etymology. Named to honor Dr. Michael Tirkay
from Seckenberg Museum, Frankfurt am Main,
Germany, who passed away in 2015. He dedicated
several years of his life to the research of freshwater
crustaceans, especially freshwater crabs from the
Neotropical region, describing several new species and
providing invaluable contributions to the taxonomy
of freshwater decapods.

Table 1. Measurements (mm) of the type series of Parastacus tuerkayi sp. nov. For abbreviations, see Material and Methods.

Holotype Paratype Paratype Paratype
(MZUSP 34940) (UFRGS 6376) (UFRGS 3167) (UFRGS 6438)
Sex M F M M
TL 66.81 54.93 59.37 57.04
CL 33.52 26.45 18.72 28.64
Ccw 15.23 12.34 14.34 12.55
CD 16.92 13.98 13.58 14.52
CeL 22.58 18.09 18.51 18.78
RL 4.09 3.56 4.01 3.54
RW 341 3.13 3.49 3.27
CMW 1.30 1.10 1.40 1.62
ow 2.52 2.15 2.33 2.23
Fw 6.27 4.90 S.45 547
RCL 4.19 3.80 4.52 4.03
POCL 8.21 5.77 6.39 6.13
ASL 4.51 3.40 3.65 3.85
ASW 2.02 1.30 1.52 1.75
AreL 8.68 7.15 8.59 8.18
AreW 3.08 2.95 3.11 3.32
AW 12.74 1141 11.10 11.36
AL 26.23 22.58 24.42 22.28
RPrT 7.20 3.57 6.75 542
RPrL 28.14 15.87 23.49 29.30
RPrW 12.94 7.00 12.00 10.10
RML 15.05 11.01 12.96 12.09
RDL 17.65 10.45 13.59 12.56
LPrT 7.36 4.82 3.92 5.46
LPrL 29.31 18.35 15.94 20.63
LPrW 12.85 9.44 7.04 10.00
LML 14.91 11.48 11.31 12.19
LDL 17.65 11.49 10.47 12.54
TeL 9.98 8.37 8.75 7.78
TeW 7.65 6.84 6.55 6.74
Nauplius, 25: 2017008 38
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Diagnosis. Narrow front with short triangular
rostrum. Rostral apex shaped as inverted “U”, with
an upward blunt spine. Suborbital angle >90°.
Postorbital carinae weakly prominent. Cervical groove
V-shaped. Areola narrow and barely discernible. Telson
subrectangular with sharp spines on lateral margins.
Mandible with caudal molar process bicuspidate with
one cephalodistal cusp and one small distoproximal
cusp. S2 pleurae high and long with deep groove parallel
to margin. Internal ventral border of basal article of
antennule without sharp spine in males.

Description of the holotype. Rostrum: triangular,
longer than wide (RW 83.4% of RL), short (10.2% of
CL), reaching proximal portion of the second article
of the antennular peduncle (Fig. IA-C). Dorsum
straight, apex inverted “U’-shaped, ending in upward
blunt spine (Fig. 1B, C). Few plumose setae on lateral
margins. Rostral sides slightly convergent and rostral
basis parallel. Carinae almost straight, prominent and
narrow, extending back to carapace, slightly surpassing
rostral basis (Fig. 1B, C).

Cephalon: carapace lacking spines or tubercles.
CeL 67.4% of CL. Eyes small (CMW 51.6% of OW);
suborbital angle >90°, unarmed (Fig. 3C). Front narrow
(FW 41.2% of CW). Postorbital carinae longer than
rostral carinae (RCL 51% of POCL) and weakly
prominent. Lateral cephalic edge with moderate
setation (Fig. 1A-C).

Thorax: carapace laterally compressed, deep
and narrow (CD 50.5% of CL; CW 45.4% of CL).
Cervical groove V-shaped. Branchiocardiac grooves
inconspicuous (Fig. 1A). Areola narrow, 2.8x as long
as wide (25.9% of CL) (Fig. 1A).

Abdomen: lacking spines or tubercles, long and
narrow (AL 78.2% of CL; AW 83.6% of CW), smooth,
covered with small setae on pleural margins (Fig. 1A).
Pleural somites with rounded posterior margins. S1
pleurae with a large distal lobe not overlapped by S2
pleurae. S2 pleurae high and short with deep groove
parallel to margin (Fig. 1D).

Tailfan: telson uniformly calcified, subrectangular,
longer than wide (TeW 76.6% of TeL), with sharp spines
on lateral margins; rounded distal margin with abundant
long plumose setae and short simple setae. Dorsal
surface with tufts of short setae and inconspicuous
dorsomedian longitudinal groove (Fig. 1E).

Nauplius, 25: 2017008 39

Uropod protopod bilobed, with rounded and unarmed
margins; proximal lobe largest. Exopod lateral margin
bears a small and sharp spine, mid-dorsal carina weakly
prominent, ending in a very sharp spine. Transverse
suture (diaeresis) straight, with ten dorsolateral spines
(outer) and nine dorsolateral spines (inner) on right
exopod and ten dorsolateral spines (outer) and eight
dorsolateral spines (inner) on the left exopod. Endopod
with mid-dorsal carina weakly prominent, endingin a
very sharp spine; lateral margin with one sharp spine
at level of exopod transverse suture (Fig. 1E).

Epistome: anterolateral section with conical
projection. Posterolateral section smooth and with
deep lateral grooves converging to the basis of the
anteromedian lobe and reduced median circular
concavity. Anteromedian lobe pentagonal, 1.2xlonger
than wide, apex acute and straight with some serrated
setae, reaching median part of antepenultimate article
of antennal peduncle; dorsal surface straight, and basis
with a shallow groove (Fig. 2A).

Thoracic sternites: SLP4 smallest and close to each
other, median keel present and not inflated; SLPS
small and very close to each other, median keel present
and not inflated; SLP6 larger than SLP4, SLPS and
SLP8 and with a slightly concave surface, median keel
inflated; SLP7 largest and with surface slightly concave,
median keel inflated, bullar lobes absent; SLP8 small
and slightly concave, median keel absent, vertical arms
of paired sternopleural bridges close to each other,
bullar lobes separated and clearly visible (Fig. 2B, C).

Antennule: internal ventral border of basal article
without sharp spine (Fig. 2A).

Antenna: when extended back reaching S1.
Antennal scale widest at midlength, reaching midlength
of third antennal article, ASW 44.8% of ASL (Fig. 2A,
D), lateral margin straight, spine strong and distal
margin straight. Coxa with prominent carina above
nephropore and blunt spine laterally displaced. Basis
unarmed (Fig. 2A).

Mandible: cephalic molar process molariform,
caudal molar process bicuspidate with one cephalodistal
cusp and one distoproximal cusp. Incisive lobe with
nine teeth. Third tooth from the anterior margin largest
(Fig. 2E).

Third maxilliped: ischium bearing few setiferous
punctuations, but with some long smooth simple setae
on outer margin (Fig. 2F); dorsal surface without setae
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Figure 2. Parastacus tuerkayi sp. nov., holotype (MZUSP 34940) and paratypes (UFRGS 3167, UFRGS 6438). A, epistome
(holotype); B, thoracic sternites and gonopores (holotype); C, thoracomere 8, caudal view (holotype); D, antennal scale, lateral
view (UFRGS 3167); E, mandible (UFRGS 6438); F, third maxilliped, ventral view (UFRGS 6438); G, third maxilliped, dorsal
view (UFRGS 6438); H, first pereiopod, lateral view (holotype); L, first pereiopod, dorsal view (holotype); J, second pereiopod,
lateral view (holotype). Scale bars: A= 3.3 mm; B, C,H,L,] =S mm; D, E = 1.6 mm; F, G = 3.33 mm.
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(Fig. 2G). Merus ventral surface sparsely covered by
long smooth simple setae in the median-proximal
region (Fig. 2F). Crista dentata bearing 29 and 26 teeth
on right and left ischium respectively. Merus, dorsal
surface sparsely covered with simple setae. Exopod
longer than ischium, with flagellum reaching proximal
margin of merus (Fig. 2F, G).

First pair of pereiopods (chelipeds): large and
subequal, laterally flattened (RPrT 25.6% of RPrL;
LPrT 25.1% of LPrL) (Fig. 1A). Ischium ventral surface
with 14 tubercles. Merus: right merus (RML) 53.5%
of propodus length (RPrL); left merus (LML) 50.9%
of propodus length (LPrL); ventral surface with two
longitudinal series of tubercles: inner series with 17
tubercles, outer 16 and mesial 26, arranged irregularly
on right merus; inner series bearing 17 tubercles, outer
16 and mesial 30, arranged irregularly on left merus.
Dorsal and midventral spines present. Carpus with
dorsomedial surface divided longitudinally by shallow
groove (Fig. 1A; Fig. 21). Internal dorsolateral margin
with row of tubercles, increasing in size distally; inner
surface with 20 small mesial tubercles. Carpal spine
absent (Fig. 2I). Propodus width (RPrW and LPrW)
46% of length in right cheliped and 43.8% in left
cheliped. Dorsal surface of palm with three rows of
verrucous tubercles (Fig. 2H, I). Inner margin without
tubercles. Ventral surface bearing two rows of squamose
tubercles, trespassing the beginning of the fixed finger
(Fig. 2H). Dactylus: moving subvertically, right
dactylus (RDL) 62.8% of propodus length (RPrL),
left dactylus (LDL) 60.2% of left propodus (LPrL);
dorsal surface with squamose tubercles in the proximal
portion (Fig. 41). Cutting edge of fingers visible. Fixed
finger with eleven teeth, third and fourth teeth largest.
Dactylus with 14 teeth, third tooth largest (Fig. 2H, I).

Second pair of pereiopods: ventral and dorsal
surface of carpus, propodus and dactylus with sparse
cover of simple long setae (Fig. 2]).

Gonopores: presence of both genital apertures on
coxae of third and fifth pairs of pereiopods. Female
gonopores semi-ellipsoidal (maximum diameter 1.56
mm) with well-calcified membrane. Male gonopores
rounded, opening onto apical end of a small, fixed,
calcified and truncated phallic papilla, close to inner
border of ventral surface of coxae of fifth pair of
pereiopods. Male cuticle partition present (Fig. 4B).

Branchial count: 20 + epr + r. Branchial arrangement
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as described by Huxley (1879) and Hobbs (1991), with
the epipod of the first maxilliped with rudimentary
podobranchial filaments.

Description of the female paratype: Differs from the
holotype in the following morphological characters:
rostrum less sharp at apex, RW 81.9% of RL (Fig. 3A).
Post orbital carinae shorter (RCL 65.8% of POCL)
(Fig. 3A). Areola 2.4x as long as wide, constituting 27%
of CL (Fig. 3A). S2 pleurae high and long (Fig. 3C).
Transverse suture (diaresis) with seven dorsolateral
spines (outer) and five dorsolateral spines (inner)
on right exopod and five dorsolateral spines (outer)
and six dorsolateral spines (inner) on left exopod.
Anteromedian lobe of epistome 1.1xlonger than wide.
Internal ventral border of basal article of antenulle with
a sharp spine (Fig. 3B). Antennal flagellum reaching
S2. Crista dentata bearing 24 and 28 teeth on the right
and left ischium, respectively. Chelipeds shorter than
in male. Merus of chelipeds with up to two spines in
the midventral region. Carpal spine present in both
chelipeds, right cheliped bears two spines (Fig. 3A).
Female gonopores ellipsoidal (maximum diameter 1.21
mm) covered by a thin and non-calcified membrane.

Measurements. Holotype male, CL 33.52 mm and
TL 66.81 mm. Paratype female, CL 26.45 mm and TL
54.93 mm. In type series, CL ranging from 18.72 to
33.52 mm (26.83 * 6.16 mm). FW/CW: 0.4 + 0.02
(min: 0.38; max: 0.43). RL/RW: 1.14 + 0.05 (min:
1.08; max: 1.19). MCW/OW: 0.6 + 0.1 (min: 0.51;
max: 0.72). Postorbital carina longer than rostral carina
in all specimens analyzed. CW/AW: 1.16 +0.09 (min:
1.08; max: 1.29). AreW/RW: 0.93 + 0.05 (min: 0.89;
max: 1.01).

Color of living specimens. Rostrum reddish brown.
Cephalothorax anterior and lateral regions greenish
brown to reddish brown. First pair of pereiopods
reddish brown with dark reddish brown fingers.
Pereiopod pairs 2-5 light brown to reddish brown.
Dorsal abdomen light brown to dark reddish brown.
Tailfan light brown to reddish brown (Fig. 4E-G).

Remarks. All paratypes present both masculine
and feminine gonopores in the same individual.
Male paratypes also present female gonopores semi-
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A

Figure 3. Parastacus tuerkayi sp. nov., female paratype (UFRGS 6376). A, habitus, dorsal view; B, epistome; C, first and second
abdominal pleura. Scale bars: A = 1 cm; B, C = S mm. Red arrows indicate the spine on the carpus and on the internal ventral border

of basal article of antenulle respectively in A and B.

ellipsoidal (average maximum diameter 1.18 mm)
covered by a calcified membrane. Male gonopores are
very similar in male and female paratypes.
Parastacus tuerkayi sp. nov. is morphologically
similar to P. caeruleodactylus, P. defossus, P. nicoleti and
P. pugnax in having the post orbital carinae weakly
prominent, the areola narrow and barely discernible
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and the abdomen narrower than the cephalothorax.
Parastacus tuerkayi sp. nov. is also similar to P. nicoleti
in having the dorsal surface of dactylus with tubercles
in the proximal portion. Parastacus tuerkayi sp. nov.
differs from all other Parastacus species in having
three well defined lines of verrucous tubercles in the
dorsomesial margin of the palm of chelipeds and the

9
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Figure 4. Parastacus tuerkayi sp. nov., habitat and living specimens. A, Typical habitat, a swamp forest; B, Opened chimney superior
view; C and D, opened chimney lateral view, white arrow indicates the chimney; E and F, living specimens, habitus dorsal view
UFRGS 6438 and holotype, respectively); G, living specimen (holotype), cheliped lateral view. Scale bars: E, F, G = 10 mm.
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internal ventral border of basal article of antennules
without a sharp spine.

Phylogenetic position. The phylogenetic relationships
based on S12bp of the 16S rRNA gene provide clear
evidence for the separation of P. tuerkayi sp. nov.
from other species of the genus Parastacus with high
values of posterior probability (Fig. 6). Genetic
distances estimated between P. tuerkayi sp. nov. and
other Parastacus species range from 6.2% (P. defossus)
to 13.1% (P. nicoleti) for thel6S gene (Tab. 2).
Intraspecific genetic distance was not more than 0.03%.

Habitat and ecology. Parastacus tuerkayi sp. nov. was
collected in a small fragment (approximately 500 m?)
of a swamp forest located inside the theme park “Beto
Carreiro World” in the coastal region of the state of
Santa Catarina. This physiographic region belongs
to the Atlantic Forest Biome and the vegetation is
composed predominantly by Myrtaceae, Poaceae,
Piperaceae (genus Piper) and some pterydophyta of
the family Blechnaceae (genus Blechnum) (P. Brack
pers. comm.). Soil is mainly composed by clay and
temporarily flooded with a large amount of organic
matter derived from leaf decomposition (F. B. Ribeiro
pers. obs.). Found in a flooded area, burrows of P.
tuerkayi sp. nov. can be identified as type 2 according
to Horwitz and Richardson’s (1986) classification.

Based on Hobbs’ (1942) classification, P. tuerkayi sp.
nov. can be considered a primary burrower, in which the
individuals spend almost their entire life underground
and build deep and relatively complex burrows.

Burrows can reach a depth of up to one meter, but
with few branches and with long (up to 15 cm) and
large (up to 12 cm) chimneys.

This burrow structure is very similar to the one of
P. caeruleodactylus that is also found in swamp forests
in the state of Rio Grande do Sul, near the foothills of
the Serra Geral mountains and in the coastal region,
and P. pugnax, found in small valleys or depressions
between mountains or topographic depressions, usually
associated with perennial forests in Chile (Rudolph,
2013; Ribeiro et al., 2016). Parastacus tuerkayi sp. nov.
is ecologically similar to P. pugnax, P. caeruleodactylus,
P. defossus and P. nicoleti. These species share some
morphological adaptations to the burrowing life
style, as the narrow areola, which is indicative of one
extended branchial chamber; carapace, abdomen and
appendages covered by setae in some regions, reduced
eyes and the abdomen narrower than the cephalothorax
(Horwitz and Richardson 1986; Richardson, 2007).

Regarding reproductive biology, the ovigerous
female (paratype UFRGS 6376) bears approximately
20 eggs (average maximum diameter 2.4 mm) attached
toits pleopods. The low fecundity is also a characteristic
shared by strong burrowing species (Richardson,
2007).

Distribution. Parastacus tuerkayi sp. nov. appears to
have an extremely limited distribution, being found
only in the municipality of Penha, state of Santa
Catarina, southern Brazil (Fig. 5).

Conservation status. The EOO was estimated as
comprising approximately 647.674 km? based on the
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Figure 5. Distribution of Parastacus tuerkayi sp. nov. in the state of Santa Catarina, southern Brazil. The type locality is represented

by a red triangle.
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Parastacus varicosus EU920933.1

Parastacus pugnax EF599137.1
0,69 —[1

Parastacus pugnax AF175237.1

—11

Parastacus pugnax AF175238.1

1 b Parastacus pugnax AF175239.1

Parastacus tuerkayi sp. nov. (1)
4[1
Parastacus tuerkayi sp. nov. (2)

1

r Parastacus defossus AF175242.1

1 1
Parastacus defossus AF175243.1

Parastacus nicoleti AF175233.1
0,56
; Parastacus nicoleti AF175234.1

~ Parastacus nicoleti AF175231.1

Parastacus nicoleti AF175232.1

Samastacus spinifrons EF199542.1

0.02

Figure 6. Bayesian inference estimate of phylogenetic relationships among selected species of South American freshwater crayfish
based on 16S rRNA gene data from the mitochondrial genome. Parastacus tuerkayi sp. nov. (1) and (2) are respectively paratype
(UFRGS 6438) and holotype.

Table 2. Genetic divergence matrix (p-distances) of the 16 S mitochondrial gene among Parastacus tuerkayi sp. nov. and other
selected species of the genus Parastacus (P. defossus, P. nicoleti, P. pugnax and P. varicosus) and Samastacus spinifrons.

1 2 3 4 S
1. Parastacus tuerkayi sp. nov.
2. Parastacus defossus 0.062
3. Parastacus nicoleti 0.131 0.119
4. Parastacus pugnax 0.088 0.064 0.119
S. Parastacus varicosus 0.087 0.080 0.104 0.063
6. Samastacus spinifrons 0.243 0.231 0.221 0.236 0.231

Otto Bacia shape level 4 (ANA, 2006), indicating  fragmented; and subitem “b” (iii): continuing decline
that this species can be included in the Endangered  in quality of habitat. Both subitems are appropriate,
— EN category, in which the EOO is less than 5,000  due to the threats existing in the species occurrence
km? (IUCN, 2012). The species is categorized as EN  area. Urbanization may be the main cause of habitat

« »

under subitem “a”: for an EOO, which is severely loss and fragmentation, since P. tuerkayi sp. nov. was
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found inside a theme park in a small fragment of a
swamp forest (approximately 500 m?). In addition,
this region of the state of Santa Catarina is a target of
intense urban real estate speculation and tourism. We
therefore suggest that the conservation status of this
species be classified as ENDANGERED Blab(iii).
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Abstract.

South American freshwater crayfish from the genera Parastacus, Samastacus and
Virilastacus constitutes the most basal clade with respect to all other parastacids. The
evolutionary relationships among the species of these genera have been poorly studied
until now. The inclusion of a multigenic approach with a large dataset may help to solve
taxonomic questions and to identify potential cryptic species. Using phylogenetic
analysis based on three genes (Cox1, 16S and 28S), the relationships among South
American genera were evaluated. We corroborated the monophyly of Parastacus, and
propose a new genus to encompass Parastacus nicoleti (Philippi, 1882). Additionally,

we verified the presence of ten new species along the genus Parastacus.

Additional keywords: Systematics, freshwater crayfish, neotropical crustaceans,

parastacids.
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Abstract

The freshwater crayfish genus Parastacus Huxley, 1879 (Parastacidae) is reviewed.
Eight species are redescribed: Parastacus brasiliensis (von Martens, 1869), P. defossus
Faxon, 1898, P. laevigatus Buckup & Rossi, 1980, P. pilimanus (Von Martens, 1869),
P. pugnax (Poepigg, 1835), P. promatensis Fontoura & Conter, 2008, P. saffordi and P.
varicosus Faxon, 1898. A new genus is proposed to encompass P. nicoleti (Philippi,
1882) from Chile, and this species is also redescribed. In addition, 10 new species are
described. Identification keys, descriptions, diagnoses, synonymies and distribution
maps of the genera and species are provided.

Key words: burrowing crayfish, freshwater decapods, neotropical crustaceans,

parastacid, taxonomy

Introduction

The freshwater crayfishes are a conspicuous and diverse group of decapod
crustaceans, worldwide distributed, except in continental Africa and Antarctica
(Crandall and Buhay 2008). They are divided in two superfamilies: Astacoidea
Latreille, 1882, which occurs in the northern hemisphere and is composed by the
families Astacidae Latreille, 1802 and Cambaridae Hobbs, 1842; and Parastacoidea
Huxley, 1879, which is composed only by the family Parastacidae Huxley, 1879 and is
distributed in the southern hemisphere (Crandall and Buhay, 2008).

Parastacidae includes 15 genera and about 170 species distributed in Australia,
New Zealand, New Guinea, Madagascar and South America (Crandall & Buhay, 2008;
Toon et al. 2010). The South American parastacids are constituted by three genera,
Parastacus Huxley, 1879 including 11 species, Samastacus Riek, 1971, including a
single species, and Virilastacus, including four species (Ribeiro et al. 2016; 2017;
Rudolph 2010; Rudolph and Crandall 2005; 2007; 2012).

A review of the taxonomic history of Parastacus
The first authors who described crayfish from South America used the generic

name Astacus Fabricius, 1775 for all species (Poeppig 1835; H. Milne Edwards 1837;
Nicolet 1849; von Martens 1869; and Philippi 1882; 1894). Poeppig (1835) mentioned a
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Consideracoes Finais

Esta tese contribuiu para a geracdo de conhecimento acerca da diversidade e
evolucdo dos lagostins de &gua doce da América do Sul, especialmente o género
Parastacus. Especificamente, foi provida evidéncia para a remocao de uma espécie (P.
nicoleti) do género Parastacus, com a subsequente criacdo de um novo género
monotipico para alocar essa espécie, além da descricdo de 13 espécies novas para 0
grupo. Essas novas entidades configuram um aumento de mais de 150% da riqueza

especifica para um grupo até entdo bastante subestimado.

A extensiva experiéncia em campo e no laboratério de biologia molecular, além
do estdgio sanduiche no exterior, configuraram importantes passos para o0
amadurecimento de minha carreira como cientista. A utilizacdo de novas ferramentas
para a realizagdo de estudos taxondmicos trazem reais ganhos para os trabalhos. Para os
estudos taxonémicos com lagostins, a inclusdo de uma analise de distribuicdo, aliada a
analise do estado de conservacdo e analise molecular, foi essencial para o

enriquecimento do trabalho.

Os dados taxonémicos e moleculares gerados nesta tese servirdo como base para
futuros estudos de cunho filogenéticos e biogeogréficos, além de contribuir para o
conhecimento da diversidade e futuras atividades de manejo e conservacgao das espécies.
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