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Resumo

Briozoérios sdo invertebrados aquaticos, predominantemente marinhos, suspensivoros,
sésseis e coloniais. Cheilostomatida Busk, 1852 constitui 0 grupo com maior sucesso
evolutivo com mais da metade das 8.000 espécies conhecidas. Nesta, a familia
Smittinidae Levinsen, 1909 é considerada a mais diversa, com mais de 300 espécies
amplamente relatadas em todos 0os mares e oceanos, colonizando substratos naturais e
artificiais e com representantes relacionados com eventos de bioinvasdo. Entre os
géneros de Smittinidae, Parasmittina Osburn, 1952 é o mais diverso, com 129 espécies
descritas. No Atlantico, 30 espécies sdo conhecidas e 11 dessas ocorrem no Atlantico
Sul Ocidental. A maioria das espécies nunca foi revisada com base em técnicas atuais
para taxonomia de briozoarios marinhos e muitos registros foram atribuidos a
complexos de espécies. Assim, 0 objetivo desse trabalho foi caracterizar
morfologicamente os briozoarios de Parasmittina do Atlantico Sul Ocidental, incluindo
areas portudrias do Brasil, definir o status nativo/criptogénico/exdético de cada espécie;
reavaliar os caracteres morfoldgicos tradicionais utilizados para taxonomia do género e,
por fim, apresentar uma chave de identificacdo das espécies de Parasmittina do
Atlantico. Onze espécies sdo descritas, incluindo uma da Argentina (P. dubitata
Hayward, 1980), quatro previamente conhecidas para o Brasil (P. abrolhosensis
Ramalho, Taylor, Moraes, Moura, Amado-Filho & Bastos, 2018, P. alba Ramalho,
Muricy & Taylor, 2011, P. distincta Ramalho, Taylor, Moraes, Moura, Amado—Filho &
Bastos, 2018, P. ligulata (Ridley, 1881), P. simpulata Winston, Vieira & Woollacott,
2014), cinco originalmente descritas para o Indo-Pacifico (P. bimucronata (Hincks,
1884), P. longirostrata Liu in Liu, Yin & Ma, 2001, P. pinctatae Liu in Liu, Yin & Ma,
2001, P. serrula Soule & Soule, 1973 and P. winstonae Liu in Liu, Yin & Ma, 2001), e
uma nova espécie. Ao menos trés espécies foram atribuidas a complexos de espécies
que ainda precisam ser estudados (P. alba, P. distincta and P. simpulata), duas séo
consideradas como exoticas (P. longirostrata and P. serrula) e trés como criptogénicas
(P. bimucronata, P. pinctatae and P. winstonae) para o Atlantico Sul Ocidental.
Consideracdes taxonémicas e caracterizacfes de outras espécies de Parasmittina

também sdo apresentadas.

Palavras-chave: Gymnolaemata; bioinvaséo; complexo de espécies.



Abstract

Bryozoans are aquatic invertebrates, predominantly marine, filter-feeding, sessile and
colonial. Cheilostomatida Busk, 1852 is the most successful evolutionary group with
more than half of the 8,000 known species. In Cheilostomatida, the family Smittinidae
Levinsen, 1909 is considered the most diverse, with more than 300 species widely
reported in all seas and oceans, colonizing natural and artificial substrata and with taxa
related to bioinvasion events. Among Smittinidae genera, Parasmittina Osburn, 1952 is
the most diverse, with 129 described species. In the Atlantic, 30 species are known and
11 of these occur in the Southwestern Atlantic. Most species have never been revised
based on current techniques for taxonomy of marine bryozoans and many records have
been attributed to species complexes. Thus, the aims of this work were to
morphologically characterize species of Parasmittina from the Southwestern Atlantic,
including port areas of Brazil; determine the native / cryptogenic / exotic status of each
species; reassess the traditional morphological characters used for taxonomy and,
finally, present an identification key to the Atlantic species. Eleven species were
recognized — one species from Argentina, four species previously described from
Brazilian coast (P. abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado—Filho &
Bastos, 2018, P. alba Ramalho, Muricy & Taylor, 2011, P. distincta Ramalho, Taylor,
Moraes, Moura, Amado-Filho & Bastos, 2018, P. ligulata (Ridley, 1881), P. simpulata
Winston, Vieira & Woollacott), five species mainly known from the Indo—Pacific (P.
bimucronata (Hincks, 1884), P. longirostrata Liu in Liu, Yin & Ma, 2001, P. pinctatae
Liu in Liu, Yin & Ma, 2001, P. serrula Soule & Soule, 1973 and P. winstonae Liu in
Liu, Yin & Ma, 2001) and a new species, P. falciformis n. sp. At least three species, P.
alba, P. distincta and P. simpulata, are here recognized as part of species complexes
that need further investigations. Among five Indo—Pacific species, two are assigned as
exotic (P. longirostrata and P. serrula) in SW Atlantic, but other three are assigned as
cryptogenic (P. bimucronata, P. pinctatae and P. winstonae). Taxonomic considerations

and morphological characterization of other Parasmittina species are provided.

Keywords: Gymnolaemata; bioinvasion; species complex.
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Introducao Geral

Bryozoa: caracterizacéo geral e importancia

O filo Bryozoa é composto por animais invertebrados aquaticos,
predominantemente marinhos, suspensivos, sésseis, coloniais e lofoforados (COOK et
al., 2018; MCKINNEY; JACKSON, 1989; VIEIRA et al., 2015). Cada colbnia €
formada por unidades funcionais geneticamente idénticas e chamadas de zooides, que
possuem cerca de 0,5 mm de comprimento (COOK et al., 2018; VIEIRA et al., 2015).
O zodide tipico com func¢do alimentar é chamado de autozooide e representa a unidade
colonial predominante. A nutricdo da col6nia se da por meio do orgédo retratil (i.e.,
loféforo), composto por uma coroa de tentaculos ciliados colocada em torno da boca e
que auxilia na captura de particulas em suspensao presentes na agua (HIROSE, 2017;
MCKINNEY; JACKSON, 1989; VIEIRA et al., 2015).

Os autozooides dos briozoérios sdo formados pelo polipidio (parte organica que
compreende lofoforo, intestino em forma de U e demais 6rgdos e musculos) e pelo
cistidio, que é a camada organica responsavel pelo desenvolvimento do esqueleto
externo que pode ser quitinoso ou calcario (GORDON, 2003; VIEIRA et al., 2015)
(Figura 1).

Figura 1. Aspecto geral de briozodrios marinhos. A, colénia incrustante em vida e B, detalhe dos
autozooides mostrando loféforos, imagens de Kare Telnes (2020-2021) retiradas de
http://www.seawater.no/fauna/bryozoa/; C, estrutura de um autozooide mostrando lofoforo, tubo

digestivo, ganglio, boca, anus, muasculos, funiculo (sistema interno de comunicacéo zooidal) e parede
frontal, adaptada de Boardman et al., (1983).

Parede frontal

Musculos

R Tubo digestivo
Funiculo :

[ Vg

Fonte: O autor (2021).
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Apesar da grande diversidade de estratégias reprodutivas descritas para 0s
briozoéarios (detalhadamente apresentada por OSTROSKY, 2013), normalmente, 0s
zooides dos briozoarios sdo hermafroditas, produzindo gametas masculinos e femininos.
Os espermatozoides amadurecem antes dos Gvulos e o crescimento colonial ocorre por
brotamento (GORDON, 2003; MCKINNEY; JACKSON, 1989). Em alguns grupos, ha
polimorfismo e os heterozooides sdo o0s zooides encarregados de realizar outras fungdes
que ndo alimentacdo dentro da colbnia. Ha diversos tipos de heterozooides, sendo os
mais comuns os avicularios e vibracularios. Os avicularios atuam na defesa colonial,
suporte, manutencdo de corrente de &gua, locomocdo e limpeza da colonia (CARTER,
2008, MCKINNEY; JACKSON, 1989; WINSTON, 1984). Os vibracularios, mais
comuns em briozoarios de vida livre e algumas formas eretas, auxiliam na locomocéo
entre os grdos de areia ou a limpeza da superficie da colénia. Em alguns grupos, zooides
podem ser responsaveis pela incubacdo de embrides, sendo reconhecido como
gonozooides, mas a grande maioria dos briozoarios marinhos recentes apresentam
estruturas denominadas ovicelos (MCKINNEY; JACKSON, 1989).

Atualmente, os briozoarios sdo classificados em trés classes: Phylactolaemata
Allmann, 1856, Stenolaemata Borg, 1926 e Gymnolaemata Allmann, 1856. A classe
Phylactolaemata possui representantes exclusivamente dulciaquicolas cujas col6nias sdo
monomorficas, ou seja, sem heterozodides, e formadas por um esqueleto quitinoso
flexivel, com um lof6foro tipicamente em forma de ferradura. As classes Stenolaemata e
Gymnolaemata compreendem grupos exclusivamente marinhos e principalmente
marinhos, respectivemante, sendo a maioria formada por esqueleto calcéario, um
loféforo circular e com uma ampla variedade de heterozooides, especialmente em
Gymnolaemata. Dentre os Stenolaemata, a ordem Cyclostomata é a Gnica com
representantes viventes, caracterizados pelos zooides cilindricos totalmente calcificados,
sem opérculo terminal. Os Gymnolaemata por sua vez, estdo divididos em duas ordens
viventes: Ctenostomata, que s@o animais com zooides saculares formados por paredes
zooidais gelatinosas ou membranosas e Cheilostomata, com zooides em forma de caixa
e paredes zooidais total ou parcialmente calcificadas, com orificio cerrado por um
opérculo distinto (HIROSE, 2017, MCKINNEY; JACKSON, 1989; MUKAI et al.,
1997; RYLAND, 2005).

O filo possui um extenso registro fossil, facilitado pela presenca de calcificagcdo
externa de muitas espécies, sendo encontrado desde o inicio do Ordoviciano (~ 488 e

443 milhdes de anos atras). Assim, 0s briozoarios séo potenciais bioindicadores e sua
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presenca ou auséncia no ambiente, sua diversidade, abundancia e tipo de formas
coloniais podem ser utilizados para interpretacdo ambiental em estudos paleoambientais
e paleoevolutivos (AMINI et al., 2004; HIROSE, 2017; MCKINNEY; JACKSON,
1989; SMITH, 1995). Além disso, algumas espécies sdo sensiveis a variacdes de
temperatura, salinidade e a poluentes, nesse sentido, sdo utilizadas em alguns estudos
como bioindicadoras de impactos ambientais (BREVES-RAMOS et al., 2005; HEYSE,
2012; MAYER-PINTO; JUNQUEIRA, 2003).Distribuidos em todos os mares e
oceanos, desde a zona entremares até profundidades abissais, esses animais colonizam
todo tipo de superficie disponivel (HIROSE, 2017; MCKINNEY; JACKSON, 1989).
S&do comuns sobre suportes naturais como conchas, rodolitos, corais, algas e esponjas e
também em estruturas artificiais, como plataformas de petréleo, cascos de navios e
pieres (ALMEIDA et al., 2015a; HIROSE, 2017). Sdo importantes bioconstrutores
ambientais e recifais que podem servir de abrigo para inimeras espécies bentbnicas e
que comumente servem de alimento para moluscos, equinodermos e microcrustaceos
(GORDON, 2003; RYLAND, 1970; WINSTON, 1986).

Os briozoarios também podem estabelecer relacdes simbidticas com outros
organismos, como moluscos, esponjas e crustaceos (e.g., caranguejo eremita). Na Nova
Zelandia, ja € conhecida a relagdo entre a espécie Akatopora circumsaepta (Uttley,
1951) com o caranguejo eremita. Neste caso, a concha do caranguejo serve como
suporte para assentamento e desenvolvimento larval, podendo induzir a colénia a
crescer além dos limites da concha, assim beneficiando o caranguejo pela expanséo da
sua moradia e servindo de suporte e fornecendo restos de comida que podem beneficiar
0 briozoario (GORDON, 2003). Outro caso muito comum de simbiose e de interesse
medicinal ocorrem em algumas populac@es de briozoarios do género Bugula Oken,
1815. Bactérias simbioticas vivem na cavidade corporal dos zooides produzindo o
composto briostatina, que tém se mostrado promissor no tratamento de diversas
doengas, incluindo canceres (CIAVATTA et al. 2020; GORDON, 2003; SIMA;
VETVICKA, 2011)

Os briozoarios constituem um dos principais componentes da comunidade
incrustante de suportes artificiais (i.e., fouling), devido a muitas espécies serem
tolerantes a variagfes ambientais e terem rapido crescimento (ALMEIDA et al., 2015b;
GORDON; MAWATARI, 1992). Assim, diversos grupos sao capazes de se estabelecer
em qualquer tipo de suporte, seja ele natural ou artificial (GORDON; MAWATARI,
1992; HIROSE, 2017; MIRANDA et al., 2018).
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As incrustacfes de briozodrios em suportes artificiais podem causar impactos
econdmicos nas industrias marinhas com o entupimento das tubulagdes, maior consumo
de combustivel devido ao aumento do arrasto e resisténcia ao atrito durante o
movimento do navio e necessidade de manutencdo regular envolvendo limpeza e
pintura dos navios com tinta anti-incrustantes (AFFANDY et al., 2019). E, mesmo as
indUstrias maritimas utilizando tintas anti-incrustantes, as larvas de algumas espécies de
briozoarios séo tolerantes aos metais pesados contidos nos revestimentos dessas tintas.
Desse modo, os briozoarios constituem um dos organismos de incrustacdo marinha mais
probleméaticos do mundo (GORDON, 2003). A bioincrustacdo também pode causar
impactos ecoldgicos como a introdugdo de espécies exdticas, interferindo diretamente
na biodiversidade local (AFFANDY et al., 2019; PORTER et al., 2015). O termo
bioinvasdo marinha, refere-se justamente a introducéo, estabelecimento e expansao de
novas espécies de uma area biogeogréfica para outra, através da atividade humana de
forma intencional ou ndo (LOPES, 2009). Atualmente, diversas espécies exoticas,
criptogénicas (cuja origem exotica ou nativa ndo pode ser comprovada) e complexos de
espeécies de briozoarios sdo reconhecidas na comunidade do fouling (ALMEIDA et al.,
2015b; GORDON; MAWATARI, 1992; IGNACIO et al., 2010; MARQUES et al.,
2013; MIRANDA et al., 2018; ROCHA et al., 2013).
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Diversidade do género Parasmittina Osburn, 1952

A ordem Cheilostomatida Busk, 1852 (Classe Gymnolaemata) inclui mais da
metade das 8.000 espécies viventes de briozoarios (MARTHA et al., 2020; GORDON,
1993; HIROSE, 2017). Representantes dessa ordem podem ser encontrados em todos 0s
habitats marinhos, inclusive em ambientes com salinidade baixa ou variavel (COOK et
al., 2018). Trata-se do grupo mais diverso do filo, tanto em nimero de espécies, quanto
em formas coloniais e suportes utilizados para assentamento larval, além de apresentar
um alto grau de polimorfismo zooidal, assim, representando o clado com grande
sucesso adaptativo (COOK et al., 2018; HAYWARD; PARKER, 1994; MCKINNEY;
JACKSON, 1989; SEO, 2002).

Dentro de Cheilostomatida, a familia Smittinidae Levinsen, 1909 representa um
dos tdxons mais diversos, compreendendo 21 géneros (20 dos quais com representantes
viventes; MARTHA et al., 2020) e cerca de 300 espécies descritas (BOCK; GORDON,
2021; LOPEZ GAPPA, 2002). No registro fossil, esta datada desde o Eoceno (~ 54—
34 milhdes de anos atras) (TAYLOR, 1993). Sua distribuicdo é ampla, ocorrendo
praticamente em todos os oceanos e profundidades, sendo a quarta maior familia em
nimero de espécies relatadas para o Brasil (LOPEZ GAPPA, 2002; VIEIRA et al.,
2008, 2021). Briozoarios de Smittinidae sdo comuns em substratos naturais como
recifes de corais, conchas e rodolitos e também ocorrem em substratos artificiais, como
pilares de marinas e pieres e placas de policloreto de vinila (PVC), comumente
utilizadas em experimentos (e.g., ALMEIDA et al., 2018; HARMELIN et al., 2009;
SOULE; SOULE, 1973; 2002; TAYLOR; TAN, 2015; WINSTON, 1984).

Smittinidae inclui algumas espécies conhecidas por apresentarem uma ampla
distribuicdo que pode estar relacionada com eventos de introducdo bioldgicas (e.g.,
DICK; GRISCHENKO, 2017; HARMELIN et al., 2009; SOUTO et al., 2016;
TAYLOR; TAN, 2015), complexos de espécies (e.g., FARIAS et al., 2020; SOULE;
SOULE, 1973, 2002; OSBURN, 1952; WINSTON 2005) e erros historicos de
identificacdo (e.g., FARIAS et al., 2020; SOULE; SOULE, 2002; WINSTON 2005).

Dos 18 géneros recentes de Smittinidae, trés deles reinem mais da metade da
diversidade conhecida: Smittina Norman, 1903, Smittoidea Osburn, 1952 e
Parasmittina Osburn, 1952 (BOCK; GORDON, 2021). Entretanto, até muito

recentemente, a delimitacdo genérica entre estes e 0 menos diverso Hemismittoidea
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Soule & Soule, 1973, era probleméatica (BARADARI et al., 2019; GORDON, 1984;
HARMELIN et al., 2009; POUYET; HERRERA-ANDUAGA, 1986). Farias et al.,
(2020) estudaram a morfologia dos espécimes-tipo desses géneros, bem como as
discussbes previamente levantadas a respeito dos caracteres diagndsticos utilizados, e
forneceram definices morfoldgicas consistentes dos supracitados taxons. Assim,
atualmente, espécies dos géneros Hemismittoidea, Smittina, Smittoidea e Parasmittina
sdo diferenciadas por caracteres da parede frontal, espinhos orais e avicularios (FARIAS
et al., 2020).

Parasmittina (Figura 2) é considerado o género mais diverso de Smittinidae,
com 129 espécies descritas, até o momento, em todo o mundo (BOCK; GORDON,
2021; HAYWARD, 2004; SOULE; SOULE, 1973). Entretanto, muitas espécies de
Parasmittina de todo mundo, especialmente do Oceano Atlantico, sdo conhecidas
apenas pelas descri¢Oes originais e muitos relatos subsequentes ndo fornecem descri¢oes
detalhadas dos espécimes estudados e nem utilizam microscopia eletrénica de varredura
(MEV), atualmente considerada a melhor ferramenta para reconhecimento de caracteres
diagnosticos para taxonomia de briozoarios queilostomados (e.g., CANU; BASSLER,
1927, 1928; HAYWARD, 1980; MARCUS, 1937, 1938; O'DONOGHUE, 1957;
RIDLEY, 1881).

Figura 2. Aspecto geral de colonia e zooides de Parasmittina Osburn, 1952 (Cheilostomatida). A, vista a
olho nu de colénia (seta preta) incrustando concha; B, parte da col6nia com detalhe de zoooides sob
microscopio estereoscopico; C, autozooides e heterozooide (seta preta) vistos sob MEV. Escala: C = 200

Fonte: O autor (2021).

Espécies de Parasmittina sdo historicamente conhecidas pela acentuada variagdo
morfologica em espécimes de diferentes localidades geogréaficas (FARIAS et al., 2020;
SOULE; SOULE, 1973, 2002; SOUTO et al., 2016). Em alguns casos, as varia¢0es
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morfolégicas podem ser atribuidas as diferentes espécies. Por exemplo, baseados na
utilizagdo de MEV, Soule & Soule (2002), examinaram 0s espécimes-tipo de
Parasmittina trispinosa (Johnston, 1838) do Atlantico Norte Oriental e espécimes do
Pacifico previamente atribuidos a este taxon. Neste trabalho, P. trispinosa foi redescrita
e seus caracteres diagnosticos estabelecidos e o0s outros registros foram revistos e
atribuidos a sete espécies descritas como novas para a ciéncia.

No Atlantico, ao menos 30 especies de Parasmittina foram descritas, das quais 8
especies tém localidade-tipo o Atlantico Sul Ocidental (BOCK; GORDON 2021): P.
abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado-Filho & Bastos, 2018, P. alba
Ramalho, Muricy & Taylor, 2011, P. distincta Ramalho, Taylor, Moraes, Moura,
Amado-Filho & Bastos, 2018, P. dubitata Hayward, 1980, P. ligulata (Ridley, 1881), P.
loxa (Marcus, 1938), P. loxoides Winston, Vieira & Woollacott, 2014 e P. simpulata
Winston, Vieira & Woollacott, 2014. Além disso, outras 5 espécies de Parasmittina ja
foram relatadas para o Atlantico Sul Ocidental: P. areolata (Canu & Bassler, 1927), P.
betamorphaea Winston, 2005, P. munita (Hincks, 1884), P. spathulata (Smitt, 1873) e
P. trispinosa (Johnston, 1838). Contudo, muitos desses taxons sdo conhecidos apenas
através de suas descricGes ou relatos originais e, dessa forma, carecem de caracterizagao
morfolégica adequada para a delimitacdo das espécies. A importancia ecol6gica do
género Parasmittina (e.g. P. alba ja foi relacionada com eventos de bioinvasdes;
SOUTO et al., 2016), e também a presenca de relatos de espécies originalmente
descritas para outras localidades (e.g., P. areolata, originalmente descrita com base em
espécimes do Havai; CANU; BASSLER, 1927) e a presenca de complexos de espécies
conhecidos (e.g. P. munita, P. trispinosa e P. spathulata; MARCUS, 1937; OSBURN,
1952; SOULE; SOULE, 2002), tornam importante a revisdo taxonémica das espécies do
género, como ja apontado por outros autores (ALMEIDA et al., 2015a; FARIAS et al.,
2020; VIEIRA et al., 2008).
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Caracteres taxondmicos do género Parasmittina Osburn, 1952

Parede frontal dos autozooides

A parede frontal das espécies de Parasmittina é imperfurada, exceto por poros
marginais (FARIAS et al., 2020; OSBURN, 1952; SOULE; SOULE, 1973, 2002). Os
poros marginais sempre estdo presentes, podendo constituir uma ou mais fileiras.
Raramente pode ocorrer pseudoporos frontais junto ao desenvolvimento do aviculario
sobre a parede frontal do zoodide (FARIAS et al., 2020) A calcificacdo frontal pode ser
lisa (sem protuberancias) (Figura 3A), geralmente em zooides jovens, ou nodular (com

protuberancias, como pequenos tubérculos) (Figura 3B).

Figura 3. Parede frontal de autozooides de Parasmittina Osburn, 1952 (Cheilostomatida). A, parede

Fonte: O autor (2021).

Orificio primario dos autozooides

A abertura externa da parede corporal por onde o polipidio se projeta para
alimentacdo, sendo fechada por um opérculo quitinoso, € denominada de orificio
primério (Figura 4) (MCKINNEY; JACKSON, 1989). A forma, as ornamentacdes e 0
tamanho do orificio priméario sdo utilizados para caracterizagdo das espécies. A borda
distal do orificio pode apresentar espinhos orais em nimero variavel (Figura 4, seta
amarela), sendo estruturas colocadas diretamente no orificio secundario (ou peristoma,
que é uma elevacdo resultante da calcificagdo ao redor do orificio primario). A margem
proximal do orificio primario (com ou sem denticulos) apresenta uma segunda estrutura

que é colocada acima do opérculo (supraopercular), que também é formada pelo



18

peristoma, denominada lirula (lyrula, em inglés) (Figura 4, seta rosa) (BERNING et al.,
2014), que pode variar em tamanho e forma. Entre as estruturas colocadas abaixo do
opérculo (suboperculares) sempre estdo presentes denticulos laterais pareados,
chamados de condilos (Figura 4, seta verde), que variam em tamanho e espessura, bem
como na ornamentagdo lisa ou serrilhada, que auxiliam a abertura e fechamento do
opérculo, também podem ocorrer denticulos na margem distal do orificio primério,
auxiliando a sustentacdo do opérculo no orificio primario (OSBURN, 1952; SOULE;
SOULE, 1973, 2002) .

Figura 4. Orificio priméario de autozooides de Parasmittina Osburn, 1952 (Cheilostomatida). A, borda
distal com denticulos suboperculares, 2 espinhos orais (peristomiais), lirula pequena (supraopercular),
codndilos robustos (subopercular) e com extremidades serrilhadas; B, borda distal sem denticulos, 3
espinhos orais (peristomiais), lirula mediana (supraopercular), cdndilos finos (suboperculares) e com
extremidades lisas. Escalas: 50 um.

Fonte: O autor (2021).

Orificio secundario dos autozooides

O orificio secundario é a abertura da calcificacdo ao redor do orificio primario
(MCKINNEY; JACKSON, 1989). Em Parasmittina, o orificio secundario varia de
baixo (Figura A, seta vermelha) a fortemente desenvolvido, podendo apresentar abas e
protuberancias (Figura 5B, seta vermelha). Ocasionalmente, pode haver
desenvolvimento de reentrancia na borda proximal do orificio secundario, reconhecida
como pseudoseio (OSBURN, 1952; SOULE; SOULE, 1973, 2002) (Figura 5B, seta
azul). O orificio secundario também é responsavel pela formagéo da lirula (BERNING
etal., 2014).
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Figura 5. Orificio secundario de autozooides de Parasmittina Osburn, 1952 (Cheilostomatida). A, baixo
e sem pseudoseio; B, fortemente desenvolvido e com pseudoseio. Escalas: 50 pm.
It 35 2 e 2 o ¢ i y
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Fonte: O autor (2021).

Avicularios

Aviculérios sdo heterozodides com total modificacdo do opérculo (Figura 6),
formando a estrutura denominada de mandibula, ocorrendo comcomitantemente
desenvolvimento da musculatura mandibular e reducdo do polipidio (CARTER et al.,
2008). Em Parasmittina, podem ocorrer dois tipos de avicularios: adventicios (sobre a
parede frontal dos autozodides, mas nunca em posi¢do mediano suboral) (seta branca) e
interzooidais (entre os autozooides) (seta laranja), sendo esse Gltimo menos comum. Em
zooides ovicelados, os avicularios adventicios podem ser deslocados para a regido
suboral (OSBURN, 1952; FARIAS et al., 2020). Com relacdo as posicGes dos
avicularios, estas sdo altamente variaveis, a depender do estagio de desenvolvimento
colonial (SOULE; SOULE, 1973; HARMELIN et al. 2009).

Figura 6. Aviculérios de Parasmittina Osburn, 1952 (Cheilostomatida). A, B, avicularios adventicios

(setas brancas) e avicularios interzooidais (setas laranjas). Escalas: 200 pm.
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Fonte: O autor (2021).

Ovicelo

Ovicelo é toda a estrutura de incubacdo encontrada em alguns briozoarios,
compreendendo parte externa calcificada ou néo, e embrides (Figura 7, seta branca). A
porcéo calcificada externa do ovicelo € dividida em duas camadas principais: entooecio
(mais interna) e ectooecio (mais externa) (OSTROVSKY, 2013). Em Parasmittina, o
ovicelo é hiperestomial (elevado em relacédo a parede frontal), mas se torna imerso com
o desenvolvimento colonial. O entooécio € sempre calcificado e o ectooécio é
parcialmente calcificado, apresentando pseudoporos que variam em ndmero, tamanho e
forma (ALMEIDA, 2018; OSBURN, 1952; OSTROVSKY, 2013) (Figura 7). Em vérias

espécies de Parasmittina, os ovicelos podem estar cobertos por calcificacdo secundaria.

Figura 7. Ovicelos (setas brancas) de Parasmittina Osburn, 1952 (Cheilostomatida). A, ovicelos com
muitos poros por toda a superficie; B, ovicelos com poucos poros distribuidos em forma de arco distal.
Escalas: 200 um.

Fonte: O autor (2021).

Caracteres morfométricos

Para descrigdo e identificacdo das espécies de Parasmittina, sdo utilizados
caracteres morfométricos relacionados ao comprimento do e largura do zooide (ZL,
ZW), diametro dos pseudoporos (Dp), comprimento e largura do orificio priméario (OL,
OW), comprimento e largura do aviculario (AL, AW) e comprimento e largura do
ovicelo (OL, OW) (OSBURN, 1952; SOULE; SOULE, 1973, 2002) (Figura 8).
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Figura 8. Caracteres morfométricos de Parasmittina Osburn, 1952 (Cheilostomatida). A, B,
comprimento do e largura do zo6ide (ZL, ZW), didmetro dos pseudoporos (PD), comprimento e largura
do orificio priméario (OL, OW), comprimento e largura do aviculario (AL, AW), comprimento e largura
do ovicelo (OL, OW). Escalas: 200 ym.

I

Fonte: O autor (2021).
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Objetivos

Objetivo Geral

Realizar um estudo taxonémico dos briozoarios do género Parasmittina

relatados para o Atlantico Sul Ocidental.
Objetivos Especificos

(1) Caracterizar morfologicamente os briozoarios do género Parasmittina do
Atlantico Sul Ocidental com base em fotomicrografias obtidas em microscopia
eletronica de varredura (MEV) e morfometria;

(2) Definir o status nativo/criptogénico/exético de cada espécie;

(3) Reavaliar os caracteres morfoldgicos tradicionais utilizados para taxonomia
do género;

(4) Apresentar uma chave de identificacdo das espécies de Parasmittina do

Atlantico.
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Abstract

Parasmittina Osburn, 1952 is the most diversified genus of the cheilostome
family Smittinidae Levinsen, 1909, commonly reported among the fouling non—
indigenous marine community. Here we present a review of species of Parasmittina
from SW Atlantic based on historical specimens deposited in Museum collections and
newly collected colonies. Eleven species were recognized — one species from Argentina
(P. dubitata Hayward, 1980), nine species previously described from Brazilian coast,
four of them with type locality from Brazil: (P. abrolhosensis Ramalho, Taylor,
Moraes, Moura, Amado—Filho & Bastos, 2018, P. alba Ramalho, Muricy & Taylor,
2011, P. distincta Ramalho, Taylor, Moraes, Moura, Amado—Filho & Bastos, 2018, P.
ligulata (Ridley, 1881), P. simpulata Winston, Vieira & Woollacott), and five species
mainly known from the Indo-Pacific (P. bimucronata (Hincks, 1884), P. longirostrata
Liu in Liu, Yin & Ma, 2001, P. pinctatae Liu in Liu, Yin & Ma, 2001, P. serrula Soule
& Soule, 1973 and P. winstonae Liu in Liu, Yin & Ma, 2001), and a new species, P.
falciformis n. sp. At least three species from Brazil, P. alba, P. distincta and P.
simpulata, are here recognized as part of species complexes that need further
investigations. Among five Indo-Pacific species, two are assigned as exotic (P.
longirostrata and P. serrula) in SW Atlantic, but the other three are assigned as
cryptogenic (P. bimucronata, P. pinctatae and P. winstonae). The cryptogenic species
are widespread along Brazil and found on both natural and artificial substrata. The
exotic species were typically found on artificial substrata near harbors areas. Records
previously attributed to P. munita (Hincks, 1884), P. nitida (Verrill, 1875) and P.
trispinosa (Johnston, 1838), truly belong to P. falciformis n. sp., P. pinctatae and P.
bimucronata, respectively. Other recently described species from Brazil (P. loxoides

Winston, Vieira & Woollacott, 2014) is here synonymized under P. winstonae. To the
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species complexes, cryptogenic and exotic species, integrative studies using molecular
tools and ecological approaches are recommend to reveal the identity, origin and

possible impacts of these species in the environment.

Key words: Atlantic Ocean, non—native species, Smittinidae, redescription, taxonomy.

Introduction

Smittinidae Levinsen, 1909 [1] is among the most diverse families of
cheilostome bryozoans in Southwestern Atlantic, especially in Brazil, comprising more
than 15 taxa [2]. Among the 20 genera currently recognized worldwide belonging to
Smittinidae, Hemismittoidea Soule & Soule, 1973 [3], Parasmittina Osburn, 1952 [4],
Pleurocodonellina Soule & Soule, 1973 [3], Smittina Norman, 1903 [5] and Smittoidea
Osburn, 1952 [3], are reported from the Brazilian coast [6]. Most of the species belong
to Parasmittina, the most diversified genus of the family, constituting the most
successful group both in number of individuals and species [3]. Currently, the Pacific
Ocean is considered the most diverse area, with more than 50 species of Parasmittina
reported [7]. Besides some recent studies including some new Parasmittina species in
last two decades (e.g., [ 8-11]), one of the most significant contributions to the
knowledge of Parasmittina diversity was published by Soule & Soule [3], that
described 23 Hawaiian species, 15 of which new to science.

Smittinidae species, including Parasmittina were already related with
bioinvasion events and non-indigenous species were reported far from their expected
natural geographic distribution (e.g., [6, 11-13]). Therefore, an accurate taxonomic
identification is needed for detection and tracking invasions. The generic placement of

Parasmittina species is historically confusing and specimens of Smittoidea and
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Hemismittoidea are commonly misassigned as Parasmittina (e.g., [14-16]). However,
Farias et al. [6] redefined the morphological characters of some Smittinidae genera,
including Hemismittoidea, Smittoidea and Parasmittina, mainly based in the number of
oral spines and position of the oral avicularium. Use of specimens based on early and
later astogeny for confident taxonomic identification was highlighted due colonies have
highly variable development that can hide the characters of the spines and oral
avicularium [3, 6, 11, 17].

Until now, eleven species of Parasmittina are reported from Southwestern
Atlantic: P. abrolhosensis Ramalho, Taylor & Moraes, 2018 [18], P. alba Ramalho,
Muricy & Taylor, 2011 [19], P. betamorphaea Winston, 2005 [9], P. distincta Ramalho,
Taylor & Moraes, 2018 [18], P. dubitata Hayward, 1980 [20], P. ligulata (Ridley,
1881) [21], P. loxoides Winston, Vieira & Woollacott, 2014 [22], P. munita (Hincks,
1884) [23], P. simpulata Winston, Vieira & Woollacott, 2014 [22], P. spathulata
(Smitt, 1873) [24] and P. trispinosa (Johnston, 1838) [25]. Among these, P. munita, P.
spathulata and P. trispinosa are assigned to be part of the P. trispinosa complex [4, 8,
27]. Although originally described to the North Eastern Atlantic Ocean, P. trispinosa
and many variations attributed to it (e.g., P. trispinosa var. loxa and P. trispinosa var.
spathulata) have been reported in different oceans. Soule & Soule [11], however, used
morphological differences to reassign specimens reported as P. trispinosa to fourteen
species, eight of those described as new species. Also, the need of taxonomic reviews in
these taxa was already indicated by Vieira et al. [27], Almeida et al. [28] and Farias et
al. [6]. In this sense, here we reexamined specimens assigned to the genus Parasmittina
from the Southwestern Atlantic, presenting morphological characterization of twelve
species, including a new species. The assessment of the exotic status of five species and

a tabular identification key to Atlantic taxa is also provided.
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Material and methods

Type and non-type specimens from Brazil are deposited at the Bryozoa
collection in the Museu de Zoologia da Universidade Federal da Bahia, Salvador, Brazil
(UFBA), Colecdo de Bryozoa da Universidade Federal de Pernambuco, Recife, Brazil
(UFPE), Museu de Zoologia da Universidade de Sdo Paulo (MZUSP), Smithsonian
Institution National Museum of Natural History, Washington D.C., USA (USNM),
Natural History Museum, London, United Kingdom (NHMUK) and Museum fur
Naturkunde, Berlin, Germany (MFN). Additional material from Brazil was collected
manually, by scuba diving or by dredging along the coast of Espirito Santo, Bahia,
Alagoas, Pernambuco, Paraiba and Rio Grande do Norte. The specimen from Argentina
was analyzed base on images (SEM) provided by Juan Lépez Gappa.

In the newly collected specimens, whole colonies and/or fragments of colonies
were initially washed in sodium hypochlorite. Then, the specimens were immersed in
water and the surface was carefully cleaned with a thin brush until the external film was
totally dissolved. These specimens were naturally dried before being examined under a
stereoscopic microscope for description of the external morphology and delimitation of
morphotypes. Selected specimens of each morphotype were fixed on stubs, coated with
gold and examined by scanning electron microscopy (SEM) at the Centro de Pesquisa
Gongalo Moniz, FIOCRUZ, Bahia, Brazil (JEOL JSM—6390LV). Other specimens were
imaged at the NHMUK by Mary Spencer Jones (LEO 1455-VP) and at the USNM by
JoAnn Sanner (PhilipsXL30), equipped with a low—vacuum chamber and back-scattered
electron detector.

Measurements were made from digital SEM images using ImageJ® software and

include the following characters: autozooid’s length and width (ZL, ZW), primary
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orifice length and width (OL, OW), lyrula width (LW), adventitious latero-oral
avicularium length and width (A1L, A1W), adventitious large avicularium length and
width (A2L, A2W), adventitious frontal and marginal avicularium length and width
(A3L, A3W), and ovicell length and width (OvL, OvW). Measurements are represented
in the descriptions as minimum-median—maximum, number of measurements (n) and
standard deviation (SD), all in millimeters (mm). The taxonomy follows Martha et al.
[29].

The assessment of the native/exotic status of the studied species was made based
on local and global criteria of Chapman & Carlton [30, 31], following Almeida et al.

[32] and Miranda et al. [33].

Results

Systematic account

Order Cheilostomata Busk, 1852 [34]
Suborder Neocheilostomina d’Hondt, 1985 [35]

Family Smittinidae Levinsen, 1909 [1]

Type genus. Smittina Norman, 1903 [5] (type species Lepralia landsborovii Johnston,

1847 [36], by original designation).

Remarks. Characteristics of the primary orifice, such as the presence of lyrula
and avicularium, and presence of pseudopores on the frontal wall and ectooecium

represent the main taxonomic criteria to distinguish Smittinidae genera [3, 4, 8, 11, 37,



150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

30

38]. Most genera are represented by less than 10 species and Parasmittina, Smittina and
Smittoidea are the most diverse, the first two with more than 100 known species [38].
Among these, Parasmittina and Smittoidea share morphological similarities that led
misinterpretations regarding diagnostic features and generic placement of several taxa
[6, 14-17]. Thus, the taxonomic review of both Parasmittina and Smittoidea is strongly

recommended [6, 11, 13].

Genus Parasmittina Osburn, 1952 [4]

Type species. Lepralia jeffreysi Norman, 1876 [39], by original designation.

Remarks. Among Smittinidae genera, Parasmittina most resembles Smittoidea
in having imperforate frontal wall with marginal pores, primary orifice with spines,
condyles and lyrula, adventitious avicularia originated from frontal or marginal
pseudopores and pseudoporous ectooecium. However, these genera are distinguished by
the position of the adventitious avicularium. In Parasmittina, adventitious avicularium
is lateral and/or marginal and only occupy a suboral position in ovicelled or adjacent
zooids. In Smittoidea, however, adventitious avicularium is medial, intra or suboral (it is
never lateral or marginal), even in ovicelled zooids. Also, Parasmittina species may
have interzooidal avicularium (i.e., originated from pores in the lateral wall), which is
absent in Smittoidea [3—4, 6].

Historically, the taxonomic identification of Parasmittina was mainly based on
the morphology and position of the adventitious avicularia [4, 9, 26, 40-46]. Soule &
Soule [3, 8] made extensive taxonomic studies with genera of Smittinidae, especially

Parasmittina, showing that a combination of morphological characters is needed to a
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confident identification. However, to date, some descriptions of new species and new
records remain essentially based only in avicularia characteristics (e.g., [9, 19]). Also,
some Parasmittina species were described based on colonies fragments (i.e., [18, 22,
45]) that may not represent a good characterization of the intraspecific morphological
variation of the taxa, especially regarding the avicularia development [3, 6, 8, 11, 13,
17, 47].

Thus, here we attempt to analyze colonies in different astogenetic stages,
comparing with all congeners reported worldwide and using a combination of
morphological and morphometric characters. Diagnostic features were based mainly on
the primary orifice (distal margin ornamentation, number of spines, lyrula width and
condyles morphology), avicularia (if adventitious and/or interzooidal, placement,
orientation, size and morphologies) and ovicells (number of pseudopores and secondary

calcification).

Parasmittina abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado-Filho &
Bastos, 2018 [18]

(Figs 1, 2; Tables 1, 12)

Parasmittina abrolhosensis Ramalho et al. [18]: 165; Smittina areolata: Canu &
Bassler [40]: 87; NOT Smittina areolata Canu & Bassler [46]: 23; Smittina trispinosa
spathulata: Canu & Bassler [40]: 87; Parasmittina spathulata: Vieira et al. [27]: 27. (in
part); Parasmittina spathulata: Almeida et al. [28]: 4 (in part); NOT Escharella jacotini

var. spathulata Smitt, [24]
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Material examined. UFPE 813-815, UFBA 2414— 2416, UFBA 2877-2883, UFBA
2885-2887, UFBA 3125, UFBA 3292.5 Recife dos Cascos, Todos 0s Santos Bay,
Bahia, Brazil, 13°7° S, 38°38* W, 13-21 m, coll. 2016-2017; UFBA 696, UFBA 3117,
UFBA 3123, Costa do Dendé, Bahia, Brazil, 13°33” S, 38°44° W, coll. 2002; UFPE
652—-661, Bacia Potiguar, Rio Grande do Norte, 4°30°00” to 5°10°00” S, 36°10°00” to
36°50°00” W, coll. 2009-2010; USNM 8558, USNM 8559, Smittina trispinosa
spathulata and Smittina areolata, respectively, F. Canu & R. Bassler det., Bahia, Brazil,
49 m, coll. 1876. Comparative material examined: USNM 8443, Smittina areolata,
holotype, F. Canu & R. Bassler det., Molokai, Hawaii, 142—406 m, coll. 1902.
Description. Colony encrusting. Autozooids (Fig 1A) polygonal, almost
rhombic, limited by slightly raised lateral walls, surrounded by a single row of 19-23
marginal pores (0.009-0.025-0.042 mm in diameter; n = 30; SD = 0.008 mm). Frontal
wall initially smooth in very young zooids (Figs 1A, top; 1B), with rough, rugose and
nodular calcification in older zooids (Figs 1C and 1D). Primary orifice (Fig 1B)
elliptical, distal margin smooth, with 2-3 oral spines, lyrula narrow (0.012-0.021-0025
mm wide; n = 30; SD = 0.004 mm); a pair of robust and down—curved hooked condyles
with serrated margins. Secondary orifice (Figs 1B and 1C) pear—shaped, forming 2—4
lateral flaps in autozooids, often with in a shallow U-shaped pseudosinus, more
pronounced in old zooids or ovicelled zooids (Figs 1D and 1E). Adventitious avicularia
variable in shapes and sizes (Figs 1A and 1D), with four morphologies: (1) small,
narrow and elongate avicularia (Figs 1C and 1E, 2B and 2E, orange arrow) present at
one or both side of the orifice, unequal in size if paired, placed below to the secondary
orifice, proximally oriented, rostrum narrow and slightly curved, smooth to slightly
corrugated at its lateral margins, rounded tip, palate occupying about half of the rostrum

length and oblong foramen; (2) small, subtriangular, bulbous avicularia (Figs 1A and
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1D, blue arrow), more common in younger zooids, placed laterally at one side of the
orifice, proximally oriented, rostrum subtriangular, corrugated at its lateral margins,
pointed tip, palate narrow and subtriangular foramen; (3) small, narrow and
subtriangular avicularia (Figs 1C and 1E-1F, 2B and 2E, green arrow), placed in
zooidal margins and/or in the frontal wall, with smooth lateral margins, rounded tip,
palate narrow and elliptical foramen; (4) large spatulate avicularia (Figs 1F and 2E),
more common in older zooids, placed proximolaterally below the orifice, oriented
proximally, with rounded distal edge, palate broad, foramen subtriangular, elongate
rostrum, with smooth margins and crossbar complete, with 2—3 pseudopores adjacent to
the avicularia. Interzooidal avicularia (Figs 1F and 2D) occasionally present, with same
morphology as the large spatulate adventitious avicularia. Ovicells (Figs 1D and 2E, red
arrow) globose, initially prominent (Fig 1D) and densely surrounded by adjacent frontal
wall in older colonies (Figs 1F and 2F, yellow arrow); ectooecium perforated by 18-25
small pseudopores (0.003-0.005-0.008 mm in diameter; n = 30; SD = 0.001 mm),
mainly placed at the distal region of the ectooecium surface.

Remarks. Canu & Bassler [40]) studied specimens from northeastern Brazil
(Bahia) and attributed them to two species, Smittina areolata Canu & Bassler, 1927 and
Smittina trispinosa spathulata Smitt, 1873 based on differences of avicularia in that
specimens. Following Canu & Bassler [40], Vieira et al. [27] and Almeida et al. [28]
also attributed specimens from Espirito Santo and Bahia to P. spathulata (Smitt, 1873)
[24]. Part of these specimens belong to P. abrolhosensis and part are P. ligulata (see
below).

Parasmittina areolata was originally described by Canu & Bassler [46] based on
specimens from Hawaii, Pacific Ocean. However, this species was subsequently

reported from Brazil and in the Caribbean [40, 43— 44]. Here we analyzed the type
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material of P. areolata (USNM 8443; Figs 3A— 3D), that allow us to differentiate this
species from specimens from Brazil, here referred as P. abrolhosensis. Parasmittina
areolata differs from P. abrolhosensis in having a double row of areolar pores (single in
P abrolhosensis), 2 oral spines, low secondary orifice and ectooecium centrally
perforated. These species also resemble P. spathulata, but it is distinct in having shorter
lyrula (larger in P. spathulata) and in having only 2 oral spines (2—4 oral spines in P.
spathulata) [acc. 6]. Specimens from Caribbean previously attributed to P. areolata by
Winston [43] requires reexamination and it may comprise a distinct species rather than
P. areolata or P abrolhosensis.

Among Parasmittina species, P. abrolhosensis most resembles P. ligulata,
originally described based on specimens from southeastern Brazil, due having primary
orifice with narrow lyrula and small, narrow and elongate adventitious avicularia
present at one or both sides below the orifice. Here we examined the syntype of P.
ligulata studied by Ridley [21] (Smittia trispinosa var. ligulata, NHMUK Uncatalogued
specimen, syntype; Figs 8A-8D; see description and remarks below) and were able to
see that most features of the primary orifice (smooth distal margin, narrow lyrula and
robust and down-curved hooked condyles with serrated margins) are the same as P.
abrolhosensis. However, oral spines are lacking. Also, only two morphologies of small
adventitious avicularia are seen in the type specimen of P. ligulata, thus differing from
the four adventitious avicularia of P. abrolhosensis. Finally, the small, narrow and
elongate adventitious avicularia of P. ligulata have a slight curved rostrum differing

from the almost straight rostrum of the narrow avicularia of P. abrolhosensis.
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Table 1. Morphometric data of specimens here assigned to P. abrolhosensis. Values

represented as minimum-—median—maximum (number of zooidal measures). All

values in millimeters.

Morphological character

Taxa / reference

P. abrolhosensis /
holotype in Ramalho
etal. (2018)

P. spathulata / Canu
& Bassler (1928),
USNM 8558,
measured here

P. areolata Canu &
Bassler (1928),
USNM 8559,
measured here

P. ligulata / present

study

ZL

ZW

oL

ow

AvZ1 (elongate)

AvW1 (elongate)

AvZ2 (spatulate)

AVW?2 (spatulate)

AvZ3 (subtriangular)

AvWS3 (subtriangular)

OvL

Oovw

0.312-0.396-0.471 (?)

0.280-0.308-0.360 (?)

0.093-0.106-0.113

0.075-0.084-0.099

0.121-0.142-0.178

0.079-0.090-0.106

0.475-0.531-0.635 (7)
0.344-0.421-0.532 (7)
0.101-0.122-0.142 (5)
0.097-0.106-0.119 (5)
0.101-0.132-0.163 (5)
0.007-0.012-0.014 (5)
0.167-0.254-0.389 (7)
0.043-0.052-0.065 (7)
0.075-0.101-0.124
0.008-0.017-0.024
(13)

0.176-0.191-0.207 (2)

0.176-0.205-0.234 (2)

0.409-0.567-0.811
(12)
0.290-0.411-0.640
(12)
0.120-0.129-0.138 (2)

0.096-0.096-0.097 (2)

0.118-0.169-0.237
(15)
0.011-0.019-0.033
(15)
0.204-0.278-0.400 (3)
0.070-0.076-0.082 (3)
0.097-0.116-0.139
(15)
0.006-0.013-0.023
(15)
0.177-0.187-0.212 (4)

0.206-0.230-0.246 (4)

0.311-0.356-0.458
(15)
0.237-0.310-0.418
(15)
0.089-0.100-0.109
(12)
0.076-0.091-0.101
(12)
0.065-0.113-0.207
(15)
0.011-0.018-0.029
(15)
0.226-0.293-0.339 (6)
0.043-0.064-0.084 (6)
0.062-0.078-0.098
(15)
0.021-0.027-0.042
(15
0.142-0.170-0.191
(15)
0.197-0.211-0.242
(15)

Fig 1. Parasmittina abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado-Filho &

Bastos, 2018, UFBA 2416 (A-B); UFBA 2877 (C-D); UFBA 714.2 (E-F). (A)

autozooids of the growing edge of the colony with small bulbous subtriangular

adventitious avicularium (blue arrow). (B) detail of primary orifice and small elongate

avicularia. (C) autozooids with secondary calcification showing small elongate (orange

arrow) and subtriangular (green arrow) adventitious avicularia. (D) group of ovicelled

zooids with small bulbous subtriangular adventitious avicularium (blue arrow). (E)

detail of autozooids with small elongate (orange arrow) and subtriangular adventitious
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avicularia (green arrow). (F) ovicelled zooids showing ovicell (yellow arrow) densely
surrounded by adjacent frontal wall and with small subtriangular (green arrow) and
large spatulate (pink arrow) adventitious avicularia. Scale bars: A, D = 500 um; B = 100

um; C, E =200 um; F =300 pm.

Fig 2. Parasmittina abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado-Filho &
Bastos, 2018, USNM 8558 (A-D), Smittina trispinosa spathulata. USNM 8559 (E-F)
Smittina areolata, Canu & R. Bassler det., Bahia, Brasil, 49 m, coll. 1876. (A) group of
autozooids. B. detail of an autozooid showing small elongate (orange arrow), small
subtriangular (green arrow) and large spatulate (pink arrow) adventitious avicularia. (C)
detail of primary orifice. (D) detail of interzooidal avicularia (purple arrow). (E) group
of young autozooids showing small elongate (orange arrow), small subtriangular (green
arrow) and large spatulate (pink arrow) adventitious avicularia. (F) detail of ovicelled

(yellow arrow) zooids. Scale bars: A, E =400 um; B, D, F =200 um; C =50 um.

Fig 3. Parasmittina areolata (Canu & Bassler, 1927), USNM 8443 (holotype, A-D).
(A) group of zooids showing small elongate (orange arrow) and small subtriangular
adventitious avicularia (green arrow). B. detail of autozooid. (C) detail of primary
orifice. (D) detail of ovicelled (yellow arrow) zooids and large spatulate adventitious

avicularium (pink arrow). Scale bars: (A) D =200 um; B =100 um; C =50 pum.

Parasmittina alba Ramalho, Muricy & Taylor, 2011 [19]

(Fig 4; Tables 2, 12)

Parasmittina alba Ramalho et al. [19]: 769; Parasmittina alba: Souto et al. [13]: 3; ?
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Parasmittina lavela Soule & Soule [8]: 36; ? Parasmittina betamorphaea Winston [9]:

58.

Material examined. UFPE 785, Ilhas Rasas, Guarapari, Espirito Santo, Brazil, 20°40’
S, 40°21” W, 11-15 m, coll. 27/03/2017; UFPE 786 —795; UFBA 3445-3446, UFBA
3448-3449.1, UFBA 3454-3464, UFBA 3467-3471, UFBA 3473.1, UFBA 3479.5,
UFBA 3481.1, UFBA 3494.1, UFBA 3502.1, UFBA 3506.6, UFBA 3510-3511, UFBA
3513.1, UFBA 3637, UFBA 3806-3809, UFBA 3911.1, UFBA 3942- 3944, UFBA
3946.1, 3948.2, 3950.3, UFBA 3956.1, UFBA 3958.3960, UFBA 3964.4, UFBA
3966.1, UFBA 3972.3, UFBA 3975-3976, UFBA 3981.1, Todos os Santos Bay,
Salvador, Bahia, Brazil, 12°99’S, 38°53’W, 3-5 m, coll. 2012.

Description. Colony encrusting. Ancestrula (Fig 4A) tatiform, without marginal
cryptocyst, 8 marginal spines; 5 orificial spines in first daughter zooid. Autozooids (Fig
4B) subrectangular, limited by slightly raised lateral walls, surrounded by a single row
of 2027 marginal pores (0.012-0.021-0.033 mm in diameter; n = 30; SD = 0.004 mm).
Frontal wall rugose, with small, rounded tubercles. Primary orifice (Fig 4C) elliptical,
distal margin smooth, with 1-3 oral spines; lyrula broad (0.030-0.043-0.058 mm wide;
n = 15; SD = 0.007 mm), but shallow and often with median keel; condyles paired, thin,
with smooth margins and down-curved hooked tips. Secondary orifice (Figs 4E and 4F)
raised around proximal border of primary orifice, formed from lateral flaps, resulting in
a shallow V-shaped pseudosinus. Adventitious avicularia variable shapes and sizes
(Figs 4B—4F). Adventitious avicularia variable in shapes and sizes (Figs 4B, and 4D-
4F), with three morphologies: (1) small, narrow and subtriangular (Fig 4B and 4F,
orange arrow) avicularia rare in very young zooids, placed laterally at one side of the

orifice, commonly proximally oriented, rostrum subtriangular, finely serrated at its
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lateral margins, pointed tip, palate narrow and subtriangular foramen; (2) small,
spatulate with wide rostrum (Figs 4F, blue arrow) avicularia, rare in young zooids,
placed laterally at one side of the orifice, proximally oriented, rostrum subspatulate,
rounded distal edge, palate narrow and elliptical foramen; (3) large spatulate avicularia
(Fig 4D, red arrow), more common in older zooids, placed laterally at one side of the
orifice, oriented proximally, with rounded distal edge, palate broad, foramen elliptical,
with smooth margins and crossbar complete, with 2—-3 pseudopores adjacent to the
avicularia. Ovicells (Figs 4E and 4F) densely surrounded by adjacent frontal wall,
immersed in older colonies; ooecium almost globular with flattened frontal surface
(0.006-0.017-0.034 mm in diameter; n = 30; SD = 0.006 mm), ectooecium with 20-22
funnel-shaped rounded pseudopores, that become merged and polygonal.

Remarks. Originally described based on specimens from southeastern Brazil, P.
alba was characterized by having granular frontal wall, condyles with hooked tips, large
lyrula, 1-2 oral spines, secondary orifice with lateral projections and pseudosinus,
avicularia latero-oral (small subtriangular or rounded), large (spatulate) and interzooidal
(subtriangular) with only one avicularium occurring per zooid, and ectooecium with
pseudopores (misassigned as pores) Ramalho et al. [19]. Most of these morphological
characters are also seen in colonies from southeastern and northeastern Brazil examined
here, but the orificial spines ranged from 1-3 and no interzooidal avicularia were
observed. Most of our colonies are small patches growing on ceramic experimental tile
plates from northeastern Brazil (Fig 4A) and larger specimens were only found on
rhodoliths from southeastern Brazil (Fig 4F). Interestingly, avicularia were more
common in older regions of the colonies (Fig 4F) than in growing zone with new zooids

(Fig 4B), suggesting presence of avicularia in later colony astogeny. Moreover, zooidal
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measurements are in agreement among P. alba and specimens examined here (Table 2),
indicating that examined specimens with and without avicularia are conspecific.

Parasmittina alba was reported as a non-indigenous species in Portugal,
Northeastern Atlantic [13]. Souto et al. [13] noted small variations between specimens
from Rio de Janeiro (acc. [19]) and those from Portugal, including smaller ectooecial
pseudopores related with greater calcification, the occurrence of two avicularia in
ovicelled zooids and absence of interzooidal avicularia. Additionally, Souto et al. [13]
suggested that P. alba could be assigned as junior synonym of P. betamorphaea
Winston, 2005 [9] described from Florida, USA, since characters used to distinguish
these taxa are very variable among colonies and zooids (i.e., number of avicularia,
calcification of margins and rostrum of the avicularia) and both species were described
based on only colonies fragments that may not represent intraspecific variations, which
seems to be necessary to characterize Smitiinidae species [3, 6, 11, 13,17].

Another Caribbean taxon, P. lavela Soule & Soule, 2002 [8], share most
morphological diagnostic features of P. alba, including the granular frontal
calcification, primary orifice without distal denticles, with large lyrula and thin down-
curved hooked condyles, secondary orifice with a short pseudosinus and ooecium with
merged pseudopores [8]. The only difference between P. alba and P. lavela is the
presence of a single kind of avicularia of P. lavela (i.e., small subtriangular latero-oral
avicularia), lacking all others of avicularia described to P. alba. Indeed, Soule & Soule
[8] stated that avicularia are not common in P. lavela, but only a small single specimen
growing on algae on anchor chain was examined by Soule & Soule [8], somewhat
corroborating morphological variation and biological association already reported

[13,19] and also described here to P. alba.
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Avicularia development is known to be very variable in Smittinidae between
colonies and habitats (e.g., [3, 6, 8, 11, 17, 47]), and these characteristics are also seen
in specimens of P. alba here examined. We suspect that P. alba and P. betamorphea
may represent different astogenetic variation of P. lavela — specimens of P. alba
represent an adult stage with all type of avicularia, ovicells and secondary calcification
[19], whereas P. betamorphea could represent young colony that lacks ovicells and
have few avicularia [9]. Additionally, zooidal measurements of specimens attributed to

P. alba and P. betamorphea are also similar to those of P. lavela (Table 2). Thus, here

we consider that at least a species complex involving P. alba, P. betamorphea and P.

lavela can be recognized (Table 2).

Distribution. Northeastern Atlantic: Portugal [13]; Southwestern Atlantic:

Brazil (Bahia, Espirito Santo and Rio de Janeiro) [19]; present study).

Table 2. Morphometric data of specimens here assigned to P. alba, P. lavela and P.

betamorphea. Values represented as minimum-median—maximum (number of

zooidal measures). All values in millimeters.

Morphological

Taxa / reference

character P. alba / holotype P. alba/ Souto et P. alba / present P. lavela/ holotype  P. betamorphea /
in Ramalho et al. al. (2016) study in Soule & Soule holotype in Winston
2011 (2002) (2005)
ZL 0.392-0.451-0.490  0.390-0.488-0.670  0.325-0.408-0.582  0.350-0.400 (?) 0.378-0.470-0.576
® (24) (15) (6)
ZW 0.265-0.305-0.383  0.240-0.340-0.460 0.249-0.317-0.424  0.243-0.320 (?) 0.252-0.290-0.324
Q] (249 (15) (6)
oL - 0.076-0.082-0.101  0.090-0.129-0.150 ? 0.072-0.080-0.090
(20) (15) (?)
ow - 0.103-0.125-0.143  0.097-0.111-0.126  0.100-0.120 (?) 0.090-0.100-0.108
(20) (15) ?)
AvZ1l 0.098-0.109-0.118  0.068-0.078-0.089  0.098 (1) 0.120-0.150 (?) 0.72-0.090-0.162
(subtriangular) (?) (20) (6)
AvW1 0.069-0.083-0.098  0.037-0.047-0.054  0.046 (1) - 0.045-0.050-0.054
(subtriangular) (?) (20) (6)
AvZ1 (oblong) - 0.074-0.092-0.104 - - -
9)

AvW1 (oblong)

AvZ?2
(spatulate)
AVW2
(spatulate)
OvL

ovw

0.353 (?)
0.137 (?)
0.274 (7)

0.323 (?)

0.051-0.056-0.063
©)

0.235-0.265-0.297
(20)
0.233-0.267-0.300

0.300-0.337-0.375
@)
0.086-0.097-0.107
@
0.218-0.244-0.268
(15)
0.253-0.275-0.294

0.200-0.260 (?)

0.225-0.260 (?)

0.324-0.360-0.396
(6)
0.180-0.190-0.198
(6)
0.180-0.200-0.216
0
0.180-0.200-0.216
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(20) (15) (2)

Fig 4. Parasmittina alba Ramalho, Muricy & Taylor, 2011, UFBA 3637 (A-F). (A)
ancestrula and first zooids of the colony. (B) young autozooids showing small
subtriangular adventitious avicularium (orange arrow). (C) detail of primary orifice. (D)
young autozooid with large adventitious avicularium (pink arrow). (E) colony with
secondary calcification showing autozooids and ovicelled zooids. UFPE 785 (F). detail
of ovicelled zooids with small subtriangular (orange arrow) and spatulate (blue arrow)

adventitious avicularia. Scale bars: A, B, D, E, F = 200 um; C =50 pum.

Parasmittina bimucronata (Hincks, 1884) [48]

(Fig 5; Tables 3, 12)

Smittia trispinosa form bimucronata Hincks, [48]: 118; Parasmittina bimucronata:
Hayward & Parker [49]: 70 [under remarks of P. pectinata]; ? Parasmittina glomerata:

Liu [50]: 618; NOT Smittia glomerata Thornely, [51]: 152.

Material examined. UFBA 946, Todos os Santos Bay, Bahia, Brazil, 12°46° S, 38°33’
W, coll. 22/05/1997; UFBA 3113, Costa do Dendé, Bahia, Brazil, 38°80” S, 13°74* W,
coll. 2002.

Description. Colony encrusting. Autozooids (Fig 5A) subrectangular to
polygonal, limited by slightly raised lateral walls, with a single row of 18-24 marginal
pores (0.009-0.019-0.033 mm wide; n = 30; SD = 0.005 mm). Frontal wall rugose, with
large, rounded tubercles. Primary orifice (Fig 5C) transversely elliptical, distal margin
smooth, with 1-2 oral spines; lyrula narrow (0.019-0.025-0.032 mm wide; n = 15; SD

= 0.004 mm), latero-proximal condyles triangular and thin. Secondary orifice initially



425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

42

low, becoming raised and forming lateral flap-shaped projections with increasing
calcification, often with a shallow U-shaped pseudosinus (Fig 5D), but may partially
obscuring primary orifice in latter astogeny, especially in ovicelled zooids, resulting in a
deep U-shaped pseudosinus, but often not obscuring the lyrula (Fig 5E). Adventitious
avicularia variable in shapes and sizes (Figs 5A-5E), with three morphologies: (1)
small, subtriangular, bulbous avicularia (Figs 5A and 5B, orange arrow), placed
laterally at one side of the orifice, proximally oriented, rostrum subtriangular,
corrugated at its lateral margins, pointed tip, palate narrow and subtriangular foramen;
(2) small, oblong avicularia (Fig 5A and 5B, blue arrow) single, common in younger
zooids, placed below the secondary orifice, proximally oriented, rostrum subspatulate
and straight, smooth at its lateral margins, rounded tip, palate occupying about half of
the rostrum length and elliptical foramen; (3) large, sublanceolate avicularia (Fig 5A,
red arrow), placed laterally at one side of the orifice, oriented proximally, with acute
rostrum, palate broad, foramen subtriangular, with finely serrated margins and crossbar
complete, with 2—-3 pseudopores adjacent to the avicularia. Interzooidal avicularia (Figs
5A and 5B, purple arrow) occasionally present, with same morphology as the large
spatulate adventitious avicularia. Ovicells (Figs 5E-5F) wider than long, ooecium
globular, becoming immersed in the frontal calcification with increasing calcification
(Fig 5F); ectooecium perforated by 20-27 pseudopores with slightly raised rim (0.004—
0.011-0.020 mm wide; n = 30; SD = 0.004 mm).

Remarks. Parasmittina bimucronata is characterized by having primary orifice
smooth distally, 1-2 oral spines, thin and smooth condyles and lyrula occupying one-
quarter of the orificial width; adventitious latero-oral avicularia with three
morphologies: small, with subtriangular or oblong profile, and large, with sublanceolate

profile; and ovicell with more than 18 pseudopores [48-49]. Moreover, zooidal
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measurements of specimens studied here and with the lectotype of P. bimucronata
(BMNH 1899.5.1.920; see Hayward & Parker [49] are within the same range value
(Table 3).

Parasmittina bimucronata was originally described based on specimens from
Indian Ocean as a variation of P. trispinosa [48], and the lectotype of that species was
selected by Hayward & Parker [49]. Several differences can be observed between these
two species, including the number of oral spines (1-2 in P. bimucronata and 2-3 in P.
trispinosa), the orientation of the large avicularium (proximolateral in P. bimucronata
and distolateral in P. trispinosa), and the number of ectooecial pseudopores (20-37 in
P. bimucronata and 2—4 in P. trispinosa) [8, 47]. Hincks [48] referred to specimens
from the Pacific Ocean as belonging to P. bimucronata, but later, however, Harmer [42]
relocated specimens from Indian and Pacific Oceans studied by Hincks [23, 48] to P.
raigii (Audouin, 1826) [52], originally described from the Red Sea (Gulf of Suez as
type locality). Hayward & Parker [49] reexamined Hincks’ (23, 48) original specimens
and stated that none of them belong to P. raigii—specimens from Indian Ocean belong
to P. bimucronata and those from the Pacific were renamed as a new species,
Parasmittina pectinata Hayward & Parker [49]. Although P. bimucronata, P. raigii and
P. pectinata have adventitious avicularia placed laterally to the orifice with similar
morphologies, these species can be distinguished mainly by features of the primary
orifice, including the distal margin (smooth in P. bimucronata; beaded in P. raigii and
P. pectinata), oral spines (1-2 in P. bimucronata and P. raigii; 2-3 in P. pectinata),
condyles (thin and smooth in P. bimucronata and P. raigii; robust and serrated in P.
pectinata) and lyrula size (parrow in P. bimucronata; broad in P. raigii and P.
pectinata). Liu [50] assigned specimens of P. bimucronata from China as P. glomerata

also due having avicularia with similar morphologies. However, these specimens differ
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from P. glomerata by having a primary orifice with smooth distal margin (beaded in P.
glomerata) and narrow lyrula (medium-sized in P. glomerata), and probably belong to
P. bimucronata.

Distribution. Indo-Pacific: Myanmar and China [48]; Southwestern Atlantic:

Brazil (Bahia) (present study).

Table 3. Morphometric data of specimens here assigned to P. bimucronata. Values
represented as median (number of zooidal measures) or minimum-median—

maximum (number of zooidal measures). All values in millimeters.

Morphological character Taxa / reference

P. bimucronata / lectotype in Hayward & P. bimucronata / present study

Parker (1994)
ZL 0.360 (20) 0.330-0.459-0.663 (15)
ZW 0.230 (20) 0.268-0.311-0.463 (15)
oL 0.080 (20) 0.100-0.115-0.141 (15)
ow 0.090 (20) 0.079-0.095-0.110 (15)
AvZ1 (subtriangular) - 0.089-0.117-0.144 (15)
AvW1 (subtriangular) - 0.033-0.052-0.069 (15)
AvZ1 (oblong) - 0.100-0.105-0.111 (6)
AvW1 (oblong) - 0.037-0.047-0.053 (6)
AvZ2 (sublanceolate) - 0.217-0.363-0.472 (15)
AvW?2 (sublanceolate) - 0.034-0.054-0.076 (15)
ovL - 0.150-0.194-0.210 (15)
ovw - 0.216-0.255-0.293 (15)

Fig 5. Parasmittina bimucronata (Hincks, 1884b), UFBA 946 (A-D). (A) group of
autozooids with small subtriangular (orange arrow), small spatulate (blue arrow) and
large (pink arrow) adventitious avicularia and interzooidal (purple arrow) avicularium.
(B) detail of autozooids showing small subtriangular (orange arrow) and small spatulate
(blue arrow) adventitious avicularia and interzooidal (purple arrow) avicularium. (C)
detail of primary orifice. (D) autozooids with secondary calcification. (E) ovicelled
zooids with secondary calcification. (F) detail of ovicells. Scale bars: A, B, D, E = 500

um; C, F =200 pum.
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Parasmittina distincta Ramalho, Taylor, Moraes, Moura, Amado-Filho & Bastos,
2018 [18]

(Fig 6; Tables 4, 12)

Parasmittina distincta Ramalho et al. [18]: 164.

Material examined. UFPE 796-812, UFBA 1928.4, UFBA 3446.5, UFBA 3448.5,
UFBA 3450-3451, UFBA 3453.6, UFBA 3455.2, UFBA 3459.5, UFBA 3462.4, UFBA
3465.1, UFBA 3467.6, UFBA 3467-3468, UFBA 3470.3, 3472.4, UFBA 3474-3476,
UFBA 3478-3480, UFBA 3484.7, UFBA 3486.5, UFBA 3489-3492, UFBA 3494
3495, UFBA 3498-3500, UFBA 3502-3503, UFBA 3505-3508, 3511.5, UFBA 3919
3920, UFBA 3923-3926, UFBA 3928.3, UFBA 3930.5, UFBA 3940-3941, UFBA
3943-3946, UFBA 3950.1, UFBA 3952.1, UFBA 3954 -3957, UFBA 39603964,
UFBA 3968.4, UFBA 3970.2, UFBA 3975-3976, UFBA 3978-3979, UFBA 3981.3,
UFBA 3983-3984, Todos os Santos Bay, Salvador, Bahia, Brazil, 12°99’S, 38°53°W,
3-5 m, coll. 2012. Comparative material examined: MFN Uncatalogued, Smittina
egyptiaca, holotype, Waters det., Red Sea.

Description. Colony encrusting. Ancestrula (Fig 6A) tatiform, marginal
cryptocyst short, 6 marginal spines; first daughter zooid has 3 orificial spines.
Autozooids (Fig 6B) subrectangular, limited by slightly raised lateral walls, surrounded
by a single row of 16-22 marginal pores (0.010-0.016-0.025 mm wide; n = 30; SD =
0.003 mm). Frontal wall rugose, with several nodules. Primary orifice (Fig 6C)
transversely elliptical, longer than wide, distal margin initially smooth in very young

zooids (Fig 6B), slightly beaded with 4-6 spaced and low denticles in older zooids (Figs
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6C and 6D), 1-2 oral spines in younger zooids (up to 3 in zooids close to ancestrula)
and up to 4 in older zooids, lyrula medium-sized in width (0.0024-0.032-0.045 mm
wide; n = 15; SD = 0.007 mm), a pair of rounded condyles with serrated margins.
Secondary orifice in young zooids (Fig 6D and 6F) initially low and soon forming
lateral flaps resulting in a two-pointed U-shaped pseudosinus (Fig 6D). Adventitious
avicularia variable in shapes and sizes (Figs 6B and 6D-F), with two morphologies: (1)
small, oblong avicularia (Fig 6B, orange arrow) single, laterally at one side of the
orifice and oriented proximally in young zooids, placed near margins in older zooid (Fig
6F, orange arrow), rostrum subspatulate and straight, smooth at its lateral margins,
rounded tip, palate occupying about half of the rostrum length and elliptical foramen;
(2) large, sublanceolate avicularia (Fig 6D, red arrow), placed laterally at one side of the
orifice, oriented proximally, with acute rostrum, palate broad, foramen elliptical, with
slightly corrugated margins and crossbar complete, with 1-3 pseudopores adjacent to
the avicularia. Interzooidal avicularia (Fig 6E, purple arrow) shorter than autozooids,
subtriangular, common in older regions of the colony, randomly oriented, with rounded
distal edge, narrow palate, occupying about half of the rostrum length, foramen
elliptical and acute rostrum, with smooth margins and crossbar complete. Ovicells (Figs
6E and 6F) densely surrounded by adjacent frontal wall; ectooecium perforated by 20—
37 (0.003-0.006-0.012 mm in diameter; n = 30; SD = 0.001 mm) pseudopores,
regularly distributed through the ectooecial surface.

Remarks. Ramalho et al. [18] stated that the diagnostic features of P. distincta
include the primary orifice with beaded distal margin, medium-sized lyrula,
adventitious latero-oral avicularia with three morphologies (i.e., small subtriangular and
oblong — described as shoe-shaped in the original description and large sublanceolate

and ovicell globose with ectooecium perforated by large pseudopores. Here we
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analyzed several specimens from northeastern Brazil that have most of these diagnostic
characters, except to the small subtriangular adventitious avicularia. The holotype of P.
distincta and specimens studied here also have frontal wall with several nodules,
primary orifice transversally elliptical, prominent condyles, 2—4 oral spines, lyrula
occupying half of the orifice width, and secondary orifice forming lateral flaps [26].
Indeed, morphometric data are in agreement (Table 4).

Parasmittina distincta was described based on specimens from northeastern
Brazil [18]. The authors compared the specimens studied with congeners already
reported in Brazil and with species that have latero-oral avicularia with an oblong
profile [18]. Most congeners with the same morphologies of adventitious avicularia as
P. distincta differ from this species mainly in characters of the orifice: P. bimucronata
(no distal denticles and narrow lyrula); P. dubitata Hayward, 1980 [20] (no distal
denticles, wide lyrula, short secondary orifice, large avicularia with smooth margins), P.
margaritata Hayward, 1988 [15] (no distal denticles and thin condyles), P. munita
(Hincks, 1884) [23] (tubular secondary orifice), P. parsloeparsloei Hayward & Parker
[49] (tubular secondary orifice and large avicularia with smooth margins), P. pectinata
Hayward & Parker [49] (wide lyrula), P. raigii (Audouin, 1826) [52] (wide lyrula, thin
condyles, broad lyrula, tubular secondary orifice, large avicularia with smooth margins)
and P. variabilis Liu, [50] (no distal denticles, broad lyrula and thin condyles).

However, among all Parasmittina and considering the combination of characters
of the orifice and avicularia, P. distincta is more similar to P. egyptiaca Waters, 1909
and P. floridana Winston, 2005 [9, 53].

These species have a medium-sized lyrula, occupying about half the width of the
orifice and avicularia placed latero-proximal to the orifice with profile oblong. Few

differences are seen between these taxa, including the number of oral spines (2—4 in P.
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distincta, 2 in P. egyptiaca, and 2-3 in P. floridana); denticles on the distal edge of the
primary orifice (present in P. distincta and P. floridana and absent in P. egyptiaca);
avicularia with subtriangular profile (present in P. distincta and P. floridana and absent
and P. egyptiaca), and avicularia large with sublanceolate profile (present in P. distincta
and P. egyptiaca and absent in P. floridana) [9, 18, 53]. Both P. egyptiaca and P.
floridana were described based on single colony fragments [9, 53], thus is not unlikely
that they may represent same species despite of the differences in number of oral spines,
absence of distal orificial denticles and avicularia. Also, zooidal measurements of these
three taxa are within the same range, including specimens studied here (Table 4).

Parasmittina distincta is also very similar to P. glomerata (Thornely, 1912) [51]
that was originally described from the Indian Ocean and also reported in localities from
the Pacific and Mediterranean regions [42]. Both species have two types of avicularia
with similar morphologies and primary orifice with distal denticles. However, data of
other features of the primary orifice, including the morphologies of the lyrula and
condyles are lacking, preventing us to better compare these taxa. Analysis of type
specimens would be useful but apparently original colonies studied by Thornely [51]
was not located and it was supposedly deposited at the Liverpool University Zoology
Museum (Mary Spencer Jones, per. comm. 2020), which part of bryozoan collection
was lost [54].

Thus, due to the morphological and morphometric similarities of these species, it
is likely that P. distincta, P. egyptiaca, P. floridana and P. glomerata represent a
species complex and more studies is needed based on specimens from other localities,
including topotypes.

Distribution. Southwestern Atlantic: Brazil (Ceara, Alagoas, Bahia, and Sédo

Paulo) [18]; present study).
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Table 4. Morphometric data of specimens assigned to P. distincta, P. egyptiaca and

P. floridana. Values represented as minimum-median—-maximum (number of

zooidal measures). All values in millimeters.

Morphological

Taxa / reference

character P. distincta / holotype in P. distincta / present P. egyptiaca / holotype in  P. floridana / holotype in
Ramalho et al. (2018) study Waters (1909) Winston (2005)

ZL 0.327-0.455-0.596 (?) 0.279-0.378-0.654 0.301-0.375-0.499 (12) 0.450-0.570-0.612 (6)
(15)

yAY 0.252-324-0.465 (?) 0.222-0.308-0.501 0.155-0.253-0.314 (12) 0.378-0.420-0.450 (6)
(15)

oL 0.084-0.103-0.129 (?) 0.106-0.120-0.132 0.115-0.120-0.127 (3) 0.108-0.120-0.126 (6)
(15)

ow 0.093-0.104-0.116 (?) 0.092-0.101-0.118 0.074-0.085-0.097 (3) 0.108-0.120-0.126 (6)
(15)

AlL 0.076-0.182 (?) 0.065-0.079-0.089 - 0.162-0.190-0.198 (6)

(subtriangular) (5)

A1W - 0.031-0.036-0.046 - 0.090-0.090- 0.108 (6)

(subtriangular) (5)

A1L (oblong) 0.087-0.104-0.115 (?) 0.087-0.119-0.139 0.088-0.109-0.126 (12) -
©)]

A1W (oblong) - 0.035-0.041-0.046 0.030-0.038-0.051 (12) -
©)]

A2L 225 (?) 0.183-0.257-0.315 0.244 (1) -

(sublanceolate) (6)

A2W - 0.059-0.076-0.094 0.072 (1) -

(sublanceolate) (6)

OvL - 0.142-0.161-0.175 0.196 (1) 0.324-0.370-0.414 (6)
(15)

OovwW - 0.183-0.208-0.226 0.250 (1) 0.198-0.220-0.234 (6)

(15)

Fig 6. Parasmittina distincta Ramalho, Taylor, Moraes, Moura, Amado-Filho & Bastos,
2018, UFBA 3486.5 (A-D, F), UFPE 833 (E). (A) ancestrula and first zooids of the
colony. (B) detail of young autozooids showing small oblong (orange arrow)
adventitious avicularia. (C) detail of primary orifice. (D) adult autozooid with large
(pink arrow) adventitious avicularium. (E) colony with secondary calcification showing

interzooidal (purple arrow) avicularia. (F) detail of ovicelled zooids with small oblong
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(orange arrow) adventitious avicularium. Scale bars: A, B, E, F = 200 um; C = 50 pum;

D =100 pm.

Parasmittina dubitata Hayward, 1980 [20]

(Fig 7; Table 12)

Parasmittina dubitata Hayward [20]: 701.

Material examined. Uncatalogued, Tierra del Fuego, Argentina, 90 m.

Description. Colony encrusting. Autozooids (Fig 7A), (0.291-0.367-0.481 mm
length; n=5; SD= 0.081 mm; 0.246-0.306-0.455 mm wide; n= 5; SD= 0.087 mm),
subrectangular to polygonal, limited by slightly raised lateral walls, with a single row of
11-16 marginal pores (0.013-0.029-0.059 mm wide; n = 30; SD = 0.010 mm). Frontal
wall rugose, with large, rounded tubercles. Primary orifice (Fig 7C), (0.115-0.119—
0.122 mm length; n= 4; SD=0.002 mm; 0.112-0.123-0.133 mm wide; n=4),
subcircular, distal margin smooth, with single oral spine; lyrula large, varying in size,
occupy about half width of the orifice (0.034-0.041-0.049 mm wide; n = 7; SD = 0.005
mm), robust, with concave distal margin; a pair of prominent condyles with rounded
and coarsely serrated margins. Secondary orifice cormidial, low, forming slightly raised
side flaps and a hood distal to the orifice (Fig 7B). Adventitious avicularia variable in
shapes and sizes (Figs 7B and 7D), with three morphologies: (1) small (0.059-0.099—
0.131 mm length; n = 15; SD = 0.022; 0.017-0.031-0.046 mm wide; n = 15; SD =
0.008 mm), oblong avicularia (Figs 7A and 7B, orange arrow) single or paired, laterally
at one side of the orifice and oriented proximally or placed near zooidal margins,

smooth at its lateral margins, rounded tip, palate occupying one quarter of the rostrum
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length and elliptical foramen; (2) small, spatulate avicularia (Figs 7A and 7D, green
arrow), placed in zooidal margins, commonly replacing a marginal pore; (3) large
(0.241mm in length; n = 1; 0.123 mm in wide; n = 1), subtriangular to sublanceolate
avicularia (Fig 7B, red arrow), placed laterally at one side of the orifice, oriented
proximally, with acute rostrum, palate broad, foramen elliptical, with smooth margins
and crossbar complete. Interzooidal avicularia (Fig 7D, purple arrow) shorter than
autozooids (0.266 mm in length; n = 1; 0.110 mm in wide; n = 1), with same
morphology as the large adventitious avicularium, randomly oriented. Ovicells not
observed.

Remarks. Parasmittina dubitata was originally described based on specimens
from Burdwood Bank, an underwater platform, located 150 km to the east of the Island
of the South Atlantic States (Argentina). Here, we provide description of a single
specimen from Tierra del Fuego, also in Argentina, kindly send by Juan Lopez Gappa
(pers. comm., 2021), that shares all the diagnostic characters of the original description
of P. dubitata. This species is readily distinguished from other congeners by the
morphology of the primary orifice that include a lyrula with a concave distal margin and
rounded condyles unlike the straight lyrula and triangular to hooked condyles of most
Parasmittina.

Distribution. Southwestern Atlantic: Argentina (Burdwood Bank and Tierra del

Fuego) [20].

Fig 7. Parasmittina dubitata Hayward, 1980, Uncatalogued specimen (A) group of
autozooids showing small oblong (orange arrow) and small spatulate (green arrow)
adventitious avicularia. (B) detail of autozooids with small oblong (orange arrow) and

large subtriangular (pink arrow) adventitious avicularium. (C) detail of primary orififce.
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(D) detail of interzooidal (purple arrow) avicularium and small spatulate (green arrow)

adventitious avicularium. Scale bars: A=200 um; B, D =100 um; C = 50 um.

Parasmittina ligulata (Ridley, 1881) [21]

(Fig 8)

Smittia trispinosa var. ligulata Ridley [21]: 53.

Material examined. Syntype: NHMUK Uncatalogued, Smittia trispinosa var. ligulata,
S.0. Ridley det., Victoria Bank, Espirito Santo, Brazil, 60 m.

Redescription. Colony encrusting. Autozooids (0.326-0.430-0.524 mm length;
n=15; SD= 0.060 mm; 0.212-0.326-0.476 mm wide; n = 15; SD= 0.065 mm), (Fig 8A)
polygonal, almost rhombic, limited by slightly raised lateral walls, surrounded by a
single row of 19-27 marginal pores (0.010-0.019-0.032 mm in diameter; n = 30; SD =
0.004 mm). Frontal wall with rugose and nodular calcification (Fig 8A). Primary orifice
(0.094-0.108-0.120 mm length; n= 4; SD= 0.011 mm; 0.092-0.099-0.107 mm wide;
n= 4; SD= 0.006 mm) (Fig 8C) elliptical, distal margin smooth, oral spines not
observed, lyrula narrow (0.015-0.021-0027 mm wide; n = 4; SD = 0.005 mm); a pair of
robust and down-curved hooked condyles with coarsely serrated margins (Fig 8B).
Secondary orifice (Figs 8C and 8D) pear-shaped, forming lateral flaps, and resulting a
shallow U-shaped pseudosinus (Fig 8D). Adventitious avicularia variable in shapes and
sizes (Figs 8B and 8D), with two morphologies: (1) small (0.108-0.163-0.210 mm in
length; n = 10; SD = 0.034 mm; 0.015-0.022-0.032 mm in wide; n = 10; SD = 0.005
mm), narrow and elongate avicularia (Fig 8A-8B and 8D, orange arrow) present at one

or both side of the orifice, unequal in size if paired, placed below to the secondary
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orifice, proximally oriented, rostrum narrow and slightly curved, smooth to slightly
corrugated at its lateral margins, rounded tip, palate occupying about half of the rostrum
length and oblong foramen; (2) small (0.060-0.083-0.116 mm in length; n = 10; SD =
0.014 mm; 0.013-0.017-0.025 mm in wide; n = 10; SD = 0.003 mm), narrow and
subtriangular avicularia (Figs 8A-8B and 8D, blue arrow), placed in zooidal margins
and/or in the frontal wall, with smooth lateral margins, rounded tip, palate narrow and
elliptical foramen. Ovicells (0.171-0.185-0.211mm length; n= 5; SD= 0.017 mm;
0.163-0.188-0.212 mm wide; n=5; SD= 0.022 mm) globose, densely surrounded by
adjacent frontal wall, ectooecium perforated by 6-10 medium-sized pores (Fig 8D,
yellow arrow).

Remarks. Originally described based on specimens from southeastern Brazil
(Espirito Santo), the usage of the name P. ligulata is historically confused. Parasmittina
ligulata belong to the complex P. spathulata—P. areolata, reported from Atlantic and
Pacific Ocean, respectively, that comprise species with adventitious latero-oral
avicularia single or paired and with narrow and elongate profile, and large spatulate
avicularium sometimes replacing the small ones (e.g., [ 9, 43—-44]). In 2008, P. ligulata
was synonymized by Vieira et al. under P. spathulata, also including the specimen of
Canu & Bassler [40] attributed to Smittina trispinosa spathulata (USNM 8558). As
previous stated, the specimen studied by Canu & Bassler [40] is here assigned to P.
abrolhosensis. However, the analysis of the syntype of P. ligulata showed no large
avicularia and the oral spines are lacking, thus preventing us to compare these species.
Also, features of the primary orifice and ovicells (Table 12), that are the main
differences among these species, however, were not discussed. Thus, here we choose to
keep these taxa separated until more specimens from the topotype locality of P. ligulata

are analyzed.
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Distribution. Southwestern Atlantic: Brazil (Espirito Santo) Ridley, 1881[21].

Fig 8. Parasmittina ligulata (Ridley, 1881), NHMUK Uncatalogued specimen (syntype,
A-D). (A) group of autozooids showing small elongate (orange arrow) and small
subtriangular (blue arrow) adventitious avicularia. (B) detail of autozooid showing
small elongate (orange arrow) and small subtriangular (blue arrow) adventitious
avicularia. (C) detail of primary orifice. (D) detail of ovicelled (yellow arrow) zooids
and small elongate (orange arrow) and small subtriangular (blue arrow) adventitious

avicularia. Scale bars: A =200 um; B, D =100 um; C =40 pm.

Parasmitina longirostrata Liu in Liu, Yin & Ma, 2001 [50]

(Fig 9; Table 5)

Parasmittina longirostrata Liu et al. [50]: 800; ? Parasmittina serruloides Harmelin et

al. [11]: 174.

Material examined. UFPE 816-821, UFBA 3492.5, UFBA 3496.4, UFBA 3508.2,
UFBA 3634, UFBA 3638, UFBA 3805.1, UFBA 3886.2, UFBA 3893.10, UFBA
3895.6, UFBA 3899.4, UFBA 3904.4, UFBA 3908-3909, UFBA 3911-3913, UFBA
3922.2, UFBA 3924-3925, UFBA 3948.4, UFBA 3951.3, UFBA 3977.2, UFBA
3979.4, UFBA 3981.8, UFBA 3983.2, Todos os Santos Bay, Salvador, Bahia, Brazil,
12°99°S, 38°53’W, 3-5 m, coll. 2012.

Description. Colony encrusting (Fig 9A). Autozooids (Fig 9B) subretangular to
polygonal, limited by slightly raised lateral walls, surrounded by a single row of 12-18

small marginal pores (0.004-0.013-0.025 mm in diameter; n =30; SD = 0.004 mm).
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Frontal wall rugose and nodular. Primary orifice elliptical (Fig 9C), wider than long,
distal margin smooth, with 3—4 oral spines, lyrula median-sized (0.025-0.030-0.036
mm wide; n = 15; SD = 0.003 mm), a pair of robust, hooked, condyles with serrated
margins. Secondary orifice (Figs 9D and 9F) moderate to well-developed, pear-shaped,
forming 2—4 lateral flaps in autozooids, commonly resulting in a shallow U-shaped
pseudosinus in ovicelled zooids, only partly obscuring the lyrula. Adventitious
avicularia variable in shapes and sizes (Figs 9B-9D), with three morphologies: (1)
small, narrow and elongate avicularia (Figs 9B and 9D, orange arrow) present at one
side below to the secondary orifice, proximally oriented, rostrum narrow and slightly
curved, slightly corrugated at its lateral margins, rounded tip, palate occupying about
half of the rostrum length, oblong foramen and crossbar complete; (2) small, oblong
avicularia (Fig 9E, blue arrow) single, more common in adult zooids, laterally at one
side of the orifice and oriented proximally, smooth at its lateral margins, rounded tip,
palate occupying half of the rostrum length, elliptical foramen and crossbar complete;
(3) large, sublanceolate avicularia (Figs 9C and 9E, red arrow), placed laterally at one
side of the orifice, oriented proximally, rostrum slightly curved with coarsely serrated
margins and rounded distal edge, palate narrow, occupying about half the rostrum
length, foramen subtriangular with 2—-3 pseudopores adjacent to the avicularia. Ovicells
globose, initially prominent (Figs 9D, and 9F) and densely surrounded by adjacent
frontal wall (Fig 9F, black arrow) in older zooids; ectooecium perforated by 18-24
medium-sized pseudopores (0.003-0.006-0.009 in diameter; n = 30; SD = 0.001 mm),
regularly distributed through the ectooecial surface.

Remarks. Parasmittina longirostrata is characterized by having a unique
combination of characters that include a primary orifice with smooth distal margin, with

3-4 oral spines, lyrula median-sized, secondary orifice forming a U-shaped
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pseudosinus, and two types of proximolateral avicularia: small, elongate and thin and
large, sublanceolate with crenulated margins [50].

Liu et al. [50] considered that P. serrula Soule & Soule (1973) [3] was the most
similar congener to P. longirostrata probably due having two types of avicularia with
the smaller proximolateral being thin and narrow. However, several differences are
observed between these species, including the primary orifice (with smooth distal
margin and lyrula occupying half of the orificial width in P. longirostrata and with
distal denticles and lyrula occupying one-quarter of the orificial width in P. serrula),
placement of the smaller avicularia (typically straightly placed proximolateral to the
orifice in P. longirostrata and transversally below the orifice in P. serrula) and profile
of the large avicularium (sublanceolate in P. longirostrata and spatulate in P. serrula)
[3].

Harmelin et al. [11] described the species P. serruloides, based on specimens
from Lebanon. These specimens also fit morphological characters of P. longirostrata,
except, for the profile of the condyles that are thin. Considering that only the condyles
profile differs between species, more studies are needed, to compare these species and
validate whether they are in fact different species or not.

Despite the type locality of P. longirostrata being in the North Pacific, all
Brazilian specimens studied here are morphologic and morphometric (Table 5)
indistinguishable from those from China [50].

Distribution. Northeastern Pacific: China [50]. Southwestern Atlantic: Brazil

(Bahia) (present study).
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777 Table 5. Morphometric data of specimens here assigned to Parasmittina
778 longirostrata. Values represented as minimum—median—-maximum (number of

779  zooidal measures). All values in millimeters.

Morphological character

Taxa / reference

P. longirostrata / holotype in Liu et al. (2001)

P. longirostrata / present study

ZL

yAY

oL

ow

AvZ1 (elongate)
AvW1 (elongate)
AvZ2 (sublanceolate)
AvW?2 (sublanceolate)
OvL

ovw

0.480-0.600-0.744 (10)
0.314-0.342-0.358 (10)
0.098-0.100-0.106 (10)
0.072-0.120-0.144

0.028-0.042-0.056 (10)
0.330-0.369-0.414 (10)
0.174-0.218-0.258 (10)
0.142-0.158-0.172 (10)
0.186-0.204-0.214 (10)

0.229-0.3000.353 (15)
0.189-0.206-0.247 (15)
0.079-0.092-0.103 (15)
0.066-0.080-0.095 (15)
0.080-0.098-0.122 (7)
0.019-0.023-0.027 (7)
0.205-0.234-0.280 (8)
0.036-0.041-0.050 (8)
0.113-0.127-0.150 (15)
0.128-0.150-0.176 (15)

780

781  Fig 9. Parasmittina longirostrata Liu in Liu, Yin & Ma, 2001, UFBA 3805.1 (A-D);
782  UFBA 3886.2 (E-F). (A) general view of a colony. (B) autozooids at the growing edge
783  of the colony showing small elongate (orange arrow) adventitious avicularia. (C)
784  autozooid with details of the primary orifice and showing large sublanceolate (pink
785  arrow) adventitious avicularia. (D) group of autozooids with small elongate (orange
786 arrow) and large sublanceolate (pink arrow) adventitious avicularia. (E) detail of
787  autozooids with small oblong (blue arrow) and large sublanceolate (pink arrow)
788  adventitious avicularia. (F) group of ovicelled zooids. Scale bars: A =500 um; B, D =
789 200 um; C, E, F =100 um.

790

791  Parasmittina pinctatae Liu in Liu, Yin & Ma, 2001 [50]

792  (Fig 10; Table 6)

793

794  Parasmittina pinctatae Liu et al. [50] 805; Smittina trispinosa: Luederwaldt, [55]: 65;

795  Smittina trispinosa var. nitida: Marcus [26]: 104; Parasmittina betamorphaea: Vieira et
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al. [27]: 27; Parasmittina parsevalii: Liu et al. [50]: 621; Parasmittina egyptiaca:
Harmelin et al. [11]: 166; Parasmittina egyptiaca: Baradari et al. [14]: 474; NOT
Discopora trispinosa Johnston, [25]: 280; NOT Discopora nitida Verril, [56]: 415;
NOT Cellepora parsevalii Audouin [52]: 238; NOT Parasmittina betamorphaea

Winston, [9]: 58; NOT Smittia egyptiaca Waters, [53]: 157.

Material examined. UFBA 301, Salvador, Bahia, Brazil, 12°58” S, 38°44> W, 37 m,
coll. 17/04/1997; UFBA 644, Baia de Todos os Santos, Bahia, Brazil, 12°46’ S, 38°33’
W, coll. 20/03/1997; UFPE 650, UFBA 3310, UFBA 3312.2, Praia Araca, Sao
Sebastido, Sao Paulo, Brazil,23°48' S, 45°24' W, coll. 07/07/2009; USNM
Uncatalogued, H. Luederwaldt det. 1926, Ilha de Sdo Sebastido, S&do Paulo, Brazil,
UFPE 822-830, UFBA 1928.1, UFBA 2995.1, UFBA 3034.5, UFBA 3444.1 UFBA
3446-3451, UFBA 3453.1, UFBA 3455.4, UFBA 3457.2, UFBA 3459-3470, UFBA
3472-3476, UFBA 3478-3480, UFBA 3482-3484, UFBA 3486-3488, UFBA 3490
3496, UFBA 3498-3500, UFBA 3502-3509, UFBA 3511-3514, UFBA 3516-3521,
UFBA 3670.1, UFBA 3802-3806, UFBA 3808-3810, UFBA 38123814, UFBA 3884—
3886, UFBA 3889, UFBA 3891-3894, UFBA 3896-3897, UFBA 3899-3900, UFBA
3902, UFBA 3904-3906, UFBA 3910.1 UFBA 3917.4, UFBA 3919.5, UFBA 3921-
3923, UFBA 3926-3927, UFBA 3929-3930, UFBA 3940-3951, UFBA 3953.1, UFBA
3955-3968, Todos os Santos Bay, Salvador, Bahia, Brazil, 12°99°S, 38°53°W, 3-5 m,
coll. 2012; MZUSP 921, Smittina trispinosa var. nitida, det. Marcus, 1937, Santos, Sdo
Paulo, Brazil, MZUSP 1160, Yatch Club de Ilhabela, Ilhabela, Sdo Paulo, Brazil,
23°75°S, 45°41°W, 2 m, coll. 05/03/2010; MZUSP Uncatalogued CE59, Porto do
Mucuripe, Fortaleza, Ceara, Brazil, 3°32’S, 38°48’W, coll. 27/08/2009; MZUSP

Uncatalogued CE65, Porto do Mucuripe, Fortaleza, Ceard, Brazil, 3°32°S, 38°48’W,
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coll. 27/08/2009; MZUSP Uncatalogued CE69, Porto do Mucuripe, Fortaleza, Ceara,
Brazil, 3°32’S, 38°48’W, coll. 27/08/2009, MZUSP 1015, Sdo Paulo, Brazil. USNM
Uncatalogued, Smittina trispinosa, det. H. Luederwaldt, S&o Sebastido, S&o Paulo,
Brazil, coll. Jul 1925.

Description. Colony encrusting, uni to multilaminar (Fig 10A). Autozooids (Fig
10B) subquadrangular to polygonal, limited by slightly raised lateral walls, surrounded
by a single row of 16-22 marginal pores (0.011-0.022-0.032 mm in diameter; n= 30;
SD = 0.004 mm). Frontal wall rugose and nodular. Primary orifice (Fig 10C)
subcircular, as long as wide, smooth distally, 1-2 oral spines, lyrula relatively wide but
low, occupying about half of the orifice length (0.025-0.038-0.047 mm wide; n = 15;
SD = 0.006 mm), a pair of almost straight and robust condyles with margins finely.
Secondary orifice low, forming short lateral flaps (Fig 10C), larger in ovicelled zooids
(arrow, Fig 10F). Adventitious avicularia variable in shapes and sizes (Figs 10B—10D),
with three morphologies: (1) small subtriangular avicularia (Figs 10B and 10E, orange
arrow), placed distolaterally to the orifice in younger zooids and randomly scattered on
the frontal wall (i.e., around the orifice, in a suboral position and on the ovicell) in older
zooids (Fig 10F); (2) small, profile elongate (Figs 10D and 10E, green arrow),
sublanceolate, narrow and with a pointed rostrum, placed in zooidal margins, more
common in older zooids; (3) large, profile spatulate (Fig 10E, red arrow), placed
distolaterally to the orifice, oriented proximolaterally, palate narrow, occupying about
3/4 of the rostrum length, with smooth margins and crossbar complete; 3-5 pseudopores
adjacent to the avicularia, foramen elliptical. Ovicells globose (Fig 10F), densely
surrounded by adjacent frontal wall (Fig 10F, black arrow); ectooecium perforated by
more than 20 smalls to medium-sized pseudopores (0.002-0.007-0.011 in diameter; n =

30; SD =0.002 mm) distributed through the entire ovicell surface.
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Remarks. Despite P. pinctatae occurs in Brazil since at least 1929, due to
misleading identifications [26, 28,55], here we present the first formal record of this
species to the Western Atlantic. Most records were previously attributed to P. trispinosa
[26, 55] and to P. nitida (Verrill, 1875) [56] but Vieira et al. [27] assigned Marcus’s P.
nitida to P. betamorphaea. Here we examined specimens studied by these authors
(Luederwaldt 1929 [55], USNM Uncatalogued; Marcus 1937 [26], MZUSP 921,
Almeida et al. 2015 [27], UFBA 301, UFBA 644) and all share diagnostic features of P.
pinctatae, including the subcircular primary orifice, secondary orifice with lateral flaps,
short lyrula, nodular frontal calcification and three types of avicularia.

Parasmittina pinctatae differs from P. trispinosa in the profile of the primary
orifice (as long as wide in P. pinctatae and longer than wide in P. trispinosa), number
of oral spines (1-2 in Parasmittina pinctatae and 2-3 in P. trispinosa), profile of
avicularia (the proximolateral is subtriangular in P. pinctatae and oblong in P.
trispinosa; the large is spatulate in P. pinctatae and subtriangular in P. trispinosa), and
number of ovicell pseudopores (more than 20 in P. pinctatae and 2—4 in P. trispinosa)
[11]. Differences between P. pinctatae and P. nitida include the profile of the primary
orifice (subcircular in P. pinctatae and rounded in P. nitida), lyrula (median in P.
pinctatae and narrow in P. nitida), types of avicularia (three types in P. pinctatae:
proximolateral, marginal and large; two types in P. nitida: proximolateral and marginal)
and orientation of the proximolateral avicularia (distolateral in P. pinctatae and
proximolateral in P. nitida) [67]. Finally, P. pinctatae is distinguished from P.
betamorphea in having a narrower lyrula (the lyrula of P. betamorphaea is twice the
length of that from P. pinctatae) and condyles thin and almost straight (robust and

curved in P. betamorphaea) [9].
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The taxonomic history of P. pinctatae is puzzle. In the same paper of its original
description [50], other specimens from China were misidentified as P. parsevalii
(Audouin, 1826) [52]. However, specimens studied by Liu et al. (2001) [50] differ from
P. parsevalii by having primary orifice with smooth distal margin (beaded in P.
parsevalii), relatively wide and low lyrula (narrow and high in P. parsevalii), almost
straight and thin condyles (robust and hooked in P. parsevalii) and large spatulate
avicularia (subtriangular in P. parsevalii) [49], this combination of characters belongs to
P. pinctatae. Additionally, at least records of Parasmittina egyptiaca (Waters, 1909)
[53] made by Harmelin et al. [11, 57] and Baradari et al. [14] belong to P. pinctatae.
Here we analyzed type specimens of P. egyptiaca (MFN Uncatalogued; Fig 11) and
several differences are seen between descriptions and figures provided by these authors,
including a short secondary orifice (raised in P. egyptiaca; Figs 11B and 11C), low
lyrula (higher in P. egyptiaca; Figs 11D and 11E), large avicularia with spatulate profile
and smooth margins (subtriangular with serrated margins in P. egyptiaca; Fig 11C) and
latero-oral avicularia oriented distally (proximally in P. egyptiaca; Fig 11B). In this
sense, as all the morphological characters of the mentioned specimens are the same of
P. pinctatae and morphometric data are generally within the same range (Table 6), a
review of specimens already attributed to both P. parsevalii and P. egyptiaca are
strongly recommended.

Distribution. Pacific: China [50]); Red Sea [53]; Mediterranean ([11, 57];

Southwestern Atlantic: Brazil (Ceara, Bahia and Séo Paulo) [26, 28, 55]; present study).

Table 6. Morphometric data of P. pinctatae, P. parsevalii and P. egyptiaca. Values
represented as minimum-median—maximum (number of zooidal measures). All

values in millimeters.
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Morphological

Taxa / reference

character P. pinctatae / holotype in P. parsevalii / Liuet  P. pinctatae / P. egyptiaca / P. egyptiaca /
Liu et al. (2001) al. (2001) present study Harmelin et al. Baradari et al.
(2009) (2019)
ZL 0.483-0.522-0.655 (10) 0.366-0.498-0.670 0.260-0.433— 0.365-0.492— 0.270-0.397—
0.833 (15) 0.730 (33) 0.531 (13)
ZW 0.277-0.320-0.350 (10) 0.280-0.302-0.340 0.207-0.298— 0.265-0.338— 0.230-0.266—
0.392 (15) 0.605 (33) 0.320 (13)

oL 0.112-0.122-0.135 (10) 0.098-0.106-0.110 0.090-0.110- 0.085-0.107— -

(10) 0.153 (15) 0.130 (28)
ow 0.088-0.098-0.102 (10) 0.084-0.092-0.098 0.074-0.100— 0.105-0.113- -

(10) 0.115 (15) 0.135 (28)
AvZ1l 0.064-0.084-0.098 (10) 0.084-0.090 (10) 0.057-0.064— - -
(subtriangular) 0.075 (3)
AvW1 0.036-0.040-0.064 (10) 0.050-0.062-0.072 0.034-0.037— - -
(subtriangular) (10) 0.040 (3)
AvZ2 0.292-0.304-0.316 (10) 0.240-0.254-0.268 0.307-0.317- 0.315-0.371- -
(spatulate) (10) 0.327 (2) 0.435 (10)
AvW?2 0.074-0.080-0.088 (10) 0.098-0.098-0.114  0.062-0.062— 0.085-0.108- -
(spatulate) (10) 0.063 (2) 0.120 (10)
AvZ23 0.088-0.102-0.110 (10) 0.072-0.080-0.086  0.090 (1) - -
(sublanceolate) (10)
AVW3 0.038-0.048-0.056 (10) 0.048-0.054-0.072  0.020 (1) - -
(sublanceolate)
OvL 0.180-0.200-0.216 (10) 0.184-0.198-0.220 0.129-0.173- 0.195-0.205- -

(10) 0.192 (15) 0.230 (16)
OovwW 0.208-0.240-0.245 (10) 0.224-0.236-0.256  0.163-0.221— 0.205-0.236— -

(10) 0.243 (15) 0.265 (16)

Fig 10. Parasmittina pinctatae Liu in Liu, Yin & Ma, 2001, UFBA 3885.1 (A-D, F);

UFBA 3884 (E). (A) general view of a colony. (B) autozooids at the growing edge of

the colony showing small subtriangular (orange arrow) adventitious avicularia. (C)

detail of primary orifice. (D) detail of primary orifice and small elongate (green arrow)

adventitious avicularia. (E) group of autozooids with small subtriangular (orange arrow)

and small elongate (green arrow) adventitious avicularia and large spatulate (pink

arrow) adventitious avicularia. (F) group of ovicelled zooids with secondary

calcification. Scale bars: A, F =500 um; B, E =200 um; C, D = 100 pm.
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Fig 11. Parasmittina egyptiaca (Waters, 1909), MFN Uncatalogued, type (A-F). (A)
general view of a colony fragment showing small oblong (orange arrow) and large
subtriangular (pink arrow) adventitious avicularia. (B) autozooid showing small oblong
(orange arrow) adventitous avicularia. (C) autozooid showing large subtriangular (pink
arrow) adventitious avicularia. (D) detail of primary orifice showing condyles and
lyrula. (E) detail of primary orifice showing slightly denticulate distal margin. (F) detail

of ovicell. Scale bars: A =300 um; B, C, F =100 pm; D, E = 20 pm.

Parasmittina serrula Soule & Soule, 1973 [3]

(Fig 12; Tables 7, 8)

Parasmittina serrula Soule & Soule [3]:386; Parasmittina serrula: Winston [43]: 23;
Parasmittina serrula: Winston [44]: 22; ? Parasmittina serrula: Gordon [17]: 96; ?
Parasmittina serrula: Ryland & Hayward [58]: 272; ? Parasmittina serrula: Gordon &
D'Hondt [59]: 21; ? Parasmittina serrula: Tilbrook et al. [60]: 76; ? Parasmittina
serrula: Tilbrook et al. [10]: 154; ? Parasmittina serrula: Dick et al. [61]: 2221; ?

Parasmittina serrula: Dick & Grischenko [12]: 188.

Material examined. UFBA 2850, Guarajuba, Camagari, Bahia, Brazil, 12°45” §,
38°06° W, 25-27 m, coll. 1997; UFBA 2859, Recife dos Cascos, Todos os Santos Bay,
Bahia, Brazil, 13°7” S, 38°38” W, 13-21 m, coll. 2016-2017.

Description. Colony encrusting, uni to multilaminar (Fig 12A). Autozooids (Fig
12B) rhombic-polygonal, limited by slightly raised lateral walls, surrounded by a single
row of 14-22 marginal pores (0.009-0.019-0.036 mm wide; n = 30; SD = 0.005 mm).

Frontal wall rugose and nodular. Primary orifice (Fig 12C) elliptical, wider than long,
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distal margin with several well-spaced minute denticles, 3-5 oral spines, lyrula narrow,
occupying about half of the orifice length (0.020-0.023-0.028 mm wide; n = 10; SD =
0.002 mm), a pair of hooked condyles with coarsely serrated margins. Secondary orifice
pear-shaped, forming 2 proximolateral flaps and resulting in a pseudosinus (Figs 12B
and 12D), larger in ovicelled zooids (arrow, Fig 12D). Adventitious avicularia variable
in shapes and sizes (Figs 12A-B and 12D), with two morphologies: (1) small, narrow
and elongate avicularia (Fig 12B, orange arrow) present at one or both sides below to
the secondary orifice, proximally oriented, rostrum narrow and slightly curved, slightly
corrugated at its lateral margins, rounded tip, palate occupying about half of the rostrum
length, oblong foramen and crossbar complete; (2) large avicularia with profile
spatulate (Figs 12B and 12D, red arrow), placed distolaterally to the orifice and oriented
proximally, palate broad, occupying about 3/4 of the rostrum length, foramen oval,
rostrum spatulate, with strongly serrated margins and crossbar complete; 1-2
pseudopores adjacent to the avicularia. Ovicells globose (Fig 12D, yellow arrow),
surrounded by adjacent frontal wall; ectooecium perforated by 12-27 medium-sized
pseudopores (0.005-0.007-0.0013 mm wide; n = 30; SD = 0.001 mm) distributed
through the entire ovicell surface. Secondary calcification around the primary orifice in
ovicelled zooids forming a hood in the distal margin of the ovicell (Fig 12D).

Remarks. As P. ligulata, P. serrula belong to the P. spathulata—P. areolata
complex that comprise Atlantic species with avicularia types one and two but that are
easily distinguished based on features of the primary orifice, avicularia and ovicells
(Table 12). Parasmittina serrula differs from all these congeners by having up to 6 oral
spines (up to 4 in all other species) and large spatulate avicularium with strongly

serrated margins (with smoother margins in all other species).
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First described based on specimens from Hawaii (Soule & Soule 1973) [3], P.
serrula was already recorded from coral reefs of Belize, Gulf of Mexico, and
experimental panels from Jamaica [43, 44]. Winston (1984) [43] attributed an
opportunistic behavior to these species indicating that it could be more widely
distributed in tropical waters than it is known. It was also recorded from several
localities from the Western and Central Pacific (Table 7 and see Dick & Grischenko
2017 [12] for more information) but most of these differ in characters of the primary
orifice and can represent distinct species [12]. However, specimens studied here fit all
morphological and morphometric characters of the original description provided by
Soule & Soule [3] (Tables 7 and 8), thus being considered the same morphospecies as
P. serrula.

Morphological variations already attributed to P. serrula can truly represent
intraspecific variations [9] and its geographical unusual distribution including records in
the Pacific and Caribbean were already related with hull shipping through the Panama
Canal [12]. Interestingly, colonies studied here were also found encrusting artificial
substrata, indicating the potential of this taxa to colonize man-made structures with
passive dispersal ability. Thus, as already as P. alba and P. distincta, it is clear that
more integrative studies are needed to better understand the taxonomy and distribution
of P. serrula.

Distribution. Central Pacific: Hawaii [3], Caribbean: Belize, Gulf of Mexico

and Jamaica [43, 44]; Southwestern Atlantic: Brazil (Bahia) (present study).

Table 7. Morphological variations in specimens from different localities assigned
to Parasmittina serrula. Number, (N), unknown states (?). The lyrula information

correspond to the lyrula width in relation to the orifice width.
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Localities Reference Oral spines Lyrula Condyles Large
(N) avicularium

Hawaii (EUA) Soule & Soule (1973) 3-6 one quarter robust spatulate
Hawaii (EUA) Gordon (1984) 4 one quarter ? -

Bow Cay Belize Winston (1984) 4 one quarter robust -

Heron Island (Australia) Ryland & Hayward (1992) 2-4 half robust spatulate
Philippines Gordon & D'Hondt (1997) 3 ? ? -
Vanuatu Tilbrook et al. (2001) 2-4 half robust spatulate
Vanuatu Tilbrook et al. (2006) 34 one quarter thin spatulate
Hawaii (EUA) Dick et al. (2006) 2-4 one quarter robust -
Okinawa (Japan) Dick & Grischenko (2017) 34 half robust -

Brazil Present study 35 one quarter robust spatulate

Table 8. Morphometric data of specimens assigned to Parasmittina serrula. Values

represented as minimum-median—-maximum (number of zooidal measures). All

values in millimeters.

Morphological

Taxa / reference

character

P. serrula / holotype in Soule

P. serrula / Winston

P. serrula/ Dick et al.

& Soule (1973)

(1984)

(2006)

P. serrula / present

study

ZL
ZW
oL
ow

AvZ1 (elongate)
AvW1
(elongate)
AvZ2
(spatulate)
AvW2
(spatulate)

OvL

Oovw

0.320-0.368-0.400 (10)
0.260-0.284-0.310 (10)
0.080-0.084-0.090 (10)
0.060-0.066-0.075 (10)

0.075-0.079-0.080 (6)
0.030-0.031-0.035 (6)

0.240-0.252-0.260 (5)

0.060-0.063-0.065 (5)

0.220 (1)
0.240 (1)

0.319-0.4340.592 (15)
0.182-0.274-0.328 (15)
0.082-0.103-0.137 (15)
0.091-0.103-0.127 (15)

0.036-0.093-0.127 (15)
0.018-0.024-0.027 (15)

0.109-0.118-0.137 (3)
0.191-0.200-0.209 (3)

0.280-0.374-0.470 (20)
0.190-0.239-0.290 (20)

0.080-0.096-0.120 (20)

0.160-0.167-0.180 (13)
0.180-0.198-0.220 (13)

0.302-0.3920.602 (15)
0.193-0.261-0.332 (15)
0.083-0.108-0.120 (10)
0.0065-0.088-0.116
(10)
0.069-0.102-0.137 (10)
0.010-0.014-0.019 (10)

0.246-0.305-0.357 (9)

0.048-0.060-0.075 (9)

0.116-0.152-0.184 (15)
0.170-0.187-0.199 (15)

Fig 12. Parasmittina serrula Soule & Soule, 1973, UFBA 2850 (A-D). (A) general

view of a colony. (B) autozooids at the growing edge of the colony showing small

elongate (orange arrow) and large spatulate (pink arrow) adventitious avicularia. (C)

detail of primary orifice. (D) group of ovicelled (yellow arrow) zooids with large

spatulate (pink arrow) adventitous avicularia. Scale bars: A =500 um; (B) D = 200 pm;

C =50 pm.
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Parasmittina simpulata Winston, Vieira & Woollacott, 2014 [22]

(Fig 13; Tables 9)

Parasmittina simpulata Winston et al. [22]: 200; Parasmittina spathulata: Almeida et
al. [28]: 4 (in part); ? Parasmittina parsevaliformis Soule & Soule [3]: 412; ?
Parasmittina barbadensis Winston & Woollacott [45]: 262; NOT Escharella jacotini

var. spathulata Smitt, [24]: 60.

Material examined. UFBA 209, UFBA 646, UFBA 716, UFBA 1112, UFBA 3266,
UFBA 3619.2, UFPE 831-832, Costa dos Coqueiros, Camagari, Bahia, Brazil, 12°48’—
12°58° S, 38°06°-38°20” W, 25-30 m, coll. 1993-2004; UFBA 365, Salvador, Bahia,
Brazil, 12°57°-12°59° S, 38°21°-38°23” W, 0-25 m, coll. 05/04/2012; UFBA 952,
UFBA 959, UFBA 2268.3, Todos os Santos Bay, Bahia, Brazil, 12°46°-13°00 S,
38°35°-38°39” W, 0-48 m, coll. 1997-2006; UFBA 3110, UFBA 3112, UFBA 3116,
Costa do Dendé, Bahia, Brazil, 13°27°-14°11" S, 38°46°-38°55” W, coll. 2012; UFBA
947, Banco Charlotte, Bahia, Brazil, 16°07’ S, 38°29° W, 35 m, coll. 03/1996.
Description. Colony encrusting, initially unilaminar (Fig 13A). Autozooids (Fig
13A) subrectangular to subquadrangular, limited by slightly raised lateral walls, with a
single row of 20-31 marginal pores (0.007-0.019-0.0040 mm in diameter; n = 30; SD =
0.007 mm). Frontal wall rugose and nodular. Primary orifice (Fig 13D) elliptical,
slightly longer than wide, distal with 4-6 well-spaced minute denticles, up to 3 oral
spines, lyrula narrow (0.017-0.031-0.038 mm wide; n = 15; SD = 0.005 mm), a pair of
hooked condyles with coarsely serrated margins. Secondary orifice initially developed

as two lateral short projections (Fig 13B), sometimes forming a broad U-shaped
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pseudosinus (Fig 13F). Adventitious avicularia variable in shapes and sizes (Figs 13B
and 13F), with three morphologies: (1) small, subtriangular, avicularia (Figs 13B-13D,
orange arrow), placed laterally at one side of the orifice, distally oriented, rostrum
subtriangular, smooth at its lateral margins, pointed tip, palate narrow, subtriangular
foramen and crossbar complete; (2) small, oblong avicularia (Figs 13B-13D, blue
arrow) single or paired, placed below the secondary orifice, proximally oriented,
smooth at its lateral margins, rounded tip, palate occupying about three-quarters of the
rostrum length, oval foramen and crossbar complete; (3) large, spatulate avicularia (Figs
13B and 13C, red arrow), placed laterally at one side of the orifice, oriented proximally,
with rostrum oblong to spoon-shaped arched upwards, palate broad occupying three-
quarters of the rostrum length, foramen subtriangular to elliptical, with smooth margins
and crossbar complete, with 2—3 pseudopores adjacent to the avicularia. Secondary
calcification of the frontal wall can place avicularia randomly scattered on the frontal
wall (i.e., around the orifice, in a suboral position and on the ovicell, Figs 13E-13F).
Ovicells globose, densely surrounded by adjacent frontal wall (Figs 13E, yellow arrow);
ectooecium perforated by 8-10 large pseudopores (0.007-0.013-0.026 in diameter; n =
30; SD = 0.004 mm). Secondary calcification around the primary orifice in ovicelled
zooids forming a hood in the distal margin of the ovicell (Fig 13F, arrow).

Remarks. Parasmittina simpulata was originally described based on a single
specimen from southeastern Brazil, being diagnosed by having primary orifice with
distal denticles, serrated condyles, proximolateral small avicularia oval and
subtriangular and large avicularia spatulate [22]. All these characters are observed in
specimens from coral reefs and experimental plates of tiles from northeastern Brazil
analyzed in this study, adding that our colonies have ovicell with large pseudopores

(Figs 13E and 13F). Also, we observed that avicularia development and ovicell
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calcification vary between younger (Figs 13A and 13B) and older (Figs 13C and 13E)
colonies.

Winston et al. [22] distinguished its specimen from previous Brazilian records of
P. areolata and P. spathulata, as already discussed under P. ligulata (see above). Also,
P. simpulata was considered very similar to the Caribbean P. barbadensis Winston &
Woollacott [45], differing only in the large avicularia (absent in P. barbadensis), larger
zooids of P. barbadensis [45] and ovicell (absent in P. simpulata). In turn, the original
description only compared P. barbadensis with P. inalienata Tilbrook, 2006 [10] from
the Pacific, based on similarities on the profile of the proximolateral avicularia, oral
spines, condyles and secondary orifice, but differing in having one type of avicularium
(two types in P. barbadensis) and distal margin of the orifice smooth (with denticles in
P. barbadensis) [45]. Interestingly, P. barbadensis was also described base on a single
colony fragment.

However, among all congeners, P. simpulata and P. barbadensis share all
diagnostic features of frontal calcification, primary and secondary orifices and
avicularia of P. parsevaliformis Soule & Soule, 1973 [3] from the Hawaii, with the
exception of the large avicularium (absent in P. barbadensis) and ovicell (absent in P.
simpulata) (Table 9). Soule & Soule [3] described differences in avicularia morphology
and secondary calcification in the orifice and ovicell pending on the colonial
ontogenetic development of P. parsevaliformis. Here we studied more than 20
specimens from northeastern Brazil and were able to see that that the avicularia
development and ovicell calcification truly vary between younger (Figs 13A and 13B)
and older (Figs 13E and 13F) colonies. Also, our values comprise morphometric
variations seen in the three taxa — P. simpulata, P. barbadensis and P. parsevaliformis

(Table 9). Thus, we have some evidence that the absence of ovicells and avicularia in
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specimens originally attributed to P. simpulata and P. barbadensis, respectively, as well
as the morphometric variations, can be related to the ontogenetic stage of the studied
specimens.

If P. simpulata, P. barbadensis and P. parsevaliformis represent a single species,
an unlikely geographical distribution will be attributed, with records from Central
Pacific (Hawaii) [3] and Western Atlantic (Caribbean and Brazil) [22, 45]. Not
surprising, P. parsevaliformis was described based on specimens that were encrusting a
variety of substrata including rocks, corals, shells and cement [3] and material studied
here include colonies from coral reefs and experimental plates of tiles. At least the
association with artificial substrata could be related with these somewhat isolated
geographical records. However, until more data on these taxa are known, we choose to
keep them as distinct species.

Distribution. Southwestern Atlantic: Brazil (Bahia and Rio de Janeiro) [22];

present study).

Table 9. Morphometric data of P. simpulata, P. parsevaliformis and P. barbadensis.

Values represented as minimum—-median—-maximum (number of zooidal

measures). All values in millimeters.

Morphological Taxa/ reference

character P. simpulata / P. simpulata / P. parsevaliformis / holotype  P. barbadensis / holotype in
holotype Winston et present study in Soule & Soule (1973) Winston & Woollacatt
al. (2014) (2009)
ZL 0.450-0.585-0.684 (6)  0.396-0.618— 0.500-0.600-0.700 (10) 0.655-0.804-0.892 (6)
0.867 (15)
ZW 0.324-0.360-0.396 (6)  0.218-0.413- 0.320-0.385-0.480 (10) 0.400-0.510-0.637 (6)
0.560 (15)
oL 0.090-0.111-0.126 (6)  0.119-0.136— 0.110-0.127-0.160 (10) 0.127-0.141-0.155 (6)
0.164 (14)
ow 0.090-0.099-0.108 (6)  0.092-0.104— 0.100-0.106-0.110 (10) 0.127-0.133-0.146 (6)
0.114 (14)
AvZl 0.162-0.447-0.612 (6)  0.086-0.131- 0.140-0.168-0.200 (10) 0.127-0.133-0.146 (6)
(subtriangular) 0.188 (15)
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AvW1
(subtriangular)
AvZ1 (oblong)
AvW1 (oblong)
AvZ2 (spatulate)
AVW?2 (spatulate)

OvL

Oovw

0.108-0.129-0.144 (6)

0.126-0.180-0.270 (6)

0.054-0.081-0.144 (6)

0.033-0.057—
0.069 (15)
0.097-0.124—
0.160 (15
0.039-0.046—
0.056 (15)
0.302-0.451—
0.553 (8)
0.100-0.126-
0.156
0.199-0.226—
0.254 (14)
0.225-0.270~
0.346 (14)

0.080-0.092-0.100 (10)

0.080-0.111-0.140 (10)

0.040-0.053-0.060 (10)

0.310-0.360-0.390 (10)

0.120-0.174-0.200 (10)

0.200-0.215-0.240 (4)

0.240-0.245-0.260 (4)

0.055-0.074-0.091 (6)

0.127-0.176-328 (6)

0.055-0.086-0.200 (6)

0.237-0.267-0.291 (6)

0.291-0.340-0.382 (6)

Fig 13. Parasmittina simpulata Winston, Vieira & Woollacott, 2014, UFBA 365 (A),

UFBA 1112 (B-D). A, autozooids at the growing edge of the colony showing small

adventitous avicularia origin. (B) group of autozooids with small subtriangular (orange

arrow), small oblong (blue arrow) and large spatulate (pink arrow) adventitious

avicularia. (C) detail of autozooid showing small subtriangular (orange arrow), small

oblong (blue arrow) and large spatulate (pink arrow) adventitious avicularia. (D) detail

of primary orifice showing small subtriangular (orange arrow) and small oblong (blue

arrow) adventitious avicularia. (E) group of ovicelled (yellow arrow) zooids. (F) detail

of ovicelled zooids and secondary calcification around the ovicells. Scale bars: A = 500

um; B, D =100 um; C, F =200 um; E = 250 um.

Parasmittina winstonae Liu in Liu, Yin & Ma, 2001 [50]

(Fig 14; Table 10)
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Parasmittina winstonae Liu et al. [50]: 801; Parasmittina winstonae: Tilbrook, [10]:
156; Parasmittina winstonae: Taylor & Tan [62] 19; Parasmittina loxoides Winston et

al. [22]: 202; Parasmittina loxoides: Almeida et al. [63]: 409.

Material examined. UFPE 545-554, UFBA 2159, UFBA 1619, UFBA 1621, UFBA
1622, UFBA 1627, UFBA 1628, UFBA 1652, UFBA 1661, UFBA 2846, UFBA 3316-
3344, Todos os Santos Bay, Ilha de Itaparica, Itaparica, Bahia, Brazil, 12°52°—12°53" S,
38°41° W, 38°40°-38°41° W, intertidal, coll. 2012-2015; UFBA 2852, Todos 0s Santos
Bay, Porto da Barra, Salvador, Bahia, Brazil, 13°00’ S, 38°32° W, 24 m, coll. 07/2017,
UFBA 575, UFBA 2847-2849, Costa dos Coqueiros, Camacari, Bahia, Brazil, 12°45—
’12°49° S, 38°06—38°10° W, 22-27 m, coll. 1997-2002, UFBA 697, UFBA 2863,
Costa do Dendé, Bahia, Brazil, 13°56° “S, 38°59” W, 30 m, coll. 2002; UFPE 641-644,
UFBA 3028, Praia do Francés, Marechal Deodoro, Alagoas, Brazil, 9°46° S, 35°50” W,
coll. 03/02/2003— 22/02/2019; UFPE 651, Jatiuca, Maceio, Alagoas, Brazil, 9°39°10”S,
35°41°40”W, coll. 15/10/2005; MZUSP Uncatalogued PE26, UFPE 579, Porto de
Suape, Cabo de Santo Agostinho, Pernambuco, Brazil, 8°23'04"-8°24'04" S, 34°57'45"
W, coll. 01/08/2020; UFPE 621, UFPE 649 Barra de Catuama, Goiana, Pernambuco,
Brazil, 7°39'18" S, 34°49'27" W; UFBA 3072, Pontas de Pedra, Goiana, Pernambuco,
Brazil, 07°37° S, 38°48” W, intertidal, coll. 20/02/2015, UFPE 343, UFPE 645-646,
Porto do Cabedelo, Cabedelo, Paraiba, Brazil, 6°58' S, 34°50'W, intertidal, coll.
27/09/2009; UFPE 274, Saco da Pedra, coll. 16/09/2004; UFPE 340, Amores, 22/09/
2006; UFBA 3034.2, UFBA 3453.5, UFBA 3485.1, UFBA 38063808, UFBA 3810.4
UFBA 3813-3814, UFBA 3817.5, UFBA 3921, UFBA 3924-3925, UFBA 3928-3929,

UFBA 3955.3, UFBA 3959.3, UFBA 3964.7, UFBA 3966.3, UFBA 3981.4, Todos os
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Santos Bay, Salvador, Bahia, Brazil, 12°99’S, 38°53’W, 3-5 m, coll. 2012, MZUSP
887, Santos, S&o Paulo, Brazil.

Description. Colony encrusting, unilaminar, autozooids (Fig 14A)
subrectangular to polygonal, limited by slightly raised lateral walls, with a single row of
25-30 large marginal pores. Frontal wall slightly rugose and nodular. Primary orifice
(Fig 14B) elliptical, slightly longer than wide, anter smooth, 1-2 oral spines, lyrula
narrow (0.020-0.041 mm wide), and a pair of hook-shaped condyles with coarsely
serrated tips. Secondary orifice low (Fig 14D), forming two lateral short projections.
Adventitious avicularia variable in shapes and sizes (Figs 14B and 14F), with three
morphologies: (1) small, subtriangular avicularia (Figs 14C and 14D, orange arrow),
placed laterally to the orifice and distally oriented in autozooids, with a suboral or
randomly arranged in ovicelled and adjacent zooids (Figs 14E-14F), rostrum
subtriangular, smooth at its lateral margins, pointed tip, palate narrow, elliptical
foramen and crossbar complete; (2) small, spatulate avicularia (Figs 14B and 14C,
green arrow), placed in zooidal margins, commonly replacing a marginal pore; (3) large,
spatulate avicularia (Figs 14B and 14C, red arrow), placed laterally at one side of the
orifice, oriented distally, palate broad occupying half of the rostrum length, foramen
subtriangular to elliptical, with smooth margins and crossbar complete, with 2-3
pseudopores adjacent to the avicularia. Ovicell (Figs 14E-14F) densely surrounded by
adjacent frontal wall, soon becoming immersed in the frontal calcification; ectooecium
perforated by 20-32 medium-sized pores, (0.004-0.016 mm in diameter).

Remarks. Almeida et al. [63] redescribed P. loxoides Winston, Vieira &
Woollacott, 2014 [22] based on specimens from Bahia, characterized by having
subrectangular to polygonal autozooids with large marginal pores (Fig 14A), 1-2 oral

spines (Figs 14B and 14D), narrow and short lyrula, condyles with serrated margins.
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The latero-oral and marginal adventitious avicularia were characterized by Almeida et
al. [63], as three types of avicularia (Figs 14B-14D): small, subtriangular; small,
obovate; large, spatulate (Fig 14C), and ooecium with small ectooecial pseudopores
(Figs 14E and 14F). A diagnostic feature of this species was the large avicularia distally
directed [63]. We noted, however, morphological similarities between specimens
assigned to P. loxoides from Brazil and P. winstonae, originally described from China
by Liu et al. [50], including the large spatulate distolateral avicularia and the
morphometric characteristics of the specimens (Table 10) (see also [10, 62], that allow
us to synonymize P. loxoides under P. winstonae.

Among all congeners, P. winstonae most resembles Parasmittina californica
(Robertson, 1908) [64], Parasmittina collifera (Robertson, 1908) [64] and Parasmittina
regularis Soule & Soule, 2002 [8] in having three types of avicularia - lateral, marginal
and large, the large being distally directed. However, these species are readily
distinguished from P. winstonae by having large avicularium with subtriangular profile
and an acute rostrum (large avicularium of P. winstonae is spatulate with a rounded tip).

As other species described here, P. winstonae have an unexpected geographic
distribution in the Indo-Pacific and Southwestern Atlantic [10, 22, 50, 62-63]. Colonies
studied here are from natural and artificial substrata from northeastern to southeastern
Brazil, which include common association with bivalve shells of Plicatula gibbosa
Lamarck, 1801 and Pinctada imbricata Roding, 1798 [50, 62-63]. Specimens from
Malaysia were encrusting shells on a rope hanging from jetty [58], indicating that a
passive dispersal (phoresy) is not unlikely and could be related with the distributional

range of P. winstonae.
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Distribution. Indo-Pacific: China, Islands Solomon and Malaysia (10, 50, 62);

Southwestern Atlantic: Brazil (Paraiba, Pernambuco, Alagoas, Bahia, Rio de Janeiro

and Séao Paulo) [22, 63]; present study).

Table 10. Morphometric data of specimens here assigned to Parasmittina

winstonae. Values represented as minimum-median—-maximum (number of zooidal

measures). All values in millimeters.

Morphological

Taxa / reference

character P. winstonae / P. winstonae / P. winstonae / P. winstonae / P. loxoides / P. loxoides /
holotype in Liu  present study Tilbrook Taylor & Tan holotype in Almeida et al.
et al. (2001) (2006) (2015) Winston et al. (2018)

(2014)

ZL 0.440-0.660 0.304-0.530 0.450 (?) 0.320-0.450 (?)  0.306-0.396 0.344-0.561
(10) (15) (6) (15)

yAY 0.280-0.420 0.241-0.424 0.300 (?) 0.220-0.330 (?)  0.216-0.270 0.160-0.358
(10) (15) (6) (15)

oL 0.140-0.160 0.121-0.154 0.110 (?) 0.100-0.110 (?)  0.081-0.099 0.113-0.117
(10) (10) (6) (15)

ow 0.100-0.110 0.073-0.127 0.110 (?) 0.100 (?) 0.090-0.108 0.084-0.126
(10) (10) (6) (15)

AvZ1 0.102-0.144 0.069-0.132 - 0.090-0.120 (?)  0.108-0.126 0.090-0.116

(subtriangular)  (10) (15) 4) (15)

AvW1 0.058-0.124 0.032-0.058 - 0.050-0.060 (?)  0.054-0.054 0.051-0.061

(subtriangular)  (10) (15) 4) (15)

AvZ2 0.270-300 (10)  0.386-0.444 - 0.350-0.400 (?) - 0.237-0.360

(spatulate) ) (15)

AvW2 0.130-0.150 0.055-0.074 - 0.110-0.130 (?) - 0.069-0.097

(spatulate) (120) ) (15)

AvZ3 (obovate)  0.062-0.124 0.041-0.076 - 0.050-0.060 (?) - 0.051-0.083
(10) (15) (15)

AVW3 0.042-0.082 0.032-0.058 - 0.050-0.080 (?) - 0.035-0.052

(obovate) (120) (15) (15)

OvL 0.205-0.225 0.172-0.208 - 0.130-0.160 (?)  0.162-0.198 0.131-0.200
(10) (15) (6) (15)

ovw 0.212-0.292 0.205-0.273 - 0.180 (?) 0.234-0.270 0.154-0.237
(10) (15) (6) (15)

Fig 14. Parasmittina winstonae Liu in Liu, Yin & Ma, 2001, UFBA 2159.2 (A, B),

UFBA 3028 (C-F). (A) group of young autozooids. (B) detail of autozooid showing

small spatulate (green arrow) and large spatulate (pink arrow) adventitious avicularia.
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(C) autozooids with small subtriangular (orange arrow), small spatulate (green arrow)
and large spatulate (pink arrow) adventitious avicularia. (D) detail of orifice showing
small subtriangular (orange arrow) and small spatulate (green arrow) adventitious
avicularia. (E) group of ovicelled zooids. (F) detail of ovicelled zooids. Scale bars: A, E

=500 pm; B, F =200 pum; C =250 um; D = 100 um.

Parasmittina falciformis n. sp.

(Fig 15)

Parasmittina munita: Almeida et al. [28]: 4. NOT Smittina trispinosa var. munita:
Marcus, [26]: 108; NOT Smittina trispinosa var. munita: Marcus, [41]: 44; NOT
Parasmittina munita: Vieira et al. [27]: 26; NOT Smittia trispinosa var. munita Hincks,

[23]: 284.

Material examined. Holotype: UFBA 714.1, Camagari, Bahia, Brazil, 12°49°35.0” S,
38°05°04.2” W, 50 m, coll. 07/2004. Paratypes: UFBA 314, Costa do Descobrimento,
Banco Charlotte, Bahia, Brazil, 16°07° S, 38°29°W, 35 m coll. 03/1996; UFBA 953,
Baia de Todos os Santos, Bahia, Brazil 12°49 ’S, 38°37° W, coll. 27/05/1997; UFBA
948, Baia de Todos os Santos, Bahia, Brazil 12°56 S, 38°33” W, coll. 29/05/1997.
Additional specimens: UFBA 3100 Banco Besnard, Espirito Santo, Brazil, 19°40° S,
38°08” W, coll. 04/1996; UFBA 3073 UFBA 3130.3, Ilhas Rasas, Guarapari, Espirito
Santo, Brazil, 20°40° S, 40°21° W, 11-15 m, coll. 27/03/2017; UFBA 3133, UFBA
3135, UFBA 3263, llha Escalvada, Guarapari, Espirito Santo, Brazil, 20°41'59.0'S,

40°24'25.2"W, 15m, coll. 29/03/2017.
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Etymology. Alluding to the profile of the avicularium, falciform (hooked), as
previously stated by Marcus (1937).

Description. Colony encrusting, uni to multilaminar. Autozooids (0.308-0.427—
0.545 mm length; n= 15; SD= 0.071 mm, 0.266-0.342-0.470 mm wide; n= 15; SD=
0.067 mm), (Fig 15A and 15B) subrectangular to subquadrangular, limited by slightly
raised lateral walls, surrounded by a single row of 14—24 marginal pores (0.011-0.025—
0.052 mm in diameter; n = 30; SD = 0.010 mm). Frontal wall with several rounded
nodules (Figs 15A and 15B). Primary orifice (0.094-0.118-0.158 mm length; n= 15;
SD= 0.018 mm; 0.088-0.101-0.115 mm wide; n=15; SD= 0.007), (Fig 15D) elliptical,
longer than wide, distal margin smooth, 1-2 oral spines, lyrula large (0.046-0.054—
0.060 mm wide; n = 15; SD = 0.004 mm), comprising three-quarters of the orificial
width, a pair of hooked condyles with serrated margins. Secondary orifice forming 2
proximolateral flaps and resulting in a pseudosinus (Fig 15B and 15D), larger in
ovicelled zooids (Fig 13E). Adventitious avicularia variable in shapes and sizes (Fig
15B), with two morphologies: (1) small to moderate in size (0.145-0.156-0.173 mm in
length; n = 4; SD = 0.015 mm; 0.055-0.064-0.069 mm in wide; n = 4; SD = 0.007
mm), subtriangular avicularia (Fig 15B, orange arrow), with hooked tip and large
foramen, placed distolaterally to the orifice, with rostrum oriented proximolaterally; (2)
large avicularia (Fig 15B and 15C, red arrow), (0.361-0.403-0.471 mm in length; n =
15; SD = 0.036 mm; 0.077-0.0.090-105 mm in wide; n = 15; SD = 0.008 mm),
reaching almost the entire zooidal length, profile subpatulate, broad palate, occupying
about half rostrum, foramen elliptical, rostrum subtriangular, with smooth margins,
hooked tip and crossbar complete; 3-6 pseudopores adjacent to the avicularia, placed
distolaterally to the orifice with rostrum oriented proximally. Ovicells (Figs 15E and

15F) globose, densely surrounded by adjacent frontal wall (Fig 15F, black arrow);
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ectooecium perforated by 25-30 medium-sized pseudopores (0.003-0.007-0.012 in
diameter; n = 30; SD = 0.002 mm) distributed through the entire ovicell surface.

Remarks. Specimens of Parasmittina falciformis n. sp. from northeastern Brazil
studied here were previously attributed to P. munita [28] that was originally described
by Hincks [23] based on colonies from Australia (28). These species can be
distinguished, however, by the number of spines (three in P. munita and up to two in
Parasmittina falciformis n. sp.) pseudosinus of secondary orifice (deep in P. munita and
shallow in Parasmittina falciformis n. sp.) and profile of the large adventitious
avicularia (oblong in P. munita and subtriangular in Parasmittina falciformis n. sp.).

However, some specimens of Parasmittina from southeastern Brazil were also
attributed to Smittina trispinosa var. munita by Marcus [26, 41]. Although these
specimens have adventitious and interzooidal avicularia similar to that of P. falciformis
n. sp., differences among these taxa include the number of oral spines (3 in specimens
from Marcus and 2 in P. falciformis n. sp), secondary orifice (shorter in P. falciformis n.
sp.), pseudosinus (shallower in P. falciformis), rostrum of the small adventitious
avicularia (straight in specimens from Marcus and curved in P. falciformis n. sp.).
Moreover, specimens studied by Marcus [26, 41] have also a large interzooidal
avicularia, not observed in P. falciformis n. sp. Thus, here we consider that Smittina
trispinosa var. munita described by Marcus [26, 41] represent a distinct taxon than P.
munita and P. facilformis.

Other species of Parasmittina with same set of adventitious avicularia of P.
falciformis n sp., are P. aculeata Tilbrook, 2006 [10], P. alanbanneri Soule & Soule,
1973 [3] P. aotea (Brown, 1952) [68] and P. recidiva Hayward, 1988 [15]. Differences
between species includes the number of oral spines (3 in P. aotea and P. recidiva, 3-6

in P. alanbanneri and 1-2 in P. aculeata and P. falciformis n. sp); condyles (thin in P.
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aculeata and P. recidiva and robust in. P. alanbanneri, P. aotea and P. falciformis n.
sp.); lyrula (narrow in P. aotea, P. recidiva and larger in P. aculeata, P. alanbanneri
and P. falciformis n. sp.) and margins of the large avicularia (serrated in P. aculeata and
P. recidiva and smooth in P. aotea, P. alanbanneri and P. falciformis n. sp.). Also, the
combination of primary orifice with large lyrula, smooth distally, 1-2 oral spines,
serrated condyles with hooked tips and two types of avicularia distinguishes P.
falciformis n. sp. from all congeners.

Distribution. Southwestern Atlantic: Brazil (Bahia, Espirito Santo and S&o

Paulo) [28, 27]; present study).

Fig 15. Parasmittina falciformis n. sp., UFBA 714 (holotype, A-B, D-F) UFBA 953
(paratype, C). (A) group of young autozooids. (B) detail of autozooid showing small
subtriangular (orange arrow) and large lanceolate (pink arrow) adventitious avicularia.
(C) autozooids with large lanceolate (pink arrow) adventitious avicularia. (D) detail of
primary orifice. (E) group of ovicelled zooids. (F) detail of ovicelled zooids. Scale bars:

A =250 um; B, E, F = 200 um; C = 500 um; D = 50 pm.

Discussion

Historically, the morphology and position of the avicularia were considered the
main morphologic characteristics to distinguish different Parasmittina species, while
some other morphological structures (e.g., primary orifice and ovicells) were
overlooked [8]. As pointed by Soule & Soule [3, 8], combined morphology of structures
such as avicularia, primary orifice (i.e., distal margin, condyles and lyrula) and ovicells,
allow distinguishing taxa considered to have an uncommon geographic distribution,

such as P. trispinosa. However, as showed in this paper, species of Parasmittina have
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been poorly characterized, often based on single colony fragments, and they are not
properly compared with congeners or also with type specimens. Thus, among the eleven
species of Parasmittina reported from the Southwestern Atlantic prior to this study, four
were not recognized in this paper — P. betamorphaea, P. munita, P. spathulata and P.
trispinosa. Previous records of these taxa to the area [26, 27, 28, 41, 65] were not
properly characterized and the review of these including analysis of original
descriptions of the four species and study of additional specimens from SW Atlantic
showed that they truly belong to different taxa. For instance, P. betamorphaea is here
recognized as part of a species complexes involving the congeners P. alba and P.
lavela; part of the records of P. munita [27, 28, 40] is assigned to a P. falciformis n. sp.
and other records still need review [26, 41]; reports of P. spathulata comprise at least
two taxa including P. abrolhosensis and P. simpulata; P. trispinosa is assigned to P.
pinctatae.

Our study also highlighted that there are more than one applicable species name
to the same combination of morphological and morphometric characters (i.e., P. alba,
P. betamorphea and P. lavela; P. distincta, P. egyptiaca, P. floridana and P. glomerata;
P. longirostrata and P. serruloides; P. simpulata, P. barbadensis and P.
parsevaliformis). Indeed, variations observed among these taxa include characters that
may differ pending on habitat and colonial development and that can represent
intraspecific variations rather than different species. Studies including more colonies
and other biological data, especially molecular analysis, are needed to help to elucidate
the taxonomic identity of these taxa. Thus, in order to prevent to erect new names and
new synonymies based on characters that can be considered as intraspecific variations,

here we choose to discuss and indicate the occurrence of species complex in
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Parasmittina, attributing the most appropriate available name to the studied Brazilian
specimens and attempting to maintain some taxonomic stability in the genus.
Interestingly, here we noticed that morphology of the primary orifice provides
most reliable taxonomic characters than only the avicularia itself to distinguishes
Parasmittina species (Fig 16), as previously pointed out by Tilbrook (2006) [10] in
specimens from Indo-Pacific. In this sense, analysis including colonies with different
astogenetic series, added with characterization of primary orifice, avicularia and ovicell,

are strongly required for a reliable taxonomic assignment (i.e., [ 3, 6, 8, 11, 13, 17, 45].

Fig 16. Primary orifices of the studied Parasmittina species. (A) Parasmittina
abrolhosensis, (B) Parasmittina alba, (C) Parasmittina bimucronata, (D) Parasmittina
distincta, (E) Parasmittina dubitata, (F) Parasmittina longirostrata, (G) Parasmittina
pinctatae, (H) Parasmittina egyptiaca, (I) Parasmittina serrula, (J) Parasmittina
simpulata, (K) Parasmittina winstonae, (L) Parasmittina falciformis n. sp. Scale bars:

A =50 pm.

Although presence of new species of Parasmittina described to Brazil [18, 19,
22], there are no review on historical records on species of that genus in the area. Based
on detailed comparison between Parasmittina species described from the Southwestern
Atlantic and some their congeners (Table 11), we were able to elucidate the identity of
specimens studied by Marcus [16, 60] previously attributed P. nitida and P. loxa,
belong to P. pinctatae and P. winstonae (Fig 17), respectively. Specimens attributed to
P. trispinosa by Luederwaldt [55] belong to P. pinctatae and the record of P. areolata
[18] is attributed to P. abrolhosensis. Additionally, the species recently described as P.

loxoides is here synonymized under P. winstonae, originally described from China.
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Fig 17. Parasmittina species from Brazil studied by Marcus (1937, 1938, 1939). (A)
Smittina trispinosa, Marcus, E. det. (1937). (B) Smittina trispinosa var. munita, Marcus,
E. det. (1937) = Parasmittina bimucronata (Hincks, 1884b). (C) Smittina trispinosa var.
nitida, Marcus, E. det. (1937) = Parasmittina pinctatae Liu in Liu, Yin & Ma, 2001. (D)
Smittina trispinosa var. munita Marcus, E. det. (1937) = Parasmittina sp. (E) Smittina
trispinosa var. loxa Marcus, E. det. (1939) = Parasmittina winstonae Liu in Liu, Yin &

Ma, 2001.
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Table 11. Tabular identification key of Parasmittina species from the Atlantic Ocean. Present (+) and absent (-), as long as wide

(L=W), longer than wide (L>W), wider than long (W/L), number, (N), unknown states (?). The lyrula information correspond to

the lyrula width in relation to the orifice width. Species marked with an asterisk correspond to taxa previously attributed to

Brazilian specimens.

Species Type Locality Primary orifice Adventitious avicularia Qvicell
Distal Spines  Condyles Lyrula Distolateral Proximolateral Marginal Profile Profile  Pseudopores
margin (N) (N)
P. abrolhosensis  Atlantic (Brazil) smooth 34 serrated one—quarter — elongate subtriangular ~ spatulate W>L 18-25
Ramalho et al. 2018
P. alba Ramalho et al. Atlantic (Brazil) smooth 1-3 smooth half - subtriangular / - spatulate W>L 20-22
2011 oblong
P. areolata (Canu & Pacific (Hawaii) smooth 2 robust / one—quarter  subtriangular  thin elongate subtriangular  spatulate W>L 32
Bassler, 1927) * serrated
P. bimucronata (Hincks, Indian (India) smooth 1-2 ? one—quarter  — subtriangular / - sublanceolate W>L 18 or >
1884b) oblong
P. distincta Ramalho et Atlantic (Brazil) beaded 2-4 serrated half - oblong / sublanceolate W<L 20-37
al. 2018 subtriangular
P. dubitata Hayward, South Atlantic smooth 2-3 ? half - oblong spatulate sublanceolate  ? 10-13
1980
P. echinata (Canu & Caribbean (Gulf ? ? ? ? subtriangular  — - - ? ?
Bassler, 1928b) of Mexico)
P. floridana Winston, Atlantic (EUA) beaded 2-3 smooth half - subtriangular / - - L>W 16
2005 oblong
P. glomerata (Thornely,  Indian (Cargados)  beaded 1-2 serrated half - oblong oblong sublanceolate  W>L ?
1912)
P. indiginella Winston, Floridan (EUA) smooth 5-6 ? three— thin elongate - thin elongate - W>L 22-25
2016 quarters
P. labellum (Canu & Caribbean (Gulf ? 2 ? one—quarter  — subtriangular / oblong spatulate ? ?
Bassler, 1928b) of Mexico) oblong
P. ligulata (Ridley, Atlantic (Brazil) smooth ? serrated one—quarter — thin elongate / subtriangular ~ ? W>L 6-10
1881) subtriangular
P. longirostrata Liu in Pacific (China) smooth 3-4 serrated half - thin elongate - sublanceolate  W>L 18-24
Liu, Yin & Ma, 2001
P. loxa (Marcus, 1937b)  Atlantic (Santa smooth 2-4 ? ? subtriangular  oblong - spatulate ? ?

Helena Island)
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Species Type Locality Primary orifice Adventitious avicularia Ovicell
Distal Spines  Condyles Lyrula Distolateral Proximolateral Marginal Profile Profile ~ Pseudopores
margin (N) (N)
P. mexicana Pouyet & Caribbean (Gulf ? 2 ? ? subtriangular ~ subtriangular subtriangular  spatulate ? > than 20
Herrera—Anduaga, 1986  Mexico)
P. multiaviculata Souto ~ Atlantic smooth 1-2 smooth one—quarter — - oblong - W>L about 30
etal., 2016 (Portugal)
P. munita (Hincks, Indo—Pacific ? ? ? ? - oblong - sublanceolate  ? ?
1884) * (Australia)
P. natalensis Atlantic (South smooth 2 smooth half - oblong - - ? ?
O'Donoghue, 1957 Africa)
P. nitida (Verrill, 1875)  Atlantic (EUA) smooth 2 ? one—quarter — subtriangular / subtriangular - W>L 7-24
oblong / oblong
P. novella Hayward & South African ? 2-4 smooth one—quarter — thin elongate - spatulate / ? 16-22
Cook, 1983 sublanceolate
P. oculinae Winston, Floridan (EUA) smooth 2 smooth one—quarter elliptical / - - - W>L 34-44
2016 subtriangular
P. pinctatae Liu in Liu, Pacific (China) smooth 1-2 serrated one—quarter  subtriangular  subtriangular oblong spatulate W>L > than 20
Yin & Ma, 2001
P. simpulata Winston et Atlantic (Brazil) beaded 2-3 robust one—quarter  subtriangular ~ oblong - spatulate W>L 8-10
al. 2014
P. serrula Soule & Hawaii (EUA) beaded 3-6 robust one—quarter  — thin elongate subtriangular  spatulate W>L 12 or>
Soule, 1973
P. spathulata (Smitt, Florida (EUA) ? 2-4 ? half - thin elongate - spatulate ? ?
1873)
P. talismani (Calvet, Atlantic (Africa) smooth 4-5 smooth three— oblong - oblong - W=L 20-35
1907) quarters
P. trispinosa (Johnston, (Berwick Bay, smooth 2-3 smooth one-quarter — oblong oblong subtriangular ~ W>L 2-4
1838) * United Kingdom)
P. winstonae Liu in Liu,  Pacific (China) smooth 1-2 serrated one—quarter  subtriangular  — spatulate spatulate W>L 20-32
Yin & Ma, 2001
Parasmittina falciformis  Atlantic (Brazil) smooth 1-2 serrated three— - subtriangular - subspatulate W=L 25-30
n. sp. quarters
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Among the 11 species recognized to Brazil (Fig 18), six species were originally
described in the area (P. abrolhosensis, P. alba, P. distincta, P. ligulata, P. simpulata
and P. falciformis n. sp.), from which at least three, P. alba, P. distincta and P.
simpulata, are here recognized as part of species complexes that need further
investigations. The remaining five species are mainly known from the Indo—Pacific.
Thus, due the unexpected occurrence of P. bimucronata, P. longirostrata, P. pinctatae,
P. serrula and P. winstonae in the Atlantic, we evaluated the exotic status of these
species [29-30, 31- 32] (Table 12). Thus, two species were assigned as exotic in SW
Atlantic (P. longirostrata and P. serrula) and the other three were considered
cryptogenic (P. bimucronata, P. pinctatae and P. winstonae). The exotic status of P.
longirostrata and P. serrula was based on the same six attributes. At least specimens of
P. serrula was already reported in artificial substrata from the Caribbean and considered
opportunistic in that region [42], but ecological impacts on that species in SW Atlantic

are still unknown.

Fig 18. Distribution of Parasmittina species studied along the Brazilian coast. Symbols:
black circle, Parasmittina abrolhosensis Ramalho, Taylor, Moraes, Moura, Amado-
Filho & Bastos, 2018; white circle, alba Ramalho, Muricy & Taylor, 2011; black
square, Parasmittina bimucronata (Hincks, 1884b); white square, Parasmittina
distincta Ramalho, Taylor, Moraes, Moura, Amado-Filho & Bastos, 2018; black
triangle, Parasmittina ligulata (Ridley, 1881); white triangle, Parasmittina
longirostrata Liu in Liu, Yin & Ma, 2001; grey circle, Parasmittina pinctatae Liu in
Liu, Yin & Ma, 2001; grey square, Parasmittina serrula Soule & Soule, 1973; grey

triangle, Parasmittina simpulata Winston, Vieira & Woollacott, 2014; black star,
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Parasmittina winstonae Liu in Liu, Yin & Ma, 2001; grey star, Parasmittina falciformis

n. sp.

Table 12. Correspondence of Chapman and Carlton (1991, 1994) criteria to
classify Parasmittina species from Brazil as exotic, with the respective number of
positive/negative criteria used. 0, criterion not applicable due to lacking data; +,
criterion applied positively to exotic status; —, criterion applied negatively to exotic
status. N = number of attributes applied positively/negatively. Local criteria: 1 =
local appearance where not found previously, 2 = local dispersal after
introduction, 3 = association with human mechanisms of dispersal, 4 = prevalence
or restriction to new or artificial environment, 5 = restricted distribution when
compared to ecologically similar native species. Global criteria: 6 = widespread
geographic distribution with isolated populations, 7 = active and passive dispersal
mechanisms incapable of achieving the current distribution, 8 = exotic
evolutionary origin. Status: E = exotic, C = cryptogenic, Na = native. Criteria

applied based on Almeida et al. (2015c) and Miranda et al. (2018).

Species Local criteria Global criteria N Status
1 2 3 4 5 6 7 8

P. bimucronata - 0 0 - + + + 0 312 C

P. longirostrata + 0 + + + + + 0 6/0 E

P. pinctatae - 0 + - - + + 0 3/3 C

P. serrula + 0 + + + + + 0 6/0 E

P. winstonae - 0 + - - + + 0 313 C

All species here classified as cryptogenic, P. bimucronata, P. floridana, P. alba,
P. pinctatae and P. winstonae, were previously misidentified and thus their occurrences
on the Brazilian coast are prior than this study [18-19, 22, 25, 28, 39-40, 55, 63, 65].
Here, these species were collected in artificial surfaces but also on natural rigid

substrata such as shells, calcareous nodules and coral reefs. Also, all have a broad
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distribution along the Brazilian coast with records from northeastern to southeastern
Brazil (Fig 18).

Smittinidae fauna from different regions of the world are commonly composed
by species recognized as exotic, cryptogenic or species complexes (e.g., [6, 11, 13]).
Here we found this same trend. As already noticed in recent studies [29-30, 66], some
Brazilian regions, especially close to harbors areas, hosts a higher diversity of non-
indigenous species than previously known. Integrative studies, using molecular tools
and ecological approaches are recommend to reveal the identity, origin and possible

impacts of these species in the environment [30-31, 66].
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Consideracoes finais

O género Parasmittina esta entre os mais diversos do filo Bryozoa com espécies
distribuidas em todos os mares e Oceanos e capazes de se estabelecer em
qualquer tipo de superficie disponivel.

A revisdo das espécies de Parasmittina do Oceano Atlantico Ocidental
possibilitou a delimitacdo de caracteres diagndsticos para esses taxons,
evidenciando a necessidade de utilizagdo de um conjunto de caracteristicas para
determinacdo especifica confiavel. A necessidade de anélise de col6nias em
diferentes estagios de desenvolvimento também foi evidenciada.

Ao menos trés espécies (P. alba, P. distincta and P. simpulata) foram
reconhecidas como parte de complexos de espécies que necessitam de mais
estudos utilizando outras bases de dados, como andlises moleculares e
investigacOes das influéncias ambientais na morfologia e morfometria.

Duas espécies foram classificadas como exéticas (P. longirostrata and P.
serrula) e trés foram classificadas como criptogénicas (P. bimucronata, P.
pinctatae and P. winstonae) no Oceano Atlantico Ocidental. Esses taxons foram
encontrados principalmente em substratos artificiais e em areas portudrias e
adjacéncias.

A identificacdo taxondmica confidvel é imprescindivel para detecdo e controle
de eventos de invasdo bioldgica.

O entendimento de padrfes de distribuicdo das espécies de Parasmittina deve
auxiliar a identificar possiveis rotas de introducdo de espécies exdéticas para
prevencdo e controle dos impactos causados pela bioinvasdo, considerada um
dos maiores impactos resultantes de atividade humana em ambientes aquaticos.
Registros historicos do Brasil das espécies P. areolata, P. spathulata e P.
trispinosa foram invalidados e atribuidos as espécies P. abrolhosensis, P.
simpulata e P. falciformis n. sp., respectivamente.

A analise do espécime-tipo de todas as espécies descritas € fundamental para
descricdo de novas especies, assim como representa 0 primeiro passo para

resolver problemas taxondmicos no grupo.
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function to insert single variables (e.g., “a* + b*> = ¢*”), Greek or other
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